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1 Image Encoding Apparatus
BACKGROUND OF THE INVENTION

Field of the Invention

5 ‘The present invention relates to an image encoding
| apparatus aﬁd; more particula;ly, to an image encoding
apparatus for guantizing cﬁnversion data obtained by
converting image information onto a fraguency region,
" and variable-length coding the quantized conversion
10 Qata. o
~ Related Backgzound Art

In recent years, as an encoding method of a color -
image signal, an adaptive DCT (discrete cosine
transformation) encoding method has been receiving a

15 lot of attention. An encoding method in the JPEG
{Joint Photograéhié Expert Group) organized as an
international standard organization of encoding methods
of this type employs the DCT encoding method.

A basic system of an encoding method of this

20 system will be briefly described below.

Fig; 2 is a schematic block diagram for explaining
an ;rrangement.of a conventional enceding method using
DCT conversion, and Figs. 3 to 6 are views for
explaining processing of the encoding method shown in

25 Fig. 2. An input terminal 2 xeceives a digital image
signal to be encoded, which signal is obtained by

raster scanning. The image signal input to the
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terminal 2 is input to an 8 x 8 blocking circuit 4, and
is two-dimensionally divided into pixel blocks each
consisting of (8 x 8) 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 blqckinq'circuit 4, and outputs an (8 x
8) dara matrix for a fregquency region. More
specifically, a pixel block consisting of image data D;;
to Dg, as shown in Fig. 3, is converted into a data
matrix including X;; to Xg, &8 shown in Fig. 4, by the
circuit 6.

Note that X,;, rapresents a DC component in the
horizontal and verticai dire&tions of the pixel block,
i;e., an average value of this pixel block. If ¥,, to
Xs are generally represented by X,;, a component
repiesented by X;; has a higher freguency in the
vertical direction as i is larger, and has a higher
freQuency in the horizontal direction as j is larger.

| The data matrix output froﬁ the DCT conversion

circuit § is input to a linear guantization circuit 8.

A guantization matrix generation circuit 18 genarates a

quantization matrix (W;, to Wy Fig. 5) indicating
weighting coefficients of quantization step sizes for
DCT coefficients X,, to X, and a coefficient generation

cixcuit 16 generataes a coefficient C. The quantization

matxix (W;, to Wg)., and the coefficient C are input to a

multiplication circuit 20. The multiplication circuit
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20 calculates (W;; x C), and quantization steps of the

linear quantization circuit 8 are determ;nad by outpuﬁs
Q;;, to Qg from the multiplication circuit 20. Note that
the coefficient C has a positive value, and controls
the image quality and generation data amount.

In practice, the linear gquantization circuit 8
calculates X,,/Q, and outputs the calculation results.
Agsume that the outputs from the linear guantization
circuit B are represented by G,, to Gg. The gquantized
conversion data Gy to.Gu are output from a zigzag
scanning circuit 10 sequentially from DC components.
More specifically, the zigzag scanning circuit 10
outputs, to a veariable length coding circuit (ViC) 12,
the data G,; to Ggs in the order of G,;, G5, Gau, Gs;, Gay

Gisr Grar Gosr Gazs Gure---r Gass Gasr Grrs Gggr Grar Ggr, and

Gage

The VLC 12 calculates a predicted value fox, e.g.,
a DC component G;; among adjacent. pixel bleocks, and
Huffman-ancodas a predicted errox ffom the predicted
value. Altexnatively, the VIC 12 performs equal-length
coding of only this DC coﬁponent. On the other hand,
the VLC eﬁcodes AC components G,; to Gy, other than the
DC component G,;; while zigzag-scanning quantization
outputs from low-frequency components to high-freguency
components. The VIC classifies significant
coefficients, which do not éorrespond to a quantization

output = 0, into groups according to their values, and

38 =i 3 SULYS - HUL
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Huffman-encodes a set of a group identification number,
and a run length of the number of insignificant
coefficients which correspond to a quantization output
= O, and are sandwiched beﬁween the immediately
preceding significant coefficient and a current
significant coefficient. Thé 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 tha; the latter half
portion of G;; after zigzag scanning often becomes 0.

Therefore, variable length codes obtained in this

mannar can bé expected to have a very high compression

ratio. Assuming a compression ratio between 1/2 to 1/9

as an average, an image almost free from image guality

. degradation can be deccdad.

On the other hand, a transmission path generally

has a predetermined transmission capacity per unit

time. When one frame must be transmitted during each
predetermined period like in a case wherein motion
pictures are to be transmitted, it is desired that a
code to be output has a fixed number of bits in units
of frames or in units of pixel blocks.

If the above-mentioned coefficient C is increased,

a probability that G;; becomes 0 is increased, and a

total bit count NB of encoded data is decreased. The
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1 relationship between the coefficient C and the total
bit count NB is. expressed by a monotonous decrease
function although it varies depending on images, and it
is known that this relationship is represented by a

3 logarithmic curve shown in Fig. 6 for an average image.

The above-mentioned JPEG, and the like propose a
method of predicting a coefficient CO0 for obtaining a
desired total bit count MBO. More specifically, a
given coefficient Cl is encoded, and a total bit count
10 nbl of the obtained code is calculated. A predicted
value C2 of CO is caleulated based on nbl and Cl. This
calculation can be predicted since the logarithmic
curve shown in Fig. 6 passes (Cl, nbl).
Upon several repetitions of this operation, an
15 encoding amount including several % of an arror from
the desired total bit count néo can be obtained.
However, processing for repetitively performing
encoding to determine the value of the coefiicient CO
is time-consuming, and is not suitable for an encoding
20 apparatus, which must transmit one frame during a
predetermined pericd of time like in transmission of
motion pictures. In particular, when an image signal
having a vexy high bit raté such as a high-definition
television signal is to be processed, such processing

25 is impossible.
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SUMMARY OF THE INVENTION

The present invention has been made in
consideration of the above situation, and has as its
cbject to provide an image énccding apparatus for
quantizing conversion data obtained by converting image
information onto a frequency region, and encoding the
.quantized conversion daté, wherein the image encoding
apparatus can perform high-speed processing, and can
set a data amount in units of frames to be a desired
data amount.

For this purpose, according to one preferred
aspect of the present invention, an image encoding
apparatus comprises conversion means for converting
image information into data on a freguency reéion,
parailel'output means for parallelly oﬁtputting the
converted data to outpﬁt the converted data of a
plurality of channels, guantization means for
respectively quantizing the converted data éf the
‘plurality of channels output from the parallel outﬁut
means; operation means for calculating a data amount to
be obtaired when one of the converted data of the
plurality of channels output from the quantization
means is encoded, coe:ficienﬁ generation means for
generating a quantization coefficient for controlling a
quantization step o£7¢onvarted_déta of other channels
of the quantization means, and encoding means for

encoding at least one of thé converted data of the
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plurality of channels output from the guantization
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. .

D TI X

Fig. 1 is a block diagram showing an arrangement
of an image encoding apparatus according to the first
embodiment 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 shbwing a piiel block consisting
of (8 x B) image data;

Fig. 4 is a view showing a DCT-converted data

- matrix;

Fig. 5 is a view showing a quantization matzrix
indicating weighting coefficients of guantization step
sizes;

Fig. 6 is a graph showing the relationship between
a contro)l coefficient C and a total bit count:

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

Figs. 8A and 8B are views for explaining a

convergence state of the control coefficient C;

L0 = 3T » FFUD
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Pig. 9 is a block diagram showing an arrangement
of an image encoding apparatus according to the third
embodiment of the present invention;

Fig. 10 is a chart for explaining a control
operation ¢f a data transﬁiséion crder in the apparatus
shown in Pig. 9;

Fig. 11 is a chart for explaining a control
operation of a data transmission order of DC and AC
components, which are éimultaneously obtained;

Fig. 12 is a block diagram showing an arrangement
of an image encoding appafatus according to the fourth
embodiment of the present iavention; and

Fig. 13 ias a block diagram shewing an arrangement
of an image encoding apparatus according to the fifth
embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

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

Fig. 1 is a block diagram showing an arrangement
of an encoding apparatus according to the first
embodiment of the present invention wherein the present

invention is applied to a transmission apparatus for

transmitting a television signal.

In Fig. 1, én input terminal 20 receives a
television signal. The television signal input from

the texminal 20 is converted into 8-bit digital data by

NAPLER .. 320- 2-Y6 11UIBBAM L3 _s2i4 vyzy- Uo-038ULHS - #UL
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an A/D converter 22, and is divided into (8 x 8) pixel
blocks by an (8 x 8) blocking circuit 26 for performing
the same operation as that in the blocking cixcuit
shown in Fig. 2. The television signal is supplied to
a DCT conversion circuit 28 in units of blocks.

Pixel data D;; to Dg of each bléck are converted by
the DCT conversion circuit 28 into a data matrix (X; to
Xg) for a frequency region in the same manner as in
Fig. 2, and the data matrix is supplied to a =zigzag
scanning circuit 30. The zigzag scanning circuit 30
perfoﬁms the same operation as the zigzag scamming
circuit 10 shown in Fig. 2, and outputs the
DCT-converted data matrix (X;; to Xs) in the order of
xllf 1.{12!' x2:I.I xau xzzr xlSl xl&l x!!f x!!' x’hl!"'l xas: xsu
Xizr Xear Xygr Xo7, and Xgg.

A quantization matrix generation circuit 36
generates the above-mentioned quantizétion matrix (W,
TO Wg). In this embodiment, since already
zigzag-scanned data are input to quantization circuits
32a to 32e, quantization matrix data W,, to Wy are
generated in the order corresponding to the zigzag
scanning, and are supplied to multiplication circuits
38a to 38e. |

The multiplication circuit 38a receives an initial
coefficient Cl as the above-mentioned coefficient
(control coefficient) C from an initial coefficient

generation circuit. In this embodiment, the initial
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1 coefficient Cl is set to he "1". When the initial
coefficient C1 is set to be "1", since W;; = Qyy, the
multiplicatidn circuit 38a can be omitted, and the . .
quantization matrix data W,, to Wg can be directly input
to the guantization circuit 32a.
In this manner, the guantization circuit 32a

obtains quantization codes Gl,, to Glg based on the

control coefficient Cl. These qﬁantized conversion

codes Gl,, to Glg are input to a VIC 40a.
10 In this embeodiment, VLCs 40a to 40d do not outpﬁt
actual sncoded data, but cutput only pieces of total
bit count information nbl toc nb4 in units of frames
obtained uﬁon execution of the same processing as in
the VLC 12 in Fig. 2. The total bit count information
13 nbl output from the VLC 40a is input to a coefficieat
operation circuit 44a. Coefficient operation circuits
44a to 44d predict a control coefficient CO
correasponding to a desired total bit count NBO using
the pieces of total bit countlinformation'nbl to nbd
20 from the VLCs 40a to 40d, the initial coefficient C1,
and outputs C2 to C4 from the cocfficient operation
circuits 44a to 44c, and respectively output contxol
coefficients C2 to CS. The coefficient opexation
circuits 44a to 44d output the control coefficients C2
25 to €5, obtained based on conversion data for one frame

input to the quantization circuits 32a to 32d, at the

This Sheet Has Been Replaced
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1 input timing of conversion data for the next frame to
the gquantization circuits 32a to 32d.
On the other hand, circaits (IFDLs) 34a to 34d
delay the outputs from the zigzag scanning circuit 30
5 by one frame period. Therefore, the control
coefficient C2 outpﬁt from thé coefficient cperation
circuit 44a is.input to the mﬁltiplication circuit 38b
at the input timing of conversion data for one frame,
which are used for obtaining the control coefficient
10 C2, to the gquantization circuit 32b. The
multiplication circult 38b calculates (W;; x C}, and
inputs the result to the gquantization circuit 32b.
More specifically, the quantization circuit 32b
performs the second quantizqtion for a given frame, and
15 obtains quantization codes G2), to G2y based on the
control coefficient C2. The quantized convexrsion codes
G2,, to G2y are input to the 'vi.c 40b.
The operations of coefficient operation circuits
44b to 44d, the multiplication circuits 38c to 38e, the
20 ' 1PDLs 34b to 34d, the VLCs 40b to 40d, and the
quantization circﬁits 32c to 32e are respectively the
same as those of the coefficient operation circuit 44a;
the multiplication circuit 38b, the 1FDL 34a, the VLC
40a, and the quantization circuit 32b., These circuits
25 sequentially update the predicted value of a desired

control coefficient for a given frame.
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Thus, the predicted valune C5 of the control
coefficient obtained from the coefficient operation
¢ircuit 44d can be caused to converge to a value very
close to the control cosfficient C0 corresponding to
the desired total bit count NBQ. In this embodiment,
the control coefficient C5 is supplied fo the
multiplication circuit 38e as a final control
coefficient C. The cutput from the mnltipiidation
circuit 38e is supplied to the guantization circuit
32¢. The quantization circuit 32e quantizes the output
from the 1¥DL 34d, i.e., conversion data, which are
delayad by a total of four frame éeriods; and supplies
the quantized data to a VLCI4Oe.

The VLC 40e actually performs encoding that was'
described earlier with reference to Fig. 2, and outputs
encoded data (DATA)}. The encoded data are ocutput 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 a tarminal 50 onto a transmission path.

The second emhodiment of the present invention
will be described below.

Fig. 7 is a block diagram showing an arrangement
of an encoding apparatus according to the second
embodiyent of the-pﬁesent invention wherein the present
inveﬁﬁion is applied to a transmission apparatus for

transmitting a television signal.

PR W R VI PCED L 15 )-)-’J\.'b;)a-_ﬁ_ Y
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1 Note that the same reference numerals in Fig. 7
denote the same parts as in Fig. 1, and a detailed
description thereof will be omitted.

In this emhodiﬁent, a coefficient operation

5 circuit 41 supplies a predicted initial coefficient as
the above-mentioned quantization coefficient (control
coefficient) Cl to a multiplication circuit 38a. Note
that the predicted initial coefficient will be
déscribed later. The coefficient operation circuit 41

10 p:edicts a control coefficient C0 corresponding to a
desirsed total bit count NBO using pieces of total bit
count information nbl to nb4 from VICs 40a to 40d, the
initial coefficient C1, and outputs C2 to C4 of this
operation circujit 41, and outputs control coeffiéients

1s C2 to C5. The coefficient operation circuit 41 outputs
- the control coefficient§ C2 to C5, obtained based on
conversion data-for one frame input to quantization
circuits 32a to 32d, at the input timing of conversion
data for the naxt frame to the quantization circuits

20 32a to 32d.

The arrangement and operations of the second
embodiment are the same as those of the encoding
apparatus of the first embodiment, except for the
" above-mentioned arrangement and operations.

75 The predicted initial coefficient will now be
described.
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1 In general, motion pictures have a high
correlation among frames. For this reason, when
adaptive DCT encoding is performed to set a controi
coeﬁficient (quantization coefficient) so as to

5 maintain a cénstant total data amount for one picture
(one frame), the control coefficients become almost the
sdme among frames.

In this embodiment, by utilizing the high
correlation among frames, a value obtained in the
10 immediately preceding frame is used as a control
coafficient to be input to the multiplication circuit
38a. Thus, a convergence time of the control
coefficients C2 to C5 until an coptimum control
coefficient is obtained can be shortened, and a more
15 accurate control coefficient can be obtained.
A further detailed explanation will be made below
with reference to Figs. 8A and BR.
Fig. B8A shows values Cl to C5 when a contxol
coefficient of a given frame is obtained. As can be
20 seen from Fig. 8A, the control cocefficient converges to
a target optimum control coefficient value while
oscillating.
Fig. 8B shows values Cl1 to C5 when a control
coefficient of a frame next to the given frame is
25 obtained. The initially input value Cl is the control
coefficient C2 of the immediately preceding frame,

i.e., the value C2 (this value will be referred to as a-
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predicted initial coefficient) shown in Fig. 8A. IC
can be regardaq 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 control coefficient, the
cohvergence time can he shortened, and a value closer |
to the optimum contxrel coafficient can be obtained.

As the correlation among frames is highexr, images
having higher image quality can be obtained upon
repatition of this coperation.

The third embodiment of the present invention will
be described beiow, |

Fig. 9 is a block diagram showing aﬁ arrangement
of an encoding apparatus according to the third
smbodiment of the present invention wherein the present
invention ig applied to a transmission apparatus for
transmitting a television sigrial.

Note that the same reference numerals in Fig. 9

- denote the same parts as in Pig. 1, and a detailed

description therecf will be omitted.

In Fig. 9, VICs 40a to 40d of this embodiment
cé;culate total data amounts of only AC components
after encoding, and output piéces of total bit count -
information nbl to nb4 in units of frames. On the
other hand, bC compcnents arxe equal—lenqth coded.

The operations up to a multiplication circuit 3Be,

axcept for the above-mentioned processing operations of

P ISAVIS Y
2o
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the VLCs 40a to 40d, are the same as those in the first
embodiment. The'proéessing cperaticns after the
multiplication circuit 38e will be described in detail .
balow.
The ocutput from the multiplication circuit 38e is
supplied to a guantization circuit 32e. The

quantization circuit 32e guantizes outputs from a 1¥FDL

'34d, i.e., at least AC components of conversion data

delayed by a total of four frame periods, and supplies
quantized data G5;; to G5, to a VILC 40<.

The VIC 40e actually performs encoding thht was
described above with reference to Fig. 2, on AC components
6512 to GSBS,.ana outputs encoded data (DATA).

On tha other hand, DC components are separated
from the outputs from a 1FDL 34c by a DC extraction
circuit 351, and are input tb a quantizétion circuit 52.
The quantization circuit 52 gquantizes a DC'component X,
by a predetermined quantization step independently of
the above-mentioned coefficient C, and inputs the
quantized component to a coding circuit 54.

The coding circuit 54 equal-langth codas the
above-mentioned DC component by, e.g., predicted
differential encoding. DC component data equal-length
coded by the coding cirxcuit 54, and AC component data
variable-length coded by the VLC 40e, as described
above, are respectively input to buffer memories 56 and

46.
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1 The read operations of encoded data from the
memories 46 and 56 are controlled by a buffer control
circuit 58. In this case, control is made as follows.
That is, as for encoded data for a given frame, a2ll the

S DC component encoded data of the frame are read ont
first, and then, AC component encoded data of the same
frame are read out. |

The relationship between read and write timings of
data stored in the memories 46 and 56 will be described

10 below.

Fig. 10 is a chart showing the data write timings
to the memory 46, i.e., the write timings of AC
éomponent encoded data  {AC), the data write timings to
memory 56, i.e., the write timings of DC component

15 encaoded data (DC), and the data read timings from these
two memories.

Since DC component encoded data (DATA-2) is
quantized by the constant gquantization step
independently of the above-mentioned coefficient C,

20 quantization can be'performed before determination of
the final coefficient C in the coefficient operation
circuit 44d.

Far this reason, in Fig. 9, DC component data are
sagarated and extrecfod by the DC extraction circuit 51

25 at the input side of the 1FDL 34d at the final stage,

and are quantized by the guantization circuit 52.
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Thus, during a period for which AC compoﬁent
encodéd 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, Pig. 11 is a chart showing the
relationship batween 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
single frame period without using the DC extraction
circeuit 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 description, a
memory capacity required when the transmissipn ordsr of
data is changed in unita of frames corresponds to twa
frames according to the conventional arrangement.
However, in this embodimgnt, a memory having a cépacity
for one frame need only be arranged for AC component
encoded data (AC) so as to change the data transmission
order. _

Needless to say, the memories 46 and 56 also have
a2 buffer function for reading out data at a

predetermined bit rate.
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At this time, the buffer control circuit 58
controls to slightly delay the data read start timing
of each frame from the write start timing, so that the
read addresses of data from the memory 46 do not
overtake write addresses.

The AC component encoded data (AC) and the DC
component ancoded data (DC) read out from the memories 46
and 56, as described above, are multiplexed by a
multiplexer 48 together with the final coefficient C,
and the mnltiélexed data are output from a terminal &0
onto a transmission path at a predetermined bit rats.

The fourth embodiment of the present invention
will be described balow.

Fig. iz is a block diagram showing an arrangement
of an encoding apparatus according to the fourth
enbodiment of the present invention wherein the present
invention is applied to a transmission apparatus for
transmitting a television signal.

Note that the same referenée numerals in Fig. 12
denote the same parts as in Fig. I, and a detailed
description thereof will be omitted.

This embodiment assumes an apparatus, which does
not pexrmit that the total bit count of each frame afterx

variable-length coding exceeds a desired total bit

count NB0 even slightly.

Therefore, unlike in the first to third

embodiments, a predicted control coefficient is not
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directly used. This embodiment selscts, from control
ceefficients for a given frame, a control coefficient
corresponding.to a total biﬁ 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 associéted with :hé'above—mentioned
selection will be described below.

In Fig. 12, a four-frame perxiod delay circuit
(4FDL) 55&, a three~frame period delay circuit (3FDL)
55b, a two-frame period delay circuit {(2FDL) S5c, and a
one-frame period delay circuit (1PDL) 55d respectively
delay control coefficients Cl, C2, C3, and C4. wWith

these circuits, the control coefficients C1, €2, C3,

and C4 input to a coefficient selector 53 become those
for an image 6£ a single frame. These coefficients Cl
to C4 are input to the coefficient selector 53 at the
input timing of an image of the corresponding frame to
a quantization circuit 32e throﬁgh a 1FDL 34d.

The timings of pieces of total bit count
information nbl to nbd4 cbtained when guantization énd
encoding are performed using these control coefficients
Cl to C4 are adjusted to each other by a 3FDL 57a, a
2FDL 57b, and a 1FDL 57c. More specifically, the

pieces of total bit count (data mount) information nbl
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to nb4 corresponding toc the control coefficients'CIIto
C4 input to the coefficient selector 53 are input to a
coefficient decision circuit 59 immediately before a
period for which these control coefficients Cl to C4
are input to the coefficient selector 53.

The coefficient decision circuit 59 detects
information correspﬁnding to a total bit count, which
is less than and closest to the desired total bit count
NBO, and supplies 2-bit control information to the
coefficient selector 53 according to the detaction
result.

Therefore, the coefficient selector 53 selects a
control coefficient correspondiné to & total bit count,
which is less than and closest to the desired total bit
count NB(O upon variable-length coding, from the control
coefficients Cl ﬁo C4, and outputs the selected
coefficient. .

In this embodiment, the control coefficient output
from the coefficient seléctor 53 is determined.as a
final control coefficient €, and is supplied to a
multiplication circuit 38e. The output from the
multiplication circuit 38e¢ is supplied to the
quantization circuit 32e. The gquantization circuit 32e
qﬁantizes outputs from_the_lFDL 34d, i.e., conversion
data delayed by a total of four frame periods, and

supplies the quantized data to a VLC 40e.
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1 Thé 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 entfy buffer 46 at a predetermined bit xate, and are

S multiplexed with the final control coefficient C by a
multiplexer 48. The multiplexed data are then output
from a terminal 50 onto a transmigsion path.

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

10 Fig. 13 is a block diagram shdwiﬁg an arrangement
of an encoding app'arai:u'a according to the fifth
embodiment of the present invention wherein the present
invention is applied to a transmission apparatus for
transmifting a television signal.

15 Note that the same reference numerals in Fig. 13
denote the same parts as in Fig. 1, and a -detailed
description thereof will be omitted.

This embodiment assumes an apparatus, which does
not permit that the total bit count of each frame after

20 variable-length coding exceeds a deairad total bit
count NBO even slightly, like in the above-mentionad
fourth embod:.ment

The arrangement and operations except for those to
be desoribed below are the same as those in the first

25 embodiment.
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In Fig. 13, VECs 40a to 40d of this embodiment
output pieces of total bit count informapion in units
of frames, and actually encoded codes.

Pieces of total bit count information nbl to nbS
calculated 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 buffors 45a to 45j are used for supplying
encoded codas dl to d4, output from the VLCs 40a to 40d
for the same frame as a frame corresponding to an
encoded code d5 output from a VIC 40e, to a data
selection switch 47 at the'same timing as the encoded
code d5. The data buffers 45a to 45j delay (buffer)
control coefficients Cl to C4 giving the four encoded |
codes.dl to d¢ for a single frame, sc that these
control coefficients are supplied to the data selection
switch at the same tlmlng as the encoded codes dl to
d4. |

The rate fixer 43 controls the data selection
switch 47 to output one of.the encoded code d5 output
from the VLC 40e, and the encoded codes dl, d2, d3, and
d4 output from the data buffers 45d, 45g, 45i, and 45j
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as a final encoded code DATA. In addition to the final

encoded code, the data selection switch 47 outputs one

- of the control coefficient C5 output from a coefficient

operation circuit 44d, and the control coefficients Cl,
C2, €3, and C4 output from the data buffers 45d, 45q,
45i, and 45j as a final control coefficient F. '

The encoded code DATA and the control cecefficient
F are multiplexed by a wultiplexer 48, and are output
from a terminal 50 onto a transmission path.
| According to the arrangement of each of the above
embaodiments, since the control céefficient ¢ is not fed
back at all, a period required for processing for one
frame can become the same as that of processing using.;
constant control coefficient C although a calculation
of the control coefficient C for a single frame is
performed five times. Thus, very high-speed processing
can be realized.

in the third embodiment, the data transmission
order can be changed, i.e., DC component encoded data
(DC) can be output prior ta AC component data using a
small memcxry capacity.

Note that various modifications of the present
invention may be made without departing from the spirit
and . the principal.featureq of the invention.

For example, in order to realize very high-speed
processing, the control coefficient F ia determined in

units of frames. Howevexr, if there is a margin for a

* This Sheet Has Been Replaced
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processing time, 2 unit (period) for deterﬁining tﬁe
value of the contxol coefficient F can be decreased
{shortened).

In each of the above embodiments, the coefficient
operation e¢ircuits 44b to 44d predict the desired
control coefficient CO using the coefficients C2 to C4
output from the coefficient operation circuits 44a to
44c, and the pieces of total bit count information nb2
to nbd4 obtained when quantization and variable-length
coding are performed according to the coafficients C2
to C4. These circuits can more accﬁrately pradict the
control coefficient using goefficients and total bit
count information at the irmediately preceding stages
in addition to the above-mentioned coefficients and
information. For example, if the coeificient operation
circuit 44b uses the ccefficients Cl and C2 and the
pieces of total bit count informaticn nbl and nb2 so as
to calculate the coefficient C3, the coefficient CO can
be predicted more accurately.

In each 61 the ahova embodiments, in order to
parallelly ountput DCT-converted data X having a time
difference of one frame period, the 1FDLs 34a to 34d
are series-connected at the ocutput side of the DCT
conversion ciréuit 28 and the zigzag scanning cixcuit
30. When the number of bits of the DCT-converted data
X must be increased, a plurality of 1FDLs may be

connected in series at the output side of the (8 x 8)

) weil CJaU LD ~ee3e 300 S L HI2S
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blocking circuit 26 so as to save the memory capacity

- of the 1FDLs, and the outputs of the 1FDLsS may be

connected to the DCT conversion circuit and the zigzag
scanning circuit.

In the fifth embodiment, the encoded code output
from the VLCs 40a to 40e for a single frame can bhe
output. In praétice, the same effect can.be qbtained
in such a manner that the encoded codes from only the
VLCs 40d and 40d can be ocutput, or the encoded codes
output from the VLCs 40c to 40e can hé 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
suppressed. |

Thexefore, the above-mentioned embodiments are
merely egamﬁles in all respects; and must not be
construed to-limit'the invention. .

The scope of the presént invention is defined by
the scope ¢f the appended claims, and is not limited at
all by the specific descriptions of this épecification.
Furthermore, all the modifications and changés
belonging to equivalents of the claims are considefed

to fall within the scope of the present invention.
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1 WHAT IS CLAIMED IS:
1. An image encoding apparatus comprising:

a) conversion means for converting image
information into data on a freguency région;

5 b) parallel output means for parallelly
outputting the converted data to output the converted
data of a plurality of channels;

c) gquantization means for respectively quantizing

 the converted data of the plurality of channele output
10 from said parallel output means;

d) operation means for calculating a data amount
to be obtained when one of the converted data of the
plurality of channels output from said quantization
means is encoded; |

15 | e) coefficient generation means for generating a
quantization coeﬁficient for controlling_a guantization
step of converted data of other channels of said
quantization means according to an output from said
opexation means; and

20 f) encoding means for encoding at least one of
the convertad data of the piurality of channels output

from said quantigation means.

2. BAn apparatus according to claim 1, wherein

25 sald conversion means performs DCT (Discrete Cosine

e

Transform) conversion.
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1 3. An apparatus according to ¢laim ), wherein
said encading means encodes only one of the converted
data of the plurality of channels quantized by said

quantization means.

5
4. An apparatus according to claim 3, further
comprising multiplexing means for multiplexing encoded
data ountput from said encoding means, and the
quantization coefficient for obtaining the encoded
10 data.

5. An apparatus according to claim 1, wherein the
converted data of the plurality of channels output from
said parallel output means have a time difference of a

13 predetermined period therebetween.

6. An apparatus according to claim S, wherein
said operation means calculates a data amount, which is
to be obtained when one of the converted data of the

20 plurality of chaﬁne].s is encoded, in units of

predetermined periods.

7. An apparatus according to claim 5, wherein
said coefficient ,genération means updates the

25 quantization coefficient in units of predetermined

- periods.

T DO 0
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8. An apparatus according to c¢laim 5, wherein the

predetermined pericd is one frame period.

9. An image processing apparatus comprisings

a)' conversion means for converting image
information into data on a frequency region;

b} parallel output means for parallelly
outputting the converted data to output the converted
data of a plurality of channels;

c) a plurality of quantizationlmeans for
respectively quantizing the converted data of the
plurality of channels output from said parallel ocutput
means;

d) operation means for calculating a data amount
to be obtainad when one of the converted data output
from said plurality of quaantization means is encoded;

e) coefficient generation means for generating a
guantization coefficient for controlling a quantizafion
step of another one of said plurality of quantization
means according to an output from said qperation means;
and

f) coefficient supply means for supplying, as a
gquantization coefficient used in one gquantization
means, a gquantization coefficient used in quantization

of another guantization means.

(R
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1 10. An apparatus according to claim 9, furthex
comprising encoding means for encoding one of the
converted data of the plurality of channels quantized

by said plurality of quantization means.

5
11. An apparatus according to claim 9, wherein the
converted data of the plurality of channels output from
said parallel output means have a time difference of a
predetermined period therebetween.
10

12. An apparatus according to claim 11, wherein
said operation means calculates a data amount, which is
to be obtained when the converted data quantized by one
of said plurality of quantization means is encoded, in

i5 units of predetermined periods.

13. BAn apparatus according to claim 11, wherein
said coefficient generation means updates the
guantization coefficient in units of predetermined

20 periods.

14. An apparatus according to claim 11, wherein

the predetermined period is one frame period.

25 15. An image enceding apparatus comprising:
@) conversion means for converting image

information into data on a frequency ragion:
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1 b) parallel ocutput means for paralleily
outputting the converted data to output the converted
data of a plurality of channels;

€) gquantization means for respectively guantizing

5 the converted data of the plurality of channels cutput
from said parallel output means; |

d) operation means for calculating a data amount
to be obtained when at least an AC component of one of
the converted data of the plurality of channels output

10 from said quantization means is encoded;

) coefficient generation means for generating a
quantization coefficient for controlling a guantization
atep of converted data of other channels of said
guantization means according teo an output from said

15 'operation neans;

£) first encoding means for encoding at least the
AC component of one of the converted data of the
plurality of channéls output from said gquantization
means; |

20 g) second encoding means for encoding at least a
- DC component of the one of the converted data of the
plurality of channels; and

h) nultiplexing means for multiplexing outputs
from said first and second encoding means.

25
16. An apparatus according to claim 15, wherein

the converted data of the plurality of channals output
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1 from said parallel output means have a time difference

of a predetermined period therabetween.

17. An apparatus according to clajim 16, wherein
5 said operation means ealculatés & data amount, which is
to be obtained when the AC component of one of the
converted data of the plurality of channels is enccded,

in units of predetermined periods.

lo. 18. An apparatus according to claim 16, wherein
said coefficient geneiation means updates the
quantization coefficient in units of predetermined

pexliods.

15 19. An apparatus according to claim 16, wherein
said second encoding means enchés the converted data
delayed by the predetermined pericd from the converted

data encoded by said first encoding means.

20 ' 20. BAn apparatus according to claim 15, wherein
sajid multiplexing means multiplexes the outputs from
said first and second enceding méans, so that the
output from said second encoding means advances from
the ocutput from said first encoding means.

25

21. an image encoding apparatus comprising:

A BN
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1 a) conversion means for converting image
information into data on a frequency regionj
b) parallel outpuﬁ means for parallelly
outputting the converted data to output the converted
5 data of a plurality of channels; |
c¢) quantization means for respectively quantizing
the converted data of the plurality of‘channéls output
from said.parallel output means;
d) operation means fqr calculating a plurality of
10 data amounts to be obtained when the converted data of
the plurality of channels output from said quantizétion
means are encoded; _
_ e) coefficient géneration means for generating a
plurality of gquantization coefficients for controlling
15 a quantization step of said quantization means |
according to an output from said operation means;
f) selection means fo: se@lecting onea of the
plurality of quantisation coefficients; and
g) encoding means for encoding the gquantized
20 converted data using the quantization coefficient

output from said selection means.

22. An apparatus according to claim 21, wherein
the convarted data of tha plurality of channels output
25 from said parallel output means have a time difference

of a predetermined period therebetween.

: LT |g||-.

“This Sheet Has Been Replaced

L i




10

15

20

25

- 348 -

23. An apparatus according to claim 21, wherein

said selection means selects a quantization coefficient

for obtaining a data amount smaller than and closest to
a desired data amount from the plurality of data

anounts.

24. An apparatus according to claim 21, further
comprising multiplexing means for mmltiplexing the
encoded data output from said encoding means, and the
qu;ntizatioﬁ coefficient for obtaining the encoded

data.

25. An apparatus according to claim 22, wherein
said selection means comprises a circuit for
compensating for a time difference in the plurality of
quantization coefficients output from said coefficient

generxation means.

26. An apparatus according to claim 22, wherein
said operation means calculates data amounts, which are
to be obtained when the converted data quantized by
said quantization means are encoded, in units of

pradetermined periods.

27. An apparatus according to claim 22, wherein

s _dem T Voau— LD-DUBPBVGYS | 3L

said coefficient generation means updates the
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1 quantization coefficient in units of predetermined

periods.

28. An image encoding apparatus comprising:
5 a) conversion means for converting image
information into data on a frequency region;

b) parallel ocutput means for parallelly
outputting the conveited data to output the converted
data df a plu:aiity of channels;

10 c) quantization means for respectively quantizing
the converted data of the plurality of channels output
from said parallel output means;

.d) operation means for caleulating a data amcunt
to be obtained when one of the converted data of the

15 plurality of channels output from said guantization
means are encoded;

e) control means foxr controlling said
quantization means according to an output from said
operation means;

20 f) a plurality of encoding means for respectively
encoding at least two of the converted data of the
Plurality of channals quantized by said quantization
means; and

qg) selection-maans for selectively outputting

25 encoded codes output from_séid plurality of encoding

means.

T A
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l. 29. An apparatus according to claim 28, wherein
the converted data of the plurality of channels ocutput
from said parallel output means have a time difference

of a predetermined pericd therebetween.

5
30. An apparatus according to claim 28, wherein
_ said selection means selects an encoded code smaller
than and closest to a desired data amount from the
encoded codes output from said plurality of encoding
10 rneans.

l31. An apparatus according to claim 28, further
comprising multiplexing means for multiplexing the
encoded code output from said selection means, and a
15 quantization coefficient associated with & quantization

step for obtaining the encoded code.

32. An apparatus according to claim 29, wherein
said selection means comprises a circuit for
20  compensating for a time difference in said control

means.

33. An apparatus aécording to claim-29} wherein
said operation means calculates a data amount, which is

25 to be obtained when the converted data gquantized by

said quantization means are encoded, in units of

Predeternined pezicds. R R AT W el
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34. An apparatus according to claim 29, wherein said
control means updates a control state of said

gquantization means in units of predetermined periods.

- 35. A transform image encoder including. a quantizer
and in which there is_provided an ordering circuit for
ranking the transform coefficients in sequence of
their frequency content, characterised in that the
ordering c¢ircuit ranks the coefficients prior <o

10 Quantization thereof.

36. A discrete coéins transform encoder in which
transform coefficients are quantiied by a quantizer
with a variable scale, characterised in'that the scéle
15 of the quantizer is derived using image data from

preceding image frames.

37. A method of transform encoding a video signal,
comprising the step of predicting a gquantizer step
20 value to match-a desired amount of video image data,
characterised in that the prediction is performed from

image data of at least one preceding frame.

O 0
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38. An adaptive transform encoder including a
controllable quantizer, in which the quantizer step .

its value on the

is then

5 - 'adjusted to adjust the amount of image data that would

be generated for the current

predetermined constant amount.

frame

towards a

|
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