DESCRI PTI ON | MAGE PROCESSI NG DEVI CE AND | MAGE PROCESSI NG METHOD TECHNI CAL
FI ELD 5[ 0001] This technique relates to an i mage processing device and an
i mge processing nmethod. Specifically, this technique allows a debl ocki ng
filtering process to apply filtering gppropriately. 10 BACKGROUND ART
[0002] In recent years, devices, which handle image information as digital
data, which, in such a case, aim15 to transmt and store information with
a high efficiency, and which conformto a schene, such as MPEQR

(I'nternational Organization for ?%ggégtion and I nternational
El ectrot echni cal Comm ssion (ISO -2), for conpressing inmage

i nformati on usinegEE2@roctbegonabztransiior micomrEuchas disgret e cosine
transformation, and using notion conpensation by utilizing redundancy that
is unique to the inmage informati on have becone w despread in both

i nf or mat i onpghsifdbUtrPpni N broadcasting stations and information 25
reception in ordinary hones. In addition, schenes called H 264 and MPE4

Part 10 (CAdvaiit®d Vi deo Coding (AVC) which require a |arger anmount of
operation for codin nd. decodin ut can realize a higher coding
efficiency than %EE%QQ%EEQ%%Pﬁiﬁéga%§§eg%e%% eSS ﬁ§88?g?ﬁ??her, nowadays,
30 standar dieatde0andoEkSifiage Hglrealtihgl @8y degecodi g (FHEVC) which is a

next-generation image coding schenme are 2 in progress so that
conpr essi on- M SEFPBLEFS AL AV S e debRechingi Gn-reasonuritonckfraiges of 4000 X

2000 pi xel sypahiclrihnsef oMy 41 0®s.4:hat19f hi gh-vision images can be perforned
efficiently.
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BACKGROUND ART
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In recent years, devices, wﬁich handle image

information as digital data, which, in such a case, aim

15 to transmit and store information with a high efficiency,
and which conform to a scheme, such as MPEG?2
(Internaticnal Organization for Standardization and
International Electrotechnical Commission (ISO/IEC)
13818-2), for compressing image informaticn using

20 crthogonal transformation, such as discrete cosine
transformation, and using motion compensation by
utilizing redundancy that is unique to the image
informaticn have become widespread in both information
distribution in broadcasting stations and information

25 reception in ordinary homes. In addition, schemes called
H.264 and MPEG4 Partl0 (Advanced Video Coding {AVC) which
require a larger amount of cperation for ceding and
decoding but can realize a higher coding efficiency than
MPEG2Z cr the like have been also used. Further, nowadays,

30 standardization works for high efficiency video coding

(HEVC) which is a next-generation image codiﬁg scheme are



5[ 0003] In the standardi zati on works for
(HEVC) which is a next-generation i mge codi ng schene, JCTVC Al119 (see

hi gh efficiency video coding

Non- Pat ent Docunent 1 bel ow) proposes to apply a deblocking filter to each
10 bl ock having the size of 8 x 8 pixels or larger. In the nethod proposed
in JCTVC-A119, by increasing a mnimumunit block size to which a

debl ocking filter is to be applied, it is possible to execute a filtering
_ : par on a plurality of block boundaries in the same 15
direction wihbhino0ng: ey QRLOCK G JAHON LL ST, NON: PATENT DOCUVENT [ 0004]
20Non- Pat ent Document 1: K. Ugur (Nokia), K

process in parall el

R Ander sson Ericsson),
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'hg is not performed appropriately. 3
In the standardizaticn works for high efficiency

videc coding (HEVC) which is a next-generation image
coding scheme, JCTVC-A119 (see Non-Patent Document 1

below) proposes to apply a deblocking filter to each

- block having the size of B8 x 8 pixels or larger. 1In the

method proposed in JCTVC-A11l9, by increasing a minimum
unit block size to which a deblocking filter is to be
applied, it is possible to execute a filtering process in
parallel on a plurality of bklock boundaries in the same

direction within one macroblock.
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SUMMARY OF THE INVENTION
PROBLEMS TOQ BE SCLVED BY THE INVENTION
[C0CB]
However, in the conventional deblocking filtering

process, filtering is not performed appropriately.



[ 0006] Therefore, an object of this technique is to allow a

debl ocking filtering process to apply filtering appropriately. 5 SOLUTI ONS
TO PROBLEMS [ 0007] An i mage processing device according to a first
aspect of this technique includes: a decoding unit that 10 decodes an
encoded stream encoded in units each having a |layer structure to generate

an image; a filtering unit that applies a debl ocking fi

|ter to a bl ock

boundary according to a strength of the deblocking filter applied to the

bl ock boundapgowhi ch is a boundary between a bl ock 15 of the inmage
generated by the decoding unit and an adj acent bl ock adjacent to the bl ock;
and a control | er thReiCERt r N sORIREY 9Tt dhilAgtenirise tisate wheswstrong

filtering ig applied 3s fﬁﬁg%g%%‘%ﬁ?ﬁ%%& ]Etllaletagﬁp%mo :E:Etne%ifni lter, a clipping

process is applied tothe
conponent s sfrtherisege .generated by the decoding unit.

respgct to | um nance

[ 0008]

The controller may apply the clipping process to values of parts that

change en the deblocking filter is 25 applied. [0009]

The

control |l er gppbtesnd he okopping process according to the follow ng

expr essi ons: éwhthenatical formula 37] 4 p0l1 = pQ +C
i - VpOi +2* qoit &

i pHp, ) _(po((p2i +2*pl

97 %#4)>>3); 01 = gQ-i-Cl ipHpv) (p,;)((pli-i-DrpQO -6*qo;

12l ) e S lbez Blodtfle LB 00( L02L:AR) IR A0L ) >>2) - Al

=+Cl i pHpo_@ 4((pOI -1 -

aspect of this technique includes: a decoding unit that

10 decodes an encoded stream encoded in units each having a.

layer structure to generate an image; & filtering unit

that applies a deblocking filter to a block beoundary

according to a strength of the deblocking filter applied

to the block boundary which is a boundary between a block

15 of the imege generated by the decoding unit and an

adjacent block adjacent to the block; and a contrcller

that contreols the filtering unit so that, when

strong

filtering is applied as the strength of the deblocking

filter, a clipping process is applied to the deblocking

20 filter with respect to luminance components of
generated by the decoding unit.
(000873

the image

The contrecller may apply the clipping process to

values of parts that change when the deblocking filter is

25 applied.
10009}

The controller applies the clipping process

according to the following expressions:

iMathematical formula 37]



p21 = p2; +Cl ipHpo_cpv) ((2*p2i-5*p2i +pli +pQO +q0i +4)"3); g2; where i =0, 7
and pv is a clipping value. [0010] The controller my set a value that is
integer 5 multiples of paraneters of the deblocking filter as the clipping
val ue used when the clipping process igs perfornmed. [0011] The controller
may set a value that is twice the 10 paraneters of the deblocking filter as
the clipping value used when the clipping process is perforned. [0012] The
i mge processing device further includes: a filter strength determ ning
unit that determnes the 15 strength of the deblocking filter applied to

the bl ock befyrrdelyyClmnd, the, (Ko, t&Fping6Teli; + 2Ty +appi4y>t fle debl ocking filter

to the bl ock boundary according to the strength determ ned by the filter

strength dejeenmi-ogipyni{, PeCopK + ol the filtering
unit so that, 20 'when t%) W%Pﬂér stfenéP dﬁ? f%?n?ﬁgyanlt det ermi nes that

strong filt r|n to be a cess is applied to the
debl ocki ng Rﬂlt ﬂ+§i&N mb@@E@#”"@“? d ﬁﬁﬁ%ﬁ@g gbnponents of the inmage
gener at ed by the 5 decodin un|t g The filter strength

det er mi ni nglur 41 i Pdegermi 9, t oz — fmhmgi#%w&% debl ocking filter using
a plurality 5 of lines as processing units. [0014]

P2; = p2;+Clip (py gy ((2%p2;~5%p2; +p1;+p0; +a0; +4) >>3);
qzi o= {]21 +Cl %D(WPU}_(W)((pOﬁqOﬁpi 5*5*q2i+2*q3i+4)>>3);

where 1 = 0, 7 and pv is a clipping value.
[COL0O]
The controller may set a value that is integer
5 multiples of parameters of the deblocking filter as the
clipping value used when the clipping process is
performed.
[00117
The controller may set a value that is twice the
10 parameters of the deblocking filter as the clipping value
used when the clipping process is performed.
[0012]
The image processing device further includes: a
filter strength determining unit that determines the
15 strength of the deblocking filter applied to the block
boundary, and the filtering unit may apply the deblocking
filter to the block bcundary according to the strength
determined by the filter strength determining unit, and
the controller may contrcl the filtering unit so that,
20  when the filter strength determining unit determines that
strong filtering is tec be applied, a clipping prccess is
applied to the deblocking filter with respect to the

luminance ceomponents of the image generated by the



The filter strength determning unit may determ ne the strength of the

debl ocking filter using four lines as the processing units. 10[0015]

The i mage processing device further includes: a filtering necessity
determning unit that determ nes whether the deblocking filter is to be
applied to the bl ock boundary using a plurality of lines as processing 15
units, and the filter strength determning unit may determ ne the strength
of the deblocking filter when the filtering necessity determ ning unit

det erm nes ég Qﬁ%heuggglocking filter is to be applied. [0016] 20An i nmage
processi ng et odgaccording to the first aspect of this technique allows an
i mage procep®ilrg device to execute: decodi ng an encoded stream encoded in
units each havin& a Ia¥er structure to generate an inmage;, applying a

debl ocki ng filterPofal bkt Bowidarstoonbttst ditg FevadsteEngicth of the
debl ocki ng #jd ter. i t l.eckbeundary i I dary between
a bl ock of %%éai;gﬁggg?eggiﬁgaéngﬁgcgghgd?gcentIﬁﬁggighgﬁgg%?%gfo t he bl ock;
and cont¥ ol ¢f ngrse eharroekenist noigstiltering is applied as the strength
of the deblﬁﬁﬁkgg filter, a 30 clipping process is applied to the

debl ocki ng fi r wth respect to | um nance conponents of the generated
image. 6 [0017] The filtd\¥N 44RGEtPr acesshigidevirce acgordidgnt e a second
aspect of this technique_ includes: a filtering unit that applies a

debl ocki ng 19 t56F°P8th Bf oelke Br@sry acEorth Ng S "oo faust kerr eof t he

debl ocki ng fdd tef,-aprkhgd.t o4 he bl ock boundary which is a boundary between
a block of an image locally decoded when an image is encoded and an

adj acentd bl otk 5ddj acent to the block; a controller that controls the
filtering unit sghthata ghgp stron% %0 filt rin% S agglieg as the strength
of the debl ocki ng”fi ITe?S & F95551 Mg pFotess i € 4pprireddtd’ the debl ocki ng
filter withfinespeet hectusinante coRpORENtSi ©ftHie deocaki y=decoded i mage;
and an encodi ng unit that encodes the imge in units each having a | ayer

structure UdiStgeants faRbretiGIieRet hes deblstikiorg ieHl Eerths appl i ed.

[0018] Th ) | Ler -the. £l4:pping .p t o val ues of
parts thatl%%ghggo%EEEE Hggﬁé |O€%P%é¥%% t%f %@ﬁgbgﬁiég$g§%ﬁ65ﬁ9]

The contr olWrertsapphieshe heiltd ppitmgnprbcéssemcicumdi ngitomthe fol | ow ng

EXPress! ONSietermine the strength of the deblocking filter when the
filtering necessity determining unit determines that the
deblocking filter is to be applied. |
[0016]

20 An image processing method according to the first
aspect of this technique allows an image processing
device to execute: deccding an encoded stream encoded in
units each having a layer structure to generate an image;
applying a deblocking filter to a block boundary

25 according to a strength of the deblocking filter applied
to the block boundary which is a boundary between a block
of the generated image and an adjacent block adjacent to
the block; and controlling so that, when strong filtering
is applied as the strength of the deblocking filter, a

30 clipping process is applied to the deblocking filter with

respect to luminance components of the generated image.



[ Mat hematical formula 38] 7 pG = pG +01 i pHpo_(pv) ((p2A+2*p

i -6*pQG +2*q0i +qli +4)>>3): q(); = ipHpv) (pv) ((pl i1d-2*pQ -6*q0i +2*qgl i +g2;
+4) >>3); pl; = pli+C ipHpv) (0((p2--3*pl 1+p0l1l-EQqO01+2)>>2); = al 1+01

i pHpv) - (po(t hoi-Eqo -34'0 1-Eq21+2)>>2); p2l =ip(_pv)_(pv)((2*p21-5*p21d-p
1+pO1+qg0i +4) " 3); 21 = q2i +Cl ipHpv) _(1, O((pOi-EqOi +pl -5*q2i +2*q3i +4) " 3)
where i =0, 7 and pv is a clipping value. [0020] The controller may set a
value that is integer 5 nultiples of paraneters of the deblocking filter as
t he clippingjwpﬁue used when the clipping process is perforned. [0021] The
controller may set a value that is twice the 10 paraneters of the

debl ocking filteRrnasmthe mioggraiggvdbubceisettaiemat he el sppemy process i s
performed. [002 . The image . .processing device further includes: a
PETtor st 7 ehOt CIaer i MU Gk AOETISERT o s 1rS TS 8 T 6Higth of the
debl ocki ng dddiiers appkbedcotthd e 1bkecks boundssy pandiat-hesfibterdfng unit may
apply the deblocking filter to the block boundary according to the strength
det er ni red By & KETERPERr 05t Hehgishl@ekerdi Bl heeumineligddteheheontrol | er may

control the,flltering. upify 59, that, 20 uhen g0 J4] ter; sy ength, determ ning
unit determnes that 8
image locally decoded when an image is enccded and an
adjacent block adjacent to the block; & contrcller that
controls the filtering unit sc that, when strong
10 filtering is applied as the strength of the deblocking
filter, a clipping process is applied to the deblocking
filter with respect to luminance components of the
locally decoded image; and an encoding unit that encodes
the image in units each having a layer structure using an
15 1image to which the deblocking filter is applied.
[0G181
The ceontreller may apply the c¢lipping prccess to
values of parts that change when the deblocking filter is
applied.
20 [0019]
The controller applies the clipping process

according to the following expressions:

[Mathematical formula 38]



strong filtering is to be applied, a clipping process is applied to the
debl ocking filter with respect to the |um nance conponents of the inage
generated by the decoding unit. 5[0023] The filter strength
determning unit may determne the strength of the deblocking filter using
a plurality of lines as processing units. [0024] 10The filter strength
determning unit nmay determ ne the strength of the deblocking filter using
four lines as the processing units. [0025] The inage processing device
further includes: a 15 filtering necessity determning unit that determ nes

whet her thendebllogkingiflter is t - apelied ke k ,boundgry ushkng
a plurali typgi i els-l_gsi KUQ@ssGDMbWtE,E gnfi tﬁe Fﬂ:ﬁtga@u F"éﬁGst‘Ea))S>§)'
determning unit may determ ne the strength of the deblocking filter mhen
the 20 filtgging ce y deternl i Ng Ukt ~det hn hat Eﬁ d Ioc
filter ist obe éﬁ%l'l'@ifb (8p261 (pv) miﬁ@*PP&@‘f’Eﬁb&?ﬁﬂﬁ d‘dig lrng
to the second aspect of this technique all ows an i mage processing 25 deV|ce
to execute: appl debl ocki ng f bl ock houndar ccording to a
strength ofP{h& bl o@( i Rg— f)’l/)'-—t@(g) @@‘,l 2 DJ ﬂﬁgﬁ) 6 ‘|‘b'£ swhich is a
boundary between a bl ock of an image |locally decoded when an image is
encoded and n adjac 6L bl ock adj cent to the bIock 30 controlling so
that, when @ r sa@ilfitt Geip ng t/ I(l el teg0t v s(ﬂ]eﬁqﬁtrhﬂ)bhe?}jebl ocki ng

filter, a clipping process |s applled to the debl ocking filter with
respect to Iunlnance conponents of the locally decoded i nmage; and encodi ng

the i mage |[D|2pm dechip VB @V)I Qé‘i’pgt-ﬁﬁé‘tpﬂr &pitmqumgq)p>M| cth

t he debl ocki ng fllter is
02; = 02;+01ip -y oy ((PO;+00;+p1 ;= 5%a2,+2%q3, +4)>>3);

where i = 0, 7 and pv is a c¢lipping value.
[C020]
The controller may set a value that is integer
5 multiples of parameters of the deblocking filter as the
clipping value used when the clipping process is
performed.
[0021]
The controller may set a value that is twice the
16 parameters of the deblocking filter as the clipping value
used when the clipping process is performed.
[0022]
The image processing device further includes: a
filter strength determining unit that determines the
15 strength of the deblocking filter applied to the block
boundary, and the filtering unit may apply the deblocking
filter to the block boundary according to the strength
determined by the filter strength determining unit, and
the controller may contrcl the filtering unit so that,

20 when the filter strength determining unit determines that



5[ 0027] In a first aspect of the present technique, an encoded
stream encoded in units each having a | ayer structure is decoded to
generate an image; and a deblocking filter is applied to a bl ock boundary
10 according to a strength of the deblgocking filter applied to the bl ock
boundary which is a boundary between a bl ock of the generated i mage and an
adj acent bl ock adjacent to the block. Mreover, control is perfornmed so
that, when strong filtering is applied as the strength of the 15 debl ocki ng

filter, a cktpphdiOrirt@eess is @ppk;%QPQQegbead@p%%ggkp%rgggggriyﬁth respect
to | um nance conponents of the generated i mage [0028] I'n a second aspect of
the present2PRehif dgire the debHebtiorkifigd thirl vékhi sesppsiti ed tbea bl ock
boundary ac i t t bl ockin il t applied to the

bl ock boundggég%ﬂ?% Qfgpgﬁégﬂﬁdgigﬁﬁipﬁggﬁ ée%?%%%ﬂggwh Eliemage | ocal |y
decoded whedeapdimngeniits encoded and an adj acent bl ock adjacent to the

bl ock. Npref%§5 25 control is perfornmed so that, when strong filtering is
appl i ed Tas e %{rength of the deblocking filter, a clipping process is

applied to the detioekingrfétteiood WatLespPREly toh:Um-Nancecomponents of
the locally decoded i nage; and the inmage is encoded ifn units each having a

30 layer stFuetireeng$itngTane ndrjel ackingi éhlthe wehlockipdgreliter is
applied. EFFECISOET [.Q029] According to this technique, it
S debT beking T

is possible to 5 allo iltering process to apply filtering
appropri at el§0248RI EF DESCRI PTI ON OF THE DRAW NGS [ 0030] 10Figs. 1(A) and

1(3) are diagran%g%p%iggscrigin conventional debl ocking filtering
pr ocess. g 25 & ’"cﬁr%&?hﬂeltﬁﬂ%ﬂ%‘h%%mé&nfi? BFation when
appl i ed to e ifBgegencedi fge daviicekiFh0ri Brbs & flowehart:jllustrating an
| mage the precessing units.
[0025]
The image processing device further includes: a
15 filtering necessity determining unit that determines
whether the deblocking filter is to be applied to the
block boundary using a plurality of lines as processing
units, and the filter strength determining unit may
determine the strength of the deblocking filter when the
20 filtering necessity determining unit determines that the
deblocking filter is to be applied.
[002¢]
An image preocessing method according to the second
aspect of this technique allows an image processing
25 device to execute: applying & deblocking filter to a
block boundary according to a strength of the deblocking
filter applied to the block boundary which is a boundary
between a block of an image locally decoded when an image
is encoded and an adjacent block adjacent to the block;
30  controlling so that, when strong filtering is applied as

the strength of the deblocking filter, a clipping process



15 encodi ng operati on. Fig. 4 is a flowhart i

| ustrating an

i ntraprediction process. Fig. 5is a flowhart illustrating an
inter-prediction process. 20Fig. 6 is a diagramillustrating a _ _
configuration when applied to an inmagey decodi ng device. _ Fig. 7is a
flowchart illustrating an image decoding operation. Fig. B is a diagramfor
descri bing a basic 25 operation of a deblocking filtering unit. .

Fig. 9is a diagramillustrating the configuration of a first enbodi nent of

t he debl ccki j [ it . Fi.g..10 i.s,a flowhart illustrating
€ debl cc h@ga%biiéﬁ {10 4R %%%hocklngc%flte% HébPO%i??%%%i o)

the operation of ' the first e I ment the

tering unit.

30Fi g. 11 i sduaidiags amnddnests atf nghd Hescednfyi guecatédnimefgea finkt er operation

unit. 11 ,Fig.. 12 is a,diagramillustrating the
filter oper&PFBA TR 1°€ 1Mece 1y §L=s SERR iﬁ‘al‘f?,(%)

configuration of the

LB RTEGransef or

descri bi ng tubengpef atr-a @b hhech i tleraconetatihgnsunid, AFigss:i14(A) and
14(B) are diagrams for describing the operation of the filtér operation
unit . [CEF§l 15 is a flowchart illustrating the operation of a fifth

errbOdi ment . In a flISEI gspél'(.G‘c Iéf aL,h%l %glégrenngo£e&enslcquel?| gg a Conventi Onal

10 debl ocking filtering process.

encoded stream encoded in units each having a layer

structure is decoded to generate an image; and a

deblocking filter is applied te a bleck boundary

10 according tc a strength of the deblocking filter applied

to the block boundary which is a boundary between a block

cf the generzted image and an adjacent block adjacent to

the bilock. Moreover, control is performed so that, when

strong filtering is applied as the‘strength of the

15 deblocking filter, a clipping process is applied to the

deblocking filter with respect to luminance componénts of

the generated image.

[0028]

In a second aspect of the present technigque, a

20 deblocking filter is applied to a block boundary

according to a strength of the deblocking filter applied

to the block boundary which is a boundary between a block

of an image locally decoded when an image is encoded and

an adjacent bleck adjacent to the bleck. Moreover,

25 control is performed so that, when strong filtering is

applied as the strength of the deblecking filter, a

clipping process is applied to the deblocking filter with

respect to luminance components cf the leocally decoded

image; and the image is encoded in units each having a

30 layer structure using an image to which the deblocking

filter is applied.



Fig. 17 is a diagramfor describing the present technique (sixth

enbodi nent) . Fig. 18 is a diagramfor describing the present

techni que (sixth enbodinment). 15Fig. 19 is a diagramillustrating pixels
used in the deblocking filtering procgss of the present technique.

Fig. 20 is a diagramfor describing pixel values that change due to
conventional strong filtering. Fig. 21 is a diagramfor describing the
effects of 20 clipping-based strong filtering. Fig. 22 is a diagram
illustrating the configuration of a sixth enbodi nent of the debl ocking
filtering unit. Fig. 23 is a flowhart illustrating the operation of the
si xth enbodi et HfOR REEdEBYREIKIANy filtering unit. 25Fig. 24 is a diagram
illustratin o% configuration of a seventh enbodi nent of the debl ocking
filtering unit."Fig. 25 is a diagramillustrating the configuration of an
ei ght h enbodi nentacefortihegdebl els rgchhl fes) Ng: WH thoskiig1e26cis a flowhart
illustrating the operation 30 of the eighth enbodi nent of the debl ocking
filterimg umtto¥ B §eP3Pokend FHldwcRart Prefedese? idnmy allarimce 12

si gnal debl 9¢kiHa-iRr06ESS. Fig. 28 is a diagramfor describing an
exanpl e of the R3W2 caSe. Fig. 29 is a diagramillustrating an
exanple of a 5 nmulti-view inmge encodi ng schene. Fig. 30 is a
diagramil | t'é§% f i nponents of a nmulti-view inage
encodi ng dé%?%%ﬁf% Rﬁgﬁﬁéﬁgﬂtﬁggégggbggggique is appli ed.
[0030]
10 Figs. 1(A) and 1(B) are diagrams for describing a

conventicnal deblecking filtering process.,
Fig. 2 is a diagram illustrating a configuration
when applied to an image encocding device.
Fig. 3 is a flowchart illustrating an image
15 encoding operation.
Fig. 4 is a flowchart illustrating an intra-
prediction process.
Fig. 5 is a flowchart illustrating an inter-
prediction process,
20 Fig. 6 1s a diagram illustrating a cenfiguration
when applied to an image decoding device.
Fig. 7 is a flowchart illustrating an image
deccding cperation.
Fig. 8 is a diagram for describing a basic
25 operation cf a deblocking filtering unit.
Fig. 8 is a diagram illustrating the cenfiguration
of & first embodiment of the deblocking filtering unit.
Fig. 10 is a flowchart illustrating the cperaticn
of the first embodiment of the deblocking filtering unit.
30 Fig. 11 is a diagram illustrating the configuration

of a filter operation unit.



Fig. 31 is a diagramillustrating an exanple of 10 main conponents of a

mul ti-view inage decodi ng device to which the present technique is applied.
Fig. 32 is a diagramillustrating an exanple of a |layer inage encodi ng
schenme. Fig. 33 is a diagramillustrating an exanple of 15 main conponents
of a layer inmage encoding device to which the present technique is applied.
Fig. 34 is a diagramillustrating an exanple of nmain conponents of a | ayer
i mage decodi ng device to which the present technique is applied. 20Fig. 35

is a d|agra”]|||Q§braﬁbngsa§(fﬁﬁﬂﬁ&ﬁl@ﬂu§t§§{ﬁﬁguﬂﬂé %%H%E@Hfé%ié%j of a

tel evi si on appar at us. is a diagramillustrating an exanple
of a schena® dﬂébﬁﬁﬂéﬁﬁappénabﬂﬂaUmnblIe phone. Flg 37 |s a di agram

illustrating an a c natlc confl ur
recordlng/reprodﬁéghg 3§ce ngg s & dgra %ﬁ u§?FbT+W% an exanpl e

of a schenathe mgyﬁatgumabEOﬂh@ffEMtdrnagbﬂgtﬂ@Niiﬁat MODE FOR CARRYI NG
QUT THE INVENTICN 30[00311 13 technlque W Il be described. The description
will be %given intHE-fOFI(DW Ff dridér : ere diagrams fpr dgpgeibiwhal art

2. Configuratd ompashen -appki ede tmt@%pgegeﬁbﬂ%rﬁ@ev' ce 3.
Operation of image encoding device . Configuration when applied to
i mge decodi ng déigeel> is a flowchart lllustratlng the operation

of a fifth embodiment.
Fig. 16 is a diagram for describing a cecnventicnal
10 deblocking filtering process.
Fig. 17 is a diagram for describing the present
technique (sixth embcdiment),
Fig. 18 is a diagram for describing the present
technique (sixth embodiment).
15 Fig. 19 is a diagram illustrating pixels used in
the deblocking filtering process of the present technigue.
Fig. 20 is a diagram for describing pixel values
that change due to conventional strong filtering.
Fig. 21 is a diagram for describing the effects of
20 clipping-based strong filtering.
Fig. 22 is a diagram illustrating the configuration
of a sixth embodiment of the deblocking filtering unit.
Fig. 23 is a flowchart illustrating the cperation
of the sixth embodiment of the deblocking filtering unit.
25 Fig. 24 is a diagram illustrating the configuration
of a seventh embodiment of the deblocking filtering unit.
Fig. 25 is a diagram illustrating the confiquration
of an eighth embodiment of the deblocking filtering unit.
Fig. 26 is a flowchart illustrating the operation
30  of the eighth embodiment cf the deblocking filtering unit.

Fig. 27 is a flowchart for describing a luminance



5. Operation of imge decodi ng device 106. Basic operation of debl ocking

filtering unit 7. First enbodi nent of deblocking filtering
unit 8. Second enbodi ment of deblocking filtering unit 9. Third enbodi nment
of deblocking filtering unit 12 10. Fourth enbodi ment of _

debl ocking filtering unit 1511. Fifth enbodi ment of deblocking filtering
uni t 12. Description of sixth to eighth enbodinents 13. Sixth
enbodi ment of deblocking filtering unit 14. Seventh enbodi nent of _
debl ocki ng ;i%géywdgglggkgng ocgss 15. Ei ghth enmbodi ment of debl ocki ng
filtering unit 2016. Ninth”e i ment 17. Tenth enbodi nent

(rmul ti-view imgé&igncddi ng amﬂlazi;e@mdifng deabicie)ing an exaitBle Eh®vent h
enbodi nment Ia%F%ng% e encodi ng and decodi ng device) 2519. Application

exanpl e [00 venti onal art] A conventional debl ocki ng
filtering pr ocessiwi | bobes dgserdghed withsteference e khos. oé(aﬁ) and 1(2).
30[0033] illustrated in Fig. 1(A), for exanple, when a

mult1~V1ew image encoding scheme.

Fig. 30 is a diagram illustrating an example of
main components of a multi~view image encoding device to
which the present technique is applied.

Fig. 31 is a diagram illustrating an example of

10 main components of a multi-view image decoding device to
which the present technigue is applied.

Fig. 32 is a diagram illustrating an example of a
layer image encoding scheme.

Fig. 33 is a diagram illustrating an example of

15 main compcnents of a layer image encoeding device to which
the present technigque is applied.

Fig. 34 is a diagram illustrating an example of
main components of a layer image decoding device to which
the present technique is applied.

20 Fig. 35 1s a diagram illustrating an example of a
schematic configuration of a television apparatus.

Fig. 36 is a diagram illustrating an example cf a
schematic configuration of a mcbile phone.

Fig. 37 is a diagram illustrating an example of a

25 schematic configuration of a recording/reprecducing device.

Fig. 38 is a diagram illustrating an example of a

schematic configuration of an imaging device.

MODE FOR CARRYING OUT THE INVENTICN
30 [0031]

Hereinafter, modes for carrying out the present



debl ocking filtering process is perfornmed in a raster order in respective
| argest coding units (LCUs), inage data corresponding to a predeterm ned
nunber of lines froman inter-block boundary BB, of LCuu which is an 5
upper block is stored in a line nmer=y,3and a vertical filtering process is
performed using the imge data and i nage data of LCU which is a | ower
bl ock obtained after the storing. For exanple, as illustrated in Fig. 1(B),
when filter operation is performed using image data 10 corresponding to
four lines fsomithe houndss Yol Mmilehe usingidsergerdat a,of: tde upper and
| ower bl ocks each corresponding to three lines fromthe inter-block
boundary BEIE&Th ipy EesE5Phberiangerefrthe vertical filtering process, inmage
data correspondi Rg .o four; lines 15 fromthe boundary BE, of LCUu which is
t he upper block is stored 1n the |I'ine nmenory. In the draw ngs, target
pi xel s of the debl.ocknhpgiidtien ahendepbried thy ideubl encbsathes, and the
upper and I%mﬂr boundaries of the filter processing range of the debl ocking
filter are Thdi€ated 20 by "DBU' and "DEL," respectively. [0034] I n
t hi s manner, singe bg@g@tgﬁ{Qﬁpq&gggpgﬁ@gdghg(aé%ig%edeternined number of
lines fromthe inter-block boundary BE is stored in the line menory so as
to be used 25 forf-tfRenfigwertigpewacnorerifed e dowiger defoginel s in the
hori zont al ?ggf% tion increases, the nmenory capacity of the line nenory
i ncreases. [ 0035 [2. Configuration when applied to i nage encodi ng
device] 30Fig. 25| bpstzates & donbkgdeatdiony when cehe | mage processing
devi ce &f the presepnt technique is applied to 15 _an inmage encodi ng devi ce.
An i mage encodi ng-d VPl FFIACIUS AP at Sy ditditealie o ter (A/D
converter) 11, a7framest eandefinegtbuEf @inlidsubtract9f 13« an orthogonal
transformer 14, a quantizer 15, a |lossless 5 encoder 16,  an accumul ation
buffer 17, and afrabecerhtddldceémeng. cThéehmge rendodiaginevircie 10 furt her
i ncludes an invegse t ; an-i pverse .orthogonal transformer 22, an
oS exQHAN er :
adder 23, a deblocang§?|+§%%F%%hﬁn?{ é%% %é%ﬁﬁgngl%gﬁ%%§gj§Fﬁé sel ector 26,
an intra predictop. 10034dth emmidionnestf ddrdccomgensatori B2, urdd a
predch%d Inagelgetlg§ tﬁ“ﬁ%ﬁgﬁig%%&'g% éggfoéiihg[%gfgéring unit
12, Description of sixth to eighth embodiments
13. Sixth embodiment of debleocking filtering unit
14, Seventh embodiment of deblocking filtering unit
15. Eighth embodiment of deblocking filtering unit
20 16. Ninth embodiment
17. Tenth embediment (multi-view image encoding and
decoding device)
18. Eleventh embodiment (layer image encoding and
decoding device)
25 19. Applicaticn example
[0032]
1. Conventicnal art]
A conventional deblocking filtering process will be
described with reference to Figs. 1(a&} and 1(B}.

30 [0033]

As illustrated in Fig. 1(A), for example, when a



The AID converter 11 converts an anal og i nage signal into digital inage
data and outputs the digital 15 inmage data to the frane reordering buffer
12. [0037] The frame reordering buffer 12 reorders the frames of the
image data output fromthe AID converter 11. The frame reordering buffer 12
perforns the frane reorder 20 according to a GOP (group of pictures)
structure related to an encodi ng process and outputs the reorderd i nmage
data to the subEractor 13, the intra predictor 31, and the notion

estinmat or/ coppepsat oy 33+ L9038 The .su r,13 is supplied with the
i mge data out put f&%n1th§r?r§n%r%g%$%§%i%%Egé% ) %uﬁ?%%?édicted i mage
dat a sel ect eddby ihergpreditcvedlanpgel aptdiingl unbde swtweot, Agagyai t 33

described | ater. The subtractor 13 ca gplates predi ction error data which

is a differgﬁé% 30" beRWEN"Phe® i e WaraTOREP LR TR oM T he {Peame reor deri ng

buffer 12 afmigohhen prredi-cbedckmagendat,a ssuppki edud romdhe o 16 predicted
i mage/ opti mal node selecting unit 33 and outputs the prediction error data

to the ofth8EBHalPI ENSForkEFed4in (D039 BFReryr tdmyonalerttiandf or ner 14
perfornms an r.anstor Ich as_discrete cosine transform
fgmpm?rofce@@ Eg PEOGRIS BUAD B2 %aegeprdga

(DOT) or Karhunen-Loéve transform respe GPcEf6n error data
out put fromirhee sidta adt 6CUL3whidde ior thagenal bl s@nsfyatRiedl4redt put s

transforn11g coegficienthata obt ai ned b%, erform ng the orthogonal
transform pr8Eed 13 % he’ Guarti™Per 185 | fﬁ&ﬁratEd 10 TiHe fiftizer 15 is

supplied MﬁWheﬁrmﬁlﬂé&n%békﬁtﬂgﬁffé(ﬁéfﬁbrﬂaaauQﬂﬁéngmgdéM@a%Qe or t hogonal
transfornmer 15 14 and a rate control signal fromthe Tate controller 18

descri betl | PEFSSHMELGGaiPi Ze¥T 15 tfrarfricreshe Hecwrdmsf GEnwboeef i cient data
o LR S WAL stpCatanks LIS 53 55, SIERHAT 1R ane, L1 Tmverse
correspending to three lines from the inter-block
boundary BB as a processing range of the vertical
filtering process, image data corresponding to four lines
15 from the boundary BB, of LCUu which is the upper block is
stored in the line memory. In the drawings, target
pixels of the deblocking filter are depicted by double
circles, and the upper and lower boundaries of the filter
processing range of the deblocking filter are indicated
20 by "DBU" and "DBL," respectively.
[0034]

In this manner, since image data corresponding to a
predetermined number of lines from the inter-block
boundary BB is stored in the line memory so as to be used

25 for the filter operation, if the number of pixels in the
horizontal direction increases, the memory capacity of
the line memory increases.

[0035]
[2. Configuration when applied to image encoding device]

30 Fig. Z illustrates a configuration when the image

precessing device of the present technique is applied to



20 paraneter (quantization scale) based on the rate control signal fromthe
rate controller 18 to change a bit rate of the quantized data. [0041] The

| ossl ess encoder 16 is supplied with the 25 quantized data output fromthe
quanti zer 15 and prediction node infofgation fromthe intra predictor 31,
the notion estimtor/conpensator 32, and the predicted i nmage/opti mal node
selecting unit 33 described later. The prediction node information includes
a macrobl ock 30 type that allows a predicted block size to be identified, a

prediction gpdg,_ motion vector Jjnforpption  reference. 17 picture
i nformation, anJ“%%enlike gccd$ ing to %nt‘%ﬁ%g nggo%e%%cgn ir-prediction
The | ossl essnehobderanl 6npéed ot nritell esslvesseentoth ngnpreecess such as, for

exanpl e, vari abl e-l1 ength encadi or .arithnetic encaoding on the 5 quanti zed
data to gen%r%‘?aé'“earfeé’g%aéﬂggﬂg%ﬁ afd Buf PRty elr?cogéd streamto the

accumul at i opr S a1l Trahbesaver ,14,he Losst essr encoden (16:Lossl essly
encodes the prediction node information to add the encoded prediction node

i nf or matd on®tePdtte YHeader 2ratoimEtion bof fenel encoded ¥OSEream [0042]
The accunul atd on, bulf ek 1macaygulales.ahg encaded, st egang rom the

| ossl ess encoder 16. Moreover, e accunul-ation er out puts the
accunul at edimmniootied abb isteessrsgaintd zieraf$f ean ratweercer bespondhay to a
transm ssion |ing. rate controller 18 nonitors a free

00 T
space of the” HeTiEA égL %%f?%qeﬁ;&%'géng?lé%%%k%{lgr ate “EontFortEt gnal 20

according tosf he fr00 spacey 2nd HWDULscthes) ale GARLr g8k 9pal to the
quanti zer 15. The rate controller 18 acquires information indicating the

free spdce ftom it igecarbieaton Bubkapatyr $or andamplaediheedat e
controller %@ag@pgﬁq}%@ Ithﬁe b%élé&li% ofungpeﬁuanti zed data using the 25
I e :

rate control signal when t ree spdace decreases. Mreover, the rate
controller 1®3%icreases the bit rate of the quantized data using the rate

control signal when %g free %Pac%_of t he accunul ation buffer 17 is
sufficiently Iard e ?oﬁﬁﬁﬁer er 11 converts an analog image

signal into digital image data and outputs the digital
15 image data to the frame reordering buffer 12.
[0037]

The frame reordering buffer 12 reorders the frames
of the image data output from the A/D converter 11. The
frame reordering buffer 12 performs the frame recorder

20" according te a GOP (group of pictures} structure related
to an encoding process and cutputs the recrderd image
data to the subtracter 13, the intra predictor 31, and
the motion estimator/compensator 32.

[0038]

25 The subtractor 13 is supplied with the image data
cutput from the frame recrdering buffer 12 and predicted
image data selected by the predicted image/optimal mode
selecting unit 33 described later. The subtractor 13
calculates prediction error data which is a difference

30 between the image data output from the frame reordering

buffer 12 and the predicted image data supplied from the



The inverse quantizer 21 perforns an inverse 18 quantization process on
the quanti zed data supplied fromthe quantizer 15. The inverse quantizer 21
out puts transform coefficient data obtained by perfolLnting the inverse
quanti zation process to the inverse orghogonal 5 transforner 22. [0045]

The inverse orthogonal transforner 22 outputs data obtained by performng
an orthogonal transform process on the transformcoefficient data supplied
fromthe inverse 10 quantizer 21 to the adder 23. [0046] The adder

23 adds thepg@aﬁﬂ§gpg5£$g/g%gﬂhhh Chgvggzgcggﬁgo onal;stransformer 22 and

the predictied inage data supplied fromt edi ct’'ed TTmagée/ opti mal node 15
sel ecting upitp83 tthegeneratei decoded Hamgetdatiee andhadbpulls t he decoded

i mge data to th deblqﬁking filtering unit 24 and the frame nenory 25.
[0047] The debiockig filtering unit 24 perforns a 20 filtering process for
reduci ng bl ogksgi stortion occurring during i mage encodi ng. The debl ocki ng
filtering unit 24 perfornms a filtering process to renove bl ock distortion
from t he decoded Tfagé tHagenaupplaed ofmem t heearfams23nand out puts t he

| mge dal a baui 50 haen SUBER el dA.Lhe.25 LL1dering Pracess (o the frame
ocking fi

menory 25. Mreover, the de tering unit X controls an i mge
range used forngfdnn {ECTdper efdwninem-acblkeckrposidimonedhone§be-tpper side

of a boundar ccording.to a boundary detected by perform ng inter-block
boundary de?%d@%%ﬁﬁeﬁl§t§8?t?%ﬁﬂr t&iPBE?PanrI%’?ﬁﬁ§“ﬁﬁﬁﬁ%??rby

control lingl1hethengetnengeusedntorrfdt tef QREARLI @RanifAGdebl ocki ng
filtering 19 unit 24 allows a vertical filtering process to be perforned

even whén oAt s@apdereyoteiife bivneckBabring Hdte storegonahge data is
reduced. The gdetails thereof-yidde he. desgribed later.
[0040}
The quantizer 15 is supplied with the transform

coefficient data cutput from the orthogonal transformer

15 14 and a rate control signal from the rate controller 18
described later. The quantizer 15 guantizes the
transform coefficient data and outputs the quantized data
to the lossless encoder 16 and the inverse quantizer 21,
Moreover, the quantizer 15 switches a guantization

20 parameter (quantization scale) based on the rate control
signal from the rate controller 18 to change a bit rate
of the quantized data.
[0041]

The lossless encoder 16 is supplied with the

253 quantized data output from the guantizer 15 and
prediction mede information from the intra predictor 31,
the motion estimator/compensator 32, and the predicted
image/cptimal mode selecting unit 33 described later.
The prediction mode information includes a macroblock

30 type that allows a predicted block size to be identified

r

a prediction mode, motion vector information, reference



5[ 0048] The franme menory 25 maintains the decoded i mage data supplied from
the adder 23 and the decoded i mage data havi ng been subjected to the
filtering process, supplied fromthe deblocking filtering unit 24 as inmge
10 data of a reference inmage. [0049] 1+ The sel ector 26 supplies the
reference image data before the filtering process, read fromthe franme
menory 25 to the intra predictor 31 in order to performintra- 15

predi ction. Mreover, the selector 26 supplies the reference i nage data
having been.sublectied tathe, f1J1LLh0, process. fead fromipe frame menory
25 to the notion estimator/conpensator in-order to perform

| nt er - - predbctdiart.ic20p@050 er-predictheni ntTe arediletereBdodrer figr N5 an
intra-prediction process &n all candidate intra-prediction nodes using the
i mage data.%ﬁré%¥ n@ogPﬁﬁ B3 JBIC99TRgePoaEPTE T UM e TPF Rt PR der i ng

buffer 12 angd idia J-ebayencenddmgr dat ar2bnhef of edheubil Lering process,
read fromthe frame menory 25. Further, the intra predictor 31 calculates a
cost furcti BENEIAFE £oiEaehe EsTmnEdeprBdEREP @A Nd@aandnsepbettistan

ntra-predicld e dmde Lo ul ol the cabollpled gost-funghion value is the

smal | est (that , an 1ntra- 30 prediction node 1n Wwhi Ch* best encodi ng
ef fi ci ency Noregbteai,ned)y assaleoptnoabernt 6 at psediclivoenobdes die intra 20

predi ctor 31 outputs %rgdict d ina%e data generated in the optinal
i ntra- predi%ts e MOP el HrEdicdticon thoded | MorsRRIcsA BREEhe bt i mal

i ntra-predigddeon nRAeatadPE B GOt rhbuneti ORryahaAe dih Jehenopti dBleq
intra-prediction node 5 to the predicted i mage/ opti mal nobde sel ecting unit

33. MridovettrSFe intra predictor 31 outputs the prediction node
infornationugmzphe intra-prediction node in the intra-prediction process in
the respective i'ntraprediction nodes to the | ossless encoder 16 in order to
10 obtai n a generfacedccudelainpunbuised 1N cabwowllatbdeenthE shesgast function

val ue as described Jlater. [0051] The, notion esti mator/conpensator 32
perforns a MO0 §9Pn£??o%ﬁ§§;ﬁ&§n§ﬁFP8ﬁrp}%ceg@rFﬁv%ﬁd H%edi ct ed

accumulation buffer 17 outputs the accumulated encoded
15 streams at a transfer rate corresponding to a
transmission line.
[0043]
The rate controller 18 monitors a free space cf the
accumulation buffer 17, generates a rate control signal
20 according to the free space, and outputs the rate control
signal to the guantizer 15. The rate cecntroller 18
acquires information indicating the free space from the
accumulaﬁion buffer 17, for example. The rate controcller
18 decreases the bit rate of the guantized datz using the
25 rate control signal when the free space decreases.
Moreover, the rate controller 18 increases the bit rate
of the quantized data using the rate control signal when
‘the free space of the accumulaticn buffer 17 is
sufficiently large.
30 [0044]

The inverse quantizer 21 performs an inverse



15 bl ock sizes corresponding to macrobl ocks. The notion

estimator/ conpensator 32 detects a notion vector using the reference inage
data having been subjected to the filtering process, read fromthe frane
menory 25 with respect to each of the;gncoding target inages of the 20
respective predicted block sizes, read fromthe frane reordering buffer 12.
Further, the notion estinmator/conpensator 32 perforns a notion conpensation
process on the decoded i mage based on the detected notion vector to
generate a e [ , reover, the 25 i on esti.nat.or/ conpensat or
32 calcuIatgégﬁﬁﬁééﬁiﬁpgﬁggfgggv%ﬁJ%K?Séaggéﬁe%?%%F%tiﬁfﬂ&ﬁ88kf§?9e and

sel ects a prtedi gtetibleackssi zehd nnwhirsd dhenciadquloat edcgess function val ue
is the smallest (that is, a predicted bl ock size in which best encoding

ef ficiency r52ubt W hERF 368 arf %t iRaP - RflePY predi T1ied #Bee. The notion
esti mat or/ conpensalPianid -aul Bt sddg spredigted. | opge fatag.21, generated in
the optinmal inter-prediction node, the prediction node |nPornat|on on the
opti mal 3 nt eFaprieineti @4 -node, and the cost function value in the optinal
inter-prediﬁgégﬂ node to the predicted 5 i mage/ opti mal node sel ecting unit
33. Moreover, the notion estimator/conpensator 32 outputs the prediction
nmode i nformati on Or theckntesriiedinatli epan®deridr tde durbets paeei cti on
process in the respective predicted block sizes to the | ossless encoder 16

in order to°BbiHISH FY ReGEREFREFcGIE aRBUAL HeRE iGTcaredrasi ®n of the

cost functi gRe iahdifsrolhe BBEE OM &S IREOLLSONPEASALOf +32 %@é’rﬁ@rfor”ﬁ the
prediction in a skipped nmacrobl ock node and a direct node as the

i nt er - prledi eeaH 7R5del 00523 adi e Z5redi ct ed i mage/ opti mal node sel ecti ng
unit 33 conﬁgéﬁﬁ the cost function value supplied fromthe intra predictor
31 and the cost function value supplied fromthe notion

esti mat or/ conpensat=0rd32ri 13 reshechicvdatacs obd Dickd Wicdhs tadd sel ects a node
in which the cost 20 function value is the smaller as an optimal node in

whi ch best entTdiH§TerPEEMBhcy i 8 BTEFnéd. 2 Mbr eov et e RESr 887 %% ed

i mage/ opt i nak+ cSekectipg td th3310ubRUL Sa Pk pdicled [ mRge data generated
in the optinmal node to the subtractor 13 and the ‘adder 23. Further, the
predi ct 25} erigdidopriira P 3 nbdegweiredei Agcoded BB arutdauksantie prediction

nDde I nf or ”@15{ SOfth%h%ergrg%ém; ag%d%attg Egetggsgelb%_SOSCk%nCOder 16 The

predi cted i mage/ optimal e selecting unrt ey perfdrmthe
i ntra-predi £iitarioy wheti Atesnpried crkon heémsegpertive slice units.
30[ 0053] (00477
The deblocking filtering unit 24 performs a
20 filtering process for reducing block distortion occcurring
during image encoding. The deblocking filtering unit 24
perfcrms a filtering process to remove block distortion
from the decoded image data supplied from the adder 23
and outputs the image data having been subjected to the
25 filtering process to the frame memory 25. Morecver, the
deblocking filtering unit 24 controls an image range used
for a filter operation in a block positioned on the upper
side of a boundary according to a boundary detected by
performing inter~block boundary detection in a vertical
30 direction. In this manner, by controlling the image

range used for filter cperation, the deblecking filtering



An encoding unit in the clainms includes the intra 22 predictor 31 that
generates predicted i mage data, the notion estimtor/conpensator 32, the
predi cted i mage/ opti mal node selecting unit 33, the subtract-or 13, the
orthogonal transforner 14, the quantizgr 15, the 5 | ossless encoder 16, and
the like. [0054] [3. Operation of imge encodi ng device] Fig. 3is
a flowhart illustrating the operation of an inmage encodi ng process. In
step ST11, the AID 10 converter 11 perforns Al D conversion on an input

i mage signal,;{ 005 S ST.12,, the, reordering, buffer 12 perforns
screen reor é?.Qghgh%#gﬁeé?g%iﬁﬁgélnglgﬁ%%ggglafﬁﬁ?%ﬁ<59e§ethe i mage data
suppl i ed f rosm fdrmenedl Bveonviest et nkhoagdcapat tiey sof hder @3pechénerpi ctures so

that the pictures arranged in the disgla% order are reorderd in the
encodi ng or Y&t T6058] “Do¥h @'p STISICERS sdber defet L1t ifeiéiiat es

predi ction girondatacr1hes supid-actor 13 calcul ates a difference between
the inmage data of the inages reorderd in step ST12 and the predicted inmage
data sel%ect &4 the predicted i mage/ opti mal node selecting unit 33 to 25

generate predicti e_pt cti eryor data has a data anmount
790 ?E%ﬂé éﬁﬁéﬁ¥é5@ mBEgg+lés(¥he ghcode Iimag

that is smaller than that ori1ginal inmage data. Thus; Tt is possi bl e
t 0 conpr essédthre datdiadofiném ash< eaipated3t andhetre tdhedigagenige encoded as it

is. Wien th redi cted i mage/ optimal nmode 30 selecting unit 33 selects the
predi ct ed ﬁ%ﬁ %§ﬂﬁ59iEﬁe?r%ﬁﬁ%ﬁﬁ?eﬁnFPat%?eﬁ%%ﬁ?ﬁlQ§1P§ﬁBe?ﬁe predi ct ed

image fromgsupplied from the deblocking filtering unit 24 as image
10 data of a reference image.
[0049]

The selector 26 supplies the reference image data
before the filtering prccess, read from the frame memory
25 to the intra predictor 31 in order to perform intra-

15 prediction. Moreover, the selector 26 supplies the
reference image dats having been subjected to the
filtering process, read from the frame memory 25 to the
motion estimator/compensator 32 in order to perform
inter-prediction.

20 (0050}

The intra predictor 31 performs an intra-prediction
process in all candidate intra-prediction modes using the
image data of an encoding target image output from the
frame recrdering buffer 12 and the reference image data

25 Dbefore the filtering process, read from the frame memory
Z5. Further, the intra predictor 31 czlculates a cost
function value for each intra-prediction mode and selects
an intra-prediction mode in which the calculated cost
functicn value is the smallest (that is, an intra-

30 prediction meode in which best encoding efficiency is

obtained) as an optimal intra-prediction mode. The intra



23 the notion estimator/conpensator 32 in respective slice units, the
intra-prediction is perfornmed in the slice in which the predicted inage
supplied fromthe intra predictor 31 is selected. Mreover, the
inter-prediction 5 is performed in thg slice in which the predicted inage
fromthe notion estimator/conpensator 32 is selected. [0057] In
step ST14, the orthogonal transfornmer 14 perforns an orthogonal transform
process. The orthogonal 10 transformer 14 performnms orthogonal transform on

the predictjion.error.data supplied.fromthe subtractor 13. Specifically,
or t hogonal Elf%;dn“scftg%m%u%ﬁt%%{psgipsrce%éf:gecolsrﬁ%%e (1491 FEPRFBF *Kat'hunen- Loeve
t ransf or m i shpernframaedi otrd-he-priediiehi ode) reie Gatedii cangnthanst or m
coefficient, 15 data is output. [0058] In step ST15, the quantizer 15

performs a JUATEIRFALRofF pridt e8E I PRe 1§ HaRTH 2 5 OGuBREFzead e transf orm

coef fi ci entcglat aopWhepn the quant i-zat bepshs 20, perforned, ; gate gontrol is
performed as will be described in the process of step 3T25. [0059]

In step35118 THse biradérsed qurats/petipal perdoraml et ingvense duanti zati on

process. The inverse_guantizer 21.2 erforms inverse_gquantization on the
transforn1gﬁ%ﬁ%ﬁﬁ%rénfgﬁa&%F%ﬁuﬁﬂ%Q%ggOgygirﬁytLﬁﬁﬁi ?grp%%g%%EiﬁQﬂ ng to a
property catgdspoifdirngtton tdre property-of edher pranbiczern 18he [ 0060] 301 n
step 3T17, the inverse orthogonal transformer 22 perforns an orthogonal
transf or m procesSreFheti tRaiisEessqin the respective intra-

prediction modes to the lossless enceder 16 in crder to

10 ocbtain a generated code amount used in calculation of the
cost function value as described later.
[0051]

The motion estimator/compensatcr 32 perferms a

motion estimation/compensation process in all predicted

15 ©block sizes correspeonding te macrcblocks. The moticn
estimator/compensator 32 detects a motion vector using
the reference image data having been subjected to the
filtering process, read from the frame memcory 25 with
respect to each of the enceding target images of the

20 respective predicted block sizes, read from the frame
reordering buffer 12. Further, the motion
estimator/compensator 32 performs a motion compensation
process on the decoded image based on the detected motion
vector to generate a predicted image. Moreover, the

25 moticn estimator/compensator 32 calculates a cost
function value for each predicted block size and selects
a predicted block size in which the calculated cost
function value is the smallest (that is, a predicted
block size in which best encoding efficiency is cbtained)

30 as an optimal inter~prediction mode. The motion

estimator/compensator 32 outputs the predicted image data



ort hogonal transforner 22 perforns inverse orthogonal transformon the
transform coefficient data inverse-quantized by the inverse quantizer 21
according to a property corresponding to the property of the orthogonal 5
transforner 14. [0061] In step, ST18, the adder 23 generates decoded
i mge data. The adder 23 adds the predicted i mage data supplied fromthe
predi cted i mage/ opti mal node selecting 10 unit 33 and the data after the

i nverse orthogonal transformat the position corresponding to the predicted

i mge to ge cod i e dat.a. [0062]..1n, ste T1 t he debl ocki ng
filtering uﬁ?%gégtggnggggrﬁgggm%éb%5€%iﬁée%%Ff%Q?néxg?ogggs. The

debl ocki ng fprétiectingn wode 24fperdfwirars ohi kher bpgimd tikesdecoded i mage data
output fromthe adder 23 to renmove bl ock distortion. Moreover, the

debl ocki ng PFPEETTFHY GRFe. 2a7F sERo AU B8 6D et 6 mia Feftical filtering

process eveppwhedm tihe 20, MEADEY: GARARIL Y00t nthe ddine enory that stores the
i mage data is reduced. Specifically, the deblocking filtering unit 24

control s t hénagagerriandemadeds$lorctarfs inék Sper &oirenvien, atlbd ock positi oned
on the uppe i f, . ary accordi,ng to a boundary detected by

per f or mi ng é%§%%$é%#ﬁ%%%§%zgﬁm éFvﬁﬁgfggtPE%pPFﬁt C VETETEAR i rect i on.

[ 0063] modé nistemasizan, ob hehd riarme rremesy c2bos tidRs ideeaded i mage dat a.
The franme nenpry 25 stores the decoded i mage data before the debl ocking
filtering proteSserSHGO6%] T 2% BStinat 6r FEdRpehsEt 61 <32 Cpefrf or m predi cti on

processes. ghatyisizdheol phea oGt @n3d-petf o s,.an d niraprediction
process in the intra-prediction node and the notion esti mator/conpensat or

32 per {6t ns2 agemriored cedei pmeyoh/wEpensatlonl priocess ithet hest
inter-predigtion node., By this process,. the prediction processes are

per f or med i%ﬁg?ﬁl%gﬁ%ﬁﬁgfet%F% PE%PBneﬁ%lég?g:ﬁﬁmPﬁQSEBEf ?%ﬁ%ﬁ?bn val ues
in all candbdaferny ediecbironi apies iar & calispkateshrobe epthibABl and
intra-prediction node and the 10 optimal inter-prediction node are sel ected
based on thd CTHI¢U FEG E8stn? Uit ToRT¢aAr G T diefla-he predi cted i mage
generated inpghe sel ected prediction node and the cost function and the
predi ction node I nformation are supplied to the predicted i mage/ opti mal
nmode sel®cting urifte 33edisfod6Bjage/optimal mode selecting unit 33

compares the cost function value supplied from the intra
predictor 31 and the cost function value supplied from
the motion estimator/coméensator 32 in respective
macroblock units and selects a mode in which the cost

20 function value is the smaller as an optimal mode in which
best encoding efficiency is obtained. Moreover, the
predicted image/optimal mode selecting unit 33 outputs
predicted image data generated in the optimal mode to the
subtractor 13 and the adder 23. Further, the predicted

25 image/cptimal mode selecting unit 33 outputs the
prediction mode information of the optimal mode tc the
lossless encoder 16. The predicted image/optimal mode
selecting unit 33 may perform the intra-prediction or the
inter~prediction in respective slice units.

30 [0053]

An enceding unit in the claims includes the intra



In step 3T22, the predicted i mage/ opti mal node selecting unit 33 selects
predi cted i mage data. The predicted i nage/ opti mal node selecting unit 33
determ nes an optinmal node in which best encoding efficiency is 20 obtai ned
based on the respective cost function,yalues output fromthe intra

predi ctor 31 and the notion estinator%conpensator 32. Further, the

predi cted i mage/ opti mal node sel ecting unit 33 selects the predicted i nage
data in the determ ned optinmal node and 25 supplies the predicted i mage
data to the ac n he .adder 23. . The. predi cted image is used for
the oper at | BACRH Sfenl THE5 SR FTES S5 GLBETT HEI ShGvES [ 0BG

I n step ST23ctide d0sslaess/eanederatks perf engspaB0-J«ass| ess encodi ng
process. The | ossless encoder 16 perforns | ossl ess encoding on_the

quanti zed dAPACHRPUTEL2BORF 0P 1316 GFaktiter 3 15therbtrectpgssPess encodi ng

such as variabl - hengih 1encodi Ag-Qry ari t RRBt ie,encadi ng i syperfornmed on the
quanti zed data whereby the quantized data is conpressed. In this case, in

step ST désesidet Bcabdevelot ndrtédi ditken node i nformation (for exanpl e,
i ncl udi ng t?g ﬁgfroblock type, the prediction node, the notion vector

i nformation, ? e reference picture information, and the like) input to the
| ossl ess .en¢dderpdfniisnabsoisads ectediithg Hesste€ps encodi ng. Further, 10

| ossl ess encoding data of the prediction node jnformation is added to the
header information%f 3t A8 2ntlbdediadtt arigerdtHted¥5y oP68aF£3319~ encodi ng

the quantized datd dQQB7hg process. | BnSiel 24, the gggunul ation buffer

17 perforns 15 an accunul ati on process to accunul ate the encoded stream
The encdedcstyeammacdumalracems 4 1 vonyecamoh avh am buofofusr ihZges
appropriate%y % d and is transnmtted to a decoding side via a transm ssion
line. [0068 9 n"step ST25, the rate controller 18 perforns rate control.
The rate conge®dler 18 controls the rate of the quantization operation of

t he quantizer 15 so that an_overflow or an underfl ow does not occur in the
accumul ati on buf fir SEPPWAEH? t He Saddail AEPBRE BT yaffer 12

performs screen reorder. The frame reordering buffer 12

15 stores the image data supplied from the RA/D converter 11
and recrders the respective pictures so that the pictures
arranged in the display order are reorderd in the
encoding order.

[005¢%]

20 In step ST13, the subtractor 13 generates
prediction error data. The subtractor 13 calculates a
difference between the image data ¢f the images reorderd
in step ST12 and the predicted image data selected by the
predicted image/optimal mcde selecting unit 33 to

25 generate prediction error data. The prediction error
data has a data amount that 1s smaller than that of the
original image data. Thus, 1t is pcssible to compress
the data amount as compared to when the image is encoded
as it is. When the predicted image/optimal mode

30 selecting unit 33 selects the predicted image supplied

from the intra predictor 31 and the predicted image from



25 accunul ates the encoded stream [0069] Next, the prediction process in
step ST21 of Fig. 3 will be described. The intra predictor 31 perforns an
intra-prediction process. The intra predictor 31 30 perforns
intra-prediction on the image of a cugsent block in all candidate
intra-prediction nodes. The inage data 27 of a reference inmage referenced
inthe intra-prediction is not subjected to the filtering process of the
debl ocking filtering unit 24, but the reference inage data stored in the

frame nmenoryn25dsi disedsiAbthoughhg 3.detits ofJheintLa; prediction

process are described |ater, by this process, intra-prediction is perforned
in all canditfat® Wt anpredirediotivodés, panfotthed costtreunét conival ues in
all candid . nt.na- predi.ct i on, nodes are.cal cul at ed. .Moreover, one

intra-pr ed?@ﬁ%ﬁn {rrrgedgjri%%&%é@hllnéa}?ebés%l?pgﬁ%%dlg T er't9 ¢ éhty is obtained is
sel ected frmaldtdmtiriaipr edietican noeesobasedren ihhercgdsid atied cost
function val ues. The notion estinmator/conpensator 32 perforns an

i nt er - predi ©f i O HOEEsST The HotScon e ¥R Rt BRY COMRSERE&HE0E™32e per f or ms an

i nter-predi e£d@nrd ReaSsst MAldr Sandidat ek Merrpredictign nodes (all
predi cted bl ock sizes) using the reference image data havi ng been subjected

to the filteY?hy process, stored in the frame nmenory 25. Although the
details of the inter-predicji rocess are described later, by this
qgl&tepigﬁfé,qﬂmpor. OS%??%F%&&P% ﬁﬁeF @g

process, 20 the prediCction process is ndi dat e
i nt er - pr edi i Srmodes prandgsdel casthstupet bodcyad ueshino@dHoGadi dat e
inter-prediction nodes _are cal cul ated. Myreover, one inter-prediction node

in whi cf beStAEHUdiSTg Laf PREF @Mty F-ST08PaRhetF 338 KmeoPed@herom al | 25

i nt er - pr edigtd on-4mgdes Lased. on sfu%ﬁ@hcykaﬁ%&_ btfrléffl%u:o{'s}/a' ues. [0070]
r

The intra-prediction process will "be described wt eference to the

fl owchart ofreFiiEicallyn srepo® TR trhasform such as discrete

cosine transferm or Karhunen-Loeve transform is performed

on the prediction error data, and transform coefficient
15 data is output.

[0058]

In step ST15, the guantizer 15 performs a
quantization process. The quantizer 15 quantizes the
transform coefficient data. When the guantization is

20 performed, rate control is performed as will be described
in the process -of step 3T25.
[0059]
In step ST16, the inverse guantizer 21 performs an
inverse guantization process. The inverse guantizer 21
25 performs inverse guantization on the transform
coefficient data quantized by the quantizer 15 according
to a property correspending to the property of the
guantizer 15.
[0060]
30 In step ST17, the inverse orthogonal transformer 22

performs an orthogonal transform process. The inverse



30 intra predictor 31 perfornms intra-prediction in the respective

predi ction nodes. The intra predictor 31 28 generates predicted i mage data
in each intra-prediction node using the decoded i nage data before the
filtering process, stored in the fran?4nennry 25. [0071] 5In step ST32, the
intra predictor 31 calculates the cost function values of the respective
predi ction nodes. For exanple, the |ossless encoding process is perforned
tentatively in all candidate prediction nodes, the cost function val ue

expressed b ressiaqon (1) belowis 1Q calcylated in the respective
predi ction §BE%§?OT fifgégngﬁnggé@r5°¥milﬁpyefi$ 0PI Rér e, no-
represents arsmiversaln sek obtagardindale rE5.-peedi gL+ on ARdes_for encoding
bl ocks and macrobl ocks. "D' represents differential energy (distortion)

bet ween a deedriet?§hraye tard laneT ¥ rranragerwAénaependtingg ticsaperformed in a
predi ction R . i r e unt__i_ncl udi ng
or t hogonal ??%%?% rﬁ&F ggéﬁ??% 3ﬁ?gg%p§%§g%%?gnoﬁg%gefﬁF@Pﬁﬁ??gn, and t he
i ke, ard "Xarepresentld.the Lagrange nmultiplier given as a function of a
quantizatiog @ﬁganeter QP. [0074] Moreover, with respect to all candidate
prediction 5 des, the predicted images are generated and header bits

such as notion vegt @febnkonppt t1gh 2d rprediehl 4. spde Jdpkar ppLdon are
cal cul ated, and the cost function val ue expressed by Expression (2) bel ow

i s calcul atéddn fhe redpectd vaidsr c8F cPToR gipdbsmage data

supplied from the predicted image/optimal mode selecting
10 unit 33 and the data after the inverse orthogonal
transform at the position corresponding to the predicted
image to generate decoded image data.
[0062]
In step ST19, the deblocking filtering unit 24
15 performs a deblocking filtering process. The deblocking
filtering unit 24 performs filtering on the decoded image
data output from the adder 23 to remove block distorticn.
Moreover, the deblocking filtering unit 24 is configured
to perform a vertical filtering process even when the
20  memory capacity of the line memory that steres the image
data is reduced. Specifically, the deblocking filtering
unit 24 controls the image range used for a filter
operation in a block positioned on the upper side of a
boundary acceording to a boundary detected by performing
25 inter-block boundary detection in the vertical direction.
i0063]

In step ST20, the frame memory 25 stores decoded
image data. The frame memory 25 stores the decoded image
data before the deblocking filtering process.

30 [0064]

In step ST21, the intra predictor 31 and the motion



30[ 0075] Cost(Mdeen) = D + QPtoQuant (QP). Header _Bit - (2) 29 [0076] Here,
"0" represents a universal set of candi date prediction nodes for encoding
bl ocks and nmacrobl ocks. "D' represents differential energy (distortion)
between a 5 decoded i mage and an inputs i mage when encoding is perfornmed in
a prediction node. "Header Bit" is a header bit of a prediction node, and
"QPtoQuant" is a function given as a function of a quantization paraneter
QP. [0077] 10ln step ST33, the intra predictor 31 determ nes an opti nal

intra-predigcti.on, i p i r_31. sel.ect ne_lntra-prediction
mode in whic ﬁ%%eggg?gﬂg%?%%%;z Fg%%ﬁ‘% vea(?lucg:llog1 t%ﬁgcg?r%ﬁ'est based on
t he cost functit dr,vahdesntad qdeatiedor N3 Ster S amd jdeterm nes 15 t he

intra-predictign node as the j‘%pt' mal _intra-prediction node. [0078] Next,
the inter- predicti-Gn Process Wi IFepe aeddrs With TPEEefRAICE® 0 t he

flowchart ofodiicg. eétilhﬂtgzp/&ingpsnggﬂ%r thedmid o esti-Aaber/ conpensator 32
determ nes a noti on vector an a reference i mage I n t he respect| ve

predi ct iPon efdestiThicoreengdid ovprireneestimetior Lodmpgensat brt B2 det er mi nes
(he ot on gk o 5P AP alstencgs e S GULLEDLL DL of (he
performed in all candidate prediction meodes, and the cost
function values in all candidate prediction modes are
calculated. The optimal intra-prediction mcde and the
10 optimal inter-—prediction mode are selected based on the
calculated cost function values, and the predicted image
generated in the selected prediction mcde and the cost
function and the prediction mode information are supplied
to the predicted image/optimal mode selecting unit 33,
15 [0065]

In step 8T22, the predicted image/optimal mcde
selecting unit 33 selects predicted image data. The
predicted image/optimal mode selecting unit 33 determines
an optimal mode in which best enceoding efficiency is

20 obtained based on the respective cost function values
output from the intra predictecr 31 and the moticn
estimator/compensateor 32. Further, the predicted
image/optimal mode selecting unit 33 selects the
predicted image data in the determined optimal mode and

25 supplies the predicted image data to the subtractor 13
and the adder 23. The predicted image is used for the
operation in steps ST13 and 5T18 as described akove.
[0066]

In step 85T23, the lcssless encoder 16 performs a

30 locssless encoding process. The lossless enccder 16

performs lossless encoding on the guantized data output



In step ST42, the notion estimtor/conpensator 32 perforns notion
conpensation in the respective prediction nodes. The notion

estimator/ conpensator 32 perfornms 30 notion conpensation on the reference
i mge based on the notion vector detepgined in step ST41 in the respective
30 prediction nodes (respective predicted bl ock sizes) and generates
predicted image data in the respective prediction nodes. [0080] 5In step
ST43, the notion estimtor/conpensator 32 generates notion vector

informationgignthe Eﬁ%ﬁ%§5b¥619reQ%ﬁE'99,r@%&%&eégh%ngghﬁgg such _
estimat or/ conpensator 32 generates notion vector information included in

t he encodedast vyeamist-iengspeetcedintchernetii bhmeent crrscctlngetier ni ned in the
respective predictipn_nopdes. For. ex e, redicted notion vector is

det er ni ned g%fﬁﬁdﬁ%gfﬁhLg?e%F%?F%ﬁﬁgggtﬁbFﬁ8£99%cﬁ 5 JHPSrRaL on i ndi cati ng
a di f f er enceabet veennidhesaeti onvecter cdet ectredsdy mavboncestiwat i on and
the predicted notion 15 vector is generated. The notion vector information
gener at el iﬂb?%?s1ﬂﬁhﬁEPngtéP%dmﬂgédﬂﬁﬁr@éFéﬁmaff?ﬁ1Qﬁampﬁércost function

val ue in thenoexis sf eReSHdr AN Mhan. t hengopresponding predigted image is

D
ultimately sel ected by the predicted i mage/ opti mal node selecting unit 33,
20 the notibatiectwrctonf dnfarheni drs ithel udédrémcd helgnedi cti on node

i nformation,apd out.put to.t | pssl.ess_encpder, 16. 0811 In step ST44, the
noti on esti A %?Eﬁﬁﬁ%%ngﬁ o?g%zfﬁgﬁcépgﬁFaggs{?%é“¥%gﬁSFuﬁBFP%ﬁrvaIue in
the respectiveid iledo puBdeetbantaudRs] cEbeeABb&E DIy eSt-i.pakheF / conpensat or 32
cal cul ates the cost function value using Expression (1) or (2) described
above. {b082PSBOITF STEFSTASI= Ehe® otitoRTBSELF M IIETPEASATEF 1 32
determines ag optddml, iRkehzRELA Gl QRaRE8- o F Neh R B ltrean

generated by losslessly encoding the guantized data.
(00671
In step 8TZ24, the accumulation buffer 17 performs

15 an accumuliation process to accumulate the encoded stream.
The enccded stream accumulated in the accumulation buffer
17 is appropriately read and is transmitted to a decoding
side via a transmission line.

[006e8]

20 In step ST25, the rate controller 18 performs rate
control. The rate ceontroller 18 controls the rate of the
quantization operaticn cf the quantizer 15 so that an
overflow or an underflow does nct occur in the
accumulation buffer 17 when the accumulation buffer 17

25 accumulates the enccded stream.

[0069] |
Next, the predicticn process in step ST21 of Fig. 3
will be described. The intra predictor 31 performs an
intra-prediction process. The intra predictor 31
30 performs intra-prediction on the image of a current block

in all candidate intra-prediction modes. The image data



estimator/ conpensator 32 selects one prediction node in which the
cal cul ated cost function value is the smallest based on the cost function
val ues calculated in step ST44. [0083] 5[4. Configuration when applied to

i mge decodi ng devi ce] The engepded stream generated by encodi ng an
input image is supplied to an i mage decodi ng device via a predeterm ned
transm ssion line, a recording nedium or the like and is decoded. 10[0084]
Fig. 6 illustrates the configuration of an i nage decodi ng device. An inage

decoding deyCe AOkdNcludes.a0 ACRMBAAY o DHLT &L Aloadiasshess decoder

52, an inverse quantizer 53, "an i nverse orthogon stormer 54, an 15
adder 55, aidebbockibigcfteBbt epi Age unilttedBngaptoaees redrader i ng buffer 57, and
a DA conve&ge{ 8. Thelinage decqghﬁg gg icg 50 further ,includes a frane
menory 61, Seredtory 62'5RATRS, “an iatr u%r Fctore 3 °Cand*4%not i on
conpensat i 0fatAi $tbbd 20[ 0885Frame memctRez8CeyMi Al i on1 bubfen Bk
accunul at es encoded streans transnmtted thereto. The | ossl ess decoder 52

decodes 1 heC@hebtedSsitheakBtsuppIsEE L ronPt Reeae cuifuldasicsabhef f er 51
according te, Cc onding _ . odi h f the
92 R 5! ;t@ngfh%gi gggegéy nding &39?%28?9&9 A 300608 O

| ossl ess encoder 2. Nbreover, ossles ecoder 52 out put s
predi cti on ablecimigatet Lonhrebbeedied oy dededi ngnd hencheader infornmati on of

t he encoded_streans to the,int redictor,63 and the notion conpensation
Ui t 64, 30f GUBEICTHE [ofiTet Be* uaTI2Er 851 BoFT GF e Harvers8odss

quanti zat i oarencdheilquant i 2ed-data , degeded: by d-heil-esshessadegpder 52
according to a schene corresponding to the quantization schene of the
quant i Z&f 1805FR Fgpt 2RceHény nvefisel schégoRatrainethsifsossdecsadper f or s

nverse S OrLGOONAl; LANSEORM- O iRl BULLOT od N d NNELag. AuaNt | zer 53

according to a schene corresponding to the orthogonal tranStofrm schene of
t he orthogonatttfamsfionnerlids of TRiegmo?2:iamd guttpuics /thepenspitr t 0 t he adder
55. [00871 }91£§}5%¥$%ra§5iggg§—§§§%£¥¥E%na£282e§Q? %‘geQEEion
estimator/compensator 32 performs an inter-predicticn
15 process in all candidate inter-predicticn modes (all
predicted block sizes) using the reference image data
having been subjected to the filtering process, stered in
the frame memory 25. Although the details of the inter-
predicticn process are described later, by this prccess,
20 the prediction process is performed in all candidate
inter-prediction modes, and the cost function values in
all candidate inter-prediction modes are calculated.
Moreover, one inter-prediction mede in which best
encoding efficiency is obtained is selected from all
25 inter-prediction modes based on the calculated cost
function values,
[0070]
The intra-prediction process will be described with
reference to the flowchart of Fig. 4. In step ST31, the

30 intra predictor 31 performs intra-prediction in the

respective prediction modes. The intra predictor 31



ort hogonal transformand the predicted i mage data supplied fromthe

sel ector 65 to generate decoded i mage data and out puts the decoded i mage
data to the deblocking filtering unit 56 and the frane nenory 61. 15[ 0088]
The debl ocking filtering unit 56 perfggns a filtering process on the
decoded i mage data supplied fromthe &adder 55 simlarly to the debl ocki ng
filtering unit 24 of Fig. 2 to renove block distortion and outputs the 20
decoded image data to the frame reordering buffer 57 and the frame nenory
61. [0089] The framne rgorderin buffer 57 perforns screen reorder.
That is, th&°FPAAES® rperc?%&gFS f 1BRFT r%%n&&dﬁﬁﬁhzsnw%r&r%é&lm the frame
reordering bufitenslzy ofheFid@codedr end@Ordendriotber ot i ginal-idispl ay order
and are output to the DJA converter 58. [0090] The EFA converter
58 per f or s PEPASEDNVEIFISGNn 16ntihel BONS megerdaka- supplied fromthe frane
reordering byhftey 57 and outputs the image data to a display (not
illustrated) 33 to thereby display inages. [0091] The frane nenory 61
mai nt ai NS t he decbdedadpmageézdatlee biefwore ptrhadiEibt ek i ngalprocess, s4ppl i ed

fromthe 5 adder 55 and the decoded i mage data havi ng been subjected to the
filtering process ™ Susp F@Eu??oﬁ?fﬂgeéﬁ%PSEEFﬁﬁ PYE46759¢ ORPES56 as i mage
data of a reberensmpidiagec [09924sThe saliaet grob2ssuppldes theqyr ef erence

image data 10 before the filtering process, read fromthe frame menory
tentatively in all candidate prediction modes, the cost
function value expressed by Expression (1) below is
10 calculated in the respective predicticn modes.
[0072]
Cost(Mede € Q} = D + A/R - (1)
[0073]
Here, "Q" represents a universal set of candidate
15 predicticn modes for encoding blocks and macroblocks.
"D" represents differential energy (distcrtion} between a
decoded image and an input image when encoding is
performed in a prediction mode. "R" représents a
generated code amount including orthogonal transform
20 ccefficients, prediction mode informaticn, and the like,
and "A" represents the Lagrange multiplier given as a
function of z guantization parameter QP.
[0074]
Moreover, with respect to all candidate prediction
25 modes, the predicted images are generated and header bits
such as mection vector information and prediction mode
information are calculated, and the cost function value
expressed by Expression (2) below is calculated in the
respective prediction modes.

30 [0075]

Cost (ModeeQ)) = D + QPtoQuant (QP)-Header Bit .. (2)



61 to the intra predictor 63 when a predicted bl ock having been subjected
to intra-prediction is decoded based on the prediction node information
supplied fromthe | oss | ess decoder 52. Moreover, the selector 26 15
supplies the reference i nage data havihpg been subjected to the filtering
process, read fromthe frame nenory 61 to the notion conpensation unit 64
when a predicted bl ock having been subjected to inter-prediction is decoded
based on the prediction node information supplied from20 the | ossless
decoder 52. [(097] The intra predictor 63 generates predicted imges
based on the prediction node information supplied fromthe |ossless decoder
52 and out puts the=ggnecat edp2Esphedi ched varge datact o-4-he ssekector 65.

[ 0094] re hetnDtioQﬁ%o ensatipn uni.it 64 gerforns noti on conpensation
based on t hB"BFedrcti S aT5de°t ntor iR 1SGHHI FRY T3 FRRE X Foss| ess decoder

52 to generabe 38 psedict adriapge: dat %n@&@yot@ap%éﬂmgp@)%%@&ﬁdai mage data
to the selector 65. That is, the notion conpensation 4 unit 64 perforns
noti on conpeRsSAEFONRrIngnd Adtimhvedtee basedenredivg rwti on vect or

| nfor mat | onoukhgesnect, Loohhecaf elence Lamge d adicaled by, Lhe reference
frame i nformation based onh the AotIon Vector 1nfofrmati on 5 and the
reference franect rd groeaticonon neddededchridn "pheopoedtction madecipshormati on to

generate predicted i e data. [0095] The sel ector 65 supplies the
predi ct ed i%ﬁﬂ%“dﬁiép%%nﬁgﬁ8Pa?bda69L¥ﬁézﬁﬁ%P% PPETIStedr 963 to the adder

55. Moreoverpgthe sel ector 65 supplies the predicted i nage data generated

by the notion conpensation unit 64 to the adder 55. [00961
10 In step S8T33, the Intra predictor 31 determines an

optimal intra-prediction mode. The intra predictor 31
selects one intra-prediction mode in which the calculated
cost function value is the smallest based on the cost
function values calculated in step ST32 and determines

15 the intra-prediction mode as the optimal intra~prediction
mede.
[0078]

Next, the inter-prediction process will be

described with reference to the flowchar: of Fig. 5. In
20 step 8T41, the motion estimator/compensator 232 determines

a motion vector and a reference image in the respective

prediction modes. That is, the motion

estimator/compensator 32 determines the motion vector and

the reference image of a current block of the respective
25 prediction modes.

[0079]

In step ST42, the moticn estimator/compensator 32
performs motion compensaticn in the respective prediction
modes. The motion estimator/compensator 32 performs

30 motion compensation on the reference image based on the

motion vector determined in step ST41 in the respective



15A decoding unit in the clains includes the | ossless decoder 52, the

i nverse quanti zer 53, the inverse orthogonal transfornmer 54, the adder 55,
the intra predictor 63, the notion conpensation unit 64, and the |ike.

20[ 0097] [5. Operation of imge decodgfng device] Next, an inmage
processi ng device performed by the i mage decodi ng device 50 will be
described with reference to the flowhart of Fig. 7. 25[0098] In step ST51,
t he accunul ati on buffer 51 accunul ates encoded streans transferred thereto.

In step ST52,-4iherd QssiLss QS%S t +:92 B§%&gég§dg?i&§§hgggsgegg i ng process.

The | ossl ess decoder 52 deco e 30 enc reans supplied fromthe
accunul at i ogehefders Fredibaedi Smagdhelaguanhi zbd datd@eofiviehe respective

pi ctures 35 encoged gy t he | ossl ess encoder 16 of Fig. 2 is obtained.
Mor eover, tRESTo0ssi @& 4E¢0der 52 perforns | ossless decoding on the
predi ction podeoi nformation included in the header information of the
encoded streamto obtain 5 prediction node information and supplies the
predi ctivn node T GF8t £EA3t otihaddbroekt HeR F¢1 feaminsgsatict 55 and t he

sel ectors 62.06 65 Rurthetect ﬂﬂ¥5§kﬁﬁ§ogefﬁdgﬁeg%xﬁﬁkQHts t he

predi ction node information to the intra predictor en-t he prediction
nmode i nf or maté¢dictiison Goidafor Mt owtonnt detind e /preageathoor mxe. | n
addition, the |ossl ess decoder, 52 out puts. the, prediction node infornmation
to the noti O EohpendAt SR UnFt %4 éﬂafﬁ8np+£kﬂ%ﬁqQM+qm58§ information is
i nformat i onegfoddie durten- pi edi eddredechd ShOOOH vectors I N step ST53, the
inverse quantizer 53 perfornms an inverse quantization process. The inverse
quanti z&t 532 PErHGaTs linGer sES RefTvEaPFeAl okl ehenagisant | Bed data decoded by

the | ossl esg ader, 52 .a¢ ihg it rope rresponding to the
property of ¥%§QQJa§}?Egggﬁgégfa%fﬁg'gég?8gogf #%ME eﬁegTEi}n?he i nverse

or t hogonal nedrst growed cB4copesfidmis-ian erthogoimfotnrarishor m process. The
I nverse indicating & difference between the motion vector
detected by motion estimation and the predicted motion
15 wvector is generated. The motion vector information
generated in this manner is alsc used in czlculation of
the cost function value in the next step ST44, and when
the corresponding predicted image is ultimately selected
by the predicted image/optimal mode selecting unit 33,
20 the motion vector information is included in the
prediction mede information and output to the lossless
encoder 16,
[0081]
In step 3T44, the motion estimator/compensator 32
25 calculates the cost function value in the respective
inter-prediction modes. The motion estimator/compensator
32 calculates the cost function value using Expression
{1}y or (2) described above.
(0082}
30 In step ST45, the motion estimator/compensator 32

determines an optimal inter-prediction mode. The motion



25 orthogonal transformer 54 performns inverse orthogonal transformon the
transform coefficient data inverse-quantized by the inverse quantizer 53
according to a property corresponding to the property of the orthogonal
transforner 14 of Fig. 2., 30[0101] §6 data. The adder 55 adds the data-
obt ai ned by perform ng the orthogonal %ransforn1process and the predicted
i mge data selected in step 3T59 described |later to generate the decoded
imge data. In this nmanner, the original 5 inage is decoded. [0102]

In step 3T56, the deplocking filtering unit 56 perforns a debl ocki ng
filtering pFBLERRLCOTTREOTRERFBERT nif i .EEFEng ENPEeSE: Heyf 8PA8 Anfiltering

process on {he-d0 decaded brage.dat & Qutpul by the; adder sfﬁ§ﬂ§s£e”‘)ve bl ock
[ 0103] ns

distortion included in the decoded inage. ep 3T57, the

frame nmenorpasdd strorde e tdévndedri madeedatalcdbi Bdd4n step ST4En step
ST58, the inég@BPredictor 63 and the notion conpensation unit 64 performa
prediction ﬁrocess. The intra predictor 63 and the notion conpensation unit
64 perfdm {he Qiredigi-Hzenopr 065 Sapl ithetpr edi 64 | Q-dmee 30visfprmation
supplied fromthe | ossl ess decoder 52. [0105 . That is, when the
predi cti on node iTFoPR&CABH BFr¢ae GeREFaLpH BlY cRr@ifliing sopphped from t he

| ossl ess degoder 82,5 heibAtig epf{%qfia@te%e@?zdﬁggf&mﬁcea%gnya- 25
predi ction process based on the prediction node Infornation to generate the
predi cted | phgetgatriined transmission line, a recording medium, or
the like and is decoded.
10 (00843
Fig. 6 illustrates the configuration of an image
decoding device. An image decoding device 50 includes an
accumulation buffer 51, a lossless decoder 52, an inverse
guantizer 53, an inverse orthogcnal transfcrmer 54, an
15 adder 55, a deblocking filtering unit 56, a frame
recordering buffer 57, and a D/A converter 58. The image
deccding device 50 further includes a frame memory 61,
selectors 62 and 65, an intra predicter 63, and a motion
compensation unit 64.
20 (00857
The accumulation buffer 51 accumulates encoded
streams transmitted thereto. The lossless deccder 52
decodes the encoded streams supplied from the
accumulation buffer 51 according to a scheme
25 corresponding to the encoding scheme of the lossless
enceder 16 ¢f Fig. 2. Moreover, the lossless decoder 52
outputs prediction mede information obtained by decoding
the header information of the encoded streams to the
intra predictor 63 and the motion compensation unit é4.
30 (0086}

The inverse guantizer 53 performs inverses



Mor eover, when the prediction node information of the inter-prediction is
supplied fromthe | ossl ess decoder 52, the notion conpensation unit 64
performs notion 30 conpensati on based on the prediction node information to
generate the predicted i mage data. 37,[0106] In step ST59, the

sel ector 65 selects predicted image data. That is, the selector 65 selects
the predicted i mge supplied fromthe intra predictor 63 and 5 the

predi cted i nage data generated by the notion conpensation unit 64 and

suppl i es the,pradighed bmoe. and. Lhe Brgdlet gd. igmoe data to the adder 55
put o

So as to be added to the out the inverse orthogonal transforner 54 in
step ST55 akcsklstysi bedodbovez df{XHIRL to a schdmke siep-5F60ditde frane
reordering buffer 57 perforns screen reorder. That is, the franme reordering

buf fer 57 redrder SUEREFPANES Y0¥ Kal Tt hd® f F9HEs: 7%oridePd FRIt e encodi ng

order used Tie tiherehrkanBriieosseri ng Bkt ene 1542, 0f 4,he i pegesencodi ng
device 10 of Fig. 2 are reorderd in the original display order. [0108]
| n st ep STEAE thwenpLAtEonvEP Flerorb & hsepiibpws < Alcoriveesten on the i mage

data fromt : o] ' buf § 7. . This i e is output to a
di spl ay (no@%#*ﬁ%ﬁcr g?e%qg%fn tc‘ﬁgml %aagﬁ?rge |OsrpﬁeasﬁrzDeocrzrll}.%gFg1%@]J‘%’[l . Basic

oper ati on ofrttelgcoeki hgafsféer ingenri bF the genaidicnaa debhoekimg filtering
process 25 Lgc%%i,ng %\z an i mage encodi ng scheme such as H. 264/ AVC or HEVC
i nvol ves deteri AirfAg Ahather i1 CePRgeF sP e ces sdi¥y a6FeRobSand perforning a
filtering proxess with respect to an inter-block boundary in which
filtering is determned to be necessary. 30[0110] The inter-block boundary
i ncl udéd boundar iTeg F@@%x 55 adds the data after the inverse

orthogonal transform and the predicted image data
supplied from the selector 65 to generate decoded image
data and cutputs the decoded image data to the deblocking
filtering unit 56 and the frame memory 61.

15 [0088]

The deblocking filtering unit 56 performs a
filtering process on the decoded image data supplied from
the adder 55 similarly to the deblocking filtering unit
24 of Fig. 2 to remove block distortion and outputs the

20 decoded image data to the frame recrdering buffer 57 and
the frame memory 61.
[0089]
The frame reordering buffer 57 performs screen
reorder, That is, the frames recrderd from the encoding
25 order used in the frame reordering buffer 12 of Fig. 2
are reorderd in the original display order and are cutput
to the D/A converter 58.
£0090]
The D/A converter 58 performs D/A conversion on the
30 image data supplied from the frame reordering buffer 57

and cutputs the image data to a display (not illustrated)



38 is, horizontally adjacent inter-block boundaries (hereinafter referred
to as "vertical boundaries") detected by perform ng inter-block boundary
detection in the horizontal direction. Mreover, the inter-block 5 boundary
i ncl udes inter-block boundaries (that.is, vertically adjacent inter-block

boundaries (hereinafter referred to ag "line boundaries") detected by
perform ng inter-block boundary detection in the vertical direction. [0111]
10Fig. 8 is an explanatory diagramillustrating an exanple of pixels in two

bl ocks BKa and 13Kq3adlac nt with a boundary interposed. In this exanple,
htiga

al t hough a V&rtireal 7Y 1839%%d as an exanple, the sanme can be appli ed

to a line boundary. In the exanple of Fig. 8, 15 inage data of pixels in
the block BKa is represented by synbol "pi,j." Here, "i" is a colum index
of pixel and "j" Th¢ arPe® Bk ofl Fiaiel2iner eowetecogesimimrast unit of the

encodi Ng prQagessyd £, Rhack; of. 8 %x%ic)é%%s’s L £8) T gggxes it oof 0,

1, 2, and 3 are assigned 20 sequentially (fro eft tori ) fromthe
col um ¢} osedder tite arer theadle boiatlamageRdat & ndexiesy "YeerobkubBjedte?, ..., and

7 are assigped_fromtop.to bottom The lLeft half of the_block BKa is
ot red  n PRatth AMTETie PRE Oihrer WERGELi PAGE Gt GoR CpXERe | ¢ he

bl ock BKb i $i28erefpy esent 8d by Syddolsatgkof. 5 Hef@rende' ikSga. col um index
of pixel and "é" is a row index of pixel. The colum indexes "k" of 0, 1,
2, and 3 aré®83%l gned sequentially (fromleft to right) fromthe col um

close to the vertﬂﬂgageggg@€€r?§ %ﬁy&ﬂﬁe%hEhQaléfé¥e&4%§i§g§8Kd§9aBKb is also

omtted in the drawing. [0112 When it ermned that a
debl ockithg Pefoer lirs tfolberapplpmertdss,arbednfary @nd drkecbaundayy is a
verti cal boEgdfr

y.. far _exanpl a filtering process is _performed on the
pi xel s on t Bt heaﬁ&tfﬁgﬁe(gjr%teosr 043 E‘S’ElﬁﬁeabBﬁ‘?\ r57 RsOFSr | uni nance
conponent s, haviid tieferh@vibpge séd ong fidrebrsfr epodh @andieachicht er having weak
filter strength are switched according to the value of inage data.

based on the prediction mode information supplied from
the lossliess decoder 52. Moreover, the selector 26

15 supplies the reference image data having been subjected
to the filtering process, read from the frame memory 61
tc the motion compensation unit 64 when a predicted bleck
having been subjected to inter-prediction is decoded
based on the prediction mode information supplied from

20 the lossless decoder 52.
{00931

The intra predictor 63 generates predicted images

based on the prediction mode information supplied from
the lossless decoder 52 and outputs the generated

25 predicted image data to the selector 65.
10094]

The moticon compensation unit €4 performs motion

compensation based on the pradiction mode information
supplied from the lossless decoder 52 to generate

30 predicted image data and cutputs the predicted image data

to the selector 5. That is, the motion compensation



[0113] 10[ Lum nance conponent filtering] In selecting of strength,
whet her the conditions of Expressions (3) to (5) are satisfied is

determ ned for each Iine (or each columm). A strong filter is sel ected when
all conditions of Expressions (3) to é?) are 15 satisfied, and a weak
filter is selected when the conditions of any one of the expressions are
not satisfied. [0114] [Mathematical fornmula 1] d < (p"2) - (3)
1p3-poid-19g0--g3 < (13>>3) - (4) 20po-qgol < ((5ttc+1)"1) (5) [0115]

In Expressiqn~§3% "d"_is a value cal cul ated based on Expression (6).

Nbr eover, "B nb BEFESSTONEC t 4 fF R 2Ang" Ee Y R BhreSsi on (5) are

val ues that varecseta Raseds ofo@ lanidizat QR P @msl ¢+ as indicated in
Table 1. [0116] [Mathematical forrmula 2] 40 d =1 P2,2 - 2131,2 + PO,2 | +

| 2,2 2*(1I2P%; 2t theppebepanas image ppiscatad k2 We rpfgieseas |
frame information based on the motion vector information
5 and the reference frame information included in the
prediction mode information to generate predicted image
data.
[3095]
The selectcr 65 supplies the predicted image data

10 generated by the intra predictor 63 to the adder 55.
Moreover, the selector 65 supplies the pradicted image
data generated by the mcticon compensation unit 64 to the
adder 5.

[cooe]

15 A decoding unit in the claims includes the lcssless
deccder 52, the inverse gquantizer 53, the inverse
orthogonal transformer 54, the adder 55, the intra
predictor 63, the mction compensation unit 64, and the
like.

20 (0087}

[5. Cperation of image deceding device]

Next, an image precessing device performed by the
image decoding device 50 will be described with reference
tc the flowchart of Fig. 7.

25 rooer]
| In step ST31, the accumulation bufier 51
accumulates encoded streams transferred thereto. In step
ST52, the lossless decoder 52 performs a lossless
decoding process. The lossless decoder 52 decocdes the

30 encoded streams supplied from the accumulation buffer 51.

That is, the quantized data of the respective pictures



[0117] [Table 1] Q0 12 3 456 7 8 9 10 11 12 13 14 15 16 17

10

15

20

25

30

35

encoded by the lossless encoder 16 of Fig. 2 is obktained.
Moreover, the lossless decoder 52 performs lossless
decoding cn the prediction mede information included in
the header information of the encoded stream to cbtain
prediction mode information and supplies the prediction
mode Informaticn to the deblocking filtering unit 56 and
the selectors 62 and 65. Further, the lossless decoder
32 outputs the prediction mode information to the intra
predictor 63 when the prediction mode information is
information on the intra-predicticn mode. In addition,
the lcssless decoder 52 outputs the prediction mode
information to the motion compensation unit 64 when the
predicticn mode information is information on the inter-~
prediction mecde.

[0099]

In step ST53, the inverse guantizer 53 performs an
inverse quantization process. The inverse guantizer 53
performs inverse quantization on the quantized data
decoded by the lossless deccder 52 according to a
property correspending to the property of the guantizer
15 of Fig. 2.

[0100]

In step ST54, the inverse orthogonal transformer 54
performs an orthegenal transform process. The inverse
crthogonal transformer 54 performs inverse orthogonal
transform on the transform coefficient data inverse-—
quantized by the inverse gquantizer 53 according to a
property corresponding to the property of the orthogcnal
transformer 14 of Fig. 2.

(01011

In step S5T55, the adder 55 generates decoded image
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data. The adder 55 adds the data obtained by performing
the orthogonal transform process and the predicted image
data selected in step ST52 described later to generate
the decoded image data. In this manner, the original
image is decoded.

[0102]

In step ST5¢, the deblocking filtering unit 56
performs a deblocking filtering process. The deblocking
filtering unit 56 performs a filtering process on the
decoded image data output by the adder 55 to remove block
distortion included in the decoded image.

[01033

In step ST37, the frame memory 61 stores the
decoded image data.
[0104]

In step ST5h8, the infra predictor 63 and the mction
compensation unit 64 perform a prediction process. The
intra predictor 63 and the motion compensation unit 64
perform the prediction process on the prediction mode
information supplied from the lossless decoder 52.

{0105]

That is, when the prediction mode information of
the intra-prediction is supplied from the lossless
decoder 52, the intra predictor 63 performs an intra-
prediction process based on the prediction mode
information to generate the predicted image data.
Moreover, when the prediction mode information of the
inter-prediction is supplied from the lossless decoder 52,
the motion compensation unit 64 performs motion
compensation based on the prediction mode information to

generate the predicted image data.
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[0106]

In step 3T3593, the selector 65 selects predicted
image data. That is, the selector 65 selects the
predicted image supplied from the intra predictor 63 and
the predicted image data generated by the motion
compensation unit 64 and supplies the predicted image and
the predicted image data to the adder 55 so as to be
added to the output of the inverse orthogonal transformer
34 in step ST55 as described above.

[0107]

In step ST¢0, the frame reordering buffer 37
performs screen reorder. That 1is, the frame reordering
buffer 57 reorders the frames sc that the frames recrderd
in the encoding order used in the frame reordering buffer
12 of the image encoding device 10 of Fig. 2 are reorderd
in the original display order.

[0108]

In step ST61l, the D/A converter 58 performs D/A
conversion on the image data from the frame reordering
buffer 57. This image is output to a display (not
illustrated) and the image is displayed.

[0109]
[6. Basic operation of debleocking filtering unit]

In general, a deblccking filtering process
according to an image encoding scheme such as H.264/AVC
or HEVC involves determining whether filtering is
necessary or not and performing a filtering process with
respect to an inter-block boundary in which filtering is
determined to be necessary.

[0110]

The inter-block boundary includes boundaries {that
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is, horizontally adjacent inter-block boundaries
{(hereinafter referred to as "vertical boundaries™)
detected by performing inter-block boundary detection in
the horizontal direction. Moreover, the inter-block

5 boundary includes inter-block boundaries (that is,
vertically adjacent inter-block boundaries (hereinafter
referred to as "line boundaries") detected by performing
inter-block boundary detection in the vertical direction.
[0111]

18 Fig. 8 is an explanatory diagram 1llustrating an
example of pixels in two bleocks BKa and BKb adjacent with
a boundary interposed. In this example, although a
vertical bcundary 1s used as an example, the same can be
applied to a line boundary. In the example of Fig. 8,

15 image data of pixels in the block BKa is represented by
symbol "pi,j." Here, "i" is a column index of pixel and
"j" is a row index of pixel. Moreover, a smallest unit
of the enceding process 1s a block of 8 x 8 pixels, and
column indexes "i"™ of 0, 1, 2, and 3 are assigned

20  sequentially {from left to right! frem the column close
to the vertical boundary. Row indexes "j" of 0, 1,
2, ..., and 7 are assigned from top to bottom. The left
half of the blcck BKa is omitted in the drawing. On the
other hand, image data of pizxels in the block BEb is

25 represented by symbol "gk,j." Here, "k" is a column
index of pixel and "J" is a row index of pixel. The
column indexes "k" of 0, 1, 2, and 3 are assigned
sequaentially {(from left to right) from the column close
to the vertical boundary. The right half of the block

30 BKb 1s alsc comitted in the drawing.
[0112]
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When it is determined that a deblocking filter is
to be applied to a boundary and the boundary is a
vertical boundary, for example, a filtering process is
performed on the pixels on the left and right sides of
the boundary. As for luminance components, a filter
having strong filter strength and a filter having weak
filter strength are switched according to the value of
image data.
[0113]
fLuminance component filtering]

In selecting of strength, whether the conditions

Expressions {(3) to (5} are satisfied is determined for

of

each line (or each column). A strong filter is selected

when all conditions cof Expressicns (3) to (5} are
satisfied, and a weak filter is selected when the
conditions of any one of the expressions are not
satisfied.
[0114]
[Mathematical formula 1]

d < (B>>2) == = (3)

Ip—-poitliqe—qs| < (B>>3) - - - (4)
[Po—qo| < ({(S*tct1)>>1) - - v (B5)

[0115]

In Expression (3}, "d" is a value calculated based

on Expression (6). Moreover, "[B" in Expressions (4) and
e §S)

{5) and "tc" in Expression (5) are values that are set

based on a guantization parameter Q as indicated in Table

1.
[0116]

[Mathematical formula 2]
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d=|p22-2%p12+ Poz | +| 922~ 2"q12 + o2 |

[0117]
{Table 11
Qlo| 1|23 415 |6|7|8iolwlurjm|i3tai5li6|17]18

Q | 15120120 12223124 2512627282930 31 | 32133134]35|36!37
B |9 |10 1213141516 | 171182022124 2628 |30)|32|34]36
7% 1 1 i 1 ] 1 i 1 2124241233313 53 4 141 4

Q 38301401 4] 142143144 45146 47 48149150 51 ] 52| 53] 5455

5 [0118]

In weak filtering, the luminance components of the
respective pixels in a filter processing range are
calculated by performing the operations of Expressions
{7y to {11).

10 [0113]
IMathematical formula 3}
p’=Cliply(p+A2) =+ » (7)
po’ = Cliply(po+A) v (B)

qo’ =Cliply(go-A} = {9)
q’ =Cliply(q~4A2) + «+ (10)

A= Clip3(-to te, (13*(qo—po ) + 4*(q1-p1 ) - 5* (@2 —po) +16)>>5) -~ - {11)

[0120]
In strong filtering, the luminance components of

15 the respective pixels in a filter processing range are
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calculated by performing the operations of

Expressions

{12} to (18).

[0121]

[Mathematical formula 4]

p2’ = Cliply({2%ps + 3*p2 + pr + po + qo +4) >>3) e (12)

pt’ = Cliply({p2+pr+petqe+2)>>2) - (13)

po’ = CHpIv({p2+ 2% pi + 2%pe+ 2% go + qu +4)>>3) - » = (14)

po’ =Cliphy( (p2+ 2*p1 +2*pe + 2*qo +q1 +4)>>3) - » + (15)

qy = Clply((py + 2*pe+2*qe + 2*qu + qz +4)>>3) <« « + (186)

qr =Cliplv((po+qotqi+qa+2)>>2) S )

Q" = Cliply( (pe + qot q1 +3%q2+ 2% g3+ 4)>>3) -+« (18)
<

[01221

Moreover, in filtering of chrominance components,

the chrominance components of the respective pixels in a

filter processing range are calculated by performing the
10 operations of Expressions (19) to (21).
[0123]

[Mathematical formula 5]

By’ = Cliplc(ps+A) <= - (19)
qo’ = Cliplc(qo-A) =« (20)

A=CHp3{( -t to, ({((@-pe) <<2)+py-qu+4)>>3)) - - - (21)

[0124]

135 In the above expressicns, "CliplY"™ and "Cliplc"

represent operations of Expressions (22) and (23), and

"Clip3(x,y,z)" in Expressicns (22) and {23) represents a
value determined by Expression (24).

[0125]

20 [Mathematical formula 6]
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Cliply( x )= Clip3( 0, ( 1 <<BitDepthy)—1,x%) = s (22)
Cliplc( x ) = Clip3( 0, ( 1 << BitDepthc ) — 1,x) v (23)
x 3 z<x
Clip3(x,y,2z) = Yy ; >y e (24)
z : otharwise

{01267

Moreover, as for the line bcundary, the operation
performed for each line using the pixels in the
horizontal direction at the vertical boundary is
performed for each column using the pixels in the
vertical direction, and the filtering process is
performed.

[0127]

In the deblocking filtering process, a process that
requires a line memory is the vertical filtering process,
and hereinafter, a reduction in the memory capacity of
the line memory in the vertical filtering process will be
described in detail. Since the deblocking filtering unit
24 of the image encoding device 10 has the same
configuration and performs the same ocperaticn as those of
the deblocking filtering unit 56 cf the image decoding
device 50, the deblocking filtering unit 24 only will be
described.

10128]
[7. First embodiment of deblocking filtering unit]

Fig. 9 illustrates the configuration of a first
embodiment of the deblocking filtering unit. The
deblocking filtering unit 24 includes a line memory 241,
a line.boundary detecting unit 242, a filter strength
determining unit 243, a coefficient memory 244, a filter

operation unit 245, and a filter ceontroller 246.
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f01259]

The line memory 241 stores image data supplied from
the adder 23 based on a conftrol signal from the filter
controller 246. Moreover, the line memcry 241 reads the
image data stored therein and outputs the read image data
to the line boundary detecting unit 242, the filter

strength determining unit 243, and the filter operation

unit 245.

[0130]

The line boundary detecting unit 242 detects a line
boundary in which the vertical filtering process is
performed. The line boundary detecting unit 242 performs
the filtering necessity determining process for each
block using the image data supplied from the adder 23 and
the image data read from the line memory 241 and detects
a line boundary in which the vertical filtering process
is performed. The line boundary detecting unit 242
outputs the detection results to the filter strength
determining unit 243.

[0131]

The filter strength determining unit 243 determines
the filter strength as described above. The filter
strength determining unit 243 determines whether the
vertical filtering process is to be performed in a strong
filtering mode cor a weak filtering mode using the image
data of two blocks adjacent with the line boundary
interposed in which the vertical filtering process is
rerfermed, and cutputs the determination results toc the
filter operation unit 245,

[0132]

The ccefficient memcry 244 stores filter



5[ 0118] In weak filtering, the | um nance conponents of the _
respective pixels in a filter processing range are cal cul ated by performng
t he operations of Expressions (7) to (11). 10[0119] [ Mathematical formula

3] Ciply( p+ A2) po' ( Po + A),qo" = diply(go - A) = diplv(ql -
A2) (10) A= Clip3(-k, t, ( 13*( qo - po ) + 4*( -pi )- 5(q2- po )+
16)>> 5 ) (1 1) [0120] In strong filtering, the | um nance

conponents of 15 the respective pixels in a filter processing range are 41
cal cul ated ggeggié %Hgg“$ﬁ§§ lgpg§ q( O%gEé res longﬁié to (1?)3 [0121]
[ Mat hemat i cal T ornu 1 ) pit
=Pt Pa godeBchkﬁn@Z@;lterlng process
f0133]
The filter operation unit 245 performs a filtering
5 cperation with the filter strength determined by the
filter strength determining unit 243 using the image data
supplied frcem the adder 23, the image data stored in the
line memory 241, and the filter coefficients read from
the coefficient memory 244. The filter operation unit
10 245 outputs the image data having been subjected to the
vertical filtering process to the frame memory 25.
Moreover, the filter operaticn unit 245 controls an image
range used in the filtering operation in & block that is
positioned on the upper side of the line boundary based
15 on the block boundary determination result supplied from
the filter contreller 246.
[0134]
The filter controller 246 contreols the line mMemory
241 so0 as to store image data corresponding to a
20  predetermined number of lines on the lower side in the
block. Morecver, the filter controller 246 reads the
image data stored in the line memory 241. Further, the
filter controller 246 includes a line boundary
determining unit 2461. The line boundary determining
25 unit 2461 determines whether a boundary is a line
boundary (for example, inter-LCU line boundary) in
respective block units in which the process is
sequentially performed in a raster scan direction and
outputs the determination results to the filter operation
30 unit 245. The filter operation unit 245 performs

contrels such that the vertical filtering process can be
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performed even when the memcry capacity of the line
memory is reduced.
[0135]

Fig. 10 illustrates the operation of the first
embodiment of the deblocking filtering unit. In step
ST71, the deblocking filtering unit 24 detects a line
boundary. The deblocking filtering unit 24 detects a
line boundary in which the vertical filtering process is
performed.

[0136]

In step 5T72, the deblocking filtering unit 24
determines a filter strength. The deblocking filtering
unit 24 determines whether a strong filtering mode or a
weak filtering mode will be used for the line boundary in
which the vertical filtering process is performed.

[01377]

In step ST73, the deblocking filtering unit 24
determines whether the boundary in which the vertical
filtering process is performed is an inter-iCU line
boundary. The deblocking filtering unit 24 proceeds to
step 5T74 when the boundary in which thé vertical
filtering process 1s perfcormed is the inter-LCU line
boundary and proceeds to step ST75 when the boundary is
not the inter-LCU line boundary.

[0138]

In step ST74, the deblocking filtering unit 24
performs a range-reduced vertical filtering process. The
deblocking filtering unit 24 performs the wvertical
filtering process while reducing the image range used for
the filtering operation of the upper adjacent LCU and the

flow proceeds to step ST76.

Li



" 3)

1 6) qi'=Cliply((po+gq0+ql+q2+2)>>2) (1 7) 92 =
)

poqO0+3*(12+ 2*q3+ 4 ) >> 3
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01397

In step ST75, the deblocking filtering unit 24
performs a neormal vertical filtering process. The
deblocking filtering unit 24 performs the vertical
filtering process using predetermined taps and
coefficients without reducing the image range used for
the filtering operation and the flow proceeds to step
ST76. '

[0140]

In step ST76, the deblocking filtering unit 24
determines whether the vertical filtering process at the
boundary has been completed. When the vertical filtering
process for the respective columns of the boundary has
not been completed, the deblocking filtering unit 24
returns to step ST76€ and performs the process for the
next column. Moreover, when the vertical filtering
process for the respective celumns of the boundary has
been completed, the flow proceeds to step ST77.

[0141]

In step ST77, the deblocking filtering unit 24
determines whether the prccess has been completed up to
the end of the screen. When the process has not been
completed up to the end of the screen, the deblocking
filtering unit 24 returns to step ST71, detects a new
boundary and performs the vertical filtering process.
When the process has been completed up to the end of the
screen, the deblecking fiitering unit 24 ends the process
fer 11 screens.

[0142]
[Configuration and operation of filter operation unit]

Figs. 11 and 12 illustrate the configuration of the

(



(1 8) [0122] Moreover, in filtering of chrom nance conponents,
chrom nance conponents of the respective pixels in a filter

processi ng

range are cal cul ated by perform ng the 10operations of

t he

Expressions (19) to (21). [0123] [Mathematical formula 5] po'=Ciple(po+A)

)>>3) )-

Expr essi on

: 4 k

- (19) go'=go - A)(20) d =dip3( -toto ( ( ( (go-)" 2) +pl -+ 4
(z [0124] 15In the above expressions, "CiplY" and "Ciplc

represent operations of Expressions (22) and (23), and "Qdip3(x,y,z)" |g4

ﬁlgéﬁg%rra??gge4 QEFLCC))Prrhl agg]e%s ggeclgaentg%ra lgegeg :r.(:aLPr ession (24).

[0125] 20]
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filtering process is performed, the filter operation unit
245 changes the image data of a tap or changes the number
of taps such that the vertical filtering process can be
performed even when the number of lines that store image
data is reduced. Fig. 11 illustrates the configuration
of a filter operation unit when a vertical filtering
process is performed while changing the image data of a
tap. Moreover, Fig. 12 illustrates the configuration of
a filter operation unit when a vertical filtering process
is performed while changing the number of taps.

[0143]

In Fig. 11, the filter operation unit 245 includes
a data storage unit 2451, a data selecting unit 2452, and
an arithmetic processing unit 2453,

[0144]

When the memecry capacity of a line memory is
reduced, the data storage unit 2451 stores image data to
be used for a tap at the position of the reduced line.
The data storage unit 2451 outputs the image data stored
therein to the data selecting unit 2452 as the image data
of a tap at the position of the reduced line.

[0145]

The data selecting unit 2452 selects one of the
image data steored in the data storage unit 2451 and the
image data stored in the line memory and cutputs the
selected imazge data to the arithmetic processing unit
2453,

[0l46}
The arithmetic processing unit 2453 performs an

arithmetic process using the image data supplied from the



Cipl y(x) =dip3( 0, (1
Clip3( 0, ( 1 -c< BitDepthc
y;z>y z;otherwise ( 2 4) |

cc Bitnepthy ) - 1, x) (22 ) diplc( x) =

o
) -X (23) XzZ<X dip3( x, y, z) =
0126] Moreover, as for the |ine boundary,

48

adder 23 and the data selecting unit 2452 and the filter
coefficients read from the coefficient memory 244 to
generate image data after the vertical filtering process
and outputs the image data to the frame memory 25.

5 [0147]

In Fig. 12, the filter cperation unit 245 includes
an arithmetic processing unit 2455 and an arithmetic
processing unit 2456.

101481

10 The arithmetic processing unit 2455 performs an
arithmetic process with a predetermined number of taps
and outputs image data after the vertical filtering
process to the data selecting unit 2457.

[0148]

15 The arithmetic prbcessing unit 2456 performs an
arithmetic process without using the image data of the
reduced line by reducing the number of taps according to
a reduction in the memory capacity of the line memory and
cutputs the image data after the vertical filtering

20 process to the data selecting unit 2457.

[0150]

The data selecting unit 2457 selects the image data
depending on whether the boundary is an inter-LCU line
boundary. When the boundary is not the koundary between

25 L1LCUs, the data selecting unit 2457 selects the image data
output from the arithmetic processing unit 2455.
Moreover, when the boundary is the inter-LCU line
boundary, the data selecting unit 2457 selects the image
data output from the arithmetic processing unit 2456,

30 [0151]

Figs. 13(A) and 13{(B) are diagrams for describing



the operation perfornmed for each Iine using the pixels in the 5 horizontal
direction at the vertical boundary is perfornmed for each columm using the
pi xels in the vertical direction, and the filtering process is perforned.
[0127] 10In the deblocking filtering pfocess, a process that requires a
line menory is the vertical filtering %rocess, and hereinafter, a reduction
in the nenory capacity of the line nenory in the vertical filtering process
will be described in detail. Since the deblocking filtering unit 15 24 of

t he i mage encodi ng devi ce 10 has, the sane configuration and perforns the

sane oper at Foh FETHISE 6Ff the deidckPRG2FI PRy 4fivi-t B8 of the i nage

decodi ng deyi£gifl itihesdebtocking fijt artAgodNids 2 Onky M. Lisbe
described. 20[0128] [7. First enbodiment of debl ocking leterlng uni t]
Fig. 9 illusfratesdifecasnbloukatilon aofl BKEi r sterenbotentht texfindhe

debl ocki ng {] i .UN| Pl.ocking filtering unit_24 includes a |ine
menory 241, é%%ga:{ﬁo:}%é%bg%ﬁgg%e%e Sé%t i ﬁgga?\i ?E%lezs, %zfclhl IftLglFl 3t rength

det er m ri ngbonmda243,l iaecbeffidat@ntBEMRADRY £ 284s r o dfddds@inopesaadés on unit

245, and a filter controller_ 246. 43 [0129] The line nenory 241
stores i mag®t ddt YSpprrédTH oin e PEAGERS 23R PasBtF MH*&160REFHI signal from

the filter o rold &ouddb-y M eover abhe drdie /ennr Y241 1.eads the 5 image
data stored therein and outputs the read inmage data to the |1 ne boundary

det ecting upfat 24® fR&eringets sta degrhrdereedi i g simiong243, and t he
filter operat]anyy toddd b0 AR LEngpoundary qsbgcLing unit 242
10 (18) described above are performed for each column by the
arithmetic processing units 2453 and 2455, Moreover,
when it is determined that the filtering is to be
perrormed in a weak filtering mode, the operations of
Expressicns (7) to (10) described above are perfcormed for
15 each column by the arithmetic processing units 2453 and
2455,
[0152]
When the deblocking filtering process is performed
in a raster order in respective LCU units, it is
20 determined that the vertical filtering prccess is
performed in a strong filtering mode, and the operations
of Expressions (12) to (18) described above are perfcormed.
Thus, as illustrated in Fig. 13{(A), the image data of the
block BKu on the upper side of the boundary BB
23 corresponding tec four lines from the boundary BB needs to
be stored in the line memory.
01531
Here, the filter cperation unit 245 controls the
image range used feor the filtering operation in the block
30 positioned on the upper side of the boundary BB whereby

the vertical filtering process can be performed even when



boundary in which the vertical filtering process is perforned. The |ine
boundary detecting unit 242 perforns the filtering necessity determ ning
process for each blaock using the imge data supplied fromthe adder 23 and
15 the image data read fromthe line aenory 241 and detects a |ine boundary
in which the vertical filtering process is perforned. The |ine boundary
detecting unit 242 outputs the detection results to the filter strength
determ ning unit 243. 20[0131] The filter strength determ ning unit
243 det errritnﬁs the filter strenjgth aﬁl,descri bed above. The filter strength
det er mi ni ng=tit24Y G8PRT Nt he'st ikt heP et REPVRY ti T di*FiFEer i 5RF process is
to be perfossmbid) asstnong:25:dd literigg Mode) origgealkctil teri ng node
using the image data of two bl ocks adjacent wth the |ine boundary
i nt er posed FAFRATRCARYLRE Gertheed Yinesefrag Prodessidasypskf d8ned, and
out puts the m_nat i t L oper.atign.-unit .245.
30[ 0132] Thsegg)eg’f iagﬁelﬁggn{éﬁ%%é%fq&tgr?é@f‘.g"[g LT BT Lsed i n
the fil teeriwmgraperhat conrefl ithegalebtecki Tirtf iid,ertihrgapt ticessic [ 0133] The
filter operation unit 245 E$$1I‘Ojrelﬁs a fiI%erin .5 gperation with the filter
strength determied oy the” 171 ter St rengt it detef mi i AGTaAFES 243 using t he
i mage dat a spppidied bEORkbhes adder(223, theddmge daba.siopedin the Tine
menory 241, and the filter coefficients read fromthe coefficient nmenory
244. The fiPi¥ieopELatndh ahPt 10 uPpA52688 plt sFithe Jidrmgefdana Heai ng been
subj ect ed 0,41 6 biCRLoFLLLRL NG Y 006550 48, /AR, TRIDLY; 25,
Moreover, the filter operation unit 245 confrols an | mage r%nge used in the
filterildg opEriatsedecitn ahbl Dokod hattai Srposthe oneidrorettibe upper side of the
| i ne boundary based 15 og Mz]i bl %ck boundarﬁ/ determ pation result supplied
fromthe fidt%&r° Ener 8l breoap. and outputs the in

)

llmage data.
Expressions (25) and (28), "i" indicates a column index
of pixel, and when the filtering process is performed in

units of blocks of 8 x 8 pixels, "1 = 0 to 7."
15 (01543

[Mathematical formula 7]

pr’ = Cliplv((2*pu + 3¥pu+t put put qut4)>>3) <« >+ (25)
pzi” = Cliplv(( S¥patpritpoitqut4d)>>3) - (286)
[G155]

The arithmetic processing unit 2453 copies the
20 pixels in the upper block BXKu on the upper end cf the
filter processing range in the upward directicn and uses
the same. That is, by using the image data p2 of the
pixels at the upper end of the filter processing range
stored in the data storage unit 2451 as the image data p3,
25 the image data p2i' after the filtering process is
calculated by the operation of Expression (25}).

i0156]

The arithmetic processing unit 2456 reduces the



[ 0134] The filter controller 246 controls the Iine nmenory 241 so as
to store image data corresponding to a 20 predeterm ned nunber of |ines on
the I ower side in the bl ock. Mreover, the filter controller 246 reads the
i mage data stored in the line nenory 241. Further, the filter controller
246 includes a |line boundary determ nPhg unit 2461. The |ine boundary
determning 25 unit 2461 determ nes whether a boundary is a |line boundary
(for exanple, inter-LQU Iine boundary) in respective block units in which
the process is sequentially performed in a raster scan direction and

out put s t herdehrer mMihdePanardstatariageshehei inege opptaatmi2on 86tenit 245. The

filter operation -unit _24 r nt such t the.vertical
filtering p?%%éggHgg%néegrggé%gFggfh%dOéggﬁthﬂ%ﬁj %%qﬁgﬁg%gncgégkity of the
| i ne nmenor yussng edhiecedeffOABE)cFidhant@si ki ust tlad essdhe ieperat tiodm of the
first 5 enbodiment of the deblocking filtering unit. In step ST71, the

debl ocki ng FFter i%ig “GRFt 24 deectessr | e PBUIRdar§ tThardebl ocki ng

filtering ughin?4 detecisad thdedaundacy:isswhich the werti ?é‘ligi I'tering
process is perfornmed. 10[0136] In step ST72, the debl ocki ng
filtering uphangesl decrr iwhese a' 31 |acersstrengthesriinal deblopking éf1tering

unit 24 determ h tro fi_Ltering node or a weak filtering node
will be usegﬁ$ggﬁ%ﬁ§@ﬁ%n§£%%ﬁ%dﬁ}ggfntfé ﬁﬁ?%%’the vertical filtering
process is performed. [0137] In step ST73, the deblocking filtering unit 24

det erm nes whet her the boundary in which the vertical filtering process is
performed is an ﬁﬁﬁargi%lP?g ry BB is not the inter-LCU line

10 boundary, since it is not necessary to use the image data
of the line memory 241, the same filtering operation as
the conventional coperation is performed without narrowing
the image range used for the filtering operszstion. That
is, the arithmetic processing unit 2453 illustrated in

15 Fig. 11 performs the same filtering operation as the
conventional operation. Moreover, the arithmetic
processing unit 2455 illustrated in Fig. 12 performs the
same filtering operatiocn as the conventional operation
and the data selecting unit 2457 selects and outputs the

20 image data from the arithmetic processing.unit 2455,
[0158;

In this manner, when the boundary is a lins
beoundary of blocks in which the process is sequentially
performed in a raster scan order, by controlling the

25 image range used for the filtering operation, even when
the memory capacity of the line memory is reduced, the
deblocking filtering process can be performed in the same
manner as before the reduction. Moreover, for example,
one line of image of 4K x 2K corresponds to two lines of

30 image of 2K x 1K. Further, in the H.264/AVC scheme, a

line memory corresponding te four lines is included, and



20 boundary. The deblocking filtering unit 24 proceeds to step ST74 when
the boundary in which the vertical filtering process is perforned is the
inter-LCU |line boundary and proceeds to step ST75 when the boundary is not
the inter-LCU Iine boundary. 25[0138] In step ST74, the debl ocking
filtering unit 24 perforns a range-re%%ced vertical filtering process. The
debl ocking filtering unit 24 perforns the vertical filtering process while
reduci ng the i mage range used for 30 the filtering operation of the upper
adj acent LQU and the flow proceeds to step ST76. 46 [0139] In step
ST75, the d%ﬂﬁ(ﬂﬁHQﬁy FRPRRI T NG URSEF2AIpRY f of RS IHernaF ver¥Rcaf filtering

process. Thg, debl L i rd Nt 2 ‘vert | 5 filtering
process usiﬁ% p?@ﬁ%?%?%f%%ﬁkféﬁgggﬁdb%oéﬁ?ﬁ%%%ﬁ#gﬁﬁ%?§é§§ %%gg%?ng t he
i mage rangel used BVsr sthend | | fapEngtoper &idon cdndetheify ovgr oceeds to step

ST76. [0140] 10In s .ST76, 1 ehl i filtering unit 24 determ nes
whet her théL§%F?f55%2E3F¥e¥?ﬁbq§‘%nggggFQ?%%'%%ﬁﬁhégylﬁggo%%%h conpl et ed.
Wien the verdissl filtering process for the respective colums of the

boundary has not been conpl eted, the deblockingH;thering unit 24 15
returns to stepSSPP6 SRACHEITYr 7E CREIBFOLRS st FideiRE HaXE! col um.

Moreover, when the verbhCalpddildeni ng EEQC§éﬁin¥1nbh%iE@éPf@%ﬁVe col ums of
t he boundary has been conpl eted, the fl ow proceeds to step 77. [0141]

20l n step ST¥ ishelidébretnki fuprf itheefiingt usito@4redst énnihes Whet her t he
process hasoé&?% f%%gpg%tgﬁglg%féﬁmetic processing unit 2453 and the
10 arithmetic processing unit 2456 are different from those
of the first embodiment.
[0160]

In strong filtering, when the boundary BB is the

inter-LCU line boundary, and the operations of

15 Expressions (12} to (18) described above are performed,
as illustrated in Fig. 13(A}, the image data of the block
BXu on the upper side of the boundary BB corresponding to
four lines from the boundary BB neads to be stored in the
line memory.

20 [0lel}

Here, the filter cperation unit 245 controls the
image range used for the filtering operation in the block
positioned on the upper side of the boundary BB whereby
the vertical filtering process can be performed even when

23 the memory capacity of the line memory is reduced. For
example, as illustrated in Fig. 13(B), image data
corresponding to three lines from the boundary BB is
stored, and the wvertical filtering process is performed
using the stored image data. That is, the arithmetic

30 processing unit 2453 illustrated in Fig. 11 performs the

operation of Expressicon {27). Moreover, the arithmetic



the end of the screen. Wien the process has not been conpleted up to the
end of the screen, the deblocking filtering unit 24 returns to step ST71,
detects a new 25 boundary and perforns the vertical filtering process. Wen
the process has been conpleted up to the end of the screen, the debl ocking
filtering unit 24 ends the process fo?311 screens. [0142] 30[Cbnfiguration
and operation of filter operation unit] Figs. 11 and 12 illustrate the
configuration of the 47 filter operation unit. Wen a tap-changeable
vertical filtering process is perforned, the filter operation unit 245
changes t heb¥ resyes idat anof ééi%didmﬁ¢haﬁgésinh%imudﬁbpegfor@@st@@ch that the

vertical filtering praocess_can be g erfor e n he nunber of lines
that store %%B.atl gLigx EFL&%?. 8 TTd ﬁé &S % %h?lguratlon of
a filter opeszliHlaudnist tm@eﬂn@e/@rattjacatrofm th@raﬂg;rmea@ess is perforned
whi |l e changing the image data of a tap. Mreover, Fig. 12 illustrates the

conflgurat|EﬁP?ﬁs?ﬂ?gaUFFFt%?5§nﬁﬂdafwﬁﬁuﬁﬁlFh%w&ﬂ?Qf Vérercal® filtering
process § s pgarfardmg whphe &t@n@lsr}g the mﬂai)sét@g‘ 4 aRB%unh 01431 In Fig. 11,

the filter operatlon unit 245 incl udes a data storage unit 2451, a
dat a sel ectdhgeindlt, Mﬁzwh@mdtmés %ritaﬂrllnhnnr@@eqﬁr ocepsirAgroed t12453. [ 0144]

Wien the nmenor | i Ly Ls reduced, ,the data storage unit
2451 storesu?ﬁ%be %ﬁ %8 %%ﬁ P&F Staptat 1 hHe gOSition of the reduced
line. 20 Theoosdja storage unit 2451 outputs the image data stored therein

to the data selectlng uni.t 2452 as the image data of a tap at the position
of the redulf&f153dpd1dsmula 8]

Pz "= Cliply( (2*py; + 3%pa+ putputgqu+4)>>3) - - - (27)

Pz’ = Cliply( ( 3*pu+3*putputgut4)>>3) - -~ (28)
10
[0163]

The arithmetic processing unit 2453 performs mirror
copying about the pixels in the upper block BKu on the
upper and of the filter processing range. That is, by

15 stering the image data pl in the data storage unit 2451,
mirror-copying the image data pl about the upper end
pixels in the filter processing range to use the image
data pl as the image data p2, the image data p2i' afier
the filtering process is calculated by.the operaticn of

20 Expression {27).

[0154]

The arithmetic processing unit 2456 reduces the
number of taps and calculates the image data p2i’' after
the filtering process by the operatiocn of Expression (28)

25 using the coefficients changes with the reduction in the
number cf taps. In this case, the ccefficients are
changed such that the coefiicient of the image data pl is

changed from "2" to "3"™ so as to correspond to mirror-



The data selecting unit 2452 selects one of the 25 inage data stored in the
data storage unit 2451 and the inmmage data stored in the line nenory and
outputs the selected image data to the arithmetic processing unit 2453.
[0146] 30The arithnetic processing unit 2453 perforns an arithnetic process
using the image data supplied fromthe® 48 adder 23 and the data sel ecting
unit 2452 and the filter coefficients read fromthe coefficient nenory 244
to generate imge data after the vertical filtering process and outputs the
image data to the frane nmenory 25. 5[0147] In Fig. 12, the filter operation
unit 245 i nEPRIGELT AP/ tthretPReHrafcePSHAGSuhRt C2ASE d®d an arithnetic
processi ng i 4 8] 10The arithnetic processing unit 2455 perforns
an arithnet?gb%?%%gg%l%?%%'a predet er mi ned nunber of taps and outputs inage
data after {heévertical filtering process to the data selecting unit 2457.
0149] 15The arithnmetic processing unit 2456 perfor n_arithmetic process
&Athott usi ng t he Eﬂhd%ed&PHn ?3%%@ rEdi8EdTR n%p%vﬂﬁéﬁu&?ﬁﬁ t he nunber of
taps accordbogndfr@ raduet kenii mdthedereyycapagid wref 1thhgel h8€2 MeNDry and

outputs the inmage data after the vertical filtering

of the line memory 241, the same filtering cperaticn as
the conventional operation is performed without narrowing
the image range used for the filtering operatiocn. That
is, the arithmetic processing unit 2453 illustrated in

100 Fig. 11 performs the same filtering operation as the
cenventional operation. Moreover, the arithmetic
processing unit 2455 illustrated in Fig. 12 perferms the
same filtering operation &s the conventional operation
and the data selecting unit 2457 selects and outputs the

15 image data from the arithmetic prccessing unit 2455,
[0166)

In this manner, when the boundary is a line
boundary of blocks in which the preocess is sequentially
performed in a raster scan order, by controlling the

20 image range used for the filtering operation, similarly
to the first embodiment, even when the memory capacity is
raduced, the deblocking filtering process can be
performed.

[0167]

25 [2. Third embodiment cf deblocking filtering unit]

A third embodiment cf the deblocking filtering unit
is different frem the first and second embodiments in
that the operations of the arithmetic processing unit
2453 and the arithmetic processing unit 2456 are

30 different from those of the first embodiment.
[0168]



20 process to the data selecting unit 2457. [0150] The data

sel ecting unit 2457 selects the inmage data dependi ng on whether the
boundary is an inter-LCD |ine boundary. Wen the boundary is not the
boundary between 25 LCUs, the data selecting unit 2457 selects the inage
data output fromthe arithmetic processing unit 2455. Moreover, when the
boundary is the inter-LCD |line boundary, the data selecting unit 2457
selects the image data output fromthe arithmetic processing unit 2456.
30[0151] Figs. 13(A) and 13(2) are diagranms for describing 49 the
operation of thec gkt ek operand drt (Bhi ero4blagmmnsdifawi Agsciidiustrate the
| mege data gf reshectiyecpi xel s af. Lveoadiacent,hlocks By and S1(1. Here,
the filtering operation Is perforne uglng ree pixels each froma 5
boundary (|drerimasndatyptBitastte fimkber dptocesSsigxpacange pixéhe verti cal

filtering process and four pixels each fromthe boundary BB as a zap. Wen
it is deterﬂfﬁﬂﬁ’ﬁﬁﬁﬁcﬁﬁé ?f@%&ﬁi%ﬁf Pt 5%be pErfor mRE Fit e Fong

filtering node;-dike opepations OfisEXpr essions:{h2) :0nh10(d8)5 descri bed
above are perfornmed for each colum by the arithnetic processing units 2453

and 2455. MNewweslrary, (Whea Peurdanidt 8Bnphed fhbien e ocielbtene mpide t o be
per f or med i(gfgh‘@f;%rf:%é?r%f erl}{qu? the gé’ea{ Lons %le_nggrea%c,sl% ons (7) to
(10) described above are pertorie For 15" e&ch ‘col'u y the arithmetic
processi ng fwurt $h2453uandr2485.ad @l52b. When it is determined
that the filtering is to be performed in a strong
10 filtering mode, the cperations of Expressions (12} to
(18) described above are performed for each column by the
arithmetic processing units 2453 and 2455. Moreover,
when it is determined that the filtering is to ke
performed in a weak filtering mocde, the operaticns of
15 Expressions (7} to (10} described above are performed for
each column by the arithmetic prccessing units 2453 and
2455,
[0169]
When the deblocking filtering process is performed
20 1in & raster order in respective LCU units, it is
determined that the wvertical filtering process is
performed in a strong filtering mode, and the operations
of Expressions {12} teo (18) described above are performed.
Thus, as illustrated in Fig. 14({A}), the image data of the
25 block BKu on the upper side of the boundary BB
corresponding to four lines from the boundary BB needs to
be stored in the line memory.
(01701
Here, the filter operation unit 245 controls the
30 filter processing range and the image range used for the

filtering operation in the block positioned on the upper



When the debl ocking filtering process is perfornmed in a raster order in
respective LCU units, it is 20 determned that the vertical filtering
process is performed in a strong filtering node, and the operations of
Expressions (12) to (18) described abgé;e are perforned. Thus, as
illustrated in Fig. 13(A), the inmage data of the block BKu on the upper
side of the boundary BB 25 corresponding to four lines fromthe boundary BB
needs to be stored in the Iine nenory. [0153] Here, the filter
operation uni(ﬁeh245 controls the inmage range used for the filtering

operation i rthehItGEKP3BnPvEY ti PG T6RYt Fes upperi Sildéidteried boundary BB

wher eby  Nepi@ldJCalanl bLISLLAGINOCESS GAM, Do PG RLIEL-EYENyhen 5O (he
menory capacity of the line nmenory is reduced. For exanple, as iIllustrated

in Fig. 13(8)e limggacdara torrabpeadi nget extenpde, | kreslivomatke boundary BB

is stored, t he ical _filterin rocess is perforned 5 using the
stored i mag%pg?a QQ. 1%&%5 " ?}et e & P%ﬁg??séllb? ocessi nd ﬁﬁgtu%%% i I'lustrated

in Fig. 511 pesdlomre thesepetatd amak EXptesshor25-omMoreover, the
arithmetic processi ng unit 2456 illustrated in Fig. 12 perfornms the
oper ati on of°B&EsSPon2126)1e difF Ehe28at ST RATHGOURPL T4 2457 sel ects

the image dafrad romt bgeapdiiumt) @Bp&ggggéié@. ugi.t-g4p6 gnd outputs the
, |

i mage data. |In Expressions (25) "and (26) " indicates a colum index of
pi xel , and el dehie fhilkerinnppceces s si se piyfrydreds iing théet stafedl ocks of 8

x 8 pixels,."j = 0.7.%115]0154] thematical. formula 7] = Ciplv( (
p2: T T BT 0 o 35 35y CBST | By ( 5521 & PLLY Po
qoi +4)10'3) t{2&ri[t@hE5} c Theo @xd filgeihe £ pr O8® SISl NG tHaitkd2453rcopi es the 20

pi xel s in the upper block BKu on the upger end of the filter [Brocessi ng
range in thet PATdi FRRt PRAF 3P Es8S £HF SHMEONSTHZS )i 3ndb{3Wsi ng t he

i mge dat a 2-Dfv<t-herhbxeh stidfedile JUppeL s gl of; L he s Lt er pracessing range
stored in the data storage unit 24@1 as the i mge gata p3,
in Fig. 12 performs the operations of Expressions (31)
and (32), and the data selecting unit 2457 selects the
15 image data from the arithmetic processing unit 2456 and
outputs the image data. In Expressions (292) te {32}, "i®
indicates a column index of pixel, and when the filtering
process 1s performed in units of blocks of 8 x 8 pixels,
"i = 0 to 7.7
20 [0171;

[Mathematical formula 2]

pi’ =Cliply((pu+ putpstaut2)>>2) -~ (29)
poi’ = Clipty( ( pri + 2%pri + 2%pai + 2*qui +qut 4)>>3)y - - + (30)

pii’ = ClipTv( ( ¥putpatgut2)>>2) =< (31)
poi’ = Cliply( ( Fput2*put 2qui tq+4)>>3) -+« (32)

[0172]
The arithmetic processing unit 2453 copies the
25 pixels in the upper block BKu on the upper end of the
filter processing range in the upward direction and uses

the same. That is, by using the image data pl of the



25 the image data p2i' after the filtering process is calculated by the
operation of Expression (25). [0156] The arithnetic processing unit 2456
reduces the 51 nunber of taps and cal cul ates the inage data p2i' after the
filtering process by the operation of Expression (26) using the
coefficients changes with the reductih in the nunber of taps. In this
case, the coefficients are 5 changed such that the coefficient of the imge
data p2 is changed from"3" to "5" so as to correspond to copying of the
upper end pixels in the tap range. [0157] Wen the boundary BB is not the

i nter-LCU |pieell0 dfothdanypesiarce dft the Abtteegessamsying usegs he i mage data
of the line_nenory 24 he sane filterin eration .as the conventional
operation is Per &Pn%éémé?%%u%oﬁﬁgﬁoWﬁﬁ ?ﬁgfﬁ‘r?agt&er &Hﬁgeugﬁﬁaf%%’ t he
filtering opes afr-gr. dIbatpis, dhe -ahi't BEeti Ctiy GGEISINGgUPLEc2453
illTustrated in 15 Fig. 11 perforns the sane filtering operation as the
convent i ona’rsd-“p?elr%ltlﬁgﬁ?i Roresv P2 ehe ©BF | PhEthie pricdessE Ay andt 2455

illustratediigy Fig. 12 perforns the sane filtering operation as the

convent i onaf operation and the data selecting unit 2457 sel ects and outputs
the 20 i mageldatia fromthe arithmetic processing unit 2455. [0158] In this
manner, when the _boundary i.s a_|line boundary qf bl ocks in ich the process
is sequentially pTEe%Ff %:Fﬁ%}gfn?tnlcaprrggteg *BE A ot %ezlrl‘a% By BSﬁ?r%\%‘i ng the 25

i mge rangenwsed tar ckpe 4id tenicng -eper ahé OMmagVen twhenit hgndrenory capacity
of the line menory is reduced, the deblocking filtering process can be
performed PPt héSarethanhettead WersPectnely ddirctirssathereovler, for

exanpl eg ongdide ohsi 1ege Ay 45 2K qorresponds i tywe Lines. of 30 image

of 2K x 1K. Further, in the H 264/ AVC sChene, a line nmenory correspondi ng

to four |imesth ghienckdded]omnid: t52 rhebaenof ytapepacit yticor reesgondi ng to one

line of i e of corresc%onds to _50%.0of the meggr capacity of the
Fret

X:2 T N )¢
H. 264/ AVC schers s Thus  the st fect 96f Faduci iy the me adity in a
hi gh-resol ui®nnagageats pIProveere80469131) is changed from "1"

to "2" and the image data pl in Expression (32) is

15 changed from "2" to "3" so as to correspond to copying of
the upper end pixels in the tap range.
[C174]

When the boundary BB is not the inter-LCU line

boundary, since it is not necessary to use the image data

20 of the line memory 241, the same filtering operaticn as
the conventional operation is performed without narrowing
the image range used for the filtering cperation. That
is, the arithmetic processing unit 2453 illustrated in
Fig. 11 performs the same filtering operation as the

25 conventional operation. Moreover, the arithmetic
preocessing unit 2455 illustrated in Fig. 12 performs the
same filtering operation as the conventicnal operatiocn
and the data selecting unit 2457 selects and outputs the
image data from the arithmetic processing unit 2455.

30 [0175]

In this manner, when the boundary is a line



[ B. Second enbodi ment of debl ocking filtering unit] A second

enbodi nent of the deblocking filtering unit is different fromthe first
enbodi ment in that the operations of the arithmetic processing unit 2453
and the 10 arithnetic processing units3456 are different fromthose of the
first enmbodi nent. [0160] In strong filtering, when the boundary BB
is the inter-1CU line boundary, and the operations of 15 Expressions (12)
to (18) described above are perfornmed, as illustrated in Fig. 13(A), the

i mage data gh,Lhg bl oek 1By 00, t e Uppsy. ﬁir@%e%% we%gg@%g%xé E

corresponding to four lines fromthe boundary nee ored in the
i ne menorype20pgiéd]in a rastélerecad herdsr t ey operatllomaunihte 245 control s

the i mage ran used for .the filteri operation in the plock positioned on
the upper SLUSTST VTS BEIRAaFT BB Whorddy TRECVBFTITAIH 506! FRG pr ocess

can be perf @imedr exgropdieni2h, t Beomemyry Gapaehbyy ofadhra i ng nenory is
reduced. For exanple, as illustrated in Fig. 13(B), inmage data
cor r espondi A§HEEEhrides 19eRésCE o%h T HE BEIFdBEYCBES i &a&thsr ed, and t he

vertical filLLeeLng.prac ' usi he, st i.nage data. That
is, the ari hnet?%636p%%%eé%?%gﬁ%#ﬁ§@%ﬁ%%e?%F%s§$gfgg |$1E?g. 11 perforns

t he operati ¥YnrefvExprigssisopof2¥yle Moy emderce the memdtyretapaciby processi ng
unit 2456 i%hggtégtgd in Fig. 12 perforns the operation of Expression (28),
and the data s Iec¥|hg unit 2457 selects the imge data fromthe arithnetic
processi ng uoit6R456 and outputs the inage data. In 5 Expressions (27) and
(28), "i" indicates a colum index of pixel, and when the filtering process
is perftmediin INFiE GFOBROEREE 011 glaplgizgl §iktering unit]

A fourth embodiment of the deblocking filtering
unit is different from the first embodiment in that the
operations of the arithmetic processing unit 2453 and the
arithmetic prccessing unit 2456 are different from those

15 of the third embodiment.

[0177]

In strong filtering, when the becundary BB is the
inter-LCU line boundary, and the operations of
Expressions (12} to (18! described above are performed,

20 as i1llustrated in Fig, 14(&), the image data cf the block
BKu on the upper side of the boundary BB corresponding to
four lines from the boundary BB needs to be stored in the
line memory.

[0178]

25 Here, the filter operation unit 245 controls the
filter processing range and the image range used for the
filtering operation in the block positioned on the upper
side of the boundary BB whereby the vertical filtering
process can be performed even when the memory capacity of

30 the line memory is reduced. For example, as illustrated

in Fig. 14(B), the filter processing range in the upper



0Oto 7."

[0162] [ Mat hemati cal formul a 8] P21 91-=34t2; ++ PA

go, +4) >>3)

10

15

20

25

59

block BKu 1s set tc a range of twe pixels from the
beundary BB, and the image data corresponding to two
lines from the boundary BB is stored. Further, the
vertical filtering precess is performed using the stored
image data similarly to the second embodiment. That‘is,
the arithmetic processing unit 2453 illustrated in Fig.
11 performs the operations of Expressions (33) and (34).
Mcreover, the arithmetic processing unit 2456 illustrated
in Fig. 12 pérforms the operations of Expressions (35)
and {36), and the data selecting unit 2457 selects the
image data from the arithmetic processing unit 2456 and
outputs the Image data. In Expressions (33) to {36), "i"
indicates a coclumn index of pixel, and when the filtering
process is performed in units of blocks of 8 x 8 pixels,
"i = 0 to 7.7

[G179]

[Mathematical formula 10]

pi’ = Cliplv{ (psit put potqut2)>>2) ==+ (33)
pu’ = Clply( { pu + 2%py + 2%poi + 2%qoi + qui +4)>>3) - - - (34}

pii’ = Cliply( ( P t2¥patgut2)>>2) ~ = (35)
poi’ = Cliply( { 2¥%py +3%po + 2¥qui Fqut4)>>3) - - - (36)

[0180]

The arithmetic processing unit 2453 perfeorms mirror
copying about the pixels in the upper block BKu on the
upper end of the filter processing range. That is, by
storing the image data p0 in the data storage unit 2451,
mirror-copying the image data p0 about the upper end
pixels in the filter processing range to use the image
data p0 as the image data p2, the image data pli' and

p0i' after the filtering process is calculated by the

+



2 7) 3*.p21+ 3*pll + poi ++ 4 ) P21' =diply( ( >3 ) (238) 10
[0163] The arithmetic processing unit 2453 performs mrror copying
about the pixels in the upper block BKu on the upper end of the filter
processing range. That is, by 15 storing the image data pl in the data
storage unit 2451, mrror-copying the®?mge data pl about the upper end
pixels in the filter processing range to use the imge data pl as the i mge
data p3, the inage data p2i' after the filtering process is calcul ated by
the operation of 20Expression (27). [0164] The arithmetic processing
unit 2456 rerkicrsiate afufbereo$idrapsi3@ndacdl ¢8thates the i mage data p2i
after the f%&i@ijng process by the operation of Expression (28)

The arithmetic preocessing unit 2456 reduces the
number cof taps and calculates the image data pli' and
5 p0i' after the filtering process by the operaticns of
Expressions (35) and (36} using the coefficients changes
with the reduction in the number of taps. In this case,
the coefficients are changed such that the coefficient of
the imaée data p0 in Expression (35) is changed from "1"

10 tc "2" and the image data p0 in Expression (36) is
changed from "2" to "3" so as to correspond to mirrcr-
copying about the upper end pixels in the filter
processing range.

[0182}

15 When the boundary BB is not the inter-LCU line
boundary, since it is not necessary to use the image data
of the line memory 241, the same filtering operation as
the conventional operation is performed without narrowing
the image range used for the filtering operation. That

20 is, the arithmetic processing unit 2453 illustrated in
Fig. 11 performs the same filtering operation as the
cenventicnal operation. Moreover, the arithmetic
precessing unit 2455 illustrated in Fig. 12 performs the
same filtering operation as the conventicnal operation

25 and the data selecting unit 2457 selects and outputs the
imzge data from the arithmetic processing unit 2455,
{01831

In this manner, when the boundary is a line
boundary of bleocks in which the process is sequentially

30 performed in a raster scan order, by controclling the

filter processing range and the image range used for the



25 using the coefficients changes with the reduction in the nunber of taps.
In this case, the coefficients are changed such that the coefficient of the
i mge data pl is changed from"2" to "3" so as to correspond to mrror- 54
copyi ng about the upper end pixels in the filter processing range. [0165]
When the boundary BB is not the interéLCU line 5 boundary, since it is not
necessary to use the imge data of the |line nenory 241, the sane filtering
operation as the conventional operation is perforned w thout narrow ng the
i mage range used for the filtering operation. That is, the arithnetic
processi ng Tmitter24R3 opkelrasioat evam whenFige Mdnper faarasitheisane filtering
operation as_the convent.ipnal. ope ion. Myreover, the arithnetic

processi ng {ﬁé%cgf§5§%FlFﬁgg?gﬁiﬁéiﬁ?iﬁﬁﬁ?nﬁ2pfﬁﬁ%%ﬁlﬁfntﬁg same filtering
oper ati on asethempenventhenaimOpeimaki-onsapdrthe dat a-sekecthnNg unit 2457
sel ects and outputs the 15 inmage data fromthe arithnmetic processing unit
2455. [ 01661°15P%Hirs rahfeP©s f-Re TBBBFRIaFYE iRy REPRBLiHdary of bl ocks
in which thg.arogess is sequentially perfornmed in a raster scan order, by

controlling the 20 image range used for the filtering operation, simlarly
to the firstOEodi mnent, even when the menory capacity is reduced, the

debl ocki | ter. f d..10167] 25[9. Third
enbodi ment. b g6 0ck PR ST ERTSF 10 CORLPP LA ¢ nf i Srigiariehl of ¢ he

debl ocki ng filt ertneg duBi beksngli fihekentgf nom thesfitsly apdysecond
enbodi nents in that the operations of the arithnetic processing unit 2453
and the ari®HHetdlE fr6ceBsFRgrUHT BaS6Tar et 3D Hilfferient oPebittdose of the

first qnbOdiﬂmH“bldﬂ%lgggitioned cn the upper side ©f a boundary and

controls the filter processing range derending on whether
the boundary BB is an inter-LCU line boundary. Next, in
a fifth embodiment, a case where a mode where the image
range is controlled when the boundary BB is the inter-LCU

15 line boundary and a mode where the image range is
contreolled regardless of whether the boundary BB is the
inter-LCU line boundary are provided will be described.
[0185]

Fig. 15 is a flowchart illustrating the operation

20 of the fifth embcdiment. In step ST81, the deblocking
filtering unit 24 detects a line boundary. The
deblocking filtering unit 24 detects a line boundary in
which the vertical filtering process is performed.

[0186]

25 In step ST8BZ, the deblocking filtering unit 24
determines a filter strength. The deblocking filtering
unit 24 determines whether a strong filtering mode or a
weak filtering mode will be used for the line boundary in
which the vertical filtering process is performed.

30 01873

In step ST83, the deblocking filtering unit 24



55 Figs. 14(A) and 14(B) are diagranms for describing the operation
of the filter operation unit 245. The drawings illustrate the inmage data of
respective pixels of two adjacent blocks BKu and BK1. Here, the filtering 5
operation is perforned using three pixels each froma boundary (line
boundary) BB as a filter processing r%?nge of the vertical filtering process
and four pixels each fromthe boundary BB as a tap. Wien it is determ ned
that the filtering is to be perfornmed in a strong 10 filtering node, the
operations of Expressions (12) to (18) described above are perforned for
each col urmidyeTHEEr PRERFRET ¢ proCEsSSERGCEMI Yo 253 aid t24589 Mor eover,

when it is deterqdnedibhat thesdilderiog 15580 grionfied. i@ weak
filtering n%de, t he ogerati%ns of 15 Expressé ocr#s)ec(O[?)) hteolgggf ﬂdbetzcri bed
above are pekrdoromeddeoy eath Cdtammishbywhbaeharid heettiicapr 6¢essrig units 2453

and 2455. [0169] When the debl ocking.filtering process is performed 20 in a
rast er orde?r?cnelsrseslﬁe(gfji 68 PR TS BYi Feﬁ? Ch‘g‘{ erifi A8 9Fhat " ¥he verti cal

filteri My pieLSSr Shpekl 0taBohd skl eny. T idHer iiRg i B0EE: « ANGhshe
operations of Expressions (12) to (18) descri bed above are perforned. Thus,

as il ustrat®f iteFirgrosarajuceheantagel dat At ofithé 25epFoék BKu on the
upper side of the poundaty JrespondL ng: OC} |i he boundary
BE needs to beﬁ stored in tﬁgﬁ?l&ﬂi tma%ory. %Olié; Stlad:y 5% Ié—k[e?éeﬂ,gthe filter
oper ati on usmall2A5 thent tokssthe B0 ICUl ber wpl besssilng inargeland t he i mage

range used for the filter]j rati.on i.n. the. bl ock itioned, on the upper
56 side of {Jn%e @o%ggfy'B%R%h‘g%gﬁf RE vettFTate f“ﬂjttgﬁ?lnﬁrﬁ?%%%sss can be
perforned evensosiernTiae nEsmIdLGaPaBtty:i ©fid he dorRenBBMK Yt ithd educed. For

exanple, as illustrated in Fig. }ééB), .the filter processing range in the
upper 5 bl oE¥BRIFG8cE6t VEBL HCrhnge tF1EROP PPSRT S % & PRe boundary BB, and

Lhe | mge ol dHOIILSRONILOG, L0, L0 dines: LEOMRA N DowRdagy, pE s stored.
Further, the vertical filtering process Is perforned using the stored i mage
data sim | aptly t cheheebilpskimpbDditentng That 24,proceeds to step
STB5S.
15 [0188]
The deblocking filtering unit 24 determines whether
the range-reduced vertical filtering process is to be
performed with respect to the inter-LCU line boundary
only based on the guantization parameters set in units of
20 frames, for example. When the cuantization parameter is
small, better image quality is obtained as compared to
when the gquantization parameter is large. Thus, when the
quantization parameter is larger than a predetermined
threshold wvalue, the deblocking filtering unit 24
25 determines that the wvertical filtering process is to be
performed in a mode where image guality is improved by
performing the range-reduced vertical filtering process
with respect to the inter-LCU line boundary only and
performing a normal vertical filtering process with
30 respect to a line boundary of blocks smaller than the

size of LCU, and proceeds to step S5T84. Moreover, when



10 the arithnetic processing unit 2453 illustrated in Fig. 11 perforns the
operations of Expressions (29) and (30). Mreover, the arithnetic
processing unit 2456 illustrated in Fig. 12 perforns the operations of
Expressions (31) and (32), and the daé$ selecting unit 2457 selects the 15
imge data fromthe arithnetic processrng unit 2456 and outputs the inmage

data. In Expressions (29) to (32), "i" indicates a columm index of pixel,
and when the filtering process is perforned in units of bIocks of 8 x 8
pixels, "i =0 to 7." 20[0171] [Mathemati cal fornula 9] pi' =Chply((p;+ pi;

+ poi + qoi tbre ZqL)an'tl?aHLO? By TP e ieHevEat PPiar r%ﬁlLez*gbam 4)>> 3 )

(3 3) CI'P!Yﬁe( Kdte¥mPAba THiG0d s ﬂ%.%ﬁiug )the(é%ﬁhacﬁp :(3*Pli,2*p0i +
2*qoi + qgii 4-4 )>> 3) (3 2) [0172] The arithmetic proge55| ng unit 2453

copi es the Q'Bl*{eﬁﬁdeigs unAatt Aé @@wmlme@ckhBKuthm Wdtetzmmdemémdrtrﬁgt he filter

processi ng ednth dire t| on an es That is, by
usi ng the |}%ra&ge dgataS E):;% Hgm?%rf dg. xefs™ a& rtf'pﬁeorn éﬁg ofF the filter

processimg maﬂ@eaﬁ}OIb@dpEﬂféhelrdﬁtt&lestrahggerémjl&eci?%t&%aﬁhe i mage data p2,
t he i mage data%l and pG"' after the filtering process is calcul ated by
the operati bhs® l”@xﬁ’F@%@F’6n‘§l‘(129‘)e5é°ﬁ&t5fgo§he [OFE3poundary The arithmetic

processing yoite24%6 ceeduces: tde muben of; § ans: aﬂt% cal guhates the image
data pli' and pO"' after the filtering process by the operations of 10

Expr essi onsti{81nt@rd LCE2} iusi bpitdee yooehfli ot ergsicHangespwbEThs t he reduction
in the nunbf taps. In this case, the coefficients are changed such that
the coefficient” 'of the imge data pl in Expression (31) is changed from"1"
to "2" 1and the i magetdatarpd, itheExpbesskony (82)tdrSng unit 24

determines whether a boundary in which the vertical
filtering process is perfecrmed is an inter-LCU line
boundary. The deblocking filtering unit 24 proceeds to
step ST85 when the boundary in which the wvertical

15 filtering process is performed is the inter-LCU line
boundary and proceeds to step ST86 when the boundary is a
line boundary of blccks smaller than the size of LCU.
[0190]

In step 5T85, the deblccking filtering unit 24

20 performs a range-reduced vertical filtering process. The
deblocking filtering unit 24 perferms the vertical
filtering process while reducing the image range used for
the filtering cperation of the upper adjacent LCU and
proceeds to step S5ST87. In the range-reduced vertical

25 filtering process, the filtering range may be reduced.
[0191]

In step 5T86, the deblocking filtering unit 24
performs a normal vertical filtering process. The
deblecking filtering unit 24 perferms the vertical

30 filtering process without reducing the image range used

for the filtering cperation and proceeds to step STB7.



15 changed from"2" to "3" so as to correspond to copying of the upper end
pixels in the tap range. [0174] Wen the boundary BB is not the inter-LCU
|l i ne boundary, since it is not necessary to use the inage data 20 of the
line menory 241, the sane filtering operation as the conventional operation
is perfornmed without narrowing the i na§e range used for the filtering

operation. That is, the arithnetic processing unit 2453 illustrated in Fig.
11 perforns the sane filtering operation as the 25 conventional operation.
Moreover, the arithmetic processing unit 2455 illustrated in Fig. 12

perforns thé0sadgk filtering operation as the conventional operation and the
data selecting u 457 ects a out put s e i e dat fromthe
arithmetic procegllsrllrF e@nisﬁgéﬂS%h é&qﬂﬁ%‘ naniLﬂf%mﬁﬁ fen the boundary
is aline B&8thennea Yireknblogks +drtMyach ftlmeepmg:q&sade%ssaqueﬂél al ly
performed in a raster scan order, by controlling the filter processing

range and tReupfBEe Wn@éei}sé@lmﬁ%ﬁtet%e WF?Iﬁe?H%gferéPatll bhlteviel when t he
menory C?plaﬁ%%eé§ o ec@%cﬁgsgéé'tgl&e@oﬁ Lag, g Lierd r cesg can be

per f or med same nmanner fore the reduction. over, it is
possi bl e t onvedueen tdrepienedy tl_aqoawa}:tlyocmml; mDItEer:[rO:jLZﬁa]itla[zllo_. Fourth

enbodi ment of _dehl| ocki n¢ fiig rin ftc%: four'gh err?lodl ment of the
dehl ocki ng fFFEEPT e i Zﬁﬂ rpeerﬁ FSm PRePFITEYS dmfodiPfent in t hat
the operatigag: ofcidg .ar b umid.C Pheeesst Nge tida124533 randnfhe arithnetic
processing unit 2456 are di fferent from those
process for the respective columns of the boundary has
10 been completed, the fiow proceeds tc step STBSE.
[6193]
In step 8788, the deblocking filtering unit 24
determines whether the process has been completed up to
the end of the screen. When the process has not been
15 completed up to the end of the sg¢reen, the deblocking
filtering unit 24 returns to step 5T81, detects a new
boundary and performs the vertical filtering process.
When the process has been complieted up to the end of the
screen, the deblccking filtering unit 24 ends the process
20 for one screen.
[0194]
When such a process is performed, it is possikle to
reduce the memory capacity of the line memory. When the
range~reduced vertical filtering process is performead
25 with respect to other line boundaries as well as the
inter-LCU line boundary, switching of filtering processes
is not reguired and control is made easy. Moreover, when
the range-reduced vertical filtering process 1is performed
with respect to the inter-LCU line boundary only, better
30 image guality can be obtained.

[0195]



15 of the third enbodi ment. [0177] In strong filtering, when the
boundary BE is the inter-LCU |line boundary, and the operations of
Expressions (12) to (18) described above are perforned, 20 as illustrated
in Fig. 14(A), the image data of the bLock BKu on the upper side of the
boundary BB corresponding to four lineS fromthe boundary BB needs to be
stored in the line nenory. [0178] 25Here, the filter operation unit 245
controls the filter processing range and the i mage range used for the

filtering operation i.n . t.he block positian on t he, upper, side of the
boundary BB?%ér%%syc?rPé”\ﬁ’grf’Fc%?xﬁ?Iﬁoer‘all ggBr 8@%%‘21% e performed even
when the nenpeyceapaicint brokedbedtoldine BABEYi S reduced. For exanple, as

illustrated in th. 14(B), the filter processing range in the upper 59
bl ock BKu is set ¥b &% &r§EC ot Ritesl safr ersides Houmdacy BBe and t he

i mage data cqrgesponding At @ag%léﬁgesiﬂargg%gﬂg?b% ¥ BE.is stored.

Further, the vertical filtering process is perfornmed using the stored 5
i mge data Binrdardgpitesl ehd seedmmbs emzodi deht. ohidte itsp tthetatkst hmetic

processing unit. 2453 illustrated in Fig. .11 perforns t per.ati ons of
Expressionso%§§yﬁ3ﬁzG?iﬁfgehﬁ?%%%e1¥5§%bt§?igﬁﬁﬁ?w%m%ﬁ£§§§§iﬁﬁaﬁﬁit 2456
i |l ustrat edrafgdiged Zqperher a5l tdel RPRrh0NSH Ofa EXIAS HBRT1635) 10 and
(36), and the data selecting unit 2457 selects the image data fromthe

arithmetic Protesst dgeuRice S2RE6SRARE GIrAHd s t RebY Wiy d sdayacnynoBR pr essi ons
(33) to (36)itnipaddidicates a colum index of pixel, and when the filtering
process is perfornmed i'n units of blocks of B x B pixels, 15"i = 0to 7."
[0179] IMvat hehatl cal fornula 10] pi' Cliplv((p+pi; ++ qui +2 ) " 2)

As in the present technique, & method of performing
a filtering process using padding in the line boundary of
LCUs only has been proposed in JCTVC-F(L3.
(6187}

15 Referring toc Fig. 16, a filtering process of a
strong filter and a filtering process using padding for
luminance signals in the HEVC scheme will be described.
[0158]

Fig. 16 is an explanatory diagram illustrating an

20 example of pixels in two blocks BEu and BKl that are
adjacent vertically with a line boundary interposed. In
the example of Fig. 16, image data of pixels in the block
BKu is represented by symbol "pj;." Here, "j" is a row
index of pixel and "i" is column index of pixel.

25 Moreover, a smallest unit of the encoding process is a
block of B x B8 pixels, and row indexes "J" of 0, 1, 2,
and 3 are assigned sequentially {(from top tc bottom) from
the row close tc the line boundary BB. Column indexes
"i" of 0, 1, 2, ..., and 7 are assigned from left to

30 right of the block. The upper half of the block BXu is

omitted in the drawing. On the other hand, image data of
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pixels in the block BKl is represented by symbol "gk;."
Here, "k" is a row index of pixel and "i" is a column
index of pixel. The row indexes "k" of 0, 1, 2, and 3
are assigned seguentially (from tecp to bottom) from the
row cleose to the line boundary BB. The lower half of the
block BKl i1s also omitted in the drawing.

[015897

In the strong filtering of the luminance signal in
the HEVC scheme, the luminance compcnents of the
respective pixels in the filter processing range are
calculated by performing the operations of Expressions
{37) to (42). Hxpressions (37} to {(42) correspond to
Expressions {14}, {16}, (13), (17), (12), and (18,
respectively.

[0200]

[Mathematical formula 11]

pOg = Clipo-ass((p2i+ 2%p1:+2%p0:+ 250+ li+4)>>3); (=07 -(37)
q0y =Clipo-ass((p1i+2*p0i+2%q0i+2*qli+q2,+4)>>3);  1=0,7 - (38)
plo =Clipo-2ss((p2i+ pli+p0i+q0i+2)>>2); i=0,7 (39
qlo=Clipo-sss((p0i+q0s+q Li+q2:+2)>>2); =07 - (40)
P2o =Clipo-ass((2*p3i+3*p2i+pli+ p0i+q0i+4)>>3);  1=0,7 --(41)
420 =Clipo-2ss((pOi+q0i+q 1;+3%q2i+2*q3i+4)>>3); =07 - (42)

Here, "Clipg-zs5" indicates & clipping process of
rounding a value up to "0" when the value is "0" or
smaller and rounding a value down to "255" when the value
is "255" or larger. The same is applied to the following
expressions,

[0201]

In cecntrast, in the conventional proposal described

above, the filtering process is performed using padding

with R2WZ reduction although the filtering process is

(3 4)



5) Poi' = diPM2*pii+3*poi +2*qoi+ 4 ) >> 3 ) 36 ) [01B0] 20The
arithnmetic processing unit 2453 perforns mrror copying about the pixels in
t he upper block BKu on the upper end of the filter processing range. That
is, by storing the inage data p0O in the data storage unit 2451,

m rror-copying the i mage data pO about” t he upper end 25 pixels in the
filter processing range to use the imge data p0O as the i mage data p2, the
i mage data pli' and pO' after the filtering process is calculated by the

60 operations of Expressions (33) and (34). [0181]
performed at the line boundary of LCUs conly. Here, R2W2

represents that the filtering process is applied to twe
pixels on the inter~LCU line boundary by referring to twc
pixels on the inter~LCU line boundary.

5 [0202}

In the strong filtering of luminance signals in the
conventional proposal, the luminance components of the
respective pixels in the filter processing range are
calculated by performing the operations of Expressions

10 (43) to (47).
[0203]
[Mathematical formula 12]
* plo =Clipo-25s((p Li+2*pLi+2*p0i+2*q0i+q Li+4)>>3); i=0,7 - (43)
* q0p =Clipg-2ss((p1i+2*p0;+2%q0i+2*qli+q2i+4)>>3); 1=0,7 - (44)

* plo =Clipp-2ss{(pli+p Li+p i+ q0i+2)>>2); i=0,7 (45
* qlo=Clipo-25s((p0i+ q0i+qli+q2:+2)>>2}; 1=0,7 +--(46)
" 20 =Clipe-25s((p0i+q0i+qLi+3%q2;+2%q3+4)>>3);  1=0,7 e (47)
[02047
15 Here, Expression (43} of the strong filtering in

the conventicnal prepesal is different in that "p2:" in
Expression (37) of the streong filtering of the HEVC
scheme is changed to "pl:." Expression (45) cf the
strong filtering in the conventional proposal is

20 different in that "p2:" in Expressicn (33) of the strong
filtering of the HEVC scheme is changed to "pl;." The
strong filtering in the conventicnal proposal is
different in that an expressicn correspending to
Expression (41) of the strong filtering of the HEVC

25 scheme is deleted.
[0205]

Expressions (44), (46}, and (47) of the strong



The arithnetic processing unit 2456 reduces the nunber of taps and
calculates the image data pli' and 5 pQ"' after the filtering process by

t he operations of Expressions (35) and (36) using the coefficients changes
with the reduction in the nunber of taps. In this case, the coefficients
are changed such that the coefficient of the inmage data pO in Expression
(35) is changed from™"1" 10 to "2" and the imge data pO in Expression (36)
is changed from"2" to "3" so as to correspond to mrror-copying about the
upper end pi-xels in the filter processing range. [0182] 15Wen the boundary
BB is not théfF%Eé¥{fﬁUt%Fn%O 3%%té¥?; g?ﬁggs ? ?%eﬁgFJﬁggﬁsgﬁry to use the
i mage data bikptdesidore (@BNRry4s@A1, adde ssanertipéering Qperathen as the
conventional operation is perfornmed without narrow ng the i mge range used
for the fil EETY Y Opdrdtren°tThat PG $CRERe - arit hmetic processing unit
2453 illustrasgshin Fig. 11 perforns the same filtering operation as the
conventional operation. Mdreover, the arithnetic processing unit 2455
illustrated in Fifpatl2speifiore ¢dreesdienti | perioaplopeiationnas t he
conventi onal. . ratj en_25 .and ;t.he data_sel ecti unit 2457 selects and

out put s thepf%%ge%ﬁ%tap?r%ﬁﬁE%%%%%ﬂrgﬁngfg% te%gg§§ih§uﬁ ??yﬁ%%§#$[0183] In
t hi s manner thaelodkhakhotndasy iSfardddnechounsasyxof Hliocksy in which the
process is sequentially 30 performed in a raster scan order, by controlling
the filter PPOHCEYEHG rangBaft e Sidde” Pinge tseddsr cehBmnEisfil tering
operation, gyenmMenR tRegmeapry.gapacity is reduced, the debl ocking
filtering process can be performed in the same manner as before the
reductioh. My@&obver, it is possible to reduce the nmenory capacity 5 nuch
nore. [0184]

Mcrecover, the filtering prccess is not applied to
the pixel "pZy" on the third row from the line boundary
BB of the block Bku. Therefore, in the strong filtering
of the conventicnal proposal, an expression correspending
15 to Expression (41) of the strong filtering of the HEVC
scheme 1s deleted.
[0208]

By deing sc, in the conventicnal proposal, the

memory capacity of the line memory is suppressed from
20 bhecoming larger than that c¢f the HEVC scheme.
[0209]

However, in the case of 4k images, since it is
necessary to have a large line memory, it is requested tc
further reduce the line memecry in the deblocking prccess.

25 Moreover, in reducing the line memory, it is requested to
maintain a bketter block noise reduction function of the
deblecking precess than the method of the ceonventional
proposal.

{02101
3C Here, in inter-bleck boundary determination in the

HEVC scheme, as Indicated by Expression (48) below, a



[11. Fifth enbodi ment of deblocking filtering unit] The debl ocki ng
filtering unit described above controls the i mage range used for the
filtering operation 10 in a bl ock positioned on the upper side of a
boundary and controls the filter procggsing range dependi ng on whet her the
boundary BE is an inter-LCU |line boundary. Next, in a fifth enbodi nent, a
case where a node where the inage range is controlled when the boundary BE
is the inter-LCU 15 |ine boundary and a node where the inmage range is

controll ed whet her e .boundary BE is the i.nter-1.CU |ine
boundary ar {éig;g)?%%rg:%v%fnlgl abéoﬁsets%?ﬁ blncfffilm%gf ot S o ©G. c:’%Sai s a

fl owchart ilLiostratidegryt he epetatian 20 tok phecéidt hresbedbrentin I n step
3781, the deFIockin filterlng%unLt 24 detects a |ine boundary. The

debl ocki ng FIFtRYTHY UMTE 24908t et eRPRELPBURERASSS I WhDEN the verti cal

filtering pioeessrdis 1Nkl QLNBMar{ 0186) 123k 8t €91, 3184,c t he debl ocki ng
filtering unit 24 determnes a filter strength. The debl ocking filtering

unit 24 et érpd Heatigechetha savofryf Usedr ingtmodoorr-&lwedk filtering node
will be used_f |.i : ndary .i.n.whi. he,vertical . filtering process
i s perfor rregomg%il%‘;l]gjﬁteﬁlﬁlg?gﬁg% % glggb’%}%c%?sncg“ftﬁ%t el Hﬁtﬁhft 24 62

det er m nes mhkther a range-reduced vertical filtering process is to be
per f or med mﬁ&? £espect to the inter-LCU |ine boundary only (that is,
whet her a veY¢ithl filtering process is to be perfornmed by reducing the

i mage range(patisdhdiz1t herhilieriing operation). Wen it is determned that
the range-reduced vertical filtering process is to be perfornmed with

respect to iphe2tinepleungaryl.ot)bhpiska*od repl elg2 4 DeqL st i< ze of LQU as wel |
as the inter-LCD |line boundary, the debl ocking filter[ng gnit 24 proceeds
10 to st®p ST84. Moreover, when it is deternined that th&'range-reduced
vertical fil82f¥iing process is to be performed with respect to the inter-LCU

| i ne bounda y only, .the geblockinq:filterin unit 24 proceeds to.step ST85.
15[ 0186] E escripticn cf present technigue ?1

inear approximation)]

In the example cf Fig. 17, an inter-block boundary

determination expression used in the HEVC scheme, of
15 Expression {48) is illustrated.
[0213]

Az illustrated in Fig. 17, the first term on the
left side of Expression (48} is an expression for
cdetermining a pixel on the third column from the left

20  side cof the block Bku and can be expressed by a
difference of differences {second-crder difference) (that
is, a second-order differential having a constant
inclination.

2y - 2*ply + p0z = (p2; -~ plz) - (ply ~ p0z)

25 [0214]

The second tc fourth terms on the left side of
Expression (48) are an expression for determining a pixel
on the sixth column from the left side of the block Bku,
an expression for determining a pixel on the third column

30 from the left side of the klock Bkl, and an eXpression



The debl ocking filtering unit 24 determ nes whether the range-reduced
vertical filtering process is to be performed with respect to the inter-LCU
| i ne boundary only based on the quantization paraneters set in units of 20
frames, for exanple. Wien the quantization parameter is small, better inmage
qual ity is obtained as conpared to whé&h the quantization paraneter is

| arge. Thus, when the quantization parameter is larger than a predeternined
t hreshol d val ue, the deblocking filtering unit 24 25 determ nes that the
vertical filtering process is to be perforned in a node where inmage quality
is inprovedidy gercfroiniing & el ¥dnge- tedusddtverdlivgal fipint hénbefr ocess with
respect to t.he i r-L |4 boundary.only an erform ng.a nornal
vertical filt e(eriorqugecf??o%g%%kw JH §65P8§6€5 ¥¥b gh iﬁ%m%o%anrga}?ey of bl ocks
smal | er thaseidhersi 2ec0bedddd BNdprabeedsnt crstiee $E84. sMyseover, when 63
the quantization paraneter is equal to or smaller than the predeterm ned

t hreshol d VEIRFESH19& déBl ocking filtering unit 24 determines that the
verticals fijggrdng process is to be perfornmed in a node where control is 5
made easy by perform ng the range-reduced vertical filtering process with
respect to the |iAseabouadary thet iedrrbboeks smaldaery thaarmbeatize of LOU as
wel |l as the, j nter - L.CU ls!:}@ee é)ousnldn%reythgndagrggee s Lo ste OST1:8§.1:[0189] 10l n
step ST84, The debl ocki ng T51 t%er] ng tni ¥527" et ermi'nds “whethet " a boundary
in which t hewventdtdah Lkl #65§ o or aceshici srpesdor mpd bWsbabckimer-LCU |ine
boundary. The debl ocking filtering unit 24 proceeds to step ST85 when the
boundary i PA#ITH Brethertt el T ilPEePPRYAPTOCESS tseperforned is the
inter-L@U Iine houndar yrapd. proceeds, LQ-8t ep 186 whenytheyboundary is a

| i ne boundary of blocks smaller than the size of LOU. [0190] In step ST85,
t he debl ockboupdanyt detagnimiti@yq 20 perforns a range-reduced vertical
filtering p{d’ﬁ S. The deblocking filtering unit 24 performs the vertical
filtering process while reducing the image range used for the filtering
operation of the mppee adpecentonz=QUtandnproceeds fe sieP1STBTat I n the
range-reduced vertical 25 filtering process, the filtering r%rllge may be

reduced. [Oagﬂﬂd not be referred te¢, the dehlocking process &t
15 inter-LCU line boundary uses padding. In contrast, in
the present technique, as for pixelé that could not be
referred to, the deblocking process at the inter-LCUO line
boundary performs linear approximation using the
inclination of the waveform.
20 [0217]
That is, in the deblocking process at the inter-LCU
line bcundary in the present technique, Expression (49)
below of linear approximation i1s used.
[0218]
25 [Mathemzatical formula 14]
p2i=pli+(p2i-pl) = phi+(pli-p0i) =2%pli-p0; - (49)
[0219]
As 1llustrated in Fig. 18, when the pixel values of
p2i, pli, and p0; have an inclination, the pixel value of
30 p2i could not be referred to in the conventiocnal RZW2-

based padding. Thus, although the pixel value of pl;



In step ST86, the deblocking filtering unit 24 perforns a normal verti cal
filtering process. The deblocking filtering unit 24 perforns the vertical
30 filtering process w thout reducing the image range used for the
filtering operation and proceeds to step ST87. 64 [0192] In step
ST87, the deblocking filtering unit 24~ determ nes whet her the verti cal
filtering process at the boundary has been conpleted. Wen the verti cal
filtering 5 process for the respective columms of the boundary has not been

conpl eted, the debl ckin% filtering unit 24 returns to step ST87 and
perforns the"Process ¥ G PHe “Roxd i ol &fn. T MrE6iRsh 2niheRcEhe verti ca

filtering pigsess:far dhaepkespesdine Fobymss of.dihe chguggdary. has 10 been
conpleted, the flow proceeds to step ST88. [0193] In step ST88, the
debl ocki ng FFeRed rigrghicr 2Anegetidrmardsadhei hek thlerprodcegs tmstbeen

conpl eted upnta the .end of e scr ~wWen the process has not been 15
conpl eted up tgFf%%Jgﬁhogft%%é“%%f%%%}efhgndéﬁﬁ%gﬁFﬁEI i'ltering unit 24
returns 3o §02301ST81, detects a new boundary and perforns the vertica

filtering process. Wien the process _has been conpleted up to the end of the
screen, the debl&Ekfﬁ&tFFFFErPhdSﬁhﬁgwgﬁb%ﬁﬂg +Heeadr 5E8EsC PP Brobne screen

[0194] the WielbeSUC R 8N PRI EES S iinsP@REOp MBLL 441 deS ROSSI bl g, 1o reduce
the nenory capacity of the Iine nenory. Wien the range-reduced verti cal

filtering proedss Hesepaetorped 25 %kilt Falespéettio witepikehevhbundari es as
wel | as the inter-1GU.ki b d i ing of filtering.processes is
Cova a1l B€x 9“%1%&%’ %%k%g dQJ 1
not required an controlgls made easy. Moreover, when t Re-range? educed
verticall fiftering pnotesscien perdfear med thit bixespedtueoothel nirey - LCU | i ne
boundary onlg,.better 30 i.nmage %Ealit can be obt ai ned. [0195L
rl; 15 used as the pix valfie of pZ; as indicated by the
hatched circle.
[0221]
By doing so, when pixel values have an inclinatiocn,
15 the present technigue does not incur more errors than the
conventional padding methed. Thus, although the R2W2-
based technique is used, it is possible to reduce the
line memory while maintaining the block noise reduction

function of the deblocking process.
20 [0222]

Morecver, for example, one line of image of 4K x 2K
corresponds to two lines of image of 2K x 1K. Further,
in the H.264/AVC scheme, a line memory corresponding to
four lines is included, and the memory capacity

25 corresponding to one line of image of 4K x 2K corresponds
to 50% of the memory capacity of the H.Z264/AVC scheme.
Thus, the effect of reducing the memory capacity in a
high-resclution image is improved.

[0223]
30 When the pixel values of p2;, pl:;, and p0:; do not

have an inclination, substantially the same result is



65 [12. Description of sixth to eighth enbodi nents] [Description of
conventional technique] In the above description, an exanple in
which the inage data of a tap in the imge range is copied or 5
mrror-copi ed and used as image data of the tap that is outside the inmage
range due to the narrowi ng of the inmaffe range used for the filtering
operation has been described. Here, in the present specification, copying

i s synonynous wi th paddi ng. 10[ 0196] As in the present technique, a
met hod of performng a filtering process using padding in the |ine boundary
of LCUs onlgbtris:dseas pheposked nikel CT¥CoE058. p1:0107kd15Referadlng t o Fi g.

16, a filterjing .process of a stro fi.lter and filtering cess using
paddi ng for- eu?ﬁlﬁ{ée;lcgaéilg%éissedl'n frﬁetﬁéaggheﬁgtwwh t%ledg{g@ bed. [0198]
Fig. 16 is wasexplanataty diagiam ikl ust paté nglan 20 axaapte=of pixels in
two bl ocks BKu and BK1 that are adjacent vertically with a |ine boundary
i nt er posed. * 11 HEBYalpl &2 FFatGinies Fhageledt £GEprerstient he bl ock

BKu is represented by s¥abolp i Riding HebBess|” s a row index of pixel and
"i" is colum index of pixel. 25 Mdreover, a smallest unit of the encoding

process is BOdd4ck of 8 x 8 pixels, and row i ndexes "j" of 0, 1, 2, and 3

are assigned_sequenti al | from to bottonm) fromthe row close to the
l'ine boundaﬁ?ﬁg%?jagl ﬁﬁg?%%egﬁégﬁﬁg 8?S§§ 1, 2, ..., and 7 are assigned

fromleft to 30 mieght ©fethelddacls. pThecupper halifaeket Beghinek BKu is
omtted in the dramﬁng. On the ot her hand, ina%F data of 66 pixels in the
bl ock BKl is°% épftedefitedady Synbde 9GRFI2OHr eeTRY RS ZERIGFSYIdex of pi xel

and "i"gs @Lol WA Bdex: of 1 Di el IRELf 0N mﬂze&%%r"eﬁéngé Pnel, 2, and 3
are assigned sequentially (fromtop to bottom fromthe [ONClose to the

| i ne boundaryriBB. ctheikeherthatficof thhefbloekiBKprnogeaksbsomtted in the
draw ng. [(EggﬂiedJ That i1s, RZWZ represents that the filtering
process 1is applied to two pixels on the inter-LCU line
boundary by referring to two pixels on the inter-LCU line
15 boundary as illustrated in Fig. 19.
[0225]

In the example of Fig. 19, it is illustrated that
pixels on the third and fourth columns from the line
boundary BB in the block BKu in Fig. 16 could not be

20 referred to.
[0226]

As illustrated again for comparison, in the strong
filtering of the luminance signal in the HEVC scheme, the
luminance components of the respective pizels in the

25 filter processing range are calculated by performing the
operations of Expressionsz (50} to (55). Expressions ({50)
to {23) correspond to Expressions (37) to (4£2),
respectively.

10227}
30 [Mathematical formula 15]



In the strong filtering of the |um nance signal in the HEVC schene, the

| um nance conponents of the 10 respective pixels in the filter processing
range are cal cul ated by perform ng the operations of Expressions (37) to
(42). Expressions (37) to (42) correspond to Expressions (14), (16), (13),
(17), (12), and (18), respectively. 13p0200] [ Mathematical formula 11] pO00
=Cl i pa- 255( (p21+2*pl i +2*p0, 42* 0, +q1, 44)>>3);i =0,7 -(37) qOo

=C 1po- 255((pl i +2*p0, +2* g0, +2*qlE+q2, +4 )>>3); i =0,7 -(38) - p 10

=C i p0_255((p2d-pl, +p0, +g0, +2) >>2) ;i =0,7(39) q 10

=Cl i po_255( p@QcHgh).. R £2D PR 170,781, £41048) pZQF -

Cli po--255(?%*_pg}l1?l%§$ %’?ﬁfh, +§%@+ 01+ ) >13>f-32 55?’7T-(£510)> q20

=d i po_255(ﬂ§ﬁo Ho- 26541 g9+ '%@f‘ﬂlﬁ;@)‘i)' B; 7 i7q04p) 51 Her e,

"d i Pm 255" ], diipat P LiPR0, Pgo;RD Peeys of roundigy a..yghue up to "0" when
t he val ue igo"__O"i.i}grﬁ%@]s ﬂhﬂ?{ gold oyndi ng a vaﬁu_'ydow!ﬁt)o " 255" when the
val ue is "28b=divorasldi+ Vg ié’ﬁgﬁzﬁ%éz.{bpl i ed to e’ 5(3%wi ng expressi ons.

[ 0201] 20 =Clipp-s 4 (2*p90BFFBEp ] 4 P00, 20BN BNL i pr.pg9sal descri bed 25
above, the FOI o278 pRepLitD ﬁ P usin qnﬁiaz ng?ﬁgth R2W2 reduction

tering process s, performed using pa
al t hough th%ﬁff"i(ﬁﬂ@rziﬁﬁéjopf%@égLi+P€qezib£*ﬂgg*F%a3Et .1 i'ié&Boundary of LCUs
only. Here, y%[represents that the filtering process is applied to two
pi xel s on thé“fhter-LCD Ii ne boundary by referring to two pixels on the
inter-LCD line boundamnytradkP202]the strong filtering of the

luminance signal in the R2WZ case of the present

5 technique, the luminance components of the respective
pixels in the filter processing range are calculated by
performing the cperaticns of Expressions {56) to (&0).
[6229]

{Mathematical formula 16}

P00 =Clipp-255((4*p Li+p0i+2%q0;i+ qLi+4)>>3); 1=0,7 - (56)
q0o =Clipo-ass((pli+2*p0;+2%q0;+2%q1i+q2;+4)>>3);  i=0,7 - (57)
plo =Clipg-23s((3*pli+q0i+2)>>2); i=0,7 < (58)
qlo :CIip0—255((p0i+qu+q li+q2;+2)>>2); 1=0,7 (59

10 920=Clipe-2ss((p0i+qOi+qLi+3*q2:+2*q3:+4)>>3);  i=0,7 - (60)
[02301]

Here, Expression (56) cf the strong filtering of
the RZWZ case 1s different in that "p2; + 2%pl; + 2*p0;"
in Expression (50} of the strong filtering cf the HEVC
15 scheme is changed to "4%pl; + p0i" according to

Expression {(49) cf linear approximation,
[0231]
Expression (58} of the strong filtering of the R2W2
case 1is different in that "p2; + 2*pl; + p0:" in
20 Expression (52} cf the strong filtering of the HEVC
scheme 1s changed to "3*pl:" according tec Expression (49)

of linear approximation.



In the strong filtering of Ium nance signals in the conventional proposal,
the | um nance conponents of the respective pixels in the filter processing
range are cal cul ated by perform ng the operations of Expressions 10(43) to
(47). [0203] [Mathematical formula 12

00=C40_255( (pl i +2*pl i +2*pG +2N0i +qh+4Y$>3): 1=0, 7 -. (40)

sq00=C40_25-5((pli +2*p0i +2*q0i +2* O +q2|+4)>>3) i =0,7.-(44)

pl0=C40 254(pli +pli +pO +q0|+2)>>2) =0, 7(45) g? 10 _ _

=C i po- 254(%&28 0i +O +q2i +2) >>2); -0,7(46) q 20 = dipo_255((p0 i+q O

i +Q +3* (12 | i+4)>>3) i =0, 7(47) [ 0204] 15Here, Expression (43) of the

strong filtering dm: thecegnventional otfr%@Sﬁbwz s.l £ fer %Etfflegeﬁﬁ "p2it in
Expression (37) of the strong filtering of the HEVC schenme is changed to

“pl.” Expr e$Bi BRAY 48) Q#Prﬁﬁélgﬂr@m@rﬁaﬂoménnggtonb*@m&sﬂxmmeﬂﬁﬂmn?flproposalf
is 20 diffe t " i on rong filtering o
t he HEVC SCEQEESEHDéﬂgﬁégE%% g ofﬁég i%@ s rfI f+7t%§¥%ﬁ§dln t he

conventidnall0ptdposal is dlfferent in that an expre55|on Cﬁrrespongirg tg
Expression (41) of the strong filtering of the HEVC .25 schene is delete
[0205] Expressi one'd44F: tBey: e didi4 £7F S0Pt Fet STTOWET 68ChRi@e®ing in the
convent i onaki psopasalpiake the, sape ras E&Pf@sﬁdxp&%o(n?’%)we H?%) Oa”d (42),

respectlvelg of the strong filtering of the HEVC schene
oundary BB of the block Bku is not referred to,
Expression (49) of linear approximation is substituted
12 and used instead.
[0234]
Moreover, the filtering prccess is not applied to
the pixel "p2y" on the third row from the line boundary
BB of the block Bku. Therefore, in the strong filtering
15 of the RZWZ case, an expression corresponding to
Expression (54) of the strong filtering of the HEVC
scheme is deleted.
[0235]
Next, a weak filtering determination expression for
20 lumirance signals at a line boundary and weak filtering
will be described.
[0236]
First, in the weak filtering determination
expressiocn for luminance signals in the HEVC scheme and
25 the weak filtering, the luminance components of the
respective pixels in the filter processing range are
calculated by performing the operations of Expressions
(6l) to {63). The first terms of Expressions (61) to
{63) are weak filtering determination expressions,

30 [0237]

[Mathematical formula 17]



5That is, in the conventional proposal, since the pixel "p2i" on the third
row fromthe |line boundary BE of the block Bku is not referred to, the

pi xel "Ph" on a row i medi ately below the third row of the same colum is
padded and used instead. 10[ 0207] 7 Moreover, the filtering process is
not applied to the pixel "p20" on the third row fromthe |ine boundary BE
of the block Bku. Therefore, in the strong filtering of the conventional
proposal, an expression corresponding 15 to Expression (41) of the strong
filtering of the HEVC schene is deleted. [0208] By doing so, in the

conventlonaﬁam(@g,sﬁm@u hﬁmﬂﬁﬁﬁ Yp ji.ipyyjof the line menory is suppressed
from 20 becon1( 5 ; @PBQE y C schegg [ 0209]

However, in th g é%m e it is nécédsary to have a |l arge
line nenory, |#0 ﬁs m@qué%2663Womﬂdﬁﬁﬁ@k reduce t h&0)7i neléfenory in the

debl ocki ng iBwagensIRR0NDEARYET: H-}SD ¥<GSlughBgoll é@e line memory, it is

et e Lo IR DR Ll SR PSR R, s on T e

[ #¥dposal . [0210]
30Here, in if Ebs@ng%ﬂ*qﬂ@Jq{);t)mbs{qimyqIqeq{)gramﬁzdﬁﬁreSMd n the HEVC schene, as

ncl i nat i on ot boB A r el sr=Atp P BT @a’r‘@ﬁﬁ?i?gﬂhj cer B £ he. process.

Therefore, in the present. technlque t he deblocklng_process at the
inter-LCU | ine b&Grtarysi % éoﬁérnd:¥ﬁ%355 ngldisgtieenaof t he

wavef or m used dgi che bk e &’f %&n@%@dér ¥ fiel ermnatigan, yupi gh wi 11 be
described in detail bel ow.
value is "O" or Qmaller and rounding a value dewn to

5 "255" when the value is "255" or larger. Moreover, Clip,-
tey-tc 1ndicates a clipping process of rounding a value up
tc "-tc" when the value is "-t¢" or smaller and rounding
a value down to "tc" when the value is "tc" or larger.
The "tc2" clipping is the same. The same is applied to

10 the fellowing expressions. Here, "tc" is a value set
based on the parameter Q as indicated in Table 1.
[0238]

In contrast, in the weak filtering determination
expression for luminance signals in the R2W2 case and the

15 weak filtering, the luminance components of the
respective pixels in the filter processing range are
calculated by performing the operaticns of Expressions
(64) to (66}. The first terms of Expressions (64) to
{66} are weak filtering determination expressions,

20 [0239]

[Mathematical fermula 18]



[ Mat hermatical formula 13]

| p22- 2*p12+p021+102- 2* q12+q021- 425- 2* p15+p051+105- 2N15+054 | 0.-(48) [0212]
[ Description of present technique (linear approximtion)] In the exanple of
Fig. 17, an inter-bl ock boundary determ nati on expression used in the HEVC
schene, of 15 Expression (48) is illuS¢rated. [0213] As illustrated
in Fig. 17, the first termon the |eft side of Expression (48) is an
expression for determning a pixel on the third colum fromthe left 20
side of the block Bku and can be expressed by a difference of differences
(second-order difference) (that is, a second-order differential having a

const ant in@@%ﬁ&&ﬂ6Hﬁﬂlﬁ£@%;Cﬁﬁ&iam%ﬂﬁ@h—ﬁﬂkp22 - pl2) - (pl2 - p02)
?5%?214] » pOTBEFLEADY; LQi QUL tdRIth g S onlthq:ﬂﬁjt sidﬁ oflExprfessionh
4 are an expmessi:on tQf determ py .a pixel onJ Si colum fromthe
| eft side of tﬁgob?g@“ﬁéagﬁqg “Ekb?%@%%on f or degéigfni#%a pi xel on the
third col unti(@s@{plomddhesOefpd;-plhieiSadeTrtskold)) ock Bkl, and an expression 70

for determ ni ngl, 2CiRLXEN+QR. 5! Lopt D) S9)-BimgeifEam l.etdsysi de of the bl ock
Bkl , respeclivgf @#ﬁ® s ﬁuﬁ%ﬁﬂﬂﬁé s;i jFE Jhewggggad Eo)fourth terns on

the' 1 ertoi esge e ahadsh oottt e Daaliresnod)
* o =Clipo-ass(Q it Clipr-iap e (QL-qlit 1) >>1)-qli-delta>1); 1=0,7 - (66)
102401
Here, an expression within the tc¢2 clipping of the

second term which is a weak filtering expression within

5 Expression (653) of the R2ZW2 case is different from an
expression within the tc2 c¢lipping of the second term in
Expression (62) of the HEVC scheme according to
Expression {49%) of linear approximation. That is, the
expression "{{{{p2; + p0; + 1)>>1)-pl:i + delta)>>1)"

10 within the tcZ clipping cf the second term of the HEVC
scheme 1s changed to the expression "{{{(pl; + pl; +
1y>>1)-ply + delta)>>1)" within the tc2 clipping of the
second term.

[0241]

15 Moreover, an expression within the 1f clause of the
first term which is a weak filtering determination
expression within Expression (€5) of the RZWZ case is
different from an expression within the if clause of the
first term in Expression {(62) of the HEVC scheme. That

20 is, the expression "abs(p2; - 2*pl, + 0z} + abs{p2s -
2*%pls + pls)"™ within the if clause of the first term of
the HEVC scheme is changed to the expression "abs (0 -
{pl: — p02}} + abs{0 - (pls = pP0s}}™ within the 1if clause
of the first term.

25 (0242}



As above, in the inter-block boundary determ nation in the HEVC schene,
since the waveform having a constant inclination is subjected to the
process, the debl ocking process at the inter-LCU |ine boundary uses the 10
inclination of the waveformused in thﬁ i nter-bl ock boundary determ nati on.
[0216] In the conventional teé ni que, as for pixels that could not
be referred to, the debl ocking process at the 15 inter-LCU |line boundary
uses padding. In contrast, in the present technique, as for pixels that
could not be referred to, ;the debl ocking process at the inter-LCU |line
boundary performst1dthedr apphokifeistorcadi A§ ERRCFTRAGTNAEPON ®f the

Y\B.VGf orm Zgiggiqmediat_ely-rﬂ@io&jl S dfrAhe QQQEPC}_@: L JALQACESS at the
inter-LCU |l'ine boundary in"the present technique, EXpression (49) bel ow of

l'i near appré&ﬁh@@i%ﬁjﬁsEﬁ99a551®ﬁlﬁﬁ)2®PMHWhEﬁam¢paﬂnﬁodmnbarlﬁ] _
Val ucs of pBrPHEINAURG P FEUY ani RETRAITON’ URe HIXEoval e of 30 p2i.
could nat bexpeiesi®d tosi(0 +heGorvent) OnalepRRWBntbased: paddi ng. Thus,
al t hough the_pixel value of pli 71 immediately bel ow the pixel p2, is
padded and ®sed 2°hsPéad? ofhs ePErERELVal ¥R bt “pZ(,Plas‘iH%i)gé'tt ed by the
hat ched cirglgyesince ohe gg;uablghxel value of p2, is at the position of
the dot circle, an error occurs. 5[0220] In contrast, in the
R2W2- based [Phear prediction of the present technique, since the pixel
val e of BrgOul & ol becLelel g 10, a piyel wal e (= the eare pixe
10 p2i = plj "(67)
This i1s because as for inclination determination in
the filtering determination expressicn, the use of linear
approximation allows to ignore determination which
actually cannot be ignored. Thus, in the inclination
15 determination of the weak filtering determination
exXpression, a pixel immediately below a current pixel is
padded as indicated in Expression (67). The same can be
said for the strong filtering determination expressicn
and the inter-block boundary determination expression
20 described below.
[0244]
Next, an inter-blcck boundary determination
expression and a strong filtering determination
expression for luminance signals at a line boundary will
25 be described.
[0245]
First, an inter-block boundary determinztion
expression for luminance signals in the HEVC scheme is
expressed by Expressicn {68) below and a strong filtering

30 determination expression is expressed by Expression (69)

below.



10 fromthe inclination based on the pixel values of pl, and pO, is used as
the pixel value of p2, as indicated by the hatched circle. [0221] By doing
so, when pixel values have an inclination, 15 the present techni que does
not incur nore errors than the conventional paddi ng nmethod. Thus, although
t he R2W2- based technique is used, it78s possible to reduce the |line nmenory
whi | e mai ntai ni ng the bl ock noise reduction function of the debl ocking
process. 20[ 02221 Mor eover, for exanple, one line of imge of 4K X
2K corresponds to two lines of image of 2K x 1K, Further, in the H 264/ AVC
schene, a | (Metwemoricadorfeespbadidlg to four lines is included, and the
menory capacity 25 corresponding to one line of imge of 4K x 2K

cor r espondsif Pk (;ﬁpjaqﬁ _AVC schene. Thus,
the effect lg Qosg(g(i%% ﬂtlﬁgwa\rbg 'cgﬂp}a%%isgpggggﬁ#g(%&%sol ution inmage is

i mproved. [ 2%127"]+ gl?'ﬁ({ “2‘ A rdiesP o p2 pik, anﬁGs 0, do not have an
inclination, substantially the sanme result is 72 obtained as when the

pi xel val ue i medi l.ow t he pixel p2, is used. In this case,
éﬁ%a%@ﬁ AL Gy bﬁeg

?!though th 4 aﬁgd_t_ec nliq;‘ Ls used, it i; p;)jssi b!sefto {_educeftPﬁ
i ne nmenorygwhigd-e- ppi ng iRk g L o66,) NEhS§2L e 905 function o e
debl ocki ng &)rﬁ:%&ezszggihﬂazqﬂz)ffﬂj( &fi@gf@q%fi@ f or%V\g ?:)ase]
and ([p3;—p0i| +1q0i—q3i[) < (B>>3
and |p0;—q0i| < ((§*tc+1) >>1) =+ (69)
5 [0246]

In contrast, an inter~block boundary determination
expression in the R2W2Z case of the present technigue is
expressed by Expression {70} below and a strong filtering
determinaticn expression is expressed by Expression {71)

10  Dbelow.

[Mathematical formula 22]

if(abs(0—(p12—p0y))+abs(0—(pls—p0s))+abs((q2,-2*ql.+q0,)
+abs(q2s5-2*qls+q0s) < B)

+(70)
[Mathematical formula 23]
d<{f>>2), d =abs(0~(pl,—p0))+abs(0—(pls—p0s))+
abs((q2:—2*ql;+q0,)+abs(q2s—2*q1s+q0s)
and (|(pli~p0i) <<lj+|q0i~q3i]) <(B>>3)
and |p0i~—q0:] < ((5*te+1) >>1) = (71)

i5 [0247]

The first and second terms in the if clause of
Expression (70} for inter-block boundary determination of
the RZWZ2 case are different from the first and second
terms in the if clause cof Expression {68) for inter~block

20 boundary determination of the HEVC scheme according to

Expression (67) for padding. That is, the first and



Next, the filtering process of |um nance signals for the R2W2 case w | be
described. Here, R2 represents 10 the nunber of pixels referred to and W2
represents the nunber of pixels to which the filtering process is applied.
That is, R2W2 represents that the filggring process is applied to two

pi xel s on the inter-LCU |Iine boundary by referring to two pixels on the
inter-LCU line 15 boundary as illustrated in Fig. 19. [0225] In the exanple
of Fig. 19, it is illustrated that pixels on the third and fourth col ums

fromthe |i ndary. BE.i he bl,ock BKy in Fig. 16 coyld not be 20
referred toggfgggéﬁgrs absqﬁézf]Eﬁ?ﬁ?a?éghégﬁiﬁgF6P2%6nga??%6h, in the
strong filtepckny iof thheikuslinancesicgrahzio iheddE\VGSeheRg.qtdhe | um nance
conponents of the respective pixels in the 25 filter processing range are
cal cul at ed Bbepwf r MY SERENEpe?ERY o Sdf Expréssi ®fs) ( 50)akisd O( 55) .
Expressions-(%0), to @gﬁynQg{&ﬁ@pg@dcighggpressions (37) to (42),
respectively. 0227 O[ vat hematical fornmula 151 73 pQo

=Cli po- 255- (PP2ak2*pl i +2* p0i +2* q0i +qli +4) >>3); 00

=C i po_255( I -F2*pQi +2* q0i +2sql i +q2i.+4) >>3); plo

1l o 268( (ESTITR 1 Hep G Rabr Soysss) 7 ppeokucl! fatve on che
=Cl i p0_255( €pbst Fofdd vfl ink@2e+d) &®2)71) for strong filtering

determination of the RZWZ2 case is different from an

expression in the absolute value on the first row of

10 Expression (69) for strong filtering determination in the
HEVC scheme according tec Expression {67) for padding.
That is, the expression "abs{p2; ~ 2*pl, + pl,) + abs(p2;
- 2*pls + p0s}" in the absolute value on the first row of
Expression {69} is changed to the expression "abs(0 -

15 {(plz - p0z)} + abs{0 - {(pls - p0s)}" in the absolute value
on the first row of Expression (71).
(02497

Further, an expression appearing after the first

"and" of Expression (71} for the strong filtering

20 determination of the R2W2 case is different from an
expression appearing after the first "and" of Expression
(62) for the strong filtering determination in the HEVC

scheme. That is, the expression "(Ip31 - p0:; << 1] + ig0:

- g3:f) < (B >»> 3}))" appearing after the first "and" of
25 Expressicn {69} is changed to the expression "(|ply - p0;
<< 1] + Ig0; - @331} < (B >> 3))" appearing after the

first "and"™ of Expression (71).
(02501
Since the determination of this part is
30 determination of the magnitudes of pixel values,

Expression {49%) for linear approximation and Expression



p20 =Cli po- 25542*p3i +3*p2i +p | i +p0i +q0i +4) >>3); q20 =Cli p0_255(( p01+qg0i +q
| i +3*q2i +2*q3i +4) >>3); [ 0228] In contrast, in the strong filtering
of the lum nance signal in the RRW2 case of the present 5 technique, the

| um nance conponents of the respective pixels in the filter processing
range are cal cul ated by perform ng th& operations of Expressions (56) to
(60). [0229] [Mathematical formula 16] pOGo =Cli p0_255((4*pli-FpOi +2*q0;
+qli +4)>>3); 0o =Cipa-ass((p | i+2*p0i-F2*q0i +2*ql i +q2i +4) >>3); plo

=Cli p0_255((3*pli +q0i +2) >>2); q 10 =Cli po-235((p0i +q00-q |i +q2j +2) >>2);
10920 =C i pos25HA(PRdgdhddatéd 1@l +2403iit4) >n3) £xH0230]on Her e,
Expression (56) of the strong filtering of the R2W case'is'different in
that "p2i +2RHTISE 25p01 The Bisressron tHoFAesHestfong til tering of
the HEVC 15;schengd %ct;a@geg dhned 2L P&l saceprding Lo xpressi on (49)

of |inear apprOX|nat|on [ 0231] Expr ession (58) of the strong
filtering o¢DR¢ﬁ¥q%Em2fCaSeth$ difster'ent”i af t Bapre'gdiont (B9plis+ pG " in 20

Expression (52 trong fhltenln of . 1.he HEVC,schenme is changed to
"3*p1|"£§a)1cc%rdg F%b l%r%ssmn e %? f%%ag §E§r09?h3310n 74 [0232]

approx1mated as "Z2*pl; - pOl” by linear approximation.
(02511
[Filtering process for R2W1l case]
Next, the filtering process of luminance sighals
10 for the RZW1 case will be described. Here, R2 represents
the number of pixels referred to and W1 represents the
number of pixels to which the filtering process is
applied. That is, R2W1 represents that the filtering
vrocess is applied to one pixel on the inter-LCU line
15  Dboundary by referring to two pixels on the inter-LCU line
boundary as illustrated in Fig. 19.
[0252]
In the strong filtering ¢f the luminance signal in
the RZW1 case of the present technigue, the luminance
20 components of the respective pixels in the filter
processing range are calculated by perfcrming the

operations of Expressicns (72) to (75).

[0253]

{Mathematical formula 24]

plo =Clipg-2ss((4*p Li+p0;+2%q0i+ ql;+4)>>3); 1=0,7 - (72)
q0o =Clipoass((pli+2%p0i+2*q0i+2%qLi+q2;+4)>>3); 1=0,7 -+ (73)
qlo =Clipo-2ss((p0i+q0i+qli+q2i+2)>>2); 1=0,7 - (74)
q20 =Clipo-25s((p0i+q0i+q 1;+3*q2i+2%q3:+4)>>3),  i=0,7 -+ (73)

25
[0254]

Here, Expression {72} of the strong filtering of

the RZW1 case is different in that "p2; + 2*pl; + 2%p0O;"



The strong filtering of the R2W2 case is different in that an expression
correspondi ng to Expression (54) of the strong filtering of the HEVC schene
is deleted. [0233] That is, in the RRW2 case of the present technique,
since the pixel "p21" on the third row fromthe |ine boundary BB of the

bl ock Bku is not referred to, Expresstbn (49) of |inear approximtion is
substituted 10 and used instead. [0234] Moreover, the filtering
process is not applied to the pixel "p20" on the third row fromthe |ine
boundary BB of the bl ock Bku. Therefore, in the strong filtering 15 of the
R2W2 case, am Expreessioan (60y reSpordisngche ExpressionA 34y pfve he strong
filtering of the HEVC schene is deleted. [0235] . Next, a weak
filtering d®T'e¥Hi nat CBATEBRDredsi0REof PU | BAFREALRS stQYnal s at a line

boundary angkyesls ifdnl t@bh ngs W 4/l e -desckifed: o 0236] First, in the weak
filtering determ nation expression for |um nance signals in the HEVC schene

and 25 the WeakeXiltering, the | um nance conponents of the respective
pixel s 1o the filier ;pro6gss) naL5ange-ate, calioul aled ,Qy perfori ng t he
operations of Expressions (%%?gio %6?{. ﬁ%e I'Tst terfs 0 %&pre55|ons (61)
to (63) areimedetf idkpersagotetermicsabhoneXps E3&8ir@S1030[ 0231 ]and
[Nhthenatic?g4;(g£n#h% %Zlong5filtering 0of the HEVC scheme are
deleted.
10256}
10 That is, in the present techhnique, since the pixel
"pZ;" on the third row from the line boundary BB of the
block Bku is not referred to, Expression (49) of linear
approximation is substituted and used instead.
[0257]
15 Moreover, the filtering process is not applied to
the pixels "ply" and "p2" on the second and third rows
from the line boundary BB of the block Bku. Therefore,
in the strong filtering of the RZW1 case, expressions
corresponding to Expressions (52) and {54) of the strong
20 filtering of the HEVC scheme is deleted.
[0258]
Next, a weak filtering determination expression for
luminance signals at a line boundary and weak filtering
will be described.
25 [0259]
In the weak filtering determination expression for
luminance signals in the R2ZW1 case and the weak filtering,
the luminance components c¢f the respective pixels in the
filter processing range are calculated by performing the
30 operations cof Expressions (76) and (77).

{0260]



i f(abs (delta) < iThrCut), delta = (9*(q0i- p 0i)-3*(ql,- p,)) p 00 =
d i p0- 255(p0i +C i p(-to-adelta));i =0,7 q 00 = Clipo_255(q 0 - Cip(,),
(delta));=0,7 ...(61) if(abs((p22-2*pl2+p02)+abs(p25-2*pl 5+p05) <
|S|deThreshoId)) ph, _

=d i po., 255(pl, +C i p/ _0_, G20((p240, +1§%>1)-plH-delta)>>1); i = 0,7 "(62)
iftabs((q22 2*q12+q02)+abs(q25 2*ci | s+q05) < i SideThreshol d)) Oa

=C i po-255(ql, +dipHec2) ,,, ((((g24+41, +1)>>1) gl,-delta,)>>1): =0,7 .-
(63) Here, as described above, " i p0-255" indicates a C|Ipplng
process of ﬁ%ﬁﬁ@?¢@ﬁ%¥aﬁaﬁﬁémﬂbat%ﬁ}() when the value is "0" or smaller and

roundi ng a own, o5 e value is_ "255" or l|arger.
Nbreove? ﬁ#@?)<fﬁ“pﬁﬂiégﬁéiggzgrﬂgb“ﬁb(%ko@bih of rounding a val ue up
to "-to" mheqﬂ%h&ﬂg@hg¢m1$Chp@Q%J Itapral | er and n&qnplng a value down to
"tc" when th ﬁ ? The "tc2" Ppl?ﬁsls the sane. The
sane is appI| f@S Foﬁﬁ% @kpre35|ons IFQL 2" i's a val ue set
based on t hif{ abea(fcﬁmﬂ*q?#@ﬁ&bs(qﬁjﬂhﬂﬁqm r iStéeThestbld )] 02353 I I'n
contrast, int er.i n . i.0 um nance
signals in themE£%@€2 iﬁégﬁaﬂMgQQ§%ﬁﬁng@ @%ﬁ?ﬁg,’the?Tﬁn1nance

conponents of-¢he respective pixels in the filter processing range are
cal cul ated by perform ng the operations of Expressions (64) to (66). The
first ternms of Eﬂbﬂ@ssnonshQGMQWI(Ea@@B)taeefmkméxﬁngIpmuCngsdE£ernlnatlon

20 Mat hemat i cal,, onnul 18] ab delta) <
O oo PN Q2 LRLRENEL L G Lo Ml & A8l T04 EEGPE. L

line boundary BB of the block Bk¢ Therefeore, in the
weak filtering determination expression for the R2W1 case
and the weak filtering, an expressicn corresponding to
Expression {62} of the HEVC scheme is deleted.

10 [02e2}

Next, an inter-blecck boundary determinaticn
expression and a strong filtering determination
expressiocn for luminance signals at a line boundary will
be described.

15 [0263] 7

An inter-bleock boundary determination expression in
the RZW]1 case is expressed by Expression (78) below and a
strong filtering determination expression is expressed by
Expression {(79) below.

20 [Mathematical formula 26]

ﬂIabs(O—(plzmpOﬂ)+absﬂ}~(ply—p0§)+abs«q22—2*q12+q0ﬂ

+abs(g2s—2*ql 0:) <
abs(q2s5—-2*qls+q0s) <f) - 8)

[Mathematical formula 27]



p 00 =Clip 0-255 ( pO +Cipvto-te(delta));i =0,7 gO0o = dip 0 -255 (q O
-(delta));i =0,7(64) if(abs (0-(pl2-p02))+abs(0-(pl5-p05)) <

i SideThreshold)) pi =Cip0_255(pli+Cip(-4)-tovPli+pli+l)"1)-pl

i +delta)>>1);i =0,7 "(65) if(abs ((qg22 -211gl242)+ abs (g25 -2*(115+05) <
i SideThreshold)) ql O 83

=C i p0-255(gli+dip(_0) _4((((g2i-i-g0+1)>>1)-qli-delta)>>1); i =0,7(66)

[ 0240] Here, an expression within the tc2 clipping of the second
termwhich is a weak filtering expression within 5 Expression (65) of the

R2W2 case i igfenent L 2SS vty n tc2 clipping of the
second term§i<%H p?%si(lioﬁl(? O%quggpé%?sﬁ Fnggﬂé bsgiéordi ng to Expression
(49) of lin@ -(‘%p_r?oﬁi el P2ora0sAd 7' AlseA%)expression " ((((p2, + po, +
1)>>1)-pl, 4n A)»ah)<d< 4Q i i-i Nitbheste3) cl i ppi ng of the second term of
t he HEVC schedj@dl?g gu‘gnﬁg tiywﬂgxp%ssi)on "((((pl, + pl, + 1)>>1)-pl, +
del ta) >>1) " Dt aPRe& (222 ) ppthg of the second terrﬁ'('{%éml] 15Mor eover ,
an expressig(?zé/\a'thin the if clause of the first termwhich is a weak
filtering d ern]i nation expression within Expression (65) of the RRW2 case
is different fromtan fexpressd oieadrichicarihbeinfticd alselehsthesfirst termin
Expression (62) of the_HEVC schene. That 20is, the expression "abs(p22 -
2*p12 + pO2Y*BEHLS(P2s 78! 2% pF SLAESFOB i PATRIE e detcratiseior ¢he first

term of g heHEVGschene Lsechangad 10 -thg expression ;ahstl,a(pl2 - p02)) +
abs(0 - (pls - p05))" wthin the if clause of the first term 25[0242]

terms in the if clause of Expression (68} for inter-block
poundary determinaticn of the HEVC scheme according to
Expression (67) for padding. That is, the first and
second terms "absi{pZ; - Z*pls; + p0x) + abs{pZ2s - 2*pls +

10 p0s)" in the if clause of the HEVC scheme are changed to
the first and second terms "abs(0 - (plz; - p0s}) + abs (0
~ {pls = »0s))" in the 1f clause.

[0265]
| Morecver, an expression in the absclute value on

i5 the first row cf Expressicn (79) for strong filtering
determinaticn of the R2W1 case is different from an
expressicn in the absclute value cn the first row of
Expression (69) for strong filtering determinaticn in the
HEVC scheme according to Expression (67) for padding.

20 That is, the expressicn "abs(p2; - 2*pl; + p0z) + abs(p2Zs
- Z*pls + p0s)"™ in the absclute value on the first row of
Expressicn (69) is changed to the expression "abs (0 -
(plz = pO02}) + abs{(0 ~ (pls - pOsi}" in the absolute value
on the first row of Expression {79).

25 [0266]

Further, an expression appearing after the first
"and" of Expression (73} for the strong filtering

determination of the RZW1l case is different from an



77 That is, in the first termof Expression (65), a pixel imedi ately bel ow
a current pixel is padded as indicated in Expression (67) below rather than
|l inearly approximting the sane. In other words, "0" in the 5expression
"abs(0 - (pl2 - p02))" represents "0 = p22 - P12" and "0" in the expression
"abs(0 - (pl5 - p05))" represents "0 &4p25- pl5." [0243] [ Mat hemati cal
formula 19] |oP2i'Pli This is because as for inclination

determ nation in the filtering determ nati on expression, the use of |inear
approximation allows to ignore detelLm nation which actually cannot be

i gnored. Thuspréssidie dppeki-nagi Hn<kb tthet er pkoat b0 ofr ttherweakohiltering
determ nation_expression, a pixel inmrediately below a current pixel is
padded as i h8if tat®d the BxpPegst o 67y, CThersapetteh Be t&ai BE¥Y6r the strong

filtering deteLpd nathop expression.and: thew | &%ﬁr -b%agicwqwnqiaﬁgoi
det erni nati on expression 20 descri bed bel ow. 0244 Next’, an
i nt er - bl ock~-botridary {Heter i datappraexps essSti«an tard farstr vagd'f idd eri ng

determ natign . expressi.on for |um nance signals at, i ne boundary wil |

25 be descr FRRRT oA 8 h g o TR AR PTRT Sk "Womneiar w ot

determ natiea expfesgi.on &or | unmipances)sirgRabsaidng herddEVengchenme is

expressed b¥fExpreSS|on (68) below and a strong filtering 30 determ nation
5

expressi on F& Txprdsse®hy*ExpresEl dif 20 69) bel ow.
[0267]

As described above in connection with the R2W2 case,

10 since the determination of this part is determination of
the magnitudes of pixel values, Expressicn (49) for
linear approximation and Expression (67) for padding are
used. That 1s, the expression appesaring after the first
"and" of Expression {(79) is generated in such & manner

15 that "p3;" in the expression appearing after the first
"and" of Expression (62} is first approximated as "p2:"
and "p2;" is approximated as "2*pl; - pl;."

[0268]
A configuration example and an operation for

20 realizing the above determination process based on linear
approximation will be described with reference to Figs.
22 to 24 as sixth and seventh embodiments of the
deblocking filtering unit.

[0269]

25 As described above, in the present technigue, the
inter-block boundary determination at the line boundary
and the strong filtering determination expression are
changed using Expression (49) for linear appreximation
and Expression (67} for padding. Thus, a clipping

30 process is added to a strong filtering process as a

countermeasure to a case where the determination



78 [ Mat hematical formula 20] if(abs((p22-2*pl2+02)+abs(p25-2*pl5+p05)
+abs((q22- 2*ql2+g02) +abs((q25-2*g15+q05)+<$ ) - (68) [Mathematical formul a
21] d< (/3>> 2), d = abs((p22-2*pl2+p02) +abs(p25-2*pl5+p05) +
abs((g22-2*q12+q02) +abs(g25-2*q15+q05) and (p3i- pGIl + 1q0i-gq3d) < (.8 >>3
and | pO- gOl < ((5*te+ 1) >>1) "(68) 5[0246] In contrast, an

i nter-bl ock boundary determ nati on expression in the R2ZW2 case of the
present technique is expressed by Expression (70) bel ow and a strong
filtering determ nation expression is expressed by Expression (71) 10

bel ow. [ Mat bgpmid cadn fier aubandadsif (3Bsrél ah@l2rd2)IshakslAy(pl5
-p05))+abs(%q22 2*ql2+02) +abs(q25-2*ql5+05) <$ ) -(70) [ Mathenati cal

formul a 23] TH CYQBproresy s HE{OECEFE2YpD2Y F1ar{ 0- (pl15- p05) ) +

abs((q22- 2* gd2#p2) +abs(q25-2*(115+05) and (1 (Pli-p0i)

<<I'| - Ef qOi - q3|1 <(/3>>3) and Ip0i- g0d < ((5*te+l) >>1)(71) 15[0247] The
first and séoesm iEring ol thesérdt cleatiségot EXpimssiomroe8ksfiom inter- bl ock
boundary5det§rnlnﬁ%j%% of LZe R2W2 case are different fromthe first and
second ter ne i d He it cPalse of Expression (68) for inter-block

Next, a clipping process in strong filtering which
is an eighth embodiment will be described. The strong
filtering for luminance signals in the RZ2WZ case may alsc
use Expressions (80) to {(84) in which a clipping proccess

10 is added.

[Mathematical formula 28]

pUy = Clipo-ass(p O+ Clippog -l {(4*p L plit g0+ g Li+4)1>>3)-pOy)); 1=0,7 -+ (80)
qu- Clipp-2ss(p ot Clipr-ol (014 2*pli+ 280+ it gZitd > 3)-pl)); §20,7 -+ (81)

plo =Clipg-ss(plo+ Clipg-o({(Fpli+ g0+ 2>>D-plo)); =07 --(82)
q} Chpo 2“{ 0+C }p( tel - c(((pol‘f‘q[)j*q g+q2 +2)>>2) qlg})‘ i 2057 rea (83)
02 =Clipo-2ss (2o Clipr-u-o(plit i g Pt P Bid)>3)-ql)s 20,7 -+ (84)
10271]

Expressicn (80) for strong filtering is a
15 calculation expression for pOp; after filtering. In
Expression {80) for strong filtering, a clipping process
of {~tc) to tc is applied to a difference between the
expression in the clipping process of 0 to 255 in
Expression {56) and p0p to obtain a value, the value is
20 added to p0p to obtain another wvalue, and the other value
is subjected to a clipping process of 0 to 255.
[0272]
Expression (8l) for strong filtering is a
calculatiocn expression for gl after filtering. 1In
25 Expression (81} for strong filtering, a clipping process
of (-tc) to tec is applied to a difference between the

expression in the clipping process of 0 to 255 in



20 boundary determ nation of the HEVC schene according to Expression (67)
for padding. That is, the first and 79 second terns "abs(p22 - 2*pl2 +
p02) + abs(p2s - 2*pl5 + pOs)" in the if clause of the HEVC schene are
changed to the first and second terns_"abs(0 - (pl2 - p02)) + abs(0 - (pls
- p0s))" in the if clause. 5[0248] Nb?%over, an expression in the absolute
value on the first row of Expression (71) for strong filtering

determ nation of the R2ZW2 case is different froman expression in the
absol ute value on the first row of 10 Expression (69% for_strong filtering
det er ni nat | BFPTFE TR HEVE &BRewe &CcBPERHY @ I BXresSPokal®7)I% or paddi ng.

That is, thg;gxPpre&sdQnec ahs{P2L anofhPl2yah £02)ant #B(RRSer RIS + POS)”
in the absolute value on the first row of Expression (69) is changed to the

expressi on iabs{@ectes pe2a- cpiR)Ingr pabseds-cfpdste JFA6))" in the absol ute
value on th oﬁ%ift row of Expression (71). [0249] Further, an
expression appearing after the first "and" of Expression (71) for the

strong filtering E2@rdesera natj ofvofstrbagRRVR-case; iis @i fferent from an
expressi on a$fearing after the first "and’ of Expression (69) for the
strong filt&ttTigHdetdr FFRAEFBRCT fthelHBVE SchddeerTRdt i) the expression

"(1p3pQ  <<gldr 541G (32038d) stAdR F1322ingPPLALING ALt gL Lhe Tirst “and”
of 25 Expres%%gﬁ;(GQ)(isgchangzd(%g;the exb?%gsionJ&%f%%is-opc$s<< 11 +
1g0i - @g31)ckx (P> tB) 't appeapliny dfct er di heefénst Beamuwenofth&Xxpressi on

(71). [0250]_Since the determ nation of this t. 1530 .determ nation of
t he nagnitu%ﬁgfﬁ)sﬁﬁnxép g%?u%%%pﬁ%fﬁ?gggf%ﬁs(%gﬁéf%ﬁ ﬁ%%négr appr oxi mati on
and Expressitgression (58) and ply to cbtain a value, the value is

added to plpy tec cbtain another value, and the cther value
is subjected toc a clipping process of 0 te 255.
f0274]
Expression (83) for strong filtering is a
15 calculation expression for glg after filtering. 1In
Expression (83) for strong filtering, a clipping process
cf {-tc) to tc is applied to a difference between the
expression in the clipping prccess cof 0 to 255 in
Expression {58) and gly tc obtain a value, the value is
20 added teo glpy to obtailn another value, and the other value
is subjected to a clipping process of 0 to 255.
[0275]
Expressicn (84} for strong filtering is a
calculaticn expression for g2y after filtering. 1In
25 Expression {B4) for strong filtering, a clipping process
of (-tc) to tc is applied to a difference between the
expression in the clipping process of 0 te 255 in
Expression (60) and g2y tc obtain a value, the wvalue is
added to gZy to obtain ancther value, and the other value
30 1is subjected to a clipping process of 0 to 255.
[0276]



80 (67) for padding are used. That is, the expression appearing after the
first "and" of Expression (71) is generated in such a manner that flp3i" in
t he expression appearing after the first "and" of Expression (69) is 5
first approxi mted as "p2i" by paddin and "p21" is approximated as "2*pli

- pG" by linear approximtion. [0251 [Filtering process for RRWL case]
Next, the filtering process of |um nance signals 10 for the RRW. case w ||
be described. Here, R2 represents the nunber of pixels referred to and W
represents the number of pixels to which the filtering process is applied.
That is, RRW repte$€Ats that'’t Hee FoPEePlfgt prodesssss eappbbedto one pi xel

on the inte n f.eLLipng to two pixels on the
inter-LCU |§ﬁ%§%§ﬁ%%§r$§aggg gﬁ%%?%%%%%|% %%Q. 19. [0252] In the strong

filtering of9%2he | um nance signal in the R2M1 case of the present ]
techni que, the I nange_ 0.co onent he r pective,.pixels in the
filter processing thge arel%%chFﬁFg ertor C%g chRed Eperations of

ExpressubnSEééﬁmlH()"GZEhltéOﬂﬁﬁhnd&ﬂﬂibanaétCédoﬁéﬂﬂﬂﬂ Ae24bcROYy, v
=0 i po-255(t pli +p0, +2*q0, +q1, +4) >>3) ;i =0, 7 -(72) qOo
=d i po- 255({%% r+g®e|@t+czﬁ Phﬁf?tdlli?>$%&}m ¢n 3 deo. Cedingl o

=Cli po- 255( ( j@r *Uﬂtql FAtrtr02, ) @33 2nF01do7iF)arc1 /sc2o/uG11 Ten

Meeting, Geneva, CH, 21-30 November, 2011 (hereinafter
referred te as Non-Patent Document 2) is proposed,
19 [0278]

In Non-Patent Document 2, it is described that a
strong/weak filtering determination process is performed
in respective block units. However, in the determination
process described in Non-Patent Document 2, when

15 determination results on a current line and a block unit
to which the line belongs are different (for example,
when weak filtering is determined for the current line
whereas strong filtering is determined for a block that
includes the line, article information is applied to the

20 current line}, an excessive filtering process is applied.
[0279)

Moreover, in the Non-Patent Document 2, since the
strong/weak filtering determination process is performed
in units of four lines, a mismatch occurs between the

25 determination and the filtering process. As an example
of the mismatch, weak filtering is determined although it
is necessary to determine strong filtering and strong
filtering is determined although it is necessary to
determine weak filtering.

30 [0280]

In strong filtering of luminance signals in the



25920 =C i po-255((p0i - FqO, +ql1, +3*q2, +2*q3, +4)>>3) ;i =0,7 (75) [0254]

Here, Expression (72) of the strong filtering of the RRWL case is different
in that "p2i + 2*pli + 2*p0i" 61 in Expression (50) of the strong
filtering of the HEVC schene is changed to "4*pli + pG " according to
Expression (49) of linear approximati 88. [0255] 5The strong filtering of
the RRWL case is different in that expressions corresponding to Expressions
(52) and (54) of the strong filtering of the HEVC schene are del et ed.

[ 0256] 10That is, in the present technique, since the pixel on the
third row f HEWt hehdarimene{HMaﬁndav yEBfrofsitdne BB6CktBk(BY)s rdiowr ekerred to,
Expressi on % | i near approximation is substituted and used |nstead
[0257] 15Mbred 8¥edthe filtering process is not applied to the pixels "plo"

and "p20" onukhe=mecond gRdmbhirgorows fromthe |line boundary BE of the
bl ock Bku. Therefore, in the strong filtering of the RRWL case, expressions

correspondi = ng* ¢-§54) of theptr 9520 filtering of
G =4(p2; k% F«szs‘p c{] 1;420) hie= (34 r.on

t he HEVCsc Next , aweakfllterlng
det er ni nati & n@iﬁ%@@ﬁg wAneedsi gnal s ar=&/ 1 718)boundary and weak
filtering wpl; I"(b&)ld@ﬁgﬂ)ja‘equ. =07 «(87)
qli=(p0i+q0i+ql;+q2i+2)>>2; 1=0,7 --(88)
q2i =(p0i+q0i+qli+3*q2i+2%q3:+4)>>3; 1=0,7 - (89)
5 [0281]

In the present technigue, in order to eliminate a
mismatch of the determination process and an
incompleteness in the determination process, the clipping
process indicated in Expressions (20) to (94) below. In

10 Expression (90), since a clipping process is to be
performed on a partial A-value that changes with the
filtering process, p0: is outside the clipping process.
The same 1s applied to Expressions (81} to {94},
[Mathematical formula 30)
pO; =pOi+ Clippip o (p2i4 2*p Li-6*p0i+ 2% q0s+qLi+4 )>>3) 1=0.7 -+ (90)

405 = q0i+ Clip-pyon((p1i+2*p0i-6%qUi+2%q Li+q2i+4)>>3);, §i=0,7 - (91)
pli =plitClippy ol (-plitqUi+2)>>2); 1=0,7 (92)
ql; = qli+ Clip-pyo (pOi +q05-3*q 1i+92:4+2>>2); 1=0,7 = (93)

15 927 Q2+ Clipopgon((PO+q0erqli=5*q2i+2* 344 )53 1=(,7 1 (94)

Here, a clipping value "pv" i1s any one of 1 time, 2
times, 3 times, 4 times, 5 times, 6 times, 7 times, and 8
times of the parameter tc. That is, pv = t¢, 2*tc, 3*tc,
4*tc, 5*te, 6%te, 7*tc, 8*tc. Although the clipping
20  wvalue "pv" is preferably 2 times of {the parameter tc, the
clipping value may be any one of 1 time to 8 times of the
parameter. Moreover, the clipping value is not limited

to 1 time to 8 times as long as the same =ffects are



25[ 0259] In the weak filtering determ nati on expression for

| um nance signals in the R2ZWL case and the weak filtering, the | um nance
conponents of the respective pixels in the filter processing range are

cal cul ated by perform ng the 30operations of Expressions (76) and (77).
[0260] 82 [Mathematical formula 25] 8%(abs (delta) < iThr Cut), delta =
(9*(q0,-p0,)-3*(qgl,-pli)) p 00 =Aip 0-255 (pOG+Cip(_to-te(detta));i =0,7
g0 =C i po-255(q01-CiRto-to(delta));i =0,7(76)

i f(abs((g22-2*ql2-Fg02)-Fabs(qg25-2*gl15+g05) < i SideThreshold)) qlo
z.dip0_2556gds#€3d peoH, 2((( (92, +q0, +1) >>1)-ql,-delta)>>1); i =0,7(77)

[ 0261] Here, in the R2ZWL case, the filtering process is not applied
to the pi Xe|503§ﬁh" on the second row fromthe |ine boundary BB of the bl ock
Bku. Therefore, iypddhgweakeds | igfifng deter phoalionexpression for the RRW
case and the weak filtering, an expression corrésponding to Expression (62)
of the HEVQrsrimesieed LEel Btww. the] 0262jplication Nextoranfi biter - bl ock
boundary. det erm nat i on. expressi and & strong_filtering_determnation

expr essibn THIT N nance SFERATS Wt a1 ReYboandary Wt 56 descri bed.

15[ 0263] (that iéAN dentceenbteockiowyrjary det engidsedd=an expressi on in the
R2WL case is expressed by Expression (78) below and a strong filtering

det er ni nat i BATEXPITssiGR P BRI EsEed by EXPFr 83t 'th 79 bel ow.

20[Nhthenatﬁﬁf%iﬁfﬁéﬁgf%n2§kctor of the clipping value applied to

"tc") applied to the clipping process may be set in
10 advance and may ke added to an encoded stream and
transmission terminator to a decoding side.
(02831
Expressicns (90) to (94} described above may be
modified so that the clipping process is performed as in
15 Expressions {95) te (99) below.

[Mathematiczal formula 31}

p0; =Clipg-sss{ pOi+Clippop el (p2i+ 2 pLi-6¥pli+ 2¥qli+qi+4)>>3)); 10,7 -~ (95)

qUi :C]ip 0~155(q0i+C.lip{#pv).(pv}((pIg+2*p0i"6*q0;'+2*qii+q25+4)>>3)); = 0,7 *+(96)

pki :Clipoqss(pli+C[ip{Apv},(p“)((—'pI Q0+ 2)>>23; 1=0,7 (7

q l; "—"Clipo_zsj(qli+Clip(-py),@y ((p0;+q0g—3*q1{+q2i+2) >>2}-); i= 0,7 - (98)
(

[

q2; =Clipo-2ss( g2+ Clipe-pwp (PO 90+ qli-3* 2 2344 )>>3));, 1=07 (99

[0284]
Here, Expressions {85) tc (8%) for the strong

20 filtering of luminance signals of the HEVC scheme (HM-
5.0) are expressions for streong filtering of luminance
signals at a line boundary. That i1s, in the HEVC scheme
(HM-5.0}, the strong flltering of luminance signals is
actually expressed by Expressicns {(100) to (105) below.

25 [Mathematical formula 32]



if(abs (0 - (pl2-p02))+ abs(0 (p 1 5. -p05))+ abs ((g22 -2*gl2+ q02) +abs
(925-2*q15+g05) < /3 )-(78) [Mathematical formula 27] 83 dC(S>> 2), d
=abs(0-(pl2-p02)) +abs(0-(pl5-p05))+ abs((g22-2*ql2+q02) +abs(q25-2*ql5+g05)
and ((ph -p0;) ¢<11+1qg0i-g3i1l)<($>>3) and IpQ-< ((5*tc+1l) "I)- . (79)
[0264] The first and second terns in %he if clause of Expression (78) for
i nter-bl ock boundary determ nation of 5 the R2ZWL case are different from
the first and second ternms in the if clause of Expression (68) for

i nter-block boundary determ nation of the HEVC schene according to

Expression (67) for, paddin That is,. the first and second terns "abs(p22 -
2%p12 + po?&’zi(%t%*ﬁga“%oz‘%ﬁaﬁmlﬁ&bM) " iitddhe 11 oldSe of the HEVC
schenme are changed to the first and second ternms "abs(0 - (pl2 - p02)) +
abs(0 - (plad; = (pOsFp0; +2Tu0r#18qli fa2ctddrise. [ 0268] Moreovél]) an expression in

t he absolute value on 15 the first row of Expression (79) for strong

filtering detenm oatipnpfothe: RRW case ijs. gliyf f erent (fgpom an expression in
t he absoluﬁgtvéﬁ%gﬁbﬁﬂfﬁg‘f?rst row of Expression (69{ ?gr strong filtering

determ nation_i i e H 4? me accordi ng t Expressi&& (67) for padding.
20 That isfﬁtﬁéa% %%E@E? ﬁiﬁ) $(p22 - 2*p%2‘¢7p02)'4'é (p25 - 2*pls + p0O)"
in the absolute:yalue on the first rpm/of.Exgression (69) is changed to the
expr essi on Papdlod+3tmrml+oprnl +4>abs(0 - iPPd - po5) ¥104in the absol ute
value on the first row of Expression (79).
2, = (p0,+00,+p1,+3% 02, +2%43, +4)>>3; =07 s (109)
[0285]
In the present technigue, in crder to eliminate a
mismatch of the determination process and an
5 incompleteness of the determination process, a clipping
process may be applied to the strong filtering for
luminance signals as indicated in Expressions (106) to
(111) so as to correspcend to Expressions (100) to (105).
In the Ffirst expressicn of Expressicn (106), similarly to
10 Expressions (90) to (%24} described above, since a
clipping process i1s to be performed on the partial A-
value that changes with the filtering process, "p0i" is
cutside the clipping process. The same is applied to the
first expressions cf Expressions (107) to {(111}.
15 [0286]

[Mathematical formula 33]



25[ 0266] Further, an expression appearing after the first "and" of
Expression (79) for the strong filtering determnation of the RRWL. case is
different froman 84 expression appearing after the first "and" of
Expression (69) for the strong filterjng determnation in the HEVC schene.
That is, the expression "(Ip3i - pO k11 4+ g0 - q3il) < (p > 3))"
appearing after the first "and" of 5 Expression (69) is changed to the
expression "(1pli - pG << 11 + 1gG - g3il) < (p >> 3))" appearing after
the first "and" of Expression (79). [0267] As descri bed above in connection

W th the ROWP=g@selinl), SINGE HNA GeiErFonakl, en>eh) this goart s _

determ nation_ h t he %’& |tyqes *OJ 6(el % Iu<§ , Expression (49) for |inear

appr oxi mat i on"g Bmapme i P (B Y ‘sf@Jrq %ﬁahaﬁ?ﬁ gre usedi08That is, the

expression appearing after the first "and" of Expression (79) is generated

in such a n#nneli+EB6pthatyy (PRI it derBaprdssilondlappéartihg after the first

"and" of Expregghon 149% dol 180 Qxd bpteey-as and .,\p21 " IS approxi mted
o OB ay AT (Rt Sir oot Chargle and PG

as "2*pli ohfi guration'exanple an operation for 20

realizing the_ deterpi natj on proce ased on |ineay approximtion
will be despg'rrﬁ@%yﬁﬂrwm%ﬁeh@@w@+ﬂ9?§®.§>g5z to 24 aézz’?&th and seventh
enbodi nent s of Ctihe,dehe2kbhed +0-X)br; uni t. [0269]. 26#s described above,
in the present tecﬁml que, the inter-block boundary determination at the

usi g Bxpr ot oo i P g and Bkpressi on (67) for o
paddi ng. Thusf8ﬁpbbwmi( é"' +Eﬂn6@e@>ﬁ’ radded to a stfi@Wg filtering process
as a counterneasure to a case where the determ nation

p2; = p2i+C1ip _py)— o ((2¥02,~5%p2; +p1,+p0; +0, +4) >>3): i=0,7
= Clip (—pyy- gy {(2¥p3; +3%p2; +01,+p0,; +00; +4)>>3): cee (110)
02; = 02;+C1ip (pyy- oy ((p0; +00; +p1, =52, +2% 03, +4)>>3). =07
= Glip (- oy (00 +00; +p1;+3% 2, +2%03,+4)>>3); s (111

Here, a clipping value "pv" is any c¢ne of 1 time, 2
times, 3 times, 4 times, 5 times, 6 times, 7 times, and 8
times of the parameter tc. That is, pv = tg, 2*%te, 3*tc,

5. 4*tc, 5*tc, 6%te, T*te, 8*tc. Although the clipping
value "pv" is preferably 2 times of the parameter tc, the
clipping value may be any one of 1 time to 8 times of the
parameter. Moreover, the clipping value is not limited
to 1 time to B times as long as the same effects are

10 obtained.
[0287]

Moreover, "tc" changes with the quantization
parameter QP. Thus, the multiplication factor of the
clipping value applied to "tc" may also be increased

15 (that 1s, be changed with QP} as QP increases. The
parameter (the clipping value or the wvalue of a
multiplication factor of the clipping value applied to

"tc") applied to the clipping process may be set in



85 expression is erroneously ignored and the deblocking filtering process
is erroneously performed. [02701 [ Description of present technique

(dipping process in 5 strong filtering)] Next,

strong filt
strong filt

ering which is an eighth egbodinent will be described.
ering for lumnance signals in the R2RW2 case may al so

Expressions (80) to (84) in mhich a clipping process 10 is added.
[ Mat hemat i cal formula 281 pOOj =0,7 (80) g 00

=C1i >3 00 i = 0,
=C%:: ?8{332?3%%@4 %R‘?‘?’g ‘?%%dnﬁ $§$9 gt"’i‘?ﬁf) _0,7 (782) gl 0

=Cl i po_255(
=C i po- 255(
(84) [0271]

expression for p@qgaf@@rlélét@{agt}gm 4 nllég@fg@g&%ﬂeBQ)art;eétstrong

filtering,

qﬂihéﬁn¢&ﬂwﬂcé&ﬁpﬁhﬁ@@r&qhﬁqabéaiﬁ@zgx@éO)) =0,7 -
9é§+d i pewt ((pli-kciOi+qii+Pcai +2*(13; +4)>>3) q20))
%ﬁ%SS|on (80) for strong filtering is a 15 calculat

a clipping process of c) totc is applied’to a diff

a clipping process in

The
use
(81) pie
(83) g20
=0, 7

1 on

erence

bet ween ihevékﬁﬁixﬂﬁ éhei pixhé tﬁlqﬂﬁ frgapr cbasge ofith twge2585rbng Expr essi on

(56) and pO0g; {

anot her val

ue, e other val ue 3$ subjec

to 255. [0272]) of ExpreExpeess{miv)(&b) (fop) stsongddd ewkag is a
cal cul ation eéfre55|on for qO0 after filtering. In

10

15

20

25

30

ined through an experiment.
{02893

AT _HE, RA_HE, LB HE, and LP_HE indicate conditions
of this experiment. AI HE indicates that the experiment
was performed in ALL INTRA High Efficiency mode. RA HE
indicates that the experiment was performed in Randem
Access High Efficiency meode. LB HE indicates that the
experiment was performed in Low Delay B High Efficiency
mode. LP_HE indicates that the experiment was performed
in Low Delay P High Efficiency mode.

[0280]

"22, 27, 32, and 37" appearing under Al HE, RA HE,
LB_HE, and LP HFE are values of the quantization
parameters used in the experiment. Moreover, Class A to
Class F indicate the type of test sequence used in the
experiment.

[0281]

As illustrated in Fig. 20, a pixel value that
changes with the strong filtering of luminance signals in
the HEVC scheme (HM-5.0) (that is, a pixel value that
changes with the strong filtering when the clipping
process 1s not present) changes greatly by 100 or mere in
some cases.

[0292]

2 O0ALE S8 ues, e sllel 5 20 atded o p0R Lo obtal

process of O



25 Expression (81) for strong filtering, a clipping process of (-tc) to tc
is applied to a difference between the expression in the clipping process
of 0 to 255 in 86 Expression (57) and q00 to obtain a value, the value is
added to g00 to obtain another value, and the other value is subjected to a
clipping process of 0 to 255. [0273] SExpression (82) for strong filtering
is a calculation expression for plc after filtering. In Expression (82) for
strong filtering, a clipping process of (-tc) totc is applied to a

di fference between the expression in the clipping process of 0 to 255 in 10
Expression (58) artpidree ebtaipponyalrdesstshes vabpie 45 tadded to plo to

obt ai n anot her val ye, and the other value is_subjected to_a clipping

process of GYE87355 L GI74] CExpPRERFHT 89 af8r Y% fPEferihg is a 15

cal cul ation;expsesstQn F0riglOzaf tef fd Id8kipge LH RYPIRSSI @n(83) for
strong filtering, a clipping process of (-tc) to tc is applied to a
di fference betweence I expiesston ¢h thse deLeppingt processest 6ntio 255 in

Expr essi on 9 gﬂﬂ oht-aj val e value is 20 added to ql0 to
obt ai n a%ot gr lI\ﬁl/a el, aﬁ%gfhgkojfﬁ%?d%%ru%ghﬁéggab ec(%:l?ee%lS ta(z)s énﬁg i%f’)i ng

process of Botei2bb. [0275] ' Expression (84) for strong filtering is
a calculation_expression for 20 after filtering. In 25 Expression (84) for
strong filtép?ﬁﬁ, a clipping process of (-tc) totc is applied to a

di fference between, the exprgssi o #4k t he clhpRi hg P ocess k0 to 255 in
Expression (60) and g20 to obtain a value, the value is addeg to q20 to

obt ai n anot Keraval ueotard b hekobplerdazatluéngdcprsed uby ectsed idolanel i ppi ng
processl@f 91&90@35?ik£§1@kking precess i1s neot to be performed, if
the deblocking process is performed according to the
technigque of Non-Patent Document 2, the pixel values are
changed greatly as indicated by dot lines,
[0294]

15 For example, as indicated by solid line, before the
deblocking process 1s performed, the values of the pixels
pZ2:, pli, and p0: are 255, the wvalues of the pixels glj,
gl;, and g2; are 0, and the difference D between the
values of the pixels pl; and g0; is 255.

20 [0295]

In contrast, as indicated by dot line, after the
deblocking process is performed, the value of the pixel
p2y is 223, the value of the pixel pl: is 191, and the
value of the pixel p0; is 159. Thus, the pixel values of

25 the pixels p2;, pl:, and p0; are changed greatly.
Moreover, after the deblocking process is performed, the
value of the pixel gC; is 96, the value of the pixel gil:
is 64, and the value of the pixel g2; is 32. Thus, the
pixel values of the pixels gC;, gl;, and g2; are changed

30 greatly.

[029¢]



87 By doing so, it is possible to suppress excessive application of
the filtering process. [0277] Here, Matthias Narroschke, Tonas Wedi, Sem h
5 Esenlik, "Results for nodified decisions for debl ocking," JCTVC G590,
Joint Col | aborative Team on Video Coding (JOI-VC) of ITUT SGL6 WP3 and

| SO’ | EC JTC1/ SC29/ WG11 7th Meeting, G&feva, CH, 21-30 Novenber, 2011
(hereinafter referred to as Non-Patent Docunent 2) is proposed. 10[0278]

I n Non-Patent Docunent 2, it is described that a strong/weak filtering
determ nation process is performed in respective block units. However, in
t he determ nati onlproess @aseri bedis NeanPatéhteDocument 2, when 15

determ nati ] 4.S C e ck unit .to.which the line
bel ongs areggp?gggents '10% egéngpil vé% é%qge $£$ %r|r1Cl%§P&89ernlned for
t he currentpkbnesmh@feasxﬁﬁmhegciiﬁpxﬁgrvalus detemn1§M§bﬁﬂmrmadblock t hat

i ncludes th article information is applied to the 20 current line),

an excessiv OF?Ffering process is applied. [0279] Mor eover, in the

Non- Pat ent Documery 2nt$=R€e Lbheisirang/ieakpbiktering geter ri,pat i on
process is perfornmed in units of four lines, a nismatch occurs between the

25 deternlnéﬁbéﬁc%ﬁﬁﬂtﬂﬁ@cﬁﬁﬁtéﬁlR@rpWU@%gsthﬁsV@hﬂ%&&ﬁ%ﬁéﬁb@lKhésnlsnatch

weak filteri e I u |s n essa Yo L0 determ ne strong
filtering ahggstrong § q?@r?ﬁ% %EQd ernlne ?%od%ﬁzﬁ?g)s ﬁecessary to

det ermi ne weak, fqll;t esnagz2:30F62805. |Hh$b¥0ﬂ@ef¢ﬂdn§é ng ehel pikdsrance signals
in the 88 H C sche (HM 5.0 ressions (85 89) bel ow are
enpl oyed. then®t’t cal 5F8Pﬁﬁ%59%9¥ FBIc( 6§+é©5%}q%apCl+2*q0|+q1+4)>>3
gOi (pI1¢2*@6ngTqO|+2*(11|+4+4)>>3 pl i (3*p i +g0i +2)>>2; qli
=(p0i - EQO; +qli +q2i +2) >>2; q2; =(p0i - Fqo; +q1|+3*q2|+2*q3 +4) >>3;
A conflguratlon example and an cperation of the
clipping process in the strong filtering will be
described with reference to Figs. 25 to 27 described
later as an eighth embodiment of the deblocking filtering
15 unit.
[0289]
[13. Sixth embcdiment of deblocking filtering unit]
[Configuratiocn example of deblocking filtering unit]
Fig. 22 illustrates the configuration cof the sixth
20 embodiment of the deblocking filtering unit. The
debleocking filtering unit 24 is configured to include an
image memory 71, a block boundary determining unit 72-1,
a filter strength determining unit 73-1, a filter
operatiocn unit 74-1, a selector 75, a coefficient memory
25 76, and a filter contrecller 77. The deblocking filtering
unit 24 is configured to further include a line
boundary/blcck boundary determining unit 72-2, a line
boundary filter strength determining unit 73-2, and a
line boundary filter operation unit 74-2.

30 [0300]

The image memory 71 is a unit that corresponds tc



5[ 0281] In the present technique, in order to elimnate a msmatch
of the determ nation process and an i nconpl eteness in the determ nation
process, the clipping process indicated in Expressions (90) to (94) below.
In 10 Expression (90), since a clippi ng process is to be performed on a
partial A-value that changes with the®Pilteri ng process, pO( is outside the
clipping process. The same is applied to Expressions (91) to (94).

[ Mat hematical formula 30] pQ =p0i +G pi, 9414A+2*pl i - VpOH- 2* (10i 4i +4) >>3
i=0,7 -.(90) 0=clth+ChRi vXI APL+2*pQ - 6*4+2*(1L+q2, +4)>>Th i =0/ -(90
p|i:pli+chV6§§pi?Qad?@%R§V'§ﬁ}i96, igi ¢ and 1s configured as a line

=qli +CHN. 1, )e OrkQ- 32 [ >32) | :€,7-9 2_= ;
+(c]:| ivp,, prgn( %E%Eqm +g|§fn£%éN2Iﬁ%§t$§)3 24) EEI% ;Jl’mazoi()% %i)a-tg( 5.3538%5&1 _ Her e,
a clipping ¥abuethpddes Ry dfee dinatet mampr T mdSBtherr?ﬁagél_ tines, : 5
times, 6 ti 7,11 ~.and 8 times aof the paranmeter tc. That is, pv tc,
2*tc, 3*tc, ggi?c?t%g{%sth@;%? F*¢ SURPYES APPhotigh 1HECIOR0E fi§ 20 val ue
"pv" is pretreabl yck ddumeiarof aé hermatianetentt o2-1 hecrd ifpicag val ue may be
any one of 1 tinme to 8 tines of the _}oararreter. Moreover, the clipping value
i s not |ini FEECEPEL 9HRETEBIBYIt eSS % 4 0Rgdashe hel Kare opklrestisnare 89

obt ai ned. [0282]7 My e0MELsovd 0" ﬁ@aagga%wfg%ﬁo&e;1%%;4%29%Oﬂnagga% ameter &

Thus, the nultiplication factor of t I ppl ng value applie "tc" may
al so be i ncfebsedtogchaiheirsinbene hargdd ewi theQR}adisin@< nareases. The

Fﬁ;agF?SLigéggaf%%gg%%%Fé%bgglgéktgg%ﬁggr%edggegm{%qgélﬁﬂi%aghgg,faCtor of
10 the line boundary filter strength determining unit 73-2,
and the line boundary filter operation unit 74-2.
[0301]
At positions other than the line boundary, the
image data is not stored in the image memory 71, but
15 there may be case where the image data supplied from the
adder 23 is supplied to the respective units and
processed. However, in the example of Fig. 22, for the
sake of convenience, it is described that the image data
having passed through the image memory 71 is processed.
20 f0302]

The block boundary determining unit 72-1 performs
inter-blcock boundary determination under-the control of
the contreller 77, That is, the block boundary
determining unit 72-1 performs the inter-block boundary

25 determination process for each block using the image data
read from the image memory 71 and detects an inter-block
boundary in which the filtering process is performed.

The block boundary determining unit 72-1 outputs the
detection results to the filter strength determining unit

30 T73~1.

[0303]



"tc") applied to the clipping process may be set in 10 advance and nmay be
added to an encoded stream and transm ssion term nator to a decodi ng si de.
[ 0283] Expressions (90) to (94) described above may be nodi fied so
that the clipping process is perfolLlued as in 15Expressions (95) to (99)
bel ow. [Mathematical fornula 31] p 036 = dip o0-255( pO

+Cip(l),). (p4(p2, +2*pl)-6*p0)+ 2NOO-q | i+4 )>>3)); (10;

=Cl i po_255(q0H-C i pepxpo((pli+rp0, -6NG +2*cili+ci 2i +4)>>3)); ph = diP
0-255(P | +Cip(-Fxp ((-p +2) >>2) I d | p 0_255(ql

) +GI T p(*(p, APOFS 0% 544197 iperanpsSayyamiine G 75

0, 255( 921 +Qd:pe0heLPYLL (PO 4001k hnSNRI E2NA Rz aggcrmg@zu Here,
Expressions (85) to for the strong 20 filtering of lum nance signals
of the HEV@asu*IWn@HM Ehé.))ccaTtQOéxpfeslsemrsntfmlJﬁrr dﬁig finatteriisng of

| um nance si.gn at a_line bo ndar That _is HEVC schene (HM5.0),
the strong ﬁ‘}% aflé‘itﬁé GEFTR é%éceerglxnha?smlust ac lr]‘al eXpressed by

Expr essizonsyHskOR)r tae( i@ﬁﬁezbﬁ{gowroaé[sb/a&hemei garbemayl an 32] 90

strong filtering mode or a weak filtering mode for each

e, b
Fy

line using the image data of two blocks with an inter-
block boundary interposed, supplied from the image memory
71 and outputs the determination results tc the filter

10 operation unit 74-1. |
[0304]

The filter operation unit 74-1 performs a filtering
operation with the filter strength determined by the
filter strength determining unit 73-1 for each line under

15 the control of the controller 77 using the image data
stored in the image memory 71 and the filter coefficients
read from the coefficient memory 76. The filter
operaticn unit 74-1 outputs the image data having been
subjected to the filtering process to the selector 75,

20 [0305]

When the boundary is an inter-LCU line boundary,
the line boundary/block boundary determining unit 72-2
performs inter-block boundary determination under the
control of the controller 77. That is, the line

25 Dboundary/block boundary determining unit 72-2 performs
the inter-~block beoundary determination process for each
block using the image data read from the image memcry 71
and detects an inter-block boundary in which the
filtering process is perfcrmed. The line boundary/block

30 boundary determining unit 72-2 outputs the detection

results to the line boundary filter strength determining



In the present technique, in order to elimnate a msmatch of the
determ nation process and an 5 i nconpl eteness of the determ nation process,
a clipping process may be applied to the strong filtering for |um nance
signals as indicated in Expressions (106) to (111) so as to correspond to
Expressions (100) to (105). In the fif5t expression of Expression (106),
simlarly to 10 Expressions (90) to (94) described above, since a clipping
process is to be perforned on the partial A-value that changes with the
filtering process, "pOi" is outside the clipping process. The sane is
applied to ¥RELf{+- expressions of Expressions (107) to (111). 15[0286]

[ Mat hemat i caf @ fmula 33] 91 p01 = pOL+Q i pFpvHpo((p2i +2*pl

i -6*p0i +2*q gl+q1|+4)"3) =0, 7 =0 iP(-po-(pv) ((P2i-E2*pl
i+2*p01+2*q01+q1m%¢p>r3¢ bouﬁﬂﬁﬁw G8lar GOt«CHLAPRpcned HO(hpkrY,

i +2*p0i - >3 i =0, 7.=Cl L ,

| P( Bv) (0( |21+Jg’@q %‘F }ifﬁ+&§f$ﬁ?t§)geter(ﬁjdl71)ngpffflt pE-% +01

i pEpo_ O!D((ﬁé&eﬁhl%bsltB@lfﬂDtéﬁ)1%%mbtﬁ On @he-éﬂoﬁdﬂﬁeﬁgxﬁﬁgé(pZI+p1

i - EpOi +q0i +2) >>2);. ql1 = gl i+Cl iqgFp, Hpo((pO; +qOi-3*qgl j+q2i +2)>>2);i =

0, 7 =C i g(™p¥HHp @é@aotlnawq:eﬂ_naﬂqza +2)‘162§®1(111091)16ptzﬂ7— That is,

2i +A i pF * +4) >>
:OpleeroI Epg?%%(lé%eg%wgd +?%lp€ +215 |r$ %;};3 g,QI?J’fféj)g U%itq 2 +al

i p((qu+q0;d¢ﬁ§;ﬁ§h$3|Wﬁéde&4ﬁh€X§nlte;16g7pEﬁﬂesi]dﬂﬂle@
((pQ +q0i +qg'eir+§grqnze[d+2*q3 +€2c>>;“?g3)f;ilt69}%%1 mode or a weak filtering
10 'mode for each line using the image data of two blocks-
adjacent with an inter-block boundary interposed,
supplied from the image memory 71 and ocutputs the
determination results to the line boundary filter.
operation unit 74-2.
15 [0307]

The line boundary filter operation unit 74-2
performs the filtering operation with the filter strength
determined by the line boundary filter strength
determining unit 73-2 for each line under the control of

20 the controller 77 using the image data stored in the
image memory 71 and the filter coefficients read from the
coefficient memory 76. The line boundary filter
operation unit 74-2 outputs the image data having been
subjected to the filtering process to the selector 75.

25 [0308]

The selector 75 selects any one of the image data
from the filter operation unit 74-1 and the image data
from the line boundary filter operation unit 74-2 under
the control of the controller 77 and cutputs the selected

30 image data to the frame memory 25.

[0309]



Here, a clipping value "pv" is any one of 1 time, 2 tines, 3 tines, 4
tinmes, 5 tines, 6 tines, 7 tines, and 8 tines of the paraneter tc. That is,
pv = tc, 2*tc, 3*tc, 54*tc, 5*tc, 6*tc, 7*tc, 8*tc. Although the clipping
value "pv" is preferably 2 tinmes of te paranmeter tc, the clipping val ue
may be any one of 1 time to 8 times of the paraneter. Mreover, the
clipping value is not limted to 1 tine to 8 tines as |long as the sane
effects are 10 obtained. [0287] Mreover, "tc" changes with the

quantization par aiRt efo&P; - Thus e Mkt i plicatian factor of the clipping
value applied to "tc" may al so be inCreased 15(that Is, be changed with QP)

as QP increasesiicimtgananet or (thHee fdlicpping wedwetiom tiietiral ue of a

mul tiplicat]j factar .of _the clipping val.ue applied to "tc" lied to the
cli pp!ong pr%‘%&s%c Ay B‘Céﬁg‘%f“il% P eggVa?l% 3 acﬁj??%lrﬁéﬁlﬁﬁtaﬂ%f%%g% ng encoded
stream and t¢asmMIgSifontber BbORE 07 ch@ sas 8604 g 15160 ank0266}1 Fig. 20 is a
diagramillustrating the largest 5 values of the pixel values that change
with the stFohgsad ?férlrﬂﬁﬁ ePFUifilsancetsi ghal 511 7R IWPeRBEVE B cliele ( HM 5. 0)

f Ex i (10 0 ¢ fesgri o) t Al t hpough an
gxper?%ﬁﬁf{@?gé89] %gkli%é?ag%;HE,ngﬁgE?PaﬁéFﬁﬁgﬁﬁ? %ﬁgch%eybonditions of

this experi h®ht0] Al _HE indicates that the experinment was perfornmed in ALL

| NTRA Hi gh Efficienc de.. RARE indicates_that the experipent was
perforned in Ran&%ﬁlﬁﬁgEEOl J@ﬁEEFPPEF8 Ty o e SRS THES| W tat¥s that the

S
the deblocking filtering unit 24. For example, the

10 contrecller 77 controls the image memory 71 so as to store
image data corresponding to a predetermined number of
lines on the lower side in the block and reads the image
data stored in the image memcry 71. The controller 77 is
configured to include an intra-LCU line determining unit

15 77a.

{0311}

The intra~LCU line determining unit 77A determines
whether a boundary is an inter-LCU line boundary in
respective block units in which the process is

. 20 sequentially performed in a raster scan direction, and
supplies the determination results to the block boundary
determining unit 72-1, the filter strength determining
unit 73-1, and the filter operation unit 74-1 so that the
units perform the process when the boundary is not the

25 line boundary. Moreover, the intra-LCU line determining
unit 77A zalso supplies the determination results to the
line boundary/block boundary determining unit 72-2, the
line boundary filter strength determining unit 73~2, and
the line boundary filter operation unit 74-2 so that the

30 units perform the process when the boundary is the line

boundary. Further, the intra-LCU line determining unit



15 experinment was performed in Low Delay B H gh Efficiency node. LP HE

i ndi cates that the experinent was perforned in Low Delay P H gh Efficiency
node. [0290] "22, 27, 32, and 37" appearing under Al _HE, RA HE, 20 LB HE,
and LP_HE are values of the quantization paraneters used in the experinent.
Moreover, Class Ato Cass F indicatesthe type of test sequence used in the
experinment. [0291] 25As illustrated in Fig. 20, a pixel value that changes
with the strong filtering of |um nance signals in the HEVC schenme (HW 5. 0)
(that is, a pixel value that changes with the strong filtering when the

cl i pping proressudms ket thEeseRtnGhanges -gseatd yr b rk0Q0E-ABF €74 N 30sone
cases. [0292] 93 Therefore, a clipping process is applied to the
strong filt&fimgofcieuithanter sl yridlectpuehe olntdds dags ifrPustrated in Fig.

21, it s possibleda suppiess e datbuence pl-a Blgmaieh of the

determ nati on process 5 an iI'nconpl eteness of the determ nation process
as nuch as possiddyeis[ 0283]ine boundaryt bed exahpttes atheFiigag2ldawhen there i s

an edge (that is .not..a_block boundary). indicated by a solid |ipe, 10
althougﬁ£a gﬁ%ﬁ(ﬁﬂﬁ Ed§5?50%%%r?29?ﬂn$%ﬁ5 Bg"gewa?ﬂrﬁ§i PREEREY dbbl ocki ng
process is peffioidradnacgendisng, 1o the techni que of Non-Patent Docunment 2,

t he pixel values are changed greatly as indicated by dot |ines. [0294]
For exanpl el%&s*]i ndicated by solid line, before the debl ocking process is

perof o0, Lhe eless ol Do 3 B L < FLD, ARgEES, D, values o
of the pixets @ tendegBigise@55; advance to perform the RIW2
10 process, for example, and may be configured sc as to be
able to control the filter processing range and the
filtering operation range similarly to the example of Fig.
9.
[0313]
15 [Cperation of debleocking filtering unit]

Next, the deblocking process of the deblocking
filtering unit 24 of Fig. 22 will be described with
reference to the flowchart of Fig. 23. In the example of
Fig. 23, a case where the R2W2 process is performed will

20 Dbe described.
[0314]

In step S91, the intra-LCU line determining unit
77A determines whether & filter applied is a vertical
filter of a LCU boundary in respective bleck units in

25 which the prccess is sequentially performed in a raster
scan direction. That is, in step 891, it is determined
whether a boundary is an inter-LCU line boundary and the
filter applied 1s & vertical filter,

{0315]
30 When it is determined in step 8%1 that the filter

applied is a vertical filter of a LCU boundary, the flow



20[ 0295] In contrast, as indicated by dot line, after the

debl ocki ng process is perforned, the value of the pixel p2, is 223, the

val ue of the pixel pl, is 191, and the value of the pixel p0O, is 159. Thus,
t he pi xel val ues. of 25 the pixels p2é§Ph, and p0" are changed greatly.

Mor eover, after the debl ocking proce Gs perfornmed, the value of the pixel
g0, is 96, the value of the pixel gl, is 64, and the value of the pixel g2,
is 32. Thus, the pixel values of the pixels 0" gll, and g2, are changed
30greatly. [0296] 94 In such a case, in the strong filtering of

Expr essi onsPT38839t & £12P #eScrilPedtaBo¥e2, &hd ilppeng process of which the

cl i ppi ng vaw@naérmlioakpssamw-de[t%%%lhiﬁgg%lggg%%%t Peﬁok dicated by

bold Iine, after t'he debl ocki ng process iIs he val les of the

pi xel s p2i,iptér-Amtkpbouader 45t camd nishieécuabiies lafne heupbixels q0,, ql" and
g2, are 255. Thus, the change_in the pix % es can be suppressed as nuch
as possibl e’ %fdgﬁﬁfon%rOP °f A orfF 5P§h?6ﬁ%£x rEnfoancdper at i on of
the cli @i ngs piocessri-nctrhe: sd g dairht.ering will be described with
reference to Figs. 25 to 27 described |ater as an ei ghth enbodi nent of the
debl ocking f$¥t&king 15unit. [0299] [13. Sixth embodi nent of debl ocking

filtering unit] h@%@fEgyréﬁéQﬁuﬁ%%QR&EaQQ/gﬁﬁhggﬂh%%agg'tering unit] Fig.
22 illustrates the configuration of the 31Xt enbodi ment of the
debl ocki ng #¢temrimgguphit The2 deblfockisnghéi Ltesi-ng ki bo24disy conf i gur ed
to include gn.lmpge TBICLY, Jds, &bl ook, boyndary, determining unit 72-1,
10 Expression (70} described above using the image data read
from the image memory 71 and detects an inter-block
boundary in which the filtering process is performed.
The line boundary/bleock boundary determining unit 72-2
cutputs the detection results to the line boundary filter
15 strength determining unit 73-2.
[0317]
In step 583, the line boundary filter strencth
determining unit 73-2 determines the filter strength of
the line bcocundary as described above under the control of
20 the controller 77 when the boundary is the inter-ILCU line
boundary.
[0318]
That i1s, the line boundary filter strength
determining unit 73-2 determines whether the filtering
25 process will be performed in a strong filtering mode or a
weak filtering mode using the image data of two blocks
adjacent with the inter-~block boundary, supplied from the
image memory 71. A strong filtering mode is determined
according to Expressicn (71} described above. Moreover,

30 a weak filtering mode is determined according to the

first terms of Expressions (64} tc (66) described above.



a filter strength determning unit 73-1, a filter operation unit 74-1, a
sel ector 75, a coefficient nenory 25 76, and a filter controller 77. The
debl ocking filtering unit 24 is configured to further include a line
boundary/ bl ock boundary determining unit 72-2, a |line boundary filter
strength determning unit 73-2, and a4l ne boundary filter operation unit
74-2. 30[0300] The image nenory 71 is a unit that corresponds to 95 the
line menory 241 of Fig. 9 and is configured as a |line nenory. The i mage
menory 71 stores inmage data supplied fromthe adder 23. The inage nenory 71
reads the ihageltht @3T6esd Fhet®i b tavdedtipprresnihed ¢éadti rdge data to 5

the block boyngary (ft elmLDhNg Ul Laubes! BE LRl TSI SloeRaLE, det erm ni ng

unit 73-1, and the filter operation unit reover, the fnage nenory
71 reads théilpagecrataa ishonaedttheraei n and supplies the read i mage data to
the Iine boTpgf§g/block boundary determ ning unit 72-2, 10 the |line
boundary filter strength determning unit 73-2, and the |ine boundary

filter aperation unidtefdsde, [0301]irA cREsEEEGNS] DEdercdehanithe |ine
boundary, the,inage data is not stored in the inage menmory 71, but 15 there
may be caselher &5 th@SIrRges dat & Siiipiide@TPESRT t e Woddrin23 is supplied to

the respect ,¥g-si} Suffad RhACESSEfb) HMENR! oo LS. EXAIP engl ELQ. 22, for

t he sake of convenience, it is described that the I mage dat avi hg passed
t hr ough t hetheabensrdmorya?y FsliprocessediocB00802]4-2 perfofhe bl ock

boundary determning unit 72-1 rfqrms .inter-plock boundary determ nation
under the c%ﬁ%?% * %ﬁ%&aééﬁ?r%fﬁbﬁgﬁgﬁﬁ+ﬁﬁf i feQQEPlHQSEKm%Bﬁﬁdary
det er m 10 ngbunite 72k peuhasAp £ivedmtercbbeskabosmdaling29ndet egai nation

process for_each bl ock using the inmage data read fromthe image nmenory 71
and det ect sZ aRSiHi e hHEERbBUFRIATIL G Whi ERSt Head¢ Mgty 7pr ee@ss i s

performed. The bipck %@@@%yﬁﬁgtgﬂ g, uﬂgt%zgféi&%ﬁa%émgpﬁ det ecti on

results to the filter strengt eterm ning un
76,

[0320]

15 In the case of the strong filtering, the filtering
operation is performed according to Expressions (56) to
{60) described above. Moreover, in the case of the weak
filtering, the filtering operation is performed according
to the second and third terms of Expressions {64) to (66)

20 described above., The line boundary filter operation unit
74~-2 cutputs the image data having been subjected to the
filtering process to the selector 75.
[0321]

In step S95, the intra-LCU line determining unit

25 77A determines whether a current line is the last eighth
line of the LCU. When it is determined in step 895 that
the current line is not the last eighth line of the LCU,
the flow returns toc step S93 and the subsequent processes
are repeated.

30 [0322]

Moreover, when it is determined in step 395 that



3073-1. [0303] 96 The filter strength determ ning unit 73-1 determ nes the
filter strength in the above-descri bed manner under the control of the
controller 77. That is, the filter strength determning unit 73-1
determnes 5 whether the filtering process will be perfornmed in a strong
filtering node or a weak filtering mode€ for each line using the image data
of two blocks with an inter-block boundary interposed, supplied fromthe

i mge nmenory 71 and outputs the determination results to the filter 10
operation unit 74-1. [0304] The filter operation unit 74-1 perforns a
filtering opefatireny tinehesfilte desdt eénhth Hererod ndd BEUL hendilter

strength de 1.0 it 73:-1 for..each |line under 15 the control of the
P S ST

controller image stored in the imge nenory 71 and the
filter coeffégt®nts read fromthe coefficient menory 76. The filter
operation unit 74-1 utpugs the | mage data_ havi ng been subjected to the
filtering processt G EhE 8eF @6 F5er20f 035 eterninedphEnSt®e boundary is

an inters LQtb1inevdbagdany ot hgdiing haundar yiblack haundasy, determ ni ng

unit 72-2 perforns inter-block boundary determ nation under the control of
the control Fe? T brhvadary, the fliove p25chedadar y? tdrodéshouhdarterdet er mi ni ng

unit 72-2 p or t N - bl ock, boundary determnation_process for each
bl ock usingg% b1?%%§g%ﬁgi%8§%ééf%lqggffﬁénrﬁ%g%nﬁ%g%$§'?frgﬁﬁm%etects an
i nt er - bl ockitoundarack powhishy tde frinlitaring prhecessd scperborsed. The line
boundary/ bl ock 30 boundary_determ ning unit 72-2 outputs the detection
results to tHe ??9ﬁ¥Q£%§ﬁd§?y filter strength determining 97 unit 73-2.

10 [0324]

That is, the block boundary determining unit 72-1
performs the inter-block boundary determination process
for each bkleck according to Expression (68) described
above using the image data read from the image memory 71

15 and detects an inter-block boundary in which the
filtering process is performed. The block boundary
determining unit 72-1 outputs the detection results to
the filter strength determining unit 73-1.

[0225]

20 In step S8%7, the filter strength determining unit
73-1 determines the filter strength in the above-
described manner under the contrel of the controller 77.
That is, the filter strength determining unit 73-1
determines whether the filtering process will ke performs

25 in a strong filtering mode or a weak filtering mode for
each line using the image data of two blocks adjacent
with the inter-block boundary interposed, supplied from
the image memory 71. A strong filtering mods is
determined according to Expression {(69) described above.

30 A weak filtering mode is determined according to the

first terms of Expressions (61) to (63) described above.



[ 0306] When the boundary is an inter-LCU |ine boundary, the line
boundary filter strength determning unit 73-2 5 determnes the filter
strength in the above-descri bed nmanner under the control of the controller
77. That is, the line boundary filter, strength determning unit 73-2
determ nes whether the filtering proé@ s wll be performed in a strong
filtering node or a weak filtering 10 node for each line using the inage
data of two bl ocks adjacent with an inter-block boundary interposed,
supplied frﬁn1t$e i mge nmenory 71 and outputs the determnation results to
the |ine bothda &L??i%@FEBBEPa???ﬁFWhHLPQ7HDQF 187 b30gputs the  The |ine
boundary fikées-operaldnoneynits s 2perfiorss the-{iid4ering gpefation with
the filter strength determ ned by the line boundary filter strength
det erni ni nglé#i &l 73-2 for each line under the control of 20 the controller
77 using the im red jin.the. i e mory .71 _and the filter
coefficients reagﬁnf%g&e t%%gbdgy%ﬁ%ﬁg%f %ﬁ%%?gyﬁ%ﬁy e7%r e boundary filter
operati on upétidn :oultiputsitheciermge odata bayimp deedbundarysubj ected to
t he filterin% %go%gss to the sel ector 75, 25[0308% o The sel ector 75
sel ects any"BHe 0f'% RETRAGeCHat s fP8HTPheSFi T {er T8pEr 4%i omdunit 74-1 and
the inmege datedr opetae:bhngnboundar yoti-hter operatiaupit 74-2 under the
control of the controller 77 and outputs the selected 307i rage data to the
frame menor§PEHLYQ@3EALh 98 Thiel teuefftireheht demmmyingd styorks filter
coefficients; s f, : ' ing opetation of the dehlocking filtering
process. ThEL%§§$ffbfg Fﬁné%%ééﬁﬁﬁ§% e§ %Lthg }i%?EHBaE%E%%PEi%ﬁ I stored
t her ei nL@andtisaipgpldges dathhetoead ifd Ither ineeé fhehent 71t @ntihenki | ter operation
unit 74-1 aggpghe Ii&g,boundar filter operation unit 74-2. [0310]
The control SF7 OGSt et F6s FECT VB uRPR ST st attem@BRFBCcké ng filtering
unit 24. Foroxxanple, the 10 controller 77 controls the inmge nmenory 71 so
as to store image data corresponding to a predeterm ned nunber of |ines on
the | ower side i ANt KEebfaek @ndheecadsonhel i heayeirgat ahst 6f bdeting he i nage
gg[rg:: %’1 Z}ng%%%q%é;gkl 8£r1¥grﬂ1esd Ca%%kg%gdzé OE}'ipanés%q_%n%n (EE} rtao LCU Tine

15 (55) described above. Moreover, in the case of the weak

filtering, the filtering operation is performed according
to the second and third terms of Expressions {61) to (63)
described above. The filter operation unit 74-1 outputs
the image data having been subjected to the filtering

20 process tec the selector 75.
[0328]

In step 5%9, the intra-LCU line determining unit
77A determines whether a current line is the last eighth
line of the LCU. When it is determined in step 599 that

25> the current line is not the last eighth line of the LCU,
the flow returns to step 597 and the subsequent processes
are repeatedly performed.
[0329]
Moreover, when it is determined in step $9% that
30 the current line is the last eighth line of the 1LCU, the

flow proceeds to step S100.



[ 0311] The intra-LCU line determning unit 77A determ nes whether a
boundary is an inter-LCU |ine boundary in respective block units in which
the process is 20 sequentially perforned in a raster scan direction, and
supplies the determi nation results to the bl ock boundary determ ning unit
72-1, the filter strength determiningodnit 73-1, and the filter operation
unit 74-1 so that the units performthe process when the boundary is not
the 25 line boundary. Mreover, the intra-LCU |line determning unit 77A

al so supplies the determ nation results to the |ine boundary/bl ock boundary
determ ni ng{0BE6] 72-2, the |line boundary filter strength determ ning unit

73-2, and the line boundarﬁ filter operation unit 74-2 so that the 30 units
performthe proceSs SkenStHE: bbthddryarsCPhelts mée Bourddary. Wbt her, the

intra-LCU | hng @etermidangnupit: 9% 474suppbigs: § hg deternipation results
to the selector 75 so that the selector 75 selects the inage data fromthe

| i ne boundafy th¢ tierdsperEtdorisuniih 34ep SiEh tile ibodadaryinai t he |ine
boundary- an ects the inmage data .5 fromthe filter erafion unit 74-1
5 thgief{é%e %PuFﬁgg .15 lln& 8oun?6§&2?% ané@%efhéiﬂ%%locking

when the boundary is no i e boundary.
filtering ubhtt2« dddedst.rated in Fig. 22 may be configured in advance to
performthe RZW2 10 process, for exanple, and nay be configured so as to be

able to contPoflkne filter processing range and the filtering operation

range simlarly tgdheexanple.,9fi 019+ L9034 rati f debl ocki ng
filtering unit] Next , thejéébl88kf%ggpr%%%§§k§$%?%ebg%g?ocking

filtering uh$tti™ gfstFbgoc2ofi the Haadescthbedeni ddkiref erenessto t he

flowmchart o 0. .23. ln the, exanple . of Fig. ~sa.case_where the RRW2
pr ocesglqs %ré(? or r@égnwlFllSZGj eerglggg?iijb%d?&{%%%f]o cha? “he?ﬁ”scicé(p S91, the
intra-LCU | inengletierenilpisngbUstt 7 Ardeti gk e peshavhetdierreaui-hktes applied is

a vertical filter _of a LOU boundary in respective block units in 25 which
the processSTSP stueFally PeriTiEd PACESF %t AT S CAPear-rELYi on. That i s,

in step S9lyciioimadeterningdivhetar anbopndary ds.an inter-LCU Iine
boundary and the filter applied is a vertical filter. f0315]
[0332]

15 In the example of Fig., 22, the intra-LCU line
determining unit 772 selects whether the coefficients
used for the case other than the line boundary in the
filter operation unit 74~1 or the coefficients for the
case 0f the line boundary in the line bcundary filter

20 operation unit 74-2 will be used. 1In this manner, the
filtering process at the line boundary and the filtering
process at the pesitions other than the line boundary are
switched,

[0333]

25 In contrast, only one type of coefficients may be
used and the address of the pixel to be read may be
controlled so that the filtering process at the line
boundary and the filtering process at the positions other
than the line boundary are switched.

30 [0334]

For example, calculation of P00y in the RZ2W2-based



30When it is determined in step S91 that the filter applied is a vertical
filter of a LOU boundary, the flow 100 proceeds to step S92. In step S92,
the |ine boundary/bl ock boundary determ ning unit 72-2 perforns inter-block
boundary determ nation of a line boquﬁry under the control of the
controller 77 when the boundary 5 is inter-LCU line boundary. [0316]

That is, the line boundary/bl ock boundary determ ning unit 72-2 perforns
the inter-block boundary determ nation process for each bl ock according to
10 Expressiogr%ég), scri bed, b§¥e using. the image data read fromthe i mage
nmemory 71 ah CANTE nfEr Bl AR S660REAr §° | # viHiEPehe 0 I teri ng

process is pesforame. (Tbe Ebnehoundany/ @k@ﬁ&ﬁ%'}dﬁrtlﬁedgh%m ning unit

72-2 outputs the detection results to the 1 ne boundary filter 15 strength
det er ni ni ngS&RR®e73-2. [0317] In step S93, the |ine boundary filter

strength determni ni - termnes. t filter, strength of the line
boundary as desc?%ggéﬂag%%%éh g% tﬁg£2§ﬁ¥ro‘u%fjfb e Eg%??élfer 77 when
t he bourkdard*4¢®; .t'he inter-LCU | i ne boundary. [0318] That is, the line
boundary fi{5§§5ftrength determning unit 73-2 determ nes whether the
filtering

On the cther hand, in Expression (56} for the
strong filtering of the HEVC scheme,
a term relating to "p(block BRKu}" is "4%P1; + gls."
10 [0336]
Here, 4*Pl; + q0: = g0; + 2*P1; + 2*P1,.
[0337]
That is, the term relating to "p" in Expression
(30} and the term relating to "p" in Expression (56} also
15 use coefficients 1, 2, and 2 in that ordsr from the left
side. Thus, by replacing (changing the read-out
addresses of) the pixel values to be multiplied with the
coefficients using the same coefficients, it is possible
to switch between the filtering process at the line
20  boundary and the filtering process at the positions other
than the line boundary.
[0338]
[14. Seventh embodiment of deblocking filtering unit]
[Configuration example cf deblocking fiitering unit]
25 Fig. 24 illustrates the configuration of a seventh
embodiment cf the deblocking filtering unit.
[0339]
In the example of Fig. 24, the deblocking filtering
unit 24 is configured to include an image memory 71, a
30 block boundary determining unit 72, a filter strength

determining unit 73, a filter cperation unit 74, a



25 process will be perforned in a strong filtering node or a weak filtering
node using the i mge data of two bl ocks adjacent with the inter-block
boundary, supplied fromthe inage nenory 71. A strong filtering node is
determ ned according to Expression (71) described above. Mreover, 30 a
weak filtering node is determ ned acdd®ding to the first terns of
Expressions (64) to (66) described above. 101 The |ine boundary filter
strength determining unit 73-2 outputs the determ nation results to the

| i ne boundary filter operation unit 74-2. [03191 5In step S94, the line-
boundary fi tteffopbsat menouni 16,74 perbaraelasfiTtering process of the
l'ine boundar¥ %8ﬂer the control of the controller 77. That is, the line
boundary filP2d peration unit 74-2 perforns a filtering operation with the

filter strength detemd red1dOcing the deiriagboyndary J4 lstigr skrepgth
determning unit 73- 2 using the inmage data stored in the inmage nmenory 71
and the filiBpdeceitqwi dar Feadcdaidmalkatcoentiei &t anshohy 76. [0320] 15In

t he case. of fiLlLer fi [ erati i.s_perforned
accordiﬁb t%ggg%i%%g?ggs5(%6§h%%ﬁ?%%%sd§§%§%bgg'gﬁ%ég#ﬂ%%#égger, in the
case of thefneekring teeriitng4 therig.l t22r.i ng operation is perfornmed according
to the secon? %Pﬂ third ternms of Expressions (64) to (66) 20 described
above. The FPh oundary filter operation unit 74-2 outputs the imge data

havi ng been subj egiedebaothend i 410N 4PLACESS, tOr tig Sekegtor 75. [0321]
In step S95, the intra-LCU line determning unit 25 77A determ nes whet her

a current |fhefesenthdncasthei gamirdkiing siltpein@unighert iof Fégdetermned in
op Soiptnes L Lentlioe s, beckastlghi b ol ihe L0 the
30[ 0322] MoteevEine Whemdetyisldet eravinsad yi deseepi hdhy thdte 72-2
are collectively changed to the block boundary
determining unit 72. The deblcecking filtering unit 24 of
Fig. 24 1s different from the deblocking filtering unit
15 24 of Fig. 22 in that the filter strength determining
unit 73-1 and the line boundary filter strength
determining unit 73-2 ars collectively changed to the
filter strength determining unit 73. The deblocking
filtering unit 24 of Fig. 24 is different from the
20 deblocking filtering unit 24 of Fig. 22 in that the
filter operation unit 74-1 and the line boundary filter
operaticn unit 74-2 are collectively changed to the
filter operation unit 74.
[0342]
25 Further, the deblocking filtering unit 24 of Fig.
24 is different from the deblocking filtering unit 24 of
Fig. 22 in that the intra-ILCU line determining unit 772
of the controller 77 is changed to an intra-ILCU line
determining unit 77B.
30 [0343]

That is, the intra-LCU line determining unit 778



102 the current line is the last eighth line of the LOU, the flow proceeds
to step S100. [0323] On the other hand, when it is determned in step 5 S91
that the filter applied is not the vertical filter of the LOU boundary, the
flow proceeds to step S96. In step S96, the bl ock boundary determ ning unit
72-1 perfornms inter-block boundary detlerm nati on under the control of the
controller 77. 10[0324] That is, the bl ock boundary determ ning
unit 72-1 perforns the inter-block boundary determ nation process for each
bl ock according to Expression (68) described above using the inage data
read fromt hentrabe teneryréds 156f anick getxedt secad fndrertHe delkecboundary in

which the filteri process is perfornmed. The hl ock boundary determ ning
unit 72-1 oﬂ?%ﬁf%n?hé“ﬁ@?éEF?Bﬁgr%gﬂﬂ%niytHthB?f?Tt%ﬁaqﬁ9Feﬁ5th det ermi ni ng

unit 73-1. [0325]=204m ot ep, S crHkhesfibltesestyanglh rdet ermhpi ng unit 73-1
determnes the filter strength in the above-described manner under the
control of TheScohtsdfMege PFroThatl izgadecheikple epe st engtthredet er mi ni ng uni t

781 deternipes- ghehak.qt DecbLLIGF NG PLAEESR M AL O PerLoLR 25 Tn a
strong filtering node or a weak Il'tering node Tor each line using the
i mge data efippoedltdeksead] atents wid thishelbnkeselbhdaok boundary i nterposed,

supplied fr t he, i rage ne y 71. strong filtering mode i s determ ned
accor di ng tggkﬁfﬁ%ﬂﬁﬁ ﬁneég?Edeg%ﬁi SIh5vES EE A it Eelthl node is

det ermi ned aggosgk nghd @itiherf bpstatemnek Expressions (61) to (63)
descri bed above. 103 The filter strength determning unit 73-1 outputs the

determ nati 6R3f&kults to the filter operation unit 74-1. [0326] In step

S98, theyfilter b hadd hacRatfopgs, & fijtering gperation of the
598, e ! LT ORI ahieq Bt oA bt RRLEOREB. & {114 @Ling Qp

inter-block boundary determination. That is, the block
boundary determining unit 72 performs the inter-block
boundary determination process described above for each
block using the image data read from the image memory 71

15 and detects an inter-block boundary in which the
filtering procesgs is performed. The block boundary
determining unit 72 outputs the detection results to the
filter strength determining unit 73.

[0345]

20 The filter strength determining unit 73 determines
the filter strength in the above~described manner. That
is, the filter strength determining unit 73 determines
whether the filtering process will be performs in a
strong filtering mode or a weak Ffiltering mocde for each

25 line using the image data of twc blocks adjacent with the
inter-block boundary interposed, supplied from the image
memory 71 and outputs the determination results to the
filter operaticn unit 74.

[0346]
30 The filter operation unit 74 performs the filtering

cperation with the filter strength determined by the



under the control of the controller 77. That is, the filter operation unit
74-1 perfornms the filtering operation with the filter strength determ ned
by the filter strength determning unit 73-1 for each line using 10 the

i mge data stored in the inmage nennryoél and the filter coefficients read
fromthe coefficient nenory 76. [032 In the case of the strong
filtering, the filtering operation is perforned according to Expressions
(50) to 15 (55) described above. Moreover, in the case of the weak
filtering, %hf+filterin ogeration,is performed according to the second and

third ternsdf “Bxpt o<l EBTI Y H GBI 1deder FBE 2 HOVENSTHELR t er

operation ubht 7dade QURULSoEBE iMBGR dakachawi.pg, been subjected to the
filtering 20.£rocess to the selector 75. [0328] In step S99, the
i ntra-LCO | f hetefeterghifiicAigntini TeFy A rdet ehni resffbhetdrer ramouyr @At line is

the | ast ei h-14 f : : it.ls.determned in _step S99 that 25
the current QF% n%i%{;eern%tpe%%gl%ﬁm\egllg% ﬁ’hlt Hgso%g‘? he 1%t )d,a'“tahe flow returns
to step BI7haning Hesubseguentd proaessas laceingpeasadlsy tpecher ned. [ 0329]
Mor eover , V\@en it is determned in step S99 that 30 the current line is the
| ast ei ght hiT#ie BT"YHe ?PcD, the flow proceeds to step S100. 104 [0330]

In step S100p34fe intra-LCU line determning unit 77A determ nes whether a
current block is the last block of the image That is, in step 5100, it is
determ ned 5 whet’ier dekécpbingaiiy tiegiagl bnechounaaryneotehhothirg bl ock in

the screen. ;| ; : en.it i termned in.step 5100 that the
bl ock is the ?g%gﬁrbq oc ltogéy\ﬁén%lr#ﬁgez,% gﬁegaébf%@kﬁ’ nn:gheprssg‘gsgs 1"%nds. When
it is deterdeimestkimostidptbiOfg thatcdske dbkeekbes fodvd hethast bl ock of the
imge, the flowreturns to step S91, and the subsequent processes are

repeat edl y PefForted onthe fdxta90GMendERETEREL R #o6r détl [0332]

not be provided.
[0348]
As above, pixels which could not be referred to due
i3 to the narrowed image range used for the filtering
cperatlion are interpolated using the inclination cf the
waveform used in the inter~block koundary determinaticn.
As a result, the deblocking process when the pixel values
have an inclination can be performed even when the image
20 range in the inter-LCU line boundary is narrowed.
(03457
Moreover, in inter-block boundary determination and
strong/weak filtering determination, the pixels which
could not be referred to due to the narrowed image range
25 used for the filtering operation are interpolated using
the inclination and padding of the waveform used in the
inter~block boundary determination. As a result, the
deblocking determination process when the pixel values
have an inclination can be performed even when the image
30 range in the inter-LCU line boundary is narrowed.

[0350]



151 n the exanple of Fig. 22, the intra-LCU line determining unit 77A

sel ects whether the coefficients used for the case other than the line
boundary in the filter operation unit 74-1 or the coefficients for the case
of the line boundary in the line boundary filter 20 operation unit 74-2
will be used. In this manner, the filLktering process at the |ine boundary
and the filtering process at the positions other than the |ine boundary are
switched. [0333] 25In contrast, only one type of coefficients nmay be used
and the address of the pixel to be read may be controlled so that the
filtering processnathtbemihme baundaey:iane tiw fiildebbigaPrpcess at the
positions other than the |ine boundary are sw tched. 30[0334] For exanple,
cal cul ati o6 PHGT nPEheMFINE=FESeds 105 TG ond i PEFFRELSITT be

descri bed e I | RefRRF k f or S .filtering of the
HEVC scherreafe%e )ﬁ%gplgneaﬂ? erm ?@?étginﬁéﬁg%awgl(pbﬁt ch)%‘l? E&ﬁ 91<|§Il§ c';'%24 + 2*Pli

+ 52*(a0l. "t{03B5locking pr@regshe ot her hand, in Expression (56) for the

strong Egltﬁiﬁﬂ% of the HEVC schene, a termrelating to "p (block BKu)" is

"4*pP11 £ qO 0[ 0336] Here, 4*21, + g0, = (710, + 2*21,+ 2*Pli. [0337]
[15. Eighth embodiment cf deblecking filtering unit]

[Configuraticon example of deblecking filtering unit]

Fig. 25 illustrates the configuration of an eighth
embodiment of the deblocking filtering unit.

10 [0352]

In the example of Fig. 25, the deblocking filtering
unit 24 is configured to include an image memory 81, a
block koundary determining unit 82, a filter strength
determining unit 83, a filter cperation unit 84, a

1> coefficient memory 85, and a controller B86.
[0353]

The image memory 81 is a unit that corresponds to
the image memory 71 of Fig. 22 and is configured as a
line memory. The image memory 81 stores image data

20 supplied from the adder 23. The image memory 81 reads
the image data stored therein and supplies the read image
data to the block boundary determining unit 82, the
filter strength determining unit 83, and the filter
operation unit 84.

25 [0354]

At positions other than the iine boundary, the
image data 1s not stored in the image memory 81, but
there may be case where the image data supplied from the
adder 23 1is supplied to the respective units and

30 processed. However, in the example of Fig. 25, for the

sake of convenience, it is described that the image data



That is, the terltL relating to "p" in Expression (50) and the term
relating to "p" in Expression (56) also 15 use coefficients 1, 2, and 2 in
that order fromthe left side. Thus, by replacing (changing the read-out
addresses of) the pixel values to be multiplied with the coefficients using
the same coefficients, it is possibléo switch between the filtering
process at the line 20 boundary and the filtering process at the positions
other than the line boundary. [0338] [14. Seventh enbodi ment of debl ocking
filtering unit] [Configuration exanple of deblocking filtering unit] 25Fig.
24 i1l ustrat@&theaeerfi Ghrarsontior igageveatarenbodiamemocetsetie debl ocki ng
filtering upptss[0339] In the exanple of Fig. 24, the deblocking filtering
unit 24 is configured to include an inmage nenory 71, a 30 block boundary
det er m ni ng unitTh@,béotklbemn@imﬁm@thrﬂémfmgﬁ%?m@EﬁmﬁbrzafsalrlIts;
operation upjit 74,. a 106 coeffici.ent nmenory 76, and a cantroller :
[8340] In t %F%%ﬁfﬁgkﬁﬁaryi?%%??ﬁdﬂﬁﬁiangro?hﬁﬂﬁyﬂﬁﬁ? Phe*Ptmge memory 71
the coefficiemrdmnmmr B676c aarkihaSpeenhiolterudds aie the same as those of
t he deblockéng filtering unit 24 of Fi 22. [0341]

a

etfermination and performs in%ér—block boundary
determinaticn every four lines. That is, the block
boundary determining unit B2 derives a boundary between
TU and PU using the image data read from the image memory
10 81 and derives a BS value. Further, the block boundary
determining unit 82 cbtains an average of the
quantizatiocn parameters QP of two regions adjacent with a
current boundary interpcsed to calculate an average QP
{quantization parameter) and calculates the parameters tc
15 and B based on the calculated average QP.
[0356]

Moreover, the block boundary determining unit 82
determines whether or not to perform filtering every four
lines using the image data of two blocks adjacent with

20  the inter-block boundary interpcsed, supplied from the
image memory 81 and the calculated parameters. The block
boundary determining unit 82 supplies the calculated
parameters tc the filter strength determining unit 83
together with the boundary determination results.

25 [0357]

The filter strength determining unit 83 determines
the filter strength every four lines under the contrcl of
the ceontroller 86. That is, when the block boundary
determining unit 82 determines that filtering is to be

30 performed, the filter strength determining unit 83

determines whether the filtering process will be



The debl ocking filtering unit 24 of Fig. 24 is different fromthe

debl ocking filtering unit 24 of Fig. 10 22 in that the bl ock boundary
determning unit 72-1 and the |ine boundary/bl ock boundary determ ning unit
72-2 are collectively changed to the bl ock boundary determ ning unit 72.
The debl ocking filtering unit 24 of Rilg. 24 is different fromthe

debl ocking filtering unit 15 24 of Fig. 22 in that the filter strength
determning unit 73-1 and the |line boundary filter strength determ ning
unit 73-2 are collectively changed to the filter strength determ ning unit
73. The debbeckimgd iilnt er bhgowmi i1 A rdhghhgde 24 i wdidfif eientrfnom t he 20

debl ocking filteri nit 24 of Fig. .22 in that the filter operation unit
7a-1 and CHESTT HEDOTRERFD FIT 14T CINrAELOR THILS D are Gobrenti vely
changed to &¢perddiddreranoperation unit 74. [0342] 25Further, the debl ocking

filtering unit 24 of Fig. 24 is different fromthe deblocking filtering
unit 24 of FP$P8122 in that the intra-LCU |ine deternmining unit 77A of the

controller 77 is a o) j.ntra- i t Laing. unit. 773.
30[0343]§That is,ﬁ{% hggi@g?% a‘3%%cyﬁleué‘%e%%ﬁrﬁ?%r%mtg%gﬂ%%n bntrol s the

address of ¢pergiixel wieadthe o tteer istmgeghenete rilinasl desehebed above by
way of an e | e of calculation of P00,in_fthe R2W2-based strong filtering.
Thus, the i%%aa%gernes%ﬁre?g% FeaaT s émbﬁs%% B e B contfdl of the
intra-LCU | isendeier AhBiBgdah tstihddand supplies thed-eadipixel s to the

bl ock boundary det erm ni ng, unit 72, the filter strength determning unit
73, and thet#¢ |iiditegperatfbniemit rad foguqtha oonees 5icdekt boemaay y

det er misnj nggyinitaci2 per LALES i ntLershl %%t9§999§w%de.tﬁr g‘ra?gﬁgggaghat s,

t he bl ock boundary determning unit 72 pertorns the int joundary

det er m nat i @reprocess ldescst badydbaistefnintag hirhilto@R deitagmi hes | nage dat a
read from tﬁ‘? tl rrs%%enrrergmig r71 15 ar]% %%t ectﬁ an Cidnt r-hbl.ock boundary in
whi ch the fiTteri ng Pr ocess 139 pet 16 MEAPSThe  Hic K Bodrdafy det er mi ni ng
unit 72 outppdsadite detecthopermsuld S boithendiddeig stinengihgdet erm ning
unit 73. process using Expressions (106) te (111) described above.
15 The filter operation unit 84 cutputs the image data
having been subjected to the filtering process to the
frame memory 25 in the subsequent stage.
[0359]
The coefficient memory 85 stcres filter
20 coefficients used in the filtering operation of the
deblocking filtering process. The coefficient memory 85
reads the filter ccefficients stored therein and supplies
the filter coefficients to the filter operation unit 84.
[0360]
25 The controller 86 receives informaticn {(ON/OFF
information of deblocking filter, ocffset values of
parameters 3 and tc, and clipping parameters) from an
operaticn unit {not illustrated) {in the case of the
decoding side, the lossless decoder 52}, Moresover, the
30 controller 86 is also supplied with prediction mode

information and parameters necessary for deblocking



[ 0345] 20The filter strength determning unit 73 determnes the filter
strength in the above-descri bed manner. That is, the filter strength
determning unit 73 determ nes whether the filtering process will be
perfornms in a strong filtering node or a weak filtering node for each 25
line using the image data of two bl 0@k adj acent with the inter-block
boundary interposed, supplied fromthe inage nenory 71 and outputs the
determ nation results to the filter operation unit 74. [0346] 30The filter
operation unit 74 perforns the filtering operation with the filter strength
det er mi ned Hiltdie subB8abi ihert SAatewgt hadeterersi ng unit 73 for each line
usi ng the igﬁggggata stored in the image nenory 71 and the filter
coefficient fromthe coefficient nenory 76. The filter operation unit
74 outputs the irmgecdatmnd, iy rgnbeenisuby echgehitiest hpefihp@d i ng process
to the frane nmenory 25. [0347] ‘The debl ocking filtering process of
t he debl ockihePFIaHER R HRf tCPASPOPA§RIZAN s FusicealtryleheRsame as the 10

debl ockisng fdltering RLOEeSSr dancrd-Red RbRY e ddy 1 f arepcey to Fig. 23, and
t he description thereof wll not be provided. [034§ﬁ As above, pixels which

coul d not beset enr é¢diet onplue MY AT théonartbwed i nage range used for the
filtering op&gg%fon are interpolated using the inclination of the waveform
used in the inter-block boundary determination. As a result, the debl ocking

process when the miexebnvadues avecan-bnel imatiGrcasmbeyper foy med even
when the image 20 range in the inter-LCU |ine boundary is narrowed. [0349]
Mor eover, i%° it ettBEoeke PR Htla F FECEPATAERT Off @ngpredetermined

10  number of lines on the lower side in the block and reads
the image data stcred in the image memory 8l. Moreover,
when strong filtering is performed, the controller 86
controls the filter operation unit 84 to perform a
clipping-based strong filtering process. In this case,

15 the controller B6 supplies parameters (for example, a
clipping value pv and a multiplication value of tc of the
clipping value} relating to the clipping process to the
filter operation unit B84.

[0363]

20 [Operation of deblocking filtering unit]

Next, the deblocking process of the deblecking
filtering unit 24 of Fig. 25 will be described with
reference to the flowchart of Fig. 26,

[0364]

25 For example, ON/OFF information, a [ offset value,
a Tc offset value, and parameters relating to the
clipping process are input to the controllér 86 via an
operation unit (not illustrated) {in the case ¢f the
decoding side, the lossless decoder :2). Moreover, the

30 ccntroller 86 is alsc supplied with prediction mode

information and parameters such necessary for the



strong/weak filtering determ nation, the pixels which could not be referred
to due to the narrowed i mage range 25 used for the filtering operation are
i nterpolated using the inclination and paddi ng of the waveformused in the
i nter-block boundary determ nation. As a result, the debl ocking
det ermination process when the pixel M&l ues have an inclination can be
performed even when the inage 30 range in the inter-LCU |ine boundary is
narrowed. 10350] 109 In this manner, in the inter-LCU |line
boundary, even when the inmage range is narrowed, it is possible to reduce
the |ine neferyowhine frditatasning eiahghrett ban afatdretadell. ocki ng process.
5[ 0351] [15&O§%§$th enbodi nent of deblocking filtering unit] [Configuration
e

exanpl e of ocking filtering unit] Fig. 25 illustrates the
configuration of Tan seieghthoepbodi nentt rofl 16 hes deddacldingti bEeréng unit.
10[ 0352] In the exanple of Fig. 25, the deblocking filtering unit

24 is confi §lrarf tTF ioFérade) aand magelrefoEye 81et @4iseék boundary

det er m i ng; WRbim B2 0rd b LLET = Staangt-h detgr 8L i NG Unit 83 azfilter
operation unit 84, a 15 coefficient nenory 85, and a controller 86. [03531
The image mew®®§yl 81 is a unit that corresponds to the image nenory 71 of

Fig. 22 and is configure a.line_ne . e.l.mge_nenn 1l stores

i mge data 20 suggi%%&pfg%ﬁ$tnghéﬁgfrggig?h%gfﬁﬁﬁﬁg%ﬁﬁﬁrV éig?ﬁads t he

i mge data sheradhliderieigncabtdesuppl ies ushe reasd ismaecdataore the bl ock
boundary determ ning unit 82, the filter strength determning unit 83, and

the filter bperdtdiorPTuni Yooy 25F0g54prmined in step 3202 that the
10 deblocking filter cannot be used, the deblocking

filtering process ends.
[0367]
When it is determined in step 5202 that the

deblocking filter can be used, the controller 86 sends a

15 notification thereof to the block boundary determining
unit B2, the filter strength determining unit 83, and the
filter operation unit B84, and the flow proceeds to step
5203. In this case, the necessary parameters and the
like are also supplied from the controller 86 to the

20 respective units.
[0368]

In step 5203, the block boundary determining unit

82 derives a boundary bketween TU and PU every 8 lines,.
In step 5204, the block boundary determining unit 82

25 derives a boundary strength (BS) wvalue based on the
information on the boundary bketween TU and PU derived in
step 5203 and the prediction mode information and the
like supplied from the controller 86.
[0369]

20 In step 5205, the block boundary determining unit

82, the filter strength determining unit 83, and the



At positions other than the |ine boundary, the imge data is not stored in
the image nenory 81, but there may be case where the i mage data supplied
fromthe adder 23 is supplied to the respective units and 30 processed.
However, in the exanple of Fig. 25, for the sake of convenience, it is
described that the image data 110 hai‘ng passed through the i mage menory
81 is processed. [0355] The bl ock boundary determ ning unit 82 derives
boundari es every eight |lines under the control of the 5 controller 86 to
cal cul ate paraneters used for determ nation and perforns inter-block
boundary detetmenanasiptégar yniouts InardsrmThal whsnandwe doockrboundary

det er m ni ng i i a -hounda t ween TU .and using the i mge
data read ffgg%%ﬂgﬁ%%ggggﬁéﬁoﬁglIgQS%Xgﬁﬁ?%ﬁﬁ{%ﬁﬁ?%grﬁsg%%Tﬁgygkurther, t he
bl ock boundarycelet erttienilnginante &> wohteaiynsi ate Buer age pef-rbheeguant i zat i on
par anet ers %E%SL tWo regions fdjacent with a current boundary interposed to

calcul ate a FHJENGE Cyaant T 2at iOF paraRete?) HiP SaPéul ¥EESht he

parameter s §c1land 2 -hasgd, om thecahedl %eﬂi%.vefﬁ:ge QP. [03561
Mor eover, the bl ock boundary determ ning unit 82 determ nes whet her or not

to performf?¥t®ring every four lines using the image data of two bl ocks

adj acent with 20 -the.i.nt | o a i at erposed, .supplied fromthe
i mge nmenory 81 é%H%Fﬁg %gngﬂgﬁégﬁggga%é%%$%?y €}ﬁ5m68ﬁ98b%ﬁﬁ%ary

det er m ni ng8unith8Ziduppl sesctdith caltewthahedy pataneier sntochhe filter
strength de g%ninin% uni.t 83 toqfther wi th the boundary determ nation
resul ts. 25% 57 CPETallognanyt |§%PetPEfig hC et RIS REUDRTREY 83

determmes thecdididen-steengt bevarypforksd idresundeppthe control of the
controller 86. That is, when the bl ock boundary determning unit 82

det ei m nes ®hEAMFIANCer PRYNEATY of P e30npet§ operethritdve ohi |t er strength
deterniningcﬁggﬂiggicgegggggﬂgg whet her the filtering process will be

[03713
In step 3207, the controller 86 determines whether

15 &ll boundaries have been processed. When it is

determined in step $207 that all boundaries have not been

processed, the flow returns to step S205 and the

subsequent processes are repeatedly performed. When it

is determined in step S207 that all boundaries have been
20 processed, the flow proceeds to step S208.

[0372]

In step 5208, the controller 86 determines whether
all CUs have been processed. When it is determined in
step 5208 that all CUs have not been processed, the flow

25 returns to step 5203 and the subsequent processes are
repeatedly performed.
[0373]

When it is determined in step S208 that all CUs

have been processed, the deblocking filtering process
30 ends.
[0374]



111 performed in a strong filtering node or a weak filtering node and
outputs the deteiLuination results to the filter operation unit 84. [0358]
5The filter operation unit 84 perforns the filtering operation with the
filter strength determned by the filter strength determning unit 83 every
four lines using the inage data storéd>in the i mage nenory 81 and the
filter coefficients read fromthe coefficient nmenory 10 85 under the
control of the controller 86. In particular, when the filter strength
determining unit 83 determ nes that strong filtering is to be perforned,
the filter Opematlieconfuhitiddngeioondsra £1ifppiingr hasedskil tering process

usi ng Expression 06), to (111) descri bed abaqve. ;15 The filter operation
unit 84 outputs %ﬁé%inéﬁ% %éﬂ%?%ﬂ%?iﬁ@u% T subjrEcted PoCtTt 149 teri ng
process to 4y fnasecremgy 25 5iinit Be ssbhsequent, sthageref03a9]cThe _
coefficient nenory 85 stores filter 20 coefficients used in the filtering

oper ati on of*e He c#ebroEkPAGF¥91 t%er-i ng process. The coefficient nenory 85
reads the fid?ﬁ% coefficients stored therein and supplies the filter
coefficients to'the filter operation unit 84. [03601 25The controller 86
recei ves i nfor minoat&ON OFF, ithfeobiatk arpwiddsbldeckirngning terit of f set

val ues of p ters and tc, and clippjng paraneters) froman operation
unit (not iﬁ%gggféﬁéags(gﬁﬁﬁ%%:dﬁfeBBfQghﬁgdﬁi&ﬁ?ﬁﬁrsFé%? Y H'9%d5sl ess
decoder 52)eidvar eaves. ten3Qtcont sold.eriRG iis aksg supplded whith

predi ction node information and paraneters necessary for deblocking 112
filter sucBagaduantszaet oke parakdeer 8 floBeyninance boundary

10 filtering process ends. That is, in this case, the
filtering process of the filter operation unit 84 is not
performed on the luminance boundary, and the pixel values
before the filtering are output as they are.

[037¢]

15 When it is determined in step 2231 that the BS
value is larger than 0, the flow proceeds to step 5232,
In step 5232, the block boundary determining unit §2
obtains an average of guantization parameters QP of two
regions adjacent to a current boundary using the pixel

20 values from the image memory 8l every eight lines to
calculate an average QP (guantization parameter). In
this case, the gquantization parameters QP are supplied
from the controller 86.
£0377]

25 In step 3233, the block boundary determining unit
82 calculates the parameters tc and B based on the
average QP calculated in step 8232 every eight lines.
10378}

In step 35234, the block boundary determining unit

30 82 performs filter on/off determination every four lines.

That is, the block boundary determining unit 82 performs



For exanple, the controller 86 supplies the input information to the
corresponding unit and controls the 5 respective units of the debl ocking
filtering unit 24 based on the input OV OFF information. [0362] The
controller 86 controls the imge nenﬁry 81 so as to store imge data
corresponding to a predeterm ned 10 Uifber of lines on the |ower side in
the bl ock and reads the inmage data stored in the inage nenory 81. Mboreover,
when strong filtering is perforned, the controller 86 controls the filter
operation ugi£ 84 to rforma,clip ig%ébased strong filtering process. In
i

this case, 15 ?%%‘%%ﬁ#% oPFEFTBE3 THaranet ek %S fBringxafipl e, a

clipping VaEHﬁcﬂMﬂﬁﬂgp%rHHEEEP£'@@ﬁk@@hﬁahFﬁepfI%ﬁsohe£gﬁmfﬁ% pi_ng val ue)
relating to the cllpplng process to the filter operation uni 4 [ 0363]
20[ Oper at i OR*®F=TeBIS6EKERGTEEF@R | 1P JukiesFribed abowextfort keadebtocki ng
process of the;geblocking filtering unit 24 of Fig. 25 will be descri bed
with reference to the flowhart of Fig. 26. [0364] 25For exanple, OV OFF
i nformat? on, a p Tofef sevofal detemnifatdbhsetsyatsiein andpparanesess rel ating

to the clipping process are.input to the controller 86 via an operation
unit (not i ?Wj@ﬁeéfécﬁ’) %P?n%{'LEg%a%tere@thph@eH%%H?w stde, 8fhe | ossl ess
decoder 52) toddiROVesicht BRe 302 cantd:ld ee-86-tsral S0 SipRLLEd- W, th

predi ction node i nformati on and paraneters such necessary for the 113

debl ocki ng f¢FeEH sféR"asequanti zati on paraneters.
[0380]

10 Moreover, in step 85235, the filter strength’
determining unit 83 performs filter strength
determination every four lines. That is, the filter
strength determining unit 83 performs filter strength
determination every four lines using the parameters B, tec,

15 and the like calculated by the block boundary determining
unit 82. This determination process uses the first terms
of Expressicns (69) and {61) to (63) described above, for
example.

[0381]

20 The con/off determination results in step S234 and
the filter strength determination results in step $235
are supplied to the filter cperation unit 84. In this
case, the parameter tc is alsc supplied tc the filter
operation unit 84.

25 {0382}

In step 5236, the filter operatiocn unit 84
determines whether strong filtering is to be applied to
the current four lines based on the determination results
from the filter strength determining unit 83. When it is

30 determined in step 5236 that strong filtering is to be

applied to the current four lines, the flow proceeds to



[ 0365] In step 5201, the controller 86 sets filter offsets (13 and
Tc offsets) and supplies the set offset 5 information to the filter
strength determning unit 83. [0366] In step 5202, the controller 86
determ nes whet her the deblocking filter can be used based on the OV OFF
information. Wen it is determined instep 5202 that the 10 debl ocki ng
filter cannot be used, the deblocking filtering process ends. [0367] Wen
it is determned in step 5202 that the deblocking filter can be used, the
controller 86 sends a 15 notification thereof to the block boundary

det erm ni ngstAPt<s8Y. the filter strength determning unit 83, and the
filter oper?bggg unit 84, and the flow proceeds to step 5203. In this case,
t he necessary pa}aneters and the like are also supplied fromthe controller

86 to the 20 respectdte® BOBUS. tHIBB]cdm optept b2AAntthadbbeekobeandary
determning unit 82 derives a boundary between TU and PU every 8 lines. In
step 5204, FhelbPREIE HEGRdary e er i tHimgIuREPCBDS 255 id6r i ves a boundary

strengt hs ( BE)pval uehasedsoncther i nf ofimtl gpgom, Lhe \boundary between TU and
PU derived in step S203 and the prediction node information and the
control of the contreller 86. The filter operation unit

B84 outputs the pixel values after the filtering process
to the subseguent stage.
[0384]

10 When it is determined in step S236 that strong
filtering is not to be applied, the filter operation unit
84 determines in step 5238 whether wezk filtering is to
be applied to the current four lines hased on the
determination results from the filter strength

i5 determining unit 83. When it is determined in step $238
that weak filtering is to be applied, the flow proceeds
to step 239.
[0335]

In step S523%, the filter operation unit 84 performs

20 a weak filtering process. The filter operation unit 84
cutputs the pixel values after the filtering process to
the subseguent stage.
[0386]

When it is determined in step 5238 that weak

25 filtering is not to be applied, the flow proceeads to step
240. In step 5240, the filter operation unit 84 does not
perform the process on the current four lines based on
the determinaticn results from the filter strength
determining unit 83 but outputs the pixel wvalues after

30 the filtering process to the subsequent stage as they are.

[0387]



| i ke supplied fromthe controller 86. [0369] 30In step 5205, the bl ock
boundary determning unit 82, the filter strength determning unit 83, and
the 114 filter operation unit 84 performa |um nance boundary filtering
process. In the |um nance boundary filtering process, the |um nance
boundary filtering is performed on tHe8 uni nance signals by the process of
step S205, which 5 will be described with reference to Fig. 27. [0370] In
step S206, the bl ock boundary determ ning unit 82, the filter strength
determning unit 83, and the filter operation unit 84 performa chromn nance
boundary 10 filteki mgepr 6€€8s.tiBy fiHeepr opesstdin strer 8206, chroni nance

boundary f||t r|n |s er ornmed on_chraom_nance signals. . [0371] In step
S207, the con? 8 e;nranh EWEChEPT 1BT A q'ﬁﬁlfﬁd&%‘iseée%ﬁve been

pr ocessed. MQ@leiedsadﬁt ehmsrrﬂde|mu®hﬁmc8292gh£13tdeaﬂﬂoclkabh@dari es have not
been processed, the flow returns to step S205 and the subsequent processes
are repeat eBFYCHRF Foietedt W\ﬁe‘iiueﬁmi‘@ediett@ﬁﬁ“l RBE BPTPSep fSZ07iEhat al |

boundaries haves been 20 progessed;, tﬂﬁeﬁlpwg%ec%%ﬁedszﬁps&w [0372]
In step 3208, the control l'er 86 determ nes whet

5240 that the process for sight lines has not been
completed, the flow returns to step 85234 and the
subsegquent processes are repeatedly performed.
[0388]

10 As abové, since the clipping-based strong filtering
process 1s performed when it is determined that strong
filtering is to be applied, it 1is possible to suppress
the Influence of a mismatch of the determination process
and an incompleteness of the determination process as

15 much as possible. In this way, it is possible tc allow
the deblocking process to apply filtering appropriately.
[0389]

In the above description, the linear approximation
and clipping-based strong filtering process has been

20 described. In the description of linear approximation,
although the cases of R2ZWZ and RZW1 have been described,
the linear approximation process fcr the R3W2 and RIW1L
cases can be performed in the same manner.

[0350]

25 [16. Ninth embodiment]
[Example of R3WZ]

Next, the R3W2 case will be described with
reference tec Fig. 28. In the example of Fig. 28, white
circles cn sclid line indicate pixel values of the

30 respective pixels pZ:, pl:, pPO:, g0i, gli, and g2: near the
boundary BB illustrated in Fig. 16 before the deblocking



all CUs have been processed. Wen it is determned in step S208 that al
CUs have not been processed, the flow 25 returns to step S203 and the
subsequent processes are repeatedly perfornmed. [0373] Wen it is determ ned

in step 3208 that all CUs have q[en processed, the debl ocking
filtering process 30ends. [0374] 115 anpl e of | um nance boundary
filtering process] Next, the |lum nance boundary filtering process in

step 5205 of Fig. 26 will be described with reference to the flowhart of
Fig. 27. [037 In step.5231, the block boundary determ ning unit 82

det ermi nes %ﬁi%ﬁ%r el%gu@ﬁfiﬁfqziq gﬁgergghdﬁFﬁﬂ%$@FVeﬁth?elines. When it
i's determ nedokRs step 3Exthat he BS valge is not larger than 0, the

| um nance boundary 10 filtering process ends. That is, in this case, the

filtering plBé8ss of the filter operation unit 84 is not performed on the

| um nance boundar ﬁi%ﬂg the. pLX al yes ore.the filtering are output as
they are. [0376]3% enrftgfgéﬂg%é¥hf%§dl?§£s é%f 1t#ﬁat the BS value is

| ar ger thanz@spedielfd auxpiloeekdss tarfietreptB8232. f1ncetiey 8232, the bl ock
boundary determ ning unit _ 82, obtains _an average of quantization paraneters

QP of two redT b &) ARt >t 67 a-urieit SHoftdar ¥ 'asi Ag- tHe Piiel 20 val ues
fromthe inBQ@eﬂEﬂﬁiXﬁ&kegéﬁéy ©d Ghler] ItR@SpEQel values before and

after the streng filtering is 1/8*D for g2:, 2/8*D for

qli, and 3/8*D for g0;. Similarly, the difference between
10 the pixel values befcre and after the streong filtering is

3/8*D for pli, 2/8*D for pl;, and 1/8*D for p2;.

(03927

Here, cecnsidering the luminance signal filtering

preocess for the R3WZ case, the pixel p2; is not subjected
15 to filtering. That is, the pixel p2; has a pixel valus

indicated by a dot circle on the solid line, and a

difference to the pixel value pl; indicated by the dot

lire increases. Thus, the pixel values have an abrupt

slope only between the pixel values of p2; indicated by
20  the dot circle on the solid line and pl; indicated by the

dot line.

[0393]

Thus, in the R3WZ2 case, in order to make this slope

gentle, a difference Apl; between the pixel value {(white
25 circle) of p0; before filtering and the pixel value

(hatched circle)} after strong filtering is expressed by

Expression {112) below.

[Mathematical formula 34]



cal cul ate an average QP (quantization paraneter). In this case, the

quanti zation paraneters QE are supplied fromthe controller 86. [0377] 25In
step S233, the bl ock boundary determ ning unit 82 cal cul ates the paraneters
tc and p based on the average QP calcuylated in step S232 every eight |ines.
[0378] In step S234, the bl ock boundd'rz;p determning unit 30 82 perforns
filter on/off detelLlaination every four lines. That is, the block boundary
determning unit 82 performs 116 filter on/off determ nation every four

| ines using the cal cul ated paraneters p and the like. This determ nation
process usegd\ HAxpr esb*dnr-X*08 *dpscri bed above, for exanple. [0379] 5The

on/of f determ natio Sults i t,ep S234 are supplied to the filter
strength determ nlkng*{P(rii}lsl%h@é +tggg:;%fd’her with the cal cul ated paraneters as the
boundary det er nin&t3"®f; +& +8)>34H380] 10Mdreover, in step S235, the filter

strengt h det er mzni pgyounitn, 834860 Lowgs. £a)ar 8t rengt.h erm nation every
four lines. That :(qu i he Til te?ﬂj’st rg?fgth) det ep?r‘n' ni ng Sﬂ?% 83 perforns

filter strepggdvdeterm nation every four lines using the paraneters p, tc,
15 and the |ike calculated by the bl ock boundary determining unit 82. This
det ermi nati on prddess igseBxphrsfianst( 1@ nks ofle Bxyrdessi 6hst(489): and (61) to

(63) descri pgﬂegb?)ll%’*Df %Eigﬁaf@l aeha[lqs%lf] the difference Ap0;

S, betwesen the pixel value (white circle) of p0: before
filtering and the pixel value (hatched circle) after
strong filtering.

[0395]
Since the second term on the right side of the last
10 appreximation eguation of Expression (112) is the pixel
value (white circle) before filtering, the first term on
the right side of the last approximation equation of
Expression (112) represents the pixel value after strong
filtering, of pl: indicated by the hatched circle.
15 {03961
That is, the coefficients multiplied te the
respective pixel values in the first term on the right
side of the last approximation eguation of Expression
(112) are used as the coefficients of the strong
20 filtering for the R3W2 case. As a result, the results of
the strong filtering for the R3W2 case can be made gentle
as compared tc the slope of the dot line of the
conventicnal technique as indicated by the slope of the
beld line in Fig. 28.
25 [0397]
The determination expression for strong filtering
of the R3W2 case is expressed by Expressiocn (113) below.

[Mathematical formula 353



20The on/off determination results in step S234 and the filter strength
determ nation results in step S235 are supplied to the filter operation
unit 84. In this case, the paraneter tc is also supplied to the filter
operation unit 84. 25[0382] step S236, the filter operation unit
84 det erm nes whet her strong fllterlﬁﬁ is to be applied to the current four
| i nes based on the determination results fromthe filter strength
determining unit 83. Wwen it is 30 determned in step 5236 that strong
filtering is to be applied to the current four lines, the flow proceeds to
117 step 328% ($B6383] In step 3237, the filter operation unit 84

performs a n rnocess using 5 Expressions
(106) to (1@1)£§é§%4q%%?2 @%vggg%ﬁ@ ?ﬁh gBgfi)rol of the controller 86. The
filter operat it®hs (#2841 guilpltabalads pI5as+a@dues after the filtering
process to % b @ 0. e (40384] 10Wen it is determned in step
3236 t hat SJ?QHEU ; qtﬁgpgfﬁgg ggitoﬁﬁe applied, the fllter operation unit
84 deternlﬂgy’? —& 46 § grheér weak filtering is td3be applied to the
current four |lines based on the determ nation results fron1the filter
strength 15 det e RFRFEEFTIR SEPMReAdi 2L Ter ddterhingéd "pRdSteEh S238 t hat
weak fil termgcés%ltog he1appkdediethai bl gw &%e&do%cgt i3tep: @9 ),z [0385] 1n

step 3239, the filter operation unit 84 perfornms 20 a wea | tering
process. Th@hélﬂﬁﬂgrceperaﬁl@ﬂﬁiﬂnant84rgmt@mt@xnﬁﬁsqmdmebppaénasgafter t he

filteri Bfesschieofgggts z%c?'quo%n%x%g"ggselor[i 0?63896)] %lc\:ylegeterlqunldnegt ermned in
step S238 t
the strong filtering of the HEVC scheme. In the case of
R3W2, since p3; could not be referred, padding {(that is,
p3: = pZi) 1s not applied.
[0388]
10 Thus, the two expressions are different only in

that the expression "([p3: - pl; << 1| + [g0; - g3:1]) < (B

>> 3))" appearing after the first "and" of Expression
(69) is changed to the expression " (|{p2; ~ p0; << 1| +
fg0s = @3:i1) < (B >> 3))" appearing after the first "and"

15 Oof Expression (113).
(0359}

Moreover, in the strong filtering of the R3W2 case,
an expréssion relating to ply; 1s different from that of
Expression {52) for the strong filtering of the HEVC

20 scheme according to Expression (112) described above as
illustrated in Expression (114).

[Mathematical formula 36]
plg= Gl ipg_gss ((4¥p2;+5%p1;+4%p0; +3%q0;+8)>>4): =07

- (114)
[0400]

25 In the strong filtering of the R3W2 case,

Fxpression (54) relating to P2; of the strong filtering



25 filtering is not to be applied, the flow proceeds to step 240. In step
S240, the filter operation unit 84 does not performthe process on the
current four lines based on the determination results fromthe filter
strength determining unit 83 but outputs the pixel values after 30 the
filtering process to the subsequent stage as they are. [0387] 118

In step 3240, the filter operation unit 84 determ nes whether the process
for eight Iines has been conpleted, and ends the |um nance signal

debl ocki ng process when it is determned that the process for eight 5 lines
has been cofpl EtediEWheahine| s dettergicredein st@pl 8240 tthdt t he process for
ei ght lines has;not been conpleted, the flowreturns to step 3234 and the
subsequent processes are repeatedly performed. [0388] 10As above, since the
cli ppi ng-based stirongitihtenéng Preocessng St perdarmedvken rRtwzs determ ned
that strong filtering is to be applied, it is possible to suppress the

i nfluence of2& i cReBF CTRES dBt &P e FBR P oce S tiITd 2ERUFHE0NDI et eness
of the determimati on process as 15 nuch as possible. In this way, it is
possible to allow the debl ocking process to apply filtering appropriately.
[0389] In the abdirecdB8sSEri prigre Hriseehtnelg cappraoxiomt itba ahde of

clipping-b SR i r.Qce as, been_.20 described.. In the
descriptioﬁ§§$:§$%%%glégp%§£#%gF$5%% §?FE%%6H“?H%E@§§é§BBf oW and R2WL
have been desos idedhacthelbtreast appr axbearAvn, pirocessof eF the:/BW2 and RIWL
cases can be perforned in_ the sanme nanner.%£0390] 25[16.. Ninth enbodi nment]

[ Exanpl e of © Locks of the,HEVG (fedRateiehsd ild e ddseribed with
ref erence toxdig.e 28uctdbidie exampke,ofsfig.s R84 bt e gi rgles on solid

i ne indicate pixel values of the

term block or macroblock also includes a coding unit (CU),
a prediction unit {PU), and a transform unit {(TU)} in the
context of HEVC.
[0403]

15 A series of processes described in this
specification can be performed by hardware, software, or
a combination thereof. When the processes are performed
by software, a program including the process sequence can
be installed in and executed by a memory of a computer

20 assembled into exclusive hardware. Alternatively, the
program can be installed in and executed by a general-
purpose computer performing various prccesses.
[0404]

For example, the program may be recorded in advance

25 in a hard disk or a read only memory (RCM) as a recording
medium. Alternatively, the program may be recorded
temporarily or permanently on a magnetic disk {such as a
flexible disk}, an optical disk (such as a CD-ROM
{compact disc read only memory), a MC (magneto cptioal)

30 disc, or a DVD (digital versatile disc)), and a removable

storage medium (not shown) (such as a semiconductor



30 respective pixels p2" pl,, p0" qOi, ql, and g2, near the boundary BB
illustrated in Fig. 16 before the deblocking 119 filter. As illustrated in
Fig. 28, a gap between the blocks Bicu and BKI is D= pG- g0i. [0391]
Moreover, circles on dot line indicate the 5 respective pixel values after
strong f||ter|ng of |uninance signal s'45h the HEVC schene. That is, in this
case, the difference between the pixel values before and after the strong
filtering is 1/8*D for 22, 2/8*D for gl" and 3/8*D for gG. Simlarly, the
di fference between 10 the pixel values before and after the strong
filtering i@EB¢BY[)f%ﬁ?e@ﬁmp2¢8*EUﬁbrapremwwdim¥8#DIEGE peiufi 0392]

Here, consi i um n 3 a ter|n rocess for the R3W2 case,
t he pi xel %g{, an‘g{b slﬁj%jﬁle gg ]tglnle er? l#t)aat S's, the pi xel p2i has

a pi xel valmeﬂoﬁﬁlcated by a dot C|rcle on the solid Ilne and a difference
to the pixel value pli indicated by the dot |line increases. Thus, the pixel
val ues have an abr'tip SEERE BRY W%é‘t%&ﬁsﬁﬁe pf et tsrHsdes =6F 24 indicated

by 20 the dabwgissd esi0n ttee ﬁ@'écﬂnﬂdtﬂa@: e@dmetﬂ pbndiLaded py the dot line.
[ 0393] Thus, in the R3W2 case, in ordéer to nmake this slope gentle, a

di fference ¢b¥®u%@ﬂﬁeeﬁ Fhetbtx@ﬂmmnﬂeGEV@ahﬁteeﬁwbxﬁraﬁce)a@fapo bef or e
filtering agg%éfeﬂggg%£t¥§ig) % tche Eg%g% after %ﬁhgnggz%éterlng IS

expr essed b pressi on | caI I orul
y
installing the program in the computer from the removable

recording medium described above. The computer can

10 receive the program transferred in this manner and
install the same in & recording medium such as a built-in
hard disk.
[0406]
[19. Tenth embodiment]

15 [Application to multi-view image encoding and decodingl

The series of processes can be applied to multi-
view image encoding and decoding. Fig. 29 illustrates an
example of a multi-view Image encoding scheme.

[C407]
20 As illustrated in Fig. 29, a multi~view image
includes images of a plurality of views, and an image of
a predetermined single view among the plurality of views
is designated as a base view image. The respective view
images other than the base view image are treated as non-
25 Dbase view images.
[0408]

When the multi-view image as illustrated in Fig. 29
is encoded, in the respective views {same views), the
parameters (for example, a clipping value and a

30 multiplication factor relating to tc of the clipping

value) relating to the clipping process for strong



120 Apil = 1/16*(-3*D+2*4) = (-3*(p0; +q0i) +8 )"4 = (13*pOL +3*q0i +8 ) "4
-pl (4*p21 +5*pli +4*p01+3*q01l +8)"4-pl (112) [0394] That is,
Expression (112) is derived so that Apl, takes 3/16*D which is a half of
the difference ApOl 5 between the pixel value (white circle) of p0, before
filtering and the pixel value (hatcheggircle) after strong filtering.

[ 0395] Since the second termon the right side of the |ast 10 approxi mation
equati on of Expression (112) is the pixel value (white circle) before
filtering, the first termon the right side of the |ast approxinmation

equation of rExpEessi Uk L12)f epreserl e { hen pinelrawalbues al ter.. 8l rong
filtering, of pl, indicated by the hat ched circle. 5[0396] That is, the

coefflC|entédhﬁf%¥?ﬂﬁeﬂiewé t hene espaatateg spirréktvad uds iadiphéngirst termon

the right s he. last apprpximation. equa f Expression (112) are
used as thebcoe %ICIentS *of Tt ﬁ fk%%%ﬂ%}%ﬁg |I%er|?é} g vgehg RBW case. As a

result, thebeestdtsiof the strong filtering for the R3W2 case can be nade

gentle 3§ zg?ﬁ%ed to the slope of the dot |line of the conventional
techniq a | cat ed by the slope of the bold line in Fig. 28. 25[0397]

The det ermi nationexpiesskon, fole YQRQEELtLLINGing to the
clipping process set to a base view are used in at least
cne non-base view. Alternatively, for example, the
parameters relating to the clipping process set to a non-

10 base view (view id = 0} are used in at least one of the
base view and a non-base view (view id = 1).
(04101

Further, in the respective views (same views), the

parameters relating toc the clipping process for strong

15 filtering can be set. Moreover, in the respective views
(different views), the parameters relating the clipping
process fqr strong filtering set to the other views can
be shared.
[0411]

20 In this case, the parameters relating to the
clipping process set to a base view are used in at least
one nen-base view. Alternatively, for example, the

parameters relating to the c¢lipping process set teo & non-

base view (view id = 0) are used in at least one of the
25 base view and a ncon-base view (view id = 1).
104123

In this manner, it 1s pocssible to allow the
deblocking process to apply filtering appropriately.
[0413]

30 [Multi-view image encoding device]

Fig. 30 is a diagram i1llustrating a multi-view



of the R3W2 case is expressed by Expression (113) below. [Mathemati cal
formula 35] 121 d< ($>>2) d = abs (q22-2*gl2+q02) +abs (p25- 2* p15+p05)
+abs (q22-2*q12+q02) +abs (g25-2*q15+q05) and (I1p2 - pG + 1q01 -q3i
D<(,6"3) andl pG -q01 1< ((5*t0+1)>>1) (113) An expression
appearing after the first "and" of Eq@bession (113) for determning the
strong filtering of the R3W2 case is different froman expression appearing
5 after the first "and" of Expression (69) for determ ning the strong
filtering of the HEVC scheme. In the case of R3W2, since p3, could not be
referred, pagsfagriddEng 8evp3d thp2 pkritsraet cRpphied.~v[18398kaddThus, the
two expressions are different only in that the expression "(1p3, - p0, <<
1] + 1g0, -°%3A9i79 desgyybed FRofs nghaftetut e t9d 48t Famd"3f Expr essi on
(69) is chapged 19 e 8YRT €8S g (ERZce 6BY. 158 e st 2hAQncaa B3, 1) < >>
3))" appearing after thefirst "and" 150f Expression (113). [0399] _
Mor eover, iwnithed&tr grigehicbdend nicf 0Re RBWRa caisk;irdrexexpfesdsi on rel ating
to plo ii (é't[g%ﬁ{]ent fromthat of Expression (52) for the strong filtering
of the scheme according to Expression (112) described above as
illustrated in Expressiconiftdld)it [cvat beratibcal fayamiliaw36hapd Oz Cl i PO- 255
((4*p211-5*pl i+4*p0; +3*qO0i+ 8 )"4) ;i =0, )
generate a base view image encoded stream. The encoding
unit 602 encodes a non-base view image to generate a non-
base view image encoded stream. The multiplexer 603
10 multiplexes the base view image encoded stream generated
by the encoding unit 601 and the non-base view image
enceded stream generated by the encoding unit 602 to
generate a multi~view image encoded stream.
[0415]
15 The image encoding device 10 (Fig. 1) can be
applied to the encoding units 601 and 602 of the multi-
view image encoding device 600. In this case, the multi-
view image encoding device 600 sets the parameters
relating to the clipping process for strong filtering set
20 by the encoding unit 601 and the parameters relating to
the clipping process for strong filtering set by the
encoding unit 602 and transfers the parameters.
[0416]
As described above, the parameters relating to the
25 clipping process for strong filtering set by the encoeding
unit 601 may be transferred so as to be shared by the
encoding units 601 and 60Z. Conversely, the paraneters
relating to the clipping process for strong filtering set
by the encoding unit 60Z may be transferred so as to be

30 shared by the encoding units 601 and 602.
[04171



(114) [0400] 25In the strong filtering of the R3W2 case, Expression (54)
relating to P20 of the strong filtering 122 of the HEVC schene is not

necessary and is omtted. [0401] In this nmanner, the strong
filtering of the R3W2 case can be perfornmed w thout deteriorating the
accuracy. 5[0402] Mor eover, imnztéehe present specification, the size

of the processing units of the deblocking filter nmay be the size of
macr obl ocks of the H 264/ AVC, the size of coding tree bl ocks of the HEVC
coding units, and the like, for 10 exanple. Mreover, in the present

speci ficati gnulthes 18r mbbeckegsaimeriehilieek al so includes a coding unit
(CY), a prediction unit (PU), and a transformunit (TU) in the context of
HEVC. [0403] 15A K&t &d 6f procrdsds idg6Erpblng i tiit s isgéerfi cati on can be

per f or med bym9€%?$%%ﬁ§éﬁﬁhkwﬁgg1tﬁHt‘%é%%%QEQaEEQWw*gﬁﬂﬁﬂkwhgﬁgg%the

processes are y software, "a programinc ing t cess
sequence cadebedimstdddcedbed abdvexeédat édlbyteetrehdny Fof. a3tomput er 20

assenbl ed into_exclusi,ve hardware. ternatjyely,. the programcan be
installe% iﬁugﬁ S UEE b 5O gEHEr VFﬁﬁr%Eéel%BHﬁ%Fbﬁ'perforning vari ous

processes. HOAOH iddxaxamml ea dderpreg.ammy2bessecoidedgingadvance 25 in
a hard disk or a read only nenory (ROM as a recordi ng nmedi um
Al ternati vePyittHkd program may be recorded tenporarily or permanently on a
magnetic di sk,{guch as a flexible disk), an optical disk (such as a CD- ROM
(conpact disc read only nmenory), a MO (magneto optical) 30 disc, or a DVD
(digital versatil|&diceo)p)] iphexer réipviabhetspbenge tredimuht{noteshown) (such
as a Sefacoggggé(gncoded stream in which the base view image enccded
stream and the non-base view image encoded stream are
multiplexed to extract the base view image encoded stream
and the non-base view image encoded stream. The decoding
unit €12 decodes the base view image encoded stream
1z  extracted by the demultiplexer 611 to obtain a base view
image. The decoding unit 613 deccdes the non-base view
image enccded stream extracted by the demultiplexer 611
to obtain a non-base view image.
[04£19]
20 The image deceding device 50 (Fig. 6) can be
applied toc the deccding units 612 and 613 of the multi-
view image decoding device 610. Tn this case, the multi-
view image decoding device 610 performs the process using
the parameters relating to the clipping procéss for
25 strong filtering, that are set by the encoding unit 601
and deccded by the decoding unit 612 and the parameters
relating to the clipping process for strong filtering,
that are set by the encoding unit 602 and decoded by the
decoding unit 613,
30 [0420]

As described above, there is a case where the



123 menory), for exanple. Such a renovabl e storage nedi um may be provi ded
as so-call ed package software. [0405] The program nmay be wirelessly
transferred froma 5 download site to the conputer or nay be transferred
through wires to the conputer via a qﬁ wor k such as a | ocal area network
(LAN) or the Internet in addition to“i'nstalling the programin the conputer
fromthe renovabl e recordi ng nedi um descri bed above. The conputer can 10
receive the programtransferred in this manner and install the same in a
recordi ng medi um such as a built-in hard disk. [0406] [19. Tenth
enbodi nent ] PASFTASHIS EEtPORRE o M SviBR- T freige’ @ diotg ShREN@ecodi ng]

The series of1 pfoGRSSES Sanche apRldied LRi Auks] - vWiewrHrage gncodi ng and
decodi ng. Flg. 29 illustrates an exanple of a multi-view i mge encoding
schene. [046%3' Z0#&s tirkhaserat@dsd @sFitg. b@9sharan|by -bhicewntmages i ncl udes

i mges of dqt f _viLews an_jmage of a_predeterm ned single view
anong t he S?Igirg{laét& %F‘avfg\%\is e gggfg%%?%d%§1§e & pase’view 1fEge. The
respectifve ¥¢ewinmpgesiothero tharrdrhe bAsesvo@yd MRY@carget reat ed as non-
25 base view images. [0408] Wen the nulti-view inmage as illustrated in

Fig. 29 is RBfE TS At AR PR s AtV ELVPRIRT (RS SA ERE) STEPRS par anet er s
(for exanpl gi1@GlHgPiAgrvakse:anga:-30 sakdapld Qﬁ%iito%ofla%?rtﬁea ating to
s for

tc of the clipping value) relating'to the clipplng proces strong
encoding 602) and decoded by the decoding unit 612 (or
the decoding unit 613).
10 [0421]
[18. Eleventh embodiment]
[Application to layer image encoding and decoding]

The above series of processes can be applied to

layer image enceding and decoding. Fig. 32 illustrates
15 an example of a multi-view image encoding scheme.
[0422]

As illustrated in Fig. 32, a layer image includes
images of a plurality of layers (resoclutions), and an
image of a predetermined single layver among the plurality

20 of resolutions is designated as a base layer image. The
respective layer images other than the base layer image
are treated as non-base layer Iimages.

[0423]

When the layer image encoding (space scalability)

25 as illustrated in Fig. 32 is performed, in the respective
layers (same layers}, the parameters relating to the
clipping process for strong filtering can be set.
Moreover, in the respective layers (different layers),
the parameters relating to the c¢lipping process for

30 strong filtering set ﬁo the other layers can ke shared.

[0424]



124 filtering can be set. Moreover, in the respective views (different
views), the paraneters relating the clipping process for strong filtering
set to the other views can be shared. 5[0409] In this case, the
paranmeters relating to the clipping process set to a base view are used in
at | east one non-base view. Alternatid@ y, for exanple, the paranmeters
relating to the clipping process set to a non- 10 base view (view.id = 0)
are used in at |east one of the base view and a non-base view (view id =
1). [0410] Further, in the respective views (sanme views), the
paranet ers rel atiig thast hesel | Ppi npyeretess felastnorg tbefiltering can be
set. I\/breovgﬁi Lﬂlth%oE%%Qe%£}V§tX§e i&gi;ferqu vgems%, thg garaneters
rel ating the ¥ ppi ng process for StF ong fittéring set® £6°FChe®vther vi ews
can be sharede §18411n 20| neibt Sowasen-thespakase! ens teehating ,0 the
clipping process set to a base view are_used in at |east one non-base view.
Al ternativef9T FHFRSEanple, PRREYEHECERE1RE| 8f | TiF t9-1PRENEI i ppi ng process

set to a5 nNoprbase; VAEWsEYLEY Efh =0 Ake-usgdyifaly east ope of the 25
base view and a non-base view (viewid = 1). [0412] In this manner, it is

possi bl e tolaévow the debkoekisgd prrocessetot appt yof idhteebrng appropri atel y.
[ 0413] 30[Nhlti-viem/inag§ encodi n devigel Fig. 30 is a diagram
and basévTIa @%{}d~ V.

iIIustratingna WU - Vi ew 2125
[0425]

Further, in the respective layers {same layers},

10 the parameters relating to the clipping process for
strong filtering can be set. Moreover, in the respective
layers {different layers), the parameters relating to the
clipping process for strong filtering set to the other
views can be shared.

15 [0426]

In this case, the parameters relating to the
¢clipping process for strong filtering set to a base layer
are used in at least one non-base layer. Alternatively,
for example, the parameters relating to the clipping

20 process for strong filtering set to a non-base layer
(layer id = 0) are used in at least ons of the base laver
and a non-base layer (layer id = 1).

(04273

In this manner, it is possible to allow the

25 deblocking preocess to apply filtering appropriately.
[0428]

[Layer image encoding device]

Fig. 33 is a diagram illustrating a layer image
encoding device that performs the layer image encoding

30 -described above. BAs illustrated in Fig. 33, a layer

image encoding device 620 includes an encoding unit 621,



i mge encodi ng device that perfornms the nulti-view imge encodi ng descri bed

above. As illustrated in Fig. 30, a nulti-view inmge encodi ng device 600
i ncl udes an encoding unit 601, an encoding unit 602, and a multipl exer 603.
5[ 0414] The encoding unit 60 ncodes a base view inage to generate

a base view i rage encoded stream The éncoding unit 602 encodes a non-base
view i mage to generate a non-base view i rage encoded stream The
mul ti pl exer 603 10 mul ti pl exes the base view i nage encoded stream gener at ed

by the encoQ%ngﬂuq%%jGOli@ng %heﬂn n-bagﬁ.v;eM/i e encoded stream
generated byt Fe-EHEGHiIRG “uRft’ 602 to “YenePafd®h Hidti-vi ew i mage encoded
stream [04156}24bThe i mage encodi ng device 10 (Fig. 1) can be applied to

t he encoding units 601 and 602 of the nulti-view inmge encodi ng devi ce 600.
In this case, theffulSRCodiady Fivege «@neaaPrags devhaee 6G0SetBaghetpar amet er s

rel ating togthe cll ppiNg.-Piogcess: fQ/. %Ercgagdfis%%&%xhngT gt 20, by,  he

encodi ng unit 601 and the paraneters relating e Ccl'rppi ng process for
strong filteningoSeterypdehea enwodiarg Univer602aand-4 rgnsfreare the paraneters.
[0416] As dgschbedjgbove. t he $ara ters rel ating %ﬁ t he 25 clipping
process for Stroty fiTter RGeS et W The eRetdi ngumt “6B1°%ey
transferrednsorasl d:esbenshpred iy dharageodhpgqani dsrH01 aRd 5024
Conversely, the paraneters relating to the clipping process for strong

filtering sBY B tHEEREEIRRGE UL 602 thaynpekremsiaiarednsesas to be 30
shared by tg§bgggéxggy%aﬁng%gep%%afqg,Qg%.eggé&zA? 126 [Milti-view image

decodi ng device] . Is a diagramilfustrating a nmulti-view

i mage décodismgeted ce lelyar pezforarsddee muktbmvi ew | mage decodi ng descri bed
above. As ilé%%%rated in Fig. 31, a 5 nulti-view inmage decodi ng device 610
i ncl udes a d %iplexer 611, a decoding unit 612, and a decoding unit 613.
[ 0418] The image encoding device 10 {Fig. 1) can ke

applied to the encoding units 621 and 622 of the layer
image encoding device 620. In this case, the layer image

15 encoding device 620 sets the parameters relating to the
clipping process for strong filtering set by the encoding
unit 621 and the parameters relating to the clipping
process for strong filtering set by the enceding unit 602
and transfers the parameters.

20 i0431]

As described above, the parameters relating to the
clipping process for strong filtering set by the enceding
unit 621 may be transferred so as to be shared by the
encoding units 621 and 622. Conversely, the parameters

25 relating to the clipping process for strong filtering set
by the encoding unit 622 may be transferred so as to be
shared by the encoding units 621 and 622.

(0432}
[Layer image decoding device]
30 Fig. 34 is a diagram illustrating a layer image

decoding device that performs the layer image decoding



The denul ti pl exer 611 denultiplexes the nulti-view 10 i mage encoded stream
in which the base view i rage encoded stream and the non-base view i nage
encoded streamare nultiplexed to extract the base view i mage encoded
stream and t he non-base view i mrage encoded stream The decoding unit 612
decodes the base view i mage encoded dti3team 15 extracted by the
denul ti ol exer 611 to obtain a base view inmge. The decoding unit 613
decodes the non-base view i nage encoded stream extracted by the
dermul ti pl exer 611 to obtain a non-base view inage. [0419] 20The i nmge
decodi ng des¢ser fif:d Egveb) manlhesapptéedid oridhe sdecadifngernits 612 and
613 of the multi-view imge decodi ng device 610. In this case, the

mul ti - vi ew THEFR REBAPAGSEBYTE & BLOSE AP nE LA T ieE¥eTusPhg  he

paraneters gelading Ja+t %@29|£rlﬂpié1gie%'bggﬁgsu£9{ 2 strong filtering, that
are set by the encoding unit 601 and decoded by the decoding unit 612 and

t he paranet &¢%3¥kelating to the clipping process for strong filtering, that

are set by the engadin it. 602 ecaoded t he.decoding.unit 613.
30[0420]5bAs descri ee&eg%ggle?l?ﬁeerr @ﬁsggmgggﬁp%ﬁ%eﬁ“ﬁeﬁaﬁ? pa?Stet ers

rel ating toetdeded ippisag phosess fofe sktengafiét t £fdqg sebdby t he encodi ng
unit 601 (or the encoding 602) are transferred so as to be shared by the

encodi ng unf 52 BO L HNF 6020 TR ThileYEEsémapRec A4S ité®anag® 5 decodi ng

devi ce 610 peld QiE dNEPLRLESS: USING Lhe: PALANEL LIS dnebakhng to the
clipping process for strong filtering, that  are set by the encoding unit

601 (or thesermodiany 602) nandvaecddedrbynthe decotichgturih.6lq or the
decodi unit 613). 1Q[0 ].018, El eventh enbodi nent l.ication to
!ﬁ% &ecoé%ﬁq1unlk %5% ch?ﬁﬁs g%e gas%hﬂgg%%v%ga e %gggg g

| ayer i'mage enco g and decodi e ser f processes can
be applied $eo-dayearximmgedengotidgicand tdecodénge3 Fitgh oB2akhl ustrates 15 an
exanple of a nmulti-view inmage _encodi ng schene. [0422] As illustrated in
Fig. 32, a ¢%®%rlq¥ﬁ§gémpﬂ8ru§g§ decodIng unit 633 decodes the non-

base layer image encoded stream extracted by the
demultiplexer 631 to obtain a non-base layer image.
15 104341

The image decoding device 50 (Fig. 6} can be
applied to the decoding units 632 and 633 of the multi-
view ilmage decoding device 630. In this case, the multi-
view image deccding device 6320 performs the process using

20 the parameter relating to the clipping process for strong
filtering, that are set by the encoding unit 621 and
decoded by the decoding unit 632 and the parameters
relating to the clipping process for strong filtering,
that are set by the encoding unit 622 and decoded by the

25 decoding unit 633.

[0435]

As described above, there is a case where the
parameters relating tc the clipping process for strong
filtering set by the encoding unit 621 (or the encoding

30 6Z22) are transferred so as to be shared by the encoding

units 621 and 6Z2Z. In this case, the multi-view image



imges of a plurality of layers (resolutions), and an inmage of a
predeterm ned single |ayer anong the plurality 20 of resolutions is
designated as a base | ayer imge. The respective |ayer inmages other than
the base | ayer image are treated as nan-base |ayer images. [0423] Wen the
| ayer i mage encoding (space scalability) 25 as illustrated in Fig. 32 is
performed, in the respective |layers (sane |layers), the paraneters relating
to the clipping process for strong filtering can be set. Mreover, in the

respective g@gggfhé(géggggeggol ]g%ﬁkm_kggsgﬁgggg%qfs.reL ting to the

clipping process for 30 stron ilterin hé”ﬁ%%érelayers can be
shared. [04R4}amedi2fs relatingntd hite cdsepitbepparaetfens stebagi ng to the

i are used in at

clipping process for rong filtering.set to a base | ayer

| east one ngh-%%%%¥%a3%P2 gf?é?ﬂégﬁbgpﬁ,ePB?d%%%ﬁHP€; ke (Bar Bheters
relating toeddgiicld ppingabdpaosass: bor «sbrongodidd efiingsset (49 a non-base
| ayer (layer Id = 0) are used in at [east one of the base |layer and a

non- base | aye? 49 g $n£t1§33).0425] Further, in the respective |ayers
(same layersjs340 the paraneters relating to the clipping process for
strong filtering can be set. Moreover, in the respective layers (different
| ayers), théelparrametiersipel atamgl<io the clipping process for strong

filtering set to _the . other viq¥5 c%n be shared, 15[0426] ~ In this
case, the paraneters ‘FEP&t FATPTT% REVEFPppY n privesEersr A8EPSHE fil teri ng

set to a baseviayeys aeousedsifb ahel 888t e088sPPRASEAYREL- 4 ternatively,
for exanple, the paraneters relating to the clipping 20 process for strong
filteriﬁg SEA" t7F &PRGHEPase Vaiarus( kdyerrpalie @prandussedsiphats | east one

of the base, ! ayfilr:-a0d 8.nonzbase laver.(Layerld s gah0427) 1n this
manner, it Is possible to allow the
cable broadcasting (such as satellite broadcasting or a
cable TV) or on the Internet and distributes signals to a
terminal by cellular communication, & recording device
15 that records images on a medium such as an optical disec,
a magnetic disk, or a flash memory, or a reproducing
device that reproduces images from these storage media.
Four applicaticn examples will be described below.
[0437]
20 [First appliication example]

Fig. 35 illustrates an example cf a schematic
configuration of a television apparatus to which the
above—described embodiment is applied. A television
apparatus 200 includes an antenna 901, a tuner 2902, a

25 demultiplexer 903, a decoder 904, & video signal
processor 905, a display unit 906, an audioc signal
processor 907, a speaker 908, and an external interface
909, The televisicn apparatus 900 further includes a
controller 910, a user interface 911, and the like.

30 [0438]

The tuner 902 extracts a signal of a desired



25 debl ocki ng process to apply filtering appropriately. [0428] [Layer inage
encodi ng device] Fig. 33 is a diagramillustrating a | ayer imge encodi ng
device that perforns the |ayer inage encodi ng 30 descri bed above. As
illustrated in Fig. 33, a layer inmage encodi ng device 620 includes an
encodi ng unit 621, 129 an encodi ng W#2t 622, and a nultiplexer 623. [0429]
The encoding unit 621 encodes a base | ayer inage to generate a base | ayer

i mge encoded stream The encoding 5 unit 622 encodes a non-base | ayer
imge to generate a non-base | ayer image encoded stream The nultipl exer
623 nul ti pl ekesn¢hefbase apedcimagelerdodedestegam gangr athed by t he

encodi ng unit 621 t he, non- hase | ayer i nage encoded stream generated by
t he encodinanaﬁ??agéE§t%?dlge88a%f%ﬁ§§zgaeaﬁéF Fﬁﬁ@% Trff¢ded S8¢&am [ 0430]
The i mage eprodimgedeixentBulkish dckra berapplisd dinatiheqepgodi ng units

621 and 622 of the |ayer image encoding device 620. In this case, the |ayer
i mage 15 enédBPdigldevicdoszbesessut e lsgeangfér s Thaltatbngtk® the cli pping

process 1 orald pighd ldd-Qklings el b the angagh Do HNide 624 .99, Lhe
paranmeters relating to the cflpplng process for strong filtering set by the
encodi ng uneppHORtEnd A, amsfehsrédeei vear ahet ensod2[O4XER in whickAs

descri bed a@ovei the.paranete&s relating to the clipping process for strong
filtering setc by ite EncodPAg unit 621 may be transferred so as to be
shared by thesescoding units 621 and 622. Conversely, the paraneters

The demultiplexer 903 separates a video stream and
10 an audio stream of a program to be watched from the
encoded bit stream and outputs each separated stream to
the decoder 904. Mcreover, the demultiplexer 903
extracts auxiliary data such as EPG (Electronic Program
Guide) from the encoded bit stream and supplies the
15 extracted data to the controller %10. The demultiplexer
903 may descramble when the encoded bit stream is
scrambled.
[0440]
The deccder 904 decodes the video stream and the
20  audio stream input from the demultiplexer 903. Then, the
decoder 204 outputs videc data generated by a decoding
process to the video signal processor 905. Moreover, the
decoder 804 outputs audio data generated by the decoding
process to the audio signal processor 9307.
25 [0441]

The video signal processor %05 reproduces the video
data input from the decoder 904 and allows the display
unit 906 to display video. The video signal processor
805 may alsc allow the display unit 906 to display an

30 application screen supplied through the network. The

video signal processor 205 may also perform an additional



25 relating to the clipping process for strong filtering set by the
encodi ng unit 622 may be transferred so as to be shared by the encodi ng
units 621 and 622. [0432] [Layer inmage decoding device] 30Fig. 34 is a
diagramillustrating a | ayer image decodi ng device that perfornms the |ayer

i mge decoding 130 described above. 188 illustrated in Fig. 34, a |ayer

i mge decodi ng device 630 includes a demultiplexer 631, a decoding unit

632, and a decoding unit 633. [0433] 5The denulti pl exer 631 denultipl exes
the | ayer image encoded streamin which the base | ayer inmage encoded stream
and the nonpbasesd ayeh krageiencaded st r eam atengnd t iyl exedvi@extract the
base | ayer i.mage encoded stream and the non-base | ayer imge encoded

stream The®deF F&SSIFAGIuRP L SB32 Wecotids e base VEE§ar SiFRife encoded

stream extrgeted by the depubdidlexer 881 te- oM aln qhase |ayer image. The
decodi ng unit 633 decodes the non-base | ayer image encoded stream extracted

by the denulrtigiifacer 6849¢osobt aih aamdn. baseutayer dndagecuisf0434]

The image d i devi 5 i.g.. 6) be applied_to the decoding units
632 andg%33§§)$det){%‘gipr‘r§|’t§$\j/i %%é?rﬁgnfgsgegggi%%n%lg%ecdg ¢ Ph this case, the
mul ti-vi ew bumge: deeadi.ng device 630 perforns the process using 20 the
paraneter relating to the clipping process for strong filtering, that are

set by the é%%%ﬁing unit 621 and decoded by the decoding unit 632 and the

paraneters rel at iyhg HQ;;{;D@%C&AJ‘P@% REOGLSe=A Ofy Sf rQngf LhLeLi ng, that are
set by the encoding unit 622 and decoded by the 25 decodi ng unit 633.

supplied from the video signal processor 805 to display
10 the videc or image on a video screen of a display device
(for example, a liguid crystal display, a plasma display,
an QLED, and the like).
[0443]
The audio signal processcor 207 performs a
15 reproducing process such as D/A conversion and
amplification to the audioc data input from the decoder
904 and allows the speaker 908 tc output the audioc. The
audic signal processor 907 may also perform an additional
process such as the noise removal to the audio data. The
20 external interface 909 is the interface for connecting
the television apparatus 3800 and an external device or
the network. For example, the video stream or the audio
stream received through the external interface 908 may be
decoded by the deccder 804, That is, the external
25 1interface 909 also serves as the transmitting means in
the television apparatus %00, which receives the encoded
stream in which the image is encoded.
[0444]
The controller $10 includes a processor such as a
30 central processing unit (CPU} and a memory such as a

random access memory (RAM} and a read only memory (ROM).



[ 0435] As descri bed above, there is a case where the paraneters
relating to the clipping process for strong filtering set by the encoding
unit 621 (or the encoding 30 622) are transferred so as to be shared by the
encoding units 621 and 622. In this case, the nulti-viewinmge 131
decodi ng device 630 perfornms the process using the paraneters relating to
the clipping process for strong filtering, that are set by the encoding
unit 621 (or the encoding 622) and decoded by the decoding unit 632 (or 5
the decoding unit 633). [0436] [19. Application exanple] The i mage

encodi ng devheendfoandibhesi FRgepdegadi ngedevigerpOaceanding to the
above-descri bed enbodi ments 10 can be applied to various electronic
appar at usesPEGERcALH 4 AhsnEEPefabt datecepiernthatgivsty ithat es signal s on

cabl e broadegelng {choas.ieal elild 8- Broadcastldg or -.cable. JV) of on the

I nternet an istributes signals to a térmn y cellular co nication, a
recordi ng dévi cead St hae Cebordssiamges odntae medlam siuch aapaantopt i cal

di sc, a mag i i sk, or_a flash nenory, or_ a r oduci devi ce t hat
reproducgg gﬁggggqﬁ?5%@?H5§8’s?%?dﬁ@a 'af&ﬁﬁﬁﬁﬁgﬁﬁpFESEgon exanpl es will
be descri bedpbetowsn [(H3FE 20f Erisicrappldscathionsexaml®lding to anFi 9. 35
illustrates an exanple of a schematic configuration of a television

appar at us t 6P®RF eI 1Fd JaBov éndes cEF Bedhénbear nents B apPililed oA tel evi sion
appar at us 900.j.9¢l udgs .gn ant g n@hgg%%FﬁS%uner 902, a 25 denultiplexer 903,

a decoder 904, a video S|gnar roce 5, a display unit 906, an audio
signal procé&4ér] 907, a speaker 908, and an external interface 909. The

tel evisjon apparat,us 900 further includes a controller 910, a user
interfa @ 911, aﬁ@“iﬁ@eFik8£e§gfﬁﬁ§%f'?ﬁec98ﬁ%?t >%edtfacts a signal of a

desired controller 210. The user interface 3911 includes a button

and a switch for the user tc operate the television
apparatus 900, a receiver cof & remote cocntrol signal and
the like, for example. The user interface 911 detects

15 operation by the user through the components to generate
the cperation signal and ocutputs the generated operation
signal to the controller 9S10.
[0446] |

The bus 812 connects the tuner 902, the

20 demultiplexer 903, the decoder %04, the video signal
processor 205, the audioc signal processor 907, the
external interface 908, and the contreller 910 to cne
another.
104477

25 In the television apparatus 900 configured in this
manner, the decoder 904 has the functions of the image
decoding device 50 according to the above-described
embodiment. Therefore, when images are decoded in the
television apparatus %00, the deblocking filtering

30 precess can apply filtering appropriately.
[0448]



132 channel from a broadcast signal received through the antenna 901 and
denodul ates the extracted signal. Then, the tuner 902 outputs an encoded
bit stream obtai ned by denodul ation to the denultiplexer 903. That is, the
5 tuner 902 serves as transmitting ns in the tel evision apparatus 900,
whi ch receives the encoded streamin Ich the image i s encoded. [0439] The
denul ti pl exer 903 separates a video streamand 10 an audi o stream of a
programto be watched fromthe encoded bit stream and outputs each

separ at ed siéeam o the dgcoder 904. Moreover, the demultiplexer 903
extracts auxifFary Warac“s t‘:ﬁna%xaé‘ﬁée@El ectroni ¢ Program Guide) fromthe

encoded bit streamandssupphses itdie 215 axkpasted dalatq-the controller
910. The demultipl exer 903 nay descranbl e when the encoded bit streamis

scranbl ed. FOAZD]THE BebbdernBU4 decsaes tehehitieds meaaTand the 20 audio
stream I HDU&eéé%édﬂ%m%gwaéh@'a%%fp %Qéd.ﬂl:@'}mbtig%vggsgg%z P04 outputs

vi deo data generated by ecodi ng process to th €0 signal processor
905. Mbreovergludes decedeen®9L 0yt putcesnaudi oz tatra generatedaby t he decodi ng

process to the. audi p si.gnal processor _907. 25[0441 The vi deo signal
processor Qﬁ%gjr%pcroo lfcgggt h2 SA Hars’ | ﬁp‘ﬁ’r&?‘?ﬁ?&r’t@né’zaec%der 904 and

al l ows the gisptay:rini 2806k ol Eplaycvkdep. sThe vigdeo)skgnal.processor
905 may also_allow the display unit 906 to display an 30 application screen
suppl i ed t hfdhgh tIFEFELRBS KPR GiindednsFghdP, pr ctesder 905tn@§lal so

Phe vi deo data sceording T Saterns i Fhbr . THe Y hsq 4T gRal pr obesbor
905 mayl gener®&t® a QU (G aphical User Interface) inage such as a nenu, a
button, and a Cu%%%réntenna 821 is connected to the communicaticn
unit 922. The speaker 924 and the microphone 925 are
connected to the audio codec 923. The ocoperaticn unit 932
is connected to the controller 931. The bus %33 connects
15 the communication unit 922, the audic codec 923, the
camera unit 926, the image processor 927, the
demultiplexer 928, the recording/reproducing unit 929,
the display unit 830, and the cocntroller 931 to cne
another.
20 [04507
The mobile phone 8920 performs operation such as
transmission/reception of an audio signal,
transmission/reception of an e-mail or image data, image
taking, and recording of data in various opesraticn mcdes
25 including an audic communication mode, a data
communication mede, an imaging mode, and a television-
phone mede.
[0451]
In the audio communication mode, an analog audic

30 signal generated by the microphone 925 is supplied to the

audio codec 923. The audic codec 923 converts the analcg



5 for exanpl e, and superinpose the generated i mage on an out put imge.
(0442] The display unit 906 is driven by a drive signal supplied
fromthe video signal processor 905 to display 10 the video or imge on a
vi deo screen of a display device (for exanple, a liquid crystal display, a
pl asma di splay, an OLED, and the |iképP® [0443] The audio signal processor
907 perforns a 15 reproduci ng process such as D A conversion and
anplification to the audio data input fromthe decoder 904 and all ows the
speaker 906 to output the audio. The audi o signal processor 907 may al so
perform an addic idgmalalptocess aubile getehendokée ¢mmsvrals tbet he audi o dat a.
The 20 exte interf is t i rfage for connecting,the

t el evi si on ééﬁiﬁ%%%ﬁE@%%gaﬁggaﬁxéf¥%Pﬁ§Fgdeiﬁ%%“oFh?h%u%% wor k.- For
exanpl e, the2videgsisr eam otmphes saudizadstr eata receinsed t hrough the external
interface 909 may be decoded by the decoder 904. That is, the external 25
interface 9P LGS PesThs $He t FARSAPTTIHE aTeaRs INh™t P t el evi si on
appar at us 900 0\ Gh o eeelYes=4 he,encededqst k eamddnmicehathe image is
encoded. [0444] The controller 910 includes a processor such as a
30 central procwsisivignuaiieng CPUrhand aherepotyursigeiias anktartidin access
menory (RAM_and .a read qQnly nenory _ . 134. Th nmpry.stores the

D1 001 am exerTERF Ly (he CRUL Do i aata >t the” EPG Aty Hath obt ai ned

t hr ough t hes fet vor kinand it bestikiesd)Therphogr ane siretha B2the menory is read

by the CPU at startup_of thehtelevision_apgaratus 5 900 to be_ executed, for
exanpl e. TH&EPY Cont1'6l OB H1d 0o tthe £ &1 8 SiidrSapp¥i BE 425900

accordijng tQ: g oparalien shohaln itRULfEaRLt Be: user Joptecface 911, for
exanpl e, by executing the program [0445] 10The user interface 911 is
connect ed tbredeercuhtiacolveepigilio THe ¥sae Fntepfaice Drecenciodes a button
and a switch; for, the yser fo operate.the. tel avision apparat us 000, a
recei ver of & fenpte GohtTo S|gnaﬁ and"the 17 K& £or exanpl e.” The user
interface 9dddietdcisS by demodulating and decoding the reception

signal and ocutputs the generated audio data to the audio

[
(€]

codec 923. The audio codec 923 expands the audio data
and D/A converts the same to generate the analog audio
signal. Then, the audic codec 923 supplies the generated
audio signal to the speaker 324 to allow the same to

- ocutput the audio.

20 [0452]

In the data ccocmmunication mode, for example, the
contreller 831 generates character data composing the e-
mail according to the operation by the user through the
operation unit 932. Moreover, the contrcller 931 allows

25 the display unit 930 to display characters. The
controller 931 generates e-mail data according to a
transmission instruction from the user thrcough the
operation unit 932 to output the generated e-mail data to
the communicaticn unit 922. The communication unit 922

30 encodes and medulates the e-mail data to generate the

transmission signal. Then, the communication unit 922



15 operation by the user through the conponents to generate the operation
signal and outputs the generated operation signal to the controller 910.

[ 0446] The bus 912 connects the tuner 902, the 20 demultipl exer 903, the
decoder 904, the video signal processor 905, the audio signal processor
907, the external interface 909, andlt3fie controller 910 to one anot her.
[0447] 25In the tel evision apparatus 900 configured in this manner, the
decoder 904 has the functions of the inage decodi ng device 50 according to
t he above-descri bed enbodi nent. Therefore, when inmages are decoded in the
t el evi si on appamatiss t980gehbeatiebloekisngsEibhesi g 83Q prpeesssean apply
filtering gg ropriately. 50448L_ 135 [ Second application exanpl e]

Fig. 36 i1 ustrites iy exanpredisid)a TEERBARL Fe coMtargdr &Eton of a nobile

phone to whish.d:he aboxerdescriked grbadinest is,appldedyA mobile phone
920 5 includes an antenna 921, a communication unit 922, an audi o codec

923, a speakirelgs siomidr opheireD25rcagbankes aanrdnn028. andi mage processor

927, a mul tipl e 9 a recording/reproduci ng unit 929, a display unit
030, & ContPUITiE 6HE, TR A SR 095 S s 6352T0] 0440] The

ant enna 92ltlis wentedbadsignidhe casRUN Eatd@muMick -92R. v The speaker 924 and
t he m crophgne 925 are connected to the audio codec 923. The operation unit
932 is conneTt¥E 13T S thE E ot T ertig3 £ CThkt BusS IR e 4ANEREEUS t he

comuni cat i ok Wint31922etbhen@udiQ£90€6. 923, -4 118 cagRLa Ynit 926, the image
processor 927, the

the controller 831. The controller 931 allows the

10 display unit 930 to display contents of the e-mail data
and allows the storage medium of the
recording/reproducing unit %29 to store the e-mail data.
[0453]

The recording/reproducing unit 229 includes an

15 arbitrary readable/writable storage medium. For example,
the storage medium may be a built-in storage medium such
as the RAM and the flash memory and may be an externally-
mounted storage medium such as the hard disc, the
magnetic disc, the magneto-optical disc, the optical disc,

20 a USB memory, and a memory card.
[0454]

In the imaging mode, for example, the camera unit

926 takes an image of an object to generate the image
data and outputs the generated image data to the image

25 processor 927. The image processor 927 encodes the image‘
data input from the camera unit 926 and stores the
encoded stream in the storage medium of the
recording/reproducing unit 929.
[0455]

30 Mcoreover, in the television-phone mode, for example,

the demultiplexer 928 multiplexes the video stream



derul ti pl exer 928, the recording/reproducing unit 929, the display unit

930, and the controller 931 to one another. 20[ 0450] The nobil e
phone 920 perforns operation such as transm ssion/reception of an audio
signal, transm ssion/reception of an e-mail or inage data, inmage taking,
and recording of data in various operati on nodes 25 including an audio
communi cati on node, a data conmuni cati on node, an inmagi ng node, and a

t el evi si on- phone node. [0451] In the audi o conmuni cati on node, an anal og
audi o 30 signal generated by the m crophone 925 is supplied to the audio
codec 923. Fhecadediy cddedm9g8 ottty tHE andl bge AB8B cawydirezsi gnal to the
audi o data an 0 r e v ed _audio data .to conpress. Then, the
audi o codecitqg%@{)%%nu?c\é%t tﬁgldggmc)%gé;%?&%a&& ooag?%g? gﬂf%e comuni cati on unit
922. The commlubigchdtaan stmictn922 theneodesiand: opdwhat et herigaidi o data to
generate a transm ssion signal, Then, the communication unit 922 transmts

hen,
the gener at G E V& <l oALSi ghal SR P dEsnase BPALTEIF ricte FIFFASTr at ed)
through §hetantenas 1 @21nMEeAVR! s 11 GgAEHNI caldonypit 922 anplifies a
wi reless 10 signal received through the antenna 921 and applies frequency
conver si on FoMRERLGHMET 0nobt 4FA BratecEpsi shesignataterhen, the
conmmuni cat i 1.9 rates t.he.audi g _data_ by denpdul atin nd
decodi ng thgp?gggbsﬁéﬁlgﬁgﬁgﬁ éﬁdugﬁfﬁﬁfssgﬁglagng?%%éqﬁﬁ thgg?a to the
audi o 15 codeco923.chEhenawdha epdec MA23cexpants thermaudiordata and D/ A
converts the sane.to %netate t he anal og audi o_signal. Then, the audio
codec 923 suppfi e t généfated "Huhi-¢5Si §narat or tHe SPeakérug24 to al l ow
the sangpto:put paedhe saudibag 200 0452] 1o frequezh@%t&ﬁw@s%ﬁowunl cation
node, for exanple, the controller 931 generates character data conposing
the emai | a&edraiwg o dbitelopehatioredniorheioser . t Mheugh the operation unit

932. NerOVQEan§$§%§§gHZ%q%kg& gé&'éﬂé(¥g%eption signal may include

the enccded bit stream. Then, the communication unit 922

restores the stream by demcdulating and decoding the
15 recepticn signal and outputs the restored stream to the
demultiplexer 928. The demultiplexer 928 separates the
video stream and the audio stream from the input stream
and outputs the video stream and the audic stream to the
image processcr 927 and the audic cedec 923, respectively.
20 The image processor 927 decedes the video stream to
generate the videc data. The video data is supplied to
the display unit 930 and a series of images is displayed
by the display unit 930. The audio codec 923 expands the
audio stream and D/A converts the same to generate the
25 analeg audio signal. Then, the audio codec 923 supplies
the generated audio signal to the speaker 924 to output
the audio.
[0456]
In the mobile pheone 920 cenfigured in this manner,
30 the image processor 927 has the functions of the image

encoding device 10 and the image decoding device 50



25 the display unit 930 to display characters. The controller 931 generates
e-mai|l data according to a transm ssion instruction fromthe user through
the operation unit 932 to output the generated e-nmail data to the

conmmuni cation unit 922. The communication unit 922 30 encodes and nodul at es
the e-mail data to generate the trans@i®ssi on signal. Then, the

communi cation unit 922 137 transmts the generated transm ssion signal to
the base station (not illustrated) through the antenna 921. Moreover, the
conmmruni cation unit 922 anplifies the wirel ess signal received through the
antenna 92laandrdimpplol ébet Aeote-etpmendipecoavesdimmtt.o Thersamee,t 0 obtain

the reception signal. Then, th 0 i catign,unit 922 denodul ates and
decodes t he"r&eeptissi §F§n%?c?ﬁafé%%ggchﬁﬁge%?mﬁqe 4 1a8n8 BUE put s the

restored e-pmi| #af aebooctRengopiraidier; B3dceIbecoonigrold er1931iadl ows the
10 display unit 930 to display contents of the e-mail data and all ows the
storage medRrERTOFY 1€ Wecor di ng/ reproducing unit 929 to store the e-mail

dat a. [QﬁSS}OJ%f}recording/reproducing unit 929 includes an 15 arbitrary
readabl e/ witable storage nmedium For exanple, the storage nmedi um may be a
built-in stéflaged regilunesuch asatdie]RAM and the flash nmenory and may be an
external |l y-nmount ed stqra medi um such as the hard disc, the magnetic disc,
t he nagneto-opti@dﬁ'dgéc?f%ﬁﬁtfﬁﬁﬁﬁxﬁn 8F§E?P%OP VSETERGFY, and a menory
card. [0454fchsdhedimRgbngtAD0e; cJrfingXaBpledud ey GRBIR upit 926 takes an
i mage of an object to generate the inmage data and outputs the generated

i mage data VolEheliamagevesipreterxbremy2einghe | e vredcesBer 927 encodes
the | mage dala.idpul/ Lbomihbe.salmfaiih 920600 SLOLe -;hﬁafgcoded stream
in the storage nedium of the recordi ng/reproduci ng unit 979 455]
30Mor eover, ang tihe tieleevidstenepronecmded bPovaéxanplpscdrae denul ti pl exer
928 HU|tiplgéggrétg%.%%%egeggggfﬁg medium, for example. Mocreover,
the recording/reproducing device 240 may encode the audic
data and the video data obtained from another apparatus
15 to record on the recording medium, for example. Moreover,
the recerding/reproducing device 940 reproduces the data
recorded on the recording medium by a monitor and the
speaker according to the instruction of the user. 1In
this case, the recording/reproducing device 240 deccdes
20 the audio data and the video data.
[0458]
The recocrding/reproducing device 240 includes a
tuner 941, an external interface 942, an encoder 943, a
HDD (Hard Disk Drive) 944, a disk drive 945, a selector
25 946, a decoder 847, an O8D (On-Screen Display) 948, a
controller 9248, and a user interface 950.
[0458]
The tuner %41 extracts a signal of a desired
channel from the broadcast signal received threough an

30 antenna {not illustrated) and demodulates the extracted

signal. Then, the tuner 941 outputs the encoded bit



138 encoded by the inmage processor 927 and the audio streaminput fromthe
audi o codec 923 and outputs the nultiplexed streamto the comrunication
unit 922. The conmunication unit 922 encodes and nodul ates the stream5 to
generate the transm ssion signal. Then, the comrunication unit 922
transmts the generated transm ssion %ﬁbnal to the base station (not
illustrated) through the antenna 921. Moreover, the comunication unit 922
anplifies the wireless signal received through 10 the antenna 921 and

applies the frequency conversion to the same to obtain the reception
si gnal . TheStFafBmedigRdsPynale airfrahe steceptpofnsi gidctvay 2¢Ael ude t he

encoded bi t psiteam Fhenynlhesgpmuin £ALLORLUNLL 922 restoLes Lhe stream by

denodul ati ng and decodi ng the 15 reception signa puts the restored
streamto the temdedpldner re@8cddhiengleimvlitepbéfer 928 separates the video
stream and ﬁﬁ$66ﬁdio stream fromthe input stream and outputs the video

stream and é audio streamto the inmage processor 927 and the audi o codec

923, respectivel yrh2@xthenk magecprocessar 927:wlecodes-Ahe vihdeo streamto
generate the video data. The video data is supplied to the display unit 930

and a seri eSOBFeFefed s TAF SpT R W thelap spreicuri4C 930. tae audi o
codec 923 expapds.{ hg.audi 9-siyeam kD Anygony ecetrg;é‘ighgn§gf?aéeo generate

the 25 anal og audi o signal. Then, the audio co supplies the
gener at ed abBdf onsy grralant 6ZEhe3 $heakerrf@24,t 0 oatputk tihecaddie, §0456]

I n the nobi phone 920 configured in thi nner, 30 .the. img rocessor
927 has thehgﬁn%?%?ﬁugcgf ?heigﬁﬁdgﬂ%ﬂ%bdpﬁagg%Q?c%mgdjﬁhglﬁﬁe gﬁgge
decodi np dewkeecBh. £39 a@ehoiid ,Nghkoviheo ahove-deseribeds ephodiment .

Therefore, when inmages are encoded and decoded in the nobile phone 920, the
debl ocki ng FFFEefshg3rogisEne aireppla) Arreefeey Sbbragisr itapstyto5[ 0457]

LInnr PSSR Rae] e s "o Blodatan ap puprnle of 2
serves as the ftransmitting means in the
recording/reproducing device 940.

15 [0461]

The encoder 2432 encodes the video data and the
audio data when the video data and the audic data input
from the external interface 942 are not encoded. Then,
the enccder 8943 outputs the encoded bit stream te the

20 selector S46.
10462}

The HDD 944 reccrds the encoded bit stream in which
content data such as the video and the audic are
compressed, various programs and cother data on an

25 internal hard disc. The HDD 944 reads the data from the
hard disc when repreoducing the videoc and the audic.
[0463]

The disk drive 245 records and reads the data on

and from the mounted recording medium. The reccrding
3C medium mounted on the disk drive 945 may be the DVD disc

(DVD-Videc, DVD-RAM, DVD-R, DVD-RW, DVD+R, DVD+RW and the



whi ch the above-descri bed enbodi nent is applied. The 10
recordi ng/ reproduci ng device 940 encodes the audi o data and the video data
of a received broadcast programto record on the recordi ng nmedium for
exanpl e. Moreover, the recording/reproduci ng device 940 nay encode the
audi o data and the video data obtained from anot her apparatus 15 to record
on the recording nedium for exanple. Mreover, the recording/reproducing
devi ce 940 reproduces the data recorded on the recordi ng nmedium by a

moni tor andithe) speaker-Ageordingk 404 Re-LaskiNeliol. of-d ReUseL, | N s
case, the recording/reproduci ng device 940 decodes 20 the audio data and

the video d&fa.cf@4sgl. The selfrdore@dbdinlfceprdducnegddévbce 940 incl udes

a tuner 941 X1 al-_interface 94 an_encoder 943 HOD .(Hard Di sk
Drive) 944,553§?§k“§5ﬁv5r6%5?h% %%G%%E%% 959465 %pﬁ%%%ﬁé%392?§ an OSD
(On- Screen Bisphay)ti@48claceont ¢0tddid P49, sardam tSernd moer kages950. [ 0459]

The tuner 941 extracts a signal of a desired channel fromthe broadcast

si gnal recefbBdt Tf dtigian “30WAsH efiP (G0 thPudifat ead a6 @sAbaEul ates the

extracted siugpabvedhame Lhe-LHDLET9 O QULPUL $1Lhe, gngoded (bist . 140 stream
obtai ned by the denodul ation to the sel éctor 946. That is, the tuner 941

serves as thertt afisem tthieng§Phedfs ¢mn tHre diesodding/ ?Epredudieng devi ce 940.
[ 0460] 5Thedg§5§g£mg44 %%erface 942 .is t%% interfaq;

én reproducing t video an Jég audio.
[0464] |

10 The decoder 947 decodes the encoded bit stream to
generate the video data and the audioc data. Then, the
decoder 947 outputs the generated video data to the 03D
248. Moreover, the decoder 904 outputs the generated
audioc data to an external speaker. The 03D 948

15 reproduces the video data input from the decoder 947 to
display the video. The OSD 948 may also superimpose the
GUI image such as the menu, the button, and the cursor,
for example, on the displayed video.

[0465]

20 The controller 949 includes the processor such as
the CPU and the memory such as the RAM and ROM. The
memory stores the program executed by the CPU, the
program data and the like. The program stored in the
memory is read by the CPU to be executed on activation of

25 the recording/reproducing device 940, for example. The
CPU controls operation of the recording/reproducing
device 940 according to an operation signal input from
the user interface 250, for example, by executing the
programn.

30 [046¢]

The user interface 850 is connected to the



connecting the recordi ng/reproduci ng device 940 and the external device or
the network. The external interface 942 may be an 1EEE1394 interface, a
network interface, a USB interface, a flash nenory interface and the |iKke,
for 10 exanple. For exanple, the video data and the audio data received

t hrough the external interface 942 anazi nput to the encoder 943. That is,
the external interface 942 serves as the transmtting neans in the
recordi ng/ reproduci ng device 940. 15[ 0461] The encoder 943 encodes
the video data and the audi o data when the video data and the audi o data

i nput from thecexternalssinteld ager942tar LadtaencededqdeJhen,udhe encoder
943 outputs the encoded bit streamto the 20sel ector 946. [0462] The

HDD 944 rec®?ds? t1e e S8Ed=he tusaT danPPRT#ARCH®ont ent data such as the
vi deo and tP@béHﬂH&yqr%rQBHPiﬁ Qﬁgﬁl¥@r@gu%28&%?% rwégdﬁgt%er data on an

25 internal hard disc. ~The HDD 944 reads t omthe hard di sc when
reproduci ngréthety idecraidst bee hudice, =x0463% . THhedivsk rdinver 94 records and

reads t d and fromthe unted recordi ng nedium The recording 30
od um oundel SHETRE GFERE o1 aIbas St chat s HOSENE IR SETPBREN VA deo.

DVD- RAM  DVE: Rye AMABW-HBVESR &2 D\ RWand the odddadd ke)r, a Blu-ray
(registered trademark) disc and the like, for exanple. The sel ector 946

sel ects t hed&HeTHef BPETstfeanmidiut tor 6het Aentimere94%%r the encoder 943
and outputs;ihig;sel ected encoded bit streamto the HDD 944 or 5 the disk
drive 945 m%en recording the video and the audi o. Moreover, the selector
946 outputs the encadedrbibrédtrgamproputifigodetim: HRD @44fogutde di sk drive

945 to %pe decader 947 mheg rgg%%gggi@gstge v%deo aQ%i%gg agd%o. [ 0464]
10The decods? 947 J&cdfes the &d "Bt & r am 18! o the
image encoding device 10 according te the above-described
embodiment. Moreover, the decoder %47 has the functions
of the image decoding device 50 according to the above-
described emboediment. Therefore, when images are encoded

15 and decoded in the recording/reprecducing device 940, the
deblocking filtering process can apply filtering
appreopriately.

[0468]
{Fourth applicaticn example]

20 Fig. 38 illustrates an example of a schematic
configuration of an imaging device to which the above-
described emboediment is applied. An imaging device 960
images an object to generate the image, encodes the image
data, and records the same on a recording medium.

25 [0469]

The imaging device 960 includes an optical block
961, an imaging unit 962, a signal processor 963, an
image processor 3964, a display unit 965, an external
interface 966, a memcry %67, a media drive 968, an 0SD

30 968, a controller 970, a user interface 971, and a bus

972.



generate the video data and the audio data. Then, the decoder 947 outputs
the generated video data to the OSD 948. Moreover, the decoder 904 outputs
the generated audio data to an external speaker. The OSD 948 15 reproduces
the video data input fromthe decode& 47 to display the video. The OSD 948
may al so superinpose the GUJI inmage such as the nenu, the button, and the
cursor, for exanple, on the displayed video. [0465] 20The control |l er 949

i ncl udes the processor such as the CPU and the nenory such as the RAM and
ROM The neg&&*Hstores t he program executed by the CPU, the program data
and the |ike: e programstored in the nenory is read by the CPU to be

executed on acti vall 0Btofa 25 1di& necok fingis ey oducisng-degyvi ge 940, for
exanpl e. The CPU controls operation of the recording/reproducing device 940
accordi ng to:HPIGEEY FEFBATFgnand hpat likem thhe @seichhterdckec®6950, for

exanpl e, bysexecutin t&gglp{ggéfqgaggggﬁg§gcgq§lgﬁgpfggggrface 950 is

connected to the 142 control user inte 950 includes a
button and susiEdeclrif ghet hBagiser WO topeE at EHsheémredog dirig! rogar oduci ng
device 940 and a receiver of a renmpote control _signal, for exanple. The user

i nterface Ef%ﬁ;fQ§5t§8t§m8%%r§ﬁq%ﬂ¥ BYCEhas u er© Gh“t'he &6hponents to

generate theroperat k8B shaNetl andqeutpuhsd the ganerated operatdon signal to
the controller 949. [0467] In the recording/reproducing device 940
confi gured 4D 4™ {HCS Aashet 2% F@ SABHHBEC 9ABIs hehPupeisounsiof the

I mge encodifng device 1fhaccqordi ng %Pm{ h&,:3be- %E%ﬁ&%?e& enpodiment .
Mor eover, the decoder 947 has the flnctions of ‘t he nage ecoélng devi ce 50
accordil¥g toidriee dboveedesgnibedoerbedine®t. Therefore, when i mages are
encoded (0471]
The signal processor 963 performs various camera
signal processes such as knee correction, gamma
correction, or color correction to the image signal input
15 from the imaging unit 262. The signal processor 963
ocutputs the imagejdata after the camera signal process to
the image processor 864.
(04727
The image processor 964 encodes the image data
20 input from the signal processcr 963 to generate the
encoded data. Then, the image prccessor %64 ocutputs the
generated encoded data to the externzl interface 965 or
the media drive 268. Moreover, the image processor 964
decodes the enceded data input from the external
25 interface 9¢6 or the media drive 968 to generate the
image data. Then, the image processor 964 ocutputs the
generated image data to the display unit 965. The image
processor 964 may also output the image data input from
the signal processocor 963 to the display unit 965 to
30 display the image. The image processor 264 may alsc

superimpose data for display obtained from the 08D 969 on



15 and decoded in the recording/reproduci ng device 940, the debl ocki ng
filtering process can apply filtering appropriately. [0468] [Fourth
application exanple] 20Fig. 38 illustrates an exanple of a schematic
configuration of an inmagi ng device t ich the above-descri bed enbodi nent
is applied. An inmaging device 960 i mages an object to generate the image,
encodes the image data, and records the sanme on a recordi ng nmedi um

25[ 0469] The i magi ng devi ce 960 includes an optical block 961, an imaging

unit 962, a_signal processor 963, an _inage pro sor 964, a display unit
965, an extE@%aImﬁﬁgéwgggé %%65“%‘@5?6?? @%EF gg dia drive 968, an OSD
30969, a congspijer 970, a user interface 971, and a bus 972. 143 [0470]

The optical block 961 includes a focus_ |ens, a diaphragm nechani sm and the
i ke. The opticalT™¥5 66 961 FToawrtas 6pki €&l it Bfcht Ré BBfect on an

imaging 5 skrfaca el e Limolno Nt 902, J0e Lipging apt 962 includes an

i mage sensor such as a a and’ conver e optical inmage forned
on t he imagomgpsiy fidee gbocaateduigecsi grakhasimagelpctadssosi ghal by
photoelectrLg £ nversion. Then, the imaging unit 962 outputs the inage 10
signal to the si‘gnal processor 963. [0471] The signal processor 963

perforns vari ous TCRNMeEKA=$hENA] n{H1GCRSS 886 SUE h-@sr kN8R ACQET eI HN, gamma
correction, or color correction to the inmage signal input 15 fromthe
i magi ng uni MBEY OUrtRe tsitgREE Pk 0cEds 68aDB3S outTiift $xtRENRhage data after the

camera signaly HACESSlO LAGLIRIG PLRCEESON a@Phe 960 and a

10 printer when printing the image, for example. DMoreover,
a drive 1s connected to the external interface 966 as
necessary. The removable medium such s the magnetic
disc and the optical disc is mounted on the drive, for
example, and the program read from the removable medium

15 may be installed on the imaging device 960, Further, the
external interface 966 may be configured as a network
interface connected to the network such as a LAN and the
Internet. That is, the externazl interface 966 serves as
the transmitting means in the imaging device 280.

20 [0475]

The recording medium mounted on the media drive 868
may be an arbitrary readable/writable removable medium
such as the magnetic disc, the magneto-optical disc, the
optical disc, and the semiconductor memcry, for example.

25 Moreover, the recording medium may be fixedly mounted on
the media drive 968 to form a non-portable storage unit
such as a built-in hard disk drive or SSD (Solid State
Drive), for example.

[c47e]
30 The contrecller 970 includes the processor such as

the CPU and the memory such as the RAM and the ROM. The



[0472] The inmage processor 964 encodes the inmage data 20 input fromthe
signal processor 963 to generate the encoded data. Then, the imge
processor 964 outputs the generated encoded data to the external interface
966 or the nmedia drive 968. Mreover, the i mge processor 964 decodes the
encoded data input fromthe external 125 interface 966 or the nedia drive
968 to generate the inmage data. Then, the inage processor 964 outputs the
generated i mage data to the display unit 965. The inage processor 964 may
al so output the imge data input fromthe signal processor 963 to the

di spl ay unite®sy tsdo3@sdicspl ayoddeen iemagetedhey | treg€HIF eacdssbe 964 may al so
superinpose data for display obtained fromthe OSD 969 on 144 the inmage
output to t%EP%ﬁ%ﬁﬂqgﬁaUniEﬁgégpgfﬁﬂ7§ToreJnln thenBePREY 089 GYiter at es t he
QU i mage spghcras deve zReBYarthie dutthen:napthd heewilsaso terpexanple, and 5
outputs the generated inage to the inage processor 964. [0474] The
external i nt&RFHEE 96671 s¥XeBRi gured @kl &iPTUSE lisnpaerabt putok éhwi nal , for

exanpl e. Th%%itnggr Rl L0t eph AL A conpects LheJumgl ng deyi ce 960 and a

10 printer inting the 1 mage, for exanp adrive is
connect ed tonghe fextrerthal ubat eif@ceE 2066938, neoessamplefheyr enovabl e nmedi um
such as the nqﬂggtic gisc and the optical disc is nounted on the drive, for
exanpl e, ant tHe ProdranPredt™ rom t he renovabl e medi um 15 may be install ed
on the inmagimgrdevi ce 960. Further, the external interface 966 may be
configured as a network interface connected to the network such as a LAN
and the |nternet TPPhagersintaetasa érnal si Mrerdwcs 966 t8erves as the

transm:ltd'i N9y %_eirn 9t7 ¢ i idg%rd?ﬁ[lit Efgz.ﬁé)@”?lo[i(‘yf:?lb es a b ttérrb,e
recordi ng medi um nounted on the nmedia drive 968 may be an argltrary
r eadabl e/ wr & t sl teehr enov abk el ivedi lum shehuasr the omgreete chdi $gagihe

nagneto-optécajegi%ﬁ, t he ogtical.dkﬁ%,_and,the genicgggu tor menory, for
exanpl e. 25°WbrEover, the FEEERdi ng nediifin iy 6é2FFx V&WﬁﬁﬁFEd on the
medi a dri ver@6&do ftabm ByNoRs NafdaklheostRr age dhidortiiel @8 a built-in hard
di sk drive or SSD (Solid State Drive), for exanple.
generate the operation signal and outputs the generated
15 operation signal to the controller 970.
[0478]
The bus 9272 connects the image processor 964, the
external interface 966, the memory 267, the media drive
868, the 0SD 969, and the controller 970 to one another.
20 [04793
In the imaging device 960 configured in this manner,
the image processor 964 has the functions of the image
encoding device 10 and the image decoding device 50
according to the above-described embodiment. Therefore,
25 when images are encoded and decoded in the imaging device
960, the deblocking filtering prccess can apply filtering
appropriately.
[0480]
In the present specification, an example in which
30 wvaricus types of information such as the parameters

relating to the clipping process for strong filtering are



[0476] 30The controller 970 includes the processor such as the CPU and the
menory such as the RAM and the ROM The 145 nenory stores the program
executed by the CPU and the program data. The program stored in the nenory
is read by the CPU at startup of the i4rgagi ng device 960 to be executed, for
exanple. The CPU controls operation of the 5 inaging device 960 accordi ng
to the operation signal input fromthe user interface 971, for exanple, by
executing the program [0477] The user interface 971 is connected to the 10
controller Q70: 4 fxtése i_nt erfczccf 971 includes a button, a switch and the
like for the Uuset 7o opdFrit & tRET magichg dav %rﬁwaqsﬁ“ﬁtéﬁgnﬁf%m The user
i nterface 9iﬂed@tcﬁﬁﬁqg{ Bedepes athomdneding yses Ady ough, the coppgnents to
generate the operation signal and outputs the generated 15 operation signal

to the contFoFFERr QPOMeba7ept transnitiRangushey demrestis the i mage

processor 964r.the extecngl:interf 9 t ry.967 medi a drive
9613, the OSD c5)969 land t he Eont r ol %gr ° %:LSOQ%% lzr;é;ot ﬁ§$ é}ﬁ%rf@ In the

i magi ng ijevth%segwe@t@nblfguné@lrmmtztdn waryabaetramhmutrmg@rpfc@cessm 964 has
the functi ons ¢ of th el e encodi n |§e 0 anecliqu%g |rra e decodi ng device
50 according to T He aboves dest ??Ibae Ree Rts™ fbc}rte t352%hen i mages

are encodedratick degndedeiAgthel t IRGiRG devbcen96hhcdhe debl aeking filtering
process can_apply filtering approprlately [ 0430] In the present
speci fi cat i DAt = arrEx&fple " Fo okl 2IE "30CGaF | %h%ttVfﬁeslH@fgel nborpation such as

the paraneters.ielatiagshonthe £14ARING-Ar 0085 fori shiang {L1tering are

10 bit stream and information corresponding to the image can
be linked with each other at the time of decoding. That
is, the information may be transmitted on a transmission
line cther than that of the image (or bit stream).
Moreover, the information may be recorded on another

15 recording medium {or another rececrding area of the same
recording medium) other than that of the image {(or bit
stream). Further, the information and the image {(or bit
stream) may be assoclated with each other in optional
units such as a plurality of frames, one frame, or a part

20 of the frame, for example.

[0481]

Furthermore, the present technigue is not to be
interpreted as being limited to the above-described
embodiments. The embodiments disclose the present

25 technique in an exemplary and illustrative form, and it
1s obvious that modifications and substitutions may occur
to those skilled in the art without departing from the
spirit of the present technigue. In other words, the
spirit of the present technigue should be determined in

30 consideraticn of the claims.

[0482]



146 nmul tipl exed into encoded streans and are transmtted fromthe encodi ng
side to the decodi ng side has been described. However, a nethod of
transmtting these items of information is not limted to this exanple. For
exanple, 5 these itens of infornation“%py be transmitted or recorded as
separate data associated with the encoded bit streamrather than being

mul tiplexed into the encoded bit stream Here, the term "associ ate" neans
that the inage (or part of the inage such as a slice and a bl ock) included

inthe 10 bit streamand inforpation corresponding to the inmage can be
linked with each Gtffer-"at the tT9RF SFodeedarAgiet 9is thife information
nmay be transghhhedOmA tihansgl seioneding: aghesndhan.4:hats of the image (or
bit strean). Moreover, the information may be recorded on another 15
recordi ng médi umZorimgget hepce eeordidryigreanotudhiegsame recordi ng nmedi um
ot her than that o i.mage r..bit str . Further, the_ information and
the i mage (or bit§§%$§§ﬁg8nﬁ§£ éjggéé%Fggg ﬁ?t%“é%%ﬁ*éFﬁgFmin opti ona
units such ascaded urrahintiy sokadh amesinonre 1byarestoiciaugearnt 20 of the frane,
for exanpl e. £048%% , Furthernore, the present technique is not to be
i nt er pret ed?83°berng i'APEEA to the above-described embodi nents. The
enbodi ment s di scl psethe:present 2hid echnigyes i fordi exepkary.and
illustrative form and it is obvious that nodifications and substitutions
may occur t&°othokkcgkibduadary tdreemtinanittheut tdepatht iqfy tfhreom t he spirit of
t he present i el th wor ds, .the LLi f.the present technique
shoul d be dg%ggﬁg%e ﬁ%lgggc% é%ﬂ%%g¥idﬁeo?§§ﬁ% %?é%?ﬁfy F%ﬁgg]lsl47

Not e t hiat t hebbwmgerprretesshng wewviic e fofththi satechati«piaamypyi aekude t he
follow ng cgnstitutions. élg An_j mage processing device including:

a decodi ng GRFPITHat decfaes At PSPFEafi 5i%eitlodéd PR units each

having a | ayescglragiure to generate an i mge,;

a controller that contrels the filtering unit so
that, when strong filtering is applied as the strength of
15 the deblccking filter, a clipping process is applied to
the debleocking filter with respect to luminance

components cof the image generated by the deccding unit.

{23 The image processing device according to {1),
wherein
20 the controller applies the clipping process to

values of parts that change when the deblocking filter is

applied.
(3 The image preccessing device according teo (2),
wherein

25 the contreller applies the clipping process

according to the fellowing expressions:

IMathematical formula 37]



afiltering unit that applies a deblocking filter to a bl ock boundary
according to a strength of the deblocking filter applied to the bl ock
boundary which is 10 a boundary between a bl ock of the imge generated by
t he decoding unit and an adjacent block adjacent to the block; and

a controller that controls the filterli4¥g unit so that, when strong
filtering is applied as the strength of 15 the deblocklng filter, a
clipping process is applied to the deblocking filter with respect to

| um nance conponents of the inage generated. by the decoding unit. (2) The

i mage proce |n ICE acco 1 e controller applies
the clippin fpr ‘hodemm 828% Bﬁr&sgqﬁgﬁq@ ﬂd@B N the debl ocki ng
filter is ap Iled (3) The |nage processi ng device according to (2),
wher ei n 25t “cé%ﬁﬂoﬂhemyaaolﬂbtszb éTmpr%@ ;pAdddss>akcording to the

fol | owi ng expressions: [Mathematical forrmula 37] 146 p0l =

pO. +Cl i pHpopIgB¢ pPAGil {R* @i @1 (082 r—s%}q@p@,w@mﬂ)»ﬁ) q0l1 = 0. +C
q

i pHp, ) _(po((pl |+2*p0| ||-2* ||-q2|1 4)>>3); pl =p
0,0 0] 2> i +C
: BE‘BX% (1, %‘2 %H glp <3%1p@ql (ﬁ%@?bﬁz—)@iﬂf%z %’)ﬂ%qmll

i pe_po_ (po( p2 2 +pl |+ || i +4) >>3 g2+01 i pHp\ o_( po((pO;
+qO0; +pl i - % Qéé*"%é QIGAQVJ»E@)) @ppiz lgtp WHd"‘B\Pﬁ% a clipping val ue.
(4) The inage processi ng device accordlng to (3), wherein 5the controller

sets a val u@21t=he12i+i0$5n(mgvgg@)r((mﬂ.pH-u(Dip-Ipé&ﬁ‘qupbz*aqﬁpE@Ds3of t he debl ocki ng
filter as the clipping value used when the clipping process is perforned.

where 1 = 0," 7 and pv is a clipping value.
(43 The image processing device according to (3),
wherein
5 the controller sets a value that is integer

multiples of parameters of the deblocking filter as the
clipping value used when the clipping process is
performed,
(5) The image processing device according to {(4),

10 wherein

the controcller sets a value that is twice the
parameters of the deblocking filter as the clipping value
used when the clipping process is performed.

(&) The image. processing device according to any of (1)
15 te (5), further including:

a filter strength determining unit that determines
the strength of the deblocking filter applied to the
block boundary, wherein

the filtering unit applies the deblocking filter to

20  the block boundary according to the strength determined
by the filter strength determining unit, and

the contreller controls the filtering unit sc that,

when the filter strength determining unit determines that



(5) The inmage processing device according to (4), 10 wherein t he
controller sets a value that is twice the paraneter a of the debl ocking
filter as the clipping value used when the clipping process is performned.
(6) The inmage processing device according to any of (1) 15to (5), further
including: a filter strength deterni affflg unit that determines the strength
of the deblocking filter applied to the bl ock boundary, wherein

the filtering unit applies the deblocking filter to 20 the bl ock boundary
according to the strength determned by the filter strength determ ning
unit, and strong fiRgesdnyrot | 'er beonprpoisdt he diidrdmicngranéss sis t hat, when

the filter th_d r .0 uni t.,det er mi nes_t hat 49 strong filtering
is to be aﬁ%%ﬁg', EOC?%%pIn%iéﬁki? sélgseﬁﬁ%fgﬁxf%%?%:te%ae T%cking filter

W th respeclutimaite kufiboasces caTpoReninsgof gdherdtmyeygener ated by the
decodi ng unit. 5(7)The inmage processing device according to (6), wherein
the filter €¥9¥ngthY@eéterm ning unit determines the strength of the

debl ocking fi) ter-usingsa pravaldity, gbviides-as-processipg, units. 10(8) The
i mage processing device according to (7), wherein the filter
strengt h defa®imi ng unit deternines the strength of the deblocking filter

;i;g?d{ﬁ;rtgi???Fﬁgu%?25$£?%%%%%ﬁ%gggké§mi&§&§%§gﬁ'hg%ggm ggg%ﬁigng device
strength of the deblocking filter using a plurality of
lines as processing units.

10 (8} The image processing device according to (7),
wherein

the filter strength determining unit determines the
strength cf the deblocking filter using four lines as the
processing units.

15 {9) The image processing device according to (7},
further including:

a filtering necessity determining unit that
determines whether the deblocking filter is to be applied
to the block boundary using a plurality of lines as

20 processing units, wherein

the filter strength determining unit determines the
strength cf the deblocking fiilter when the filtering
necessity determining unit determines that the deblocking
filter is to be applied.

25 {10} An image prccessing method for allowing an image
processing device to execute:

decoding an encoded stream encoded in units each
having a layer structure to generate an image;

applying a deblocking filter to a block boundary

30 according to a strength of the deblocking filter applied

to the block boundary which is a boundary ketween a block



a filtering necessity determning unit that determ nes whether the

debl ocking filter is to be applied to the block boundary using a plurality
of lines as 20 processing units, wherein the filter strength determ ning
unit determnes the strength of the deblocking filter when the filtering
necessity determning unit determ nes>Phat the deblocking filter is to be
applied. 25 (10) An inmage processing nethod for allow ng an i nage
processi ng device to execute: decodi ng an encoded stream encoded in
units each having a |ayer structure to generate an i nmage;

appl yi ng a efebitsclkergriteteirags angl sokadorpriar Y13G kacdordemy t® a strength
of the debl ggking fLIg§5 applied to the bl ock boundary which is a boundary
bet ween a bl ock f%o of the generated i mage and an adj acent bl ock adj acent
to the block; andontrellingosd rdlalti, nghso fthadng whiamestingngsfiltering is

applied as the strength of the deblocking fjilter, a 5 clipping process is
applied to ?Qéiﬁﬁgbﬁﬁckpﬁgs?¥?313 Wit AP eSpRt?ch 3! drilrghces conponent s of

the geney atediggmgeprobdds An %amg%dp!eecaséi&@oﬂeaﬁﬁ% i=net udi Pgin a
filtering unit that applies a deblocking filter to a bl ock boundary
accor di ng t¥ 3§t érgtBmoRaidre crrdebhbekehgtid [qeeyergpphi éded®d. t he bl ock

boundary mhifﬂ_iinaiggggd%%%xggﬁyﬁgQegigégﬁd%kcﬁ§£winage | ocal |y decoded

when an image is enco an adj acen adj"acent to the block; a
controller that eoftiotsitdendfid ttesicngpphids s0 déblivhat ngWhencest rong
s the strength of the deblocking filter, a clipping

filtering ig a Bji%d as th gtn_of _ g _
process is ‘bﬁ?l&& 0 P HRCHED I BEKITAGPi FP et Wt TEsPect o | umi nance
conponent s Qpitheihgcakly-degodedd RBICHhe AMMbck boundary which is
a boundary between a block of an image locally decoded
when an image 1s encoded and an adjacent block adjacent
to the block;
a controller that controls the filtering unit so
15 that, when strong filtering is applied as the strength of
the deblocking filter, a clipping process is applied to
the deblocking filter with respect to luminance
components of the locally deccded image; and
an encoding unit that encodes the image in units
20 each having a layer structure using an image tc which the
deblocking filter is applied.
(12} The image processing device according to (11),
wherein
the controller applies the clipping process to
25 values of parts that change when the deblocking filter is
applied.
(13) The image processing device according to [12),
wherein
the controller applies the clipping process
30 accecrding to the following expressions:

iMathematical formula 38&)



an encoding unit that encodes the image in units 20 each having a | ayer
structure using an inmage to which the dehlocking filter is applied. (12)
The i mage processing device according to (11), wherein the controller
applies the clipping process to 25 values of parts that change when the
debl ocking filter is applied. (13) T i nage processing device according
to (12), wherein the controller applies the clipping process 30
according to the foll owi ng expressions: [Mthematical formula 38] 151 pOl1
= pQ +Cl i pH nHpo ((p2i+2*p| 6*pG +2*q0i+q 1 i+4)"3) g0l pi - pl i+C

ig(_pv)_@)(ép2|-r |+pO +q0| +2)>(>22) 5 = @;’1‘+CI Z'F 8+@)B pQ +qCti-rql
+q2i +2) " 2 A §¢d4-+ e} 4) +
qglLC|)|plb8) (po((pO ( &WP gngtz*q3|14)" mhege |)d % 492§;3)

is a clipping value (14) The |nage processi ng deV|ce according to (13),

wher ei n 5t hgQceatg+ €1 | nBV)f %ﬁ’ al U, hap¥he) LG g yﬁ.ﬂ‘qlﬁ#@loﬁ4)>>3)

paraneters of 'the dehloc as the cﬂlpplng val ue when
clipping process is perforned (15) The imge processing device

according tg1{ 1 Hogwhgren _ ., ((p2;—3%p1;+p0;+a0,+2)>>2);
Cﬂg = Cﬂ ;+C| ip(-p\,}__(pv)((D05+q0;-3*q1 §+q2§+2)>>2);
p2; = p2;+Glip(—py—(y ((2¥p2;—5%p2;+p1;+p0;+00;+4)>>3);

02; = 02;+Glip (—py @y ((PO;+00; +p1;—5%02,+2%g3;+4)>>3);

where 1 = 0, 7 and pv is a clipping value,

(14} The image processing device according to (13},
wherein

5 the controller sets a value that is integer
multiples of parameters of the deblecking filter as the
clipping value used when the clipping process is
performed.
(15) The image processing device according to (14),

10 wherein

the contreller sets a value that is twice the
parameters of the deblocking filter as the clipping value
used when the clipping process is performed.

(16) The image processing device according to any of
15 (11) to {15), further including:

a filter strength determining unit that determines
the strength of the deblocking filter applied to the
block boundary, wherein

the filtering unit applies the deblocking filter to

20 the block boundary according to the strength determined



the controller sets a value that is twce the paraneters of the'dehlocking
filter as the clipping value used when the clipping process is perforned.
(16) The imge processing device according to any of 15(11) to (15),

further including: a filter strength determining unit that
determnes the strength of the dehl odkiéng filter applied to the block
boundary, wherein the filtering unit applies the debl ocking
filter to 20 the bl ock boundary according to the strength determ ned 152
by the filter strength determ ning unit, and the controller

control s theyfile egriligruni tesyit kietermhahng hen {4, teerd strength determ ni ng

unit determ nes that stro filtering is . to applied,. a cljpping process
is 5 applied to the 88%%%% |?ﬁ;ﬁ%qtf8gsm??% ?%Eﬁﬁi%?gtBHPﬁes?uﬁgﬁ nce
conponent s wier hehd mageegeneraiath by rkhei decoding writkrni £d7) tdhe | nage
processing device according to (16), wherein 10the filter strength
det er m ni ngSurf19 detléFriR@si i He® St SRGLRBf ® He IdBHIGcRIFAGSFFIi®r using a
plural ity ofplines «aspkogessidg i ishis ce - (I8)n The JJmge pracessi ng device
according to (17), wherein 15the filter strength determning unit
det er m nes lirelmtnengerhrofietthe adebiheckinagef géterangsi by £bar |ines as the
processi ng é%@té%n, %%%{ The i nmage processing device according to (17),
further inctuding:° 20a filtering necessity determning unit that determ nes
whet her the(dehl aeki Bgadé | $85cdssing Bevappl i @bAda nghecbloek, boundary using
a plurality of lines as processing units, wherein the filter strength
det er mi ni ng*tAi ¥ et ermi nes the 25 strength of the dehlocking filter when
the filjteri ng necegsict yrdetornijng unkindel e ines sthat, 1 hes dehl ocking
filter is to be applied.

strength of the debleocking filter using a plurality cf

lines as processing units,

(18) The image processing device according to (17},
whereln
15 the filter strength determining unit determines the

strength cof the deblocking filter using four lines as the
processing units. |

(18} The image processing device according tc (17},
further including:

20 a filtering necessity determining unit that
determines whether the deblocking filter is to be applied
tc the block boundary using a plurality of lines as
processing units, wherein

the filter strength determining unit determines the

25 strength of the deblocking filter when the filtering
necessity determining unit determines that the deblecking
filter is to be applied,

(20) An image processing method for allowing an image
processing device tc execute:

30 applying a deblecking filter to a block boundary

according to a strength of the dekblocking filter applied



(20) An image processing nethod for allow ng an i mage processing device to
execute: 30applying a deblocking filter to a bl ock boundary according to a
strength of the deblocking filter applied 153 to the bl ock boundary which
is a boundary between a bl ock of an mage | ocal | y decoded when an inmage is
encoded and an adj acent bl ock adjaceﬁt to the block; controlling so that,
when strong filtering is 5 applied as the strength of t he debl ocki ng
filter, a clipping process is applied to the deblocking filter with respect
to | um nance Cﬁ$¥§9ents of the | ocal | y decoded i ma encodi ng

the i mage in°u “Eich PRED ﬁﬁyd“Pé§bﬁslé SPFOCRTY %ﬁ§ﬁgﬁ a&nPifake to which
the debl ockbagafiidLfe i19:a0PY 1 @ o REFERENCE, SN LIST[0483] .1310: | mage

encodi ng device 11: A/D converter 12, 57: Frane reordering buffer 13:
Subt ract or 34: a@}%%ﬁgoﬁépckr@%EﬂﬁﬁﬁEﬁIQGhﬁ bépahtlzer 16: Lossl ess encoder

17 AccunU|atlon<9HIE§ﬁ11%§ sgh&%nﬁo%%%%'2§ro ffaherlgverse auantizer

5 applied as the strength of the deblocking filter, a
clipping preocess is applied to the deblocking filter with
regpect to luminance components of the locally decoded
image; and

encoding the image in units each having a layer
10 structure using an image to which the deblocking filter

is applied,

REFERENCE SIGNS LIST
[0483]
15 10: Image encoding device
11: A/D converter
12, 57: Frame reordering buffer
13: Subtractor
14: Orthogonal transformer
20 15: Quantizer
16: Lossless encoder
17: Accumulation buffer
18: Rate controller
21, 53: Inverse guantizer
25 22, 54: Inverse orthogonal transformer
23, 55: Adder
24, 56: Deblocking filtering unit
25, 6l: Frame memory
26, 62, 65: Selector
30 31, 63: Intra predictor

32: Motion estimator/compensator



2522, 54: Inverse orthogonal transforner 23, 55: Adder 24, 56:

Debl ocking filtering unit 25, 61. Franme nenory 26, 62, 65: Selector
3031, 63: Intra predictor 32: Mtion estimtor/conpensator 154 33:

Predi cted i nage/ opti mal node selecting unit 50: |Imge decodi ng device 51:
Accumul ation buffer 52: Lossless decdder 561: Franme nenory 64: Nbtion
conpensation unit 71: Image nenory 72, 72-1. Bl ock boundary determ ning
unit 72-2: Line boundary/bl ock boundary determ ning unit 1073, 73-1: Filter
strength determning unit 73-2: Line boundary filter strength determ ning
uni t 33: Predicted image/cptimal mode selecting unit

50: Image decoding device

S51: Accumulation buffer

52: Lcssless decoder
5 61l: Frame memory

64: Moticn ccompensation unit

71: Image memory

72, 72-1: Block boundary determining unit

72-2: Line koundary/block boundary determining unit
10 73, 73-1: Filter strength determining unit

73-2: Line boundary filter strength determining

unit
74, 74-1: Filter operation unit
74-2: Line boundary filter operation unit
15 75: Selector
76: Coefficient memory
77: Controllier
7737, T7B: Intra-LCU line determining unit
241: Line memory
20 242: Line boundary detescting unit
243: Filter strength determining unit
244: Coefficient memory
245: Filter operation unit
246: Filter controller
25 2451: Data storage unit

2452: Data selecting unit

2453, 2455, 2456: Arithmetic processing unit
2457: Data selecting unit

2461: Line boundary determining unit

30



74, 74-1: Filter operation unit 74-2: Line boundary filter
operation unit 1575: Selector 76: Coefficient nmenory 77. Controller 77A,
77B: Intra-LCU line determ ning unit 241: Line nenory 20242: Line boundary
detecting unit 243: Filter 'strengthlg%ternining unit 25 244: 245 246:
2451: 2452: 2453, 2457: 2461: Coefficiént nenory Filter operation unit
Filter controller Data storage unit Data selecting unit 2455, 2456: .
Arithmetic processing unit Data selecting unit Line boundary determ ning

unit 155 CLAIMS CTATMS

1, An image processing device comprising:
a dececding unit that decodes an encoded stream
5 encoded in units each having a layer structure to
generate an image;

a filtering unit that applies a deblocking filter
to & block boundary according to a strength of the
deblocking filter applied tc the block boundary which is

10 a boundary between a block of the image generated by the
decoding unit and an adjacent block adjacent to the
block; and

a controller that contreols the filtering unit so
that, when strong filtering is applied as the strength of

15 the deblocking filter, a clipping process is applied to
the deblocking filter with respect to luminance

components of the image generated by the decoding unit.

2. The image prcocessing device according to claim 1,
20  wherein
the controller applies the clipping process o
values of parts that change when the deblocking filter is

applied.

25 3. The image processing device according to claim 2,
wherein
the controller applies the clipping process
according to the following expressions:

[Mathematical formula 37]



1. An inmage processing device conprising: a decoding unit that
decodes an encoded stream 5 encoded in units each having a | ayer structure
to generate an i mage; a filtering unit that applies a debl ocking
filter to a block boundary according to a strength of the deblocking filter
applied to the bl ock boundary which i1$610 a boundary between a bl ock of the
i mage generated by the decoding unit and an adj acent bl ock adjacent to the
bl ock; and a controller that controls the filtering unit so that,
when strong filtering is applied as the strength of 15 the debl ocking
filter, a clj ppln% Erocess IS apleed Lo th? deblocklng filter with respect
to Iunlnanc@Lcoﬁb f ﬁtsmnﬂwt%ﬁzﬁﬁaﬁb —§eifbrat @+plitHe>dbcodi ng unit.

2. The image processing device according to claim1, 20 wherein t he

control l er ahpt aksCtine. g iRl mg+pTricestlt 024l vk +dh >par;it s that change when

the debl ocking filter is applled 25 3. The i mage processing device

according t mherel 3¥p1;+hd& 59I?er applies the clipping
process accgkdlnd¢h2”¥ﬁﬁyﬂﬁl &m ng x%?eggﬁgas 2 Mat hemati cal formula 37]

156 pO1 = +Cl po_ (pv) 2|+2* pQL+2*q01+qli +4)"3); qO;
=i pHr m 04 (qul“‘ 9”?%)@( @G "ciﬂ(?ﬁr"& 4*1’?2‘*%) }gﬁ pl LEW (p2; -3*pl
1+pOL+qOi +2) >>2) ; qll1F01 i pHpo upo((pO +q0i - 3*qli +q2; +2)>>2) p21 =

p21- FCl |p(023v=)92@8 mp@ﬂ,@(mﬁﬁ*ﬁﬂﬁpm#mmwﬂawe)»%u q2i -i-01
i p(_po_@((p0Oi-FqOi +pl i-5*q21+2*q31+4)>>3): where i 0, 7 and pv is a

\c;llh i ppi ng vajue: g2, +C|ap‘}-_pv)-[f}ﬁ)(tM@%EWD¢F@‘§E;@*@§W@$>@?PW ding to claim3, 5
erein

where 1 = 0, 7 and pv 1s a clipping wvalue.

4. The image processing device according to claim 3,
5 wherein

the controller sets a value that is integer
multiples of parameters of the deblocking filter as the
clipping value used when the clipping process is
performed,

10

5. The image processing device according to claim 4,
wherein

the controller sets a value that is twice the
parameters of the deblocking filter as the clipping value

15 used when the clipping process is performed.

6. The image processing device according to c¢laim 1,
further ccmprising:
a filter strength determining unit that determines
20 the strength of the deblocking filter applied to the
block boundary, wherein
the filtering unit applies the deblocking filter to

the block boundary according to the strength determined



the controller sets a value that is integer nmultiples of paraneters of the
debl ocking filter as the clipping value used when the clipping process is
performed. 10 5. The inmge processing device according to claim4, wherein
the controller sets a value that is twice the paraneters of the debl ocking
filter as the clipping value 15 used Whien the clipping process is
performed. 6. The image processing device according to claim1, further
conpri si ng: a filter strength determining unit that determ nes 20
the strength of the deblocking filter applied to the bl ock boundary,

wher ei n by thfefFiiarenitngnanhtcefiniad nphendebl aeking filter to the

bl ock boundary a i e t etermned 157 b e filter
strength deterniﬁ?%éq%%%f%gé%g Céﬁ{égﬁ%:ﬁggc%ﬁgg%ff%ﬁ %ﬁﬁ%:ﬁél%g?ﬁé filtering
unit so t hathewheme the thir seresgtenitterdetergi ahng dnidrrdeter shaes t hat
strong filtering igajo be agglied, a clipping process is 5 applied to the
debl ocki ng FITPe? Wit ESpect “¢ °% PR naRcBL LONPFh&TCSe6F the | mage

gener at exl bypd hee decodineg qHBi bek i e 11HRIG 1 PLOLESSLNY device according to
claim6, 10 wherein the filter strength determ ning unit determ nes

the strengt hUsinamee (eBP6eRNAg ¢F | ey losiagganplared ity @k | ines as
processing YoiLts:,49,8+The i mage processing device according to claim?7,
wherein t#&gffﬁter strength determining unit determ nes the strength
of the deblocking filter using four lines as the processing units. 20 9. The
i mge proce§sing,H$vLce according to claim?7, . .
. e image processing device according to claim 8§,
10 wherein
the filter strength determining unit determines the
strength of the deblccking filter using a plurality of

lines zs processing units,

15 8. The image processing device according tec claim 7,
wherein
the filter strength determining unit determines the
strength of the deblocking filter using four lines as the
processing units.
20
9. The Image prccessing device according te claim 7,
further comprising: '
a filtering necessity determining unit that
determines whether the deblocking filter is to be applied
25 to the block boundary using a plurality of lines as
processing units, wherein
the filter strength determining unit determines the
strength of the deblocking filter when the filtering
necessity determining unit determines that the deblocking

30 filter 1s to be applied.



further conpri sing: a filtering necessity determning unit that

det erm nes whet her the deblocking filter is to be applied 25 to the bl ock
boundary using a plurality of lines as processing units, wherein the filter
strength determining unit determnes the strength of the deblocking filter
when the filtering necessity determ riid8g unit determ nes that the

debl ocking 30 filter is to be applied. 158 10.An inmage processing nethod
for allowing an i nage processi ng device to execute: decodi ng an
encoded stream encoded in units each having a |layer structure to generate
an i nmage; 5appl yimg iaadebbockd 1 rfd Ime@hotiof ar bd Drdwbeuadatyaascording to a
strength of the deblocking filter applied to the bl ock boundary which is a
boundary bePhReHH 1 GERI6F theHeiErtat ed i mage and an adj acent bl ock

adj acent 1o the bloakiipandn 10600l A8rSO-LHMa hen,SLrong,filtering is
applied as the strength of the deblocking filter, a clipping process is

applied to b?@@%@b#d@%@ﬁgSterEﬁrQMﬁﬂ1gﬁ@§péb@ 3] hUﬂﬁnance conponents of

the generated i n RI.0 Lng deV| a
fllterlﬁg uni t thg?d§ %Iggd% k?ﬁg%?ll Fer ﬁ%‘a E@ aB5ﬂndary

accordi ng t@c@ozsdjl‘re;‘lgioh aofstidsnﬁg‘rdem@Qk}lengeblb&]&[ngapﬁ]llt%& tept hea bl ock
boundary which is a boundar% bet ween a bl ock of an image |ocally decoded 20

when an i mag® 7/&° ehesdedCdn a%%‘ﬁﬁfﬁbéﬁtabPBERd%HiéﬁﬁﬁFeFoatﬁéo%$ock

a control l egrthad Loptreks mggéla!ﬁoeralnngdﬁgbéﬁ%ltm ad %@n§t£9n9
filtering is applied as the strength of the deblocking I'ter, a clipping

process is Hpplhkertioa28 the deblocking filter with respect to | um nance
conpongﬂ}s of the cﬁ&%% E¥ng QQq%%H,”%%%ﬁ gggong filtering is

applied as the strength cof the deblocking filter, a

clipping process is applied to the deblocking filter with

respect to luminance components of the generated image.

15 11. An image processing device comprising:

a filtering unit that applies a deblocking filter
to a block boundary according to a strength of the
deblocking filter applied to the block boundary which is
a boundary between a block of an image locally deccded

20  when an image is encoded and an adjacent block adjacent
to the block;

a controller that contreols the filtering unit sc
that, when strong filtering is applied as the strength of
the deblocking filter, a clipping process is applied to

25 the deblocking filter with respect to luminance
compcnents of the locally decoded image; and

an encoding unit that encodes the image in units
each having a layer structure using an image to which the
deblocking filter is applied.

30

12. The image processing device according teo claim 11,



an encoding unit that encodes the inmage in units each having a | ayer
structure using an inmage to which the deblocking filter is applied. 30 159
wherein the controller applies the clipping process to values of parts that
change when the deblocking filter is applied. S 13. The i mge
processi ng device according to claimiE® wherein the controller applies the
clipping process according to the foll ow ng expressions: 10[ Mat hemati cal
formula 38] p01l = pG +C ip(_pv)_(pv)((p21+2*pl i-6*p0i 1-2*qOE+qli +4) >>3);
g0; = qO0i +C ip(_po_(po((pl i+2*p0i-6*q0i +2*cil i+q2;+4)"3); = pl +C

i p(_w W (p2ivheptin +pO +ci G +2) >>2); 411 = gl i +Cl ipHpo_(pv) ((pO; +g0; - 3*ql
+q21 +2) >>2) ; p21 = p21-FC i p(_i nHp, e) ((2*p2i - 54cp2i +pl i +pQ +q0i +4) >>3) ;
g21 = q2; +C i pvit% GPVFPEpOL+Goi s T *ﬁgiQQ*ﬂ%ﬁ¥%¥§§§)Fomhere i =0, 7

and pv is aygli:ppi HY MAderhas charde «TRe LRBOG-PIQSESS 7Y:deyi ¢g according
to claim13, 15 wherein the controller sets a value that 1s integer

mul ti pl es ofrpatedreters of the deblocking filter as the clipping val ue used
when the; clipping process is perforned.

13. The image processing device acceording to claim 12,
wherein .

the controller applies the clipping process
according to the following expressions:

10 [Mathematical formula 38]

p0; = pO;+Clip (_py— v ((P2;+2%p1;—6%p0; + 2% 0, +a1;+4)>>3);
a0; = a0;+Clip (_py -y ((p1;+2%p0;—6%00; + 2%l +a2;+4)>>3);
pli = pli+Clip - ((p2;—3%p1;+p0;+60;+2)>>2);

aly = al;+Clip py-qy ((p0;+00;—3%al;+a2;+2)>>2);

P2 = p2;+C1ip (_py -y ((2¥p2;~5%p2;+p1;+p0; +¢0; +4)>>3);

q2;==q25+01iptﬂwymmw((p02+q0i+p1i—5*q2;+2*q3y+4)>>3)2

where 1 = 0, 7 and pv is a clipping value.

14. The image processing device according te claim 13,
15 wherein
the controller sets a value that is integer
multiples of parameters of the deblocking filter as the
clipping wvalue used when the clipping process is
performed.

20



160 15. The image processing device according to claim 14, wherein

the controller sets a value that is twice the paraneters of the debl ocking
filter as the clipping value 5 used when the clipping process is perforned.
16. The inmage processing device according to claim 11, further conprising:
a filter strength determining unit thatp determines 10 the strength of the
debl ocking filter applied to the bl ock boundary, wherein t he
filtering unit applies the deblocking filter to the bl ock boundary
according to the strength determned by the filter strength determ ning

unit, and 19the opid rialdsRr peapts ol the bkl Lerbng: Aid, $qthais, when the
filter strength determning unit determnes that strong filtering is to be
applied, a eh#ppimg process is applied to the deblocking filter with

respect to the I%ghp$ﬁggxggggpqgg&§Epkagggekﬂggeigqggrat%g by the 20

decodi ng unit. i mage processing vice accofﬁfng fo claim 16,

wher ei n parametdiwe 41 Ither dstlerigirdy deteem aksnghainttipgeher ghbes t he 25
strength of th ebl ocking filter using a plurality of lines as processing
units. 8 u%ﬁ% ¥ éﬁﬁ?éiégg?%@ HRASEE aBcBRATATED clai m 17, wherein
30the filter strength determining unit determ nes the strength of the

debl ocking filter using four lines as the 161 processing units. 19. The
i mage proces8i ng Yevildedgceopdr nyio SeVarm azcofdintchere compni $1ng:

further comprising:
a filter strength determining unit that determines
10 the strength of the deblocking filter applied to the
block boundary, wherein
the filtering unit applies the deblocking filter to
the block boundary according to the strength determined
by the filter strength determining unit, and
15 the controller controls the filtering unit so that,
when the filter strength determining unit determines that
strong filtering is toc be applied, a clipping process is
applied to the deblocking filter with respect to the
luminance components of the image generated by the

20 decoding unit.

17. The image processing device according to claim 18,
wherein
the filter strength determining unit determines the
25 strength of the deblocking filter using a plurality of

lines azs processing units.

18. The image processing device according to claim 17,
wherein
30 the filter strength determining unit determines the

strength of the debiocking filter using four lines as the



5a filtering necessity determning unit that determ nes whether the

debl ocking filter is to be applied to the block boundary using a plurality
of lines as processing units, wherein the filter strength determ ning unit
determnes the 10 strength of the debl ocking filter when the filtering
necessity determning unit determ negdéthat the deblocking filter is to be
appl i ed. 20. An image processing nethod for allow ng an i mage 15
processi ng device to execute: applying a deblocking filter to a

bl ock boundary according to a strength of the deblocking filter applied to
t he bl ock houndsrsynghiichtss a boundary between a bl ock of an inage locally
decoded when an inmage is encoded and 20 an adj acent bl ock adjacent to the
bl ock; controlling so that, when strong filtering is applied as the

strength ofidhe debl ogkiog fédd8lingadshi MPINEIHNQCESSoI §12ppl1-£d to the
debl ocking filter with respect to ['umi nance conponents of the l'ocally
decoded 25 fyder gaurprising: encoding the inmage in units each having a

layer styucture usicng.ap: imae.tQ:hi gh L0 debl ocking filter is applied.
determines whether the deblocking filter is to be applied
to the block boundary using a plurality of lines as
processing units, wherein
the filter strength determining unit determines the
10 strength of the deblocking filter when the filtering
necessity determining unit determines that the deblocking

filter is to be applied.

20. An image processing method for allowing an image
1z  processing device to execute:
applying a deblocking filter to a block boundary
according to a strength of the deblocking filter applied
te the block boundary which is a boundary between a block
of an image locally decoded when an image is encoded and
20 an adjacent block adjacent to the block;
controlling so that, when strong filtering is
applied as the strength of the deblocking filter, a
clipping process is applied to the deblocking filter with
respect to luminance components of the locally decoded
25 image; and
enccoding the image in units each having a layer
structure using an image to which the deblocking filter

is applied.



