[ Name of Docunent] Specification [Title of the

I nvention] Picture Signal Processing Device, Picture
Si gnal Processi ng Met hod, Recordi ng Medium Program
and Video Canera [Technical Field] [0001] The
present invention relates to device and nethod for
processing picture signals, a recording nedium a
program and a video canera, and particularly to:
device and nethod for processing picture signals, a
recording nedium a program and a video canera that
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greatly large. As a representative coding nethod for
oeMéAQ picture data, a notion- conpensated predictive
codi ng nethod can be cited. [0003] 1

[Technical Field]
{0001}

The present invention relates to device and method
for processing picture signals, a recording medium, a
program, and a video éamera, and particularly to'device
and method for processing picture signals, a recording
medium, a program, and a video camera that are suitably
used for control of the compression ratioc in compression
coding of picture signals.

[Background Art]
[0002]

For example, when digitalized.moving picture data
is recorded in an information recording medium or is
transmitted via a network typified by the Internet, the
moving picture data is compression-coded since the data
amount thereof is greatly large. BAs a representativé
coding method for moving picture data, a motion-
cbmpensated predictive coding method can be cited.
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Speci fic exanpl es of the notion conpensated

predi ctive codi ng nethod include an MPEG ( Movi ng
Picture Experts Goup) coding system In the MPEG
system one frame or one field is divided into macro
bl ocks that are each constructed of 16 lines by 16
pi xel s, and notion- conpensated predictive coding is
executed on a nacro bl ock basis. [0004] The

not i on- conpensat ed predictive coding nethod is a
codi ng nmet hod of wutilizing correlations of pictures
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and notion vectors are coded so that the information
BlBURtba®fs .t he noving picture is conpressed. (0005]
The noti on-conpensated predictive coding nethod 2
[0004]

The motion-compensated predictive coding method is
a coding method of utilizing correlations of pictures
along the time axis. Specifically, in this method, motion
véctors of a picture to be coded (coding-target picture)
with respect to a picture as a reference object
{reference picture) are detected, and then in accordance
with the motion vectors, motion compensation is executed
for the reference picture that has been subjected to
coding and decoding, to thereby produce a predictive
plicture. Subsequently, the prediction residual of the
coding-target picture with respect to the predictive
picture is obtained, and then the prediction residual and
motion vectors are coded so that the information amount
.of the moving picture is compressed.

{C005]

The motion-compensated predictive coding method
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includes two kinds of coding schenes roughly: intra-
coding and inter-coding. In the intra-coding, the
informati on of a coding-target picture is directly
coded regarding nmacro bl ocks as a coding target. In
the inter- coding, pictures before and after a
coding-target picture in terns of tine are used as a
reference picture, and the difference between the
predi ctive picture produced from the reference

pi cture and the coding-target picture is coded.
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In the MPEG system, the respective pictures are
coded with being categorized into any picture type of the
I-picture (Intra coded picture), P-picture (Predictive
coded picture), and B-picture (Bidiréctionally predictive
| coded picture). Furthermore, in the MPEG system,
processing is executed on a GOP (Group of picture)‘basis.
[0007]

When coded-data resulting from the coding on a GOP
basis is recorded in an information recérding medium or
is transmitted, the compression ratio of the coding needs
' to be controlled accurately so that a high picture
quality is achieved when the coded data is expansion-
decoded, and so that the coded data has a data amount

equal to or smaller than the recording capacity of the
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i nformation recordi ng mediumor the transm ssion
capacity of the communication |ine. [0008] In a

nmet hod for accurately controlling the conpression
ratio of coding in related art, in advance of actua
codi ng, the anmount of codes to be generated is
accurately estimated for a picture to be coded, and
the conpression ratio is controlled based on the
~estimation result. [0009] For exanple, there is a
method in which, in order to accurately estimte the
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exgedie a calculation of which calculation anount is
twi ce the cal cul ati on anount necessary in the actua
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of which calculation amunt is 4
-accurately estimated for a picture to be ccded, and the
compression ratio is controlled based on the estimation
result.
[0009]

For example, there is a method in which, in order
. to accurately estimate the amount of codes to be
generated, parameters regarding the compression ratio are
tentatively set in advance of actual ceding, followed by
execution of the coding. However, such a method involves
a need to execute a calculation of which calculation
amount is twice the calculation amount necessary in the
actual coding, and therefore problematically results in
low effiéiency.
[0010]

As a countermeasure against this, there is a method
in which the amount of codes to be generated is estimated

based on the prediction residual of a picture without

executing a calculation of which calculation amount is




twi ce that necessary in actual coding (refer to e.g.
Pat ent Docunent 1). [0011] However, the prediction
resi dual of a coding-target picture is an index that
cannot be obtained unless the coding-target picture
Is actually coded. Therefore, the prediction residua
used for the estimation of the anbunt of codes to be
generated is not the prediction residua

corresponding to the coding-target picture, but the
prediction residual of the picture previous by one
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' xappl e. [0012] [Patent Docunent 1]
%%S%#%g%%%&lfgpaggse Patent Application No. Hei 10-

Zg@@pﬁ) [Disclosure of the Invention] [Problemto be
ol ved by the Invention] [0013] If the prediction
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the coding-target picture is fed back and used as the

pigdh£d 1:0N aneshdeal 1Rt theneRdLBIobEA 98] JH 1 €has
descri bed above, there is a problemin 5
coding-target picture is actually coded. Therefore, the
prediction residual used for the estimation of the amount
of codes to be generated is not the prediction residual
corresponding to the coding-target picture, but the
prediction residual of the picture previocus by one frame
to the coding-target picture is fed back and used‘as the
prediction residual of the coding-target picture for
example.
[0012]

[Patent Document 1]

WO98/2659§ (Fapanese Patent Applicaticn No. Hei 10-
526505) |
[Disclosure of fhe Ihvention]
[Problem to be Sdlved by the Invention]
[0013]

If the prédiction residual of e.g.lthe picture
previous by one frame to the coding-~target picture is fed
back and used as the prediction residual of the coding-

target picture as described above, there is a problem in




that, if a scene change or the |like exists between the
codi ng-target picture and previous picture, the anount
of codes to be generated regardi ng the codi ng-target
picture is not adequately estinmated, and hence the
coding conpression ratio cannot be controlled
accurately. [0014] The present invention is nmade in
consi deration of such a circunstance, and an obj ect
thereof is to allow the prediction residual of a

codi ng-target picture to be predicted accurately
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resi du cal culator that produces an inter predictive
pbeigye for the still picture constructing a noving
picture, and calculates an inter prediction residua
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such a circumstance, and an object thereof is to allow
the prediction residual of a coding-target picture to be
predicted accurately before actual coding of the coding-
-target picture.

[Means for Solwving the Problem]

[0015}

A picture signal processing device according to the
present invention includes an intra prediction residual
calculator that produces an intra predictive plcture for
a still picture constructing a moving picture, and
calculates an intra prediction residual that indicates a
difference between the still picture and the intra
predictive picture, an inter prediction residual
calculator that produces an inter predictive picture for
: the still picture constructing a moving picture, and

~calculates an inter prediction residual that indicates a

. difference between the still picture and the inter




predictive picture, and a pseudo prediction residua
producer that produces a pseudo prediction residua
corresponding to the still picture by using at | east
one of the intra prediction residual or the inter
prediction residual. The picture signal processing
device also includes an anticipated prediction _
residual calculator that corrects a pseudo prediction
resi dual produced by the pseudo prediction residua
producer and corresponding to an n-th still picture,
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ratio controller, and supplies the anticipated
poedhchiom stesilddpdltoatcubadar oh a pseudo prediction
residual corresponding to a previous still picture of the
n—-th still picture and an actual prediction residual
corresponding to the previous still picture of the n~th
still picture, to thereby calculate an anticipated
prediction residual corresponding to.the n-th still
picture, a compression ratioc controller that contreols a
compression ratio of compression coding of a picture
lsignal corresponding to the n—th still picture based on
.the anticipated prediction residual that is calculated by
the anticipated prediction residual calculator and
—corresponds to the n-th still picture, and a coder that
executes compression coding of the picture signal
corresponding to the n-th still picture in accordance

with control by the compression ratio controller, and

supplies the anticipated prediction residual calculator
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with an actual prediction residual that is produced

t hrough a processing process of the conpression coding
and corresponds to the n-th still picture. [0016] The
pseudo prediction residual producer may enploy the
smal ler of the intra prediction residual and the

inter prediction residual for each divided region that

is set inthe still picture and has a predeterm ned
size, to thereby produce the pseudo prediction
residual corresponding to the still picture. [0017]
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the actual prediction residual corresponding to the
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set in the still picture and has a predetermined size, to
thereby produce the pseudo prediction residual
corresponding to the still picture.
-[0017}

The divided region may be a macro block.
{0018]
| The anticipated prediction residual calculator may
calculate the anticipated prediction residual
corresponding to the n-th still picture by adding a.
certain value to the pseudo predictioﬁ residual that is
produced by the pseudo prediction residual producer and
corresponds to the n~th still picture. The certain value
is obtained by multiplying by a predetermined eoeffieient
a difference between the pseudo prediction residual
corresponding to the previous still picture of the n-th

still picture and the actual prediction residual

corresponding to the previous still picture of the n-th

8




still picture. [0019] The predeterm ned codi ng system
may be an MPEG system [0020] The predeterm ned
codi ng system nay be the MPEG4- AVC system [0021] A
pi cture signal processing nmethod according to the
present invention includes an intra prediction
residual calculation step for producing an intra
predictive picture for a still picture constructing a
novi ng picture, and calculating an intra prediction
residual that indicates a difference between the
$§.ﬂf1 %E%EH£$_and the intra predictive picture, an
in reédrction residual calculation step for

pﬁﬁﬁ_ ing an inter predictive picture for the stil

pl cture constructing a noving picture, and
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i ndi cat es ference betwe e sti pl cture and

thedopter predictive picture, and a pseudo prediction
reési dual production step for producing a pseudo
PfRmbiggti on residual corresponding to the still picture
by wusing at |east one of the intra prediction
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picture signal 9
- AVC system.

{0021]

A picture signal processing method according to the
present invention includes an intra prediction residual
calculation step for producing an intra predictive
picture for a still picture constructing a moving pilcture,
and calculating an intra prediction residual that
indicates a difference between the still picture and the
intra predictive picture, an inter prediction residual
calculation step for producing an inter predictive
picture for the still picture constructing a moving
" picture, and calculating an inter prediction residual

-.that indicates a difference between the still picture and
the inter predictive picture, and a pseudo prediction
residual production step for producing a pseudo
prediction residual corresponding to the still ?icture by
:using at least one of the intra prediction residual or

the inter prediction residual. The picture signal
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processi ng nethod al so includes an anti ci pat ed
prediction residual calculation step for correcting a
pseudo prediction residual that is produced through
processing 1in the pseudo prediction residua
production step and corresponds to an n-th stil

pi cture, based on a pseudo prediction residua

corresponding to a previous still picture of the n-th
still picture and an actual prediction residua
corresponding to the previous still picture of the

¥ . | &1 7 i Sakgul a iction
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anticipated prediction residual calculation step and
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step for executing conpression coding of the picture
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accordance with control by processing in the
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processing in the anticipated prediction residua
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i s produced through a processing process of the
ehopues o Orrheodi-ng antll tosiaspendsot théhebin-daicafinke
ig anticipated prediction residual corresponding to the
n-th still picture, a compression ratio control step for
controlling a compression ratio of compression coding of

" a picture signal corresponding to the n~th still picture
based on the anticipated prediction residual that is
~calculated through processing in the anticipated
prediction residual calculation step and corresponds to
the n-th still picture, and a éoding step for executing
compression coding of the picture signal corresponding to
the n-th still picture in accordance with control by
processing in the compression ratio control step, and
supplying for the processing in the anticipated
prediction residual calculation step an actual prediction

residual that is produced through a processing process of

the compression coding and corresponds to the n—-th still
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picture. [0022] A programin a recording nmedi um
according to the present invention includes an intra
predi ction residual calculation step for producing an
intra predictive picture for a still picture
constructing a noving picture, and calculating an
intra prediction residual that indicates a difference
between the still picture and the intra predictive
picture, an inter prediction residual «calculation
step for producing an inter predictive picture for the
'_ggkkh picture constructing a noving picture, and
alculating an inter prediction residual that
irpebsptes a difference between the still picture and
the inter predictive picture, and a pseudo prediction

resi dual RLGdURt PN SR i9hgPROGYEH N RE8WA00 the
predi ction residual corresponding to the still picture
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residual or the inter prediction residual. The
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piethi:£d | &3y redtdual plibatireScphotnged nd i @leging picture,
processing in the pseudo prediction residua
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. picture, based on a pseudo prediction residua
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still picture and an 11

intra predictive picture, an inter prediction residual
calculation step for producing an inter predictive
picture for the still picture constructing a moving
picture, and calculating an inter prediction residual
that indicates a différence between the still picture and
the inter predictive picture, and a pseudo prediction
residual production step for producing a pseudo
prediction residual corresponding to the still picture by
using at least one of the intra prediction residugl or
the inter prediction residual. The program also includes .
an anticipated prediction fesidual calculation step for
correcting a pseudo prediction residual that is prbduced
through processing in the pseudo prediction residual
production step and corrésponds to an n-th étill picture,

based on a pseudo prediction residual corresponding to a

.previous still picture of the n-th still picture and an

11




actual prediction residual corresponding to the

previous still picture of the n-th still picture, to
thereby calculate an anticipated prediction residua
corresponding to the n-th still picture, a conpression

ratio control step for controlling a caonpression ratio
of conpression coding of a picture signa
corresponding to the n-th still picture based on the
anticipated prediction residual that is calcul ated

t hrough processing in the anticipated prediction
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still picture, and a coding execut i
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corresponding to the n-th still picture in accordance
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corresponds to the n-th still picture. [0023] A

ROAGEass BOE afatiing be & hei Presenignavenbl pisEauUses t@
conmputer to execute processing that includes an intra
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intra predictive picture for a still picture
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intra prediction 12
in the anticipated prediction residual calculation step
and corresponds to the n-th still picture, and a coding
step for executing compression coding of the picture
signal corresponding to the n~th still picture in
accordance with control by processing in the compression
ratio control step, and supplying for the processing in
the anticipated prediction residual calculation step an
actual prediction residual that is produced through a
processing process of the compression coding and
corresponds to the n-th still picture.
[0023}

A program according to the present invention causes
a computer to execute processing that includes an intra
prediction residual calculation step for producing an

intra predictive picture for a still picture constructing

a moving picture, and calculating an intra prediction
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residual that indicates a difference between the stil
picture and the intra predictive picture, an inter
predi ction residual calculation step for producing an
inter predictive picture for the still picture
constructing a noving picture, and cal cul ating an
inter prediction residual that indicates a difference
between the still picture and the inter predictive
picture, and a pseudo prediction residual production
step for producing a pseudo prediction residua
G ERRPNAAND LN ST L 4 ¢ PLAIULL R, LS N &la 1935t
one of the intra preglc i On Tesidual O the 1nter
i@dLELT O rRl dudl, TRegP e 119y 8l SQy | es_an
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produced t hrough processing in the pseudo prediction

liegedupledf QdUM iR t8LEPFENdhL QEE3PRNEs, L0 an n-th
still picture, based on a pseudo prediction residua
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still picture and an actual prediction residua
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n-th still picture, a conpression ratio control step
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coding of a picture signal corresponding to the n-th
st pbbugd qinsdd ct3on residual corresponding to the still
picture by using at least one of the intra prediction
residual or the inter prediction residual. The processing
also includes an anticipated prediction residual
.calculation step for correcting a pseudo prediction
residual that is produced through processing in the
pseudo prediction residual production step and
corresponds to an n-th still picture, based on a pseudo
prediction residual corresponding to a previous still
picture of the n-th still picture and an actual
prediction residual corresponding to the previous still
picture of the n-th still picture, to thereby calculate_
an anticipated prediction residual corresponding to the
n—-th still picture; a compression ratio control step for

controlling a compression ratio of compression coding of

a picture signal corresponding to the n-th still picture

i3




based on the anticipated prediction residual that is
cal cul ated through processing in the antici pated
predi ction residual calculation step and corresponds

to the n-th still picture, and a coding step for
executing conpression coding of the picture signa
corresponding to the n-th still picture in accordance

with control by processing in the conpression ratio
control step, and supplying for the processing in the
anticipated prediction residual calculation step an

acdderd opr %ﬁiecgheﬂcigaec%cg akqt Bat od Sréyi%ggeghw[‘lgwh a

processi ng process of e conpression coding a

CHIRIRORAS thPob e Prddesslibb! in PLid Wi ;09244 A video

canmera according to the preSent iInvention includes a
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of a target object and produces the picture 'signal,
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an intra predictive picture for a still picture
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‘capturing unit, and calculates an intra prediction
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picture and the intra predictive picture, an inter
pregiestiog iestidualonpakerkah oratikatcopreducesed, parudo
inter predictive picture for the still picture 14
supplying for the processing in the anticipated
prediction residual calculation step an actual prediction
residual that is produced through a processing process of
the compression coding and corresponds to the n-th still
picture.
[0024}

A video camera according to the present invention
includes a picture capturing unit that captures a moving
picture of a target object and produces the picture
signal, an intra prediction residual calculator that
produces an intra predictive picture for a still picture
constructing a moving picture captured by the picture
capturing unit, and calculates an intra prediction
residual that indicates a difference between the still
picture and the intra predictive picture, an inter

prediction residual calculator that produces a pseudo

inter predictive picture for the still picture

14




constructing a noving picture captured by the picture
capturing unit, and calculates an inter prediction
residual that indicates a difference between the stil
picture and the inter predictive picture, and a pseudo
predi ction residual producer that produces a pseudo
predi ction residual corresponding to the still picture
by wusing at |east one of the intra prediction
residual or the inter prediction residual. The video
canera also includes an anticipated prediction

r&sHAyalt 8k Call @ Bing bE‘éEuE@r&ﬁ%L&e@ BSCHHO piadiy&tion
resi dual produced by "the pseudo prediction residua

RERAGEhganfi €0TARE RANELNGted CarNidtelrh pbiid &t Lt U €,
based on a pseudo predi ction residual corresponding

1A REeVERNE SididatRsChuserférddie bRtiBefltthd dyiqtiure
and an actual prediction residual corresponding to

tdie-Hureviapustisd iddtapi predecoivd heidtulrh, ahdld picaidar e,
to thereby cal culate an anticipated prediction
rasidd ¢l of or & €5pondiprgdtoe t hehdt tdrcainicks a ppsdutice, a
conpression ratio controller that controls a
qoariess bonresidua loicoepappessimn wwodhergsoilh picdtuukeby
signal corresponding to the n-th still picture based
orsinghetahtast patedfprbdi toton presiidudbnt hatidwml or
calculated by the anticipated prediction residua
Cdilec uh&kor paaxti.ctcionr espbadsl t 0 Thhevided cmdra piletur e,
a coder that executes conpression coding of the
pgirctldessignatt kB pated prediction residual calculator
that corrects a pseudo prediction residual produced by
the pseudo prediction residual producer and corresponding
to an n-th still picture, based on a pseudo prediction
residual corresponding to a previous still picture of the
n—-th still picture and an actual prediction residual
cofresponding to the previous still picture of the n-th
still picture, to thereby calculate an anticipated
prediction residual corresponding to the n-th still
picture, a compression ratio controller that controls a
compression ratio of compression cocding of a picture
signal corresponding to the n-th still picture based on
the anticipated prediction residual that is calculated by
the anticipated prediction residual calculator and

corresponds to the n-th still picture, a coder that

executes compression coding of the picture signal

15




corresponding to the n-th still picture in accordance
with control by the conpression ratio controller, and
supplies the anticipated prediction residua

calculator wth an actual prediction residual that is
produced through a processing process of the
conpression coding and corresponds to the n-th stil
picture, and a recorder that records the picture
signal that has been subjected to conpression coding
by the coder in the information recording nmedi um

[&Q%%]spwdmbe R ¢her -8 %@illprﬂ%%%§bn9n dgy&&eda%%

thod, program and video canera, an intra
Wl%ﬁl ebh @Rl dual coﬁﬁge%drf‘treartﬂér edhetd one o esindual
are calculated for a still picture constructi'ng a
BRpNgePi eldilMit ididat g pRSEUAS B ediehioN éaqsﬂuCila%r
corresponding to the still picture is produced by
wSitAgadtadast peeaietisherdditdal phadi £t i Pndrsiadual
or inter prediction residual. Furthernore, the pseudo

Rhedighi ®rpresisdialy sosc@sPYWithg cbRptdesibd Roslinyl
picture is corrected based on a pseudo prediction
wesi doatesgamdaspondhagntth aqinevpeususs) ldnd pi cedbedet
the n-th still picture and the actual prediction -
test duadomwty teéepphdiuge toidrkad phavi bys isddd Isubgieetute
of the n-th still picture. Thus, the antici pated
predomnpyars iroas cddahg Coy rigsp andieng ihothdeinEdrmastibhl 16
recording medium.

[0025]

In the picture signal processing.device and method,
program, and video camera, an intra prediction residual
and an inter prediction residual are calculated for a
still picture constructing a moving picture, and the
pseudo prediction residual corresponding to the still
‘picture is produced by using at least one of the intra
prediction residual or inter prediction residual.
Furthermore, the pseudo prediction residual corresponding
- to the n-th still picture is" corrected based on a pseudo
prediction residual corresponding to a previous still
picture of the n-th still picture and the actual
prediction residual corresponding to the previous still

picture of the n-th still picture. Thus, the anticipated

prediction residual correspending to the n-th still

16




‘picture is calculated. In addition, the conpression
rati o when the picture signal corresponding to the

n-th still picture is conpression-coded is controlled
based on the «calculated anticipated prediction
residual corresponding to the n-th still picture. In
accordance with this ] control, the picture signa
corresponding to the n-th still picture is subjected

to conpression coding. Mreover, the actua
prediction residual that is produced in the

Raessl BY pIRGeSs L. He LRARGBAST PRe COMANG ANY atio
corresponds to the n-th still plcfure S supplleg

tdien RHECESSENE Qfidrhe aBLLEiMHANPESILEL Qﬂtr{ es%ﬂlial
calculation. [Effect of the I'nventiion] [0026] The

iRt §BHVESHH L Aldnowsatie: Prefitebi 984 Kestalus] t@lf a
codi ng-target picture to be predicted accurately

hefleie a86d Usht COfat@dobredecesh Restatget coPr&ddB8ing
[Brief Description of the Drawings] [0027] [Fig. 1]

Ficg.tht hstla $di00k pdicagiam idn usbbadamee avith this
configuration exanple of a picture signal processing

deviteelt othdiwictivre piesentcormeapbnaingStaphd ed-th
[Fig. 2] Fig. 2 is a block diagramillustrating a
still picture is subjected to compression coding.
Moreover, the actual prediction residual that is produced
in the processing process of the compression coding and
corresponds to the n-th still picture is supplied for the
processing of the anticipated prediction residual
calculation. |

[Effect of the Inventioﬁ}

[0026]

The present invention allows the prediction
‘residual of a coding-target picture to be predicted
accurately before actual coding of the coding-target
picture.

[Brief Description of the Drawingsj
[0027]

fFig. 1] Fig. 1 is a block diagram illustrating a

configuration example of a picture signal processing

device to which the present invention is applied.

[Fig. 2] Fig. 2 is a block diagram illustrating a

17




17 configuration exanple of a pseudo prediction
residual producer of Fig. 1. [Fig. 3] Fig. 3is a

bl ock diagramillustrating a configuration exanple of
a prediction residual anticipator of Fig. 1. [Fig. 4]
Fig. 4 is a block diagramillustrating a
configuration exanple of a target code anount deci der
of Fig. 1. [Fig. 5] Fig. 5is a flowhart for
expl ai ning picture conpression processing by the

pi cture signal processing device. [Fig. 6] Fig 6 is

I | a
Ferae it éfﬁﬁﬁ 9 P2l Whelte®iab Saruial ng
%moghggr SggOf;i§iq.. 5 in detail. [Fig. 8 Fig. 8is a
I owchart for exp alnlng a step S3 of Fig. 5in

detail . ¢id 9.319] Fn%; 9. 3 9s' 8 Bﬁ?@%ﬂl}ﬁ%"‘ﬁ"ﬂﬂsv\/@ﬁmg a

target code anpu BIT VBR for a certa

SRA¥EHG68at & LxahlieFbe. a#%da@cl%a%@ﬂaéypw ng
target code amounts BIT_ for a certain

seguensetot @ Fikl] 1Fig. 11 is a diagram show ng the
changes of the target code amount BIT TGI(n) as a
functi opriqf. the rupgreesoh Hiddik Cildgraaf 121 SEGHENGR; a
configuration example of a target code amount decider-éf
Fig. 1.

[Fig. 5] Fig. 5 is a flowchart for explaining
picture compression processing by the picture signal
processing device.

(Fig. 6] Fig. 6 is a flowcharﬁ for explaining a
step 81 of Fig. 5 in detail.

{Fig. 7] Fig. 7 is a flowchart for explaining a
step S2 of Fig. 5 in detail,

[Fig. 8] Fig. 8 is a flowchart for explaining a
step 83 of Fig. 5 in detail.

[Fig. 9] Fig. 9 is a diagram showing VBR target
code amounts BIT VBR(n) for a certain sequence.

[Fig. 10] Fig. 10 is a diagram showing target code
amounts BIT _TGT(n) for a certain seguence.

[Fig. 11] Fig. 11 is a diagram showing the changes
of the target code amount BIT TGT(n) as a function of the

degree of difficulty of a sedquence.

18
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18 [Fig. 12] Fig. 12 is a block diagramillustrating
a configuration exanple of a coder 5 of Fig. 1. [Fig.
13] Fig. 13 is a diagram showi ng the relationships
bet ween a quanti zation scale and the logarithmof a
generated code anount. [Fig. 14] Fig. 14 is a diagram
showi ng the relationships between a quantization
scale and the |logarithmof a generated code anount
normalized with a prediction residual. [Fig. 15] Fig.
15 is a diagram show ng the relationship,

appr oxi d a a tic f o) bet n .
qguant i zg?li%n fs%:ﬁal ggghgi?hles Iaog%g:&%:kh@ﬁl“% g \gggﬁ%?’é?%ﬂlg
C ' it | Cld resi dual .
29?%. 1%; QI%FS% Q%Ldi@% :‘éﬂfoa/c 3‘?%P?dorc}fe>%gpéi ﬁl- ng

codi ng essdng r de i G t egi.pni ng of
a sequgﬁgi.s%jigFI§7]ﬁ£fﬁiglgagéggﬁﬁﬂggén%igggam

|} UstilbAbhifs Be G QUGALLPD, SXAP! &9 andigidal
video canera to which the invention is applied. [Fig.
1R]gli@hml8ri 8 feddQekadiagtaghdldustrating a
configuration exanple of a personal conputer to which
the invemidgonds appl ired.id BeachyPih dhRfinBetgeence
Nuner al s]

relationships between a quantization scale and the

logarithm of a generated code amount normalized with a
prediction residual.

[Fig. 15] Fig. 15 is a diagram showing the
relationship} apprpximated by a quadratic function,
between a quantization scale and the logarithm Qf a

generated code amount normalized with a prediction

residual.

[Fig. 16] Fig. 16 is a flowcharﬁ for explaining
coding processing for an I-picture at the beginning of a
sequence. |

[Fig. 17] Fig. 17 is a block diagram illustrating
a configuration example of a digital video camera to
which the invention is applied.

[Fig. 18) Fig. 18 is a block diagram illustrating
a configuration example of a personal computer to which
the invention is applied.

[Description of Reference Numerals]
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19 [0028] 1 picture signal processing device, 2 pseudo
predi ction residual producer, 3 prediction residua
anticipator, 4 target code anmount decider, 5 coder, 11
intra predictor, 12 inter predictor, 13, 14
differential wunit, 15 conparator, 21 prediction
residual calculator, 31 VBR assigner, 32 CBR
assigner, 33 conparator, 41 intra predictor, 42 intra
predi ction residual calculator, 43 rate controller,
‘45 quanti zer, 201 canera unit, 222 conpressor, 301
231l recording nmedium [Best Mdde for Carrying out
the I'nvention] One enbodi ment of the present invention

Wil l bel Hesekkbbed hel qyxeoc%sgmé sboys. a eopflguration

exanple of a plcture signal processing device to

W&b@ﬁcﬁf@h'féﬁﬂaﬂaqnprbéu@@Pl'%d rOa P €3 8080
processing device 1 subjects —ah I nput moving picture

Sin@iRakp4 ©i6F ei Bath eget daSMd iRRUNASIe & i NY-tad&et 11
pi cture S|gnal) to conpressi on codi ng to thereby

RhedHCEr&d Lada]d Pletiv®siggRalchay) Nd3a dat @i fedmiitial
and a bit rate that are smaller and | ower than those

ahithe 1Godiongakatgef RiChuegi st ialresThgaDi €4S ator,
‘'signal processing device 1 includes a pseudo
pLeUBRtaoN greasi ds@l CRY edisGghe?, @3pceflpetiosr r egildual
anticipator 3, a target code anount decider 4, and a
dotles Predi®d28] 42 intra prediction residual calculator,
43 rate contréller, 45 quantizer, 201 camera unit, 222
compressor, 301 CPU, 311 recording medium

[Best Mode for Carrying out the Invention]

One embodiment of the present invention will be
described below. Fig. 1 shows a configuration example of
a picture signal processing device to which the invention
is applied. A picture signal processing device 1 subjects
an input moving picture signal (hereinafter, described as
_ é coding-target picture signal) to compression coding to
thereby produce a coded picture signal having a data
amount and a bit rate that are smaller and lower than
those of the coding-target picture signal. The picture
signal processing device 1 includes a pseudo prediction
residual producer 2, a prediction residual anticipator 3,

a target code amount decider 4, and a coder 5.

{0029]
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20 The pseudo prediction residual producer 2

cal cul ates, based on the input coding-target picture
signal, the pseudo value of a prediction residual SAD
(hereinafter, described as a pseudo prediction
residual BD) and outputs the cal cul ated pseudo
prediction residual BD to the prediction residua
anticipator 3. The prediction residual SAD is

cal cul ated when the coding- target picture signal is
actually coded in the subsequent-stage coder 5.

Her ei nafferpsdubie F?.@Hg@ticﬂ{ e¥sqLLAn %féw&@! 2
corresponding to the coding-target I cture signal of
tdha cibbed] Ghdlds (o ARB RhSIUI&Ahg-fhekd: %fétgir%)
wi || be described as a pseudo prediction residual

BRghk1, [ 08 selhw RaedechEon ﬂfgaﬂ@é%bnagé%f&&gﬂ‘§AD3 .

corrects the pseudo prediction residual BD(n) that is

| (hputtihs Ot f helespseuda psedigdduan Heshdual oPreducen2
and corresponds to the n-th picture, based on a
poeudod poedhutis aher esi dubdteBRsRul) poE8ESPNIMRGiH0a1
the coding-target picture signal of the n-1-th

pDctar ehanu-eadipredncteonduglsiahtdliSADOR-1) Thbat is

i nput fromthe coder 5 and corresponds to the

podifihgt i@r getsigivef uBRDsignadlcaflatbae Ahdn tthdidskiinhg-
Subsequently, the prediction residual anticipator 3
sarpet seirtvamt isdigpal etls pradiadtliyonodesi thuathePRED( n)

subsequent-stage coder 5. Hereinafter, the pseudo

prediction residual corresponding to the coding-target

_picture signal of the n-th picture (frame picture or

field picture) will be described as a'pseudo prediction
residual BD{(n}).
[0030]

The prediction residual anticipator 3 corrects the
péeudo prediction residual BD(n) that is input from the
pseudo prediction iesidual producer 2 and corresponds to
the n-th picture, based on a pseudo prediction residual
BD(n~-1} corresponding to the coding-target picture signal
of the n-1-th picture and a prediction residual SAD(n-1)
that is input from the coder 5 and corresponds to the
coding-target picture signal of the n-1-th picture.
Subsequently, the prediction residual antiﬁipator 3

outputs an anticipated prediction residual PRED(n)

21




21 obtained as the correction result to the target
code anount decider 4. [0031] The target code anount
deci der 4 calculates two kinds of target code anmounts
based on the pseudo prediction residual PRED(n) input
fromthe prediction residual anticipator 3. One is
the target code anobunt when VBR (Variable Bit Rate)
is applied to the coding of the n-th picture
(hereinafter, described as a VBR target code anount
BIT_VBR(n)). The other is the target code anount when

BERA(iGeashantnBi toRalR) ohS raBRL L ed, thgr %tagget code

(hereinafter, described as a CSR target e anount
Blmbu@BRaB:)de Af4 er the cal cul ation, the target code
anount deci der 4 outputs one of these target code
aomariis as a target code anount BIT TGT(n) to the
coder 5. [0032] Furthernore, the coder 5 notifies the

tar get Tiosleamypmuabddesheleit 4dfidehe 4084 Po @A tywo
occupying the VBV buffer (or CPB buffer), and the

tkilingist o€ otlergemunide dacufles Yasad G ahespaeYBY t ar get
code armount BIT VBV(n) based on the data anount

eoedpyihgn t hes MBMIb@REDK n [ ot nRB £ ol fae) prdditss idrf
the VBV target code amount BIT VBV(n) is smaller than
triee IVBRL t angietippdde dnpunte BlsT tHBRE8)g@n dtodehamcBRe
target code anount BIT_CBR(n), the VBV target

when VBR (Variable Bit Rate) is applied to the coding of
the n-th picture (hereinafter, described as a VBR target
code amount BIT VBR(n)). The other is the target code
amount when CBR (Constant Bit Rate) is applied thereto
(hereinafter, described as a CBR target code amount

BIT CBR(n)) After the calculat:t.on, the target code
amount decider 4 outputs one of these target code amounts
as a target code amount BIT TGT(n) to the coder 5.

[0032]

Furthermore, the coder 5 notifies the target code
amount decider 4 of the data amount occupying the VBV
buffer (or CPB buffer), and the target code amount
decider 4 calculates a VBV target code amount BIT VBV (n)
based on the data amount occupying the VBV buffer {(or CPB
buffer). Thus, if the VBV target code amount BIT_VBV(n)

is smaller than the VBR target code amount BIT VBR({n) and

the CBR target code amount BIT CBR(n), the VBV target

22




22 code amount BIT_VBV(n) can be set as the target
code anount BIT_TGI. The VBV buffer (or CPB buffer)
is a virtual buffer provided in the coder 5, and
nonitors the actual generated code anmpunt so that
overflow and wunderflow do not occur at the tinme of
decoding of a coded picture signal. The VBV buffer is
the termin the MPEQ, while the CPB buffer is the
termin the MPEG4- AVC (Advanced Vi deo Coding). [0033]
The coder 5 is a coding device to which the notion-
CYMe Gt e di,ng t .S L e | . e.,
a cogﬁggﬁgeﬂg}ﬁb@?\édcgg iéggsgt‘t?h%o%sﬁeﬁgg%% e(?ncdelt he

MrleFht BYS!IRER. t@ﬁel\%%ﬁwgﬁ:e%B%uEé@:)l ke, The

coder 5 subjects an input coding-target picture

S/iGAak 1t Bu £AMP AT ABAC Ol Ple | dbAGCEN, daRG Endh 1 A& n
target code anount BIT_TGT input fromthe target code

aRuBl geséfeied 4odelahBBAEDY. MRAUGSRrEQFeshPi cture
signal. In addition, the coder 5 outputs to the

phedicEl bends esdtdyalcugnhi CEPat ©fme3 otfhaeagaﬂgd; of a coded
predi ction residual SAD that is cal cul ated through

thetprocesmidly preeevsv WuffRe i60ORE eSSindInC@deNBPEG2,
[0034] Fig. 2 shows a configuration exanple of the

phelidotherent chirderr €si dual tmoduc ehe 2MpiRef-grvid Ng t o
Hgivanced Video Coding) .

[0033]

| The coder 5 is a coding device to which the motion-~
compensated predictive coding method is applied, i.e., a
coding device based on e.g. the MPEG2 system, the MPEG4
system, the MPEG4-AVC system, or the like. The coder 5
subjects an input coding-target picture signal to
cbmpression coding in accordance with the target code
amount BIT TGT input from the target code amount decider
4, to thereby produce a coded picture signal. In addition,
the coder 5 outputs to the prediction residual

anticipator 3 the actual prediction residual SAD that is
calculated through the processing process of the
compression coding.

{0034]

Fig., 2 shows a configuration example of the pseudo

prediction residual producer 2. Referring to the

" 23




23 configuration exanple of Fig. 2, an intra predictor
11 applies intraframe prediction to an input

codi ng-target picture signal to thereby produce an
intra predictive picture, and outputs it to a
differential unit 13. An inter predictor 12 applies
interframe prediction to the input coding-target
picture signal to thereby produce an inter predictive
picture, and outputs it to a differential unit 14. It
IS unnecessary that the intra predictor 11 and the

| gt gRESHi 64 QsxakD1GAB £PFOGUCE, alh inRthapPEEEEd e
picture and an inter predictive picture "at the sane
appliasyiasrd fitindyredgctibe Mt ippedi 6b8ing A get
inter predictor included in the coder 5, to ich the
VREGArsysi@ml tdwe tMREHy Sysé@nae tdhe iINCEAD AMG SYiSstem
or the like is applied. It is sufficient for the
ipifcare prati ciwput:s andibhe ditirepredicaeit 123 L oahe
capable of producing an intra predictive picture and
dntent predirtedi A2 weppies utretddatanehpweanction to the
approximately simlar tendency to that of pictures
pnpdticeed g -tieagetedictors signatheocoderehy iRkl Fhe
differential unit 13 calculates the difference
Betecepredictiiver iptede ctanvd gitputiseiproduced by the
intra predictor 11 and the picture of the

gof Fespuindi Ingni¢oding-Ttarigetnpecessarsitgreal thandntra
out puts the cal cul ati on

predictor 11 and the inter predictor 12 can produce an

intra predictive picture and an inter predictive picture
at the same accuracy as that by e.g; the intra predictor
and inter predictor included in the coder 5, to which the
MPEGZ system, the MPEG4 system, the MPEG4-AVC system or
the like is applied. It is sufficient for the intra
 predictor 11 and the inter predictor 12 to be capable of
- producing an intra predictive picture and an inter
predictive picture that show an appréximately similar
tendency to that of pictures produced by the predictors
in the coder 5.
[0035]

The differential unit 13 calculates the difference
between the intra predictive picture produced by the |
intra predictor 11 and the picture of the corresponding

coding-target picture signal, and outputs the calculation

- 24




24 result as an intra prediction residual to a
conparator 15. The differential unit 14 cal cul ates
the difference between the inter predictive picture
produced by the inter predictor 12 and the picture of
the correspondi ng coding-target picture signal, and
outputs the calculation result as an inter prediction
residual to the conparator 15. The conparator 15
conpares the intra prediction residual input fromthe
differential unit 13 with the inter prediction

residual i nput from fégﬁc%iif Be&sggbéél i1 c]bAI‘n %t@ﬁ%%%hls.

nacr o b%ocg basi s, Ier

%%UQQf@éﬁ&@falo%m%SuQU@éléﬁat dsu§%%ualk£erén0cet hg

subsequent - st age predi ction resi anticipator

B@%w&@gl%lamttero rbhe-£oMPaLi SQN.d igeeﬁcé&rﬂ qd,t0 2

macro bl ock, but the conpari'son may be carri out for

8aehr! 8HLRIL@Y 3iondnhr R db Vi Qn 3 tﬁecegff&ﬁo%%t;
pi cture based on any division unit. [O Fig

shansgar £ Pilcrihens XD el OtuI%%thr% Cédl%latlon
residual anticipator 3. Referring to the

eeBhl gusatdronreeanpked oft fir0.redidule® PSeuso d@:rn%lrgi;ben
resi dual BD(n) corresponding to the n-th (n=1,

pECt uMee fdoapkkAto PSEU AR rpaedsCtheni iesd Mdleweﬂcer 2
is input to a prediction residual calculator 21 and a
dekhyesl 2hputh€rphredhetd offgesitdual uaatk cid atiah 2he
inter prediction residual input from the differential
unit 14 on each macro block basis, and employs the
smaller as the pseudo prediction residual BD to output it
to the subsequent-stage prediction residual anticipator 3.
The region unit of the comparison is not limited to a
macro block, but the comparison may be carried out for
each region arising from division of a coding-target
picture based on any division unit.
[6036]

Fig. 3 shows a configuration example of the
. prediction residual anticipator 3. Referring to the
configurgtion example of Fig. 3, the pseudo prediction
residual BD(n) corresponding to the n-th kn=1, 2, )
picture from the pseudo preaiction residual producer 2 is

input to a prediction residual calculator 21 and a

delayer 22. The prediction residual calculator 21

25




25 cal cul ates the anticipated prediction residua
PRED(n) corresponding to the codi ng-target picture
signal of the n-th picture by, as shown in Equation
(1), adding a value G SAD(n-1) - BD(n-1)) to the
pseudo prediction residual BD(n) that is input from
t he pseudo prediction -residual producer 2 and
corresponds to the n-th picture. The value G SAD(n-1)
- BD(n-1)) is obtained by multiplying by an
adj ustment coefficient Gthe difference between the

11CL | esi I -1) . corre j
R g T D e P B st YRR, b &
RicGirdESohlat et ; . he, Y
by onespi ct u% e{&;t%c? t%ﬁgig?tg%: |ﬂo rcgéféugjr&gA%(% 11%‘%

thhah b§c@&fé“ﬂﬁﬁ/ascéheﬂhaiﬁdE§uhﬂﬂBﬁ QQQ?raéﬁfHHja value

corresponds to the coding- target picture signal of

Gheap(A-1h PiEd-e))The cRdi Msdumntcaekfisl elsi@ua3 2
positive value equal to or 'smaller than 1, and is

8Dgn) OtRat PRERput=fBBMhd SHSA Bridict BIX reb)iddual)

[0037] Instead of the pseudo prediction residua

Bbotuder Anthd herpeedbsds ofo rasd duah SAXWrdl) The value
corresponding to the coding-target picture signal of

-GlieAD{h~1)h piBt(ur-e) )t he opseitda pyefiaCti®n, repisjuah
and prediction residual corresponding to the
ediuapgr¢rar gete fifiictiane Gi thaldidffexenpe Chettvediefioree t he
n-1-th picture may be used. For

pseudo prediction residual BD(n-1) corresponding to the
coding-target picture signal of the n-1-th picture that
results from delaying by the delayer 22 by one picture
and the prediction residual SAD(n-1) that is actually
_calculated by the coder 5 and corresponds to the coding-
térget picture signal of the n-1-th picture. The
adjustment coefficient G is a positive ﬁalue equal to or
smaller than 1, and is e.g. 0.9.

PRED{n) = BD{n) + G{SAD{n-1) - BD{(n-1}) (1)
{0037]

Instead of the pseudo prediction residual BD(n-1}
and the prediction residual SAD{(n-1) corresponding to the
coding—targét picture signal of the n-1-th picture, the
pseudo prediction residual and prediction residual

corresponding to the coding-target picture signal of a

picture before the n-1-th picture may be used. For
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26 exanple, the pseudo prediction residual BD(n-2) and
the prediction residual SAD(n-2) corresponding to the
n-2-th picture my be used. [0038] However, since the
O-th picture does not exist, the 'prediction residual
anticipator 3 cannot calculate the anticipated

predi ction residual PRED(l) corresponding to the
first picture. Therefore, the prediction residual
antici pator 3 calculates the anticipated prediction
residual s PRED corresponding to pictures subsequent to

té%%ﬁ%ﬁ%?”@hgiﬁgéﬁ&% ﬂygdgckﬁgé féggdﬂ%§ gbéhh?brand.the

conpression Tatio of the coding-targe I'C e signal

GHIAEROBAI Alsidunit RAD (C8Y PhEL S AN:hl DS gﬁécrf—iéj—gﬂn

'ater. [0039] Fig. 4 shows a configuration exanple
tp’le;tha@gﬁgy wodesamount decider 4. Referring to the
configuration exanple of Fig. 4, a VBR assigner 31
calogghat es the VBR target code anount BI T_VBR(n) by
mul tiplying the anticipated prediction residual

PRED( n)Hdwielr, f seAtkhehe po-adi ¢hiice0rsesbddlalot exist, the
anticipator 3 by a predeterm ned coefficient k (e.qg.,
‘@r2yliasishovesidualquattiedpd@dr DicadyrotUshNGuBafdiNgld on

- f(PRED(n)) that includes the anticipated prediction

residipd t RREN i dtiput x&s oand heerppadi) Ctbohesp&sd iduplco
antici pator 3 as an i ndependent variable as

the first picture. Therefore, the prediction residual
anticipator 3 calculates the anticipéted prediction
residuals PRED corresponding to pictures subsequent to
the second picture. Note that control of the compression
ratio of the coding-target picture signal corresponding
to the first picture will be described later.

[0039]

Fig. 4 shows a configuration example of the target
code amount decider 4. ‘Referring to the configuration
example of Fig. 4, a VBR assigner 31 calculates the VBR
target code amount BIT VBR(n) by multiplying the
anticipated prediction residual PRED(n) input from the
prediction residual anticipator 3 by a predetermined
coefficient k (e.g., 0.2) as shown in Equation (2), or by
using & function f(PRED(n)) that includes the anticipated

prediction residual PRED(n) input from the prediction

residual anticipator 3 as an independent variable as
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27 shown in Equation (3). BITVBR(n) = k-PRED(n) (2)
BIT VBR(n) = f(PRED(n)) (3) [0040] As the coefficient
k and the function f(x), any value and funciton may
be optionally enpl oyed depending on the picture

qual ity of a coding-target picture signal and the use
“purpose of a coded picture signal. Furthernore, the
coefficient k and the function f(x) may be changed
depending on the picture type of a picture. [0041] A
CBR assi gner 32 cal cul ates, based on the anticipated

RRNCE hORh eS| fpal3yPRED(n) i nput fromthe prediction
residual anticipator 3, the CBR target code anpunt

Bl TCBR(ght WHRnySLNY. pReEp Af) Equafions (4-1) to (4-3)
dependi ng on the picture type of the coding-target

pi ct ur es Bt G/ (n0=t RabrEME)gENEf B €d code anpunt when
the coding-target picture signal is coded is a

aoedeyerm ned fixed value on a GOP (Goup O Picture)
basis. Subsequently, the CBR assigner 32 outputs the

cal cul #LdheCBReE8] §8én€ ot rampust rBhd+ {BR(#)x)t, 028y
conparator 33. [0042] CBR target code anount BIT .
@BR(8) ahd (Mreri dohemayt Be PHEIdHA 1S P lbyl Cldbeding
on the picture quality of a coding-target picture signal
and the use purpose of a coded picture signal.
Furthermore, the coefficient k and the function f£(x) may
be changed depending on the picture type of a picture.
[0041]

A CBR assigner 32 calculates, based on the
anticipated prediction residual PRED(n) input from the
prediction residual anticipator 3, the CBR target code
amount BIT CBR(n) with using one of Egquations {4-1) to
(4-3) depending on the picture type of the coding-target
picture signal so that the generated code amount when the
coding-target pictﬁre signal is coded is a predetermined
.fixed value on a GOP {(Group Of Piéture) basis.
Subsequently, the CBR assigner 32 outputs the calculated
CBR target code amount BIT CBR(n) to a comparator 33.
[0042]

CBR target code amount BIT_CBR(n)_I (when the n-th

picture is an I-picture)
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28 = R/ (1 + (NpPREDp)/ (PRED(N)Kp) +

(NoPREDb) / (PRED(n) Kb)) (4-1) CBR target code anount
BIT CBR(n) P (when the n-th picture is a P-picture)
R/ (Np + (NbPREDbKp)/ (PRED(n)Kb)) (4-2) CBR target code
anmount BIT CBR(n) B (when the n-th picture is a
B-picture) = RI(Nb + (NpPREDpKb)/ ( PRED(n)Kp)) (4-3)
[0043] In Equations (4-1) to (4-3), Ris the virtual
buffer value indicating the amount of not-yet-assigned
codes that have not been assigned to any picture, of

t ker/qodes (HvatrREDLS /2bRAG AL kg0 2 GOP in advance.
Every tinme one of Equations (4-1) to (4-3) is

c@iec ®REDBY/ (PHED (ryalkeyh ati@ainesult is fed back, so
that R beconmes the value resulting from subtraction

of the dmrd-thagktvabde amd0f® B1e eBRghNaP Ruesednkoh-th
obtaining this calculation result. For exanpl e, when
ttHetpiret iis ea tBHpeisstofrepi ctures in a GOP are in the
order of I, B, B, P, , coding is carried out in the
orFdBY (Wb +, (NB- PBEDB; K, / (PHED @f)ok®,) ) i njd-i2al |y an
initial value is substituted for Rin Equation (4-1)
so t hatCHR Ta€BREngode imnqaltc BIAt €BR (nSubsequeanthy, nttie
val ue obtained by subtracting the calculated BIT
CBREWYe|if roRtHietinelial value is

= R/(Nb + (Np-PREDp-Kb)/(PRED(n) -Kp)) (4-3)

[0043]

In Equations (4—1) to {4-3), R is the wirtual
'buffer value indicating the amount of not-yet-~assigned
codes that have not been assigﬁed to any picture, of the
-codes that are allocated to a GOP in advance. Every time
one of Equations {4-1) to (4-3) is calculated, the
- calculation result is fed back, so that R becomes the
value resulting from subtraction of the fed-back value
from the original R used for obtaining this calculation
result. For examplé,-when the picture types of pictures
_ in a GOP are in the order of I, B, B, E, ++-, coding is
carried out in the order of I, P; B, B, P, +++., Therefore,
initially an initial value is substituted for R in
Equation (4-1) so that BIT CBR(n)_I is calculated.
Subsequently, the value obtained by subtracting the

calculated BIT CBR(n) I from the initial value is
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29 substituted for .Rin Equation (4-2) so that BIT
CBR(n) P is calculated. That is, every tinme a picture
is coded, the target code anmobunt of the picture is
subtracted from the value of R [0044] Np is the
nunber of the P-pictures for which the target code
anount BIT CBR(n) P has not been calculated yet, of
the total pictures included in a GOP. Nb is the
nunber of the B-pictures for which the target code
amount BIT_CBR(n)_B has not been cal cul ated yet, of
shestotated @oet B €8 Efeitidad (4323 SOPchEAREYT IBRKGE P
anticipated prediction residual corresponding to the
Pspreloukatdvat Thst previeresyt 0iaada thiecalresast cbaeti he
picture for which the target code anmount BI T CBR(n)
ithet babgetc alceiel atnednt FPREDE ipd ctheeans | ©upatated from
predi ction residual corresponding to the B-picture
that vébuprevikous to and the closest to the picture
for which the target -code anount BIT_CBR(n) is to be
¢8Pédl ated. Kp is the weighting factor for a
P-picture. Kb is the weighting factor for a

B- pi ct diPe is[ bod Sjumitee CBRthar BericodwsafoantwhBET the
CBR(n) may be calculated by using Equations (5-1) to
tares copE@rh BIRECINHEGR PThRE Test hasdeloalsudespt,
i nstead of Equations

yet, of the total pictures included in a GOP. Nb is the
number of the B-pictures for which the target code amount
BIT _CBR(n)_B has not been calculated yet, of the total
pictures included in a GOP. PREDp is the anticipated
prediction residual corresponding to the P-picture that
is previous to and the closest to the picture for which
the target code amount BIT CBR{(n) is to be calculated.
PREDb is the anticipated prediction residual
corresponding to the B-picture that is previous to and
the closest to the picture for which the target code
ammount BIT CBR{n) is to be calculated. Kp is the
weighting factor for a P-picture. Kb is the weighting
factor for a B-picture.
[0045]

The CBR target code amount BIT_CBR(n) may be
calculated by using Equations {5-1) to (5~-3) employed in

the MPEGZ TM {Test Model) 5 Stepl{ instead of Equations
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30 (4-1) to (4-3), depending on the picture type of a
codi ng-target picture signal. Target code amobunt BIT
CBR(n) I (when the n-th picture is an |I-picture) R (1
+ (NpXp)/ (Xi Kp) + (NoXb)/(Xi Kb)) (5-1) Target code
amount BIT CBR(n) P (when the n-th picture is a
P-picture) RI(Np + (NoXbKp)/ (XpKb)) (5-2) Target code
anmount BIT CBR(n) B (when the n-th picture is a
B-picture) RI(Nb + (NpXpKb)/(XbKp)) (5-3) [0046] In
Equations (5-1) to (5-3), Ris the anmount of

r @i ntog( oBlgs depehbengoslescH i cageat{pseated to a
GOP in advance. Every tine one of Equations (5-1) to
(@d3nhgt+sargal quilcated, sRyherones the val ue obtai ned by
subtracting the previous calculation result fromthe
ori gi nalarletisedde i amdrer @IGVICBRSnEal cutlad @he HOEh
exanpl e, when the picture types of pictures in a GOP
arigtine t e aor depioture) B, B, P, , coding is carried

out in the order of I, P, B, B, P, Therefore,
i i R{O&Y 1Yy (@i Ko V(8 - Kral ve 9% Xbub$xi tkibed f 08-R in
Equation (5-1) so that BIT CBR(n) I is calculated.

Subseqdenoky, cofie ardurd GBffaCBRhbhyP Gulstr &bki ngthhe

code anount of the coded I-picture from
picture is a P-picture)

= R/(Np + (Nb-Xb-Kp)/ (Xp-Kb)) (5=-2)

Target code amount BIT_CBR{n) B (when the n-th

picture is a B-picture)
= R/(Nb + (Np-Xp-Kb)/(Xb-Kp})) (5-3)
[0046]

In Equations (5-1) to (5-3), R is the amount of
remaining codes of the codes that are allocated to a GOP
in advance. Every time one of Equations (5-1) to (5-3) is
calculated, R becomes the value obtained by subtracting
the previous calculation result from the original R used
in the previous calculation. For example, when the
picture types of pictures in a GOP are in the order of I,
B, B, P, *-+, coding is carried out in the order of I, P,
B, B, P, -++. Therefore, initially an initial wvalue is
substituted for R in Equation (5-1) so that BIT CBR(n) I

is calculated. Subsequently, the value obtained by

éubtracting the code amount of the coded I-picture frém
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31 the initial value is substituted for Rin Equation
(5-2) so that BIT_CBR(n) P is calculated. That is,
every time a picture is coded, the actual code anobunt
of the picture is subtracted fromthe value of R
[0047] Np is the nunber of the P-pictures for which
the target code anpbunt BIT CBR(n) P has not been

cal culated vyet, of the total pictures included in a
GOP. Nb is the nunber of the B-pictures for which the
target code anount BITCBR(n)B has not been cal cul at ed
yete, iofitihe tolwd ispiscbEEEsSuta|fitde®k iR Bg&RonXi (5-Xp,
and Xb are the conplexities of an |I-picture, a
Ropitbebr BIT aiR én)BP pisctaleplateshecrThyeldys, Kyers thee a
wei ghting factor for a P-picture. Kb is the weighting
frdctoref b e@ed®di dhigr ectufD0ABle EHreuveaonparaionpiddure
conpares the VBR target code anount BIT_VBR input
fisoribhead/BRI afimyirbe 8alwe tdf the CBR target code
amount BIT_CBR input fromthe CBR assigner 32. \Wen
tIR€4VBR t arget code anount BIT VBRis smaller than
the CBR target code anmount BIT CBR, the conparator 33
out put R HE ¥BR narket CoddcaRophetBies VRBR whgchhehe
target code amount BIT TGI. When the VBR target code
&AoHRE BPde BRUNE B4tiafBR GharP basgeptt heer tdvd cGBRted

target code amount BI T _CBR, the conparator 33 outputs
YRE" of the total pictufes included in a GOP. Nb is the

number of the B-pictures for which the target code amount
BIT CBR(n)_ B has not been calculated yet, of the total

pictures included in a GOP. Xi, Xp, and Xb are the

'complexities of an I-picture, a P-picture, and a B-

picture, respectively. Kp is the weighting factor for a
P-picture. Kb is the weighting factor for a B-picture.
[0048]

The comparator 33 compares the VBR target code
amount BIT VBR input from the VBR assigner 31 with the
CBR target code amount BIT CBR input from the CBR
assigner 32. When the VBR target code amount BIT VBR is
smaller than the CBR target code amount BIT CBR, the
comparator 33 outputs the VBR target code amount BIT_VBR

as the target code amount BIT TGT. When the VBR target

_code amount BIT VBR is equal to or larger than the CBR

target code amount BIT CBR, the comparator 33 outputs the
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32 CBR target code anpbunt BITCBR as the target code
anount BIT TGI. [0049] Alternatively, one of the VBR
. target code, anobunt BIT _VBR and the CBR target code
anmount BIT CBR may be invariably output as the target
code amobunt BIT TGT in a fixed manner, w thout a
conparison by the conparator 33 between the VBR
target code anount BI T _VBR i nput fromthe VBR
assigner 31 and the CBR target code anmount BI T CBR
i.nput fromthe CBR assigner 32. [0050] Further

atBrRrnabievetyde th@wenparator 33 Y tdegbdecodd@mount
target code amount BIT TGT based on t he anmpbunt of the

Bl Tedcupyi ng the VBV buffer (or CPB buffer),
supplied fromthe coder 5. [0051] A description wll
b0 0%fde bel ow with reference to the flowhart of Fig.
5 about picture conpression processing by the picture
si gnal Pplooesdiinglievine df fuble vBanpsessi avdeodnBgnof
the coding-target picture signal corresponding to the
rBXTh VBRcendethd QR cakget stédp SiounthBIPseRRicmay be
prediction residual producer 2 calculates, based on
I ArABRLY codtimy- tagr §he target code amount BIT TGT in a
fixed manner, without a comparison by the comparator 33
between the VBR target code amount BIT VBR input from the
VBR assigner 31 and the CBR target code amount BIT CBR
‘input from the CBR assigner 32.

[0050}

Further alternatively, the comparator 33 may decide
the target code amount BIT TGT based on the amount of the
data occupying the VBV buffer (or CPB buffer), supplied
from the coder 5.

[0051]

A description will be made below with reference to
the flowchart of Fig. 5 about picture compression
processing by the picture signal processing device 1 for
compression coding of the coding-target picture signal
corresponding to the n-th picture.

[0052]

- In a step S1, the pseudo prediction residual

producer 2 calculates, based on the input coding~target
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33 picture signal corresponding to the n-th picture,
the pseudo prediction residual BD(n) corresponding to
the n- th picture, and outputs it to the prediction
residual anticipator 3. The processing in the step S
will be described in detail below with reference to
the flowhart of Fig. 6. [0053] In the step 511, the
intra predictor 11 applies intrafranme prediction to
the input coding-target picture signal of "the n-th
picture to thereby produce an intra predictive
micttyre. sigmal autrpetspontiite tdhehdi hfehepitabre Unike 13.
Si mul t aneously, the inter predictor 12 applies

inpegdpr ared prtaidine tresndtial t Be(n npuirreegdbng: h@rigetthe n-
picture signal of the n-th picture to thereby produce
&% pActnre pradl enitpetpi ot ute, tiengredt.ptten i tediahishe
differential unit 14. [0054] In a step 512, the
ditA-ELBAEP RIS unThe IBrecdcuingt és thhesthid fSdr ende be
between the intra predictive picture produced by the
idecraipeddittdatail hadov helth tie fsirenge eto twhrd Mwkpbast
tge calculation result as an intra prediction

Césfdtal °to the conparator 15. Sinultaneously, the
qifgsrential unit 14 cal cul ates the difference between
tR8>Pht er predi ctive picture produced by the inter

In the step S11, the intra predictor 11 applies
intraframe pred?ction to the input coding-target picture
signal of the n~th picture to thereby produce an intra
predictive picture, and outputs it to the differential

unit 13. Simultaneously, the inter predictor 12 applies

~ interframe prediction to the input coding-target picture

signal of the n-th picture to thereby produce an inter

predictive picture, and outputs it to the differential

unit 14.
[0054]

In a step 812, the differential unit 13 calculates
the difference between the intra predictive picture

produced by the intra predictor 11 and the n-th picture,

and outputs the calculation result as an intra prediction

residual to the comparator 15, Simultaneously, the
differential unit 14 calculates the difference .between

the inter predictive picture produced by the inter
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34 predictor 12 and the n-th picture, and outputs the
calculation result as an inter prediction residual to
the conparator 15. [0055] In a step 513, the
conparator 15 conpares the intra prediction residua
input fromthe differential unit 13 wth the inter
prediction residual input fromthe differential unit
14 for each macro block in the picture, and enploys
the smaller as the pseudo prediction residual BD(n)
to output it to the subsequent-stage prediction

g@@&?ggédr aY I GIPAKAr n3eh T S drs, t BBaeHGAled hee

et ai escription of the processing’in the step

SL1oh P58 TWRIIRT Bagk 105 GrefictioR SRS, thhene

predicti-on residual anticipator 3 corrects the pseudo

RoRELELEON yepsidual BD(n) that is input fromthe
pseudo prediction residual producer 2 and corresponds

trapthe n- th picture, based on the pseudo prediction
residual BD(n-1) corresponding to the coding-target

pi cturansixgBakp 9131 hthd<cbnbArptst e dRghatrbe ané ualtra
- prediction residual SAD(n-1) that is input fromthe

p08e1i cbi NG GAdas panEst t frdeheheodi Afe tarigietl pindtul@
signal of the n-I-th picture. Subsequently, the

RLEHI €hd Qhteas iptedl candh Ciqraiidmal3input pitan tthe

antici pated prediction residual PRED(nN) '
differential unit 14 for each macro block in the picture,
and employs the smaller as the pseudo prediction residual
BD(n) to output it to the subsequent-stage prediction
residual anticipator 3. This is the end of the detailed
description of the processing in the step Sl.

{0056]

Turning back to Fig. 5, in a step 82, the
prediction residual anticipator 3 corrects the pseudo
prediction residual BD(n) that is input from the pseudo
‘prediction residual producer 2 and corresponds to the n-
th picture, based on the pseudo prediction residual
.BD(n—l) corresponding to the coding-target picture signal
of the n-1-th picture and the actual prediction residual
SAD(n—1) that is input from the coder 5 and corresponds
to the coding—térget picture signal of the n-1l-th picture.

Subsequently, the prediction residual anticipator 3

outputs the anticipated prediction residual PRED(n)
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35 ] obtained as the correction result to the target
code anount decider 4. The processing in the step S2
will be described in detail belowwith reference to
the flowhart of Fig. 7. [0057] In a step 521, the
predi ction residual calculator 21 acquires fromthe
coder 5 the actual prediction residual SAD(n-1) of
the coding-target picture signal of the n-1-th
picture, and also acquires fromthe delayer 22 the
pseudo prediction residual BD(n-1) corresponding to

K ng- ' ' | ,of . th -1 -
PSR LIS BLEL R SIS o S el R

ctureé: i on residua

%@%%ﬂk AL ol ACHIL %%J%gsﬁﬁgﬁﬂgi&{ee@t%g Q2 &ﬁf’ei el

correspondi ng to the cture Tromt

redi Gt i . por . 8]
PN
g@lpy&gtﬁs the anticipated prediction residual PRED(N)
corresponding to the coding-target picture signal of
thessp-th picture by, as shown in Equation (1), adding
the value SAD(n-1) - BD(n-1)) to the pseudo

predi ctiinon skegi ol Bl Rrebhatids ddMuafr em theator
pseudo prediction residual producer 2 and corresponds
PO ABQuirdd fHoql URE. coder 5 the actual prediction

residual SAD(n-1) of the coding-target picture signal of
the n-1-th picture, and also acquires from the delayer 22
the pseudo prediction residual BD(n—-1) corresponding to
the coding-target picture signal of the n-1-th picture.
In a step 522, the prediction residual calculator 21
acquires the pseudo prediction residual BD(n)
borresponding to the n-th picture from the pseudo
prediction residual producer 2.
[0058]

In a step 823, the prediction residual calculator
21 calculates the anticipated prediction residual PRED (1)
corresponding to the coding-target picture signal of the
n—th picture by, as shown in Equation (1), adding the
value G{SAD{n~-1) - BD(n-1)) to the.pseudo prediction
residual BD(n) that is input from the pseudo prediction

residual producer 2 and corresponds to the n-th picture.

The value G(SAD({(n-1) - BD(n-1)) is obtained by
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The value G(SAD(n-1) - BD(n-1)) is obtained by 36

mul tiplying by the adjustnent coefficient Gthe

di fference between the pseudo prediction residua
BD(n-1) corresponding to the coding-target picture
signal of the n-l-th picture that results from

del aying by the delayer 22 by one picture and the
prediction residual SAD(n-1) that is input fromthe
coder 5 and corresponds to the coding-target picture
signal of the n- I-th picture. This is the end of the
det d descri |on of .the proc§§5|n i.n the step

§?l ?dTﬁ¥n a@igﬁtg8nﬁlﬁze ghgtg thg
4
ef?%ofﬁ—“ﬁtreg‘ﬁgr e e B b ST S ﬁgﬁ%gﬁgﬁ%ﬂﬁ@“e“

‘base on_the anti.cipated p edlctlan reS|duaI R n
rr sgonﬁﬁﬁ? t?rﬁﬁ% tﬁng? IP%%&?r ngnaf)é¥xtﬂé

—‘EEPEEQEuf’ A, %%EE?%QSEQ%%%}E@%@ Eﬁg_rfﬁft&gl%

out uts t e target co
B8, Bag PR e B BB R Lot
- idrgwehar EnQhe Ff&m &nel 8080} $n.y Séo%&éfa&ndé h& \@ﬁ

assigner 31 calculates the VBR target code anount BIT

VBRGRY- QQEg) RondiRg 59qhhe & Eﬁb Ri-QL¥nepeEhr-diserht s

Equat ion ( or (3) baséd on th
~ is the end of the detailed descrlptlon of the processing

in the step §2.
[0059]
| Turning back to Fig. 5, in a step S3,‘the.target
code amount decider 4 decides the target code amount
BIT TGT(n) corresponding to the n-th picture based on the
anticipated prediction residual PRED(n) that is input
" from the prediction residual anticipator 3 and
corresponds to the n-th picture, and outputs the target
code amount BIT TGT(n) to the coder 5. The processing in
the step S3 will be described in detail below with
. reference to the flowchart of Fig. B.
[0060]

In a step 531, the VBR assigner 31 calculates the
VBR target code amount BIT VBR(n) corresponding to the n-
th picture with use of Equation (2) or (3) based on thé

'anticipated prediction residual PRED(n} input from the
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antici pated prediction residual PRED(n) input fromthe
37 prediction residual anticipator 3. Fig. 9 shows one
exanpl e of the VBR target code anmount BI T VBR(n)

cal cul ated by the VBR assigner 31 for any sequence
(coding-target picture signals in a certain period).
In Fig. 9, the abscissa indicates the tinme passage of
the sequence, while the ordinate indicates the bit
rate determ ned depending on the code anounts of
plural coded pictures. As indicated by a curve 51 in

il e e qaldiey af.cthe VB LA opl o code appunt BI T

varies ‘depén € ‘conptfexity egrée of

sy o a8 oot L eSSl o

e pendi ng on

%?cﬁ?ﬁ@e@@@%@ QERCQQQggn%%S%frﬂfg% gﬁ?i 0@l G- out put

fromthe subsequent-stage en surpasses

t RX L I t ' rate i Jd tayr at
oS TR H pE Be | Dot P 0 oS HERES nefldlot e

2951 09er e 4RAlqUkat e8qaicPAseA RN Lie APy e
prédiction residual PRED(n) input fromthe prediction

%@%ﬁgHéé,aﬂﬁh%iEﬁboﬁréin$tﬁfiﬁﬂ%ca%@%ggﬁqugﬁaﬁﬂﬁﬂnt
BIT CBR(n) according to the picture type of the

aedk pgi dad GRipePUEhYr 8n St odeO k@SR db N G i-alt RRded
n-th picture as shown in Equations (4-1) to (4-3) so
bhatut&e. gapeiad ech e amunt-vehen therieadiongtharggtue
of the VBR target code amount BIT VBR(n) varies depending
on the complexity (degree of difficulty in coding) of the
respective pictures and so on, and thus the bit rate
.determined depending on the code‘amounts of coded
pictures, which are output from the subsequent-stage
coder 5, often surpasses the maximum value of the bit
rate (upper limit rate L), targeted in advance.
[0061]

In a step S32, the CBR assigner 32 calculates,
‘based on the anticipated prediction residual PRED(n)
input from the prediction residual anticipator 3, the CBR
target code amount BIT CBR(n) according to the picture
type of the coding-target picture signal corresponding to
the n-th picture as shown in Equations (4-1} to (4-3) so
that the generated code amount when the coding-target

picture signal is coded is a fixed value (upper limit
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picture signal is coded is a fixed value (upper lim:t
38 rate L in Fig. 9) on a GOP basis. [0062] Although
the description has been made as if the processing in
the step S31 and the processing in the step S32 are
executed at different timngs for convenience, these
steps are sinmultaneously executed in actual. [0063] In
a step 533, the conparator 33 determ nes whether or
not the VBR target code anmount BIT VBR(n) input from
the VBR assigner 31 is smaller than the CBR target
caode _anppunt BITCBR(n) .Lnput fromthe CBR assigner 32.
e %%u%l ert ﬁgdatﬁggﬂf??el%lBR target code anmount
Ebﬁﬁ%gR(n) is smaller than the CBR target code anount
I R(n), the processing sequence proceeds to a

step 5%4rtg‘§tl§59thgedes{c%{§%%?%§l%a§ @éjri PR i3S, ¥BR.e

target co nmoun as the target code

T. h = .
?BHQ%st G (e E‘Eelb §315A+9§%%%eg208£99& Ol?ﬁ;t:th%t gtep

0064 the contrary, 1f it 1I's determ ne

¥BR o Largelopode .amybke Bl VBRGO) s $6 P 0Lo 5l il han
the CBR target code anmount BIT R(n) in the step

2R8se  fMep PTHAELITIMATL SLIUGNGE REOGLEAS: 4 W@ Rf1eP 535.
In the step 535, the conparator 33 outputs the CBR

tapgef code anount

In a step 533, the comparator 33 determines whether
or not the VBR target code amount BIT VBR(n) input from
the VBR assigner 31 is smaller than the CBR target code
amount BIT CBR(n) input from the CBR assigner 32. If it
is determined that the VBR target code amount BIT VBR(n)
is smaller than the CBR target code amount BIT CBR(n),
the processing sequence proceeds to a step S34, where the
comparator 33 outputs the VBR target code amount
BIT VBR{n) as the target code amount BIT TGT(n) to the
subsequent-stage coder 5.

{0064]

On the contrary; if it is determined that the VBR
target code amount BIT VBR(n) is not smaller than the CBR
‘target code amount BIT CBR{n) in the step S33, the
processing sequence proceeds to a step S535. In the step
S35, the comparator 33 outputs the CBR target code amount

BIT CBR(n} as the target code amount BIT TGT(n) to the
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BIT CBR(n) as the target code anount BIT TGI(n) to the
39 subsequent -stage coder 5. [0065] Wen the sane
sequence as that in Fig. 9 is enployed as an exanpl e,
as indicated by a curve 71 in Fig. 10, the target
code amount BIT_TGI(n) output fromthe conparator 33
vari es depending on the conplexity (degree of
difficulty in coding) of the respective pictures and
so on. However, when the bit rate determ ned depending
on the code anounts of coded pictures, which are
Qut put from %ﬁgﬁg@%§eguent-stage coder 5, reaches the
0 e

HHX|ﬁﬂﬁ$%%J?ﬁ§ it rate (upper limt rate L)

t-apgsted in advance, the bit rate val ue pl at eaus at
the upper |limt rate L. Furthernore, the sw tching

fromt BR, t.a ggﬂ& munt, BL T; VBR(N) ot 95t he CBR
t ar get q@c‘)e}iée%g%}og%t% BIT CélFS%n) isr apJFr(lJII y(d::ar r ?(sed out

%hbib?&& eéist&télfampqgﬂﬁg; ShisliCed AL PAUNVENGIVER Fig.

target code anount _VBR(n) and thHe CBR target code

3a0uphe Bl T dBR AL ahéunt et aidy(ngabetbat ef-drPfthe

codi ng of each picture. [0066] The target code anount

_@I_%fflj(agﬁétér cHd Gulrakesaihendiay a8t teedecmpait Bl (Eegree

n) by use of the anticipated prediction residua
BRED: pbf @ained iketonengrtéomlc1z0dicR@ect ahd hanaseGahnd

reflect whether small or large-the code:
so on. However, when the bit rate determined depending on
the code amounts of coded pictures, which are output from
the subsequent-~stage coder 5, reaches the maximum value
of the bit rate (upper limit rate L} targeted in advance,
the bit rate value plateaus at the upper limit rate L.
Furthermore, the switching from the VBR target code
amount BIT_VBR(n) to the CBR target code amount
BIT CBR{(n) is rapidly carried out.attributed to the
characteristic that both the VBR target code amount
BIT VBR(n) and the CBR target code amount BIT_CBR(n} are
regularly calculated for coding of each picture.
- [0066]

The tatget code amount decider 4 calculates the
target code amount BIT TGT(n) by use of the anticipated
prediction residual PRED obtained before actual coding,

and hence can reflect whether small or large the code

amount of the picture to be coded is. Furthermore, the
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anmount of the picture to be coded is. Furthernore, the
40 target code anmount decider 4 can reflect a scene
change and the tendency of novenent of the sequence
before coding of a picture, and therefore can assign
an adequate code anount. Accordingly, deterioration
of the picture quality can be suppressed. In
addi ti on, when the nethod enploying Equations (4-1)
to (4-3) is used, generated codes resulting from
actual coding are not fed back for use. This feature
rQvi es. chara 4% stic hat the . offsets bet%ﬁ?nge

fe °cbe ﬁtldgﬁd aE?ﬁa?eflreé%uPt ant"c

the arge e am)

A d ff
Fabire zegn&ﬁﬁﬁéé’%h eBBE T o Bt BB S °

e urni ng 9,

'&dﬁﬁgt 514 %ﬂé&ﬁnco%h 2he %?&k‘é ecsanc%gBiﬁﬁsé&”a&eoqq{a%

I'nput” coding targe picture signa

YJeSR8AME NY Egot:gfn?l%ih 1&%&1 %att ona&focrhdeagﬁ%t

the target co anoun

1&% QSSanS’éjesn&n‘H}%%%eGeC'ﬂ? é%QQn, Cx%éx? %nﬂétBBd

h picture, to thereby produce coded picture

%h@ﬁ@ inf¥qEiiked mayiherysed #s itheseAet hotk fleq

executing conpression coding in accordance” W th the

_uast resder AP UomBRELEST (Hda ity t4er 6BY PEQAULE Bor

coded picture signal. For exanple, a nmethod is
aval. | alies thatuvsesran A9 idriFacesnl oyad tnatt Ree

MPEG2

offsets between the target code amount and actual
resultant code amount are not readily accumulated, and
hence offers stabilized operation.

- [0067]

Turning back to Fig. 5, in a step S4, the coder 5
‘executes compression coding of the input coding-target
picture signal corresponding to the n-th picture in
accordance with the target code amount BITHTGT(ﬁ) that is
input from the target code amount decider 4 and
corresponds to the n-th picture, to thereby produce a
-coded picture signal. Any method may be used as the
method for executing compression coding in accordance
with the target codé amount BIT TGT(n} to thereby produce
a coded picture signal. For example, a method is

available that uses an algorithm, employed in the MPEG2

TM5 Step2, of monitoring the generated code amount point
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TNVb Step2,'of nonitoring the generated code anount
poi nt 41 by point on each macro bl ock basis and thus
adjusting the conpression ratio to thereby achieve a
target code anount. [0068] Furthernore, in the WER
TVMb Step2, e.g. a nethod is available in which
virtual buffers (entities indicating the difference
between a target code anmobunt and a generated code
anount ) independently provided for each picture type
are integrated into a single virtual buffer so that
he single virtual buffer caommn to.t respect.i ve
B opSHAS SRR P RerT e nBre Tar 1 ELfendf hoe
t t f_the.coder 5_can be _stabil.i ) i
ﬁgﬁﬁggg%ggl%%gﬁopfgpgggae%§ ?ﬁ%l%$%§%né“gﬁgs?§%8egggﬁﬁt'
Egg Qgen di scl osed i n Japanese Patent Laid- open No.
g- 30151. [0069] In Japanese Patent Lai d-open No.
2003- 230154 di f "l MpRcol rhbes@gner ated Bifethoa
anmount annnar%???brent EEpicture types I's no?na?iz% °
basgd onudike 1halhQcff vi Pliathliab rcophexiddes of
~pictures in particular. In contrast, the coder 5
¢Ah Ll AlRS tRet AfgeL rEREAS WIS adtéﬁgéiycédéJ%h@ﬁnt
antici pated prediction residual. [0070] Wen an

bndi £1gHR a%e068de AndidtUalndRybh&Ently provided for

each picture type are integrated into a single virtual
buffer so that the single virtual buffer common to the
respective pictures is used. This method is more
effective since the operation of the coder 5 can be
stabilized. This method has been proposed by the present
assignee, and has been disclosed in Japanese Patent Laid-
open No. 2003-230151.
[0069]

In Japanese Patent Laid-open No. 2003-230151, the

- difference of the generated bit amount among different

picture types is normalized based on the ratio of the
global complexities of pictures in particular. In
contrast, the coder 5 calculates a target code amount
directly from an anticipated prediction residual.
[0070]

When an I-picture is coded, a virtual buffer

occupation amount dj is caiculated with use of Equation
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occupation anmount dj is calculated with use of
Equation 42 (6-1), and then the virtual buffer
occupation anount dj is converted into a quantization
scale code Q@ with use of Equation (7-1). \Wen a
P-picture is coded, the virtual buffer occupation
anount dj is calculated wwth use of Equation (6-2),
and then the virtual buffer occupation anmount dj is
converted into a quantization scale code @ wth use
of Equation (7-2). Wien a B-picture is coded, the
vidg tyal f u ' t.dj.J lcu .
AR e R e R S o R S L
Q%fkghvegﬁg&pﬂhkp% ﬁﬁggﬁi%iﬁiéﬁiéHET%eE%é% bftﬁﬁéh use
quanti zation scal e ‘code W th use o quat 1 on

o Bl C(Tieekiad) _ 5-
c(ﬂ'% E’*aa%ﬂgﬁf’l bi ‘{ﬂ?ér%)a( BPEP-lf)g“F ‘1"( 'lré'(ngo 1 ’%él%c&‘ljﬁﬁal
HRrf2b rdbecud: for la@dtink bhy /iD)dBdunibked with use of |
(Tb(j-1))/MBCOUNT) (6-3) Q =dj x Q°/r (7-1) Q = d]
X BEioh 7182y Quma €heX QR4 iCrrual- BhirrEQ04ddu st sich
the initial occupation anount of the virtual Tbuffer.
Boudl &% ide-diledteguimed Hepphaliedteodesaimdiicie ab
the macro blocks fromthe first macro block to the
with use of Equation (7-2). When a B-picture is coded,

the virtual buffer occupation amount dj is calculated
with use of Equation (6-3), and then the virtual buffer
occupation amount dj is converted into a quantization

scale code Qb with use of Equation (7-3).

dj = d0 + B{(j-1) - (Ti-(j-1})/MB COUNT (6-1)
dj = d0 + (Last Ibit/Tp)- (B(j-1) -
(Tp-(jwl)i/MBWCOUNT) {6-2)

dj = d0 + (Last_Ibit/Tb)-(B(j-1) -
(Tb- (j-1))}/MB COUNT})  (6-3)

Qi = dj x Qp/r (7-1)

Qp dj x QP/x  (7-2)

(]

ob dj x QP/xr+c. (7-3)
tOO?l]

dd is the initial occupatibn amount of the virtual
buffer. B(i-1} is the total sum of generated code amounts

of the macrb blocks from the first macro block to the

j—1-th macro block in a picture to be coded. Last Ibit is
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j-1-th macro block in a picture to be coded. Last Ibit
is 43 the generated code anount of the |-picture that
has been coded last. Ti, Tp, and Th are the target
code amounts of an I-picture, a P-picture, and a
B-picture, respectively. M COUNT is the nunber of
macro blocks in a picture to be coded. QP is the

val ue recommended in the MPEQ TMb (specifically, 31)
r is the reaction paranmeter. c is the correction
value (e.g., 2). [0072] The mul tiplication of (Last

PG S O DA B
CophEciasy oy zﬁévg%aﬂe.fgass%gtsﬁﬁ%%Veo%teuamou "

TP B e e B P et o b e Bt R e ?“/%??

addi t ‘the correcti‘on value guat1on

&Qozééquﬁk Eh% %Hﬁﬂ@rt@@rﬂ t%ﬁ@?QEplgegﬁﬁﬁﬁﬁ&geto be

degree of difficulty in coding of a coding-target

BbEE4r € o3l 98atne (ROMY Xich¥m@hafa Pif L EprRPUEME O the
coder 5, and the bit rate of a coded picture signha

@aificmmyt hgigoder ;55 thLOQZé&tym@rbéﬁ%e@@Qr e afs
ficulty of a pi cture,

the correction value (e.g., 2).
{0072]

The multiplication of (Last_ TIbit/Tp) in Equatiocn
{6-2) and the multiplication of {(Last Ibit/Tb) in
Equation (6-3) are equivalent to correction against the
use of a single virtual buffer. The relative weighting at
the time of coding may be changed depending on a picture
type, like the addition of the correction value ¢ in
.Equation {7-3) .

[0073]

Fig. 11 shows the relationship between the degree
of difficulty in coding of a coding-target picture signal
{complexity of a picture) input to the coder 5, and the
bit rate of a coded picture sigﬁal output from the coder
5.

[0074]
When the degree of difficulty of a picture,

indicated by the abscissa of Fig. 11, is comparatively
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i ndi cated by the abscissa of Fig. 11, is conparatively
44 low, the VBR is applied to the coding of the

codi ng- target picture signal, and the relationship
between the degree of difficulty and bit rate is

i ndicated by a straight line 81A. Therefore, as the
degree of difficulty 1in coding increases, the
generated code anobunt al so increases. Wen the degree
of difficulty of a picture further increases and thus
t he generated code anmount reaches the upper [imt

IRAT ohe' U R R, S o R S, e gl
Shone:of 1105 £ UQNGD LiACAIAL L gondd pEQIGoRRTS

\ fTicirent I'n Equation _ er nor €,
'éifeg'i:E@, Bf'n&%fﬂr&uf thNafFguait AL de3)i sl $naPPLL QDAY %
eterm ned dependi ng on an application, e.g.

Ghanagheri sld @1iandi sl 0L 2 CUENE By, GRN ke g9kkeret:y
when the VBR i s applied. [0075] The above-descri bed

figatuhengl :QWe8R8Ur LRY §indMRedqURBRE Lhdlide f1dde
code amount of a coded picture signal output fromthe

Gedebades ACGAEAT A YaegthaN cgodeds phetty @ i ghakire
output fromthe coder 5 are recorded in an information

FREehdF NOhdldised ol exasPie: JdeherBaxd Nddhe re@andabl e
time of the medium can be ensured. [0076]

reaches the upper limit rate L, the CBR is applied and
hence the bit rate plateaus as indicated by a straight
line 81B. The slope of the straight line 81A in Fig. 11
corresponds with the coefficient k in Equation (2).
Furtﬁermore, if the function f in Equation (3) is
optionally determined depending on an application, e.g. a
characteristic indicated by a curve 82 can be offered
when the VBR is applied.

[0075]

| Thé above-described feature allows ensuring ¢f the
upper limit of the code amount of a coded picture signal
output from the coder 5. Accordingly, when coded picture
- signals output from the coder 5 are recorded in an
Vinformation recording medium for example, the maximum
recordable time of the medium can be énsured.

[0076]

If the upper limit rate L when the CBR is applied
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[f the upper limt rate L when the CBRis applied 45
is set to a value higher than a normal val ue, a high
picture quality node that allows pictures to be coded
with a higher picture quality can be offered. On the
contrary, setting the upper Iimt rate L to a val ue

| ower than a normal value can offer a long tine node
that allows a recording mediumw th a certain
capacity to have a longer recordable tinme. [0077] In
addi tion, changing the value of the coefficient k in

i _ e coefficient
O el € P AR e AR vt o e ane

I @r&u&g?ﬁ% A7 8haThy P ecabavesdascribed

st eps, codi ng of the coding-target picture S|gna

GAMhESPRNGH AW Fitthle Bual D PiChlng b rEPOR! etoﬁdth?or

-Subsequently, "as picture conpression processing

tdheteadi NOsd @GR! thChpper SindRah-a€Qr f,e8PoNd NG 9ot08
n+l-th picture, the step S1 and the subsequent steps

afhancar bk OUialuthicsni §ride £Ndngotikbensas aiHapt i on
of the picture conpression processing. [0079) In the

atl0ves desedddeerd ngl ekHi 8m GG &S$e00a iRl @GRESIthd tof Bhve
cal cul ation of the anticipated prediction
& longer recordable time.
[0077]
In addition, changing the value of the coefficient
k in Equation (2) or changing the function f in Equation
(3) can also realize the high picture quality mode and
long time mode.
100787
Through the above-described steps, the coding of
the coding-target picture signal corresponding to the n-
. th picture is completed. Subsequently, as picture
compression processing for the coding-target picture
signal corresponding to the n+l-th picture, the step S1.
and the subsequent steps are carried out. This is the end
of the description of the picture compression processing.
{0079}
In the above-described picture compression
processing, for calculation of the anticipated prediction

residual PRED(n), the actuval prediction residual SAD({n-1)
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resi dual PRED(n), the actual prediction residual
SAD(n-1) 46 of the previous picture is utilized.
Therefore, the anticipated prediction residua

PRED(l) for the first picture (e.g., |I-picture at the
begi nni ng of a sequence) is not cal cul at ed.
Accordingly, the target code anount BIT TGI(1) for
the first picture is also not cal culated. For that
reason, for .the first picture, the coder 5 calcul ates
such an adequate quantization scale QP that codes of

BI. d, d
APERSL-L AL u0de.aouTl, AT S AENEALSD and
%%&bggg@éa%e@&wbg_ o) 9O ﬁ%@bu ebi id ettt he
part pertlnent to co Ing O t he 1 rs plcture.

Rebetkbnge { P, Fidpileurt her GOl BALARIRE & o Weluence)

Signal of an I-picture fromthe previols stage i s

IiBPHbt tM amdiid.a QUGG y41eh@Ncd Fd@ Rhedhfbd LN
residual calculator 42, and an orthogonal transforner

4T 1O081] e nRt Farpr sl ahdle 45 BLOIUSSS AN JukEad.
predi ctive picture corresponding to the input

wodi DBat argiori Ebul ehe StigNAl pAfkthibe, | tid cddee and
outputs it to the intra prediction residua

calleul ates Ath Theaddfiac PrRGINCHza0iok esddualop that
~calculator 42 calculates an intra prediction
redesuaf ,a whictleti satfier diddec@patbriMesre tda@crated,
and then codes the first picture.

{0080}

Fig. 12. shows a configuration example of the coder
5, limited to the part pertinent to coding of the first
picture. Referring to Fig. 12, the coding-target picture
signal of an I-picture from the previous stage is input
to an intra predictor 41, an intra prediction residual
calculator 42, and an orthogonal transformer 44.

[0081]

The intra predictor 41 produces an intra predictive
picture correspondihg to the input coding-target picture
signal of the I—picture and outputs it to the intra
prediction residual calculator 42. The intra pfediction
.residual calculator 42 calculates an intra prediction

residual, which is the difference between the intra

predictive picture input from the intra predictor 41 and
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predictive picture input fromthe intra predictor 41
and 47 the |-picture as the original picture, and
outputs it to a rate controller 43. The rate
controller 43 calculates the quantization scale QP
based on the intra prediction residual that is input
fromthe intra prediction residual calculator 42 and
corresponds to the I-picture, and outputs it to a
quanti zer 45. The orthogonal transformer 44 executes
or t hogonal transforn1processing such as the discrete

Gosi ne kransfo I Kar. hunen- ve tran forn1for he
TR EROEEE 1 o2k SPePhPal oGl S SR e B8

ad’}q:a%lét BBB%r&iﬁ’—Tﬂfft&%r.m'ﬁQefrfa{t% %%h%r gierl_he c%%c Tgtes

processing res tot uanti zer quant1 zer

4% Quan L%Qéufﬁ‘%c%ﬁ@”éﬁ%g%&?eé Gl e%g 2}9& 1t<%‘it%h

orthogona transfornmer 44 1n acco
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3, and outputs the quantized transform ¢o icients
t&:@ulheéﬁl £5 S0 r88p o8 | PSFlCISpEOHEe A8 nG0deS

the quantized transforn1coeff|0|ents i nput from the

Quaphikzeit 45 4 Qubhersby ps od@ﬁ@ SroipshAll GLURSformer
signal . [0082] A description will be nade bel ow about

t4he exBEQREES SdtthddnhiNet F 2 £F HANIrBLLEE i AP suMN GB the
cal cul ates the quantization scale QP based on an

diktaepe b LR rahesb B abr GQIRHRANDLEG: a3k form for
| -picture. Line segnents 91-
the input coding-target picture signal of the I-picture,
and outputs transform coefficients obtained as the
processing result to the quantizer 45. The quantizer 45
quantizes the transform coefficients input from the
orthogonal transformer 44 in accordance with the
quantization scale QP input from the rate controller 43,
and outputs the quantized transform coefficients to a
"lossless coder 46. The lossless coder 46 codes the
guantized transform coefficients input from the quantizer
45 to thereby produce a coded picture signal.
[0082] |

A description will be made bhelow about the
processing by the rate controller 43, which calculates
the qguantization scale QP based on an intra prediction

residual corresponding to an I-picture. Line segments 91-

A, 91-B, and 91-C in Fig. 13 show the relationships
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A, 91-B, and 91-C in Fig. 13 show the relationships 48
bet ween the quantization scale QP and the generated
code anount BIT obtained when |-pictures at the
begi nni ngs of different sequences are coded, with the
val ue of the quantization scale QP being variously
changed. In Fig. 13, the ordinate indicates the
logarithm I n(BIT) of the generated code anount BIT,
whil e the abscissa indicates the quantization scale
QP. [0083] As is apparent fromthe |line segnents 91-A

-C o . h Lthm I n(BILT), of
ERs SR Rt REVER foa L Tr A0 T haeiicgl Prge
e _ ST
R e e e A e e
| Tth (BT oF
R R R R e A

cRdBt 2apu S Rlaf o 8sULLE RY ég%@ustﬁgecﬁggw@. ofnt B8y 13,

I-pictures at the beginnings of t respective

$RQUSPEES A 6 gachcaor FRL | e Mchh &R (ATFY &F the
predi ction residual ERROR of” the correspondi ng

beRbeAtE® cdd LhBLRRYROB] Al 1ealtueS DI B T RS cakewn
in Equation (8). Then the logarithns | n(NORM BIT) of

the yahues NORM Bkiiargpcal cul ated and plotted with
bei ng associated wth the quantization scale O, it
gaosbe confirnmed in

As is apparent from the line segments 91-A to 91-C,
in any sequence, the logarithm 1ln(BIT) of the generated
" code amount decreases almost linearly as the gquantization
scale QP increases. This relationship between the
'logarithm In(BIT} of the generated code amount and the
quantization scale QP is generally well known.

[0084]

When the generated code amcunts BIT resulting from
the coding of the I-pictures at the beginnings of the
respective sequences are each normalized with an intra
prediction residual ERROR of the corresponding IQpicture
to thereby obtain values NORM BIT as shown in Equation
(8) . Then the logarithms 1n(NORM BIT) of the values
'NORM _BIT are calculated aﬁd plotted with being associated

with the quantization scale QP, it can be confirmed in

Fig. 14 that the line segments 91—A, 91-B, and 91-C,
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Fig. 14 that the line segnents 91-A 91-B, and 91-C

49 whi ch are i ndependent of each other in Fig. 13, are
aggregated into one straight line form NORMBIT =

- BI'T-(NORM ERROR) (8) [0085] NORMis any constant. In
Fig. 14, the ordinate indicates the [ogarithm | n(NORM
BIT) of the generated code anmount BIT nornalized with
the intra prediction residual ERROR while the

absci ssa indicates the quantization scale QP. [0086]
These aggregated line segnments can be approxi mated by

tral I|n i naf.t er, descr bed
ﬁ nde ?ralg ach other l?n:@§g%rf5

represen T e’ asts
t.r 101
1952 #Eﬁ 6;’1%%“3 RERSEEHY ntitl.l%kg?%ﬁm.eng the'

qgantl§%hﬁog1§031§if}%ﬁ3§M§ERRb§pepg? ent variable, the

line 1 I's expressed as qguati on ). In Equation
(Bdssp is the slope of the representative straight
Ilne 101 and b is the intercept of the Iine 101 with

the or goRat €s Ihescordstand b ﬂ?%‘igbelfécal:ﬁé”@%ﬁqldt%
advance based on the plotting result shown in

1fd: Ed B THNORVGERRGR, ) 1-n@fd 819) (94 tr[eQQ;%?]]erated

code amount BIT normalized with ﬁhe intra prediction
residual ERROR, while the abscissa indicates the
.quantization scale QP.
[0086]

These aggregated line segments can be approximated
by one straight line {(hereinafter, described as a
representative straight 1line) as shown in Fig. 15. When
this representative straight line 101 is described by a
linear function including the quantization scale QP as an
independent variable, the line 101 is expressed as
Equation {(9). In Eguation (9}, a is the slope of the
representative straight line 101, and b is the intercept
of the line 101 with the ordinate. These a and b need be
calculated in advance based on the plotting result shown
in Fig. 14.

In(BIT- (NORM/ERROR)) = a-QP + b (9).
[0087]

. Transforming Equation (9) results in Equation (10),
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Transform ng Equation (9) results in Equation (10),

50 which allows cal cul ation of the quantization scale
QP for realizing a desired generated code anmount BIT.
QP = (In(BIT(NORMERROR)) - b)/a (10) [0088]
Therefore, enploynent of Equation (10) in the rate
controller 43 allows cal culation of the quantization
scale QP that can offer a desired generated code
anmount BIT when an |-picture at the beginning of a
sequence is coded. This calcul ati on based on Equati on

(il 000 Lel b rone LRI, L0G L e e
GRRABLRY 5008 RN HenL02: LA OUAD LG cCRrRSENt al fve

straight "1 ne 101. e rate controller 4371s supplied

with Bldy NORM(ean.a06e/iigiiged b /Eauayhon (10) i

advance. As the intra prediction re ual ROR in
Bawakiion (10), an intra prediction residual supplied
from the intra prediction residual calculator 42 to

the ratehe€a¥reQ| bRP14Pndrt WIeequAtli8hNatd)VelY tnkf rate
necessary, the intra predictor 11 included in the

RoAude1pe£di Ttd 10w @8l SuBht At IdH RALOFuAn APy & nused
for the supply of an intra prediction residual.

[s@ag8] oFhendp et icFFeof at des Gadelyehe@bt6QdbdHE ahount

| -picture

BIT when an I-picture at the beginning of a sequence is
coded. This calculation based on Equation (10) is
equivalent to operation in which, in Fig. 15, a
quantization scale 103 is obtained from a desired
generated code amount 102 through the representative
straight line 101. The rate controller 43 is supplied
with BIT, NORM, a, and b included in Equation (10) in
advance. As the intra prediction residual ERROR in
Equation (10), an intra prediction residual supplied from
the intra prediction residual calculator 42 to the rate
controller 43 is used. Alternatively, if necessary, the
intra predictor 11 included in the pseudo prediction
residual anticipator 3 may be used for the supply of an
intra prediction residual.

- [0089]

The operation of the coder 5 of coding an. I-picture

at the beginning of a sequence will be described below
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~at the beginning of a sequence will be described bel ow
51 with reference to Fig. 16. In a step S41, the intra
predi ctor 41 produces an intra predictive picture
corresponding to the input coding-target picture

signal of the I-picture and outputs it to the intra
prediction residual calculator 42. The intra

predi ction residual calculator 42 calculates an intra
prediction residual, which is the difference between
the intra predictive picture input fromthe intra

Riee GLet 4d-and, tﬂg.i‘ gsgio%{ ure sgépt bg, oral ﬁgq'rtrﬁs_

pi cture, and out put € ate"cohtro

QA4 L @1S§fﬂhd%%§’aﬁsiﬁt§%£?%%$féiﬁﬁgi?P?éﬁge the

rate controller 43 normaliz e prese arget code

Q%Q%@Epoﬁ%ﬂh .EJTE%Qeihﬂﬁﬁa¢£ﬁfﬁgiggﬁgggﬁgﬁég§ﬁ%d{%ﬁ%ﬂi

input Tfrom the intra predictionh re

42 the 8-5i&fure43d a§t§@9mﬂ N Fqyat &ﬁgr§ 10eqitdi8 on

rate controller 43 subtracts b fromt _ogarlthn1of
e iAQaMBLL Zad da0eh . code i?&@ﬁn&re@f@:ﬁnv'r‘ég.s.dhgf

subtraction result by a to thereby cal culate the

gaaptiliadbt op $2alce18Pes Wik Cihtlis prRERcOUL R Ut di01she
quanti zer 45. During the execution of the processing

whitheisteps S4ketronSd Jpettedithiroganal pidansafioemer
44 i npl enents orthogonal transform processing for the
phpttreothmg: tfatgethpi i€ Sicgnakoef 41 hend -the 1-
picture as the original picture, and outputs it to the
rate controller 43.

[0090]

In a step S$42, as shown in Equation (8), the rate
controller 43 normalizes the preset target code amount
.BIT with the intra prediction-residual'ERROR input from
the intra prediction residual calculator 42. In a step
543, as shown in Equation (10), the rate controller 43
subtracts b from the logarithm of the normalized farget
code amount, and divides the subtraction result by a to
thereby calculate the quantization scale QP, which is
then output to the quantizer 45. During the execution of
the processing in the steps S41 to S43, the orthogonal
transformer 44 implements orthogonal transform processing

for the input coding-target picture signal of the I~

picture, and outputs transform coefficients obtained as
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picture, and outputs transform coefficients obtained
as 52 the processing result to the quantizer 45.. In a
step S44, the quantizer 45 quantizes the transform
coefficients input fromthe orthogonal transforner 44
in accordance wth the quantization scale QP input
fromthe rate controller 43, and outputs the

quanti zed transform coefficients to the |ossless
coder 46. The | ossless coder 46 codes the quantized
transformcoefficients input from the quantizer 45 to

BT RIS A,500t PLES ST, T 3 Lahhess
f
8 899{1‘5[9@0:8%5] q{%ﬁgt!ﬂ sy h&an%‘%%rﬁ” g?).pl(:l% ts

sequ nce ove escri operation of the

G%g% ProRYeRe o fr%lﬂB' bfid1 n@iar?:{)‘ﬂ&’rme‘} QE ln péc%cH:rcFan%te

begi nning o sequence but al'so

hiiRhCEKE eqamdga%aghységigr%ﬁ 91%2 rsﬂaggf a?egad even

‘to a normal I-picture ove-

eRREabY O off ersdt Bﬁt{ae& %é‘gqua@x@\i@@&agfénsf&ﬁ he
coder 5, a specially Targe calculation anmunt and a

sReckatiSidLWd taenfbgsiatd anddiatiel s e 1ds@%g§eéoa&
a nornmal coding device are unnecessary; the range of

28006a6£ S HeD qifaineh zbh et e Al rnPR 2R 8PP irffht ifSom
wi de; the difference of influence between successful
the quantizer 45 to thereby produce a coded picture
signal. This is the end of the description of the
-operation by the coder 5 of coding an I-picture at the
beginning-of a sequence.

[0091]

The above~-described operation of the coder 5 may be
applied not only to an I-picture at the beginning of a
sequence but alsoc to e.g. an I-picture immediately after

"a scene change, and even to a normal I-picture.
[0092]

The above-described operation offers the following
advantages: in the coder 5, a specially large calculation
amount and a special circuit configuration that is not
included in a normal coding device are unnecessary; the
range of sequences to which the operation can be applied

is wide; the difference of influence between successful

and unsuccessful coding results by the operation is small
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and unsuccessful coding results by the operation is
~small 53 (even when the operation |leads to a
non-opti mal coding result, the adverse influence
thereof is small); and the range of conpression
rati os to which the operation can be applied is w de.
[ 0093] The present invention can be applied also to a
digital video canera. Fig. 17 shows a configuration
exanple of a digital video canera to which-the
invention is applied. A digital video camera 200
apLur icture_.of a. ta t ob ect to. a
g glng arg c ﬁR? ﬁFéons%%%% to “afid 8ub?%&ﬁ@é% Odlng

CogHiEGdth cﬂx%gts%r%fgl%x‘%é C?E%I .—Lgtsur Pr.ess LoD

ng tO produce a co I gna I n a
' h t
SR o e e i

gbgfge&aﬂgq@igpo records the produced coded picture
stgnal in a recording nedium [0094] In a rough
¢hassification, the digital video camera 200 includes
a camera unit 201, a canera DSP (Digital Signa

Process@k) p204en8NthweGa @hnUpk t2205.cq4 BULLheE NDr e,
t he dlgltaP vi deo canera 200 includes an SDRAM

Sy Nedr ooy, uparhC RandonmAcRess MIBNY hu28Biod

mediuminterface (I/F) 204, an operation part 206, an
b&Ehple of a digital video camera to which the invention

is applied. A digital video camera 200 captures a picture
of a target object to acquire a coding-target picture
signal, and subjects the acquired coding-target picture
signal torcompression coding to thereby produce a coded
picture signal in a similar manner to that of the above-
described picture signal processing device 1.
Subsequently, the digital video camera 200 records the
produced coded picture signal in a recording medium.
[0094]

In a rough classification, the digital video camera
200 includes a camera unit 201, a camera DSP (Digitél
Signal Processor) 202, and a control unit 205.
Furthermore, the digital video camera 200 includes an
' SDRAM (Synchronous Dynamic Random Access Memory) 203, a
" medium interface (I/F) 204, an operation pari 206, an LCD

(Liquid Crystal Display) controller 207, an LCD 208, an
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(Liquid Crystal Display) controller 207, an LCD 208,
an 54 external interface (I/F) 209, and a detachabl e
recording nedium 210. [0095] As the recording nedi um
210, any of various nedia such as so-called nenory
cards enpl oying a sem conductor nenory, optica
recordi ng nedia such as recordable DVvDs (D gital
Versatile D sks) and recordable CDs (Conpact Discs),
and magnetic disks is available. In the present

enbodi nent, e.g. a nenory card is used as the

TR NG Ch b SO 0 A o

- Devigg) ,¢d2, a pre-processing circuit 213, an optica
gF E dr?ver 214, a CCD driver 215, and a timng

qugg§tor 216. The optical block 211 includes a |ens,

a focus nmechanism a shutter nechanism an aperture

(iriS)Zﬂ?Qﬂ%nEégbr@ﬂﬁgﬁ%dgﬁm b@@97kn h?fggﬁﬁﬁgg MQ&la
205 is a mcro conmputer in which a U (Centra

Bhesessi H9-dditlek ZetorfNc3AM (RN 1S99MACS eSSni VRIRICY br
252, a flush ROM (Read Only Menory) 253, and a clock

GefbY ] S5 @ne 1eesph ety et @ e Rsbusc@hhbIEhevDs
control unit 205 can control the respective units in
t(pb€gital Versatile bisks) and recordable CDs (Compact
Discs), and magnetic disks is available. In the present
embodiment, e.g. a memory card is used as the recording
medium 210.
{0096]

The camera unit 201 includes an optical block 211,
a CCD (Charge Couﬁled Device) 212, a pre-processing
circuit 213, an optical block driver 214, a CCD driver
215, and a timing generator 216. The optical block 211
includes a lens, a focus mechanism, a shutter mechanism,
an aperture (iris) mechanism, and so on.
[0097]

The control unit 205 is a micro computer in which a
CPU (Central Processing Unit) 251; an RAM (Ransom Access
Memory) 252, a fiush ROM (Read Only Memory) 253, and a
clock circuit 254 are coupled via a system bus 255. The

control unit 205 can control the respective units in the

digital video camera 200.
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digital video canera 200. 55 [0098] The RAM 252 is
used mainly as a work area, for e.g. tenporal nenory
of an intermedi ate result of processing. The flush
ROM 253 stores therein various prograns to be
executed in the CPU 251, and other data necessary for
processing. The clock circuit 254 can output the
present year, nonth, day, day of the week, and tine.
[0099] At the tinme of capturing of a picture, the
control unit 205 controls the optical block driver

2 that the driver 214 forns a drive signal for
operating the optical block 211, to thereby operate

the_Oth%$Hu§J%%? i 1ds o Ml GSRONSE AL QoL | 5 rea r,e.g.

opti cal acquires anopti Calprctire o

' b h .
LRl 2@ Di 86 r P Yo £ QAL é,falt Li-Rgqat Dee Eosh%lisc agc 98%35?'%11&9.

shutter nmechanl sm an aperture ani sm an

fol$as shhRow | t t ]
The CCD52120s?b?je%ttgwte%egglgggg?e rlé)%g? %gjéﬁ?ﬂL%;t%p be

hlxeeh 241 h orhaieebeet r biaCOMYEr iR LacautpUy dctrkleve

resul tant signal, and operates In response to a

$irgRakst hoM the OLDCRTEVes, 41%545p8R1 bheald Yond S <OER
212 inports therein an optical picture of a target
QRja@Gt month, day, day of the week, and time.

[0099]

At.the time of capturing of a picture, the control
unit 205 controls the optical block driver 214 so that
the driver 214 forms a drive signal for opereting the
optical block 211, to thereby operate the optical block
211. In response to this, the optical block 211 acquires
an optical picture of a target object by controlling the
focus mechanism, shutter mechanism, and aperture
mechanism, and then focuses the optical picture on the
CCD 212.

[0100]

| The CCD 212 subjects the picture from the optical
block 211 to photoelectric conversion to output the

- resultant signal, and operates in response to a drive
signal. from the CCD driver 215. Specifically, the CCD 212
imports therein an optical picture of a target object

- from the optical block 211, and supplies the pre-
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fromthe optical block 211, and supplies the pre 56
processing circuit 213 with the inported picture
(picture information) of the target object as an
electric signal based on a timng signal fromthe
timng generator 216 controlled by the control unit
205. As described above, the tim ng generator 216
forms the timng signal for offering predeterm ned
timng, in response to control by the control unit
205. Furthernore, the CCD driver 215 forns a drive

[ i CCD 21 b d h
Irggégsig%%ﬁ:?}?%n??ﬁe&?tﬁ ht.ehe 1mﬁé3rr§%agr8§§%ur%)8(f%ﬂ ure

imng Si I'm hg” ge

SigompcRuecaeiag SO LB OCHl o PR piomas

LeLyr | nf1Q; [ liect Li:c.Si g ' f.r.om
BRSHUrn 4 NSLRL 00D, SO0 Ll Bl UL
2o882b11 &4 K8PIheaRAnt LXECOMIBS A (AU QML FaLD0ve,

Control) processing for the signal to thereby contro

the @ahihg lg2raGdicbibopiet RSl @hePEORESS! Noyfy Gt 213
subjects the signal to AID (Anal og/Digital) conversion

bOE R e Prdoerepi LY €ifiald iGORUERLRS It LAtdudi bl
signal (hereinafter, described as a coding-target

phetesecisilgnaly, 2a8d Quirpubsmbbhe, ©lOgmap beithe PSP
202. [0102] An AF AE AVB processor 221 in the DSP 202
€xegsil£sirive signal to be supplied to the CCD 212, based
on the timing signal from the timing generator 216.

[0101]

The pre-processing circuit 213 executes CDS
(Correlated Double Sémpling) processing for the picture
information as an electric signal input from the CCD 212
so that a favorable S/N ratio of the signal is kept, and
executes AGC (Automatic Gain Control) processing for the
signal to thereby control the gain. In addition, the pre-
processing circuit 213 subjects the signal to A/D
fAnalog/Digital) conversion to thereby form picture data
converted into a digital signal (hereinafter, described
as a coding-target picture signal), and outputs the
signai to the DSP 202.

[0102]

An AF AE AWB processor 221 in the DSP 202 executes

camera signal processing such as AF {Auto Focus), AE
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canmera signal processing such as AF (Auto Focus), AE
57 (Auto Exposure), and AWB (Auto Wiite Bal ance) for
the coding-target picture signal supplied fromthe
canera unit 1. A conpressor 222 executes conpression
coding of the coding-target picture signal for which
the various canera signal processing has been carried
out, to thereby produce a coded picture signal. The
conpressor 222 has a simlar configuration and
operates in a simlar manner to those of the picture

' I [ | f Fig. 1, d h
PR ERPAEERS SH AR ey Gt M oo hen el RS OAE The
' i I by .t 222
DGRl P RO Pt (O STMO S e
34atem bus 2a3:80001 o, RAIUMCLL o 20, o £ 50 0N 6350
223 executes deconpression processing (éexpansion

Rhacesgi b rafdde g_iﬁ@gg% Oﬂé“r{al'ir &o3 GNaknBid ix?a\érei%ufsr om

the recording ™ nedi um I'n response to user
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suppl i es the deconpresSed picture signa

eeBlned | £rc224 Yiatrhbe §W§?é¥p biige 203mp reH30 L2 has a
controller 207 converts the format of the supplied

BHRLUSL SrifiRfurlafl Ondah@rdfRiratiist Rl 8 £0hi e mabhGlr to
208, and supplies the resultant picture signal to the

kBB 208f diwigyidtheepisebi® sesdannondidgite thescpgded 1,
~picture signal recorded in the recording nmedium 210 is
and hence a detailed description therefore is omitted.
[0103)

The coded picture signal produced by the compressor
222 is recorded in the recording medium 210 via the
system bus 255 and the medium I/F 204. A decompressor 223
executes decompression processing (expansion processing)
for a coded picture signal retrieved from the recording
medium 210 in response to user’s operation input to tﬁe
operation part 206,.and supplies the decompressed picture
signal to the LCD controller 207 via the system bus 255.
The LCD controller7207rconverts the format of the
supplied picture signal into a format suitable for the
LCD 208, and supplies the resultant picture signal to the
LCD 208. Thus, the picture corresponding to the coded
'picture signal recorded in the recording medium 210 is

displayed on the screen of the LCD 208.
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di spl ayed on the screen of the LCD 208. 58 [0104] The
external I/F 209 is coupled to e.g. an externa
personal conputer. Thus, through the I/F 209, a coded
pi cture signal supplied fromthe personal conputer is
recei ved, and a coded picture signal recorded in the
recordi ng nedium 210 is supplied to the externa
personal conputer or the like. Furthernore, coupling
a communication nodule to the external 1/F 209 all ows
the digital video canera 200 to be coupled to a
ngéﬂgik such as the Internet and exchange vari ous
data dia the network. The external 1/F 209 can be
provideghas

wi red._i,nt ace for. |EEE (Institute of
El ectrical and Bl cg(gngéé L ERwEEs °1§9%: Psgxternal
iversal pal B or.the Li . t atively,. it
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r.adi Th .S, it xternal 1/F.209 be
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[ Q5] Ehe aaloy e drse &E%Qrﬁeél?éalofre%ro%gasiﬁ‘gtﬁea” be
e i gnal

executed by hardware like t picture s
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Al ternatively, the processing my be executed

&QEEWQ%Q-oyméﬁbtﬂ?%e.Sefﬁfghéyhd¥%99@§§%£9néS%exeCUted
by software, a program constructing e Ssoftware is

| vl @8t { 69 MBUIRCOBULAY external I/F 209 allows the
digital video camera 200 to be coupled to a network such
as the Internet and exchange various data via the network.
The external I/F 209 can be provided as a wired interface
for IEEE (Institute of Electrical and Electronics
Engineers} 1394, USB (Universal Serial Bus) or the like.
Alternatively, it can be provided as a wireless interface
for light or radio waves. That is, the external I/F 209
may be either interface of wired and wireless interfaces.
[0105]

| The above-described series of processing can be
executed by hardware like the picture signal processing
device 1 or the digital video camera 200. Alternatively,
the processing may be executed by software. When the
series of processing is executed by software, a program
constrqcting the software is installed from a recording

medium or the like in a computer incoérporated into
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mediumor the like in a conmputer incorporated into 59
' dedi cat ed hardware, or a general -purpose persona
conmputer 300 that has e.g. the configuration shown in
Fig. 18 and is allowed, through installing of various
prograns therein, to execute its various functions.
[0106] The personal conputer 300 shown in Fig. 18
includes a CPU 301. The CPU 301 is coupled to an

i nput/output interface 305 via a bus 304. An ROM 302
and an RAM 303 are also coupled to the bus 304.

[R14 ' out.put | al i s coupled to an
inpu%hgggfh%%%&%ﬁétB?sgfggﬁg%hbgﬁfﬁgg? %%V?%ég'such as
&on a d.re e l.er t h, ..
Whi?ﬁi@? 56 RS Gas2Rd o eRRL cggﬁ%%%%%?on g%g?%u%n Fig.

a user inputs opération co an

3" bnd07s tdilowe@Ut RHESuYh ARG @and ;aHdL .

unit 308 forégﬁ of a %%r dﬁgk &rgvg9d?ﬁ¥%g§1%%§5?%§?
$heresn Pragled®u@ld; c ¥ ayd Oy Jatacc Yk L hermore, the

i nput/output interface 305 is coupled also to a
qoauyni cation unit 309 that executes conmunication
processing via a network typified by the Internet,

and a dmieveeddfndhadonRads 300 ¥WdfLSndatia.t 08 BEEh udes
froma recording nmedium 311. [0108] The program for
e@adBUngpt.heThpersmnadoICcaRPYbep189Oo an input/output

interface 305 via a bus 304. An ROM 302 and an RAM 303
are also coupled to the bus 304.
7[0107]

The input/output interface 305 is coupled to an
input part 306 that is forxmed of input devices such as a
keyboard, mouse, and remote controller through which a
user inputs operation commands, an output part 307 that
¢
outputs video and audio, and a storage unit 308 formed of
a hard disk drive or the like that stores programs and
various data. Furthermore, the input/output interface 305
is coupled also to a communication unit 309 that executes
communication processing via a network typified by the
Internet, and a drive 310 that reads and writes data to
and from a recording medium 311.
[0108]

The program for causing the personal computer 300

to execute the above-described series of processing is
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to execute the above-described series of processing is
60 supplied to the personal conputer in the state of
being stored in the recording nedium 311, followed by
being retrieved by the drive 310 so as to be
installed in the hard disk drive incorporated into
the storage unit 308. The programinstalled in the
storage unit 308 is loaded fromthe storage unit 308
into the RAM 303 and is executed in response to an
instruction fromthe CPU 301 according to user's
QREIALEANLS AW J e | Dol in38Re o103 I e
present specification, steps at describe a _program
Repedednl thd JRCHINRINIEHIKD1CRERES T AUy Hllikg
processing that is time-sequentially executed 11

aeaen dang o dife td}&véeéwwdasoft%%eb%s%f%d in the
processing that is not necessarily execute

Halre- gegredtial Inhddubor K& UlRd kRePaFSLiSl Wit 308,

i ndi vidually. 61 [Nane of Docunment] Cains [Caiml]
Ahpi progarki Gnala10eacessthy Ava68 LASE RXEGW 8%aded
conpression coding of a picture signal for displaying

- ErondYhea gsiGiger @niin aggormaneasWriil 2o Pragdet;er m ned

coding system the picture signal processing device
@ﬁg?utedrﬁn nygpbnseat@r£Miﬂﬁéuaﬁcteéﬁdi&ﬂm(ﬁﬂeC@b@t901
gccording tp user’s operation input to the input part 306.
[0109]

In the present specification, steps that describe a
program recorded in a recording medium encompass not only
processing that is time-sequentially executed in

accordance with the described order but alsc processing

that is not necessarily executed time-sequentially but

-executed in parallel or individually.
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produces an intra predictive picture for a stil
picture constructing a noving picture, and cal cul ates
an intra prediction residual that indicates a

di fference between the still picture and the intra
predictive picture; an inter prediction residua
~calculator that produces an inter predictive picture

for the still picture constructing a noving picture,
and calculates an inter prediction residual that
indicates a difference between the still picture and

t | nt redictive .picture; a pseudo prediction
; Sa} (fuaﬂ%r DBcglq\eﬁttij (ﬁlaatl 5

_ producer- t produces a pseudo prediction

rgsi dyalyjcorresponding to the still picture by using
aﬁ§V%ast]one of the intra prediction residual or the

nter PRegl GaD JiGakduBkoc AL AN el RaL of B edl el on
res! dual ‘cal cul ator tha corrects a pse_u o) pre_lc I on
I &k lsiBBOgH&fﬁbkﬁﬁ'%hﬁicgﬁﬁgd§ﬁéH§%ﬂf%%|§$F$fg§fﬂﬂa5

producer and corresponding to 62 an n-t _
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corresponding to a previous still picture o
Hyidtleri ehir gi dntk-ARiaahabyr ESH GlJ QR EES] Q&@[Lrising:
corresponding to the previous still” picture of the

n-th sihlingdLietict fofaldilabe anianid&dPahed
predi ction residual corresponding to the n-th stil
gﬂ'x@ﬁubes an COMPF £ $5e@i ck até Op LOMHOIfer at bat1 £ ontdtoks
constructing a moving picture, and calculates an intra
prediction residual that indicates a difference between
the still picture and the intra predictive picture;

an inter prediction residual calculator that
produces an inter predictive picture for the still
picture constructing a moving picture, and calculates an
inter prediction residual that indicates a difference
between the still picture and the inter predictive
picture;

a pseudo prediction residual producer that produces
é pseudo prediction residual corresponding to the still
picture by using at least one of the intra prediction
residual or the inter prediction residual;

an anticipated prediction residual calculator that

corrects a pseudo predicﬁion residual produced by the

pseudo prediction residual producer and corresponding to
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conpression ratio of conpression coding of a picture
signal corresponding to the n-th still picture based
on the anticipated prediction residual that is

cal cul ated by the anticipated prediction residua

cal cul ator and corresponds to the n-th still picture;
and a coder that executes conpression coding of the.
pi cture signal corresponding to the n-th still picture

in accordance with control by the conpression ratio
controller, and supplies the anticipated prediction
an actual prediction residual

i dual | .at ith
AP SR E Biren  bsal 06 A RS PR ) o
i di .and ds to. -th still
AreRirar O ReT e R 2R e S i3] el o e
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predi ct1on residual producer € 0
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predi ction residual Tor eac ivid region that "is

seti11i pidherst idd cQ%EEEQ@e%}gé}%C@ B&SQ%xeef%gﬁ%n

Sl ze, o) DFOdUCG the pseu I on resi

GALLESHOHIS SOl G BOI Lho RIGLULE 1] GAldaA, The
‘picture signal processing device according to

a compression ratio controller that controls a
compression ratio of compression coding of a picture
signal corresponding to the n-th still picture based on
the anticipated prediction residual that is calculated by
the anticipated prediction residual calculator and
corresponds to the n-th still picture; and

a coder that executes compression coding of the
picture signal corresponding to the n-th still picture in
accordance with control by the compression ratio
controller, and supplies the anticipated prediction
residual calculator with an actual prediction residual
that is produced through a processing process of the
compression coding and corresponds to the‘n—th still
picture.
[Claim 2]

The ﬁicture signal processing device according to

claim 1, wherein

the ‘pseudo prediction residual producer employs the
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~claim2, wherein the divided region is a macro bl ock.
[Caim4] The picture signal processing device
according to claiml1, wherein the anticipated

predi ction residual calculator calculates the
anticipated prediction residual corresponding to the
n-th still picture by adding a certain value to the
pseudo prediction residual that is produced by the
pseudo prediction residual producer and corresponds
to the n-th still picture, the certain value being

BetrPEenl i drvpe) eRtetteRol e SAC g Bttot Rt ditet on
LB UL SRNTING Lo NG REN Bah Lol Wit
o rhe R R B b SRR Ep St e e
S S oS
ngvgegllfgfgﬂﬁy%.Experts G oup) system [Caim6) The

pi cture signal processing device according to
[Claim 3]

The picture signal processing device according to
claim 2, wherein

the divided region is a macro block.
[Claim 4]

The picture signal processing device apcording to
claim 1, wherein

the anticipated prediction residual calculator
calculates the anticipated prediction residual
corresponding to the n-th still picture by adding a
certain value to the pseudo prediction residual that is
produced by the pseudo prediction residual producer and
corresponds to the n-th still picture, the certain value
being obtained by multiplying by a predetermined
~coefficient a difference between the pseudo prediction
residual corresponding to the previous still picture of
the n-th still picture and the actual ptediction residual
‘corresponding to the previogs still picture of the n-th

still picture.
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claim1, wherein the predeterm ned coding systemis an
MPFG4- AVC  (Advanced Video Coding) system [Claim7] A
pi cture signal processing nethod for executing
conpression coding of a picture signal for displaying
a noving picture in accordance with a predeterm ned
coding system the picture signal processing nethod
conprising: an intra prediction residual calculation
'step for producing an intra predictive picture for a

still picture constructing a noving picture, and
qﬁ!%ghag'ng an intra prediction residual that
indicates a difference between the still picture and

the int edi [ jcture; an_inter.predicti,on
residuépﬁ%gﬁbuu%%i%ﬁggég SEESpPEatieT hge S Garfapy o

Rnedichi veppicipre for the still picture constructing
a noving picture, and calculating an inter prediction

resi duaind haldeRdiialas Al euepes 65 Beaen Lffing

still picture and the inter Ictive picture,

peeudo. PERSL Std @ e§i dial o production step for
produci ng ‘a pseudo prediction residual correspondi ng

tfe1athesptill picture by using at |east one of the
intra } prediction residual or the inter prediction

resi duahe picture signal processing device according to
claim 1} wherein

the predetermined coding system is an MPFG4-AVC
(Advanced Video Coding) system.

[Claim 7]

A picture signal processing method for executing
compression coding of a picture signal for displaying a
moving picture in accordance with a predetermined coding
system, the picture signal processing method comprising:

an intra prediction residual calculation step for
producing an intra predictive picture for a still picture
constructing a moving picture, and calculating an intra
prediction residual that indicates ardifference between
the still picture and the intra predictive picture;

an inter prediction residual calculation step for
producing an inter predictive picture for the still
picture constructing a moving picture, and calculating an

inter prediction residual that indicates a difference

65




an anticipated prediction residual calculation step
for correcting a pseudo prediction residual that is
produced t hrough processing in the pseudo prediction
resi dual production step and corresponds to an n-th
still picture, based on a pseudo prediction residua
corresponding to a previous still picture of the n-th
still picture and an actual prediction residua
corresponding to the previous still picture of the
n-th still picture, to calculate an antici pated
j.CLi ' I rrespopding to the n-th stil

g%%?ﬁ%%;%gecéﬁ%%eggfg% Fa??% g%%t e PEF B Ve

hQll.ing a conpression ratio of conpression coding
of a picture signal corresponding to the n-th stil
pi cture QQ%QQ g I.clp iction resigual
t hat isaca cufggggﬁggﬁggﬁdﬁ:%g%%gsgﬁﬁgﬁgéﬁ??uftep %Or
Frooubeabed PLadiS )RR kesbduAls 1 AAIICULEORRI £ A0
corresponds to the n-th still picture; and a coding
hep o1 1 eYectil e COdRhESSE Ol LI B A0 1S
pi cture signal corresponding to the n-th stil
RIretliEeiol PESREANGE WhiE i £O NOle A¥LREACLSSI fifh1i,N
the conpression ratio control step, and supplying for
the pracessiidphbed heraidGiopated: gaedi &80 ak8shdyaly
cal cul ation step an actual prediction residual that is
[Eoaduoete &t myigh p3d eRHECHBSA NG IUDGRSS 40k 1 thtat is
conpr essi on
produced through processing in the pseudo prediction

residual production step and corresponds to an n~th still
picture, based on a pseudo prediction residual
corresponding to a previous still picture of the n-th
still picture and an actual prediction residual
corresponding to the previous still picture of the n-th
still picture, to calculate an anticipated prediction
residual corresponding to the n-th still picture;
a compression ratio control step for controlling a

compression ratio of cﬁmpression coding of a picture
'signal corresponding to the n-th still picture based on
the antiéipated prediction residual that is calculated
through processing in the anticipated prediction residual
calculation step and corresponds to the n-th still
_picture; and

a cpding step for executing compression coding of
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codi ng and corresponds to the n-th still picture.
[Caim8] A recording nediumthat stores a conputer
readabl e program for executing conpression codi ng of
a picture signal for displaying a noving picture in
accordance with a predeterm ned coding system the
program conprising: an intra prediction residua
calculation step for producing an intra predictive
picture for a still picture constructing a noving
picture, and calculating an intra prediction residua
that :ndj cat di fference betwee the sti]l. picture
o e El SR e aBERarEY 5o el A LR B Ebf ot i on
rasidyal s gal culatd : ducing an.inter
5§édicti%e ﬁ?cturéggbiagﬁeE§§Ff$iqﬁﬁggﬁggsg%ﬂ%t}%aFF%g
EHARYL00: Ph i g ard,cal ti Koter prediction
réﬂ?ﬁuallthaty?%dicatgs agg%ﬁfégg%gﬁm@%g%n eﬁo r&?e

%&BEESBEE&Q&?tﬁﬁda%&gpﬁﬁgﬁédpﬁfggfagi%ﬁ rBLE ygf;G?

pseudo prediction residual production step for

RPa0eUChNgoR PSUGER raengbféh{&siio%ualbswﬁéfs@%ﬂii@
I of the

to the still picture by using at |east one

iprblace®r et Gidon pestdyat n®rptdiR ssnber + RE &gl il i on
residual ; an anti ci pated preJ?ctlon resi dua

caltbadndredieBpohas €61 £RStingh 3 chIeuUIP-RILM] ction
residual that is produced through processing in the
pseddia Predi ction

A recording medium that stores a computer readable
. program for executing compression coding of a picture
signal for displaying a moving picture in accordance with
a predetermined coding system, the program comprising:

| an intra prediction residual calculation step for

producing an intra predictive picture for a still picture
constructing a moving picture, and calculating an intra
prediction residual that indicates a difference bétween
the still picture and the intra predictive picture;

an inter prediction residual calculétion step for
producing an inter predictive picture for the still
rpicture constructing a moving picture, and calculating an
inter prediction residual that indicates a difference
between the still picture and the inter predictive
picture;

a pseudo prediction residual production step for
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resi dual production step and corresponds to an n-th
"still picture, based on a pseudo prediction residua
corresponding to a previous still picture of the n-th
still picture and an actual prediction residua
corresponding to the previous still picture of the
n-th still picture, to calculate an antici pated

predi ction residual corresponding to the n-th stil
picture; a conpression ratio control step for
controlling a conpression ratio of conpression coding

e Cewt e MRS LR S
S e R R B b PSR LR R0 el FhA b anc
SPRLSEROMISIANE Byt bost Ll e G g0
o 90, 05 esRapdLal Le4fs Bl Bettilly SLELNSLN cear

GRIPEESSL AN At gsgﬁasf,gkeé{@&o&agggggegiy'tﬂ‘& for the

68 processing in the anticipate ction residua

pabatkad i1y cleBP pBcast Ha) Al et%iecgsgﬂda eﬁ%%%‘laétito%at I's

produced through a processSing process of

¢eRPAESE i aueedbRdsald &o8 rﬁ%@ganae Lhe. - hystichh
picture. (Claim9] A programfor executing conpression
podtfige Ofbaded on a pseudo prediction residual
corresponding to a previous still picture of the n-th
still picture and an actual prediction residual
corresponding to the previous still picture of the n-th
still picture, to calculate an anticipated prediction
residual corresponding to the n-th still picture;

& compression ratio control step for controlling a
compression ratio of compression coding of a picture
signal corresponding to the n-th still picture based on
the anticipated prediction residual that is calculated
through processing in the anticipated prediction residual
calculation step and corresponds to the n-th still
picture; and

a coding step for executing compression coding of
the picture signal corresponding to the n—-th still

picture in accordance with control by processing in the

cdmpression ratio control step, and supplying for the
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pi cture signal for displaying a noving picture in
accordance with a predeterm ned codi ng system the
program causi ng a conputer to execute processing
conprising: an intra prediction residual calculation
step for producing an intra predictive picture for a

still picture constructing a noving picture, and
calculating an intra prediction residual that
indicates a difference between the still picture and

the intra predictive picture; an inter prediction

asicdual ngal CUlpl 190155 8R L0 PEOQUELNG 201 1 €F

U
predi ctive picture for S pi'cture Cons ructing

Qﬂﬁ%ﬁh@gigﬁCéﬁgﬁ%anaﬁgtﬁgiC%#?#ié@héﬂ1re%g§851p£$%ﬂ(¥g on

residual that i'ndicates a er ence WEEnN e

Hriokl cBRCENF S NG, E)Ii}g_c.éggfﬁg pﬁ%ﬁﬁ&% ki tﬂgcé%ﬁﬁfes%ion

pseudo prediction residual production step

poadigl B4 a-psldanaceds oM Iasidliah potteppondi ng
to the still picture by using at |east one of the
ifatteam69) predi ction residual or the inter prediction

residual ; an anticipated prediction residua

cal cul at iggdg¥hRProf Mdx LRI iBEipRcPS eI JHiedi ki 9N
residual that is produced through processing’in the

pietdpe ps Bl ifoR diesisilg R eHGHGOR: SteRs and
corresponds to an n-th still picture, based on a
pseoddamrediiath anpikesdétkrhined coding system, the
program causing a computer to execute proéessing
comprising:

an intra prediction residual calculation step for
producing an intra predictive picture for a stiil picture
constructing a moving picture, and calculating an intra
prediction residual that indicates a difference between
the still picture and the intra predictive picture;

an inter prediction residual calculation step for
producing an inter predictive picture for the still
picture construgting a moving picture, and calculating an
inter prediction residual that indicates a difference
between the still picture and the inter predictive
picture;

a pseudo prediction residual production step for
producing a pseudo prediction residual cbrresponding to

the still picture by using at least one of the intra
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corresponding to a previous still picture of the n-th

still picture and an actual prediction residua
corresponding to the previous still picture of the
n-th still picture, to calculate an antici pated

predi ction residual corresponding to the n-th stil
picture; a conpression ratio control step for
controlling a conpression ratio of conpression coding
of a picture signal corresponding to the n-th stil

pi cture based on the anticipated prediction residua

t 1.5 .cal th b j.ng.in the,

B APR R YRR i PR abEr SRel st brottephiana
Q.. - Ll I ctyre. di

Ctep 1o ctont P Ronbr Skcrisr Bsii b Rt feer
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accordance wth control “by processing | _
CURARIY OR-5 ] %r%%%%ghgslr?ptheagge%HBpL¥é@9célo o the
processing in thé anticipated prediction reésidua
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70 produced through a processing process o

GARRLeSS Bised WH RYp3BAA6OpF&SRANGS, Lasthga-th still
picture. [Caim210] A video canera that executes

CRIFREEHEhOME ad RO pebvisuPi Stue Ricgnak §erémsnangi ng
to a captured noving picture in accordance with a
prredet piotwesd £RdeRJasYSiEPrediction residual
corresponding to the previous still picture of the n-th
still picture, to calculate an anticipated prediction
residual corresponding to the n-th still picture;

a compression ratio control step for controlling a
compression ratio of compression coding of a picture
signal corresponding to the n-th still picture based on
the anticipated prediction residual that is calculated
through processing in the anticipated prediction residual
calculation step and corresponds to the n-th still
picture; and

a coding step for executing compression coding of
the picture signal corresponding to the n-th still
picture in accordance with control by processing in the
compression ratio control step, and supplying for the
processing in the anticipated prediction residual

calculation step an actual prediction residual that is
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and records a resultant picture signal in an
informati on recording nedium the video canera
conprising: a picture capturing unit that captures a
noving picture of a target object and produces the
picture signal; an intra prediction residua
cal culator that produces an intra predictive picture
for a still picture constructing a noving picture
captured by the picture capturing unit, and
calculates an intra prediction residual that
pRdgaLasR I B 806E- DELNPqN B8 SLE! Lhe PR 380
the intra predictive picture; an inter prediction
el dyahn & A SiRRNAENEE ey qduees @y i pier, Ky edictive
picture for the still picture constructing a noving
qiceksmeleppt ured by the picture capturing unit, and
cal cul ates an inter prediction residual that
i ndi catzesridedi bhespncgrdretwesited Neorididds iBnC YA EngNSE
the inter predictive picture; a pseudo prediction
mepi dtate priggladecothaspiAdCeS a7daptPS&UGRving
predi ction residual corresponding to the stil
picture iy dtiorgantel bt DR2ecabttheindd r@dImgdisgtten
residual or the inter prediction residual; an
anti cepatdd spreduttann piesideakigahtul@tar ifatrmation
corrects a pseudo prediction residual produced by the
pseoddipr ewiddinpnthest il damedsd cesmpinik iaay:r espondi ng
to

a picture capturing unit that captures a moving

picture of a target object and produces the picture
signal;

an intra pfediction residual calculator that
produces an intra predictive picture for a still picture
constructing a moving picture captured by the picture
capturing unit, and calculates an intra prediction
residuallthat indicates a difference between the still
picture and the intra predictive picture;

an inter prediction residual calculator that
produces an inter predictive picture for the still
picture constructing a moving picture captured by the -
picture capturing unit, and calculates an inter
prediction residual that indicates a difference between
the still picture and the inter predictive picture;

a pseudo prediction residual producer that produces
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an n-th still picture, based on a pseudo prediction
residual corresponding to a previous still picture of
the n-th still picture and an actual prediction
-residual corresponding to the previous still picture
of the n-th still picture, to calculate an
anticipated prediction residual corresponding to the
n-th still picture; a conpression ratio controller
that controls a conpression ratio of conpression
coding of a picture signal corresponding to the n-th

Su iﬂsleuﬁioCEJyégig@lscﬁp r%%ﬁ.g%gg nggff?c o%tcﬁ gplgggiifllg%is 112

residual that 1s calcu e antrcrp

r:trite%iu%! 8 tesidual jcakeulators and seertesponds tg the

n- st pi cture; a coder that executes conpression

G RUa0f oF hene Pirflas %réh%@ior?%és%ﬁﬂ%ﬂgi ng to the

n-th still picture in accordance with control by the

Conpr esgi QfhtfidlipAte§O0PEd Pl dt8lon @@gi§H§P|45¥%uﬁE@ﬁr that
anticipated prediction residual calculator wth an

aireabtpr edb L4 greshduabn tdiatadad producsd dihraugh a
processi ng process of the 72 conpression codi ng and
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that records the picture signal that has been
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residual corresponding to a previous still picture of the
n-th still picture and an actual prediction residual
corresponding to the previous still picture of the n-th
still picture, to calculate an anticipated prediction
residual corresponding to the n-th still picture;

a compression ratio. controller that controls a
compression ratio of compression coding of a picture
signal corresponding to the n-th still picture based on
the anticipated prediction residual that is calculated by
the anticipated prediction residual calculator and
- corresponds to the n-th still picture;

a coder that executes compression coding of the
picture signal corresponding to the n-th still picture in
accordance with éontrol by the compression ratio
controller, and supplies the anticipated prediction

residual calculator with an actual prediction residual

that is produced through a processing process of the
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compression coding and corresponds to the n-th still
picture; and

& recorder that records the picture signal that has
been subjected to compression coding by the coder in the

information recording medium.
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