1 DESCRI PTI ON COVPRESSED | MAGE NO SE REMOVAL DEVI CE AND REPRODUCTI ON DEVI CE
CROSS- REFERENCES TO RELATED APPLI CATI ONS [ 0001] Thi s
application relates to and clains priority from Japanese Patent Application
No. 2008-195634, filed on July 30, 2008, the entire disclosure of which is
incorporated herein by 5 reference. [TECHNI CAL FlI ELD] [ 0002] The
present invention relates to a digital video appliance for executing the
reproduction of a digital conpress8ESGRHEEIOND [ BACKGROUND ART] [0003]
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description has been given: "[CObject] The occurrence of aringing in a
reproduced image is prevented. 15 [Configuration] In an edge judgnment unit
22, it is judged whether or not an edge is present fromthe state of an

ol ane SRSEORRREEREAGH [ORENGIEAFRIGRERRS ol ook whi ch has the edge, the -
pl ane pgnpxi mation is made with respect to domains positioned on both sides
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added t&fedeh&: decoded image in the frequency domain with a predeterm ned

internal-splitting ratio associated therewith, Nanely, in the cal cul ation
unit 38, a high-frequency domain, which is lost in the quantization

pr ocessgi i o the decoded i mage. The | ack of this high-frequency
25 doni?%gﬁgthggﬂggDﬁor t he above-described ringing. Accordingly, the

addi ti pgpopyocessing in the calculation unit 38 allows the prevention of the

ringing in the regroduced image." 2 [ PRI OR ART DOCUMENTS] [ PATENT
DOCUMENTS] [ 0004 he present invention relates to a digital video appliance for executing the

reproduction of a digital compressed image.

10 [BACKGROUND ART]
[0003]
As a background art in the present technical field, JP-A-6-70173 (Patent
Document 1) exists, for example. In this patent publication, the following description has been
given: “[Object] The occurrence of a ringing in a reproduced image is prevented.

15 [Configuration] In an edge judgment unit 22, it is judged whether or not an edge is present from
the state of an image obtained by decoding an encoded image for each block basis. Then, ina
plane approximation unit 32, concerning each block which has the edge, the plane approximation
is made with respect to domains positioned on both sides of the edge, thereby creating an
approximate image. Moreover, this approximate image is DCT-transformed, thereby being

20 transformed into the approximate image in a frequency domain. Furthermore, this frequency-
domain approximate image is supplied to a calculation unit 38, where this image is added to the
decoded image in the frequency domain with a predetermined internal-splitting ratio associated
therewith. Namely, in the calculation unit 38, a high-frequency domain, which is lost in the
quantization processing, is added to the decoded image. The lack of this high-frequency

25 domain is a cause for the above-described ringing.  Accordingly, the addition processing in the

calculation unit 38 allows the prevention of the ringing in the reproduced image.”



Pat ent Document 1: JP-A-6-70173 5 [ SUMVARY OF THE | NVENTI ON] [ PROBLEM TO BE
SOLVED BY THE | NVENTI ON] [0005] In recent years, there has been a
significant progress in the preval ence of digital broadcast. Then, in
acconpaniment with this progress, the HDTV (: Hi gh-Definition TV) 10 i nmage
has al ready becone avail able even at ordinary honmes easily and casually.
This digital inage, which includes trenendous anount of information, is
usual | {P ABSJACUMENT S he novi ng- pi ct ur e- conpr essi on- dedi cat ed

i nterngg, chenme such as MPE&Q or H 264. In this conpression,
t he regﬁggﬁgttﬁkﬁﬁﬁgﬁﬁgﬁa anount is executed by applying the frequency
transf pgomyjo the image information, and cutting off the high-frequency
conmponent the 15 quantization. Nanmely, this reduction in the data anount
based Betenteoqpment | ZBFAM79E3ults in the dropout of the high-frequency

conponent in the conpressed image. This dropout, however, gives rise to the
occurrence of a blurring and nosquito noise of the conpressed image. [0006]

Wth r ESIPeIARY O EHESMOWENTIONT hese noi ses, the proposal has been made 20
concerning the technigue of predicting the reduced high-frequency conponent

(JIP- A- EEM TOBE AOEVESR BNt THE TIONJe noi se reduction is executed by
creati [t&ogte approxi mate i mage using only the inmage information of the
t ar get ks, and adding its high-frequency conponent. Dependi ng on the

accuracy of thi sIaRpémYeira! thereMagBeentOMEMAEant pRKgrésalid el prélafede of 8igital
concei vabl e: Nanely, the approximate inmage turns out to becone an I nmage

whi ch Hicedeass fThsm inmceamapanimentayith thisquogresse the BIPTYi ( High-Rebeifiopdor e bei ng
i - gl 1. ' di f
e SRS shey et ols LBFACORERIATATIGE DECSIRAS, ThfaBln 1 o

of t heinigier WHich eaklides gRmeh@OR Amdunt PRihfireldtian, is tifiRallg epmpsseaMBing the
quantization wdth in the usual noving-picture 30 conpression i s executed in
such amedingetictureagompsessian-dadicated ingmaposal standerd sehemesich as MPEG2 or H. 264.

In this compression, the reduction in the data amount is executed by applying the frequency
transform to the image information, and cutting off the high-frequency component by the
15 quantization. Namely, this reduction in the data amount based on the quantization results in the
dropout of the high-frequency component in the compressed image. This dropout, however,
gives rise to the occurrence of a blurring and mosquito noise of the compressed image.
[0006]
With respect to the removal of these noises, the proposal has been made
20  concerning the technique of predicting the reduced high-frequency component (JP-A-6-70173).
In this patent, however, the noise reduction is executed by creating the approximate image using
only the image information of the target blocks, and adding its high-frequency component.
Depending on the accuracy of this approximate image, however, the following case is
conceivable: Namely, the approximate image turns out to become an image which differs from
25  the initial image (i.e., original image) before being image-compressed. As a result, the
corrected image becomes different from the peripheral images, thereby bringing about a
degradation in the quality of the reproduced image.
[0007]
In particular, the control over the quantization width in the usual moving-picture
30 compression is executed in such a manner that, based on the human’s sense-of-sight
characteristics, the quantization width is set largely with respect to the edge portions. Then,
from this condition, it is conceivable that the accuracy of this approximate image becomes more

degraded, and that the quality of the final corrected image also becomes more degraded.



characteristics, the quantization width is set largely with respect to the
edge portions. Then, fromthis condition, it is conceivable that the
~accuracy of this approximte i nmage becones nore degraded, and that the
quality of the final corrected i nage al so becones nore degraded. 3 [0008]

It is desirable that, when reproducing & digital conpressed inage, the
reproduced i nmage of high picture-quality be reproduced by predicting with a
hi gh at@@8hcy the high- frequency conponent which has been lost in the
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expl anation of enbodi ments [ BRI EF DESCRI PTI ON OF THE DRAW NGS] [0012]

20[Fi g ] S agram for illustrating one aspect of the
basi c &4#6%\&1393 %%V%{ngi’fﬁﬁﬁ@?g@ﬂon inafirst enbodinment. [Fig. 2] This
is a diggopm for illustrating the configuration of a second enbodi nent.

In order to accomplish the above-described object, the configurations disclosed in

10 the scope of the appended claims are employed.

[ADVANTAGES OF THE PRESENT INVENTION]
[0010]
According to the present invention, it becomes possible to reproduce the
compressed image with the high picture-quality given thereto.
15 [0011]
The objects, configurations, and effects other than the ones described above will

become apparent from the following explanation of embodiments.

[BRIEF DESCRIPTION OF THE DRAWINGS]
[0012]
20 [Fig. 1]
This is a diagram for illustrating one aspect of the basic concept of the present

invention in a first embodiment.

[Fig. 2]
This is a diagram for illustrating the configuration of a second embodiment.
25 [Fig. 3]
This is a diagram for illustrating the configuration of a third embodiment.
[Fig. 4]

This is a diagram for illustrating the utilization of peripheral-block data in the
second embodiment.
30 [Fig. 5]

This is a diagram for illustrating resultant respective signal components in a case



25[Fig. 3] This is a diagramfor illustrating the configuration of a third
enbodi nent. [Fig. 4] This is a diagramfor illustrating the
~utilization of peripheral-block data in the second enbodinent. 30[Fig. 5] 4
where a signal hypothesized as an inmage signal is frequency-transforned [Fig
6] This is a diagramfor ilKustrating an intuitive inmage in

whi ch the respective signal conponents il|llustrated in Fig. 5 are quantized

i n t he Wiereonsigreatbppothestaed 3p Bn gmage]signal is frequency-traiséormeda di agr am f or
i||UStQ%%i§§ the configuration in the case where the peripheral -bl ock data
I's used Pnthe second enbodinment. [Fig. 8] This is a diagramfor

i llustrating theTains bdipain ot imflstffaﬁﬂ% B imEitive ARl in waiidtotha Respbctive signal
original-image eval uati on-value calculation in the third enbodi nent. [Fig.

9] components iffpsteatedsinFigli Saaye quertised in the secoad emgodimeshcr et e exanpl e of the
sun?prp%gt@on of coefficients into a table and the correction of the
coefficCient's. [Fig. 10] 15This is a diagramfor illustrating the
configuration of Taisfiowdiagrammturdilusemating fHel @nfidurhtion in the case where the

peripheral-block data is used in the second embodiment.
[Fig. 8]
This is a diagram for illustrating the configuration of the noise removal using an
10 original-image evaluation-value calculation in the third embodiment.
[Fig. 9]
This is a diagram for illustrating a concrete example of the summarization of
coefficients into a table and the correction of the coefficients.
[Fig. 10]
15 This is a diagram for illustrating the configuration of a fourth embodiment.
[Fig. 11]

This is a diagram for illustrating the configuration of a fifth embodiment.

[MODE FOR CARRYING OUT THE INVENTION]
[0013]
20 Hereinafter, referring to the drawings, the explanation will be given below
concerning embodiments of the present invention.
[Embodiment 1]
[0014]
Referring to Fig. 1, the explanation will be given below regarding the first
25 embodiment. The present embodiment explains one aspect of the basic concept of the present
invention. Fig. 1 is a diagram for illustrating the one aspect of the basic concept of the present
invention. A numeral (1) in Fig. 1 denotes an initial coefficient 101, which indicates the
coefficient having a certain component (i.e., value). A numeral (2) in Fig. 1 illustrates an
example where the initial coefficient 101 is quantized based on a certain quantization width 102.
30 The quantization means that a continuous amount such as analog data is approximated into a
discrete value such as digital data. The quantization of the initial coefficient 101 based on the
quantization width 102 approximates the component of the initial coefficient 101, thus

approximating the component into an after-quantization coefficient 107,



This is a diagramfor illustrating the configuration of a fifth enbodi nent.

[ MODE FOR CARRYI NG OQUT THE | NVENTI ON] [0013] 20Hereinafter, referring to the
.drawi ngs, the explanation will be given bel ow concerni ng enbodi nents of -the
present invention. [Enbodiment 1] [0014] Referring to Fig. 1, the
explanation will be given bel ow regardi 6g the first 25 enbodi nent. The
present enbodi nent expl ai ns one aspect of the basic concept of the present
invent [BM5]Fig. 1is a diagramfor illustrating the one aspect of the basic
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approxi mating the conponent into an after-quantization coefficient 107. 5
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processing is an exanple where the value of the restored coefficient is

rest or'é@ﬂt theavaluershevldegirasteredal ue in the domain of the quantization width.
@% 5Eed i n advance on both of the quantization side and the
|nvers d ntization side at which position of this quantization

15 The difference between the restored coefficient, i.e., this restored component, and
the initial coefficient before being restored is referred to as “a quantization error 104”. Thisis a
noise which is caused to occur by the digital-data compression. The general relationship
between the quantization width and the data compression ratio is as follows: Widening the
quantization width heightens the data compression ratio, but increases the quantization error.

20 Meanwhile, narrowing the quantization width decreases the quantization error, but lowers the
data compression ratio.

[0018]
A concrete example of the processing up to here is indicated: For example,
consideration is given to a case where, when the original component had a value of 55, the

25 quantization will be executed based on the quantization width 20. In this case, the information
to be used for the compression becomes the after-quantization coefficient 2 and the quantization
width 20. Then, executing the inverse quantization based on this information causes the
restored coefficient to become equal to 50, if the value of the restored coefficient is restored to
the intermediate value of the quantization width. As a result, it turns out that (initial

30 coefficient) 55 — (restored coefficient) 50 = 5 occurs as the quantization error.

[0019]
The removal of this quantization error is executed based on peripheral
information on the restored coefficient and the property of its component.  If, however, the

component of the restored coefficient is corrected for the noise removal, the correction of the



wi dth the val ue should be restored [0017] 15 The difference between the
restored coefficient, i.e., this restored conponent, and the initial
.coefficient before being restored is referred to as "a quanti zation error
104". This is a noise which is caused to occur by the digital-data
conpression. The general relationship bétween the quantization width and the
data conpression ratio is as follows: Wdening the quantization w dth
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restored coefficient and the property of its conponent. If, however, the
conSon&imbedimenie2]r est ored coefficient is corrected for the noise renoval,

t he cogé(ﬁ%j/i on of the 6 conponent inside the quantization-wi dth domai n used
for th nverse quanti zati on becones necessary as indicated by a reference
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the MPEG2 scheme, however, the present invention is also made implementable by the other
15 compression schemes (e.g., H. 264, MPEG1, MPEG4, JPEG and VC1).
{0021}

First, the explanation will be given below regarding the outline of the present
embodiment. At the time of the image compression (encoder side), the image information is
decomposed into frequency components, then being quantized. The quantization width at that

20 time is stored into the stream as a quantization value, a quantization matrix, and an intra-DC
quantization width. On the decoder side, the information on the after-quantization coefficient
and the quantization width can be acquired. Accordingly, it is possible at the time of the
encoding to estimate within which value’s range the coefficient has existed at the time of the
quantization. When executing the noise removal on the decoder side, correcting the value of

25  the coefficient after the inverse quantization is executed so that the value falls within the range of
its quantization width.

[0022]

Fig. 5 illustrates resultant respective signal components (503 to 510) in a case
where a signal hypothesized as an image signal is frequency-transformed. For simplicity, Fig. 5

30 indicates an example where the signal is transformed into 8-dimensional frequency components.
In the MPEG2, the transform into 64 dimensions is executed by using a frequency transform
which is referred to as “DCT (Discrete Cosine Transform)”, and which executes the transform on
each 8-pixel x 8-pixel block basis. A transverse axis 501 in Fig. 5, which denotes the

frequency, indicates that the frequency components existing in the righter direction are higher-



coefficient has exceeded the quantization-w dth domain used for the inverse
guanti zation and 5 indicated by 106, this phenonenon neans that the restored
.coefficient has becone a coefficient (i.e., image) which differs fromthe
initial coefficient (i.e., original imge). Consequently, executing the

noi se renoval to restore the initial coéfficient faithfully makes it

i nportant that the noise renoval based on this principle be executed, i.e.,
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transforming these frequency components. Incidentally, the information needed for executing
the quantization in the MPEG?2 standard are specified as the quantization value (quantizer_scale),
the quantization matrix (non_intra/intra_quantizer matrix), the intra-DC quantization width
(intra_dc_precision), and Intra/Inter switching information (macroblock intra). The
25 information needed for executing the quantization also becomes the target in the other standards.
[0025]
In these before-image-compression image and after-image-restoration image, the
noise is caused to occur by the quantization error as was explained in the first embodiment.
This noise is generally referred to as “mosquito noise or block noise”. The removal of this
30 noise is made implementable by applying each type of filter onto the restored image. The after-
restoration image, however, becomes an image which differs from the before-compression
image. This phenomenon happens, unless the restored image (whose noise removal is to be
executed) is corrected within the range of the quantization width used for the compression.

Executing the noise removal to restore the before-compression image faithfully requires that the



Fig. 6 illustrates an intuitive inmage in which the respective signa
frequency conponents illustrated in Fig. 5 are quantized. The quanti zation
.i's executed on each conponent basis such that a quantization width 601 is
calcul ated individually for each conponent. The quantization width 601 is
determ ned using the quantization value8nd the 10 quanti zation matri Xx.
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to be éxredomednit 284,¢herelacgangraing aidscaded image 2l Gwhiches pherdisplasedon Thisdt h used
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on thi smgyel fA€ thel rexidsiclare ¢ Ut Mesdripidf kiven so far is the expiadlatioh ofl thel @édodbegnit he
configuration of the present enbodi ment. The left portion in Fig. 2 denotes

a decod@l. uhhe oprpatiopfof theedaopdarnit R0Vibdewmesthasigall pthesame pr@pof thejuspalt t ed
20 MPEG?2 decoder. This decoded image 210, which is decoded based on the MPEG2, contains

the mosquito noise or the block noise. Accordingly, the noise removal will be executed in the
right-side block. The present noise removal will be executed with respect to each 8-pixel x 8-
pixel block, i.e., the unit of the DCT in the MPEG2 decode processing.

[0027]

25 A noise judgment unit 250 will be explained below: The decoded image 210,
which is decoded by the decoder unit 201, is inputted into the noise judgment unit 250. The
noise judgment unit 250 makes a judgment as to whether or not the noise removal should be
executed with respect to a target block. Here, this judgment is made in the decode-executing
block unit (i.e., 8-pixel x 8-pixel unit in the MPEG?2), and based on the decoded-image

30 information, quantization information, picture information, and peripheral-image information.
Moreover, when a compressed image contains an edge image, the noise of the compressed image
is caused to occur in a significantly large amount. This is because the edge contains a
significantly large number of high-frequency components, and because the noise is caused to

occur by the dropout of the high-frequency components resulting from the quantization.



5 into a VLD (: Variable Length Decoding) unit 202. The VLD unit 202 applies
the 'vari abl e-l1 ength inverse encoding to this stream thereby transform ng
.this streamto quantization information 205 for cal cul ating

after-quanti zation coefficient 208 and quanti zation wi dth 209, and notion
information 206 such as notion vectors. 9The after-quanti zati on coefficient
208 is inversely quantized by an inverse quantization unit 203, then being

i nver sdkcgorfimghy enthy presenttbleoks hiwanabybidy nzadeian tewbethér aquethe\edge afefmaationuni t

204. Th i zation.inf ti 5. which b t.he, . ti.zati i dth
200, 1 Sugatinibe BEauPD e e el O3 e WS Ha s s & SaUAATAYSIE Pt ¢ 203
and antHerddge edet@fedMIfSlildVes, Bt dxamplee Mk ideferbitle Mefdeh ARe gikblsiiSastuthByt ted to

a notion conpensation unit 207. Based on the notion information 206, the
ot i onTb@m»ngs diffesencavelue 20Mrgge than atcegain thieshiild velde.ithegdgefis prdgedeo prigvn ous

decqded i.mage., 15 reover, the unit 20 s th redicfed | e to the
o & mihe e ad: Have ) s Balidedi o gialbalerd » ARG 4 B glchs

gener atdmigivabideaReethe ndRe fudshnMi Bdtlei by dn@lyBRigdhs RhaYiestionNilve sraeROteskti mage
210 is held in the notion conpensation unit 207 so as to be used as a

r ef er ebloek.i nhlgje is kpcausgéhere gxisisiachagaeteritiethae Secaups ofdhe humeam's senst-@f-sight t he
expl ana}'gi on of. thﬁa lﬁleﬁ der unit.201. The.o eratLon of the decoder unidt 201
beconmeeiAsidsBtet yfis W icghensd nojskys toporRistfiet Byt Boppeeiciyiecetiafne ids
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nmosqui to noi se or the bl ock noise. Accordingly, the noise renmoval wll be
exd@ut bEgarn Eorseduatly. i theequsntzation Yalue 9f thedprgenpekeisdargehis taget bleek mgecut ed

wWithr 0 : - i xel - pi Kot e i f e DCT in
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expl ai prde heplementdble byl egaiigotht sRgall Addymenusifg bsthdftiadatbrbvtibn g cldsager unit
201, is inputted into the noise judgnent unit 250. The noi se judgnment unit
250 naieéermgtion dadravantigatiaron{gigetien). or not t he noi se renoval should be
executﬁﬁnglth respect to a target block. Here, this judgnent is nmade in the
decode*exetuting block unit (i.e., 8-pixel x 8-pixel unit in the WE&X), and
based on the decadwdthere@ests38 chadd@érivic itk inGuasNihg pictas, theheiseit i on, picture
i nformation, and, peripheral -inage information. Mreover, when a conpressed

i mage HEARRIGHOUBIR on ataylich thedmage gvtig iy Iypidandpidented Ackergingls thaaused to
occur Jh s contains a
oi gni £ sEresRLine L B8 hidked RECIB pETRHLed 1 hdron BEEHIEE 1l hoEE BBAEAR 7, 12

noi se tapidcadsdeleito occur by the dropout of the high-frequency conponents
resultin% fromthe quantization. 9 Accordingly, in the present block, an
anal ysl® Pk made as to whether or not the edge information exists for the

decpded i mage 21 e oder | i lLysi

negﬁod, t he edgeg#%’ggﬁg%ggggég&;g ﬂ%%&gg?g%qg%éﬁ%%gwééﬂ%@ﬁ???2?%%%%§t%tmeen
t he pi xe&lodeiiswakbuheabiseliRaivval willtdve bdiekdontedn c ©mmblsucasior, diegeiset lemioval
certain threshold value, the edge i.s judged to exist .in 5 the target bl ock.
Al so, BAY bagulead netoibsexeaediaasepraace spthamysep spesification]ikethiss t echni que i s
conceigﬁgbﬁ where the noise judgnent is nade by anal yzing the quantization
val ue of the target block. This is because there exists a characteristic

t hat, because of Atrloisehremravel sns @0t edlbbe skghined beloect én thetpresent bloek, the

hi gh-frequency noise is, i nconspi cuo in the movipg-picture encodi ng, ,and
thepe BairSEaoNatiaREBHiSs Abator eIod eiace dgise deltion b teed apzsa i braisticgne
quant| E)Efﬂe%is_\é?h&g‘?nek@uhi@w@f -ItQRH&%F%O&kl' rMethbcE) isltBPraWidthd &h WABse/@bpsutof t he

t ar get ock 15 [farge, this target block may be judged to contain the edge
i nf or nsibean c&sed treoaror by thelypatti ghem octhe freyuady domaine tthomags comgesssion

(o Efaghhs i TREHE ! S eanr BT e Seratacaiion QBBTesFas 9GRe t hor e
[ ncons s RaraRE % bREL Eink B malife B RRrRLaisplchious, B4 A e pole e
Ac30r dexeglited. t Tikis processing is executed based on estimation of the graphics pattern from the

peripheral images, and classification/separation of the edge and the noise. This operation

brings about the generation of a predicted image which has been subjected to the noise removal.

The information utilization from the peripheral images will be described later.

[0031]



noi se renoval may be judged not to be executed in the portion at which the
i mage notion is rapid and violent. [0029] 20Al so, there are sone cases
.where, because of a preference of the user, there exists a node in which the

noi se renmoval will not be executed. On this occasion, the noise renoval may
be judged not to be executed in accordarce with a user specification |ike
this. [0030] A noise renpval unit 251 will be explained below In the

present bl ock, t hefr@ﬁemy’ tsamsfwmmniatl%&s»i&t&wpkadledrblek)w orlnahdpreséat bivgke noi se

del et as bee dged t xecuted b noi nt .unit 250. Its
noi se. BHBRPRRTHSPSS pOTish Saftes PRE S e RSl o6 TR Bdemotdused ©o
occur Ry ifs fﬁ%qaeﬁwttfaé%f@ @che!ihet bR sfcﬁ&ﬂéle&%sﬁemﬁg b t‘BE lﬁdaﬁselff&g&l@qmmﬁﬁl on
time. The basic concept of e present tec ue will be described bel ow

Wth respedoyado ﬂmdlectem@fehel\/ﬂﬁde,theaDﬁffosempiomgifor makl ng the edge nore
conspi E@ggz and renoving the noise is 30 executed. This processing is
exe sed on estimation of the graphics pattern fromthe peri pheral

irrages and cl asqi fuafiitatiBh/vaeihahdtl At 243 WNELEAGRIRRLARS: NRI G prebBhtS
operation brings about the generation of a predicted i mage which has been

subj ecbledk tancltenlelsnm@efrwm thpvatier-quanizandrocoedli¢iont and ithe quantizatiohrvaidtht 4sgo

peri pher al vm |1 be descrl bed later. hooglh 10 . A.d
frequelt il&hf BheisAnOSeBInaNal (ke S HitBANGAPBHR of fhe fenfiratioBYid ock,
the fr gpcy transformis applied to the i mage which has been subjected to
the noise renoval. As its frequency transform schene, the schene
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to whether or not the after-noi se-renoval exists within the domai n of
t he quireanwhié, ofy ank deshlt of d@S@}anm@atfon ‘atdtlaclreels Lalltthgi:oefﬁclsnfq tave beeatfownd wi dt h

heck ff t t t th
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Meanwhile, if, as a result of this quantlzatlon wi dt h check, all the

coef f | hagetrmayhkasearisieredito thectlisplay- whage dotdingienit Aed waqmsplayumagw dt h domai n,
this |BJ§ gatlon may be transferred to the noise 15 renoval unit 251 to
execut ﬂ noi se renoval again. Otherw se, the before-noi se-renpval i mge
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the utilization of the peripheral-block data. Figs. 4A and 4B illustrate a decoded image 401

20 whose decoding is over. The decoding is executed in the unit of a rectangular macroblock 402.
The quantization values can also be set with this macroblock unit employed. Fig. 4Ais a scene
where a background 404 and a certain physical object 403 are photographed. A quantization
noise 405 is caused to occur in a large amount in a macroblock which contains both the
background 404 and the physical object 403. Fig. 4B illustrates an example of quantization’s

25 roughness unit 406 of the quantization values 407 at this time. The quantization’s roughness
unit indicates each quantization value which has been set at the time of the encoding. It is
general that, based on the human’s sense-of-sight characteristics, the quantization is executed in
such a manner that the quantization values are set more finely in a flatter portion, and are set
roughly in an edge portion. In a case like this, with respect to the information utilization of a

30 peripheral block for executing the noise removal of a certain block, the utilization of the
information from a block whose quantization values are more or less small results in a higher
possibility of becoming capable of acquiring effective information. The reason for this fact is

as follows: Namely, it is conceivable that, in the block whose quantization values are more or

less small, there is less dropout of the high-frequency data, and that the quality of the reproduced



Next, referring to Figs. 4A and 4B, the explanation will be given bel ow
regarding the utilization of the peripheral -block data. Figs. 4A and 4B
Jdllustrate a decoded i mage 401 20 whose decoding is over. The decoding is
executed in the unit of a rectangul ar macrobl ock 402. The quanti zation

val ues can also be set with this macroblbck unit enployed. Fig. 4Ais a
scene where a background 404 and a certain physical object 403 are
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respect to the information utilization of a 30 peripheral block for
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information froma bl o se .guantj.zation val ues are.nore or .l ess small
Fesul t Leehpiaye hitgBest pR v o AFPREST A AR e MR BT o 1 ecti ve
i nf or matfePéhce THBrmgamOnd & od his fact is as follows: Nanely, it is
conceivable that, in the block whose quantization values are nore or |ess

smald |, [@038le is | ess dropout of the high-frequency data, and that the
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information 408 as the background 404 and physical -obj ect i nformation 409 as
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a higher_ noise-renmoval .efficiency 5 inmplenmented., Concretely, this peripheral
[ nf or mtIBRATE ey a4 16 deepiimas? pisosd It e PIsRENGAN LBRE pr edi cled | mage
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usi ng the peripheral information, the other effective techniques nentionable
are a techni que dAeialigrpaise-removaliframe nayabecheldinge g memoraunie éhinscasdo bsi ng

| um | or-diff i nf tion, . . 10.[ 0035 .
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decoded i mage are held in advance by newly adding a nenory unit 701 to the

conf i goredidteshimage | genematedT thereby tefecuding g peisd iemovall ues and t he decoded i mage
ar USﬁ&)' the noise renoval unit. 15 [0036] An
af ter - no'se-renoval frane may be held into this nmenory unit 701 so as to be
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[Embodiment 3]
[0038]
The noise removal in the second embodiment has been configured as follows:
30 Namely, the decoded image is subjected to the noise removal. Moreover, the check is made as
to whether or not the resultant after-noise-removal image has fallen within the quantization
width. In a third embodiment, however, the explanation will be given concerning a
configuration where the correction is made on the frequency components while the decoding is

underway.



25 picture basis in an equalized manner. This feature allows inplenentation
of t'he high-picturequality noise renoval in the noving pictures. [Enbodinent
-3] [0038] The noise renoval in the second enbodi nent has been configured as
follows: 30 Nanmely, the decoded image is subjected to the noise renoval

Mor eover, the check is made as to whethe& or not the resultant

after-noi se-renoval image has fallen within the quantization width. In a

t hi rd EI¥B8Hi ment, however, the explanation will be given concerning a

configuration mh re,the correcti on the fr nents while
the decoding is Wﬂéﬂ@ﬁ?ﬁwsgfcfﬁﬁgﬁfégﬁaﬂﬁﬁpﬁﬁ? S ﬁgng Aé%ﬁ&?éﬂpﬁtlon of
the preseitthe MR MasicAlyBe 948E agiiht ond thlthe Bedong efibawinitati s basical Iy the

sanme as the one in the second enbodi nent. [0040] 5A frequency transformunit

301 wi [004BE expl ai ned bel ow. The frequency transformunit 301 applies the

frequency transf to t edi ct ut e notion
corrgensat I on uni 8 %?encl(grai“?fg’rmruélaﬁgﬁévnﬁ% %éjlla@llegntoﬁ@?’vho eéluFIécé'hnl que

corr eSﬁ%@drﬂ@ﬂlmdl%ph&/ﬁﬁéS’!‘ﬁrsqﬁélﬂﬂlﬂﬁﬂ%rr’h &@ﬂfé ff?édfét@dﬂhﬁag%%t;blﬁteﬂ FRInpRd | n the
case of the MPEQ the DCT is enployed 10 Furt hernore, an

addi ti mﬁtlgmszomgené&téumrétdmiet Wesdts dﬁl@emyttf:qugm mé¢thod, rth‘wélmguq ransform unit

301 and the o vers n uni,t 2 IS _adgdition

cr eat TP oS etk fegu Y iR b b4 Rerior i Faf PER hcqui r e
by DCT, ﬂﬁg@@rngmh@g giecoded i mage. The operatlon in 301 and 302 is an
operation for acquiring the decoded 15 inmge's frequency-transformed

i nflér n0Adh. Accordingly, this operation is also allowed to be the schene

\[Nhogzg]b y the DCT F l?ePI%He?(ajn Elc?dnl.:lon 3&8 ﬁ%ggcqltedlbﬂaeg\%ee fi& E)St%up Sf th ?rec(ill?e%%g er unit.

transform unit 301 and the output of the inverse quantization unit 203. This addition creates
information which is basically the same as the information acquired by DCT-transforming the
decoded image. The operation in 301 and 302 is an operation for acquiring the decoded
15 image’s frequency-transformed information. Accordingly, this operation is also allowed to be
the scheme whereby the DCT is applied to the decoded image created by the decoder unit.
[0042]
A corrected-width calculation unit 303 will be explained below: The corrected-
width calculation unit 303 acquires information on the after-quantization coefficient and the
20 quantization width from the decoder unit. Subsequently, the unit 303 calculates the corrected
width of the decoded image’s frequency components which does not exceed the quantization-
width domain.
[0043]
An inverse frequency transform unit 305 will be explained below: The present
25 block is a block for generating a display image by inversely frequency-transforming the noise-
removal-executed frequency components.
[0044]
The display-image holding unit 254 is a block for holding the display image.
[0045]
30 A noise judgment unit 306 will be explained below: The noise judgment unit
306 makes a judgment as to whether or not the noise removal should be executed with respect to
a target block. Here, this judgment is made employing, as its input, the information which is
generated by the adder 302 by applying the DCT to the decoded image. Basically speaking, the

unit 306 has basically the same function as the noise judgment unit 250 in the figure. In this



A corrected-width calculation unit 303 will be expl ained bel ow. The
corrected- width calculation unit 303 acquires information on the
~after-quantization coefficient and the 20 quantization width fromthe
decoder unit. Subsequently, the unit 303 cal culates the corrected w dth of
t he decoded i mage's frequency conponentls$ whi ch does not exceed the

quanti zation-w dth domain. [0043] An inverse frequency transformunit 305
wi | | beoissjydamarichnie] Agwhowener, phemput is 28 fiequercy epmpasepiskandaccedimghatieng a
di spl ay .i ma inversel y frequency-transform ng the noi serenoval - execut ed
't oquoligbMRi kst mkT L Bhe Ghthe TSR P 0 age. hol dimg ani ¢ 254 1 a bl ock
for hO[OdMBE the display inmage. [0045] 30A noi se judgnent unit 306 will be
expl ai ned bel ow. The noi se judgnment unit 306 nmakes a judgnment as to whet her
or not the noi seliri@aprasentdieoly theprvessedeequercyiransforasp executed, and e getse bl ock.

Here, this_ ju nt I s. e _enpl ovi.ng, 1tsanput, the nf.ornmation. which
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noi se judgnment unit 250 in the figure. In this 13 noise judgnent unit 306,

howev eksing hgemepyend kolding in pdvgnen ity inforpatinamesdediod thegudgmemigl y t he j udgnent
becorreg)og7gne on the frequency conponents. [0046] In the present bl ock, the
i nvers requency transformis executed, and the noise 5 judgnment nay be

nmade in the inagg ndaeRémovaNub® 304 Will e akplonadbelovo MK Bolsd ferhdrdEINB04ISI Ng a
peri pheral bl ock, or a past or future block. In that case, however, there

ar il8esexgewet thediorsg remeval siitigespeditedhs inforenation @n e dasodesliaree stirrauettbor mat i on
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bel ow. (O] IS
values based on the noise removal in the frequency components is set such that the width falls

within the corrected width calculated by the corrected-width calculation unit 303.  The
correction methods which are conceivable at this time are as follows:

15 The components of the original image such as a natural image are classified into
patterns. Moreover, a pattern which is the closest to the decoded image’s frequency
components 1s selected, then being used for the correction.

A method which will be indicated in Fig. 8 (which will be described later)
The detailed explanation will be given below concerning the former method.

20 This is the method where the noise removal is executed on the frequency components. In
general, a natural image or an artificial image is a clear image with less noise. Frequency-
transforming these images using the frequency transform such as the DCT brings about the
occurrence of distinctive transform results. The coefficients resulting from frequency-
transforming the various patterns such as natural image or artificial image are summarized into a

25 table. Subsequently, a pattern which is the closest to the after-quantization coefficients is
searched for from the table, then being used for the correction of the after-quantization
coeflicients.

[0048]
Fig. 9 illustrates an example of the summarization of the coefficients into a table

30 and the correction of the coefficients. A reference numeral 901 denotes the frequency
transform coefficients. In the present example, since the case where the 8-pixel x 8-pixel DCT
is used is assumed, the 64 coefficients exist in total. Assuming that the top-left coefficient is a
direct-current component 904 (: DC component), the right direction indicates transverse-

direction components ranging from the lowest-frequency domain component to the highest-



10 executes the noise renbval with respect to the information on the decoded
i mge's frequency conponents outputted fromthe addition unit 302. The width
.of the correction made for the values based on the noise renoval in the
frequency conponents is set such that the width falls within the corrected
wi dth cal cul ated by the corrected-w dt hit€al cul ati on unit 303 The correction
met hods which are conceivable at this time are as follows: 15The conponents
of t he figaueicaomaimeepapanent. ad'hg dawnweed difectige indicates|lengsiuflingidireationpat t er ns.
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conponerpethatLaRERe i et ERilaRE Forkh (b 0girarts HRRSRRRabEH wn oh
wi I belomaili codipdentn Mibn ekeubirizGhe Wnhhadaitiog SE thek@efficRng ihtolh@brethai | ed
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When executing the summarization of the coefficients into a table, the DCT
i s appMmase ot lssenageevwer.al Makiagdheolowafiequeney demain cpmpgeent graup, 90Baxider makashe

conbi nat | f o lowtr n OBk e roup 902 (i.e.

obl i qug-dogﬁgl%l%? g)((ﬁ?g{el tﬁlé t %‘g&g&é&n}lﬁhg)c%ﬁ%%n@g% agél%r tglgln cluster of the

| owf r ggpa@pcy dommi n conponents, the conponents of a high-frequency domain
conponent group 903 (i.e., plain blocks in the drawing) are summarized into

the table. The eMsKby lagntion wilhbe giuembeley regacding hescareecien methoddor thee
t i-S. i f 0l - 1 ; where, in th
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domai n conponents remain. so, this classification/separation of the

| ow f r dgEiacSpmpoRent BrewngsHisientyeiohe afiersinyerse-auantigptin soellipirnit gt the Hamerpf
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wider. In the opposite case, the | owfrequency domai n cQmponent group 902
needs {I8AWECYdaRaipRompenent UL the, aksr- YA RS-t IR IongReiTiceatede paed i n

conponegh, @'isoéﬁcﬁg’%tg‘é\%ﬁ@%ee H’Eg‘%‘il%eé by RARMIgHERrdnle BMEVhRe! B 1RAABIECT AP the

coefficrents nore
time, it is desirable that the confirmation of the quantization width explained in the first

embodiment be also executed for each high-frequency domain component group.
[0050]

30 Also, the correction of the after-inverse-quantization coefficients may also be
executed by making reference to the information on a similar block from the frequency
components of a peripheral block or a past or future image as was illustrated in Figs. 4A and 4B.
[0051]

Next, the explanation will be given below concerning the latter method described



[ 0049] Next, the explanation will be given bel ow regarding the correction
nmet hod for the 20 after-quanti zation coefficients with the use of this

.tabl e. The hi gh-frequency domai n conponent group is extracted by naking
reference to this table with the use of the | ow frequency domai n conponent
group coefficients of the after-inverselqguanti zation coefficients at the
time of the decodi ng. Then, the values of the high-frequency domain
conponearlier dig Satlustratesghe eorfigueation-of themdiseaeinomal ssgfancirigmad-image cor r ect ed.
Especi al |y when.the val ues he high- .25 frequen domain ¢ Qnhe group
of 't he eV BT dR: e bR b pr et Py lelr A ST eR Yopd

ef fect is%ﬂﬁadi&ﬂ't@% donBigvative aluBirateBkd rig seference to the values on the
table. At this tine, it I's desirable that the confirmation of the

quant i E#52bn wi dth explained in the first embodi ment be al so executed for
each hi gh-frequency. domai n conponent gr .. [[0050]. 30Al so, the correction of
Che 2aft or -1 nver sanaAt o et GRBCSerya B diiaichale Aredabir e ARaiThy iRk ng
ref er epglgulhort Mt 807 QildidteOsh SAlAtish FllaForth®&ikplhy AiadeBpltt RN ¢he
conmponents of a peripheral block or a past or future 1nage as was

i 11 ust mveesd fiequeticysransformudit 485. [ Dosavaluation éenctipe desirablg, asghislevalgatien es t he
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i's neWnfagddfasifiPaltifege ONhsgUh %ﬁlicﬁlﬁtih% {Hesehhigh@sh fulctidr thedevaludBior Funtaikh N9
advant age of an eval uation function, the original-imge eval uation-val ue
calléul sy ba calsirlatedoBingdiot ahlyttesingermatigh instdegnproedssing tagettbheckdilens), Ayt alsmge

inputtegd.fxromthe i.nverse fr ency transform pnit 5, .The eyal uati.on
funot i O iSRG Y SRR RO PP bR e o et R B &
nor e diglizedGbi the eNalGRIInCAllue/clldifationris hél@ in ARAACES WSitgASmétAbYyidla skpaae or
artificial image. Also, in calculating the evaluation function, the

eval uamaanerf uncti on 10 nay be cal cul ated using not only the information
i nsi de ® Pi ocessing target block alone, but also the information inside a
periphé 3 bl ock or a past or future frane In that case, the data to be

utiqlsi zed for theAsoMelaibeuiRlg0e ceabasitRtihPPmhtfor & theidBciidd dMage’s USi Ng a
menory in a separate manner. [005§J¢_15A noi se renoval unit 801 corrects the
1

i nf or nequancy aompenentscgsaedtadipghbe additiemeringy2. c ofipoensracton srexeeuted within he

dditi it 302, Thi tion i ted within th d_wi dth
it B YBebe? e T BB ST B R el e v S S 5
Wi t hi nwivhinckhith ehef fr@EERIICIONGRNBRS aftl hodified BPehief o rbmotdlQiniiol SMoresveRMae

unit. Mreover, the inverse frequency transtormis executed, and then the
eval uatnverse Vignuency sransfpon issgxeentpd ang géhen the evaluation value is calculated in the

20 original-image evaluation-value calculation unit 802. Furthermore, the evaluation value
calculated is feed-backed to the noise removal unit 801 again. This operation is executed every
time the decoded image’s frequency components are corrected.  In addition, the frequency
components, in which the evaluation value exhibits and reflects the highest degree of fidelity to
the original image, are employed as the after-correction components.

25 [0054]

Next, the explanation will be given below regarding the utilization of the
peripheral-block information at the time of generating the predicted image. In the moving-
picture encoding, the quantization values are switched in accordance with the block unit inside
the image. For example, in the MPEG2, the quantization values are switched in accordance

30 with the 16-pixel x 16-pixel block unit. The execution of this switching allows the image
compression to be implemented in compliance with a tendency of the image inside the frame.
By the way, it is conceivable that, in a block whose quantization values are small, there is less
dropout of the high-frequency data, and that the quality of the reproduced image is satisfactory.

Accordingly, adjacent blocks adjacent to a processing target block are investigated. Then, if



20 original -i mage eval uati on-val ue cal culation unit 802. Furthernore, the
eval uati on val ue calcul ated is feed-backed to the noise renoval unit 801
again. This operation is executed every tinme the decoded inage's frequency
conponents are corrected. In addition, the frequency conponents, in which
the eval uation value exhibits and refletis the highest degree of fidelity to
the original imge, are enployed as the after-correction conponents. 25

[ 0054] thesexists he adingsng hlack evhopd quanbeatipinwahied ateosmalle thas atdjagent bleckisi | i zat i on

of the.peripheral -bl gck inf.ormation.at the ti of gener.ating,the.predicted
"rage. MR fouT S e phE EREb orctersthE. BeouRBT ol HRLCBRIREER  Ched
I n_acceiedants ofhdjRcdn pixelsQf khdkitijdcehtBlbeewhdiR quaR@atiofr QilueXaeRAll akdsek BE
MPER2, the quantization values are switched in accordance 30 with the

16- pi x e velues op theairedictod kmagsi of therpresant blogki ohheoemplaymesiniithisiseiginglalsows t he

oo, PRRPL o1 iSRRGt FROR ARGl bR Rt S PR R Pl “anose

quant i BrRick&n el cﬁﬁﬁtiz’:&&i@p $ifBtrhationtrtfe bériphefat bicRpMiplethedtBe bitiEh- f r equency
data, and that the quality of the reproduced inmage is satisfactory.

Accor dirfgimatiogdiokiegenip| ddRs3 Blyptaatenits exgmpleyr ckakmgi the qeantigetiorns wukhrase

investigated. Then, .if 16 there exists an. adjacent block wh uanti zation
val ves B 0Pt abRab L vali PSR Rialb T (AR e BE I ot €

posi ti uglixdyor (herec®leBlidagd. N the generation of the predicted i mage, the

val ues of adjacent pixels of the adjacent block whose quantization val ues

ar el0srhfmbedimestet] as the val ues of the predicted i mage of the present bl ock.
The enEd(gg nt of this setting also 5 nakes it possible to expect an effect
of red C|ngea bl ock distortion which occurs between the bl ocks. The

quanti zation i nf ghepidsénit etiboliitgenp@édcabeEy the coiffikation dflasswhéredhdM. Lbe
information holding unit. Fig. 3 illustrates its exanple. Taking the .

quant | SHU-8H. 2SAYNIRRELAVGHISOBEC 1 REOG BRI bl ot G amass B RiBrecoSITesiont | on,
the i e I bl ock j iz [ d i e. 10
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14496-10) or the VCl (i.e., noving-picture conpression scheme devel oped by
M cr os8¢ise reannyakbasgd e theyprawcipieial e firi gmbpdidrsng is(exegpted. er Algot the densgpkyf 15

b2 e e IR gl e ERRRSYSDRRIS HE SRS sShp ©° 25

wel |, el I oi’'Se renova

enbodi sEheinelof tiexReoidsmbadiment. t Mae encdafy stafdat Rengidharhatbdteed hea e,
enbodi ment _becones substantially the same as the concept of the schene of

t he sed@rifferepdaomench otirereand budithe gneadingiwolisire diffesss dromheack whafeefts 2
h if . . i |
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erent from eac resu

enbodi embbdiiRnN OtCdsedlich®y; the/spapipichlddétailddns pRhesanyil Ehdgdenel bw
Consequently, the specifically detail ed explanation wll be given bel ow
concer RONFGINIRE POrENRS ofithe Aistipgtionitherebebweemer ebet ween. [ 0056]

In theﬁg) g andards, a filtering processing which is referred to as "in-loop
filter g Ideblocking filter)" is carried out to the decoded i nmage.

In these standards, a filtering processing which is referred to as “in-loop filter
25  (deblocking filter)” is carried out to the decoded image.
[0057]

Fig. 10 illustrates a configuration diagram of the present embodiment. Ina VLD
unit 1002, a Video stream is subjected to the decoding for the variable-length encoding, thereby
being divided into image data, quantization information 1005 for calculating quantization value

30 and quantization width such as matrix information, motion information 1006, and sub
information such as block-mode information. The image data is inversely quantized by an
inverse quantization unit 1003, then being inversely frequency-transformed by an inverse
frequency transform unit 1004. At this time, the quantization information is supplied to the

inverse quantization block. Incidentally, in the H. 264 or the VC1, the block partition size



[ 0057] Fig. 10 illustrates a configuration diagramof the

present enbodinent. In a VLD unit 1002, a Video streamis subjected to the
-decodi ng for the variabl e-1ength encodi ng, thereby being divided into i mage

data, quantization information 1005 for cal cul ating quantization val ue 30

and quantization wdth such as matrix iHformation, notion information 1006,

and sub information such as bl ock-node information. The inmage data is

i nver sbegpnepsdhe vareblenjzeaanging &ogethg damxel 2ed-pixel sire to the8pixel ehpixel vize.

i l.y f - t. f d by. ' f f i 004.
o B R AP AEUR E  URET B AR bt BRI, 10"
quanti zggsgpn bl ock. Incidentally, in the H 264 or the VCl, the bl ock

partition size 17 beconmes the variable size ranging fromthe 4-pixel X
4-pi xel size to Mranghye,th¢ metign pifxeation1806 ts supplaesstoragriotidnagompeasation

i nfQrmati the.size.| lied fromthe VLD,b] ock t.0 ea | ock [0058]
veanian s 100 dhdn i E8ise G ARG ShtsMRenaTiol actePded imglf I Chsmpensat 1 on
5 unit §é&9&¢d bylexechi8hgen addiiGtsftle FQukdie mBionQdnfpRAEASELL M inforirtesed

i mage 1010 is generated by executing an addition of the resultant

not i onfr@mwt;bemy@f@drqga@@yémsfonnamﬁd%%n fromthe inverse frequency transform
unit 1?&)45 [ 0059] Al'so, in the standard of the present enbodi nent, there

exi ststa r%de which is 10 referred to as "Intra prediction". In this Intra

prediction, the pIRdictheAn@id @8 tHrprésenCaBddiRenty fleltdex@itb X nidde whiéipisnat i on
i nsi de the decoded frame. In the present embodi ment, however, the exanple is

gi vién venred torassIntra pradiphiendi cdn ths b;lr@@%@m, the psediggionmencodiag iy eg(esmd not i on
. : 07 . \ . . )
Che” br Dbk 8B4t hnhition MRS becdaph a8 i he pRRIR bbby HPLERE 3

filterexahiifie & HVACWEEE S Int¥preficadeprboeRpgiigRIRE eRdcutddBgitiigmbhien H. 264/ VC
1- based usual decoding, are integrated as a decoder unit 1001. [0060]

The dee@mpensptigmyenitt P07 i Morapier.tthig deeadsd ampags KM 0)ip siested igrihe blpgkooispher e a
j ud t ] .t th i . th
roc e BG4 B SRR e BT S ERSSIRSSHSTRIBR A, e o

units 1Q&slgneibiytifRgingRitks Ht D64/ Ca basacysublr dvasdiag nré intégrided @sla decddeeusiecoded
image in a frequency transformunit 1052, and the check for the quantization

wi dth 19khade in a quantization-w dth check unit 1053. In addition, the
i mge hﬁmagbjected to the deblocking filter in a DF2 unit 1055, then being
hel d i AtO di spl ay-i mage holding unit 1054 so as to be displayed. 25 [0061]

The noi se j udgmemhe d&ddded irigeN®il6 & inpafdEihtdhdise jaBEmMERQINGUDTD] whdre@n- wi dt h
check unit will be explained below Basically, the present bl ocks have

basi caludgmenieis seade a5 imwhetbersorawt torrxseute theipaseriemeraljta thedesedeshimaget he noi se
r e%vai\/lolf%\}er tﬁlé]ﬁjcilgeh%m%'dgﬂg 'e%%k{e(aqﬁ \Q"ng}sg rgrn§\9alf uH]?'l[‘)Si.n. drﬁl’errﬁ?lﬁ,l ﬁlet h.e
preésent enbodi nent, however, e frequency transform'size I's & vVari abl e

si ze 3@efiadngy Aandfoistdppliét 1 thetecodéd hagelin Siffequérdytth@sBriivag! 1052 Smditke!
size. Accordingly, the processings are executed in conpliance with the
f r equeplesekiferathe gugnizatioewisilisgpade in gemantigion-width check unit 1053.  In addition,

the image is subjected to the deblocking filter in a DF2 unit 1055, then being held into a display-
image holding unit 1054 so as to be displayed.
25 [0061]

The noise judgment unit, the noise removal unit, and the quantization-width check
unit will be explained below: Basically, the present blocks have basically the same functions as
those of the noise judgment unit, the noise removal unit, and the quantization-width check unit in
Fig. 2. Inthe present embodiment, however, the frequency transform size is the variable size

30 ranging from the 4-pixel x 4-pixel size to the 8-pixel x 8-pixel size. ~Accordingly, the
processings are executed in compliance with the frequency transform size employed then. The
block partition size can be known by acquiring the DCT size from the sub information in the
VLD block.

The DF2 unit 1055 will be explained below: In the present block, the



bl ock partition size can be known by acquiring the DCT size fromthe sub
information in the VLD bl ock. The DF2 unit 1055 will be explained below In
.the present block, the 18 deblocking filter is applied to an inage whose
noi se has been already renoved in the noise renoval unit, or a bl ock whose
noi se renoval has been judged to be unné&essary in the noise judgnment unit.
Nevert hel ess, with respect to the i nage whose noi se has been al ready renoved
i n t he depeleng &ker/islappiradito an imaghewhesekiorsg hes beesralisadyiramstved eéxdegwisel y be
applied in the present 5 block. This is of cour ecause the noise renoval
nae. bodsindya DfiafPraaiie e 6 oy hs Ben RHAT, BESAE DT Med oo

r emovaludpasenbegn aNeRatyleSX QathireshectojthigimRo twhase hoisoRatURen aRéadyabmboed
execute the deblocking filter may be swi tched, depending on the result of

t he noilsthemeisgvemoval onitobedgblocking filter need npsrecesshialyiezpphed intthe presentt he

bl i ch .basi cal .y th Wi i h f i ,
oxcepe Wcky TS 19R5kERietect; 8 tREHRls G 1 S BT B P il or mot to

apply ftes2gebl ocking filter if the noise renoval has been al ready executed
in the noise renoval unit. Consequently, one and the sanme circuit may be
used as these uniAlsp, even if Hiebnsdserremovajhap besygiready executed, a jufigmenioasrto h

Fespectigel AL dEE Buists RESE AR TSRl AR el SO B it o &

case Waelserdhi@anoi se renoval is executed on the frequency domai n. The basic
concept of the present 20 enbodinent is basically the sane as the one of the
thi ¥ &¥8di nent. The encodi ng standards enpl oyed therebet ween, however, are
different frome S, 1 n in ) e different from
each other. As a%ﬁée})s ﬁ%etlﬁﬁ% H@pg%%sgl §heo¢]8?lﬁve"ﬁ¥%ﬁihfigb%%{l)lﬁitﬁn{esnatngec%ﬁlﬁ%(ﬁﬂl%

di r ect kbbsappitedF it 10ve, BX&Fﬁﬂhht DI RIS S Askes then@dgmerit As twh@hasant
enbodi nent the detailed explanation will be given bel ow regardi ng portions
of t henet WOrappbytthe Aetl ockingBlterdEhe apise iemeyakbavbeentalinadyrrxeputed gythgmotsie VC1 i s

enpl Oyf&ho‘la?gr%w Eé&r%g(%&e[ lig,l (Ln%satmri ?lllees%n{ehc?rcﬁf? 'Mefy%%ru%d anth\éﬁeurneftsj[ he noise

removal "I'S ‘execut €
15 [Embodiment 5]
[0064]

The fourth embodiment has been the case where the noise removal is executed
with respect to the decoded image. The present embodiment, however, describes a case where
the noise removal is executed on the frequency domain. The basic concept of the present

20 embodiment is basically the same as the one of the third embodiment. The encoding standards
employed therebetween, however, are different from each other, and thus the encoding tools are
different from each other. As a result, the scheme of the third embodiment cannot be directly
applied to the present embodiment. Accordingly, in the present embodiment the detailed
explanation will be given below regarding portions of the distinction therebetween at the time

25 when the H. 264 or the VC1 is employed.

[0065]

Fig. 11 illustrates the configuration where the noise removal is executed on the
frequency domain at the time when the standard such as H. 264 or VC1 is employed. The
configuration of a decoder unit 1101 is basically the same as the one of the decoder unit 1001 in

30 Fig. 10.
[0066]

A frequency transform unit 1151 is a block for applying the frequency transform
to the after-motion compensation data created inside the decoder device. When executing the

frequency transform, the frequency transform needs to be executed in compliance with the DCT



frequency domain at the tinme when the standard such as H 264 or VCl is
enpl‘oyed. The configuration of a decoder unit 1101 is basically the sane as
.the one of the decoder unit 1001 in 30 Fig. 10. [0066] A frequency transform
unit 1151 is a block for applying the frequency transformto the
after-notion conpensation data created 1%hsi de the decoder device. Wen
executing the frequency transform the frequency transform needs to be
execut blpcksize smplaysdc e The informpsiomar theDCH| thedk sidezcandrprayiead. framhéhd YEBr mat i on
on the bl ock size can be acquired fromthe VLD bl ock. [0067] An adder
1152, a trequency transformunit 1151, a noise judgnent unit 1160, a 5 noise
removaloogrit 1155, a corrected-width calculation unit 1153, an inverse
frequency transformunit 1154, and a di splay-i nage holding unit 1157 have
basi cal | y the sadw ddderctliSgns fraguenpyransgdrm weit EbYit B gaisejudgmenhumt §16032 | n t he

resent odi ment. ver e. | ock si. .S _the var.d abl e
D ol haBe TP 308 ¥Shrecd SiddTa By 8 BhiF §195° o et S Breffentn rapstor
8- pi Xelnisil 284, aA¢ ¢ AisPiaydage hbldingumitt 1132tha@bdsicall S RKRIUA&TNE Bs BREObEaNce
with the bl ock size enployed then. 10 Consequently, it turns out that the

quant i erqosfigwebersliiag.i sindhepigsent eppodiment, hopewrrktheiDAel blocksiag is the068]
A DF2 upit i L. be. expl ai . : t bl h igally th
s S0 i€ el s YL ED PRk Bl Rl e

Ref er r iARgoridingl ) eheafiaaidion i dssléasited $n adcbedahed wRitRobledPsizn@hpleedtienbeen
given with respect to the preferred_enbodi nents of the present invention. It
i s Weefoaseguenslys Byump eyjethetithe gpaatizatinn pipeassing 15 xeerted vithitis béackisizgiined to

t hese di mrents. For exanple, the above-described enbodi ments have been
explained'in specific detail in order to explain the 20 present invention in
an easyodesjunderstand manner. Nanely, the present invention is not
necessarily limted to the enbodi nents which include all of the

confi gurations eRgPE? weitil156willbegyplainadibelary: t Hegsresambblock hagbasicallyithe t he
oL L B SRR IR [0, repamonts can be dovised winin
15  [0069]
Referring to the accompanying drawings, the foregoing explanation has been
given with respect to the preferred embodiments of the present invention. It is needless to say,
however, that the present invention is not limited to these embodiments. For example, the
above-described embodiments have been explained in specific detail in order to explain the
20 present invention in an easy-to-understand manner. Namely, the present invention is not
necessarily limited to the embodiments which include all of the configurations explained. It is
apparent for those who are skilled in the art that various types of modifications and amendments
can be devised within the scope of the technical ideas disclosed in the appended claims.

Accordingly, it should be understood that these modifications and amendments also naturally

25  belong to the technical scope of the present invention.



Accordingly, it should be understood that these nodifications and amendnents
al so naturally 25 belong to the technical scope of the present invention.

20 [CLAIMS] [ ai m 1] A conpressed-image noi se renoval device, conpri sing:
decoder neans; said decoder means further including a VLD unit
for decoding a digital-inmge-conpressed2&Gtreaminto i mage data and sub
information; an inverse quantization unit for inversely quantizing said

i mage data decoded by said VLD unit;[CLAIMS] an inverse frequency

transf 3‘2@] urfilt f%rcoinp\feesrsg _m{ fere yenc -tranlsf ocrom' ng sai d inversel y-quanti zed
i mge & *and P AN %gﬁgﬁtlgﬁ’ Mt for executing a
mot i on conpensat dedbdepmeshson said sub informati on decoded by said VLD unit;

an information holding unit for holdi n& said sub information by the anount
of a plurality ofaiBdeeadst meaisdushes in¢ledingat i on bei ng decoded by said VLD

‘omoval of a di sBP ENRGY SERIRER cliRaliradle SRIBL O e PR bR i S

i nf or mady @dforfatidh,ng unit; a noi se renoval unit for executing

sai d noi se renoval of a bl ock whose noise renoval has been judged to be
execut ed by sai dambiveesejquafiration urit for ineryely quantizingsgid imagadyadpended@yf r om
said i rslvlg g)grlﬁ?nti zation unit, notion conpensation data outputted fromsaid
mot i on°¢ ﬁé‘ hsation unit, and said sub information held in said information
hol di ng unit; angn inverse frequencyaradlifoth ait iforeie Gerbdl} GlefGen¢PitiansPFmiteldidig, as a
di splay i mage, an output inmage of said noise renoval unit if said noise

r enovalnveesslyniuantizeddgage defapgndexecut ed by sai d noi se judgnent unit, or said
out put of said d ns. .| i LSe. I N _J e to be
exeeut ed t her eby o o f0oPERation A SrdRbAR kSR Rn ARRRGTR bR A

accor diutginfsinfatian GecbdedB@s£H VLD unit; said sub information used in said
noi se renoval unit is infornmation on quantization val ue (quanterscale),
quanti zati on mat AR feERAseniheklingmerit fox oldaessajdhiubanfoongiiemby thetamaunipia h

(intra LeChSi.on i.Gh. ar for i uanti-zatign. [C aim 3] The
conpr ey BEEleR) s FLirBy R e sl H SRR 1, “uherei
a noise judgment unit for making a judgment on noise removal of a display image

generated by said decoder means, and said information holding unit;

a noise removal unit for executing said noise removal of a block whose noise
removal has been judged to be executed by said noise judgment unit, using said image data
outputted from said inverse quantization unit, motion compensation data outputted from said
motion compensation unit, and said sub information held in said information holding unit; and

a display-image holding unit for holding, as a display image, an output image of
said noise removal unit if said noise removal has been judged to be executed by said noise
judgment unit, or said output of said decoder means if said noise removal has been judged not to
be executed thereby.

[Claim 2] The compressed-image noise removal device according to Claim 1, wherein

said sub information used in said noise removal unit is information on
quantization value (quanter_scale), quantization matrix (quantiser matrix), and intra-DC
quantization width (intra_dc_precision) which are used for said quantization.

[Claim 3] The compressed-image noise removal device according to Claim 1, wherein

said noise removal is executed by correcting said inverse-quantization-unit output
coefficient values outputted from said inverse quantization unit,

said output coefficient values being acquired by inversely quantizing said image
data using a quantization width, said quantization width being calculated based on said sub

information outputted from said VLD unit,



said noise renoval is executed by correcting said inverse-quantization-unit
out put coefficient values outputted fromsaid inverse quantization unit,
sai d out put coefficient values being acquired by inversely quantizing said
i mge data using a quantization width, said quantization w dth being

cal cul ated based on said sub informati ol outputted fromsaid VLD unit, 21
said correction for said output coefficient values being executed within a
range of sai d quaditiceaedtion for siidoutp@ ceefhcanTiduehgireesedted magen acinge of
removal .gevi ce acco;égf’&ng to Caim1, wherein a judgnment as to
whet hePAOAUHBEAY Witlut e sai d noi se renoval is deternined based on edge

i nfor MptlafR4fNd qUERbMBREIANIMEBE HEISe Rimcval devideQfckortiRS8 CIBHSE Wik¥EMal has
been judged to be executed [O ai m 5] The conpressed-i mage noi se renoval

devi ce accor di ngafudgBieat a3 to, whether oF not to execute said nqies regwtvabin determawd beseds ai d
i nversel y-quantized coefficient val ues wh ai.d noi.se renoval .is executed
are caPRuTaR REprafion ndauatiation e aT sai Blogk Mhgpeeise removal fas bedn Ligg

adj acegy pdéRelte®ei Ng adj acent to sai d bl ock whose noi se renoval has been
judged to be executed, and quantization values of said adjacent bl ock being
smal | . [Clanadi 6] The conprssedamdge neigerenwiveedavacereedrdingud ddaiac tovltirelg to O ai m
1, wherein . sali d fiecoaer neans isS. %EC%, Whi %\E‘ is.an . .

i mage- conpr essi ofCTRSHPR YRGS TR ST ARYer hafluantizethaedficiciaipies PEER SHT APisfe
conpr easfdlal FRAERE € chieaRidlusthgimege @44 6h 9h Agjat&t lRkm 1, wherein

said decoder neans is H 264, which I's an inage-conpression-dedi cated

i nternational st smdadjdcent hlogk beingladjagers t\saié plogk sdosonoiskerenuwal kashsen si ng:

i nput ans for converting image data intag coefficients b

f r oqueEESd IPRPSr it gnd ara PRl o e attacs i ok helne Bwk i cients using a
predet ﬁ@lﬁ]nﬁléﬁ qUARE bEdpreSRdWEEE nois e moVRLddvidethcEAaIRI 1B (RaifPITRIIRSSR- | mage
stream quantization information for indicating said quantization wdth

bei ng added to ssdiddeendpr mearsds MK e2, sthidninan image-compressi¢mdedieated

guant i z?ti on ans f(fr converting said conpressed-i mge streaminto decoded
coef f i ElEAgLOm standard SebEMeq iant i 2i ng sai d conpressed- i mage stream using sai d
quant i F@kin®? W dirhe torepiedde8dmaye AcisredtéR AL d&ilel d@BordHgQb MMihON  wikeaéif

conpr essed-i mage stream being | lr:Iputted into said input neans;

correction meanssdiddeeder meatsngHs 204 vdudovidad imagd-toropreptien-dediediedir e

i nver selt%r guan i geq%ﬁ‘i)%/c sai d i nverse quantization neans;
cor r ect g ALRGE gFF‘Sn means for limting a range using said
quant i pthinB] W d%hef{n@dh&f&l%vi@&, SMpdistigant i zation information, said decoded
coefficients being to be corrected within said range by said correction
means; input meansder ¢anvguingdyage dais inde noefBeinntsbyfraquemysel y
frequency transtonning sal d decoded, poctiiclents, whioh are Gorrgeteg, by said
cor r ect’PONCTEER 8319 IR > qu g lents using a p qu
width, and inputting therein a compressed-image stream, quantization information for indicating
said quantization width being added to said compressed-image stream,
inverse quantization means for converting said compressed-image stream into
decoded coefficients by inversely quantizing said compressed-image stream using said
quantization width indicated by said quantization information, said compressed-image stream
being inputted into said input means;
correction means for correcting said decoded coefficients which are inversely
quantized by said inverse quantization means;
correction-range limitation means for limiting a range using said quantization
width indicated by said quantization information, said decoded coefficients being to be corrected
within said range by said correction means;
inverse frequency transform means for inversely frequency-transforming said

decoded coefficients which are corrected by said correction means; and

output means for outputting said image data which is inversely frequency-



out put means for outputting said inmage data which is inversely frequency-
22 transfornmed by said inverse frequency transform neans

22

transformed by said inverse frequency transform means.



