DESCRIPTION ENCODING METHOD, ENCODING DEVICE,
ENCODING PROCESS PROGRAM, AND RECORDING MEDIUM ON
WHICH ENCODING PROCESS PROGRAM IS RECORDED Background
of Invention 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 ddta “With & EBtrection coefficient and sets
the correction coefficient of a corresponding picture type on the basis of
an actual generated code quantity. The present invention makes it

PessiisRAlesaiR AN aRRepHAte erde gHantiydgeash piglHiswhen a

recording time is to be guaranteed by a one-pass system, and when there
arerparypredictioranodesN@cepmdinglyot Backgrownd Apt NG PROCESS
Conventionally, VBR (Variable Bit Rate) encoding control and CBR
(CoHstEALBit Rdie}€REbling control are

Background of Inventicn
Technical Fileld

The present inventicn relates te 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 videc 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
coefficient and sets the correcticon ceefficient of a.
corresponding picture type con the basis of an actual-
generated code quantity. The present invention makes it
possible to allocate anAappropriate code quantity to each
picture when a recording time is to be guaranteed by a
one-pass system, and when there are many prediction modes,

accordingly.



widely known in motion-compensated predictive coding. The VBR
encoding control is a method of encoding a moving image by a fixed
guantization scale set in advance. On the other hand, the CBR encoding
control is a method of performing encoding control while changing the
guantization scale so that a generated code quantity becomes a
predetermined target value. 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 are recorded onto a recording medium. Therefore, in
recording moving images or thé& k8= 818Coftfity time is guaranteed

mainly by e GHR. ecgeding coniolflowey, tis CBR snoding caniol

may encode a picture, which can be coded easily, with an unnecessari
highrpietre gualitsrandsisitbusstillpractically; uasatisfastorydn tarms ke
encoding efficiency. Japanese Patent Laid-open No. 2001-28753, for
example; propeses a mydgthod-forimprovaig:encodidgetfficiencydyng. The
performing an encoding process with switching between the VBR
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cantral, there are 3 sq-called, tworpass system inwhich a teniative
encoc?lng &OCGSS IS 4 s€
the other hand, the CBR encoding contrcl is a method of
paerforming encoding control while changing the
gquantizaticn scale so that a generated code guantity
becomes a predetermined target value.

The VBR encoding control changes the generated code
quantity in varicus manners according to an cbject being
processed, and therefore cannot guarantee a recordable
time when moving imagés are recorded onto a recording
medium. Therefore, 1n recording moving images or the like,
a recording time 1s 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 guality, and is thus still practically
unsatisfactory in terms of encoding efficiency. Japanese
Patent Laid-open No. 2001-28753, for'éxample, proposes a

method 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
measured, and a quantization scale is varied according to a result of the
measurement and an actual encoding process is performed, and a
so-called one-pass system in which a quantization scale is varied 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
system, 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

afproptiate 2Ble tGantty 16 Big e Hd éncoding moving pictures
with high picture guality. Spec Eg@élyt%hnetggg-pagﬁes%gt%rgevagiessotbga 1ded
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quantization scale by feedback control according to the generated code
quantity=and sandhys adjusta-eompression {atio opl-aferone piCtLe iss
encoded. Thus, itis difficult to vary the quantization scale so as to follow
clrenges-inegichure gualite well iso thatallooation 0f @arcappropriate coted
quantity is not 3 necessarily performed when the code quantity of each
picfifte iS'ehReRal. X ntASH Proposed té seNethisZsroblémidatbetsis

varied according to a result of the measurement and an
actual encoding process is perfcocrmed, and a so-called
cne-pass system in which a quantization scale is varied

in real time while a generated code guantity is predicted.
The ohe~pass system requires an amount of operation that
is about 1/2 of that of the two-pass system, 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
quantity to each picture and encoding moving pictures
with high picture guality.

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

allocation of an appropriate code quantity is not



feature quantity indicating a degree of difficulty of an encoding process,
such for example as a high-frequency component, for each picture, and
controls the quantization scale by feedforward control with a result of the
detection as a basis.. This method can generally allocate an appropriate
code quantity to each picture in an encoding process of MPEG-2, for
neggample: Howé\ist: er6ding fisthods bt this§e inélvde tiiethodslin each

pi@/@maquggggg‘p@qiction mode is selected from many prediction
modes and an encoding process is performed, such as H.264/AVC

(AdvancedMdeo Codng) andd MPEGs(Moving:-Ricture Expeets Glreupyds a
In_such encoding methods, a correlation between the feature quantity and
Fefhe GenerAtét %gc%efe dﬁléjg]ti’fﬁ?ajlcs*éﬁaniﬁca%ﬁ? féducéd. Tﬁhéf‘ J"ec\/ﬂé tv}fithot%e an
enmedheds, ibiscdifficst toallocateran approgsiate cede quantityin-aRequency

encodin%process in which there are such a large number of prediction

COFfOUER! Discldsureé i thvention  Efbotirieftsof fite preteft ifvéntiorr at ion
schrovide,an enpeding method,-an.4 epcoding device, an gncoging,process .,

program, and a recording medium on which the encoding process
asprogramds recordedithas makeltpdssiblento allecatesdn dppropliate tcodean

apBYRLy 10 each,picturg eyen when a recording ime IS, i, an encoding
process of MPEG-Z, for example.

However, encoding metheds of this type include
metheds in which an optimum prediction mode 1s selected
from many prediction modes and an encoding process 1s
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 guantity and the
generated code guantity i1s significantiyv reduced. Thus,
even with the methods, it is difficult to allocate an
appropriate code guantity in an encoding process in which

there are such a large number of prediction modes.

Disclosure of Invention
Embodiments o¢f the present invention provide an

encoding method, an



to be guaranteed by the one-pass system, and even when there are

many prediction modes. According to a first aspect of the present

invention, there is provided an encoding method in which a picture type is

sequentially set to pictures of input image data, the input image data is

encoded while predicting a generated code quantity of each picture, and
eNeRcoaed daf 1§ §enerated, theefedding Methéd tombfisittfe stépgsof: &

re Predicting 3 roughly calculated-code quantity of the encoded data, gram 15

generated from the input image data; calculating a true predicted code
reqoandtty bytcorrectifig thé raughiy/ sdleulated predictetecode qaBRttyrbyiate

orrection ¢ effigient conhre%po dir%% to the piq;yre type; enco&iin the .
i g . ; 1 T LY
Coﬁrlepu%}‘rﬁgﬁé%obéta ona basi ]c“)?ntchue frue predicted code aﬁgrrltlty?%n e e
tosetting the correction peefficient ef-thercorresponding picturel type with when
detecting an actual generated quantity of the encoded data. According to

thgchha d¥pett B e preseht idition, there is provided an encoding

method in-which aqpicture type is sequentially. set to pictures of inpubsent
~ image data, the input image data is encoded while predicting a generated
Ing6He iqliantity 6F ackepiBtine 1akid eddodedhitalis g@ferated, Hthevnich a

piggg%gngy'@hggCQQHHEN%&QEﬁ?egg@ﬁ&Heg@g@Qf%5 of input image
data, the input image data 1is encoded while predicting a
generated code guantity of each pilcture, and encoded data
1s generated, the encoding method comprising the steps of:
predicting a roughly calculated code guantity of the
encoded data generated from  the input image data;
calculating a true predicted code guantity by correcting
the roughly calculated predicted code quantity by a
correction ceoefficient 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 gquantity of the enceded data.

hocording  to a  second aspect  of  the pr
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sent
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invention, there 1s provided an encoding method 1n which a

picture type 1is



roughly calculated code quantity of the encoded data generated from the

input image data; calculating a true predicted code quantity by correcting

the roughly calculated 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
segpeffitieht bY tHE tofresperding picttife type WithtdetétinG AR actia ~"Put
imggRerated.code quantity; of;sajd encoded data. -Then, even when there e

are a large number of prediction modes, and the generated code quantity
quearnctibe predieted apdurately by ahé rcughiylealculated predicted:eods e,

. quantity, the gener teﬁcode quantity can be predicted with a practi alll){
g len AN By the rUE etiled Eide GUARtly Sotained by a9

rocaiection-eaefticientdrhuse iy usingathei true predictedscoderquatidily data
havin% suchFa high accuracy, g is possible to allocate an appropriate code
IegGaititGto EACH picltite vt Wwher'd ¥ecofding tim& s fo'bé yuafanfeed ¢

prly the ene-passisystem; and:even when therg-ate-many predietion Bougnly
modes. Further, according to an embodiment of the present invention, the
cadfEodiitg StepRFRRDHES Hhe inpGtifhagé Bate- of at le&st a picturé af AStart O

co%%%%gg%%Qc%Bg§%g%ondimg to the picture type; encoding the

input dmage data on a basis of the ftrue predicted code
gquantity; and setting the correction coefficient of the
corresponding pilciure type with detecting an actual
generated code gquantity of said encoded data. Then, even
when there are a large number of prediction modes, and the
generated code guantity cannot be predicted accurately by
the roughly calculated predicted code gquantity, the
generated code guantity can be predicted with a practically
sufficient accuracy by the truse predicted code guantity
obtained by the correction ccefficient. Thus, by using the
true predicted code guantity having such a high accuracy,
it is possible to allocate an appropriate code guantity to
each picture even when a recording time 1s Lo be guaranteed
by the one-pass system, and even when there are many

prediction



picture type by a fixed quantization scale set in advance; with a ratio
be-weer, a feature quantity, indicating a degree of difficulty of encoding,
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
calculated code quantity predicting step calculates the roughly calculated
mogfedicted code quantity of the picture to be encoded on a basis of the

actual generfed code. quantity of.the encoded data ohtained by the fixed . -

guantization scale; and the encoding method changes an average
ingengrated codexquantity of:ithe €nepdedhdatasly changingthe fixedoe data
. =quantization scale in response o an operation by a user. On the basis of

thé above 8mbddifant of the presént “invention hat can detect the true
oipregicted gpde guantity ihaving;sueh a-high aecuraey.he encading step.ce;

‘encodes the input image data of at least a picture at a start of a ,
Wissquénce Bf ebch picttifetypepy S%ked fuarftization Séale setirating &

deadvancerand with-a fatio betwegp afeature quantity, ingdicatinga :n the
egree of difficulty of encoding, which is detected in the picture at the
pistarisf thetse§lience apd the féaturd guantifrdeteetedhinca pictare feedeure

qugfigaded. the touahy caloulated code guantity predicting. step cgloulalegy
the rouéhly calculated predicted code

caiculated code gquantity predicting step calculates the
roughly calculated predicted code gquantity of the picturs
to be encoded on a bhasis of the actual generated code
quantity of the encoded data obtained by the fixed
guantizaticn scale; and the encocding method changes an
average generated code guantity of the encoded data by
changing the fixed guantization scale in response To an
operation by a user.

On the kasis of the above embodiment of the present
invention that can detect the true predicted code guantity
having such a high accuracy, the encoding step enccdes the
input image data of at least a picture at a start of a
sequence of each picture type by & fixed guantization scale

set in advance; and with a ratio between a feature



guantity 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

guantization scale as a reference, the generated code quantity of each

picture is predicted, and the encoding process is performed. Thus, the
Jufigéd GliantizBfr 3eakfcan beaWBEss fof sefting-the- gekerated ebgeding,

wnQugntity of the.encoded data. -the epcoding method. can easily setthe (o

average rate of the generated code quantity by changing the average
segeneratehoodet uahtty/ofthe encoded datadhyeclianging the fixedture to

quantization scale in response to. an pperation by a user. Still further, . .
DGR 1o an bR G 3T 1hG  Wacent VAN Tie Snkoding 49

stmethaet:ineludesdthe steps ofcsefting a targetcodeguantity-efianed code
encoding process on the basis of the true predicted code quantity; and

qUEGrrédting the tri€ pretictedtode qlidntify WhETén e Encotifg’stég 7€

acencodesdtheinput 8 image data,on the basis of the true predigted cadeained
quantity by setting a quantization scale such that the actual generated

byCdd@quaéﬂw oftheréncotiet daté %@é@m_es tHe target ‘éaqéa@amﬁ}},eémed
cothe C&J%%C%'P@f‘%%gﬁrﬁ&k? E@df true pradicted gode quantity 10@.. 1o 45 &

generated code quantity predicted when the quantization scale is set to a
redertance, the generated code guantity 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 guantity of the encoded data. The enccding
method can easily set the average rate of the generated
code qguantity by changing the average generated cods
guantity of the encoded data by changing the fixed
guantlzation scale in response to an operation by a user.
Stiil further, according to an embodiment of the
present invention, the encoding method includes the steps
of: setting a target code quantity of an enceding process
on the basis of the true predicted code guantity; and
correcting the true predicted code guantity; wherelin the

encoding step encodes the input



reference quantization scale. On the basis of the above embodiment of

the present invention, that can detect the true predicted code quantity

having such a high accuracy, the encoding method includes the steps of:

setting a target code quantity of an encoding process on the basis of the

true predicted code quantity; and correcting the true predicted code
Inggantiy-wharein the ehtotliny stepentddes ettt fiflage datlon #e =Y

by 028is: of the true predigted code,quantity by setting a gyantization scale,,;

such that the actual generated code quantity of the encoded data
gebecormes thectdegeticede iquantity, antethescorrectihg Stepecorrectstthe  the
cafiye-predioted code Quantly 19 a generated cole guantiy, precided when,
five quan%zatlgn SCale i€ sef'to a certain reférence quantization scale.
t r Thus; evenswhen thedarget scode-guantity-s set:fromthe true predicted: ity
code Quantity for a CSR, for example, and the 9 encoding process is '
PTBerforied, the generated édde qaantty Cdrfbé predictéd basedonthet+n

r=€ReQding process with the certain reference quantization scale. it is
thereby possible to further improve the accuracy of prediction of the

generatéd c68é quantty, afd Becordlirtly afdtHe Hieappfopriaie cedessnt
inggﬁ@¥¥ﬁge@ﬁgyk%ggeggdiyg@%%a%%wgc¥redicted code quantity
having such a high accuracy, the encoding method includes
the steps of: setting 2z target code guantity of an encoding
process on the basis of the true predicted code guantity)
and correcting the true predicted code guantity; wherein
the encoding step encodes the input lmage data on the basis
of  the true predicted code gquantity by  setting &
gquantization scale such that the actual gsnerated code
gquantity of the encoded data becomes the target code
guantity, and the correcting step corrects the true
predicted code quantity to a generated code guantity
predicted when the guantizaticn scale is set to a certain
reference quantization scale. Thus, even when the target
code guantity is set from the true predicted code guantity

for a CBR, for example, and the



Further, according to an embodiment of the present invention, 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 quantization scale set in

advance; with a ratio between a feature quantity, indicating a degree of

difficulty of encoding, which is detected in the picture at the start of the
enggghafce and fie feafur® Squaraty detectéd iATRE Pictafe toBEentoted- Y

cafhegoughly, calculated code quantity predigtingsstep caleylates thes en  the

roughly calculated predicted code quantity of the picture to be encoded
cephal basis of theeackial generated code quarntity of the enicodéd datdereby

obtained by the fixed quantization scale; and the encoding megod :
Do ChahgEs 4 averagi gentrated Gods fuantly bTThe encodsd data by"

t hehanging-the-fixed giantizationscale inrespansetaianqopgeratiorhyas  an
user. On the basis of the above embodiment of the 10 present invention

ARG détect TS trU& BrEdictéd E6de 2Gaantily Having suéh ahigh “oher

2 c86euracy, 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
quantizationtécaie sétiAdtVante; andewitParatc betiieen! a featupgresent

1 nguanyty ndicating a, degree of difficulty. of ;encoding. whigh quantity is. ..
detected in the picture at the

of at least a picture at a start of a sequence of each
picture type by a fixed quantization scale set 1in advance;
with a ratio between a feature guantity, indicating a
degree of difficulty of encoding, which 1s detected in the
plcture at the start of the seguence and the feature
quantity detected in the picture to be encoded, the roughly
calculated code quantity predicting step calculates the
roughly caiculated praedicted code gquantity of the picture
to he encoded on a basis ¢f the actual generated code
guantity of the encoded data obtained by the fixed
guantirzation scale; and the encoding method changes an
average generated code quantity of the encoded data by
changing the fixed quantization scale 1in response Lo an
operation by a user.

On the basis of the above embodiment of the

10



sequence start and a feature quantity 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

P T e6d8 quantity obtamed by the fikedGuidrtizatior® séaleasarferenes, thede

quggnerated code guantity of gach, fwtug% is predicted, and the encoding s

" process is performed. Thus, the fixed quantization scale can be a basis
enfordstting the gepetatetreade glrantitycof thet edeoded datap Theure at a
en%oding method can easily ggt tré% gverage J’E%teeof tree r%aneratedacoc%e ced
aﬁantiﬁ/ by %haﬁﬁfﬁ%etﬂgeavefage genera?ecf codé quaﬁtlty of the éncadeé
qudata with i ehanging thestixed guantization ;scalednwesponsertotan: between
operation by a user. 11 Moreover, according to an embodiment of the ]
2 pres&htt fnvantidh: He encdding methodanclitESihe Stbp 6f dduifgay ©F
enltatgetcode.quantity,gf.an encading;process on the basis ofthe fiiieac  the
predicted code quantity, wherein the encoding step encodes the input
sefimage dats byBetting d quantizationr Scalésuehithat tHeeactiabgenerated e
p1 0 Quantiy ot Ine. sliegrlegdeta.peopimes (¢ Larget cade gUaniathes vy
rougﬁy calculated code quantity predicting step also obtains.
predicting step calculates the roughly calculated predicted

st

code guantity of the picture to be encoded on a basis of
the actual generated code guantity of the encoded data
obtained by the fixed guantization scale. Then, with the
generated code quantity obtained by the fixed guantization
scale as a reference, the generated code guantity of each
picturse 1s predicted, and the encoding process is
performed. Thus, the fixed guantization scale can be a
basls for setting the generated code guantity of the
encoded data. The encoding method can easily set  the
average rate of the gesnerated code guantity by changing the
average generated code guantity of the encoded data with
changing the fixed guantization scale 1n response to an

operation by a user.
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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 quantities
for the other picture types from the roughly calculated predicted code
guantities, and the target code quantity setting step allots an allocatable
codécqgantity on BTEPASISHY the® trie: prétiie st - esde-quantity J6r thgesent
:ngauesaandiog picluee, e and the.fue predigted cade quanfiies farthe, o
other picture types, and sets the target code quantity. On the basis of the
a above:embodimentaof thé presentrinventionithat carrdetett the triee basis
cPpredicted code quantity having such a high accuracy, the encodin
°% method iActdEs T2 e § ep Of Settifg & target code quantity of an
stepcedingaprocess onrthe basis=efdhe rue predicted-code guantity-izaticn
wherein the encoding step encodes the input image data by setting a

SCRUSNtZation 56alk shef tt thé Actial§éfiérated® code quantity of tieh =
eneneededdata hecomes-thetargetcode quantitytheroughly caleulated,r . v
code quantity predicting step also obtains roughly calculated predicted
cagode squhtitiesd6r otheppiciure. typesailien-a pictirestdp be eheodedis ins.

~-encaded as the other pic pes, the co antity predicting step
Ogl%%%gbtai%sft?ﬁleggr}eedﬁte%lg%(%g qﬁéntit%%i8 for t%‘gel%%elrbp}i/g%re f)g)pd"es fé%%er
pitheure types when a picture to be encoded 1s encoded as

gncoding

the other picture types, the true code guantity predicting
step alsoc obtains true predicted code quantities £Lor the
other picture types from the roughly calculated predicted
code guantities, and the target code quantity setting step
alliots an allocatable code gquantity on the Dasis of the
.true predicted code guantity for the corresponding plcture
type and the true predicted code guantities for the other
victure types, and sets the fargst code gquantity.

On the basis of the above embodiment of the present
invention that can detect the itrue predicted code guantity

having such & high accuracy, the encoeding method includes

12



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 quantity for the corresponding picture type and the true
predicted code quantities for the other picture types, and sets the target
code quantity. Then, even when a degree of difficulty of encoding in
thpicrired isfradaaliyieanying? the codeHuaniity s bevallocatdd t¢eaer 1o

prgﬁ;@%@ can be, setin response tq this change, It is thergby. passible 10 5+,

ocate a more appropriate code quantity to each picture. Further
whaceandingtte anrembadiment ebtherpresent inventiorptite emeotiingiata Dy
method further 13.includes the step of setting a farget code quantity of an _ |
Se%hé&&%nﬁ process o the basis ot the e predicted code” gLiantity.
cowhergin the encaging:step encoedesithedpputiimagesdatarby sefting:a code
quantization scale such that the actual generated code quantity of the
QUgRcadett datdbedhes e targetcadé quaritity, whh'the trie prédicted "9

s-€ode quantity ig.smaller than,agertain value Jargerthan areferense  code
value for the image quality improvement, the target code quantity setting
gusteplisets thefirde prédicted icodewiantity fosthetergetcode ghantiy 6 e

SRR I EOtR? M ML AN e e
code quantity predicting step also cobtains true predicted
code guantities for the other picture types from the
roughly calculated predicted code guantities, and the
target code gquantity setting step allots an allocatable
code guantity on the basis of the true predicted code
gquantity for the corresponding pilcture type and the true
predicted code quantities for the other picture types, and
sets the target code gquantity. Then, even when a degree of
difficulty of encoding in pictures is gradually changing,
the code guantity toe be allocated to each picture can be
set in response to this change. It is thereby possible to
allocate a more appropriate code gquantity to each picture.
Further according to an embodiment of the present

invention, the encoding methoed further

13



setting step sets a code quantity corresponding to the certain value to the
target code quantity so as to generate the encoded 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 the target code quantity increased by a

ingeaffigient WhetémP thefcofficidmtdincredsesids thetflfe preditied ode 2m
engea@%% is decreased; On.the basis of the-above empodiment o the g code

present invention that can detect the true predicted code 14 quantity
guhavingsuchine highnaccuracy) the! éncodingimethoddfestheh includasithemaye

aa BP0 seiling 3 aret cade AN, of an engoding process 00 408513, 121
of the true pre%ilc ed code quantity, wherein the encoding step sets a

gefuantizadion-seale such thiat thecactuah generated<codelgquantity ofthe:  the
encoded data becomes the target code quantity, and encodes the input
aifade GR6S wHEThe Hue ‘Brédicted code quantity is-Smallértian A a1 +Y
i sCerin value Jarger than areferenceavalde fopimage quality o reference
improvement, the target code quantity setting step sets the target code
vagantifycso asifo gemerate theeacoded data Wit aVER By sétiing the code

quilye predicted. Gode quantity as the.target code uantity, whenthe fiue, - ; -
predicted code

to the targest code quantity so as to generate the encoded
data with a VBR, when the true predicted code gquantity 1is
larger than the certain value, the target code guantity
setting step sets a code quantity corresponding to the
certaln wvalue to the target code guantity so as to generate
the encocded data with a CBR, and when the true predicted
code guanztity is smaller than the reference value for
picture guality improvement, the target code guantity
setting step sets the true predicted code guantity to the
target code guantity increased by a coefficient, wherein
the coefficlent increases as the true predicted code
gquantity 1s decreased.

On the basis of the above embodiment of the present

invention that can detect the True predicted code

14



quantity is larger than the certain value, the target code quantity setting

step sets the target code quantity so as to generate the encoded data

with a CBR by setting a code quantity corresponding to the certain value

as the target code quantity, and when the true predicted code quantity is

smaller than the reference value for picture quality improvement, the
quidrget odegiantity 86fing stépYincreases #e rud Predidied toge method

£, QuUANtty hy a coefficient thatincreases.as;the true predigted code guantity: .,

is decreased, and sets the true predicted code 15 quantity as the target
of corte qerantityl Themitisspossible to eneode, bylincréasingthe codedicted
uantity, an image that is easy to encode and results in a small generated
COggde c%/ﬁlaarrﬁlttf?.“ égra&qﬁ?o%eilﬁﬁmagtérhc?ualit?%?%ﬁéﬁ%n irﬁga]l%geep tends to be °
qukelatively noticeablel d hesimage guality can: therebyde improved:Edrthende
according to an embodiment of the present invention, there is provided an

QUghdoding device MfwhithE Ficturé'fe is<eqtdhifially-Sét to pidtdres of °2°

quiput ipage, data, the dnput image data-is epeededwhile predictingige  true
generated code quantity of each picture, and encoded data is generated,
prfélencotingcdevicaindluding: rotightyicaléitated édde quartity prédiclingte

1aJgaps fop pledicting a euahly.caleu ateghcade ayaptity ofigencogedy s oy
improvement, the target code guantity setting step sets the
target code guantity so as to generate the encoded data
with & VBR by setting the true predicted code guantity as
the target code quantity, when the true predicted code
quantity 1is larger than the certain value, the target code
guantity setting step sets the target code guantity 80 as
to generate the encoded data with a CBR by setting a code
quantity corresponding to the certain value as thes target
code quantity, and when the true predicted code gquantity 1s
smaller than the reference wvalue for picturse qualilty
improvement, the target code gquantity setting step
increases the true predicted code quantity by a coefficient
that increases as the true predicted code quantity 1is

decreased, and sets the true predicted code
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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 to the picture type; encoding means for encoding the input
image data on a basis of the true predicted code quantity; and coefficient
qugeftihmedns for settiitf the ésitectionr eoéfficient 6fthe correspoRing.~L1e
coPighice dme wilh deledling;an aclyal generated code quandly of g cnar
encoded data. 16 According to above embodiments of the present
isingerttion it is possibie terprovide ahtencodingadevice. Whichrmakegs:it code
ossible to allocate an appropriate,code quantity to each picture even.
Reh o fecorling B 16 8 bk gudriPiGed By the One-pass syster: and =2
+a@ven whemthere: lareimany pregictioremodes. Stilldurthergaccording i@ can
~above embodiments of the present invention, there is provided an
ChEREGInG Sprdtess Program executed by arithmetic processing means, for
sequentiallysetting a picture;type o, pigtures,of. inpitimage datge present
encoding the input image data while predicting a generated code quantity
ingkeadivpicturecand ‘generatifigiéncotied Yata the eneetingsprégessnich a

= s program, r}%u dllgg ggseqﬁteerg)é fgl Eﬁ?décé@gt% r%’?@@u%%'&“'@?% nput 1image

data, the input image data 1s encoded while predicting a

qu

generated code guantity of each picture, and encoded data
is generated, the encoding device including: reugnly
calculated code quantity predicting means for predicting a
roughly calculated code guantity of the encoded data
generated from the input image data; true code guantity
predicting means for calculating a frue predicted code
guantity by correcting the roughly calculated predicted
code guantity by a correction coefficient corresponding to
the pilcture type; encoding means for encoding the input
image data on a basis of the true predicted code guantity;
and coefficient setting means Ifor setting the correchtion
coefficient of the corresponding picture type with
detecting an actual generated code gquantity of the encoded

data.
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code quantity of the encoded data generated from the input image data;
calculating a true predicted code quantity by correcting the roughly
calculated 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
coefliieht of Me cotfespahithinG pictBfé Bpefitt: deteeing an Sctualr €5ent

ingenerated code quantity, ofthe encoded, data; Accarding.t0.8ROUE,  sevice

embodiments of the present 17 invention, it is possible to provide an
whenbodirg<process prograr that aftocatescars appropriatecesd® guantity toode

quEdeh %Ct%e %‘éecrh""%%% atecording time is to be quar (?8&%‘?9 by;the ;. o
one-pass system, and even when there are many prediction modes. Yéet

befugther,:accesding to abevewmbeodiments,afithe, presentdneentionsthereere
is provided a recording medium on which an encoding process program

AT ExBEIEdPBY atthmétic JtoE&ssing means, for sequentially setting a

picture type 1to picturesof inpytinage data,.encoding dhedpputimage:s  of
data while predicting a generated code quantity of each picture, and |
thgenérafifig ehcodad efata & recofdedy the ‘ehcoBifigprotess programcoding

pri0gluding Ihe steps of predicting 3 roughly galculated gode.quantity ofdhe
encoded data

for sequentially setting a picture type to pictures of
input image data, enceding the input image data while
predicting a genarated code gquantity of each plcture, and
generating encoded data, the encoding process program
including the steps of: predicting a roughly calculated
code guantity of the encoded data generated from the 1lnput
image data; calculating a true predicted ccde guantity by
correcting the roughly calculated predicted code guantity
by a correction cosfficlient corresponding to the pilcture
type; encoding the input image data on a basis of the true
predicted code guantitys and setting the correcticn
coefficient of the corresponding plcture type with
detecting an actual generated code guantity of the encoded
data.

According to above embodiments of the present

17



generated from the input image data; calculating a true predicted code

quantity by correcting the roughly calculated 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
ingefdcting -an actudP géRératéd eodequantiti cithe*encoded datd. Process

prAgEording, to abgve, empodiments of the present ipyention, it-ispossible,to.,

provide a recording medium 18 on which encoding process progiam is
rirecorded:that alloeates ansapproprigte tode quantity td-eachpicturésevenby

th\évherg a recording time_is to be guaranteed by the one-pass system, and

&venwhen there aré Srﬁ:aeﬁny pre iction fiodes. x&%lrdinb 16 abové e many
erembodiments-efthe present invention, it is possible to allocate an
appropriate code quantity to each picture even when a recordig time is

to be gi&ranteed'bifthe GHe-Hass Systemn, &hd 8verrihentferearé = e

o rBany-prediction medes, Brief Description:of Rrawings FIG: s aplock., o
diagram showing the digital video camera according to an embodiment of
whindhprégentinveation. FICisa chapactenistie cafve dagram showingetic

pr%%%rsagger{!jsti%segfn@,e egggdesre 4'&911[9]!5]?/ di%’@%‘t‘%ﬂ%o a4 picture tLype
to pictures of input image data, enceding the 1nput image
data while predicting a generated code quantity of each
picture, and generating encoded data 1s recorded, the
encoding process program including the steps of: predicting
a roughly calculated code qguantity of the encoded data
generated from the input 1image data:; calculating a true
predicted code quantity Iy correcting the roughly
calculated predictad code guantity by a correction
coefficient corresponding to the pilcture type; encoding the
input image data on a basis of the true predicted code

gquantity; and setting the correctlion ceefficient of the
corresponding pilcture type with detecting an actual
generatad code guantity of the encoded data.

According  to  above embodiments o©f the present

invention, it is possible to provide a recording medium
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camera of FIG. 1. FIG. 3 is a block diagram 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 characteristic curve diagram showing a generated code quantity by

the encoder of FIG. 3. 19 FIG. 6 is a characteristic curve diagram showing
onrippiés 6f theyeretated cotlé Yiamtity ByFthgiaitodérof FIS:I MG, 7idat

a1 &charactenstic.curye diagram showing, changes ip the geneyated code,, .,
|

quantity by the encoder of FIG. 3. FIG. 8 Is a characteristic curve diagram
whshowing echrangiesdn thengenierated code guamntitytas=a result ofieswitchinga s s

between a VBR and a CBR by the encoder of FIG.dS. FIG.9isa__
SY Bharactéristic e diagram 6f asdistance i éxpiaining the SWitchirig of

an operatiof agee in the engosles of EkG03.:kI&n d is @bloek diagiamsent
~ showing a personal computer according to an embodiment 2 of the
ingfegentinvenition. SFIB° 1118 Bflowehart tepresentity theprotesss -e  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 bklock diagram showing the digital wvideo
camers according to an embodiment of the present invention.

FIG. 2 1s a characteristic curve diagram showing
characteristics of the encoder appliied to the digital wvideo
camera of FIG. 1.

FIG. 2 is a bklock diagram showing the digital wvideo
camera applied to the digital video camera of FIG. 1.

FIG. 4 is a lock diagram showling a part of a
configuraticon of an encoder of FIG. 3.

FIG. © 1is & characteristic curve dlagram showing a

generated code guantity by the encoder of ¥IG. 3.
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procedure of a central processing unit in the personal computer of FIG.
10. FIG. 12 is a flowchart representing details of a part of the process
procedure represented in the flowchart of FIG. 11. FIG. 13 is a block
diagram showing an encoder according to an embodiment 3 of the
present invention. 20 FIG. 14 is a block diagram showing a part of a
configuration of the encoder of FIG. 13. Best Mode for Carrying out the
Invention Preferred embodiments of the present invention will hereinafter
be described in detail, referring to the drawings as appropriate. (1)
Configuration of Embodiment 1 FIG. 1 is a block diagram showing a digital

video camega ageouling Lo, anembodiment of thepresent- invention: Jhe
digital video camera 1 encodes a result of picking up an image of a
desirptissubject; andgeaondstthe tesidt gnaanrecoyding mediumn 2o Fer this,
a camera unit 3 in the digital video camera 1 obtains a result of image
pidkep, &ind then outputs image data. Specifically, a driver 4 in the camera

unit 3 dri\ge%a dr]iaphra m afocug lens, and azoomdlens of an gptical
block 6 uridet control of a CaHtrSilifg tinfts c°rve diagram showing

changes in the generated code quantity by the encoder of
FIG. 3.

FIG. 8 is a characteristic curve diagram showing
Changes in the generated code gquantity as a result of
switching between a VBR and a CBR by the enceder of FIG.
3.

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

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

fIG. 11 is a flowchart representing the process
pfocedure of a central processing unit in the personal
cémputer of FIG. 10.

FIG. 12 is a flowchart representing details of a

- part of the process procedure represented in thé
flowchart of FIG. 11.
FIG. 13 1is a block diagram showing an encoder

according to an embodiment 3 of the present invention.
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The optical block 6 collects incident light under conditions of the driving by
the driver 4, and forms an optical image on an image 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 21 image pickup device 7 under control of the
controlling unit 5. A driver 9 drives the CCD solid-state image pickup
device 7 by a part of the various timing signals output from the timing
generating unit 8. The CCD solid- state image pickup device 7 operates
according to the timing signals directly input from the timing generating
unit 8 and,the tining signal input via the diives,8, The CGR splidstate
image pickup device 7 outputs a result of picking up the optical image on
therimagepickup surfacae A prepregessing ircuitsl0 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 erfdsuitad ant AhalodbYdigitaPEdnvelsioNFfotess " The

preprocessing circuit 10 outputs image data as a result of the pracess to
B CameraDERES The BARHLD0R 15 stbjack e Hiage Var 3oLt 1

hereinafter be described in detail, referring to the
drawings as appropriate.

(1} Configuration of Fmbodiment 1

FIG. 1 is a block diagram showing a digital video
camera according to an embodiment of the present
invention. The digital wvideo éamera 1 encodes a result of
picking up an image of ‘a desired subiject, 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.

Specifically, a driver 4 in the camera unit 3
drives a diaphragm, a focus lens, and a zoom lens of an
optical block 6 under control of a ¢ontrolling unit 5.
The opﬁical block 6 collects incident light under
conditions of the driving by the driver 4, and forms an
optical image on an. image pickup surface of a following
CCl {Charge Coupled Device) soiid*state image pickup
device 7. A timing generating unit 8 generates and

outputs various timing signals for the CCD scolid-state
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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 22 DSP 12 obtains various information necessary for automatic
focus control and automatic diaphragm control from the image data
output from the camera unit 3, and outputs the information to the
controlling unit 5. The AF/AE/AWB unit 13 also subjects the image data to
automatic white balance adjustment under control of the controlling unit 5,

and.hen-quipyts the resultio fhg. conpalling unitsd and thelike, 11 ing
Incidentally, in "addition to these processes, the AF/AE/AWB unit 13

petiorns. vanous precessesSieisas ReKEPECEES - acgammasgarection
process, a matrix operation process and the like necessary to process the
imbgeuyrickey kesult. Ay encodel 1afistdre eneading devise thntgerrerdtes

encoded data by encoding image data by motion compensation and an

SitHogohal trahstdtm. OAGEECSIRFE 6t tHE Tohtrbliing: urlifs, fiePerfctidet
SRS e e g A e e
Uﬂﬁﬁimg signals directly input from the timing generating
unit 8 and the timing signal input via the driver 9. The
CCD solid~state image pickup device 7 outputs a result of
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 plickup device to a
correlated double samplirg 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 resulf
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 uhit 5. 1In addition, the camera DSP 12
'.conversely decodeé encoded data in@ut from the

controlling unit 5.

Specifically, an AF/AE/AWB unit 13 in the camera
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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 memory external to the camera DSP 12. The SDRAM
controller 16 temporarily stores the image data and the 23 encoded data
associated with the series of processes of the camera DSP 12 in the
SDRAM 17. Incidentally, a program associated with the series of

rocesses of the camera DSP 12 is provided by being installed in
Varice mithe digitdl e GameraCE M fioiveleF fiistesd bY béing
grovided by such an advance _installation, the program may be provided

Y Bl towritoatied ViR H etk saet 88 tHe' teth@P B fH&likeTdr o+

ay be provided by being recorded an a recqrding medium. Incidentally,
%rlgu;% %&:O:Faql%aemegﬁ!é%u% 2 "h %Q]E)(ﬂrgal%g?sei(,(ga%%]éﬁet{ilcna%k%a 2l

; oo widel : | |
ﬁuggg%ryscamea%%ef%%agge § idgly ""88‘}&%%%%%2;;15' QAT e

ium. Encoded data enc y the encoder 14 an e are

Kecorgded.Qn the recordingymedium, 2 Alse, theengcpded datasecgrded on

the recording medium 2 is reproduced and output. Various recording
mediasuch-aganieptical diske adnaanetic-disk, amemony, card, angthene

like can be widely applied as the recording medium 2. A medium
controlling unit 5, and then outputs the result to the
controlling unit 5 and the like. Incidentalily, in
addition to these processes, the AF/AE/AWR unit 13
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 controlling
unit 5, the encoder 14 generates encoded data by encoding
the image data processed by the AF/AE/AWB unit 13, and
then outputs the encoded data to the contrelling 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 memory external to the camera DSP 12. The SDRAM

contreller 16 temporarily stores the image data and the
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interface (medium I/F) 21 under control of the controlling unit 5 records
data output from the controlling unit 5 onto the recording medium 2, and
reads the data recorded on the recording medium 2 and then outputs the
data to the controlling unit 5. An external interface (external I/F) 22 is an
24 interface for connecting an external device such for example as a
personal computer. Under control of the controlling unit 5, the external
interface 22 outputs data output from the controlling unit 5 to the external
device, and outputs data input from the external device to the controlling
unit 5. The digital video camera 1 thereby sends and receives various

dalp sueh agdmages datagncoedad data and the like fo-and fromthe ¢

external device. An LCD controller 24 drives a liquid crystal display
(LEGP) denicex?2don the hasisiod imaganata output to a bus BUS in the
controlling unit 5 under control of the controlling unit 5. The liquid crystal
display delicei d3ivekéby displays range shate-as terksulttdf itfageseries
pickup and image data as a result of decoding output to the bus BUS.

ThE SOOI tink 5 S Corftfifitg nicdns for *eomFsiiing e Bisehstidfof

”¥%§¢E¥%Q&”¥%d§H@énce in the digital videc camera 1.

However, instead of being provided by such an advance
installation, the program'may be provided by being
downloaded wvia a network such as the Interneit ar the like,
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 widely applied as such a recording medium.
Encoded data enceded by the encoder 14 and the liké
are recorded on the recording medium,Z. Also, the encoded
data recorded on the recording medium 2 is reproduced and
output. Variocus recording media such as an optical disk,
a magnetic disk, é memory card, and the like can be
widely applied as the recording medium 2. A medium
interface (medium I/Fy 21 under control of the
controlling unit 5 records data output from the
controlling unit 5 onto the ﬁecording medium 2, and reads
the data recorded on the recording.medium 2.and then
outputs the data to the controlling unit 5.

An external interface {external I/F) 22 is an
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video camera 1. By securing a work area in a random access memory
(RAM) 25 and executing a processing program 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 25 process a result of
image pickup obtained by the camera unit 3 by the camera DSP 12 and
thereby subject the result of image pickup to an encoding process, obtain
encoded data as a result of the process, and record the encoded data
onto the storage medium 2. In addition, the controlling unit 5 obtains

image.dajaasrhe esyiol mage Pickup: andidisplaysa meniforimage
by the liquid crystal display device 23. In these processes, the controlling
ustzinpértrels therdiaphragmandthiesfocuslofithe camera Lnitf3 oh¢he
basis of the information obtained from the camera DSP 12, and thereby

e IthEnBratEss of aftbfn Attt aEpRlagn cdRfdF anda tBiiiES

focus control. Further, in response to an operation by a uyser, the
eI R e A AR L S

e decades the encoded datg by the camera PR 2. oblaing image data
as a result of the process, and then displays a monitor image by the liquid
crystahdisplay-denvice 23. unit 5. The digital video camera 1
thereby sends and receives various data such as imagé
data, encoded data and the like to and from the external
device.

An LCD controller 24 drives a liguid crystal
display (LCD) device 23 on the basis of image data output
£o a bus BUS in the ceontrolling unit 5 under contrel of
the cqntrolling unit 5. The liguid 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 contrelling unit 5 is controlling means for
controlling the operation of the whole of the digital
video camera 1. By securing a work area in a random
access memory (RAM) 25 and executing a processing pfogram,
recorded in a flash memory ROM 27 by a central processing
unit (CPU) 26, the controiling unit 5 starts the
oﬁexation of the camera unit 3 and the camera DSP 12 in

response to an operation of an cperating unit 29 to
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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 26 and a standard-time
recording mode, and changes the bit rate of encoded data generated by
the encoder 14. The controlling unit 5 thus changes the recordable time
of the recording medium 2, and records results of image pickup onto the
recording medium 2 for a recording time corresponding to each operation

pedecEls o2 isaeharagtetigtic cupve fiagram-showing, characterstics,
associated with encoding control for encoded data thus recorded onto the
recording inyedinm 2atwhenizE quantitynof codergeneratéd by gquantization
by a fixed quantization scale QP INIT become greater than a certain
uppatdimie fateMa N TIRATED aSHows BRcsh- 8kisPEPabscssad thén
encoder e&4doerforms encodi .C r}trol so that the rate of the encode

JHIE Betdn ey the Ceffain® ipper imitVAIUBLTIMTT RATESTAGS Ghthid
GasEL R, enrodes 14 engpdes np é%é”&ﬁ@&;&iﬁ{a by a{;SRmethad, O%e

the other hand, when the quantity of code generated by quantization by
thedixed quaniization scade QR MNITiitage data as the result of

image pickup, and displays a monitor image by the liquid
crystal display device 23. In these processes, the
contrelling 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 image by the liguid
" 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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smaller than the certain upper limit rate LIMIT RATE, the encoder 14
encodes the input image data by a VBR method according to the fixed
guantization 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 27 guaranteeing a
recording time for which recording onto the recording medium 2 is
performed. By thus switching between the VBR method and the CBR
method, encoding efficiency is improved, and the recording time is
guaranteed. In thus encoding the input image data by the VBR method,

when the guantityof.qode gepgrated by Qyantization-Ry the ixede i«

quantization scale QP INIT is smaller than an image quality control
haunglasy ratecbB B END RAER: the: eacegertid centrolssa: generatesk
code quantity so that the code quantity of encoded data is temporarily
iroebsedlifarelativhttothélvotechaantty shainsd-by dadligetime of
uantization scale QP INIT as the code quantity obtained by the fixed
&f?ﬁti&‘aﬁ%%ﬁ% BN fs dBBrhase e a E5de ttianfity BfdHe

20, 9uall.cqUIol boundary [a1e BB ENDRATE. Therehy e ;.
ncoder 14 intentionally allocates a larger code quantity to a subject that

IS FRlatVely RASYy to each operation mode.

FIG. 2 is a characteristic curve diagram showing
characteristics associated with encoding control for
encoded data thus recorded onto the recording medium 2.
When a gquantity of code generated by guantization by a
fixed quantization 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 wvalue 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 ericodes the input image data by a VBR methbd
according to the fixed quantization scale QP INIT., The
encoder 14 thus prevents allocation of an unnecessary
code gquantity by changing the encoding control to the VER

method as the code guantity is decreased while
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to encode, and performs the encoding process, whereby 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 28 14 performs an orthogonal
transform and motion compensation and thereby encodes image data DI
in the optimum prediction mode. More specifically, the encoder 14
encodes the image data by an AVC method. Thereby the encoder 14
sequentially sets a picture type to pictures of the input image data DI

input,sequentially, and .8neades the,image data R while pradigting &,

guantity of code generated in éach picture by a one-pass system. For
thise the epeadarlddanuts the imagedataddato agdiseraie coOSING:hing
transform (DCT) circuit 34 via a subtracting circuit 32. The discrete cosine
tiarisfermn circuiV3A& subjdrts thendutgut & ohthdrsdbtractingligikcuit 32
to an orthogonal transform process by a discrete cosine transform
pi6éess HHt theh e;ﬂ\%ﬁ?éf%efﬁé@% o ATqEEhtAng theuit 35

changes a ggantization scale under control of an encoding control circuit
tdarante

31, anélquantizes the coefficient data output from the

In thus encoding the input image data by the VBR
method, when the quantity of code-generated by
quantization by the fixed quantization scale QP INIT is
amaller than an image quality control boundary rate LRB
END RATE, the encoder 14 controls a generated code
guantity so that the Code'quantiﬁy of encoded data is
temporarily increésed in relation to the code guantity
obtained by the fixed gquantization scale QP INIT as the
code gquantity obtained by the fixed guantization scale QP
INIT is decreased from a code quantity at the image
gquality control boundary rate LRB END RATE.

Thereby the.éncoder 14 intentionally allocates a
larger code quantity to a subject that is relatively easy
to-encode, and performs the encoding process, whereby the
image quality of such a subject is improved.

FIG. 3_iS a block diagram showing details of a
configuration of the encoder 14‘appiied to the digital
video camera 1. The encoder 14 selects an optimumn

prediction mode from many prediction modes. The encoder
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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
guantization scale and the prediction mode and the like. A dequantizing
circuit 37 subjects the output data 29 of the quantizing circuit 35 to a
dequantization process to thereby decode the input data of the quantizing
circuit 35. An inverse discrete cosine transform (inverse DCT) circuit 38
subjects the output data of the dequantizing circuit 37 to an inverse
JiScRE cosive fransformgstaréss foihBrehy decdte tHe fnbut data of the
discrete cosine transform circuit 34. In the encoder 14, the output data of
8%‘8&&88@%@8%&&%%@ 8858 16 the Bttt Gateof e Mverde
discrete cosine , trapsform circuit 38 to thereby decode the input image
R B o B 5 K dethckiis a0 bifeataRdeT
dgceded,igput image data to g, filterlog process, therspyyemayes bigek (1o

distortions, and then outputs the result. A frame memory 40 retains

predetermingd frames,efithe pytputdata, 0&%&@%0% fijter 39 AR res
intra prediction circuit 11 detects an optimum intra prediction mode from a
plarality of Hif& image data D1 input secuentially, and
encodes the image data D1 while predicting a gquantity of
code generated in each picture by a one-pass system.

For this, the encoder 14 inputs the image data D1
to a discrete cosine transform {DCT) circuit 34 via a
subtracting circuit 32, The discrete cosine transform
circuit 34 subjects the cutput data of the subtracting
circuit 32 to an orthogonal transform process by a
discrete cosine transform process, and then outputs
coefficient data.

A quaﬁtizing circuilt 35 changes a gquantization
scale under conirol of an encoding control circuit 31,
and quantizes the ceoefficient data output from the
discrete cosine transform circuit 34. A lossless coding
circult 36 subjects the cutput data of the guantizing
circuit 35 to a lossless coding process, and then outputs
the result as encoded data DZ together with data on the

guantization scale and the prediction mode and the like.

A dequantizing circuit 37 subjects the output data
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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 plurality of inter prediction modes using the image
data of a plurality of prediction frames retained in the frame memory 40.
30 The mode determining circuit 33 generates the predicted image data
of an I-picture in, the optimum intra prediction mode detected by the intra
prediction circuit 41. The mode determining circuit 33 outputs the
predicted image data to the subtracting circuit 32. Thus, in the I- picture,
the encoder 14 selects the optimum prediction mode from a large number

of intrq, prediction Mades,: subjectsspredictionyesidyal datg in fhe,optimum
prediction mode to an orthogonal transform process and a variable length
codinghptiogegsianddberehy geperates: iencodedidatg R tRurther, in a
P-picture and a B-picture, the mode determining circuit 33 selects an
optirturh rédictidimiguee from e optifiunt prddieticn arode datetiad byse
the intra prediction circuit 11 and the optimum prediction mode detected

bYthe ifitet Prébictdn il antfoltipthe predicteimaGE data in the
sgledied predigtion fpodg fo the subtracing cireuit g2, Thus, inthe,
P-picture and

transform process to thereby decode the input data of the
discrete cosine transform cifcuit 34.. In the encoder 14,
the output data of a mode determining circuit 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 ocutputs the result. A frame memory 40 retains
predetermined frames of the output data éf the deblocking
filter 39.

An intra prediction circuit 11 detects an optimum
intra prediction mode fﬁom-a plurality of intra
prediction mcdes using‘tﬁe 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 élurality of infer.prediction modes using the image
data of a plurality of prediction frames retained in the

frame memory 40.
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the B-picture, the encoder 14 selects the optimum prediction mode from a
large number of intra prediction modes and inter prediction 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. 31 An encoding control circuit 31
controls the quantization scale in the quantizing circuit 35 in the encoder
14, and thereby controls the code quantity of the encoded data D2.
Specifically, an intra prediction circuit 41 in the encoding control circuit 31
generates pseudo predicted image data associated with intra prediction

from the ipput jrage date Rl 3 AYC. & plyraiy o prediction mogles are

set for each of a block of 16 X 16 pixels and a block of 4 X 4 pixels, and
ap ptinwrdpragiciionimode;is salected renrthese prediclionimedestera
generate predicted image data. This intra prediction circuit 41 generates
therpdégdo predietied image data leXhibiting a tsimilar ¢dndénontothatof t
the proper predicted image data. This pseudo#.prediction is performed as

astmplifidd V8ron Of properpredictior SticH foPEkamble 884 préditibAd
g‘%e%c%%?";‘] gé%‘légatigr‘éeo%%%%beé!%% %@é&’ﬁé’fc&@g&cﬂ?”ﬁfa temeoraly, the 1-
picture, the encoder 14 selects the optimum prediction
mede from é large number of intra prediction nodes,
subjects prediction residual data in the optimum
prediction mode to an orxrthogonal transform process and a
variable length coding process, and thereby generates
éncoded-data D2.

Further, in a P-picture and a B-picture, the mode
determining circuit 33 selects an optimum prediction mode
from the optimum predicticon 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 inter pfediction modes, subjects prediction
residual data in the optimum prediction mode to the

orthegonal transform process and the variable length

coding process, and thereby generates encoded data D2.
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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 32 difficulty of encoding associated with intra
prediction. A frame memory 43 records and retains predetermined frames
of the input image data DI, and outputs the frames as reference image
data to a simple inter prediction circujt 44. The simple inter prediction
circuit 44‘efieratel petids prédicted imagé dala 58&dciada wWitteinter

rediction using the image data retained in the frame memory 43, In AVC,

Thg-& Pilrality Gt prediction frafed! Hibfidh YettbF fs'détected Witr 4

accurac aller than . a gne-pixel accuracy jn blocks, of different sizes
R B A R A e s ot ere

Mhere agenerated,code quantity is smallest. The simple inter prediction
circuit 44 generates the pseudo predicted image data exhibiting a similar

tendency; @ that:of4he propsr predictedimagedaia-Spacifically, & in the
motion vector is detected with an integral pixel accuracy for only
dnacyablogks asbleckscaf A& X1163piXelsnerates pseudo predicted
image data associated with intra prediction from the
input image data DI. In AVC, a pluraiity of prediction
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
predicted image data. This intra prediction circuit 41
generates the pseudo predicted image data exhibiting a
similaxr 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. Also, 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 pseudc 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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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 DI may be downsampled -

for the process. Further, the predicted image data may be generated in a
prediction mode having a highest probability of being 33 selected as
prediction mode among a plurality of prediction modes for these 16 X 16

pixel blocks. A subtracting circuit 45 subtracts the pseudo predicted

image data output from the simple inter prediction circuit 44 from the input
%Sgé‘a‘éﬂibl,%fﬂ?&%ﬁ?‘éeﬁé?ﬁ&&ﬁ Eud piddickiohrdsiitiafidaiaon -
associat%d ith_inter encodin%ﬁlncident%!ly, gensglts of processi%%g%/ %;eéme d

intra predic ion-circuit 41 and the rseir%%fe inter preéi%ﬁgrgf Citchit

HREAdN, RIpcessing Ry the proper i tgacB“%ﬁ'iC,“‘?QnCéng@}%%'wﬁ%%‘? ngg]%. frames

proper inter prediction circuit 12 so that the entire proce ified.

J@%@E%ﬁ%?%&%{ghaﬁmp@dn@@iﬁ@ﬁ@@&!{@ﬂ“ Aéeandthe,,

subtracting circuit 45 thus detect a feature quantity indicating a degree of
diftieulty-of2 @ncoding associated with inter prediction with a 16 X 16 pixel
block as a unit. Incidentally, in detecting the feature quantities associated

with intraaprediciiop Badinter prediction circuit 44 generates
pseudo predicted image data associated with inter
prediction using the image data retained in the frame
memery 43. In AVC, using a plurality of predicticon 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 quantity 1is smallest.
The simple inter prediction circuit 44 generates the
pseudo predicted image data exhibiting a similar tendency
to that of the proper predicted imaée data. Specifically,
a motion vector is detected with an integral pixel
accuracy for only macroblocks as blocké 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, ﬁhe
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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inter prediction, various detection methods can be widely applied
according to a trade-off between prediction accuracy and processing
speed. For example, these feature quantities 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
ensured, the signal level of a high-frequency component may be applied
to the feature quantity associated with intra prediction. A generated code

Egeuflggg%%{edlctmg é:gglél% gfg prrggéfts a [rgﬁenerat‘e% ?%?:% EE%QWX fof code

as n & n a
generated by" the éficoding process on the BasSistor the prediction

residual data output from the subtra iggir its 42 and 45. On the basis
B o R e

circuit 4, as@fﬂ?ﬁa%%%“@%&é@?@@@i%ﬁiﬁ%b%é defermings do

target code quantity for the encoding process, and sets the quantization
sealeiofithe quantizing £irsuib 35S Arisna funstionahblackidiagram

showing details of a configuration of the generated code quantity

predicting ciicuiti4Gand thie tafgeircade=quantity: deterqiningcircoit 47and
Incidentally, in the configuration shown in FIG. 4, arithmetic circuits such
thereby generates pseudo prediction residual data
associated with inter enceoding. Incidentally, results of
processing by the intra prediction circuit 41 and the
simple 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 simplified.

The frame memory 43, the simple inter prediction
circult 44, and the subtracting circuit 45 thus detect a
feature guantity 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 gqguantities assoclated with intra prediction and
inter prediction, various detection methods can be widely
applied according to a trade-off betwsen prediction
accuracy and processing speed. For example, these feature
guantities may be detected on the basis of the block size

of a processing unit of orthegonal transform processing.

Further, when a practically sufficient accuracy can be

34



as multiplying circuits and the like are identified by the references of
corresponding equations to be described below, and correspondences
therebetween are thereby indicated. For a P-picture and a B-picture, the
generated code quantity predicting circuit 46 sums prediction residual 35
data output from the subtracting circuits 42 and 45 for each macroblock,
and sets a total value on a smaller value side as residual data MB BD of
the macroblock. Further, the generated code quantity predicting circuit
46 sums the macroblock residual data MB BD in each picture, and sets a
total value as residual data BD(n) (indicated by reference numeral 51 in
el wA)eef theh piciuren £0r Bevlepictireathe genarateh6a0de quatithent
predicting circuit 46 sums prediction residual data associated with intra
Fredidtiomavhiék date istostple ffometheusublraieling TheaitadZ dn alpicture
unit, and sets a total value as residua]. data BD(n) associated with intra
graufdion-6fthetgicture. Thus, the generated code quantity predicting

circuit 46 detects . ure guantity indicating a d ree of difficulty
ircuit 46, detects a feature, guantity chrg {na.a geg By ih by

associated with the encoding process in a picture unit e residua

gataq BE(R) dngidentallys wvith-the tasidualdata BD(AYhge fRAER 4 by
guantity may be detected by an absolute value sum

the encoding process on the basis of the prediction
residual data output from the subtracting circuits 42 and
45,

On the basis of a result of the prediction by the
generated code quantity predicting ecircuit 46, a target
code quantity determining circuit 47 determines a target
code guantity for the encoding process, and sets the
quantization scale of the quantizing circuit 35,

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

For a P-picture and a Bmpicture, the genérated code

quantity predicting circuit 46 sums prediction residual
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of the prediction residual data. For a picture as a start of a sequence of
each picture type, the target code quantity determining circuit 47 sets the
guantization scale of the quantizing circuit 35 to a fixed quantization scale
QP INIT set in advance. Thereby a picture as a start of each sequence is
36 encoded at a fixed compression ratio by the fixed quantization scale
QP INIT. The generated code quantity predicting circuit 46 detects a
generated code quantity BIT(O) (indicated by reference numeral 52 in
FIG. 1) obtained by the fixed quantization scale QP INIT for each picture
type. For a subsequent picture, the generated code quantity predicting
ceuit 46 predicts aoughdy calculated i predicted.coge quantity RQUGH
PRED(n) (indicated by reference numeral 54 in FIG. 1) by performing the
afitthetie probadssifig of tie followiag tegumtionaiging the generaled-code
quantity BIT(O) detected for the corresponding picture type. Residual
d%td BD (®) tinditatéd by teferdnta r?duf??]&%l 83 i FGR f ROt TEsidual

d%a}:%%n), dl;glé%cted at tg s quegce start of the corres oggingcgircct:%rft
s FOUGH BREB( & B0 F (BB T BDION ) o teg e
generalrd qade quantiy redictingiqual data MBE BD in each
picture, and sets a total value as residual data BED(n)
{indicated by reference numeral 51 in FIG. 4) of the
picture. For an I-picture, the generated code gquantity
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
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 difficulty associated wiﬁh the
encodling process in a picture unit by the residual data
BD{n). Incidentally, with the residual data BD{n), the
feature gquantity may be detected by an absolute value sum
of.the prediction residual data.

For a picture as a start of a sequence of each
picture type, the target code guantity determining
.circuit 47 sets the quantization scale of the quantizing
circuit 35 to a fixed quaﬁtization scale QP INIT set in

advance. Thereby a picture as a start of each sequence is
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circuit 46 encodes the start picture by the fixed quantization scale. With
the actual generated code quantity obtained by the fixed quantization
scale as a reference, the roughly calculated predicted code quantity of
each picture is detected for each picture type on the basis of a relative
change in the degree of difficulty 37 with respect to the start picture. When
thus predicting the generated code quantity, the generated code quantity
predicting circuit 46 also calculates a predicted code quantity predicted
when the picture is encoded as other picture types- The generated code
quantity predicting circuit 46 thereby predicts roughly calculated

ogeneraied code,quaniiies.whensach, pictyse; af the ipput image data Dl is

encoded as an |- picture, a P-picture, and a B-picture. Though the roughly
calewated predicted £odepguantity ROUGH PRED(n) thus calculated
roughly represents an actual generated code quantity, the roughly
calculatedtpredicted ebdd gurptityEROUGHPRED(H) hascarréronithd ©

roughly calculated predicted code quantity ROUGH PRED(n) associated
VA PLpich BRI A B HaS. i (Rittcudr, FE W larblsHSr T the

dederated COOG. QLpTILRTeQiClng.cnayt 48 cortacks e pRelgiegegode
guantity ROUGH PRED(n? for each of the P-picture an
quantization scale QP INIT for each picture type. For a
subsequent picturé, the generated code quantity
preaicting circuit 46 predicts a roughly calculated
praedicted 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 guantity BIT(0) detected for the
corresponding picture type. Residual data BD(0)
{indicated by reference numeral 53 in FIG. 1) 1is the
residual data BD(n) detected at the sequence start of the
corresponding picture type.
ROUGH_PRED(n) = BIT(0) * (BD(n) / BD(G))...(I)
Thus, the generated code guantity predicting
circuit 46 encodes the start picture by the fixed
gquantization scale. With the actual generated code
gquantity obtained by the fixed quantization scale as a
- reference, the roughly calculated prediéted code quantity
of each picture 1s detected for each picture type on' the

basis of a relative change in the degree of difficulty
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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 calculates a true predicted code quantity TRUE PRED(n)
(indicated by reference numeral 55 in FIG. 4). 38 TRUE PRED(n) =
ROUGH PRED(n) * ADJUST(n)...(2) where ADJUST(n) (indicated by
reference numeral 56 in FIG. 4) is a correction coefficient for each picture
type, and is derived by a process to be described later. The true predicted
code quantity TRUE PRED(n) thus obtained is a prediction of a

generated.gade quantity. when eagh pigfyre is encoded by the fixed

qguantization scale QP INIT applied in encoding the picture at the
sequencegsiaft aha fixpdoorprasgiomeatipe Acearhng doda reshefiay,
experiment, it is confirmed that the true predicted code quantity TRUE
RREDfr egintidbswith anactidlgarnerdtedtcode quantitytwiftaalso
considerable accuracy. Incidentally, in thus calculating the true predicted
CORE QAT TROESPRETH) AndDHBItting the &tiodifg procdssshe
Wheq:;[lhre qualitg of oth Jng\éinggmalge 5 reatlytch%nsged {rkgén that of tle% d

ﬁﬁencg ijgrt Cﬂ.lce to a scene cﬁan&éﬁo‘fuéiamﬁ ) the proce%esa?grrg
Sgyﬁgf@uantity predicting circuit 46 thereby predicts
roughly calculated generated code quantities when each
picture of the input image data D1 is encoded as an I-
picture, a P-picture, and a B-picture.

Though the roughly calculated predicted ceode
gquantity ROUGH PRED(n) thus calculated roughly represents
an actual generated code quantity, the roughly calculated
pradicted code quantity ROUGH PRED{(n) has an error. The
roughly calculated predicted code quantity ROUGH PRED {n)
associated with a P-picture and a.B—picture, in
particular, has a large error. Thus, the generated code
gquantity 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 ﬁicture By the arithmetic
processing of the following equation. The generated code
guantity predicting circuit 46 thereby caiculétes a true

predicted code guantity TRUE PRED(n) ({(indicated by

reference numeral 55 in FIG. 4).
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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 39 predicted code quantity TRUE PRED(n). Incidentally, for the true
predicted code quantity TRUE PRED(n) of an I- picture, the roughly
predicted code quantity ROUGH PRED(n) is applied. The target code
guantity determining circuit 47 calculates a VBR target code quantity VBR
TARGET(n) (indicated by reference numeral 57 in FIG. 4) by the

anthmeticiogessid ofhe fg'd%ﬂg fign using fhg.tius predicted

code quantity TRUE R D(n) detected for the picture type of the picture
to be encogied:VRBFARGET (N)indRUE RRED (R FLRE(B) . (Hmmhere 56

LRB(n) (indicated by reference numeral 58 in FIG. 4) is a coefficient for
intentiddallytincieasing ¢ve eotlé oquaniEy Withi respett to thepode quantity
obtained by the fixed quantization scale QP INIT for a purpose of image

qeEhey intdveémettt BEvdekdiived dboveswith Heféreréeto FeE D, BT <
LRBO The goefeient,RB( may.hs o5t mapkalhle mpigring the
obtained is a prediction of a generated code quantity
when each picture is encoded by the fixed guantization
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 guantity TRUE PRED(n) coincides with an
actual generated code quantity with a considerable
accuracy.

Incidentally, in thus calculating the true
predicted code guantity TRUE PRED(n) and performing the
encoding process, when the quality of the moving image is
.. greatly changed from that of the sequence start due to a
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 gquantity on the basis of the thus obtained true
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However, in the present embodiment, the coefficient LRB(n) 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. 40 The target code quantity determining circuit 47 calculates the
coefficient LRB(n) by performing the arithmetic processing of the
following equation using a threshold rate LRB END RATE associated with
the image quality improvement. LRB(n) = (LRB END RATE / INSTANT
RATE(n) - 1) APPLY GAIN + 1...(4) where INSTANT RATE(n) is an

instantaneous ratg.at, an O RICte 10 begegessed, and ARRLY GAIN is

a‘'gain 'indicating a degree to which the compression ratio is thuslowered
intentionally aneisia-caafficient agdiusted: in arange Rt O (e)1.0hen the

gain APPLY GAIN is a value of zero, the compression ratio is not lowered
ateelll; ande thustherefigttlof imags qualitydmpeovrment isyz&@GWhen the
gain APPLY GAIN is a value of one, the target code quantity VBR
TRRGET(h) bF tR€dviflg picture with a low degree of difficulty coincides
with a codg guantity, for achieving.the;thresnold rate LRB ENR.RATE
calculates a VBR targel code guantity VBR TARGET {n)
(indicated by reference numeral 57 in FIG. 4) by the
arithmetic processing of the following equation ﬁsing the
true predicted code guantity TRUE PRED(n) detected for
the picture type of the picture to be encoded.
VBR_TARGET (n) = TRUE_PRED(n) * LRB(n)...{3)
where LRBi{n) {indicated by reference numeral 58 in FIG.
4} is a coefficient for intentionally incfeasing the code
guantity 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 presént embodiment, the coefficient
LRB{n} 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 guality

less noticeable, as described above with reference to FIG.

2.
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Thus, as the predicted code quantity TRUE PRED(n) obtained by the
fixed quantization scale QP INIT is decreased from the threshold rate
LRB END RATE, the target code quantity determining circuit 47 increases
the target code quantity with respect to the code quantity obtained by the
fixed quantization scale QP INIT. 41 The coefficient LRB(n) obtained by
Equation (4) becomes an extremely high value for a picture with a very
low degree of difficulty. Therefore, the value obtained by Equation (4) is
limited to values of 2.5 to 3.0 by a limiter. An extreme increase in the
target code quantity VBR TARGET(n) is thereby prevented. The

nstantanags ele INSTANT RATE(r 5 obtained u e fllowing o

equation. In the equatlon I NUM, P NU and B NUM denote the
nuRIkers of dpiethees; F2-pictuies: rangBepictures pespestively, farming
one GOP, and AVERAGE | BIT, AVERAGE P BIT, and AVERAGE B BIT
denbtanthé average: genérated fcodeeqiantities iofarekpietiren ausing a
P-picture, and a B-picture, respectively, and PICTURE RATE denotes the
nﬁﬁiﬁ%?‘tﬁ]ffhrﬁé&fr&% H%\‘fé)) B &ecorit? it tieEntdder TAANSTART

AVERAGE | BIT(n) *1 -NUM + AVERAGE P BIT(n) * P -NUM

+qA‘\?FE n%&’eé?é??ﬁrﬁ%“st NUM) (PICTURE RATE / (I NUM + P -NUM +

BNUM)).5(® (n) = (LRB_END RATE / INSTANT RATE(n) - 1) *
APPLY GAIN + 1...(4)

where INSTANT RATE(n) is an instantaneous rate at
an nth picture to be processed, and APPLY GAIN is a gain
indicating a degree to which the cempression ratio is
thus lowered intentionally and is a coefficient adjusted
in a range of 0 te 1. When the gain APPLY GAIN is a value
of zero, the compression ratio is not lowered at all, and
thus the effect of image guality improvement is zero.
When the gain APPLY GAIN is a value of cone, the target
codé guantity VBR TARGET (n) of the moving picture with a
‘low degree of difficulty coincides with a code gquantity
for achieving the threshold rate LRB END RATE.

Thus, as the predicted code quantity TRUE PRED(n)
obtained by the fixed guaantization scalerQP INIT is
decreased froﬁ the threshold rate LRB END RATE, the
target code quantity determining circuit 47 increases the
target code quantity with respect to the code quantity

obtained by the fixed quantization scale QP INIT.
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The average generated code quantity AVERAGE | BIT of an I-picture is
obtained by the following equation. AVERAGE | BIT(n) = AVERAGE |
BIT(n-2) * FLT + BIT(n-I) * (1 - FLT)...(6) where FLT denotes an
adjustment value setin a range 0 < FLT < 1, and a value of about 0.2 is
an 42 appropriate value for the adjustment value FLT. The target code
quantity determining circuit 47 thus obtains the average generated code
guantity AVERAGE | BIT(n) of the nth I-picture by subjecting the average
generated code quantities AVERAGE | BIT(n-2) and AVERAGE |
BIT(n-1) Toftworikimediatehy prételing PRiEfEStd weighting tddiitior!)
using the adjustment value ELT. When the diustment value FLT is
BRG0G0t T 65er T8 BvalGe 8f 24" e ]a%%rafg% géheratelitotle gdantity Ve*Y

AGE | BIT.of th I.-gic_tLucre becaomes Jarn instaq:t neousl{laée Cf)%rta\ .

VE
Short tnie < Witen %legafdljus ment value FL ?srgfoug Fcloaerto & vafie 6

1306 e, aYesage genetated code quagtit, AYERAGE J BIT of the , by a

I-picture becomes an average rate for a long time. Incidentally, an initi

value- AYERAGELLBITLQ). associated:with the,average generaed ¢ogdet ity
quantity AVERAGE | BIT of the I-picture may be determined arbitrarily.

wiher thesadjustment vialia-ELT i petther ¥alue of one, the adjustment
value FLT may be set to the

The instantaneous rate INSTANT RATE{n) is obtained
by the following equation. In the equation, I NUM, P NUM,
and B NUM denote the numbers of I-pictures, P-pictures,
and B-pictures, respectively, forming cone 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) = (AVERAGEMZMBIT(H) * 1 NOM +
AVERAGE P BIT(n} * P _NUM + AVERAGE B BIT{(n) * B NUM) *
(PICTURE RATE / (I _NUM + P _NUM + B NUM))...(5)

The éverage generated code quantity 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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value of zero. The target code quantity determining circuit 47 similarly
obtains the average generated code quantities AVERAGE P BIT and
AVERAGE B BIT of the P picture and the B-picture, setting the
adjustment value FLT, and sets the coefficient LRB(n). The target code
quantity determining circuit 47 43 thus sets the adjustment value FLT on
the basis of a result of monitoring the generated code quantity, and sets
the coefficient LRB(n) indicating a degree of image quality improvement.
Further, the target code quantity determining circuit 47 calculates the
target code quantity VBR TARGET(n) of the picture to be coded using
the sosfficientLRB{n): IFaddition, 1he tarast code guantity, determining
circuit 47 calculates the CBR target code quantity CBR TARGET X(n) of
areXgcture dy thezarithmetideprecessingg of:the-followdg equatiobtwhere
the X picture is an I- picture, a P-picture, or a B-picture. CBR TARGET
X(RT =A(COPIS| ZE RTRUEPREBXHW) 7 ¢ NURVERREE PRED () ©P

NUM *}RLIJLE PRED P(g%(+ B -NUM * TRUE PRED B(n)). .(7) where the
ruE pradictedrdode gGanthiet PRYUE BRED finf HROEPRED Pt Gnd

TRUE RRED B{nkare,pipgicied; Cade pranfities Whanhepthpigture is o
encoded as an I-
of twe immediately preceding I-pictures to weighting
addition using the adjustment value FLT. When the
adjustment wvalue FLT is brought closer to a value of zero,
the average generated code gquantity AVERAGE I BIT of the
I-picture becomes an instantanecus rate for a short time.
When the adijustment value FLT is brought closer to a
ﬁalue of one, the average generated code quantity AVERAGE
I BIT of the I-picture beccmes an average rate for a long
time. Incidentally, an initial value AVERAGE T BIT(0)
assoclated with the average generated code guantity
AVERAGE I BIT of the I-picture may be determined
arpitrarily. When the adjustment wvalue 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
gquantities AVERAGE P BIT and AVERAGE B BIT of the P-
picture and the B-picture, setting the adjustment value
FLT, and sets the coefficient LRB{(n). |

The targel code dquantity determining. circuit 47
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picture, a P-picture, and a B-picture. The true predicted code quantities
when the picture to be encoded is assumed to be encoded as other
picture types which quantities are obtained in addition when the true
predicted code quantity of the picture to be encoded is obtained as
described above by Equation (2) are applied. GOP SIZE is 44 the code
guantity of one GOP set by the CBR, and is obtained by arithmetic
processing to be described later. The target code quantity determining
circuit 47 thus allots the code quantities generated when the picture to be
encoded is encoded as an I-picture, a P- picture, and a B-picture, and

agsigns:thescede ayantity:indicatechby. GOR SIZEQLhs pigture fo be
encoded. The target code quantity determining circuit 47 thereby
aateulatesothec BR-targebcade quanttyaEBR TARG KT X(n),tkhe sade
guantity GOP SIZE is obtained by the following equation using an upper
it Fateia MITHATEL assodiBied withishlitching betveed tee VBR dhdge
the CBR, a_number of GOPs per unit time M, and an offset value

GERSET GO SPERY = LINITRATE / M'S GRESET SO8F TRE Hintter
OJeQQEr&i%eirn%”iEFﬂ@&WsPpt%igfglﬁyaéjé'\,é'di&geth€a'}é599%8&féames
(frame rate) pér second PICTURE RATE in the encoder 14 by a total
npaber eltained TARGET (n) of the picture to be coded using
the coefficient LRB{(n}. |

In addition, the target code quantity determining
pircuit 47 calculates the CBR target code quantity 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 trune predicted code guantities TRUE PRED

'_I{n), TRUE PRED P{n), and TRUE PRED B(n) are predicted
code quantities when the nth picture is encoded as an I-
picture, a P-picture, and a B-picture. The true predicted
code guantities when the picture to be encoded is assumed
to be encoded as other picture types which quantities are

- obtained in addition when the true predictea céde
quantity of the picture to be encoded is obtained as

described above by Equation (2) are applied. GOP SIZE is
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by summing the numbers | NUM, P NUM, and B NUM of pictures forming
one GOP, as represented by the following equation. M = PICTURE RATE
/ (1NUM + P -NUM + B -NUM) ... (9) The offset value OFFSET is
obtained by the following equation using the instantaneous rate INSTANT
45 RATE(n) of the nth picture and the number of GOPs per unit time M.
OFFSET = (LIMIT RATE - INSTANT RATE(n)) / M...(10) Thus, the target
code quantity determining circuit 47 allots the code quantities generated
when the picture to be encoded is encoded as an I-picture, a P-picture,
and a B-picture, and thereby sets the CBR target code quantity CBR

TARGE] X () Qfthedictie 4g becgcadad 59, thal rigples afhe;

instantaneous rate aré prevented. Specifically, FIG. 5 shows that while in
eficoding: £opirod il Thhétast Medekssarippie obtheldBstaitarequs: ke
is observed in a GOP period when the instantaneous rate is increased

and CBR ‘Bneotliigpedniroldis pedoimed, sedreamnippleds sappressedand
variations _in the instantaneous rate are small when the CBR target code

quianfit CER TARGETOR ) I8 Set i tHe preseit dfibotiifignt G, 6
shows a CBR gé—:-nerated C(gp%guantiyde%nd indicatfg thali__in TM5, tiEJe_

denerated code quantity SrEEeeS A an TS
picture, and a B-picture, and assigns the code guantity
indicated by GOP SIZE to the picture to be encoded. The
target code quantity determining circuit 47 thereby
calculates the CBR target code gquantity CBR TARGET X{n).

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

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
?ICTURE RATE in the 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.OEFSET is obtained by the

following eguation using the instantaneocus rate INSTANT
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has large ripples, and the generated code quantity of a P-picture
immediately succeeding an I-picture, in particular, is extremely
decreased. It is indicated, however, that the present embodiment
suppresses ripples of the generated code quantity as compared with
TM5, and that an appropriate code quantity is thus allocated to 46 each
picture. The target code quantity determining circuit 47 selects a target
code quantity on a smaller value side from the VBR target code quantity
VBR TARGET(n) and the CBR target code quantity CBR TARGET(n)
thus obtained, as expressed by the following equation. The target code

QriaPty,determining:alkc Ul sets thedarget codes guantityzsa final
target code quantity TARGET(n) (indicated by reference numeral 61 in
RIGi 4).tMhend/BR TARGET(n) < CBR TARGET(n) TARGET(n) =
VBRTARGET(n) When VBR TARGET(n) < CBR TARGET(n) TARGET(n)
= CBR TARGEHTny... (1Y AR destfibedAlshAR itk défefence o BIG-210)
the encoder 14 switches between VBR encoding control and CBR

encoding CBHftol &t the GRS Mt Yate IR T RATES TRESHESHhG icBﬁflr_%lt
ciyquit 31 qantigls the, quaptization scale of the.quantaing, ciruit 35y,

to be encoded is encoded as an I-picture, a P-picture,
and a B-picture, and thereby sets the CBR target code
guantity 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

contrel in TM (Test Mode) 5, a ripple of the
instantaneous rate 1s observed in a GOP period when the
‘instantaneous rate 1is increased and CBR encoding control -
is performed, such a ripple is suppressed and variations
in the instantaneous 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;piéture,'in
particular, is extremely decréasedq It is indicated,

- however, that the present embodiment suppresses ripples
of the generated code quaﬁtity as compared with TM5, and

that an appropriate code guantity is thus allocated to
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method of step 2 of TM5 such that a generated code quantity becomes
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 virtual buffer by the arithmetic processing of
the following equation each time one 47 macroblock is encoded, to update
the quantization scale. di = dOi + Bj-1 - Ti(j-1) / MB Count...(12)

[Equation 13] dp = dOp + Bj-1 - Tp(j-1) / MB Count...(13) [Equation 14] db
=dOb + Bj-1 - Tb(j-1) / MB-Count ... (14) where. di, dp, and db are the
capacities of the virtual buffers for the I-picture, the P-picture, and the
B;nggu&giégwﬁively; dOi, dOp, and dOb are the initial values of the
respective virtual buffers; Bj-1 is a generated code quantity up to a (j-1)th
macrobloakiel it apyand-thargthe tanget code quiantitiesofthait 47
respective pictures, and the target code quantities TARGET(n) of the

réspeEctive Pictirssafe cedatitited ot TioTp sarfdhThl fMB Gdurt is ilve

njymber f macroblocks in the picture. The capacities di d(f, and db of the
Virk At Blifferd e S4Et Eofivsite FTHtB a Giantifati Sidid by and the

CBR target code quantity CBR TARGET{(n} thus obtained, as
.expressed by the following equation. The target code
gquantity determining circuit 47 sets the target code
quantity as a final target code guantity 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) ... (L1)

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

The enceding control ciréuit 31 controls the
quantization scale of the quantizing circuit 35 by a
method of ste? 2 of TM5 such that a generated code
quantity becbmes the thus determined target code guantity
TARGET ({n) . Specifically, the encoding control circuit 31
defines a virtual buffer for each picture type, and
updates contents of the viftual buffer by the arithmetic

processing of the fbliowing equation each time one
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the following equation. Qj = dj * 51 /r... (15) where the capacities di, dp,
and db of the virtual buffers are substituted for dj according to the picture
type, and r is a reaction parameter, which is expressed by the following
equation. Incidentally, as employed in 48 step 3 of TM5, the quantization
scale may be locally changed according to a picture pattern as required.

r = 2 * bit rate / picture-rate ... (16) The encoding control circuit 31 sets the
guantization scale Qj thus obtained in the quantizing circuit 35 to quantize
the coefficient data output from the discrete cosine transform circuit 34.
Incidentally, as described above, the encoding control circuit 31 controls

the operation of the guantizin circuitd3§:so S to encode each
ECEOTATR, tho Sarally Qat oG eI e aten LAl OB NI T Tor 5 e

picture atg startiefia .sgquance @f egch piciuredype,fhus.. it may be
considered that the correction coefficient ADJUST(n) described above
with referéngeda ikquatian (2) can be obtained by a comparison between
the generated code quantity BIT(n) (indicated by reference numeral 62 in
FIG. 4) ofthentAYfictur® bbtainedrhithe) tHudBelquidrftizatibhScale and

the corre nding true
%%%uat on 141

db = d0b + Bj-1 - Tb{j~-1) / MB Count...(14)

where di, dp, and db are the capacities of the
virtual buffers for the I-picture, thé P-picture, and the
B-picture, respectively; dGi, d0p, and d0b are the
initial values of the respective virtual buffers; Bi-1 is

- a generated code gquantity up to a (j-1)th macroblock; Ti,
Tp, and Th are the target code guantities of the
respecﬁive pictures, and the target code quantities
"TARGET {(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 viﬁtual
buffers are each converted into a quantization scale by
the following equation.

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

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

- buffers are substituted for dj acccrdiﬁg to the picture

type, and r is a reaction parametér, which is expressed

by the following equation. Incidentally, as employed in
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predicted code quantity TRUE PRED(n). It may also be considered 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
guantity TRUE PRED(n+l) of a following picture. 49 However, regarding
the generated code quantity BIT(n) detected in this case, the encoding
process is performed on the basis of the setting of the quantization scale
determined by Equations (12) to (16) and thus the process is performed
by the quantization scale different from the fixed quantization scale QP
INIT as a premise for the encoding process. Thus, when simply

conaparing themgenerated.cege auantiyBU ) with dhe corresponding
true predicted code quantity TRUE PRED(n), it is difficult to obtain a
colnkeoy edrectionctefficient: ADBIISTén)panddtris thereferpiinpassible to
predict the generated code quantity with a high accuracy. The generated
code quafitify prediciint cirdiit 46 rthefefsfe &6irects-thé @ue generated
code quantity TRUE PRED(n) to a generated code quantity predicted
when theTéf}/ar‘?t?z% %ﬁn&a(fé %?ﬁ?g qGahtiZing c%uﬁ%@ist tto a certain

refergpge guaptization scale. 1 the prasent embgodiment, the fixed .

guantization scale QP INIT at the
circuit 35 to guantize the coefficient data output from

the discrete cosine transform circuit 34. Incidentally,
as described above, the enceding control circuit 31
controls the operation of the quantizing circuit 35 so as
te 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
Equaticn (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 picture obtained by the
thus set quantization scale and the corresponding true
predicted code quantity TRUE PRED(n}. It may als§ be
consideied that a.generated code qguantity can be
predicted with a high accuracy using the correction
coefficient ADJUST{n)_of the nth picture for the
predicted code guantity TRUE PRED(n+1l) of a following

picture.
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sequence start is applied to the certain reference quantization scale.
Specifically, the generated code quantity predicting circuit 46 converts the
detected generated code quantity BIT(n) to a generated code quantity
BIT BY CONSTQ PRED(n) obtained on the basis of the certain
guantization scale QP CONSTQ (QP INIT) by the 50 arithmetic
processing of the following equation. BIT BY CONSTQ PRED(n) =e (k *
(QPCONSTQ QP AVERAGE(N))) * BIT(n)...(17) where e is a natural
logarithm, k is an adjustment value, and QP AVERAGE(n) is an average
value within a frame of the quantization scale actually used in encoding.

Incidentajly,J¢an be,abtaingd fom several seguancesignN @lnt i ¢
experimental basis, and is preferably set to -0.115 < k <-0.110 so tlén/at the

generatedicode grantity can bHecpsedicted:with@practicakly sufficiant
accuracy. More preferably, a sufficient accuracy can be ensured with k =
PEFIIE e genéfteBdHR Qlarttty prediciing crEuitiys dmairszation

correction coefficient ADJUST(n+1) for a_subsequent (n+].)th picture of
tRE%SHME PIGUFE B By ekt r%%i%%sthélagr?thr"n%tié]p%cé‘&é%né%ﬁhéhe

fgllowing. equatiopLsing the gepgrated.code quanity BIT,RY GENITQ.
RED(n) obtained by Equation (17) on the basis of the

from the fixed quantization scale QP INIT as a premise
for the encoding process. Thus, when simply comparing the
generated code quantity BIT(n) with the corresponding
true predicted code guantity TRUE PRED{n), it is
difficult to obtain a correct correction coefficient
ADJUST (n), and it is therefore impossible to predict the
generated code guantity with a high accuracy.

The generated code guantity predicting circuit 46
therefore corrects the true generated code guantity TRUE
PRED(n} to a generated code guantity predicted when the
guantization scale of the quantizing circuit 35 is set to
a certain feference 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 quantity BIT{n) to a generated code
quantity BIT BY CONSTQ PRED(n) obtained on the basis of

the certain quantization scale QP CONSTQ {(QP INIT) by the
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certain quantization scale QP CONSTQ (QP INIT) The above-described
arithmetic process is thereafter repeated for the subsequent (n+l)th
picture. ADJUST(n+1) = BIT BY CONSTQ PRED(n) / ROUGH PRED(n)
... (18) It is to be noted that the calculation of the 51 correction coefficient
ADJUST(n+l) by Equation (18) is applied to inter-frame predicted
P-pictures and B- pictures, but is not applied to I-pictures subjected to
only intra-frame prediction because the roughly calculated predicted code
guantity ROUGH PRED(n) obtained by Equation (1) has a strong
correlation with the actually generated code quantity BIT(n). That is, a

fixed, value of e is-anplied a3 the, coreetion, epefficient ADJUST(n+) to

an I-picture, and thus the roughly calculated predicted code quantity

ROUGH BREDR{n) isnepptieditethe.true predigted cosle guartity TRUE
PRED(n) as described above. FIG. 7 and FIG. 8 are characteristic curve
didgranisisHowing la prdsEBsresult Wwhen a moving image that gradually
increases in generated code quantity with the progress of frames is

subjectedt6%h® éncotlify ProcEsd! IhetEhtdiN ™ forthdFixed qeantiamont
S\cr:g @UQ,P latl\rllg %tE’ aAW&E ?nsjtaqsl’apnza 1e/r§g:e3§7ﬂ%ses§¢lfgﬁ%dﬂ Tahe
frame cof the gquantization scale actually used in encoding.
Incidentally, k can be obtained from several sequences on
an experimental basis, and is preferably set to -0.115 <
k < -0.110 so that the generated code guantity 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 quantity BIT BY CONSTQ
PRED(n) obtained by :Equation (17) on the basis of the
certain quantization scale QP CONSTQ (QP INIT). The
above-described arithmetic process is thereafter repeated
:for the subsequent (n+l)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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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 52 the
generated code quantity, the encoder 14 according to the present
embodiment limits the generated code quantity from the vicinity of a 20th
frame. In addition, in a range from a sequence start to a 10th frame, the
generated code quantity in the present embodiment is larger than when

encoding centrehisgisriarmed Ry e fixad guartizalionscale,@gd thus
the effect of image quality improvement as described above with-
referénee te oF G2 canhereonfirabid:tie eharaeternistic euryesiagram
of FIG. 8 also shows that the effect of such image quality improvement is
ehideeraund g tMbpslafid akatthed réte 5 thdreiatter Topshamtetas to
[Mbps]. Thus, the encoder 14 can limit the instantaneous bit rate of

étitoliet! ddta By 88ftin the Upper tintit Fat8>CIMPPRAT 9B %0ciated with
switehing, petyvaen e GBR and. the, YRR .andcarehangs (he recordable

time of the recording medium 2 by changing the upper limit rate LIMIT
%@Tﬁquation {1l) has a strong correlation with the

actually generated code guantity BIT(n). That is, a fixed
value of one is a?piied as the correction cecefficient
AbJUST(n+1) to an I-picture, and thus the roughly
.calculated predicted code quantity RCUGH PRED(n) is
applied to the.true predicted code quantity 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 guantity Qith the
progress of frames 1s subjected to the encoding process.
Incidentally, for the fixed quantization scale QP INIT at
a seguence start, I, P = 31 / E = 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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The fixed quantization scale QP INIT set at a start of a sequence of each
picture type is a prediction reference for predicting the generated code
guantity 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 53 quantization scale QP INIT. The
controlling unit 5 in the present embodiment switches an operation mode
between a long-time recording mode and a standard-time recording mode
by changing the upper limit rate LIMIT RATE and the fixed quantization
scale QP INIT in such a manner as to interlock the upper limit rate LIMIT

RALE anchiha tixed- guantization scale QB INITqwith-eagh othely @8y to
shown in FIG. 9. (2) Operation of Embodiment 1 In the digital video
camenark (ElG. Ephavingdhne dbovecconfigurgtiorthegamerdunin3nt ity
obtains image data_as a result of image pickup. The camera DSP 12
shbptts iheviidde 88tePlo Protessing=tith-as Whitsidalahes adjistent
a)r:wgnthg Iié;aél;ll'hgnsthe %%coedegggr%u jects t%tgnaf %ggta %%%n encoding
process. The enc,oggéi1 data a8 a” fesulf of the ‘enco ing pfocess is
recrdediQriodhg regarding mediym 2 vig the.contralling sk, Thereby
the result of picking up an image of a desired subject is

larger than when encoding control is performed by the
fixed guantization scale, and thus the effect of image
guality improvement as described above with reference to
FIG. 2 can be confirmed. The characteristic curve diagram
of FIG. 8 also shows that the effect of such image
guality improvement is ended around 9 [Mbps] and that the
rate is thereafter constant at 15 [Mbps].

Thus, the encoder 14 can limit the instantaneocus
bit rate of encoded data by setting the upper limit rate
LIMIT RATE associated with switching betweén the CBR and
the VBR, and can change the recordable time of the
recording medium 2 by changing the upper limit rate LIMIT
RATE.

The fixed quantization scale QP INIT set at a start
of a sequence of each picture type is a prediction
reference for predicting the generated code quantity-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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recorded onto the recording medium 2. A picture type is sequentially set to
the image data DI in the encoder 14 (FIG. 3). Difference data between
the image data DI and predicted image data is subjected to a discrete
cosine transform process by the discrete cosine transform circuit 34.
Coefficient data as 54 a result of the process is subjected to a quantizing
process by the quantizing circuit 35, and then subjected to a lossless
coding process by the lossless coding circuit 36, whereby encoded data
is generated. Further, the input image data DI is decoded by the
dequantizing circuit 37, the inverse discrete cosine transform circuit 38,

 apgkthe;dekloskingdilter 39 angithen stored in the frame memory 40. In
the encoder 14, the intra prediction circuit 11 and the inter prediction

circuit 12 Hetectcart optinum intratprédiction meoge aneran eptintbimdnter
prediction mode from a large number of prediction modes using the
ifaedas £'a Yeebdig restMifhientadiialis StdripinttHesfrafeording

memory 4 .Fur%f;)er, from these prediction modes, the mqde determining
IR AR ¢ S S R R chcton hocbre

agcerding fa the picture typer Rigdicted image dafa iny the gptimum, .,
prediction mode is input to the subtracting circuit 32.
scale QP INIT in such a manner as to interlock the upper
limit rate LIMIT RATE and the fixed quantization scale QP
INIT with each other, as shown in FIG. 9.

{2} Operation 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 subjects
the image data to processing such as white balance
adjustment and the like. Then the encoder 14 Subjécts the
image data to an encoding process. The encoded data as a
result of the encoding 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 reccrding 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 DI and predicted image‘data.is

subjected to a discrete cosine transform process by the

discrete cosine transform circuit 34. Coefficient data as
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In parallel with such an encoding process, the encoding control circuit 31
predicts the generated code quantity of each picture of the input image
data DI 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 55 controlled to guarantee a recording time for recording
onto the recording medium 2. Thus, the encoder 14 selects an optimum
prediction mode from such a large number of prediction modes, and
performs the encoding process. When the generated code quantity is
predicted by the conventional one-pass system, the generated code

quangity, canpet pgredicted &%@CQMb_}QQ:‘%E‘%ﬁL%n% N, (NAPPIORKIRtEe
allocation of a code quantity to each picture, and correspondingly
degrading pjcttne qualitk 1n they encodet 14 3the intra predictioncirctiie4ll
and the simple inter prediction circuit 44 corresponding to the intra
predictibhséitcuisl tetinthetintarasredietiohttirclitsE2, aespeetiialy,
generate pseudo_predicted image data exhjbiting a similar tendency to

frat 6P propet prélifcteq maye diid B4 Simipled5roetdE e The Elibirating
Gieuits 4g,and 4o gengrate preqictign repidpal data befwegn the pseydo
predicted image dqata and

circuit 37, the inverse discrete cosine transform circuit
38, and the deblocking filter 39, and then stored in the
frame memory 40. In the encoder 14, ths intra prediction
circuit 11 and the inter prediction circuit 12 detect an
Optimum,intralprediction 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
subseguent stage detects an optimum prediction mode
according to the picture type. Predicted image data in
the optimum prediction mode is input to the subtracting
circult 32.

In parallel with such an encoding process, the
encoding control circuit 31 predicts tﬁe generated éode
guantity of each picture of the input image data D1 in
advance, and controls the quantization scale of the

guantizing circuit 35 according to a result of the

prediction, whereby the generated code guantity is

55



the input image data DI. The generated code quantity predicting circuit 46
(FIG. 4) cumulatively adds the prediction residual data in each picture,
and thereby detects the residual data BD(n) of each picture. The encoder
14 thus detects a feature quantity indicating a degree of difficulty of
encoding. 56 The encoder 14 performs the encoding process 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(O) in this picture
as a reference, from a ratio between a feature quantity BD(O) in this
picture and a feature quantity BD(n) detected in a picture to be encoded,

therevghly.calewatrd predicted code-quantity RQUGH PRED(D) of the

picture to be encoded is obtained (Equation (1)). The roughly calculated
predictec eode euamiityy RAWG PRED(n) thus obtained lacks in
accuracy. A roughly calculated predicted code quantity ROUGH PRED(n)
to which ‘Bhfeaturetfuaitpdased dbreg high-frequency tomparestiferion
example, is applied by other than such a method also lacks in accuracy.

TiRstBidrE e BHEO 0BT 17T ERAE r8lghy SEHIEGETEY Preditre?Sde
2&@‘@9&&9%&" PRERQMI{hs QRtained py 8, crection coefficient
DJUST(n)
quantity is predicted by the conventiocnal cne-pass system,
the génerated code quantity cannot be predicted correctly,
thus resulting in inappropriate allocaticn of a code
quantity to each picture, and correspondingly degrading
picturé quality.

In the encoder 14, the intra prediction circuit 41
and the simple inter prediction circuit 44 corresponding
to the intra predicticn circuit 11 and the inter
prediction circuit 12, respectively, generate pseudo
predicted image data exhibiting a similar tendency to
that 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 ipnput image data D1. The generated code quantity
predicting circuit 46 (FIG. 4) cumulatively adds the
prediction residual data in each picture, and thereby
detects the residual data Bb(n) of each picture. The
encoder 14 thus detects a feature quantity indicating a

degree of difficulty of encoding.
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corresponding to a picture type (Equation (2)), and thereby obtains a true
predicted code quantity TRUE PRED(n) . The encoder 14 encodes the
input image data on the basis of the true predicted code quantity TRUE
PRED(n), and thereby generates encoded data. The correction coefficient
ADJUST(n) of the corresponding 57 picture type is generated on the basis
of the actual generated code quantity of the encoded data (Equation
(18)). It is confirmed that the true predicted code quantity TRUE PRED(n)
thus detected coincides with the actual generated code quantity with a
considerable accuracy. Thus, in the present embodiment, since the

generated code, quanilty £an he predictedwith a high,, aCeUACY It %, tne

possible to allocate a code quantity to each picture on'the basis of the
predicted @geneiatedicades quentity, and thesefore allecate a coderguantity

to each picture more appropriately than in the conventional method.
Hsieven whenactecorditigrimeyeto bé! guaranteedting therenepass
system, and even when there are many prediction modes, it is possible to
AiatEEAT Appophatd SbdE Uity 3 BER hidtrd, difd fi&Rey - from
IMProye pigiute guality. AL this time, a correction copfigient ARIURT (M
and a feature qguantity BD{n) detected in a picture to be
encoded, the roughly calculated predicted code guantity
ROUGH PRED(n) of the picture to be encoded is obtained
(Equation (1}).

The recughly calculated predicted code quantity
ROUGH PRED({n} thus obtained lacks in accuracy. A roughly
calculated predicted code quantity ROUGH PRED(n) to which
a feature gquantity based on a high~frequency component,
for example, 1is applied by other than such a method also
lacks in accuracy.

Therefore the encoder 14 corrects the roughly
calculated predicted code quantity ROUGH PREBR(n) thus
obtained by a correction coefficient ADJUST (n)
corresponding to a picture type (Egquation (2)), and
ﬁhereby obtains a true predicted code quantity TRUE
PRED{n) . The encoder 14 encodes the input image data on
the basis of the true predicted code quantity TRUE
PRED(Q), and thereby genérates encoded. data. The

correction coefficient ADJUST(n) of the corresponding
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is set on the basis of a ratio between the roughly calculated predicted
code quantity detected in the immediately preceding picture for which the
encoding process is completed and the actual generated code quantity
of the corresponding encoded data (Equation (18)). Thus, even when a
picture change occurs, for 58 example, and the accuracy of the true
predicted code quantity TRUE PRED(n) is temporarily decreased, the
correction coefficient ADJUST(n+l) is corrected so as to respond to the
picture change, so that the accuracy of the true predicted code quantity
TRUE PRED(n) can be increased. Thus, even when a picture change

QeeLEs dueg, a scengchange.ar the bke, ijs possible (o allgeate an

appropriate code quantity to each picture, and thereby improve picture
quality. athe eacadinguerecess is pednemed dythe fixeds quagtization
scale QP INIT at least at a start of a sequence of each picture type. With
ant8¢tual generatechebdempshrititg BITIO) ik this picterd asedreferbnce,
from a ratio between a feature quantity in this picture and a feature

Gttty betectlE if Aiduke th e & >the YbhighRiFcaltidiated e
icted cod ity ROUGH PRED(n). of the pict b dedi
Areicte c%?_%ngrda‘{aﬁ%o Ceulgt%%ngrngtﬁ(nngagil e RIGHLS %16%%%30 edis

obtained. The roughly ca cted code quantity

RRER(R)-Is.

Thus, in the present embodiment, since the
generated code quantity can be predicted with & high
accuracy, it is possible to allocate a code quantity to
each picture on the basis of the predicted generated code
gquantity, and therefore allccate a code gquantity to each
picture more appropriately than in the conventional
method. Thus, even when & recording time is to be
guaranteed by the one-pass system, and even when there
are many prediction modes, it is possiblerto alliocate an
appropriate code guantity to each picture,-and thereby
improve picture quality.

At this time, a correction coefficient ADJUST{n+lf
is set on the basis of a ratio between the roughly
-calculéted pxedicted code quantity detected in the
irmmediately preceding picture for which the encoding
proéess is completed and the actual generated code
quantity of the corresponding encoded data (Equaticn

(18)) . Thus, even when a picture change occurs, for
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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 59 feature quantity
BD(O) associated with the fixed quantization scale QP INIT. Thus a code
guantity substantially equal to a code quantity when encoding is
performed by the fixed quantization scale can be predicted with a high
accuracy before the encoding of a picture. By setting the fixed

Guantization scale-QP INJuasegrding te.a desikedpicturequalibsdtis
possible to set various average generated code quantities and thus set
various igigturé GialBED by theé simphlepsetiing 1 Thde ds;dnsekdanging the
mode of recording onto the recording medium 2 in the encoder 14, the
controfifig: GRit 5° ehanGes ie GHAREZMIH dcdlé GPURFTERI0ERES With
a start o(fi at%gch%eglceiof each _%iggure type, an thereﬁg ggan%%sg ﬁict%re

qﬂ%ﬁ?yma}ccordmg to ﬁ1ecrte%ro?d|ng madé flﬂGt c3.tDté ermlnfﬁb farget

code quantity MBR JARGEJI(R). (aktained fromythetrye predigted code
quantity TRUE

increased. Thus, even when a picture change occurs due to
a scene change or the like, it is possible to allocate an
appropriate code quantity to each picture, and thereby
improve picture quality.

The encoding process 1s performed by the fixed
quantization scale QP INET.at least at a start of a
seguence of each picture type. With an actual generated
code guantity BIT{0) in this picture as a reference, from
A ratioc between a feature quantity in this picture and a
feature guantity detected in a picture to be encoded, the
‘roughly calculated predicted code gquantity ROUGH PRED{n)
of the picture to be encoded is obtained. The roughly
calculated predicted code guantity ROUGH PRED(n) is
cerrected to thereby obtain a true predicted code
quantity TRUE PRED(n). Thus, with the fixed guantization
scale QP INIT as a basis, the encoder 14 pérforms the |
encoding process while controlling the quantization scale
on the basis of a relative change of the feature gquantity

BD(n), detected in the picture to be encoded, to the
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PRED(n), with the CBR target code quantity CBR TARGET(n) obtained
from the upper limit rate LIMIT RATE (Equation (11)), the encoder 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 limit 60 rate LIMIT
RATE, the encoder 14 sets the true predicted code quantity TRUE
PRED(n) as a target code quantity TARGET(n), and thus performs a VBR
encoding process. When the true predicted code quantity TRUE PRED(n)
is larger than the upper limit rate LIMIT RATE, the encoder 14 sets a
cpderquantity £erresponding, tosthedmpardimifate  LIMIT-RALE as the
target code quantity, and thus performs a CBR encoding process. The
quantization Scalesisaget byr thgiprocess of step 2 of TM5 such that a
generated code quantity becomes the target code quantity, and the input

image dafEidserfcaeRée(EGirtiohS{12)466 tE6)F. 1 PHerebyIuhe enecotlerade

improves encoding efficiency by the VBR encoding process when the
G eSS BUSRAS 18 "Smal, WA UL Sn(E8ing the reéBidable tme

of the,ecording medium 2.y the CoR;epeading areess, Since switching

between the VBR encoding and the CBR encoding is thus performed
aseardiag tadhe dres predicted:cede: guaantity, and accuracy in prediction
o By setting the fixed quantization scale QP INIT
according to a desired picture quality, it is possible to
set various average generated-code quantities and thus
set various picture gualities by the simple setting. That
is, by changing the mode of recording ontoe the recording
medium 2 in the encoder 14, the contrelling unit 5
changes the gquantization scale QP INIT associated with a
start of a sequence of each picture type, and fhefeby
changes picture quality according to the recording mode
(FiG. 9).
‘Determining VBR target code quantity VBR TARGET (n),
-obtained from the true predicted code guantity TRUE
PRED(n}), with the CBR target code quantity CBR TARGET (n)
obtained from the upper limit rate LIMIT RATE (Equation
(11)), the encoder 14 estimates the true predicted code
guantity TRUE PRED({n) with the upper limit rate LIMIT

RATE as a fixed value. When the true predicted cbde_

quantity TRUE PRED(n) is smaller than the upper limit
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the true predicted code quantity is improved, the switching between the
VBR encoding and the CBR encoding can be performed smoothly and
instantaneously, whereby occurrence of a sense of incongruity at the time
of such switching can be prevented. Switching between VBR encoding
control and CBR 61 encoding control is thus performed, and the upper
limit rate LIMIT RATE is changed by the controlling unit 5 according to
the recording mode, whereby the rate of encoded data.is changed
according to the recording mode (FIG. 9) . At this time, the fixed
guantization scale QP INIT associated with a sequence start is changed

i suchr ymanpgeras te be inigriaeked with the;changipg, of the cupperlimit
rate LIMIT RATE. Thereby an average generated code quantity can be

chamngeghso:as i@ resgend kethen change indhe satecekihegneaded,data.
Thus, VBR pictures and CBR pictures can be changed in picture quality
St ialy equallytihve spende t@ther cHakging cofifitopaationsmodéen
so that a sense of incongruity caused b‘)éfthe changing of the operation

hB8e TEADE Tinaeet. SRARNHE Yehbrattd Eodd fldAtity i§ thas aer
n_rﬁgt?t%%ea%dp%heerem%d data is gengrajed-py the VBR encoding, ... o

process, and when the quantization scale of the

a code gquantity corresponding to the upper limit rate
LIMIT RATE as the target céde guantity, and thus performs
a CBR encoding process. The quantization scale is set by
the process of step 2 of TM5 such that a generafed code
gquantity becomes the target code quéntity, 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 encoéing is thus performed according to the true
predicted code guantity, and accuracy in prediction of
the true predicted code quantity is improved, the
'switching'bétween the VBR encoding and the CBR encoding
can be performed smoothly and instantanecusly, whereby
occurrence of a sense of incongruity at the time of such
éwitchiﬁg can be preventéd.

Switching between VBR encoding control and CBR
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quantizing circuit 35 is set such that the generated code quantity
becomes 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 62 code quantity obtained by
correcting a roughly calculated predicted generated code quantity by a
correction coefficient obtained on the basis of an actual generated code
guantity lacks in accuracy. The encoder 14 therefore corrects the true
generated code quantity TRUE PRED(n) to a generated code quantity

redigted when the quantization scale offhe quaptizing cirgyit 35;is st to

a fixed quantization scale at a sequence start as a certain reference
quandizatinnscaleMoke spesifieally fherasturlngenernaiad cedequantity
is converted by the arithmetic processing of Equation (17) to a generated
coteoqaianmtity t obtaie d evverithreaguamtizationsscaty farthergricodidg
process is set to the fixed quantization scale at the sequence start. The

&otfedion coetficibint oRare6respondingPictire e fCgatérhnsd BAthe
g&fg;e‘?i gr? go‘i %"e%%ds generated code,quantity, Thus, Sven.Undena sigte
INIT associated with a seguence start is changed in such
a manner as to be interlocked with the changing of the
upper limit rate LIMIT 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, VER
pictures and CBR pictures can be changed in picture
‘quality substantially egually in response to the changing
of the operation mode, so that a sense of incengruity
caused by the changing of the operation mede can bhe
eliminated.

When the generated code guantity is thus predicted
and the encoded data is generated by the VBR encoding
‘process, and when the guantization scale of the
quantizing circuit 35 is set such that the generated'code
.quantity becomes a target code quantity and the encoding
process is performed, the encoding process is performed
by a guantization scale different from the fixed

gquantization scale as a reference for predicting the

generated code guantity. In this case, a true generated
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encoder 14 normally produces a generated code quantity equal to that
produced when encoding is performed by the fixed quantization scale. It
is therefore possible to 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 63 the correction
coefficient ADJUST(n), so that the process can be simplified accordingly.
Switching between the VBR and the CBR is performed and the encoding
process is performed while thus predicting the generated code quantity.
In CBR encoding control, when the target code quantity of each picture is

seb iy acanvantional method sueh as TMa applied to Ph'(:_jl%' 2a0ly1 ot ed

example, ripples; or so-called fluctuations in the generated tode quantity
. hecoma-lasge {Elz rB) e Spesifisally: avhila-calgylating s-karmaining
allocated code quantity by subtracting the generated code quantity of
onecdi€ture from ¢hé alloedtechcade ghantity of Dren GOPythe prwthed ofd
TM5 sequentially allocates the remaining allocated code quantity to
rERfATNIAY Pittlikes 1 TRESMéthGFGFMStends to cause ripples or
ﬂuctuatior%[sn of bits %;:cur%g 1gia}thOP boundarie gd &qgnot allocate an

S
. £ ’
appropriate Gode quantity to each picture when %1C%egree of difficulty

QE@HQ?%N@H“@&@%CHaEntity TRUE PRED({n) to a generated code
qgquantity predicted when the quantization scale of the
guantizing circuit 35 is set to a fixed quantizaticn
scale at a sequence start as a certailn 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 Coefficieﬂt 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 éuantity
—eqﬁal to that produced when encoding is performed by the
fixed quantization scalé. It is therefore possible to set
an appropriate code quantity to each picture, and thereby
improve picture quality. in addition, such a c¢orrection

is performed in a process of feedback fbr the setting of
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Therefore, 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 picture types when a picture
to be encoded is encoded as the other picture types. Further, true
predicted code quantities for the other picture 64 types are also obtained
on the basis of the roughly calculated predicted code quantities for the
other picture types. Further, the instantaneous rate of a sequence is
measured at each picture in the sequence on the basis of a true predicted
code quantity for the corresponding picture type and the true predicted

qafe quantities for the-other picture, rpesKEapation (B)), An.allogatable .

code quantity is allotted using the instantaneous rate, and a target code
guantity issseip (Eqtations:¢O)rtoi@H)) More specifically, on an assumption
that the true predicted code quantity for the corresponding picture type
and the trereiprelictedkvidecguarititios R thedtHdre picilreltyprs e thed
generated code quantity of each picture in one GOP, an allocatable code

qUkhtty' s HNoREE InHEFGEL d6d€ GEARTEAE St ithud iVen when a
dearge Af diffjculiy is,ehanged AndBg CQF, atprget code qyantity.can be
allotted by

control, when the target code quantity of esach picture is
set by a cqnventional method'such as TMLH applied to MPEG-
2, for example, ripples, or so-called fluctuations in the
generated code quantity become large (FIG. 5).
Specifically, while calculating a remaining allocated
code quantity by subtracting the generated code quantity
of one picture froﬁ the allocated code quantity of one
GQP, the method of TM5 sequentially allqcates the
remaining allocated code guantity to remaining pictures.
The method of TM5 tends to cause ripples or fluctuations
of bits occurring at GOP boundaries, and cannot allocate
an ‘appropriate cede quantity to each picture when a
degree of difficulty changeé within the GOP.

Therefore, in addition to a roughly caiculated
predicted coderquantity for a corresponding picture type,
the encoder 14 also obtains roughly calculated predicted
code quantities for other pictufe type§ when a pictuxe to

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

true predicted code quantities for the other picture
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optimum allocation at the time of setting the target code quantity to each
picture in response to the change. Thereby a more appropriate code
guantity can be allocated to each picture. It is thus possible to prevent
ripples or fluctuations in the generated code quantity and thereby
improve picture quality. 65 On the other hand, in the VBR encoding
process, when the encoding process is simply performed by the fixed
guantization scale, degradation in picture quality is noticeable in a
sequence with a low degree of difficulty. Incidentally, when the
guantization scale is adjusted centering on such a sequence with a low

egree l;:iﬁéusl in.Qr ayoi C I ionp pi ality, it
%Ygf icu% tcg) gu%rgqt%&%gﬁ%gcoé{gi(}gﬁltéim%gv%%f;\dﬁqgggcépg%ﬁlgphigh

degreeifc diffigiibugearcansesutivaly: Themfom-theraacederels
measures the instantaneous rate of a sequence at each picture in the

sequence {Egeation {8Y)t aad.thehebyl grasps Emipstentangéous fdégree of
difficulty of the sequence. In the case of a sequence with a low degree of

FfffeaRYy ahd s |G imstataREotis thte? tid BoMmptEsdiBh rafid i Twerad
T pRedy (Giua s Chana (M. Iheisky dearadalpn BPEhLe
corresponding picture type and the true predicted code
quantities for the other picture types (Equation (6))}. An
allocatakble code quantity is allotted using the
instantaneous rate, and a target code guantity 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 cher
picture types ére the generated code guantity of each
picture in 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 quantity can be allotted by
optimum allocation at the time of setting the target code
quantity to each picture in response to the change.
Thereby a more appropriate code guantity can be alloéated
to each picture. It is thus possible to prevent ripples
or fluctuations in the generated code gquantity and

‘thereby improve picture quality.
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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 associated with switching to the
CBR, the true predicted code quantity is increased by a coefficient that
increases as the true 66 predicted code quantity is decreased, and then a
target code quantity is set. Thereby degradation in picture quality in a
sequence with a low degree of difficulty is prevented. Further, by limiting
this coefficient that thus increases to prevent degradation in picture
quality to a certain value, it is possible to reduce the generated code

quantity and therehy reduge ypnecgssary GpRsumption; of areeording
space when picture taking is accidentally started with a lens cap on, for
exadAplen E3):kffeatsef Erbediment 1 Acgordingde tbemboviey the
configuration, a true predicted code quantity is calculated by correcting a
rbughty calsulated: piedictethdede daantitapredictéd frohs tnpeat imagety
data by a correction coefficient. The input image data is encoded on the
pasis oF e fthé prédicted eéﬁbeé‘&ﬁaﬁﬂ&hTﬂe%%Wré%?i%ﬁec?‘oe‘?ﬁcient'of a

CQ{EE]?PQQP{QQ piqitrlilg:e:i,ct:%@netiglie};,Onwmeenb%%iesa Oﬂg[l?gntization scale is
adijusted centering on such a sequence with a low degree
of diffiéulty in order to avoid such degradation in
picture quality, it is difficult 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 pilcture in the sequence
{Equation (5)}), ana 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 picture quality in a sequence with such a
Jlow degree of difficulty is prevented. .

Specifically;'when a true predicted code guantity
is smaller than a reference value for picture quality
_improvémént smaller than a fixed wvalue aésociated with

_ switching to the.CBR; the true predicted code guantity is

increased by a coefficient that increases as the true
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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 67 the basis
of a ratio between a roughly calculated predicted code quantity detected
in a picture for which the encoding process is completed and the actual
generated code quantity of corresponding encoded data. Thus, even
when a picture change occurs due to a scene change or the like, it is
Bo&sibe B allcRdfe A Hpptoptidie COaETRARE to Tach Pi&hre ahgrIet

thereby improve plc:ture(321)¢1allt)/F1 The in ut.ima e(flzécta of at least a picture

P8 staH Ot 2 Sequiehcd ‘of each ictire typeds ehcoded’oy & fidsd *+°

O e A ey
galcylated. predicted code quantity of a picture to be encoded is

calculated from a ratio between a feature quantity indicating a degree of

difficulty ef.grcading,which rguantity isideiected incthe Rietire: atthe nus
sequence start, and a feature quantity detected in the picture to be
increases to prevent degradation in picture quality to a
certain value, it is possible to reduce the generated
code guantity and thereby reduce unnecessary consumption
of a recording space when picture taking is accidentally
started with a lens cap on, for example.

{3} Effects of Embodiment 1

Accerding to the above configquration, a true
predicted code guantity is calculated by correcting a
roughly calculated predicted code quantity predicted from
input image data by a correction cceefficient. The input
image data is encoded on the basis of the true predicted
code guantity. 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 guantity to each

picture.

At this time, the correction coefficient is set on
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encoded. Thus, with the generated code quantity obtained by the fixed
guantization scale as a reference, itis possible to predict the generated
code quantity with high accuracy, and thus allocate an appropriate code
quantity. Then the encoding process is performed with a target code
guantity set on the basis of the true 68 predicted code quantity and the
guantization scale set such that the actual generated code quantity
becomes the target code quantity. When the true predicted code quantity
is smaller than a certain value, the true predicted code quantity is set as
the target code quantity. When the true predicted code quantity is larger

t@gn the certalrjl: valuea %0 eegvuqeelg%ty carrespondin to. L‘g@e certaln value

iS'set as the ta target code quantity. It Is there% p&lss e to guarantee the
reserdableding dor which fecording-entaithe regording medivgy2 pande
performed, and improve encoding efficiency. In addition, by changing the
fixed gquantizatipnp soalesassiociatedmiitit edclhsequbrce stard in response
to an operation by a user, it is possible to change the average generated
cHReqGATity CTEhcoder tddtd, &id APEFEBPRITOIE R R3TRBTInTéRe” -

p| kuse Wlt‘tle% de}slgeld apligzgure (:Luall ty. In In addcl}t!:ocnu lg;lsfl)((jejdevalue assomated

change or the like, it is possible to allocate an
appropriate code quantity to each picture, and thereby
improve picture quality.
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
generdted code quantity obtained by the fixed
guantization scale as a teference, the roughly calculatede
predicted code quantity of a picture to be encoded is
calculated from a ratio between a feature quantity
indicating & degree of difficulty of encoding, which
quantity is detected in the picture at the sequence start,
and a feature guantity detected in the picture to be
- encoded. 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
écéuraey, and thus allocate an appropriate code guantity.
Then the encoding process is performed with a

‘target code quantity set on the basis of the true
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switching between VBR encoding control and CBR encoding control is
changed in such a manner 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 69 recordable time. The
encoding process is performed with the target code quantity set on the
basis of the true predicted code quantity and the quantization scale set
such that the actual generated code quantity becomes the target code
quantity. By correcting the true generated code quantity to a generated

Gogequantity predicted. whep,the, quantizafion, $Galg is sgt 1. cerain
reference quantization scale, it is possible to obtain a CBR generated
cederquantity with highuadcuraoy eveadhenia YRR encedingdqaracessis:
performed, and thereby allocate an appropriate code quantity to each
préttEe (S FeEific e - &otual Henerdted dodesqiasity s scbrivedted to a
generated code quan it%/ when the quantization scale in the encoding step

iSHAMHRE Tiked HUantzatiBASCAIS 8T 5 5EquEALE Start "Phd "Mirection
coefficients aeneraled.on the basis.of the, copyerted geperalgd code

guantity. Thereby the true

quantity. When the true predicted code quantity is largerx
than the certain value, a code gquantity corresponding to
the certain value is set as the target code guantity. It
1s 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
plicture quality.

In addition, a fixed value associated with
switching between VBR.enCOding control and CBR encoding
control is changed in such & manner 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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predicted code quantity can also be corrected in a process of feedback
for the setting of the correction coefficient, so that the process can be
simplified accordingly. More specifically, the generated code quantity is
converted by the arithmetic processing of Equation (17), 70 so that the
generated code quantity can be predicted with high accuracy. Further, the
coefficient k in Equation (17) is set such that -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. Roughly calculated predicted code quantities and true predicted

cade quantities for other picture types when the encoding process is
performed for the other picture types are also obtained. An allocatable

code quaniity is:allatied oprbedasis of pdttespresictad - aode guantityfor
a corresponding picture type and the true predicted code quantities for
thedstharpicturey tysds, andta targes tede uahtitytisuwsetpit¢sifiized code
possible to effectively avoid ripples or fluctuations in the generated code

Uttty BRdHEL obding Ry mfprove ™ piiture qudtitg SSpedifitally?oh the
%% %%rn %%%yy%g@eéggé gquantity becomes the target code
quantity. By correcting the true generated code quantity
to a generated code quantity predicted when the
gquantization scale is set to a certain reference
guantization scale, it is possible to obtain a CBR
generated code quantity with high accuracy even 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 scale'at a segquence start. The
correction coefficient is generated on the basis of the
converted generated code guantity. Thereby the true
predicted code quantity can also be corrected in a
process of feedback fo£ the setting of the correction
coefficient, so that the process can be simplified
'accofdingly.

More specifically, the generated code quantity is

converted by the arithmetic processing of Equation (17},
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predicted code quantity for the 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 allocatable code quantity is
allotted, and a target code quantity is set. It is thus possible to effectively
avoid ripples or fluctuations in 71 the generated code quantity and
accordingly improve picture quality. When the true predicted code
quantity is smaller than a reference value for picture quality improvement
smaller than a fixed value associated with switching between the VBR
and the CBR, the true predicted code quantity is increased by a

cogffigient that increases as thestrug predicted code,QUaniity;is.rag witn

decreased, and the increased true predicted code quantity Is set as a
targat eede guantity Filieneby degradaties in pictie quality eywhes@on
degree of difficulty of encoding is low is made less noticeable. Further, at
tHis time sby ¢imitivg thisTooeffidieAt: 3hat thus indred$és to@ ¢cérddintiadue,
it is possible to prevent an unnecessary consumption on the recording

HERERTIWHE tReSd Syri ot diffictmy ot entseig-Rsihifitahtly low. (4)

%3998 T@%Tf% sufficient accuracy. More preferably, a

sufficient accuracy can be ensured with k = ~0.1126.

Roughly calculated predicted codeiﬁuantities and
true predicted code quantities for other picture types
when the encoding process 1s performed for the other
picture types are also obtained. An allocatable code
gquantity is allotted on the basis of a true predicted
code quantity for a cofresponding picture type and the
true predicted code quantities for the other picture
types, and a target code gquantity 1s set. It is thus
possible to effectively avoid ripples or fluctuations in
the generated code quantity and accordingly improve
plcture quality.

Specifically, on an ‘assumption that the true
predicted code quantity for the correspohding 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 allocatable code quantity is
allotted, and a target code guantity is sét, It is thus

‘possible to effectively avoid ripples or fluctuations in
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FIG. 10 is a block diagram showing a personal computer according to an
embodiment 2 of the present invention. In the embodiment 2, image data
is encoded by processing in the personal computer 60. Specifically, a bus
BUS in the personal computer 60 is connected with various input-output
interfaces via an 72 input-output interface 61. The input-output interfaces
are formed by for example an input unit 62 including a keyboard, a mouse
and the like, an output unit 63 including a display device, a speaker and
the like, a storage unit 64 including a hard disk device and the like, a
communication unit 65 including a modem and the like, a drive 67 for

rgﬁgrq'!rgg and.repradyctio a;regording medium 66, such as an optical
disk, a magnetic disk, or tﬁ‘é%%(e?’%eapersgr?é?lgcrorﬁgf%lf 60 Starts the

aperatiar ofxthe whole of the personal computer 60 by a central
processing unit 69 on the basis of a recording in a read- only memory

(ROM) 68ilsecurds:a work areadn ctrahdomi cacpesstnemory (RAM) @,
and executes various application programs recorded in the storage unit

648y ttfe EEAFAP PrECESSING uRft(CPLY) 69, Whereby desrea proeeds is
PSS SO SRR ten potans IRACERT L eeneny
between the VBR and the CBR, the true predicted code
quantity 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 guantity. Thereby degradation in picture guality
when a degree of difficulty of encoding is low is made
less noticeable.

Farther, 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
compﬁter according to an embodiment 2 of the present
inventioﬁ. In the embodiment 2, image data is encoded by
processing in the personal computer 60.

Specifically, a bus BUS inlthe personal computer 60

is connected with various input-output interfaces via an
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recording and reproducing image data on an optical disk. An encoding
process program for implementing the encoder 14 described above in the
embodiment 1 by software is provided as an encoding process program
for an encoding process at a time of recording in the application program.
The embodiment 2 is formed in the same manner as the 73 encoder 14
described above in the embodiment 1 except that the embodiment 2
encodes image data by executing the encoding process program. FIG. 11
is a flowchart showing a process procedure of the central processing unit
69 which procedure is associated with the encoding process program.

When the, sentral.processing Leﬁit.69@;@@é@@@ree%ﬁapr%%{rﬁaégg

process proceeds from step SP1 to step SP2, where the central
peocessing.ditled performsintia:pradictigniand rsimpde intes predictjon of
input image data, and detects prediction residual data output from the
sHBtBetig circuis U ard 4 5tdescibled. abovecwithrefarehte @8 FIG. 3.
In next step SP3, the ¢entral processing unit 69 determines whether

PrOCeREing'8f & 183 TRAGOBIEK ifthe® pratGRI R cARpletdd. Whstra®
negatlve Leshltis obfaingd, [nSteR PG RIPEESS SIS 10 Step 3Pa.; |
where the prediction residual dafa of a next macroblock is detected.
Whenanpositie-resultis obtainedin siep 2P 3 aoen and the like, a
drive &7 for recording and reproduction on a recording
medium 66 such as an optical disk, a magnetic disk, or
the like.

The personal computer 60 starts the operation of
the whele 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 varilous application
programs recorded in the storage unit 64 by the central
processing unit (CPU) 69, whereby a desired process is
performed. One of the application programs prévided 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 is‘
provided as an encoding process program for an encoding
proceés at a time of recording in the application program,

The embediment 2 is formed in the same manner as the
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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 Equations (1) and (2) In next step SP5, the central
processing unit 69 calculates a VBR target code quantity and a CBR
target 74 code quantity by performing the arithmetic processing of
Equations (3) to (10), and detects a final target code quantity TARGET(n)
on the basis of a comparison of these target code quantities as shown by
Equation (11). In next step SP6, the central processing unit 69 detects an
optimum prediction mode associated with proper intra prediction and

mﬁasai-ﬁteli@r%@@tiqq-ﬂemeg@o%t@pi%PZh@ee%@maalIMEeisiegé%%ﬁ9
generates prediction residual data associated with a proper encoding
progess lire thenbdptiruem predietion drede rokiainsa caeficientdata byy the
subjecting the prediction residual data to a discrete cosine transform
FYBEeds ngn dP TR tdareNEdded data by subjecting the coefficient data
toa quang%icgg Rrocess ang a lossless coding process. In this process,

the central procedsing uhit 69 4&ts & qiRRZAtdPsEHI8 6P datif ocedure
macighlock By performing. the itQHleéiCg@f%ﬁﬁ@'ﬂgf%og&%@p@sigz) to

(16) such that an actual generated code quantity is the target code
associated with the encoding process program. When the
central processing unit 69 starts this process procedure,
the process proceeds from step SP1l to step SP2, where the
central processing unit 69 performs intra prediction and
simple inter prediction éf input image data, and detects
prediction residual data cdutput from the subtracting
circuits 42 and 45 described above with reference to FIG.
3. In next step SP3, the centrdal processing unit 69
determines whether processing of a last macroblock in the
picture is cémpieted. When a negative result is obtained
in step SP3, the process returns to step SP2, where the
prediction rgsidual data of a next macrcblock is detected.
When a positive result is obtained in step SP3, on the
other hand, fhé process proceeds from step SP3 to step
SP4, where a true generated code quantity is predicted by
performing the arithmetic processing of Equations (1) and
(2.

In next step SP5, the central processing unit 69

calculates a VBR target code guantity and a CBR target
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quantity obtained in step SP5, and generates the encoded data. In next
step SPB, the central processing unit 69 decodes the prediction residual
data by subjecting the encoded data to a dequantizing process and an
inverse discrete cosine transform process. In next step SP9, the 75
central processing unit 69 decodes the image data from the decoded
prediction residual data, removes block distortions by a deblocking filter,
and temporarily stores the image data in. the random access memory 70
or the storage unit 64 as a frame memory. Next, the central processing
unit 69 in step SP10 determines whether the processing of the last

naaeobleck, dn the pictuteriscompletedVhenannedativeresullds i ng of
obtained in step SP10, the process returns to step SP6 to start the
ehwoding process for a ext macrdbitzoke dWer af positive aegult iscode
obtained in step SP10, on the other hand, the process proceeds from
SRR SRt SRPESPRL | YPhéreahBaehtraf précesaMranit 89 converese
the actual gagerated code %uantlty }10 a gen ated code quantjty

r
obtaihed on the BASR o & fixed auﬁnﬁfé’tionic‘zé% By BBriorming the
arithm?tiCIBrO;?§§§i”:Qt%f%E%%“,O”CQJ)cHh{Pﬁ sien,2E12; A LAECtI0RS
coefficient is generated by performing the arithmetic processing of
Enuadions(18) optimum prediction mode associated with proper
intra prediction and proper inter predicfion. In next
step SP7, the central processing unit 6% generates
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 subijecting the coefficient data
to a quantizing process and a lossless coding process. In
this process, the central processing unit 69 sets a
guantization scale for each macroblock by performing the
arithmetic processing of Equations (12) to (16) such that
an actual geherated code quantity is-the target code
quantity obtained in step SP5, and genérates the encoded
data.

In next step SP8, the central preocessing unit 69
decodes the prediction residual data by subjecting the

encoded data to a dequantizing process and an inverse

discrete cosine transform process. In next step SP9, the
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using. the converted generated code quantity. The central processing unit
69 in next step SP13 determines 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 76 obtained in step SP13, the process
proceeds from step SP13 to step SP14, where the central processing unit
69 ends the process procedure. FIG. 12 is a flowchart representing
details of the process of step SP2 in the process procedure of FIG. 11.
When the personal computer 60 starts this process procedure, the

REQRRSS, Prosesds am stepi$P 2l la step SP2R Whre thecentral, o,

processing unit 69 generates predicted image data associated with intra
pradictiencediaxt stap 5R22, the cealral peocessingwvit 891cadeidates
prediction residual data associated with the intra prediction using the
pledicted-image liata adebdiated witht tHd intra pretlictiomanaekt step
SP24, the central processing unit 69 determines whether a picture to be
ehcobed iR IPiETe 84 P-Pictie tRARR iRt PraditBRLE applied.
: Vgﬁgn | ge%gaztive re§ulé; jis ggtaailn%q: in stenpe%gm, the process proceeds

from step e4 '&)nétep SP25, Wherél Iﬂ'nee centrzfl )

Next, the central processing unit 6% in step SPL0
determines whether the procéssing of the last macroblock
in the picture is completed. When a negative result is
obtained in step SP10, the process returns.to step SP§ to
start the encoding process for a next macreblock. When a
poéitive result is obtained in step SPi10, on the other
hand, the process proceeds from step SPL0 to step SP11,
-where the central processing unit 69 converts the actual
generated code guantity to a generated code quantity
obtained on the basis of a fixed quantization scale by
performing the arithmetic processing of Equation (17). 1In
next step SP12Z, a correction coefficient is generated by
pérforming the arithmetic processing of Equation (18)
using the converted generated code quantity.

The central processing unit 69 in next step SP13
determineé whether the encoding process is completed up
to a sequence end. When a negative-result_is obtained in
step 3P13, the process returns to step SP2 to start

processing a next picture. When a positive result is
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processing unit 69 sets a total value of the prediction residual data
associated with the intra prediction as residual data BD of the
macroblock. The process then proceeds to step SP26 to return to the
process procedure. When a positive result is obtained in step SP24, the
process proceeds from step SP24 to step SP27, where 77 the central
processing unit 69 generates predicted image data associated with
simple inter prediction from the input image data. In next step SP28, the
central processing unit 69 calculates prediction residual data resulting
from inter prediction on the basis of the predicted image data. In next step

' SP%Q the central rocgﬁi:gg utnit 69 compares a total valye of th
Bra n
p?e iction residua % ta resuiting from the inter” E(r)é:(%gt%n Lév][i"t%mthséect(ca)Fal

valuesokthespradiction residual dataresuitingfromthedayapredictionss
When the total value of the prediction residual data resulting from the
irtral predietiomis:saralercthedroeess proceeds to step SP25, where the
central processing unit 69 sets the total value of the prediction residual
data resuftify fréfn tfe itfel predhiction asPesidqalrdaa sptetthe of the

macroblock. The process then proceeds to step SP26 to return_to the
€ RroceRs then p

p%é’é:s%sﬁroocedure. en the total Valie 6F th E)‘Aroe%ﬁlagttllornereos%dgﬁg' 11

When the personal computer 60 starts this process
procedure, the process proceeds from step SP2l to step
5P22, where the central processing unit. 69 generates
predicted image data associated with intra prediction. 1In
next step 5P22, the central processing unit 69 calculates
prediction residual data associated with the intra
prediction using the predicted image data assoclated 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 sﬁep SpP24, the process
" proceeds from step SP24 to step SPZS; where the central
.processing unit 69 sets a total value of the prediction
residual data associated with the intra prediction as
residual data BD of the ﬁacroblock. The process then
proceeds to step SP26 to return to:ﬁhe process procedure.

When a positive result is obtained in step 3P24,

the process proceeds from step SP24 to step SP27, where
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data resulting from the inter prediction is smaller, on the other hand, the
process proceeds from step SP29 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 78 return to the process
procedure. Incidentally, though not indicated in the process procedures
represented in FIG. 10 and FIG. 11, the central processing unit 69 also
calculates generated code quantities when the encoding process is
performed for other picture types which quantities are necessary for the

agithmetic progessing of Equation.(7) 'gqath series,t of process r%cedures.
ACording b he Rrbsdiment 2. e same St ae those brame M50

embodinent dican-hephtainedishen image datadisancaded by, exgeuting
the encoding process program. (5) Embodiment 3 FIG. 13 is a block
diagram shewnglan £ncodernaestorsiingtcan @mbodimenti3-efithe
present invention. This encoder 74 encodes input image data DI by

WEG@E.SéﬁécFﬁBél‘fy,@ﬁe%ﬁdﬁ%ﬁnaﬁ%ﬁéﬁﬁﬁﬁt rfidge ddta DI a
Clecrele SORnG Lapsiorm circult 1042 8, uRagtng sirou 9. o
predicted image data. In next step SP29, the central
processing unit 69 compares a total value cf the
prediction residual data resulting from the inter
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 5P25, 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 tétal value of the prédiction residual
data resulting from the inter prediction is smaller, on
~the other hand, the process proceeds from step SP29 to
step SP30, where the central processing unit 6% 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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the discrete cosine transform circuit 76. The coefficient data is quantized
by a quantizing circuit 77, and is then output as encoded data D2 via a
lossless coding circuit 78. In addition, the input image data D1 is decoded
by a dequantizing circuit 79, an inverse discrete cosine transform circuit
80, and an adder circuit 81. The 79 decoded input image data DI is
recorded in a frame memory 82. For P-pictures and B-pictures, predicted
image data is generated by motion compensation using the image data
recorded in the frame memory 82, and the predicted image data is input
to the subtracting circuit 75. An encoding control circuit 83 in the encoder
7r4\fe @rgdic%% a&e@nerated code ﬁggggyrféom the input image data DI, and

sets the quantizati h scale of the quantizing circuit 77 on the basis of a

result of thg-predietion (o epgodgthe iinage data Blsatia GBR Bytheess

one-pass system. Specifically, a difficulty detecting circuit 84 in the
encockniy controkgircuit83 cetaécts mifeatii® guanttyEndicatingha degree
of difficulty of an encoding process for each macroblock. Various
IfigtHoes car BEcappist 1 tHe GétettiBR of e TatPS qaanaiAfed code

example, the signal level of a high-frequency component _in the input
iﬁ%ﬁﬁhﬁ%ﬁ%ﬁaﬁ%ﬁpagaﬁﬂfncoglng(Lroc ss is performed Por

other picture types which quantities are necessary for
the arithmetic processing of Equation (7) in the series
of process procedures,

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 program.

{5) Embodiment 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
data Dl to a discrete cosine transform circuit 76 via a
subtracting circuit 75, and generates coefficient data by
the discreﬁe cosine transform circuit 76. The coefficient
data is quantized by a quantizing circuit 77, and is then
" output as encoded data D2 via a iossless coding circuilt
?8- In addition, the input image data D1 is decoded by a
dequantizing circuit 79, an inverse discréte cosine

transform circuit 80, and an adder circuit 81. The
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A generated 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 80 quantities when the picture is encoded as other picture
types. A target code quantity determining circuit 86 calculates a target
code quantity for each picture on the basis of a result of the process of
the generated code quantity predicting circuit 85. The target code quantity
determining circuit 86 sets the quantization scale of the quantizing circuit

7]7 such that an %ctual en ra}:tediggde quantity JS he targef code
SCoe 61[)& . lm% e (§i a 5 'reco & x%ame memoyy
quantity. FIG."14 is a block diagram showing details of a configuration o

the geneyated gode grantity,predigting (cireyit 85ard the targehgedgata
guantity determining circuit 86 by way of a comparison with FIG. 4. The
generatetreadel quantitytpredictingeeirciit-8w s ferbred imthe same data
manner as the generated code quantity predicting circuit 46 described
dboveriddte lemborlirhEARE WBPE thatthe YeRefdtedrigil Gliartitmage

redicting circuit 85 calculates a roughly calculate
K)data ig inguégto tge sugtgagt%%g c%rcd%t 75.

An encoding control circuit 83 in the encoder 74
predicts a generated code quantity from the input image
data D1, and sets the quantization scale of the
gquantizing 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
guantity indicating a degree of difficulty of an encoding
process for each macroblock. Various methods can be
applied to the detection of the feature gquantity; for
example, the signal level of a high-frequency component
in the input image data may be applied.

iy generated-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 generafed code

guantity of each picture and true generated code
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generated code quantity and a true generated code quantity 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 81 determining circuit 47
described above in the embodiment 1 except that the target code quantity
determining circuit 86 does not have a configuration for the VBR and a
configuration for switching between the CBR and the VBR. According to
the embodiment 3, even when an encoding process is performed by an
encoding system without a large number of prediction modes, and even
when tantencoglqilgg | Progess :i.Lsc %rfgrmed V‘r’xitc:ho nIX a gB(Bt,hthe same
Sfiécts s those associated with the CBR encoging control de&cribed
@%\ées in the embodiment 1 can be obtained. Specifically, by calculating a
true predicted code quantity by correcting a roughly calculated predicted
code quamtity: predictesticom tietinput eage-tate hy ac Correttion 6
coefficient, allotting an allocatable code quantity on the basis of the true
pretictédicoteaqlianityt arrPencoding the input ikge datatiis pessibie

to allocate an appraopriate code quantity to each picture
basis of a result of the %rocess of the generated code

guantity predicting circuit 85. The target code guantity
determining circuit 86 sets the guantization scale of the
quantizing circuit 77 such that an actual generated code
quantity is the target code quantity.

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

The generated code guantity predicting circuit 85
is formed in the same manner as the generated Code
guantity predicting c¢ircuit 46 described above in the
embodiment 1 except that the generated code guantity
predicting circuit 85 calculates a roughly calculated
generated code guantity and a true generated code
-quantity using feature quantities detected by the

difficulty detecting circuit 84 in place of residual data

. MB BD.

The target code quantity determmining circuit 86 is

formed in the =same manner as the target code guantity
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when a recording time is to be guaranteed by the one-pass system.
Specifically, the conventional- MPEG-2 sets a target code quantity for
each picture by TM5. As described above with reference to FIG. 5 and
FIG. 6, in the case of TM5, considerable ripples or fluctuations in
generated code 82 quantity occur. However, according to the embodiment
3, by allotting an allocatable code quantity on the basis of an
instantaneous rate, it is possible to prevent such ripples or fluctuations in
the generated code quantity, and accordingly allocate an appropriate
code quantity to each picture. Incidentally, in the embodiment 3, the

configuraton, of a feedback loop assogiated with, heitzﬁr%ﬂi&“%m"éc% ent

generated code quantity is complex as compared with a conventiona
MPE&-Zeneadar. With ihis anfigusatiopsionaver awhepnan MREG-2
encoder and an AVC encoder are integrated into an integrated circuit, for
exampléttieintegrated cirbaitean beosiplifiedthyomapphiinglilee VBR and
configuration of the embodiment to the AVC encoder and using a part of

tHe CORfIgARITITAthE MPEG ZBAEGISS (6] Cthet inGdimAts fits to/PR-
bmeagce’tif ai%%fg"é!%'vkﬁrgg?etg% foreaing Smiodiments, description has been
encoding process 1s performed by an encoding system
without a large number of prediction modes, and even when
an encoding process is performed with only a CBR, 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

guantity by correcting a roughly calculated predicted

code guantity predicted from the input image data by a
correction coefficient, allotting an allocatable code
gquantity on the bhasis of the true predicted code guantity,
and encoding the input image data, it is possible to
allocate an appreopriate code quantity to each picture

. when a recording time is to be guaranteed by the one-pass
system.

Specifically, the conventioﬁal—MPEGfZ sets a target

code quantity for each picture by TM5. As described above
with reference to FIG. .5 and FIG. 6, in the case of TMS5,

considerable ripples or fluctuations in generated code
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actual generated code quantity is converted to a generated code quantity
when an encoding process is performed by a certain reference
guantization 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 83 for correcting the true
predicted generated code quantity may be provided separately, or the
true predicted generated code quantity may be corrected by correcting a
roughly calculated predicted generated code quantity. Incidentally, in
these cases, it is necessary to calculate a coefficient for the correction
r%te{y in correqupdencng|th E uaéf? 17)) addlt vvhlle én
fg‘regomg emobodlments dEESCI’IthOH%aS n ma of a case v[vnhere the

ooprectione eoafficient-ARIISTLRhis sethy therecess of EQations(18)o ¢

on the basis of only a result of processing of an immediately preceding
pictuiey therpreseptinveatien is tnatdinpiteds toothis.tEhe correstiosuch
coefficient ADJUST (n) may be set by correcting a previously used
coimeietion eseffitlert HHIST (A1) BYyhesestR of Processing ortthey -
|mmed|ately ecedlngé{)lcture Then it is osslble to prevent accuracy of

pPEdicSH SFHEHUE Gendrated CBue EhA ﬁt‘“ﬁy]frotfﬁ Betng ddgraded dus®

t%Qdﬁ”H%%@Q&e. Incidentally, in the empodiment 3, the
configuration of a feedback loop associated with the
prediction of a generated code guantity is complex as
compared with a conventicnal MPEG-2 encoder. With this
configuration, however, when an MPEG-2 encoder and an AVC
encoder are integrated inte 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 cf the configuration in the
MPEG-2 encoder.
{6} Other embodiments
It is to be noted that while in the foregoing
embodiments, description has 5eenrmade of a case where an
aétualrgenerated 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 Eqguation (17) and then a true predicted
generated code quantity 1is corrected, the present

invention is not limited to this; for example, a process
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change in picture quality due to strobe light emission or the like. In
addition, while in the foregoing embodiments, description has been made
of a case where the encoding process is performed with only the CBR
when the process is switched between the VBR and the CBR, the present
84 invention is not limited to this. The present invention is widely
applicable to cases where the encoding process is performed with only
the VBR in a configuration associated with the changing of an average
generated code quantity, a configuration for decreasing a compression
ratio when a degree of difficulty is low, and the like. In addition, while in

the joregping.embpdiments.,, degeripiion bas begn,mads ol aucasg, where

an orthogonal transform process is performed by a discrete cosine
transfeun procass: dhe grasentdnyentian isrotdimite e tedhis: dde present
invention is widely applicable to cases where orthogonal transform
preoeEssitg by Karhuriehiltoeve trahsforrrand teellike isappked.ing a
addition, while in the foregoing embodiments, description has been made

OF QIR WhTE tHe Efitoling broGeb T8 e iorftb B AV Hhig- Y -
gPEG-Z tchagleresent i&\]]/ention IS naot Iim'ged to this, The§re§ent

|ﬁ\$ér?t%n IS i('JIeIlynapp fcable o cades where the enco H‘ng grocess
calculate a coefficient for the correction separately in
correspondence with Equation (17).

In addition, while in the foregoing embodiments,
description has been made of a case where the correction
coefficient ADJUST (n) is set by the précess 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 cerrecting a previously used correction
coefficient ADJUST (n-1) by the result of processing of
the immediately preceding picture. Then, it is possible

- to prevent accuracy of prediction of the érue generated
code quantity from being degraded due to a temporary
change in picture gquality due te strobe light emission or
the like.

In addition, while in the foregoing embodiﬁents,
descfiption has been made of a case where the encoeding
prdcéss is performed with only the CBR when the process

is switched between the VBR and the CBR, the present
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is performed in various formats. Industrial Applicability 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 85 recorded, and is applicable to video
cameras, for example. 86 CLAIMS 1. An encoding method 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 method
comprising the steps of: predicting a roughly calculated code quantity of

spifeneaded data, generated from said, input image data., caleylating g,

true predicted code quantity by correcting said roughly calculated
predigtet:cgde pgiantiy by a correstien enefficiam cosrasponding i saic
picture type; encoding said input image data on a basis of said true
prediercef eate quehtity; ambiysditing $BRI éorrectiom édefficieritof the
corresponding, picture type with detecting an actual generated code

OARER 6 SAd Endddedfugiaanging of an average generated code

gquantity, a configuration for decreasing a compression
ratic when a degree of difficulty is low, and the like.

In additicn, while in the foregoing embodiments,
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 Iimited
to this. The present invention ié 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,
descripfion 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 encoding process program, and a

recording medium on which the encoding process program is
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2. The encoding 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 code quantity detected in a picture for
which an encoding process is completed and an actual generated code
quantity of said encoded data 87 corresponding to the picture. 3. 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; 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 sai
sre%%%%%é%nd the fégtuﬁgpéﬁgﬁt}%/ede%gctgé (f%% p?gtrﬂ?é: o befeonrco%?fflp ?e ’
said roughly calculated code quantity predicting step calculates said
roughly calculated predicted code 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. 4. The encoding method as
claimed in claim 1,
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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 on the 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 88 target code quantity, 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 with a VBR, and when said true predicted
code quantity is larger than said ceftain,value, said target code quantity
setting step sets a code quantity corresponding to said certain value to

said targat.code: quaBtiyisR agdehgenaratepaisrencosad-data wikha 1 s
CBR. 5. The encoding method as claimed in claim 1, wherein: said

errepting Sedp gneedes saliinputimagd dateot: al least adpicturesstial
- start of a sequence of each picture type by a fixed quantization scale set
ihngagaﬁagge data is encoded while predicting a generated

code guantity of each picture, and encoded data is
generated, said encoding method comprising the steps of:

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

calculating a true predicted che guantity by
correcting said roughly calculated predicted code
quantity by a correction coefficient corresponding to
said picture Lype;

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

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

2. The encoding method as claimed in claim 1,
wherein:

said coefficient setting step sets said correction
coefficient on a.basis.of a ratio bestween said roughly
calculated prediéted code 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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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
calculated code quantity predicting step calculates said roughly
calculated predicted code quantity of said picture to be encoded on a
basis of the 89 actual generated code quantity of said encoded data
obtained by said fixed quantization scale; and said encoding method
changes an average generated code quantity of said encoded data by
changing said fixed quantization scale in response to an operation by a
user. gSThgdenrgod{ng Q?_lethogl a}:sugflgimed in claim 5, further comprising
the's ep%cf se_%tn?g a?arge‘? dode guantity of an encoding process on the

basis of spid tye RIgdicied Loregiantity whergi saigd.ensading step
encodes said input image data on the basis of said true predicted code
gty by setting a quantization scale such that the actual generated
code quantity of said encoded data becomes said target code quantity,
when saifdfst preistedcodeguantiyds snidlied thanut cénapevalaga of

said target code quantity setting step sets said true predicted code
&ﬁé&ﬁﬁ?&sﬁk?lCture at a start of a sequence of each

picture type by a fixed guantization scale set in
advance; andgd

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 calculated code guantity predicting step
calculates said roughly calculated predicted code
guantity of said picture to be encoded on a basis of the
actual generated code guantity bf said encoded daia
obtained by said fixed quantization scale.

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

-wherein sald encoding step encodes said input image

‘data‘on the basis of said true predicted_code guantity by
setting a‘quantization scale such that the actual

generated code quantity of said encoded data becomes said
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target code quantity 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 90 said encoding method changes said
certain value associated with switching of encoding control between said
VBR and said CBR in such a manner as to be interlocked with changing of
said fixed quantization scale. 7. The'encoding method as claimed in claim
6, wherein: a recordable time of said recording medium on which said

en %deecd gggae is recoFleEd is changed by changing said certain value and

said quantizatio ‘scale. 8 “The encoding method as claimed in claim 1,

further comptisiggithestars gt aeitnea BEe! codequanfity 0T 8hatier
encoding process on the basis of said true predicted code quantity; and
toreecting:saidtine peddictedseode quantity; cueredusaidiencoditg step
encodes said input image
step sets said true predicted code quantity to said
target code guantity 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 te said
certain value to said target code guantity so as to

‘generate said encoded data with a CBR.

5. The encoding method as claimed in claim 1,

- wherein:

said encoding step encodes saild input image data of
at least a picture at a start of a sequence of each
picture tvpe by a fixed quantizétion scale set in
advance;

with a ratio between a feature quantity, indicating
a.degree of difficulty of enéoding,.which is detected in
the picture at the start of said sequence and the feature
guantity detected in a picture to be.encoded, said
fbughly calculated code'qﬁantity predicting step
calculates.said roughly calculéted predicted code

gquantity of said picture to be encoded on a basis of the
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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, and said correcting
step corrects said true predicted code quantity to a generated code
quantity predicted when said quantization scale is set to a certain
reference 91 quantization scale. 9. The encoding method as claimed in
claim 8, wherein: said correcting step corrects said true predicted code
guantity by converting said actual generated code quantity to the
generated code quantity predicted when the quantization scale in said

QU090 st Is seto- e cerain reference quantzation sealey and by
Sétting sdid correction coefficient of said corrésponding picturé type on

hechasia ofthe converted gengratedicade Suantibn.&L0. e encoding
method as claimed in claim 9, wherein: said coefficient setting step
converts saidiaettabdjene atethoddegaagtity accordingaigthgeenuiation
BIT BY CONSTQ PRED =e (k * (QP CONSTQ - QP AVERAGE)) BIT,
code quantity of said encoded data by changing said fixed
guantization scale in response to an operation by a user.

6. The encoding method as claimed in claim 5,
further ddmprising the step of setting a target code
guantity of an encoding process on the basis of said true
predicted code guantity,

whereiﬁ sald encoding step encodes said input image
déta on the basis of éaid true predicted code quantity by
setting a guantization scale such that thé actual
generated code guantity of said encoded data becomes saild
target code guantity,

| when said true predicted code quantity is smaller

- than a ceftain value, said target code quantity setting
step sets said true predicted code quantity to said
target code quantity sc .as to generate said encoded data
with a VBR, |

when said true predicted code quanﬁity is largerx
‘than said certain value, said target code guantity
setting step sets a code quantity correspoﬁding to said
certain value to said target code gquantity so as to

. generate said encoded data with a CBR, and
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where BIT BY CONSTQ PRED is the generated code quantity after
conversion, QP AVERAGE is an average quantization scale of
guantization scales in each macroblock when actual encoding is
performed, QP CONSTQ is said certain reference quantization scale, BIT
is said actual generated code quantity, k is a coefficient, and denotes a
power operator. 92 11. The encoding method as claimed in claim 10,
wherein: said coefficient k is -0.1126. 12. The encoding method as

" claimed in claim 8, wherein: when said true predicted code quantity is
smaller than a certain value, said target code quantity setting step sets

said true predicted code duantity.io said, trget.cqde guaptity,sq,as i

generate said encoded data with a VBR, ‘and when said true predicted

eede guantty isilargeywihamsald certain yalues gaishiarget coda-quantity
setting step sets a code quantity corresponding to said certain value to
saittavVidR code gaantityB3d as teydnerateasaid enedded data with a

CBR. 13. The encoding method as claimed in claim 8, wherein:
interlocked with changing of said fixed quantization

scale.

7. The encoding method as claimed in claim 6,
whereih:

a recordable time of said recording medium on which
sald encoded data is recorded is changed by changing said
certain value and said quantizatioﬁ 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
guantity; and

correcting said true predicted code guantitys;

wherein said encoding step encodes said input image
data on the 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
- target code quantity,-and

sald correcting step corrects said true—prediéted
code guantity to a generated code quantity predicted when

sald quantization scale 1s set to a certaln reference
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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 encoding, which is detected in the picture at the
start of said sequence and the feature 93 quantity detected in a picture to
be encoded, said roughly calculated code quantity predicting step
calculates said roughly calculated predicted code 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 said

e&&gg@gz@@ygﬁd ghanges an average generated code quantity of said
encoded data by changing said fixed quantization scale in response to an

operation py amserehdolihaenaedinganethasias aladmed inxchaim &3,

wherein: when said true predicted code quantity is smaller than a certain
vahee said target code quantity setting step sets said true predicted code
guantity to said target code quantity so as to generate said encoded data

with a VBRE WheTPEAaThI® Bretheld ettty 16largae Predicted

code quantity by converting said actual generated code
quantity to the generated code quantity predicted when
the quantization scale in sald encoding step is set to
the certain reference guantization scale, and by setting
said correction coefficient of said corresponding plcture
type on the basis of the converted generated code
gquantity. |

16. The encoding method as claimed in claim 9,
wherein:

said coefficient setting step converts said actual
generated code quantity according to the eguation:
BIT BY CONSTQ PRED = e {k * (QP CONSTQ - QP AVERAGE)) *
BIT,

where BIT BY CONSTQ PRED is the generated code
gquantity after conversion, QP AVERAGE is an average
guantization scale of quantization scales in each
macroblockIWhen‘actual encoding is performed, QP CONSTQ
is said ceitain refereﬁce quantization scale, BIT is said
actual generated code guantity, k is a coefficient, and ~

denotes a power operator.
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than said certain value, said target code quantity setting step sets a code
guantity corresponding to said certain value to said target code quantity
S0 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
94 said fixed quantization scale. 15. The encoding method as claimed in
claim 14, 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. 16. The encoding method as claimed in claim

1, further comprising the step of setting a target code, quantity of a
encoding frocutroe IHORALE Ao Bug prerhoa botts dustly L
whetein,said encoding step encodes said input image data by setting a
guantization scale such that the actual generated code quantity of said
encoded gaia becemeissaidttargetscode gaanity, said roughly calculated
code quantity predicting step also obtains said roughly calculated
predictedl@ode Thgastiti i for HtHeHetireé fypesvined apicitheid bo

wherein:

when said true predicted code guantity is sﬁaller
than & certain value, said target code quantity setting
step séts said true predicted code gquantity teo said
target code guantity so as to generate said encoded data
with a VBR, and

when said true predicted code guantity is larger
than said certain wvalue, said target code gquantity
setting step sets a code quantity corresponding to said
.certain value to said target code gquantity 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 imége data of
at least a plcture at a start of a sequenée of each
picture type by a fixed guantization scale set in
advance; |

with a ratio between a feature qdantity, 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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encoded is encoded as the other picture types, said true code quantity
predicting step also obtains true predicted code quantities for the other
picture types from the roughly calculated predicted code quantities for
said other picture types, and said target code quantity setting step allots
an allocatable code guantity on the basis of said true 95 predicted code
quantity for the corresponding picture type and the true predicted code
guantities for said other picture types, and sets said target code quantity.
17. The encoding method as claimed in claim 16, wherein: said
allocatable code quantity is allotted on an assumption that said true

g edigted.code ayaptity for, said corrgspopding pigture type apd;the true

edicted ‘code quantities for said other picture types are the generated
cedasuantity of-aash picturaiin ene QR 18.-Lhe epcading-method as
claimed in claim 1, further comprising the step of setting a target code
qouahtityleftars emsédingprocéss onithe lrasisiobsaiditcue predibted code
quantity, wherein said encoding step encodes said input image data by

sBRHY-a Gliaffizafdif sBate 3tch fHat Bife sefRiGbtatededds qpantitye
Oggggg n%%%%%%%g%p%gpeeéégg%ity of said encoded data
obtained by said fixed gquantization scale; and
said encoding method changes an average geherated
code quantity of said encoded data by changing said fixed
'quantization scale in response to an operation by a user.
14. The enceoding method as claimed in claim 13,
- wherein:
when saild 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 gquantity so as to generate said encoded data
with a VBR;
when said true predicted code quantity is largef
than said certain value, said target code quantity
setting step sets a code guantity corresponding to said
certain value to said target cdde gquantity sé as to'
" generate saild 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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target code quantity, when said true predicted code quantity is smaller
than a certain value larger than said reference value for image quality
improvement, said target code quantity setting step sets said true
predicted code quantity to said target code quantity so as to generate
said encoded data with a VBR, 96 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 when
said true predicted code quantity is smaller than said reference value for

p&_l% ure guality improvement, I§aé%galrget code quantity setting step sets
salé{ true predlgte 5 e quantity to said target code quantity increased

by a coeﬁ1@ent¢wee@m§@ﬁ90ﬁﬁm ereasesasisald e predigted
code quantity is decreased. 19. The encoding method as claimed in claim

& ewhérein: said target code quantity setting step limits an increase in
said coefficient to a certain value. 20. An encoding device in which a
mCUHetyﬁeﬁfcordable time of said recording medium on which
said encoded data is recorded is changed by changing said
certain value and said quantization scale,

16. The encoding.methad 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 gquantity,

| wherein said encoding step encodes said input image
data by setting a guantization scale such that the actual
generated code guantity of said encoded data becomes said
target code guantity,

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,‘

said true code guantity predicting step also
obtains true predicted code quantities for the other
picture types from . the roughly calculated predicted code
‘quantities for said other picture types, and

said target code guantity setting step allots an

allocatable code quantity on.the basis of said frue
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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; 97 true code quantity predicting means for calculating a true
predicted code quantity by correcting said roughly calculated predicted
code quantity by a correction coefficient corresponding to said picture
type; encoding means for encoding said input image data on a basis of

saiddrue-predicied qq.%@titsf;;@n@ﬁgeﬁ@m%&%&H&%_cﬁgﬁégtting

said correction coefficient of the corresponding picture type "wit
deteeting ancaeiuakgenennted code quedmdityofasaid rencoded data.L21.
The encoding device as claimed in claim 20, wherein: said input image
¢ahes i Gtvem integally aethined imagé pidkupimeansd@2ghantity .
encoding_process program executed by arithmetic processing means, for

sequentidlly setting & Picitety P pittdres OFariprdmdyedadts L6
eheading . -

said allocatable code guantity is allotted on an
‘assumption that said true predicted code quantity for
sald corresponding picture type and the true predicted
code quantities for said other picture types ére the
generated code guantity of_eéch picture in one GOP.

18. The encoding method as ¢laimed 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 guantity,

wherein said encoding step encodes said input image
data by-satting a guantization scale such that the actual
generated code quéntity of said encoded data becomes said
| target code quantity,

when said true predicted code quahtity is smaller
-than a certain value larger than said reference value for
image quality improvement, 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,
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said input image data while predicting a generated code quantity of each
picture, and generating encoded data, 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 quantity by correcting said roughly calculated
predicted code 98 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

quantity ofsajd gageded-data, 23 Akecerdiggmgdium epwhichian. ..

encoding process program executed by arithmetic processing means, for
seguantallyiseting:d pictaeuype da pictusesset inpuidmagedatay
encoding said input image data while predicting a generated code
(qEahtiR et c&CP piRtre, andogenarairgisycotatr datomsdenordad, ssaid
encoding process program comprising the steps of: predicting a roughly

cERUMED B Guafity b Ssdi Eto et Gt et ke PrrofPsdil input
gage data: caleyiating g depredicied,code guantity by

when said true predicted code guantity is smaller
than said reference value for picture quality improvement,
said target code guantity setting step sets said true
predicted code gquantity to said target code guantity
increased by a coefficient, wherein said coefficient
increases as said true.predicted code quantity is
decreased.

1%. The encoding method as claimed in claim 18, -
wherein:

said target code guantity setting step limits an
increase in saild 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 guantity predicting means
for predicting a roughly calculated code quantity of said

. encoded data generated from said input image data;
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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. 100
ABSTRACT The present invention is applicable to video cameras, for
example. The present invention encodes input image data DI on the basis
of a true predicted code quantity TRUE PRED(n) calculated by correcting
a roughly calculated predicted code quantity ROUGH PRED(n),

predicte frgm h%inp &imggggj %DA,_;LWE[haCOFI‘eCtiOH coeffici'ent:L .
ADJUST ﬁ) and sets fﬁeagorre ti?)él coefficien ES?G%T%&)KO g chrating

gorrespopding:pictie bypr ogdhe basis of asactuakaeneratadicedagnly
quantity BIT(n). 101

calculated predicted code guantity by a correction
coefficient cogresponding to said picture type;

encoding means for encoding said input image data
onn a basis of said true predicted code guantity; and

coefficient setting maans.far 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.ZO,
wherein:

salid input image date is input from integrally
retained image pickup means.

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

predicting a roughly calculated code quantity of
said'enéoded data generated from said input image data;

calculating a true predicted code guantity by

correcting sald 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 gquantity 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 genéxated code guantity 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 céde guantity by
correcting said roughly calculated predicted code
- gquantity by a correction coefficient cprresponding to
said picture type;

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

setting said correction coefficient of the

corresponding picture type with detecting an actual
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generated code guantity of said encoded data.
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ABRSTRACT

The present invention is applicable teo video
cameras, for example. The present invention encodes input
image data D1 on the basis of a true predicted code
quantity TRUE PRED{n} calculated by correcting a roughly
calculated predicted code quantity ROUGH PRED(n},
predicted from the input image data D1, with a correction
coefficient ADJUST(n) and sets the correction coefficient
ADJUST (n) of a corresponding picture type on the basis of

an actual generated code qguantity BIT(n).
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