DESCRI PTI ON  ENCODI NG METHOD, ENCODI NG DEVI CE,
ENCODI NG PROCESS PROGRAM AND RECORDI NG MEDI UM ON

VH CH ENCCODI NG PROCESS PROGRAM | S RECORDED Backgr ound
of Invention Technical Field The present invention
relates to an encodi ng nethod, an encodi ng device,. an
encodi ng process program and a recording nediumon
whi ch the encodi ng process programis recorded, and
is applicable to video caneras, for exanple. The
present invention encodes input inage data on the
basis of a true predicted code quantity cal cul ated by
correcting a roughly calBitEdpNedi ct ed code
quantity, predicted firomthe input inmage data, with a
correction coefficient and sets the correction
coefficient of a corresponding picture type on the

b SIS DG A H 1 EN RSP PEH S MRS FROFRES
present invention makes it ossible to allocate an
appPGpPilat 2NR SRS GUHNG tFPTPY SR P SEPE e ARA-ESS
recording tinme. is to be guaranteed by a one-pass

sf@?@ﬁﬁMaﬁ%]ﬂﬂ%ﬁuﬁﬁére are many prediction nodes,

accordingly. 1 Background Art Conventionally, VBR
(Variable Bit Rate) encoding control and CBR

(Constant Bit Rate},gncoding gonteel, are

Technical ¥Field

The present invention relates to an encoding method,
an encoding device, an encoding process program, and a
recording medium on which the encoding process program is
recorded, and is applicable to video cameras, for example.
The present invention encodes input image data on the
basis of a true predicted code quantity calculated by
correcting a roughly calculated predicted code quantity,
predicted from the input image data, with a correction
ceefficient and sets the correction coefficient of a
corresponding picture type on the basis of an actual’
generated code quantity. The present invention makes it
pbssible to allocate an.appropriate code quantity to each
picture when a recording time is to be gueranteed by a
one—péss_system, and when there are many prediction modes,

accordingly.



wi del'y known in notion-conpensated predictive codi ng.
The VBR encodi ng control is a nethod of encoding a
noving inage by a fixed quantization scale set in
advance. On the other hand, the CBR encoding contro
Is a method of performng encoding control while
changing the quantization scale so that a generated
code quantity beconmes a predeterm ned target val ue.
The VBR encodi ng control changes the generated code
quantity in various manners according to an object
bei ng processed, and therefore cannot guarantee a
-recordable tinme when Bavkagcimbhded are recorded onto
a recording nedium Therefore, in recording noving

i mges &onRatiPrallya YRR of\Hm@blienBit sRgtak sneasdng
mai nl y by the CBR encoding control. However, the CBR
efEBEFPY TWhtTH (FepséapbdBih Repteh recdimigcRorbROberre
coded_easily, with an unnecessarily high picture
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in terms of encoding efficiency, Japanese Patent .
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met hod for ipproving encoding effjciency by performng
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PR RaRR: Y LB MaMGR, 8 LM ALT ¥E encoding process
guantization scale so that a generated code quantity
becomes a predetermined target wvalue.

The VBR encoding control changes the generated code
quantity in various manners according to an object being
processed, and therefore cannot guarantee a recordable

 time when moving images aré recorded onto a recording
medium. Therefore, in recording moving images or the like,
‘a recording time is guaranteed mainly by the CBR encoding
Control.

However, the CBR encoding control may encode a
picture, which can be coded easily, with an unnecessarily
high picture quality, and is thus still pfactically
unsatisfactory in terms of encoding efficien¢y. Jépaneée
Patent Laid-open No. 2001—23753, for éxample, proposes a
ﬁethod for impro&ing encoding efficiency by performing an

.-encoding process with switching between the VBR encoding



performed by a fixed quantization scale and a
generated code quantity is neasured, and a
quanti zation scale is varied according to a result of
t he measurenment and an actual encoding process is
performed, and a so-called one-pass systemin which a
guanti zation scale is varied in real tine while a
generated code quantity is predicted. The one-pass
systemrequires an anmount of operation that is about
1/2 of that of the two-pass system and can process
nmoving pictures in real tinme. The one-pass system is
t Berttot eardtplioy &BR envadingsceriterdi ng devi ces.
However, the one-pass systemis still practically
unsatlsﬂﬁbﬂ@ﬁquﬁ cerpding edttocdti rgean ap%r®ﬁﬁ¥éﬁéled
code quantity to each picture and encodi ng novi ng
pF¥PUPRSS %W%??WnkﬂwW&l€guﬁetaEE§F%We AP RF PGS T hies
one- pass systemvaries the quantization scale by
f8@658€%e@o%¥r%lf%%%bﬂHPﬁﬁlFét%%% S%%H%ﬁ%F%& 68H%rated
uant|tﬁ%nand can thus adjust a conpressiqon ratio only
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in real time while a generated code quantity is predicted.
The one-pass system requires an amount of operation that
is about 1/2 of that of the two-pass systém, and can
process moving pictures in real time. The one-pass system
is therefore employed in various recording devices.

However, the one-pass system is still practically
unsatisfactory in terms of allocating an appropriate code
guantity to each picture and encoding moving pictures
with high picture quality.

Specifically, the one-pass system varies the
quantization scale by feedback control according to the
generated code quanfity, and can thus adjust a
compression ratio only after one picture is encoded. Thué,
it is difficult to wvary tﬁe quantization scale so as to
follow changes in picture quality well, sc that

allocation of an appropriate code quantity is not



feature quantity indicating a degree of difficulty of
an encodi ng process, such for exanple as a

hi gh-frequency conponent, for each picture, and
controls the quantization scale by feedforward contro
with a result of the detection as a basis. This

nmet hod can generally allocate an appropriate code
gquantity to each picture in an encoding process of
MPEG 2, for exanple. However, encoding nethods of this
type include nethods in which an optinum prediction
node is selected from many prediction nodes and an
ermcotisng rpluces s ymepertfeor rmbg, codehgasntt 26 4/fA¥ECh
(Advanced Vi deo Coding) and MPEG (Mving Picture
EXpertusreGisupps4rved. such encoding nethods, a
correlation between the feature quantity and the
gener at ell BodedRpiosgdi §ospghve i Wairt Inrobdducdetects a
. Thus, even with the nethods, it is difficult to
alfocare daanhppy obidistat icede geaneet gt it cerégdpragan
process in which there are such_a | arge nunber of
prddicdiPgnPRBERES : FUH dQUr € %6 PLAvRAt F N IthE LpABSBAY

i nventi on has been nade in view of the above. It is
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encodi ng device, an encodi ng process praogra and a
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is . recorded that nake it .possible to allocate an
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r%ffféya%% ghngppropriate code quantity to each picture in
an encoding process of MPEG-2, for example,

However, encoding methods of this type include
methods in which an optimum prediction mode is selected
from many predicticon modes and an encoding preocess is
performed, such as H.264/AVC {Advanced Video Coding)} and
MPEG (Moving Picture Experts Group)-4. In such encoding .
‘methods, a correlation between the feature quantity and
the generated code quantity is significantly reduced._
Thus, even with the methods, it is difficult to allocate
an appropriate code quantity in an encodiﬁg process in

which there are such a large number of prediction modes.

Disclosure of Invention
The present invention has been made in view of the

above. It is desirable to propose an encoding method, an



is to be guaranteed by the one-pass system and even
when there are many prediction nodes. According to

the present invention, there is provided an encodi ng
method in which a picture type is sequentially set to
pi ctures of input inmage data, the input inage data is
encoded while predicting a generated code quantity of
‘each picture, and encoded data is generated, the
encodi ng nethod including the steps of: predicting a
roughly cal cul ated code quantity of the encoded data
generated fromthe input imge data; calculating a

t reneopiedi déetlceodm quarihy byocess aotdgigm,t haed a
roughly cal cul ated predicted code quantity by a
carercectiion weéfdm cirenthichr tespendodignd erotespi prugeam is
type; encoding the input inmge data on a basis of the

t m¢eorgedditiedndode tqpanstiiby e andakleiddtrg ahheppropriate
correction coefficient of the corresponding picture

t peslewatpnt gey et igurhariadttyeal cyeneviaired: qesptidiypgotime
the encoded data. According to. the present invention,

t Her &0 be prevenfskbdambenbedeng-peshotysterwhipod gven when
picture type is 5 sequentially set to pictures of

| APGTe ragendryY LratHetionpmpdefnge data i s encoded
while predicting a generated code quantity of each

pi ct ur e, AERFERcoded thHat Bregenyehsreatéan. t heeenchii ng
met hod i ncluding the steps of:

provided an encoding method in which a picture type is
sequentially set to pictures of inﬁut image data, the
input image data is encoded while predicting a generated
code quantity of each picture, and encoded data is
generated, the encoding method including the steps of:

" predicting a roughly calculated code quantity of the
encoded data generated from the input image data;
calculating a true predicted code quantity by correcting
the roughly calcﬁlated predicted code quantity by a
correction coefficient corresponding to the picture type;
‘encoding the input image data on a basis of the true
predicted code quantity; and setting the correction
‘coefficient of the corresponding picture type with
détecting an actual generated guantity of the encoded
data.

According to the present invention, there is

provided an encoding method in which a picture type is

5



predicting a roughly cal cul ated code quantity of the
encoded data generated fromthe input inmage data;
calculating a true predicted code quantity by
correcting the roughly cal cul ated predicted code
quantity by a correction coefficient corresponding to
the picture type; encoding the input inmge data on a
basis of the true predicted code quantity; and
setting the correction coefficient of the
corresponding picture type with detecting an actua
generated code quantity of said encoded data. Then,
evaushngn aflhgr eefar eo gpicngesnefbénpef ingadidettiaenthe
nodes, and the generated code quantity cannot be
prisdiut éghagecdabtely dycadesl mbadhl predi culrat @d generated
predi cted code quantity, the generated code quantity
cardeparengdirt el 9feh righuaeti enfll gneeddd dadat is
accuracy by the true predicted code quantity obtained

bygqrrratesy r 6bei oncedutd ingtdwd, iTRlisding s myepreot:
true predicted code quantity having such a high
adﬁﬁ%ﬁéﬁ%nﬁtai§°b%%%¥kﬁ%¥c%¥§t§ﬁl6@%?eq%ﬁﬁqﬂ&df@%rF5Pe

code quantity to each picture even when a recording
t i $RE9e S gdape goarERteR IR (he 1Rt p’a{%@‘-‘sfﬁt@m and
even when there are many prediction 6 npdes. Further,

acOr ARG P RhETPF REL TR fPABNTUR R tiHe PY correcting
cqg{i ura hon OL claiml, the encodéng stq&_en%pdes

the'® | Vnfigecyat B O eSSt Qi Bl Bt °X 8tart
of a . s . .

correction coefficient corresponding to the picture type;
encoding the input image data on a basis of the true
predicted code quantity; and setting the correction
coefficient of the corresponding picture type with
detecting an actual generated code guantity of said
encoded data. Then, even when there are a large number of
prediction modes, and the generated code quantity cannot
be predicted accurately by the roughly calculated
predicted code quantity, the generated code quantity can
be predicted with a practically sufficient accuracy by

the true predicted code quantity cobtained by the

correction coefficient. Thus, by using the true predicted

code quantity having such a high accuracy, it is possible
to allocate an appropriate code quantity to each picture
even when a recording time is to be guaranteed by the

one-pass system, and even when there are many prediction
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sequence of each picture type by a fixed quantization
scale set in advance; wth a ratio between a feature
quantity, indicating a degree of difficulty of
encodi ng, which is detected in the picture at the
start of the sequence and the feature quantity
detected in a picture to be encoded, the roughly
cal cul ated code quantity predicting step cal cul ates
the roughly cal cul ated predicted code quantity of the
picture to be encoded on a basis of the actua
generated code quantity of the encoded data obtained
bynddae .f i xed quanti zation scale; and the encoding
nmet hod changes an average generated code quantity of
t he encobeskltat,a day-oehangi ng tihe ddosedt quashtzed) ain the
scale in response to an operation by a user. On the
basirgighrthécabof eclanf ilgutati encediddestgy esepties the
i nvention that can detect the true predicted code
quarmptitt ymhgei Agts uch = Hiegbtascuiaoyrdased enatrheof a
~configuration of claim1, the encoding step encodes
t Feequiemget of negeh daitctwofe aypkelagta af piat yuenatizatsoart
of a sequence of each picture type by a fixed
queastliez aetohn adcaiee setl thnaadebhe éyetarmknniat Heatnati o
between a feature 7 quantity, indicating a degree of
difingityy shdepeliding degheehof sdgeiientldd iof eheoding,
picture at the start of the sequence and the feature
queEncht ysdéebeseed i i £hsi elgieretat deheridaddd oft ke
roughly cal cul ated code quantity

sequence and the feature quantity detected in a picture

to be encoded, the roughly calculated code quantity
predicting step calculates the roughly calculated
predicted code quantity of the picture to be encoded on a
basis of the actual generated code quantity of the
encoded data obtained by the fixed guantization scale;
and the encoding method changes an average generated code

R quantity of the encoded data by changing the fixed

- guantization scale in response to anroperation by a user.

On the basis of the above configuration of the

present invention_thaﬁ'can detect the tfue predictea code
quahtit§ having such a high accuracy based on the
configuration of claim 1, the encoding step encodes the
input image data of at least a picture at.a.start of a

- sequence of each picture typé by a fixed quantization

.scale set in advance; and with a ratio between a feature
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predicting step cal cul ates the roughly cal cul ated
predi cted code quantity of the picture to be encoded
~on a basis of the actual generated code quantity of
the encoded data obtained by the fixed quantization
scale. Then, with the generated code quantity
obtai ned by the fixed quantization scale as a
reference, the generated code quantity of each
picture is predicted, and the encoding process is
performed. Thus, the fixed quantization scale can be
a basis for setting the generated code quantity of
t hsencagedidat eat e £rRQEBYor NBL RPH-CRIY eaSichytogehy,
the average rate of the generated code quantity by
charigihng st hetavesdge gerempatedreode tigwasdddty oFf thbe
encoded data by changing the fixed quantization scale
i FagaepoRsantiotiad Openatd aahyiayudetectSid lin fauptibenre
according to the present invention, in the
canf ibguratbdadpftitd aianghlvt kelentetedgesnt hptntity
i ncludes the steps of: setting a target code quantity
ofereain cnoodehegp prolcessites the basglslyfcd heiltated
predi cted code quantity; and correcting the true
prregiddicsddcodde quetitty ofwibeephcthee efeddi rrgicsdeg on a
~encodes the input 8 image data on the basis of the
t e ipr edi thedacoeRl aprameitey bydeettdmgity of the
quanti zation scal e such that the actual generated
cadecqaantipty optaedkivodbs darad Gerohesting tgadet
.code quar_qciltg]El and the correcting step

Wi =]

Then, generated code quantity obtained by the
fixed quantization scale as a reference, the generated
code quantity of each picture is predicted, and the
encoding process 1s performed. Thus, the fixed
quantization scale can be-a basis for setting the
generated code quantity of the encoded data. The encoding
method can easily set the average rate of the generated
-code quantity by changing the average generated code
_qﬁantity of the encoded data by changing the fixed
quantization scale in response to an operation by a user.
S5till further,:according to the present invention,
in the configuration of claim 1, the encoding method
includes the steps of: setting a target code quantity‘of
an encdding process on the basis of the true predicted
code quantity; and correcting the true predicted code

+ .

quantity; wherein the encoding step encodes the input

8



corrects the true predicted code quantity to a
generated code quantity predicted when the

guanti zation scale is set to a certain reference
quanti zation scale. On the basis of the configuration
according to the present invention, that can detect
the true predicted code quantity having such a high
accuracy based on the configuration of claim1, the
encodi ng nmethod includes the steps of: setting a
target code quantity of an encoding process on the
basis of the true predicted code quantity; and
camzeet dagat be theleqiedicat ethecotiae ghadidiad cwider ein
the encoding step encodes the input image data on the
bagias1tdftyt be seueins edigised icadeonquaal e tsudy tdhetct the
a quanti zation scale such that the actual generated
cadeEwquankentyabédt dedenpooed tdgavd thecemesiddelattar get
code quantity, and the correcting step corrects the

t mezgpresditbeetacoee cuimtquapttioya gedetrlat etbrodéng step
guantity predicted when the quantization scale is set

t s reattisaither ef e apred i@t iczdei apastate. talugenevened

when the target code quantity is set fromthe true
prasfiecmdntdts gueti¢tsd fudrena tOBRAIufDE 1 2Xiail ecadrdis

the 9 encoding process is perforned, the generated

cHRE tQuanFRtyasanrdeemsd credthastdonnsee encodi ng
process Wwth the certain reference quantization
scal e. 1¢7i%he thasignpfpshsi preligurafriteracrpréne Epethe

accuracy of ) .
present invention, that can detect the true predicted

éode guantity having such a high accuracy based on the
configuration of claim 1, the encoding method includes
the steps of: setting a target code quantity Qf an
encoding process on the basis of the true predicted qode
guantity; and correcting the true predicted code
quantity;_whereinlthe encoding step encodes the input
image data on the basis of the true predicted code
quantity by setting a gquantization scale such that the
actual generated code quantity of the encoded data-
becomes the target code quantity, and the correcting step
.ébrregts the true predicted code guantity to a generated.
code quantity predicted when the quantization scéle is
set to a certain reference quantization scale. Thus, even
when the target code guantity is set from the true

predicted code quantity for a CBR, for example, and the
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prediction of the generated code quantity, and
accordingly allocate an appropriate code quantity to
each picture with a higher accuracy. Further,
according to the present invention, in the .
configuration of claim8, the encoding step encodes
the input image data of at least a picture at a start
of a sequence of each picture type by a fixed

quanti zation scale set in advance; with a ratio
between a feature quantity, indicating a degree of
difficulty of encoding, which is detected in the
pieccgdangt prhee st drst pefr fohwed s egue o eamd etiheodleat ur e
quantity detected in the picture to be encoded, the
r GYghty tyarenl e arecddéedubased yon prlediencodgngtppocess
cal cul ates the roughly cal cul ated predicted code
qUaHhi theoferbripinafigrence @eamhtovalddroscalebadits isf
the actual generated code quantity of the encoded
daf&r6by aPfetibye tife fuirkBaT qlfamE P 7attilon asearacy ahd

t he encodi ng nmet hod changes an average generated code
qRARCLEY18P Pheth@s@ed2888 acBYe cHEHYiig /t RBIf i xed
quanti zation scale in response to an operation by a
USEFOTERREhE BRIV S 2PhaPRESREL RighfIier &PPBR1BY therach
10 .present .invention that can detect the true
pPeGtBEBd"the® THPRRE £GCHEIFRY such a high accuracy
based oq%th configuration of claim@8, the encodin

step encoded e ACPRPIRY ey faPE o5 h 1P ERT 1o, 11 the

pE%%%ESu%étfoftégtcf%Emas, the ehcoding step encodes the
input image data of at least a picture at a sta;t‘of a
sequenpe of each picture type by a fixed gquantization
scale set in advance; with a ratic between a feature
quantity, indicating a degree of difficulty of encoding,
which is detected in the picture at the start of the
sequence ahd the feature gquantity detected in the-picture
to be en@oded, the roughly calculated code quantity
predicting step calcglates the roughly calculated
predicted codé quantity of the picture to be encoded on a
basis of the actual.generated code quantity of the
encoded dafa obtainea by the fixed quantization scale;
and the encoding method changes an.average generéted code
quantity of the encoded data by changing tﬁe fixed
quantization scale in response to an operation by a user.

On the basis of the above configuration of the

i0



sequence of each picture type by a fixed quantization
scal e set in advance; and with a ratio between a
feature quantity indicating a degree of difficulty of
encoding which quantity is detected in the picture at
the sequence start and a feature quantity detected in
the picture to be encoded, the roughly cal cul ated

code quantity predicting step cal cul ates the roughly
cal cul ated predicted code quantity of the picture to
.be encoded on a basis of the actual generated code
guantity of the encoded data obtained by the fixed
gRascezat {oYerdane thathean ditact hiehgdmrecapeddioted code
quantity obtajned by the fixed quantization scale as
aduépéieRckavine pahégh eederzmmitdsef ek &heh
picture is predicted, and the encoding process is
pEPRGiARECt TPULT Heim Redthguanerdidtd drvepcanecdan bee

a basis for setting the_ generated code quantity of
t R@PBhC ORI '@ °Fhétehtddlng PHEVHS atar ééé}FzyO%eﬁ‘
the average rate of the generated code quantity by
cREAYFAGEt P SRREY BJELYEReF¥PR AP et Hfdantphy 1Rt fe

. encoded data g%ih changing the fixed quantization
SEARES| AT eUpGIERES afPOpET bR | Bty Hiddpen]3 feature

Mor eover, accordi.ng to . the presenft_invention, in .the
CORRRGBF &t TH- 61 EPaPnf't SEEReS Bt gt it fogencoding
RS0 o 5B BB ol RO R L e
p%%gkgtggdcén¥%atUre gquantity detected in the picture to
be encoded, the roughly calculated code quantity
predicting step calculates the roughly calculated
predicted code quantity of the picture to‘be encoded on a
basis of the actual generated code quantity of the
encoded data obtained by the fixed quantization scale.
.'Then, with the generated code quantity obtained by the
fixed quantization'scalelas a reference, the generated
éode quaﬁtity of each picture is prédicted; and the
enceoding pfocess is.perfoimed._ Thus,rthe fixed
guantization séale can be a basls for setting the
generated code quahtity.of thelencoded data. The encoding
method can easily set the average rate of the generated
code quantity by changing the aveﬁage generated code‘

guantity of the encoded data with changing the fixed

quantization scale in response to an operation by a user.
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quantity, wherein the encoding step encodes the input

i mge data by setting a quantization scale such that
the actual generated code quantity of the encoded
data becones the target code quantity, the roughly

cal cul ated code quantity predicting step al so obtains
roughly cal cul ated predicted code quantities for
~other picture types when a picture to be encoded is
encoded as the other picture types, the true code
quantity predicting step also obtains true predicted
code quantities for the other picture types fromthe
roughl y Mselecuykat edcpretiing ¢ tbedergaant i inesitiang tihe
target code quantity setting step allots an
althgcaeabl ®1eddengaanciejmoh. ttHe wasiodiod medkod rue
predicted code quantity for the corresponding picture
t yPELEADS tHe t5tee pledpEt il codeargigdntcotreguinklity e an
other picture types, and sets the target code
qGaRPTEYY RIPISTE BAsFEeoPashe ebde oM Burdisid giode
t he resent invention that can detect the true,
pflgan%%ﬂf cofE S iquahti EPCRERh g QR RN RRP§ht AR citRitly
based on th configuration of claim1l1, the encaodin
mePABE T3 ﬁal_e§eﬁlgﬁeasﬂ%@n%ﬂfza§ém $Ga&et av@%ttft%%he
quagtiiy of an encoging grocess on the basis of the

t AE"D Gudhe

e%‘?%etréa&eéio&8 RePEySY Uh s ARt ng
SHERoFRE0ED 5k Rl TRE FEL° R, 2B e
code quantity predicting step also obtains roughly
- calculated predicted code quantities-for other picture
types when a picture to be encoded is encoded as the
other picture types, the true code quantity predicting
step also obtains true predicted code guantities for the
other picture types from the roughly calculated predicted
~ code guantities, and the target code quantity setting
step allbts an allocatable code quantity on the basis of
the true predicted code quantity for the corresponding
picture type and the true predicted code quantities for
the other picture types, and sets the target code
quantity.
On the basis of the above.configuration of the
present inventidn that can detect the true predicted code.
gquantity having such a high accuracy based on the

configuration of claim 1, the encoding method includes
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generated code quantity of the encoded data becones
the target code quantity, the roughly cal cul ated code
quantity predicting step al so obtains roughly

cal cul ated predicted code quantities for other

picture types when a picture to be encoded is encoded
as the other picture types, the true code quantity
predicting step also obtains true predicted code
quantities for the other picture types fromthe
roughly cal cul ated predicted code quantities, and the
target code quantity setting step allots an
akhecatablae cetsiguant teygon ddve lasnsiby ¢hean terusding
predi cted code quantity for the corresponding picture
t ppeceml athdher bespeedf ctleal twode paqedatied esodorquariaty,
other picture types, and sets the target code
quhREeTY . thhencogian ken enaisigseahef idphti ey defta by
encoding in pictures is gradually changing, the code
qi&ht11y & SUSEtaFRbEaR etCa e eacth phetuEbecastpel set in
response to this change. It is thereby possible to
aPFBEER e G6ee THBPESPY | of hoddcqdsnt fayatioeeyres the
picture. Further according to the present invention,

i AT HEE Wi IYaPELFEn Bre cronghly, ceAsusatedi FRA%et hod
further 13 includes the step of setting a target code
qBARRTYY SN Cten ottty Prot&bEadnst Reusaly sCofcitipded
true predjcted code ,guantjty, wherein the encoding
SPEB OGS EOP R UTLST e OFIEE B CSRET i TgpeP When o
quantizatio% scal e sgch t hat

P e encode

icture to 1s enco&é&?as the other picture
types, the true code quantity predicting step also
obtains true predicted code guantities for the other
picture types from the roughly calculated predicted code -
quantities, and the target code quantity setting step
allots an allocatable code quantity on the basis of the
true predicted code guantity for the corresponding
picture type and the true predicted code guantities for
the‘other picture types, and sets the target code
quantity. Then, even when a degree.of difficulty of
encoding in pictures is gradually chénging, the code
quantity to be allocated toreaéh picture can be set iﬁ
response to this.change. It is fhereby pgssible to
allocate a more appropriate céde gquantity to each picture.

Further according to the present invention, in the

configuration of claim 1, the encoding method further
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actual generated code quantity of the encoded data
becones the target code quantity, when the true
predicted code quantity is smaller than a certain
value larger than a reference value for the inmage
quality inprovenent, the target code quantity setting
step sets the true predicted code quantity to the
target code quantity so as to generate the encoded
data with a VBR, when the true predicted code

quantity is larger than the certain value, the target
code quantity setting step sets a code quantity
canrcésgending dier e settang yatamydto dode tjargeity cafien
gquantity so as to generate the encoded data with a
CBRcodhdg werrdste oy tbepbediet efl Woda mpeaptcetiycted code
smaller than the reference value for picture quality

i Aprovehentwhenedia ttdregencodiley giftan idncosiest ithg sheyt
sets the true predicted code quantity to the target
cadagguantd tyy datdriegsedabynhi cvefdn cicede, subbr ehat tHe
coefficient 1increases as the true predicted code
qaghtpl ygererafest easled Iuentihe dphsie ehoacHedaebve
configuration of the present invention that can
d@EEETSF hehe rife PSrte FceEeguablbty 1 4hqTarkbiet FragavpPhgdicted
such a high accuracy based on the configuration of
cCaffm Tuanthid e dco g LREt RBAN faureidiain yerugesatper than
steg of setting a target code quantity of an encoding
pPOEBEETHRCS & 6F the raee fiwdiiitvedmpggEement, the

target code quantity setting step sets the true predicted
code quantity to the target code gquantity so as tb
generate the encoded data with a VBR, when the true
predicted code quantity is larger than the certain value,
the target code quantity setting step sets a code
quantity corresponding to the certain value to the target
codé quantity so as to generate the egcoded data with a
CBR, and when the true predicted code quantity is smaller
than the reference value for picture quality improvement,
 the target code quantity setting step sets the true
predicted code quantity to thé target code quantity
f_increased by a coefficient, wherein the coefficient.
increases as the true predicted code quantity is
decreased.
.On fhe basis of the ébove configuration of the

presént invention. that can detect the true predicted code

14~



quantity, wherein the encoding step sets a

guanti zation scale such that the actual generated
code quantity of the encoded data becones the target
code quantity, and encodes the input imge data, when
the true predicted code quantity is smaller than a
certain value larger than a reference value for inmge
quality inprovenment, the target code quantity setting
step sets the target code quantity so as to generate
the encoded data with a VBR by setting the true

predi cted code quantity as the target code quantity,
wiieant hey tharelqyr edictit edhtglleaquartdyt passed barges t han
the certain value, the target code quantity setting
stepfsgtsatim tedr gérinolle Grmrdridoglisng asthod fensreat e
the encoded data with a CBR by setting a code
qaantidys cdre edppondifngetbither deggitn codbuguast ithe of an
target code quantity, and when the true predicted
cedecdirmmtpagresss oomal besis hah thse trekependicved umdeor
picture quality inprovenment, the target code quantity
SEPERRYL Bt efrefaicy ERSeSnEPRING L opr editet addeafeization
quantity by a coefficient that increases as the true
peeatet Brt ddet dhantrtyal suenasidgsegodanguani sty [pf the
true predicted code 15 quantity as the target code
q6aRPHEY . datifepeqomess thgokat Fite qostceAgaEityy and |
increasing the code quantity, an inmage that is eas

t 6REALDH e M d PR U PE IR ndat dmdihien JbRetabedPEdcte

-gua titg. D,e%ra_dation in imge quality of
code quantity is smaller thamnm a certainh value larger than

a reference value for image quality improvement, the
target code quantity setting step sets the target code
"quantity so as to generate tﬁe encoded data with a VBR by
setting the true predicted codé quantity as the‘target
code quantity, when the true predicted code quantity is

. larger thah the certain value, the target code quantity
setting-step sets the target code quanﬁity s0 as to
generate the encoded data with a CBR by settingra code
quantity corresponding to the certain value as the target
code quantity, and. when the true predicted code quantity

is smaller.than ﬁhe reference value for picture quality
improvement, the target code quantity setting step
increases the true predicted code quantity by a
coefficient that increases as the true predicted code

quantity is decreased, and sets the true predicted code

15



such an image tends to be relatively noticeable. The

i mage quality can thereby be inproved. Further,
according to the present invention, there is provided
an encodi ng device in which a picture type is
sequentially set to pictures of input inmge data, the
i nput image data is encoded while predicting a
generated code quantity of each picture, and encoded
data is generated, the encodi ng device including:
roughly cal cul ated code quantity predicting nmeans for
predicting a roughly cal cul ated code quantity of the
enoedetit ata thyerergeedcbdemntdret i tnput Themgei tdatsa;

~true code quantity predicting nmeans for calculating a

t paesprieli te ethulte byuantit¢ysibys cdre esdengueheity, an
roughly cal cul ated predicted code quantity by a :
cémpget Hont coefddsyl ént coopdespuhdierpltso inhe phatlre

type; encodi ng neans for encoding the input inmage
daeaesated & PRNYAEYE r IRegHaslditérad inodvageuatliity; of
and coefficient setting nmeans for setting the

cSEFBcRR ol BefFardisede Be Fakatbreas gntdicegbpeet Jhe

type wth detecting an actual generated code quantity
of- Mg He q‘éﬁ*kjo‘aé&adhttg‘erfBYAE%o%fﬁﬁ’?@’etcb the

configuration of the present _invention,

possi bl & W FhsrovREECEH 2RI G BERseat %ﬁV%@FHﬁke§hPFe
possi bl e, to_al | ocate  an agghﬁ riate code quantit

S hPRPEI T G R ATa P BLGE Mg T & & 1fpure Type is

sequentially set to pictures of input image data, the
input image data 1s encoded while predicting a generated
code quantity of each picture, and encoded data is
generated, the encoding device including: roughly
" calculated code quantity predicting means for predicting
a roughly calculated code quantity of the encoded data
generated from the input image data; true code quantity

predicting means for calculating a true predicted code

- quantity by correcting the roughly calculated predicted

code quantity by a correction coefficient corresponding
‘ﬁo the pictﬁ:e type; encoding means for encoding the |
“input image data on a basis of the‘trué predicted code

quantity; and coefficient setting means for setting the
-correction coefficient of the correspondiﬁg picture type
with detecting an actual geneiated code quantity of the

encoded data.
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be guaranteed by the one-pass system and even when
there are many prediction nodes. Still further,
according to the present invention, there is provided
an encodi ng process program executed by arithnetic
processi ng neans, for sequentially setting a picture
type to pictures of input imge data, encoding the
input image data while predicting a generated code
quantity of each picture, and generating encoded dat a,
the encodi ng process programincluding the steps of:
predicting a roughly cal cul ated code quantity of the
encoded Aatardjexgertat ebef coniitdieradtriput oif rhlge whadsgnt
calculating a true predicted code quantity by
cénvepting, thels mapsipleateuprtettipraadicoredivodéevice
quantity by a correction coefficient corresponding to
t Weighchakest bepossdipdeditpgat hecapan iappgerdas e orpdse
basis of the true predicted code quantity; and
SEEPRETY hEC corFle G recoEen| dhiemta gfeqyding time is to
correspondi ng picture type with detecting an actua
g&RePHEEANERER RiUINE CReoPaEReSY TRIbdeddgrgn when there
According to the configuration of the present 17
iﬁ%@nPPBﬁ,pF?d+%F¥%§§P%Pé'to provi de an encodi ng
process 1$rogran1that all ocates an appropriate code

quant i t St dAERREF ct AFECRAEM \itterthE PERBFRT gt ek ot

is.tob uar ant eed by the one-pass system and even
Wﬁgﬁrﬁthegrovfggéaan e codgng process ﬁéogrg% executed by

arithmetic processing means, for sequentially setting a
picture type to pictures of input image data, encoding

the input image data while predicting a generated code

quantity of each picture, and generating encoded data,

the encoding process program including the steps of:

- predicting a roughly calculated code gquantity of the
encoded data generated from the input image data;
calcuiating a true predicted code quantity by correcting
the roughly calculated predicted code quantity by a

_ ;orreCtion coefficient corresponding to the picture type;
encoding the input image data on a basis of the true
predicted code quantity; and setting the corréction
coefficient of the corresponding picture type with
detectihg an actual generated code quantity of the
eﬁcoded data.

According to the configuration of the present

17



are many prediction nodes. Yet further, according to
the present invention, there is provided a recording
medi um on whi ch an encodi ng process program executed
by arithmetic processing neans, for sequentially
setting a picture type to pictures of input inmage
data, encoding the input imge data while predicting
a generated code quantity of each picture, and
generating encoded data is recorded, the encoding
process programincluding the steps of: predicting a
roughly cal cul ated code quantity of the encoded data
gemee@t evh, fitomst besshple topyeowateaancahcollttg ngraress
true predicted code quantity by correcting the

r poghtam cdleduladfledat ps edi caper qudetquactet gubyt sty to
correction coefficient corresponding to the picture

- tgpel ritdodiengvenewhapue repexpirgnttarenia bashe of the
true predicted code quantity; and setting the

coHrr BRIl dvefthecPRATP®$S t hies tator raspendnnghel cthare
type with detecting an actual generated code quantity
of ©¢ HeAh dBsld cdack. mpdedrding to the configuration of
the present invention, it is possible to provide a
recor di A§néBF BT 18P RHINth tonébEi RS pRvic edyeptdgPam
i's recorded that allocates an appropriate code )
qHRRES th° t%fog&éﬁdpﬁcfﬁ?%rdie%ﬁn%ﬁéw &7 WBAFR| 3y Mmaasting
is to be guaranteed b¥%the one- pass system and even

WRERC G Fer cgg@mhﬁﬁﬁcb i%¥i%ﬁﬁthmetlc pPrecessing means,

for sequentially setting a picture type to pictures of
input image data, encoding the input image data while
predicting a generated code quantity of each picture, and
generating encoded déta is recorded, the_encoding process
“program including the steps of: predicting a roughly
calculated code quantity of the encoded data generated
.from.the input image data; calculating a true predicted
code gquantity by cdrrecting the roughly calculated
,pfedicted code quantity by a correction coefficient
corresponding to the pigture type; encoding the input
image data on a basis of the true predicted code
quantity; and setting the correction'coefficient of the
correspénding picture type with detecting an actual
generated code quantity of thé encoded data.

According to the configuration of the present

invention, it is possible to provide a recording medium
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nodes. According to the present invention, it is
possible to allocate an appropriate code quantity to
each picture even when a recording tine is to be
guaranteed by the one-pass system and even when
there are many prediction nodes. Brief Description of
Drawings FIG 1 is a block diagramshow ng the digita
video canera according to an enbodi nent of the
present invention. FIG 2 is a characteristic curve
diagran1shomﬁng characteristics of the encoder
an %] 0. the qgg:tal video canera of FIG 1. FIG 3
i &8 Brock e8ragt %ﬁﬁﬁﬁsﬁgpfﬁgrapgffeﬂeQﬁﬁﬂﬁg thaker a
applyi he di gi tal caner a, of . FIG 4
%qlogﬁgl g I'agra sﬁ%@vﬁenﬁo epdPEn bty toc&ﬁ‘f: gBr&tTbn

d E Fl G h ristic
curve §B§§r§L¥§ %ﬂ%ﬂl alnﬁeﬁgrg?eg gggggﬁﬁi ?ik% B?e
t | F h t
c%?l\(/eg %lggg% Qie ov%nr?s oY %pp}-’g‘g g]fle)?%gar;ee%léggt g%éé%ﬁ ion

quaRitisty by the encoder of FIG 3. FIG 7 is a
characteristic curve diagram showi ng changes in the

generatQﬂmﬁﬂgﬁJﬂP@BtEh¥ B¥e£@§t¢ﬂﬁ&$§&oﬁf it is possible
to allocate an appropriate code quantity to each picture
even when a recording time is to be guaranteed by the

.one~pass system, and even when there are many prediction

modes.

Brief Description of Drawings

FIG. 1 is a block diagram showing the digital video
camera according to an embodiment of the present
invention.

FIG. 2 is a characteristic curve diagram showing
characteristics of the encoder applied to the digital
video eamera of FIG. 1.

- FIG. 3 is a block diagraﬁ showing the digital video
camera applied to the digital video camera of FIG. 1.

FIG. 4 is a block diagram showing a part of a
configuration of an encoder of FIG. 3.

FIG. 5 is a characteiistic curve diagram showing a

generated code quantity by the encoder of FIG. 3.
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FIG 3. FIG 8 is a characteristic curve diagram

showi ng changes in the generated code quantity as a
result of switching between a VBR and a CBR by the
encoder of FIG 3. FIG 9 is a characteristic curve
di agram of assistance in explaining the swtching of
an operation node in the encoder of FIG 3. FIG 10
is a block diagram showi ng a personal computer
according to an enbodi nent 2 of the present

invention. FIG 11 is a flowhart representing the
process FP%OC dure of a central, processing unit in the
per sonal 'onﬁgdtsera GRAERET 4Pt Gurye A&agran oty
representing details of a part of the process

pratEacr e F e S<EMGA T FRAS FPFOUCH EYof el epogder of
FIgGg 13 is a block di agram showi ng an encoder
according to an enbodi nent 3 of the present invention.

20 FI G [ blL.o di agr am.showi ng a . part of .a .
confi gur%ftl; Io? gfs tahggeéﬁ%:%dee]flSo‘?lcF\llg@\rgfs?iE%%}é?m NEHRE

rvi-ng t i,0 ref erred enbodi nents . of
CREaRe P R Poak] SIBILES, BV e (Bl Sode Pt
i detail, referring to the

FIG. 8 is a characteristic curve diagrém showing
éhanges in the generated code quantity as a result of
switching between a VBR and a CBR by the encoder of FIG.
3.

FIG. 9 is a characteristic curve diagram of
éssistance in explaining the switching of an operation
mode in the encoder of FIG. 3.

FIG. 10 is a block diagram showing a personal
computer according to an embodiment 2 of the present
iﬁvention.

FIG. 11 is a flowchart représenting the process
procedure of a central processing unit in the personal
cbmputer of FIG. 10.
| FIG. 12 is a flowchaft representing details of a

‘ part'of the process procedure repfesented in the
flowchart of FIG. 11.
FIG. 13 is a block diagram showing an encoder

according to an embodiment 3 of the present invention.
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drawi ngs as appropriate. (1) Configuration of
Enbodinent 1 FIG 1 is a block diagram show ng a
digital video canera according to an enbodi nent of
the present invention. The digital video canera 1
encodes a result of picking up an image of a desired
subject, and records the result on a recordi ng nmedi um
2. For this, a camera unit 3 in the digital video
canera 1 obtains a result of image pickup, and then
out puts image data. Specifically, a driver 4 in the
canera unit 3 drives a diaphragm a focus |lens, and a
zoom | enBlGf ldn isopt béarkbiibesrdn whder ngont patt off &
contrgolling unit 5. The optical block 6 collects
iﬁ&“ééﬁtlrﬁgw Unddre emgderons BIGtHE driving by the
driver 4, and forns an optical inmage on an inmage

pi ckup surface of.a following CCD (Charge Coupl ed
Device) solid-state |nag€é§|cku device 7. A timng

gener at i ngP Wt (¥ grar YiRe O%ttélﬂ dnygptbog

timng s |'s for CCD solid-state 21 i mage pickup

devi ce 7§%gg} e@oﬁFLBSL%?nT% %dﬂ??éFFFﬁ@t %FW?RQ?OWAW111

driver 9 r|ve mage . pi cku

déﬁrsén efit etsc Tofo L0 ao BHa ¢ 11 g S4PGnapathe
Bg&néron%tge t g generating unit 8. The CCD

SO|I tate Eﬁﬁﬁ?ﬁ&a Rup device 7 operates according

o ine M85 H0aL RSl LP Gl RRUE from the i ng

FIG. 1 is a block diagram showing a digital video
camera according to an embodiﬁent of the present

| invention. The digital video camera 1 encodes a result of
picking up an image of a desired subject, and records the
result on a recording medium 2. For this, a camera unit 3
in the digital video camera 1 obtains a result of image
pickup, and then outputs.image data.

Specificaliy, a d;iver 4 in the camera unit 3
drives a diaphragm, a focus lens, and a zoom lens of an
Véptical block 6 under control of a controlling unit 5.

The opticai block 6 collects incident light under

conditions of the driving by the driver 4, and forms an
.optical image on an_iﬁage pickup surface of a following

CCD (Charge Coupled Device) Solid—state image'pickup
_.device 7. A timing generating unit 8 generates and

outputs various timing signals for the CCD solid-state
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unit 8 and the timng signal input via the driver 9.
The CCD solid-state inmage pickup device 7 outputs a
result of picking up the optical inage on the inage
pi ckup surface. A preprocessing circuit 10 subjects
the i mage pickup result of the CCD solid-state image
pi ckup device to a correl ated doubl e sanpling
process, thereafter anplifies the inmage pickup result
with a gain controlled by the controlling unit 5, and
then subjects the inmage pickup result to an

anal og-to-digital conversion process. The
pr&aPEcBiskiy W 7 rodent persrdinmfe tiat aonsralling
result of the process to a canera DSP 12. The canera
D8P 12 subl} Ectigernd RRbERS ddiea Gt patidterne Haasaner a
uni;t 3t naI processi ng, thereafter encodes the

i RagkUR 8%"1 fd tHeR BATHUPS TR VardgEsIELEING oS ignals
con%ro% it In addition, the camera DSP 12
cOnvEY e%?gﬂégﬁﬁéﬁﬂgﬁgoagﬂeﬂ%ﬁ%Pqrﬁﬂ&F fromitchéCh solid-
cg@t oIlln unit 5. S eC|f cally, an AF/ AE/ AWB unit 13
fhe Can rJquprgﬁ 15%0bt W tV?rPGﬁgr?hF%rﬁ%ﬂﬂﬁh

r for aut o c,focus_cont and autonmatic
d?%%%gg ERCERL] lre”?@séh HRRYY nel & atbmbﬁtg%@oﬁﬁ%w
out uts. the i.nfar ion to the

CatEEes Mud %het 1ing SR 2 i O Ehe i Sef 5. The

' Séébeg&f1&r§% Q%a% §i£§¥p61éé¥ggl70 bagsbalresu t of

adj ust ment un r co

picking up the optical image on the image pickup surface.
A preprocessing circuit 10 subjects the image pickup
result of the CCD solid-state image pickup device to a
correlated double sampling process, thereafter amplifies
the image pickup result with a gain controlled by the
controlling unit 5, and then subjects the image pickup

result to an analog—to~digital conversion process. The

preprocessing circuit 10 outputs image data as a result

of the process to a camera DSP 12.

The camera DSP 12 subjects the image data output
from the camera unit 3 to signal processing, thereafter
encodes the image data, and then outputs the image data

to.the controlling unit 5. In addition, the camera DSP 12

_conversely decodes encoded data input from the

controlling unit 5.

Specifically, an AF/AE/AWB- unit 13 in the camera
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controlling unit 5, and then outputs the result to the
controlling unit 5 and the like. Incidentally, in
addition to these processes, the AF/ AE/ AVB unit 13
performnms various processes such as a knee process, a
ganmma correction process, a matrix operation process
and the like necessary to process the i nmage pickup
result. An encoder 14 is an encodi ng devi ce that
generates encoded data by encoding i mage data by

MiE o cdnpensatiaan e anf o mid hiogonad cd $ ansf of ¢

Under control of the controlling wunit 5, the encoder

Hutgeneariat eo@ncadact dell ahy ancoditig: diohdge dslerol
processed by the AF/ AE/ AVB unit 13, and then outputs

thenererdeth-aat aldte thegont Falh i N UWide 5 urﬁ@e§0d£r§d

15 conversely decodes encoded data i nput from

cartiguld v Ul fo Baa sh te N Ut RS- d TR Q§%qﬁkg:3%haThe

result of the process to the controlling

SpRAM thold er [ r ' in
an soé/i*ﬁﬁ#fﬁaiq; A R TR LY RS

i]a%n%é%l}l ata an t he 12334éee‘rsur:od(bﬁldSt tg{%%,;{r gl{c,dsdo%rl Zt gr er\?ﬁ]% Eoeﬁ Hee
355 erzvgﬁf SR 9955 S SRR e S
LR TR TR e N ol

ad \{:F?‘Lron | nStt%eseOfpr%eéensgs epsr ovtlhdee%Fb AES/UPE:WhB aunnlatdvlaBnce
performs various processes such as a knee process, a
gamma correction process, a matrix operation process and
the like necessary to process the image pickup result. An
encoder 14 is an encoding device that generates encoded
data by encoding image data by motion compensation and an
orthogonal transform. Under control of the contrelling
unit 5, the encoder 14 generates encoaed data by encoeding
the image data processed by the AF/AE/AWB unit 13, and
.then outputs the encoded data to the controlling unit 5.
A decoder 15 conversely decodes encoded data input from
the controlling unit 5, and then outputs image data as a
result of the process to the controlling unit 5. An SDRAM
controller 16 controls writing and reading in an SDRAM 17

as a memery external to the camera DSP 12. The SDRAM

controller 16 temporarily stores the image data and the
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installation, the program may be provided by being
downl oaded via a network such as the Internet or the
like, or may be provided by being recorded on a
recording nedium Incidentally, various recording
medi a such as an optical disk, a magnetic disk, a
menory card, and the |ike can be widely applied as
such a recording nedium Encoded data encoded by the
encoder 14 and the like are recorded on the recording
medi um 2. Al so, the encoded data recorded on the
recording medium 2 is reproduced and output. Various
r CGFieAg dREai assecir s aH thpthearerisk,of Pursgaeescot

disk, a

appls &85t R

(nediun1té5% 21 under control of the <controlling unit
ASh i

nenDréPcard, and the |ike can be w dely

rseotithy PEEAHML2: A nmedium interface

5 record AUt Fut 2f PORPEMR 23RfeS WgthnFee sseries
ont.o t he record%n nmedi um 2, and reads the data
recofded s8R thd r OrEIRG 2nCGF Ul 21 SNk Pl Bt paiay

t ta to.the,contralli nit 5 An, externa
| iR etC b 'Eava R B HRSLER BTN rare or

ing. | .devi h f I
B e o R s e

[ ; t intert 22 t put dat t put
P RASEoaT o1 mir A 8% obf neteidtidan Bedufoe,

t

a%hﬂl_’ﬂEQHgﬁl ?95 aai H@H%ogl{rgserﬂctélh% e;‘%:;neer Iigalé‘:ggrgé Cc?% i%_l’?e like,

he contro

ng unit i git Vi

or may be provided by being recorded on a recording
medium. Incidentally, various recording media such as an
optical disk, a magnetic disk, a memory card, and the
like can be wideiy applied as such a recording medium.

| Encoded data encoded by the encoder 14 and the liké

are recorded on the recording medium 2. Also, the encoded

‘data recorded on the recording medium 2 is reproduced and

output. Various recording media such as an optical disk,
a magnetic disk, a memory card, and the like can be

widely applied as the recording medium 2. A medium

interface (medium I/F) 21 under control of the

controlling unit‘S-records data output from the
controlling unit % onto the tecording medium 2, and reads
the data recorded on the recording medium 2 and then
outputs the data to the controlling unit 5.

An external inte:face {external I/F) 22 is an
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t hereby sends and receives various data such as image
data, encoded data and the like to and fromthe
external device. An LCD controller 24 drives a liquid
crystal display (LCD) device 23 on the basis of image
data output to a bus BUS in the controlling unit 5
under control of the controlling unit 5. The liquid
crystal display device 23 thereby displays inmge data
as a result of inmage pickup and inage data as a
result of decoding output to the bus BUS. The
cantrolling_unit 5 is.. controlling neans for

<k

cOMtPSER Rg E P heS YPLi At gn 2Bf SEhe= Wbl S0 K&<hi §PEal
SRR TR s oo e s s ot B o CBPbEBL ST PG e
i S A e s
e A S R LSRR T S SR R

ORRKALLNT,HA su@@,eso d%%apagggésféo@ etgque'btye o rh 806 cvi ce

pi ckup obtal ned by the cane uni € canmera

D$R 1ReaRdnt helehY, stbicest the cfiﬁﬁtt{étl 9gd{@gagaeme°ria0k1“p
erncodéed dafa as a

to an encodi ng process, obtain

I esdhbhof sEREs PIREESSe:138d (oL the 5 %?ﬁ@dgg Qﬁé&e

onto the storage nmedium 2. In addition,

CeRkR)! bhhgdeMidath ARbakng i MRgecdalf a5 ddenkesyl L 0f;
device.

An LCD controller 24 drives a liquid crystal
display (LCD) device 23 on the basis of image data output
to a bus BUS in the controlling unit 5 under control of
the controlling unit 5. The liquid crystal display device
23 thereby displays image data as a result of image
pickup and image data as a result of decoding output to
the bus BUS.

The controlling unit 5 is controlling means for
.controlling the operation of the whole of the digital
.Video_camera 1. By securiﬁg a work area in a random
access memory (RAM) 25 and executing a processing pfograﬁ,

"recorded in a flash memory ROM 27 by a central processing
‘_unit (CPU) 26, the controlling unit 5 starts the
operation of the camera unit 3 and the camera DSP 12 in

response to an operation of an operating unit 29 to
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i mage pi ckup, and displays a nonitor inmage by the
liquid crystal display device 23. In these processes,
the controlling unit 5 controls the di aphragm and the
focus of the canmera unit 3 on the basis of the
information obtained fromthe canmera DSP 12, and
thereby perforns the process of automatic di aphragm
control and automatic focus control. Further, in
response to an operation by a wuser, the controlling
unit 5 reads encoded data recorded on t he recording

2, decodes the encoded data b t he camera DSP
TFIER As SPRAGE thrdde 7iFEeR ?bB?nf% biprdeessnera

th I d

cEtar §s bhay %a%aﬂ‘iﬂ ﬁﬁaﬁ? Bud¥ep cségtg%g ehe

( t used in_the
PO S0 B IS oA s B

ti f eratin

oS e R T e e R L ot torrhieehed Phe
oQﬁ&%ﬁbﬁnnggeoﬁ%ot4h QQ%E% gfm QEgI&al é%gg %P the
canmera 1 between a [ong- i e recor I Nng° node

stapdatd 1t hgeukecy %&glmdggaagyd% “Qsescthe b' &t

£
rate of encoded data genera e enco The

CQBEbglbhEQan'£m§cﬁ_ ia&%aggﬁénipgr SE&{?ERLEhEIH?%uld

the recordi ng medi um d records res

p'd‘r&f‘é@a@”ﬁ@sfub&y recardi ng megl um 2 J %rro@ GEE&QT di ;g
time corresponding to each operatio mode.
controlling unit 5 controls the diaphragm and the focus
of the camera unit 3 on the basis of the information
obtained from the camera DSP 12, and thereby performs the
process of automatic diaphragm control and automatic
focus control. Further, in response to an operation by a
‘user, the controlling unit.5 reads encoded data recorded
on the recording medium 2, decodes the encoded data by
the camera DSP 12, obtains image data as a result of the
'process, and then displays a monitor lmage by the liquid
: crystal display device 23.
| In these processes, the controlling unit 5 changes
'.'a parameter used in the process of the encoder 14 to be
described later in response to an operation of the
operating unit 29 by the user. The controlling unit 5
thereby switches the operation mode of the whole of the

‘digital video camera 1 between a long-time recording mode
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FIG 2 is a characteristic curve di agram show ng
characteristics associated with encodi ng control for
encoded data thus recorded onto the recordi ng nmedi um
2. Wien a quantity of code generated by quantization
by a fixed quantization scale QP INIT becone greater
than a certain upper limt rate LIMT RATE, as shown
on an axis of abscissas, the encoder 14 perforns
encodi ng control so that the rate of the encoded data
beconmes the certain wupper limt value LIMT RATE
Thus, in this case, the encoder 14 encodes i nput
. r?dy% UACANBITE AR HecRsdinenmodhe Bichahanaad, thmenit
uantity of code generated by quantization by the
Séaé% GhafiPFoatd Ff e Jeacoptef) Y| the Gpgoder Lhan Bhife
certain ljmt rate LIMT RATE, the encoder 14
orREBRES ARBS| HRt 1 e sheasey SvoRTrBe Cine o
according to the quanti zation scale QP INT.
st éﬁ&%&g%n‘ié“? gre\‘?‘é‘ﬂt §e§‘i’¥%%aﬁsdﬁtc§f ofnimage

d ty by.ch di
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G L e,

cord medium 2 i s

perforne .hu tchin betmeen tge VBR net had
and the ¥ f%o%,gﬁ%E%ﬁﬁ?é?s eft iCirdRcy 7T ed?

i t
encog@%g%? 9££%§m5§§&g§akggagygéa%#é?%%ﬂgqcongrol for

e 1 nput I mage
encoded data thus recorded onto the recording medium 2.

When a quantity of code generated by quantization by a
fixed gquantization scale QP INIT become greater than a
certain upper limit rate LIMIT RATE, as shown on an axis

- of abscissas, the encoder 14 performs encoding control so
that the rate of the encoded data becomes the certain
upper limit value LIMIT RATE. Thus, in this case, the
encoder 14 ‘encodes input image data by a CBR method. On
the other hand, when the quantity of code generated by
quantization by the fixed quantization scale QP INIT is
‘smaller than the certain upper limit rate LIMIT RATE, the
encoder 14 encodes the input image data by a VBR method
accordihg to the fixed quantization scale QP INIT. The
encoder 14 thus prevents allocation.of an unnecessary
code quantity by changing the encoding control to the VBR

method as the code quantity is decreased while
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met hod, when the quantity of code generated by
guanti zation by the fixed quantization scale QP INIT
is smaller than an i mage quality control boundary
rate LRB END RATE, the encoder 14 controls a
generated code quantity so that the code quantity of
encoded data is tenporarily increased in relation to
the code quantity obtained by the fixed quantization
scale QP INIT as the code quantity obtai ned by the
fixed quantization scale Q® INT is decreased froma
code quantjty at the image quality control boundary
rgPérE’PSBe%Ntﬁi F%Afecoméflgb‘yl%ef%e&aéah fgcording onto
entlon %yy | gcates .a | arger code quantity to a
54 FetPCPhE"q Soderay ?vépr%%ﬁE?/rm@t% eR¥obRYS gt tching

t.h ss, whereby the imge
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k di agr am showi ng .detai.l s. of a cqnfl uration of
RETntolior T MBpPrea” 1 8°F hENT TGN deBechera 1.

he &AtH
T der 14 selects an optinmum prediction node
?Sa%géﬁy %redlctlon nodes. The encoder 28 14 perforns

an orthquQﬂg tggggéorn1 nddgghtogﬁecongggij%{qﬂla%%R

t her eby enc ata
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pictures of the 1 nput Inmage data
seRNeNt S &ldah @9mage guality control boundary rate LRB
END RATE, the encoder 14 controls a generated code
guantity so that the code'quantity of encoded data is
temporarily increased in relation to the code quantity
‘obtained by the fixed quantization scale QP INIT as the
code quantity obtained by the fixed guantization scale QP
INIT is decreased from a code quantity at the image
quality contrel boundary rate LRB END RATE.
Thereby the encoder 14 inteﬁtionally allocates a
 larger code quantity to a subject that is relatively easy
to encode, and performs the encoding process, ﬁhereby the
 image'quality of such a subject is improved.
FIG. 3 is a block diagram showing details of a
configuration of the encoder 14.applied to the digital

video camera 1. The encoder 14 selects an optimum

prediction mode from many prediction modes. The encoder
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encodes the image data DI while predicting a quantity
of code generated in each picture by a one-pass
system For this, the encoder 14 inputs the inage data
DI to a discrete cosine transform (DCT) circuit 34
via a subtracting circuit 32. The discrete cosine
transform circuit 34 subjects the output data of the
subtracting circuit 32 to an orthogonal transform
process by a discrete cosine transform process, and
tiHerpeoutqutss arc aefiflice@nd 1 datans Popuadtid zidigi g r cui t
35 changes a quantization scale under control of an
errogH rTeh teiant repld aitfeetiy Hncodd Ouedd | Z8S te in the
coefficient data output fromthe discrete cosine

taparistuet Pradicit tor3dnodk | 08Rl@S S eRdifNGa 10k, Ciinte 3G icoder
subj ects the output data of the quantizing circuit 35

tio aaﬂc,chﬁises:ﬁlquqﬂag%} RIDCLSSy ANhENeHEPUt 1 h%y the

result as encoded a D2 together with data on the

U eZat)l 01 31 rpclacﬁql} e 4y %j'ﬁ%tﬁ&%@ntdo t;%ﬁ(%tures

i ke. A dequantizing circuit 37 °su e out
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dequantization process to the (
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BRGS0l e p AN L0 Sle
therebng§08g§sEhEhgn %Eo %Ealafi%g%ts the image data D1
to a discrete cosine transform (DCT) circuit 34 via a
subtracting circuit 32. The discrete cosine tranéform
Circuit 34 subjects the output data of the subtracting
circuit 32 to an orthogonal transform process by a
discrete cosine transform process, and then outputs
coefficient data.

A quantizing circuit 35 changes a quantization
scale under control of an encoding control circuit 31,
and quantizes the coefficient data output from the
~ discrete cosine transform circuit 34. A lossless coding
circuit 36 subjects the output data of the quantizing
circuit 35 to a lossless coding process, and then outputs
the result as encoded data D2 together with data on the

quantization scale and the prediction mode and the like.

A dequantizing circuit 37 subjects the output data
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di screte cosine transformcircuit 34. In the encoder
14, the output data of a node determning circuit 33
is added to the output data of the inverse discrete
cosine transformcircuit 38 to thereby decode the

i nput image data input to the subtracting circuit 32.
A deblocking filter 39 subjects the decoded i nput
imge data to a filtering process, thereby renoves

bl ock distortions, and then outputs the result. A
frame menory 40 retains predeterm ned franmes of the
output data of the deblocking filter 39. An intra
pPedFBE| BPERFITHT “TEHétedPstar? SauRmbizatipR pProcess
predigtion node from a glurality of intra prediction

mb@eS HEPNY (HEIMEGE dEPHT o il Garéiziggai ned
D405y BT TR A0, Al pler prodiotion eltoul ..
P el syt hon, rodse paing gt moe
B lLPIRPTELAD 190 The, de, G SETLOLRg, SLroult

S HHECOR D 8RR FhOn, G CSLegLet By P
R e R ik i
- engeden Jd 28l LhRQRt AV R BT £F1Ui00 it 33 is added
to the output data of the inverse discrete cosine
transform circuit 38 to thereby decode the input image
data input to the éubtracting circuit 32. A deblocking
filter 39 subjects the decoded input image data to a
filtering process, thereby removes block distortions, and
then.outputs the result. A frame memory 40 retains
predetermined'frames of the output data §f the deblocking
filter 39.

An intra prediction circuit 11 detects an optimum
intra prediction mode from a plurality of intra
prediction modes using'the image data of a same picture
retained in the frame memory 40. An inter'prediction
circuit 12 detects an optimum inter prediction mode'from.
a ﬁlurality of inter prediction modes using the image
+ data of a plurality of prediction frames retained in the

frame memory 40.
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node froma |arge nunber of intra prediction nodes,
subj ects prediction residual data in the optimum
predi ction node to an orthogonal transform process and
a variable |length coding process, and thereby
generates encoded data D2. Further, in a P-picture
and a B-picture, the node determning circuit 33

sel ects an optinmum prediction node fromthe optinmum
predi ction node detected by the intra prediction
circuit 11 and the optimum prediction node detected
by the inter prediction circuit 12, and outputs
predi ct eb'9 mgge daetarimanihe sifjadtted3prediecefon e

to the subtractin%:circuit 32. Thus, in the P-picture

afdFedifEed- Pradurdta € efcoddpiciursciedhs hsinpri htmra
prediction node froma |arge nunber of intra . _
pPEGRLEFOAN Mt dehifftient By phedirirapinsdesiosupiseekt
prediction resjdual data in the optinun1grediction.
m§§e t 0'% P9 FEREIBARERE r GheFbirim3pr 68&B8tanEhe peredicted
variablg gen thllcodin% process, and thereby generates
enf8d8d a4t - D S PRI TERESRY gt £THt T 012 -ci FRYFt Yy the I-

cg&%&glg t he uaqiiz tion_scale in the quanti zin
cFrcute35 th {Hﬁ? qéhgédéFlTﬁFsaﬁﬁFt9ﬂﬁ%95F ESﬁFFSgﬁon
LUBEOREaLE LI, Srble, GRTEPEY SRR P, rorerye
°1GRYL0g: SORLE QL e G Gkt od, 9gRel ALeS RSeYdq, predi cted
prediction mode to an orthogonal transform process and a
variable length coding process, and thereby generates
encoded data D2.
'Further, in a P-picture-and a B-picture, the mode
determining circuit 33 selects an optimum prediction mode
from the optimum prediction mode detected by the intra

prediction circuit 11 and the optimum prediction mode

detected by the inter prediction circuit 12, and outputs

" predicted image data in the selected prediction mode to

the subtracting circuit 32. Thus, in the P-picture and
the B-picture, the encoder 14 selects the optimum
prediction mode from a large number of intra predictioﬁ
modes and interx pfediction modes, subjects prediction

residual data in the optimum prediction mode to the

' orthogonal transform process and the variable length

coding process, and thereby generates encoded data D2.
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i mage data associated with intra prediction fromthe

i nput image data DI. In AVC, a plurality of prediction
nodes are set for each of a block of 16 X 16 pixels
and a Dblock of 4 X 4 pixels, and an opti num
prediction node is selected fromthese prediction
nodes to generate predicted inage data. This intra
prediction circuit 41 generates the pseudo predicted
i mage data exhibiting a simlar tendency to that of

t he proper eprediapedontage cdatcaitThils RsSeUdQs the
prediction is performed as a sinplified version of

prepari ZaEdirctd@le st Horqexaid smascfrcfe B £tidnhe
in only a specific node. Also, a result of prediction

efncddeanpar,aldnd RIRGAH NG RIS 1RY R8idIsghntity of the

subtracting circuit 42 subtracts the pseudo” predicted

idmaRidata utgput fromthe intra prediction circuit
41 fromthe input inage data D, and thereby

gener at 85.pseyda;predigtign, Le ir%ldglctg% a.ﬁ%%%%“zlﬁ? in the
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wWth intra preglcmn. ‘?‘ﬂelnr rediction circu
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inter prediction circuit 44 generates
modes are set for each of a block of 16 X 16 pixels and a
block of 4 X 4 pixels, and an optimum prediction mode is
selected from these prediction modes to generate
bredicted image data. This intra prediction circuit 41
generates the pseudo predicted image data exhibiting a
similar tendency to that of the proper predicted image
data. This pseudo prediction is performed as a simplified
version of proper prediction, such for example as a
prediction in only a specific mode. Alsc, a result of
prediction of a temporally preceding picture may be used.
A subtracting circuit 42 subtracts the pseudo
predicted image data output from the intra prediction
circuit 41 from the input image data D1, and thereby
generates pseudo prediction residual data associated with

intra prediction. The intra prediction circuit 41 thus

detects a feature quantity indicating a degree of
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pseudo predicted i mage data associated with inter
prediction using the image data retained in the frane
menory 43. In AVC, using a plurality of prediction '
frames, a notion vector is detected with an accuracy
smal l er than a one-pixel accuracy in blocks of

different sizes, and predicted inmage data is

generated by prediction franes and bl ocks where a
generated code quantity is smallest. The sinple inter
phediictuloy a1t cnqodngermratiest etheri Pseudor prediditadion.

i mge data exhibiting a simlar tendency to that of

t he propefrpredivemedyi HBgeedatrals Specirfitedinsy preadetermined
notion vector is detected with an integral pixe

doeuresc yo ff arheoninpuracimejeockst aasDb) coks @it b X thée frames
pi xel s in each prediction frame, an opti mum

preedicdid emawdendge dsfeded @i s edicd e idmge: dat a
based on a result of the detection is output.

lgigiddgnt addy, in this case, the input imge data D

may be downsanpl ed for the process. Further, the

predlCt@ﬂe'E&&ﬁl@aﬁﬁt€§YpQ%dg%@§B%t%Qrbﬁl% 4Qr%@h%EbQ%s
node havi ng a hi ghest probability of belng 33 selecte
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nodes for these X716 plxe A ‘Su tractlng
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utput fromthe S|np e lnter pre i ct |on circu

%Egg; g¥%3P§%|B§%?:§%§%§| dgg%@%llkgﬁQSP¥n%§HEﬁgﬂﬁf:frames,
a motion vector is detected with an accuracy smaller than
a one-pixel accuracy in blocks of different sizes, and
predicted image data is generated by prediction frames
and blocks where a generated code guantity is smallest.
The simple inter prediction circuit 44 generates the
pseudo predicted image data exhibiting a similar tendency
to that of the proper predicted image data. Specifically,
a motion vector is detected with an integral pixel
accuracy for only macroblocks as blocks of 16 X 16 pixels
in.each prediction frame, an optimum prediction mode is
detected, and predicted image data based on a result of
the detection is output. Incidentally, in this case, the
input image data D1 may be downsampled for the process.

Further, the predicted image data may be generated in a

prediction mode having a highest probability of being
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associated with inter encoding. Incidentally, results
of processing by the intra prediction circuit 41 and
the sinple inter prediction circuit 44 may be used in
processing by the proper intra prediction circuit 11
and the proper inter prediction circuit 12 so that
the entire process is sinplified. The frane nenory
43, the sinple inter prediction circuit 44, and the
subtracting circuit 45 thus detect a feature quantity
iSFdiSHtGh G = Fdeghied ish digds amang of plencdditng of
associated with inter prediction with a 16 X 16 pixe
Hrseki casic uwides Ifvai démtsad | Knldepéebilnglbh&s.
feature quantities associated with intra prediction
and i nRepuptedrtinoncivanitud Sdeubttreonsmehhogsenan
be widely applied according to a trade-off between
preediicttiegh immgeudaty and ppriodessi nthespaiedhiddmter
exanpl e, these feature quantities may be detected on
hrediagiionofcite il dek fFiore chef afrtocessin@awd tp1of and
ort hogonal transform processing. Further, when a

Rh&etelbsalden esuftlelsC iRl dRC Pt iGah ke s3hrnsw=LRd the
signal level of a high-frequency conponent rmay be

apRidad te@ therf aatwre quantidy, assechahed 1Mt hreklifad of
predi ction. A generated code quantity predicting

Siricelisls 146 HRF @flCli$ 3 JeNeIAted foda ftt)izltly a G9de
generated by~ the encodi hg process on the basis. of
EhepReed it OB rediction circuit 44 may be used in
processing by the proper intra prediction circuit 11 and
the proper inter prediction circuit 12 so that the entire
process is simplified.

The frame memory 43, the simple inter prediction
circuit 44, and the subtracting circuit 45 thus detect a
feature quantity indicating a degree of difficulty of
encoding associated with inter prediction with a 16 X 16
pixel block as a unit. Incidentally, in detecting the
feature guantities associated with intra prediction and
inter prediction, various detection methods can berwidely
applied according to a trade-off between prediction
accuracy and processing speed. For example, these feature
gquantities may be detected on the basis of the block size

of a processing unit of orthogonal transform processing.

Further, when a practically sufficient accuracy can be

34




resi dual data output fromthe subtracting circuits 42
and 45. On the basis of a result of the prediction by
the generated code quantity predicting circuit 46, a
target code quantity determning circuit 47

determ nes a target code quantity for the encoding
process, and sets the quantization scale of the
quantizing circuit 35 FIG 4 is a functional block

di agram showi ng details of a configuration of the
generated code quantity predicting circuit 46 and the

t It det [ [ it 47.

| P EaRal Py AR, 188 BT ot Tt ‘SnA ppponent
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capkesPPPdiNg.-gqguations to be described below and
correspondences therebetween are thereby indicated.
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quantity predicting circult suns pre
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42 and 45 for each macroblock, and sets a“tota
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macr obl ock. urther, the generated code quantity
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data MB BD in eac picture, and sets a'total value as

rasi.dual data BD(n)

On the basis of a result of the prediction by the
generated code quantity predicting circuit 46, a target
code quantity determining circuit 47 determines a target
code quantity for the encoding pfocess, and sets the
quantization scale of the guantizing circuit 35.

FIG. 4 is a functional block diagram showing
details of a configuration of the generated code quantity
predicting circuit 46 and the target code gquantity
determining circuit 47. Incidentally, in the
configuration shown in FIG. 4, arithmetic circuits such
as multiplying circuits and the like are identified by
the references of corresponding equatipns to be described
below, and correspondencés therebetween are thereby
indicated.

For a P-picture and a B-picture, the genérafed code

quantity predicting circuit 46 sums prediction residual
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(indicated by reference nuneral 51 in FIG 4) of the
picture. For an |-picture, the generated code quantity
predicting circuit 46 suns prediction residual data
associated with intra prediction, which data is output
fromthe subtracting circuit 42, in a picture unit,
and sets a total value as residual data BD(n)
associated with intra prediction of the picture.

Thus, the generated code quantity predicting circuit
46 detects a feature quantity indicating a degree of
pi C{i uc&&t%:ut%s OCI a ge%\qlkta{}aa[}chtd.'e é)tgggg%%%ﬂgs pé[’gcaensds 4|5n fgr

ure u

| , t h th d ata B th
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feat ure quanti ty nay
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Thereby a picture as a start each sequence
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quanti zation scale QP INIT. The gener
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- code quantity BIT(O (indicated by erence nunera
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scale QP INIT for each picture type. For
predicting circuit 46 sums prediction residual data
associated with intra prediction, which data is output
from the subtracting circuit 42, in a picture unit, and
set; a total value as residual data BD(n} associated with
intra prediction of the picture. Thus, the generated code
quantity predicting circuit 46 detects a feature quantity
indicating a degree of difficulty assoﬁiated with the
encoding_process in a picture ﬁnit by the residual data
BD(n). Incidentally; with the residual data BD(n), the
.feature quantity may be détected by an absolute value sum
of the prediction residual data.

For a picture as a sfart of a sequence'of each

'.picture type, the target code quantity determining

circuit 47 sets the quantization scale of the gquantizing

circuit 35 to a fixed quantization scale QP INIT set in

advance. Thereby a picture as a start of each sequence 1is
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subsequent picture, the generated code quantity
predicting circuit 46 predicts a roughly cal cul at ed
predi cted code quantity ROUGH PRED(n) (i ndicated by
reference nuneral 54 in FIG 1) by performng the
arithmetic processing of the follow ng equation using
the generated code quantity BIT(O detected for the
correspondi ng picture type. Residual data BD(O
(indicated by reference nuneral 53 in FIG 1) is the
resi dual data BD(n) detected at the sequence start of

‘BP%%%J : p°”§‘ P RpF S s i et P g Snerat ed
co %n%g % or ;ﬂagh;g%§EC|rcu!t 46 encodee the start
e

ure tization scale Wth the
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reﬂ&telr\éﬁcgh@%g&aln ééﬂ%nd%%eelg\h fn'e%f“ }yy 4 flxec'phe

respect to e start picture US pre |ct|ng
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predicting circuit also “calculates a cte

Caosayashi tyi el Ched WRRB-LRE) I Wil ks gncoded
as other picture types. The generate Ee quantity
PrRdide bt NEg Ch{ LMiite 4% bQ@B?QVsp£E¥Bd§Hiy calculated
predicted code quantity ROUGH PRED(n) (indicated by
reference numeral 54 in FIG. 1) by performing the
arithmetic processing of the following equation using the
generated code quantity BIT(0) detected for the
corresponding picture type. Residual data BD(0)
(indicated by reference numeral 53 in FIG. 1) is the
- residual data BD(n) detected at the sequence start of the
. corresponding picture.type.
ROUGH_PRED({n) = BIT(0) * (BD(n) / BD(0))... (1)
Thus, the‘generated code quantity predicting
circuit 46 encodes the start picture by the fixed
quantization scale. With the éctual generated code
guantity obtained by the fixed quantization scale as a
- reference, the roughly calculated predicted code quantity
of each picture is detected for each pictﬁre type on the

basis of a relative change in the degree of difficulty
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roughly cal cul ated generated code quantities when each-
picture of the input inmage data D1 is encoded as an |-
picture, a P-picture, and a B-picture. Though the
roughly cal cul ated predicted code quantity ROUGH
PRED(n) thus cal cul ated roughly represents an actual
generated code quantity, the roughly cal cul ated

predi cted code quantity ROUGH PRED(n) has an error.
The roughly cal cul ated predicted code quantity ROUGH
PRED(n) associated with a P-picture and a B-picture,
in partl cular, has a large error. Thus, the generated
cdtr ﬁﬁﬁﬂ??’f tOret GPRG BRFEWFE- 46 corrects the
predicte quant ity ROUGH PRED(n) for each of the
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prediction o ner at code quantit

picture, a P-picture, and a B-picture.

Though the roughly calculated predicted code
quantity ROUGH PRED{n) thus calculated roughly represents
an actual generated code quantity, the roughly calculated
.predicted code quantity ROUGH PRED{n) has an error. _The
“roughly calculated predicted code guantity ROUGH PRED (n)
associated with a P-picture and a B-picture, in
particular, has a large error. Thus, the generated code
quantity predicting circuit 46 corrects the predicted
code quantity ROUGH - PRED (n} for each of the P-picture and
the B—picture on the basis of an actual processing result:
‘up to an immediately preceding picture by the arithmetic
processing of the following equation., The generated code
quantity predicting circuit 46 thereby calculétes a true
predicted code quantity TRUE PRED(n) (indicated by

reference numeral 55 in FIG. 4).
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when each picture is encoded by the fixed quantization
scale QP INIT applied in encoding the picture at the
sequence start at a fixed conpression ratio. According
to a result of an experinent, it is confirnmed that
the true predicted code quantity TRUE PRED(n)
coincides with an actual generated code quantity with
a considerable accuracy. Incidentally, in thus
calculating the true predicted code quantity TRUE
PRED(n) and performng the encoding process, when the
quality of the noving i

image is reatly changed from
that of T?Eﬁs%ﬂﬂ%ﬂﬁe=SF§PngH%E?gnh *§%§H§Tdﬁéﬂgeﬁ?)
for exanple, the process fqor a start of a sequence of
each pi cYRFE® t éﬁgs(“deé&mlb‘éﬁt%%d%é TP a5 CepBrRBFfre P ©
*31 Bk L15,4595 Bresheied, cotg Suent Y TRE, PRER(D)
R oA A TR o B S T 30
U 80y 30 P11 998, BRI EEEEX
TR oo mleir s bl eual e
Cape ARt bycfel el DS ARL BN Lnd'ei S84 GHANSR 21 RN
scale QP INIT applied in encoding the picture at the
sequence start at a fixed compression ratio. According to
a result of an experiment, it is confirmed that the true
predicted code QUantity TRUE PRED(n) coincides with an
actual generated code quantity with a considerable
accuracy.

Incidentally, in thus calculating the true
predicted code quantity TRUE PRED(n) and performing the
encoding process, when ﬁhe quality of the moving image_is

- greatly changed from that of the sequence start due to é
scene change, for example, the process for a start of a
sequence of each picture type as described above may be
performed so that the true predicted code quantity TRUE
PRED(n) is recalculated.

The target code quantity determining circuit 47

- determines a VBR target code quantity and a CBR target

code quantity on the basis of the thus obtained true
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(i ndicated by reference nuneral 57 in FIG 4) by the
arithnetic processing of the follow ng equation using
the true predicted code quantity TRUE PRED(n)
detected for the picture type of the picture to be
encoded. VBR TARGET(n) = TRUE PRED(n) * LRB(n)...(3)
where LRB(n) (indicated by reference nuneral 58 in
FIG 4) is a coefficient for intentionally increasing
the code quantity with respect to the code quantity
obtai ned by the fixed quantization scale QP INIT for
a purpose of image quality inprovenment as descri bed
abB%dWFFﬁd ‘F‘é?%r‘%’r?é’éltt@ EREE PRERf -1 EncRBim)allyfhdor

coefficient LRB(n) may be set manually while
moh'€oF g E?r%dlu“riﬁé‘ec"dﬁba}é%’éiﬂty T Re BiE@dent of an I-
enbodi nent, the coefficient LRB(n) is set as follows

soPAETEEe | nlnti Bty PrEderted rFRSEEARYr BPYEH f or
i mag th a |low degree of difficulty and
thggéh)(/g}ra %pééq"z?ﬁiati on in image quality |less

noti ceabl s de crlcb[)ed above with reference to FI G

2. 40 The 65?6 0d® %u%‘fﬁr}ti’;fydéiteé?leﬁf“hPh@g cFrienit 47

CobEyLE e LPieéB%ETEgC' R PR e

i e Gk e T

IN§I§@H&£¥ggxﬂpoces%hng of the following equation using the

© true predicted code guantity TRUE PRED{n) detected Ffor

. the picﬁure type of the picture to be encoded.

VBR_TARGET (n} = TRUE PRED(n) * LRB(n)... (3}

where LRB(n) (indicated by reference numeral 58 in FIG.
4) is a coefficient for intentionally incfeasing the code
quantity with respect to the code quantity obtained by
the fixed quantization scale QP INIT for a purpose of
:image quality improvement as described above with

,:reference to FIG. 2, and 1 < LRB({n). ‘The coefficient

- LRB(n) may be set manually while monitoring the image.
However, in‘the preseﬁt embodiment, the coefficient

'.LRB{ny is set as follows so as to intentionally lower a
compression ratio for a moving image with a low degree of
difficulty and thereby make degradation in image quality
less noticeable, as described above with reference to FIG.

2.
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APPLY GAIN + 1...(4) where |INSTANT RATE(n) is an

i nstantaneous rate at an nth picture to be processed,
and APPLY GAIN is a gain indicating a degree to which
the conpression ratio is thus lowered intentionally
and is a coefficient adjusted in a range of 0 to 1.
When the gain APPLY GAIN is a value of zero, the
conpression ratio is not lowered at all, and thus the
effect of image quality inprovenent is zero. Wen the
gain APPLY GAIN is a value of one, the target code
guantity_VBR TARGET(n) of the noving picture wth a

| ow degr &8 oFa Ty i % ﬁuEBFﬁEydggt%\WW%%GG}écum 47

f hi t he .th | d te LRB END
AR I AT Bt B
PRE bt db t I
| mﬁ%? et&ec%g§§sas Dot 1S heddRB RS ar e e =
T It d t t 47
R&l’ﬁfegh%eldt tﬁ%EgeLRgoﬂ\?D 3%& szsoc?_a {Ph tgg téilce{ %%Jnégﬁhe

I NCreases target co quantlty i

cQ ) ned by the fixed quantization
éﬁgfﬁquth¥ov§§£$%é coefficient LRB(n) obtained by

EquatlonLﬁg hec e for

picture wi t}hn)a ve%r?gs—rE E?ege% Sﬁi@ﬁﬁw%) Lf >

Thesefor@rnt eval yg obtai ned - by Equation (4) IS
limtedto values of 2.5 to 3.0 by a limter. An

extrene wﬂéfé‘aﬁ@s?pﬁfﬂ h&rkah e&scgﬁelr%@?&'amouﬁﬁate at
TARGET(n) is thereby prevented

an nth picture to be processed, and APPLY GAIN is a gain
indicating a degree to which the compression ratio is
.thus lowerea intentionally and is a coefficient adjusted
in a range of 0 to l.. When the gain APPLY GAIN is a wvalue
of zero, the compression ratio is not lowered at all, and
thus the effect of image quality improvement is zero.
When the gain APPLY GAIN is a value of one, the target
code quantity VBR TARGET (n) of the moving picture with a
low degree of difficulty coincides with a code quantity
for achieving the threshold rate LRB END RATE.

Thus, as the predicted code quantity TRUE PRED (n)
obtained by the fixed quantization scale QP INIT is
decreased from the threshold rate LRE END RATE, the
target code quantity determining circuit 47 increases the
targét code quantity with respect to the code quantity

obtained by the fixed quantization scale QP INIT.
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The instantaneous rate | NSTANT RATE(n) is obtained by
the followi ng equation. In the equation, I NUM P NUM
and B NUM denote the nunbers of |-pictures,

P-pictures, and B-pictures, respectively, form ng one
GOP, and AVERAGE | BIT, AVERAGE P BIT, and AVERAGE B
BIT denote the average generated code quantities of

an | -picture, a P-picture, and a B-picture,
respectively, and PICTURE RATE denotes the nunber of
frames Theameefaie)epér L88dondobitainkd ewcbdertisn (4)

| NSTANT RATE(n) = (AVERAGE | BIT(n) * I NUM +

AERNGE RIBIERtmente 1y KuiMh vAMERAGE 1B BIpfi(ature BriNUMa very
(PICTURE RATE / (I NUM+ P -NUM+ B -NUM) ... (5) The
aver ayey mpenerfatddd fdadd tquantthey eAYERAGEhE BhTueobbaained
| -picture is obtained by the foll ow ng equati on.

AVERAGBE Uidal T(@n) iz AVERAGR It BIvHINred Sf BLB o 3.0 by a
BIT(n-1) * (1 - FLT)...(6) where FLT denotes an

adjmistgrant AMakbUersft [Aceakdndd Qhe<tbkdet todaNdudntity
val ue of about 0.2 is an 42 appropriate value for the

agirustareHT (V8| Ue FlnErelie phdv@raly code quantity
determining circuit 47 thus obtains the average

gener at g Code+ JHRRLELY s AYERACENE TBNF( BhTRfin)t B ngained
| -picture by subjecting the average generated code

AR 123 18VERACE duali - 2k naR e AYERAGE L, BE TBMY) p num,
and B NUM denote the numbers of I-pictures, P-pictures,
and B-pictures, respectively, forming one GOP, and
AVERAGE I BIT, AVERAGE P BIT, and AVERAGE B BIT denote
the average generated code quantities of an I-picture, a
P-picture, and a B-picture, respectively, and PICTURE
RATE denotes the number of frames (frame rate) per second
in the encoder 14.

INSTANT_ RATE(n) = (AVERAGE I BIT(n) * I NUM +
AVERAGE P BIT(n) * P_NUM + AVERAGE_B BIT(n) * B_NUM) *
(PICTURE RATE / (I NUM + P NUM + B NUM))...(5)

The average generated code gquantity AVERAGE I BIT
of an I-picture is obtained by the following equation.

AVERAGE_I_BIT(n) = AVERAGE I BIT(n-2) * FLT +
BIT(n-1) * (1 - FLT)... (6)

where FLT denotes an adjustment value set in a

range 0 = FLT < 1, and a value of about 0.2 is an
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of two imredi ately preceding |-pictures to weighting
addi tion using the adjustnent value FLT. Wen the
adj ust ment val ue FLT is brought closer to a val ue of
zero, the average generated code quantity AVERAGE I
BIT of the |I-picture becones an instantaneous rate
for a short tinme. When the adjustnent value FLT is
brought closer to a value of one, the average
generated code quantity AVERAGE | BIT of the
| -picture becones an average rate for a long tine.
I nci dent al tial value AVERAGE | BIT(O

o viline

spé) .°§Féa YvdfSgedgenbrertedaddde Fatiantihsy
A\éE T ofg e |l-pictyre may, be determ ned
rarlcf’ye W edfﬁfﬁgfﬁéﬁ? e At tguﬁo?b¥¢%95
Y, e_of _one, the nt value FLT may be set
¢ R o208 o YU TR hur St AR § B EFtn] Cor
det.er [ ir 47 SI Larly obtains the avera e
ggﬁ%rgkgd?g dgulquaﬁilt nk P VBT 95n 8 S RYVERA

BEBd%quQEth %gﬁ?G%nq EE@{S—f'CtU %ypﬁgﬁgn?gsfpgll)

adj ust rrent va and se e coe

L T, t Ly; dat 3
i, e, A D R

ofaqRithi8RULL 1 .8 HRNIY E%@ﬁe%?.v er ed @Qde
I Cl en

quantity, and ~ sets the coe CRB( n |nJ:cat|ng

R0 mae i EAREOLSIED, Y e P e

caheubabesyd hRodar@el €0HE quantity AVERAGE T BIT of the
I-picture becomes an instantaneous rate for a short time.
When the adjustment value FLT is brought closer to a
value of one, the average generated code quantity AVERAGE
I BIT of the I-picture becomes an average rate for a long
time. Incidentally, an initial value AVERAGE I BIT(0)
associated with the average generated code gquantity
AVERAGE I BIT of the I-picture may be determined
arbitrarily. When the adjustment value FLT is not the
value of one, the adjustment value FLT may be‘set to the
value of zero. The target code quantity determining
circuit 47 similarly obtains the average generated code
‘quantities AVERAGE P BIT and AVERAGE B RIT of the P-
picture and the B—pictﬁre,_setting the adjustment value

FLT, and sets the coefficient LRB{(n).

The target code quantity determining circuit 47 .
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quantity VBR TARGET(n) of the picture to be coded
using the coefficient LRB(n). In addition, the target
code quantity determning circuit 47 calcul ates the
CBR target code quantity CBR TARGET X(n) of an X
picture by the arithnetic processing of the follow ng
equation, where the X picture is an |- picture, a
P-picture, or a B-picture. CBR TARCGET_X(n) = (GOP_SIZE
* TRUE_PRED X(n)) / (I_NUM* TRUE PRED | (n) + P_NUM *
TRUE_PRED P(n) + B -NUM * TRUE PRED B(n))...(7) where
th% true predicted code quantities TRUE PRED 1(n),
TROES PRED PEi) ,2HF SIRDE PRERE B{HY A &hsr bapéeetf 2ode
quanth%ieg when t he ntg picture i s encoded as an |-
pi-ECUrE, ©a BIhiture, TRRdISBEPTEd r¥le mHentifyg, and
predicted co uantities when the picture to be

ersu?g eégie sc%\esgﬁrf%tfnqt &&bznén%B%(baﬁé"%tahé]regﬁFEt Bf elmage
t -wWhich guantities_ar obtai ned in_addition when
HBEE B e A o oe e B R BRE Bt B e
e . ] bt.al ne descri bed above by Equation
(PP R Y, SRR SR Shantty of

0 \ R _and,jis_ . qbtained, by arithnetic
- p?ggggg%igﬁ?g%ggkﬁgggRiBgng%t%%?‘*ﬁ%tpapﬁefog% gt tng
quaRt Liyr el nigpg Gircuit 47 thus allots the code

gquantities generated when the picture to be encoded
i's enco@%da@ai@@oh;pkﬁéuéﬁigé% Rode quantity determining
‘Vcircuit 47 calculates the CBR target code qﬁantity CBR
TARGET X(n) of an X picture by the arithmetic processing
of the following equation, where the X picture is an I-
‘picture, ‘a P-picture, or a B-picture.
. CBR_TARGET _X(n) = (GOP_SIZE * TRUE PRED X(n)) /
(I_NUM * TRUE_PRED I(n) + P_NUM * TRUE_PRED P(n) + B NUM
* TRUE_PRED_B(n))...(7)
- where the true predicted code quantities TRUE PRED
- I{n), TRUE PRED P{(n), and TRUE PRED B(n) are predictéd
code quantities when the nth picture is encoded as an I-
picture, a P-picture, and a B-picture. The true predicted
" code quantities when the picture to be encoded is assumed
‘to be enéoded as other picture types which quantities are
- obtained in addition when the true predicted cdde
" quantity of the picture to be encoded is obtained as

described above by Equation (2) are applied. GOP SIZE is
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picture, and a B-picture, and assigns the code
guantity indicated by GOP SIZE to the picture to be
encoded. The target code quantity determning circuit
47 thereby calculates the CBR target code quantity
CBR TARGET X(n). The code quantity GOP SIZE is _
obtai ned by the follow ng equation using an upper
limt rate LIMT RATE associated with sw tching
between the VBR and the CBR, a nunber of GOPs per
unit tine M and an offset value OFFSET. GOP- Sl ZE(n)
=L IMT-RATE / M+ OFFSET... (8) The nunber of GOPs
pér*eufiftiet ARan i 135 DbtoaienE8Pbyet dbwitdingBRheandnber of
fr%mss gframs rat}g% per second PICTURE RATE in the
efEGAEP 4Py B I L BFBEPSBbR G tode BpssuihPAglatry -
nurrbers,f, NUM_ P NUM. and B NUM of pictures formn
one GOP, s TdPeds EREEAIBIN tHeY OSTtEaN RGNT eGiirgtdidn 47M

= Ehngﬁgﬁggﬁﬁﬁéé%#INUM + PNUM+ B NUM...(9) The
of f'set “val ué § SYSBLAFheY PSS YPPBWFRY
E{%"E 00 "Lﬂ ingéheooierést.ant ane%gcf rate I_NSTANT 45
n? of " the MW P ctdr E"GRUET HEF MindeP16F 8P doi

u i-E &16 % (%:F%S_ET = (LIMT-RATE - I NSTANT RATE(n)) /

i d . 1AL
VELEERES M T RS arge: “RAce TR 1Ty eCer WY
ChihGYLhred bl dAY SR8 L08R PWANLLL ¢ 9eneraled; when,
the picture

target code quantity determining circuit 47 thereby

calculates the CBR target code quantity CBR TARGET X({n).

The code quantity GOP SIZE is obtained by the
following equation using an upper limit rate LIMIT RATE
associated with switching between the VBR and the CBR, a
number of GOPs per unit time M, and an offset value
OFFS3ET.

GOP_SIZE(n) = LIMIT RATE / M + OFFSET. .. (8)

The number of GOPs per unit time M is.obtained by
dividing the number of frames (frame rate) per second
PICTURE RATE in theé encoder 14 by a total number obtained
by summing the numbers I NUM, P NUM, and B NUM of
pictures forming one GOP, as represented by the following
equation.

M = PICTURE RATE / (I_NUM + P_NUM + B NUM) ... (9)

The offset value OFFSET is obtained by the

following equation using the instantaneocus rate INSTANT
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to be encoded is encoded as an |-picture, a P-picture,
and a B-picture, and thereby sets the CBR target code
quantity CBR TARGET X(n) of the picture to be encoded
so that ripples of the instantaneous rate are
prevented. Specifically, FIG 5 shows that while in
encoding control in TM (Test Mdde) 5, a ripple of the
i nstantaneous rate is observed in a GOP period when
the instantaneous rate is increased and CBR encodi ng
control is perforned, such a ripple is suppressed and

the i nstantaneous rate are snmall when
tﬁéem%[éﬁ? FgEF BRI epdcBRe TRREEST qin)CAPs BeE
|q1thtgr%s§nt enbodi nent. FIG 6 shows a CBR
generateg'code quantity, and indicates that in TM5,

t he gen cod n rip Ies and
t he geneérs“gl%&%llr cod@'l%gﬁﬂl‘%é o?ﬁis'f@%%'r@r - (10}
i mredi at sugge di.n pi ct partlcular
is extreﬁ% y gﬁErgggg%t F?desq?% q%%é@*ErW6ﬂéO%r01rcult

tm@tahﬁg gnéo&gﬂﬁﬂéﬂp§@3e§n§a£gzggg%LH%%B%%englc£u

generate e quantity as co

t hat b@neﬁeea@&rmteh&%%% quani {y i s s 2 Ode cated to

46. each picture target code quaﬁilty érm nr hg
CigneUiat p48icB8lLECt s
e Puhie el g %E?targe 2 uan?d?y

smal | er val ue side fron1t

VBRahARESET o t eL; t s0
T,%BRGET( f’ﬁ%fﬁ*ﬁ?éﬁﬁ‘ i @BBf angel; code 0&@% | te}/lcgggd

that ripples -of the instantaneous rate are prevented.
Specifically, FIG. 5 shows that while in.encoding

control in TM (Test Mode) 5, a ripple of the
instantaneous rate is observed in a GOP period when the
~instantaneous rate is increased and CBR encoding control
is performed, such a ripple is suppressed and variations
in the instantaneodus rate are small when the CBR target
code quantity CBR TARGET X(n) is set in the present
embodiment. FIG. 6 shows a CBﬁ generated code quantity,
and indicates that in TMS,-the generated code quantity
has large ripples, and the generated code quantity of a
'P—picture immediately:succeeding‘an I;pieture,'in
]perticular, is extremely decreased. It is indicated,

: hpwever, that the present embodiment suppresses ripples
of the generated code quaetity as compared with TM5, and

that an appropriate code quantity is thus allocated to
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expressed by the foll ow ng equation. The target code
guantity determning circuit 47 sets the target code
quantity as a final target code quantity TARGET(n)
(indicated by reference nuneral 61 in FIG 4). Wen
VBR_TARCET(n) < CBR TARCGET(n) TARGET(n) = VBR
TARGET(n) When VBR_TARGET(n) < CBR TARGET(n)

TARGET(n) = CBR TARGET(n)...(11) As described above
with reference to FIG 2, the encoder 14 sw tches

bet ween VBR encodi ng control and CBR encodi ng control
aQaQHF upper. limt rate LIMT RATE. The encodi ng
contt oG Tédit 31 controls the quanti zati on scal e of

th j Zi i.rcuit 35 by, thod of step 2. of
TG Sucht Rl Y50 He et st SB2bibY HEEot ey aCoReeLt e
t term t code.quantity TARGET (n).
TR b e ORt AR RGN Pl ~Lontll e 22 Yhopi s

Specifically € encoding ¢

il WL 0% SO0 B NES RS daL.

prC%'Rest%ir%gtf)Eo&Qe L&é‘ﬂ(ﬁl‘% | Rgzeq QE; nneatcflg o iob a?.ﬂgdfwas

macr obl ock i s encode ) ﬁ% upda#e Fﬁé huaﬁflzatlon

S%@ﬁ%essgﬁ b dE%ej?éﬂIﬁkih TE%L&%%@%.N??QO%%% 't'c{&g)

[ Equati on 13f dp = dOp + % - - Tp()- / JTOURTS ..

( tRantliEQUAL LSRNt ng circuit 47 sets the target code
quantity as a final target code quantity TARGET (n)

- (indicated by reference numeral 61 in FIG. 4}.

When VBR TARGET (n) < CBR TARGET (n)

TARGET(n) = VBR_TARGET (n)

When VBR_TARGET (n) < CBR_TARGET (n)

TARGET (n) = CBR TARGET (n) ... {11)

"As described above with reference to FIG. 2, the
encoder 14 switches between VBR encoding control and CBR
encoding contrel at the upper limit rate LIMIT RATE.

The encoding control circuit 31 controls the
quantization scale of the quantizing circuit 35 by a
method of steé 2 of T™M5 such that a generated code
quantity becbmes the thus determined target code-quantity

- TARGET (n) . Specifically, the encoding control circuit 31
‘defines a virtual buffer for each picture type, and
updates contents of the viftual buffer 5yjthe arithmetic

processing of the following equation each time one
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db = dOb + Bj-1 - Tb(j-1) / MB-Count ... (14) where
di, dp, and db are the capacities of the virtua
buffers for the I-picture, the P-picture, and the
B-picture, respectively; dG, dOp, and dCb are the
initial values of the respective virtual buffers; Bj-1
is a generated code quantity up to a (j-1)th

macrobl ock; Ti, Tp, and Th are the target code
quantities of the respective pictures, and the target
code quantities TARGET(n) of the respective pictures
are substituted for Ti, Tp, and Th; MB Count is the
ndHTECPIPChats ot arslesl i ko phdape cthe exudrtid zespaci stabe .
di, dp, and db of the virtual buffers are each
convert e i htPla fqBanti zati bir Weal éBogounhe- f 612)owi ng
equation, Q =dj * 51/ r... (15 where the

capaci ti 883%t1®p13dnd db of the virtual buffers are
substituted for dj according to the picture type, and
ris a r%%é?ﬁ%ﬁ’ﬁapéﬁétér?p 'fUh’ineﬁﬁPé§sed(¥£w t he
foll ow ng_ equation. Incidentally, as enployed in 48
step 3 o%h¥%§?°Phg4&uantization scal e may be locally

changed accordi n 0O a pigture pattern as required. r
=2 * bitirat hVQp%Etﬁré-f%EEqﬁ./ P fOFRE: entldti ng

contr ol ircuit. 31 sets.the uanti zati on scal e %
W ere.dln Re ﬁﬂ%n fﬂ%@the capacities of tThe

t hus obtained i

~virtual buffers for the I-picture, the P-picture, and the
- B-picture, respectively; d0i, dOp, and d0b are the
initial values of the respective virtual buffers; Bi-1 is

- a generated code quantity up-to a (j-1)th macroblock; Ti,
Tp, and Tb are the target code guantities of the
respecﬁive pictures, and the target code quantities
iTARGET(n) of the respective pictures are substituted for
Ti, Tp, and Tb; MB Count is the number of macroblocks in
the picture.

The capacities di, dp, and db of the virtual
buffers are each converted into a quantization scale by
the following equation. |

Qj = dj * 51 / r...(15)

where the capaciﬁies di, dp, and db of the virtual

- buffers are substituted for dj according to the picture
type, ahd.r is a reaction parameter, which is expressed

by the following equation. Incidentally, as employed in
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circuit 35 to quantize the coefficient data output
from the discrete cosine transformcircuit 34.
Incidentally, as described above, the encoding
control circuit 31 controls the operation of the
quantizing circuit 35 so as to encode each macrobl ock
by the initially set fixed quantization scale QP INT
for a picture at a start of a sequence of each
picture type. Thus, it may be considered that the
correction coefficient ADJUST(n) descri bed above with
refere t Equat i on & can be obtai ned bi a

cSﬁﬁgr s%ﬁ iﬁﬁ et §eRbt & et tlsu&guRAt Lo§2 BHT( n)

eference nuneral 62 in FIG 4) of the

P%{lu?%c Hhéa Bypﬁﬁéur? MRAL 'Y GFamerYhEFdn
ZEZL?. E T REECRT S Y g%d “Lfs! der ed
o i gn SRS O o HE corlrrecela. fort 2BEF T ot
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detected in thi case, € énco F OCESs

pert of MBd-On té?;%l%sgi‘aﬂéf&ﬂﬁ déjb dEﬁg 3qf tﬂl«:‘(lff)nttallyf

quantlzatlon scal eterm ne uati ons

(18) aand:r tifwis atua%e pegeeéﬁca,&upgeréo%'}%q Ry Lhee 31

quanti zation scal e different
controls the operation of the quantizing circuit 35 so as

to encode each macroblock by the initially set fixed
quantization scale QP INIT for a picture at a start of a
sequence of each picture type.

Thus, it may be considered that the correction
coefficient ADJUST(n) described above with reference to
Equation {2) can be.obtained by a comparison between the
generated code quantity BIT(n) (indicated by reference
numeral 62 in FIG. 4) of the nth pictuie ocbtained by the
thus set guantization scale and the corresponding true
-predicted cpde quantity TRUE PRED(n). It may als§ be
considefed that a generated code quantity can be
'predicted with a high accuracy using the correction
coefficient ADJUST(n)‘of the nth picture for the
predicted code quantity TRUE PRED(n+l1) of a folléwing

picture.
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fromthe fixed quantization scale QP INIT as a prem se
for the encodi ng process. Thus, when sinply conparing
the generated code quantity BIT(n) with the
corresponding true predicted code quantity TRUE
PRED(n), it is difficult to obtain a correct
correction coefficient ADJUST(n), and it is therefore
i npossible to predict the generated code quantity
with a high accuracy. The generated code quantity
predicting circuit 46 therefore corrects the true
generated code quantity TRUE PRED(nNn) gener at ed
code qLuﬁﬂWﬁWfrpréSEEF%HHQWEﬁFt9ﬁ§eraﬁﬁﬁtF%%ﬁ|QH?Q§é§Wé

e SIBA MR 3aT R PR, P e raBefoc s
R TR b e RS MM S R 5 it o
ggngpgpggtgyanggdz%“ g SepEai EPnges e endgthus che
3 T ST L O
085 ege O e Aol A 4 L 80
rél&geegﬁ%qulﬁge f% Lgwi "o @g&gﬁgly comparing the

QBgﬁé’EBéﬁ({B&e) quaﬁltgeg) BIT r:l')?)w:L el‘t%e ca%@ S&Qﬂn%

| 6garithm I's an adj ustnent va

Av%%%‘:&alét?e@%o@\éeﬁﬁgﬁtl/% u]ieRIYE t]EJ'IHE@) (?1) , it is

~difficult to obtain a correct correction coefficient
ADJUST (n), and it is therefore impossible to predict the
generated code quantity with a high accuracy.

The generated code guantity predicting circuit 46
therefore corrects the true generated code quantity TRUE
PRED(n) to a generated code quantity predicted when the
quantization scale of the quantizing circuit 35 is set to
a certain reference quantization scale. In the present
embodiment, the fixed quantization.scale QP INIT at the
sequence start is applied to the certain reference
guantization scale. Specifically, the generated code
quantity predicting circuit 46 converts the detected
generated code quanfity BIT{(n) to a generatéd code
',quantity BIT BY CONSTQ PRED{n) obtained on tﬁe basis of

the certain quantization scale QP CONSTQ (QP INIT) by the
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frame of the quantization scale actually used in
encoding. Incidentally, k can be obtained from
several sequences on an experinental basis, and is
preferably set to -0.115 < k < -0.110 so that the
generated code quantity can be predicted with a
practically sufficient accuracy. More preferably, a
sufficient accuracy can be ensured with k = -0.1126.
The generated code quantity predicting circuit 46
obtains a correction coefficient ADJUST(n+l) for a
subseguent (n+l)th pictuyre of the same picture type by
pgfﬁgﬁﬁ? tft@ﬁ?%ﬁ%sﬂﬁﬁéchtB?oE%%%?WkPQNeqPﬁélPBPIomﬁng
equati o éfing the generated code quantity BI T BY
CONSTQ EEFnFOHB?QLW@HDHV Egfat itbn* (195_SH 0% basi s

t [ izati I CONST
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‘th ft f tf ) +1)th, .
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P-pictures and B- pictures, but 1I's no e

K a ) . ne to
| TRECLAEES S Jkegzltaﬁ breoobf??lﬂe(ﬁ gL .sfe{%ggagggga&éw@s on

because the roughly calculated predic

quanibyr e 1PREDG ) Qg&aigqgreferably set to -0.115 <

k < -0.110 so that the generated code quantity can be
predicted with a practically sufficient accuracy. More
.preferably, a sufficient accuracy can be ensured with k =
-0.1126.
The generated code quantity predicting circuit 46
obtains a correction coefficient ADJUST(n+l) for a
- subsequent (n+l)th picture of the same picture type by
performing the arithmetic processing of the following
equation using the generated code quéntity BIT BY CONSTQ
'PRED(h)_obtained by ‘Equation (17)-on the basis of the
- certain quantization scale QP CONSTQ (QP INIT). The
above-described arithmetic process is thereafter repeated
 er the Subsequent (n+1) th picture.
ADJUST (n+1) = BIT BY CONSTQ PRED(n) / ROUGH
PRED(n)... (18}

It is to be noted that the calculétion of the
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by Equation (1) has a strong correlation with the
actually generated code quantity BIT(n). That is, a
fixed value of one is applied as the correction
coefficient ADJUST(n+l) to an I-picture, and thus the
roughly cal cul ated predicted code quantity ROUGH
PRED(n) is applied to the.true predicted code
quantity TRUE PRED(n) as described above. FIG 7 and
FIG 8 are characteristic curve diagrans show ng a
process result when a noving inage that gradually
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the generated code quantity, the encoger 14 according
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quantity fromthe vicinity of 20t h frame.
addité OfE drie as LRPUehir oM @@%@%&éka%e%&@lé@é h

frame, the generated code quantity in the present
enbous TR 1)i S0 an I-picture, and thus the roughly
calculated predicted code quantity ROUGH PRED(n) is
applied to the. true predicted code guantity TRUE PRED(n}
as described above.

FIG. 7 and FIG. 8 are characteristic curve diagrams
showing a process result when a moving image that
gradually increases in generated code quantity with the
progress of frames is .subjected to the encoding process.

~Incidentally, for the fixed quantization scale QP INIT af
a sequence starxt, I, P = 31 / B = 33 was selected. The |
upper limit rate LIMIT RATE associated with switching
between the CBR and the VBR was set to 15 [Mbps], and the

_.threshold rate LRB END RATE associated with image quality
improvement was set to 9 [Mbps]. This characteristic

curve diagram shows that while simply performing encoding

control by a fixed quantization scale gradually increases
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| arger than when encoding control is perfornmed by the
fixed quantization scale, and thus the effect of inage
qual ity inprovenment as descri bed above w th-reference
to FIG 2 can be confirned. The characteristic curve
diagram of FIG 8 also shows that the effect of such
image quality inprovenent is ended around 9 [ Mops]
and that the rate is thereafter constant at 15

[ Mops]. Thus, the encoder 14 can Iimt the

i nstantaneous bit rate of encoded data by setting the
upper limt M T RATE associated with sw tching

rate . LI 3 .
bet wedT FhE EBRE AN TR WER, tARdeREPAThay@ameding to
RS0 PSR IR T G Ry
J i on_scal e INL.T.set at a start . of a .
g%%dnég 0 l%%\%at%icguarg(%}?p RSy ffe@ddiifdpn, in a

r n 0 icting._the. generated_code antit
G Tl B et o

equent “picture a§ §8s2ri i Th

' ferneeqt GogLalall A f 1 The verage SR 2g gode

quantity of encode a can be varie effing

Of-latrlz_';%rf .l:?igﬁi tﬁ?’erﬂ L@'{Hédﬁ%{%‘ ggnw‘?féﬂf ei%oeésl\!ogrr%eghgw Fi&%es

controlling unit 5 1n present e imen

arriqRer ghhRPi AP0, Pelugen inﬂo{]}gu;jé itg?e recordi ng 1R dee

and a standard-tinme recordi ng node by é%anglng t fe 9

URRRN i kM dhp F XbdndedtMaT BATE- 296 thisoJd X84 rAyaRtizatl o,
FIG. 2 can be confirmed. The characteristic curve diagram
of FIG. 8 also shows that fhe effect of such image
quality improvement is ended around 9 [Mbpsl and that the
rate is thereafter constant at 15 [Mbps].

Thgs, the encoder 14 can limit the instantaneous
bit rate of encoded data by setting the upper limit rate
LIMIT RATE associated with switching betweén the CBR and
the VBER, and can change the recordable time of the
recording medium 2lby changing the upper limit rate LIMIT
RATE. |

The fixed quantization scale QP INIT set at a start
of a sequence of each picture tjpe is a prediction
reference for predicting the generated code quanﬁity of a
subsequent picture as described above with reference to
‘Equation (1). The average generated code quantity of

encoded data can be varied by the setting of the fixed
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scale QP INIT in such a manner as to interlock the
upper |imt rate LIMT RATE and the fixed

quanti zation scale QP INIT with each other, as shown
in FIG 9. (2) Operation of Enbodinment 1 In the
digital video canera 1 (FIG 1) having the above
configuration, the canera unit 3 obtains inmage data
as a result of inage pickup. The camera DSP 12
subjects the imge data to processing such as white
bal ance adjustnent and the |ike. Then the encoder 14
suQJe%ps he inage data to an encodi ng process. The
ent6ded“dat8™ad % r'¥su™ Tof the encoding process is

recorded.onto the . recordin dium 2 via the )
controlﬁ$%% %ﬁﬂ%rqg}l?ﬁePﬁﬁg g?H% Thes AR SEP tpPERP RN

ar,. . of a desired subject is recorded onto the
rgg]&ﬁlﬂ% redfim 2R B uﬁ@:w@é T st RGUms ZPF9rding

t i i th d 4 (Fl 3).
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Further, the input inmage data I's decoded by the
dequant i ZN@peration of Embodiment 1

In the digital video camera 1 (FIG. 1) having the
above configuration, the camera unit 3 obtains image data
-as a result of image pickup. The camera DSP 12 subjeéts
the image data to processing such as white balance
‘adjustment and the like. Then the encoder 14 subjects the
image data to an encoding process. The encoded data as a
result of the Qnéoding process is recorded onto the

- recording medium 2 via the controlling unit 5. Thereby
the result of picking up an image of a desired subject is
- recorded onto the recording medium 2.

A picture type is sequentially set to the image
data D1 in the encoder 14 (FIG. 3). Difference data
between the image data D1 and predicted imége_data is
subjected.to a discrete cosine tfansform process by the

discrete cosine transform circuit 34. Coefficient data as
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circuit 37, the inverse discrete cosine transform
circuit 38, and the debl ocking filter 39, and then
stored in the frame nenory 40. In the encoder 14, the
intra prediction circuit 11 and the inter prediction
circuit 12 detect an optinmumintra prediction node
and an optinmuminter prediction node froma |arge
nunber of prediction nodes wusing the inmage data as a
decodi ng result which data is stored in the frame
menory 40. Further, fromthese prediction nodes, the

it SeP L CE T incsra 40 HP Hoted docdy PMgtHo-the
PEH e ok nofe T AEES! BT RE S bt 4561 FRCA T EIRqed
2ol K enntT s BFECs 17 pRecie JRRASGE Costnit
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the prediction, er eby the gener ate ﬂﬂ%

I gi2eugontf oldied itQe-guar aniee. & 3:%% 'h%l @%ﬁ%lﬁéggﬁr%gc!ircuit

recording onto the recordi ng nedi um

epgndend 1¢vh S &l A3 k0P | AL o edj ot iR, DPde. £ oM.y .
such a | arge nunber o? predi cti on nodes, and ~ perforins
t heagacasthdig, Rrocess. cydhen e gener af £d; cade prediction
circuit 11 and the inter prediction circuit 12 detect an
optimum intra-prediction mode and an optimum inter
prediction mode from a large number of prediction modes
using the image data as a'decoding result which data is
stored in the frame memory 40. Further, from these
prediction modes, the mode determining circuit 33 in a
subsequent stage detects an optimum prediction mode
according to the picfure type. Predicted image data in
the optimum prediction mode is inpuﬁ to the subtracting
circuit 32. |
In parallel with such an encoding process, the

encoding control circuit 31 predicts the generafed éode
quantity of each picture of the input image data D1 in
advance, and controls the quantization scale of the

quantizing circuit 35 according to a result of the

prediction, whereby the generated code quantity is
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quantity is predicted by the conventional one-pass
system the generated code quantity cannot be

predi cted correctly, thus resulting in inappropriate
all ocation of a code quantity to each picture, and
correspondi ngly degrading picture quality. In the
encoder 14, the intra prediction circuit 41 and the
sinple inter prediction circuit 44 corresponding to
the intra prediction circuit 11 and the inter
prediction circuit 12, respectively, generate pseudo

pr.edi e data exhibiting a simlar tendency to
eGP P UpEr BIEies 3 GGE764Fa YR Smpreoting

PrQGes The subtract ircuits 42 and 45 generate
pr%%?bﬁponre?%g Hﬁ%l 6%?%‘%étmeen the pseudo predicted
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feature quantity BD(O his picture

quantity to each picture, and correspondingly degrading
picturé gquality.

In the encoder 14, the intra prediction circuit 41
and the simple inter prediction circuit 44 corresponding
to the intra prediction circuit 11 and the inter
prediction circuit 12, respectively, generate pseudo

- predicted image data exhibiting a similar tendency to
tha§ of proper predicted image data by a simple process.
The subtracting circuits 42 and 45 generate prediction

- residual data between the pseudo predicted image data and

- the input image data D1. The generated code guantity
‘predicting circuit 46 (FIG. 4) cumulatively adds the
‘prediction residual data in each picture, and thereby
détects the residual data.BD(n) of each picture. The.
-encoder 14 thus detects a feature guantity indicating a

degree of diffiqulty-of encoding.
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and a feature quantity BD(n) detected in a picture to
be encoded, the roughly cal cul ated predicted code
quantity ROUGH PRED(n) of the picture to be encoded
is obtained (Equation (1)). The roughly cal cul at ed
predi cted code quantity ROUGH PRED(n) thus obtained
| acks in accuracy. A roughly calcul ated predicted
code quantity ROUGH PRED(n) to which a feature
quantity based on a hi gh-frequency conponent, for
exanpl e, is applied by other than such a nethod al so
| acks in_accuracy. Therefore the encoder 14 corrects
the roughlS STEAFEHI Af cRepfeErT I c86edERARTAGESRONEHEhe

obt ained_by a correction coefficient

PRE hus.
AEIE A5G s aena ) 8B o SR (o U HArSest thust 1 b of =

2 d h by .obtains a true predicted code
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det ect ed col nc act’ual "generate

OHankit yrew th) %fCQﬂ§i9§E@QL§ to be encoded is obtained

(Equation (1}).

The roqghly calculated predicted code gquantity
- ROUGH PRED{n) thus obtained lacks in ac¢curacy. A roughly
calculated predicted code quantity ROUGH PRED(n) to which
a feature quantity based on a high-frequency component,
for example, is applied by other than such a method also
lacks in accuracy.

Therefore the encoder 14 corrects the roughly

calculated predicted code quantity ROUGH PRED(n} thus

- obtained by a correction coefficient ADJUST (n)

‘corresponding to a picture type {Equation {(2})), and
ﬁhereby obtains a true predicted code guantity TRUE
PRED(n) . The encoder 14 éncodes the input image data on
the basis of the trpe predicted code quantity TRUE
PRED(ﬁ), and thereby genérates encoded data. The

correction coefficient ADJUST(n) of the corresponding
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accuracy. Thus, in the present enbodi nent, since the
generated code quantity can be predicted with a high
accuracy, it is possible to allocate a code quantity
to each picture on the basis of the predicted
generated code quantity, and therefore allocate a
code quantity to each picture nore appropriately than
in the conventional nmethod. Thus, even when a
recording tine is to be guaranteed by the one-pass
systen1 and even when there are many prediction
is possible to allocate an appropriate code
q&&ﬁprﬁ F%P%%ﬁﬁ1%ﬁqﬁﬁdF§d SRdtRp by dfnpPevachreture
quallt $ a correction coefficient
SFoerbhet) e SWiantaky, RE BAS SPORUSE atro | BabaEen
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pi cture change occurs,
aggg acy.of the true predlcted code quantity TRUE
D% § is tenporarily decreased the correction

coefflchep A@AU 1 gg%%sé 9 reﬁﬁggtsosggcéolnrespond

to the plcture c e acturac t he

t GuRePh e ol g%%tqegngaﬁbe%{%ﬁ%%%ﬂLlEQHabﬁ‘lgh
accuracy, it is possible to allocate a code quantity to
each picture on the basis of the predicted generated code
quantity, and therefore allocate a code quantity to each
pictu;e more appropriately than in the conventional
method. Thus, even when a recording time is to be
guaranteed by the one-pass system, and even when there
are many prediction modes, it is possible to allocate an
appropriate code quantity to each picture, and thereby
‘improve picture quality.

At this time, a correction coefficient ADJUST(n+1f
is set on the basis of a ratiorbetween\the roughly
‘caleuleted predicfed code quantity detected in the
immediately preceding picture for which the encoding
process is completed and the actual generated code
quantity of the correspending encoded.data {Equation

(18)) . Thus,.even when a picture change occurs, for
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i ncreased. Thus, even when a picture change occurs due
to a scene change or the like, it is possible to

all ocate an appropriate code quantity to each
picture, and thereby inprove picture quality. The
encodi ng process is perfornmed by the fixed

guanti zation scale QP INIT at least at a start of a
sequence of each picture type. Wth an actua

generated code quantity BIT(O in this picture as a
reference, from a ratio between a feature quantity in
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substantially equal to a code qua en enco
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predicted wth a high accuracy _
improve picture quality.

The ehcoding process is performed by the fixed
quantization scale QP INIT at least at a start of a
sequence of each picture type. With an actual generated
code quantity BIT(() in this picture as a reference, from
a ratio between a feature quantity in this picture and a
.feature_quantity detected in a picture to be encoded, the
roughly calcglated predicted code quantity ROUGH.PRED(n)
of the picture to be encoded is obtained. The roughly
calculated predicted code guantity ROUGH PRED(n) is
corrected to thereby obtain a true predicted code
quantity TRUE PRED({n). Thus, with the fixed QUantization
scale QP INIT as a basis, the encoder 14 performs the
encoding process while controlling the guantization scale

on the basis of a relative change of the feature quantity

BD{n}, detected in the picture to be encoded, to the
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before the encoding of a picture. By setting the fixed
guanti zation scale QP INIT according to a desired
picture quality, it is possible to set various

aver age generated code quantities and thus set
various picture qualities by the sinple setting. That
i's, by changing the node of recording onto the
recording nedium2 in the encoder 14, the controlling
unit 5 changes the quantization scale QP INIT
associated with a start of a sequence of each picture

ty@%efiq uar”egg%gﬁh‘gm%@ GereR 5o Cetldh e g ovER |

ge guant i t iﬁg RGET(n) obtalned fromthe.
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set various average generated'code quantities and thus
set various picture qualities by the simple setting. That
is, by changing the mode of recording onto the recording
medium 2" in the encoder 14, the controlling unit 5
éhanges the quantization scale QP INIT éssociated with a
~start of a sequence of each picture type, and ﬁhereby
changes picture quality according to the recording mode
(FIG. 9}.

Determining VBR target code quantity VBR TARGET (n),
obtained from the true predicted code quantity TRUE
'ERED(n), with thg CBR target code quantity CBR TARGET (n)
obtained from the upper limit rate LIMIT RATE (Equation
{(11}), the encbder 14 estimates the true predicted code
quantity TRUE PRED(n) with the upper limit rate LIMIT
RATE as a fixed value. When the true predicted code

quantity TRUE PRED(n) is smaller than the upper 1imit

60




a code quantity corresponding to the upper limt rate
LIMT RATE as the target code quantity, and thus
performs a CBR encodi ng process. The quantization
scale is set by the process of step 2 of TMb such
that a generated code quantity becones the target
code quantity, and the input inage data is encoded
(Equations (12) to (16)). Thereby, the encoder 14

i mproves encoding efficiency by the VBR encoding
process when the generated code quantity is small,

g th dable ti f th
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controlling unit 5 according recor di
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to the recording node (FIG . A t s tine,.

f cxedp aokedd 4 zat iR seabe s such that a generated code
quantity becomes the target code gquantity, and the input
image data is encoded {Equations (12) to (16)). Thereby,
the encoder 14 improves encoding efficiency by the VBR
encoding process when the generated code quantity is
small,.while guaranteeing the recordable time of the
-recording medium 2 by the CBR encoding process.

Since switching between the VBR encoding and the

CBR encoding is thus performed according to the true
predicted code Quantity, and accuracy in prediction of
the true predicted code quantity is improved, the
‘switching between the VBR encoding and the CBR encoding
can be perfqrmed smoothly and instantaneously, whereby
occurrence of a sense of incongfuity at the time of such
ewitching can be prevented;

Switching between VBR encoding control and CBR
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INIT associated with a sequence start is changed in
such a manner as to be interlocked with the changi ng
of the wupper |limt rate LIMT RATE. Thereby an
average generated code quantity can be changed so as
to respond to the change in the rate of the encoded
data. Thus, VBR pictures and CBR pictures can be
changed in picture quality substantially equally in
response to the changing of the operation node, so
that a sense of incongruity caused by the changing of
eration node can be elimnated. Wen the
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. code quantity can be changed so as to respond to the
change in the rate of the encoded data. Thus, VBR
pictures and CER pictures can be changed in picture
‘quality substantially equally in response to the changing
of the operation mode, so thaf a sense of incongruity
caused by the changing of the operation mode can be
eliminated.

When the generated code quantity is thus predicted
and the encoded data is generated by the VBR éncoding
process, and when the quantization scale of the
quantizing circuit 35 is set such that the generated code
rquantity begomes a target code quantity and the encoding

. process is performed, the encoding process is performed
by a quantization scale different from the fixed

quantization scale as a reference for predicting the

generated code quantity. In this case, a true generated
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generated code quantity TRUE PRED(n) to a generated
code quantity predicted when the quantization scale
of the quantizing circuit 35 is set to a fixed

gquanti zation scale at a sequence start as a certain
reference quantization scale. Mre specifically, the
actual generated code quantity is converted by the
arithnetic processing of Equation (17) to a generated
code quantity obtained when the quantization scale
for the encoding process is set to the fixed

quanti zation scale at the sequence start. The
cSIFECAPBRTLLE PR A Y £OTEEFEERBORIT PP caleulated
type Jj.s ggnerated onp the basis of the converted
geREFACETIcERRS TR 1937 PHGET1EVERY undeRT Reitigne of
rate control, the encoder 14 nornmally produces a
et Bh e T 6 TDGUARSES Dhetn proidedenREAted

i e med by the fixed quantization

gggﬁgﬁa??n?%€¥Léééﬁﬁmﬁg PGSSTBFE-to set an appropriate
o ct ure sy aein Aobher RS e Gk i o pber Fone | o
PERRASAEL Dotk ARRSS O REORERRG! 0 5 TR 2
SR B SR RGBT HORE P YE patee
eaeadt g1 0CARS, s RELLOLERA Why | &y J WS, Biedi gt i
the generaied code quantity. Fn encodl ng
"scale at a sequence start as a certain reference
.quantization scale. More specifically, the actual
‘generated code quantity is converted by the arithmetic
processing of Equation (17) to a generated code quantity
obtained when the quantization scale for the encoding
process is set to the fixed quantization scale at the
sequence start. The correction coefficieﬁt of a
corresponding picture type is generated on the basis of
the cénverted generated code quantity.

Thus, even under a state of rate control, the
encoder 14 normally produces a generated code quantity
requal to'that produced when encoding is performed by the
fixed quantization scale. It is therefore possible ﬁo set
an appropriate code quantity to each picture, and thereby

 improve picture quality. In addition, such a correction

is performed in a process of feedback for the setting of
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control, when the target code quantity of each picture
is set by a conventional nmethod such as TWMb applied
to MPEG 2, for exanple, ripples, or so-called
fluctuations in the generated code quantity becone
large (FIG 5). Specifically, while calculating a
remaining allocated code quantity by subtracting the
generated code quantity of one picture fromthe

al | ocated code quantity of one GOP, the nethod of TMb
sequentially allocates the remining allocated code

O g T L g1 2 DL T e
R e
e A RN S
PR LR o Bespesspold 0 Bie
et ot e LT G BALPTL . Bl R
Pk YIRSy B her LR LA, g 5
058 9%y bl AR, ek SOUMLY G BLAeo woac.

typesorFuLLRSTe, trll%pil_@§t aBLaQS—O(l:I%lfea& qfl%%t%at%%rqueﬂgethe
is measured at each picfure Th the sequernce on he
bashsrpfea ééd@adﬂéﬁiﬁg§ege89ﬂ§ f&%ﬁEiEﬁﬁcfo%)the
Specifically, while calculating a remaining allocated
code quantity by subtracting the generated code quantity
of one picture froﬁ the allocated code quantity of one
GOP, the method of TM5 sequentially-allqcates the
remaining allecated code quantity to remaining pictures.
The method of TM5 tends to cause ripples or fluctuations
of bits occurring at GOP boundaries; and cannot allocate
an appropriate code quantity to each picture when a
degree of difficulty changes within the GOP.
Thereforek.in addition to a roughly calculated
predicted code‘quantity for a corresponding picture type,
the encoder 14 also obtains roughly calculated predicted’
code quantities for other pictufe typeé when a picture to

be encoded is encoded as the other picture types. Further,

true predicted code guantities for the other picture
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correspondi ng picture type and the true predicted code
guantities for the other picture types (Equation (6)).
An allocatable code quantity is allotted using the

i nstant aneous rate, and a target code quantity is set
(Equations (7) to (10)). Mre specifically, on an
assunption that the true predicted code quantity for
t he corresponding picture type and the true predicted
code quantities for the other picture types are the
generated code quantity of each picture in one GOP,

an al |l ocatabl e code quantit allotted, and a

t&ﬂ@@? go8e® hﬂ%ﬁ#ﬁ?ﬂnﬁg §€t¥h¢Hﬂ§1“%V€ht%ﬁeﬁoagH%@ree
gﬂ{tﬁ %ult in the GOP, a target code
§EEL P ERTLAT LEHC by b iR T GD&LPRSRL ¢ he
setting the target code uantity to each
p. Pet &Pée ﬁY?%%po Et‘?%r he % HAGE: taﬁ*ﬁ@l‘%bﬁa%erﬁfré‘

riate code n be allocated to each

oreergrecd) fs ANk ot RN

picture

floet pationse 111 4hg g%@grak 9%5q%6g%§'tygggth%and

t iereby i iprove pi Gt tre qua it§°

I%OEQ%SBE%& QkE%rBrQ Sand glghe en%8
d” by Tixéd

process 1S SI quan |za |on
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a sequence Wlt egree

| Iaqu@@akgua,cme ralutah%lgyaﬁg | ZA 4 QL SR8 gl Bhe
instantaneous rate, and a target code quantity is set
(Equations (7) to (10}).

More specifically, on an assumption that the true
predicted code quantity for the corresponding picture
type and the true predicted code quantities for the other
. picture fypes are the generated code guantity of each
picture ih one GOP, an allocatable code qﬁantity is
allotted,.and a target code quantity is set.

Thus, even when a degree of difficulty is changed
in the GOP, a target code gquantity can be allotted by
optimum allocation at the time of setting the target code
quaﬁtity to each picture in response to the changé.
Thereby a more appropriate code gquantity can be alldcated
to each picture. It is thus possible to prevent ripples
or fluctuations in the generated code Quaﬁtity and

- thereby improve picture quality.
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adj usted centering on such a sequence with a | ow
degree of difficulty in order to avoid such
degradation in picture quality, it is difficult to
guarantee the recording tine when sequences with a

hi gh degree of difficulty occur consecutively.
Therefore the encoder 14 neasures the instantaneous
rate of a sequence at each picture in the sequence
(Equation (5)), and thereby grasps an instantaneous
degree of difficulty of the sequence. In the case of a
sequence Wi th a IOM/gggree_of difficulty and a | ow

i nst ant afedu¥ PAHEL deohprddSi'GiR FREPELPE PERRA S

R BR S R i g Rar by 5Tt bl B Rhsuch
SSsrl BERREE st Sevide Pradrde ST ot riskmEr guat ity
I R LEd T o HHaanket HRel Vel e Hslsd Bed wi th

,S\ﬁii@f:'lﬂicﬂgt&p tlg%igggta%ﬁ? tvgl-y%%t heedi %%%gi%ggforgusa%]a}jliéet Bé.s

IS 1ncreased y a coe tien at ncreases as

t%H§u§§e9réﬁ%é%f¥%d”ﬂ%esHHﬂnéiqu#%gggggﬁgigfgaﬁngetP&Q

a target code quantity is set. " ation in
(P LS ) U RS RIERLILAD, B RUSRALR e
cpetticbeqtaindf, tiRUSs qifficult to guarantee the

recording time when sequences with a high degree of
~difficulty occur consecutively.

Therefore the encoder 14 measures the instantaneous

~rate of a sequence at each picture in the sequence
(Equation (5)), and thereby grasps an instantaneous
degree of difficulty of the sequence. In the case of a
sequence with a low degree of difficulty and a low
~instantaneous rate, the_compression ratio is lowered
intentionally (Equations (3) and (4)). Thereby
degradation in picﬁure quality in a sequence with such a
low degree of difficulty is prevented. .

Specifically, when a true predicted code quantity
is smaller than a reference value for picture quality
improvement smaller than a fixed value éésociated with

- switching to the.CBR; the true predicted code gquantity is

increased by a coefficient that increases as the true
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i ncreases to prevent degradation in picture quality to
a certain value, it is possible to reduce the
generated code quantity and thereby reduce

unnecessary consunption of a recording space when
picture taking is accidentally started with a |ens

cap on, for exanple. (3) Effects of Enbodi nent 1
According to the above configuration, a true

predi cted code quantity is calculated by correcting a
FEIRFHI G eshlcadaatadiriddi citse dlamtka sprntand treedicttetrget
from input image data by a correction coefficient.
Trrald muantiitmpge dedta | Shemebgedegmatihe ibasia pficthee
true predicted code quantity. The correction

epeflfitei ent =ofseauetare espondi rigwidddie topeliSFisailon is
the basis of an actual generated code quantity. Thus,
exervasheni.a recording tine is to be guaranteed by the
one- pass system and even when there are nany

predi ct FaRtRBEEShyl 1 i tiR@SEhRke cbarahlk9eatetdl: thus
appropriate code quantity to each picture. At this

inredde® G LRGN CRETJILIEMN 1% §flctQte SLdiNGy to a
basis of a ratio between a roughly cal cul ated

Ri8diGted Gede quantd &%s%%tbq(‘et 6d, 'r%a%c% G e%e{qngerrated

which the encoding process is conpleted and
R L R VNG O
%%eat%é%é¥a?%% space when picture taking is accidentally
started with a lens cap on, for example.

(3) Effects of Embodiment 1

According to the above configuration, a true
predicted code quantity is calculated by cbrrecting a
| roughly calculated predicted code guantity predicted from
input image data by a correction coefficient. The input
image data is encoded on the basis of the true predicted
code gquantity. The correction coefficient of a
corresponding picture type is set on the basis of an
actual generated code quantity. Thus, even when a
recording time is to be guaranteed by the one-pass system,
and even when there are many prediction modes, it is
possible to allocate an appropriate code quantity to each

picture.

At this time, the correction coefficient is set on
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change or the like, it is possible to allocate an
appropriate code quantity to each picture, and thereby
i nprove picture quality. The input inmage data of at

| east a picture at a start of a sequence of each
picture type is encoded by a fixed quantization scale
set in advance. Wth an actual generated code
gquantity obtained by the fixed quantization scale as
a reference, the roughly cal culated predicted code
quantity of a picture to be encoded is calcul ated
froma ratio between a feature quantity indicating a
dégrebasisdpf e ciattp dfeterwendingouahl hralqudnattedy is
detected in the picture at the sequence start, and a
f ®XCH-ETHHaRPTe yIurttddtvedieithotRe pi ca wietugepdor which
encoded. Thus, wth the generated code quantity

o5 ABECIBYY tBIPF958e d Sy GRAPL 288 oRnd ceiee andual
reference, it is possible to predict the generated
cGEeqaEATI TS FIFAHIGY odcEaraBFRouMng s oserodata-
a approgriate code |, uantitx. Then the encodi ng
proE8ss TR P ¥brhdd ShUER §P2PaF gRECETUEIIFUARL Pt jCsBe

on.the basis of the true 68 predicted code quantity
 angePHs aﬁa§??z%&ﬁ%jnlgcéPepgé?lbg%c?Ptqkﬂpcﬁﬁ@ &8t ual

g rgtgd code quant.i becomes the target code

| qugﬁflPy?awﬁéﬁxﬁhép¥V%ét§rg8|8?%@ Roddtrquand thereby
sgﬁhkggetgggugEgegkik%yyalue, the true predicted code

quantity 17s set as the“target code

The input image data of at least a picture at a

start of a sequence of each picture type is encoded by a
fixed quantization scale set in advance. With an actual
generated code quantity obtained by the fixed
quantization scale as a reference, the roughly calculated.
predicted code quantity of a picture to be encoded is
calculated from a ratio between a feature quantity
indicating a degree of difﬁiculty of encoding, which
quantity is detected in the picture at the sequence start,
and a feature gquantity detected in the picture to be

. encoded.r Thus, with the generated code guantity obtained
by the fixed quantization scale as a reference, it is

.possible to predict the generated code quantity with -high
acCuragy, and thus allocate an appropriéte code guantity.

Then the encoding process is performed with a

‘target code quantity set on the basis of the true
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quantity. When the true predicted code quantity is

| arger than the certain value, a code quantity
corresponding to the certain value is set as the
target code quantity. It is thereby possible to
guarantee the recordable tinme for which recording
onto the recording nedium 2 can be perforned, and

i mprove encodi ng efficiency. In addition, by changing
the fixed quantization scale associated with each
sequence start in response to an operation by a user,
it is possible to change the average generated code
qEAREREY S Of Coife stied tddtva andnghe t wer iz atdoor geale esed t

f i ickup with a desired picture quality. In
g&a’:cg? gﬁ,agat’?‘f >%e<btu‘?d1 FEergssberabede iuantidwi beRPRgs the

T FERERGEOT AT o ofWEF 6 ti doc PERRGFFDRKeRH® w th
R0 EP IS iAo 6508 HERRE 1y Ul bahcchARGoU
SR o Y o ST R REECRantgihg wPongoge

W EAREREY TarhBR chBasTt ant oy el Sane: RuPBRLTa of Jewger

LR G BB, e Pl ER P58 g eo

scal e set su at ‘thé ~ac

q"l’lﬁ@t Egytgﬁ{:%%et I}% ts%q:ggg &%jetarget code quantity. It

is thereby possible to guarantee the recordable time for
which recording onto the recording medium 2 can be
performed, and improve encoding efficiency.

In addition, by changing the fixed quantization
scale associated with each sequence start in response to
an-operation by a user, it is possible to change the
average generated code guantity of encoded data, and
thereby record a result of image pickup with a desired
picture gquality.

In addition, a fixgd value associated with
switching between VBR encoding control and CBR encoding
control is changed in such a mannér as to be_interlocked
with the changing of the fixed quantization scale,
Whereby the average generated code quantity can be
changed and picture quality can be changed in such a

manner as to be interlocked with the changing of the
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quantity. By correcting the true generated code
quantity to a generated code quantity predicted when
the quantization scale is set to a certain reference
quanti zation scale, it is possible to obtain a CBR
generated code quantity with high accuracy even when a
VBR encodi ng process is perforned, and thereby

all ocate an appropriate code quantity to each
picture. Specifically, an actual generated code
quantity is converted to a generated code quantity
when the _quantization scale in the encoding step is
sePERE® ¥38%d quantization scale at a sequence
start. The correction coeffjcient is %enerated on the
basi s of *h&PCCHVEr PEACHEh ek ntRed fogaedqiakhi tye target
Trg:%rdeb%g the.érue predicted code ct}lj?ntity can al so be
cSTPEcERY T4 S8 SfedeoPaFiaddhcihd diriehersdierag epde

th rrecti coefficient, so that the process can
bé‘fgﬁﬁg h{i %Iﬁ‘ﬁ)rlca{lcecéjru@inﬁgﬁ'???l%r%c%]peeﬁq‘q Syehy thppethe

SSRERRL TP RE AL B ETTHE L By
 EpREnEy 284 SEUEROU e B0 PR RSl
oot al S Cudt doieh P e b Gt B e 1
Peasht £akd oS Wdhial eat sagcpracy.. Mo Rreferably. a
qqantization scale, it is possible to obtain a CBR
generated code quantity with high accuracy éven when a
VBR encoding process is performed, and thereby allocate
an appropriate code quantity to each picture.
Specifically, an actual genefated code quantity is
converted to a generated code quantity when the
quantization scale in the encoding step is set to the
fixed quantization scalerat a sequence start. The
correction coefficient is generated on the basis of the
converted generated code quantity. Thereby the true
predicted code quantity.can also be corrected in a
process of feedback fof the setting df the correction
coefficient, so that the process can be-simplified
accofdingly. |
Mdre specifically, the generated code quantity is

converted by the arithmetic processing of Equation (17),
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sufficient accuracy can be ensured with k = -0.1126.
Roughly cal cul ated predicted code quantities and true
predi cted code quantities for other picture types
when the encodi ng process is perforned for the other
picture types are also obtained. An all ocatabl e code
guantity is allotted on the basis of a true predicted
code quantity for a corresponding picture type and the
true predicted code quantities for the other picture
types, and a target code quantity is set. It is thus
possible to effectively avoid ripples or fluctuations
. r?o ttﬂé‘thH%r‘é?‘é%lr%tcﬁPe GpeEnErEPt ARy erk dralinmgidicted with
ﬁlcture quality. Specifically, on an’
FFS TEhdt HEHPPhe the etk iddicade kqdanEregt fay
g rresgondlq?_$|cture type and the .true predicted
‘dd ' qadntrti 38K drhathe Cother < bi Bttt el Qe &hatt Ree
ge%%%at d . cod q%ant ity of egch picture in one GOP,
g?a%? e dan ety ?SPI%‘f“r%‘%‘%%d”thé a
ge o? gua |ty IS set. is thus possible to
ec%ﬁ%e fya@%ﬁ¥ Fipi 8§c8fa?VUC?ﬁ§FiQﬁ§fFﬁa?iY't%e
g%g%%gggg gog antlt nd accorg
pi cture qﬁall§5&¥‘ %hg t?ﬁﬁuﬁ? q?{d‘codg daftity
S snah{qyllbh%glg erence, val ue f i ctur
qual ity it enentui§£ o IRre iifﬁ% egueﬁfiﬁﬁes and
a%%ﬁ@'ﬁiggig%éi]éﬁge %ﬂ ggities for other picture types
when the encoding process is performed for the other
picture types are also obtained. An allocatable code
quantity is allotted on the basis of a true predicted
code quantity for a corresponding picture type and the
.true predicted code quantities for the other picture
types, and a target code guantity is set. It is thus
possible to effectively avoid ripples or fluctuations in
the generated code quantity and accordingly improve
picture qualityi
Specifically, on an ‘assumption that the true
predicted code quantity for the corresponding picture
type and the true predicted codé quantities for the other
picture types ére-the generated code quantity of each
picture in one GOP, an allocatable code quantity is

allotted, and a target code gquantity is sét. It is thus

~ possible to effectively avoid ripples or fluctuations in
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between the VBR and the CBR, the true predicted code
guantity is increased by a coefficient that increases
as the true predicted code quantity is decreased, and
the increased true predicted code quantity is set as
a target code quantity. Thereby degradation in
picture quality when a degree of difficulty of
encoding is lowis mde |ess noticeable. Further, at
this time, by limting this coefficient that thus
increases to a certain value, it is possible to
prevent an unnecessary consunption on the recording
nedieuASRFE A teReCady rer vl tdi fhicatcyreinaiic ddipwgvies

signhificantly low. (4) Enbodinent 2 FIG 10 is a bl ock

dﬁ%ﬁ?ﬁﬁﬁsﬁBﬁ%hﬁya personal conputer according to an

enbodi mept 2 of the present invention. In the

enbodi mefie?, therdddiedREgIi stedh ceritl Wpntatycas semyliar

t personal conputer 60. Specifically, a bus BUS in

t hh:glaf)lerasgﬁgfer%?) W& %6 OF glEBHﬁ%c?‘éﬁiWK HupzePvemnsnt

iqﬁ&hfggtgétnint {fa eslyia an 72 input-output

i Nt erface 81" ThetfFhitelot fAEOFht EFY 46 S¥iéchpaed

by, 0% 8X311P! n_ i t [t 6% i ncludi ng,.a keyboard
t i - ’

a Touse anggt 2 I?%%ﬁﬁln%%prE euhree gxrgdiatadi rgda

disal, gex'c§ speaker and %Ee | i ke, a_storage

t . d ! ;

urﬁ%t gﬁ nc%ud?%]geaaspendgléa gi SREaEV Tt arfddthe PrrRases as
the true predicted code guantity is decreased, and the
increased true predicted code quantity is set as a target
code quantity. Thereby degradation in picture quality

- when a degree of difficulty of encoding is low is made
less noticeable.

Further, at this time, by limiting this coefficient
that thus increases to a certain value, it is possible to
prevent an unnecessary consumption on the recording
medium when the degree of difficulty of encoding is
significantly low.

(4) Embodiment 2

FIG. 10 is a block diagram showing a personal
computer according to an embodiment 2 of the present
ipvention. In the embodiment 2, image data is encoded by
processing in the personal computer 60.

Specifically, a bus BUS in the personal computer 60

1s connected with various input-output interfaces via an
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a comuni cation unit 65 including a nodem and the
like, a drive 67 for recording and reproduction on a
recording nedium 66 such as an optical disk, a
magneti c di sk, or the lIike. The personal conputer 60
starts the operation of the whole of the persona
conputer 60 by a central processing unit 69 on the
basis of a recording in a read- only nmenory (ROV) 68,
secures a work area in a random access nenory (RAM
70, and executes vari ous applicationh progranf
rded in the storage unit 64 by the centra

Lf%ge‘%sﬁoﬁ’gtpﬁﬁﬁ ﬁ“?%ﬁﬁﬁg%g, Luh@hepy BU bR TR proessaces
erforned. e of the application prograns provided in
?hé[egepeégg%nr?aog’go%ﬁﬁt BFOBOTT San TS Beati Bh Jd?@g%dérﬁgf &r
r ' and_reproduci i e data on _an optica
diq‘g%tgdaz\[%l’eﬁcg&u%a %rrl%ct %ﬁ%gré’ﬁ\ PEFPFEE‘FE&@it ng .
t ribed above in. the enbodi nen y
Sg?yﬁﬁﬁﬁgﬁéa é#ggﬁ%gdé%%hﬁﬁ éh@%ﬁ?ﬁﬁrp?ﬁ%égg?dﬁ&ﬁraﬁh

f kN t t of, recarding.in the.
e T ol ad RERTRRES o B R0 S, g P Tike,

the &%ﬁ%n&%@ﬂ?&n%mi@%&éﬁp@]ﬁ%ﬁ%@t %4mggsrgg%n?f§%{1%29\:{ﬁe, a

in the enbodi nent 1 exce e e

~ enGAdRs ¢7mege g@&@r@nf)ﬁqﬁnfe oéiﬁghiﬁrgcgrgian%egcrgg: %ga

program FIG 11 1s a Tlowhart a proc

pmﬁﬁﬁﬁﬁ{%s_Qﬁchh§sC@WtJﬁﬁidQ&°%§§§l”9 H£%$e5¥%‘ﬁys%? or
procedure is
the 1like.

The personal computer 60 starts the operétion of
the whole of the personal computer 60 by a central
processing unit 69 on the basis of a recording in a read-
only memory {ROM) 68, secures a work area in a random
access memory (RAM) 70, and executes various application
programs reéorded in'the storage unit 64 by the central
processing unit (CPU) 69, whereby a desired process is
performed. One of the application programs prbvided in
the personal computer 60 is an application program for
recording and reproducing image data on an opticalrdisk.
An encoding process program for implementing the encoder
14 described above in the embodiment 1 by software isA
provided as an encoding process program for an encoding
'proceés at a time of recording in the application program.

The .embodiment 2 is formed in the same manner as the
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associ ated with the encodi ng process program Wen the
central processing unit 69 starts this process
procedure, the process proceeds fromstep SP1 to step
SP2, where the <central processing unit 69 perforns
intra prediction and sinple inter prediction of input
i mge data, and detects prediction residual data
output fromthe subtracting circuits 42 and 45

descri bed above with reference to FIG 3. In next
step SP3, the central processing unit 69 determ nes

t her cessi ng of | ast croblock in the
B e R T R s R S ey
0 in ' e P3, the process returns to ste
ST Etle SRS ERATS: chARaREORESS [ By Betitg the
r.ohl ock | etected.. When a positive result is
ﬁ%cgggggi }Ig]hz?c%ss o an P

obt ai p . on‘the other hand, the process

proceedsyf+ om;st.ep_S ep.,. SP4. where a true
generated co é’%%aﬁt??3&€%%%%§ I Trad ByPTPeT T oMiorgdure
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o a0 oo eesasLag, o Evetinnn (i
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by Equation {11). In next step SP6, the tentra
pb@ﬁ&ﬁ&irﬁkdﬁéésﬂ%% unit 69 performs intra prediction and
simple inter prediction of input image data, and detects
prediction residual data cutput from the subtracting
circuits 42 and 45 describe& above with reference to FIG.
3. In next step $P3, the central processing unit 69
determines whether proceséing of a last macroblock in the
bicture is cdmpleted. When a negative result is cbtained
in step SP3, the process returns to step SP2, where the
prediction rgsidual data of a next macroblock is detected.
- When a positive result is obtained in step SP3, on the
other hand, the process proceeds from step SP3 to step
SP4, where a true generated code quantity is predicted by
performing the arithmetic processing of Eqﬁations (1) and
(2).
In next step SP5, the central processing unit 69

calculates a VBR target code quantity and a CBR target
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detects an optinmum predi cti on node associated with
proper intra prediction and proper inter prediction.
In next step SP7, the central processing unit 69
generates prediction residual data associated with a
proper encodi ng process in the optinmm prediction
node, obtains coefficient data by subjecting the
prediction residual data to a discrete cosine
transform process, and generates encoded data by
subj ecting the coefficient data to a quantizing
process and. a | ossless cqoding process. In this
pro gsg?a?ﬁbt%é?ﬁrﬁﬁrﬁﬂﬁﬁ&égs%ﬁﬁ fht thet ice g ogessing of
guanti zation,scal e _fqQr each macrobl ock by performn
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dequant i’zi ng process and an inverse

| BRRSLOL MR ReATAL 1R Rod o418 1R 0 R Aroper

processing unit 69 deco I A rom

d@ﬁ@gﬁdp£E&¥H6¥Jdm3nﬁe§%gP%g ??}?%rgﬁgﬁﬁﬁio%[ocﬁn q%ft

di stortions by a debl o tenporari
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64 as a franme nenory.

or the storage unit
prediction residual data associated with a proper
encoding process in the optimum prediction mode, obtains
coefficient data by subjecting the prediction residual
data to a discrete cosine transform process, and
generates encoded data by subjecting the coefficient data
Lo a quantizing process and a lossless coding process. 1In
this process, the central processing unit 69 sets a
quantizatipn scale for each macroblock by performing the
arithmetic processing of Equations (12) to (16) such that
an actual generated code quantity is-tﬁe target code
quantity obtgined in step SP5, and generates the encoded
data. |
In next step SP8, the central processing unit 69

decodes the prediction residual data by subjecting the
encoded dafarté a dequantizing process and an inverse

discrete cosine transform process. In next step SP9, the
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Next, the central processing unit 69 in step SP10
det erm nes whether the processing of the | ast
macrobl ock in the picture is conpleted. Wen a
negative result is obtained in step SP10, the process
returns to step SP6 to start the encoding process for
a next macrobl ock. When a positive result is obtained
in step SP10, on the other hand, the process proceeds
fromstep SP10 to step SP11, where the central
processing unit 69 converts the actual generated code
guantity to a generated code quantity obtained on the
b&§P§r6¥ BEPFST uand itz 8Pi 8ncedes sy imgeaef drfkngrethe
&f §$roce55| ng of Equation (17). In next step
N R G o8 FrF et qi%tageﬁ@fr@ff@a Byock

gr.f rr% (g gw/arlthrretl ¢ processing of Equation (18)
-lﬁﬁor hert &P@&’lﬁéﬁéPat Bl ttre HGakerperaThty
cs%;:al ré)cessn n%i 69 in next step SP13
determ nes® vH&t4fe atﬁelEnEB&’ﬁ%“?ﬁ“b@é?? PsMEBRPY ef &~
: etgt seauence nd. V\h n a ne%@tlve result is

ai Red 17 etep °4pT3, ot hE™B? JEE%¥ et urns to step
SP2 to r [ a next .picture.
posi tive reéul?l %ro tRi Hed S |lﬁ’gsf18btsé’¥glnﬁﬁteep SP10
p fr ste SP13 't p.SP
HQQS?ﬁlxﬁ)é{%eedc%er %H]e Bng?e%@ln%n%siﬁiﬁ F%Clgggro lock

he c;ntr d:dprgéoc(]eSZS| ng t e,
_pggcg r we pLesentin ai,| s
of th eél 1%r%cess of “Ste eg%’ eﬁe pro 255 priocathlr é°

: OfpELGhed Lin step SP10, the process returns to step SP6 to
start the encoding process for a ﬁext macroblock. When a
positive result is obtained in step SP1l0, on the other
hand, the process proceeds from step SP10 to step SP11,
where the central processing unit 69 converts the actual
generated code quantity to a generated code quantity
obtained on the basis of a fixed quantization scale by
performing the arithmetic processing of Equation (17). In
next step SP12, a-correction coefficient is generated by
pérforming the arithmetic processing of Equation (18)
using. the converted generated code guantity.

The central processing unit 69 in next step SP13
: détermineé whether the encoding process is completed up
to a sequence end. When a negative'result‘is obtained in
step SP13, the process returns to step SP2 to start

processing a next picture. When a positive result is
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When the personal conputer 60 starts this process
procedure, the process proceeds fromstep SP21 to step
SP22, where the central processing unit. 69 generates
predi cted i nage data associated with intra prediction.
In next step SP22, the central processing unit 69
calcul ates prediction residual data.associated wth
the intra prediction using the predicted i nage data
associated with the intra prediction. In next step
SP24, the central processing unit 69 determ nes

whet her a picture to be encoded is a B-picture or a
POBFEtDRre R SHARCFBLAr eEhprRWPed 0P Hosesdpl fodn Yiem
a_negative result is obtained in step SP24, the
pﬁé’ggsgo Procedds f FORTSt Bpe SPtnad PreFeSPREg Wik €69
the cengral rocessing unit 69 sets a total value of
t FBIGr BOF RTURSS 8LPG6EH Bat a associ ated with the
intra predjction as _residual data BD of the
nacrobl&@g; %ﬁelﬁrﬂcg%%wqqﬂﬁ¥ I5PseesREinY dtleh 1opzs tthe

[ BEHRRSL o 8 AnDE RS oo Frd P beesst pf e dds
pBELCLED SRt ShBRUPEF 60 Hetier S nagoce tht a
CREOGLALEE Wl PP oTRLE LROGe Y SE5 SERE GBAL by step
PERsess) ) $ile 82,62 UL ALES AGNE kOB g3hapAl Jat

predicted image data associated with intra prediction. In

next step SPZ2, the central processing unit 69 calculates
prediction residual data associated with the intra
prediction'using the predicted image déta associated with
the intra prediction. |

In next step SP24, the central processing unit 69
determines whether a picture to be encoded is a B-picture
or a P-picture to which inter prediction is applied. When
a negative result is obtained in step SP24, the process
proceeds from step SP24 to step SP25; where the central
prOcessing unit B9 sets a total vélue 0of the prediction
residual data associated with the intra prediction as
;esidual data BD of the ﬁacroblock. The process then
broceeds to step SP26 to return to-fhe process.procedﬁre.

When a positive result is obtained in step SP24,

the process proceeds from step SP24 to step SP27, where
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predi ction on the basis of the predicted i mage dat a.
In next step SP29, the central processing unit 69
conpares a total value of the prediction residua
data resulting fromthe inter prediction with the-
total value of the prediction residual data resulting
fromthe intra prediction. When the total val ue of
the prediction residual data resulting fromthe intra
prediction is smaller, the process proceeds to step
SP25, where the central processing unit 69 sets the
total value of the prediction residual data resulting
f rioif (I tivatlr Rrpredstrd omids tPeskdaaktdatprBDcteld tihage
macrobl ock. The process then proceeds to step SP26 to
r 13lrh assochetprot ety pirrded dngerwaeadt tiel emotfaiony dhee
of , the prediction residual data resulting fromthe
i M r8diget P8Rat s Whdlekér stem SRHe dihifercehamd]l t he
process proceeds fromstep SP29 to step SP30, where
t REFCERCrEP BPote8Ei fRLGiHiategoPsetiscEhen Xetiglualadasa
of égw prediction residual data resulting fromthe
i e pradi EEPBN AT &Sfigtigat arBE o fPaties of the
nag&g@]gcé..The process _t hen groceeds to step SP26 to
7T STEHE PP tesdMpPeEbdi® GBS déhearpytral
t q&g@sgo% iadkga%gd in the process procedures -
represented MATFIE TORMESFRGEOTRT Thbie &hita
PrAeaIekRgntbil; 8% Al 2Q L3LEUI BLSS Peneraled gode
 prediction with the total value of the prediction
residual data resulting from the intra prediction. When
the total value of the prediction residual data resulting
from the intra prediction is smaller, the process
‘proceeds to step SP25, where the central processing unit
69 sets the total value of the prediction residual data
resulting from the intra prediction as residual data BD
of the macroblock. The process then proceeds to step SP26
‘to return to the process procedure.
When the total value of the prédiction residual
data resulting from the inter prediction is smaller, on
~the other hand, the process proceeds from step SPZ9 to
step SP30, where the central processing unit 69 sets the
total value of the prediction residual data resulting
‘from the inter prediction as residual data BD of the .

macroblock. The process then proceeds to step SP26 to
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quantities when the encodi ng process is performed for
ot her picture types which quantities are necessary for
the arithnmetic processing of Equation (7) in the
series of process procedures. According to the

enbodi nent 2, the sane effects as those of the

enbodi nent 1 can be obtai ned when i mage data is
encoded by executing the encodi ng process program (5)
Enbodi ment 3 FIG 13 is a bl ock di agram show ng an
encoder according to an enbodi nent 3 of the present
invention. This encoder 74 encodes input inmge data
DI IRPES Phe PeesdiT dogeduke- encoder 74 inputs the
input inmage data DI to a discrete cosine transform
circuit ¥ciferllyuptPateh neekiindiiated, ignthe process
generates coefficient data b the discrete cosine -
t PROSFEPREEi FERTESeAB-eoTHE gééff 8@t Fifat dlisthe
quanti zed by a quantizing circuit 77, and is then

O TR 24s PEREBTRI At (DB O PSS Pobei e agmgated code
ci%%ukpt.78. Ln gﬂgition,.the ingut image data D _is
dSLG4E4 BT 5 a" PR kN (S SOHg N8 PERTEST 9 dipntnvapdefor
discrete.cosine _transformcircujt 80, and an adder
CIoTEat PATC U CERE RS SPABGE U1 FR g UACSBFAFE for
recar ' frame memory _82. For P-pj.ctur and |,
e shhe By P T R U T goeridh BRepgeries

wg&iggoggggeﬁ%ggéég}ééging the image data recorded in
the frame nenory , and the predicted i mage
According to the embodiment 2, the same effects as
those of the embodiment 1 can be obtained when image data
is encoded by executing the encoding process prograﬁ.
(5) Embodimenf 3
FIG. 13 is a block diagram showing an encoder
according to an embodiment 3 of the present invention.
This encoder 74 encodes input image data DI by MPEG-2.
Specifically, the encoder 74 inputs the input image
ldata D1 to a discrete cosine transform circuit 76 via a
subtracting circuit 75, and generates coefficient data by
the discrete cosine transform circuit 76. The coefficient
data is Quantized by a quantizing circuit 77, and is then
'oﬁtput as encoded data D2 via a lossless coding circuit
?8. In addition, tﬁé input image data D1 is decoded by a
dequantizing circuit 79, an inverse discrete cosine

transform circuit 80, and an adder cifduit 81. The
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data is input to the subtracting circuit 75. An
encodi ng control circuit 83 in the encoder 74

predi cts a generated code quantity fromthe input

image data DI, and sets the quantization scale of the
quantizing circuit 77 on the basis of a result of the
prediction to encode the image data D at a CBR by the
one- pass system Specifically, a difficulty detecting
circuit 84 in the encoding control circuit 83 detects
a feature quantity indicating a degree of difficulty
of an encodi ng process for each macrobl ock. Various
nEErededc ARPRE 1B idedat Bt he dererdsdnirnfa tiweme memory
f% ture quantity;, for exanple, the signal |evel of a
h gh-fF%ﬁLEﬁR%FHH&ﬁﬁoﬁéﬁtB‘P%F?Wﬁ?ﬁwuﬁﬂ?qlﬁﬁgé taege rgta
be applied, A generated code quantity predicting
ciPcgrie88ted g AW ECHRRREPEIBR UBIREtTdG Biaghedata
difficulty. detecting circuit 84 in a picture unit. On
e BEEPY 57 EhS A FRGOTEL A7 - VAUt e SGaREPaL bERoe
caode _quantit redi cti circuit 85 detects a true
ggﬁgﬁa%Sdl%%%% gﬁ gﬁi?ﬁ§%5ﬁcgé8ﬁ DHetUre @d true

gener at code guan es. when t@@.pichure S

encoded a5 eorﬁ?éi?%_ﬁi gf’ﬁ‘_lg’léct’i_tfﬂp’é%gitAat ar et N ogRcoder 74

SRR S BB 0P e U LB
data D1, and sets the guantization scale of the
quantizing circuit 77 on the basis of a result of the
prediction to encode the image data D1 at a CBR by the
one-pass system.

Specifically, a difficulty detecting circuit 84 in
the encoding control circuit 83 detects a feature
quantity indicating a degree of difficulty of an encoding
process for each macroblock. Various methods can be
applied to the detection of the feature quantity; for
example, the signal level of a high-frequency component
in the input image data may be applied.

A génerated code quantity predicting circuit 85
sums feature quantities detected by the difficulty
‘detecting circuit 84 in a picture unit. On the basis of a
-resulting total value; the generated code quantity

predicting_circuit 85 detects a true generated code

quantity of each picture and true generated code
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basis of a result of the procéss of the generated code
guantity predicting circuit 85. The target code
quantity determning circuit 86 sets the quantization
scale of the quantizing circuit 77 such that an

actual generated code quantity is the target code
guantity. FIG 14 is a block diagram show ng details

of a configuration of the generated code quantity
predicting circuit 85 and the target code quantity
determning circuit 86 by way of a conparison wth

FIG 4. The generated code quantity predicting circuit
gguans it pefedheh thive pdaferanhneenesdehasgenbeat pictode
quantity predicting circuit 46 descri bed above in the
ef88Fment 1 except that the generated code quantity
predicting circuit 85 calculates a roughly cal cul ated
gener at kﬁﬁﬁ?tqﬁﬁﬁ?iﬁva%ﬁkF%tQ%Qﬂ¥ﬂ$§ﬁé9aﬁéﬁkaﬁk§6
quanti&g usi ng feature quantities detected by the
diCPHEBURESS daet%aqeﬁgcefiﬁca}lﬁn‘aatrnf% SEEoPiFEaTeuan the
d%ta.swg BD. Th%aiarget code quantity determ ning
cPPREEPt °86™ I S5 Uidr fd tPA PRECSaFel raiifegeas rehed t et
coggnggﬁntitg 8 .detenninlgg gircuit 47 descri bed )
alfove i Y the de]r??)t&&’igrrﬁﬁffcui ektept Pen4ETORE FAFGSUREdEY
qH%EEE%¥n@§t%?@SEiQ9 6cir-uit 86 does not have a

conf I gurati on ot th8CVBR ANt e THHY IS dCPoRcRbs of the
S%ﬁ&ﬁ@k?ﬂn&%&%ﬁ%ﬁttgq g@c a@ﬁa%hﬁa!ﬁ%ﬁal generated code
‘quantity is the target code quantity.

FIG. 14 is a block diagram showing details of a
configuration of the generated code quantity predicting
circuit 85 and the target code quantity determining
circuit 86 by way of a comparison with FIG. 4.

The generated code quantity predicting circuit 85
is formed in the same manner as the generated code
'quahtity predicting circuit 46 described above in the
:embodiment 1 except that the generated code quantity
predicting circuit 85 calculates a roughly calculated
generated code quantity and a truergenerated code

'squantity using feature quantities detected by the
difficulty detecting circuit 84 in place of residual data
. MB BD.
The target code quantity determining circuit 86 is

formed in the same manner as the target code quantity
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According to the enbodi nrent 3, even when an encoding
process is perfornmed by an encodi ng system wthout a
| ar ge nunber of prediction nodes, and even when an
encodi ng process is performed with only a CBR the
same effects as those associated wth the CBR encoding
control described above in the enbodi nent 1 can be
obt ai ned. Specifically, by calculating a true

predi cted code quantity by correcting a roughly

cal cul at ed predicted code quantity predicted fromthe
' p%t i m ge data b correction coefficient,

X FH“ %ﬁ] Calﬁ%%& §B| des6gabeq ahRY yiTofthehembadigent
of thg t %“gé glcted code guantlt and encodi ng the
i Aplt CPRRgE tatde iFrPETp68Ef bR Rl tia dedeamdnang
appropt ode antity to each picture a
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in the case o consi dera

f 8 tit
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I nst ant aneous rate, It IS OSSI e\'/enP S%I %

aﬁgﬁ%ﬁfiﬁﬁnglﬂ¥akggg'QQSpéPf$£§é§%ﬂﬁﬁﬁ%%gyCngBR the

same effects as those associated with the CBR encoding
control described above in the embodiment 1 can be
obtained.
Specifically, by calculating a true predicted code
quantity by correcting a roughly calculated predicted
- code quantity predicted from the input image data by a
correction coefficient, allotting an allocatable code
quantity on the basis of the true predicted code quantity,
and encoding the input image data, it is possible to |
allocate an appropriate code quantity to each picture
when a recording time is to be guaranteed by the one-pass
system. |
| Specifically, the convenﬁi@nalrMPEGe2 sets a target
code quantity for each picture by TM5. As described above
with reference to FIG. 5 and FIG. 6, in the caéé of TM5,

considerable ripples or fluctuations in generated code
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and accordingly allocate an appropriate code quantity
to each picture. Incidentally, in the enbodi nent 3,
the configuration of a feedback | oop associated with
the prediction of a generated code quantity is
conpl ex as conpared with a conventional MPEG 2
encoder. Wth this configuration, however, when an
MPEG- 2 encoder and an AVC encoder are integrated into
an integrated circuit, for exanple, the integrated
circuit can be sinplified by applying the
configuration of the enbodi nent to the AVC encoder
arffasi Ry acpart HPveMerconttgutiatd do ithet BebodVREG 3,
encoder. (6) O her. enbodinents It is to be noted that
whiYl 8L REEHRY 30 eydiang tadBogPARNT SR N tidsc onptthenbhags of
been made of a case where an actual generated code
qEant ey AR EA R i ® 1t ¢ talsgbpes Bl todeeyegalt pugh
when an encgg%F rocess is performed by a certain

¢ SREPIRE O UBHIT AT R S dal 8hByIcR IR Geds GRAntity,
Equati on %%Z% and .then a true predicted generated
c688 §UERTTIVA1% Aoretfed™ PRRE PR ESHR SO0y ERAPBALY sto
nt. limted to this; for exanple, a process 83 for
C%FFéc g™ e ?Pﬁé*"ﬁ?a@%ﬁfffed“gé:ﬁ’éfr SR8 LBERE qlraritha y

r the truye predicted

i ded tel
oerar Lo Bl AR Baty Bhon ors il oey Ve bhy bRt i ng

o prefiOfion & AR RSB IENT Y §Y Q8RB rex as
 compared with a conventional MPEG-2 encoder. With this
configuration, however, when an MPEG-2 encoder and an AVC
encoder are integrated into an integrated circuit, for
example, the integrated circuit can be simplified by
applying the configuration of the embodiment to the AVC
encoder and using a part of the configuration.in the
MPEG-2 encoder.
{6) Other embodiments
It_is to be noted that while in the foregoing
embodiments, description has Eeen-made-of a case where an
'actual'generated code quantity is converted to a
-generated code quantity when an encoding process is
performed by a certain reference quantization scale by
the process of Equation (17) and then a true predicted
- generated code quantity is corrected, the present

invention is not limited to this; for example, a process
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Incidentally, in these cases, it is necessary to
calculate a coefficient for the correction separately
in correspondence with Equation (17). In addition,
while in the foregoing enbodi nents, description has
been made of a case where the correction coefficient
ADJUST(n) is set by the process of Equation (18) on
the basis of only a result of processing of an

i mredi ately preceding picture, the present invention
is not limted to this. The correction coefficient

% % e set by correcting a previously used
Feé? r ﬁCth%%ftf}}et:ltéﬁte RBSUSTH?A Pemsyratke Fede| quaptity
proce sin % e i mediately precedi ng picture.

TR 2R PP isind i ima o L evbrthacotiendycar cted

pred|ct on of .the true generated code quantity from

gen o egradje‘%ia fentgty P@ﬁp%?d?%Fr%ﬂﬁﬁﬁggylﬁobF%??ﬁ%Q a
| d t t the |ik I
SRRl 15

d f wh th di
§RCELRLEON p;be rpec% de.of & i%:a_se ﬁ%\%ggﬁytehgnco ' ng

process IS 'r for ne on1y

prc%g'.@§§a1'84 : S@Metﬁl%q_eg‘ét \f@? 11'_1% hecio\zlfg:R q_gaﬁlt ggp%—:ﬁBRdely in

present nvention is no
p&g§§gg pbIYEMd QR 1 licable to cases where
t he encodlng procé§§% p%ggé¥f ned with only the VBR

in a confj gukatian, aéﬁffé at edch@ 0 -L08: £hangi ng f an

aver age gener at Ed CO
description has been made of a case where the correction

coefficignt ADJUST {n) is set by the process of Equation
{18) on the basis of only a result of processing of an
.immediately preceding picture, the present invention is
not limited to this. The correction coefficient ADJUST (n)
.may be set by correcting a previously used correction
coefficient ADJUST(n-1) by the result of processing of
the immediately precéding picture. Then, it is possible
- to prevent accuracy of prediction of the true generated
code quantity from being degraded due to a tempérary |
change in picture guality due to strobe light emission or
the like.
In additidn, while in the foregoing embodiﬁents,
description has been made of a case where the encoding
‘prdcess is performed with only the CBR when the process

is switched between the VBR and the CBR, the present
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quantity, a configuration for decreasing a conpression
rati o when a degree of difficulty is low, and the
like. In addition, while in the foregoi ng enbodi nents,
description has been made of a case where an
orthogonal transformprocess is perfornmed by a

di screte cosine transform process, the present
invention is not limted to this. The present
invention is widely applicable to cases where

ort hogonal transform processing by a Karhunen-Loeve
transformand the like is applied. In addition, while

i TVRECE 8P efdi MYE ehfbidiste s thiges dhiopritaseRas I peRH-ion

‘made of case. where the encoding process is
per sy b?zpwc?ai?%oe NPEG2 25t HRSBF etlehtenGIi@at PEACESS
nqt_ |i

it _%gited %o tqis. The present invention is wdely
appIPcagPﬁé Lases e &S HEReht o FroP protaddoni s
PELLBLISENYAL1 S SOLIRL S ofndioLiL . Aopll capli L.,
SIS0 0% SO A SIC O BT, OB 00
| 35851 B0 el o ARRLCADLS 18 o0 SRR
wnich 2 i dine drpeuh s SO AdeReho! 2BLEIHLSS,
description has been made of a case where an orthogonal
transform process is performed by a discrete cosine
‘transform process, the present invention is not limited
to this. The present invention is widely applicable to
cases where orthogonal transform processing by a
Karhunen-Loeve transform and the like is applied.

In addition, while in the foregoing embodiments,
description has been made of-é case where the encoding
process is performed by AVC and MPEG-2, the present
‘invention is not limited to this. The present {invention

is widely applicable to cases where the encoding process

is performed in various formats.

Industrial Applicability
The present invention relates to an encoding method,
an encoding device, an encodihg process program, and a

 ¥ecording medium on which the encoding process program is
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I nput inmage data is encoded while predicting a
generated code quantity of each picture, and encoded
data is generated, said encodi ng nethod conpri sing
the steps of: predicting a roughly cal cul ated code
quantity of said encoded data generated fromsaid

i nput image data; calculating a true predicted code
quantity by correcting said roughly cal cul ated

predi cted code quantity by a correction coefficient
corresponding to said picture type; encoding said

i nput image data on a basis of said true predicted
cé@egdant i £pe Andaretidaly sdiad Wokereckhinenagpefdi cientple.
of the corresponding picture type with detecting an
actual generated code quantity of said encoded dat a.
2. The encoding nethod as clained in claiml1, ‘
wherein: said coefficient setting step sets said
correction coefficient on a basis of a ratio between
said roughly calcul ated predicted code quantity
detected in a picture for which an encodi ng process
is conpleted and an actual generated code quantity of
said encoded data 87 corresponding to the picture. 3.
The encodi ng nethod as clainmed in claim1, wherein:
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sai d encodi ng step encodes said input inage data of

at least a picture at a start of a sequence of each
picture type by a fixed quantization scale set in
advance; and with a ratio between a feature quantity,
indicating a degree of difficulty of encoding, which
is detected in the picture at the start of said
sequence and the feature quantity detected in a
picture to be encoded, said roughly cal cul ated code
quantity predicting step calculates said roughly

cal cul at ed predicted code uantity of said picture to
be encoded on a basis of tﬁgAégﬁual gener at ed code
quantity of said encoded-data obtained by said fixed
quant i zat i oATSERFEIIAT M hdadiWRg RefhBAECHAr € | tinted s
in claim1l further conprising the step of setting a
t &FGEERESAELY qaht 12 fﬂ&tvgﬁseﬁ%oavﬁ@t pHEREs agm 1 gaid
basj s.of._said predi cted ¢code quantity, wherein

t } |
S AT U CBAPR g & TR BIRCSRSE S HP AL P B UE S Fieigle AldeacsAted

t asi f.said truye predicted code quantjty hy
SE%F?n hgngﬁgﬁt?zeﬁ%c 4%5 F§e3u€ﬁgtﬁﬁfo $b ar

Sepsakedcote AUBlAd of 5Ld, Rgeted, daLg, begores
oL S T, LRYohT ST d 208 SELARLE o
said encoded data generated from said input image data;
calculating a true predicted code quantity by
correcting said roughly calculated predicted code
guantity by a correction coefficient corresponding to
said picture type;- |
encoding said input image data on a basis of said
true predicted code quantity; and
setting said correction coefficient of the
corresponding picture type with detecting an actual
generated code quantity of said encoded data.
2. The enéoding method as claimed in claim 1,
wherein:
said coefficient setting step sets said correction
. coefficient on a Basis of a ratio between said roughly
calculated predicted gode quantity detected in a picture
for which an encoding process is completed and an actual

generated code quantity of said encoded data
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step sets said true predicted code quantity to said
target code quantity so as to generate said encoded
data with a VBR, and when said true predicted code
quantity is larger than said certain value, said
target code quantity setting step sets a code
guantity corresponding to said certain value to said
target code quantity so as to generate said encoded
data with a CBR 5. The encoding nethod as clained in
claim1, wherein: said encoding step encodes said

i nput image data of at least a picture at a start of
acoegaeneedovfy edaxthepipdraneet ype by a fi xed

quanti zation scale set in advance; with a ratio

bet ween % f &4pueecedicng imerhodndiscal kiged airdegree of
difficulty of encoding, which is detected in the
pbeGRénat the start of said sequence and the feature
quantity detected in a picture to be encoded, said
roughl y Lt fitgcedne otecrammades peddi énbny Brage data of
cal cul ates sajd roughly cal cul ated predi cted code
qﬁ&n#??ﬁto? RHE955 etupesterbet &t ceiepreacbasieh of
the 89 actual generated code quantity of said encoded
dBESTVbht Bfed by L3789f AReUt Htant9y G236 Sehl &2 and

sai d encodiqg nmet hod changes an-aver age gener at ed
advance; an

with a ratio between a feature quantity, indicating
a degree of difficulty of encoding, which is detected in
the picture at the start of said sequence and the feature
gquantity detected in a picture to be encoded, said
roughly calculated code guantity predicting step
calculates said roughly calculated predicted code
gquantity of said picture to be enceded on a basis of the
actual generated code quantity of said encoded dafa
obtained by said fixed quantization scale.

4. The encoding method as claimed in claim 1,
further comprising the step of setting a target code
quantity of an encoding process on the basis of said true
predicted code quantity,

wherein said encoding step encodes said input image

‘dataron thé basis of said true predicted code quantity by
" setting a-quantization scale such that the actual

generated code quantity of said encoded data becomes said
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code quantity of said encoded data by changing said
fixed quantization scale in response to an operation
by a user. 6. The encoding nethod as clainmed in claim
5, further conprising the step of setting a target
code quantity of an encodi ng process on the basis of
said true predicted code quantity, wherein said
encodi ng step encodes said input inmage data on the
basis of said true predicted code quantity by setting
a quanti zation scale such that the actual generated
code quantity of said encoded data becones said

t &pgeet cookde quemttiitty, when said true predicted code
quantity is smaller than a certain value, said target
code quattsnt yadet trng pstdipisest sodai dutnuetpriedisotaddex
code quantity to said target code quantity so as to

- gbRePat eceBlidirevedded daid tawgdt aofBRgumhentsaset time
predi cted code quantity is larger than said certain
vaFER, S8%F dalgt getiecpredfubed i ¢9de spEntAgystepsaeds a
code quantity corresponding to said certain value to
sERUIEar gte BERLGLENEPt §5 sb° aBenaratgeneidt encedef data
encoded data with a CBR, and 90 said encodi ng net hod
cHahge? &fid @6 tain value associated with switching

of encoding control between said VBR and said CBR in
such a WESHeraid tpuggredicted code quantity is largex

than said certain value, said target.code gquantity
setting step sets a code gquantity corresponding to said
certain value to said target code quantity so as to
‘generate said encoded data with a CBR.
5. The encoding method as claimed in claim 1,
- wherein: |
said encoding step encodes said input image data of
at least a picture at a start of a sequence of each
picture type by a fixed quantization scale set in
advance;
with a ratio between a feature quantity, indicating
a degree of difficulty of enéoding,rwhich is detected in
~-the picture at the start of said sequence and the feature
quantity detected in a picture to be encoded,rsaid
rbughly calculated code'qﬁantity predicting step
calculates said roughly calculated predicted code

quantity of said picture to be encoded on a basis of the
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interl ocked with changing of said fixed quanti zation
scale. 7. The encoding nethod as clainmed in claim®6,
wherein: a recordable tine of said recordi ng nmedi um on
whi ch said encoded data is recorded i s changed by
changi ng said certain value and said quantization
scale. 8. The encoding nethod as clainmed in claiml,
further conprising the steps of: setting a target code
quantity of an encoding process on the basis of said
true predicted code quantity; and correcting said

true predicted code quantity; wherein said encoding
stepuahcotesraaaidl dodputivenagey datseidnethedbdsdst of
said true predicted code quantity by setting a
qohhtivedilon sddl diggdhgnantitdtei actsgalle; gendr at ed

code quantity of said encoded data becones said

target code guanding, nelbd ahdingerr ent dygrageenerated
corrects sajd true predicted code quantity to a

gERee atiedrebde afuaatidt grpréed cdader Wyeghasgino said fixed
quantization scale is set to a certain reference 91
qIEARF LR F P SCA1e. 19, TYRRORBR OHh g WEEhBHias RY & -

in claim8, wherein;:
6. The encoding method as claimed in claim 5,

further cémprising the step of setting a target code
quantity of an encoding process on the basis of said true
predicted code quantity,

wherein said encoding step encodes said input image
data on the basis of said true predicted code quantity by
Setting a guantization scale such that the actual
generated code quantity of said encoded data becomes said
target code quantity,

when said true predicted code guantity is smaller

~ than a ceftain value, said target code quantity setting

step sets said true predicted code qﬁantity to said
target code quantity s0 as to generate said encoded data
with a VBR,

when said true predicted code quantity is larger
than said certain value, said target code quantity
setting step sets a code quantity correspoﬁding to said .
certain value to said target code quantity sé as to

generate said encoded data with a CBR, and
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said correcting step corrects said true predicted

code quantity by converting said actual generated code
quantity to the generated code quantity predicted when
the quantization scale in said encoding step is set to
the certain reference quantization scale, and by
setting said correction coefficient of said
correspondi ng picture type on the basis of the
converted generated code quantity. 10. The encodi ng
method as clained in claim9, wherein: said
coefficient setting step converts said actua

gener at et ebdarcgdanyi nythed ortdinypst satiHecequatn cral @ T
BY CONSTQ PRED = e (k * (QP CONSTQ - QP AVERAGE)) _
BIZESOgReFed BI TEIB Y "CANSTOIPRED:Reod ey gamaérailetetween
quantity after conversion, QP AVERAGE is an average
quiE Yéf‘i B8rd stk GR quafvFkat i mmswalass tionbeach

macr obl ock when actual encoding is perfornmed, QP
CONSTOL orked gf tF e sieaioA npepEr eptd Tums izavtonastate,
BIT iis said actual generated code quantity, k is a
coéfficient, and denotes a power operator. 92 11. The

encoding7ne& od as clainmed in claim10, wherein: said
coef ficient e _nc ;%¥Qgpthod as claimed in claim 6,

wherein:

a recordable time of said recording medium on which
said encoded data is recorded is changed by changing said
certain value and said quantization scale.

8. The encoding method as claimed in claim 1,

 further comprising the steps of:

setting a target code quantity of an encoding
process on the basis of said true predicted code
quantity; and |

correcting said true predicted code quantity;

whergin said encoding step encodes said input image
data on the basis of said true predicted code qﬁantity by
setting a quantigation scale such that the actual-
generated code quantity of said encoded data becomes said

- target code quantity,‘and

said correcting step corrects said true predicted

code quantity to a generated code gquantity predicted when

said quantization scale is set to a certain reference
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12. The encoding nethod as clainmed in claimS§,

wherei n: when said true predicted code quantity is
smaller than a certain value, said target code
quantity setting step sets said true predicted code
quantity to said target code quantity so as to
generate said encoded data wth a VBR and when said
true predicted code quantity is larger than said
certain value, said target code quantity setting step
sets a code quantity corresponding to said certain
val ue to said tar%et code quantity so as to generate
saltpEiEGdégndaraleith a CBR. 13. The encodi ng net hod
as clainmed in claim8, wherein: said encoding step
encodes gai FHenFRCOPHRGemeBReE 6fs dieimedstinacprin i e
at a start of a sequence of each picture type by a

fi fddnti zati on scale set in advance; with a ratio
between a feature quantity, indicating a degree of

di fficul £t fc%ﬁ&%%ﬁ‘é’, SKRPcROFEeHfet ettt tinye predicted
picture at the start of said seguence and the feature

oF YA Py 158t REt ST H % Sedfe2fbubt emreated sore

roughl.y .cal cul at ed code antity predicting step
ca B tlett stga*; er%%?ﬁ?%ﬁl?ﬁ@aﬁ@ﬂ“ﬁf%ﬁi%?%%“Cé't?dje when

the quantization scale in said encoding step is set to
the certain reference quantization scale, and by setting
' said correction coefficient of said corresponding picture
. type on the basis of the converted generated code
quantity.
10. The encoding method as claimed in claim 9,
wherein:
said coefficient setting step converts said actual
generated code quantity according to the equation:
BIT BY CONSTQ PRED = e (k * {QP CONSTQ - QP AVERAGE)) *
BIT, | | '
where BIT BY CONSTQ PRED is the generated code
quantity after conversion, QP AVERAGE is an average
guantization scale of quantization scales in each
macroblock when-actual encoding is performed, QP CONSTQ
'is said certain refereﬁce quantization scale, BIT is said

actual generated code quantity, k is a coefficient, and

denotes a power operator.
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quantity of said picture to be encoded on a basis of
the actual generated code quantity of said encoded
data obtained by said fixed quantization scale; and
sai d encodi ng net hod changes an average generated

code quantity of said encoded data by changing said
fixed quantization scale in response to an operation
by a user. 14. The encoding nmethod as clained in claim
13, wherein: when said true predicted code quantity
is smaller than a certain value, said target code
guantity setting step sets-said true predicted code
quantitytko Fhpdentediry nfdedquancileymed s ¢lpim 10,
generate said encoded data wth a VBR, when said true
pb§reied code quantity is larger than said certain
val ue, said target code quantity setting step sets a
code quaiftid f%%rfﬁééﬁéﬁdkngstbos]é'i?(ﬁ- certain value to
said target code quantity so as to _generate said
encoded at aThFt APGOEBR it oshicd cérinpd alwleain 8,
associated wwth switching of encoding control between
sgﬁar@%ﬁ:and said CBR is changed in such a manner as
to be interlocked with cgﬁngin of 94 said fixed-
quant i zat1%h 568 EXUE5PTIRECEHE S Iy FerhdHY ass cFa e

in,.claim114, .wherein: . . .
than a ceértain valiue, said target code quantity setting

step séts said true predicted code qguantity to said
target code gquantity so as to generate said encoded data
with a VBR, and

when said true predicted code quantity is larger
than said certain value, said target code quantity
setting step sets a code quantity corresponding to said
certain value to said target code quantity so as to
generate said encoded data with a CBR.

13. The encbding method as claimed in claim 8,
wherein:

said encoding step encodes said input image data of
at least a picture at a start of a sequence of each
picture type by a fixed quantization scale set in
advance;' |

with a ratio between a feature qﬁantity, indicating
‘a degree of difficulty of encoding, which is detected in

the picture at the start of said sequence and the feature
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a recordable tinme of said recording nmedi umon which
sai d encoded data is recorded is changed by changi ng
said certain value and said quantization scale. 16.
The encoding nethod as clainmed in claim1, further
conprising the step of setting a target code quantity
of an encodi ng process on the basis of said true

predi cted code quantity, wherein said encodi ng step
encodes said input inmage data by setting a

guanti zati on scale such that the actual generated
code quantity of said encoded data becones said

t afgRtt Eodclafieatert yn sapdctworyg o beakoubdeed soie
quantity predictin step al so obtains said roughly
caF%%?%gng%ﬁQﬂﬁa@PgdC@é@equ%ﬂﬁﬁﬁﬂtﬂn§§iﬁ§ﬁh9th€¢p
picture types when a picture to be encoded is encoded
asCtherbttfer sfitc drpagnypesalatiatad paedddseduards t y
predicting step also obtains true predicted code
QUARRTTHEE FroriRe PAERKFS B eureacsiges Ofr anbasis of the
rou%hl cal cul ated predi cted code quantities for said
e e B e R PGS PR TR AR R
seé%ig ‘iigf aILgﬁ?.and al | ocat abl e code quantity on

t OB S $3id £HERd oiprediatiion s6aéequaniity for
the correspgndin i ctur type and the true predicted
code quaﬁ?ggiSgcéﬁéh%ﬁﬁﬁﬁiogtﬁEFnB?Etﬁ?an%ﬁﬁﬁﬁ gghgrated

Sect:édésegudanttqrt%e%fcgggdqé'lr?cnc;[c;é&/'data by changing said fixed
-quantization scale in response to an operation by a user.
14. The enceding method as claimed in claim 13,
" wherein:
when said true predicted code quantity is smaller
than a certain value, said target code guantity setting
step sets said true predicted code quantity to said
target code gquantity so as to generate said encoded data
~with a VBR;
when said true predicted code quantity is larger
than said certain value, said target code quantity
- setting step sets a code quantity corresponding to said
certain value to said target code quantity so as to
' generate said encoded data with a.CBR; and
said certain value associated with switching of
‘encoding control between said VBR and said CBR is changed

in such a manner as to be interlocked with changing of
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17. The encodi ng nmethod as clainmed in claim 16,
wherein: said allocatable code quantity is allotted on
an assunption that said true predicted code quantity
for said corresponding picture type and the true
predi cted code quantities for said other picture
types are the generated code quantity of each picture
in one GOP. 18. The encoding nethod as clainmed in
claim1, further conprising the step of setting a
target code quantity of an encoding process on the
basis of said true redicted code quantity, wherein
sa?éljlderféd‘(ﬁdn@ué‘fl@bz%g%ﬁe?%@i-d i nput i mage data by
setting quanti zation scal e such that the_ actual
gener at ed” codd SqEARCALYI e &Y Fh&dddaedain shrghed.
sai.d _target code quantity, when said true predicted
coOM T §uditity is smaller than a certain value |arger

t han saig referg e %glue f.or ,inqge uality . ]
i mpr ovennf SCET W15 g8E C6dEaHTaRtFIN I sk Merhymspgihich
sels sald true predicted code quantit id target,

code qUANTITY S$0-as™Y o GeH&Rst é5s5 8néﬁ%gﬂé3§“H§FBg said
i VB id t di ct ed d tit
Wt 8 ;Y] @atlﬁg whgn, sal ua&%ﬁ\;%faﬁg#%%@o € quantity

IS a_r ger a_n sal certal _tar get code
gg??é;;g%g?ﬁgﬂ%ggggﬁgpngQ£§U%xf%%?cq%%H%&tXn claim 1,
further comprising the step of setting a target code
quantity of an encoding process on the basis of said true
predicted code quantity,
wherein said encoding step encodes said input image
._data by setting a quantization scale such that the actual
generated code quantity of said encoded data becomes said
target code quantity,
said roughly calculated code quantity predicting
step also obtains said roughly calculated predicted code
quantities for other picture types when a picture to be
encoded is encoded as the other picture types,
sald true code gquantity predicting step also
obtains true predicted code quantities for the other
picture typés from the roughly calculated predicted code
‘quantities for said other picture tybeé, and
said target code quantity setting step allots an

allocatable code quantity on the basis of said true
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certain value to said target code quantity so as to
generate said encoded data wwth a CBR, and when said
true predicted code quantity is smaller than said
reference value for picture quality inprovenent, said
target code quantity setting step sets said true

predi cted code quantity to said target code quantity

i ncreased by a coefficient, wherein said coefficient
increases as said true predicted code quantity is
decreased. 19. The encoding nethod as clainmed in claim
18, wherein: said target code quantity setting step

| iFFAE Y PRER ISR R A Ebef FPEFemRonting vecturn
v%!ue. 20. ﬁn encodi ng device in which a picture type

i SYRGGREN TSI FYue Rr 9 Ficct GPee Brankpuies fagesdada,
saitgjr inpu% i mage data i s encoded while predicting a
gener st & Eo8e R id0 SetEashlPi BRI, NG enapEbEY-
data is enerated, said encodjng device conprisin
roughl y %glcﬁ%ﬁt88c8§ﬂ%gdﬁ§§FF¥f%pFéSFEF?anﬁ%%ﬁg‘ for
pgﬁgj%.gng a roughly cal cul ated code quantity of said
encoded data generated fromsaid i nput inmage data; 97

t d tit dicti f I '
true predh o enieshs T anEres i Lok oot AYLGaFaR oF an
r%%%%h%Fé%ﬁ'EH£@1§§£4”9¥§eC%%Qd989§dC%%Hg'&ﬁ%nQth for

correc

said corresponding picture type and the true predicted

code quantities for said other picture types are the

generated code quantity of each picture in one GOP.
18. The encoding method as claimed in claim 1,

- further comprising the step of setting a target code

guantity of an encoding process on the basis of said true
predicted code quantity,

wherein said encoding step encodes said input image
data by'setting a quantization scale such that the actual
generated code quéntity of saild encoded data becomes said
target codelquantity,

when said true predicted code quahtity is smaller
than a certain value larger than said reference value for
imaée quality improvement,'said target code quantity

setting step sets said true predicted code quantity to

- sald target code quantity so as to generate said encoded

data with a VBR,
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coefficient corresponding to said picture type;
encodi ng neans for encoding said input inage data on
a basis of said true predicted code quantity; and
coefficient setting means for setting said correction
coefficient of the corresponding picture type wth
detecting an actual generated code quantity of said
encoded data. 21. The encodi ng device as clained in
claim 20, wherein: said input inmage data is input
fromintegrally retained inmage pickup nmeans. 22. An
encodi ng process program executed by arithnetic
processi Wg§eheadsd tole pagdéntedl Fydseruamigta ipi tauger
type to pictures of input inmage data, encoding said
i NPRAT i TGl CGALaIMNY 9 edfiict itagaat geree arwshtddde
quantity of each picture, and generating encoded data,
saf T erftb dithy PREE e SOt FHEIMteSFpEPSTATPe L NSt digs sefid
predictin roughl y, cal cul ated code quantity of said
en‘&%’ffeadmd%tajxuﬁeﬁgr%ije% 35Rts &odei APARtiage dat &°
cal culating a true predjcted code quantity by
'co??réecliﬁtr?gggéfide’ﬁﬁ?fgﬁ VA SR édgﬁﬁed‘"f“&%/ed code 98
. quantity E¥ a cqingction coefficient corresponding to
sai d pi cPOrR I3t S &c BIRPAYCEST dCPFH ARG dat sohler

baéﬂgﬁcgafSif%ference value for picture quality improvement,
said target code quantity setting step sets said true
predicted code quantity to said target code quantity
increased by a coefficient, wherein said coefficient
increases as said true predicted code quantity is
decreased.

19. The encoding method as claimed in claim 18, -
wherein:

said target code quantity setting step limits an
increase in said coefficient to a certain value.

20. An encoding device in which a picture type is
sequentially set to pictures of input image data, said
input image data is encoded while predicting a generated
code quantity of each picture, and encoded data is
generated, said encoding device comprising:

roughly calculated code quantity predicting means
for predicting a roughly calculated code quantity of said

_encoded data generated from said input image data;
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true predicted code quantity; and setting said
correction coefficient of the corresponding picture
type with detecting an actual generated code quantity
of said encoded data. 23. A recording nmedi umon which
an encodi ng process program executed by arithnetic
processi ng neans, for sequentially setting a picture
type to pictures of input inage data, encoding said

i nput i mage data while predicting a generated code
quantity of each picture, and generating encoded data
is recorded;. said encoding process program

conpri si g eedst apsnbity ppeatiicttiing acrpsghdy calculating
cal cul ated code quantity of said encoded data
générireBredophshicpdenguant hgebyaterrectahgubaiingoaghly
true predicted code quantity by correcting said

r GagRiyaEaf cRirefistepr 6gHet adavbiley yuantcioryebyian
correction coefficient corresponding to said picture

t yPELILAREBUF EPERSPOTAPDE FhugeldRictoreathrsis of

said true predicted code quantity; and setting said
corr ect i GFEGSLr PERBAL FOF $rdiger pedpohmply Whagudata

type m%th.det cti.ng an actual 99 generated code :
qUanfi P9 bF BhisfiEnlsHedrPgaticteq gfpde quantity; and

coefficient setting means for setting said

correction coefficient of the corresponding picture type
. with detecting an actual generated code quantity of said
encoded data.

21. The encoding device as claimed in claim‘20,
wherein:

said input image data is input from integrally
retained image pickup means.

22. An encoding process program executed by
arithmetic processing means, for sequentially setting a
picture type to pictures of input image data, encoding
said input image data while predibting a generated code
quantity of each picture, and generating encoded data,
.said encoding process program comprising the steps of:

predicting a roughly calculated code guantity of
said endoded data generated from said input image data;

calculating a true predicted code quantity by

correcting said roughly calculated predicted code
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- quantity by a correction coefficient corresponding to
said picture type;

encoding said input image data on a basis of said
true predicted code quantity; and

setting said correction coefficient of the
corresponding picture type with detecting an actual
generated code guantity of said encoded data.

23. A recording medium on which an encoding
process program executed by arithmetic processing means,
for sequentially setting a picture type to pictures of
input image data, encoding said input image data while
predicting a generated code quantity of each picture, and
generating encoded data is recorded, said encoding
process program comprising the steps of:

predicting a roughly calculated code quantity of
‘said encoded data generated from said input image data;

calculating a true predicted code guantity by
.correcting said roughly calculated predicted code
- quantity by a correction coefficient corresponding to
said picture type;

encoding said input image data on a basis of.said
true predicted code quantity; and

setting said correction coefficient of the

corresponding picture type with detecting an actual

99




generated code quantity of said encoded data.
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