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BACKGROUND OF THE | NVENTI ON 1. Field of thq,A,nglnt i on
The present invention relates to an i mage encodi ng ﬁ'na[

apparatus and, nore particularly, to an inpge_encodi ng
apparatus for quantizing conversion data obtai ned by

converting image information IMAGERENEQRING ARPARATUS \/
and vari abl e-1ength codi ng the quanti zed conversi on

?ﬁt ?écent years, as a Jhis Eﬁggﬁk%o a%?ﬁ'fﬁéﬁ B? cﬂ"ﬁpplication Ser. i mage
signal, the adaiot i ve rk?‘P 2 %ﬂg Sgllﬁ%bt At now U.S. Pat. No.
1

formati on) encodi ng S been receiving a | ot of
attention. An encodi ng net ' \
Phot ogr aphi ¢ Expert G?oup)ﬁ&%gz?gwga% JQIVENTION
tional standard organi z3 Fieldf of thehptntibnret hods of
tsclstse:nygs :nnpiaggzdit ES DEhee Fé%?hg‘ VEitiif relates to an image cncodingWAl Ibazlac
briefly described bel @ afitts dnd, dre pattitllarly, 10 an y%etg'.“éc ‘«’% tic bl ock
-di agram for explainin RAratus fgr quantzing conversion data obtaine \
onverting image information onto a frequency region,
and variable-length coding the quantized conversion
data. '
- 2. Related Background Art

In recent years, as an encoding method of a color
image signal, the adaptive DCT (discrete cosine trans-
formation) encoding method has been receiving a lot of
attention. An encoding method in the JPEG (Joint
Photographic Expert Group) organized as an interna-
tional standard organization for encoding methods of
this type employs the DCT encoding method.

A basic system of an encoding method of this system
will be briefly described below.

FIG. 2 is a schematic block diagram for explaining an
arrangement of a2 conventional encoding method using
DCT conversion, and FIGS. 3 to 6 are views for ex-
plaining processing of the encoding method shown in
FIG. 2. An input terminal 2 receives a digital image
signal to be encoded, which signal is obtained by raster
scanning. The image signal input to the terminal 2 is
input to an 8 X8 blocking circuit 4, and is two-dimen-
sionally divided into pixel blocks each consisting of
(8 X8) pixels. The image signal is output to the next
circuit in units of pixel blocks.

A DCT conversion circuit 6 DCT-converts the
image signal from the blocking circuit 4, and outputs an
(8 X 8) data marrix for a frequency region. More specifi-
cally, a pixel block consisting of image data Dy to Dgs,
as shown in FIG. 3, is converted into a data matrix
including X;; to Xgs, as shown in FIG. 4, by circuit 6.

Note that X1 represents a DC component in the
horizontal and vertical directions of the pixel block, i.c.,
an average value of this pixel block. If Xj; to Xgg are
- generally represented by X, a component represented
by Xjjhas a higher frequency in the vertical direction as
i is larger, and has a higher frequency in the horizontal
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ar‘rangerrent of a conventional encoding nethod using DCT

- conversion, and FIGS. 3 to 6 are views for ex- pl ai ni ng
processi ng of the encodi ng net hod shown in FIG 2. An
input termnal 2 receives a digital inage signal to be
encoded, which signal is obtained by raster- scanni ng.
The image signal input to the terminal 2 2s- Il nput to an
8 x 8 blocking circuit 4, and is two-dinen- sionally
divided into pixel biipsdSorEas ifﬂl'ﬁ'b?.fi ng of (8X8)
pi xels. The inage si gApfle i@ GhRitx blepleH¥Nthe DCT conversion  circuit
in units of pixel blacks : cHrMNERSIPN Ccircuit 6

4, and outputs an quantization matrx ge ¢ bl- Lop_a frequency
regi on. More specifiquantizaion matrix 11 tocayssy * e'nfB consi sting
of imge data Df er r] weighting rdoefficients of quantization :SMCBh¥#S ilATFIG 3, is
converted into a datBXDRtadefficients Xi; to Xas, and a coefficienthgengra-r] to

X[err], as shown in gibfecidoui®16 Genetites @.coefficient C. The quantiza- Note that

DCT-converts the carcuit 6 is input to aili@é !lni}é E ogking circuit
fo iﬁ;& Fpths 4
i

X[err] represents a{;g,}, : s.gfmdthccacfﬁcientcminﬂmrizontal and
vertical directions BL‘ - PO i‘tiO' multilication circuit an
average val ue of thi .b g A erfr%rh Oi%g ﬁa Lof the

general |y represent efP b§RIGHIAtes (Wids 0.@ 5 ‘H

by X[ err] has a hi ghlinear quantiagion cirgpit f.atg dgtermp z{gﬂu uts -

i is larger, and hasQai to Qsafromahaanultiplication egenitAfl. ANotg 915-0

the coefficient C has a positive value, and controis the
image quality and generation data amount.

In practice, the linear quantization circuit 8 calculates
X/Qy. and outputs the calculation results. Assume that
the outputs from the lincar quantization circuit 8 are
represented by Gij to Gss. The qu.antizcd conversion
data Gy to Ggg are output from a zigzag scanning Cir-

cuit 10 sequentially from DC components. More specifi-
cally, the zigzag scanning circuit 10 outputs, to a vari-
able-length coding circuit (VLC) 12, the data Gy, to
Gas in the order G11, G12, Ga1, G31, G22. G13, G4, Gn3,
Gzsy, Gui, . . ., Gss, G, G771, Ges, G, Gg7, and Ggs.

The VLC 12 calculates a predicted value for, e.g., 2
DC component G;; among adjacent pixel blocks, and
Huffman-encodes a predicted error from the predicted
value. Alternatively, the VLC 12 performs equal-length
coding of only this DC component. On the other hand,
the VLC encodes AC components Giz to Ggg other
than the DC component Gi; while zigzag-scanning
quantization outputs from low-frequency components
to high-frequency components. The VLC classifies
significant coefficients, which do not correspond to a
quantization output=0, into groups according to their
values, and Huffman-encodes a set of a group identifica-
tion number, and a run length of the number of insignifi-
cant coefficients which correspond to a quantization
output =0, which are sandwiched between the immedi-
ately preceding significant coefficient and a current
significant coefficient. The VLC then adds an equal-
length code indicating the position of a value in a group.

In general, since high-frequency components in an
oblique direction of an image have a low probability of
generation, it can be expected that the latter half portion



-2- direction as j is larger. The data matrix output fromthe DCT

s conversion circuit 6 is input to a linear quantization circuit 8. A
guanti zation matrix generation circuit 18 generates a quantization matrix
(Werr] to Werr]; FIG 5) indicating weighting coefficients of

guanti zation step sizes for DCT coefficients Xerr] to Xerr], and a
coefficient genera- tion circuit 16 genegates a coefficient C. The

quantiza- tion matrigs C are input
to a multiplication cw%ﬁy%ﬂ Hﬁ%ﬁtﬁca Sm%g@mgée cal cul ates
ki
et

n
(Werr] X O, and qu Jﬁg ioh circuit 8
are determned by o aye R ¥ory ery high C‘P‘F’&mﬁ‘@ AR Tion circuit
20. Note that the cdpgfa compressiarratio betwean b todl/9as amhaverdses ol s t he
i mge quality and gamimagenlsaist feeefrom imagenqpalityt idegradatiod i near
qguanti zation circui tcah Eélkj@ébaé&s Xerr]/ q err] and outputs the
calculation results. A55YRE o has 'ed% A nEH] a§luanti zation
circuit 8 are repr s?’gm lﬁ%& nen %ﬁ eCoNnversion
data Jerr] to (err J?@aénft y4 Lngq Cgﬁ cwt 10
sequentially from Dj;'?i?ﬁ‘p ‘ zag scanni ng
circuit 10 out puts, 4¢seanmdn Pengﬁllék% t%céiﬁjl TGW éﬁ?'c’o \BiE) 12, the
data Gerr] to ( ertures are tocetrdos ,r:}zsdeﬁmdqhat@[@dqmbq err],
dJerr], Jerr], { erautputhas alfixedGwmbér ofbits in units of fram& orif, Jerr],
Gerr], err], g enidits 6{'91‘,@ blé¢ks. G err]. The VLC 12 cal cul ates a
predicted value for, gpfaa%hve-mentioned coefficient C is increased, the
probability that Gjbecomes 0 is increased, and the total
bit count NB of encoded data is decreased. The rela-
tionship between the coefficient C and the total bit
count NB is expressed by a monotonically decreasing
function although it varies depending on images, and it
is known that this relationship is represented by a loga-
rithmic curve shown in FIG. 6 for an average image.
The above-mentioned JPEG and the like propose 2
method of predicting a coefficient CO for obtaining a
desired total bit count NBO. More specifically, a given
coefficient C1 is encoded, and a total bit count nbl of
the obtained code is calculated. A predicted value C2 of
CO is calculated based on nbl and C1. This calculation
can be predicted since the logarithmic curve shown in
FIG. 6 passes (C1, nbl).
Upon several repetitions of this operation, an encod-
ing amount including several % of an error from the
desired total bit count NBO can be obtained.
However, processing for repetitively performing
encoding to determine the value of the coefficient COis
time-consuming, and is not suitable for an encoding
apparatus, which must transmit one frame during a
predetermined period of time like in transmission of
motion pictures. In particular, when an image signal
having a very high bit rate such as a high-definition
television signal is to be processed, such processing is
impossible.

SUMMARY OF THE INVENTION

The present invention has been made in consideration
of the above situatian, and has as its object to provide an
image encoding apparatus for quantizing conversion
data obtained by converting image information onto a




DC conponent {Jerr] anong adj acent pixel blocks, and Huffnman-encodes a
‘predicted error fromthe predicted value. Alternatively, the VLC 12
performs equal -1 ength coding of only this DC conmponent On the other hand,
the VLC encodes AC conponents Jerr] to Jerr] other than the DC conponent
G err] while zigzag-scanning quantization outputs fromlowfrequency
conponents to high-frequency conponents.-Pe VLC classifies significant
coefficients, which dognot correspond to a quantization output=0, into
groups according to thé[FAUeRSY Fegiomand-gneadingetheoquantizedcoayesr group -
i dentifica- tion nunb&ion dat, swherein dhet image ehcodinghappatatisicagni f i -
cant coefficients whicipecfarmedrighdpeed apaoessingat amd catitsetta ~datawhi ch are
sandwi ched between theamomttiin urftsCo fahfdsod B aSddkived daatamaghf.i ci ent and
a current significant ceffthid Eﬂfposghﬁc &8& &8 3?3% @Wiéﬁiectl ength
code indicating the po??tth?:br%’g E) Ug N _a.group. Qiﬁ gener si nce
hi gh-f requency conponefit s T arcBgl qieos; AR cAcoding ARRIAMUSe 4 | ow
probability of gener at COMPRSES CARVSESIOR ®ERRS foR sonvestingm@agenin-f porti on
-3- of Jerr] after zi foEBatieniafordataiana frequency regiomqaratiekout-
_ . put means for parallelly outputting the converted data
to output the converted data of a plurality of channels,
‘quantization means for respectively quantizing the con-
verted data of the plurality of channels output from the
parallel output means,operaticn means for calculating a
, data amount to be abtained when one of the converted
data of the plurality of channels output from the quanti-
~ 2ation means is encoded, coefficient generation means
for generating a quantization coefficient for controlling
a quantization step of converted data of other channels
of the quantization means, and encoding means for en-
coding at least one of the converted data of the plurality
of channels output from the quantization means.
.Other objects and advantages of the present invention
will become apparent from the detailed description to
follow, taken in conjunction with the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing an arrangement of
an image encoding apparatus according to the first em-
bodiment of the present invention;

FIG. 2 is a schematic block diagram for explaining an
arrangement of a conventional encoding method using
DCT conversion;

FIG. 3 is a view showing a pixel block consisting of
(8 X 8) image data;

FIG. 4 is a view showing a DCT-converted data
matrix;

FIG. 5 is a view showing a quantization matrix indi-
cating weighting coefficients of quantization step sizes;
~ FIG. 6 is a graph showing the relationship between a
control coefficient C and a total bit count;

FIG. 7is a block diagram showing an arrangement of
an image encoding apparatus according to the second
embodiment of the present invention;

FIGS. 8A and 8B are views for explaining a conver-
gence state of the control coefficient C;

FIG. 9 is a block diagram showing an arrangement of
an image encoding apparatus according to the third



vari abl e |l ength codes obtained in this manner can be expected to have a
-very high conpression ratio. Assum ing a conpression ratio between [err]
to 1/9 as an average, an inmage alnost free fromimage quality degradation
can be decoded. On the other hand, a transm ssion path generally has a
predeterm ned transm ssion capacity per unit tinme. Wen one franme nust be
transmtted during each pre- determned peri®a like in a case wherein
nmotion pic- tures are to be. transmtted, it.is desired that a code to be
out put has a fixed nurﬂfEPOg\mm‘t%‘nihﬁ priseat gv s or {n unifs of pixel
blocks.  If the above- Fek; mwa@bqunmlammsmm@ateaer%w
probability that G[errqudamm:m&slomordesudthaappmuséhawmm count NB
of encoded data is decdFH3s9g. The rela- tionship between the coefficient C
and the total bit count PY3) $1 ¥ R'chasEfbbex tao&mbln eefidnsi ng

function although it vgy dﬁﬁga mgg'}%?d maﬁa cdlﬁpbﬁ@l‘gg that this

rel ationship is represe rve shown™in 6 for an
average i mage. The a% q

H‘ ‘gé Ilke ose a_ met hod of
predicting a coefficien f %&Pﬁl #r%e dl’c&r nt NBO.
More specifically, a Mmm:nbo&mxmgesn@@ﬁémppmwm t bit count
nbl of .the obtained carg tosthedonrttnembodiment of the presenteingention0 | s
cal cul ated based on nldndand Cl. This cal cul ati on can be predicted since the
l'ogarithm c curve shown FIGS! 13, BA3IRAIDE afe  biddk diagramaskewhig|
repetitions of this opgy#rhemaf 65f finale eneSHiNY appuratild teat@yer al % of

an error fromthe ing to the fifth embodiment of the present inveation.

- DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The preferred embodiments of the present invention
will be described in detail hereinafter with reference to
the accompanying drawings.

FIG. 1is a block diagram showing an arrangement of
an encoding apparatus according to the first embodi-
ment of the present invention wherein the present in-
vention is applied to a transmission apparatus for trans-
mitting a television signal.

In FIG. 1, an input terminal 20 receives a television
signal. The television signal input from the terminal 20
is converted into 8-bit digital data by an A/D converter
22, and is divided into (8 X 8) pixel blocks by an (3 X 8)
blocking circuit 26 for performing the same operation as
that in the blocking circuit shown in FIG. 2. The televi-
sion signal is supplied to a DCT conversion circuit 28 in
units of blacks.

Pixel data D;; to Dgs of each block are converted by
the DCT conversion circuit 28 into a data matrix (X;1to
Xsg) for a frequency region in the same manner as in
FIG. 2, and the data matrix is supplied to a zigzag scan-
ning circuit 30. The zigzag scanning circuit 30 performs
the same operation as the zigzag scanning circuit 10
shown in FIG. 2, and outputs the DCT-converted data
matrix (X1 to Xgs) in the order X11, X12, X21, X31, X22,
X13, X14, Xa3, X32, Xa1, . . , X5, Xs6, X77, X3, X718, Xz7,
and Xgs.

A quantization matrix generation circuit 36 generates
the above-mentioned quantization matrix (W1; to Wyg).
In this embodiment, since already zigzag-scanned data
are input to quantization circuits 32a to 32¢, quantiza- -




desired total bit count NBO can be obt ai ned. However, processing for
‘repetitively performng encoding to determne the value of the coefficient
COis time-consuning, and is not suitable for an encoding apparatus, which
must transmt one frame during a predeterm ned period of tine like in
transm ssion of nmotion pictures. In particular, when an image signal having
a very high bit rate such as a high- deflﬂlflon television signal is to be

processed. such proce%ﬁlméﬁmag%gwéltg Wis &n mem ggorﬁgﬁ | NVENTI ON

The present invention
situation, and has as ggnenco Rg appar at us
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for quantizin conversm&u gﬁ PR I ng igage,i nformation
ont Oqa g mulﬁp?icaﬂon cmlti t. g &l%] encodi ng
the quantized conver- ficiegh Ghas thmhqaq-.msngonndg@#ﬁsmt rigoatrehr at us can
per f or m hi gh- speed pr aafBcient) €hfromandaitial chefficientgemeratiomgires of
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preferred aspect of ttachberaseWhenVehid irffitial aBeffilast € fdidtdorBRAr at us

“1”, since Wy=Qy, the multiplication circuit 384 can be

omitted, and the quantization matrix data Wj; to Wss

can be dxrectly input to the quantxzatxon circuit 324, -

In this manner, the quantization circuit 32a obtains
quantization codes G1j; to G1lgs based on the control
coefficient C1. These quantized conversion codes G111
to Glgs are input to 2 VLC 40a.

In this embodiment, VLCs 40a to 404 do not output
actual encoded data, but output only pieces of total bit
count information nbl to nb4 in units of frames obtained
upon execution of the same processing as in the VLC 12
in FIG. 2. The total bit count information nbl output
from the VL.C 40z is input to a coefficient operation
circuit 44a. Coefficient operation circuits 44a to 444
predict a control coefficient CO0 corresponding to a
desired total bit count NBO using the pieces of total bit
count information nbl to nb4 from the VLCs 40a to
40d, the initial coefficient C1, and outputs C2 to C4
from the coefficient operation circuits 44a to 44c, and
respectively output control coefficients C2 to C3. The
coefficient operation circuits 444 to 444 output the con-
trol coefficients C2 to CS, obtained based on conversion
data for one frame input to the quantization circuits 32a
to 324, at the input timing of conversion data for the
next frame to the quantization circuits 322 to 324.

On the other hand, circuits (IFDLs) 34a to 34d delay
the outputs from the zigzag scanning circuit 30 by one
frame period. Therefore, the control coefficient C2
output from the coefficient operation circuit 44a is input
to the multiplication circuit 385 at the input timing of
conversion data for one frame, which are used for ob-
taining the control coefficient C2, to the quantization
circuit 325. The multiplication circuit 385 calculates
(Wyx C), and inputs the result to the quantization cir-
cuit 325, More specifically, the quantization circuit 324
performs the second quantization for a given frame, and
obtains quantization codes G2;; to G2g3 based on the
control coefficient C2. The quantized conversion codes
G211 to G2sz are input to the VLC 404




conprises conversion neans for converting image in- formation into data on
‘a frequency region, parallel out- put neans for parallelly outputting the
converted data to output the converted data of a plurality of channels,
guanti zati on neans for respectively quantizing the con- verted data of the
plurality of channels output fromthe parallel output neansoperation nmeans
for calculating a data anmobunt to be obt-a”ned when one of the converted
data of the plurality of channels output fromthe quanti- zation neans is
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control coefficient ‘CO corresponding to the desired

total bit count NBG. In this embodiment, the control
coefTicient CS5 is supplied to the multiplication circuit
38e as a final control coefficient C. The output from the
multiplication circuit 38e is supplied to the quantization
circuit 32¢. The quantization circuit 32¢ quantizes the
output from the 1IFDL 344, i.e., conversion data, which
are delayed by a total of four frame periods, and
supplies the quantized data to a VLC 40e.

The VLC 40e actually performs encoding that was
described earlier with reference to FIG. 2, and outputs
encoded data (DATA). The encoded data are output
from an entry buffer 46 at a predetermined bit rate, and
are multiplexed with the final control coefficient C by a
multiplexer 48. The multiplexed data are then output
from 2 terminal 50 onto a transmission path.

The second embodiment of the present invention will
be described helow.

FIG. 7 is a block diagram showing an arrangement of
an encoding apparatus according to the second embodi-
ment of the present invention wherein the present in- -
vention is applied to a transmission apparatus for trans-
mitting a television signal.

Note that the same reference numerals in FIG. 7
denote the same parts as in FIG. 1, and a detailed de-
scription thereof will be omitted.

In this embodiment, a coefficient operation circuit 41
supplies a predicted initial coefficient as the above-men-
tioned quantization coefficient (control coefficient) C1
to a multiplication circuit 38a. Note that the predicted
initial coefTicient will be described later. The coefficient
operation circuit 41 predicts a control coefficient C0
corresponding to a desired total bit count NB0 using
pieces of total bit count information nbl to nb4 from
VLCs 40a to 40d, the initial coefficient C1, and outputs




cating weighting coefficients of quantization step sizes; FIG 6 is a
"graph showi ng the relationship between a control coefficient C and a total
bit count; FIG 7 is a block diagram showi ng an arrangenent of an inmage
encodi ng apparatus according to the second enbodinent of the present

I nvention; FIGS. 8A and 8B are views for explaining a conver- gence state
of the control coefficient C FIG 9 is & Block di agram showi ng an '

arrangenent of an i nmage_encqdi apparatus accoydj.ng to the third

-5-  enbodi ment of theésrte @}?th%mﬁlpn C”%“l%“ﬁ’so'é PYES, P17 or

expl ai ning a control dgel soefficients €2Zdte L5 Ihencoefligient GPEratER ne

appar atus shown in Fldrcdit 41 olitgutsithe sontrobxdefficients G itai 6§:a control
operation of a data témakiedbised o ¢converdion data fér oneframetinput whi ch are
si mul taneously obtai neg uantﬁ"aﬁgn dircuits 32,1334 Redne idpectimitigof amsshowi ng

an arrangenent of an i rSIA%° iﬂgfo@%izﬁéﬂsfrﬁﬁﬁof the hggnﬁ&ﬁ&g.fourth
% "

enbodi nent of the preséni .Jnyentl
ment ob PT eS&ircuits 327 to

The arrangement and operations of the second em-

bodiment are the same as those of the encoding appara- .
~ tus of the first embodiment, except for the above-men-
- tioned arrangement and operations.

The predicted initial coefficient will now be de-
scribed.

In general, motion pictures have a high correlation
among frames. For this reason, when adaptive DCT
encoding is performed to set a control coefficient (quan-
tization coefficient) so as to maintain a constant total
data amount for one picture (one frame), the control
coefficients become almost the same among frames.

In this embodiment, by utilizing the high correlation
among frames, a value obtained in the immediately
preceding frame is used as a control coefficient to be
input to the multiglication circuit 38a. Thus, a conver-
gence time of the control coefficients C2 to CS until an
optimum control coefficient is obtained can be short-
ened, and 2 more accurate control coefficient can be
obtained.

A further detailed explanation will be made below

* with reference to FIGS. 8A and 8B.

- FIG. 8A shows values C1 to CS when a control coef-
ficient of a given frame is obtained. As can be seen from
FIG. 8A, the control coefficient converges to a target
optimum control coefficient value while oscillating.

FIG. 8B shows values C1 to C5 when a control coef-
ficient of a frame next to the given frame is obtained.
The initially input value C1 is the control coefficient C2
of the immediately preceding frame, i.e., the value C2
(this value will be referred to as a predicted initial coef-
ficient) shown in FIG. 8A. It can be regarded that an
optimum control coefficient of this frame is almost the
same as that of the immediately preceding frame. Thus,
since the value C1 becomes closer to the optimum con-
trol coefficient, the convergence time can be shortened,
and a value closer to the optimum control coefficient
can be obtained.

As the correlation among frames is higher, images



FI GS. 13, 13A and 13B are bl ock di agransshow ng an arrangenment of an inmage
“encodi ng apparatus accord- ing to the fifth enbodi nent of the present

i nventi on. DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS  The preferred enbodi nents of the present invention will be
described in detail hereinafter with r_e%e_rence to the acconmpanyi ng

dr awi ngs. FIG 1 is a block diagram show ng an arrangenent of an encodi ng

apparat us accordi ng ja@ t of,  he esent i nventi on
ing'Ri H&%ﬁag@tﬁ%‘mgw obfaifl

wherein the present g Up OR8RPShpar at us for
trans- mttlngatele 1 IJIG 1, anlnput term nal 20
recei ves a televisi ?ﬁé& @I‘B&l the E(‘Qjﬁat inygntion vwalh t he terni nal
20 is converted int g;!%‘ﬂ' data by an A/D converter 22, and is

di vided into (8X 8) pFYG.9%sadilechdiagragpste)wingatianangemaritiof26 f or
perforning the saneanpncading appatdtas acgordinaghbte ¢hé nbirdi éfibodli-shown in FIG
2. The televi- sionpgdmdnsf thes ?éﬁéﬁf lifferd ot ftHe! SresBnCid-cui t 28 in
uni Lo oL ocke. . eiabnth ‘%ﬁ%h el Rtich, Pfa e %sgr e comverted

by the DCT conver si gt
a frequeric relonln!l”é in FI G data matrix is
suppl ?ed tg a gl gza L6, &HF ecm%ﬁle “C‘FhBuEl E-?T gg circuit 30
perforns the sane o EF%@ same parts g&uyl‘%'anhu &faﬁcdld;-s hown in FIG
2, and outputs the mhon\thcm\ﬁﬂlbermnttted.(X[err] to Xerr]) in the
order X[err], X err], I nFEG.]9, VLOsr40c 1§ 40 ]of thisefdbodihent bal-X[ er '] ,
Xerr], Xerr],..., culats ttal Yt idnouktebr bnlyAC dompbfiérdts afeérer 1],
encoding, and output pieces of total bit count informa-
tion nbl to nb4 in units of frames. On the other hand,
DC components are equal-length coded.
The operations up to a muluphcatxon circuit 38e,
except for the above-mentioned processing operations
of the VLCs 40z to 404, are the same as those in the first
embodiment. The processing operations after the multi-
plication circuit 38e will be described in detail below.
The output from the multiplication circuit 38e is sup-
plled to a quantization circuit 32e. The quanuzatlon
circuit 32¢ quantizes outputs from a IFDL 344, i.c., at
least AC components of conversion data delayed by a
total of four frame periods, and supplies quantized data
GS12t0 G5s3to a VLC 40e.
The VLC 40¢ actually performs encoding that was
described above with reference to FIG. 2, on AC com-
~ponents GS5j2 to GS5gs, and outputs encoded data
(DATA).
On the other hand, DC components are separated
from the outputs from a 1FDL 34¢ by a DC extraction
circuit §1, and are mput to 2 quantization circuit 52. The
quantization circuit 52 qua.ntxzes a DC component X
by a predetermined quantization step mdependently of
the above-mentioned coefficient C, and inputs the quan-
tized component to a cading circuit 54.
The coding circuit 54 equal-length codes the above-
mentioned DC component by, e.g., predicted differen-
tial encoding. DC component data equal-length coded
by the coding circuit 54, and AC component data varia-
ble-length coded by the VLC 40e, as described above,
are respectively input to buffer memories 56 and 46.
The operations reading of encoded data from the
memories 46 and 56 are controlled by a buffer control




and X err]. A quantization matrix generation circuit 36 generates the
"above-nentioned quantization matrix (Werr] to Werr]). In this enbodi nent,

since already zigzag-scanned data are input to quanttion circuits 32a to
32e, quanti za- -6- tion matrix data Werr] to

Werr] are generated in the order corre _pggdl ng to the zigzag scanni ng, and
are supplied to nultiplication circuits 3 to 38e. The nul tiplication
circuit 38a receives arfirquit 88, Incthis case, coatrol Gy pesfarmedaamfollowsit i oned

coefficient (control cdERdtiis; enfor €ncoded data for acgivendirime| allttheener at | 0“
\C;\Ihl’- CEI t. Itn tlhl s e][r‘;)CDOTﬁth oh&ft entdded d&ﬁeéffﬁﬁﬁ'ﬂhcqw&aa%utto i)e th
en the initial coeffi plafdec! €

mul tiplication circui tgﬁa&hd B‘g} Eeé?rhgoﬁgﬁtdé? oeééc?]ugﬁ% za | on nmatrix data
Werr] to Werr] can b |r tothe antlzatlon. circuig 32a.
In this manner, the qu aﬂé‘ﬁ tmReS M codes
Gl[err] to Gl[err] bas %ﬁtqfhél%ém mqm@aes 6 and, 56 will berdeseribednt i zed
conver si on codes Gl[erelaw. Gl[err] are input to a VLC 40a. In this
embodi ment, VLCs 40a to FIG.d0 isal charfthowinigthe dntaoweile disingsizat out put
only pieces of total bithe memory 46, i.c., the write timings of AC component

encoded data (AC), the data write timings to memory

56, i.e., the write timings of DC component encoded

data (I?C), and the data read timings from these two

memories.

Since DC component encoded data (DATA-2) is
quantized by the constant quantization step indepen-
dently of the above-mentioned coefficient C, quantiza-
tion can be performed before determination of the final
coefficient C in the coefficient operation circuit 444,

For this reason, in-FIG. 9, DC component data are
separated and extracted by the DC extraction circuit 51
at the input side of the IFDL 34d at the final stage, and
are quantized by the quantization circuit 52.

Thus, during a period for which AC component en-
coded data (AC) of a frame of interest are written in the
memory 46, DC component encoded data (DC) of the
same frame already stored in the memory 56 can be read
out prior to the AC component encoded data (AC).

On the other hand, FIG. 11 is a chart showing the
relationship between read and write timings of data
corresponding to AC component encoded data (AC)
and DC component encoded data (DC) when the AC
and DC component data are quantized and encoded
during a smgle frame period without using the DC
extraction circuit 51.

In this case, since read access is performed to be
delayed by one frame from write access to change the
transmission order of data, a capacity for two frames is
required for a memory of AC component data.

As can be understood from the above descnptxon.

~memory capacity requu-ed when the transmission order
of data is changed in units of frames corresponds to two
frames accordmg to the conventional arrangement.
However, in this embodiment, a memory having 2 ca-
pacity for onc frame neced only be arranged for AC
component encoded data (AC) so as to change the data
transmission order.



count information nbl to nb4 in units of frames obtai ned upon execution of
-the sane processing as in the VLC 12 in FIG 2. The total bit count

i nformati on nbl output fromthe VLC 40a is input to a coefficient operation
circuit 44a. Coefficient operation circuits 44a to 44d predict a control
coefficient CO corresponding to a desired gjotal bit count NBO using the

| eces of total bit cou i ryation nbl to nb4 fro he VLCs 40a to 40d,
![Dhe initial coefficiept dT{quto P prﬂeéﬂf?#i}‘g; k‘@“f'ii}i ent
operation circuits 44§P‘ g functign Jof seading QU datg At Predmerminedoes f i ci ent s
C2 to CS. The coeffi cb&tntﬂte-perat lon circuits 44a to 44d out put the con-
trol coefficients C2 tgafthisthhal i £eofitrol MPERiS5® Borfiofls {@r one frane
input to the quanti zadiisiu PEW tise %‘éﬁ&ﬁ&c ?ﬂnu%l Cof BB £ ng of
conversion data for t giﬁ a he Uql at Lo &l 32a to 32d.
On the other hand, ciycll g{g&% giﬂ“% iﬂato‘i‘%? {iﬁg 5?# ggg fromthe
zi gzag scanni ng ci r cJf3ta3F0 A enEmary Q pot pyertaks writd adz ot  of
coefficient C2 out putd'quiﬂ%-t he coefficient operation circuit 44a is input
to the nultiplicati on (The A€ @Bhpanenthencadad datan{AG) andctheBGi on dat a
for one frame, which caomponent éncoddd data (DQ) rédd ouo fitomithe medhi ci ent  C2,
to the quanti zati on Coriés 4é aﬁ@%ﬁ,ﬁ%&&ﬁbbmw QFe ﬁhﬂﬁﬂléxeaafy cal cul at es
(Werr]XQ) -, and inpuy spilipletsUds thfethdf With e/ BhaBolfTiciedtUC] 32D. More
specifically, the qu ”nlﬁcké(% _ Qﬁ% %m NEYTcTe uanti zation
for a given frane, a;g? ?’@%‘S UGN ZaE 5T 1 er.l]. err] based
on the control coeffi S oﬁg | @Fp 'f&ﬂ &(ﬁ‘f [err] to
We[err] are input to tHeR%/fQuthsmbodiment of the preseat invention wi
be described below.
FIG. 12 is a block diagram showing an arrangement
of an encoding apparatus according to the fourth em-
bodiment of the present invention wherein the present
invention is applied to a transmission apparatus for
transmitting a television signal. ,
Note that the same reference numerals in FIG. 12
denote the same parts as in FIG. 1, and a detailed de-
scription thereof will be omitted.
This embodiment assumes an apparatus, which does
not permit that the total bit count of each frame after
variable-length coding exceeds a desired total bit count
NBO even slightly.
Therefore, unlike in the first to third embodiments, a
predicted control coefficient is not directly used. This
embodiment selects, from control coefficients for a
given frame, a contro} coefficient corresponding to a
total bit count after variable-length coding, which is less
than and closest to the desired total bit count NBO.
The arrangement and operations except for those
associated with this selection are the same as those of
the first embodiment.
The operation associated with the above-mentioned
selection will be described below.
In FIG. 12, a four-frame period delay circuit (4FDL)
§5a, a three-frame period delay circuit 3FDL) 555, a
two-frame period delay circuit (2FDL) 55¢, and a one- .
frame period delay circuit (IFDL) 554 respectively
delay control coefficients C1, C2, C3, and C4. With
these circuits, the control coefficients C1, C2, C3, and.
C4 input to a coefficient selector 53 become those for an
image of a single frame. These coefficients C1 to C4 are

O




-7- The operations of coefficient operation circuits 44b to 44d, the
-multiplication circuits 38c to 38e, the 1FDLs 34b to 34d, the VLCs 40b to

40d, and the quantization <circuits 32c to 32e are respectively the sane as

those of the coefficient operation circuit 44a, the nultiplication

circuit 386, the 1FDL 34a, the VLC 40a, ang the quanti- zation circuit

32b. These circuits sequentially update the predicted value of a desired

Che Gontror coof f1ci iApubro g i;fﬁﬁéf%m@ 3ot ng@i’ﬁf?q@‘?gﬁgkuﬁi Cout
44d can be caused tcﬂ}:gm 61"@5"‘? riespoRding frame tQ & QUaRLZation, o

- coefficient CO corre addPLg otal bit count NBO In this
enbodi ment, the contr oThectinfifgs of Piedds of tatabbit eduntoinformationi pl i cation
circuit . 38e as a fi b &P Rblobtaid WHeN quantiZdtfor? dhBUéndddifig! he
mul tiplication cirCuigfa Qﬂ Océtﬁ?o 3 t cuit 32e.
The quantization cir & Eﬁ%ﬁ?‘% gk_%#‘ %#égﬁg . 34d, i.e.,
conversion data, whi %nda i Pl € espec'(:ll%cally. the g{ecsr o%&?rl ods, and

bit count (data mount) information nbl to nb4 corre-
spoading to the control coefficients C1 to C4 input to
the caefficient selector §3 are input to a coefficient
decision circuit 59 immediately before a period for
which these control coefficients C1 to C4 are input to
the coefficient selector 53.

The coefficient decision circuit 59 detects informa-
tion corresponding to a total bit count, which is less
than and closest to the desired total bit count NB, and
supplies 2-bit comtrol information to the coefficient
selector §3 according to the detection result.

Therefore, the coefficient selector 53 selects a control
coefficient corresponding to a total bit count, which is
less than and closest to the desired total bit count NBO
upon variable-length coding, from the control coeffici-
cents C1 to C4, and outputs the selected coefficient.

In this embodiment, the control coefficient output
from the coefficient selector 53 is determined as a final

~ control coefficient C, and is supplied to a multiplication
- circuit 38e. The output from the multiplication circuit
- 38¢is supplied to the quantization circuit 32e. The quan-
tization circuit 32¢ quantizes outputs from the 1IFDL
344, i.e., conversion data delayed by a total of four
frame periods, and supplies the quantized datatoa VLC
40e.

The VLC 40e¢ actually performs encoding that was
described above with reference to FIG. 2, and outputs
encoded data (DATA). The encoded data are output
from an entry buffer 46 at a predetermined bit rate, and
are multiplexed with the final control coefficient C by a
mu:tiplezer 48. The multiplexed data are then output
from a terminal 50 onto a transmission path.

The fifth embodiment of the present invention will be
described below. .

FIG. 13 is a block diagram showing an arrangement
of an encoding apparatus according to the fifth embodi-
ment of the present invention wherein the present in-
vention is applied to a transmission apparatus for trans-
mitting a television signal.




supplies the quantized data to a VLC 40e. The VLC 40e actually perforns
-encoding that was described earlier with reference to FIG 2, and outputs
encoded data (DATA). The encoded data are output froman entry buffer 46
at a predetermned bit rate, and are nultiplexed with the final control

coefficient Cby a multiplexer 48. The ti pl exed data are then out put
froma terninal 50 onto a transm ssion path.’ The second enbodi nent of
the present invention will be described beI OoW. FIG 7 is a block diagram
showi ng an arrangenent of NegteCfla? thed c@%@fﬂg ihOF1Ge 1¥econd

enbodi - nment of the pre?ﬁﬁbté?ﬂ {iﬁx’n gﬁ@ Et'l ’[?T ﬁﬁ&;ﬂ dbf}ulcﬂe&y on is

applied to a transm ssi arafus evision signal.
Not e that the sane refeggﬁ §% %m I%m‘?i%‘enote the geds arts as in

FIG 1, and a detailed de wcpﬁéﬁﬁwwmm this

enbodi nent,- a coeffici ew that the tatal biticaupppf £3C fﬁ?@@l t&d initial
coefficient as the abov e-lengibcodling exgeedson desized itotal hit cowmt r ol

coefficient) Cl to a nuiNB@leven slightly,rlike in $he abiveemehtioned doprthdi ct ed
initial coefficient wl lemtsodiffenti bed | ater. The coefficient  operation

circuit 41 predicts a contiya afcafbéinehf3hd &gﬁ&ﬁgp.qn 8ot theselsi I ed
total bit count NBO usi & lto %‘: nﬁ‘tw@f&y to nb4
from VLCs 44a to 40d, t coef i CI en ; and"ou1

In FIG 13 VLCs 40a to 40d of this embodiment
output pieces of total bit count information in units of
frames, and actually encoded codes.

Pieces of total bit count information ab1 to nb5 calcu-
Iated by the VLCs 40a to 40e are input to a rate fixer 43.
The rate fixer 43 discriminates, from nbl to nb5 for a
single frame, total bit count information corresponding
to a total bit count, which is equal to or smaller than and
closest to NBO, and determines a control coefficient
giving the total bit count and encoded codes as a final
control coefficient and encoded codes.

Data buffers 45a to 45/ are used for supplying en-
coded codes d1 to d4, output from the VLCs 40a to 40d
for the same frame as a frame corresponding to an en-
coded code dS output from 2 VLC 40e, t0 a data selec-
tion switch 47 at the same timing as the encoded code
dS. The data buffers 452 to 45 delay (buffer) control
coefficients C1 to C4 giving the four encoded codes d1
to d4 for a single frame, so that these control coeffici-
ents are supplied to the data selection switch st the same
timing as the encoded codes d1 to dé.

The rate fixer 43 controls the data selection switch 47
to output one of the encoded code dS output from the
VLC 40¢, and the eacoded codes d1, d2, d3, and d4
output from the data buffers 45d, 45g, 45/, and 45j as a
final encoded code DATA. In addition to the final
encoded code, the data selection switch 47 outputs one

of the control coefficient CS output from a coefficient
operation circuit 44d, and the control coefficients C1,
C2, C3, and C4 output from the data buffers 45d, 45g,
45/, and 45; as a final control coefTicient F.

The encoded code DATA and the control coefficient
F are multiplexed by a mulnplexcr 48, and are output
from a terminal 50 onto a transmission path.



-8- C2to C4 of this operation circuit 41, and outputs con- trol
coefficients C2 to CS. The coefficient operation circuit 41 outputs the
control coefficients C2 to CS, obtained based on conversion data for one
frame input to quantization circuits 32a to 32d, at the input timng of
conversion data for the next frame to the ﬂyantlzatlon circuits 32a to 32d.
The arrangenent and operatlons of the second em bodiment are the sane as

those of the encodi nAesurding tbUheUrrififernentbf @bl dfnthetabgvecept for the

ool {161 ent w1 nemag ﬁ“g RE et Toctlyient T BAGLRY Tes have a
hi gh correl ation arYD tFﬁ%J ?gﬁ \Rﬁen a%@f%e DCT encodi ng
is performed to set gﬂ FPF@F%“QFAP"R' B& ficient) so
as to maintain a cd'ng?%’ém{ geatr &psﬂémsa hoﬁﬂh %?@Fu’raém("one frame),

the control . coef f i fethescontrobeoefficient (G dos ansingle frame arper- In this

enbodi ment, by utilforimed fibe tings. THu: f'ﬁmmm‘f peodsssing val ue

obtained in the i n‘rmm%mliyaecedl ng frane is used as a control
coefficient to be i nqp lJare HHbH| Lﬁ h# Wiissiéiforddls: @ conver-
gence time of the AN 8 Ehdn c; xce'., 1-componcn cncoded :i"ar}a(DC)

can be output prior to AC component data using a small

memory capacity.

- Note that various modifications of the present inven-
tion may be made without departing from the spirit and
the principal features of the invention.

For example, in order to realize very high-speed
processing, the control coefficient F is determined in
units of frames. However, if there is a margin for a
processing time, a unit (period) for determining the
value of the control coefficient F can be decreased
(shortened).

In cach of the above embodiments, the coefficient
operation circuits 444 to 44d predict the desired control
coefficient CO using the coefficients C2 to C4 output
from the coefficient operation circuits 44a to 44¢, and
the pieces of total bit count information nb2 to nbd -
cbtained when quantization and variable-length coding
are performed according to the coefficients C2 to C4.
These circuits can more accurately predict the control
-coeflicient using coefficients and total bit count infor-
mation at the immediately preceding stages in addition
to the above-mentioned coefficients and information.
For example, if the coefficient operation circuit 445 uses
the coefficients C1 and C2 and the pieces of total bit
count information nbl and nb2 so as to calculate the
coeflicient C3, the coefficient C0 can be predicted more
accurately.

In each of the above embodiments, in order to paral-
lelly output DCT-converted data X having a time dif-
ference of one frame period, the 1FDLs 344 to 34d are
series-connected at the output side of the DCT conver-
sion circuit 28 and the zigzag scanning circuit 30. When

. the number of bits of the DCT-converted data X must

~ beincreased, a plurality of 1FDLs may be connected in
: series at the output side of the (8 X 8) blocking circuit 26
so as to save the memory capacity of the 1FDLs, and
the outputs of the 1IFDLs may be connected to the




optimum control coefficient is obtained can be short- ened, and a nore
‘accurate control coefficient can be obtained. A further detailed
explanation will be nmade below with reference to FIGS. 8A and 8B. FIG 8A
shows values Cl to CS when a control coef- ficient of a given franme is
obtai ned. As can be seen fromFI G 8A, the control coefficient converges to
a target optimum control coefficient value-wi e oscillating. FIG 8B
shows values Cl to CS when a control coef- ficient of a frame next to the
given frame is obtained. The initially input value Cl is the control
coefficient C2 of tHOGTmetivarsion girenitcamd) the aigzag seanningecival ue C2 (this
value will be referrqait.to as a predicted initial coef- ficient) shown in

FIG 8A It can be reqarﬁﬁiﬁmﬁkmﬂieﬂvuemkdcesaégi g¢ of this
i

frame is al nost the aiﬁ rame. Thus,
since the val ue Clb C sr:t heo ficient, the
convergence tine can&‘ggugiﬂ 9@%3& ‘&“?FZ tfm-l %’f% Bbt i'num
control coefficient cedes fgemopn franes is
hi gher, inages 40d can bc output, ogthc encoded codes
output t'rom the VLCs 40c to 40e can be selectively
output. In this case, the capacity of each data buffer can
be decreased as compared to the embodiment shown in
FIG. 13, and an increase in hardware size can be sup-
pressed.
Therefore, the above-mentioned embodiments are
merely. examples in all respects, and must not be con-
strued to limit the invention.
The scope of the present invention is defined by the
scope of the appended claims, and is not limited at all by
- the specific descriptions of this specification. Further-
more, all the modifications and changes belonging to
equivalents of the claims are considered to fall within
the scope of the present invention.




havi ng hi gher image quality can be obtained upon repe- tition of this

- operation. The third enbodi nent of the present invention wll be

descri bed bel ow. FIG 9 is a block diagram showi ng an arrangenent of an
encodi ng apparatus according to the third enbodi- nment of the present

I nventi on wherein the present in- vent|3$ Is applied to a transm ssion
apparatus for trans- mtting a televisT Signal . Note that the sane
reference nunerals in FIG 9 denote the sane parts as in FIG 1. and a

detai | ed de- scription Wintdefclafiridd fge onitted. In FIG 9, VLCs 40a to
40d of this enbodi ment (CaA- t At ts of only AC conponents
after encoding, and outa&oﬁ;d%‘gsﬁ#{‘@#a o%nwiog@c bron nbl to
nb4 in units of frames f°bé%@¥b5 2Gual -1 engt h
coded.  The operations @& inpus signaliinto blecksn circuit 38e, except for the

abo;/ﬁ rrentlo[\ﬁd ]Proczs&#@r@mmms?ﬂm&an@foﬁbahﬁhﬁaanga:memug th¢e the sane
as ose in € TbhbL6EkKSMES n p S

multi- plication circuit bi&%m ggegg‘ra?g 5 I n 5‘? ﬁHanb %fltogk EH}g

output fromthe nmultipli CII‘CUI'[ 38e is sup- H}tfdto antization
circuit 32e. The quantl%)aﬁ"i‘B?Fttqqr misans for extARtNg & EBF’SP a 1FDL

34d, i.e., at least AC cofpbesanverteddatacoutput fromesaidicopversigna t ot al of
four frame periods, and hesds;es quantized data Go[err] to Glerr] to a VLC

40e. The VLC 40e act Laal 3@1&?&1&@8?&3%0%%;& '@hni’ﬁﬁmdﬂfﬁhktﬁﬂ above with

reference to FIG 2, on fha'Hng code amount of cading of at least an
A.C. component of the converted data output from
said conversion means, by different quannzauon
steps, said plurality of code amount estimation
means each estimating the code amount by a prede-
termined number of blocks; .

¢) control means for, in response to an output of one

of said plurality of code amount estimation means,
controlling the quantization step of another of szid
plurality of code amount estimation means or the
quantization step used for coding of the A.C. com-
ponent of the converted data;

f) coding means for coding the A.C. component of

~ the converted data by using the. quantization step

controlled by said control means; and

g) output means for multiplexing the converted data

coded by said coding means and the converted data
extracted by said extraction means and ou:puttmg
the multiplexed data.

2. An apparatus according to claim 1, wherein said
conversion means performs a discrete cosine transform
conversion.

3. An apparatus according to claim 1, wherein each of
said plurality of code amount estimation means includes
quantization means for quantizing the conversion data
output by said conversion means.

" 4. An apparatus according to claim 1, wherein said
output means further multiplexes quantization control
information as to the quantization step used by said
coding means.

S. A coding apparatus, comprising: |

a) conversion means for orthogonally converting

I




ponents Gb[err] to Gp[err], and outputs encoded data (DATA). On the
‘ot her hand, DC conponents are separated fromthe outputs froma 1FDL 34c by
a DC extraction circuit 51, and are input to a quantization circuit 52. The
quanti zation circuit 52 quantizes a DC conmponent X[ err] by a predetermn ned
guanti zati on step independently of the above-nentioned coefficient C, and
I nputs the quan- tized conponent to a cedi’lng circuit 54. The coding .
circuit 54 equal -1ength codes the above- nentioned DC conponent by, eg.,
predicted differen- tial encoding. DC conponent data equal -1 ength coded by
the coding circuit 54; and AC conponent data varia- ble-length coded by the
VLC 40e, as descri bed ove,- are respectively input_to buffer nmenories 56
and 46. The oper at i on® #HEGAN Breaas Jot eatragtingfa B sompanent es 46 and
56 are control | ed by a buiffthe convened data output by said conversion - 10-
circuit 58. In this casemeaasrol is performed as follows. That is, as for
encoded data for a gives) &rplfality! 6f tbde dthoiffesimation fRAAS feAt a of the
frame are read out firStestipis %de%saﬂpme&dﬁgcgﬁeﬂ [dadt2apf the sane
frame are read out. A..C. component of the converted data output by
said conversion means, by different quantization
steps; .
d) control means for controlling the quantization step
of one of said plurality of code amount estimation
means according to an output of another of said
plurality of code amount estimation means;
¢) coding means for coding the A.C. component of
the converted data by using the quantization step
controlled by said control means; and
f) multiplexing means for multiplexing the output of
said coding means and the D.C. component of the
converted data extracted by said extraction means.
6. An apparatus according to claim 5, wherein said
conversion means performs a discrete cosine transform
conversion.
7. An apparatus according to claim 5, wherein said
plura!jty of code amount estimation means each include
quantization means for quantizing the conversion data.
8. An apparatus according to claim 5, wherein said
multiplexing means further multiplexes quantization
control information as to the quantization step used by
said coding means. :

A A 1 1



The rel ationship between read and wite timngs of data stored in the

- menories 46 and 56 will be described bel ow. FIG 10 is a chart show ng
the data wite timngs to the nenory 46, i.e., the wite timngs of AC
conponent encoded data (AC), the data wite timngs to nenory 56, i.c.,
the wite timngs of DC conponent encoded data (DC), and the data read
timngs fromthese two nenories. Si nce DC conponent encoded data
(DATA-2) is quantized by the constantlQuanti zati on step i ndepen- dently
of the above-nentioned coefficient C, quantiza- tion can be perforned
before determ nation of the final coefficient Cin the coefficient
operation circuit 44d. For this ABREBACTin FIG 9, DC conponent data are
separated and extracted by the DC extraction circuit 51 at the input side

of the 1FDL 34d at the final stagélg and are_guantized by the quanization
circuit 52. Thus, duri ng®¥A%R FHCOPLNG, APBARAEYS oiponent en-  coded dat a
(AC) of a frame of interest are witten in the nenory 46, DC conponent

encoded datg_(DC) .of the s‘gma franme a%reagg st ored indt%e rﬁn;)rg §6 can be
read out pritofTt 3UPAR RRCROHRS ZRRAEALBACANLTIRY %R e tRe2r hand,
FIG 11 is byckenvesitingnimage infommabiohi pnbetactrequenicynxegione ti nmi ngs
of data corgesp i C og%@e cogedndat a ) paPsh nponent
encoded data | ?3%§ﬁpéﬁgf§% q{agrzd (g"(;%r’rlp(_)nentg A aég?gle %ugntligz:]é and
encoded du Wt sugdng fRaneneeframevperdnd udehayt Heirenikxt rBR®i on

circuit 51. parallelly output conversion data are quantized by a
t: © quantization circuit, and :the amount of data to be
obtained when the quantized data are encoded is -
determined by a variable-length coding circuit. The data
amount information is input to a coefficient operation
circuit for determining a guantization step for use in
the next stage. Conversion data quantized according to an
output from. the coefficient operation circuit are ‘
encoded, and the encoded data are output.

Figure. 1



I'n this case, since read access is perfornmed to be delayed by one frane
fromwite access to change the transm ssion order of data, a capacity for
two frames is required for a nenory of AC conponent data. As can be
understood fromthe above description, a nenory capacity required when the
transm ssion order of data is changed jn units of frames corresponds to
two franes according to the convent i oralr arrangenent. However, in this
enbodi ment, a nenory having a ca- pacity for one frame need only be
arranged for AC conponent encoded data (AC) so as to change the data

transm ssi on order. Needl ess to say, the penories 46 aad 56 al so
have a buffer function for reading out data at a prgg( 1 ned W rate.
At this tine, the buffer centrol circuit controls tp ijghtty) dd&l ay t he
data read start timng of rame from \&it'st S M gl s t hat
the read addresses of data [|eo® ftHe nenorv Pgl@d not ol Tdke Mite ad-
dr esses. The AC conppnentise@oded data [ and, the DC compghpntl encoded
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ories 46 and 56, as described above, are nultiplexed by a nultiplexer 48
together with the final coefficient C, and the nultiplexed data are output -
froma termnal 60 onto a transm ssion path at a predetermned bit rate.
The fourth enbodi nent of the present invention will be described bel ow.

FIG 12 is a block diagram show ng anofrrangenent of an encodi ng -apparat us
according to the fourth em bodi nent "of T he present invention wherein the
present invention is applied to a transm ssion apparatus for transmtting a-
tel evi sion signal. Note that the sanme reference nunerals in FIG 12
denote the sane parts as in FIG 1, and a detailed de- scription thereof
will be omtted. Thi s enbodi nent assunes an apparatus, which does not
permit that the total bit count of each frame after variable-length coding
exceeds a desired total bit count=NBO even slightly. Therefore, unlike in
the first to third enbodi nents, a prigdicted control coefficient is not
directly used. This enbodi nent selects, fromcontrol coefficients for a
given frame, a control coefficien sponding to a total bit count after
vari abl e-1 ength codi ng, which is\ess tjhan and closest to the desired total
bit count NBO. The arrangenent rati ons except for those associ ated
with this selection are the sane e of the first enbodi nent. The

operation associated with the abo 1 ioned selection will be described
bel ow. In FIG 12, a four-frane pefiod delay circuit (4FDL)
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55a, a three-franme period delay circuit (3FDL) 55b, a two-frane period
delay circuit (2FDL) 55c, and a one- frame period delay circuit (1FDL) 55d
respectively delay control coefficients Cl, C2, C3, and C4. Wth thes
circuits, the control coefficients Cl1, C2, C3, and C4 input to a
coeff|C|ent sel ector 53 becone those for an i mage of a single frane. These
coefficients ClL to C4 are 3- - 12 - input to
the coefficient selector 53 at the input timng of an i mage of the
corresponding frame to a quantization circuit 32e through a 1FDL 34d The
timngs of pieces of total bit count information nbl to nb4 obtained when
quanti zati on and encodi ng are perforned using these control coefficients Cl
to C4 are adjusted to each ot her by 57 a 2FDL 57b, and a I FDL 57c.
More specifically, the pieces of total t codnt (data nount) information
nbl to nb4 corre- sponding to the control coefficients Cl to C4 input to
the coeficient selector 53 are input to a coefficient decision circuit 59

innediately.before~£PPgrio 0 thepg contg ol caetfilgantp Cl to C4
are input to the cogff] ciieﬁfi éat Irb‘sg Blgh lsc gef .ﬁgﬁerfbf}ﬂr si on
circuit 59 detects "ﬁé%r”abzz D23 | D24 | D25 " D2s | D27 | D2s

9.

D3i | D3z | D33 |D3a |D3s |Dse |Dsz |Dss

Dar | Da2 | D43z | Dasa | Das | Das | Da7 | Das
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De1 | D62 | D63 | Dsa | Dss | Des | De7 | Dss

D7: | D72 | D73 | Dza |D7s |D7s | D77 [ Dvs

De: |Dsz | Dss |Dss | Dss | Des | Dszr | Dss
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don corresponding to a total bit count, which is | ess than and cl osest to
the desired total bit count NBO, and Supplies 2-bit control information to
the coefficient selector 53 according to the detection result. Ther ef or e,
the coefficient selector 53 selects a control coefficient corresponding to
a total bit count, which is less than and closest to the desired total bit
count NBO upon vari abl e-1ength codi ng; Tromthe control coeffici- ents Cl
to C4, and outputs the selected coefficient. In this enbodi ment, the
control coefficient output fromthe coefficient selector 53 is determ ned
as a final control coefficient C, and is supplied to a nultiplication
circuit 38e. The output fromthe nultiplication circuit 38e is supplied to
the quantization circuit 32e. The quan- tization circuit 32e quantizes

outputs fromthe 1FDL 34d, i.e., conversion data delayed by a total of four
frame periods, and supplies the mﬁl ze ata to a VLC 40e. The VLC 40e
actual ly perforns encodi ng that escl¥bed above wth reference to FIG

2, and outputs encoded data (DATA). The encoded data are output from an
entry buffer 46 ined bit rate  and pl{ exed with the

(A
final control cqajf,cigns € q wyi t] Wexdqryfs- exed data are
t hen output froral o \QX‘ rnmrj\ airlgn éé, fhe fifth

embodi ment of theypreswhsi DWeNRL ijom, i | loke jogser | Weg N ou. FIG 13 is a
bl ock diagran1sknm?hg Jﬁziy+n§u__ﬁ_§gn nn?nﬂ Ag s according to
the fifth enbodif-wyent wed {lweyspriewent | wrsentweon Wwerei inWgfelpresent in-

Way | Wa2 | Wa3 | Waa | Was | Wag | Wa7 | Was

o+

(< b

Wsi |Ws2 | Ws3 | Wss |Wss | Wse | Wsz.| Wss

Wei | We2 |Wes |Wee |Wes |Wse | We7 | Wes
W7y | Wr2 | W73 [Wra [ Wrs [ Wrs [ W77 | Wis
Wgy | Ws2 | Wsa | Wgea | Wss | Wss | Wazr | Wss
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vention is applied to a transmi ssion apparatus for trans- mtting a

tel eviion signal. - 13 - Note that the sane
reference nunerals in FIG 13 denote the sane parts as in FIG 1, and a
detailed de- scription thereof will be omtted. Thi s enbodi ment assunes

an apparatus, which does not permt that the total bit count of each frane
after variable-length coding exceeds a dU8stred total bit count NBO even
slightly, like in the above-nmentioned fourth enbodinment. The .
arrangenment and operations except for those to be described below are the
same as those in the first enbodi nent. In FIG 13, VLCs 40a to 40d of
this enbodi nent output pieces of total bit count information in units of
frames, and actually encoded codes. Pi eces of total bit countg
information nbl to nb5 calcu- lated by the VLCs 402 _9—4ﬂe are"®pput to a

rate fixer 43. The rate &ixer 43 discrimnates, from piE ltornb r a
single frane, total bit (','Q\lfr fnf or mat i o Qor EspgihE wtfo"hat pt & bi t
. . - - =2 d
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cl osest to NBO, and determi nes a control coefficient giving the total bit
‘count and encoded codes as a final control coefficient and encoded codes.
Data buffers 45a to 45] are used for supplying en- coded codes dl to d4,
output fromthe VLCs 40a to 40d for the sane franme as a frane
corresponding to an en- coded code d5 output froma VLC 40e, to a data
selec- tion switch 47 at the same tinmng-a8 the encoded code d5. The data
buffers 45a to 45] delay (buffer) control coefficients ClL to C4 giving the
four encoded codes d1 to d4 for a single frame, so that these contro
coeffici- ents are supplied to-the data selection switch at the sane
timng as the encoded codes dl to d4. The rate fixer 43 controls the data
selection switch 47 to output one of the encoded code dS output fromthe
VLC 40e, .and the encoded codes dl, d2, d3, and d4 output fromthe data
buffers 45d, 45g, 45]j, and 45 as a final encoded code DATA. In addition
to the final encoded code, the data selection switch 47 outputs one of
the control coefficient CS output froma coefficient operation circuit

44d, and the control coefficients Ci, C3, and &4 output fromthe data
buffers 45d, 45g, 43i, and 45] as a &_pa&d control coefficient F. The
encoded code DATA and the control co &ent F are nmultiplexed by a
mul ti pl exer 48, and are output from ﬁginal 50 onto a transm ssion path.
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- 14 - According to the arrangenent of each of the above enbodi nents,
since the control coefficient Cis not fed back at all, a period required
for processing for one frane can becone the sane as that of processing
usi ng a constant control coefficient C although a calculation of the
control coefficient C for a single frane is per- fornmed five tinmes. Thus,
very hi gh- speed processing can be realized. - In the third enbodi nent, the
data transm ssion order can be changed, i.e., DC conponent encoded data
(DC) can be output prior to AC conponent data using a small nenory
capacity. Note that various nodifications of the present inven- tion my
be made wi thout departing fromthe spirit and the principal features of the
i nventi on. For exanple, in order to realize very high-speed processing,
the control coefficient Fis determned in unitggof S. However, if
there is a margin for a processing tine, a unit for determ ning
the value of the cont"'-q"\oi coef fci ent F can.pe decr (sgortened). I n

each of the above engothiTe tsgi¥+m-coefficf" oper cuits 44b to
44d predict the desirledscortr EXgefficient Lsi ng spdfficients C2 to
C4 output fromtheg cqe.f,Eﬁi enti=giB¢ration crr 824t 71 and &he
pi eces of total bilt d&EWE—dnfdBRdti on nb2 to - £
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obt ai ned when quanti zation and vari abl e-Length coding are perfornmed
~according to the coefficients C2 to C4. These circuits can nore accurately
predict the control coefficient using coefficients and total bit count
infor- mation at the immedi ately preceding stages in addition to the
above-nentioned coefficients and information. For exanple, if the
coefficient operation circuit 44b uses the8coefficients Cl and C2 and the
pi eces of total bit count information nbl and nb2 so as to cal cul ate the
coefficient C3, the coefficient CO can be predicted nore accurately. In
each of the above enbodi nents, in order to paral- lelly output
DCT-converted data X having a tinme dif- ference of one frane period, the
1FDLs 34a to 34d are series-connected at the output side of the DCT conver-
sion circuit 28 and the zigzag scanning_circuit 30. When the nunber of bits
of the DCT-converted data X nust be in;: ed, plurality of 1FDLs may be
connected in series at the output side of-the (8 X 8) blocking circuit 26
so as to save the nmenory capacity of the | FDLs, and the outputs of the

| FDLs may be connected toghiife o FRAME 1 FRAME 2 - 15 -
WRITE '
‘WRHE
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FRAME 0 FRAME 0 FRAME1 FRAME1
DC AC oc AC
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DCT conversion circuit and the zigzag scanning cir- cuit. In the fifth
enbodi nent, the encoded code output fromthe VLCs 40a to 40e for a single
frame can be output. In practice, the sane effect can be obtained in such a
manner that the encoded codes fromonly the VLCs 40d and 40d can be out put,
or the encoded codes output fromthe VLGS _40c to 40e can be selectively
output. In this case, the capacity of each data buffer can be decreased as
conpared to the enbodi ment shown in FIG 13, and an increase in hardware

si ze can be sup- pressed. Therefore, the above-nentioned enbodi ments are
nmerely, exanples in all respects, and nust not be con- strued to limt the
I nventi on. The scope of the present invention is defined by the scope of
t he appended clains, and is not | gited at all by<SQ§ Qgecific descri ptions
of this specification. Further- rﬁR4EL alll ,the nodiTiLatyzons ang changes
bel ongi ng to equival ents of the clgiierEqde® considerpeftad fall Within-the
scope of the present invention. << i— >
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- 16 - VWhat is clainmed is: 1. A coding apparatus, conprising:

~a) block form ng neans for dividing sanpl e val ues of an i nput
b) conversion neans for orthogonally converting

signal into bl ocks;

t he bl ocks formed by said bl ock form ng nmeans, bl ock by bl ock;
c) extraction neans for extracting a D.C. conponent of the
converted data output from said conversi-oh0 - nmeans; d a

plurality of code anmobunt estination neans for estimati ng code
anount of coding of at |east an A. C. conponent of the converted
data out put from sai d conversion neans, by different quantization

steps, said plurality of code anmpbunt estinmation nmeans each
term ned nunber of bl ocks;

estimating the code anount by a prede-

e) control means for, in response to an output of one of said
plurality of code anopunt estinggion nmeans, ntrolling the
quanti zati on step of anotherof gai d pl@ali code anount

Jzati on st used ¥ or codi ng of the
fl) codi ng neans for
atg by using the
ans and g)
coded by said

estimati on neans or the
A . C. com ponent of _the d
coding the A C. conponent
quanti zation step

out put neans for nuIIWpIexi
codi ng nmeans and the ¢o
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extracted by said extraction means and outputting the nul tipl exed

dat a. 2. An apparatus according to claim1, wherein said
conversion nmeans perforns a discrete cosine transform conver si on.
3. An apparatus according to claim1l wherein each of said plurality of
code anpunt estimation neans includes ;71 . quantization neans for quantizing
t he conversion data out put by sai d conversion neans. 4. An
apparatus according to claim1, wherein said out put neans further
mul ti pl exes quantization control - information as to the quantization
step used by said codi ng means. 5. A coding apparatus, conprising:
a) conversion neans for orthogonally converting sanpl e val ues of an
i nput signal; - 17 - b) extraction neans
for extracting a D.C. conponent of the converted data output by said
conver si on : &
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[négns; c) a plurality of code anmount estinmation neans for estinmating

code anount of coding of at |east an A. C. conponent of the converted
dat a out put by sai d conversion neans, by different quantization

st eps; d) control neans for controlling the quantization step of one
of said plurality of code anpbunt estimation means according to an

out put of another of said pluralitypf. code ampunt estination neans;

e) coding neans for coding the A C conponent of the converted data by
usi ng the quantization step controlled by said control neans; and f)
mul tiplexing nmeans for nultiplexing the output of ~ said codi ng neans and
the D.C. conponent of the converted data extracted by said extraction
nmeans. 6. An apparatus according to claimb5, wherein said conversion
means perforns a discrete cosine transform conversion. 7. An apparatus
according to claim5, wherein said plurality of de anount estinmation
nmeans each include quantization means for quantiZln the conversion dat a.

8. An apparatus according to claimb5, waergrmsart—fyttrptexing neans
further nultiplexes quantization controf'lnfornatléﬁgas to the quantization

step used by said codi ng neans. ::§ |
- =
=
PO E::
= ]
==
Shn
p 3 b
Wl AN
& Zl¥ St 8 S T
Q s SJ, < < < <
—t prd Laad ™~ -
m w S - b~} ha —J  ~}
. = .
c ] w = on =
e R R
- [~ [ - o [= 4
) (== = B |EF|BY BV
~tr
Ty of NEE| 2| X || 5] |B| B
= =<
w oo ol = = = =
&5 =-&] 18] |5)] 3
P 18t a1
== m e ras vl 51
ol (82 € s 15 (B
2 S 2 = 2
= s - S
3 gEl-2 || |2 SHRENE
- = nd e = =3 a
ol = .--'-.—lr L P 2
g (8] [- 4 s -
[rms ~ wio £ rw
¥y
g -t
= r? 5 <! f=
8513 S— Z| =
foy S - rad
e - &f
il IR =] -
= leg s 2
§ ~ () - -
b~ =4 =
ug -~ > - -
=
hfg =
o
= g
[~
<<
> ZES
EwE o
Eus -
Wl
— o g8
el




