1 Specification IMAGE ENCODING DEVICE, IMAGE DECODING DEVICE, IMAGE ENCODING
METHOD, AND IMAGE DECODING METHOD Field of the Invention 5[0001] The present
invention relates to an image encoding device for andian image encoding method of
compression-encoding and transmitting an image, and an image decoding device for and an image
decoding method of decoding encoded data t gggg?y 10 the image encoding device to
reconstruct an image. Background of the Invention [I Conventionally, in accordance with
international stiAI@E ENEQ PINGIDEVIEERANAGED BS VDG DEMICE TIMAGE, I5NGODINGpuUt
video frame is divided into macro blocks each of which is a 16x1§Npier block and a

motion-compensated prediction %‘%@T”QPﬂM'&%ﬁﬁ]%@@l@ GrivtfrrhEfioR compression is carried

out by perfornﬁﬁ@cgppﬁ%onﬂé%ﬁormation and quantization on a prediction error signal 20 in units of
a block. A problem is, however, that as the compression ratio becomes high, the compression

efficiencyss rejg@oad resulting from degradation in the quality of a prediction reference image which is

used when carrying out the motion-compensated 25 prediction. To solve this problem, in accordance
with an encoding metHdtERgSe RiiNViene Rk QB agsentPHthithatent reference device

for and an image encoding method of compression-enc oding and
transmittinganimage,andanimage decodingdevice forandan
image decoding method of decoding encoded datatran smitted by

10  the image encoding device to reconstruct an image.

Background of the Invention

[0002]
Conventionally, in accordance with international
standardvideoencodingmethods,suchasMPEGand| TU-TH.26x,
15  after an input video frame is divided into macro bl ocks each
of which is a 16x16 pixel block and a motion-compen sated
prediction is performed on each macro block, inform ation

compression is carried out by performing orthogonal
transformation and quantization on a prediction err or signal

20 in units of a block.

A problem is, however, that as the compression rati 0
becomeshigh, the compression efficiencyisreduced resulting
fromdegradationinthequalityofapredictionref erenceimage
which is used when carrying out the motion-compensa ted

25  prediction.

To solve this problem, in accordance with an encodi ng
method,suchasMPEG-4AVC/H.264 (refertononpaten treference
1), ablock distortion which occursin a prediction reference
image with quantization of orthogonal transformatio n

30 coefficients is tried to be removed by performing a blocking



1), a block distortion which occurs in a prediction reference image with quantization of orthogonal
transformation 30 coefficients is tried to be removed by performing a blocking 2 filter process within a
loop. [0003] Fig. 1 7 is a block diagram showing an image encoding device disclosed in
nonpatent reference 1. 5In this image encoding device, when receiving an image signal which is a
target to be e e[? -dividi it 101 divides the image signal into macro blocks, and outputs
an image sigr?aﬁ%g n?%%?gbrlr@ﬁ%ﬁggk to a predicting unit 102 as a split image signal. 10When
receiving the §piodjage signal from the block dividing unit 101, the predicting unit 102 calculates a

prediction error signal by predicting an image signal of each color component in each macro block
within the frame or befW@éd 'ﬁ%hmidﬁqmahowmwmmﬂ@h carrying out a 9device

motion-compe icfi , the predicting unit searches for a motion vector in
units of either@%?c%ﬁ%ﬁgﬁgﬁgﬁ gac IIé(()'f?g‘%%blocks into which each macro block is more finely
divided. 20 The predighngsinidberpestiirysievicetiomeampeigatpdrpigdiction on a refereigee image
signal stored in a memory 107 by using the motion vector to generate a motion-compensated
prediction imag@nahykie ﬁﬁrﬁ@sﬂﬁi&%ﬁ@@ﬁ@@%ﬁ\)@@ﬁ@wediction signal shovfggtHeit

motion-compej_‘&a_lhq\(gf fg)%gngllcﬁtmﬁ%%ﬁﬁ%ﬁ ﬁg%qtggrgmg (j:rl%a%ﬁ&ignal to calculate 8 Lﬁh%qgc jon error

signal. The pre SO outputs parameters 1or prediction signal generation which the
predicting unitifgdsighalintshidsia arwitiie dReoreaiian signal to a variablghgunit102

as a split image signal.

10 When receiving the split image signal from the bloc k
dividing unit 101, the predicting unit 102 calculat es a
prediction error signal by predicting an image sign alofeach
colorcomponentineachmacroblockwithinthefram eorbetween
frames.

15 [0004]

Particularly, when carrying out a motion-compensate d
prediction betweenframes, the predicting unitsear chesfora
motion vector in units of either a macro block itse If or each
ofsubblocksintowhicheachmacroblockismorefi nelydivided.

20 The predicting unit then performs a motion-compensa ted
prediction on areference image signal storedina memory 107
by using the motion vector to generate a motion-com pensated
prediction image, and determines the difference bet ween a
prediction signal showing the motion-compensated pr ediction

25 imageandthesplitimagesignaltocalculateapre dictionerror
signal.

The predicting unit 102 also outputs parameters for
prediction signal generation which the predicting u nit has
determined when acquiring the prediction signal to avariable

30 length encoding unit 108.



30 length encoding unit 108. 3 For example, the parameters for prediction signal generation
include pieces of information such as an intra prediction mode showing how to perform a space
prediction within each frame, and a motion vector showing an amount of motion 5 between frames.
[0005] When receiving the prediction error signal from the predicting unit 102, a compressing unit
103 quantizes the pre '&iog)&r |§ig@ﬁ%topg?%ﬂ@qum@rles¢%qjQ{:}%a@@g&g performing a DCT
(discrete cosine transform) process’on the prediction error signal to remove a signal correlation from
this predictiongereratgmaincludéVp@tesceiviniptheatiompesiseakdata from the compredatng unit 103, a
local decoding unit 104 carries out inverse 15 quantization of the compressed data and then performs

an inverse DOATSRitIRMB gD einshAp R MIRARREERIRMtized thereby tHFBAMIEYS a prediction
error signal corr. ' redict Wﬁé m the predictin it 102. [0006]
20When receié@ﬁé%%dé&%ﬁ @rﬁ%@ig@%ﬁ?ﬁ%ﬂhé %Zf %ﬁ%gir{\g)unit 104, an a cﬁe{?q adds the
predictionserrasetigaahanghntie prediction signal outputted from the predicting unit 102 to generate a
local decoded image. A loop filter 106 removes a block distortion superimposed 25 onto the local
decoded imag[@@%'ﬂal showing the local decoded image generated by the adder 105, and stores the

distortion-removed IQ‘W&Q%C?QS& m@@?% ' | gﬁgﬁ memory an_ﬂ%metﬁ%ference image signal.

[0007] 30When receiving the compre m thé compressing
predicting unit 102, a compressing unit 103 quantiz es the
prediction error signal to acquire compressed data after
10  performing a DCT (discrete cosine transform) proces s on the
predictionerrorsignaltoremoveasignalcorrelat ionfromthis

prediction error signal.

When receiving the compressed datafromthe compres sing
unit 103, a local decoding unit 104 carries out inv erse
15  quantizationofthecompresseddataandthenperfor msaninverse
DCT process on the compressed data inverse-quantize d thereby
to calculate a prediction error signal correspondin g to the
predictionerrorsignaloutputtedfromthepredicti ngunit102.
[0006]
20 Whenreceivingthepredictionerrorsignalfromthe local
decodingunit104,anadderl05addstheprediction errorsignal
and the prediction signal outputted from the predic ting unit

102 to generate a local decoded image.
Aloopfilterl06removesablockdistortionsuperi mposed
25 ontothelocal decoded image signal showingthe loc aldecoded
image generated by the adder 105, and stores the
distortion-removedlocaldecodedimagesignalinth ememory107
as the reference image signal.
[0007]

30 Whenreceiving the compressed datafromthe compres sing



4 unit 103, the variable length encoding unit 108 entropy-encodes the compressed data to output a bit
stream which is the encoded result. When outputting the bit stream, the variable length 5 encoding unit
108 multiplexes the parameters for prediction signal generation outputted from the predicting unit 102
into the bit stream and outputs this bitstream. [0008] In accordance with the method disclosed in

nonpatent 10 %ﬁ ! ' of smoothing intensi cordi
information ingﬁgi{ng t e%é@%@%%é%@ggﬁcﬁﬁﬁgfgﬁco ing mode, the varia}t){)ﬁ? ﬁ%%%é? motion
vector, etc. fortiéaimpréssiaitytobathlackhstcexmivbiofito provide a reductins émtbeelistortion

occurring in the 15 block border. As a result, the quality of the reference image signal can be
improved, and‘?ﬁé"&fficiency of the motion-compensated prediction in subsequent encoding processes

can be improved. [Ooq%r?ewnoﬁgmﬁg%ﬁo&lpgrggm}hﬁ @%H}%fgs%ﬂg@{ﬂ in nonpatent reference 1

is that higher frequency compo e signal are lost with increase if the compression rate at

which thessignahép dinepdei 108dthatipfere thb e piiaserees terspnoothed too much adittiod encoded
video becomes blurred. 25 In order to solve this problem, nonpatent reference 2 discloses a technique

of applying a W%WW%@QH@WW@FQ@GD@ﬁ%%MiS loop filter 106 in _§@|@B RiRay that a
squared error ﬁi{gtBl’{lg{? elt%’%ﬁ/vgﬁ& it %@%%ﬁg%%&g{ rteoapﬁ encoded, which is an original image signal, and

a reference image signa corresp IS Image signal is minimized. 5 [0010]
[0008]
In accordance with the method disclosed in nonpaten t
10  reference 1, the loop filter 106 determines the smo othing

intensityaccordingtoinformationincludingthequ antization
resolution, the encoding mode, the variation degree of motion
vector, etc. for pixels in the vicinity of a block border of
DCT to provide a reductionin the distortion occurr inginthe

15 block border.

As a result, the quality of the reference image sig nal
can beimproved, andthe efficiency of the motion-c ompensated
prediction in subsequent encoding processes can be improved.
[0009]

20 In contrast, a problem with the method disclosed in
nonpatent reference 1 is that higher frequency comp onents of
the signal are lost with increase in the compressio n rate at
which the signal is encoded, and therefore the enti re screen
is smoothed too much and the encoded video becomes blurred.

25 In order to solve this problem, nonpatent reference 2
discloses atechnique of applying a Wiener filter a stheloop
filter 106,andformingthisloopfilter106insuc hawaythat
asquarederrordistortionbetweenanimagesignal tobeencoded,
whichisanoriginalimagesignal,andareference imagesignal

30 corresponding to this image signal is minimized.



Fig. 18 is an explanatory drawing showing the principle to improve the quality of the reference image
signal using a Wiener filter in the image encoding device disclosed in 5 nonpatent reference 2. In
Fig. 18, a signal s corresponds to an image signal to ke encoded which is inputted to the block dividing
unit 101 shown in Fig. 17, and a signal s' corresponds to either the local decoded image signal
outputted fro da%aldder 105 shown in Fig. 10 17, or the local decoded image signal in which a
distortion occurring 1n a block border is reduced by the loop filter 106 disclosed in nonpatent reference
1. More specifichily, 1B é&s sigeaptaratbeyanaviingBlabvancgeiheqeting distortion (noise) iplis
superimposed onto the signal 15 s. [0011] A Wiener filter is defined as a filter which is applied to

the signal s' inQUBRPVRPEIHAIHIPE [BI8TeRESdMaIHBN (noise) e with a d&§HEdRerror
distortion criteyj WRically. filter fici e ' by using the following equation
(1) from both g’lﬂ gﬂ%ﬁcﬁﬁ%ﬁa@o& ﬁn%at'ﬂ?(ggés% %?EEHXH ggﬁa sq,gahngggg%jss correlation matr\g< Ss,
between the signglaieandiirdmeesize of the matrices R373, and Ass, corresponds to the number of

taps of the determined filter. 25w =(1) [0012] By applying the Wiener filter having the filter coefficients
w, a signal s hat whost gifhi# [ResiBE A SR RSPEN G IORTHAMILSIS alphabetical letterabiPeferred to

as hat 30 becguise (5 ARRICAIORISALEFRIRDEARIRFPPICatON 6 i 015hown

in Fig. 17, and a signal s' corresponds to either t he local

decodedimagesignaloutputtedfromtheadder105s howninFig.
10 17, or the local decoded image signal in which a di stortion

occurringin ablock border is reduced by the loop filter 106

disclosed in nonpatent reference 1.

More specifically, the signal s'is the one in whic han
encoding distortion (noise) eis superimposed onto the signal

15 S.

[0011]

A Wiener filter is defined as a filter which is app lied
to the signal s’ in such a way as to minimize this encoding
distortion(noise)ewithasquarederrordistortio ncriterion.

20  Typically,filtercoefficientswcanbedetermined byusingthe
followingequation(1)frombothanautocorrelation matrixR g
of the signal s', and a cross correlation matrix R ss between
the signals s and s'. The size of the matrices R s¢ andR ¢
corresponds to the number of taps of the determined filter.

25 w= R R (1)

[0012]

By applying the Wiener filter having the filter
coefficientsw, asignalshatwhose quality hasbe enimproved
(""" attached to an alphabetical letter is referred toas hat

30  because this application is an electronic patent ap plication



in Japan) is acquired as a signal corresponding to the reference image signal. The image encoding
device disclosed in nonpatent reference 2 determines the filter coefficients w in each of two or more
different numbers of taps for the whole of each frame & of the image which is the target to be encoded,
and, after determining the filter having a number of taps which optimizes the amount of code of the
filter coefficie ' aRde'= < ich.js calculated after thg filtari cess is
implemented,r]vF\ﬁJt %ﬁﬂrégtgcﬁéggcgggﬁsg n@i@?&rﬁ%‘%ﬁ@g CPISVidES the signal sﬁﬁ}g}ggfﬁﬁ% of blocks
each having aiceitgisigize, Jeleiotaydwibedipgdetiosaigdiotieel Wiener filter havimgotieaogtimal number
of taps which is determined above to each block, and transmits information about filter ON/OFF for

each block. 15REEeRG Adeter MipRRShaliEaT60atTIeBEaIBquired to perform the®A%EREMer process
can be reduce t ' ictian i improved. Relate ent
Nonpatent refﬁeﬂ@g62%@¥%%§£rﬁ§§$gﬁém%iﬁ’/l%@gfﬁivc(|sonEc 1449%—%%}% -1 264
standardss  of iNeripaigetugfierencend: latdwutioh 0e. ¥asoded Navicada, 1.Watanabe, |, adwakage,
"Block-based Adaptive Loop Filter", 25 VCEG-A118, 1IU-I SG16/Q.6 meeting, July 2008 Summary of
the Invention [@eEAMHEBS IR HHer baMrRIABHENIeTRIEEBARYEHMg device is constrit@BEME8Bove, a

single Wiener {lier 5 8GRIOBP LI RV RS, CLSALRRE WG P the target to be encoged,

distortion (e'=s hat - s), which is calculated afte r the
filtering process is implemented, with the rate dis tortion
10  criterion, further divides the signal s’ into a plu rality of
blocks each having a certain size, selects whether or not to
applytheWienerfilterhavingtheoptimalnumbero ftapswhich
is determined above to each block, and transmits in formation

about filter ON/OFF for each block.

15 As a result, the additional amount of code required to
perform the Wiener filter process can be reduced, a nd the
quality of the prediction image can be improved.

Related art document
Nonpatent reference

20 [0013]

Nonpatent  reference 1: MPEG-4 AVC (ISO/IEC
14496-10)/H.ITU-T 264 standards

Nonpatent reference 2: T.Chujoh, G.Yasuda, N.Wada,
T.Watanabe, T.Yamakage, "Block-based Adaptive Loop Filter",

25 VCEG-AI18, ITU-T SG16/Q.6 meeting, July 2008
Summary of the Invention
[0014]

Because the conventional image encoding device is
constructed as above, a single Wiener filter is des igned for

30 the whole of the frame which is the target to be en coded,



7 information showing whether or not to apply the Wiener filter process is applied to each of the blocks
which construct each frame. A problem is, however, that because the same Wiener filter is applied to
any block of each frame, there is a case 5 that the Wiener filter is not always an optimal filter to each

block and the

image quality cannot be improved sufficiently. [0015]

in order to solyﬁépﬁ]gﬁ)&ysﬁgw@m%m&%?Hbtgg%g’h?zéﬁ(?ﬁgre an_object of thqlg,pﬁﬂ@sent invention

to provide an image enco

The present invention is made

Ing device, an image vice, an image encoding method, and an

image decodingavetsis agpiibdiareiohioithdhidoksabherhenhaccuracy of the imagecyealbity. [0016]
15In accordance with the present invention, there is provided an image encoding device in which a

filtering unit inERAEs & RINBICLIASsRANG YRt FORERBERHRG HIR8RiFe quantity of each ¥Yi@ikEFegions

lnc ' i | ecoding unit to classif: f the 20
%‘Itagsfs% t@vﬁﬁ%ﬁ%&%@%@%ﬁﬁ gpg:n%éﬁﬁ%k% the feature quantity,%n%%ag%iﬁer designing
and processingharihéonitarerfitbrétasst towdyishwoptipnaniire regions, among the teggisscivhich
construct the local decoded image, belong, generating a filter which minimizes an error occurring

between 25 aiegied thfageagscril iy canniaedmiprayedswhch of the one or fhtsidthegions

which constru
regions into a

belonging to t

using the filter.

PE 8%%]573 to compensate for a distortion superimposed onto the one or more regions by
q ] 30Because the filtering unit in accordance with the present 8 Invention includes

the region classifying gmié fpreedraciing atieatiy ererRniity srieacdb efoive g@ions which construct a
local decoded image acquired by the local decoding unit to classify each of the regions into a class to
which the regigh®ongstioned problem, anditis therefore an obj

10

15

20

25

30

presentinventiontoprovideanimageencodingdevi
decodingdevice,animageencodingmethod,andani
methodwhichcanimprovetheimprovementaccuracyo
quality.

[0016]

ectofthe
ce,animage
magedecoding

ftheimage

In accordance with the present invention, there is

provided an image encoding device in which a filter
includes a region classifying unit for extracting a
guantityofeachoftheregionswhichconstructal
imageacquiredbyalocaldecodingunittoclassify
regions into a class to which the region belongs ac
thefeaturequantity,andafilterdesigningandpr

for, for each class to which one or more regions, a
regions which construct the local decoded image, be
generatingafilterwhichminimizesanerroroccurr

an inputted image and the local decoded image in ea
one or more regions belonging to the class to compe
adistortionsuperimposedontotheoneormoreregi

the filter.

[0017]

Becausethefilteringunitinaccordancewiththep

ing unit
feature
ocaldecoded
eachofthe
cordingto
ocessingunit
mong the
long,
ingbetween
ch of the
nsate for

onsbyusing

resent



5 according to the feature quantity, and the filter designing and processing unit for, for each class to
which one or more regions, among the regions which construct the local decoded image, belong,
generating a filter which minimizes an error occurring ®etween an Inputted image and the local
decoded image in each 10 of the one or more regions belonging to the class to compensate for a
distortion supeyi ' ing the filter, there is ' |? n
advantage of Eﬁé?%gﬁmin%q%%%]\%ﬁ%ﬁﬁnhg%émﬁﬁtﬁ arﬁgléﬁfacy of the image qual%?r\é?i@ escription
of the Figures dfefi0i&t] kigitidfercHotthareigick sidgchicoshowing an image esigadialgcavice in
accordance with Embodiment 1 of the Eresent invention;m[gtilglr.ﬁszFig. 2 is a block diagram showing a

loop filter 6 of FRHRE ENGADARMY HiRdK hedeealdgred! bodiment 1 of 20PH@HESent
invention; [Fi ' [ I i rried out by the loop filt he image
encoding dev%g?élrﬁ’: g?;ggerjgﬁi@%@%én%‘%%?m@ﬂ%ﬁ%%@éent invention; [Fig. zﬂ Elégﬁ)ﬁgé an
explanatosy draydogislipotingfeateayupleiibafdiastiesrinto which four regionsdéigagigary a region B,
aregion C, and a region D) which construct a local decoded image are classified; [Fig. 5] Fig. 5 is an
explanatory difRFRPSISKTHECT BRAFRCRIHMIENCEORSRUCt the local decodePRAIGSIBMBFig. 6] Fig. 6

[ xpl | i 0 X i d by a vari h
encoding port . RO e v e e e oeing device I Bdebrdance

with Embodimesioh@ideedpegiseifinsentat nirlnigz&d dri@rdis a block diagram ghesuiftthg loop filter
25 of the image decoding device in accordance with Embodiment 1 of the present invention;

between aninputted image and the local decoded ima geineach
10  oftheoneormoreregionsbelongingtotheclasst ocompensate
for adistortion superimposed onto the one or more regions by
usingthefilter, thereis provided anadvantage of beingable
to improve the improvement accuracy of the image qu ality.
Brief Description of the Figures
15 [0018]
[Fig. 1] Fig. 1 is a block diagram showing an image encoding
deviceinaccordancewithEmbodimentloftheprese ntinvention;
[Fig. 2] Fig. 2 is a block diagram showing a loop f ilter 6 of
the image encoding device in accordance with Embodi ment 1 of
20 the present invention;
[Fig. 3] Fig. 3is a flow chart showing a process ¢ arried out
bytheloopfilter6oftheimageencodingdevicei naccordance
with Embodiment 1 of the present invention;
[Fig. 4] Fig. 4 is an explanatory drawing showing a n example
25  ofclasses into which four regions (aregion A, ar egionB, a
regionC,andaregionD)whichconstructalocald ecodedimage
are classified;
[Fig.5]Fig.5isanexplanatorydrawingshowing 1 6blocks(K)
which construct the local decoded image;
30 [Fig. 6] Fig. 6 is an explanatory drawing showing a n example



[Fig. 9] Fig. 9 is a block diagram showing a loop filter 25 of the image decoding device in accordance
with Embodiment 1 of 10 the present invention; [Fig. 10] Fig. 10 is a flow chart showing a process
carried out by the loop filter 25 of the Imagedecodingdevice in accordance with Embodiment 1 of the
present invention; [Fig. 11] Fig. 11 is a flow chart showing a process carried out 15 by a loop filter 6
of an image e If ice Q\ m of the present inveptiqn; Ikig. 12] Fig.
12 is an expIa%Z%gég%ﬁagvéﬁgggkﬁ%&%%ggﬁé%gﬁp @%1 se gﬁ:%{ncéf a Wiener filter foﬂ%@h%& the blocks
(K) which congruct a local decoded image; 20[Fig. 13] Fig. 13 is a flow chart showing a process
carried out by a Ioo%[filter 25 of an image decoding device in accordance with Embodiment 2 of the

present inventibi¥: 7TEg: 745 Biglackidiagiai shawsibaiig@drocess carried out HE888}ilter 6 of
an image encagj ice | ggﬁiﬁ ' ' t 3 of the present.inventiqn; [Fig. 15] Fig.
15is a flow cr?%p &%@végr%%ga p@g(gess cr)érﬁ e #ﬁ%gﬁ@% rIFral% out by the Ioopr}t{ﬁ't%\f%?{t Eg. 16] Fig. 16

is a flow chart [shg\8H @ Broatssokugeadshowiupatspent frame carried out hiyeirslopp filter 6;
30[Fig. 17] Fig. 17 is a block diagram showing an image encoding 10 device disclosed in nonpatent

reference 1; aHtf [Mia0a SECRAING fexic@ipRERREFIMANMNY BRI the principle BMpk&le the
quality of a ref&rgrb?gsig]nqgﬁv%iﬁﬁ%_using a Wiener filter. 5 Embodiments of the Invention [0019]

[Fig. 9] Fig. 9isablock diagram showingaloop f ilter 25 of
the image decoding device in accordance with Embodi ment 1 of
10  the present invention;
[Fig.10]Fig.10isaflowchartshowingaprocess carriedout
bytheloopfilter250ftheimagedecodingdevice inaccordance
with Embodiment 1 of the present invention;
[Fig.11]Fig.1lisaflowchartshowingaprocess carriedout
15 by aloop filter 6 of an image encoding device in a ccordance
with Embodiment 2 of the present invention;
[Fig.12]Fig. 12isanexplanatory drawing showing anexample
ofselectionofaWienerfilterforeachoftheblo cks(K)which
construct a local decoded image;
20  [Fig.13]Fig.13isaflowchartshowingaprocess carriedout
by aloop filter 25 of an image decoding device in accordance
with Embodiment 2 of the present invention;
[Fig.14]Fig.1l4isaflowchartshowingaprocess carriedout
by a loop filter 6 of an image encoding device in a ccordance
25  with Embodiment 3 of the present invention;
[Fig.15]Fig.15isaflowchartshowingaprocess onthefirst
frame carried out by the loop filter 6;
[Fig.16]Fig. 16isaflowchartshowingaprocess onasecond
or subsequent frame carried out by the loop filter 6;
30 [Fig.17]Fig.17isablockdiagramshowinganima geencoding



Hereafter, in order to explain this invention in greater detail, the preferred embodiments of the present
invention will be described with reference to the accompanying drawings. 10 Embodiment 1. Fig.
1 is a block diagram showing an image encoding deviae in accordance with Embodiment 1 of the
present invention. In Fig. 1, a block dividing unit 1 carries out a process of dividing an image signal
which is an inw%t;[&deimgg g&glwiﬁlqﬁg RAARrdel L da ke gm:oded into macro blocks, and outputting
an image signal in units of a macro block to a predicting’unit 2 as a split image signal. When
receiving the 4piig inl@jeRmnabfrismath ecxiolek divigingraning, Steopiadicting unit 2 performghe
predicting 20 process on the split image signal within the frame or between frames to generate a
prediction sigri{inciple [y imiRve tNGHHPEBr BfiRd Yef aneRIMA-compensated predi@fsiahdtveen
frames, the predicii o) a motion vector in units of a macro block or each of subblocks into
which 25 a maﬁcgr,cﬁi Tgﬁé%%%tﬁgéﬁhely divided from both the split image signal and a reference image
signal shawingEmirfdieretd obge st@gtitna memory 7 to generate a prediction signal showing a
prediction image from both the motion vector and the reference image signal. 30After generating the
prediction sig 8018 predicting 11 unit then carries out a process of calculating a prediction error

signal which is the diﬁﬁ@@%?t@?%%ﬁé{ﬂoﬁe lli‘giiﬁ??ﬁn?)gﬂﬁé%@he prediction signal. Félerliiia?_rmore,

when generating the prediction Sig predicting uni rmines parameters for prediction

signal generatiiainfisepréeitceteitssameisrsoiedpesieti@in signal generation t@atiaiiainle length
encoding part 8. For example, the parameters for prediction signal generation include pieces of

information suf €essiRaeaithgrigIense feotne SteRTRgadIN Pérform a spatial préd’@sion within the
frame, arilg a nt]il%\ vectO{ Js_howing an amount of motion between frames.

dimén
Fig.lisablockdiagramshowinganimageencoding device
in accordance with Embodiment 1 of the presentinve ntion. In
Fig.1,ablockdividingunitlcarriesoutaproce ssofdividing
animagesignalwhichisaninputtedimageandwhic hisatarget
15 tobeencodedintomacroblocks,andoutputtingan imagesignal
inunitsofamacroblocktoapredictingunit2as asplitimage
signal.
When receiving the split image signal from the bloc k
dividing unit 1, the predicting unit 2 performs a p redicting
20  processonthe splitimage signal within the frame or between

frames to generate a prediction signal.

Particularly, when carrying out a motion-compensate d
predictionbetweenframes,thepredictingunitdete ctsamotion
vectorinunitsofamacroblockoreachofsubbloc ksintowhich

25 amacroblockismorefinely divided from boththe splitimage
signaland areference image signal showing a refer enceimage
stored in a memory 7 to generate a prediction signha | showing
apredictionimagefromboththemotionvectorand thereference
image signal.

30 After generating the prediction signal, the predict ing



A prediction processing unit is comprised of the block dividing unit 1 and the predicting unit 2. 15[0020]
A compressing unit 3 carries out a process of carrying out a DOT (discrete cosine transform) process
on the prediction error signal calculated by the predicting unit 2 to calculate DOT coefficients while
guantizing the DOT coefficients to 20 output compressed data which are the DOT coefficients
quantized thef&ﬁwﬁ@ I(ggmé;geggggl @@@éﬁ%&%yﬁ{@?dgngth encoding part 8, Jihgspmpressing
unit 3 constructs a difference image compression unit. 11 25The local decoding part 4 carries out a
process of cargying sigh#i vengshdsi andiziffioreof dHseoosrressap data outputted fronittineag@mpressing
unit 3 and performing an inverse DOT process on the compressed data inverse-quantized thereby to
calculate a predtRRB-&reiBredieBerRsiRling to the prediction error 30 signal outputted from the

e e eSO AT o o

calculated by the loca g part the pre gnal generated by the predicting unit 2 to

generate g logalaticoagdrinagetsignakbsipavangetcedal gesdided image. S5A local igesiding unit is
comprised of the local decoding part 4 and the adder 5. [0022] A loop filter 6 carries out a process
of performing 88MRAIGHGRES WPEEHIPERUBREISF afaiREREHH superimposed 10 SRtsigM|ocal

decoded imaggﬁ%gp{% %?&%@a‘%i?@l&h% ﬁ%eé éc@d?ﬁ'ﬁﬁ%g#@ local decoded image signal filtered
emory /7 as W

thereby to the e referenceimage sign Ile outputting information about the filter
which the loop filter usegrwbgarsplsyina@ub Hherfiesisg Riogessiietite \wgadle length

generation include pieces of information such as an intra
10  prediction mode showing how to perform a spatial pr ediction
withintheframe,andamotionvectorshowinganam ountofmotion

between frames.
A prediction processing unit is comprised of the bl ock

dividing unit 1 and the predicting unit 2.

15 [0020]

A compressing unit 3 carries out a process of carry ing
outaDCT (discretecosinetransform)processonth eprediction
error signal calculated by the predicting unit 2 to calculate
DCT coefficients while quantizing the DCT coefficie nts to

20  outputcompresseddatawhicharetheDCTcoefficien tsquantized
thereby to a local decoding part 4 and the variable length
encodingpart8. Thecompressingunit3constructs adifference

Image compression unit.

[0021]

25 Thelocaldecodingpartdcarriesoutaprocessof carrying
outinversequantizationofthecompresseddataout puttedfrom
the compressing unit 3 and performing an inverse DC T process
onthe compressed datainverse-quantizedtherebyto calculate
apredictionerrorsignalcorrespondingtothepred ictionerror

30  signal outputted from the predicting unit 2.



15 encoding part 8. The loop filter6 constructs a filtering unit. The memory 7 is a recording medium for
storing the reference image signal outputted from the loop filter 6. [0023] The variable length encoding
part 8 carries out a process 20 of entropy-encoding the compressed data outputted from the
compressing unit 3, the filter information outputted from the loop filter 6, and the parameters for

prediction signal genemlilﬁ(gld%y : Lﬁ%%%%%&ggg%%%g@%g?&fnerate a bit streajp; wing

these encoded results. The varia enco nstructs a variable length encoding
unit. [0024] erfagsigitbchloakatiadianhs hovdhgedediogptiter 6 of the image encoding tthevice in
accordance with Embodiment 1 of the present invention. 30In Fig. 2, a frame memory 11 is a recording

medium for 18'@iGHENSHNBIGE RNRE RXHERBMIHIBHEY image signal generiPSE RS 88 adder 5.

A region class%)f' ' i uf. tracti ture quantity of he of
regions which gg%ﬁ?r%%@%c@?o%%:%&%?n%gg@@{?%v?%?ﬁg r%a%me of the local d%aﬁﬁc? image
signal stosed in the franiedarivotdibl thitisssifirasitof theloegiekes into the class to whighirige region
belongs according to the feature quantity. [0025] 10A filter designing and processing unit 13 carries
out a process Bﬁ@&\él’&iﬁﬁ% f81d84ch class to which one or more regions included in the regions which
construct the :ﬁﬁﬂﬂiecoded image belongs, a Wiener filter which minimizes an error occurring
between the image signal which is the target to be

A loop filter 6 carries out a process of performing a

filteringprocessofcompensatingforadistortion superimposed
10  onto the local decoded image signal generated by th e adder5

to output the local decoded image signal filtered t hereby to

the memory 7 as the reference image signal while ou tputting

information about the filter which the loop filter uses when

carrying out the filtering process to the variable length
15  encodingpart8. Theloopfilter6constructsafi lteringunit.

The memory 7 is a recording medium for storing the

reference image signal outputted from the loop filt er 6.
[0023]
Thevariablelengthencodingpart8carriesoutap rocess
20  of entropy-encoding the compressed data outputted f rom the
compressing unit 3, the filter information outputte dfromthe
loop filter 6, and the parameters for prediction si gnal
generation outputted from the predicting unit 2 to generatea
bitstreamshowingtheseencodedresults. Thevari ablelength
25 encoding part 8 constructs a variable length encodi ng unit.
[0024]
Fig. 2 is a block diagram showing the loop filter 6 of
the image encoding device in accordance with Embodi ment 1 of

the present invention.

30 In Fig. 2, a frame memory 11 is a recording medium for



15 encoded and the local decoded image signal in each of the one or more regions which belong to
the class, and using the Wiener filter to compensate for the distortion superimposed onto the region.
The filter designing and processing unit 13 also carrieis20 out a process of outputting filter information
about the Wiener filter to the variable length encoding part 8. [0026] Next, the operation of the
image encodi [ce Will be exnlaine receivingan. signal which is a tto be
encoded, the %?giﬁl\gl\ﬁ [ gétﬁelt 1 cﬁﬁdggt g\i/n@%%]le%s%gréé%tgﬁ m crc% blocks, and outqu an(Fimage
signal in units gé@enzactolyl ook talthe predicting unit 2 as a split image signal. When receiving the split
image signal from the block 30 dividing unit 1, the predicting unit 2 detects parameters for 14

prediction signal genefafR@MhAASHY BI setin Rt iR. 8¥6 pOMRFRSA predicting process offthe split
image signal within tF fEf’fé“,ﬁ . predicting unit gener iction
signal showinvgggwﬁgrcgg?gtlon .m%&%@@%ﬁ%@?ﬁggﬁgr prediction signal geﬁgga\ﬁ@n@

Particularly, theopeatlictiam calit deteless imapgsiovetiyondiriniea parameter forgpriegictian signal
generation used for performing a predicting process between frames from the split image signal and
the reference RR&GEedMAARSanalstaEeHaisfame memokyikt detecting the nfefdsed¥tor, the

predicting unit e%&the& l%%r}gﬁaﬁ%m%-%%%iﬁé%q ;\il%ghla)(eorg{io[rming a motion-coriBR%rg&g%% prediction

on the reference image sig y using the motion vector 0027]
according to the feature quantity.

[0025]

10 Afilter designing and processing unit 13 carries o uta
process of generating, for each class to which one or more
regions included in the regions which construct the local
decodedimagebelongs,aWienerfilterwhichminimi zesanerror
occurring between the image signal which is the tar getto be

15 encoded andthe local decoded image signalin each ofthe one
ormoreregionswhichbelongtotheclass,andusin gtheWiener
filterto compensate for the distortion superimpose dontothe
region.

Thefilterdesigningandprocessingunitl3alsoca rries

20  outaprocessofoutputtingfilterinformationabou ttheWiener

filter to the variable length encoding part 8.
[0026]

Next,the operationoftheimage encodingdevicewi lIbe
explained.

25 When receiving an image signal which is a target to be
encoded,theblockdividingunitldividestheimag esignalinto
macro blocks, and output an image signal in units o famacro
block to the predicting unit 2 as a split image sig nal.

When receiving the split image signal from the bloc k

30 dividingunit 1, the predicting unit 2 detects para meters for



After generating the prediction signal showing the prediction image, the predicting unit
2calculatesaprediction error signal which is the difference between the prediction signal and the split
image signal, and outputs the prediction 20 error signed to the compressing unit 3. When
generating the prediction signal, the predicting unit 2 also determines the parameters for prediction
signal generalbggéﬂ%%%ﬁgHgg%%@?%ﬂ%ﬁféﬁmeﬁpégﬁm@ignal generation to fhie vagable length
encoding part 8. 25 For example, the parameters for prediCtion signal generation include pieces of
information sugbrésr@aiptetiotedi¢irosensde ttewpldrhagetsigperform a spatial pragletigmnvithin the
frame, and a motion vector showing an amount of motion between frames. 30[0028] 15  When

receiving the pREIEBERERbrREENERRFAME DrediBERy Uit Presict®dpressing unit 3 caldliétes DOT
coefficients by per [ - (] ' M) process on the predicti signal,
and then quan?%%éﬂ%%%géﬁ%ﬁ%%geﬁ%%w@g corﬁ%@@ssing unit 3 then ouft?é)% é::“gﬁrﬁ‘ ressed
data which aretbpBx@merefifuepidicaohzsidtiaepinetatiba.local decoding part 4 and the variable
length encoding part 8. [0(_)23*]@10When receiving the compressed data from the compressing unit 3,
the local decoding part8'é&HREYIERRRISE RAIHHIFRIESHSBMPIEOFompressed data and ¥RGi®arries an
inverse DOT . [ : in - jized thereby to calculat diction error
%%g?ﬁ%QﬁﬁE&@ﬁ@ﬁ?S&&%ﬁél ﬁé?@e&%%@ﬂ le?u%gcﬁé‘?

signal corresponding to ion error srgnal ed from the predicting un After the

local decodinghpaid frpadcairasidhagyestedemetfdicidnahdber@dder 5 adds the ptrdigsian error signal
and the prediction signal generated by the predicting unit 2 to generate a local decoded image signal

showing a locdln@eesttpiamfihgjeferenceimagesignalstored inthememory
10 7.
After detecting the motion vector, the predicting u nit
2 then generates the prediction signal by performin g a
motion-compensatedpredictiononthereferenceimag esignalby

using the motion vector.
15 [0027]

After generating the prediction signal showing the

predictionimage,thepredictingunit2calculates aprediction
error signal which is the difference between the pr ediction
signal and the splitimage signal, and outputs the prediction

20  error signal to the compressing unit 3.

When generating the prediction signal, the predicti ng
unit 2 also determines the parameters for predictio n signal
generation and outputs the parameters for predictio n signal

generation to the variable length encoding part 8.

25 For example, the parameters for prediction signal
generation include pieces of information such as an intra
prediction mode showing how to perform a spatial pr ediction
withintheframe,andamotionvectorshowinganam ountofmotion

between frames.

30 [0028]



[0030] After the adder 5 generates the local decoded image signal, the loop filter 6 carries out a
filtering process of compensating for the distortion superimposed onto the local 25 decoded image
signal, and stores the local decoded image signal filtered thereby in the memory 7 as the reference
image signal. The loop filter 6 also outputs information about the filter which the loop filter uses
when carrying out theW}%qugm tméhg %@ﬁamﬁ |8ﬂ%‘ih § ﬁ%ﬂiﬂgma{ﬁg- 30The variable length
encoding part 8 carries out the 16 process { entropy-encodlng the compressed data outputted from
the compressipg:diutidg theifilzr thiorowatipressipytiedtfrancaieulac filter 6, and the pararnetars for
prediction signal generation outputted from the predicting unit 2 to generate a 5 bit stream showing
these encode®PEHiIHENtS byRaHRIHHE akfolfHiskEciRFAaBIBadngth encoding unit@RgOrm)

enuopy encodgnlie paRERE LRSI soaRkARaRIon, (e Inage enogipg.dgdce can
alternatively multiplex the parameters for predictién signal deneration into 10 the bit stream, which the
image engodimGieviceffigpatates, and output this bit stream without entropy-encoding the parameters
for prediction signal generation. [0031] Hereafter, the process performed by the loop filter 6

will 15 be explained cditee@sRpressipgyNEXhe neuRHSRBRBIARSEHEARocess performé¥isithe loop

Firet, the ram LAy T O IO SR/ EESA el one frame of the Yo A2ALed image

signal generatggrby Hitlatdearidoe3dhgth divderaippattassifying unit 12 extracts a feature quantity
of each of the regions which construct the local

[0029]

10 Whenreceiving the compressed datafromthe compres sing
unit 3, the local decoding part 4 carries out inver se
guantizationofthecompresseddataandthencarrie saninverse
DCT process on the compressed data inverse-quantize d thereby
to calculate a prediction error signal correspondin g to the

15  prediction error signal outputted from the predicti ng unit 2.

Afterthelocaldecodingpart4calculatesthepred iction
errorsignal,the adder5addsthe predictionerror signaland
the prediction signal generated by the predicting u nit 2 to
generate alocal decoded image signal showing aloc aldecoded

20 image.

[0030]

Aftertheadder5generatesthelocaldecodedimage signal,
the loop filter 6 carries out a filtering process o f
compensating for the distortion superimposed onto t he local

25 decodedimagesignal,andstoresthelocaldecoded imagesignal
filteredtherebyinthememory7asthereferencei magesignal.

The loop filter 6 also outputs information about th e
filter which the loop filter uses when carrying out the
filtering process to the variable length encoding p art 8.

30 The variable length encoding part 8 carries out the



25 decoded image shown by the single frame of the local decoded image signal stored in the frame
memory 11, and classifies each of the regions into the class to which the region belongs according to
the feature quantity (step ST1). For example,1®r each region (each block having an 30
arbitrary size (MxM pixels)), the region classifying unit 17 extracts a variance of the local decoded

image signal, 8 RAJ, &ﬁf ier ﬁcm @55 QL glt%éﬁlz ation paramet LR{etH T
coefficients, o th((é[gf%eoin t é)(pggléon as E@ﬁea&frﬁ@t qua%, and carries out the j?rass cgé?sﬁl?ication on
the basis 5 of thesepieessvignfatBatiefilthr ihisroastoMbig@mn integer equal to orutaegrahan 1. [0033]
For example, when the variance of the local decoded image signal in the region is used as the feature

quantity in a cHR 190R iR & 8REHRe RRIFEHIRIS OEREHEIP0 one of class 1 to cl'é\%@_NQN is an
integer equal e%%@% @@ﬁdlﬂ&%ﬁﬁg@i@ﬂi ed beforehand and tggn\éi%g{fge of the

local decodedTmage signal Is compare -1) thresholds (th1<th2< ~1), and the

class to whichighetiegionshowiignpede idecddied.resulfsor example, when the variance of the local
decoded image signal is equal to or larger than thN_3 and is smaller than thN-2, the region is

classified to the class AtistiRAcksreoheyaHalizirred enesslivgal decoded image sigial is equal

to or 20 larger than ] ] ller. tha t lon | sified to the class 3. _. In this case,
although the e%%?ﬁp%gﬁr%aéﬁééb:e a\lE %tﬁ%ﬁ%ﬁ%@%‘%ﬁ%g I%ﬂeforehand IS shown?'l%'égsle

thresholds caybrerasiogeckiyynantigelyeloseaah seevieacean eagbrftame. 25[0034] For exaynple,
when using the motion vector in the region as the feature quantity, the region classifying unit

calculates a mBHHIREHISPRIGNStETs IRIEAADE HRBHIINMIEHS or a median rationinto

10 thebitstream,whichtheimageencodingdevicegen erates,and
outputthisbitstreamwithoutentropy-encodingthe parameters
for prediction signal generation.

[0031]
Hereafter,theprocessperformedbytheloopfilter ewill

15  be explained concretely.

Fig. 3is a flow chart showing the process performe d by
the loop filter 6 of the image encoding device in a ccordance

with Embodiment 1 of the present invention.

First, the frame memory 11 of the loop filter 6 sto res
20  onlyone frame of the local decoded image signal ge nerated by
the adder 5.
[0032]
The region classifying unit 12 extracts a feature
quantity of each of the regions which construct the local
25 decoded image shown by the single frame of the loca | decoded
imagesignalstoredintheframememoryl11,andcla ssifieseach
of the regions into the class to which the region b elongs

according to the feature quantity (step ST1).
For example, for each region (each block having an

30 arbitrary size (MxM pixels)), the region classifyin g unit



vector which is the median value of motion vectors, and 30 identifies the class to which the region
belongs according to 18 the magnitude or direction of the vector. In this case, the mean vector has
components (x and y components) each of which is the mean value of the corresponding components
of the motion vectors. 5In contrast, the median vector has components (x and y components) each of
which is the m&ﬂll'%[& ] H%ﬁ@é f the motion vectots. hen the
region classifying un%%llgg}:%ggﬁgﬁ ggﬁ%{lfq%k%waegggglo sin g one of the classe? it[{%éﬁ?%p:/: filter
designing andqueiieising, ihaibi3igenecaiesh éeuemtizaliasspto which one or moraragiersaficluded in
the regions which construct the local decoded image belongs, a Wiener filter which minimizes an error

occurring betWBBRhEGRRIHEI APV RIItBRERGIMESto be encoded and thERBAMER0ded image
signal in each féﬂﬁrty%aﬁgg]ﬁé%éﬁ%ga%gigggﬁwi b} the class (steps ST2 %%‘5@%&036] For
example, in a case 1M which the Tocal decoded image consists of four regions (aregion A, a region B, a
region C, 20 apfirerrgittes elsrsbawationi thivdase tegegions A and C are ciasigifiggbinto the class
3, the region B is classified into the class 5, and the region D is classified into the class 6, the filter
designing andgsteRbSsRiggie GBIt dtes a Wiener filter which minimizes the error occurring between
the image 25 z%which is the target to be encoded and the local decoded image signal in each of
the regions A an belonging to the class 3. The filter designing and processing unit further

generates a Wiener filiraxaehpinimeran dhafireettislotaldecoded image
signalintheregionis used asthe feature quantit yinacase
10  in which each of the regions is classified to one o fclass 1
toclass N (N is aninteger equal to or larger than 1), (N-1)
thresholdsarepreparedbeforehandandthevariance ofthelocal
decoded image signal is compared with each of the ( N-1)
thresholds(th 1<th ,<...<th n.1),andtheclasstowhichtheregion

15  belongs is identified.

Forexample,whenthevarianceofthelocaldecoded image
signalisequaltoorlargerthanth n-3 andissmallerthanth N-2 s
the regionis classified to the class N-2. Further more, when
the variance of the local decoded image signalis e gualto or

20 largerthanth -andissmallerthanth s,theregionisclassified

to the class 3.

In this case, although the example in which the (N- 1)
thresholds are preparedbeforehandis shown, these thresholds
can be changed dynamically for each sequence or eac h frame.

25  [0034]

For example, when using the motion vectorinthe re gion
asthefeaturequantity,theregionclassifyinguni tcalculates
amean vector which is the mean of motion vectors o ramedian
vector which is the median value of motion vectors, and

30 identifiesthe classtowhichthe region belongsac cordingto



30 between the image signal which is the target to be encoded and 19 the local decoded image signal
in the region B belonging to the class 5, and also generates a Wiener filter which minimizes the error
occurring between the image signal which is the targatto be encoded and the local decoded image
signal in the region 5 D belonging to the class 6. [0037] For example, in a case of designing a filter
with a variabletméjmggm%aeoér i W%Tatﬂgqlgé%i'e_ner filter which minimizes the error, the filter
designing and processing unit 10 13 calculates a cost as will be shown below for each different
number of taps, and thentdetessenesctihesanveetmfiapscanthtirence(iicient values of the filtgr which
minimize the cost. Cost=D+X-R(2) where D is the sum of squared errors between the image signal 15

which is the taf§EIRBNRNENE88BaMIKBIRdaRmeR WAleRaRB]arget filter is apphRideaRra®Bbcal
decoded imag ﬂgmﬁ,l [ter [ nd R is the amount of codes which are generated in
the loop filter é?o %%%o%ggt |nﬁt]i§|15ﬁ%215e tbégéost is given by the equation 20 (2), this case is only

an exampde. For exanmpleoanbstheheunedfaavecest eusrsothpandregipfiaed as the cost.  dy
Furthermore, another evaluated value such as the sum of absolute error values can be used instead of

the sum of sq¢ABRXNRSES D .e8510098] WhithydfetidhgediasheYdie: f8F ddich class to whichfone or
more regions %SL?Qgp 6!;1%@&% &%ﬁigﬁénrﬁ saQPtRéoﬁﬁ%H%&@{Bﬂé determines whether or not each of the

blocks which
[0035]

When the region classifying unit 12 classifies each

of

10  theregionsintooneoftheclasses1toN,thefil terdesigning
and processing unit 13 generates, for each classto which one
or more regions included in the regions which const ruct the
local decoded image belongs, a Wiener filter which minimizes
anerroroccurringbetweentheimagesignalwhichi sthetarget

15 tobeencodedandthelocaldecodedimagesignalin eachofthe
oneormoreregionswhichbelongtotheclass(step SST2toST8).
[0036]

Forexample, in a case inwhich the local decoded i mage
consists of four regions (aregion A, aregion B, a regionC,

20 and aregion D) as shown in Fig. 4, when the region sAandC
areclassifiedintotheclass3,theregionBiscl assifiedinto
the class 5, and the region D is classified into th eclass 6,
the filter designing and processing unit generates a Wiener
filter which minimizes the error occurring between the image

25  signalwhichisthetargettobe encodedandthelo caldecoded
image signal in each of the regions A and C belongi ng to the
class 3.

The filter designing and processing unit further
generates a Wiener filter which minimizesthe error occurring
30 betweentheimage signalwhichisthetargettobe encodedand



construct the local decoded image (e.g. each of local regions 30 which is smaller than each of the
regions A to D which constructs 20 the local decoded image) is a block on which the filter designing
and processing unit should perform the filtering process (steps ST9 to ST16). More specifically, for
each of the blocks which construct 5 the local decoded image, the filter designing and processing unit

13 compares Q.9 8 aptwes Eguimg? mw@ h is the target to bﬁrﬁgg&c{ﬁ% and the
local decodedﬁﬁmage g%ﬁaﬂn%e&é\gogw etween g?é ore and6 after the filtering process. [0039] 10For
example, in a ckss Hambials toe herateeavdedanittgenuohisis of 16 blocks (K) ifMmlzesthe and 16), as
shown in Fig. 5, the filter designing and processing unit compares the sum of squared errors occurring

between the iBHEE QGHATNHRFMERTL NG JBPLRRIA ¥dHaNSd the local decodedBEg8ignal in 15
each block (K ilteri . Ablock 1, ahbl lock 5, and
a block 6 shov)f/(gglé\,%—??ggg %@%@%@%@%@%@éﬁggéﬁ% %%)ogmrlllaig. 4, a block 3, aﬁgﬁ%ﬁ%,ﬁa block 7,
and a blogk 8 phisslorigihiptdtherstssoad to the region B shown in Fig. 4, a block 9, a block 10, a block
20 13, and a block 14 shown in Fig. 5 correspond to the region C shown in Fig. 4, and a block 11, a
block 12, a bId8R3 &l and a block 16 shown in Fig. 5 correspond to the region D shown in Fig. 4.

Although the filter desj 'n&gﬂ%iaerozﬁfsasi?#s%n' fzg'e%?@@fg m%;kmho%squared errors between
ocess, the a

before and after the filtering process, iiter designi processing unit can alternatively compare

either the cost/Ribkt&hshdendiyabe fapatiendratiidhs\genesfiabsolute error vatees/hriveen before
and after the filtering process. 30When the sum of squared errors acquired after the 21

minimizesthe error, the filter designing and proce ssing unit
10  13calculatesacostaswillbe shownbelowforeac hdifferent

number oftaps, and then determinesthe number oft apsandthe

coefficient values of the filter which minimize the cost.

Cost=D+ A-R (2)

where D is the sum of squared errors between the im age signal
15  which is the target to be encoded in the region to which the

target filter is applied, and the local decoded ima ge signal

filtered, Alisaconstant, and R is the amount of codes which

are generated in the loop filter 6.
Although in this case the cost is given by the equa tion
20  (2),this caseis only an example. For example, on ly the sum

of squared errors D can be defined as the cost.

Furthermore, another evaluated value such as the su m of
absoluteerrorvaluescanbeusedinsteadofthesu mofsquared
errors D.

25  [0038]

AftergeneratingaWienerfilterforeachclassto which
oneormoreregionsbelong,thefilterdesigningan dprocessing
unit 13 determines whether or not each of the block s which
constructthe local decoded image (e.g. each ofloc alregions

30  whichissmallerthaneachoftheregionsAtoDwh ichconstructs



filtering process is smaller than the sum of squared errors acquired before the filtering process, the
filter designing and processing unit 13 determines that the block (K) is a block which is a target for
filtering. 5In contrast, when the sum of squared erroracquired after the filtering process is equal to or
larger than the sum of squared errors acquired before the filtering process, the filter designing and
processing unj Pﬁﬁl ' hich is not a target % i 0[0040]

The filter desiéhlgr%tg énm proggﬁﬁgéj’r%@é t %ﬁ‘%ﬁl@@ a‘%?a{s the cost at the tin@%\j/ tgrg%% orming the
filtering procesmdficbezmisgsrtitshootdpe ffecathefdteningpum in the steps ST1does$lieprl the cost at
the time when not performing the 15 filtering process on the whole of the frame currently processed to
determine wheth&rt8rs1bt &) perform the filtering process on the whole of the frame currently

g:lofhejs\;\?hdol(:tgftshg15/@,%&%%ngg’%ﬂga‘c&ﬁ&ﬁzﬁ% &%WH?&'H&%?} to perform the fiIter#E'g'I 8{) process

ter designing and processing unit sets a flag (frame_filter_on_off_flag)

to 1 (ON)sanditedodae detvddtienfitigent o ficassesigicingausss the cost to becomeoaasigiigum in the
steps ST1 to S116 and outputs the local decoded image signal on which the filter designing 25 and
processing unHNﬂ@%@ﬂ@ﬁﬁé’iﬂF@W@?H&@ﬂ@@%@%tﬂ@ RERory 7 as the reféi@gngviifdye signal

(steps S119 tq H’ gPQr %:%ct)@egg%}%gsqg@gg (]tﬂ?erlggi&]lag&(gagg}g the block (K) is tt}ﬁ a{sgié)la rFaf’md the

class to which ?ﬁe reg

in the block between before and after the filtering process.
[0039]

10 Forexample, ina case inwhich the local decodedi mage
consistsofl16blocks(K)(K=1,2,...,and16),ass howninFig.
5, the filter designing and processing unit compare s the sum
of squared errors occurring between the image signa Iwhichis
thetargettobe encodedandthelocaldecodedimag esignalin

15  eachblock(K)betweenbeforeandafterthefilteri ngprocess.

Ablock 1, a block 2, a block 5, and a block 6 show nin

Fig. 5 correspond to the region A shown in Fig. 4, ablock 3,
ablock 4, ablock 7,and ablock 8 shownin Fig. 5 correspond
totheregion B showninFig.4,ablock 9, ablock 10, ablock

20 13,andablock 14 shownin Fig. 5 correspond to th eregionC
shown in Fig. 4, and a block 11, a block 12, a bloc k 15, and
ablock 16 shown in Fig. 5 correspondtotheregion D shownin
Fig. 4.

Although the filter designing and processing unit

25 comparesthesumofsquarederrorsbetweenbeforea ndafterthe
filteringprocess,thefilterdesigningandprocess ingunitcan
alternatively compare either the cost (D+ A-R) shown by the
equation(2)orthesumofabsoluteerrorvaluesbe tweenbefore

and after the filtering process.

30 When the sum of squared errors acquired after the



class 5, the filter designing and processing unit performs the 30 filtering process on the block (K) by
using the Wiener filter 22 of the class 5, and outputs the local decoded image signal on which the filter
designing and processing unit has performed the filteeing process to the memory 7 as the reference
image signal. 5At this time, when, insteps ST1 to ST16, determining that the cost is minimized when
the process of:selecti i@% r ﬁi’l j rocess for each blogk.| rried out (at
the time of theﬁﬂ%gﬁ 'ﬁél%% % %tge]rﬁiro%ﬁ%?f% ﬁ‘ﬁa@% (%N;E t feg%ﬂ%%)esigning and proce§§r%&t%it outputs
the 10 yet-to-eefjlizeeibfoad thedittdeid gmage sigihafitaarthe block (K) on which thsidittegadesigning and
processing unit has determined not to perform the filtering process to the memory 7 as the reference
image signal, RISCESHRgunithadeissrraraiiptitehlasiigpfocess on the block RIOFKKBIGHast, when,
insteps 15 Sljﬁoa%%]res P%Ffﬁ?éfﬂiﬂ that the cost is minimized when the process of selecting whether
or not to carry out t ﬁterlng process for each block is not carried out (at the time of the flag
(block_filter_on_off_flagdsAttextmhehe édemdesionirgiandreseceszing unit performs theffédtering
process 20 on each of all the local decoded image signals in the frame by using the Wiener filter of the
class into whidRerBieEGie PEBGRAR IS thausLE Qégi‘y’@@(ﬂ {rriyBsignal belongs is classHigdMe®id outputs

the local decog H G{F%%gg r;&gga& o 953%13’1’8 rgltﬁ{edqﬁﬁig;ﬂj%g a%% Jo ocessing unit has perft%rgned the
0 as

filtering 25 process to the memaory e reference image'signal. In contrast, wHen, in step
S118, determiningrietigriedianapite 4 ptaeesaingsthwhole of the frame, tieefiteciklesigning
and processing unit sets the flag (frame_filter_on_off flag) to 0 (OFF), and outputs the 30
yet-to-be-filteref) Iiscaleeb detiGhiggeasigrarastier Méenoe: 7 23 as the reference image signal, just
asitis (st8ps 0 S122) . [0041] In steps ST2 to S122 in the flow chart, "min_cost" is a
variable for st ring the minimum cost, "i" is an index of the

The filter designing and processing unit 13 then

calculates the cost at the time when performing the filtering
processwhich causesthe costto becomeaminimumi nthe steps
ST1to ST16 and the cost at the time when not perfo rming the
15 filteringprocessonthewholeoftheframecurrent lyprocessed
to determine whether or not to perform the filterin g process
on the whole of the frame currently processed (step sST17to
ST18).
When,instepST18,determiningtoperformthefilt ering
20  process on the whole of the frame, the filter desig ning and
processing unit sets a flag (frame_filter_on_off _fl ag)to 1l
(ON),andthenperformsthefilteringprocesswhich causesthe
costto become aminimum inthe steps ST1to ST16a nd outputs
the local decoded image signal on which the filter designing
25 andprocessingunithasperformedthefilteringpro cesstothe
memory 7 as the reference image signal (steps ST19 to ST20).
Forexample, whenthe region including the block (K )is
theregion Bandthe classtowhichtheregionBbe longsisthe
classb5, thefilterdesigningandprocessingunitp erformsthe

30 filtering process on the block (K) by using the Wie ner filter



5 number of filter taps tap[i] and a loop counter, and "j" is an index of the block size bl_size[j] and a
loop counter. Furthermore, "min_tap_idx" is an index (i) of the number of filter taps at the time
when the cost is minimized, "min_bl_size_idx" is an irdex (j) of the block size at the time 10 when the
cost is minimized, and "MAX" is an initial value of the minimum cost (a sufficiently large value). [0042]

tap[i] (i=0 to Nj fth
determined beforeha

and eac% o) can be selected,

CL%%SS@,U&{?&‘ Et%\lﬁ?&ggﬁé gggaggﬁg{gaggnumbers of filter 1%:éga§owhich are

e stored. bl_size[j]

to N2) A

sequence in whitibiNBd fiRerdg siifengrindiqaiosesssir(@lusizeis x bl_size[j] pixels), weidbrated
determined 20 beforehand and each of which can be selected, are stored. block_filter_on_off_flag
The flag showth§ IWRERBIPEP SRS SR fraedl8 e ecting whether or nGCRIERBEout the
Ieach block in the frame currently processed. 25frame_filter_on_off flag The

filtering proce
flag showing w

%?hiﬂ :
ther or not to carry out the filtering process for the frame currently processed. [0043]

Step ST23s the step oAghtsng elpvindipingad s PNo S 6,determini ngthat
the costisminimizedwhenthe processofselecting whetheror
nottocarryoutthefilteringprocessforeachblo ckiscarried
out(atthetimeoftheflag(block_filter_on_off_f lag)=1(ON)),
the filter designing and processing unit outputs th e

10  yet-to-be-filteredlocaldecodedimagesignalfort heblock(K)
onwhichthefilterdesigningandprocessingunith asdetermined
not to perform the filtering process to the memory 7 as the
reference image signal, just asitis, without perf ormingthe
filteringprocessontheblock(K). Incontrast,w hen,insteps

15  ST1to ST16, determining that the cost is minimized when the
processofselectingwhetherornottocarryoutth efiltering
process for each block is not carried out (at the t ime of the
flag (block_filter_on_off_flag)=0 (OFF)), the filte r
designing and processing unit performs the filterin g process

20 oneachofallthelocaldecodedimage signalsint he frame by
using the Wiener filter of the class into which the regionto
whichthelocaldecodedimagesignalbelongsiscla ssified,and
outputs the local decoded image signal on which the filter
designing and processing unit has performed the fil tering

25  process to the memory 7 as the reference image sign al.

In contrast, when, in step ST18, determining not to
perform the filtering process on the whole of the f rame, the
filter designing and processing unit sets the flag
(frame_filter_on_off flag) to 0 (OFF), and outputs the
30  yet-to-be-filteredlocaldecodedimage signaltoth ememory 7



selecting the number of filter taps. Furthermore, step ST9 is a step of setting up initial values, and
steps ST10 to S116 are a loop for carrying out the process of selecting the block size and the process
of 5 determining whether or not to carry out the filterirag process for each block having the selected
block size. In addition, steps S117 to S118 are the steps of determining whether or not to perform
the filtering pr%%ﬂ?‘ér@féﬁ@ﬁc‘@?ﬁ?%giﬁ?%ffﬁ@l&sﬁi&(%@@% processed, steps Slé?$‘it§§¥§ 0 are the
steps of carrying out the optimal Yiltering H)rocess which is determined in steps ST1 to S116 with
frame_filter_ofo@4fl]flag=1 (ON), and steps ST21 to ST22 are the steps of setting
frame_filter_on_off_flag to 0 (OFF) and not carrying out the filtering process for the frame currently 15

processed. [0044]  INHEPESHA 48R B WRHEPWIEkeah iR £88Frying out the filteringiDfocess in
the above-me(}gﬂ% ﬂa\%ﬁ tm\% 'Iig%ﬁéﬁ?é}ﬁﬁg&&e@r%cgﬁ%ng unit 18 outputs thedi"(j}lft(l:egfi{p{%rmation 20

about the Wiener filter to the encoding part 8. Thefilterinformationincludestheflag
(frame_filter_anrafieflatfighrospsgap|ipiheado ot tungsryaput the filtering procesd foigha frame

currently processed. 25 When this fla
information asRfRbESHEWsK &iwesa

(};ui; set to ON (shows that the filtering process is carried out),

&bl aneha I9es §etnation. [0045]  (1FThe number of

Wiener filters (the ”U”ﬁtﬂ}?[h(g r%%?é?%% E%%h_%g(.% &ﬂ]&%‘ e%s Siagre regions belong) ZL?mb er

of filter taps at the time when the cost is minimiz ed,
"min_bl_size_idx"isanindex(j)oftheblocksize atthetime
10  when the costis minimized, and "MAX" is an initial value of
the minimum cost (a sufficiently large value).
[0042]
- tap[i] (i=0 to N1)
AsequenceinwhichN1(N1>=1)differentnumbersof filter
15  taps,whicharedeterminedbeforehandandeachofw hichcanbe
selected, are stored.
- bl_size[j] (j=0 to N2)
A sequence in which N2 (N2>=1) different block size S
(bl_size[j] x bl_size[j] pixels), which are determi ned
20 beforehand and each of which can be selected, are s tored.
- block_filter_on_off _flag
The flagshowing whetherornotto carry outthe pr ocess
ofselectingwhetherornotto carry outthefilter ingprocess
for each block in the frame currently processed.
25 - frame_filter_on_off flag
Theflagshowingwhetherornottocarryoutthefi ltering
process for the frame currently processed.
[0043]
Step ST2 is the step of setting up initial values, and
30 steps ST3to ST8 are a loop for carrying out the pr ocess of



The number of Wiener filters can differ for each frame. (2) Information (index) about the number of
taps of each Wiener filter When all the filters are common in the frame, a common 5 number of taps is
included. When the number of taps differs for eaah filter, the number of taps of each filter is
included. (3) Information about the coefficients of an actually-used Wiener filter (a Wiener filter of
each class to which: ' ong) Even if a Wiener filter is generated, no
information abyo%t@ﬁ@%g%ég ilterf?saﬁ\% ud%e%vhen the Wiener filter is not actually used. (4)
ON/OFF information afdritienksize seéprdadds almep fdfesstiibdaremifh block The flagal

(block_filter_on_off_flag) showin%whether or not to perform the ON/OFF operation (whether or not
perform the filHHESHASIEESIRDPAS I BRCKIR BB RAROERIBAtly processed. 200H8HREN

block_filter_orlbfgféeggg 6§ %Petl é%t%yl,)l{cﬁg(ba?& s%%%rggﬁr%aﬂ%: rﬁp(gceégsand the ON/OFF inf%rlmation

about the filtering process for eac are inc this embodiment, the example in

which thepiecgsteframinéommetien ¢ihin i any matdetltevithe filter information isigpevdesEhe number
of Wiener filters, the number of taps of each Wiener filter, and the block size for ON/OFF can be held

by both the imijeapiiaek Haview dna seterirg blacksifsy device
In addition, steps ST17 to ST18 are the steps of

determiningwhetherornottoperformthefiltering processon
thewhole oftheframe currently processed, steps S T19toST20
10  are the steps of carrying out the optimal filtering process

which is determined in steps STl to ST16 with

frame_filter_on_off flag=1(ON),andstepsST21to ST22arethe
steps of setting frame_filter_on_off _flag to 0 (OFF ) and not
carrying out the filtering process for the frame cu rrently

15  processed.

[0044]

Aftergeneratingthe Wienerfilterandthencarryin gout
the filtering process in the above-mentioned way, t he filter
designandtheprocessingunitl3outputsthefilte rinformation

20  about the Wiener filter to the variable length enco ding part
8.

The filter information includes the flag
(frame_filter_on_off_flag)showingwhetherornott ocarryout
the filtering process for the frame currently proce ssed.

25 When this flag is set to ON (shows that the filteri ng
processiscarriedout), informationaswillbe sho wnbelowis

included in the filter information.
[0045]
(1) ThenumberofWienerfilters(thenumberofcla ssestoeach

30  of which one or more regions belong)



as information determined in common in the image encoding device 30 and the image decoding
device, instead of encoding and 26 transmitting the pieces of information between them. [0047]
Furthermore, although in the above explanation Fig. 2is explained as a concrete example of the
process performed by the 5 loop filter 6, steps ST9 to S116 can be omitted and the process of not
carrying out the ON/OF ' II@ I block ((4) is not incl %in the
filter information) can bj ﬁ%@ﬁ@éﬁé@&%ﬁ 0 t[hg(}agp%a:%ﬁsﬁséggf ormed by the loop filter 6.% 048]
As mentioned @ymforrinatibit€indéxyaiationtmipritest dfcapdbeé filter designing andguiveéesiag unit 13 is
entropy-encoded by the variable length encoding part 8, and is transmitted to the image decoding
device. 15Fig.f@5t‘?§ an explanatory drawing showing an example of the bit stream generated by the
variable length encodin Q.7 1 i h’%) ng the image decogli evice
20 in accordance with Em oﬁ%#é%%ﬁﬂof %%é%éé&ﬂﬁﬁ@gﬁr%%é ##:ig. 7, when receiviw t % bit
stream frem thauinitegect tepsglivdritsvited.a variable length decoding part 21 carries out a process of
variable-length-decoding compressed data, filter information, anoNIéParameters for prediction signal

generation 25 which are'¥i8iides mHinb et irRmifers faredw RS decoding part 21 coltructs a
variable Iengtmg%%oe i%?_ ttér:&ig. of e a/grPfﬁt%iFF”% H[]ié g& carries out a process of generating a prediction

signal showing a prediction image by using the parameters for prediction signal generation which the
variable (3) Information about the coefficients of an actual ly-used
Wiener filter (a Wiener filter of each class to whi ch one or

10  more regions belong)

- Even if a Wiener filter is generated, no informati on
aboutthe Wiener filter is included when the Wiener filteris
not actually used.
(4)ON/OFFinformationandblocksizeinformationa boutfilters

15  for each block

- Theflag(block_filter_on_off_flag)showingwhethe ror
nottoperformthe ON/OFFoperation(whetherornot performthe
filtering process) for each block in the frame curr ently
processed.

20 - Only when block_filter_on_off_flag is setto ON, t he
blocksizeinformation(index)andtheON/OFFinfor mationabout
the filtering process for each block are included.

[0046]
In this embodiment, the example in which the pieces of

25 information (1) to (4) are included in thefilteri nformation
isshown. The numberof Wienerfilters, the number oftaps of
each Wienerfilter, and the block size for ON/OFF c anbe held
byboththeimageencodingdeviceandtheimagedec odingdevice
asinformationdeterminedincommonintheimageen codingdevice

30 and the image decoding device, instead of encoding and



30 length decoding part 21 has variable-length-decoded. 27 Particularly, in a case in which a motion
vector is used as a parameter for prediction signal generation, the predicting unit carries out a process
of generating a prediction signal from the motion vects and a reference image signal stored in a
memory 526. The predicting unit 22 constructs a prediction image generating unit. [0050] A prediction
error decodin it 23 rj QG 00 se quantization on the compressed
data which thgr\%grglerﬁéﬁrgr#g%%g((‘%gi%%?Eﬁ%%ﬁsﬂé%ggjﬁgﬁ{h-decoded, and then performing an
inverse DOT (omEds on the compressed data inverse-quantized thereby to calculate a prediction error
signal corresponding to the 15 prediction error signal outputted from the predicting unit 2 shown in Fig.

1. An adder 24 cadrE98INATEraHb8sI9h BB RRPOVESHRIRIRICEI - signal calculated BiSthe
prediction errg ' ' &l ' rated by the pregicti it 20 22 to
calculate a deé?)%q‘e%Fl %na%%g%a%?g?ge%@nﬂr@%g) féged%gc%fd image signal O?J'ltfp;)ﬁljgt(tqeb Fr%?n the adder

5 shown ip Figodpfilterd, dagasBrpuns T3 6campisehvfdhierntediction error decatiggronész3 and the
adder 24. 25[0051] A loop filter 25 carries out a filtering process of compensating for a distortion
superimposed®ntttraradbgded ifadeNigd: opeiaten fenihBdiadder 24, and then k@fHes out

process for each block ((4) is not included in the filter
information)canbeincludedasapartoftheproce ssperformed
by the loop filter 6.
10 [0048]
Asmentionedabove thefilterinformationoutputte dfrom

thefilterdesigningandprocessingunit13isentr opy-encoded

by the variable length encoding part 8, and is tran smitted to
the image decoding device.
15 Fig. 6 is an explanatory drawing showing an example of
the bit stream generated by the variable length enc oding part
8.
[0049]
Fig.7isablockdiagramshowingtheimagedecodin gdevice
20  in accordance with Embodiment 1 of the present inve ntion.
InFig. 7, when receiving the bit stream from the i mage
encodingdevice,avariablelengthdecodingpart21 carriesout
aprocessofvariable-length-decodingcompressedda ta, filter
information, and parameters for prediction signal g eneration
25  which are included in the bit stream. The variable length
decoding part 21 constructs a variable length decod ing unit.
Apredictingunit22 carriesoutaprocessofgener ating
a prediction signal showing a prediction image by u sing the
parametersforpredictionsignalgenerationwhicht hevariable
30 length decoding part 21 has variable-length-decoded



a process of outputting the decoded image signal filtered 30 thereby to outside the image decoding
device and to the memory 28 26 as a filtered decoded image signal. The loop filter 25 constructs a
The memory 26 is a recording mediam for storing the filtered decoded image signal
outputted from the loop filter 5 25 as the reference image signal. [0052]

filtering unit.

showing the qugrﬁgglf%;&i gﬁg‘w%d g%@mgiﬁg%ggﬂi\g&%ﬁgcordance with Emboqjggrpé& a?f the

present invention. 1 11s arecording medium for storing only one frame of

rame memaory

Fig. 8 is a block diagram

the decoded ipagersignéd puiplicteshfignmathermdeto2ghepre A region classifyingligtii@ihitarries out a
process of extracting a feature quantity of each of the regions which 15 construct a decoded image
shown by the SRIGIRSRIh BFARRSEI RN IR ARIRNEBRS in the frame memod L @M assify each

of the regions tlp%l{/%r&%mté)iggi%ﬁlmfgﬁgg%%l%%gﬁmglagpngs according to éﬁ%m%% uantity, like

the region classi

ing unit own'in

er processing unit 33 carries out a process of

generating a \@@&ner filter which is applied to the class into which each of the regions is classified by

the region classifying unit 32 with reference to the filter information which the variable length decoding
part 21 has 25N ERASHCEMGHALHSANSI S Capisslicianifdrthe distortion superiB¥@ Mo the region
by using the V\ﬂiﬁl er filter. [0053] Although in the example of Fig. 8 the loop filter 25 in which the frame
memory 31 is installed as the first stage thereof

10

15

20

25

30

[0050]

Apredictionerrordecodingunit23carriesoutap
ofperforminginversequantizationonthecompresse
the variable length decoding part 21
variable-length-decoded, and then performing an inv
process on the compressed data inverse-quantized th
calculate a prediction error signal corresponding t
prediction error signal outputted from the predicti
shown in Fig. 1.

Anadder24carriesoutaprocessofaddingthepre
error signal calculated by the prediction errordec
23 and the prediction signal generated by the predi
22 to calculate a decoded image signal correspondin
decoded image signal outputted from the adder 5 sho
1.

A decoding unit is comprised of the prediction erro
decoding unit 23 and the adder 24.

[0051]

A loop filter 25 carries out a filtering process of
compensating for a distortion superimposed onto the
image signaloutputtedfromthe adder24,andthen
a process of outputting the decoded image signal fi

therebytooutsidetheimage decoding deviceandto

rocess
ddatawhich
has
erse DCT
ereby to
o the

ng unit 2

diction
oding unit

cting unit
g to the

wnin Fig.

decoded
carriesout
ltered

thememory



30 is shown, in a case of performing a closed filtering process 29 on each macro block, the loop filter
can be constructed in such away that the frame memory 31 disposed as the first stage thereof is
removed, as shown in Fig. 9, and the region classifyirg unit 32 extracts a feature quantity of each of
the regions which 5 construct the decoded image of the macro block. In this case, the image
encoding devi eds: f é‘i j S j} 1acro block indepen . [0054]
Next, the oper%%c%r% 0 ?ﬁ@%ggg‘ﬁg |Hg%pegv%;§§§ﬁ bﬁ}legaeg plﬁined. When rec%%ﬂ%é the bit
stream from thepimsagetsrchidinggeriite, the variable length decoding part 21 variable-length-decodes
compressed data, filter information, and parameters for prediction rSJ&&aI generation which are 15

included in the bit strehf MeMPRER PeleRiRBAPIEIING NRABID (R pPERIEEb N Signal generation, the
predicting uniﬁl%r%‘?ﬂ?éﬁ[?@eﬁ Hﬁg@gt&g@%p&@{ﬁg&@&%ﬁq@n@ters for prediction 8ﬁﬂﬁgpeneration.
Particularly, when receiving a motion vector as the parameter 20 for prediction signal generation, the
predictingsunitZieas iale setgreadictiomagig s iedm the motion vector and the reference image signal
stored in the memory 26. [0055] When receiving the compressed data from the variable 25 length
decoding part P05 prediction error decoding unit 23 performs inverse quantization on the

compressed data and [gliﬁgeyqi%egwgﬁ%%%\rée [S€ QV(\%;J; rgo{ﬁg_%s gﬁﬁtgﬁ compressed data

inverse-quantized thereBy to calculate a iction error signal corresponding to the prediction error

signal outputteRe3hiagadbedeiiedieléngcenit 2coruanteivigth=E@®odi  After the predigdigmniesror
decoding unit 23 calculates the prediction error signal, the adder 24 adds the prediction error signal

and the prediciinRsRFRINgEMERAIRE by the predicting unit 22 to calculate a decoded image signal
10 In Fig. 8, a frame memory 31 is a recording medium for

storing only one frame of the decoded image signal outputted

from the adder 24.

A region classifying unit 32 carries out a process of
extracting a feature quantity of each of the region s which
15  construct a decoded image shown by the single frame of the
decodedimagesignalstoredinthe frame memory 31 toclassify
eachoftheregions belongsintothe classtowhich theregion
belongs according to the feature quantity, like the region

classifying unit 12 shown in Fig. 2.

20 A filter processing unit 33 carries out a process 0 f
generating a Wiener filter which is applied to the classinto
which each of the regions is classified by the regi on
classifying unit 32 with reference to the filter in formation

which  the variable length decoding part 21 has

25  variable-length-decoded to compensate for the disto rtion
superimposed onto the region by using the Wiener fi Iter.
[0053]

Although in the example of Fig. 8 the loop filter 2 5in
whichtheframememory3lisinstalledasthefirst stagethereof

30 isshown, in a case of performing a closed filterin g process



5 corresponding to the local decoded image signal outputted from the adder 5 shown in Fig. 1. [0056]
When receiving the decoded image signal from the adder 24, the loop filter 25 carries out the filtering
process of 10 compensating for the distortion superinzosed onto the decoded image signal, and
outputs the decoded image signal filtered thereby to outside the image decoding device as a filtered
decoded imaggn%geﬁwgg% 6@6@%@1‘8&@%@?’&%%%% signal in the megggayrﬁ?asr the
reference image signal. 15 Hereatfter, the process carried out by the loop filter 25 will be explained
concretely.  awagtht@tiedinennhadisBodisgpeiastiastis carried out by thetagetiderdlS of the image
decoding device in accordance with Embodiment 1 of the present invention. 20[0057]  First, the
frame memoryS3¢BPRd 1888 IMUN - ePea HREsREIARGRSof the decoded im&H¥IBRHAIE outputted
from the addeég%x ?&g H‘?eﬂﬁ?réfrcﬁﬁﬂﬁﬂ&;ﬁf 10 %laféuded in the 25 filter iﬂgor jon is set to
t scarriedout) (step SI31),"the region classifying unit 32 extracts a

ON (shows that the filtering process

feature quantigoptaachtbktoecedmninvrgishtansinmirieldekoded image shown by the single frame
of the decoded image signal stored in the frame memory 31, and 30 classifies each of the regions into

the class to which the itig¢a3e, theimage encodingdevice needstope rform
the filtering process on each macro block independe ntly.
[0054]
Next,the operationoftheimage decodingdevicewi llbe

10  explained.
When receiving the bit stream from the image encodi ng
device, the  variable length decoding part 21
variable-length-decodes compressed data, filter inf ormation,
and parameters for prediction signal generation whi ch are
15  included in the bit stream.

When receiving the parameters for prediction signal

generation, the predicting unit 22 generates a pred iction
signal from the parameters for prediction signal ge neration.
Particularly, whenreceiving amotionvector asthe parameter
20 forpredictionsignalgeneration,thepredictingun itgenerates
a prediction signal from the motion vector and the reference

image signal stored in the memory 26.

[0055]
When receiving the compressed data from the variabl e
25 lengthdecodingpart21,thepredictionerrordecod ingunit23
performsinverse quantization onthe compressed dat aandthen
performs an inverse DCT process on the compressed d ata
inverse-quantized thereby to calculate a prediction error
signalcorrespondingtothe predictionerrorsignal outputted

30  from the predicting unit 2 shown in Fig. 1.



belongs according to the feature quantity, like the region classifying unit 12 shown in Fig. 2 (step
S132). [0058] When receiving the filter information from the variable 5 length decoding part 21, the
filter processing unit 33 generates a Wiener filter whiclo is applied to the class to which each of the
regions classified by the region classifying unit 32 belongs 10 with reference to the filter
information(step SlgBAfFe‘?rtﬁé(%’r"é@ tiWH%?rH?%IQHS'&*?r?g %Mgﬁ%{'ém%s (the number of clatéges to
each of which one or more regions belong)is expressed as N,the number of taps of each Wiener filter
is expressed gwelprediotidhercorsipentiielnddafzbatiddfieeer filter are expresspeedictialh wils,

error signal and the prediction signal generated by the

predicting unit 22 to calculate a decoded image sig nal
5 correspondingtothelocaldecodedimagesignalout puttedfrom

the adder 5 shown in Fig. 1.

[0056]

When receiving the decoded image signal from the ad der

24, the loop filter 25 carries out the filtering pr ocess of

10  compensatingforthe distortion superimposedontot he decoded
image signal, and outputs the decoded image signal filtered
thereby to outside the image decoding device as a f iltered
decodedimage signal while storing the filtered dec odedimage
signal in the memory 26 as the reference image sign al.

15 Hereafter,the processcarried outbytheloopfilt er25
will be explained concretely.

Fig. 10is a flow chart showing the process carried out
bytheloopfilter250ftheimagedecodingdevice inaccordance
with Embodiment 1 of the present invention.

20 [0057]

First, the frame memory 31 of the loop filter 25 st ores
only one frame of the decoded image signal outputte dfromthe
adder 24.

Whentheflag(frame_filter_on_off_flag)includedi nthe

25 filter information is set to ON (shows that the fil tering
processiscarriedout)(stepST31),theregioncla ssifyingunit
32 extracts a feature quantity of each of the regio ns which
construct the decoded image shown by the single fra me of the
decoded image signal stored in the frame memory 31, and
30 classifieseachoftheregionsintotheclasstowh ichtheregion



-,wit', wits,wf the N Wiener filters Wi(i= IwLi, " illW112" ilL 1, 2" N)are shown as follows.
W121W122W12L

10

15

20

25

31
belongs according to the feature quantity, like the region
classifying unit 12 shown in Fig. 2 (step ST32).
[0058]

Whenreceiving the filterinformation fromthe vari able
lengthdecodingpart21,thefilterprocessingunit 33generates
aWienerfilterwhichis appliedtothe classtowh icheach of
theregionsclassifiedbytheregionclassifyingun it32belongs
with reference to the filter information (step ST33 ).

Forexample,whenthenumberofWienerfilters(the number
of classes to each of which one or more regions bel ong) is
expressed as N, the number of taps of each Wiener f ilter is
expressed as LxL, and the coefficient values of eac h Wiener
filter are expressedasw 11 ,W 12 5 o0 W i1l e, W i1 ,W 2,0, Wi,
the N Wiener filters W i (i=1,2,...,N)are shown as follows.

Wig Wi -0 Wi
wz| Mo M M @
Wig Wiz - Wi
[0059]
After generating the N Wiener filters W i, the filter

processingunit33compensatesforthedistortions
ontothesingleframeofthedecodedimagesignalb
Wienerfilters,andoutputsthedistortion-compensa
image signal to outside the image decoding device a
memory 26 as the filtered decoded image signal (ste

The filtered decoded image signal s hatis expresse
the following equation (4).

§= SN, (4)

Amatrix Sisagroup of reference signals of LxL p

including the decoded image signal s which is the t

uperimposed
yusingthese
teddecoded
nd to the
p ST34).
d by

ixels

arget for



15 (3)

\WIiLIW1L2WiLL  [0059]
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32

filtering,andid(s)isthenumber(filternumbers)
which is determined by the region classifying unit
which the region including the signal s belongs.
[0060]

When performing the above-mentioned filtering proce
the filter processing unit 33 refers to the flag
(block_filter_on_off_flag)includedinthefilteri
and,whentheflag(block_filter_on_off flag)isse
refers to the block size information included in th
information and then identifies the plurality of bl
whichconstructthedecodedimage,and,afterthat,
the filtering process with reference to the informa
included in the filter information and showing whet
to carry out the filtering process for each block (

Morespecifically,whenflag(block_filter_on_off f
is setto 1 (ON), the filter processing unit 33 per
filteringprocessonthedecodedimagesignalinth
on which the filtering unitis going to perform the
process, among the blocks which construct the decod
by using the Wiener filter of the class to which th
including the block (K) belongs while outputting th
yet-to-be-filtereddecodedimagesignalinthebloc
thefilteringunitisnotgoingtoperformthefilt
to outside the image decoding device and to the mem
the filtered decoded image signal, just as it is.

Incontrast,whenflag(block_filter_on_off_flag)i
to 0 (OFF), the filter processing unit performs the
process on each of all the decoded image signals in
currently processed by using the filter correspondi

classintowhicheachoftheregionsisclassified

oftheclass

32 andto

SS,

nformation,
tto1(ON),
e filter
ocks (K)
carriesout
tion
her or not
K).
lag)
forms the
eblock(K),
filtering
ed image,

e region

k(K)which
eringprocess

ory 26 as

sset
filtering
the frame
ng to the
bytheregion



After generating the N Wiener filtersWi, thefilter processing unit 33 compensates for the distortion
superimposed onto the single frame of the decoded image signal by using these 20 Wiener filters, and
outputs the distortion-compensated decoded image signal to outside the image decoding device and
to the memory 26 as the filtered decoded image signal (step S134). The filtered decoded image
signal s hat is aég%ﬁg p;(iltlé%following equation (4). 25= S(4) A matrix S is a group of reference
signals of LxL pixels iltering, and id(s) is the number (filter numbers) of the class which is
determined by[0lag1¢gion classifying unit 32 and to which the region including the signal s belongs.
[0060] 5When performing the above-mentioned filtering process, the filter processing unit 33 refers to

the flag (block_filter oWhsnthefae{Hames fhtere G Hondedd, when the flag  nthe
(bIock_fiIter_oHHgﬁﬁfag%Aﬁ &?E@e&@é&’ﬁ&%ﬁl{&mﬁ [9]8Ck size information incll&gggi' t&e filter

5 carried out) (step ST31), the filter processing uni t 33 does
not perform the filtering process on the frame curr ently
processed,andoutputseachdecodedimagesignalou tputtedfrom
the adder 24 to outside the image decoding device a nd to the
memory 26 as the filtered decoded image signal, jus tasitis

10  (step ST35).
[0062]

As can be seen from the above description, inthe i mage
encodingdeviceinaccordancewiththisEmbodiment 1,theloop
filter6includestheregionclassifyingunit12fo rextracting

15  afeaturequantityofeachoftheregionswhichcon structalocal
decodedimage shown by alocal decoded image signal outputted
by the adder 5 to classify each of the regions into the class
towhichtheregionbelongsaccordingtothefeatur e quantity,
and the filter designing and processing unit 13 for , foreach

20  class to which one or more regions, among the regio ns which
constructthelocaldecodedimage, belong,generati ngaWiener
filter which minimizes the sum of squared errors oc curring
betweentheimage signalwhichisthetargettobe encodedand
the local decoded image in each of the one or more regions

25 belonging to the class to compensate for a distorti on
superimposed onto the one or more regions by using the Wiener
filter. Therefore, the image encoding device imple ments the
filteringprocessaccordingtothelocalproperties oftheimage,
thereby being able toimprove the improvement accur acy ofthe

30 image quality.



10 information and then identifies the plurality of blocks (K) which construct the decoded image, and,
after that, carries out the filtering process with reference to the information included in the filter
information and showing whether or not to carry out tbe filtering process for each block (K). 15 More
specifically, when flag (block_filter_on_off _flag) is set to | (ON), the filter processing unit 33 performs
the filtering pr §570N the decoded image signal in the block (K), on which the filtering unit is going to
perform the filtering process, among the blocks which construct the decoded image, 20 by using the
Wiener filter of the classitthednichdhia tiegintatetistioditiedeldck ifadegimhgs while outputtigckine
yet-to-be-filtered decoded image signal in the block (K) which the filtering unit is not going to perform

the filtering pro@E¥R MRS M Rl RR ARG AERRKIBRd to the memory 26tHE FBYBR filtered

decoded imaga fégﬁz,n&ﬁﬁ@%ff&‘ %%t%’&‘@%’f@’gt%?ef %ock_filter_on_off_flag 6{5&{&8 0 (OFF),

the filter processing unit performs the filtering process on each of all the decoded image signals in the
frame curgentlpfierasisadvlyitistonshe diteecotedipeagéstidothe 30 class intalyvaidbceaeh of the
regions is classified by the region 33 classifying unit 32. [0061] When the flag

(frame_filter dMasie SIEGRI ARiste O eREdRTSAHREBS et to OFF (the filteBRFPRIERSS is not 5
carried out) (step: filter. pro ' it s.nqt perform the filterin on the
frame cu rrentlbgggggggééﬁgéﬁ%%b&&ﬁg %Sfﬁ% %gé%%egg%mga(é%ignal outputted fro%ngfé@%%%der 24 to

outside the imagefdaandiog sievigearnrtte thieememossdagaihe filtered decoded imagefsignal, just as
it is 10(step S135). [0062]

referring to filter information which the variable length
10 decoding part 21 has variable-length-decoded to gen erate a
Wienerfilterwhichisappliedtotheclasstowhic heachregion
classified by the region classifying unit 32 belong s, and for
compensating for adistortion superimposed ontothe region by
usingtheWienerfilter. Therefore,theimagedeco dingdevice
15 implements the filtering process according to the | ocal
properties of the image, thereby being able to impr ove the

improvement accuracy of the image quality.

[0064]
Embodiment 2.

20 Inabove-mentionedEmbodimentl,theloopfilterin which
thefilterdesigningandprocessingunit13generat esaWiener
filter foreach classtowhich one ormore regions belong, and
performsthefiltering processoneachofthe block s(K)which
constructalocal decoded image by using the Wiener filter of

25  theclasstowhichthe regionincluding the block ( K) belongs
isshown. Asanalternative, foreach ofthe block s,theloop
filter can select a Wiener filter which minimizes t he sum of
squarederrorsoccurringbetweentheimagesignalw hichisthe
targettobe encoded andthelocal decodedimage si gnalinthe

30  block (K) from among Wiener filters which the loop filter



As can be seen from the above description, in the image encoding device in accordance with this
Embodiment 1, the loop filter 6 includes the region classifying unit 12 for extracting 15 a feature
guantity of each of the regions which construct a locagslecoded image shown by a local decoded
image signal outputted by the adder 5 to classify each of the regions into the class to which the region
belongs accor %%}gtt&ef{ﬁ%%ﬁ &H@Qtti(%/ﬁlﬁ@u g}?efﬂﬁﬁgfesr‘g@mg and processingr%r}'ge]rg;ngir, for each
20 class to which one or more regions, among the regions which construct the local decoded image,
belong, generatioigan\d6 e fdteefuhichstairtionzep dnenprediosruared errors ogstireinigdetween the
image signal which is the target to be encoded and the local decoded image in each of the one or
more regions £5)BdISHRIIIRS MERNLESIHE CoRIBEISERIBSRLY distortion superimposed onto the one or
more regions Ey ing the Wiener filter. Therefore, the image encoding device implements the
filteringprocess according to the local properties of the image, thereby being able to improve the
improvemgnt accuracyehiretaf,jaiaos filteldithdel®dodimentopehgrmore, in the imagegiegoding
device in accordance with this Embodiment 1, the loop filter 25 includes the region classifying unit 32
for extracting Soltuisre guantity of each 5 of the regions which construct a decoded image shown by a

decoded image signallﬂaltalit}%gtﬁg v?’c%gﬂ%%ro@\ﬁ rlt tﬁ?ﬁ’ji‘% 8e C@a?nri g&e regions to the clas 1'to which

the region belongs according e feature quant liter processing unit 33 for referring to

filter informatigyy iMeiRibBtepsabith iengie dRcdenegling a2l has variable-lengsieineeded to

generate a Wiener filter which is applied to the class to which each region classified by the region

classifying univ#p Eethasimaid Betbiaguasathii@dieNstortion superimposed onto the region by

using the ANiener filter. Ttt]{eregare., the ima%e decodin deV.in 5 imeolements the filtering process
1 A filter esianing and progess unit gen rates .

according to the local propérties image, thereby’being a O Improve the improvemen

accuracy of thgyig\asiel|eliya P EskWhatiBiRmoteIn above-mentioned dgidpreisnsiy, 1, the loop

filter in which the filter designing and processing unit 13 generates a Wiener filter for each class to
which one or fikgethegiohapemdgnaadvith above-mentioned Embodi ment 1

(steps ST2 to ST8).
In accordance with this Embodiment 2, the filter

15 designing and processing unit does not use a flag

(block_filter_on_off_flag)showingwhetherornott ocarryout
aprocessof selectingwhetherornotto carry out afiltering
processforeachblockwithinaframecurrentlypro cessed, but
uses aflag (block_filter_selection_flag) showing w hether or

20  nottoselectafilterwhichistobeusedforeach blockwithin
the frame currently processed. Furthermore, the fl ag
(block_filter_selection_flag)isinitially setto O FFinstep
ST40, and is set to ON only when step ST46 is carri ed out.

As will be mentioned later, only when the flag
25  (block_filter_selection_flag) is set to ON, a block size and
filter selectioninformation abouteach block arei ncludedin
filter information.
[0066]
AftergeneratingaWienerfilterforeachclassto which

30 oneormoreregionsbelong,thefilterdesigningan dprocessing



performs the filtering process on each of the blocks (K) which construct a local decoded image by
using the Wiener filter of 25 the class to which the region including the block (K) belongs is shown. As
an alternative, for each of the blocks, the loop filter cass select a Wiener filter which minimizes the sum
of squared errors occurring between the image signal which is the target to be encoded and the local
decoded image sighnal i lack. (K), fr iener fi which the loop filter, nerates
for each class%)ﬁE w |Ch%%§§%%%ﬁé%ﬂ@@§%?gi¥g %aﬁ Fé%irﬁ@gpéensate for a distortior\&ﬁl &
superimposedninimibesihesuo sy usisdehedbenarrfiligselected thereby. [0QGGHEhebwmgeetely, a
loop filter of this embodiment operates as follows. Fig. 11 is a flow chart showi

. IME ng the process
carried out by HRJSPtES EslarphiaRe RcosRg AiBe B accordance with E’?ﬁhéﬁﬁf@?‘ﬁ 2 of the
present invention. ' anj ' [t.13 generates a Wi ilter. for each class
to which one Eﬁ%ﬁ%@ﬂé@ﬁg%ﬁggﬁn‘ngQ{ﬁéﬁﬁ @%@g%gc% with above-menttﬁlgglgfg ﬁ% diment 1

(steps SIzto KBfilteringprocessoneachoftheblocks(K)whi chconstruct
thelocaldecodedimagebyselectingaWienerfilte rfromamong
Wienerfilters which thefilter designing and proce ssing unit
generatesforeachclasstowhichonemoreregions belongs,and
a process of not performing the filtering process o n each of

10  the blocks (steps ST9, and ST41 to ST47).
More specifically, in a case of generating four Wie ner

filtersWw  1,W ,,W 3z,andW jandcarryingoutthefilteringprocess

usingeachofthefourWienerfilters,thefilterd esigningand

processing unit selects the Wiener filter W 3 Which minimizes
15  thesumofsquarederrorsEfortheblock(K)ifth esumofsquared

errors E in the block (K) has the following inequal ity among

the four filters.
EwsfEw<EwsfEwcEw1
where E woshows the sum of squared errors E at the time when

20  any filtering process is not carried out.

Fig. 12 is an explanatory drawing showing an exampl e of
theselectionofaWienerfilterforeachofthebl ocks(K)which
construct the local decoded image. For example, th e Wiener
filter W  ,isselectedforthe block (1), andthe Wienerfilt er

25 W is selected for the block (2).

[0067]

Whendeterminingto performthefilteringprocesso nthe
framecurrentlyprocessedbyusingtheWienerfilte rsselected,
the filter designing and processing unit 13 sets th e flag

30 (frame_filter_on_off flag) to 1 (ON), and carries o ut the



In accordance with this Embodiment 2, the filter 15 designing and processing unit does not use a flag
(block_filter_on_off_flag) showing whether or not to carry out a process of selecting whether or not to
carry out a filtering process for each block within a fragme currently processed, but uses a flag
(block_filter_selection_flag) showing whether or 20 not to select a filter which is to be used for each
block within thﬁit@ﬂﬂl&o‘mﬁr Wrﬂ&%‘%ﬁ%ﬁﬁﬂz%{ﬂa%&ﬂ% flag (block_filter_segT 'QB St@) is initially
set to OFF in step Si40, and Is set to ON only when step SI46 is carried out. As will be mentioned
later, only wheantheTlag t355({iacknilwutmete dieno falg) éesed toiay a block size ardsfijtesilselection
information about each block are included in filter information. [0066] After generating a
Wiener filter fdHEABHIBRIEDYEPRMRMBY MRRALHRIBRCEYPRAR belong, the filterﬁi%@@ﬁ%%‘)ﬁnd processing
36 unit 13 sel%gqoo t-|4§ process (e.g. a process which minimizes the sum of squared errors
occurring between the image signal which is the target to be encoded and the local decoded image
signal in the block (K))drosomineng aheecasstofmigriagming Siohepbitying precess on each of the
blocks (K) which construct the local decoded image by selecting a Wiener filter from among Wiener
filters which tHtgfEoRERGSHoBREVIelRNRITafE§EA&ites for each class tdYAREESPRIMOre

regions belon ing the filiering process on each of 10the blocks (steps
SlSI), and S14%%8@%1@8%()%53@%@%@1%'%'@g?:%@&gﬂo %generating four Wieéé?'ﬂ?ﬂé@%l, w2,

W3, and Wy agests alfiey fepiiittite fitRen o prese srgsingzeas{of the four Wiener filters,) thaiilter
designing and processing unit selects the Wiener filter W3 which minimizes 15 the sum of squared

error s E for tHRUEIER (10 YetHe iarfiberfliner] deendadim@geplock (K) has the fosAatMequality
among the fouy filters. Ewo<Ew2<Ew(,<E)m<Ewl. ere Ewo shows the s f d errors E at
the ime ihen B0y L Fee el DR aeanalPE S, 12k an explbdiog) adlaing
showing an exguweg of the selection of a Wiener filter for each of the blocks (K) which construct the
local decoded image. For example, the Wiener filter W2 is selected for the block (1), and the Wiener

filter AftergeneratingtheWienerfiltersandthencarryi ngout
the filtering process in the above-mentioned way, t he filter
designingandprocessingunitl3outputsthefilter information
15  aboutthe Wienerfilterstoavariablelengthencod ingpart8.
The flag (frame_filter_on_off_flag) showing whether or
not to carry out the filtering process within the f rame
currently processed is included in the filter infor mation.
When this flag is set to ON (shows that the filteri ng
20  processiscarriedout),informationaswillbe sho wnbelowis

included in the filter information.
[0069]
(1) ThenumberofWienerfilters(thenumberofcla ssestoeach

of which one or more regions belong)

25 - ThenumberofWienerfilterscandifferforeachf rame.
(2)Information(index)aboutthenumberoftapsof eachWiener
filter

- When all thefiltersare commoninthe frame, aco mmon

number of taps is included.

30 - When the number of taps differs for each filter, t he



25 W3 is selected for the block (2). [0067] When determining to perform the filtering process on
the frame currently processed by using the Wiener filters selected, the filter designing and processing
unit 13 sets the flag 30(frame_filter_on_off flag) to 1 §®N), and carries out the 37 filtering process
which minimizes the cost in steps ST1 to ST9 and S140 to S147 and outputs the local decoded image
signal filtered mﬁﬁﬂ@f o g@p@l Z@ﬁ@lr%qpﬁqﬁgémage signal (steps S117 to ST20). 5In contrast,
when determining not to perform t%e filtering process on the whole of the frame currently processed
(steps S117 tqFHTh&)rriieibheablesighingosifigiersssirghuaitsatts the flag (frame_filtgrusedoff_flag) to
zero (OFF), and outputs the yet-to-be-filtered local decoded image signal to 10 the memory 7 as the

reference imay¥ienidiliRidpy\denar {isn obsaeinesss 10 Wher generating the WiekEraM R and then
carrying out the filieri in\{the above-mentioned way, the filter designing and processing unit
13 outputs thﬁﬁgfﬁﬁgﬁgﬁgbout the Wiener filters to a variable length encoding part 8.

The flag (frame_filter_omE\ash iflag)vsdouyifier redeeicpsted iibdafoyradtithe filtering process within the
frame currently processed is included in the filter information. When this flag is set to ON (shows that

the filtering 209068 & ienaeltsnty, iTuersisReshaveown below is includéiinsthe filter

mmmrig?gﬁs[oé)é%%{)&‘wg gggpber of Wiener filters (the number of classes to each of which one or
(4)Filterselectioninformationabouteachblocka ndblocksize
information
10 -Theflag(block_filter_selection_flag)showingwhe ther
or not to select a filter for each block in units o faframe.

- Only when block_filter_on_off_flag is setto ON, t he
block size information (index) and the selectionin formation
about each block are included.

15 [0070]

In this embodiment, the example in which the pieces of
information (1) to (4) are included in the filteri nformation
isshown. The numberof Wienerfilters, the number oftaps of
eachWienerfilter, and the block size canbe held by boththe

20 image encoding device and an image decoding device as
informationdeterminedincommonintheimage encod ingdevice
and the image decoding device, instead of encoding and
transmitting the pieces of information between them
[0071]

25 Aloopfilter25intheimagedecodingdevicecarri esout
the following process.

Fig. 13is a flow chart showing the process carried out
bytheloopfilter250ftheimagedecodingdevice inaccordance
with Embodiment 2 of the present invention.

30 First,aframememory3loftheloopfilter25stor esonly



25- The number of Wiener filters can differ for each frame. (2) Information (index) about the number of
taps of each Wiener filter - When all the filters are common in the frame, a common number of
taps is included. 30- When the number of taps differsdar each filter, the 38 number of taps of each
filter is included. (3) Information about the coefficients of an actually-used Wiener filter (a Wiener filter
of each class ' i if 8 Wiener filter is gener 0
information ab%%(ﬁ%ﬁv%%%gré %ﬁgﬁrﬁ%@ﬂv&@%gﬁyﬁé&@r filter is not actugﬁ)?1 ﬂggﬂ]@ Filter
selection information avbehezsfabldcnaandibtcksizstinfagyiathnédiThe nthe
flag(block_filter selection_flag) shO\oNéi?rﬁwhether or not to select a filter for each block in units of a

frame. offferirermger spitoeN G augthatatiie ON, the block size infdHERIGE]RTIex) and the

selection infor@atigfzg -lécaut Qﬁﬁ? blf ?gre i ed. éﬁ&OO?ﬂhen I@n@is ﬂg&)odiment, the example in
(1) to Ide

which the pieces of information are inc In the filter information’is shown. The number of

Wiener filters, (hieckirfilber ablapsmf dre)) Wigotrdder, and thieeblogitsize can be held by boti the 20
image encoding device and an image decoding device as information determined in common in the
image encodingf@eVREoRRSeHe Phiyatered dhhaiedieac|astead of encoding &% ¥HaaYRitting the

pieces of inforg?\gg{}apc%we? ?&EU?@” guantity of each of the regio ns which
construct the decoded image shown by the single fra me of the
decoded image signal stored in the frame memory 31, and
10  classifieseachoftheregionsintotheclasstowh ichtheregion
belongsaccordingtothefeaturequantity(stepST3 2) likethat

in accordance with above-mentioned Embodiment 1.

[0072]
In contrast, when the flag (frame_filter_on_off fla 0)
15 includedinthefilterinformationissettoON(sh owsthatthe
filteringprocessiscarriesout)(stepST31),and whentheflag
(block_filter_selection_flag) included in the filte r
information is set to ON (step ST51), the region cl assifying
unit refers to the information about the size of ea ch block,
20  which is the unit for selection, and the filter sel ection
information about each block among the pieces of in formation
included in the filter information, and performs cl ass

classification for each block (step ST52).

[0073]

25 After the region classifying unit 32 classifies eac h
region(eachblock)intotheclasstowhichthereg ionbelongs,
a filter processing unit 33 refers to the filter in formation
outputtedfromavariablelengthdecodingpart21, andgenerates
aWieneffilterwhichisappliedtotheclasstowh icheachregion

30 (each block) classified by the region classifying u nit 32



[0071] 25A loop filter 25 in the image decoding device carries out the following process. Fig. 13 is
a flow chart showing the process carried out by the loop filter 25 of the image decoding device in
accordance with Embodiment 2 of the present inventiem. 30First, a frame memory 31 of the loop filter
25 stores only 39 one frame of a decoded image signal outputted from an adder 24. When the

flag (frame_fil ff g?&%in%ﬁg in the filtgrinfoymation is get 1g ON;fghows that a filtering
process is carnﬁeg ogt; (éﬁep 131), an% wfﬁen the ﬁag 5(@b g&_@r_selec‘tﬁon_ﬂag) included in the
filter informatiaii &/ sehtentidrte SEpIBIGimeatagion classifying unit 32 extracts a feature quantity of
each of the regions which construct the decoded image shown by the single frame of the decoded

image signal stored inAHETEERR AtiBgRYIBReHleAw vaisaRIiIgEEN of the regions into 888 €ihss to

which the regi IWﬂﬁ i [ tep SI32 ), like that in ordance with
above-mentiorggd? ém bOdIﬁ?ggct{%j%%%%@é %@éﬁ@%‘g% £t}18e flag (frame_filter_o nf?)ﬁ _’ffggg) 15
included in theifisairindessiatonits Sies o @stteiitetibpt the filtering process isocaaiemeath(step SI31),

and when the fla é%ock_filter selection_flag) included in the filter information is set to ON (step SI51),
the region claﬁﬁ& BRROLESIS RO GRIG IR IRBSU B size of each blockly2ORBRSEH the unit for

seection, nc 6 ek seeron RPN AReubBRgR ck among the pecss g plerpion

included in thefilter i ation, and performs cfass classitication for each bloc [0073]
image signal filtered thereby to outside the image decoding
device and to a memory 26 as a filtered decoded ima ge signal

10 (step ST53), like in the case in which the flag
(block_filter_on_off_flag) is set to OFF in above-m entioned

Embodiment 1.

[0074]
In contrast, when (block_filter_selection_flag) is set

15 to ON, the filter processing unit 33 compensates fo r the

distortion superimposed onto the decoded image sign alineach

blockbyusingtheWienerfilterwhichisselected fortheblock

after generating the Wiener filter which is applied to each

class, and outputs the decoded image signal filtere d thereby
20 to outside the image decoding device and to the mem ory 26 as

a filtered decoded image signal (step ST53).
The filtered decoded image signal s hat at this tim eis

expressed by the following equation (5).

S=S\, 2(bl) (5)

25 Amatrix Sisagroup of reference signals of LxL p ixels
including the decoded image signal s which is the t arget for
filtering.

id_2(bl)isthefilterselectioninformationina block
bl in which the decoded image signal s is included, i.e. the

30  class number (filter number) of the block bl.



25After the region classifying unit 32 classifies each region (each block) into the class to which the
region belongs, a filter processing unit 33 refers to the filter information outputted from a variable
length decoding part 21, and generates a Wiener filtet which is appliedto the class to which each
region 30(each block) classified by the region classifying unit 32 40 belongs(step S133),like that in

accordance with abov %ﬁ#ﬁgﬂ%ﬂmqﬁmhmh é}‘gﬁ'%?gqg a Wiener filter wt&iggés applied

to each class, when (b

ter_selection_fla set to OFF, the fi

ter proce s s ing unit

performs the fikenngpeofeaascon dachefbed, thaydétedad pragessignals in a frame curiigntiytprocessed
by using the generated Wiener filters, and outputs each decoded image signal filtered thereby to
outside the imBEEYEXAPY M&/RIEGHN to a memory 26 as a filtered decoded image signal 10 (step

S153), like in
Embodiment 1.

rﬂa ?éfe in which the flag (block_filter_on_off _flag) is set to OFF in above-mentioned
?OO 4] In contrast, when (block_filter_selection_flag) is set 15 to ON, the filter

processing unit 33 compernsatrsdosifeodistiost mvosentssoppted, dricalsedecoded image signal in
each block by using the Wiener filter which is selected for the block after generating the Wiener filter
which is appliddl &8 e 8PeQIRe deNiF e iNmGEOIdeIeR Yibdhin &degnal filtered thertBg@ t& outside the

image decodi
filtered decod

10

15

20

25

30

S QIS NESaN 3R el docoded image sigggl 215,459

Ime’is expressed by the following equ

image signa
construct a decoded image, the loop filter selects

filter which minimizes the sum of squared errors oc
betweentheimage signalwhichisthetargettobe

the decoded image signal in the block (K) from amon
filterswhichtheloopfiltergeneratesforeachcl
oneormoreregionsbelong,andcompensatesforthe
superimposed onto the block (K) by using the Wiener
selected thereby, there is provided an advantage of
improving the improvement accuracy of the image qua
compared with above-mentioned Embodiment 1.
[0076]

Embodiment 3.

Inabove-mentionedEmbodiment2 themethodofsele
from among the process of performing the filtering
eachoftheblocks(K)whichconstructadecodedim
oneofWienerfilterswhicharegeneratedforeach
one more regions in a frame currently processed bel
the process of not performing the filtering process
block, the process which minimizes the sum of squar
occurring between the image signal which is the tar
encodedandthelocaldecodedimagesignalintheb
shown. As an alternative, from among a process of

oneormoreWienerfiltersinadvance,andusingon

The
iI=S-Wid(5)
a Wiener

curring
encodedand
g Wiener
asstowhich
distortion
filter

further

lity

cting,
processon
agebyusing
classtowhich
ongs, and
on each
ed errors
getto be
lock (K)is
preparing

eoftheone



25A matrix S is a group of reference signals of LxL pixels including the decoded image signal s which
is the target for filtering. id_2 (bl) is the filter selection information in a block bl in which the
decoded image signal s is included, i.e. the 30 class mamber (filter number) of the block bl. 41
id_2(b1)=0 shows a block on which any filtering process is not performed. Therefore, any filtering

process is not ngﬁ&fﬁl%@mfcﬁ%%@@%ﬁs’ Fg?%gpea%n from the aboveag]%ﬁ{ggi% because

the image encoding device in accordance with this Embodiment 2 is constructed in such away that, for
each of the blgrkedks sibsingonsitvtiardediideshimaperdyzloop filter selects anéfiateerfbiter which
minimizes the sum of squared errors occurring 10 between the image signal which is the target to be
encoded and $RCHcEGESAAHBIERIGASI AR IRBIRNE ¥ B aMR iy Wiener filters whiEBHR loop filter

generates for ich o Lo ' I pensates for the djstortion
superimposedﬁgﬁ%%r?gil?gwggbygﬁsﬁ\bﬁ%Mégr%?ﬁﬁg]ﬁ&% seZ%?:rt% thereby, there isspcrl?éided an

advantage of filtérgigprpadngribadhtpioakemenicpditteasy of the image quality egelpatetwith
above-mentioned Embodiment 1. [0076] Embodiment 3. 20In above-mentioned Embodiment 2, the
method of seld¢8RESHYRIBMEHYIHEGS Hoe S4BT BEFAHRTIRG BRECTREing process on E8¥HIBBthe blocks

(K) which Con%téﬂf/te%rg %%qﬂ?éjg@éﬂﬁ?aﬁ)\x/ﬁﬁwg thetargettobe encodedand

the local decoded image signal in the block (K).
Fig. 14 is a flow chart showing the process carried out
10 by aloop filter 6 of an image encoding device in a ccordance

with Embodiment 3 of the present invention.

[0077]
Because this Embodiment 3 provides a wider choice o f
Wienerfilterscomparedwiththatinabove-mentione dEmbodiment
15 2, the probability that an optimal Wiener filter is selected
is increased compared with above-mentioned Embodim ent 2.
BecauseamethodofselectingaWienerfilteristh esame
asthatshowninabove-mentionedEmbodiment2,the explanation

of the method will be omitted hereafter.

20 Because the process carried out by an image decodin g
deviceisthe same asthatin accordance with above -mentioned
Embodiment 2, the explanation of the process will b e omitted
hereafter.

[0078]

25 Embodiment 4.

Inabove-mentionedEmbodiment2,themethodofsele cting,
from among the process of performing the filtering process on
eachoftheblocks(K)whichconstructadecodedim agebyusing
oneofWienerfilterswhicharegeneratedforeach classtowhich

30 one more regions in a frame currently processed bel ongs, and



one of Wiener filters which are generated for each class to which one more regions in a frame
currently processed belongs, and 25 the process of not performing the filtering process on each block,
the process which minimizes the sum of squared errots occurring between the image signal which is
the target to be encoded and the local decoded image signal in the block (K) is shown. As an
alternative, frome 9092 BF FF6 %%ﬂ rg}gggswmner filters in adVEHhCEa@Hd using
one of the one 4;é?r more W?gﬁ r?‘ﬂ{ers \‘/P]v%rich have gém prepared in advance, the process of using

one of Wienerljiieks twbiplogesgarichtadrionieeshhadassriofdtjaaone more regiongdnerreme
currently processed belongs, and the process of not performing the 5 filtering process on each block,

the loop filter Q&¢E|BELRR 838 IMAeR migRIAivducnis S0/i@F squared errors o@&kifhBSetween the
image signal which j : coded image signal,i block (K).
Fig. 14is a fIgév[ﬁﬁgr%i%%oﬁ%qé@%%ggég%@%? Soﬁgtﬁ%mhgﬁ)oop filter 6 of an Tﬁéa@ek IS(]a%coding

device in accosdance Wih ibachmean idefdhepabeprovesson. [0077] Bagsingdiis
Embodiment :;Bprovides a wider choice of Wiener filters compared with that in above-mentioned

Embodiment 185 WigRepliEBEbMBjah af Qe RIASOMERRERIRESS selected is increasEdRkpared with
above-mentio%%% lﬁ%pg %B%Hszln a frame currently processed bel ongs, a
processofusingoneofWienerfilterswhichhaveb eenusedfor
analready-encodedframe,andtheprocessofnotpe rformingthe
10  filteringprocessoneachblock,theloopfilterca nselectthe
process which minimizes the sum of squared errors o ccurring
betweentheimage signalwhichisthetargettobe encodedand

the local decoded image signal in the block (K).

[0079]

15 Fig. 15isaflowchartshowingthe processonthe first
framewhichiscarriedoutbyaloopfilter6ofan imageencoding
device, and is the same as the flow chart shown in Fig.11in

above-mentioned Embodiment 2.

Fig.16isaflowchartshowingtheprocessonthe second
20 frame and subsequent frames which is carried out by the loop
filter 6.
[0080]
AsareferencemethodofreferringtoaWienerfilt erwhich
has been used for an already-encoded frame, for exa mple,
25  reference methods as will be shown below can be pro vided.
Method(1)ofreferringtoaWienerfilterwhichha sbeen
usedforablockatapositionshownbyarepresent ativemotion
vector which is calculated in a block which is a ta rget for
filtering.

30 Method(2)ofreferringtoaWienerfilterwhichha sbeen



Because a method of selecting a Wiener filter is the same as that shown in above-mentioned
Embodiment 2, the explanation of the method will be omitted hereafter. 20Because the process carried
out by an image decoding device is the same as that4a accordance with above-mentioned
Embodiment 2, the explanation of the process will be omitted hereafter. [0078] 25 Embodiment 4. In
ahove menioRd FEIAMARCA I aAAlERIRIoR."om among the prageskafRgToming the
filtering process on each of the blocks (K) which construct a decoded image by using one of Wiener
filters which ate getmiateildhisatarpha s fitedng) attdoe more regions in a franagecLutendly processed
belongs, and 43 the process of not performing the filtering process on each block, the process which
minimizes the SUREHlianeasdheramubiRikbetween the image signal which is the target to be

encoded and the Iocall\ﬁig gl | fﬁﬁ'ﬂﬂg?ﬁ éwmm%ﬁ%mméh%ghown. As an alternate% efr[|om

among the process of using o ener filters are generated for each class to which one

more regigns insadfaradlodkieativ grioshigesbhrtnngsoadglcess of using one ofonagnerdilters which
have been used for an already-encoded frame, and the process of not performing the 10 filtering
process on eallPBHSAR, iR SR ANSAI8EIE@Mee process which minimizes the sum of squared

errors occurring betw the i k ich i target t ncoded and the loc coded
image signal in the blgﬁgqg?%g%ﬁlgg%h\% %Is?h a8 ﬁg\?\) c%'gﬁ][% top\:/%lr% the process on thgf ﬂ(r%s%
searchingprocessneedstobecarriedoutbytheim ageencoding

device and an image decoding device.

10 [0081]
Because this Embodiment 4 provides a wider choice o f
Wienerfilterscomparedwiththatinabove-mentione dEmbodiment
2, the probability that an optimal Wiener filter is selected
is increased compared with above-mentioned Embodim ent 2.
15 BecauseamethodofselectingaWienerfilteristh esame
asthatshowninabove-mentionedEmbodiment2,the explanation

of the method will be omitted hereafter.

Because the process carried out by the image decodi ng
deviceisthe same asthatin accordance with above -mentioned
20  Embodiment 2, the explanation of the process will b e omitted
hereafter.

Industrial Applicability

[0082]
Theimageencodingdevice,theimagedecodingdevic e,the
25 image encoding method, and the image decoding metho d in
accordance with the present invention can improve t he
improvement accuracy of the imaging quality. The i mage
encodingdeviceandtheimageencodingmethodares uitablefor
use as an image encoding device or the like for and an image

30 encoding method or the like of compression-encoding and



frame which is carried out by a loop filter 6 of an image encoding device, and is the same as the flow
chart shown in Fig. 11 in above-mentioned Embodiment 2. Fig. 16 is a flow chart showing the
process on the second 20 frame and subsequent frames which is carried out by the loop filter 6. [0080]
As a reference method of referring to a Wiener filter which has been used for an already-encoded
frame, for examgn%ﬁiﬁg%[ﬁﬂﬁ eté%&%@ﬁ\/\ﬁw %ab ﬂ\é"i‘r#%%w can be provided. decoMﬁQde (1) of
referring to a Wiener filter which has been used Tor a block at & position shown by a representative
motion vector sduiteiarmhtbe deahid deblodikguimiethisdeatargaitéiidiltering. 30Methodb(2)sef sisferring to a
Wiener filter which has been 44 used for a block located in a frame which is the nearest in time to a
block which isAgEERIASRAG eYiceBtiR ket aRd A MEsition as the targe¥®RR¥OAING  Method
(3) of referrin [ ier whi gﬂ ck having the hig[% s-correlation
among the blgr(i%stﬁrwﬁ?ﬁ QEBE%Q@E@? e@?ﬁg@é&aq%ﬁ%ﬁé&% of using the met %?@r)?éan identical
block searchirighptpcessdttirgsitvice tardeshstiuey dhertaggerespgoding device ange@ivétyage decoding
device. 10[0081] Because this Embodiment 4 provides a wider choice of Wiener filters compared
with that in above-mentioned Embodiment 2, the probability that an optimal Wiener filter is selected is
increased compared with above-mentioned Embodiment 2. 15 Because a method of selecting a
Wiener filter is the same as that shown in above-mentioned Embodiment 2, the explanation of the
method will be omitted hereatfter. Because the process carried out by the image decoding device
is the same as that in accordance with above-mentioned 20 Embodiment 2, the explanation of the
process will be omitted hereafter.



Industrial Applicability [0082] The image encoding device, the image decoding device, the 25 image
encoding method, and the image decoding method in accordance with the present invention can
improve the improvement accuracy of the imaging quadity. The image encoding device and the image
encoding method are suitable for use as an image encoding device or the like for and an image 30
encoding method or the like of compression-encoding and 45 transmitting an image, respectively, and
the image decoding device and the image decoding method are suitable for use as an image decoding
device or the like for and an image decoding methathimghe like of decoding encoded data transmitted

by the 5 image encoding device to reconstruct an image, respectively. 46 Claims [1]An image

encoding devi

capiiasp encoding device comprising:

a prediction processing unit for detecting a parame ter
5 forprediction signal generation from aninputted i mage and a
reference image to generate a prediction image from said
parameter for prediction signalgeneration and said reference
image, and for calculating a difference image which is a
difference between said inputted image and said pre diction
10 image;
adifferenceimage compression unitfor compressing the
differenceimagecalculatedbysaidpredictionproc essingunit;
alocal decoding unit for decoding the difference i mage
compressedbysaiddifferenceimagecompressionuni tandadding
15 thedifferenceimage decodedthereby andthe predic tionimage
generatedbysaidpredictionprocessingunittoacq uirealocal
decoded image;
afilteringunitforcarryingoutafilteringproce ssof
compensating for a distortion superimposed onto the local
20 decoded image acquired by said local decoding unit, and for
outputting the local decoded image filtered thereby to said
prediction processing unit as the reference image; and
a variable length encoding unit for
variable-length-encoding the parameter for predicti on signal
25  generation detected by said prediction processing u nit, the
difference image compressed by said difference imag e
compressionunit,andinformationaboutafilterwh ichisused
when said filtering unit carries out the filtering process,
wherein
30 said filtering unit includes a region classifying u nit



a prediction processing unit for detecting a parameter 5 for prediction signal generation from an
inputted image and a reference image to generate a prediction image from said parameter for
prediction signal generation and said reference image,7and for calculating a difference image which is
a difference between said inputted image and said prediction 10 image; a difference image
compression ypj MRAressl ' I culatedby s aid predicij cq.S S ing unit
; a local dqe{aﬁg;%ﬁg%g %%%g%()ggﬁﬁg @ﬁﬁégﬁ%gﬁggége compressed by sa%kﬁﬁ ereﬁ%‘e image
compression wuhsidcdtieddéathdadiffdeeh tadyaoscdatededyhsasady and the predictidadatage
generated by said prediction processing unit to acquire a local decoded image; a filtering unit for

carrying out a%ﬁﬁﬁ@%%%&%mﬁéﬁgﬁfﬁ%@%%§mn superimposed ont8 ﬂl@ﬁ)@al 20
decoded 'mag\?/r%ﬂggﬁ%gg@ﬂﬂé%@%ﬂ@ﬁ%ﬁdﬂ%&%&ﬁﬂf}@% outputting the locgl decaed image

filtered thereby to said prediction processing unit as the reference image; and a variable length

encoding sinit tpravaitpkiadength-erfiiastingsipaing @rdpierckssimgdictitar signal 25 generation detected
by said prediction processing unit, the difference image compressed by said difference image
compression FRENERSFRMNIGIGN GBI EERSGIONHIRRMRNGERR when said filterfiRg @RS\WAIFRS out the

filtering proce rej il fil r'!lra%. itincl region classifying unit 47 f tracting a
feature quanti?%g\gggg%% ggér%jgé%%s w'ﬁgﬁggd%éﬁ%f% eZ%oPé}al decoded image"i%éﬁllf:éjd by said local
decoding unit {ghedashihiraees ah theoiewionsiitip&wessdqiavhish said each of thatsgipagdelongs
according to said feature 5 quantity, and a filter designing and processing unit for, for each class to
which one or rABESAidier daseretieaegidaa¢ItReBASPict said local decod¥dresiRNBelong,
generathg a f'k')tglr which minimjzes an error occurnnﬁgagng w?ernasgud inputted image apdr tlS(c)’ilr!ld local

onqi ald each class to com { of. ) 0
decoded imagein eaclY of the ORE Br mora reglong e?onglng {0 said each class 0 compensate for

a distortion supgpaRPREESRItN SaiidonR GnMaesecisiBiNss QYiHging said filter. [Haldvatknage encoding
device according to claim 1, wherein the filter designing and processing unit compares errors occurring

between the ilgLittdd@hageentandingue eesssaeiagto claim 1 , wherein

the filter designing and processing unit compares e rrors
occurringbetweentheinputtedimageandthelocal decodedimage

15 ineach ofthe blocks which construct the local dec odedimage
acquired by the local decoding unit between before and after
the filtering process, and performs the filtering p rocess on
ablockinwhichtheerroroccurringafterthefilt eringprocess
issmallerthantheerroroccurringbeforethefilt eringprocess

20 andoutputsthefilteredlocaldecodedimagetothe prediction
processingunitasthereferenceimagewhilenotpe rformingthe
filteringprocessonablockinwhichtheerrorocc urringafter
the filtering process is equal to or larger than th e error
occurring before the filtering process and outputs the

25  yet-to-be-filtered local decoded image to said pred iction

processing unit as the reference image.

[3] Theimage encodingdevice accordingto claim 1 , Wherein
thefilterdesigningandprocessingunitselectsa filterwhich
minimizesanerroroccurringbetweentheinputtedi mageandthe

30 localdecodedimage in each of the blocks which con structthe



15 in each of the blocks which construct the local decoded image acquired by the local decoding unit
between before and after the filtering process, and performs the filtering process on a block in which
the error occurring after the filtering process is smalletghan the error occurring before the
filteringprocess 20 and outputs the filtered local decoded image to the prediction processing unit as the
reference ima&%%@&BSbBﬁﬁﬁ%@@ﬂ&iﬂﬁéﬁtﬁ .Qﬂeol%%ﬁ%%&*q)mk in which the %rﬁﬂrﬁ%qﬁurring after
the filtering process is equal to of larger than the error occurringbefore the filtering process and
outputs the 25ayrtito-ficefiiaitidieedd dikepdesigmageatel pagt@rediction processingdimgfwsitthe
reference image. [3 ][The image encoding device according to claim 1, wherein the filter designing and

processing undeERIS LI AERAhRASHIAMIPED ARRAIINEFRIRHR between the inpHEREIRe and the
30 local deco i i ' the 48 local dec j acquired by
the local decoqulggmﬁlﬁ%&régrtng %&%ﬂ%ﬁﬁ% %‘%ﬁﬁﬂ gqa%ﬁtaeﬁt{g%igning and proce%é%d%@r%% generates for
each class to Wwhighingeat filese. regions belong to compensate for a distortion superimposed onto

said each block 5 by using said filter. [4]The image encoding device according to claim 1, wherein the
filter designinddnd 18 HB3EIRGUFPOLRILLYISSIREFNHIBE IRFIRITZES an error occurringsselen the

inputted imag?haéqﬂ é?&e?@li {ﬁﬁ%ﬁ%ﬁfioie%%%% %J ﬁﬁ%;l é)&gwae blocks which constrﬁl%I Emﬁ('jéﬁ) local

decoded image acquire rom among filters which the filter designing and

processing unihgenesatemat et Glaag be taishthempatieere regions belong angddgiétensiprepared in
advance to compensate for a distortion superimposed onto said each block by using said filter. 15[ 5]

The image enthhdesoded isteard measPatheRIoswihieheaner designing andspreedssing unit
selects alglterl\évhi?g mi(g\é,m(ijzlesaar(1a eror ﬁgawiﬂ% gthgg t(gl Irilnputted image and tﬂﬁ flr%cal decoded
image in'each BrThe BIBEKS Whith GOSN the Tocal decoae n%age acquired by {he ocaWdecoding

unit from among filters which the filter designing and proces sing unit
generates for each class to which one or more regio ns belong
andfilterspreparedinadvancetocompensatefora distortion
superimposed onto said each block by using said fil ter.

15 [5] Theimage encodingdevice accordingto claim1 , Wherein
thefilterdesigningandprocessingunitselectsa filterwhich
minimizesanerroroccurringbetweentheinputtedi mageandthe
local decoded image in each of the blocks which con structthe
local decoded image acquired by the local decoding unit from

20  among filters which the filter designing and proces sing unit
generates for each class to which one or more regio ns belong
andfiltersusedforanalready-encodedframetoco mpensatefor
a distortion superimposed onto said each block by u sing said
filter.

25 [6] Animage decoding device comprising:

a variable length decoding for
variable-length-decoding a parameter for prediction signal
generation, a compressed difference image, and filt er
information, which are included in a stream;

30 a prediction image generating unit for generating a



20 among filters which the filter designing and processing unit generates for each class to which one
or more regions belong and filters used for an already-encoded frame to compensate for a distortion
superimposed onto said each block by using said filter9 25[6]An image decoding device comprising:
avariablelengthdecodingunitfor variable-length-decoding a parameter for prediction signal generation,
a compressed gtﬁ&%f‘migﬁommﬁ{é& '@r[)fd/'v&iggi@re included in a stgeam 30a prediction
image generating unit for generating a 49 prediction image from both the parameter tor prediction
signal generatigmuatitbrsaithichriataizl lergihsle ctsligthunie bedingriahle-length-decoded, ahdsa
reference image; a decoding unit for decoding the compressed difference 5 image which said variable
length decodiN@Uﬁ'ﬂ'ﬁﬁ%%ﬁdﬂﬁéﬂgﬁ&fﬁag&‘)é‘%@f%ﬂ%ﬂ&ﬁ%;said difference image and the prediction

image generated by s%lg ggggiﬁr%%lmgpq%%%%gq% ggmﬁqeas%gr&ﬁeggcoded image; anﬂ@efiltering

unit for carrying out a filtering process of 10 compensating for a distortion superimposed onto the
decoded mnagienaeruirechiph saishidecadingolwit, landtfor elgpoding thenttecaded image filtered thereby
to said prediction image generating unit as the reference image, as well as to outside said image

decoding devi¥arabiefiraeii-gessded inndrddinasaid dEfesarfaitering unit includé®adeaith
classifying unif for extractin egture ity pf.eac the regions which construct the ded
image acquire{é‘%yss%%q%tle%%giﬁgﬁ%itngcégétsél{ é’%%ﬁh@ﬁ%‘g%@% th a class to which sﬁ§ i%ch of
the regions belengsatapthnadusgilreatde-adaatitiagedadtia filter processing unit for referring to
the filer information which said variable length decoding unit has variable-length-decoded to generate
a filter which is applie@ eIt Gaiyine achabigsinaRSSRed by said region classif§ef unit
belongs, @nd compensat (i:nfoqc & disé%rt(i)?{iwoZSSﬁu e(?lrrinm%%ose %rtwtotﬁeregion belonging t %%i ec(:Jass by
filter. [T{ﬁ)ﬁ[he |m%ge & rc?l%g B daim 6, wherein when Re Variable

using sai ecoding device acc
length decodingsgé egaitet IByaticiesesEing unit, and for outpu tting the
decoded image filtered thereby to said prediction i mage
generating unitasthe reference image, as well as to outside
saidimagedecodingdeviceasafiltereddecodedim age,wherein
15 said filtering unit includes a region classifying u nit
forextractingafeature quantity ofeachofthere gionswhich
constructthe decoded image acquired by said decodi ng unitto
classify each of the regions to a class to which sa id each of
the regions belongs according to said feature quant ity, and
20  afilterprocessingunitforreferringtothefiler information

which said variable length decoding unit  has

variable-length-decodedto generate afilterwhich isapplied
to the class to which each region classified by sai d region
classifying unit belongs, and compensate for a dist ortion
25  superimposedontoaregionbelongingtosaidclass byusingsaid
filter.
[7] Theimage decodingdevice accordingto claim 6 , Wherein
whenthevariablelengthdecodingunitvariable-len gth-decodes
information included in the stream and showing whet herornot

30 to perform the filtering process on each of the blo cks which



information included in the stream and showing whether or not 30 to perform the filtering process on
each of the blocks which 50 construct the decoded image, the filter processing unit performs the
filtering process on a block which the information indicates is subjected to the filtering process, among
the blocks which construct said decoded image, and outputting the 5 filtered decoded image to the
prediction ima ' ' e nGe | % 0 outside said imag coding
device as the |§£%§§%E:§§§e%r%g%éeam} ile r%étqgeén‘n:)ﬁﬂgrﬁ’ngﬁtgé% t%ﬁl%g process on a bloijﬂ/vﬁwich the
information ingieefmsristhefikehirpnieccistivn filkdstigupioness, among the blocksirifonwtztibreonstruct
said decoded image, and outputting the yet-to-be-filtered decoded image to said prediction image

generating uniNSCHES dfefbibi@cteade, 1he WEAriY0'9GRRSe 881d image decoding deRitsk 188 the
filtered decoded i - ' ' ' rising: 15avariablele dingunitfor
variable-lengtﬁ)ﬁigggggﬁ}bgﬁéﬁgw@egﬁo&ragge%?ﬁﬂ é%ﬁ%aeﬁ%ion, a compres{s}%gqgﬁﬁegrence image,
and filer infornfittiesdoelistied ey grnheaiedittforimatigo gaekfilter selection infeamadgianiabout each
small region, which are 20 included in a stream;  a prediction image generating unit for generating
a prediction inRRyeeRIRT BRRR fRaguAsMelaster WRldRSRIA signal generation WRRGLIERPHHMADIe length

decoding unit has. vari Jenath- X renge image; 25a decodi i ecoding the
compressed dﬁ%e’r'gggg %Alg[@ %ﬁ,g§§%‘?§ vﬁ%@?g\ll&eﬁril%tﬁoggg&ing unit has vari;%@ééghgdecoded,
and adding safiiteliffey preecissageand cRevaredicicinioragaigenerated by said predigdieatssage
generating unit to acquire a decoded image; and 30a filtering unit for carrying out a filtering process of
51 compensatif§PbsHRIREREIA B ERBTPEEBIPERES tNPsbHEd image acquired bf $¥@¢kecoding

unit, andl%)r owﬁ%tltlm%ﬂgtge&od%gdlmqag%%gggrelgntggeéfab r} sgllﬂp%rﬁ%lé:tlon image genera{hneq unit as
the reference image, as well'as to outside
yet-to-be-filtered decoded image to said prediction image
generating unitasthe reference image, as well as to outside
said image decoding device as the filtered decoded image.

[8] Animage decoding device comprising:

15 a variable length decoding unit for
variable-length-decoding a parameter for prediction signal
generation, a compressed difference image, and file r
informationincludingfiltergenerationinformation andfilter
selection information about each small region, whic h are

20 included in a stream;

a prediction image generating unit for generating a
predictionimagefromboththeparameterforpredic tionsignal
generation which said variable length decoding unit has
variable-length-decoded, and a reference image;

25 a decoding unit for decoding the compressed differe nce
image which said variable length decoding unit has
variable-length-decoded,andaddingsaiddifference imageand
the prediction image generated by said prediction i mage
generating unit to acquire a decoded image; and

30 afilteringunitforcarryingoutafilteringproce ssof



5 said image decoding device as a filtered decoded image, wherein said filtering unit includes a
filter processing unit for referring to the filer information including the filter generation information and
the filter selection information about each small regioawhich s aid variable length decoding unit 10 has
variable-length-decoded to compensate for a distortion superimposed onto each small region. [ 9 ]The
image decodi cﬂ% ' ' i i iable length decodi I
variable-lengtrr?g) e \gdﬁggﬁ seﬁﬁ%i:gtﬂ% %&%@ﬁsn%@i%%g%%%ﬁ sstr}faém, and showing a(atljélsé;’é)éi gllé filter and
including inforimetgmaghetet oy saiddeesting diné, fivedife ptapass on each of thetbilagkisewhich
construct the decoded image, the filter processing unit performs a filter selection according to said
selection inforﬁ?&ﬂﬁ?gnﬂﬁﬁgﬁiIt@Fﬁ&%ré@@%%bdn?é’ bRGH VIRRF @ nformation indicates StRGe
subjected to ”ﬁﬂ%?é@ﬂ%ﬂ@?%%ﬁhé%‘f@%ﬂ%%ﬂlﬁ gé,‘ﬁgk%}&i:é?é‘s”ua said d‘?COde‘?d%l%}gﬁjea”d _
outputting the Tiltered decoded image to the prediction image generating unit as the reference image,
as well assto oghgitlesgiditvadmgesvidiegsdéliceddébedidirad decoded imagegehilaeiperforming
the 25 filtering process on a block which the information indicates is not subjected to the filtering
process, among the bRRIKSN@HIBE HHHBRWECSAIGERIFESHAAYS, and outputting the yettfBLbe-filtered
decoded imag id prediction | ting_unit reference image, as well o outside
30 said image'%fa%gig@gl?ée%hée Qsé Eﬁt&ﬁgg E&c@&@ﬁﬁﬁ%@ [10] An image encodingtsen}lethod
comprising:  geAdERRAtIAFORIRARISIAOEIRE Hiér BEdisien jafocessing unit detectingrpqpyameter for
prediction signal generation from an inputted image and a reference image to generate a 5 prediction
image from saiPpaierrbesnadrasiomeitensrifurbabelansinand said referencélfRRaEEIIMN calculating
a differenge image ubish o diference batyeen sacingutied image and said predigtionjmage;a
ifference’imagé compressionProcessing step o ifféerence image compression unit compressing

the difference 4 atedtbyesrid sredicéeioprocessing unit; a local decoding processing
step of a local decoding unit decoding the difference image compressed by said difference image

compression Uflt ahbeitmes dreafiagardamaerotEbgdeglaim 8 ,wherein

whenthevariablelengthdecodingunitvariable-len

selectioninformationincludedinthestream,ands

gth-decodes

howingaused

15 filterandincludinginformationwhetherornotto performthe
filtering process on each of the blocks which const ruct the
decoded image, the filter processing unit performs a filter
selection according to said selection information a nd the
filtering process on a block which the information indicates

20 issubjectedtothefiltering process, amongthe bl ockswhich
construct said decoded image, and outputting the fi ltered
decoded image to the prediction image generating un it as the
reference image, as well as to outside said image d ecoding
deviceasthefiltereddecodedimage, while notper formingthe

25  filtering process on a block which the information indicates
is not subjected to the filtering process, among th e blocks
which construct said decoded image, and outputting the
yet-to-be-filtered decoded image to said prediction image
generating unitasthe reference image, as well as to outside

30 said image decoding device as the filtered decoded image.



15 thereby and the prediction image generated by said prediction processing unit to acquire a local
decoded image; a filtering processing step of a filtering unit carrying out a filtering process of

compensating for a distortion superimposed onto the #acal decoded image acquired by said local 20
decoding unit, and outputting the local decoded image filtered thereby to said prediction processing

unit as the refeygnce i > and i ariable '(‘?Rr?ﬁhs oding processing step of a variable length
encoding unittlar’rafﬁi-liengﬁw-engoétﬂr% the para(fme erI 25or prediction signal generation detected by
said prediction procesaipgedititioth prdidtessingestaraofa preticeesgridnesaid difference imagsing
compression unit, and information about a filter which is used when said filtering unit carries out the

filtering prpceég‘,i‘é/\ﬂi%tféiﬂ@)ﬁ P@éﬁfﬁ%@%@@ﬁfm §iéif_]6m%‘ring unit includes 53%?@5%
classification 9F8ﬁ?3ﬂqgﬂrﬁe8§éyrﬁ§§%cﬁﬂg a F%%%% w%ggeo{oeggﬂ of the regions wépg{écgnstruct the

local decoded image ac ocal decoding unit to classity each of the regions into a class to
which said eaghafithiercgaige Sroatosas acsardiste tdsajitddriioa quantity, and a filtesigiesigning and
processing unit of said filtering unit includes a filter processing step of, for each class to which one or
more regions, 3PREFR{ P r@@ﬁ%n%a\%iéﬂf@fﬁf&ﬁjc%ﬁﬂflo@%e%@@é&ﬂﬁﬁage, belong, genérafing a filter

which minimizgﬁ;fgpe%rg{ nJiQL%%C ririﬂgsbaeatl\f?eerg ﬁgédnpéw&%tg%dsig@ge and said local g%‘iﬂpeeod image in
each of the one or more regrons belonging to said each class to compensate for a distortion
superimposed;eaigesaitt (0 redicdi cediPrRg ey using said filter. [11] An image decoding method
comprising: 15a variable length decoding processing step of a variable length decoding unit
variable-length-decodmJHIPERBAFIEIFEE pFOAIEIIBRSIRTh A ePssHttbPiecOMmpressed difference image,
and filter Wforr&?ftei?ghwhich are included.in a st{eam' a 8%redic%oen d’mage generatinﬁ;f grrgcessing step of

aZ20 pre%hction |magecgeérmeargﬁrﬁ:é) Wr%{egsésr'l%rrla mgcgraper iRUON Image from both the pararrﬁ%%er for

prediction signgnestigaedish said pesdbtblepadeartagiogivnit has variable-length-decoded, and
a reference image; a decoding process step of a decoding unit decoding the

alocaldecodingprocessingstepofalocaldecodin gunit
decoding the difference image compressed by said di fference
imagecompressionunitandaddingthedifferenceim agedecoded
15 therebyandthe predictionimage generated by said prediction
processing unit to acquire a local decoded image;
afilteringprocessingstepofafilteringunitcar rying
out a filtering process of compensating for a disto rtion
superimposedontothelocaldecodedimageacquired bysaidlocal
20  decodingunit,andoutputtingthelocaldecodedima gefiltered
thereby to said prediction processing unit as the r eference
image; and
avariablelengthencodingprocessingstepofavar iable
length encoding unit variable-length-encoding the p arameter
25  for prediction signal generation detected by said p rediction
processing unit, the difference image compressed by said
difference image compression unit, and information about a
filter which is used when said filtering unit carri esoutthe
filtering process, wherein
30 aregionclassifyingunitofsaidfilteringunitin cludes



25 compressed difference image which s aid variable length decoding unit has

variable-length-decoded, and adding said difference image and the prediction image generated by
said prediction image generating unit to acquire a degaded image; and a filtering processing step of a
filtering unit carrying 30 out a filtering process of compensating for a distortion 54 superimposed onto

the decoded irg&gﬁo%%%g@rﬁc%&nng&%%%%%%t%gf&pa%tputting the decodedﬁ

ference image, as well as to outSide sa

to said predictionTmage generating unit as t
as a filtered degeoeidyinagach wheheinregions wpioh classifyictotbeit of said filte

' ilitered thereby
%th{tgﬁltering unit
ring unioicaludes a

region classification process step of extracting}a feature quantity of each of the regions which

construct the G’@tﬁﬂ?&?lﬁlﬁ@@%ﬂf@ﬂﬁ%& H@Gﬁﬁﬁg'ﬂﬁlﬂ'ﬂﬁ classify each of
class to wh|ch%ﬂgglﬁﬁ%ﬁ%ﬂ?&i;ﬁgm%gﬁwﬁﬁg%@ég@g to said feature quapf

processing uni Ing unitincludes a

{relassBgions to a

té/r%%%}lg filter
ter processing step of referring to the filter information

which saig variiitsignaidtdetinding gaidhauarallealithgthadecoded to generate adilfigiel5 which is
applied to the class to which each region classified by said region classifying unit belongs, and

compensate félegieRREFN BipeepaiEbed H el flRERDEMdNging to said class

He¢Said filter.

[12] An image aqﬁfze%?m Q%ﬁ\%isrf‘gﬁ?ﬂ?c%%&'%%@{mﬁ length decoding procT]s&j]ré% sien é)f a variable

length decoding unit variable INg a parame?er for prediction signa

generation, a

compressed difiglenseimagginégiceisinionnaseringsingsiter generation infairdatiedend filter
selection information about each small region, which 25 are included in a stream; a prediction

image generaifig$fobeieney sesetatingradidabr ey EnEEeSing unit generating &pRSEREtion image

from both the Barameter %&P

redicti%n si%r&%lcg(r—:‘nneration whigh said variable IengthI 88888@9 unit has

. ceurrin een saldJn age and said loca
variable-length- ecodgdk? &Nd a reference ima ;
imageineachoftheoneormoreregionsbelonging tosaideach
classtocompensateforadistortionsuperimposedo ntosaidone

or more regions by using said filter.

[11] An image decoding method comprising:

15 avariablelengthdecodingprocessingstepofavar iable
lengthdecodingunitvariable-length-decodingapar ameterfor
prediction signal generation, a compressed differen ceimage,
and filter information, which are included in a str eam,

a prediction image generating processing step of a

20  predictionimagegeneratingunitgeneratingapredi ctionimage
fromboththe parameterforpredictionsignalgener ationwhich
saidvariablelengthdecodingunithasvariable-len gth-decoded,
and a reference image,;

adecoding process step of adecoding unitdecoding the

25  compresseddifferenceimagewhichsaidvariablelen gthdecoding
unit has variable-length-decoded, and adding said d ifference
image and the prediction image generated by said pr ediction
image generating unit to acquire a decoded image; a nd

afilteringprocessingstepofafilteringunitcar rying

30 out a filtering process of compensating for a disto rtion



55 a decoding process step of a decoding unit decoding the compressed difference image which
said variable length decoding unit has variable-length-decoded, and adding said difference image and
the prediction image generated by said prediction 5 irbage generating unit to acquire a decoded
image; and a filtering processing step of a filtering unit carrying out a filtering process of
compensating j | j i e acquired by gal ding unit,
and outputting{%%@%ge%mgkgg{ %&%‘ggﬁ%gﬁéﬁ%ﬁggﬁgg %P}(;gﬁftion image ger?z%%ﬁg% it as the
reference imageijtandelitpstingtheidecsrlddilivatsiltoredshe filtered decoded imapgioeaditein a
filter processing unit of said filtering unit includes a filter processing step of referring to the filter

information 15%RJifiAG PROAESGERBISHOHARTRPRIABLRNER the filter selectionMASRAIMEH about each
small region WA‘Q‘EQ &?ﬂ& ﬁ&igglﬁ'{%ﬁﬁﬁgﬂﬁég%ﬂ%’?ﬁ @@é variable-length-decodgg 49 ﬁrqga%(’ensate for a

distortion superimposed onto eac
5 wherein
aregionclassifyingunitofsaidfilteringunitin cludes

a region classification process step of extracting afeature
guantity of each of the regions which construct the decoded
image acquired by said decoding unit to classify ea ch of the

10  regions to a class to which said each of the region s belongs
accordingtosaidfeaturequantity ,andafilterpr ocessingunit
of said filtering unit includes a filter processing step of
referringtothefilterinformationwhichsaidvari ablelength
decodingunithasvariable-length-decodedtogenera teafilter

15  whichis appliedto the class to which each region classified
by said region classifying unit belongs, and compen satefora
distortion superimposed onto aregion belonging to saidclass

by using said filter.

[12] An image decoding device comprising:

20 avariablelengthdecodingprocessingstepofavar iable
lengthdecodingunitvariable-length-decodingapar ameterfor
prediction signal generation, a compressed differen ceimage,
andfilterinformationincludingfiltergeneration information
andfilterselectioninformationabouteachsmallr egion,which

25 areincluded in a stream;

a prediction image generating processing step of a

predictionimagegeneratingunitgeneratingapredi ctionimage
fromboththe parameterforpredictionsignalgener ationwhich
saidvariablelengthdecodingunithasvariable-len gth-decoded,

30 and a reference image;
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55

adecoding process step of adecoding unitdecoding
compresseddifferenceimagewhichsaidvariablelen
unit has variable-length-decoded, and adding said d
image and the prediction image generated by said pr
image generating unit to acquire a decoded image; a

afilteringprocessingstepofafilteringunitcar
out a filtering process of compensating for a disto
superimposed onto the decodedimage acquired by sai
unit,andoutputtingthedecodedimagefilteredthe
predictionimagegeneratingunitasthereferencei
astooutside saidfilteringunitasafiltereddec
wherein

afilterprocessingunitofsaidfilteringunitinc
afilterprocessingstepofreferringtothefilter
including the filter generation information and the
selection information about each small region which
variable length decoding unit has variable-length-d
compensate for a distortion superimposed onto each

region.

the
gthdecoding
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rtion
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