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Specification
IMAGE ENCODING DEVICE, IMAGE DECODING DEVICE, IMAGE ENCODING
METHOD, AND IMAGE DECODING METHOD

Field of the Invention

[0001]

Thepresentinventionrelatestoanimageencoding 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

the image encoding device to reconstruct an image.

Background of the Invention

[0002]

Conventionally, in accordance with international
standardvideoencodingmethods,suchasMPEGand| TU-TH.26x,
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
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
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

coefficients is tried to be removed by performing a blocking
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filter process within a loop.
[0003]
Fig.17isablockdiagramshowinganimageencodin gdevice

disclosed in nonpatent reference 1.

In this image encoding device, when receiving an im age
signal which is atargetto be encoded, a block div iding unit
101dividestheimage signalinto macroblocks,and outputsan
imagesignalinunitsofamacroblocktoapredict ingunit102

as a split image signal.

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.

[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.

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
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

length encoding unit 108.
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For example, the parameters for prediction signal

generation include pieces of information such as an
predictionmodeshowinghowtoperformaspacepred

each frame, and a motion vector showing an amount o
between frames.

[0005]

When receiving the prediction error signal from the
predicting unit 102, a compressing unit 103 quantiz
prediction error signal to acquire compressed data
performing a DCT (discrete cosine transform) proces
predictionerrorsignaltoremoveasignalcorrelat
prediction error signal.

When receiving the compressed datafromthe compres
unit 103, a local decoding unit 104 carries out inv
quantizationofthecompresseddataandthenperfor
DCT process on the compressed data inverse-quantize
to calculate a prediction error signal correspondin
predictionerrorsignaloutputtedfromthepredicti
[0006]

Whenreceivingthepredictionerrorsignalfromthe
decodingunit104,anadderl05addstheprediction
and the prediction signal outputted from the predic
102 to generate a local decoded image.

Aloopfilterl06removesablockdistortionsuperi
onto the local decoded image signal showing the loc
image generated by the adder 105, and stores
distortion-removedlocaldecodedimagesignalinth
as the reference image signal.

[0007]

Whenreceiving the compressed datafromthe compres
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unit103,thevariablelengthencodingunit108ent
thecompresseddatatooutputabitstreamwhichis
result.

When outputting the bit stream, the variable length
encoding unit 108 multiplexes the parameters for pr
signal generation outputted from the predicting uni
the bit stream and outputs this bitstream.

[0008]

In accordance with the method disclosed in nonpaten
reference 1, the loop filter 106 determines the smo
intensityaccordingtoinformationincludingthequ
resolution, the encoding mode, the variation degree
vector, etc. for pixels in the vicinity of a block
DCT to provide a reductionin the distortion occurr
block border.

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

In contrast, a problem with the method disclosed in
nonpatent reference 1 is that higher frequency comp
the signal are lost with increase in the compressio
which the signal is encoded, and therefore the enti
is smoothed too much and the encoded video becomes

In order to solve this problem, nonpatent reference
discloses atechnique of applying a Wiener filter a
filter 106,andformingthisloopfilter106insuc
asquarederrordistortionbetweenanimagesignal
whichisanoriginalimagesignal,andareference

corresponding to this image signal is minimized.
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[0010]

Fig. 18 is an explanatory drawing showing the princ
to improve the quality of the reference image signa
Wiener filter in the image encoding device disclose
nonpatent reference 2.

InFig. 18, asignal scorrespondstoanimage sign
beencodedwhichisinputtedtotheblockdividing
in Fig. 17, and a signal s' corresponds to either t
decodedimagesignaloutputtedfromtheadder105s
17, or the local decoded image signal in which a di
occurringin ablock border is reduced by the loop
disclosed in nonpatent reference 1.

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

[0011]

A Wiener filter is defined as a filter which is app
to the signal s' in such a way as to minimize this
distortion(noise)ewithasquarederrordistortio
Typically,filtercoefficientswcanbedetermined
followingequation(1)frombothanautocorrelation
of the signal s', and a cross correlation matrix R
the signals s and s'. The size of the matrices R
corresponds to the number of taps of the determined

w=RL (R, (1)
[0012]

By applying the Wiener filter having the filter

coefficientsw, asignalshatwhose quality hasbe
(""" attached to an alphabetical letter is referred
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inJapan)isacquiredasasignalcorrespondingto
imagesignal. Theimageencodingdevicedisclosed
reference2determinesthefiltercoefficientswin

or more different numbers of taps for the whole of

of the image which is the target to be encoded, and
determiningthefilterhavinganumberoftapswhic

the amount of code of the filter coefficients w and
distortion (e'=s hat - s), which is calculated afte
filtering process is implemented, with the rate dis
criterion, further divides the signal s'into a plu

blocks each having a certain size, selects whether
applytheWienerfilterhavingtheoptimalnumbero

is determined above to each block, and transmits in
about filter ON/OFF for each block.

As a result, the additional amount of code required
perform the Wiener filter process can be reduced, a
quality of the prediction image can be improved.
Related art document
Nonpatent reference
[0013]

MPEG-4 AVC

Nonpatent reference 1

14496-10)/H.ITU-T 264 standards

thereference
innonpatent
eachoftwo
each frame
, after
hoptimizes
the
r the
tortion
rality of
or not to
ftapswhich

formation

to

nd the

(ISO/IEC

Nonpatent reference 2: T.Chujoh, G.Yasuda, N.Wada,

T.Watanabe, T.Yamakage, "Block-based Adaptive Loop
VCEG-AI18, ITU-T SG16/Q.6 meeting, July 2008
Summary of the Invention

[0014]

Filter",

Because the conventional image encoding device is

constructed as above, a single Wiener filter is des

the whole of the frame which is the target to be en

igned for

coded,
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information showing whether or notto apply the Wie ner filter
process is applied to each of the blocks which cons tructeach
frame. A problem is, however, that because the sam e Wiener
filter is applied to any block of each frame, there isacase
thatthe Wienerfilteris notalways an optimalfil tertoeach
block and the image quality cannot be improved suff iciently.
[0015]

The present invention is made in order to solve the

above-mentioned problem, anditis therefore an obj ectofthe
presentinventiontoprovideanimageencodingdevi ce,animage
decodingdevice,animageencodingmethod,andani magedecoding
methodwhichcanimprovetheimprovementaccuracyo ftheimage
quality.

[0016]

In accordance with the present invention, there is

provided an image encoding device in which a filter ing unit
includes a region classifying unit for extracting a feature
guantityofeachoftheregionswhichconstructal ocaldecoded
imageacquiredbyalocaldecodingunittoclassify eachofthe
regions into a class to which the region belongs ac cordingto
thefeaturequantity,andafilterdesigningandpr ocessingunit
for, for each class to which one or more regions, a mong the
regions which construct the local decoded image, be long,
generatingafilterwhichminimizesanerroroccurr ingbetween
an inputted image and the local decoded image in ea ch of the
one or more regions belonging to the class to compe nsate for
adistortionsuperimposedontotheoneormoreregi onsbyusing
the filter.

[0017]

Becausethefilteringunitinaccordancewiththep resent
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inventionincludesthe region classifying unitfor
afeaturequantityofeachoftheregionswhichcon
decodedimage acquired by the local decoding unitt
each of the regions into a class to which the regio
accordingtothefeaturequantity,andthefilterd
processingunitfor,foreachclasstowhichoneor

among the regions which construct the local decoded
belong,generatingafilterwhichminimizesanerro
between aninputted image and the local decoded ima
oftheoneormoreregionsbelongingtotheclasst

for a distortion superimposed onto the one or more
usingthefilter, thereis provided anadvantage of

to improve the improvement accuracy of the image qu
Brief Description of the Figures

[0018]

[Fig. 1] Fig. 1 is a block diagram showing an image
deviceinaccordancewithEmbodimentloftheprese

[Fig. 2] Fig. 2 is a block diagram showing a loop f

the image encoding device in accordance with Embodi
the present invention;

[Fig. 3] Fig. 3is a flow chart showing a process ¢
bytheloopfilter6oftheimageencodingdevicei

with Embodiment 1 of the present invention;

[Fig. 4] Fig. 4 is an explanatory drawing showing a

of classes into which four regions (aregion A, ar
regionC,andaregionD)whichconstructalocald

are classified;
[Fig.5]Fig.5isanexplanatorydrawingshowing 1

which construct the local decoded image;

[Fig. 6] Fig. 6 is an explanatory drawing showing a

extracting
structalocal
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n belongs
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ocompensate
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beingable
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ilter 6 of
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ecodedimage

6blocks(K)

n example
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of a bit stream generated by a variable length enco
8;

[Fig. 7] Fig. 7 is a block diagram showing an image
deviceinaccordancewithEmbodimentloftheprese

[Fig. 8] Fig. 8isablock diagram showing aloop f

the image decoding device in accordance with Embodi

the present invention;

[Fig. 9] Fig. 9isablock diagram showingaloop f

the image decoding device in accordance with Embodi

the present invention;
[Fig.10]Fig.10isaflowchartshowingaprocess
bytheloopfilter250ftheimagedecodingdevice

with Embodiment 1 of the present invention;
[Fig.11]Fig.1lisaflowchartshowingaprocess

by a loop filter 6 of an image encoding device in a
with Embodiment 2 of the present invention;
[Fig.12]Fig. 12isanexplanatory drawing showing
ofselectionofaWienerfilterforeachoftheblo
construct a local decoded image;
[Fig.13]Fig.13isaflowchartshowingaprocess

by aloop filter 25 of an image decoding device in
with Embodiment 2 of the present invention;
[Fig.14]Fig.1l4isaflowchartshowingaprocess

by a loop filter 6 of an image encoding device in a
with Embodiment 3 of the present invention;
[Fig.15]Fig.15isaflowchartshowingaprocess
frame carried out by the loop filter 6;

[Fig.16]Fig. 16isaflowchartshowingaprocess

or subsequent frame carried out by the loop filter

[Fig.17]Fig.17isablockdiagram showinganima

ding part

decoding
ntinvention;
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device disclosed in nonpatent reference 1; and

[Fig. 18] Fig. 18 is an explanatory drawing showing the
principle to improve the quality of a reference ima ge signal
using a Wiener filter.

Embodiments of the Invention

[0019]

Hereafter,inordertoexplainthisinventioningr eater
detail thepreferredembodimentsofthepresentin ventionwill
be described with reference to the accompanying dra wings.

Embodiment 1.

Fig.lisablockdiagramshowinganimageencoding device
in accordance with Embodiment 1 of the presentinve ntion. In
Fig.1,ablockdividingunitlcarriesoutaproce ssofdividing
animagesignalwhichisaninputtedimageandwhic hisatarget
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
process onthe 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
amacro blockismorefinely 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.

After generating the prediction signal, the predict ing
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unit then carries out a process of calculating a pr

error signal which is the difference between the sp

signal and the prediction signal.
Furthermore,whengeneratingthe predictionsignal,

predicting unit2 determines parametersfor predict

generation, and outputs the parameters for predicti

generation to a variable length encoding part 8.

ediction

litimage

the
ionsignal

on signal

For example, the parameters for prediction signal

generation include pieces of information such as an
prediction mode showing how to perform a spatial pr
withintheframe,andamotionvectorshowinganam
between frames.

A prediction processing unit is comprised of the bl
dividing unit 1 and the predicting unit 2.
[0020]

A compressing unit 3 carries out a process of carry
outaDCT (discretecosinetransform)processonth
error signal calculated by the predicting unit 2 to
DCT coefficients while quantizing the DCT coefficie
outputcompresseddatawhicharetheDCTcoefficien
thereby to a local decoding part 4 and the variable
encodingpart8. Thecompressingunit3constructs
image compression unit.
[0021]

Thelocaldecodingpartdcarriesoutaprocessof
outinversequantizationofthecompresseddataout
the compressing unit 3 and performing an inverse DC
onthe compressed datainverse-quantizedtherebyto
apredictionerrorsignalcorrespondingtothepred

signal outputted from the predicting unit 2.

intra
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Anadder5carriesoutaprocessofaddingthepred
error signal calculated by the local decoding part
predictionsignalgeneratedbythepredictingunit
a local decoded image signal showing a local decode

Alocaldecodingunitiscomprised ofthelocaldec
part 4 and the adder 5.

[0022]

A loop filter 6 carries out a process of performing
filteringprocessofcompensatingforadistortion
onto the local decoded image signal generated by th
to output the local decoded image signal filtered t
the memory 7 as the reference image signal while ou
information about the filter which the loop filter
carrying out the filtering process to the variable

encodingpart8. Theloopfilter6constructsafi

iction

4 and the
2togenerate

d image.

oding

a
superimposed
e adder 5
hereby to
tputting
uses when
length

lteringunit.

The memory 7 is a recording medium for storing the

reference image signal outputted from the loop filt
[0023]

Thevariablelengthencodingpart8carriesoutap
of entropy-encoding the compressed data outputted f
compressing unit 3, the filterinformation outputte
loop filter 6, and the parameters for prediction si
generation outputted from the predicting unit 2 to
bitstreamshowingtheseencodedresults. Thevari
encoding part 8 constructs a variable length encodi
[0024]

Fig. 2 is a block diagram showing the loop filter 6
the image encoding device in accordance with Embodi
the present invention.

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

er 6.

rocess
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storing only one frame of the local decoded image s
generated by the adder 5.

A region classifying unit 12 carries out a process
extracting a feature quantity of each of the of reg
constructalocaldecodedimageshownbyoneframe
decodedimagesignalstoredinthe framememory 11
eachoftheregionsintothe classtowhichthereg
according to the feature quantity.

[0025]

Afilter designing and processing unit 13 carries o
process of generating, for each class to which one
regions included in the regions which construct the
decodedimagebelongs,aWienerfilterwhichminimi
occurring between the image signal which is the tar
encoded and the local decoded image signal in each
ormoreregionswhichbelongtotheclass,andusin
filterto compensate for the distortion superimpose
region.

Thefilterdesigningandprocessingunitl3alsoca
outaprocessofoutputtingfilterinformationabou
filter to the variable length encoding part 8.

[0026]

Next,the operationoftheimage encodingdevicewi
explained.

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

When receiving the split image signal from the bloc

dividing unit 1, the predicting unit 2 detects para

ignal

of
ions which
ofthelocal
toclassify

ionbelongs

uta
or more
local
zesanerror
getto be
of the one
gtheWiener

dontothe

rries

ttheWiener

IIbe

be

esignalinto

fa macro

nal.
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predictionsignalgenerationwhichthepredictingu
perform a predicting process on the splitimage sig
the frame or between frames. Then, the predicting
generatesapredictionsignalshowingaprediction
the parameters for prediction signal generation.
Particularly,thepredictingunitdetectsamotion
whichisaparameterforpredictionsignalgenerati
performing a predicting process between frames from
imagesignalandthereferenceimagesignalstored
7.
After detecting the motion vector, the predicting u
2 then generates the prediction signal by performin
motion-compensatedpredictiononthereferenceimag
using the motion vector.
[0027]
After generating the prediction signal showing the
predictionimage,thepredictingunit2calculates
error signal which is the difference between the pr
signal and the splitimage signal, and outputs the
error signal to the compressing unit 3.
When generating the prediction signal, the predicti
unit 2 also determines the parameters for predictio
generation and outputs the parameters for predictio

generation to the variable length encoding part 8.

For example, the parameters for prediction signal

generation include pieces of information such as an
prediction mode showing how to perform a spatial pr
withintheframe,andamotionvectorshowinganam
between frames.

[0028]
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When receiving the prediction error signal from the

predicting unit 2, the compressing unit 3 calculate s DCT
coefficients by performing a DCT (discrete cosine t ransform)
processonthepredictionerrorsignal,andthenqu antizesthe

DCT coefficients.
Thecompressingunit3thenoutputscompresseddata which
aretheDCTcoefficientsquantizedtherebytothel ocaldecoding

part 4 and the variable length encoding part 8.

[0029]

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
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
image.

[0030]

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

The variable length encoding part 8 carries out the
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processofentropy-encodingthecompresseddataout
the compressing unit 3, the filter information outp

the loop filter 6, and the parameters for predictio
generation outputted from the predicting unit 2 to

bit stream showing these encoded results.

Atthistime, althoughthevariablelengthencoding
also entropy-encodes the parameters for prediction
generation, the image encoding device can alternati
multiplextheparametersforpredictionsignalgene
the bitstream, whichtheimageencodingdevicegen
outputthisbitstreamwithoutentropy-encodingthe
for prediction signal generation.

[0031]

Hereafter,theprocessperformedbytheloopfilter
be explained concretely.

Fig. 3is a flow chart showing the process performe
the loop filter 6 of the image encoding device in a
with Embodiment 1 of the present invention.

First, the frame memory 11 of the loop filter 6 sto
only one frame of the local decoded image signal ge
the adder 5.

[0032]

The region classifying unit 12 extracts a feature

quantity of each of the regions which construct the
decoded image shown by the single frame of the loca
imagesignalstoredintheframememoryl11,andcla

of the regions into the class to which the region b

according to the feature quantity (step ST1).

For example, for each region (each block having an

arbitrary size (MxM pixels)), the region classifyin

puttedfrom
utted from
n signal

generatea

unit
signal
vely
rationinto
erates,and
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extractsavariance ofthelocaldecodedimagesign
coefficients,themotionvector,thequantizationp
the DCT coefficients, orthelikeintheregionas
quantity,andcarriesouttheclassclassification
ofthese pieces ofinformation. Inthiscase, Mis
equal to or larger than 1.
[0033]

Forexample,whenthevarianceofthelocaldecoded
signalintheregionis used asthe feature quantit
in which each of the regions is classified to one o
to class N (N is an integer equal to or larger than
thresholdsarepreparedbeforehandandthevariance
decoded image signal is compared with each of the (
thresholds(th

belongs is identified.

al,theDCT
arameterof
thefeature
onthebasis

aninteger

image
yinacase
fclass 1
1), (N-1)
ofthelocal

N-1)

1<th »<...<th \.1),andtheclasstowhichtheregion

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
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.
[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
identifies the class to which the region belongs ac cordingto
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the magnitude or direction of the vector.

In this case, the mean vector has components (x and y
components)eachofwhichisthemeanvalueofthe corresponding
components of the motion vectors.

In contrast, the median vector has components (x an dy
components) each of which is the median value of th e

corresponding components of the motion vectors.

[0035]

When the region classifying unit 12 classifies each of
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
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,
and a region 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
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

betweentheimage signalwhichisthetargettobe encodedand
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thelocaldecodedimagesignalintheregionBbelo
class5,andalsogeneratesaWienerfilterwhichm
error occurring between the image signal which is t
tobe encoded andthelocaldecodedimage signalin
D belonging to the class 6.

[0037]

For example, in a case of designing a filter with a
variable number of taps when generating a Wiener fi
minimizesthe error, the filter designing and proce
13calculatesacostaswillbe shownbelowforeac
number oftaps, and then determinesthe number oft
coefficient values of the filter which minimize the

Cost=D+ A-R (2)
where D is the sum of squared errors between the im
which is the target to be encoded in the region to

target filter is applied, and the local decoded ima

ngingtothe
inimizesthe
he target

theregion

Iter which

ssing unit
hdifferent
apsandthe

cost.

age signal
which the

ge signal

filtered, Ais aconstant, and R is the amount of codes which

are generated in the loop filter 6.
Although inthis case the costis given by the equa
(2), this case is only an example. For example, on
of squared errors D can be defined as the cost.
Furthermore, another evaluated value such as the su
absoluteerrorvaluescanbeusedinsteadofthesu
errors D.
[0038]
AftergeneratingaWienerfilterforeachclassto
oneormoreregionsbelong,thefilterdesigningan
unit 13 determines whether or not each of the block
constructthe local decoded image (e.g. each ofloc

whichissmallerthaneachoftheregionsAtoDwh

tion

ly the sum
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mofsquared

which
dprocessing
s which
alregions

ichconstructs
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thelocaldecodedimage)isablockonwhichthefi Iterdesigning
andprocessingunitshouldperformthefilteringpr ocess(steps

ST9 to ST16).

Morespecifically,foreachoftheblockswhichcon struct
the local decoded image, the filter designing and p rocessing
unitl3compareserrorsoccurringbetweentheimage signalwhich
isthetargettobe encoded andthelocaldecodedi mage signal
in the block between before and after the filtering process.
[0039]

Forexample, in a case inwhich the local decoded i 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
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
13, and a block 14 shown in 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
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.

When the sum of squared errors acquired after the
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filtering process is smaller than the sum of square

acquiredbeforethefilteringprocess,thefilterd

processingunitl3determinesthattheblock(K)is

is a target for filtering.
Incontrast,whenthesumofsquarederrorsacquire

the filtering process is equal to or larger than th

squared errors acquired before the filtering proces

filterdesigningandprocessingunitdeterminestha

(K) is a block which is not a target for filtering.

[0040]

The filter designing and processing unit 13 then

calculates the cost at the time when performing the
processwhich causesthe costto becomeaminimumi
ST1to ST16 and the cost at the time when not perfo
filteringprocessonthewholeoftheframecurrent

to determine whether or not to perform the filterin

on the whole of the frame currently processed (step
ST18).

When,instepST18,determiningtoperformthefilt
process on the whole of the frame, the filter desig
processing unit sets a flag (frame_filter_on_off _fl
(ON),andthenperformsthefilteringprocesswhich
costto become aminimum inthe steps ST1to ST16a
the local decoded image signal on which the filter
andprocessingunithasperformedthefilteringpro
memory 7 as the reference image signal (steps ST19

Forexample, whenthe region including the block (K
theregion Bandthe classtowhichtheregionBbe
classb5, thefilterdesigningandprocessingunitp

filtering process on the block (K) by using the Wie

d errors
esigningand

ablockwhich

dafter
e sum of
s, the

ttheblock

filtering
nthe steps
rming the
lyprocessed
g process

sST17to

ering

ning and
ag)to 1l
causesthe
nd outputs
designing
cesstothe
to ST20).
)is

longsisthe

erformsthe
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ofthe class 5, and outputs the local decoded image
which the filter designing and processing unit has
the filtering process to the memory 7 as the refere
signal.

Atthistime,when,instepsST1toST16,determini
the costisminimizedwhenthe processofselecting
nottocarryoutthefilteringprocessforeachblo
out(atthetimeoftheflag(block_filter_on_off_f
the filter designing and processing unit outputs th
yet-to-be-filteredlocaldecodedimagesignalfort
onwhichthefilterdesigningandprocessingunith
not to perform the filtering process to the memory
reference image signal, just asitis, without perf
filteringprocessontheblock(K). Incontrast,w
ST1to ST16, determining that the cost is minimized
processofselectingwhetherornottocarryoutth
process for each block is not carried out (at the t
flag (block_filter_on_off_flag)=0 (OFF)), the filte
designing and processing unit performs the filterin
oneachofallthelocaldecodedimage signalsint
using the Wiener filter of the class into which the
whichthelocaldecodedimagesignalbelongsiscla
outputs the local decoded image signal on which the
designing and processing unit has performed the fil

process to the memory 7 as the reference image sign

In contrast, when, in step ST18, determining not to

perform the filtering process on the whole of the f
filter
(frame_filter_on_off flag) to 0 (OFF), and outputs

yet-to-be-filtered local decoded image signalto th

designing and processing unit sets the flag

signalon
performed

nce image

ngthat
whetheror
ckiscarried

lag)=1(ON)),

heblock(K)
asdetermined
7 as the
ormingthe
hen,insteps
when the
efiltering

ime of the

g process
he frame by
regionto
ssified,and
filter
tering

al.

rame, the
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asthereferenceimagesignal justasitis(steps
[0041]
In steps ST2to ST22 in the flow chart, "min_cost"

variable for storing the minimum cost, "i"isanin
number of filter tapstap[i]and aloop counter, an
index of the block size bl_size[j] and a loop count

Furthermore,"min_tap_idx"isanindex(i)ofthen
of filter taps at the time when the cost is minimiz
"min_bl_size_idx"isanindex(j)oftheblocksize
when the cost is minimized, and "MAX" is an initial
the minimum cost (a sufficiently large value).

[0042]
- tap[i] (i=0 to N1)

AsequenceinwhichN1(N1>=1)differentnumbersof
taps, whichare determinedbeforehand and each ofw
selected, are stored.

- bl_size[j] (j=0 to N2)

A sequence in which N2 (N2>=1) different block size
(bl_size[j] x bl _size[j] pixels), which are determi
beforehand and each of which can be selected, are s
- block_filter_on_off _flag

The flagshowing whetherornotto carry outthe pr
ofselectingwhetherornotto carry outthefilter
for each block in the frame currently processed.

- frame_filter_on_off flag

Theflagshowingwhetherornottocarryoutthefi
process for the frame currently processed.

[0043]
Step ST2 is the step of setting up initial values,

steps ST3 to ST8 are a loop for carrying out the pr

ST21toST22).

isa
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selecting the number of filter taps.

Furthermore, step ST9 is a step of setting up initi
values, andsteps ST10to ST16 are aloop for carry
process of selecting the block size and the process
determining whether or notto carry out the filteri

for each block having the selected block size.

al
ingoutthe
of

ng process

In addition, steps ST17 to ST18 are the steps of

determiningwhetherornottoperformthefiltering
thewhole ofthe frame currently processed, steps S

are the steps of carrying out the optimal filtering

processon
T19t0ST20

process

which is determined in steps STl to ST16 with

frame_filter_on_off flag=1(ON),andstepsST21to
steps of setting frame_filter_on_off _flag to 0 (OFF
carrying out the filtering process for the frame cu
processed.
[0044]

Aftergeneratingthe Wienerfilterandthencarryin
the filtering process in the above-mentioned way, t
designandtheprocessingunitl3outputsthefilte
about the Wiener filter to the variable length enco
8.

The filter information includes  the
(frame_filter_on_off_flag)showingwhetherornott
the filtering process for the frame currently proce

When this flag is set to ON (shows that the filteri
processiscarriedout), informationaswillbe sho
included in the filter information.
[0045]
(1) ThenumberofWienerfilters(thenumberofcla

of which one or more regions belong)

ST22arethe
) and not

rrently

gout
he filter
rinformation

ding part

flag
ocarryout
ssed.
ng

wnbelowis

ssestoeach
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- ThenumberofWienerfilterscandifferforeachf
(2)Information(index)aboutthenumberoftapsof
filter

- Whenallthefilters are commoninthe frame, aco
number of taps is included.

- When the number of taps differs for each filter, t
number of taps of each filter is included.
(3) Information about the coefficients of an actual
Wiener filter (a Wiener filter of each class to whi
more regions belong)

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

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

- Only when block_filter_on_off_flag is setto ON, t
blocksizeinformation(index)andtheON/OFFinfor
the filtering process for each block are included.
[0046]

In this embodiment, the example in which the pieces
information (1) to (4) are included in the filteri
isshown. The number of Wienerfilters, the number
each Wienerfilter, and the block size for ON/OFF c
byboththeimageencodingdeviceandtheimagedec
asinformationdeterminedincommonintheimageen

and the image decoding device, instead of encoding

rame.

eachWiener

mmon

he

ly-used

chone or

on
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bouffilters

ror
performthe
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transmitting the pieces of information between them
[0047]

Furthermore, althoughintheabove explanationFig.
explainedasaconcreteexampleoftheprocessperf
loopfilter6,stepsST9to ST16 canbeomittedand
of not carrying out the ON/OFF operation for the fi
process for each block ((4) is not included in the
information)canbeincludedasapartoftheproce
by the loop filter 6.

[0048]

Asmentionedabove thefilterinformationoutputte
thefilterdesigningandprocessingunit13isentr
by the variable length encoding part 8, and is tran
the image decoding device.

Fig. 6 is an explanatory drawing showing an example
the bit stream generated by the variable length enc
8.

[0049]

Fig.7isablockdiagramshowingtheimagedecodin
in accordance with Embodiment 1 of the present inve

InFig. 7, when receiving the bit stream from the i
encodingdevice,avariablelengthdecodingpart21
aprocessofvariable-length-decodingcompressedda
information, and parameters for prediction signal g
which are included in the bit stream. The variable
decoding part 21 constructs a variable length decod

Apredictingunit22 carriesoutaprocessofgener
a prediction signal showing a prediction image by u
parametersforpredictionsignalgenerationwhicht

length decoding part

21 has variable-length-decoded

3is
ormedbythe
theprocess
ltering
filter

ssperformed

dfrom
opy-encoded

smitted to

of

oding part

gdevice
ntion.
mage
carriesout
ta, filter
eneration
length
ing unit.
ating
sing the

hevariable
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Particularly, in a case in which a motion vector is
parameterforpredictionsignalgeneration,thepre
carries out a process of generating a prediction si
themotionvectorandareferenceimagesignalstor
26.
Thepredictingunit22constructsapredictionimag
unit.

[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

usedasa
dictingunit
gnal from

edinamemory

egenerating

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
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26 as a filtered decoded image signal. The loop fi Iter 25
constructs a filtering unit.

The memory 26 is a recording medium for storing the
filtered decoded image signal outputted from the lo op filter
25 as the reference image signal.

[0052]

Fig. 8is a block diagram showing the loop filter 2 5 of
the image decoding device in accordance with Embodi ment 1 of
the present invention.

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
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.

A filter processing unit 33 carries out a process o 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

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

is shown, in a case of performing a closed filterin g process
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oneachmacroblock,theloopfiltercanbeconstru ctedinsuch
awaythattheframememory31disposedasthefirs tstagethereof
isremoved,asshowninFig.9,andtheregionclas sifyingunit

32 extracts a feature quantity of each of the regio ns which

construct the decoded image of the macro block.

Inthiscase, theimage encodingdevice needstope rform
the filtering process on each macro block independe ntly.
[0054]

Next,the operationoftheimage decodingdevicewi llbe
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
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
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
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

from the predicting unit 2 shown in Fig. 1.
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After the prediction error decoding unit 23 calcula
the prediction error signal, the adder 24 adds the
error signal and the prediction signal generated by
predicting unit 22 to calculate a decoded image sig
correspondingtothelocaldecodedimagesignalout
the adder 5 shown in Fig. 1.

[0056]

When receiving the decoded image signal from the ad
24, the loop filter 25 carries out the filtering pr
compensating for the distortion superimposed ontot
image signal, and outputs the decoded image signal
thereby to outside the image decoding device as a f
decodedimage signal while storing the filtered dec
signal in the memory 26 as the reference image sign

Hereafter,the processcarried outbytheloopfilt
will be explained concretely.

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

[0057]

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

Whentheflag(frame_filter_on_off_flag)includedi
filter information is set to ON (shows that the fil
processiscarriedout)(stepST31),theregioncla
32 extracts a feature quantity of each of the regio
construct the decoded image shown by the single fra
decoded image signal stored in the frame memory 31,

classifieseachoftheregionsintotheclasstowh

tes
prediction
the
nal

puttedfrom

der
ocess of
hedecoded
filtered
ilttered
odedimage
al.

er25

out

inaccordance

ores

dfromthe

nthe
tering
ssifyingunit
ns which
me of the

and

ichtheregion



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
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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
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bytheregion
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classifying unit 32.
[0061]

Whentheflag(frame_filter_on_off_flag)includedi
filterinformationis setto OFF (thefiltering pro
carried out) (step ST31), the filter processing uni
not perform the filtering process on the frame curr
processed,andoutputseachdecodedimagesignalou
the adder 24 to outside the image decoding device a
memory 26 as the filtered decoded image signal, jus
(step ST35).

[0062]

As can be seen from the above description, inthe i
encodingdeviceinaccordancewiththisEmbodiment
filter6includestheregionclassifyingunit12fo
afeaturequantityofeachoftheregionswhichcon
decodedimage shown by alocal decoded image signal
by the adder 5 to classify each of the regions into
towhichtheregionbelongsaccordingtothefeatur
and the filter designing and processing unit 13 for
class to which one or more regions, among the regio
constructthelocaldecodedimage,belong,generati
filter which minimizes the sum of squared errors oc
betweentheimage signalwhichisthetargettobe

the local decoded image in each of the one or more

belonging to the class to compensate for a distorti

superimposed onto the one or more regions by using
filter. Therefore, the image encoding device imple
filteringprocessaccordingtothelocalproperties
thereby being able toimprove the improvement accur

image quality.
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t 33 does
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[0063]

Furthermore, inthe image decoding device inaccord

withthisEmbodiment1,theloopfilter25includes
classifying unit 32 for extracting a feature quanti
oftheregionswhichconstructadecodedimageshow
image signal outputted by the adder 24 to classify
regionsto the class to which the region belongs ac
the feature quantity, and the filter processing uni
referring to filter information which the variable
decoding part 21 has variable-length-decoded to gen
Wienerfilterwhichisappliedtotheclasstowhic
classified by the region classifying unit 32 belong
compensating for adistortion superimposed ontothe
usingtheWienerfilter. Therefore,theimagedeco
implements the filtering process according to the |
properties of the image, thereby being able to impr
improvement accuracy of the image quality.
[0064]
Embodiment 2.
Inabove-mentionedEmbodimentl,theloopfilterin
thefilterdesigningandprocessingunit13generat
filter foreach classtowhich one ormore regions
performsthefiltering processoneachofthe block
constructalocal decoded image by using the Wiener
the class to which the region including the block (
isshown. Asanalternative, foreach ofthe block
filter can select a Wiener filter which minimizes t
squarederrorsoccurringbetweentheimagesignalw
targettobe encoded andthelocal decodedimage si

block (K) from among Wiener filters which the loop

ance
theregion
ty ofeach
nbyadecoded
eachofthe
cordingto
t 33 for
length
erate a
heachregion
s, and for
region by
dingdevice
ocal

ove the

which
esaWiener
belong, and
s(K)which
filter of
K) belongs
s,theloop
he sum of
hichisthe
gnalinthe

filter



10

15

20

25

30

35

generates for each class to which one or more regio ns belong,
andcancompensateforadistortionsuperimposedon totheblock

(K) by using the Wiener filter selected thereby.

[0065]

Concretely,aloopfilterofthisembodimentoperat esas
follows.

Fig. 11is a flow chart showing the process carried out
bytheloopfilter 6 ofanimage encoding devicein accordance

with Embodiment 2 of the present invention.

A filter designing and processing unit 13 generates a
Wienerfilterforeachclasstowhichoneormorer egionsbelong,
like that in accordance with above-mentioned Embodi ment 1

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

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
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
(block_filter_selection_flag) is set to ON, a block size and
filter selectioninformation abouteach block arei ncludedin
filter information.

[0066]
AftergeneratingaWienerfilterforeachclassto which

oneormoreregionsbelong,thefilterdesigningan dprocessing
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unit 13 selects an optimal process (e.g. a process which
minimizesthesumofsquarederrorsoccurringbetwe entheimage
signalwhichisthetargettobe encodedandthelo caldecoded
imagesignalintheblock(K))fromamongaprocess ofperforming
thefilteringprocessoneachoftheblocks(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

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
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

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

W is selected for the block (2).

[0067]

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

(frame_filter_on_off flag) to 1 (ON), and carries o ut the
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filtering process whichminimizesthe costin steps
and ST40 to ST47 and outputs the local decoded imag
filteredtherebytoamemory7asareferenceimage

ST17 to ST20).

In contrast, when determining not to perform the

filteringprocessonthewholeoftheframecurrent
(stepsST17t0oST18),thefilterdesigningandproc
sets the flag (frame_filter_on_off _flag) to zero (O
outputs the yet-to-be-filtered local decoded image
thememory7asthereferenceimagesignal(stepsS
[0068]

AftergeneratingtheWienerfiltersandthencarryi
the filtering process in the above-mentioned way, t
designingandprocessingunitl3outputsthefilter
aboutthe Wienerfilterstoavariablelengthencod

The flag (frame_filter_on_off_flag) showing whether
not to carry out the filtering process within the f
currently processed is included in the filter infor

When this flag is set to ON (shows that the filteri
processiscarriedout), informationaswillbe sho
included in the filter information.
[0069]
(1) ThenumberofWienerfilters(thenumberofcla
of which one or more regions belong)

- ThenumberofWienerfilterscandifferforeachf
(2)Information(index)aboutthenumberoftapsof
filter

- Whenallthefilters are commoninthe frame, aco
number of taps is included.

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

ST1toST9

e signal

signal(steps

lyprocessed
essingunit
FF), and

signal to

T21t0ST22).
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number of taps of each filter is included.
(3) Information about the coefficients of an actual
Wiener filter (a Wiener filter of each class to whi
more regions belong)

- Even if a Wiener filter is generated, no informati
about the Wienerfilteris included when the Wiener
not actually used.
(4)Filterselectioninformationabouteachblocka
information

-Theflag(block_filter_selection_flag)showingwhe
or not to select a filter for each block in units o

- Only when block_filter_on_off_flag is setto ON, t
block size information (index) and the selectionin
about each block are included.
[0070]

In this embodiment, the example in which the pieces
information (1) to (4) are included in the filteri
iIsshown. The numberofWienerfilters, the number
eachWienerfilter, and the block size can be held
image encoding device and an image decoding device
informationdeterminedincommonintheimage encod
and the image decoding device, instead of encoding
transmitting the pieces of information between them
[0071]

Aloopfilter25intheimagedecodingdevicecarri
the following process.

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

First,aframememory3loftheloopfilter25stor

ly-used

choneor
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oneframeofadecodedimagesignaloutputtedfrom
Whentheflag(frame_filter_on_off_flag)includedi

filterinformationissettoON(showsthatafilte

and when the

is carried out) (step ST31),

(block_filter_selection_flag) included in the filte
informationissettoOFF(stepST51),aregioncla
32 extracts a feature quantity of each of the regio

construct the decoded image shown by the single fra

decoded image signal stored in the frame memory 31,

classifieseachoftheregionsintotheclasstowh
belongsaccordingtothefeaturequantity(stepST3

in accordance with above-mentioned Embodiment 1.
[0072]

In contrast, when the flag (frame_filter_on_off fla
includedinthefilterinformationissettoON(sh
filteringprocessiscarriesout)(stepST31),and
(block_filter_selection_flag) included in the filte
information is setto ON (step ST51), the region cl
unit refers to the information about the size of ea
which is the unit for selection, and the filter sel
information about each block among the pieces of in
included in the filter information, and performs cl
classification for each block (step ST52).

[0073]

After the region classifying unit 32 classifies eac
region(eachblock)intotheclasstowhichthereg
a filter processing unit 33 refers to the filter in
outputtedfromavariablelengthdecodingpart21,

aWieneffilterwhichisappliedtotheclasstowh

(each block) classified by the region classifying u

anadder24.
nthe

ringprocess

flag

ssifyingunit
ns which
me of the
and
ichtheregion

2) likethat
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owsthatthe
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belongs (step ST33), like that in accordance with

above-mentioned Embodiment 1.

AftergeneratingaWienerfilterwhichisappliedt oeach
class, when (block_filter_selection_flag) is setto OFF, the
filterprocessingunit33performsthefilteringpr ocessoneach
ofallthedecodedimagesignalsinaframecurrent lyprocessed
byusingthegeneratedWienerfilters,andoutputs eachdecoded
image signal filtered thereby to outside the image decoding
device and to a memory 26 as a filtered decoded ima ge signal

(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
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
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)

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

class number (filter number) of the block bl.
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id_2(bl)=0shows a block on which anyfiltering pro
is not performed. Therefore, any filtering process
performed on the block.

[0075]

As can be seen from the above description, because
image encoding device in accordance with this Embod
constructedinsuchawaythat,foreachoftheblo
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

cess

is not

the

iment2is
cks(K)which

a Wiener
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ormoreWienerfilterswhichhavebeenpreparedin
processofusing one of Wienerfilterswhicharege
each class to which one more regions in a frame cur
processed belongs, and the process of not performin
filteringprocessoneachblock,theloopfilterca
process which minimizes the sum of squared errors o
betweentheimage signalwhichisthetargettobe
the local decoded image signal in the block (K).

Fig. 14 is a flow chart showing the process carried
by a loop filter 6 of an image encoding device in a
with Embodiment 3 of the present invention.

[0077]

Because this Embodiment 3 provides a wider choice o

Wienerfilterscomparedwiththatinabove-mentione

2, the probability that an optimal Wiener filter is

is increased compared with above-mentioned Embodim
BecauseamethodofselectingaWienerfilteristh

asthatshowninabove-mentionedEmbodiment2,the

of the method will be omitted hereafter.

Because the process carried out by an image decodin

device isthe same as that in accordance with above
Embodiment 2, the explanation of the process will b
hereafter.

[0078]

Embodiment 4.

Inabove-mentionedEmbodiment2 themethodofsele
from among the process of performing the filtering
eachoftheblocks(K)whichconstructadecodedim
oneofWienerfilterswhicharegeneratedforeach

one more regions in a frame currently processed bel

advance,the
neratedfor
rently
g the
nselectthe
ccurring

encodedand

out

ccordance

dEmbodiment
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ent 2.
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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. Asanalternative,fromamongthe processo

of Wiener filters which are generated for each clas

one more regions in a frame currently processed bel
processofusingoneofWienerfilterswhichhaveb
analready-encodedframe,andtheprocessofnotpe
filteringprocessoneachblock,theloopfilterca

process which minimizes the sum of squared errors o
betweentheimage signalwhichisthetargettobe

the local decoded image signal in the block (K).
[0079]

Fig. 15isaflowchartshowingthe processonthe
framewhichiscarriedoutbyaloopfilter6ofan
device, and is the same as the flow chart shown in
above-mentioned Embodiment 2.

Fig.1l6isaflowchartshowingthe processonthe
frame and subsequent frames which is carried out by
filter 6.

[0080]

AsareferencemethodofreferringtoaWienerfilt
has been used for an already-encoded frame, for exa
reference methods as will be shown below can be pro

Method(1)ofreferringtoaWienerfilterwhichha
usedforablockatapositionshownbyarepresent
vector which is calculated in a block which is a ta
filtering.

Method(2)ofreferringtoaWienerfilterwhichha

on each
ed errors
getto be
lock (K)is
fusingone
stowhich
ongs, a
eenusedfor
rformingthe
nselectthe
ccurring
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first
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usedforablocklocatedinaframewhichisthene
toablockwhichisatargetforfiltering, andloc
same position as the target block.
Method(3)ofreferringtoaWienerfilterwhichha
usedforablockhavingthehighestcross-correlati
blocks in the already-encoded frame.
Inthe case of using the method (3), anidentical b
searchingprocessneedstobecarriedoutbytheim
device and an image decoding device.

[0081]

arestintime

ated atthe

sbeen

onamongthe

lock

ageencoding

Because this Embodiment 4 provides a wider choice o f

Wienerfilterscomparedwiththatinabove-mentione
2, the probability that an optimal Wiener filter is
is increased compared with above-mentioned Embodim

BecauseamethodofselectingaWienerfilteristh
asthatshowninabove-mentionedEmbodiment2,the
of the method will be omitted hereatfter.

Because the process carried out by the image decodi
deviceisthe same as thatin accordance with above
Embodiment 2, the explanation of the process will b
hereafter.

Industrial Applicability
[0082]

Theimageencodingdevice,theimagedecodingdevic
image encoding method, and the image decoding metho
accordance with the present invention can improve t
improvement accuracy of the imaging quality. The i
encodingdeviceandtheimageencodingmethodares
use as an image encoding device or the like for and

encoding method or the like of compression-encoding
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transmitting an image, respectively, and the image
device and the image decoding method are suitable f
animage decodingdevice orthe like forandanima
method orthelike ofdecodingencoded datatransmi

image encoding device to reconstruct an image, resp
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or use as
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Claims
[1] Animage encoding device comprising:

a prediction processing unit for detecting a parame
for prediction signal generation from an inputted i
reference image to generate a prediction image from
parameter for prediction signalgenerationand said
image, and for calculating a difference image which
difference between said inputted image and said pre
image;

adifferenceimage compression unitfor compressing
differenceimagecalculatedbysaidpredictionproc

alocal decoding unit for decoding the difference i
compressedbysaiddifferenceimagecompressionuni
the difference image decoded thereby and the predic
generatedbysaidpredictionprocessingunittoacq
decoded image;

afilteringunitforcarryingoutafilteringproce
compensating for a distortion superimposed onto the
decoded image acquired by said local decoding unit,
outputting the local decoded image filtered thereby
prediction processing unit as the reference image;

a variable length encoding unit
variable-length-encoding the parameter for predicti
generation detected by said prediction processing u
difference image compressed by said difference
compressionunit,andinformationaboutafilterwh
when said filtering unit carries out the filtering

wherein

said filtering unit includes a region classifying u

imag

ter
mage and a
said
reference
is a
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mage
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forextractingafeature quantity ofeachofthere

construct the local decoded image acquired by said
decoding unit to classify each of the regions into
whichsaideachoftheregionsbelongsaccordingto
quantity,and
eachclasstowhichoneormoreregions,amongthe
constructsaidlocaldecodedimage,belong,generat
whichminimizesanerroroccurringbetweensaidinp
andsaidlocaldecodedimageineachoftheoneor
belonging to said each class to compensate for a di
superimposedontosaidoneormoreregionsbyusing

[2] Theimageencodingdevice accordingto claim 1

the filter designing and processing unit compares e
occurringbetweentheinputtedimageandthelocal

in each of the blocks which construct the local dec
acquired by the local decoding unit between before

the filtering process, and performs the filtering p
ablockinwhichtheerroroccurringafterthefilt
issmallerthantheerroroccurringbeforethefilt
andoutputsthefilteredlocaldecodedimagetothe
processingunitasthereferenceimagewhilenotpe
filteringprocessonablockinwhichtheerrorocc

the filtering process is equal to or larger than th
occurring before the filtering process and outputs
yet-to-be-filtered local decoded image to said pred
processing unit as the reference image.

[3] Theimage encodingdevice accordingto claim 1
thefilterdesigningandprocessingunitselectsa
minimizesanerroroccurringbetweentheinputtedi

local decoded image in each of the blocks which con

afilterdesigningand processingunitfor, for

gionswhich
local
aclassto

saidfeature

regionswhich
ingafilter
uttedimage
moreregions
stortion
saidfilter.
, wherein
rrors
decodedimage
odedimage
and after
rocess on
eringprocess
eringprocess
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local decoded image acquired by the local decoding
among filters which said filter designing and proce
generates for each class to which one or more regio
tocompensateforadistortionsuperimposedontosa
by using said filter.
[4] Theimage encodingdevice accordingto claim1
thefilterdesigningandprocessingunitselectsa
minimizesanerroroccurringbetweentheinputtedi
local decoded image in each of the blocks which con
local decoded image acquired by the local decoding
among filters which the filter designing and proces
generates for each class to which one or more regio
andfilterspreparedinadvancetocompensatefora
superimposed onto said each block by using said fil
[5] Theimage encodingdevice accordingto claim 1
thefilterdesigningandprocessingunitselectsa
minimizesanerroroccurringbetweentheinputtedi
local decoded image in each of the blocks which con
local decoded image acquired by the local decoding
among filters which the filter designing and proces
generates for each class to which one or more regio
andfiltersusedforanalready-encodedframetoco
a distortion superimposed onto said each block by u
filter.
[6] Animage decoding device comprising:

a variable length decoding

variable-length-decoding a parameter for prediction

generation, a compressed difference image, and filt

information, which are included in a stream;

a prediction image generating unit for generating a

unit from
ssing unit
ns belong

ideachblock

, Wwherein
filterwhich
mageandthe
structthe
unit from
sing unit
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distortion
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predictionimagefromboththe parameterforpredic
generation which said variable length decoding unit

variable-length-decoded, and a reference image;

a decoding unit for decoding the compressed differe

image which said variable length decoding unit
variable-length-decoded,andaddingsaiddifference
the prediction image generated by said prediction i
generating unit to acquire a decoded image; and

afilteringunitforcarryingoutafilteringproce
compensating for a distortion superimposed onto the
image acquired by said decoding unit, and for outpu
decoded image filtered thereby to said prediction i
generating unitasthe reference image, as well as
saidimagedecodingdeviceasafiltereddecodedim

said filtering unit includes a region classifying u
forextractingafeature quantity ofeachofthere
constructthe decoded image acquired by said decodi
classify each of the regions to a class to which sa
the regions belongs according to said feature quant
afilterprocessingunitforreferringtothefiler
which said  variable length decoding unit
variable-length-decodedto generate afilterwhich
to the class to which each region classified by sai
classifying unit belongs, and compensate for a dist
superimposedontoaregionbelongingtosaidclass
filter.
[7] Theimage decodingdevice accordingto claim 6
whenthevariablelengthdecodingunitvariable-len
information included in the stream and showing whet

to perform the filtering process on each of the blo

tionsignal
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has
imageand
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construct the decoded image, the filter processing unit
performsthefilteringprocessonablockwhichthe information
indicates is subjected to the filtering process, am ong the
blocks which construct said decoded image, and outp uttingthe
filtereddecodedimagetothepredictionimagegene ratingunit
asthereferenceimage,aswellastooutsidesaid imagedecoding
deviceasthefiltereddecodedimage, while notper formingthe
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
said image decoding device as the filtered decoded image.
[8] Animage decoding device comprising:

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
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;

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

afilteringunitforcarryingoutafilteringproce ssof
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compensating for a distortion superimposed onto the decoded
image acquired by said decoding 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
saidfilteringunitincludesafilterprocessingun itfor
referring to the filer information including the fi Iter
generation information and the filter selection inf ormation
abouteachsmallregionwhichsaidvariablelength decodingunit
has variable-length-decoded to compensate for a dis tortion

superimposed onto each small region.

[9] Theimage decodingdevice accordingto claim 8 , Wherein
whenthevariablelengthdecodingunitvariable-len gth-decodes
selectioninformationincludedinthestream,ands howingaused
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
is subjected to the filtering process, among the 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
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

said image decoding device as the filtered decoded image.
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[10] An image encoding method comprising:

aprediction processing step of aprediction proces sing
unit detecting a parameter for prediction signal ge neration
from an inputted image and a reference image to gen erate a
prediction image from said parameter for prediction signal
generation and said reference image, and calculatin g a
difference image which is a difference between said inputted

image and said prediction image;
a difference image compression processing step of a
difference image compression unit compressing the d ifference

image calculated by said prediction processing unit ;

alocaldecodingprocessingstepofalocaldecodin gunit
decoding the difference image compressed by said di fference
imagecompressionunitandaddingthedifferenceim agedecoded
thereby andthe 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
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
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

aregionclassifyingunitofsaidfilteringunitin cludes
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aregionclassificationprocessingstepofextracti ngafeature
quantity of each of the regions which construct the local
decodedimageacquiredbysaidlocaldecodingunit toclassify
eachoftheregionsintoaclasstowhichsaideach oftheregions
belongs according to said feature quantity, and a filter
designing and processing unitof said filtering uni tincludes
afilterprocessingstepof,foreachclasstowhic honeormore
regions, among the regions which constructsaidloc aldecoded
image, belong, generating a filter which minimizes an error
occurring between said inputted image and said loca | decoded
imageineachoftheoneormoreregionsbelonging tosaideach
classtocompensateforadistortionsuperimposedo ntosaidone

or more regions by using said filter.

[11] An image decoding method comprising:

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

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

and a reference image,;

adecoding process step of adecoding unitdecoding the
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

out a filtering process of compensating for a disto rtion
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superimposed onto the decodedimage acquired by sai
unit,andoutputtingthedecodedimagefilteredthe
predictionimagegeneratingunitasthereferencei
astooutside saidfilteringunitasafiltereddec
wherein
aregionclassifyingunitofsaidfilteringunitin
a region classification process step of extracting
guantity of each of the regions which construct the
image acquired by said decoding unit to classify ea
regions to a class to which said each of the region
accordingtosaidfeaturequantity,andafilterpr
of said filtering unit includes a filter processing
referringtothefilterinformationwhichsaidvari
decodingunithasvariable-length-decodedtogenera
which is applied to the class to which each region
by said region classifying unit belongs, and compen
distortion superimposed onto aregion belonging to
by using said filter.
[12] An image decoding device comprising:
avariablelengthdecodingprocessingstepofavar
lengthdecodingunitvariable-length-decodingapar
prediction signal generation, a compressed differen
andfilterinformationincludingfiltergeneration
andfilterselectioninformationabouteachsmallr

are included in a stream;

a prediction image generating processing step of a

predictionimagegeneratingunitgeneratingapredi
fromboththe parameterforpredictionsignalgener
saidvariablelengthdecodingunithasvariable-len

and a reference image,;
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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.
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