DESCRIPTION  Picture Signal Encoding Device, Picture Signal Encoding

Met hod, Picture Signal Decoding Device, Picture Signal Decodi ng
Met hod, avi0 P83082Ti ng Medi um Techni calPCI/EPYO4912
This invention relates to a picture signal encoding device, a picture

si gnal encodi ng nethod, a picture signal decoding device,” a picture signal
decodi ng nethod, and a recording mediuh Particularly, it relates to a

pi cture signal
HAE

ERESHSEE, GRESHFCHE,. BRESEHSEE.
ERESEHEHSHERUVREERS

it rd o

AREBIL, BRESFSLER. ERESHSLIE. BRES
BERE. ERESESFFERVEGHEECH TS, Hic, RER
CRBRER—OHESER1IBLAZ IO, HROERERMSIWVWTE
RS IIERESHASLEBRVCERIESH LI IE, EBA
BLIhLEREZESTIERESEHSEERVERESES HE.
EfFSLshicBRE¥2& L -R@EsicrlT 5,

& R

A, RERSEIERGECESK (LT, SDE&LV
5. ) &, BMRERECHR (UT. HDE#&:WS, ) ERLE
D, ¥, BREZEEBERLAEVTIREARZBVWTIR., WbWaHRAT
ANVFRELLS2T, FRLTWIEEOEFREOMME (WM &
Thha,

LWL2RBL, il AV F I TEHREOBHAEZIT>TH, S
DERKEATNTVARAVHDERORS (BAERS) 2HETS
TERTERVWEYD, BRBREOEHEBEY*BIZCEIEETHL- &,

ZTIT. AYEHBAX., SDE®%., TZIEEHhTVW2RVWER



encodi ng device and a picture signal encoding nmethod for conpression-codi ng
a pi ctur ewbywsbiznni ng pixels thereof, a picture signal dec@ITARIHMIEe and
a picture signal decoding method for decoding a conpression-coded picture,
and a recordi ng medi um on which a conpression-coded picture i s recorded.
Background Art In the case where a picture of standard resolution or

| ow resolution (hereinafter referred td as an SD picture) is to be
converted to a picture of high resolution (hereinafter referred to as an HD

pi cture) ) e ERECENDA 68 i I 097 RTDHD BN GRS A R xel val ue

of a lacked pixel is interpolated (conpensated) by a so-called
i nterpol at3gn it @} %=, T v zHowever, since a conponent (high-frequency
conponent)
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of the HD pvOwsmsesznhi ch is not included in the SD picture cannot be
I nterpol ation of a PCT/IP97/04912

restored even by carrying out

2 pixel by the interpolation filter, it has been difficult to provide a

pi cture of high resol ution. Thus, the present Assignee has proposed a
picture converting device (picture conveyting circuit) for converting an SD
picture to an HD picture which also includes a high-
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f requency conmponent not
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value y of a pi
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may be expressed

included in the SD picture. In this picture
converting ‘ﬁ@@?’&??’adapti ve processing for finding a predict il‘t?r/}ﬁlﬂd@ pf a
pi xel of the HD picture is carried out by |inear conbination of the b
picture and a predeterm ned prediction coefficient, thereby restoring the

for exanple,

included in the SD picture. . Speci fically,
a pgrediction value FEy] of a pixel
el constituting the HD picture (hereinafter referred to

e found froma linear primary conbi nati on node

nmbi nati on of pixel

], x[err],
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val ues (hereinafter referred to

of several pixels constituting the SD
ferred to as SD pixels) and predeterm ned prediction

In this case,

t he prediction value E[y]
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Equation 1. Ely]=Werr] Xerr]+Werr] X err]+

Equat i on IWO9830827a matri x Wconsisting of a set of predicti ECTEBENMY ent s
w is defined by Equation 2, and a matrix X consisting of a set of |earning
data is defined by Equation 3 3
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while a matrix Y' consisting of a set of prediction values E[y] 1is defined
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XWEY[ err ] ... Equation 5 Then, it is
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pi xel is to be found by applying a mninmmsquare nethod to the
observational equation. In this case, if a matrix Y consisting of true

pi xel values y of the HD pixels to be tgacher data is defined by Equation 6
while a matrix E consisting of reS|duaI e of the prediction values E[vy]
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the HD pixels is defined by Equation 7, a residual equation |ike Equation 8
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Therefore, if the value obtained by differentiating the s uare error
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predi ction value E[y] proximate to the pixel value y of the HD pixel.
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Thus, by differentiating Equation 8 by the prediction coefficient w,
Equati on LKioiogmaedabai ned. [err] 7PCTHIP97/04912

16

BT 5 EREROSbO 1 SR ERERL L, TOREEEDE
BOEREREOCERERELOFRY v 7EBRL, TRF v 7L
REOCTHEEKL»ORELESOTAELTFHL, FTHS AT
HE»o25 FRERESORERESCHTIFPREELZERL,
FRRECS CCEREGRES L BRT s EREROEREL AT
THRZLREIVREShTVS,

AERITRDI VIR Lo THESTERREBHEEICE. RERE
BOHAR L VERKOLAVEREGBEE 2 RE L. RERES
ERETOEBOEMBROEFIC, REOBEETHIREEEL
BEL, TORBAEROERELREGESHOEH L, EHER
DEFEO— B EBEROBERBEO— BB R X, ERERE
SEBRTOEREROOD LD 12 HEAERL L, TOEEEER
DEGSOERARECEEER»LTHF v 72 HRL, THS v
FPEFEOFHER L P ORERBESOTFRELTFRAL, FTRSH
EFRE»LR2 FRERESORERES N T THEEZLE
MU, FRIBEZCS CCESERES MR T IERELOBRE
ERMETA LRIV REShAEGKEERERK S TVS,

54 1 oD 1 B8 72 BB

R1ik, FFHBASECRRLCEHGEREE (HRERE
B) oMRO—PERT T ey 7RATHS,

M2, H107 7RX55EK10104BEZRATIEDOR
THb,

B3k, AFHBANECRRLAZBER (RTEK) oMK



Equation 11 Equation 12 is obtained from Equations 10 and 11
[err]  WO[S8B0027 m [err] PCT/IPY7/04912 -
Equation 12
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In addition, in consideration of the relation between the Iearnlng data X,
t he predlqwbgggag¢ff|C|ent w, the teacher data y and the r cRCHIRNTOEIZ, the
resi dual equation of Equation 8, a normal equation |ike Equation 13 may be
obt ai ned from Equati on 12. [err]

18

F¥—+THD,

H17A, 17BiX, H1307 520 #ELLE (FTRERE
BR) B4 1087 SASBEITIEENLER TSI SRy T 2R
TETH S,

®18ik, H130n7 7 XAG5EBEINAE (FRARKAER) HKE4
1 BRBEEABEITIELELEERTITRZ vy 727 THTH D,

R191Z. B16DRFyFS13DABOIVEMERATS
b7 —F¥x— b Th3,

M20i, 1 9DAT vy FS33DRAEXBHATIEDOMT
HD,

K212, I16DRTv7/S14DMBOLVEMEBRATS
D7 —Fx— hThHd,

22, I21DXAFTyFS660ABERATIHILDOET
H5d.

M23ik, B160DRTy7’S150LBOXVFEMEBRATS
DO 7a—Fx— FThb,

M24ik, R5OZFEEB4OBRO-FAEFRTI ey 7RTD
S

M25ik, 2507 7 RG5BEBSLERE 7 3OBRO—Fl%
RYI7Tuy 7BTHS,

B26ik, 77 ARRENLBEEK7 3OBFELZHRATIEDO
Zu—Fx¥x—+THoS,

B27ik, FRIZy7OMoBRO—FZzRIETHS,

RPEERTIEOORROBE



Lerrl WO 98/30027 PCT/AP97/04912 -

19

UTFI, ZBEHOEBOBREBIZSOWT, REZZ2BLE2BLHHA
T3,

Bsit. ARFAZHEA L -BERABEBO - REORBOEEEL
ARLTWVWD, FEEE 1T, T4V HDEG OB
TP EIhs, XEEBLIX. AASh@EgT— % ZH5]
RZE (RDEBEEDIRLTHIL) RIVEHT—F2 /5L
LT, BgEZEML, TORRBOLLSSDEBROERT —F%.
HDEROFHLT—F LT, XX, XT 4 R7 ., KHERT «
A7, R TSR E2ZRBE& L. L, AR, #BEE,
HEER, EFER,. CATVHASOEEKIZA L TRET S,

SARRE 413, REEAK 25 bFEE SRR BLT —F B S
., Xk, BRESENALTCERENRNTLI3FTLT—FBRFE
., EOHFELT—F2EHEBFLTHEL, T0BREBELONSHDE
BoBESEAY, BRELDTFT A AT VLA CHBLTERERS,

7B, UED XS REGOBERER., B, XT0 27 EE.
HERT + RV %EB, AT —7EEBSOHBROREK BELETD
HEL, DO5WVIEXE, fIXEE, TUVLrEREER. TVrEYVa s
BYATHh, CATVVRATAZOEHB2EXTIEBR CICEA
Ehd, £, BB TILOIC, XEXE1XHITIHFSLT—
DT —FEBEBPRVED, HS50EBABRERIX, BEV— IO
By, AXIBFEFRSOBDICEMNREFERR ICHLER
BThd,

é;&,%Ekﬁlo%ﬁo—%%%brwéo4y5~714
2 (BT, I/FEWVn5,) 115, AEIrLHEEIHIHDHER



[err]

WO 98/30027

Equation 13

20

DOHEBT —FOZEABL, XEW /THEEL6IIH LT, &
BlEF— 7 DOEBFBLABEITILHIICR>TWVWSD, ROM (Read 0Onl

y Memory) 1 2}%. I PL (Initial Program Loading) A 7w

FLREDMD I T LERELTWS, RAM (Random Acces
s Memory) 1 31X, A MEREB I 5ITEMEINTWVEIVRXT AT
v 25 A5 (OS : Operating System) RF IV Fr—vavrrass
LEFEBLEY, £/, CPU (Central Processing Unit) 1 4@
BEEXNERT—F2EET 5. CPUL 41k, ROM1 28R
ERNTWBIPLIu S8 lf#E>T, SHBTEERBLI SNHUX
TLTTTLAROT Y r—varvruel7 58 RAML 3IE
AL, TEDVRAT ATl AORBOTTCT ) r—arrno
FIRERTTBILILE->T, I /F1 1o Ih3EET
—JI, BBY D X5 RFBLLELH T, SABRRER1 51X,
PIZBHEET A A7 E@B R o2, ERLEZEDIL, CPU1
AVEITTDOVART AT T AR TSV yr—varrnrsaeg
BELTWSELBIL, CPUL4D0BEELXERT-FHREEBL
TWa, XEHR/EHREEB16, I/ Fl1120#B5h2%5
b7 —5 %, RERE2ILBH L., NiZEXE3IEMLTEEXTS
Lo RosTNS,

1/F11, ROM12, RAM13, CPU14RUVNERE
BE151, "REALTHAERERIAL TV, 28, RekkB
WT, REEEBELIX, CPULAEZBAVEBRLRZ>TVEN, ~
—FIA Y ey /BB THERTHIZLLAETHS,

BEDXS> BB ENIREEBLIEZBVWTIX, 1 /F111cH
DEROERT —F BH{KINd L, TOEKT—FX, CPU1

PCT/IP97/04912



The normal equation of Equation 13 may be established for the same nunber
as t he nwOe8B27 predi ction coefficients wto be found. ThHEIYIR e -
optimum prediction coefficient w may be found by sol ving Equation 13.
(However, to solve Equation 13, the matrix consisting of the
coefficients according to the predlctl?n coefficients w nust be regular.)

In solving Equation 13, for exanple, smeep nmet hod (Gauss- Jordan
el im nation nethod) may be appli ed. In the forig0|ng manner, the
opt i mum pretli Bt #08 B2l f Gkt 3 W idr.e B @iio— ¥ Thdi 54l Wsi igﬂlme

prediction coefficients w, the prediction value E[y] proximate to the pixel

val ue y off thin BERIRAE s 4 dubdTup EAEEBod 1. 1 THeF fore ol 3bacessi ng

i s adaptive processing. (Adaptive processing includes processing to
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using the prediction coefficients w.) Adaptive processing differs from
i nterpol ati ywoyweEssing in that a conponent included in the pErppooesie -

whi ch is not 9 included in the SD
pi cture is reproduced. Specifically, though adaptive processing is
equal to interpolation processing using the so-called interpolation
filter as far as 22
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Equation 1 is concerned, the prediction coefficient w corresgondl ng to
the tapwamesisoozi ent of the i nterpolation filter is found PCAREIHIER | ed

| earni ng by using teacher data y, thus enabling reproduction of the
conponent included in the HD picture. That is, in adaptive processing, a
picture of high resolution nmay be easily obtained. In other words, it may
be understood that adaptive proceSS|ﬁ I s processing which has a picture
creation effect. Fig. 1 shows an exanple of the structure of a picture

converti ngﬁ@ﬁ%fﬂi@ﬂﬁﬁ v erfEiF1gk @#E @ 1) 2§ &roocd D @ (R Aok SD picture

into an HD picture by adaptive processing as described above based on the
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sequentially uses SD pixels constituting the SD picture as notable pixels,
and cl assi Wweags/3m0ke notable pixels into predeterm ned cl as89po704912 -
Specifically, the classifying circuit 101 first forns a bl ock (hereinafter
referred to as a processing block) by collecting several SD pixels around a
not abl e pi xel, and supplies a value allocated in advance to a pattern of

pi xel 24 10
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value of all the SD pixels constituting the processing block, as the class
of the nowatsissegi7xel , to an address terminal (AD) of a coef RCGHPITA4¥M 104.
Specifically, the classifying circuit 101 extracts, for exanple, a

processi ng bl ock made up of 5x5 SD pixels (indicated by O in Fig.2) around
a notable pixel fromthe SD picture, as indicated by a rectangle of dotted
line in Fig.2, and outputs a val ue cor?%spondi ng to a pattern of pixel

val ue of these 25 SD pixels as the class of the notable pixel. In the

case wher € 3z Arge udb€r ok bitkH I ke veirght LbTHE Hrle faihh ol EILt.0 express
t he pi xel value of each SD pixel, the nunber of patterns of pixel values of
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Thus, as preprocessing prior to classification, processing for reducing the
nunber of ggg&,ﬁ{,y’t he SD pi xels constituting the processi ng RCTLIRIT/04YR

exanpl e, A (adaptive dynam c range codi ng) processing, is carried out on
t he processing bl ock. I n ADRC processing, first, an SD pixel having the
maxi mum pi xel value (hereinafter referred to as a maxi num pi xel) and an SD
pi xel having the m ni mum pi xel value (#ereinafter referred to as a m ni num
pi xel ) are detected from anong the 25 SD pi xel s constituting the processing
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maxi mum pi xel and the pixel value M N of the m ninum pixel (=NAX- | S
cal cul at edw@osi3oe2l s DR i s used as a | ocal dynam c range of ?ﬁ@“ﬁ%‘%?y‘ng
bl ock. On the basis of the dynam c range DR, the val ue of each pi xel
constituting the processing block is re-quantized to K bits which is
smal | er than the original nunber of allgcated bits. That is, the pixel

val ue M N of the m nimm pixel is subt rPcted fromthe pi xel value of each
pi xel constituting the processing bl ock, and each substraction value is
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processing block is expressed by K bits. Therefore, if K=1, the nunber of
patterns wogsreed7 val ues of the 25 SD pixels is (2[err])[ ergdepshomizi s
much smal |l er than the nunber of patterns in the case where ADRC processing
is not carried out. ADRC processing for expressing the pixel value by K
bits is hereinafter referred to as K-bit ADRC processing. The
coefficient ROM 104 stores, every clas$, a set of prediction coefficients
found by learning in advance. Wen a class is supplied fromthe classifying

circuit 1GEh{Ethe>voef fi4@- ROM 104 reads out a set of prediction
coefficients stored at an addr ess corresponding to the class, and supplies
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Lhe pr o0l CIWOSSRMB0CSSI ng ol rcur 105 and a 11 ming at whi ch FEREEEn
tap is supplied froma prediction tap generating circuit 103, as later
described, to coincide with each other. The delay circuit 102 then
supplies the delayed SD picture to the % ediction tap generating circuit
FAFrIv 7 VYPDREL, ZOFALFIv I VY PDREAN
T IR y7D560, RRERL., ThiCHET I 4BOK
BERLOGHSAOHEE (R17ACBVWTRAKRTHL S BOHEH
R) KW1Ey PADRCRERKEENS, ZL T, EDSBEOER
DEREDONRFZ— 3, BHEROIFRL Eh3, LEB>T,
CORE, I RZ v TD53b0, EEBEREPLETESEBOE
K1Yy PADRCAEBERT I L THLNDIERBED
F—ViZ5 Yy FTREEhDZZ b, BEEEIX, 32 (=2
VBOIFRADIBONTRNDI FRIGEEND,
¥, REEROBERMEEL LT, TORBEEZERHISHT L
“SDEROEBRMEOLSBRMOAY Yy bE, 4y b EFEY Y
P (2'2RE) Liebolz, BizEe (=2°) 2EEMELES
RBrbhd, BEL, REBEROEREL LTIE, 2ofillic, SDE
ROBMBEDOLSBRUD4ELY M, 4y PEFEVYIZFLED
DEXZDEERVEY, ¥k, FOEY 7 b LEBOKR, 8D
OLLE16 (=2') RBOEEMELELDEZAVB I L HAMT
H5B,
T, SDEHROBEHRMEIL, H11TRALEISK, TOLS
BRIOAEy ¥, NETIERBEROEREOMSBRIO4LE Y
FCTHBH, ED8Ey FOES, SDEROHKEELLTEDE
EHVWOoNh3, EL, SDEEOEKML LTX, fIXE, £oOL
SBRIDAY Y b, SUyFARRBESERLOLLELIE (=24 %
BOBERBEIBMATLLDOEAVBIZ L HLAETH S, S
=%, BERBRZHOVWTHE, fixE,. 1 7BRFRTIIE, &
BERZFTLEYTS, EFBROEENO 9BDOSDERICL - T,



103.

of

a predeterm ned HD pi xe

The prediction tap generating circuit 103 extracts, fromthe SD
pi cture wpRBlbed thereto, an SD pixel used for finding a ppenuegrioasnzval ue

in the prediction processing circuit 105, and

supplies the extracted SD pixel as a prediction tap to the prediction

processing circuit 105.

Specifically, the prediction .tap generating

circuit 103 extracts, fromthe SD pi8ure, the sane processing bl ock as the
processing bl ock extracted by the classifying circuit 101, and supplies the

SD pi xel 5 Soasyi$ uPhoge gha RIBCesie bl ock ayEHHEER osiE @isP to the

105

prediction processing circult f05: The predi ction processing circuit
cargl g ; | fI Eguat th s, adaptive
processi%’g us#ﬁﬁt%ﬁj d%c‘?%%%g‘f CI en s wWerr I?cﬁl\ﬁé’ﬂ aé)yf rom

AFTIvIVIUYDREANT, Z77RF 70550, EEER
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THARTHDSHEOER) W1ty FPADRCAENKEEINS, £
LT, EDO 5 BOBROEBEO NS — B, BEREROI TR L
ENnd, LEB-2T, ZOBRE. 77 RFv7D5b0, BEHER
ZPLELTH5@EOEERIZI Yy PADRCRABEZEI ZLITL-
TELNIERFEONRF -5y P TRAINRDZIZ END, &
ZESbL, MEFSSLRRIZ, 32 (=2°%) /532053 b00nTh
DIZT FASEEh 3,

7 5 ASBHEIGAE (TRMRKER) B4 11X, BEoXdiC
LT, BEEEEOI FRERELEE, FTRE Y T2HWRT S, T
bbb, 77 AHEREGLE (TRAKAR) BIK4 11X, XBH
iﬁé%%%wﬁwﬁhé%é‘Wiﬁ@lsmﬁ?I5mf%w
EHERZPLLTEH7X5 (X)) THD535EDOSDHER
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BWT, ARBROOEITRT) IKRX T, EEHBERICHET 2 REE
BBV, FRIZTEBRT 5.

ZLT, 77 ASFBERLE (FRAKAER) B4 113, £7
AL, FHFZ v FEHDERLEZRAWVWT, X1 3O0EHRFRK



the coefficient ROM 104 and the prediction taps x[err], x[err], fromthe

predi cti on W83 2rating circuit 103, thereby finding the predroryzusi2

val ue E[y] of the notable pixel y. The prediction processing circuit 105
13 as

outputs this prediction val ue
t he pi xel value of the HD pixel. F%E exanpl e, the prediction val ue of

an HD pi xel of 3x3
ELETT, ThzeMlLitdy, /3 280FAEEwO L o b

ERDB, 2B, ZoBES. ERAFBRRL. RABERCHLT. #
AEREOR 2 ZEBRONAH CHALBEO K EBIKICH3HD
BREANWTETORS, 7 3 ASERSAE (FPRERKER) @
%4lfﬁbbht97X§®$M%#w®fyFH\952%@
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ﬁwi%wloﬁﬁﬁﬁikéh‘%mﬁﬁﬁﬁﬁﬁgﬁ%w%m
PRHESH, BMETHLERRT 7S 1 3I0ER, BN LA
LEIRRTYFSS 1 51D,

AT7v78S13BNT, HEEK4 2, 75 XH5EESLEE
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OPMSBRID 4 ¥y MEXNRIZ, BELLAEEFTV, X5 v 7S 1
AICED, ATy 7S 1480V, BEEK4 2, 75 205E
ICRBER 43, MEAHBKA4RCHBEK 4512, BEEE
®E$E®%D®LSBM®4ﬁyF%ﬁ§K\%ﬁmﬂﬂ&ﬁm\
AT v 7S 16T,

—H. AT vFS12BWT, BEEERAKEREEOLOTA
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REZITV, RF v 7S 1 6z,

AT7v7S16BVT, BAEE21150S DERERS



pi xel s (indicated by points [err] in Fig.2) around the notabl e pixel,
surrounded Wognbeat angle of solid line in Fig.2, is found frpotemmene12
prediction tap. In this case, the prediction processing circuit 105 carries
out arithmetic processing of Equation 1 with respect to the nine HD pixels.
Therefore, the coefficient.  ROM 1 04 stores nine sets of prediction
coefficients at an address correspondi n3to one cl ass. Simlar
processing is carried out by using the other SD pixels as notabl e pixels.

W%1”wS%@BM%@%@??%?@%%%@HM”%%%%%@&?ﬁ%ma”

exanpl e of the structure o arning device (Tearning circuit) for
ctored in The ooet & HERKI A, BEHT ST SRR REBE o e
teacher datpgy bnslB3¢VNBAS DER %, FrcEAERL LT, Ak0L
BERABRVEESNID,
£, AT7v7316BVWTC, SDEHEXZ22TEBEHELLT
REBZToLEHESHERBE, ATy 7S 1 7kER, SDEE
POTFHMENRNIHDBEROTHEMED., 1 7L —ASDFRRBREDCR
MBAEDEME : LT THINEI PBHEEHE, XFv 7S 1
TEBWT, 17— aN0FRRBREORTMBHIEDOHEME:: LT T
RWEHESISHhERA, XFy7S11KEY, LROBEAE &R
DWBRBYVREND, BL, TOBE. 77 AHEBEELE (F
BIASAER) B4 1 TR, AT v 7S 1 1 KBWTHTREE 2 1
BHALEESDEROBRME TR, HEEK4 2B8HAT 5,
BETIERERSDEROERELZAVC, T R2LLE1407 5
ZHBFERL12ROCFHY vy 7EREIR 1 1 312 L CHERE
42PbD0RBRESDERBANIENRT, RBORBIZIY, 75
AEOTFHURBEwOEy FARDOIE (EHFEXHL3B) .
ZLT, AT 7S 1 7ZBVWT, 1 7v—2iLH50TFRBREDOR
FMBHECHE : LT THELHABShEBE, XF 7S 18K
&L, 77 ANFESLE (THAKER) BIE4 1BV T, *
DELEREERKRA2HAHALTWESDEEOEREZRNT, 7
TRABEOTAREwOEy FBREHEINLB, LT, £OSDHEE
DEREEL I FRABEOTFHREwOEy bEA, SELEK46I
BWTSELEN, HELFT—FLEh T, LEXKTT3,
Z 0%, BB 2 2 TR, KOTZ7L—ARZOWTOHDEK L



supplied to a thinning circuit 111 and a delay circuit 114. The thinning
circuit 11Weesmed? the nunber of pixels of the HD picture byPGHIEIAPHG:
thus formng an SD picture. This SD picture is supplied to a classifying

circuit 112 and a prediction tap generating circuit 1 13. The
classifying circuit 112 and the predictjon tap generating-circuit 113 carry
out processing simlar to the processi by the classifying circuit 101 and

the prediction

SDEREBZMBENDIOEFHF- T, REROABBITDONS,

TZT.H16DRTy /S 13XB2ERBEBOEREOM
SBRID4AVYy bEXNRL LERBELLBIZSONT, 19071
—F¥—r2BRBLTHERT S,

7 7 ASBEIGAE (FREKAR) B¥41ZB8WTI SR E
OTFRHRBwOEYy FERDLA, Zhd, 7 7 AEBEKLEAR
Bas3ktigshd e, MILBB2 1 LbOSDEBEERTSS
DERDI LO1>HERHERL Sh, HIHEIK4 51X, AT v~
S31RBVWT, HEEROERELZ@ETIHREERZRTEHRA
Z, flzEocmiiid s, £k, A7 S 31 TR, HEE%:
ElEESEMLE (T, §H, 7y bRELWVWD) 2RTEH
SicEL LT, fixif16BEY FEM S,

TRabb, WEOER, HEEROHREOMS B4y
ERBFLLTVWDIOT, A7y FESIZIE, EOMSBfilo4 E
v FEELSEIDORNMETHSD16 (=2*) BEy FEND,

EbiZ, ATy 7S 31T, BEEEROMECEEEAIY Vb
THREKIK, gL LTOo—-18Ey rEh, XFv S 32
Wi, AT vS32TIE, BIRiIN1ETA 7Y AV MEh,
AT7978S331#ER, HEEROERELZ2HERAZTIMHMELE
MEEZAVCTHESLBET - EEAL, TOMELLVEEER
AOAHDEROTFAMEOTHEREZERRHINS,

TRbb, TORES. #EEK4 2T, EEEFOEEEIIZ., #
A, WEBAZMAEL, TomEEL, XEEROERMEL LT,
7 7 ARFHEIGRBEKE 4 3ICHATE, 2Z2C, EEEFIZOV
T, BICRAT y 7S 330RBEEENEHE. T2DL, E¥K



14 tap generating circuit 103 of Fig. 1, thus outputting the class of a

not abl e @‘?ﬂmﬁﬂd a prediction tap, respectively. The cl aper/getirpousied by
the classitying circuit 112 is supplied to address termnals (AD) of a

prediction tap nmenory 115 and a teacher data nenory 116. The prediction tap
outputted by the prediction tap generating circuit 113 js supplied to the
prediction tap nenory 115. The p4edi ction tap nenory 115 stores the
prediction tap supplied fromthe prediction tap generating circuit 113, at

ST S SREE AR A T TSP R
onLY, DY e G W MR e, MR RN AR askr © P! 1o
EREDOEEHAESHD,

7 7 AGEEIGLBERK 4 3 Tik, 7 7 ABERLE (TR
BAR) HE41CBIBEGLRAKC, R1 7R LEITRY
vTBHRENBZEEDBIE, B1SERLEBOTAZ v 7B
Ehd, T2bb, FFZy i, BHEEEZPLLTEZ7X5R
DSDERDI L, FHARIPLEBEVEL, ET, FLERVE
TOSDERIARAT, ERHERCHEET 4sBoRBERZAN
THERIhDB,

EHIZ, EDI7FRZ y IR L T, HEEERNI FA5HE
h, TORRBLABZ 7 SRR TZ FRHKREOEY b5, 75
AGBBIHRE (FRAKER) EE4 12 5#B83h, RERA
M104’ EREEEHTWIFRREOEY FOoFhbBIRENS,
ZELT, TDBBRENWAEFAREOEY NETFRIFZ D, R
1IERLERE 1 KRNE2REATIZLiICLY, HDEAROERED
TREPRDBN B,

i, J 7 ASEBISLBEREK 43 T, BEEROERELZH
EBAZTGHIELERAIL, 22<¢b, TOHECIVEEELS
FB2HDERIZOWTSH, AKICL T, FREXRDLH S,

TRPL, FIXIE, WE, I20RFTEO5K, SDEEAZHE
BERELTHELEL TS, AZBORBE TR, TR v 7,
MBI, 7X5BDOSDERREEhIBETHERENIOT,
DX 7TXS5EDOSDERNLTFRZ v 7RBERENIBEIK.
ZTOTFHMF vy T TSDHERAREENS y—XThHh->T, SDHFE




Val ucs. WO MIID pi xel & | ocat ed ar ound the SD. pixel ab. t ho BGRETAO el
as teacher data, to the teacher data nmenory 116. The teacher data
menory 116 stores the teacher data supplied from the delay circuit
ci assi fying circuit 112 " Sim Par Brocessing S repeated until all the
HD pi xel s constituting the HD pictures prepared for |earning are used as
notable pAXRIHZ bEENZSDEIREREBER : IhB DX, SDEEB,
C, D, EXEHERLEN, TX5@BOERDO TS v 7 BHER
EhBd7r—XThb, £L T, SDERXB, C, D, EXRXERHERK
L&, TX5EOEROTFRSY v 7BRMRENTERE. XAEHD
BETHE., ARCERTEHATRTH#ED, ¢, d, e DPFDI X
SEOHDEROTFTRMESETLELRDOND, LEMN>T, SD
BRAZEAERL LT, TOEEEEZMELABEIC, TOME
KLYV RBERTDIOR, RBOYy—X T, §lb, c, d, e%
BUOBRNMORIETHS, H20BWTHARTRIREND 2 1
X15EOHDEROFRHEL VI Z EZ23,

LeBoT, ARBEOHETIL., 77 ASEEISLBER 4 312
BWT, 2R<Ed, TDX5221 X1 5@DOHDEROTRE
BROLNB,

7 7 ASBERBISREFRE 4 3 TROLAZHDERO FRMEIZ,
MEAHER4 4RSS, RERHEK 44T, 7525
FEGAEEK A3 P5OHDEROTAME? S, KT Z2HDHE
RORDEREIBE Sh, TOBRAE TH > FRHREOABI XA
RMAEKRDLND, ZLT, TOARMA, EEFREL LT, #
HE4 5 Sh 5,

HEEREA4 5, REAHEIK4 4P OBEERERET S L.

AT 97S34KRBVWT, HEiBOTHEINE I NEHET S,
AT7v7S34EBVT, BRI BOTHILHEIShERAE, T
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15 Thus, at the sane address in the prediction tap nenory 115 or the
t eacher da%P@%}M.y 116, the pixel value of SD pixel s havi ng BdmIP9aMO12 -
positional relation as the SD pixels indicated by o in Fig.2 or HD pixels
havi ng the sane positional relation as the HD pixels indicated by [err] are
stored as learning data x or teacher data vy. In the prediction tap
menory 115 and the teacher data nenory 316, plural pieces of information
may be stored at the sanme address. Therefore, at the sane address, plural

learning dajarss gRgl FE7Ehess SRy Gtas 3 il adp Nte Ahe phpire ¢ ASS Ry
ZRERECEIIERE’ Ty, BEWFBENEY FEhDB, &b
i, A7 v 7S 35Tk, MEEBAR, #7%y PESEFTA V7
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CHIESH, ATy 7S 36ilElL, X7y 7S 36Tk, B
B1THIPEIPBRHEEND, Z0BE, BIRiEX1E2-oT
Waho, A7y 7S 36T, BIRIZITHILHAESH, X
T oS3 TiILESL, FIEOREFRE’ B, SEHOBREFEREL
ETCHINEIPBRHEEND, AT YIS 3 TIZBWT, AIED
MEBHRE B SHOREBRED LTRAWELHESKLESS.
Thbb, HERBAXEVEEHROHERELZMETDI I LIZLY,
SHEOBREBFREOS 2, SMIEHOMEFRE” (ZI Tk, ME:R
LTR2WESORERB) JVHENMLEBE., ATy 7/S38KE
Z, HlIHEIEK 4 61, A7y PRSI, —12RAELELDZ,
BRIy bESEL L, SHIZ, FEEAZI7EY FESOD
2EFEFA L7V AVIL, AT TS 3 2ITRD,
Thbb, EREROCEREL. HEEA (ZOHE, A=38)
FHHETHZLIZLYD, IELRhom T LD LEAENEML
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i, ATy 7SS 1EBVWTEDHENRA7Ey FESKEY FEh
TWSHDOT, AF97S38TH, A7y FESOFSIEX, EH»



be stored. After that, the arithnmetic circuit 117 reads out the

predi cti on We98&8027he | earni ng data or the pixel values of thECHIPHIEIL 35
the teacher data, stored at the sanme address in the prediction tap nenory
115 or the teacher data nenory 116, and cal cul ates a set of prediction
coefficients for mnimzing an error bet%\?een.the predi ction value and the
teacher data by a m ni num square nethod “Using the read-out data. That is,
the arithnmetic circuit 117 establishes the normal equation of Equation 13

for every cliagiaidlsdlvas EhbiZ eqBplEl B3NSt T Hi-nd #F Sk 4 Hr edi S4T@h
or every cagufound by the arithmotic cirout 117 15 stored ai an address
corresponding to the class in the coefficient ROM 104 of
¥/, AF v 7S37TREBVT, MBEIOMERRE’ B, 4B
MEWBREUETH LUESHIERE, T20L, HERAXWT
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16 Fig.
class su
predicti
to such
and sol v

1. In | earning processing as descri bed above, in sone cases,
3&05§@&¥? necessary nunber of normal equations for plarigbfeusi2
oefrti

a

cients cannot be obtained is generated. Wth respect

class, a set of prediction coefficients obtained by establishing

i ng normal
33

hW=Ba, A7y S 43R, FIBOREFRE’ 28, §HO
BEHRBEUETHENESPRHUEES LD, AT v 7S 4318
WT, FIEIORZFRE’ 8, SEOREFBRELLTHS LHE
EhiBe, Thbb, HEEBAETEEEROERELHET S
XKy, SEIOBEFREN, MIEOMERRE LVEIL
EH/E. AT v 7S44SR, HHEK4513. HEEAZZTT
Ty FESEFA Y7V AV MTRELbIC, AMMBEIORZFRE’
2, SEIDOREBFREZ Y FTHZLEREIVERLT, AT
S32ILR%.

IDHE, ATy 7SI 2kBNT, HE X, &1 ETA
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hd,

FLT, RF 7S 4 3@:#611\"6, AIEIOREFHRE 2, 46
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e, ThPL, TOBE, IEEAR, EEMEMT IHOME L
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equations while ignoring the class is used as a so-called default set of
Wth the picture converting devPEE/IBP7TNEOL 1
fromthe SD picture obtained by reducing the nunber of pixels of the HD
the HD picture including high-frequency conponents not
However,

predi cti onWEHIPF ent s.

pi cture by thinning,
i ncluded in the SD picture may be obtained as descri bed above.

t he

proximty to the original HD picture i89imted for the fol | ow ng reason.

That is,

the preseBtESEIDE G Hokf EpEogqs et FLbL ot ¥r e BomEEgl o) B g NGY

utilizing adaptive processing in order to obtain a decoded picture of

qual ity pripduiltic X e BB DIz, FRHEENE N LR LS LEE

RbDIEMEEND,

UEDXSEZLT, BEEEROEEMOMS B4 ¥y a8,
HDEROFHUEZRODDZIDIZ, B2 bOIEBELLShiEk, Y
g—¥5, |
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SDAT v TSB1IDES 46 RBITIB/ L EhFhAEEOLR
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16 T2 1Mty bEh3, THbb, WEDEA, BEEER
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51 (=2°) By rEND,

e, A7y 7S66 TR, B19DRF v 7S461BIT2E
FLAKE, EEEROEXREIAMERARTIBESHhER, —h
LY, TOEREREIAIST2HBAEZEOHKEL, HEEAD
16 (=2") FOBEIHESHhG, “hix, kKo ks> A2Bmizk
5. TRbb, BEEEROLSBRUO4AYy MiX, M1 1 THEL
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A, WE B221RT XS5, BEEFERICH LT, 2oLk

it is considered that the pixel value of the pixel (SD pixel) of

the SD pi ctukdZobt@i.netiZonl Y 8y4t BiXinki®) 4 BeT@nden Joll I Ses/-uf ithe HD

picture is not optinmumfor restoring the original HD picture. Thus,



original HD picture (for exanple, in the JP Patent Application No.Hei

8- 206552) .

a picture y%%sé#ﬁg%ﬁcodi ng devi ce for conpression (coding) an

ifically, Fig[err]4 shows an exanpl e of thergpyneasar e of

17 original HD picture to an optinmum SD picture so as to obtain a decoded
picture proximate to the original HD picture by

40
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adapti ve processing. The HD picture as an encoding target is supplied
to a thi wosspesexction 121 and an error cal cul ating secti onPCEGPIT0491Z Trie

t hi nni ng section 121 nakes an SD picture sinply by thinning the pixels of
the HD picture, and supplies the SD picture to a correcting section 122.
On receiving the SD picture fromthe thinning section 121, the correcting
section 122, at first, directly outputls the SD picture to a | ocal decode
section 123. The |l ocal decode section 123 has a structure simlar to that

of the pictgre pnyv e} 2ng Oy er 9F S0 B /1 Mo vagpDd# sy <@ i ng out

adaptive processing as descri bed above by using the SD picture fromthe
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124 cal cul ates a prediction error of the prediction value of the HD pixel
fromthe | Qﬁﬁ]s&ﬁf‘f)de section 123 with respect to the origi ngcrthi®mweas | -
and out puts e prediction error to a control section 125. The control
section 125 controls the correcting section 122 in accordance with the
prediction error fromthe error calculating section 124. . Thus, the
correcting section 122 corrects the pixef2 value of the SD picture fromthe
t hi nni ng section 121 under the
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18 control of the control section 125, and outputs the corrected pixel
val ue t wvaodsdoztal decode section 123. The | ocal decode séﬁﬂ#ﬂﬁ“@ﬂgzagain
finds a prediction value of the HD picture by using the corrected SD

pi cture supplied fromthe correcting section 122. Simlar processing
I's repeated, for exanple, until the prediction error outputted fromthe
error cal cul ating section 124 reaches4%.predeternined val ue or |ess.

When the prediction error outputted fromthe error calculating section 124
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as an optinmum encoding result of the HD picture. Thus, by carrying out
adaptive pr‘gsrﬁémg on this corrected SD picture, an HD pi ct upEr/tiopdza -
predi ction errof at the predeterm ned value or | ess may be obtai ned.

The SD picture thus outputted fromthe picture signal encodi ng device of
Fig.4 may be regarded as the optinmum SD picture for obtaining a decoded
picture proximate to the original HD picgaure. Therefore, the processing
carried out in a systemconstituted by the correcting section 122, the

|ocal decode s8ckjon 33 i pAAlRTc k| &LE08 S°PIL9RIRA, Apigiggoont o
optim zallongploSegr Mzl T S DEGE MM T 5 X 51 Las, S DEMRIL.
ZTOMDORFIEETCHDERARERAIVWTHERTLIZLLAETHS,
¥, AEBOTETIE, R10KRRLEISIZ., SDIHEY
SSDERLS LOMC, 1 HORBEREZRITS L)L,
ZTOMIE, 2HEUEOERERFERITSILIIELTHZLLAET
HDo
SHIR, ARBOBETIL, REXE1 ZHRT 5 RELB2 2
(B13) 7 AHBBEHAE (FREAERAR) B4 1 2R,
77 ABOFRBREOEY FEEFHTHILOEZLER, 7 726D
TFRBEEDE Y FREFHFETIZ, FORDTBVWEBDOEZDOEE
CHEATLILLENRTHS, Tabb, WROR25IRLELD
REBEJEBILLIST, PHI/SRAEOTHEEOEY bE2EFICX
VRO>TEE, vk, 7 7 A0BERLRBERK 4 3 IZBWVWTHY
BLORTHIERTERTHSD, Z0BE. 77 ASEEGLAR
431, R1IEREShIBEREREE LRBROBRIZTDIZ &N
TE, FHEBR I - TPORDONEI FXBOTFRHREOE v
P2, BBEROM1 04 ZRBERTBIHERY, ZOBE, 77
RGBT (FPRMREKAR) HE4 1 1IRTIIDERRIRY,
EEEE1OBMELERDIZ LBAIEBE RS,
¥, TOLSRREEB IS TIZELEE41 (R24) T
X, PORDEBVWEI SZABOFRAREOEY PR2REBLTEY,
7 7 ASBESLEBRK 7 3I2BNT, Z207 5 2AEOTHRED
Ey FEAVWT, FAMEZRDEIFEZIIHIETHERY, ZOHBEA.
7 7 AGBEISLERK 7 31k, H1ICRTEBERER L RKR



19 Meanwhil e, to obtain a prediction value nore proximate to the pixel
val ue of wdnes/am2i nal HD pixel, it is preferred that the prRGI/IPST/OANL ap
used in adaptive processing is constituted froma |arge nunber of SD pixels
close to the HD pixel as the target for finding the prediction val ue.
However, if the prediction tap is constituted froma |arge nunber of SD

pi xels, SD pixels relatively far from#%he HD pixel as the target for
finding the prediction value are included in the prediction tap. Therefore,
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pi xel s expre55|ng an object difference fromthe object expressed by the HD

pi xel as th for finding the prediction value m ght bepdggdosgpdzi n
t he predlctl p Consequently, the precision of the prediction value is
deteriorated, and a decoded picture formed by this prediction value is

deteriorated. Thus, it may be considered to use a nmethod for reducing

the nunber of pixels to be thinned from e HD picture in the thinning
section 121 of the picture signal encoding device of Fig.4 and thus
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nore proxinmate to an original picture, wthout deteriorating
20 the codYRPRIMT ci ency. A picture signal encoding dedCCEFFEpMIL

encoding a picture signal according to the present invention includes:
a conpressing section for generating a conpressed picture signal having a
number of pixels smaller than the nunbeg, of '
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pi xel s of an original picture signal; a first calculating section for

assum ng \ﬁopﬁlﬁ&#’?l pi xel near a conpressed pixel of a pixelpEgndbioksidi ng
the original picture signal so as to cal culate the pixel value of the
virtual pixel fromthe original picture signal; a replacing section for
replacing a part of the pixel value of the conpressed pixel with a part of

the i I t virtual pixel; 48 form ng section for using one of
conpﬂmmunﬁlmmﬂ(uuﬁt ituting the conpressed picture signal as a notable
pi xel so‘as'to"fotm* prediction ga;a;&(;)r %t he conpressed pixels near the
not abl e pi xel and the virtual pi X8 aﬁg dicting section for predicting a

predi ction value of the original picture signal fromthe prediction tap and
a predeterm ned prediction coefficient; a second cal cul ating section for
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with respect to the origi ' I l.gnal ; and a correctin | or,
correcti ng Waas/3e02e| vaﬂmﬂmlmumﬂmm&sed pi xel consti tutiq' gﬁﬁ’h@g&é
conpressed picture signal* 1® acco ith the prediction error. A
pi cture signal decodi ng device for decoding a coded

21 picture signal according to the presgnt I nvention includes: a
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formng section conpressed pixels constituting the
codcd bugigimess o MU [k °50" 3" of ' ocsmmmena .o
pi xel s near the notabie pi xel ® ahd 'a generating section for generating a

pi xel val ue of a restored plcture signal fromthe prediction tap and a
predeterm ned prediction coefficient. The coded picture signal to be
decoded i s generated by generating a sgonpressed picture signal having a

nunber of pixels smaller than the nunber of pixels of an orlglnal pi cture
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t he V|rtugl pi xel , using one of conpressed plxels constituting the
conpr esset i cture signal
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as a notable pixel so as to for iction tap fromthe c

pi xel s neAWOOB00ADt abl ‘E‘WBM W@!Emﬂ rtual pixel, predi ct?ﬁng%%&z
predi ction val ue of tdg ifigge! dre signal fromthe prediction tap and
a predeternined predictiorf coefficient, calculating a prediction error of a
predi ction picture signal constituted % the predicted prediction val ue
wWth respect to the original picture'siénal, and correcting the pixel value

of the conmpressed _pixel constituting the co;ngressed pi cture sig{{lal in
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22 error. A pi cturn met hod for encoding a picture

si gnal aWELISHORRT t o the'mﬂuaﬂﬂ"mﬂﬁiﬁ n i ncludes: a stepP‘éTmf?éﬁé?latl ng a
conpressed picture signal* having & rsu of pixels smaller than the nunber
of pixels of an original picture signal; a step of assunming a virtual pixel

near a conpressed pixel of a pixel c%nstltutl ng the ori-ginal picture signal
so as to calculate the pixel value o 2t he virtual pi xel fromthe original

pi cture sign a step of replacing a part of the pixel value of the
corrpressé’ﬁ%plﬁﬁ’ﬁ\ﬁiﬁ%ﬁﬁtbof%%ﬁ;ﬁﬁ?@@ﬁ@%héﬂﬁﬁ%‘% xel; a

:Itggalof agbig%gig%%fﬂc;gﬁrjenised pi xel s constituting the conpressed picture
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so as to form a prediction npressed pi xels near_the

not abl e pi W&? %t he vi rtuulmlmuﬂlluanmu of predicting a PFEAPFR?
val ue of the original picturé sfgnal Mrdmthe prediction tap and a
predeterm ned prediction coefficient; a step of calculating a prediction
error of a prediction picture signal &onstituted by the predicted
prediction value with respect to the original picture signal; and a step of
correcting the, pixel value of the cogress,ed pi xel constituting the
conpressed pi &t E# BHR 1S5 Adt & Ffc® TilHRSHKE RRTHBVer bt A
pi cture signal decoding nmethod for decoding a coded picture signal
according tétlhe present invention includes: a step of using one of
conpressed pixels constituting the coded
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23 picture signal as a nglmmm ' s to forma prediction tap from
pi xel s negyo pymozpt abl e DF gmrlmﬁﬂm of generating a piBGIVIPIHI4IEZ of a
restored picture signal fromMthe Prediction tap and a predeterni ned

predi ction coefficient. The coded picture signal to be decoded is generated
by generating a conpressed picture signal having a nunber. of pixels snaller
t han the nunber of pixels of an originab4picture signal, assum ng a virtual
pi xel near a conpressed pixel of a pixel constituting the original picture
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cal cul ate

t he pi xel val virtual pixel fromthe origj |
signal , r¥Q%BHWBY a parﬁmﬂlw‘mqu ﬂlI" | ue of the corrpressg&d'gg*ggzq‘g
part of the pixel val ue %f cthe *pi xel , using one of conpressed

fur e

Wth a

pi xel s constituting the conpressed picture signal as a notable pixel so as
to forma prediction tap fromthe conpg;ssed pi xel s near the notabl e pixel

and the vi
pi cture si

constituted by the predicted

pi cture si
constituti

predi cti onflEEiHEE B & (0% K ok diriy

accordi ng

rtual pixel, predicting a prediction value of the original

nal fromthe prediction tap_and a predeterm ne redi ction

d
coef fi ci en® Scal E@Ear /An g T BHEIRIL. o - & o B 7 QAR Gtpbdedf e si gnal

rediction value with respect to the original

& & @nkt 1Y 6% #edr B he Ik & A BDoF H fedieiBhprbsEdd Bi xel

ng the conpressed picture signal kn accordance with the
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to the present inve signal is recorded. The

24 recowbm@ﬂgnamumwmnmmmmuﬁgenerat| ng a corrpress!d’l‘tpl’!!ﬂﬂé!?@ si gnal
havi ng a nunber of plwe s $mafl et than the nunber of pixels of an origina
pi cture signal, assumng a virtual pixel near a conpressed pixel of a pixe

constituting the original picture signal so as to calculate the pixel value
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of the virtual pixel fromthe original picture signal, replacing a part of
t he pi xelwoakmen2of the conpressed pixel with a part of the B?X@g”\’}’é Be of
the virtual pixel, using one of conpressed pixels constituting the
conpressed picture signal as a notable pixel so as to forma prediction tap
fromthe conpressed pi xels near the notable pixel and the virtual pixel,
predicting a prediction value of the 3ri§t al picture signal fromthe
prediction tap and a predeterm ned pr d( on coefficient, calculating a
prediction error of a prediction picture signal constituted by the

predi cted prediction value with respect to the original picture signal, and
correcting the pixel value of the conpressed pixel <constituting the
conpressed picture signal in accordance with the prediction error.

Brief Description of the Draw ngs

ﬁf\
[
2%
]
N
AN = S u
ke
g L
o o
|
=
P~
—
i;:s .
S |¥P O
0
< L
= | B
— 1w K
oYy N
T QD

101
[
3298
0}

SDEfk o—1—

=& A (FREI26)



25

L]

[

[

*

[ ]

L
» o o
” & @

‘oul
. 2 o

@o o@. o@a .@' o@
®
&

Fig.2 is a view for explaining the processing of a
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Fig.1 is a block diagram show ng an exanple of the structure of a picture
converti ngy@lesssongy (pi cture converting circuit) previously ppopQeerbdse t he

present Assi gnee.
Fig.3 is a block diagram showi ng an exanpl e of the

classifying circuit 101 of Fig.l.
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structure of, 8ha§5ning device (learning circuit) previously proposed by

t he present Si gnee. Fig.4 is a block diagram show ng anPETamyil/e9re
the structure of a picture signal encoding device previously proposed by

t he present Assignee. Fig.5 is a block diagram showi ng the structure of
an enbodi ment of a picture processing device according to the present

i nventi on. Fig.6 is a bl ock diagram ylﬂvg ng an exanple of the
structure of a transmtting unit 1 of Fi%.S. Fig.7 is a block diagram
showi ng an exanple of the functional structure of the transmtting unit 1
of Fig.®6. Fig.8 is a block diagram showi ng an exanple of the structure
of a preprocessing section 21 of Fig.7. Figs. 9A and 9B are views for
expl ai ni ng the processing
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Fig.10 is a view for expl aining

of athinning.circuit 3 1 of Fig. 8.
t he processi"%@9 0027 vi rt ual pi xel formng circuit 32 of Fig.8. Fi%. 11
pi xel FGIMEAHoO12 -

is a view for explaining the processing of the virtual
circuit 32 of Fig.8. Fig.12 is a flowhart for explaining the operation
of the preprocessing section 21 of Fig.8. Fig.13 is a bl ock diagram

showi ng an exanple of the structure of ag/gptinizing section 22 of Fig.7.
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26 Fig.14 is a bl ock diagram showi ng an exanple of the stru re_of a
cl assi fi cAWOAN3MA2pt i ve processing (prediction coefficient dgﬁﬁpgpﬁﬁéf '
circuit 41 of Fig. 13. Fig.15 is a bl ock diagram showi ng an exanpl e of
the structure of a classification adaptive processing circuit 43 of Fig.
13. Fig. 16 is a flowhart for explaining the operation of the

optim zing section 22 of Fig.13. F%gg %gA and 17B are views showi ng a
class tap fornmed at the tinme when the Iagé fication adaptive processing

(prediction coefficient generating) circuit 41 of Fig.13 carries out
cl assification.
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Fig.18 is a view showing a prediction tap formed at the time when the
cl assi fi cawossamzpt i ve processing (prediction coefficient gQQﬁ%ﬁ%ﬁﬁmﬂz

circuit 41 of Fig. 13 carries out adaptlve pr ocessi ng. Fig.19 1s a

fl omchart for explaining the processing of step S13 of Fig. 16 further in
detail . Fig.20 is a view for explaining the processing of step S33 of
Fig.19. Fig.21 is a flowhart for explalnlng the processing of step S14
of Fig.16 further in detail. Fi g. 26 /s2H view for expl ai ni ng t he
processi ng of step S66 of Fig.2l. Fig.23 is a flowhart for explaining

t he processing of
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27 step Slg ohﬁfig.16 further in detail. Fig.24 is a block diagram
showi ng NP e of the structure of a receiving unit 4 JFCINP§7/84912 -
Fig.25 is a block diagram showi ng an exanple of the structure of a

classification adaptive processing circuit 73 of Fig.25. Fig.26 is a
flowchart for explaining the operation of the classification adaptive
processing circuit 73. 7/25
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Fig.27 is a view show ng anot her exanple of the structure of a prediction

tap. wo 9838t Mode for Carrying out the Invention PEEISToesl2
enbodi ments of the present invention will now be described in detail with
reference to the draw ngs. Fig.5 shows the structure of an enbodi nent

of a picture processing device according to the present invention. A

transmtting unit 1 is supplied with pigct data of a digitized HD

picture. The transmitting unit 1 codes q'h)éi%nput pi cture data by thinning

(i.e., reducing the nunber of pixels of) the input picture data, so as to

conpress the picture. The transmtting unit 1 records picture data of an

SD picture thus obtained, as coded data of the HD picture, onto a#@%di ng
[

medi um 2 such as an opti @_dGst @ Mm@ etoCoptri®al + ® sc, G mi@rie pe

or the like, or transm ts7ihg pt cture daraiby tiii. Lt Lol GOSHDE®
e
Sfetiotionietiotiotiatis
FIG. 9A 056Eeoriatiotionstis
6rierioriotiotiotiations
oreriotiotiotiotiotionis
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ground wavewass/dggzough a transmission line 3 such as a satellite circuit,
a tel ephone line, a CATV network or the PCT/IP97/04912 .
28 like. A receiving unit 4 is supplied with the coded data reproduced
fromthe recording nmedium 2, or receives the coded data transm tted through

the transm ssion line 3. The
8/25

FIG.10



receiving unit 4 then decodes and expands the coded data, and su Blies a
decoded picture of the HD picture thus obtained to a di spP&FIPH ¥hown, so
as to dW@%Wﬁvm?he decoded pi cture. The picture processing device as
descri bed above i-s applied to a device for carrying out picture
recordi ng/ reproduction such as an optical disc device, -a nmagneto-opti cal

di sc device, a magnetic tape device or the like, or a device for
transmtting pictures such as a vipgg/Qﬁgephone device, a television
broadcasting system a CATV systemor the like. Since the transmtting unit
1 outputs the coded data of a small data quantity, as |later described, the
pi cture processing device of Fig.5 is also applicable to a portable

t i nal havi 1,351 te, f tabl e tel eph
it or the 1ike. SDEBGRRM.S an’ oxtrpl o BERRETIIRME L ¢ of the
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transmtting unit 1. An interface (I/F) 11 is adapted for receivin
pi cture dMOI8P02In HD picture supplied from outside and forl’FTHﬁ%"l’ﬂ“g’czi ng

coded data to a transmtter/recording unit 16. A ROM (read only nenory)
12 stores an IPL (initial program |oading) program and the like. A RAM
(random access nenory) 13 is adapted for storing a system program

29 11/25
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(operating systemor OS) and application programrecorded in an external

st orage uni WOSS/3P27 f or storing data necessary for operation ok %}E
(central processing unit) 14. The CPU 14 expands the system pro@?’g B t he
application programfromthe external storage unit 15 to the RAM 13 in
accordance with the I PL program stored on ROM 12, and executes the
application program under the control of the system program thereby
carrying out coding processing as | at et 20€%bi bed with respect to the
picture data supplied fromthe I/F 11. The external storage unit 15 is
constituted by, for exanple, a magnetic disk wunit, and stores the data
necessary for operation of the CPU 14 as well as the system program and
application programexecuted by the CPU 14, as descri bed above. The

transmtter/recording it 16 records the coded data supplied fromthe I/F
11 onto the recording di um 2,
Th
e~
oir
&
T B
™ aas ¥ g -
o 0
— :
e
3 I ol
1 o - B
z [ 1EE & 9
X -RE —
o ot &)
= \\ —_—
¥ L
-~ S
¥=
:\§§
s U
&E o~
K% <«
RE I E -
= €
[ *

SD@fgo
HD &g o~

ZBX A% (HR26)



or transm t he coded data through the transm ssion |line 3. The I/ F
11, the i’%?oz'fhe RAM 13, the CPU 14 and the external st®@CEEPIIUM215 are
i nterconnected through a bus. Although the transmtting unit 1 in Fig.6
uses the CPU 14, it may al so be constituted by a hard-wired logic circuit.
In the transmtting unit 1 thus constituted, when picture data of an HD
picture is supplied to the I/F 11, h$ép'grc1,tﬁure data is supplied to the CPU
14. The CPU 14 codes the picture da supplies an SD picture as coded
data thus obtained to the I/F 11. On receiving the coded data, the I/F
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30 11 supplies the coded data to the transmtter/recording unit 16. The

transmtterVP@¥337 ng unit 16 records the coded data fronlth?ﬁhbgmﬁksﬁptp
e

the recording medium2, or transmts the coded data through
transm ssion |ine 3. Fig.7 is a functional block di agram show ng

portions of the transmtting unit 1 of Fig. 6, except for the

transmtter/recording unit 16. The HDgficture as picture data to be
coded is supplied to the preprocessinb49€ Pon 21, the optim zing section

22. The preprocessing section 21 conpresses the HD picture (original
pi cture) by reducing the nunber of pixels thereof,
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and assunes a virtual pixel near an SD pixel constituting an_SD pi re
(conpr esWQI9830827re) t hus obtained so as to find the pixel Rﬂl%?é’g)g‘?’t#he
virtual pixel fromthe HD picture. The preprocessing section 21 then

al l ocates a part of the pixel value of the virtual pixel in place of a part
of the pixel value of the SD pixel, and supplies the result thereof to the
optim zing section 22. The opti ?%I Sqsect lon 22 carries out

optim zati on processing by sequenti al {ng ng the SD pixels fromthe
preprocessi ng section 21 as notable pixels. Specifically, the optim zing
section 22 fornms a prediction tap fromthe SD pixels around the notable

pi xel and the virtual pixel, 5 a prediction value of the original
pi cture by linear conbinatio the prediction tap and a set of
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31 prediction coefficients, thereby carrying out adaptive processing.
The opti m veos/soegii on 22 then cal culates a prediction error Ji’;'ﬁo )

. . . S . 1 4?12
prediction value with respect to the original HD picture, and corrects the
pi xel value of the notable pixel in accordance with the prediction error.
The optim zing section 22 then repeats simlar processing until the
predi ction error becones a predeterm qeg)/%léje or less, by



using the §rr ted pi xel value of the notable pixel, and finds the pixel
val ue of t %%?%hel as the optimum not abl e pi xel for obtaircTIgPRTIDE12 -
predi ction value of the original HD picture. Al so, the optim zing
section 22 carries out the foregoing processing using all the SD pixels
constituting the SD picture of one frame (or one field) fromthe
preprocessi ng section 21, as notable p|| )?et)/? 5and then carries out adaptive
processi ng using the opti mum SD pi cture t'hds™obt ai ned, thereby finding a
set of prediction coefficients for every class for further reducing the
prediction error. That is, the optim zing section 22 updates the set of
predi ction coefficients for every class by using the optinmum SD picture so

that the prediction error is further reducmﬁile ogéﬁﬁi ng section 22
repeats the optimzation processing using,the 0 prediction

set
coefficients for everTy Dass. GJhen,Cyhen th agsol ut éval u&y
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sum of the prediction error for one frame becones not nore than a
predet er ngdRydsbddzeshol d val ue, or when the set of predicti opcegedossizent s
for every class Is updated for a 32
predet er mi ned nunber of times, the optinmum SD picture and the set of
prediction coefficients provided at that tinme are outputted as coded data
as the result of coding of the HD
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pi cture. Fig.8 shows an exanple of the structure
prepr ocesWOR$398¥t i on 21 of Fig.7. The HD picture to beg{%}tlggml‘%n

supplied to a thinning circuit 31 and a virtual pixel formng circuit 32.
The thinning circuit 31 reduces the nunmber of pixels of the HD picture by
thinning so as to forman SD picture, and supplies the SD picture to the
virtual pixel formng circuit 32. Spchf{gagly, the thinning circuit 31

di vides the HD picture into square bl ocks consisting of three horizontal

pi xel s x three vertical pixels, that is, nine pixels, and uses the average
val ue of several pixels (as |ater described) of the individual blocks as
the pixel value of the center pixel, thereby formng the SD picture. Thus,

t he thinningﬁkig&uit 31 forns the SD picture consisting of SD pixels
i ndi cat ed bylg) e
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in Fig.9B fromthe HD picture consisting of HD pixels indicated by * in

Fi g. 9A bwyd s§30020 the HD picture to 1/9. Al so, the thponiorgmeesmecuit 31
may extract only the center pixel of the above-described blocks so as to
formthe SD picture. The virtual pixel formng circuit 32 assunes a
virtual pixel near an SD pixel constituting the SD picture fromthe

33
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thinning circuit 3 1 so as to find the pixel value of the virtual pixel
from the MOMWIOU e. Specifically, the virtual pixel formnm RCHIRITON232
assunes, for exanple, virtual pixels indicated by [err] in Fig.10 at upper
left, lower left, upper right and | ower right positions of SD pixels
indicated by o in Fig. 10 Then, the virtual pixel formng circuit 32 finds
an average val ue of the pixel values o, {09 gxanple, four HD pixels
(indicated by rectangles of dotted lines 1n Fig.9A) corresponding to the
positions of the virtual pixels, and uses this average value as the pixel
val ue of the virtual pixels. In addition, the virtual pixel form ng
circuit 32 causes one virtual pixel to correspond to one SD pixel, and

al l ocates a part of the pixel val lﬁ%ﬁﬁ'he corresp j virtual pixel in
pl ace of a part of the pixel value e SD pixel. eclfically, if the
pi xel value of the HD pixel is ex;zEssed
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by eight bits, the pixel value of the SD pixel and the virtual pixel as the
aver age dsRoddier eof may al so be expressed by eight bits.pdnagriosszase,
the virtual pixel formng circuit 32 allocates the nost significant bit
(MSB) of the pixel value of the virtual pixel in place of four bits on the
| east significant bit (LSB) side of the pixel value of the SD pixel. In
short, the four bits taken out fromthe SD pixel are allocated on the MSB
side while the four bits taken out Z2uh2t8e virtual pixel are allocated on
the LSB side so as to formdata of eight bits, and this data is used as the
pi xel val ue of the SD pixel
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34 The SD picture constituted by such SD pixels is supplied to the
optinm zi n¥EWIWZHh 22 (Fig.7). Referring to the fl owchaar/are7/6492 12,
the operation of the preprocessing section 21 will now be descri bed.

When the HD picture to be coded is inputted to the preprocessing section
21, the HD picture is supplied to the thinning circuit 31 and the virtual
pi xel formng circuit 32. On receivi n%[éh HD picture, the thinning circuit
31 thins the nunber of pixels of the ﬁegtﬁjre to forman SD picture.
Specifically, at step S1, the thinning circuit 31 divides the HD picture
into bl ocks of the HD picture consisting of

o mEHiH
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3x3 pixels, and the operation proceeds to step S2. In this enbodi nent, on

t he assumpdbgrmsoothat the HD picture includes a | um nance si gitedapyrodvd2
color-difference signals U, V, blocks of the |um nance signal and bl ocks of

the color- difference signals are forned at step Sl. At step S2, one
of the blocks is used as a notable block, and it is decided whether or not
the notable block is a block of the |um % e signal. If it is a block of
the | um nance signal (YES), the oper%f% &Coceeds to step S3. If it is not
(NO, the operation proceeds to step $4. At step S3, the thinning
circuit 31 cal culates an average val ue of pixel values of five HD pixels

| ocated in a cross- shaped range crossing at the center HD pixel, included

in the notable block, and uses the average val ue as the pixel val ue
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35 of the center pixel

t hen proceW@I8(38023t ep S5.
S2 that the notable block is not a block of the |um nance signal,
if the notable block is a block of the color-difference signal,
thinning circuit 31 at step S4 cal cul ates an average val ue of pixe

of 3x3 HD pi xels consti

SE®

(SD pi xel) of the notable block.
On the other hand, if it

tuting the notable
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. bl ock, and uses the average value as the pixel value of the center pixel

> (SD pixel) of the notable block. The operation then proceeds to step S5.

At step S5, the thinning circuit 31 deci des whether or not all the bl ocks
formed at step S1 have been processed as notable blocks. If all the blocks
have been processed as notabl e bl ocks, the operation. proceeds to step S6.

repoat ed by newly using bl ockD B RAELEI QN ot abl & bl ocks. &g notabl e
nave hebd ofPaE. SAAAL B R g DAER R TS S ignabibacadingi o
i xel Tt ASTBOUTRIBHELE Sibnkt, TEBG R e Vo iRt ot SiEnth i rcui
32, supplied  pecoding Method, and Recording Medium
Technical Field
This invention relates to a picture signal encoding
device, a picture signal encoding method, a picture signal
decoding device, a picture signal decoding method, and a
recording medium. Particularly, it relates to a picture signal
encoding device and a picture signal encoding method for
compression-coding a picture by thinming pixels thereof, a
picture signal decoding device and a picture signal decoding
method for decoding a compression-coded picture, and a
recording medium on which a compression-coded picture is
recorded.
Background Art
In the case where a picture of standard resolution or low
resolution (hereinafter referred to as an SD picture) is to be
converted to a picture of high resolution (hereinafter referred
to as an HD picture) or in the case where a picture is to be
enlarged, the pixel value of a lacked pixel is interpolated
(compensated) by a so-called interpolation filter.
However, since a component (high-frequency component)

of the HD picture which is not included in the SD picture

cannot be restored even by carrying out interpolation of a



- with the SD picture fromthe thinning circuit 31, uses one of the SD pixels
v constituting the SD picture as a notabl e pixel, and deci des whet her the

not abl e pixel is of the | um nance _ _ _ 36
signal or not. If the notable pixel is of the |um nance signal, the
operation proceeds to step S7. |If nét, the operation proceeds to step S9.

pixel by the interpolation filter, it has been difficult to
provide a picture of high resolution.

Thus, the present Assignee has proposed a picture
converting device (picture converting circuit) for converting
an SD picture to an HD picture which also includes a high-
frequency component not included in the SD picture.

In this picture converting device, adaptive processing for
finding a prediction value of a pixel of the HD picture is
carried out by linear combination of the SD picture and a
predetermined prediction coefficient, thereby restoring the
high-frequency component not included in the SD picture.

Specifically, it is now assumed that, for example, a
prediction value E[y] of a pixel value y of a pixel
constituting the HD picture (hereinafter referred to as an HD
pixel) is to be found from a linear primary combination model
prescribed by linear combination of pixel values (hereinafter
referred to as learning data) x,, x,, ... of several pixels
constituting the SD picture (hereinafter referred to as SD
pixels) and predetermined prediction coefficients Wi, Wy, ...
In this case, the prediction value E[y] may be expressed by
Equation 1.

Efy]l=w,x,+w,x,+ ... ... Equation 1

If a matrix W consisting of a set of prediction
coefficients w is defined by Equation 2, and a matrix X

consisting of a set of learning data is defined by Equation 3
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At -step S7, the virtual pixel formng circuit 32 finds the pixel value of
the virtual pixel corresponding to the notable pixel fromthe HD pixel as
descri bed above, and the operation proceeds to step S8. At step S8, the
virtual pixel formng circuit 32 allocates four bits on the MSB side of the
pi xel value of the corresponding virtual pixel in place of four bits on the

e Lo
o xer s Hafke S8 P EcBAtidh i B8 érﬁiefefé'.g%eaﬁﬁ‘i%ﬁéﬂf?,% %ﬁ-"otx%?%z e
oper at 1 Shorevpe Y Bk &5 IRke  PRPAR SLIEFRER IR e cat v by new y

using SD pi xels, not wmsed as notable pi xels, as notable

Xn Xp vt Xy
X= ?? %? :: %? ...Equation 2
| Xmt Xma 0 X
W,
w=|
t.Wﬂ_

...Equation 3
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pixels. That is, if it is decided at step S9 that all the SD pi xels have
been processed as notable pixels, the virtual pixel formng circuit 32
outputs the SD picture constituted by the SD pixels such that the four bits
on the LSB side of the pixel value are replaced with the four bits on the
M5B side of the pixel value of the virtual pixel, to the optim zing section
22 (Fig.7). Then, the_processing ends.

37

[y
E
yi= [v.]
| Elyal]
...Equation 4
XW=Y"' ... Equation 5

Then, it is assumed that a prediction value E[y]
proximate to a pixel value y of the HD pixel is to be found
by applying a minimum square method to the observational
equation. In this case, if a matrix Y consisting of true pixel
values y of the HD pixels to be teacher data is defined by
Equation 6 while a matrix E consisting of residuals e of the
prediction values E[y] with respect to the pixel values y of
the HD pixels is defined by Equation 7, a residual equation

like Equation 8 is obtained from Equation 5.



. The preprocessing section 21 repeats the above-described processing, for

exanpl e, on the basis of one frane. In this enbodi nent, the virtual

pi xels are forned only for the lum nance signal, and a prediction tap
constituted only by the SD pixels is used for the color-difference signal.
Therefore, since replacenent with the’four bits on the MSB side of the

pi xel value of the yirtual pixel is carried out only for the | um nance
signal, and such rephpdenent is not carried out with respect to the

col or-di fference signalj. Fig. 13 shows an exanple of the structure of
t he optim zing t{dn {22 of Fig.7. The SD picture fromthe virtua

pi xel forming cifcult..32 in the preprocessing section 21 is supplied to a
classification adaptiveg processing (prediction coefficient generating)
circuit Vim

...Equation 6
F'el'
e
E=| ~
_em_
...Equation 7
XW=Y+E ... Equation 8

In this case, a prediction coefficient w; for finding the
prediction value E[y] proximate to the pixel value y of the

HD pixel may be found by minimizing the square error



“4l1-and a correcting circuit 42. The HD picture is supplied to the
classification adaptive processing (prediction coefficient generating)
circuit 41 and an error calculating circuit 44. When supplied with the
HD pi cture and with the SD picture fro€1the preprocessing section 21, the
classification adaptive processing (prediction coefficient generating)
circuit 41 carri ¥; adaptiye processing for every class using the HD

pi ctureeéﬂaetsﬁé"g%x) o T éereby cal culating a set of prediction
coefficients wfor every class. The cl assification adaptive processing
(prediction coefficient generating) circuit 41 outputs the set of
prediction coefficients to a

. Formula 9

Therefore, if the value obtained by differentiating the
square error of Formula 9 by the prediction coefficient w; is
0, that is, if Equation 10 is sétisfied, the prediction value w;
is the optimum value for finding the prediction value E[y]

proximate to the pixel value y of the HD pixel.

de; Oe, de,,
e—+e,——+... +e,——=0(i=1,2,....n)
ow, ow, ow,

. Equation 10

Thus, by differentiating Equation 8 by the prediction

coefficient w;, Equation 11 is obtained.

ad ad iz i
= il> =xi2’--'7_—_=xin 1=1,2,...,m)
ow, ow,

n



38 classification adaptive processing circuit 43 and a multiplexing

circuit 46. Fig. 14 shows an exanple of the structure of the

cl assification adaptive processing (prediction coefficient generating)
Circuit 41. In Fig.14, portions corrgspondi ng to those of the |earning
device of Fig.3 are denoted by the sanme nunerals. That is, this
classification adaptive processing (prediction coefficient generatjng)
circuit 41 have a structure basically the sane as that--oFd%at1QBrhing
device of Fig.3, except that the thinning circuit 111 is not provided.

Equation 12 is obtained from Equations 10 and 11.

m m m

Y exy=0,y ex;,=0,...,} " x,,=0

i=] i=1 i=1

... Equation 12

In addition, in consideration of the relation between the
learning data x, the prediction coefficient w, the teacher data
y and the residual e in the residual equation of Equation 8,
a normal equation like Equation 13 may be obtained from

Equation 12.

m m m m
(E X, 7% W1 +(Z XX Wyt ... "'(E xuxfn)wnzz XV
i=] 1=1 i=1 i=1

( E X% W, +(E XX Wat... +(E xfzxin)wnzz X
i=1 =1 i=1 i=1
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_However, the classifying circuit 112 and the prediction coefficient tap
generating circuit 113 are supplied with the SD picture fromthe
preprocessing section 21 or the correcting circuit 42. The delay circuit
114 is supplied with the sanme HD pictute as the HD picture supplied to the
preprocessing section 21. Thus, the g%eration Wi th respect to class tap

formation and prediction tap fornmation as |ater described differs. The
operation of the classification adaptive processing (prediction
coefficient generating) circuit 41 will be described later. Ref erring

to Fig.13 again, the eorrectingtcircuit 42m=corrects=the pixel value of the

SD pi xel consti tuti ngghgxlgﬁlffgwf )wnﬂe(gh,gc"gm;ﬁ Jpf a control circuit
D

45, and outputs the cerrected pixel value t he C|:aSSI fication adaptive
processing (prediction coefficient generating) circuit 41, the

. Equation 13

The normal equation of Equation 13 may be established
for the same number as the number of prediction coefficients
w to be found. Therefore, the optimum prediction coefficient
w may be found by solving Equation 13. (However, to solve
Equation 13, the matrix consisting of the coefficients
according to the prediction coefficients w must be regular.)
In solving Equation 13, for example, a sweep method (Gauss-
Jordan elimination method) may be applied.

In the foregoing manner, the optimum prediction
coefficients w are found. Then, by using these prediction
coefficients w, the prediction value E[y] proximate to the
pixel value y of the HD pixel is found by Equation 1. The
foregoing processing 1s adaptive processing. (Adaptive
processing includes processing to find the prediction
coefficients w in advance and find the prediction value by
using the prediction coefficients w.)

Adaptive processing differs from interpolation processing

in that a component included in the HD picture which is not
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' 39- classification adaptive processing circuit 43 and the
nmultiplexing circuit 46. The classification adaptive processing
circuit 43 carries out adaptive processing using the SD pixel supplied from
thé correcting circuit 42 and the set of prediction coefficients w for
every class supplied fromthe classificCation adaptive processing

.(predi Citlié) uﬁg%ffir?iet?xte SD picture is reproduced. Specifically,
though adaptive processing 1is equal to interpolation
processing using the so-called interpolation filter as far as
Equation 1 is concerned, the prediction coefficient w
corresponding to the tap coefficient of the interpolation filter
is found from so-called learning by using teacher data y, thus
enabling reproduction of the component included in the HD
picture. That is, in adaptive processing, a picture of high
resolution may be easily obtained. In other words, it may be
understood that adaptive processing is processing which has
a picture creation effect.

Fig.1 shows an example of the structure of a picture
converting device (picture converting circuit) for converting
an SD picture into an HD picture by adaptive processing as
described above based on the characteristics (class) of the
picture.

The SD picture is supplied to a classifying circuit 101
and a delay circuit 102. The classifying circuit 101
sequentially uses SD pixels constituting the SD picture as
notable pixels, and classifies the notable pixels into
predetermined classes.

Specifically, the classifying circuit 101 first forms a
block (hereinafter referred to as a processing block) by

collecting several SD pixels around a notable pixel, and

supplies a value allocated in advance to a pattern of pixel



. generating) circuit 41, thereby finding the prediction value of the HD

' "pixel. The classification adaptive processing circuit 43 supplies the

prediction value of the HD pixel to the error calculating circuit 44.
Fi g.15 shows an exanple of the strucgare of the classification adaptive
processing circuit 43. Portions corresponding to those of the picture

converti.ng de%i Cﬁ of Fig. 1. are denoted by the sanme nunerals. That is,
the cVaddgi¢hialdnt Gaétgﬁ)vﬁlﬁredée%llh@tldﬂlﬂwigt the paoeessingt blecdasical ly

the sane,as that of .the pictu converting devi of Fig.1l, except_that a
coof 1 01 LRE RARF10E Uhe CROLARNPCR IR (4@ 4R AddT8as BFT A LAR)

Toa.  onr e ELGleTY MRz P The cet of prediction coetficients w
for every syé&efriciily, She Mcl%ssiB§inG 28 CAFA 101 8XTRRCYS, for
example, a processing block made up of 5x5 SD pixels
(indicated by © in Fig.2) around a notable pixel from the SD
picture, as indicated by a rectangle of dotted line in Fig.2,
and outputs a value corresponding to a pattern of pixel value
of these 25 SD pixels as the class of the notable pixel.

In the case where a large number of bits like eight bits
are allocated to express the pixel value of each SD pixel, the
number of patterns of pixel values of the 25 SD pixels is
extremely large such as (2%)*» patterns. Therefore, it is
difficult to carry out the subsequent processing quickly.

Thus, as preprocessing prior to classification, processing
for reducing the number of bits of the SD pixels constituting
the processing block, for example, ADRC (adaptive dynamic
range coding) processing, is carried out on the processing
block. |

In ADRC processing, first, an SD pixel having the
maximum pixel value (hereinafter referred to as a maximum
pixel) and an SD pixel having the minimum pixel value
(hereinafter referred to as a minimum pixel) are detected from
among the 25 SD pixels constituting the processing block.
Then, the difference DR between the pixel value MAX of the



processing (prediction coefficient generating) circuit 41 of Fig.13 is
stored. Also, the operation with respect to class tap formation and
prediction tap formation differs fromthat of the picture converting device
of Fig.l. The operation of the 40

cl assification adaptive processing ci r]c]ui t 43 will be described |ater.

maximum pixel and the pixel value MIN of the minimum pixel
(=MAX-MIN) is calculated, and this DR is used as a local
dynamic range of the processing block. On the basis of the
dynamic range DR, the value of each pixel constituting the
processing block is re-quantized to K bits which is smaller
than the original number of allocated bits. That is, the pixel
value MIN of the minimum pixel is subtracted from the pixel
value of each pixel constituting the processing block, and
each substraction value is divided by DR/2%,

As a result, the value of each pixel constituting the
processing block is expressed by K bits. Therefore, if K=1,
the number of patterns of pixel values of the 25 SD pixels is
(2')**, which is much smaller than the number of patterms in
the case where ADRC processing is not carried out. ADRC
proceésing for expressing the pixel value by K bits is
hereinafter referred to as K-bit ADRC processing.

The coefficient ROM 104 stores, every class, a set of
prediction coefficients found by learning in advance. " When
a class is supplied from the classifying circuit 101, the
coefficient ROM 104 reads out a set of prediction coefficients
stored at an address corresponding to the class, and supplies
the read-out set of prediction coefficients to a prediction
processing circuit 105.

Meanwhile, the delay circuit 102 delays the SD picture

only by a time necessary for causing a timing at which the set
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. Referring to Fig. 13 again, the error calculating circuit 44 calculates a
“prediction error of the prediction value of the HD pixel fromthe

cl assification adaptive processing circuit 43 with respect to the true

pi xel value of the HD pixel, and outgélts the prediction error to the
control circuit 45. The control circuft 45 controls the correction quantity
of the pixel , val.ue of teI& .SD pixel in the t|n rcw é

accor @dndredi¢Hon hgoedtigienitsn arsr rsd%PP ?OPO(%ﬁ Gllgtnitng
circu Th It| circu 46 nu t exes edi ction
coeff:ﬁcp 104 F‘?r Bﬁ@ﬁéﬁgégpf |Bﬁ?98ﬁséﬂ§pt? ‘b’rtocégsg] “(‘{)rédi ction
coeffi t n g ci ui . nd { he cor ye,of the SD
pi xel tﬂnt}%lg%gt g"oﬁ&é@t% t’l Py S&R% ?ﬁéﬂjﬁugtpﬁg cllibopesult
as coggd, dg&ﬁeratm@ef@{{é&& tf’013he fJ MY a0l cFiRedt b §PREREEON O

t he
with each other. The delay circuit 102 then supplies the

delayed SD picture to the prediction tap generating circuit
103.

The prediction tap generating circuit 103 extracts, from
the SD pict-ure supplied thereto, an SD pixel used for finding
a prediction value of a predetermined HD pixel in the
prediction processing circuit 105, and supplies the extracted
SD pixel as a prediction tap to the prediction processing
circuit 105, Specifically, the prediction tap generating
circuit 103 extracts, from the SD picture, the same processing
block as the processing block extracted by the classifying
circuit 101, and supplies the SD pixels constituting the
processing block as the prediction tap to the prediction
processing circuit 105.

The prediction processing circuit 105 carries out
arithmetic processing of Equation 1, that is, adaptive
processing using the prediction coefficients w;, w,, ... from
the coefficient ROM 104 and the prediction taps x,, X,
from the prediction tap generating circuit 103, thereby finding
the prediction value E[y] of the notable pixel y. The

prediction processing circuit 105 outputs this prediction value



.optiim zing section 22 wll now be descri bed. At step S 11, on receiving
the SD picture fromthe preprocessing section 21, the <classification
adaptive processing (prediction coefficient generating) circuit 41 carries
out” adaptive processing using the SD gtfture and the HD picture, thereby
“calculating a set of predictionc ficients wfor every class.

Specifically, the, «classifjcati daptive rocessin
P as the pixel value of the HD paixg{. P J

For example, the prediction value of an HD pixel of 3x3
pixels (indicated by points « in Fig.2) around the notable
pixel, surrounded by a rectangle of solid line in Fig.2, is
found from one prediction tap. In this case, the prediction
processing circuit 105 carries out arithmetic processing of
Equation 1 with respect to the nine HD pixels. Therefore, the
cocfficient ROM 104 stores nine sets of prediction

~coefficients at an address corresponding to one class.

Similar processing is carried out by using the other SD
pixels as notable pixels. Thus, the SD picture is converted
to the HD picture. o

Fig.3 shows an example of the structure of a learning
device (learming circuit) for carrying out learning for
calculating prediction coefficients to be stored in the
coefficient ROM 104 of Fig.1.

The HD picture to be teacher data y in learming is
supplied to a thinning circuit 111 and a delay circuit 114.
The thinning circuit 111 reduces the number of pixels of the
HD picture by thinning, thus forming an SD picture. This SD
picture is supplied to a classifying circuit 112 and a
prediction tap generating circuit 113,

The classifying circuit 112 and the prediction tap
generating circuit 113 carry out processing similar to the

processing by the classifying circuit 101 and the prediction



. &1 (prediction coefficient generating) circuit 41 sequentially uses the SD
pi xel s constituting the SD picture as notable pixels, and forns taps for
classification (hereinafter referred to as class tap) with respect to the
not abl e pi xels, thus carrying out classification. In thi s enbodi ment, class
taps as follows are fornmed with resp’é‘ct to the notable pixels so as to
carry out classification ., That_is, with respect to the |um nance

si gnal3P Bengsating icdreavided 03 of BigD pithals amtipnstingi theatlpssel s,

that is, nine pixels.,in total, in a frapezoidal range centering the notable
pi xel ‘??ag Mi% PHS.ei?A.n‘i Tf-meﬁ,retd‘lé’télpﬂf dradhc ef HEP ARV ERE . nexdi veim val ue

anyhgﬁggg n(i){lnﬁr?u\é%lelaebof; ttﬁ]g Qié(salsi ;fi}xlljgsc?;c;[xri]? ?ilae igi éﬂpspilsegnﬁl)oyed s
address terminals (AD) of a prediction tap memory 115 and a
teacher data meﬁlory 116. The prediction tap outputted by the
prediction tap generating circuit 113 is supplied to the
prediction tap memory 115,

The prediction tap memory 115 stores the prediction tap
supplied from the prediction tap generating circuit 113, at an
address corresponding to the class supplied from the
classifying circuit 112.

Meanwhile, the delay circuit 114 delays the HD picture
only by a time during which the class corresponding to the
notable pixel is supplied from the classifying circuit 112 to
the teacher data memory 116. The delay circuit 114 supplies
only the pixel values of the HD pixels located around the SD
pixel as the notable pixel, as teacher data, to the teacher data
memory 116.

The teacher data memory 116 stores the teacher data
supplied from the delay <circuit 114, at an address
corresponding to the class supplied from the classifying
circuit 112.

Similar processing is repeated until all the HD pixels
constituting the HD pictures prepared for learning are used as

notable pixels.



range DR, and by using this dynam c range DR, one-bit ADRC processing is

" carried out on the notable pi xel and the four virtual pixels adjacent

thereto, that is, five pixels in total (surrounded by a dotted line in
Fig.17A), of the class tap. The pattern of pixel value of the five pixels
is used as the class of the notable b?xel. Therefore, in this case, since
on the. {1 vE TR %6 &L IR cTAME baRGSADID BRACPTed 643P 80560 B CROEYDI Lo,
N T e T
(”ulti)?;c)éilgghb vgﬁgr{ﬂx% ts%%lfeouprogttisbxwl trhéalal't?%nSigse the SD pixels

indicated by ©O in Fig.2 or HD pixels having the same

positional relation as the HD pixels indicated by * are stored

as learning data x or teacher data y.

In the prediction tap memory 115 and the teacher data
memory 116, plural pieces of information may be stored at the
same address. Therefore, at the same address, plural learning
data x and teacher data y classified into the same class may
be stored.

After that, the arithmetic circuit 117 reads out the
prediction tap as the learning data or the pixel values of the
HD pixels as the teacher data, stored at the same address in
the prediction tap memory 115 or the teacher data memory
116, and calculates a set of prediction coefficients for
minimizing an error between the prediction value and the
teacher data by a minimum square method using the read-out
data. That is, the arithmetic circuit 117 establishes the
normal equation of Equation 13 for every class and solves
this equation to find a set of prediction coefficients for every
class.

Thus, the set of prediction coefficients for every class

found by the arithmetic circuit 117 is stored at an address

corresponding to the class in the coefficient ROM 104 of
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.42° of the pixel value of the SD pixel corresponding to the virtual pixe
'eftward by four bits and then adding 8 (=2[err]), for exanple, is used.
However, as the pixel value of the virtual pixel, a value obtained by
shifting the four bits on the LSB sid% of the pixel value of the SD pixel

| eftward by four bits nmay be used, or g val ue obtained by shifting the four
bits on,the,LSB side of the pixel value of the SD pixel leftward by four
bits aﬂglghén adding a value not smaller than 0 and smaller than 16

(=2[err]) Otﬂ?rletahraﬂligg”g}{o%le%%igeg 43®escribed above, in some cases,

a class such that a necessary number of normal equations for
finding prediction coefficients cannot be obtained is
generated. With respect to such class, a set of prediction
coefficients obtained by establishing and solving normal
equations while ignoring the class is used as a so-called
default set of prediction coefficients.

With the picture converting device of Fig.1l, from the SD
picture obtained by reducing the number of pixels of the HD
picture by thinning, the HD picture including high-frequency
components not included in the SD picture may be obtained
as described above. However, the proximity to the original
HD picture is limited for the following reason. That is, it is
considered that the pixel value of the pixel (SD pixel) of the
SD picture obtained only by thinning the number of pixels of
the HD picture is not optimum for restoring the original HD
picture.

Thus, the present Assignee has proposed picture
compression {(coding) utilizing adaptive processing in order to
obtain a decoded picture of quality proximate to that of the
original HD picture (for example, in the JP Patent Application
No.Hei 8-206552).

Specifically, Fig.4 shows an example of the structure of

a picture signal encoding device for compression (coding) an



Wth respect to the pixel value of the SD pixel, as described with

" reference to Fig. 11, the four bits on the LSB side are the four bits on

the MSB side of the pixel value of the corresponding virtual pixel. The

val ue of the eight bits nay be used as the pixel value of the SD pixel .
However, as the pixel value of the 33 pi xel , a val ue obtai ned by repl acing
the four bit the LSB side with a randonly generated val ue not smaller

t han @b 3 hrptﬁahrqdq:mémmmm §|Qopbretms@ds.<|> as Qbéa?nherd )
hand, w,th respect,to the colqr-difference signal, a ¢lass tap is fornmed by
ni ne %Ddﬁi%‘fgﬁi P ks Brexigeatenter the (e gidtabl HDi pdctugs dhwpwn in
Fi g. 1&8. The difference between the maxi mum value and the m ni mum val ue of
the pF%BPEXPUBIOSESH@ & ne pixels is enpl oyed as a dynanic range DR and

by using tfps df‘f'ﬁmﬁc%lal?gea[s)R’aﬁ)nghcoding target is supplied to a
thinning section 121 and an error calculating section 124,

The thinning section 121 makes an SD picture simply by
thinning the pixels of the HD picture, and supplies the SD
picture to a correcting section 122. On receiving the SD
picture from the thinning section 121, the correcting section
122, at first, directly outputs the SD picture to a local decode
section 123. The local decode section 123 has a structure
similar to that of the picture converting device of Fig.1, for
example. By carrying out adaptive processing as described
above by using the SD picture from the correcting section
122, the local decode section 123 calculates a prediction
value of the HD pixel and outputs the prediction value to the
error calculating section 124. The error calculating section
124 calculates a prediction error of the prediction value of
the HD pixel from the local decode section 123 with respect
to the original HD pixel, and outputs the prediction error to
a control section 125. The control section 125 controls the
correcting section 122 in accordance with the prediction error
from the error calculating section 124.

Thus, the correcting section 122 corrects the pixel value

of the SD picture from the thinning section 121 under the
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.. bi't ADRC processing is carried out on five SD pixels

‘43 (surrounded by a dotted line in Fig. 17B) in a trapezoidal range
centering the notable pixel. Then, the pattern of pixel value of the five
pixels is used as the class of the nqtable pixel. Therefore, in this case,
since the pattern of pixel value obt ddned by carrying out one-bit ADRC

rocessing o .
P control of the control section 125, and outputs the corrected

pixel value to the local decode section 123. The local decode
section 123 again finds a prediction value of the HD picture
by using the corrected SD picture supplied from the
correcting section 122,

Similar processing is repeated, for example, until the
prediction error outputted from the error calculating section
124 reaches a predetermined value or less.

When the prediction error outputted from the error
calculating section 124 reaches the predetermined value or
less, the control section 125 controls the correcting section
122 so as to output the corrected SD picture at the time when
the prediction error reaches the predetermined value or less,
as an optimum encoding result of the HD picture.

Thus, by carrying out adaptive processing on this
corrected SD picture, an HD picture having a prediction error
at the predetermined value or less may be obtained.

The SD picture thus outputted from the picture signal
encoding device of Fig.4 may be regarded as the optimum SD
picture for obtaining a decoded picture proximate to the
original HD picture. Therefore, the processing carried out in
a system constituted by the correcting section 122, the local
decode section 123, the error calculating section 124 and the
control section 125 of the picture signal encoding device may

be referred to as optimization processing.
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the five pixels centering the notable pixel is expressed by five bits, the
color-difference signal is classified into any one of 32 (=2[err]) classes,

simlarly to the | um nance signal. The «classification adaptive
processing (prediction coefficient generating) circuit 41 thus determ nes
the class of the notable pixel, and” then forns a prediction tap.

Specifically, if the notable pixel is of the color-difference signal, the
classificatiMeanaphile, gooabtainy & dredietinn cval upcmore gpreXIM ALS

circuit 41 forns a_prediction tap by 35 SD pi.xels.(indicated b of solid
line ort@otReqpixed inﬁdlmi;.qg) fgénsqfsltglr?ga[i % xBI{&Pgngﬂtdcﬁ eLeTLR@ral)

D1 ol 1 GT8F P | RASAREE OF gRAB (hech: atli 1P BAR1GY Sad@PI S5 BBecLF ng
(predi ot hQLeRES ke S098E8Y AT Us §B POkITsTeRESE 88! Ale @D Y 35
pixel as the target for finding the prediction value.

However, if the prediction tap is constituted from a large
number of SD pixels, SD pixels relatively far from the HD
pixel as the target for finding the prediction value are
included in the prediction tap. Therefore, in this case, SD
pixels expressing an object difference from the object
expressed by the HD pixel as the target for finding the
prediction value might be included in the prediction tap.
Consequently, the precision of the prediction value is
deteriorated, and a decoded picture formed by this prediction
value is deteriorated.

Thus, it may be considered to use a method for reducing
the number of pixels to be thinned from the HD picture in the
thinning section 121 of the picture signal encoding device of
Fig.4 and thus increasing SD pixels close to the HD pixel as
the target for finding the prediction value. However, this
deteriorates the coding efficiency.

Disclosure of the Invention
In view of the foregoing status of the art, it is an object

of this invention to enable realization of a decoded picture

more proximate to an original picture, without deteriorating



pi xel s adj acent to the notable pixel in place of the upper left, |ower
"left, upper right and |ower right SD pixels (indicated by o in Fig.18) of
t he 7x5 pi xel s. Then, the classification adaptive processing
(prediction coefficient generating) circuit 41 establ i shes and sol ves the
44 normal equation of Equation 13 6@ using the prediction tap

the coding efficiency.

A picture signal encoding device for encoding a picture
signal according to the present invention includes: a
compressing section for generating a compressed picture
signal having a number of pixels smaller than the number of
pixels of an original picture signal; a first calculating section
for assuming a virtual pixel near a compressed pixel of a
pixel constituting the original picture signal so as to
calculate the pixel value of the virtual pixel from the original
picture signal; a replacing section for replacing a part of’the
pixel value of the compressed pfxel with a part of the pixel
value of the virtual pixel; a forming section for using one of
compressed pixels constituting the compressed picture signal
as a notable pixel so as to form a prediction tap from the
compressed pixels near the notable pixel and the virtual pixel;
a predicting section for predicting a prediction value of the
original picture signal from the prediction tap and a
predetermined prediction coefficient; a second calculating
section for calculating a prediction error of a prediction
picture signal constituted by the predicted prediction value
with respect to the original picture signal; and a correcting
section for correcting the pixel value of the compressed pixel
constituting the compressed picture signal in accordance with
the prediction error.

A picture signal decoding device for decoding a coded



and the HD picture for every class, thereby finding a set of predi ction
" coefficients wfor every class. In this case, the nornal equation is
established by using the HD pixels in the positional relation of the range
surrounded by the rectangle of solid line in Fig.2 with respect to the
notabl e pixel. The set of predictio®lcoefficients wfor every class found
by the classifjcation adaptive processing (prediction coefficient
generBi¢yge cirgnal agcordimgio ghetpreshat thyegitiomatingl wdapt i ae
processing circuit 43 and stored . in the coeffjcient RAM 104" . When t he
set OfOMABiLkti HHCELRAT | diodnt SUSiREr «Rey @fasscpmpoengedy tpixels
classificatjon adaptive praocessing (pr.ediciion coefficjent, generating)
ci rot 5T el it o oo g s pacitan €23 18gkal gt oM a bbb pinel 0 s
' ' he SD,picture fromthe preprocessing,sectio 1 as a_notable
chlo)r(lzltgot ;ttéjfnxgetgi Ebrsedpcl;tloun tap from ﬁxgis near the nota%fe pfxel;
and a generating section for generating a pixel value of a
restored picture signal from the prediction tap and a
predetermined prediction coefficient. The coded picture
signal to be decoded is generated by generating a compressed
picture signal having a number of pixels smaller than the
number of pixels of an original picture signal, assuming a
virtual pixel near a compressed pixel of a pixel constituting
the original picture signal so as to calculate the pixel value
of the virtual pixel from the original picture signal, replacing
a part of the pixel value of the compressed pixel with a part
of the pixel value of the virtual pixel, using one of
compressed pixels constituting the compressed picture signal
as a notable pixel so as to form a prediction tap from the
compressed pixels near the notable pixel and the virtual pixel,
predicting a prediction value of the original picture signal
from the prediction tap and a predetermined prediction
coefficient, calculating a prediction error of a prediction
picture signal constituted by the predicted prediction value
with respect to the original picture signal, and correcting the
pixel value of the compressed pixel constituting the

compressed picture signal in accordance with the prediction



_— N

whet her the notable pixel is of the lum nance signal or not, at step S12.
If the notable pixel is of the |um nance signal, the operation proceeds to
step S13. If not, the operation proceeds to step S15. At step S13,

correcting circuit 42,

the error calculating circuit 44 and t#e control circuit 45 carry out
optim zation processing on the four bits on the MSB side of the pixel value
of the fA&T8Ble pixel, and the operation proceeds to step S14. At

A picture signal encoding method for encoding a picture
signal according to the present invention includes: a step of
generating a compressed picture signal having a number of
pixels smaller than the number of pixels of an original picture
signal; a step of assuming a virtual pixel near a compressed
pixel of a pixel constituting the original picture signal so as
to calculate the pixel value of the wvirtual pixel from the
original picture signal; a step of replacing a part of the pixel
value of the compressed pixel with a part of the pixel value
of the virtual pixel; a step of using one of compressed pixels
constituting the compressed picture signal as a notable pixel
so as to form a prediction tap from the compressed pixels
near the notable pixel and the virtual pixel; a step of
predicting a prediction value of the original picture signal
from the prediction tap and a predetermined prediction
coefficient; a step of calculating a prediction error of a
prediction picture signal constituted by the predicted
prediction value with respect to the original picture signal;
and a step of correcting the pixel value of the compressed
pixel constituting the compressed picture signal in accordance
with the prediction error.

A picture signal decoding method for decoding a coded
picture signal according to the present invention includes: a

step of using one of compressed pixels constituting the coded

t he

the classification adaptive processing circuit 43,



.45 step S14, the correcting circuit 42, the classification adaptive
- processing circuit 43, the error calculating circuit 44 and the control
circuit 45 carry out optinization processing on the remaining four bits on
the LSB side of the pixel value of the notable pixel, and the operation
proceeds to step S16. Nbanmhile,zqf it is decided that the notable

i xel is not of .the |um nance sbgnal, that is, if the notable pixel is of

Itohe coP3FPIBIEr S8R & ghamotable Pdxelesa s torform 42, pradiction
cl assi %i catLon_adaptiyve npr ocessin circuit 43, the eyror calculatjng
XSk

circui t3B4 3™ h& § o &35 c i g@Qférbkﬁ olt1%pkii N84 | 8n StePesifng on

-di ff. Si t st S15, and,the operation proceeds to ste
tsrig COlg%rnedllgtfl%rgenac%l%c'eqp%lal%e of'a Testored plctlfre mgnaf) rom the P

prediction tap and a predetermined prediction coefficient.
The coded picture signal to be decoded is generated by
generating a compressed picture signal having a number of
pixels smaller than the number of pixels of an original picture
signal, assuming a virtual pixel near a compressed pixel of a
pixel constituting the original picture signal so as to
calculate the pixel value of the virtual pixel from the original
picture signal, replacing a part of the pixel value of the
compressed pixel with a part of the pixel value of the virtual
pixel, using one of compressed pixels constituting the
compressed picture signal as a notable pixel so as to form a
prediction tap from the compressed pixels near the notable
pixel and the virtual pixel, predicting a prediction value of
the original picture signal from the prediction tap and a
predetermined prediction coefficient, calculating a prediction
.error of a prediction picture signal constituted by the
predicted prediction value with respect to the original picture
signal, and correcting the pixel value of the compressed pixel
constituting the compressed picture signal in accordance with
the prediction error.

On a recording medium decodable by a machine according

to the present invention, a recording signal is recorded. The



_ At'.step S16, it is decided whether all the SD pixels constituting the ‘SD

picture fromthe preprocessing section 21 have been processed or

is decided that all the SD pi xel s have not been processed, the operation
returns to step S12, where simlar processing is repeated by new y using

the SD pixels, not used as notable p?4kels, as notable pixels.

not .

| f

|

it

It

i's

deci ded at step S16 that all the SD(gi xel s have been processed as notable

pi xel s¢cordingr aigarlpriccegdn ana tsy

not the sum of prediction error for one frane of the prediction value of
the Hpigitrale prigmel ebhaviarg t e momb el ofi Pixgls swmadlesrdihan then a
predeterm ned threshold [err]. If it is decided at, step S17 that the sum of
predi 8UBH e rof paxedpe oy A psigspadgpdictuge signal, assuming a

virtual pixel near a compressed pixel of a pixel constituting

the original picture signal so as to calculate the pixel value

of the virtual pixel from the original picture signal, replacing

a -part of the pixel value of the compressed pixel with a part

of the pixel value of the virtual pixel, using one

of

compressed pixels constituting the compressed picture signal

as a notable pixel so as to form a prediction tap from the

compressed pixels near the notable pixel and the virtual pixel,

predicting a prediction value of the original picture signal

from the prediction tap and a predetermined prediction

coefficient, calculating a prediction error of a prediction

picture signal constituted by the predicted prediction value

with respect to the original picture signal, and correcting the

pixel wvalue of the compressed pixel constituting

the

compressed picture signal in accordance with the prediction

€ITOr.

Brief Description of the Drawings

Fig.1 is a block diagram showing an example of the

structure of a picture converting device (picture converting

circuit) previously proposed by the present Assignee.

Fig.2 is a view for explaining the processing of a

classifying circuit 101 of Fig.1.

pbgl7gewrrating | @ deemprespedher or



46" or smaller than the predeterm ned threshold [err], the operation
~feturns to step S11, where processing simlar to the above- described
processing is repeated. In this case, however, the classification adaptive
pr bc_essi ng (prediction coefficient &%ner ating) circuit 41 uses an optinmum
SD pi xel value, as later described, o#Pputted fromthe correcting circuit
42 instead of the pixel value of the SD pixel outputted fromthe
preprocessi igigedt itén @1bdock edisgranmrhshawingheanptaxample of the
structure of a learning device (learning circuit) previously
proposed by the present Assignee.

Fig.4 is a block diagram showing an example of the
structure of a -picture signal encoding device previously
proposed by the present Assignee.

Fig.5 is a block diagram showing the structure of an
embodiment of a picture processing device according to the
present invention.

Fig.6 is a block diagram showing an example of the
structure of a transmitting unit 1 of Fig.5.

Fig.7 is a block diagram showing an example of the
functional structure of the transmitting unit 1 of Fig.6.

Fig.8 is a block diagram showing an example of the
structure of a preprocessing section 21 of Fig.7.

Figs.9A and 9B are views for explaining the processing
of a thinning circuit 31 of Fig.8.

Fig.10 is a view for explaining the processing of a
virtual pixel forming circuit 32 of Fig.8.

Fig.11 is a view for explaining the processing of the
virtual pixel forming circuit 32 of Fig.8.

Fig.12 is a flowchart for explaining the operation of the
preprocessing section 21 of Fig.8.

Fig.13 is a block diagram showing an example of the

structure of an optimizing section 22 of Fig.7.



..‘SD"pi xel fromthe correcting circuit 43 is inputted to the classifying
circuit 112 and the prediction tap generating circuit 113 of Fig.14, so as
to find (update) a set of prediction coefficients w for every class
g)r/ediSictrr} L)ﬁreﬂgfefsgir nghe friatl;na\i t [ Ess géﬁiﬁlde?oat oft glroralsllgrt{]ﬁ;nt htehzum °
Gl asi 1 cat PO ddoptt ve Hotes g ErmBaishe B ndbet Bi &I REhep &t (th)
0o bt O Y a1 08w AREITH £ B T B ST
cor ec i adheTas By biTRu{ b IS Ag) (1oLl of Lhe S0 pixe
'nto coded gata by jhe, Myt &k C4i 9% 3 hC Wo #in F"n' Wk PSP the
structure of a classification adaptive processing circuit 43 of
Fig.13.

Fig.16 is a flowchart for explaining the operation of the
optimizing section 22 of Fig.13.

Figs.17A and 17B are views showing a class tap formed
at the time when the classification adaptive processing
(prediction coefficient generating) circuit 41 of Fig.13 carries
out classification.

Fig.18 is a view showing a prediction tap formed at the
time when the classification adaptive processing (prediction
coefficient generating) circuit 41 of Fig.13 carries out
adaptive processing.

Fig.19 is a flowchart for explaining the processing of
step S13 of Fig.16 further in detail.

Fig.20 1s a view for explaining the processing of step
S33 of Fig.19.

Fig.21 is a flowchart for explaining the processing of
step S14 of Fig.16 further in detail.

Fig.22 is a view for explaining the processing of step

S66 of Fig.21.

Fig.23 is a flowchart for explaining the processing of



. ehds. After that, when an HD picture and an SD picture of the
" 47 next franme are supplied, the optimzing section 22 carries out simlar
processi ng. The optim zation processing on the four bits on the VSB
side of the pixel value of the notable pixel at step S13 of Fig. 16 wll
now be described in detail with refélence to the

step S15 of Fig.16 further in detail.

Fig.24 is a block diagram showing an example of the
structure of a receiving unit 4 of Fig.5.

Fig.25 is a block diagram showing an example of the
structure of a classification adaptive processing circuit 73 of
Fig.25.

Fig.26 is a flowchart for explaining the operation of the
classification adaptive processing circuit 73.

Fig.27 1is a view showing another example of the
structure of a prediction tap.

Best Mode for Carrying out the Invention

Preferred embodiments of the present invention will now
be described in detail with reference to the drawings.

Fig.5 shows the structure of an embodiment of a picture
processing device according to the present invention. A
transmitting unit 1 is supplied with picture data of a digitized
HD picture. The transmitting unit 1 codes the input picture
data by thinning (i.e., reducing the number of pixels of) the
input picture data, so as to compress the picture. The
transmitting unit 1 records picture data of an SD picture thus
obtained, as coded data of the HD picture, onto a recording
medium 2 such as an optical disc, a magneto-optical disc, a
magnetic tape or the like, or transmits the picture data by

ground waves or through a transmission line 3 such as a

satellite circuit, a telephone line, a CATV network or the



flowhart of Fig. 19. When the set of prediction coefficients w for
‘every class is found by the classification adaptive processing (prediction
coefficient generating) circuit 41 and is supplied to the classification
adaptive processing circuit 43, one of _the SD pixels constituting the SD

pi cture fromthe preprocessing sectiom®1 is used as a notable pi xel , and
at step S31, the control circuit 45 initializes a variable [err] expressing
the cor b€ on guantity for correcting the pixel value of the notable pixel
to, for exanple, 0., Also, at, step.,S3 1, a_var,abl.e. S expressing the change
quantity (hefei RECEAVING endd (b 4§ osepddigdanwith) the %@S%ﬂgd?ﬁé
correction ntity is set to 16 as an initial val ye. I n.the present
case, sFﬁBéglthﬁbc?é rtlrkﬂrfls e t Ke oy ’s”r%lenb?gtlﬁén piieeloxlalrﬁé"edf"ecshethﬁt abl e

pi xel aco eh&' &g{ge{raoﬁsmitted through the transmission line 3. The

receiving unit 4 then decodes and expands the coded data, and
supplies a decoded picture of the HD picture thus obtained to
a display, not shown, so as to display the decoded picture.

The picture processing device as described above is
applied to a device for <carrying out picture
recording/reproduction such as an optical disc device, a
magneto-optical disc device, a magnetic tape device or the
like, or a device for transmitting pictures such as a video
telephone device, a television broadcasting system, a CATV
system or the like. Since the transmitting unit 1 outputs the
coded data of a small data quantity, as later described, the
picture processing device of Fig.5 is also applicable to a
portable terminal having a low transmission rate, for example,
a portable telephone unit or the like.

Fig.6 shows an example of the structure of the
transmitting unit 1. An interface (I/F) 11 is adapted for
receiving picture data of an HD picture supplied from outside
and for transmitting coded data to a transmitter/recording unit
16. A ROM (read only memory) 12 stores an IPL (initial
program loading) program and the like. A RAM (random

access memory) 13 is adapted for storing a system program



. p‘r‘ocessing, the of fset quantity Sis set to 16 (=4[err]), which is the

| “m ni mum val ue for changing the four bits on the MSB side. I'n addition,
at step S31, a variable i for counting the nunber of times of correction of
the notable pixel is set to 48 -1 as

an initial value, and the operation $oceeds to step S32.

(operating system or OS) and application program recorded in
an external storage unit 15 and for storing data necessary for
operation of a CPU (central processing unit) 14. The CPU 14
expands the system program and the application program from
the external storage unit 15 to the RAM 13 in accordance
with the IPL program stored om ROM 12, and executes the
application program under the control of the system program,
thereby carrying out coding processing as later described with
respect to the picture data supplied from the I/F 11. The
external storage umnit 15 is constituted by, for example, a
magnetic disk wunit, and stores the data mnecessary for
operation of the CPU 14 as well as the system program and
application program executed by the CPU 14, as described
above. The transmitter/recording unit 16 records the coded
data supplied from the I/F 11 onto the recording medium 2,
or transmits the coded data through the transmission line 3.

The I/F 11, the ROM 12, the RAM 13, the CPU 14 and
the external storage unit 15 are interconnected through a bus.
Although the transmitting unit 1 in Fig.6 uses the CPU 14, it
may also be constituted by a hard-wired logic circuit.

In the transmitting unit 1 thus constituted, when picture
data of an HD picture is supplied to the I/F 11, the picture
data is supplied to the CPU 14. The CPU 14 codes the
picture data and supplies an SD picture as coded data thus

obtained to the I/F 11. On receiving the coded.data, the I/F



. At step S32, the number of times i nmkes increment only of 1, and the
“operation proceeds to step S33. In the case where adaptive processing is
carried out using a correction value which is obtained by correcting the
pi xel value of the notable pixel only by the correction quantity A a
prediction error E of the predictiom&al ue of the HD pixel affected by the
correction is_cal cul at ed. In this case, the correcting circuit 42
adds 1fe sawppties othquantded fdeta] toothke tpansimitien refc ahdimgt ami¢ pi xel ,
and out puts_ the addition value as the pixel value of the notable pixel to
the cl&ssiTheatram saaiphar/a eprandissg ngnit rk6ireaerdst theecordedsdang of
step 933 is firﬂ: carried out on the notable pixel, that is, if the nunber
of tikeem theyl/Fnd Ic ot ttbon rgsarding medigims 2asorntrams mids theue of
0. Therefoye, the ,correcting circuit 42 directly outputs the pixel

coded data ?hroug {ne transmgssfon line 7, P P

Fig.7 is a functional block diagram showing portions of
the tramsmitting unit 1 of Fig.6, except for the
transmitter/recording unit 16.

The HD picture as picture data to be coded is supplied

to the preprocessing section 21, the optimizing section 22.
The preprocessing section 21 compresses the HD picture
(original picture) by reducing the number of pixels thereof,
and assumes a virtual pixel near an SD pixel constituting an
SD picture (compressed picture) thus obtained so as to find
the pixel value of the virtual pixel from the HD picture. The
preprocessing section 21 then allocates a part of the pixel
value of the virtual pixel in place of a part of the pixel value
of the SD pixel, and supplies the result thereof to the
optimizing section 22,

The optimizing section 22 carries out optimization
processing by sequentially using the SD pixels from the
preprocessing section 21 as notable pixels. Specifically, the
optimizing section 22 forms a prediction tap from the SD
pixels around the notable pixel and the virtual pixel, and
finds a prediction value of the original picture by linear

combination between the prediction tap and a set of



wvalue of the notable pixel. The classification adaptive processing
‘circuit 43 forns the prediction tap shown in Fig. 17 sinmlarly to
the classification adaptive processing (prediction coefficient generating)
circuit 41, and forns the prediction tagp in the formshow in Fig.18. That
I's, the prediction tap is forned by thd four virtual pi xel s adj acent to the
not abl e pixel, in place of the upper left, lower left, upper right and

| owner rpERdicbipnxel ot pkents s onthREEHOt abPBIBYABE f rolta PREV9X5

processing. The optimizing section 22 then calculates a
prediction error of the prediction value with respect to the
original HD picture, and corrects the pixel value of the
notable pixel in accordance with the prediction error. The
optimizing section 22 then repeats similar processing until the
prediction error becomes a predetermined value or less, by
using the corrected pixel value of the notable pixel, and finds
the pixel value of the SD pixel as the optimum notable pixel
for obtaining the prediction value of the original HD picture.

Also, the optimizing section 22 carries out the foregoing
processing using all the SD pixels constituting the SD picture
of one frame (or one field) from the preprocessing section 21,
as notable pixels, and then carries out adaptive processing
using the optimum SD picture thus obtained, thereby finding
a set of prediction coefficients for every class for further
reducing the prediction error. That is, the optimizing section
22 updates the set of prediction coefficients for every class
by using the optimum SD picture so that the prediction error
is further reduced. The optimizing section 22 repeats the
optimization processing wusing the set of prediction
coefficients for every class. Then, when the absolute value
sum of the prediction error for one frame becomes not more
than a predetermined threshold value, or when the set of

prediction coefficients for every class is updated for a



. 49 SD pi xel s centering the notable pixel. In addition, the notable

* "pixel is classified in accordance with the class tap, and a set of

prediction coefficients corresponding to the class thus obtained is
selected fromthe sets of prediction coefficients supplied fromthe
cl assification adaptive processing (%%ediction coefficient generating)
circuit 41 and stored in _the cgefficient, RAM 104'. Then, the linear
pri maPyedstenmine deqmmibar 101 stignesyl thedoptsmume SBI Rdcd® 1$eta b

or odi EAP of SFaldte BTCRHEL 1R eP Opie 50 ton@nay isd 2t Fhat, tilth (38h, i n
the C%%‘%p‘“xﬁ%% tgg gio)Efeldvalal%g %fs ttqlee result of coding of the HD
picture.

Fig.8 shows an example of the structure of the
preprocessing section 21 of Fig.7.

The HD picture to be coded is supplied to a thinning
circuit 31 and a virtual pixel formimg circuit 32. The
thinning circuit 31 reduces the number of pixels of the HD
picture by thinning so as to form an SD picture, and supplies
the SD picture to the virtual pixel forming circuit 32.
Specifically, the thinning circuit 31 divides the HD picture
into square blocks consisting of three horizontal pixels x
three wvertical pixels, that is, nine pixels, and uses the
average value of several pixels (as later described) of the
individual blocks as the pixel value of the center pixel,
thereby forming the SD picture. Thus, the thinning circuit 31
forms the SD picture consisting of SD pixels indicated by ©
in Fig.9B from the HD picture consisting of HD pixels
indicated by ¢ in Fig.9A by thinning the HD picture to 1/9.

Also, the thinning circuit 31 may extract only the center
pixel of the above-described blocks so as to form the SD
picture.

The wvirtual pixel forming circuit 32 assumes a virtual

pixel near an SD pixel constituting the SD picture from the



.. nét abl e pixel is corrected by the correction quantity A the classification
* ‘adaptive processing circuit 43 simlarly finds the predi ction value with
respect the HD pixel affected by the correction. Specifically, it is
now assumed that an SD pixel Ais corrected as a notable pixel, ~as shown in
Fig.20. In this enbodinment, the predBction tap is sinply constituted by
7x5 SD pixels. Wen the prediction tap is constituted by such 7x5 SD
pi xel shimrei R pineritA3ik sadudedfindt beeppériedt vabueap fatlde anifiu ol xel
farthest fromthe SD pixel A becomes the notable pixel in the case where SD
pi xel pixek, frpandtie abbDugeit tisr 610t abipe qiificlad lyn the priadivcli omixep
constiftuted by 7x5 pixels. In this case where the SD pixels B, C, D and E
orming circult 32 assumes, for example, virtual pixels
indicated by e in Fig.10 at upper left, lower left, upper right
and lower right positions of SD pixels indicated by o in
Fig.10. Then, the virtual pixel forming circuit 32 finds an
average value of the pixel values of, for example, four HD
pixels (indicated by rectangles of dotted lines in Fig.9A)
corresponding to the positions of the virtual pixels, and uses
this average value as the pixel value of the virtual pixels.
In addition, the virtual pixel forming circuit 32 causes
one virtual pixel to correspond to one SD pixel, and allocates
a part of the pixel value of the corresponding virtual pixel in
place of a part of the pixel value of the SD pixel.
Specifically, if the pixel value of the HD pixel is expressed
by eight bits, the pixel value of the SD pixel and the virtual
pixel as the average value therecof may also be expressed by
eight bits. In this case, the virtual pixbl forming circuit 32
allocates the most significant bit (MSB) of the pixel value of
the virtual pixel in place of four bits on the least significant
bit (LSB) side of the pixel value of the SD pixel. In short,
the four bits taken out from the SD pixel are allocated on the
MSB side while the four bits taken out from the virtual pixel
are allocated on the LSB side so as to form data of eight bits,

and this data is used as the pixel value of the SD pixel.



: 50" are used as notable pixels in the prediction tap constituted by 7x5
"pixels, in this enbodinment, the prediction values of the 3x3 HD pixels in
ranges b, c, d and e surrounded by solid lines in Fig.20 are found,
respectively. Therefore, if the pixel value of the SD pixel A as the
notabl e pixel is corrected, the predition values of 21x15 HD pixels in a
range indicated by a dotted line in Fig.20, which is a_mninmmrectangle
i ncl udi ng e eRgpdciture, cona&tdtu,tedrgy such SD pixels is supplied

to the optimizing section 22 (Fig.7).

Referring to the flowchart of Fig.12, the operation of the
preprocessing section 21 will now be described.

When the HD picture to be coded is inputted to the
preprocessing section 21, the HD picture is supplied to the
thinning circuit 31 and the virtual pixel forming circuit 32.

On receiving the HD picture, the thinning circuit 31 thins the
number of pixels of the HD picture to form an SD picture.

Specifically, at step S1, the thinning circuit 31 divides
the HD picture into blocks of the HD picture consisting of
3x3 pixels, and the operation proceeds to step S2. In this
embodiment, on the assumption that the HD picture includes
a luminance signal Y and color-difference signals U, V,
blocks of the luminance signal and blocks of the color-
difference signals are formed at step S1.

At step S2, one of the blocks is used as a notable block,
and it is decided whether or not the notable block is a block
of the luminance signal. If it is a block of the luminance
signal (YES), the operation proceeds to step S3. If it is not
(NO), the operation proceeds to step S4.

At step S3, the thinning circuit 31 calculates an average
value of pixel values of five HD pixels located in a cross-

shaped range crossing at the center HD pixel, included in the

notable block, and uses the average value as the pixel value



. affected by the correction in the worst case. Thus, in this enbodi nent,
"the classification adaptive processing circuit 43 finds at |east the

predi ction val ues of such 21x15 HD pi xel s. The prediction value of the
HD pi xel found by the classification_adaptive processing circuit 43 is
supplied to the error calculating ci?%uit 44. The error calculating circuit
44 subtracts the true pixel value of the corresponding HD pixel fromthe

predi &f dheargater tmisxeb PSR pixsd)i «f fthem mtahesbipedk i onT&capti ve
Wi ch GRETHOR (HRemdiT Ghe o iUt StAR Shuare sum i s suppl fed as error
nf or mat | oDt £Bf GURET of B cAFCEt oS riieEifER (3 4 AmeS LoRBad % cui ¢
4 de%iéiteasbi'\@elg{]gcr:k is not a block of the luminance signal, that is,
if the notable block is a block of the color-difference signal,
the thinning circuit 31 at step S4 calculates an average value
of pixel values of 3x3 HD pixels constituting the notable
block, and uses the average value as the pixel value of the
center pixel (SD pixel) of the notable block. The operation
then proceeds to step S5. |
At step S5, the thinning circuit 31 decides whether or
not all the blocks formed at step S1 have been processed as
notable blocks. If all the blocks have been processed as
notable blocks, the operation proceeds to step S6. If not,
the operation returns to step S2, where similar processing is
repeated by newly using blocks, not used as notable blocks,
as notable blocks. If the thinning circuit 31 decides at step
S5 that all the blocks have been processed as notable blocks,
that is, if the SD picture is formed, the thinning circuit 31
supplies the SD picture to the virtual pixel forming circuit
32.
At step S6, the virtual pixel forming circuit 32, supplied
with the SD picture from the thinning circuit 31, uses one of

the SD pixels constituting the SD picture as a notable pixel,

and decides whether the notable pixel is of the luminance



the nunmber of times i is 0 or not, at step S34. |If it is decided at step
'S34 that the number of times i is O, that is,

51 _if the error information E received by the control circuit 45 is

obt ai ned wi t hout carryi ng out correctiin of the notable pixel, the
operation proceeds to step S35. A vari ®le EO for stori ng the error

I nformat {on Qbtained w_thout carrying qut . . .
signal or not. If the nota)(alegplxel is of the luminance signal,

the operation proceeds to step S7. If not, the operation
proceeds to step S9.

At step S7, the virtual pixel forming circuit 32 finds the
pixel value of the virtual pixel corresponding to the notable
pixel from the HD pixel as described above, and the operation
proceeds to step S8. At step S8, the virtual pixel forming
circuit 32 allocates four bits on the MSB side of the pixel
value of the corresponding virtual pixel in place of four bits
on the LSD side of the pixel value of the notable pixel, as
described with reference to Fig.11. The operation then
proceeds to step S9.

At step S9, the virtual pixel forming circuit 32 decides
whether or not all the SD pixels ‘have been processed as
notable pixels. If all the SD pixels-have been processed as
notable pixels, the processing ends. If not, the operation
returns to step S6, and similar processing is repeated by
newly using SD pixels, not used as notable pixels, as notable
pixels. That is, if it is decided at step S9 that all the SD
pixels have been processed as notable pixels, the virtual pixel
forming circuit 32 outputs the SD picture constituted by the
SD pixels such that the four bits on the LSB side of the pixel
value are replaced with the four bits on the MSB side of the
pixel value of the virtual pixel, to the optimizing section 22

(Fig.7). Then, the processing ends.



. correction of the notable pi xel (error information at the tine of
"non-correction) is set to the error information E, and a variable E for
storing the previously obtained error information is also set to the
error information E. In addition, at step S35, the correction quantity
[err] makes increment by the offset Xfuantity S, and the control circuit 45

controls the correcting section 42 to correct the pixel value of the
not abl e piXble paepmmcessingrsection Jlaepegtas theabova-descrtbhed t hat,
the operation returns to step S32, and sim | ar progcessing is repeated.
I n t PEOE&SSInG,nter temamply oaF thienbgsisnekexnefdadient by 1 so as to
becone 1 step S32, it .is decided at step S34 that the nunber of_ tines i
i s not o,aﬁmdthwe %Hb‘?‘éfiil&ﬁ%ﬁoc&b@svibt%% pPE‘?SS.iSAﬁr& fotamed janly
deci dged whet her the nunber of timgs i is.1 or not. In this cas(f sipce the
nunbekor the luminance signal, and a prediction tap constituted only
by the SD pixels is used for the color-difference signal.

Therefore, since replacement with the four bits on the MSB

side of the pixel value of the virtual pixel is carried out only

for the luminance signal, and such replacement is not carried

out with respect to the color-difference signal.

Fig.13 shows an example of the structure of the
optimizing section 22 of Fig.7.

The SD picture from the virtual pixel forming circuit 32
in the preprocessing section 21 is supplied to a classification
adaptive processing (prediction coefficient generating) circuit
41 and a correcting circuit 42. The HD picture is supplied to
the classification adaptive processing (prediction coefficient
generating) circuit 41 and an error calculating circuit 44.

When supplied with the HD picture and with the SD
picture from the preprocessing section 21, the classification
adaptive processing (prediction coefficient generating) circuit
41 carries out adaptive processing for every class using the
HD picture and the SD picture, thereby calculating a set of
prediction coefficients w for every class. The classification
adaptive processing (prediction coefficient generating) circuit

41 outputs the set of prediction coefficients to a



..\o'fi times i is 1, the operation proceeds to step S37, where it is decided
whet her or not the previous error information E' is equal to or greater
than the current error information E. If it is decided at step S37 that the
previous error information E is not equal to or greater than the
current error information E, that i S8 if the pixel value of the notable
i xelclassifica’cion adaptive processing52 circuit 43 and a
multiplexing circuit 46.

Fig.14 shows an example of the structure of the
classification adaptive processing (prediction coefficient
generating) circuit 41. In Fig.14, portions corresponding to
those of the learning device of Fig.3 are denoted by the same
numerals. That is, this classification adaptive processing
(prediction coefficient generating) circuit 41 have a structure
basically the same as that of the learning device of Fig.3,
except that the thinning c¢ircuit 111 is not provided.
However, the classifying circuit 112 and the prediction
coefficient tap generating circuit 113 are supplied with the
SD picture from the preprocessing section 21 or the correcting
circuit 42. The delay circuit 114 is supplied with the same
HD picture as the HD picture supplied to the preprocessing
section 21. Thus, the operation with respect to class tap
formation and prediction tap formation as later described
differs. The operation of the classification adaptive
processing (prediction coefficient generating) circuit 41 will
be described later.

Referring to Fig.13 again, the correcting circuit 42
corrects the pixel value of the SD pixel constituting the SD
picture under the control of a control circuit 45, and outputs

the corrected pixel value to the classification adaptive

processing (prediction coefficient generating) circuit 41, the



“i.s corrected by the correction quantity A so as to increase the current
“error information E to be greater than the previous error information E
(esrror information in the case where no correction is carried out), the
operation proceeds to step S38. The control circuit 45 defines the offset
quantity Srmultiplied by -1 as a new¥ffset quantity S. and nakes increnent
on the correction quantity A by twice the offset quantity S. Then, the

oper at¢ bas sifiigatd omo sadpdve progmssimigal cyrenftt hdJpi xendval theof the
not abl e pixel is corregted by the correction quantity A (in this case,

A=S), WEtipyexiaasragcumt efdbor in ddhpar icgéﬁs\kf%%af’rféncas"ed%éﬂéeno
correction is.carriied Qqut, _the sjgn of the offset quantity S is reversed.
(I'n thPEOGﬁﬁédPrEeﬁtl,r%ﬁlﬁc@t‘h%l'bﬁ%éluh@é]rﬁp’él;ﬁ@snfsﬂ%%ES% g pbBELTRE val ue

at step.S31, the si .of, the offset quantity S i.s reversed fro ositive to
negat i D pixe sup%riled from the cgrrectlﬁlg circuit 4% and th set

of prediction coefficients w for every class supplied from the
classification adaptive processing (prediction coefficient
generating) circuit 41, thereby finding the prediction value of
the HD pixel. The classification adaptive processing circuit
43 supplies the prediction value of the HD pixel to the error
calculating circuit 44.

Fig.15 shows an example of the structure of the
classification adaptive processing circuit 43. Portions
corresponding to those of the picture converting device of
Fig.l are denoted by the same numerals. That is, the
classification adaptive processing circuit 43 has a structure
basically the same as that of the picture converting device of
Fig.1, except that a coefficient RAM 104' which enables
rewrite of the set of prediction coefficients w for every class
is provided in place of the coefficient ROM 104. In this
coefficient RAM 104’, the set of prediction coefficients w for
every class supplied from the classification adaptive
processing (prediction coefficient generating) circuit 41 of
Fig.13 is stored. Also, the operation with respect to class tap
formation and prediction tap formation differs from that of

the picture converting device of Fig.1. The operation of the



‘Step S38.)

I n additi on,

the correction quantity A which was previously Sis

caused to be -S. On the other hand, if it is decided at step S37 that
the previous error information E is equal to or greater than the current
error information E, that is, if the4 i xel value of the notable pixel is
corrected by the correction quantity Ferr] SO0 as to decrease the current
error |nfor n Et e .smaller than Vi ous, er

It or IS TECa RS BATA PAAROLaT 8ot Wi ts4d. witld BB EFseribEdt 45

makes1 Q%rerrent on the correction quantity [err] by the offset quantity S,
and :

Referring to Fig.13 again, the error calculating circuit 44
calculates a prediction error of the prediction value of the HD
pixel from the classification adaptive processing circuit 43
and

The

with respect to the true pixel value of the HD pixel,
outputs the prediction error to the control circuit 45,
control circuit 45 controls the correction quantity of the pixel

value of the SD pixel in the correcting circuit 42 in

accordance with the prediction from the error

The

error

calculating circuit 44, multiplexing circuit 46

multiplexes the prediction coefficients w from the

classification adaptive processing (prediction coefficient

generating) circuit 41 and the corrected pixel value of the SD

pixel from the correcting circuit 42, and outputs the

multiplexing result as coded data.
Referring to the flowchart of Fig.16, the operation of the
optimizing section 22 will now be described.

At step S11, omn receiving the SD picture from the

preprocessing section 21, the <classification adaptive

processing (prediction coefficient generating) circuit 41

carries out adaptive processing using the SD picture and the

HD picture, thereby calculating a set of prediction

coefficients w for every class.

Specifically, the classification adaptive processing

R,




..53-"u'pdates the previous error information E to the current error
informati on E. Then, the operation returns to step S32. In this case,
since the nunber of times i makes further increnent by 1 so as to becone 2
ﬁgt-sz)egrsiz’Aistai fegﬁICit de?hgt o;s)teregt isgf\f“grogggdtshﬂ oﬁnhgt ggm%g% ?L tsltggsslélg
At step, 4 s dec d.whet her the nunber of .ti IS 2.0 not.
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non-correcd ' Phrms taps for classification (hereinafter referred to as
class tap) with respect to the notable pixels, thus carrying out
classification. In this embodiment, class taps as follows are
formed with respect to the notable pixels so as to carry out
classification.
That is, with respect to the luminance signal, a class tap
is formed by five SD pixels and four virtual pixels, that is,
nine pixels in total, in a trapezoidal range centering the
notable pixel, as shown in Fig.17A. Then, the difference
between the maximum value and the minimum value of the
pixel values of the nine pixels is employed as a dynamic
range DR, and by using this dynamic range DR, one-bit ADRC
processing is carried out on the notable pixel and the four
virtual pixels adjacent thereto, that is, five pixels in total
(surrounded by a dotted line in Fig.17A), of the class tap.
The pattern of pixel value of the five pixels is used as the
class of the notable pixel. Therefore, in this case, since the
pattern of pixel value obtained by carrying out one-bit ADRC
processing on the five pixels centering the notable pixel is
expressed by five bits, the luminance signal is classified into
any one of 32 (=2%) classes.

As the pixel value of the virtual pixel, a value obtained

by shifting (multiplying by 2*) the four bits on the LSB side



. is equal to or smaller than the current error information E and whet her or

. 'not the offset quantity S is negative. If it is decided at step $41 '

that the error information E. at the tine of non-correction is equal to or

shal l er than the current error infornation E and that the offset quantity S

I's negative, that is, if the error is“increased by correcting the notable
case where .no correction is

Carri ot she Oﬁﬂéesbiygaﬁfgpﬂ Bﬁ%%ﬁ%tsrpi%g LicRreesp S (9 tB6r VaELH B
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OperatﬁP}?eP,roaCQ?quEOobtained by shifting the four bits on the LSB

side of the pixel value of the SD pixel leftward by four bits

may be used, or a value obtained by shifting the four bits on

the LSB side of the pixel value of the SD pixel leftward by

four bits and then adding a value not smaller than 0 and

smaller than 16 (=2%) other than 8 may also be used.

With respect to the pixel value of the SD pixel, as
described with reference to Fig.11, the four bits on the LSB
side are the four bits on the MSB side of the pixel value of
the corresponding virtual pixel. The value of the eight bits
may be used as the pixel value of the SD pixel. However, as
the pixel value of the SD pixel, a value obtained by replacing
the four bits on the LSB side with a randomly generated value
not smaller than 0 and smaller than 16 (=2%) may also be
used.

On the other hand, with respect to the color-difference
signal, a class tap is formed by nine SD pixels in a square
range centering the notable pixel, as shown in Fig.17B. The
difference between the maximum value and the minimum value
of the pixel values of the nine pixels is employed as a
dynamic range DR, and by using this dynamic range DR, one-

bit ADRC processing is carried out on five SD pixels



-54" step S43, where it is decided whether or not the previous error
‘information E is equal to or greater than the current error information E
If it is decided at step S43 that the previous error information E is
equal to or greater than the current egyor information E, that is, if the
pi xel value of the notable pixel is corrected by the correction. quantity A
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range centering the notable pixel. Then, the pattern of pixel
value of the five pixels is used as the class of the notable
pixel. Therefore, in this case, since the pattern of pixel
value obtained by carrying out one-bit ADRC processing on
the five pixels centering the notable pixel is expressed by
five bits, the color-difference signal is classified into any one
of 32 (=2%) classes, similarly to the luminance signal.

The classification adaptive processing (prediction
coefficient generating) circuit 41 .thus determines the class of
the mnotable pixel, and then forms a prediction tap.
Specifically, if the notable pixel is of the color-difference
signal, the classification adaptive processing (prediction
coefficient generating) circuit 41 forms a prediction tap by 35
SD pixels (indicated by © of solid line or dotted line in
Fig.18) consisting of 7x5 (longitudinal x lateral) pixels
centering the notable pixel, as shown in Fig.18. If the
notable pixel is of the luminance signal, the classification
adaptive processing (prediction coefficient generating) circuit
41 forms a predic.tion tap by 35 SD pixels, using the virtual
pixels adjacent to the notable pixel in place of the upper left,
lower left, upper right and lower right SD pixels (indicated
by © in Fig.18) of the 7x35 pixels.

Then, the classification adaptive processing (prediction

coefficient generating) circuit 41 establishes and solves the



. the previous error information E', the operation proceeds to step S44. The
‘control circuit 45 nmakes increnent on the correction quantity A by the

of fset quantity S. and updates the previous error information E to the
current error information E. Then, t operation returns to step S32.

In this case, since the nunber of ti I makes further increrregzobyhl soh
as to _beco at step S3 I s deci at step S34, S36, or that the
nunbeln%mtgﬁm?sq‘llgthﬁﬁ (?tzlEQHlathnAsl:‘la gEsGIStm& opRFadishiprodadds from
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positional relation of the range surrounded by the rectangle
of solid line in Fig.2 with respect to the notable pixel. The
set of prediction coefficients w for every class found by the
classification adaptive processing (prediction coefficient
generating) circuit 41 is supplied to the classification
adaptive processing circuit 43 and stored in the coefficient
RAM 104",

When the set of prediction coefficients w for every class
is found by the classification adaptive processing (prediction
coefficient generating) circuit 41, the optimizing section 22
uses one of the SD pixels constituting the SD picture from the
preprocessing section 21 as a notable pixel, and decides
whether the notable pixel is of the luminance signal or not,
at step S12. If the notable pixel is of the luminance signal,
the operation proceeds to step S13. If not, the operation
proceeds to step S15.

At step S13, the correcting circuit 42, the classification
adaptive processing circuit 43, the error calculating circuit 44
and the control circuit 45 carry out optimization processing
on the four bits on the MSB side of the pixel value of the

notable pixel, and the operation proceeds to step S14. At



_error i

nformation E, that is, the pixel value of the notable pixel is

. corrected by the correction quantity A so as to increase the current error
information E to be greater than the

previous error information E, the opﬁgation proceeds to step $45. The
the correction quantity A by the

control
of f set

circuit 45 nmakes decrenent o
s%g%msiltty, ?heap:%rtrg%ting circuit 42, the classification adaptive
processing circuit 43, the error calculating circuit 44 and the
control circuit 45 carry out optimization processing on the
remaining four bits on the LSB side of the pixel value of the
notable pixel, and the operation proceeds to step S16.

Meanwhile, if it is decided that the notable pixel is not
of the luminance signal, that is, if the notable pixel is of the
color-difference signal, the correcting circuit 42, the
classification adaptive processing circuit 43, the error
calculating circuit 44 and the control circuit 45 carry out
optimization processing on the color-difference signal at step
S15, and the operation proceeds to step S16.

At step S16, it is decided whether all the SD pixels
constituting the SD picture from the preprocessing section 21
have been processed or not. If it is decided that all the SD
pixels have not been processed, the operation returns to step
S12, where similar processing is repeated by newly using the
SD pixels, not used as notable pixels, as notable pixels.

If 1t is decided at step S16 that all the SD pixels have
been processed as notable pixels, the operation proceeds to
step S17, where it is decided whether or not the sum of
prediction error for one frame of the prediction value of the
HD pixel predicted from the SD pixels is equal to or smaller
than a predetermined threshold €. If it is decided at step S17

that the sum of prediction error for one frame is not equal to

55



. operation proceeds to step S46. That is, in this case, the correction
‘quantity A has a value prior to the increase in the error. At step

S46, the control circuit 45 controls the correcting circuit 42, thereby
correcting the pixel value of the nogable pixel by the correction quantity
[err] obtained at step S42 or $45. us, the pixel value of the notable

0 XEl 42 SRUEES AR BReChett RIS MR AACE, A TR S
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step Ytk dfication adaptive " processing (prediction coefficient
generating) circuit 41 uses an optimum SD pixel value, as
later described, outputted from the correcting circuit 42
instead of the pixel value of the SD pixel outputted from the
preprocessing section 21 at step S11. That is, the optimum
SD pixel from the correcting circuit 43 is inputted to the
classifying circuit 112 and the prediction tap generating
circuit 113 of Fig.14, so as to find (update) a set of
prediction coefficients w for every class by similar
processing.

If it is decided at step S17 that the sum of prediction
error for one frame is equal to or smaller than the
predetermined threshold €, the operation proceeds to step S18.
The classification adaptive processing (prediction coefficient
generating) circuit 41 calculates a set of prediction
coefficients w for every class by using the pixel value of the
SD pixel outputted from the correcting circuit 42 at that time.
Then, the pixel value of the SD pixel and the set of
prediction coefficients w for every class are multiplexed into
coded data by the multiplexing circuit 46, and the processing
ends.

After that, when an HD picture and an SD picture of the



Fig. 16 will now be described in detail with reference to the flowhart of
‘Fig. 21. In this case, processing basically simlar to that of steps S31
to S46 of Fig. 19 is carried out at steps S51 to S66. However, at step
S51, the offset quantity Sis set to 1 J]nstead of 16 as an initial value.
That is, in the present case, since th& four bits on the LSB side of the

i xel val ue . P . 56 . .
P next frame are supplied, the optimizing section 22 carries out

similar processing.

The optimization processing on the four bits on the MSB
side of the pixel value of the notable pixel at step S13 of
Fig.16 will now be described in detail with reference to the
flowchart of Fig.19. |

When the set of prediction coefficients w for every class
is found by the classification adaptive processing (prediction
coefficient generating) circuit 41 and is supplied to the
classification adaptive processing circuit 43, one of the SD
pixels constituting the SD picture from the preprocessing
section 21 is used as a notable pixel, and at step S31, the
control circuit 45 initializes a variable A expressing the
correction quantity for correcting the pixel value of the
notable pixel to, for example, 0. Also, at step S31, a
variable S expressing the change quantity (hereinafter referred
to as offset quantity) for changing the correction gquantity is
set to 16 as an initial value.

In the present case, since the four bits on the MSB side
of the pixel value of the notable pixel are the target of
processing, the offset quantity S is set to 16 (=4?%), which is
the minimum value for changing the four bits on the MSB
side.

In addition, at step S31, a variable i for counting the

number of times of correction of the notable pixel is set to



of the notable pixel are the target of processing, the offset quantity Sis
‘set to 1 (=2), which is the m ninumval ue for changing the four bits on the
LSB si de. At step S66, the pixel value of the notable pixel is
corrected by the correction quantity /i§ndﬂ larly to step S46 of Fig. 19,
and the pixel value of the virtual pixel corresponding to the notable
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four DifgaPtivRe prPcekd$ng is carried out using a correction value

which is obtained by correcting the pixel value of the notable
pixel only by the correction quantity A, a prediction error E
of the prediction value of the HD pixel affected by the
correction is calculated.

In this case, the correcting circuit 42 adds the
correction quantity A to the pixel value of the notable pixel,
and outputs the addition value as the pixel value of the
notable pixel to the classification adaptive processing circuit
43. 1If the processing of step S33 is first carried out on the
notable pixel, that is, if the number of times i = 0, the
correction quantity A remains as the initial value of 0.
Therefore, the correcting circuit 42 directly outputs the pixel
value of the notable pixel.

The classification adaptive processing circuit 43 forms
the prediction tap shown in Fig.17 similarly to the
classification adaptive processing (prediction coefficient
generating) circuit 41, and forms the prediction tap in the
form shown in Fig.18. That is, the prediction tap is formed
by the four wvirtual pixels adjacent to the notable pixel, in
place of the upper left, lower left, upper right and lower right

SD pixels farthest from the notable pixel from among the 7x5



of the notable pixel |leads to correction of the four bits on the MSB side

- of the pixel value of the virtual pixel which is adjacent to and on | ower

| eft side of the notable pixel. The opti'mi zation processing in the case
where the notable pixel is of the color-difference signal at step S15 of
Fig. 16 will now be described in det¥l | with reference to the flowchart of
Fig.2 this case, too, praqcessi,ng basically simlar to that of

stepsgﬁjpit’bé&ﬁecﬁtﬁlglﬂghiesnd%{rart?]é-’dpdﬁtelat steps S71 to S86. However ,
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with the class tap, and a set of prediction coefficients
corresponding to the class thus obtained is selected from the
sets of prediction coefficients supplied from the classification
adaptive processing (prediction coefficient generating) circuit
41 and stored in the coefficient RAM 104'. Then, the linear
primary formula of Equation 1 is calculated from the selected
set of prediction coefficients and the prediction tap, thereby
finding the prediction value of the pixel value of the HD

pixel.

‘In addition, in the case where the pixel value of the
notable pixel is corrected by the correction quantity A, the
classification adaptive processing circuit 43 similarly finds
the prediction value with respect the HD pixel affected by the
correction.

Specifically, it is now assumed that an SD pixel A is
corrected as a notable pixel, as shown in Fig.20. In this
embodiment, the prediction tap is simply constituted by 7x5
SD pixels. When the prediction tap is constituted by such
7x5 SD pixels, the SD pixel A is included in the prediction
tap and an SD pixel farthest from the SD pixel A becomes the
notable pixel in the case where SD pixels B, C, D and E are

used as notable pixels in the prediction tap constituted by

7x5 pixels. In this case where the SD pixels B, C, D and E



57" color-difference signal, the offset quantity Sis set to 1 (=2[err]),
“which is the nmininumvalue for changing the pixel value of eight bits.
Fig.24 shows an exanple of the structure of the receiving unit 4 of Fig.5.
A receiver/reproducing unit 71 reprogﬁges the coded data recorded on the
recording medium 2 or receives the c d data transmtted through the
transm ssion line 3, and supplies_the coded data to a separatin ection
72. Tageswpadagisngodebliecopixzlscparthepredicbes %Ea?‘?ﬂﬁ&lw&‘irléy'dat a

of the . . . . < s
7x5 pixels, in this embodiment, the prediction values of the

3x3 HD pixels in ranges b, ¢, d and e surrounded by solid
lines in Fig.20 are found, respectively. Therefore, if the
pixel value of the SD pixel A as the notable pixel is
corrected, the prediction values of 21x15 HD pixels in a
range indicated by a dotted line in Fig.20, which is a
minimum rectangle including the ranges b, ¢, d and e, are
affected by the correction in the worst case.

Thus, in this embodiment, the classification adaptive
processing circuit 43 finds at least the prediction values of
such 21x15 HD pixels.

The prediction value of the HD pixel found by the
classification adaptive processing circuit 43 is supplied to the
error calculating circuit 44. The error calculati-ng circuit 44
subtracts the true pixel value of the corresponding HD pixel
from the prediction value of the HD pixel supplied from the
classification adaptive processing circuit 43, and finds the
square sum of the prediction error, which is, the subtraction
value. This square sum is supplied as error information E to
the control circuit 45.

On receiving the error information from the error
calculating circuit 44, the control circuit 45 decides whether
the number of times i is. 0 or not, at step S34. If it is

decided at step S34 that the number of times i is 0, that is,



SD picture (optinmum SD picture) and the set of prediction coefficients w
‘for every class. The picture data of the SD picture and the set of
prediction coefficients w for every class are supplied to a classification
adaptive processing circuit 73, The, cl assification adaptive processing
circuit 73 finds the prediction val ue } the HD picture, simlarly to the

C|aSSIfI atlon adaptiv I’OCe.SSI circuit constituting.,the optim zing
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storing the error information obtained without carrying out
correction of the notable pixel (error information at the time
of non-correction) is set to the error information E, and a
variable E' for storing the previously obtained error
information is also set to the error information E. In
addition, at step S35, the correction quantity A makes
increment by the offset quantity S, and the control circuit 45
controls the correcting section 42 to correct the pixel value
of the notable pixel only by the correction quantity A thus
obtained. After that, the operation returns to step S32, and
similar processing is repeated.

In this case, since the number of times 1 makes increment
by 1 so as to become 1 at step S32, it is decided at step S34
that the number of times i is not O, and the operation
proceeds to step S36. At step S36, it is decided whether the
number of times i is 1 or not. In this case since the number
of times i is 1, the operation proceeds to step S37, where it
is decided whether or not the previous error information E’ is
equal to or greater than the current error information E. If
1t is decided at step S37 that the previous error information

E' is not equal to or greater than the current error

information E, that is, if the pixel value of the notable pixel



. 58 generating circuit 203, a coefficient RAM 204, and a prediction
"processing circuit 205. These circuits have the structures simlar to the
classifying circuit 101, the delay circuit 102, the prediction tap
generating circuit 103, the coefficiggt RAM 104', and the prediction
processing circuit 105 of the classiffcation adaptive processing circuit 43

of . . . .
is corrected by the correction quantity A so as to increase the

current error information E to be greater than the previous
error information E' (error information in the case where no
correction is carried out), the operation proceeds to step S38.
The control circuit 45 defines the offset quantity S multiplied
by -1 as a new offset quantity S, and makes increment on the
correction quantity A by twice the offset quantity S. Then,
the operation returns to step S32.

Specifically, if the pixel value of the notable pixel is
corrected by the correction quantity A (in this case, A=S),
thereby increasing the error in comparison with the case
where no correction is carried out, the sign of the offset
quantity S is reversed. (In this embodiment, since the offset
quantity S is set to a positive value at step S31, the sign of
the offset quantity S is reversed from positive to negative at
step $38.) In addition, the correction quantity A which was
previously S is caused to be -S.

On the other hand, if it is decided at step S37 that the
previous error information E' is equal to or greater than the
current error information E, that is, if the pixel value of the
notable pixel is corrected by the correction quantity A so as
to decrease the current error information E to be smaller than
(or equal to) the previous error information E', the operation
proceeds to step S39. The control. circuit 45 makes increment

on the correction quantity A by the offset quantity S, and



. Fig. 15, respectively. In the classification adaptive processing
‘circuit 73 thus constituted, when the set of prediction coefficients for
every class is supplied fromthe separating section 72, the set of

predi ction coefficients for every C|$?S is stored in the coefficient RAM
204. Then, the classification adaptive processing circuit 73 carries out

e A4t Rk S SR TR T, B, U P BESSER T 1o
LN R Ee N R SO
P 2 L MM, s SO Y n TS BRI, BBl LAY R %,
descriged d B dh 008 1S 5P d (6 nfl 28ShEYLPGpCEB% it is decided
‘at step S34 or S36 that the number of times is not 0 or 1. As
a result, the operation proceeds from step S36 to step S40.
At step S40, it is decided whether the number of times i is 2
or not. At this point, since fhe number of times i is 2, it is
decided at step S40 that the number of times i is 2. The
operation proceeds to step S41, where it is decided whether
or not the error information E;, at the time of non-correction
is equal to or smaller than the current error information E
and whether or not the offset quantity 'S is negative.

If it is decided at step S41 that the error information E,
at the time of non-correction is equal to or smaller than the
current error information E and that the offset quantity S is
negative, that is, if the error is increased by correcting the
notable pixel by +S or -S in comparison with the case where
no correction is carried out, the operation proceeds to step
S42, where the correction quantity A becomes 0. Then, the
operation proceeds to step S46.

On the other hand, if it is decided at step S41 that the
error information E, at the time of non-correction is not equal

to or smaller than the current error information E, or that the

offset quantity S is not negative, the operation proceeds to



»

. 201 or the prediction tap generating circuit 203, at step S91. In addition,
" the classifying circuit 201 classifies the class tap, and supplies the

cl ass thus obtained as an address to the coefficient RAM 204. The
coefficient RAM 204 reads out the 59
set of prediction coefficients correéﬁondi ng to the class fromthe

ClaSSi;tyei;?gS% ,Cuisiavthezroel’itanidsS IEc)llc)zliideesdtQvfeheséaltml(?f op}r%d(i)é:thclag previous
error information E' is equal to or greater than the current
error information E. If it is decided at step S43 that the
previous error information E' is equal to or greater than the
current error information E, that is, if the pixel value of the
notable pixel is corrected by the correction. quantity A so as
to decrease the current error information E to be smaller than
the previous error information E', the operation proceeds to
step S44. The control circuit 45 makes increment on the
correction quantity A by the offset quantity S, and updates
the previous error information E' to the current error
information E. Then, the operation returns to step S32.

In this case, since the number of times i makes further
increment by 1 so as to become 3 at step S32, it is decided
at step S34, S36, or S40 that the number of times is not 0, 1,
or 2. As a result, the operation proceeds from step S40 to
step S43. At step S43, loop processihg of steps S32 to S34,
S36, S40, S43 and S44 is repeated until it is decided that the
previous error information E' is not equal to or greater than
the current error information E.

If it is decided at step S43 that the previous error
information E' is not equal to or greater than the current
error information E, that is, the pixel value of the notable
pixel is corrected by the correction quantity A so as to

increase the current error information E to be greater than the
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_ icients to the prediction processing circuit 205. At step S92,
‘prediction processing circuit 205 finds the prediction value of the HD
pi cture by using the set of prediction coefficients fromthe coefficient
04 and the prediction tap fornegsby the prediction tap generating
On the receiving side, even when
eceiving unit 4 as shown.in Fig.24 is not used, the decoded picture
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it 203, and the operation ends.

t he

e SD

ro%gpéﬁionx?dp%cceoena)ge§3irs'?ep S46. That is, in this case, the
correction quantity A has a value prior to the increase in the
error.

At step S46, the control circuit 45 controls the
correcting circuit 42, thereby correcting the pixel value of the
notable pixel by the correction quantity A obtained at step
S42 or S45. Thus, the pixel value of the notable pixel is
corrected to be an optimum pixel value which minimizes the
prediction error, for obtaining the prediction value by
adaptive processing.

Thus, after the four bits on the MSB side of the pixel
value of the notable pixel are optimized for finding the
prediction value of the HD picture, the operation returns.

The optimization processing on the four bits on the LSB
side of the pixel value of the notable pixel at step S14 of
Fig.16 will now be described in detail with reference to the
flowchart of Fig.21.

In this case, processing basically similar to that of steps
S31 to S46 of Fig.19 is carried out at steps S51 to S66.

However, at step S51, the offset quantity S is set to 1
instead of 16 as an initial value. That is, in the present

case, since the four bits on the LSB side of the pixel value



. t‘he HD pi cture, and the pixel value of the virtual pixel is found fromthe

"HD picture. Therefore, the prediction tap nay be fornmed by a nunber of

pi xel s close to the notable pixel. As a result, a decoded picture of high
picture quality nay be obtained by u gng the prediction tap for decodi ng.

Al so,
pi xel

of ¢ ho ISHhs xap

since four bits on the MSB sid

e.,arranged.in plage of four bits on fhe LSB si.de of ,t he pj xel
?agﬂ,g pggﬁeagare t?le target o% processing, the oﬂ’set

quantity S is set to 1 (=2%, which is the minimum value for
changing the four bits on the LSB side.

At step S66, the pixel value of the notable pixel is
corrected by the correction quantity A similarly to step S46
of Fig.19, and the pixel value of the virtual pixel
corresponding to the notable pixel is also corrected by the
quantity 16 (=2*) times the correction quantity A, for the
following reason. That is, the four bits on the LSB side of
the notable pixel express the four bits on the MSB side of the
virtual pixel as described with reference to Fig.11. If, for
example, a virtual pixel adjacent to and obliquely leftward
from the notable pixel corresponds to the notable pixel, as
shown in Fig.22, correction of the four bits on the LSB side
of the notable pixel leads to correction of the four bits on the
MSB side of the pixel value of the virtual pixel which is
adjacent to and on lower left side of the notable pixel.

The optimization processing in the case where the
notable pixel is of the color-difference signal at step S15 of
Fig.16 will now be described in detail with reference to the
flowchart of Fig.23.

In this case, too, processing basically similar to that of
steps S31 to S46 of Fig.19 is carried out at steps S71 to S86.

However, at step S71, the offset quantity S is set to 1

instead of 16 as an initial value. That is, with respect to the

of the pixel value of the virtual

val ue



~60 efficiency is not deteriorated. In the above description, this
“invention is applied to the picture processing device for codi ng/ decodi ng
an HD picture. However, this’'invention may al so be applied to the case
wHere a picture or the like of standarq resol ution such as an SD picture is
to be coded/ decoded. For exanpl e, thi s’i nvention may al so be applied to the

case wherge teleyision si .nals of . the standard s tem such a
system%ﬁﬁ(’{'b&bf\éflecr&féﬂ? tb&'r ©i éPérﬁV,ant ?X g]nbserﬁeitoio E %’:’\Ei’t i ve
for codi / ecadi teleV|S|on s na so-.cal | ed hi gh-vyi si Sys
navi n WEHERASERE utimu s Aude fot ¢ Randinlk, T BEXal P allc 5k he
case wher %Ct%l | ed h| erarchl cal COdI ng for generating and decodi ng

pi cturé &j}g Ut %each hi erarchy from

Fig.24 shows an example of the structure of the receiving
unit 4 of Fig.5.

A receiver/reproducing unit 71 reproduces the coded data
recorded on the recording medium 2 or receives the coded
data transmitted through the transmission line 3, and supplies
the coded data to a separating section 72. The separating
section 72 separates the coded data into picture data of the
SD picture (optimum SD picture) and the set of prediction
coefficients w for every class. The picture data of the SD
picture and the set of prediction coefficients w for every
class are supplied to a classification adaptive processing
circuit 73.

The classification adaptive processing circuit 73 finds
the prediction value of the HD picture, similarly to the
classification adaptive processing circuit 43 constituting the
optimizing section 22 shown in Fig.13, and outputs this
prediction value. This decoded picture is substantially the
same as the original picture.

Fig.25 shows an example of the structure of the
classification adaptive processing circuit 73 of Fig.24. The
classification adaptive processing circuit 73 includes a

classifying circuit 201, a delay circuit 202, a prediction tap



. an original picture is to be carried out. In the above-descri bed

-'enbodi ment, though the prediction tap is formed by using virtual

pi xel s

only for the lum nance signal, the prediction tap may be simlarly fornmed
by using virtual pixels for the color-difference signal. Al so, in the
above-descri bed enbodi nent, though t R8 prediction tap is fornmed on the
basis of 5x7 pixels, the prediction tap js not limted to 5x7 pixels.

In adBe¢nER2tIRgt heinpBIb- Q385 bad ersddiriant « RAMed2O.onamdd

a

consi sting.of. 35 pixels as shown in Fig.. 18 is forned on.the, basis of a
bl ook BREBAGTAToPLOGISEING, CHECRikePD5 i n THE Lol VRBIES (haVE ddhet i on

tap is to be forned

structures similar to the classifying circuit 101, the delay
circuit 102, the prediction tap generating circuit 103, the
coefficient RAM 104', and the prediction processing circuit
105 of the classification adaptive processing circuit 43 of
Fig.15, respectively.

In the classification adaptive processing circuit 73 thus
constituted, when the set of prediction coefficients for every
class is supplied from the separating section 72, the set of
prediction coefficients for every class is stored in the
coefficient RAM 204, Then, the classification adaptive
processing circuit 73 carries out processing similar to that of
the classification adaptive processing circuit 43, with respect
to the SD picture supplied from the separating section 72, by
using the set of prediction coefficients for every class stored
in the coefficient RAM 204. Thus, the prediction value of
the HD picture is found.

Specifically, as shown in the flowchart of Fig.26, the
class tap as described in Figs.17A and 17B or the prediction
tap as described in Fig.18 is formed by the classifying circuit
201 or the prediction tap generating circuit 203, at step S91.
In addition, the classifying circuit 201 classifies the class
tap, and supplies the class thus obtained as an address to the

coefficient RAM 204. The coefficient RAM 204 reads out the



~.61-by using virtual pixels. However, the prediction tap may al so be forned
*by using a greater nunber of virtual pixels close to the notable pixel,

i nstead of SD pixels far fromthe notable pixel, as shown in Fig.?27.

Al So, in the above-descri bed enbodineg%, four bits on the MSB side of the
pi xel value of the virtual pixel are ranged in place of four pixels on
the LSB side, of the pixel value of the SD pixel.,, FbmeveL, tzree ?r t wo
bits ofehehvBEedifdiom qreffiqienticlrsiRondigHdoathsnglassnim® e of

three OtrhetV\cﬂabsisti y(irlllgt hc%r'&%%ts.b%el,oznt % Iial)gﬂes\)/atlhug sOe]:ct tohfeprc:dic’cion
coefficients to the prediction processing circuit 205.

At step S92, the prediction processing circuit 205 finds
the prediction value of the HD picture by using the set of
prediction coefficients from the coefficient RAM 204 and the
prediction tap formed by the prediction tap generating circuit
203, and the operation ends.

On the receiving side, even when the receiving unit 4 as
shown in Fig.24 is not used, the decoded picture may be
obtained by carrying out normal interpolation using a device
for decoding a thinned picture by simple interpolation,
without using the prediction coefficients. However, the
decoded picture obtained in this case is deteriorated in
picture quality (resolution).

As described above, virtual pixels are assumed near the
SD pixels constituting the SD picture obtained by éompressing
the HD picture, and the pixel value of the virtual pixel is
found from the HD picture. Therefore, the prediction tap may
be formed by a number of pixels close to the notable pixel.
As a result, a decoded picture of high picture quality may be
obtained by using the prediction tap for decoding.

Also, since four bits on the MSB side of the pixel value
of the virtual pixel are arranged in place of four bits on the

LSB side of the pixel value of the SD pixel, the coding



. SD pi xel . However, according to the sinulation conducted by the present
“Inventor, in the case where the pixel value of the SD pixel is expressed by
eight bits, the optimum S/Nratio is obtained with respect to a decoded
pi cture such that four bits on the Ng& si de of the pixel value of the
virtual pi xel are arranged in place four bits on the LSB side of the
pi xel .ue of the SD pjxel.. Also, as the nunber of bits to replace the
pi xel Ilﬁéegf"ﬁ hé %@téﬁmrﬁm'@% t he gradation tends to i nprove.
Mor eover, %H Igtve descri bed. Tilmant t haugh .t he SO turSt S
for med by (A HEnE HOE HEFRPEIRFLOT, i inycn Y afy ishaR M ui t
t he | cture 0_he formed t h} oni ng .t he HD ture at other
th| nnitid %r‘gtoq (;)srocess?llhgtag\féﬁgv °Je§8 lﬁ’egj}(g gllr‘?&tant M SHE S r ¢ ual
Pixel grg L 0¥k 99 R NG R 70 P I8y a lbCB e®h P p12 dWS the case where
a picture or the like of standard resolution such as an SD
picture is to be coded/decoded. For example, this invention
may also be applied to the case where television signals of
the standard system such as the NTSC system are to be
coded/decoded. Particularly, this invention is effective for
coding/decoding television signals of a so-called high-vision
system having a large data quantity. Also, this invention may
be applied to the case where so-called hierarchical coding for
generating and decoding picture data of each hierarchy from
an original picture is to be carried out.

In the above-described embodiment, though the prediction
tap is formed by using virtual pixels only for the luminance
signal, the prediction tap may be similarly formed by using
virtual pixels for the color-difference signal.

Also, in the above-described embodiment, though the
prediction tap is formed on the basis of 5x7 pixels, the
prediction tap is not limited to 5x7 pixels.

In addition, in the above-described embodiment, the
prediction tap consisting of 35 pixels as shown in Fig.18 is

formed on the basis of a block of 5x7 pixels, that is, 35

pixels, in the case where the prediction tap is to be formed



~62 adjacent to each other as shown in Fig.10, two or nore virtual pixels
*may be provided between such SD pi xel s. In addition, in the
above-descri bed enbodi nent, the classification adaptive processing
(prediction coefficient generating) circuit 41 is provided in t he

optim zing section 22 (Fig. 13) constﬁluting the transmtting unit 1 so as

to upd tf using virtual pixels. However, the prediction tap may also
be formed by using a greater number of virtual pixels close
to the notable pixel, instead of SD pixels far from the notable
pixel, as shown in Fig.27.

Also, in the above-described embodiment, four bits on
the MSB side of the pixel value of the virtual pixel are
arranged in place of four pixels on the LSB side of the pixel
value of the SD pixel. However, three or two bits on the
MSB side of the virtual pixel may also be arranged in place
of three or two bits on the LSB side of the pixel value of the
SD pixel. However, according to the simulation conducted by
the present Inventor, in the case where the pixel value of the
SD pixel is expressed by eight bits, the optimum S/N ratio is
obtained with respect to a decoded picture such that four bits
on the MSB side of the pixel value of the virtual pixel are
arranged in place of four bits on the LSB side of the pixel
value of the SD pixel. Also, as the number of bits to replace
the pixel value of the SD pixel increases, the gradation tends
to improve.

Moreover, in the above-described embodiment, though the
SD picture is formed by thinning the HD picture at a ratio 1/9
by the thinning circuit 31, the SD picture may also be formed
by thinning the HD picture at other thinning ratios.

In the above-described embodiment, though one virtual

pixel is provided between SD pixels which are obliquely



the set of prediction coefficients for every class. However, a set of
‘prediction coefficients for every class found in advance may be used

wi t hout updating the set of prediction coefficients. That is, it is
possible to find a set of prediction coefficients for every class in
advance by learning in the |earning dé4 ce as shown in Fig.25 and use the
set of prediction coefficients in the classification adaptive
processadgaciendui to4zaqh wtherass, shewn adn fFegtl16n daeptior processing
circuit 43 have a structure simlar to that of the picture converting
devi ce ghﬁfv}m/@lmegl.sm%mb@ mere¥ided pedaveenonusbebD @iskeks for every
class found jn adyance by the | earning device nmay be stored in the

coef ficient abhdityon; hig cHe, &m@f"@l‘é@sﬁqm@ﬁ$or¢fa A i M€, octR i ng

(predictjon coeffi.cient generating) circuit 41 need. not be provided, thus
enabl i nﬁi%§ Lot o orF‘g?PFhWéet rgi‘iQﬁiqsﬁlﬁ’gg urfiRradiction coefficient

generating) circuit 41 is provided in the optimizing section 22
(Fig.13) constituting the transmitting unit 1 so as to update
the set of prediction coefficients for every class. However,
a set of prediction coefficients for every class found in
advance may be used without updating the set of prediction
coefficients. That 1is, it is possible to find a set of
prediction coefficients for every class in advance by learning
in the learning device as shown in Fig.25, and use the set of
prediction coefficients in the classification adaptive
processing circuit 43. In this case, the classification adaptive
processing circuit 43 may have a structure similar to that of
the picture converting device shown in Fig.1, and the set of
prediction coefficients for every class found in advance by
the learning device may be stored in the coefficient ROM 104,
In this case, the classification adaptive processing (prediction
coefficient generating) circuit 41 need not be provided, thus
enabling simplification of the transmitting unit 1.

In the receiving unit 4 (Fig.24) corresponding to such
transmitting unit 1, the set of prediction coefficients for
every class found in advance is stored, so as to allow the

classification adaptive processing circuit 73 to find the



-Imn the receiving unit 4 (Fig.24) corresponding to such transmtting unit 1,

' the set of prediction coefficients for every class found in advance is
stored, so as to allow the classification adaptive processing circuit 73 to
find the 63 prediction val ue by using
the set of prediction coefficients f &3 every class. In this case, the

classification adaptive
prediction value by using the set of prediction coefficients

for every class. In this case, the classification adaptive
processing circuit 73 may have a structure similar to that of
the picture converting device shown in Fig.l. The set of
prediction coefficients for every class is found in advance by
learning in the learning device shown in Fig.3, and the set of
prediction coefficients for every class may be stored in the
coefficient ROM 104.

In Fig.19, the correction quantity A which first
minimizes the prediction error E is detected by correcting the
pixel value of the notable pixel by 16 as the offset quantity
S. However, it is also possible to find the prediction error
E with respect to all the possible pixel values of the notable
pixel, then detect the minimum value thereof, and correct the
pixel value of the notable pixel by the correction quantity A.
In this case, though processing is time-consuming, a decoded
picture having a high S/N ratio may be obtained.

In addition, in the case where the prediction error E with
respect to all the possible pixel values of the notable pixel
is to be found, the initial value of the pixel value of the
notable pixel may be any value (within the range of possible
pixel values of the notable pixel). That is, in this case, no
matter what value the initial value is, the correction quantity
A for minimizing the prediction error E may be found.

The foregoing is similarly applied to the processing



. processing circuit 73 may have a structure simlar to that of the picture

* ‘converting device shown in Fig.l. The set of prediction coefficients for
every class is found in advance by learning in the | earning device shown in
Fig.3, and the set of prediction coefficients for every class nmay be stored
in the coefficient ROM 104. In 6#ig 19, the correction quantity A
which _first m nim zes the prediction error I s detected by correcting the
pi xel desesiediwdthorebesepiceetopfigs. 4d md 8Bf.set quantity S. However,

it is also possible to fIE t he pl’ﬁdlCtlQn rrqr Ewith respect to all the
possi bl e pi xel val ues of duragl Appddca HdtYdet ect the m ni mum val ue
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compressed picture signal having a number of pixels smaller
than the number of pixels of an original picture signal is
generated, and a virtual pixel near is assumed a compressed
pixel of a pixel constituting the original picture signal so as
to calculate the pixel value of the virtual pixel from the
original picture signal. A part of the pixel value of the
compressed pixel is replaced with a part of the pixel value of
the virtual pixel, and one of compressed pixels constituting
the compressed picture signal is used as a notable pixel so as
to form a prediction tap from the compressed pixels near the
notable pixel and the virtual pixel. A prediction value of the
original picture signal is predicted from the prediction tap
and a predetermined prediction coefficient, and a prediction
error of a prediction picture signal constituted by the
predicted prediction value with respect to the original picture
signal is calculated. The pixel value of the compressed pixel
constituting the compressed picture signal is corrected in
accordance with the prediction error. Thus, a decoded picture
more proximate to the original picture may be obtained
without deteriorating the coding efficiency.

In the picture signal decoding device and the picture



dAn-addition, in the case where the prediction error E wth respect to all
*the possible pixel values of the notable pixel is to be found, the initial
val ue of the pixel value of the notable pixel my be any value (within the
range of possible pixel values of the notable pixel). That is, in this
case, no matter what value the initia®value is, the correction quantity A
for mnimzipg the prediction error E may be fouynd. The .,foregoing is
si mi | arshgmgbi dg&q&qgenp%}éggis,a@cordmg to the present invention,

one of compressed pixels constituting the coded picture signal
is used as a notable pixel so as to form a prediction tap from
pixels near the notable pixel, and a pixel value of a restored
picture signal is generated from the prediction tap and a
predetermined prediction coefficient. The coded picture
signal to be decoded is generated by generating a compressed
picture signal having a number of pixels smaller than the
number of pixels of an original picture signal, assuming a
virtual pixel near a compressed pixel of a pixel constituting
the original picture signal so as to calculate the pixel value
of the virtual pixel from the original picture signal, repiacing
a part of the pixel vélue of the compressed pixel with a part
of the pixel value of the wvirtual pixel, using one of
compressed pixels constituting the compressed picture signal
as a notable pixel so as to form a prediction tap from the
compressed pixels near the notable pixel and the virtual pixel,
predicting a prediction value of the original picture signal
from the prediction tap and a predetermined prediction
coefficient, calculating a prediction error of a prediction
picture signal constituted by the predicted prediction value
with respect to the original picture signal, and correcting the
pixel wvalue of the compressed pixel constituting the
compressed picture signal in accordance with the prediction

error. Thus, in the picture signal decoding device and the



. 64 described with reference to Fi gs. 21 and 23.

* ‘Industrial Applicability In the picture signal encoding device and the

pi cture signal encoding nmethod according to the present invention, a
conpressed picture signal having a nﬁgber of pixels smaller than the nunber
of pixels of an original picture signdl is generated, and a virtual pixel
near is, assuned a conpressed_ pixel of a_pixel constituting the original

pi ct urRieteral sdgnal t dacedingt emeth @pdxeaacoarddng the thet BACHEREl from
the orjginal,picture sigpal., A part of the pixel value of the coppressed

pi xel liIbVPEMgEedawu of adps Piftunf POIE REPHEMALE HO e uarlgfﬁe , and
one of conpressed Bixels cong&ituting t he conpressed picture signal is used

as a ridtSHIES gpRd bgoobtaine

On a recording medium decodable by a machine according
to the present invention, a recording signal is recorded. The
recording signal is generated by generating a compressed
picture signal having a number of pixels smaller than the
number of pixels of an original picture signal, assuming a
virtual pixel near a compressed pixel of a pixel constituting
the original picture signal so as to calculate the pixel value
of the virtual pixel from the original picture signal, replacing
a part of the pixel value of the compressed pixel with a part
of the pixel value of the virtual pixel, using one of
compressed pixels constituting the compressed picture signal
as a notable pixel so as to form a prediction tap from the
compressed pixels near the notable pixel and the virtual pixel,
predicting a prediction value of the original picture signal
from the prediction tap and a predetermined prediction
coefficient, calculating a prediction error of a prediction
picture signal constituted by the predicted prediction value
with respect to the original picture signal, and correcting the
pixel value of the compressed pixel constituting the
compressed picture signal in accordance with the prediction
error. Thus, a decoded picture more proximate to the original

picture may be obtained from the recording signal.



e formé pr edi ct i on tab fromthe conpressed pixels near the notable pixel
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coeffici'enf, and® a sprédl ction error 0{7 a prediction picture signal
constltuted by the predicted predictitn value with respect to the original
picture signal is calculated. The pjxel value of the conpressed pixel
constituting the conpressed pict ur@ @i@h&l is corrected in accordance with
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effici enc%{a1 comﬂ‘rllsr}%é).' cture signal decoding device and the picture

a compressing section for generating a compressed
picture signal having a number of pixels smaller than the
number of pixels of an original picture signal;

a first calculating section for assuming a virtual pixel
near a compressed pixel of a pixel constituting the original
picture signal so as to calculate the pixel value of the virtual
pixel from the original picture signal;

a replacing section for replacing a part of the pixel value
of the compressed pixel with a part of the pixel value of the
virtual pixel;

a forming section for using one of compressed pixels
constituting the compressed picture signal as a notable pixel
so as to form a prediction tap from the compressed pixels
near the notable pixel and the virtual pixel;

a predicting section for predicting a prediction value of
the original picture signal from the prediction tap and a
predetermined prediction coefficient;

a second calculating section for calculating a prediction
error of a prediction picture signal constituted by the
predicted prediction value with respect to the original picture
signal; and

a correcting section for correcting the pixel value of the



. 65 Mﬂﬂll ﬂﬂm‘m t hod according to the present invention, one of
" €O - stituting the coded picture signal is used as a
not abl e “pi *el ®so%as*to forma prediction tap from pi xel s near the notable
pi xel, and a pixel value of a restored picture signal is generated fromthe
prediction tap and a predeterm ned pr%i ction coefficient. The coded
pi cture signal to be decoded is generated by generating a conpressed
pi ct ur 60N PAGS skal i el nepBstitatingetbessRmer esiad tREC HuR®es 180 i xel s
of an oriagi nal _picture,sj] %T;al’ assunmi,ng a
in dccordance with the prediction error.
2. The picture signal encoding device as claimed in claim
1, further comprising:
an arithmetic section for calculating the prediction
coefficient on the basis of the original picture signal and the
compressed picture signal or the corrected compressed picture
signal; and
a transmitting section for transmitting an optimum
compressed picture signal and the prediction coefficient.
3. The picture signal encoding device as claimed in claim
1, wherein the predetermined prediction coefficient is
calculated in advance by learning from a learming picture
signal and a learning compressed picture signal, and wherein
the predicting section has a memory for storing the prediction
coefficient.
4., The picture signal encoding device as claimed in claim
1, wherein the predetermined prediction coefficient is
constituted by a prediction coefficient for every class
corresponding to characteristics of the compressed picture
signal,
the device further comprising:
an arithmetic section for calculating the prediction

coefficient for every class on the basis of the original picture

signal and the compressed picture signal or the corrected



.V rtual p| er near a corrpressed pi xel of a pixel constituting the original
' 'p| ctureJ Mﬁwﬂwﬁmﬂﬁmal cul ate the pixel value of the virtual pixel from
the ori replacing a part of the pixel value of the
conpr essed pi xel with a part of the pixel value of the virtual pixel, using
one of conpressed pixels constituti n&gt he conpressed picture signal as a
not abl e pixel so as to forma prediction tap fromthe conpressed pixels
near tmbcﬁbt%ltﬂlsrpakela%d the virtual pixel, predicting a prediction value
of the original picture signal fromthe predl ction tap and a predeterm ned
predi ction ®oetFaRiBYtLIRE] capsttmg afs.requnmlémg of Dy SdIRBDYN
pi cture signal constjtuted by th tedlp di ction valye with espect
to the®®MBIRESCH RIFMLG ghgna n%ln éch %%x“eﬁ’wg}%en&f ke
conpressed xel ~constituting the conpressed picture signal in
accord%ﬁ‘c’éy\/\ﬂi‘nsfhe predi ction

the predicting section predicting the prediction value
from the prediction coefficient of a class corresponding to the
characteristics of the compressed picture signal and the
prediction tap.
5. The picture signal encoding device as claimed in claim
1, wherein the predetermined prediction coefficient 1is
constituted by a prediction coefficient for every class
corresponding to characteristics of the compressed picture
signal, and wherein the predicting section predicts the
prediction value from the prediction coefficient of a class
corréesponding to the characteristics of the compressed picture
signal and the prediction tap.
6. The picture signal encoding device as claimed in claim
5, wherein the prediction coefficient for every class is
calculated from a learning picture signal and a learning
compressed picture signal, for every class corresponding to
characteristics of the learning compressed picture signal, and
wherein the predicting section has a memory for storing the
prediction coefficient for every class.
7. The picture signal encoding device as claimed in claim

1, wherein the replacing section replaces a predetermined bit
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decoded pi ctur® nor

o a

ﬂl’ cture si gnal decodi ng device and the
66 pi ﬂ gﬁodl ng nethod according to the present invention,
roximate to the original picture nay be obtained.

recordi ng nmedi um decodabl e by a_machi ne according to the present

I nvention, a recording signal is recd¥ded. The

from LSB of the pixel value of the compressed pixel with a
predetermined bit from MSB of the pixel value of the virtual
pixel.

8. A picture signal decoding device for decoding a coded
picture signal comprising:

a forming section for using one of compressed pixels
constituting the coded picture signal as a notable pixel so as
to form a prediction tap from pixels near the notable pixel;
and

a generating section for generating a pikel value of a
restored picture signal from the prediction tap and a
predetermined prediction coefficient;

the coded picture signal being generated by

generating a compressed picture signal having a number
of pixels smaller than the number of pixels of an original
picture signal, |

assuming a virtual pixel near a compressed pixel of a
pixel constituting the original picture signal so as to
calculate the pixel value of the virtual pixel from the original
picture signal,

replacing a part of the pixel value of the compressed
pixel with a part of the pixel value of the virtual pixel,

using one of compressed pixels <constituting the
compressed picture signal as a notable pixel so as to form a

prediction tap from the compressed pixels near the notable

a
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g ac " ﬁlﬂgel s smaller than the nunber of pixels of an original

re signal, d&sswamng a virtual pixel near a conpressed pixel of a pixel

ituting the original picture signal so as to calculate the pixel
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e virtual pixel fromthe original picture signal, replacing a part of
I xel value of the conpressed pixel with a part of the pixel value of

ipitxel auddhe osimyadnpinelconpressed pixels constituting the

essed picture signal as a notable pixel so as to forma prediction tap
fromthe coppedigbingi xel precdirctilon nyadmee pifxcthan@rigdnglr tpigtwprsel |

cting a prediction value of the original pjcture sigpal fromthe
otugiha%atfx

ctiort] error of a prediction picture signal constituted by the
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calculating a prediction error of a prediction picture
signal constituted by the predicted prediction value with
respect to the original picture signal, and

correcting the pixel value of the compressed pixel
constituting the compressed picture signal in accordance with
the prediction error.
9. The picture signal decoding device as claimed in claim
8, wherein the predetermined prediction coefficient is

supplied together with the coded picture signal.

odpdtheppegdistipnetapr daidc @ pF edrtanmiaed pradistiamg a

10. The picture signal decoding device as claimed in claim -

8, wherein the predetermined prediction coefficient is
calculated in advance from a learning picture signal and a
learning compressed picture signal, and wherein the
generating section has a memory for storing the prediction
coefficient.

11. The picture signal decoding device as claimed in claim
8, wherein the predetermined prediction coefficient 1is
constituted by a prediction coefficient for every class
corresponding to characteristics of the compressed picture
signal, the prediction coefficient for every class being

supplied together with the coded picture signal.
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12. The picture signal decoding device as claimed in claim
8, wherein the predetermined prediction coefficient is
constituted by a prediction coefficient for every class
corresponding to characteristics of the compressed picture
signal, and wherein the generating section predicts the
prediction value from the prediction coefficient of a class
corresponding to the characteristics of the compressed picture
signal and the prediction tap.
13. The picture signal decoding device as claimed in claim
12, wherein the prediction coefficient for every class is
calculated from a learning picture signal and a learning
compressed picture signal, for every class corresponding to
characteristics of the learning compressed picture signal, and
wherein the generating section has a memory .for storing the
prediction coefficient for every class.
14. The picture signal decoding device as claimed in claim
8, wherein a predetermined bit from LSB of the pixel value
of the pixel of the coded picture signal is replaced with a
predetermined bit from MSB of the pixel value of the virtual
pixel.
15. A. picture signal encoding method for encoding a picture
signal comprising:

a step of generating a compressed picture signal having
a number of pixels smaller than the number of pixels of an

original picture signal;

val ue
in



ressing section for generating a conpressed picture

--"Conpﬂﬂl!mmmmIﬂﬂMEBCOd' ng device for encoding a picture signal
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al picture signal; a first_calculating section for assum ng a
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original picture signal;

a step of replacing a part of the pixel value of the
compressed pixel with a part of the pixel value of the virtual
pixel;

a step of using one of compressed pixels constituting the
compressed picture signal as a notable pixel so as to form a
prediction tap from the compressed pixels near the notable
pixel and the virtual pixel;

a step of predicting a prediction value of the original
picture signal from the prediction tap and a predetermined
prediction coefficient;

a step of calculating a prediction error of a prediction

picture signal constituted by the predicted prediction value

with respect to the original picture signal; and

a step of correcting the pixel value of the compressed
pixel constituting the compressed picture signal in accordance
with the prediction error.

16. The picture signal encoding method as claimed in claim
15, further comprising:

a step of calculating the prediction coefficient on the

basis of the original picture signal and the compressed picture

signal or the corrected compressed picture signal; and



near the the virtual pixel; a predicting section for
predi ct| mgmmmmmm& ue of the origi naI pi cture signal fromthe
predictio ap and™a predeternined prediction coefficient; a second
calcul ating section for calculating a prediction error of a prediction
pi cture signal constituted by the predf4éted prediction value wth respect
to the original picture signal; and a correcting section for correcting
the pixel vahBuetefp tOf transmitting an optimum compressed picture
signal and the prediction coefficient.
17. The picture signal encoding method as claimed in claim
15, wherein the predetermined prediction coefficient is
calculated in advance by learning from a learning picture
signal and a learning compressed picture signal, and wherein
the step of predicting the prediction value of the original
picture signal uses the prediction coefficient.
18. The picture signal encoding method as claimed in claim
15, wherein the predetermined prediction coefficient is
constituted by a prediction coefficient for every class
corresponding to characteristics of the compressed picture
signal,

the method further comprising:

a step of calculating the prediction coefficient for every
class on the basis of the original picture signal and the
compressed picture signal or the corrected picture signal; and

a step of transmitting an optimum compressed picture
signal and the prediction coefficient for every class;

the step of predicting the prediction value of the original
picture signal predicting the prediction value from the
prediction coefficient of a class corresponding to the
characteristics of the compressed picture signal and the

prediction tap.

19. The picture signal encoding method as claimed in claim



+68 CH ﬁmfn | onstituting the conpressed picture signal in

raccor W”,ig“’&edi ction error. 2. The picture signal encoding

devi ce as’ cltai Medsin=c¢l ai m1, further conpri si ng: an arithnetic section
for calculating the prediction coefficient on the basis of the original
picture signal and the conpressed pict’dre signal or the corrected
conpressed picture signal; and ~atransmtting section for transmtting
an optihdm celeredaed thiet yrre dé tewem iaredd ¢ Herededtianonc cedficteatt . 1S.

The picture signal encoding device as clainmed in claim1l, wherein the
predet eromasttwhadi cbyonacopreidiicdhon scoefficient for every class

corresponding to characteristics of the compressed picture
signal, and wherein the step of predicting the prediction value
of the original picture signal predicts the prediction value
from the prediction coefficient of a class corresponding to the
characteristics of the compressed picture signal and the
prediction tap.

20. The picture signal encoding method as claimed in claim
19, wherein the prediction coefficient for every class is
calculated from a learning picture signal and a learning
compressed picture signal, for every class corresponding to
characteristics of the learning compressed picture signal, and
wherein the step of predicting the prediction value of the
original picture signal uses the prediction coefficient for
every class.

21. The picture signal encoding method as claimed in claim
15, wherein the step of replacing a part of the pixel value of
the compressed pixel replaces a predetermined bit from LSB
of the pixel value of the compressed pixel with a
predetermined bit from MSB of the pixel value of the virtual
pixel.

22. A picture signal decoding method for decoding a coded
picture signal comprising:

a step of using one of compressed pixels constituting the



v cal cﬂllmﬂ | Iﬁﬂ by learning froma learning picture signal and a
"l earni ulu]l] ﬂﬂmmcture signal, and wherein the predicting section has
a menoty 4ot storfng*the prediction coefficient. 4. The picture signal
eéncodi ng device as clained in claiml, wherein the predeterm ned prediction
coefficient is constituted by a predi7§tion coefficient for every class
correspondi ng to characteristics of the conpressed picture signal, t he
devi ce adedhepictinnpei siiggal asara aniotiabdiei cpsxeldi o f s cto cdloamng t he
prediction coefficient for every class_on the _hasis of the original picture
si gnalpradieHo - dap S50aa pixels aeagihe sotabd ecpixsdsecand
a step of generating a pixel value of a restored picture
signal from the prediction tap and a predetermined prediction
coefficient;
the coded picture signal being is generated by
generating a compressed picture signal having a number
of pixels smaller than the number of pixels of an original
picture signal,
assuming a virtual pixel near a compressed pixel of a
pixel constituting the original picture signal so as to
calculate the pixel value of the virtual pixel from the original
picture signal,
replacing a part of the pixel value of the compressed
pixel with a part of the pixel value of the virtual pixel,
using one of compressed pixels constituting the
compressed picture signal as a notable pixel so as to form a
prediction tap from the compressed pixels near the notable
pixel and the virtual pixel,
predicting a prediction value of the original picture
signal from the prediction tap and a predetermined prediction
coefficient,
calculating a prediction error of a prediction picture

signal constituted by the predicted prediction value with

respect to the original picture signal, and



- [er\?]m - 69 picture signal; and a transmtting
o e INMEIMVARMERIRRER, "8 or" cotr e ae ™ %t e pred ot ng-section
preditting 't h8 pfediction value fromthe prediction coefficient of a class
corresponding to the characteristics 6 the conpressed picture signal and
the prediction tap.
correcting the pixel value of the compressed pixel
constituting the compressed picture signal in accordance with
the prediction error.
23. The picture signal decoding method as claimed in claim
22, wherein the predetermined prediction coefficient is
supplied together with the coded picture signal.
24. The picture signal decoding method as claimed in claim -
22, wherein the predetermined prediction coefficient is
calculated in advance from a learning picture signal and a
learning compressed pictufc signal, and wherein the step of
generating the pixel value of the restored picture signal uses
the prediction coefficient.
25. The picture signal decoding method as claimed in claim
22, wherein the predetermined prediction coefficient is
constituted by a prediction coefficient for every class
corresponding to characteristics of the compressed picture
signal, the prediction coefficient for every class being
supplied together with the coded picture signal.
26. The picture signal decoding method as claimed in claim
22, wherein the predetermined prediction coefficient is
constituted by a prediction coefficient for every class
corresponding to characteristics of the compressed picture
signal, and wherein the step of generating the pixel value of

the restored picture signal predicts the prediction value from

the prediction coefficient of a class corresponding to the



. - The m’m codi ng device as claimed in claim11, wherein the
predet er ﬁﬂlﬁ"ﬂ"@ coefficient is constituted by a prediction
coef fici ént °f ok every ass corresponding to characteristics of the
conpressed picture signal, and wherein the predicting section predicts the
predi ction value fromthe prediction ctfficient of a class corresponding
to the characteristics of the conpressed picture signal and the prediction
tap. 6. chBraqieatistécsi gnfil thrcodiongpdesiseal apictairedsipnalai and, vherein
the prediction coefficient for every class is calculated froma |earning
pi ctureps’legha:itlamdtapl earni ng conpressed picture signal, for every class
correspondi ng to characteristics of the |earning corrpressed CE)I cture signal,
and whe2di.n tlHee ppteitere nyi gral i dacosbing nedhod oassebaime d hien pe kalimt i on
coefficient f%r every cl ass. )
erein the prediction coefficient for every class is
calculated from a learning picture signal and a learning
compressed picture signal, for every class corresponding to
characteristics of the learning compressed picture signal, and
wherein the step of generating the pixel value of the restored
picture signal uses the prediction coefficient for every class.
28. The picture signal decoding method as claimed in claim
22, wherein a predetermined bit from LSB of the pixel value
of the pixel of the coded picture signal is replaced with a
predetermined bit from MSB of the pixel value of the virtual
pixel.
29. A recording medium decodable by a machine,
the recording medium having a recording signal recorded
thereon,
the recording signal being generated by
generating a compressed picture signal having a number
of pixels smaller than the number of pixels of an original
picture signal,
assuming a virtual pixel near a compressed pixel of a
pixel constituting the original picture signal so as to
calculate the pixel value of the virtual pixel from the original

picture signal,
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encodi ng device as clained in claim1l, wherein the

repl agmnlgluulﬂumllwmlices a. pr edet ;ar m ned bi t

frdm ESB*of"the pixel value of the conpressed pixel with a
predeterm ned bit from MSB of the pixel value of the virtual pixel. 8.

pi cture signal decoding device for detdding a coded

replacing a part of the pixel value of the compressed
pixel with a part of the pixel value of the virtual pixel,
using one of compressed pixels constituting the

compressed picture signal as a notable pixel so as to form a

- prediction tap from the compressed pixels near the notable

pixel and the virtual pixel,

predicting a prediction value of the original picture
signal from the prediction tap and a predetermined prediction
coefficient, .

calculating a prediction error of a prediction picture
signal constituted by the predicted prediction value with
respect to the original picture signal, and

correcting the pixel value of the compressed pixel
constituting the compressed picture signal in accordance with

the prediction error.

A



pi‘cture signal conprising: a form ng section for using one of
conpressed pixels constituting the‘€oded picture signal as a notable pixel
so-as to forma prediction tap from pi xel s near the notable pixel; and

a generating section for generating i xel value of a restored picture
signal fromthe prediction tap and a Ppredeterm ned prediction coefficient;

Lhe coded picture o gnal being ggeLgied Bk | Seneraling a comressed
o 2 0119 Al LS SO o BT A NG GRS i oo ac
to cal ¢dl 38 1) P& Chs Y8EaCheal® 4" 5B phXEE (AR L b9 ' in
Fig.18) constituting an SD picture obtained by thinning an HD
picture, and the pixel value of the virtual pixel is found from
the HD picture. A part of the pixel value of the virtual pixel
is arranged in place of a part of the pixel value of the SD
pixel. Then, one of the SD pixels is used as a notable pixel
so as to form a prediction tap from the SD pixel around the
notable pixel and the virtual pixel. By linear combination
between the prediction tap and a predetermined prediction
coefficient, adaptive processing for finding a prediction value
of the HD picture is carried out. In addition, a prediction
error of the prediction value found by adaptive processing
with respect to the HD picture is calculated, and the pixel
yalue of the notable pixel is corrected in accordance with the
prediction error. Thus, a decoded picture more proximate to
an original picture may be obtained without deteriorating the

coding efficiency.




pi.ct ure signal, replacing a part of the pixel value of the conpressed
pi xel with a part of the pixel value of the virtual pixel, using one
of conpressed pixels constituting the conpressed picture signal as a
not abl e pixel so as to form@a prediction tap fromthe conpressed pixels

near the notable 71
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pi xel and the virtual pixel, predicting a prediction value of the
original picture signal fromthe prediction tap and a predeterm ned

predi ction coefficient, calculating a prediction error of a prediction
pi cture signal constituted by the predicted prediction value with respect
to the original picture signal, and correcting the pixel value of the

conpressed pixel constituting the conpressed picture signal in accordance
with the prediction error. 9. The picture signal decodi ng device as
claimed in claim8, wherein the predeterm ned prediction coefficient is
supplied together with the coded picture signal. 10. The picture signal
decodi ng device as clained in claim8, wherein the predeterm ned
prediction coefficient is
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cal cul ated in advance froma |earning picture signal and a | earning
conpressed picture signal, and wherein the generating section has a
menory for storing the prediction coefficient. 11. The picture signal
decodi ng device as clainmed in claim8, wherein the predeterm ned prediction
coefficient is constituted by a prediction c ficient for every class
corresponding to characteristics of the conp sed picture signal, the
prediction coefficient for every class beingsﬁ%pplied together with the
coded pi cture signal
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[err] 72 12. The picture signal decodi ng device
as clainmed in claim8, wherein the predetermned prediction coefficient
is constituted by a prediction coefficient for every class corresponding to
characteristics of the conpressed picture signal, and wherein the
generating section predicts the prediction value fromthe prediction
coefficient of a class corresponding to the characteristics of the
conpressed picture signal and the prediction tap. 13. The picture signal
decodi ng device as clainmed in claim12, wherein the prediction coefficient
for every class is calculated fgm a | earning picture signal and a | earning
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conpressed picture signal, for every class corresponding to characteristics
of the | earning conpressed picture signal, and wherein the generating
section has a nenory for storing the prediction coefficient for every

cl ass. 14. The picture signal decoding device as clainmed in claim 8,
wherein a predetermined bit fromLSB. of the pixel value of the pixel of the
coded picture signal is replaced with a predetermned bit from MSB of the
pi xel value of the virtual pixel. 15. A picture signal encodi ng nethod for
encodi ng a picture signal conprising: a step of generating a conpressed
pi cture signal having a nunber of pixels smaller than the nunber of pixels
of an original picture signal; 2
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73 a step of assuming a virtual pixel near a conpressed pixel of a

pi xel constituting the original picture signal so as to cal cul ate the pixel
value of the virtual pixel fromthe original picture signal; a step of
replacing a part of the pixel value of the conpressed pixel with a part of
t he pi xel value of the virtual pixel;
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a step of using one of conpressed pixels constituting the conpressed
picture signal as a notable pixel so as to forma prediction tap fromthe

conpressed pi xels near the notable pixel and the virtual pixel; a step
of predicting a prediction value of the original picture signal fromthe
prediction tap and a predeterm ned prediction coefficient; a step of

calculating a prediction error of a prediction picture signal constituted
by the predicted prediction value with respect to the original picture
signal; and a step of correcting the pixel value of the conpressed
pi xel constituting the conpressed picture signal in accordance with the
prediction error. 16. The picture signal encoding nethod as clained in
claim15, further conpri sing:
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a_step of calculating the prediction coefficient on the basis of the
original picture signal and the conpressed picture signal or the corrected
conpressed picture signal; and 74
a.step of transmitting an optimum conpressed picture signal and the
prediction coefficient. 17. The picture signal encodi ng nethod as clai ned
in claim
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15, wherein the predeterm ned prediction coefficient is calculated in
advance by learning froma learning picture signal and a | earning
conpressed picture signal, and wherein the step of predicting the

predi ction value of the original picture signal uses the prediction
coefficient. 18. The picture signal encoding nethod as clainmed in claiml1l5,
wherein the predeterm ned prediction coefficient is constituted by a

predi ction. coefficient for every class corresponding to characteristics of
t he conpressed picture signal, the net hod further conpri sing: a
step of calculating the prediction coefficient for every class on the basis
of the original picture signal and the conpressed picture signal or the
corrected picture signal; and a step of transmitting an opti nmum
conpressed picture
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signal and the prediction coefficient for every class; the step of
predicting the prediction value of the original picture signal predicting
the prediction value fromthe prediction coefficient of a class
corresponding to the characteristics of the conpressed picture signal and
the prediction tap. 19. The picture signal encoding nethod as clained in
claim 75
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15, wherein the predeterm ned prediction coefficient is constituted by a
predi ction coefficient for every class corresponding to characteristics of
t he conpressed picture signal, and wherein the step of predicting the
predi ction value of the original picture signal predicts the prediction
value fromthe prediction coefficient of a class corresponding to the
characteristics of the conpressed picture signal and the prediction tap.
20. The picture signal encoding nmethod as claimed in claim19, wherein the
predi ction coefficient for every class is calculated froma | earning

pi cture signal and a Ieéﬂqﬁng conpressed picture signal, for every class

corresponding to characﬁdﬁistics of the learhing conpresgsed picture signal,
and wherein the step offbﬂedicting the predifgtion value pf the
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original picture signal uses the prediction coefficient for every class.
21. The picture signal encoding nmethod as clainmed in claim15, wherein the
step of replacing a part of the pixel value of the conpressed pixel

r'epl aces a predetermned bit fromLSB of the pixel value of the
conpressed pixel with a predetermined bit from MSB of the pixel value of
the virtual pixel. 22. A picture signal decoding nethod for decoding a
coded picture signal conprising: a step of using one of conpressed
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[err] 76 coded picture signal as a notable
pi xel so as to forma prediction tap from pi xel s near the notable pixel;

and a step of generating a pixel value of a restored picture signal
fromthe prediction tap and a predeterm ned prediction coefficient;
the coded picture signal being is generated by generating a conpressed
pi cture signal having a nunber of pixels sma r than the nunber of pixels
of an original picture signal, - assum ng @ rtual pixel near a
conpressed pixel of a 593
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pi xel constituting the original picture signal so as to cal cul ate the pixel

val ue of the virtual pixel fromthe original picture signal, repl aci ng
a part of the pixel value of the conpressed pixel with a part of the pixel
val ue of the virtual pixel, using one of conpressed pixels

constituting the conpressed picture signal as a notable pixel so as to
forma prediction tap fromthe conpressed pi xels near the notable pixel and
the virtual pixel, predi cting a prediction value of the original
picture signal fromthe prediction tap and a predeterm ned prediction
coefficient, calculatin?_a_pLedetion error of a prediction picture
signal constituted by the ediggiager Prqdiction value with respect to the

n

original picture signal, a
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[-err]
conpressed pi xe

with the prediction error.
clainmed in claim 22, wherein the predeterm ned prediction coefficient

77 correcting the pixel
constituting the conpressed picture signal

23. The picture signal

supplied together with the coded picture signal
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24. The picture signal decoding nethod as clained in claim?22, wherein the
predeterm ned prediction coefficient is calculated in advance froma

| earning picture signal and a | earning conpressed picture signal, and
wherein the step of generating the pixel value of the restored picture
signal uses the prediction coefficient. 25. The picture signal decoding
nmethod as clainmed in claim?22, wherein the predeterm ned prediction
coefficient is constituted by a prediction coefficient for every class
corresponding to characteristics of the conpressed picture signal, the
prediction coefficient for every class being supplied together with the
coded picture signal. 26. The picture signal decoding nethod as clained in
claim 22, wherein the predeterm ned prediction coefficient is constituted
by a prediction coefficient for every class

VIRTUAL

PIXEL SD PIXEL
$y O O O OO CS O
O O O O]J]0 O O

O NOTABLE

sPXELS| O O O m PIXEL
O O

O O O O O O o0
y O O O O O O O

7 PIXELS

FIG.18



corresponding to characteristics of the conpressed picture signal, and
wherein the step of generating the pixel value of the restored picture
signal predicts the prediction value fromthe prediction coefficient of a
class corresponding to the [err] 78
characteristics of the conpressed picture signal and the prediction tap.
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27. The picture signal decoding nmethod as clainmed in claim26, wherein the
prediction coefficient for every class is calculated froma |earning
picture signal and a | earning conpressed picture signal, for every class
gorresponding to characteristics of the | earning conpressed picture signal,
and wherein the step of generating the pixel value of the restored picture
signal uses the prediction coefficient for every class. 28. The picture
signal decoding nethod as clained in claim?22, wherein a predeterm ned bit
fromLSB of the pixel value of the pixel of the coded picture signal is
replaced with a predetermined bit from MSB of the pixel value of the
virtual pixel. 29. A recording nmedi um decodabl e by a nachi ne, t he
recordi ng medi um having a recordi ng signal recorded thereon
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t he recordi ng signal being generated by generating a conpressed picture
signal having a nunber of pixels smaller than the nunber of pixels of an
original picture signal, assumng a virtual pixel near a conpressed

pi xel of a pixel constituting the original picture signal so as to

cal cul ate the pixel value of the virtual pixel fromthe original picture

si gnal , [err] :
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79 replacing a part of the pixel value of the conpressed pixel with a
part of the pixel value of the virtual pixel, using one of
conpressed pixels constituting the conpressed picture signal as a

not abl e pixel so as to forma prediction tap fromthe conpressed pixels
near the notable pixel and the virtual pixel, predicting a prediction
val ue of the original picture signal fromthe prediction tap and a
predet erm ned prediction coefficient, calculating a prediction error
of a prediction picture signal constituted by the predicted prediction
value with respect to the original picture signal, and correcting the
pi xel value of the conpressed pixel
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constituting the conpressed picture signal
predi ction error.

9
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