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Description

Field of Technology

[0001] This invention relates to an image decoding
apparatus,

Prior Art

[0002] The image encoding technology has a long
history. There has been established excellent standard
proposals such as ITU-T H.261, ITU-T H263, ISO
MPEG1/2 and so on. Roughly speaking, the image en-
coding method has two approaches: an encoding meth-
od using the orthogonal transform and a prediction en-
coding method encoding the error of predicted values
with the use of the prediction function.
[0003] Although the encoding method using the or-
thogonal transform needs complicated calculation,
when encoded signals of small bit numbers are ob-
tained, it is possible to keep better picture quality than
the prediction encoding method. The ordinary encoding
method using orthogonal transform such as JPEG,
MPEG and the like utilizes the DCT(Discrete Cosine
Transform). Though it is known that DCT enables en-
coding by a small number of bits, it has own problems
in that it needs high-precision multiplication, resulting in
complicated calculation, and in that the reversible en-
coding is impossible. Accordingly, DCT calculation can
not be used in the fields in which the reversibility is re-
quired.
[0004] As opposed to this, the prediction encoding
method needs simple calculations and can do the re-
versible encoding. MMR(Modified Modified Read) used
in facsimiles is famous as an image coding method hav-
ing reversibility. MMR is used according to CCITT Rec.
T6 "Facsimile Coding Schemes and Coding Control
Functions for Group 4 Facsimile Apparatus". In this
method, the difference value in the horizontal direction
between the change points of pixel values on the imme-
diately previous already-coded scanning line and the
change points of pixel value on the not-yet-coded scan-
ning line is variable-length encoded. MMMR (Modified
MMR) which is a further improved MMR is used as the
evaluation model for MPEG4 (ISO/IEC/JTC/
SC29/WG11 N1277, July 1996).
[0005] Incidentally, if image signals are separated into
the objects and then the objects are processed as arbi-
trary shapes, image can be operated and synthesized,
object by object, which leads to the effective signal-
transmission. For applications which restrict bit number,
by using such information, it is possible to selectively
assign priority to important objects to transmit and
record the same. However, the prior art technology has
not taken into account the encoding of objects having
arbitrary shapes. And the standardization of coding for
image signals having arbitrary shapes has been pro-
ceeding in the ISO MPEG4. In MPEG4, the evaluation

model called VM3.0 (printed in ISO/IEC/
JTC1/SC29/WG11 N1277) is created, which is now a
unique image encoding method that can encode image
signals having arbitrary shapes.
[0006] An image signal having arbitrary shapes ordi-
narily consists of the shape information indicating the
shape of an object and the pixel value information (color
information) representing pixel values within an object.
Concerning the shape information, the two-valued
shape information indicating whether each pixel is sig-
nificant(on the inside of the shape) or insignificant(on
the outside of the shape), or the transparency informa-
tion indicating the ratio(how much the object occludes
the background) of respective pixels which is used in
synthesizing with other images. When the transparency
has only two levels, 0% and 100%, the shape informa-
tion is identical to the transparency information and
thereby the arbitrary-shape-having image signal is rep-
resented by the two of the two-valued shape information
and the pixel value information.
[0007] Fig.23 is a drawing for explaining these infor-
mation. The transparency information is an information
representing how much ratio of each pixel is used for
synthesis when a fish shown in figure 23(a) is synthe-
sized with the other image. In figure 23(b), there is
shown the value of transparency information in the hor-
izontal scanning line indicated by a dotted line in the fig-
ure. The outside of the fish is perfectly transparent.
Here, the transparency 0 is defined as being perfectly
transparent for simplification. Hence, on the outside of
the fish the transparency information has a value of 0,
while on the inside of the fish it has a value of non-0.
[0008] Fig. 23(c) shows the transparency which is
made two-valued as having two of 0 and non-0. In figure
23(c), the pixels having the non-0 transparency require
encoding of the pixel value information, while the pixels
having the 0 transparency do not need the pixel value
information, so that the two-valued transparency infor-
mation is very important to the pixel value information
encoding. On the other hand, the component of the
transparency information which can not be represented
by two-valued information, as shown in figure 23(d), is
multi-valued information which is called gray scale. The
shape information represented by multi-valued informa-
tion as described above can be treated by the waveform
encoding similar as that for the pixel value information.
[0009] While performing the image encoding, the in-
tra-frame encoding based on the spacial correlation or
the temporal correlation is separately used, both of the
two are employed. In the inter-frame encoding, the mo-
tion in the close frames is detected, and the motion com-
pensation is carried out for the detected motion. The mo-
tion vector is generally used for the motion compensa-
tion. In the above-mentioned VM3.0, the intra-frame en-
coding and the inter-frame encoding are adaptively
switched each other block by block, and the motion com-
pensation similar as in MPEG1/2 is carried out, whereby
the efficiency of encoding is improved.
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[0010] As described above, when performing encod-
ing to the image consisting of the shape information and
the pixel value information, if the motion compensation
encoding of a shape information is carried out using the
motion vector of the pixel value information for the shape
information to be used for the image synthesis, the effi-
ciency of encoding is further improved than when the
shape information is directly encoded. This is reported
by ISO/IEC/JTC1/SC29/WG11 N1260 March 1996.
[0011] Further, when the motion detection and motion
compensation are executed, it is considered that it is ef-
ficient that the shape information is separated into the
two-valued shape information component and the multi-
valued information component, and the multi-valued in-
formation component as well as the pixel value informa-
tion are subjected to the same waveform encoding to-
gether, which has been actually practiced.
[0012] In the above-described prior art image encod-
ing and the image decoding accompanying to this, there
exist the following problems.
[0013] Though MMR encoding is a representative one
of the reversible (loss-less) encoding as described
above, because of the reversibility, it is impossible to
largely improve the compression rate by allowing the
visually less-important picture-quality degradation.
[0014] In addition, MMR is an intra-frame encoding
method, and does not take into account the improve-
ment of the compression rate by utilizing the inter-frame
correlation. In MMR and MMMR which a modified ver-
sion of MMR, only the difference between the change
point of the current scanning line and the change point
of the immediately previous scanning line is utilized, and
the redundancy by the correlation as a straight line in
the vertical direction is not sufficiently removed. Accord-
ingly, the encoding efficiency is good when the change
of the pixel value happens along the scanning line, but
the encoding efficiency is bad when the change of the
pixel value does not happen along the scanning line.
MMR and MMMR also includes the horizontal encoding
mode which does not utilize the correlation in the vertical
direction at all in order to encode the pixels which can
not be encoded as the difference of the change point of
the immediately previous scanning line. This horizontal
encoding mode has a room for further improving the ef-
ficiency with the use of the correlation in the vertical di-
rection.
[0015] Further, in the prior art MMR and MMMR, the
hierarchical image reproduction by decoding part of bit
stream is impossible. The other methods in which the
hierarchical image reproduction is possible have no
good encoding efficiency and have demerit of increas-
ing the encoding bit number. Accordingly, there exists
no encoding method which enables the effective hierar-
chical image reproduction.
[0016] Further, when encoding the image consisting
of shape information and image information by the mo-
tion compensation, the shape information is motion-
compensated using the same motion vector as that for

the image information in the prior art. However, similarly
as that, if a sphere rotates, the figure drawn on the
sphere moves, though the shape of the sphere does not
change, the motion vector of the image information is
not identical to that of the shape information. Therefore,
in such a case no good encoding is carried out, which
is a problem in the prior art encoding method.
[0017] Furthermore, while in VM3.0, there is a method
which tries to improve the encoding efficiency by adap-
tively switching the intra-frame encoding and the inter-
frame encoding block by block as described, the judg-
ment against intra-frame/inter-frame encoding is based
on the pixel value information similarly as in the adaptive
switching in MPEG1/2, so that it is difficult to appropri-
ately and efficiently encode the shape information which
is largely different from the pixel value information in its
nature.
[0018] In the light of the above-described respects,
this invention is proposed and an object of this invention
is to provide an image decoding apparatus, which can
appropriately decode the above-mentioned encoded
signal encoded effectively.

Disclosure of Invention

[0019] Thus, the present invention concerns an image
decoding apparatus as defined in the appended claim.

Brief Description of Drawings

[0020] In the drawings, embodiments 11 and 12 are
covered by the claims.
[0021] Fig.1 is a block diagram showing the structure
of an image encoding apparatus according to a 1st em-
bodiment not forming part of this invention.
[0022] Fig.2 is a drawing for explaining the operating
principle of an image encoding apparatus according to
a 1st embodiment not forming part of this invention.
[0023] Fig.3 is a block diagram showing the structure
of an image encoding apparatus according to a 2nd em-
bodiment not forming part of this invention.
[0024] Fig.4 is a drawing for explaining the operating
principle of an image encoding apparatus according to
a 2nd embodiment not forming part of this invention.
[0025] Fig.5 is a block diagram showing the structure
of an image decoding apparatus according to a 3rd em-
bodiment not forming part of this invention.
[0026] Fig.6 is a block diagram showing the structure
of another image decoding apparatus according to a 3rd
embodiment not forming part of this invention.
[0027] Fig.7 is a block diagram showing the structure
of an image encoding apparatus according to a 4th em-
bodiment not forming part of this invention.
[0028] Fig.8 is a drawing for explaining the operating
principle of an image encoding apparatus according to
a 4th embodiment not forming part of this invention.
[0029] Fig.9 is a block diagram showing the structure
of an image decoding apparatus according to a 5th em-
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bodiment not forming part of this invention.
[0030] Fig.10 is a block diagram showing the structure
of an image encoding apparatus according to a 6th em-
bodiment not forming part of this invention.
[0031] Fig.11 is a block diagram showing the structure
of an image decoding apparatus according to a 7th em-
bodiment not forming part of this invention.
[0032] Fig.12 is a block diagram showing the structure
of an image encoding apparatus according to an 8th not
forming part embodiment of this invention.
[0033] Fig.13 is a block diagram showing the structure
of an image encoding apparatus according to a 9th em-
bodiment not forming part of this invention.
[0034] Fig.14 is a block diagram showing the structure
of an image encoding apparatus according to a 10th not
forming part embodiment of this invention.
[0035] Fig.15 is a block diagram showing the structure
of an image decoding apparatus according to a 11th em-
bodiment forming part of this invention.
[0036] Fig.16 is a block diagram showing the structure
of an image decoding apparatus according to a 12th em-
bodiment forming part of this invention.
[0037] Fig.17 is a block diagram showing the structure
of an image encoding apparatus according to a 13th em-
bodiment not forming part of this invention.
[0038] Fig.18 is a block diagram showing the structure
of an image encoding apparatus according to a 14th em-
bodiment not forming part of this invention.
[0039] Fig.19 is a block diagram showing the structure
of an image encoding apparatus according to a 15th em-
bodiment not forming part of this invention.
[0040] Fig.20 is a block diagram showing the structure
of an image encoding apparatus according to a 16th em-
bodiment not forming part of this invention.
[0041] Fig.21 is a block diagram showing the structure
of an image encoding apparatus according to a 17th em-
bodiment not forming part of this invention.
[0042] Fig. 22 is a drawing showing a floppy disk as
an example of recording media for a image encoding
program and a image decoding program according to a
further embodiment of this invention.
[0043] Fig.23 is a drawing for explaining the shape in-
formation of an image in an image encoding.

Best Embodiments of Invention

Embodiment 1

[0044] An image encoding apparatus according to a
1st embodiment not forming part of this invention per-
forms efficient encoding in prediction encoding by se-
lecting difference values having short code lengths with-
in the given range.
[0045] Fig.1 is a block diagram showing the structure
of the image encoding apparatus according to the 1st
embodiment. In the figure, 1 indicates an input signal,
which is input to the image encoding apparatus as a two-
valued image signal. 2 indicates a change pixel detector

which detects pixels changing pixel values in the input
signal 1 and outputs the detected change pixels. 3 indi-
cates a memory which temporarily stores already en-
coded and decoded image signals which are to be used
as reference images. 4 indicates a change pixel predic-
tor which predicts change pixels output by the change
pixel detector 2 based on pixels changing pixel values
of the reference image, and outputs predicted change
pixels. As a prediction method used by the change pixel
predictor 4, for example, there can be used the most
typical method that predicts that a change pixel should
be on a horizontal position the same as that on the up-
per-positioned scanning line, based on the strong verti-
cal correlation of the two-dimensional image signal, and
so on. 5 indicates a difference value calculator which
calculates the difference value D between the change
pixel detected by the change pixel detector 2 and the
predictor 4. 6 indicates a value e which is a given value
as the tolerance value of a rounding error and is input
to a difference value rounder. 7 indicates the difference
value rounder which modifies the difference value D
within the range defined by the tolerance value e, and
outputs a modified difference value D'. 8 indicates an
encoder which encodes the difference value. 9 indicates
the encoded signal which is output by the encoder 8. 11
indicates difference value adder which adds the modi-
fied difference value D' and the predicted change pixel
output by the change pixel predictor 4. 10 indicates a
change pixel decoder which decodes the two-valued
pixel using the result of the addition output by the differ-
ence value adder 11.
[0046] The operation of the image encoding appara-
tus according to the 1st embodiment as constructed
above is described. The input signal 1, i.e. a two-valued
signal, is input to the apparatus. The change pixel de-
tector 2 receives the input signal 1 and detects pixels
changing the two-valued pixel values. On the other
hand, the change pixel predictor 4 reads out the refer-
ence image stored in the memory 3 and predicts change
pixels in the input signal. The change pixel detector 2
outputs the detected result as detected change pixels
to the difference value calculator 5. The change pixel
predictor 4 outputs the predicted result as predicted
change pixels to the difference value calculator 5.
Thereafter, the difference value calculator 5 subtracts
the predicted change pixel from the detected change
pixel to obtain the difference value D corresponding to
the prediction error of the change pixel. The difference
value calculator 5 outputs the difference value D to the
difference value rounder 7.
[0047] The difference value rounder 7 compares the
given tolerance value e with the difference value D cor-
responding to the prediction error output by the differ-
ence value calculator 5, and outputs a value x which sat-
isfies D-e%x%D+eand the bit number of which should
be minimum when x is encoded, as the modified differ-
ence value D', when the difference value D does not ex-
ceed the tolerance value e. As opposed to this, when
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the difference value D is beyond the tolerance value e,
the difference value rounder 7 obtains the modified dif-
ference value D' based on the tolerance value e to be
output to the encoder 8. Thereafter, the modified differ-
ence value D' is encoded by the encoder 8 to become
the encoded signal 9.
[0048] Also, the modified difference value D' output
by the difference value rounder 7 is output to the differ-
ence value adder 11. In the difference value adder 11,
the modified difference value D' is added to the predict-
ed change pixel output by the change pixel predictor 4
and thereby the pixel value of the change pixel is calcu-
lated and is output to the change pixel decoder 10. The
change pixel decoder 10 decodes the pixel value of
each pixel from the already decoded pixel output by the
change pixel predictor 4 to the change pixel input by the
difference value adder 11, and stores the decoded result
in the memory 3. Subsequently, the stored content in
the memory 3 is used as the reference image.
[0049] The above-described operation is concretely
explained, referring to Fig.2. Fig.2 shows a model of a
two-valued image signal, indicating white and black(fine
slant lines) as pixels. For the simplicity of description,
the processing procedure is explained, assuming that
the processing is carried out pixel by pixel.
[0050] Fig.2(a) shows the input signal. The scanning
goes from top left in the right direction. The process pro-
ceeds toward the bottom right. The change pixel is a
pixel which changes the pixel value (white → black or
black → white) on a line (the scanning line) . Pc in figure
2(b) indicates an already encoded final pixel. Pu indi-
cates the change pixel of the upper-positioned scanning
line. Parts having rough slant lines indicate pixels not
encoded yet. The change pixel detector 2 checks
change pixels changing pixel values in part not encoded
yet shown figure 2 (b) of the input signal shown in figure
2(a), and detects a change pixel P1 and outputs the re-
sult as a detected change pixel.
[0051] On the other hand, the change pixel predictor
4 predicts the change pixel by the above-described
method, obtains pixel P0 by assuming that the change
pixel should exist on the same horizontal position as that
of the change pixel Pu of the upper-positioned scanning
line, and outputs the result as a predicted change pixel
to the difference value calculator 5. The difference value
calculator 5 outputs D=1 as the difference value be-
tween the detected change pixel P1 and the predicted
change pixel P0 to the difference value rounder 7.
[0052] In this case, for the image encoding apparatus
according to the 1st embodiment, it is assumed that
such an encoding would be performed so that the dif-
ference value different from P0 by the smaller value is
assigned the code having the shorter code length. And
the tolerance value of the round error would be given 1.
Because the difference between P1 and P0 calculated
by the difference value calculator is equal to or smaller
than e, the difference value rounder 7 outputs D''=0 as
the value satisfying the above-described condition. As

a result, the change pixel is rounded and is subjected to
the encoding process, whereby the encoded and decod-
ed pixel value becomes what is shown in Fig.2(c).
[0053] As opposed to this, when the input signal is
what is shown in Fig. 2(d), as shown in Fig.2(e), the dif-
ference value indicated by the difference between the
predicted change pixel P0 and the detected change pix-
el P1 becomes 2, so that in this case the difference value
D exceeds the tolerance value e. Therefore, the differ-
ence value rounder 7 modifies the prediction error(the
difference value), based on the tolerance value e, not
exceeding the tolerable range, and outputs the differ-
ence value-1 corresponding to the change pixel P2. As
a result, the encoded and decoded pixel value becomes
what is shown in Fig.2(f).
[0054] As described above, the image encoding ap-
paratus according to the 1st embodiment has the differ-
ence value rounder 7, and selects the modified differ-
ence value which is to have the maximum code length
of the error (difference value) in the range of the predic-
tion error equal to or smaller than the tolerance value,
using the difference value between the detected change
pixel and the predicted change pixel and the given tol-
erance value 6, and outputs the modified difference val-
ue. As a result, though there exists a little degradation
of picture quality, the required bit number is reduced to
a large extent. In addition, the encoded signal 9 obtained
in the image encoding apparatus according to the 1st
embodiment can be decoded by an ordinary image de-
coding apparatus.

Embodiment 2

[0055] An image encoding apparatus according to a
2nd embodiment not forming part of this invention per-
forms processes, adaptively switching an encoding
based on prediction from a particular frame and an en-
coding based on prediction from a reference frame with
motion compensation.
[0056] Fig.3 is a block diagram showing the structure
of the image encoding apparatus according to the 2nd
embodiment. In the figure, 20 indicates a motion com-
pensation unit which generates reference pixel values
for the already encoded and decoded image signal of a
reference frame by performing motion compensation.
21 indicates a mode selector which compares the differ-
ence value when prediction is carried out based on the
image signal of the particular frame, with the difference
value when prediction is carried out based on the image
signal of the reference frame, and then selects one of
the two values which has the smaller bit number re-
quired for encoding. 22 indicates a switching unit which
selects the difference value corresponding to the encod-
ing mode selected by the mode selector 21. 1 to 9 indi-
cate the same as those of Fig.1 and the description is
also the same and omitted here.
[0057] A description is given of the image encoding
apparatus according to the 2nd embodiment having the
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above-described structure. When an input signal 1
which is a two-valued image signal is input to the appa-
ratus, the input signal 1 is input to the change pixel de-
tector 2 and then input to the memory 3 and stored in
the memory 3. The stored input signal is used as an al-
ready encoded and decoded reference image. The
change pixel detector 2 receives the input signal 1 and
detects the pixel which changes the two-valued pixel
value. The change pixel detector 2 outputs the detected
result as a detected change pixel to the difference value
calculators 5a and 5b. On the other hand, the change
pixel predictor 4a reads out the already encoded and
decoded reference image of the particular frame stored
in the memory 3, and predicts a change pixel based on
the particular input signal to be output as a predicted
change pixel to the difference value calculator 5a. Fol-
lowing this, the difference value calculator 5a subtracts
the predicted change pixel from the detected change
pixel to obtain a difference value D. The difference value
D which is the output of the difference value calculator
5a corresponds to the prediction error of the predicted
change pixel based on the already encoded and decod-
ed pixel of the particular frame. The difference value cal-
culator 5a outputs the difference value D to the mode
selector 21 and the switching unit 22.
[0058] The motion compensation unit 20 subjects the
already encoded and decoded image of the reference
frame stored in the memory 3 to the motion compensa-
tion. The change pixel predictor 4b predicts the change
pixel of the particular input signal based on the motion-
compensated pixel to be output as a predicted change
pixel to the difference value calculator 5b. The differ-
ence value calculator 5b subtracts the predicted change
pixel from the detected change pixel and obtains a dif-
ference value D''. The difference value D'' which is the
output of the difference value calculator 5b corresponds
to the prediction error of the predicted change pixel
based on the already encoded and decoded pixel of the
particular frame. The difference value calculator 5b out-
puts the difference value D to the mode selector 21 and
the switching unit 22.
[0059] The mode selector 21 compares the code
lengths(the required bit number for encoding) of the dif-
ference value D and the difference value D'' input from
the difference value calculators 5a and 5b when respec-
tively encoded, and selects the prediction method which
needs a smaller bit number for encoding, and outputs
the identifying signal as an encoding mode. The mode
selector 21 outputs the encoding mode "particular
frame" if the code length is short when the difference
value D is encoded, or outputs the encoding mode "ref-
erence frame" if the code length is short when the dif-
ference value D'' is encoded, to the switching unit 22
and the encoder 8a.
[0060] The switching unit 22, responding to the output
of the mode selector 21, outputs the difference value D
output by the difference value calculator 5a if the encod-
ing mode is "particular frame", or outputs the difference

value D'' output by the difference value calculator 5b if
the encoding mode is "reference frame". The encoder
8a encodes the encoding mode selected by the mode
selector 21 and outputs an encoded signal 9a. The en-
coder 8b encodes the output difference value and out-
puts an encoded signal 9b.
[0061] The image encoding apparatus according to
the 2nd embodiment performs encoding without any
rounding error and stores the input image signal 1 as
the encoded and decoded pixel values up to the change
pixel as described above, in the memory 3.
[0062] The above-described operation is concretely
explained, referring to Fig.4. Fig.4 shows a model of a
two-valued image signal, indicating white and black pix-
els as pixels, similarly to Fig.2 used for explaining the
1st embodiment. For the simplicity of description, the
processing procedure is explained, assuming that the
processing is carried out pixel by pixel.
[0063] In the figure, Fig.4(a) shows the input signal,
Fig.4(b) shows the image signal of the reference frame
and Fig.4(c) is a drawing for explaining the prediction
based on the particular frame. P1 indicates the change
pixel detected by the change pixel detector 2 similarly
to the 1st embodiment. Pc indicates an already encoded
final pixel. Pu indicates the change pixel of the upper-
positioned scanning line. Parts having rough slant lines
indicate pixels which are not encoded yet. The change
pixel predictor 4a, using the similar way of prediction of
change pixels in the 1st embodiment, makes a predic-
tion based on the change pixel Pu on the upper-posi-
tioned scanning line by utilizing the correlation and
makes P0 which is positioned on the same horizontal
position as that of Pu the predicted change pixel based
on the particular frame.
[0064] Fig.4(b) shows the reference frame after the
performance of the motion compensation unit 20. The
change pixel predictor 4b obtains the predicted change
pixel Pr. Accordingly, the difference value D in the dif-
ference value calculator 5a becomes 1, the difference
P1 and P0. The difference value D'' in the difference val-
ue calculator 5b becomes 0, the difference P1 and Pr.
In the image encoding apparatus according to the 2nd
embodiment as well as that of the 1st embodiment, if
the encoding is such that a code having a shorter code
length is assigned to a difference value as the difference
from P0 is smaller, the code for the difference P1 and
P0 has a shorter code length than that for the difference
Pr and P1. Accordingly, the mode selector 21 selects
"reference frame" which outputs the difference D'', so
that the encoding mode "reference frame" and the dif-
ference value D'' are encoded and become the encoded
signal output by the image encoding apparatus accord-
ing to the 2nd embodiment. Fig.4(e) shows the result
which is obtained by decoding the encoded signal.
[0065] As described above, the image encoding ap-
paratus according to the 2nd embodiment, by the mem-
ory 3, the change pixel predictors 4a and 4b, the differ-
ence value calculators 5a and 5b and the motion com-
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pensation unit 20, makes the prediction based on the
particular frame, and the prediction based on the refer-
ence frame, and obtains the difference value between
each predicted value and the detected result; and by the
mode selector 21, switching unit 22 and encoders 8a
and 8b, compares the difference values from the predic-
tion based on the particular frame and from the predic-
tion based on the reference frame, and selects the dif-
ference value which has the minimum code length, and
encodes the difference value, where, by utilizing the cor-
relation between frames, the bit number required for en-
coding is reduced to a large extent.
[0066] Note that the image encoding apparatus ac-
cording to the 2nd embodiment receives the input signal
1 block by block and the encoding mode is selected for
respective blocks, that is, the encoding based on the
prediction with the particular frame and the encoding
based on the prediction with the reference frame using
the motion compensation are, block by block, switched,
whereby obtaining the above-described result.
[0067] Also, in the image encoding apparatus accord-
ing to the 2nd embodiment, the change pixel detector 2,
and the change pixel predictors 4a and 4b output the
distance (pixel number) to the change pixel. However,
it is also possible to output a two-valued signal, for ex-
ample, '0' or '1' representing "the next pixel is a change
pixel" or "the next pixel is not a change pixel", respec-
tively, and the difference calculators 5a and 5b calculate
the two-valued signal. However, in this case, it is not that
the distance is encoded as described above, but that
the outputs of the difference calculators 5a and 5b are
encoded for the respective pixels of the input signal 1.
As described above, the outputs of the change pixel de-
tector 2 and the change pixel predictors 4a and 4b have
two values, which results in a simplification of the en-
coding process.

Embodiment 3

[0068] An image decoding apparatus according to a
3rd embodiment not forming part of this invention which
performs appropriate decoding for encoded signals en-
coded by the image encoding apparatus according to
the 2nd embodiment.
[0069] Fig.5 is a block diagram showing the structure
of the image decoding apparatus according to the 3rd
embodiment. In the figure, 30a and 30b correspond to
the encoded signals 9a and 9b of Fig.3, respectively.
30a indicates a signal into which the encoding mode is
encoded, and 30b indicates a signal into which the dif-
ference value is encoded. 31a indicates a decoder
which decodes the signal into which the encoding mode
is encoded and obtains a predicted mode signal. 31b
indicates a decoder which decodes the signal into which
the difference value is encoded and obtains a decoded
difference value signal. 32 indicates a switching unit
which switches the predicted values of change pixels in
response to the predicted mode signal obtained by the

decoder 31a. 34 indicates a decoded image signal. The
apparatus has the same memory 3, the change pixel
decoder 10, and the difference value adder 11 as those
in Fig.1 and the same motion compensation unit 20 as
that in Fig.3. Their descriptions is the same as those in
the 1st and 2nd embodiments, and is therefore omitted
here.
[0070] A description is given of the image decoding
apparatus according to the 3rd embodiment shown in
Fig.5 as constructed above. The image decoding appa-
ratus according to the 3rd embodiment receives the in-
put signal 30a which is the signal 9a into which the se-
lected encoded mode has been encoded in the image
encoding apparatus according to the 2nd embodiment,
and the input signal 30a is decoded in the decoder 31a,
and the predicted mode signal indicating "particular
frame" or "reference frame" is obtained. The decoder
31a outputs the predicted mode into the switching unit
32.
[0071] Also, the image decoding apparatus according
to the 3rd embodiment receives the input signal 30b
which is the signal 9b into which the selected difference
value has been encoded in the image encoding appa-
ratus according to the 2nd embodiment, and the input
signal 30b is decoded in the decoder 31b, and the de-
coded difference value is obtained. The decoder 31b
outputs the decoded difference value into the difference
value addition means 11.
[0072] On the other hand, the change pixel predictor
4a reads out an already decoded reference image of the
particular frame stored in the memory 3, and predicts a
change pixel based on the particular image signal, and
outputs the result as a predicted change pixel based on
the particular frame into the switching unit 32.
[0073] Also, the motion compensation unit 20 sub-
jects an already decoded image of a reference frame
stored in the memory 3 to the motion compensation. The
change pixel predictor 4b predicts the change pixel of
the particular input signal based the motion-compensat-
ed pixel, and outputs the result as a predicted change
pixel based on the reference frame into the switching
unit 32.
[0074] The switching unit 32 into which the change
pixel predictors 4a and 4b output the predicted pixels,
performs switching according to the input predicted
mode signal. Accordingly, the switching unit 22 selects
the predicted change pixel based on the particular frame
output by the change pixel predictor 4a if the input pre-
dicted mode signal indicates "particular frame", or se-
lects the predicted change pixel based on the reference
frame output by the change pixel predictor 4b if the input
predicted mode signal indicates "reference frame", and
outputs the predicted change pixel to the difference val-
ue addition means 11.
[0075] The difference value addition means 11 calcu-
lates a change pixel by adding the predicted change pix-
el obtained by the switching unit 22 with the decoded
difference value obtained from the decoder 31b, and
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outputs the result to the change pixel decoder 10. The
change pixel decoder 10, based on the predicted
change pixel of the change pixel prediction means 4a
and the change pixel obtained by the difference value
addition means 11, encodes the pixel value therebe-
tween. The result of this decoding is stored in the mem-
ory 3, and is output as a decoded image signal 34 from
the image decoding apparatus according to the 3rd em-
bodiment. For example, when the input signal is an en-
coded signal in such a way as what is described using
Fig.4 in the 2nd embodiment, the result of decoding
shown in Fig.4(e) is obtained.
[0076] Fig.6 is a block diagram showing the structure
of an application of the image decoding apparatus ac-
cording to the 3rd embodiment. The difference from the
image decoding apparatus shown in Fig.5 is that there
are two difference value addition means 11a and 11b,
and the switching unit 33 switches not the outputs of the
change pixel prediction means 4a and 4b, but the out-
puts of the difference value addition means 11a and 11b.
In this case, the encoded signal output by the image en-
coding apparatus according to the 2nd embodiment can
be appropriately decoded, corresponding to the encod-
ing mode used in the encoding. Further, when the ap-
paratus has a plurality of the change pixel decoders 10
and the switching unit is positioned to receive the out-
puts of a plurality of the change pixel decoders 10, the
same effect is obtained.
[0077] As described above, the image decoding ap-
paratus according to the 3rd embodiment has the de-
coder 31a which decodes the encoding mode of the en-
coded signal, the decoder 31b which decodes the en-
coded signal of the difference value, the change pixel
prediction means 4a which predicts the change pixel
based on the particular frame, the change pixel predic-
tion means 4b which predicts the change pixel based
on the reference frame using the motion compensation,
the difference value addition means 11 which performs
decoding based on the predicted change pixel, and the
change pixel decoder 10, whereby the switching unit
performs switching according to the predicted mode ob-
tained by the decoder 31a, namely the switching unit
adaptively switches the decoding based on the particu-
lar frame and the decoding based on the reference
frame, according to the predicted mode corresponding
to the encoding mode which has been used in encoding.
Therefore, the encoded signal efficiently encoded in the
2nd embodiment can be appropriately decoded.
[0078] Note that in the 2nd and 3rd embodiments
there can be prepared a plurality of reference frames
and three or more predicted modes can be used.
[0079] Also, in the 3rd embodiment, when the encod-
ed signal is such a signal that is, block by block, encoded
with the respective selected encoding modes, the appa-
ratus receives input signals block by block, and obtains
the respective predicted modes, and performs process-
es block by block according to each encoding mode,
whereby the encoded signal can be appropriately de-

coded.

Embodiment 4

[0080] An image encoding apparatus according to a
4th embodiment not forming part of this invention which
adaptively switches the encoding based on the predic-
tion by the horizontal scanning and the encoding based
on the prediction by the vertical scanning.
[0081] Fig.7 is a block diagram showing the structure
of the image encoding apparatus according to the 4th
embodiment. In the figure, 40a and 40b indicate hori-
zontal scanners, and 41a and 41b indicate vertical scan-
ners. The other numerals indicate the same as those of
the Fig.3, and the description of the other numerals is
the same as that in the 2nd embodiment, and is there-
fore omitted here.
[0082] A description is given of the operation of the
image encoding apparatus according to the 4th embod-
iment. When two-valued signals as input signals are in-
put to the apparatus, the input signal 1 is input to the
change pixel detector 2a by being horizontally scanned
with the horizontal scanner 40a. The input signal 1 is
also input to the change pixel detector 2b by being ver-
tically scanned by the vertical scanner 40a. Further, the
input signal 1 is input to the memory 3 and stored therein
to be used as an already encoded and decoded refer-
ence image of the particular frame. The change pixel
detector 2a receives the horizontally scanned input sig-
nal 1 and detects pixels changing two-valued pixel val-
ues. The change pixel detector 2b receives the vertically
scanned input signal 1 and detects pixels changing two-
valued pixel values. The change pixel detectors 2a and
2b output the result of the detection as detected change
pixels to the difference value calculators 5a and 5b, re-
spectively.
[0083] On the other hand, the horizontal scanner 40b
reads out the already encoded and decoded reference
image of the particular frame stored in the memory 3,
horizontally scans the reference image to the change
pixel predictor 4a to output the same. The predictor 4a
predicts change pixels to output the predicted change
pixels to the difference value calculator 5a. Following
this, the difference value calculator 5a subtracts the pre-
dicted change pixel from the detected change pixel and
obtains a difference value Dh by the horizontal scan-
ning. The output Dh of the difference value calculator
5a corresponds to the prediction error predicted by the
horizontal scanning. The difference value calculator 5a
outputs the difference value Dh to the mode selector 21
and the switching unit 22.
[0084] On the other hand, the vertical scanner 41b
reads out the already encoded and decoded reference
image of the particular frame stored in the memory 3,
vertically scans the reference image to the change pixel
predictor 4b to output the same. The predictor 4b pre-
dicts change pixels and outputs the predicted change
pixels to the difference value calculator 5b. Following
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this, the difference value calculator 5b subtracts the pre-
dicted change pixel from the detected change pixel and
obtains a difference value Dv by the vertical scanning.
The output Dv of the difference value calculator 5b cor-
responds to the prediction error predicted by the vertical
scanning. The difference value calculator 5b outputs the
difference value Dv to the mode selector 21 and the
switching unit 22.
[0085] The mode selector 21 compares the code
lengths(the required bit number for encoding) of the dif-
ference values Dh and Dv input from the difference val-
ue calculators 5a and 5b when respectively encoded,
and select the prediction method which requires a small-
er bit number for encoding, and outputs the identifying
signal as an encoding mode. The mode selector 21 out-
puts the encoding mode "horizontal direction" if the code
length is short when the difference value Dh is encoded,
or outputs the encoding mode "vertical" if the code
length is short when the difference value Dv is encoded,
to the switching unit 22 and the encoder 8a.
[0086] The switching unit 22, responding to the output
of the mode selector 21, outputs the difference value Dh
output by the difference value calculator 5a if the encod-
ing mode is "horizontal direction", or outputs the differ-
ence value Dv output by the difference value calculator
5b if the encoding mode is "vertical direction". The en-
coder 8a encodes the encoding mode selected by the
mode selector 21 and outputs an encoded signal 9a.
The encoder 8b encodes the output difference value
and outputs an encoded signal 9b.
[0087] The image encoding apparatus according to
the 4th embodiment performs loss-less encoding with-
out rounding the error and stores the input image signal
1 as the encoded and decoded pixel values up to the
change pixel as described above, in the memory 3.
[0088] Fig.8 is a drawing for explaining how the scan-
ning directions are switched by the image encoding ap-
paratus according to the 4th embodiment. The image
signal has correlations in the horizontal and vertical di-
rections. The prior art image encoding method utilizes
these correlations for compression. Concerning the ap-
plication of the correlation in the prior art technology, as
can be seen in, for example, MMR, the encoding is car-
ried out based on only a correlation in either the hori-
zontal direction or the vertical direction. However, if the
image is observed locally, either of the correlations in
the horizontal or vertical direction is sometimes the
strongest. For example, as shown in Fig.8, if the corre-
lation in the horizontal direction is stronger than that in
the vertical direction, the prediction error of the change
pixel at the pixel position becomes smaller based on the
prediction in the vertical direction rather than based on
the prediction in the horizontal direction, whereby ena-
bling the encoding efficiency to be improved. According-
ly, switching the vertical-direction prediction and the hor-
izontal-direction prediction according to the nature of the
image largely contributes to the improvement of the en-
coding efficiency.

[0089] As described above, in the image encoding ap-
paratus according to the 4th embodiment, by including
the horizontal scanners 40a and 40b, the vertical scan-
ners 41a and 41b, the change pixel detectors 2a and
2b, the memory 3, the change pixel predictors 4a and
4b, and the difference value calculators 5a and 5b, the
prediction is performed in the horizontal and vertical di-
rections, and the difference value between the predicted
value and the detected result is then obtained for both
the directions; and by including the mode selector 21,
the switching unit 22, and the encoders 8a and 8b, the
difference from the prediction by the horizontal scanning
and the difference from the prediction by the vertical
scanning are compared and the difference value which
has the minimum code length is selected and encoded,
whereby the bit number required for encoding by utiliz-
ing the local change of the horizontal and vertical corre-
lations can be reduced to a large extent.
[0090] Note that, also in the image encoding appara-
tus according to the 4th embodiment, the input signal 1
is input block by block and the encoding mode is also
selected for respective blocks. That is, the apparatus
performs adaptively switching the encoding based on
the prediction by the horizontal scanning and the encod-
ing based on the prediction by the horizontal scanning,
block by block, whereby the above-mentioned effect is
obtained.
[0091] Further, also in the image encoding apparatus
according to the 4th embodiment as well as the 2nd em-
bodiment, it is possible that the change pixel detector 2
and the change pixel predictors 4a and 4b output not
the distance (pixel number) to a change pixel, but a two-
valued signal representing the state of the change of the
pixel, whereby the process load can be reduced.

Embodiment 5

[0092] An image decoding apparatus according to a
fifth embodiment not forming part of this invention ap-
propriately decodes the encoded signal which is effi-
ciently encoded by the image encoding apparatus ac-
cording to the 4th embodiment.
[0093] Fig.9 is a block diagram showing the structure
of the image decoding apparatus according to the 5th
embodiment In the figure, 40b and 41b are similar to
those of Fig.7, and the other numerals are similar to
those of the 3rd embodiment, and their description is
similar to those of the 3rd and 4th embodiments, so
therefore is omitted.
[0094] The operation of the image decoding appara-
tus according to the 5th embodiment as constructed
above is explained. The image decoding apparatus ac-
cording to the 5th embodiment receives the input signal
30a which is the signal 9a into which the selected en-
coded mode has been encoded in the image encoding
apparatus according to the 4th embodiment, and the in-
put signal 30a is decoded in the decoder 31a, and the
predicted mode signal indicating "horizontal direction"
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or "vertical direction" is obtained. The decoder 31a out-
puts the predicted mode into the switching unit 32.
[0095] Also, the image decoding apparatus according
to the 5th embodiment receives the input signal 30b
which is the signal 9b into which the selected difference
value has been encoded in the image encoding appa-
ratus according to the 4th embodiment, and the input
signal 30b is decoded in the decoder 31b, and the de-
coded difference value is obtained. The decoder 31b
outputs the decoded difference value into the difference
value addition means 11.
[0096] On the other hand, the horizontal scanner 40b
reads out the already encoded and decoded reference
image of the particular frame stored in the memory 3,
horizontally scans and outputs the reference image to
the change pixel predictor 4a. The predictor 4a predicts
change pixels and outputs the result as predicted
change pixels to the switching unit 22.
[0097] On the other hand, the vertical scanner 41b
reads out the already encoded and decoded reference
image of the particular frame stored in the memory 3,
vertically scans the reference image to the change pixel
predictor 4b and outputs the same. The predictor 4b pre-
dicts change pixels and outputs the predicted change
pixels to the switching unit 22.
[0098] The switching unit 22 into which the change
pixel predictors 4a and 4b output the predicted pixels,
performs switching according to the input predicted
mode signal. Accordingly, the switching unit 22 selects
the predicted change pixel based on the horizontal
scanning output by the change pixel predictor 4a if the
input predicted mode signal indicates "horizontal direc-
tion", or selects the predicted change pixel based on the
vertical scanning output by the change pixel predictor
4b if the input predicted mode signal indicates "vertical
direction", and outputs the predicted change pixel to the
difference value addition means 11.
[0099] The difference value addition means 11 calcu-
lates a change pixel by adding the predicted change pix-
el obtained by the switching unit 22 to the decoded dif-
ference value obtained from the decoder 31b, and out-
puts the result to the change pixel decoder 10. The
change pixel decoder 10, based on the predicted
change pixel of the change pixel prediction means 4a
and the change pixel obtained by the difference value
addition means 11, encodes the pixel value therebe-
tween. The result of this decoding is stored in the mem-
ory 3, and is output as a decoded image signal 34 from
the image decoding apparatus according to the 5th em-
bodiment.
[0100] As described above, the image decoding ap-
paratus according to the 5th embodiment has the de-
coder 31a which decodes the encoding mode of the en-
coded signal, the decoder 31b which decodes the en-
coded signal of the difference value, the change pixel
prediction means 4a which predicts the change pixel
based on the horizontal-direction scanning, the change
pixel prediction means 4b which predicts the change

pixel based on the vertical-direction scanning, the dif-
ference value addition means 11 which performs decod-
ing based on the predicted change pixel, and the change
pixel decoder 10, whereby the switching unit performs
switching according to the predicted mode obtained by
the decoder 31a, namely the switching unit adaptively
switches the decoding based on the horizontal-direction
scanning and the decoding based on the vertical-direc-
tion scanning, according to the predicted mode corre-
sponding to the encoding mode which has been used in
encoding, and therefore the encoded signal efficiently
encoded in the 4th embodiment can be appropriately
decoded.
[0101] Note that in the 5th embodiment there is de-
scribed the image decoding apparatus which is con-
structed based on the structure shown in Fig.5 of the
3rd embodiment, however, the apparatus can be con-
structed based on the structure shown in Fig.6 of the
3rd embodiment, or as described in the 3rd embodiment
the switching unit can receive the output of the change
pixel decoder in the 5th embodiment, and it is also pos-
sible to perform appropriate decoding.
[0102] Also, in the 5th embodiment, when the encod-
ed signal is such a signal that is, block by block, encoded
with the encoding modes selected for respective blocks,
the apparatus receives input signals block by block, and
obtains the predicted modes for respective blocks, and
performs processes block by block according to respec-
tive encoding modes, whereby the encoded signal can
be appropriately decoded.

Embodiment 6

[0103] An image encoding apparatus according to a
6th embodiment not forming part of this invention with
greater efficiency encodes multi-valued image signals.
[0104] Fig.10 is a block diagram showing the structure
of the image encoding apparatus according to the 6th
embodiment. In the figure, an input signal 1a is input to
the image encoding apparatus according to the 6th em-
bodiment as a multi-valued signal. Thus, what is differ-
ent from the 1st embodiment is that the multi-valued sig-
nal is input and processed and that there is included two
encoders. The other points are similar to those of the
1st embodiment. The description of these is similar to
the 1st embodiment, and is therefore omitted.
[0105] A description is given of the image encoding
apparatus according to the 6th embodiment as con-
structed above. When the input signal 1a is input, the
change pixel detector 2, for this multi-valued input sig-
nal, compares the pixel value at the final encoding and
the decoding position with the pixel value at the next
position, and judges whether each pixel corresponds to
"change" or to "non-change". Thereafter, a change pixel
number, the number of pixels which is judged as
"change", is calculated, and compared with the given
value. Here, the given value is assumed to be 60. The
pixel which is judged as "change" and of which the
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change pixel number is beyond 60 is defined as a
change pixel, and the pixel value and position of the
change pixel are output as a detected change pixel to
the difference value calculator 5, the change pixel de-
coder 10 and the encoder 8a.
[0106] On the other hand, the change pixel predictor
4 reads out the already encoded and decoded reference
image of the particular frame stored in the memory 3,
and predicts a change pixel based on the particular input
signal, and outputs the result as a predicted change pix-
el to the difference value calculator 5, the difference val-
ue adder 11 and the change pixel decoding means. The
difference value calculator 5 subtracts the predicted
change pixel from the detected change pixel and obtains
the difference value and outputs the difference value to
the encoder 8b and difference adder 11. The difference
value adder 11 adds the input predicted change pixel
and the difference value, and outputs the result to the
change pixel decoder 10. The change pixel decoder 10
decodes the pixel values of pixels up to the change pixel
and the pixel value of the change pixel based on the
input, and stores the result in the memory 3.
[0107] The encoders 8a and 8b encode the pixel val-
ues of the input change pixels and the difference values,
and output the encoded signals 9a and 9b, respectively.
[0108] As described above, in the image encoding ap-
paratus according to the 6th embodiment having a struc-
ture similar to that of the 1st embodiment, whether there
exists the change or not is judged pixel by pixel, the
number of pixels which are judged as "change" is cal-
culated, and if the number of pixels judged as "change"
is equal to or greater than the threshold, they are defined
as the change pixel, whereby not only is it possible to
perform the similar encoding for only two-valued imag-
es, but also for multi-valued images.

Embodiment 7

[0109] An image decoding apparatus according to a
7th embodiment not forming part of this invention de-
codes the encoded signal encoded by the image encod-
ed apparatus according to the 6th embodiment and ob-
tains a multi-valued signal.
[0110] Fig.11 is a block diagram showing the structure
of the image decoding apparatus according to the 7th
embodiment. In the figure, a decoder 31a decodes the
encoded signal into which the pixel values of change
pixels are encoded. The decoder 31b decodes the en-
coded signal into which the predicted difference values
are encoded. The other points are similar to those of
Fig.5. The description of these points is similar to those
of the 3rd embodiment, and is therefore omitted.
[0111] A description is given of the image decoding
apparatus according to the 7th embodiment as con-
structed above. The image decoding apparatus accord-
ing to the 7th embodiment receives the input signal 30a
which is the signal 9a into which the pixel values of
change pixels have been encoded in the image encod-

ing apparatus according to the 6th embodiment, and the
input signal 30a is decoded in the decoder 31a, and de-
coded pixel values are obtained and the decoded pixel
values are output to the change pixel decoder 10.
[0112] On the other hand, the image decoding appa-
ratus according to the 7th embodiment receives the in-
put signal 30b which is the signal 9b into which the pre-
dicted difference values have been encoded in the im-
age encoding apparatus according to the 6th embodi-
ment, and the input signal 30b is decoded in the decoder
31b, and decoded difference values are obtained and
the decoded difference values are output to the change
pixel decoder 10.
[0113] On the other hand, the change pixel predictor
4 reads out the already encoded and decoded reference
image stored in the memory 3, and predicts a change
pixel based on the particular image signal to output the
predicted change pixel to the change pixel decoder 10
and difference value adder 11. The difference value
adder 11 adds the input predicted change pixel and the
difference value, and outputs the result to the change
pixel decoder 10. The change pixel decoder 10 decodes
the pixel values of pixels up to the change pixel and the
pixel value of the change pixel based on the input, and
stores the result in the memory 3.
[0114] As described above, the image decoding ap-
paratus according to the 7th embodiment has the de-
coder 31a which decodes the encoded signal into which
the pixel values of change pixels are encoded and the
decoder 31b which decodes the encoded signal into
which the predicted difference values are encoded,
whereby the encoded signal encoded by the image en-
coding apparatus according to the 6th embodiment can
be appropriately decoded to obtain a multi-valued image
signal.

Embodiment 8

[0115] An image encoding apparatus according to an
8th embodiment not forming part of this invention re-
ceives an image signal consisting of a transparency sig-
nal indicating the ratio for synthesizing an image and a
pixel value signal, as an input signal, and encodes the
input signal with reference to a reference image.
[0116] Fig.12 is a block diagram showing the structure
of the image encoding apparatus according to the 8th
embodiment. In the figure, 60a indicates a pixel value
signal. 60b indicates a transparency signal. The pixel
value signal and the transparency signal constitute a im-
age signal and are input to the image encoding appara-
tus according to the 8th embodiment as input signals.
61 indicates a memory which temporarily stores data
such as previously encoded and decoded image signals
used as reference images. 62a and 62b indicate motion
detectors which detect motion with the reference imag-
es to output motion vectors. 63a and 63b indicate motion
compensation units which perform motion compensa-
tion with the image signal of the already encoded and
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decoded reference frame to generate reference pixel
values. 64a and 64b indicate difference value calcula-
tors which calculate the difference value between the
input signal and the motion-compensated signal, and
output the difference value. 65a and 67b indicate encod-
ers which encode the motion vectors. 67a and 65b indi-
cate encoders which encode the difference values. 66a
and 68b indicate encoded signals into which the motion
vectors are encoded. 68a and 66b indicate encoded sig-
nals into which the difference values are encoded.
[0117] A description is given of the image encoding
apparatus according to the 8th embodiment as con-
structed above. The image encoding apparatus accord-
ing to the 8th embodiment receives image signals, as
the pixel value signal 60a and the transparency signal
60b. Here, the transparency signal is such a signal as
shown in Fig.23(b) used for explaining the prior art, and
indicates what ratio is used for synthesizing each pixel
when it is combined with the other image. The pixel val-
ue signal 60a is input to the memory 61, the motion de-
tector 62a and the difference value calculation means
64a. The transparency signal 60b is input to the memory
61, the motion detector 62b and the difference value cal-
culation means 64b.
[0118] The motion detectors 62a and 62b perform de-
tecting motions by comparing the input signals with the
already encoded and decoded pixel values contained
by the reference image read out from the memory 61,
and obtain motion vectors of each input signal.
[0119] The motion vectors of the pixel value signals
obtained by the motion detector 62a are output to the
encoder 65a, the motion compensation unit 63a and the
memory 61. The motion compensation unit 63a reads
out the pixel value indicated by the motion vector of the
pixel value signal from the memory 61, and outputs the
motion-compensated value of the pixel value signal into
the difference calculator 64a.
[0120] The difference calculator 64a calculates the
difference value between the input pixel value signal
and motion-compensated value and obtains the same,
and outputs the difference value to the encoder 67a. The
motion vector of the pixel value signal is encoded in the
encoder 65a to become encoded signal 66a, while the
difference value is encoded in the encoder 67a to be-
come encoded signal 68a.
[0121] Similarly, the motion vector of the transparency
signal obtained from the motion detector 62b is output
to the encoder 67b, the motion compensation unit 63b
and the memory 61. The motion compensation unit 63b
performs motion compensation for the transparency sig-
nal, and outputs the obtained motion compensated val-
ue to the difference value calculator 64b. On the other
hand, the difference value calculator 64b outputs the ob-
tained difference value to the encoder 67a similarly to
the 64a. Similar to the pixel value signal, the motion vec-
tor of the transparency signal is encoded in the encoder
67b to become the encoded signal 68b, and the differ-
ence value is encoded in the encoder 65b to become

the encoded signal 66b. The 8th embodiment is an ex-
ample of a reversible encoding, so that the encoded in-
put signal is stored in the memory 61 and is used for
encoding subsequent image signals(not shown).
[0122] As described above, the image encoding ap-
paratus according to the 8th embodiment has the motion
detector 62a, motion compensation unit 63a, difference
value calculator 64a, encoder 65a and encoder 67a, all
of which process the pixel value signal 60a, and has the
motion detector 62b, the motion compensation unit 63b,
the difference value calculator 64b, the encoder 65b and
the encoder 67b, all of which process the transparency
signal 60b, whereby the pixel value signal and the trans-
parency signal are separately subjected to the motion
detection to obtain the motion vectors and are also sub-
jected to the motion compensation.
[0123] As described in the Prior Art section, in the pri-
or art image encoding, when the image consisting of the
shape information and pixel value information is encod-
ed, concerning the shape information used for the image
synthesis, in order to improve the encoding efficiency,
the motion compensation for the shape information is
carried out using the motion vector of the pixel value
information. Accordingly, when encoding such a signal
as the input image signal of the 8th embodiment, the
motion compensation encoding for the transparency
signal is performed using the motion vector of the pixel
value signal. However, although the transparency signal
is a signal representing the shape of the object, the mo-
tion vector does not always agree with the motion vector
of the pixel value signal. For example, although the
shape of a rotating disc is invariable, the drawings on
the disc move. Hence, in this case, as the motion vector
of the pixel value signal is much different from that of
the transparency signal, when the motion compensation
is performed for the transparency signal using the mo-
tion vector of the pixel value signal, the motion error be-
comes large and the code length of the difference value
increases, resulting in the reduction of the encoding ef-
ficiency.
[0124] As opposed to this, the image encoding appa-
ratus according to the 8th embodiment performs motion
compensation using another detected motion vectors
rather than the motion vector of the pixel value signal
and thereby obtains a more precise approximation to the
input transparency signal by the motion compensated
signal and improves the encoding efficiency as a result
of the reduction of the motion compensation error.
[0125] Also, in the image encoding apparatus accord-
ing to the 8th embodiment, the input signal can be input
block by block, and the motion compensation and the
encoding can be performed for respective blocks,
whereby the above-mentioned effect is obtained.

Embodiment 9

[0126] An image encoding apparatus according to a
9th embodiment not forming part of this invention, sim-
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ilarly to the 8th embodiment, receives an image signal
consisting of a transparency signal and a pixel value sig-
nal, as input signals, and encodes the input signal with
reference to a reference image.
[0127] Fig.13 is a block diagram showing the structure
of the image encoding apparatus according to the 9th
embodiment. In the figure, the numerals indicate the
same as those in Fig.12, and the description is similar
to that for the embodiment 8. The difference from the
structure of the image encoding apparatus according to
the 8th embodiment is that, in the image encoding ap-
paratus according to the 9th embodiment, the motion
detector 62a obtains the motion vector from the pixel
value signal 60a and outputs the motion vector to the
motion detector 62b for the transparency signal 60b,
and the motion detector 62b detects the motion from in
the vicinity of the motion vector of the input pixel value
signal.
[0128] Also, the operation of the image encoding ap-
paratus according to the 9th embodiment is similar to
that of the 8th embodiment except the motion detector
62a performs the above-mentioned output and the mo-
tion detector 62b performs the above-mentioned detec-
tion.
[0129] As described above, in the image encoding ap-
paratus according to the 9th embodiment, based on the
structure of the 8th embodiment, the motion detector
62a obtains the motion vector from the pixel value signal
60a and outputs the motion vector to the motion detector
62b for the transparency signal 60b, and the motion de-
tector 62b detects the motion of the transparency from
in the vicinity of the motion vector of the input pixel value
signal. That is, it is possible that when the motion of the
transparency signal is detected, the result of the motion
detection of the pixel value signal is used.
[0130] Although the motion vectors of the pixel value
signal and the transparency signal are sometimes large-
ly different from each other as shown in the 8th embod-
iment, they are almost the same in most images. There-
fore, when the motion vector of the transparency signal
is detected, if the motion vector of the transparency sig-
nal is detected only in the vicinity of the motion vector
of the pixel value signal, compared to the case of de-
tecting independently of the pixel value signal, the cal-
culation times required for the motion detection is re-
duced. Note that, compared to the case of the motion
detection independent of the pixel value signal the
number of motion vectors which can be selected is re-
stricted, so that the motion compensation error of the
transparency signal is more or less increased, but the
ratio is slight. Accordingly, the image encoding appara-
tus according to the 9th embodiment as well as the 8th
embodiment performs the appropriate motion compen-
sation for each signal, resulting in improving the encod-
ing efficiency and reducing the calculation times of the
motion detection.
[0131] Note that, in the image encoding apparatus ac-
cording to the 9th embodiment, although the motion vec-

tor of the pixel value signal is used for the motion detec-
tion of the transparency signal, it is possible that based
on the structure of the 8th embodiment, the motion de-
tector 62b obtains the motion vector from the transpar-
ency signal 60b and outputs the motion vector to the
motion detector 62a for the pixel value signal 60a, and
the motion detector 62a detects the motion of the pixel
value signal from in the vicinity of the motion vector of
the input transparency signal. That is, it is possible that
when the motion of the pixel value signal is detected,
the result of the motion detection of the transparency
signal is used. Also, the calculation times of the motion
detection can be reduced.
[0132] Also, similarly to the 8th embodiment, the
block-by-block encoding is possible.

Embodiment 10

[0133] An image encoding apparatus according to a
10th embodiment not forming part of this invention, sim-
ilarly to the 8th and 9th embodiments, receives an image
signal consisting of a transparency signal and a pixel
value signal, as an input signal, and encodes the input
signal with reference to a reference image.
[0134] Fig.14 is a block diagram showing the structure
of the image encoding apparatus according to the 10th
embodiment. In the figure, 70 indicates a difference cal-
culator for motion vectors which obtains the difference
vector between the motion vector of the pixel value sig-
nal obtained from the motion detector 62a and the mo-
tion vector of the transparency signal obtained from the
motion detector 62b. Though the encoder 67b encodes
the motion vector of the transparency signal in the 8th
embodiment, the encoder 67b encodes the difference
vector of the motion vector obtained by the difference
value calculator 70 in the 10th embodiment. The other
numerals indicate the same as those in Fig.12, and the
description is similar to that in the 8th embodiment.
[0135] The operation of the image encoding appara-
tus according to the 10th embodiment is similar to that
of the 8th embodiment except that the motion detectors
62a and 62b output motion vectors to the difference val-
ue calculator 70, and the difference value calculator 70
obtains the above-mentioned difference vector to the
encoder 67b and outputs the same, and the encoder
67b encodes the difference vector of the motion vector.
[0136] As described above, in the image encoding ap-
paratus according to the 10th embodiment, based on
the structure of the image encoding apparatus accord-
ing to the 8th embodiment, the difference value calcu-
lator 70 for motion vectors is added to the structure, and
thereby, instead of encoding the motion vector of the
transparency signal, the difference vector between the
motion vectors of the pixel value and the transparency
vectors is encoded. As described in the 9th embodi-
ment, since the motion vectors of both the signals often
correlate, if the difference vector between the motion
vectors of both the signals is encoded, the frequency of
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occurrence of the difference vector is concentrated in
the neighborhood of 0 vector, whereby, performing the
variable-length encoding which gives a code of a short
code length to the difference vector in the neighborhood
of 0 vector, the encoding efficiency is improved and the
encoding can be performed with a smaller bit number.
[0137] Note that, in the image encoding apparatus ac-
cording to the 10th embodiment, although the difference
vector of the motion vectors of both the signals are en-
coded instead of the motion vectors of the transparency
signal, there can be provided the structure in which the
difference vector obtained by the difference value cal-
culator 70 is output to the encoder 65a instead of 67b.
If the difference vector of the motion vectors of both the
signals is encoded instead of encoding the motion vec-
tor of the pixel value signal, the same result can be ob-
tained.
[0138] Also, similar to the 8th embodiment, the block-
by-block encoding is possible.

Embodiment 11

[0139] An image decoding apparatus according to a
11th embodiment of this invention appropriately de-
codes the encoded signal efficiently encoded by the im-
age encoding apparatus according to the 8th embodi-
ment.
[0140] Fig.15 is a block diagram showing the structure
of the image decoding apparatus according to the 11th
embodiment. In the figure, 82a and 82b indicate encod-
ed signals corresponding to the encoded signals 68a
and 66b in Fig.12, respectively, into which the difference
values in the pixel value signal and in the transparency
signal are encoded respectively. 80a and 80b indicate
encoded signals corresponding to the encoded signals
66a and 68b in Fig.12, respectively, into which the mo-
tion vectors in the pixel value signal and in the transpar-
ency signal are encoded respectively. 83a and 83b in-
dicate decoders which decode the difference values in
the pixel value signal and in the transparency signal, and
output the decoded difference values in the pixel value
signal and in the transparency signal, respectively. 81a
and 81b indicate decoders which decode the motion
vectors of the pixel value signal and of the transparency
signal, and output the decoded motion vectors of the pix-
el value signal and of the transparency signal, respec-
tively. 61 indicates a memory which temporarily stores
data such as the already encoded and decoded image
signal used as a reference image. 63a and 63b indicate
motion compensation units which perform the motion
compensation using the decoded motion vectors. 84a
and 84b indicate difference value adders which perform
the addition processing using the decoded difference
values. 85a and 85b indicate decoded image signals.
[0141] The operation of the image decoding appara-
tus according to the 11th embodiment as constructed
above is explained. The signals 68a and 66b into which
the difference values of the pixel value signal and of the

transparency signal are encoded by the image encoding
apparatus according to the 8th embodiment respective-
ly, are input to the image decoding apparatus according
to the 11th embodiment as the input signals 82a and
82b, and are decoded by the decoders 83a and 83b,
and are output to the difference value calculators 84a
and 84b as the difference values of the pixel value signal
and the transparency signal, respectively. The signals
66a and 68b into which the motion vectors of the pixel
value signal and of the transparency signal are encoded
by the image encoding apparatus according to the 8th
embodiment respectively, are input to the image decod-
ing apparatus according to the 11th embodiment as the
input signals 80a and 80b, and are decoded by the de-
coders 81a and 81b, and are output to the motion com-
pensation units 63a and 63b as the motion vectors of
the pixel value signal and the transparency signal, re-
spectively.
[0142] The motion compensation units 63a and 63b
read out pixel values indicating the respective input mo-
tion vectors from the memory 61, and perform the mo-
tion compensation, and output the motion compensated
values into the difference value adder 84a and 84b, re-
spectively. The difference value adders 84a and 84b add
the respectively input encoded difference value and mo-
tion compensated value, and output the decoded image
signals 85a and 85b, respectively, which are stored in
the memory 61.
[0143] As described above, the image decoding ap-
paratus according to the 11th embodiment has the de-
coder 81a, the decoder 83a, the motion compensation
unit 63a, and the difference value calculator 84a, all of
which perform the process of the encoded signal of the
pixel value signal, and has the decoder 81b, the decoder
83b, the motion compensation unit 63b, and the differ-
ence value calculator 84b, all of which perform the proc-
ess of the encoded signal of the transparency signal,
whereby the encoded signals 80a and 82a of the pixel
value signal, and the encoded signals 80b and 82b of
the transparency signal can be separately subjected to
the decoding process, whereby decoding can be appro-
priately performed to obtain the image signal.
[0144] Note that, in the image decoding apparatus ac-
cording to the 11th embodiment, although the encoded
signal encoded by the image encoding apparatus ac-
cording to the 8th embodiment is encoded, the encoded
signal obtained by the image encoding apparatus ac-
cording to the 9th embodiment can be appropriately de-
coded.
[0145] Also, the signals which have been input block
by block and encoded for respective blocks in the 8th
and 9th embodiment can be received block by block to
be appropriately decoded.

Embodiment 12

[0146] An image decoding apparatus according to a
12th embodiment of this invention appropriately de-
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codes the encoded signal efficiently encoded by the im-
age encoding apparatus according to the 10th embodi-
ment.
[0147] Fig.16 is a block diagram showing the structure
of the image decoding apparatus according to the 12th
embodiment. In the figure, 86 indicates a difference val-
ue adder for motion vectors which adds a decoded mo-
tion vector and a decoded difference motion vector. The
other numerals are similar to those in Fig.15, and the
description is similar to that in the 11th embodiment and
is therefore omitted here.
[0148] The operation of the image decoding appara-
tus according to the 12 the embodiment as constructed
above is described. The decoder 81a outputs the de-
coded motion vector of the pixel value signal obtained
by decoding the input signal 80a, to the motion compen-
sation unit 63a and the difference adder 86 for motion
vectors. The decoder 80b receives, not the encoded sig-
nal of the motion vector of the transparency signal in the
11th embodiment, but the encoded signal 68b of the dif-
ference motion vector in the 10th embodiment. The de-
coder 80b obtains, not the motion vector of the trans-
parency signal by decoding in the 11th embodiment, but
the difference vector, and outputs the decoded differ-
ence motion vector to the difference adder 86 for motion
vectors. The output decoded difference motion vector is
the difference vector between the motion vectors of the
pixel value signal and the transparency signal. There-
fore, by adding the difference vector with the decoded
motion vector of the pixel value signal in the difference
value adder 86, the motion vector of the transparency
signal is obtained. The decoded motion vector of the
transparency signal is output to the motion compensa-
tion unit 63b.
[0149] The other part of the operation is the same as
the process of the image decoding apparatus according
to the 11th embodiment. The decoded signal 85a of the
pixel value signal and decoded signal 85b of the trans-
parency signal are the outputs of the apparatus.
[0150] As described above, the image decoding ap-
paratus according to the 12th embodiment has the
structure which is based on the structure of the image
decoding apparatus according to the 11th embodiment
and which is added to the difference value adder 86 for
motion vectors, and thereby performs addition of the de-
coded motion vector and the decoded difference vector,
whereby the encoded signal output by the 10th embod-
iment which outputs the encoded signal of the difference
vector as an encoded signal can be appropriately de-
coded.
[0151] Also, it is possible to respond in the situation
whereby the encoding is performed block by block as in
the 10th embodiment, similar to in the 11th embodiment.

Embodiment 13

[0152] An image encoding apparatus according to a
13th embodiment not forming part of this invention re-

ceives an image signal with blocked shapes which con-
sists of the shape signal indicating the shape of the ob-
ject and whether the pixel value of pixels is significant
or not, and the pixel value signal, as an input signal, and
encodes the input signal with reference to a reference
image.
[0153] Fig.17 is a block diagram showing the structure
of the image encoding apparatus according to the 13
embodiment. In the figure, 60a indicates a pixel value
signal. 60b indicates a shape signal. 60a and 60b con-
stitute the image signal and are input to the image en-
coding apparatus according to the 8th embodiment as
input signals. 69a and 69b indicate decoders which de-
code the encoded signals of the difference values output
by the encoders 67a and 65b. 75a and 75b indicate dif-
ference value adders which add the decoded difference
value and the motion compensated value, and the result
is stored in the memory 61. The other numerals are sim-
ilar to those in Fig.12, and the description is similar to
that in the 8th embodiment and is therefore omitted
here.
[0154] A description is given of the operation of the
image encoding apparatus according to the 13th em-
bodiment as constructed above. The image signal with
blocked shapes, the input signal, is input to the image
encoding apparatus according to the 13th embodiment
as the pixel value signal 60a and the shape signal 60b.
Here, the shape signal is the one shown in Fig. 23 used
in the Prior Art section, consisting of the two-valued in-
formation shown in Fig. 23(c) or multi-valued informa-
tion shown in Fig.23(d). In the case of the multi-valued
information, it is similar to the transparency signal in the
8th embodiment.
[0155] In the image encoding apparatus according to
the 13th embodiment, by the process similar to that in
the 8th embodiment, the pixel value signal and the
shape signal are encoded, and thereby the encoded sig-
nal 66a of the motion vector of the pixel value signal, the
encoded signal 68a of the difference value of the pixel
value signal, the encoded signal 66b of the motion vec-
tor of the shape signal and the encoded signal 68b of
the difference value of the shape signal are obtained.
[0156] Although the encoded signal is input to the
memory 61 in the apparatus according to the 8th em-
bodiment, in the 13 embodiment the encoded difference
values are respectively decoded in the decoders 69a
and 69b, and are output to the difference value adders
75a and 75b, and are added to the motion compensated
values output by the motion compensation units 63a and
63b in the difference value adders 75a and 75b, and are
input to the memory 61. Accordingly, the reference im-
age used for the encoding is encoded and decoded, and
is added to the motion compensated value, which is the
difference from the 8th embodiment.
[0157] As described above, the image encoding ap-
paratus according to the 13th embodiment has the
structure which is based on the structure of the image
encoding apparatus according to the 8th embodiment
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and which is added to the decoders 69a and 69b and
the difference value adders 75a and 75b, and therefore,
similarly to the 8th embodiment, by reducing the motion
compensation error the improvement of the encoding ef-
ficiency is realized, and moreover, though there accom-
panies a slight increase in the processing load, with the
use of the more appropriate signal which is encoded and
decoded as a reference image, and is added to the mo-
tion compensated value, a further reduction of the mo-
tion compensation error can be realized.
[0158] Note that, the encoded signal output by the im-
age encoding apparatus according to the 13th embodi-
ment, similarly to the 8th embodiment, in the image de-
coding apparatus according to the 11th embodiment, is
appropriately encoded.

Embodiment 14

[0159] An image encoding apparatus according to a
14th embodiment not forming part of this invention, sim-
ilar to the 13th embodiment, receives an image signal
consisting of a shape signal and a pixel value signal as
an input signal, and referring to a reference image, en-
codes this input signal.
[0160] Fig.18 is a block diagram showing the structure
of the image encoding apparatus according to the 14th
embodiment. In the figure, the numerals are the same
as those in Fig.17, and the description is similar to that
in the 13 embodiment. In the image encoding apparatus
according to the 14th embodiment, similar to the 9th em-
bodiment, the motion detector 62a for the pixel value
signal 60a outputs the motion vector of the obtained pix-
el value signal to the motion detector 62b for the trans-
parency signal 60b, and the motion detector 62b per-
forms the motion detection of the transparency signal in
the vicinity of the motion vector of the input pixel value
signal, which is the difference from the structure of the
image encoding apparatus according to the 13th em-
bodiment.
[0161] Also, the operation of the image encoding ap-
paratus according to the 14th embodiment is similar to
that of the 13 embodiment, , except that the motion de-
tector 62a performs the above-mentioned output and
the motion detector 62b performs the above-mentioned
detection.
[0162] As described above, in the image encoding ap-
paratus according to the 14th embodiment, based on
the structure of the 13th embodiment, the motion detec-
tor 62a for the pixel value signal 60a outputs the motion
vector of the obtained pixel value signal to the motion
detector 62b for the shape signal 60b, and the motion
detector 62b performs the motion detection of the shape
signal in the vicinity of the motion vector of the input pixel
value signal, and thereby similar to the 9th embodiment,
at the time of the motion detection of the shape signal,
using the result of the motion detection of the pixel value
signal, the calculation times of the motion detection can
be reduced.

[0163] Note that, the possible structure in which the
motion vector of the pixel value signal can be detected
in the vicinity of the motion vector of the shape signal,
is similar to that of the 9th embodiment, and it is similar
to the 13th embodiment in which the encoded signal is
obtained by the image encoding apparatus according to
the 14th embodiment.

Embodiment 15

[0164] An image encoding apparatus according to a
15th embodiment, similarly to the 13th and 14th embod-
iments, receives an image signal consisting of a shape
signal and a pixel value signal as an input signal, and
referring to a reference image, encodes this input signal.
[0165] Fig.19 is a block diagram showing the structure
of the image encoding apparatus according to the 15th
embodiment. In the figure, the difference calculator 70
of the motion vector is similar to that of the 10th embod-
iment shown in Fig.13. And, the encoder 67b, similarly
to that in the 10th embodiment, encodes the difference
vector of the motion vector obtained by the difference
value calculator 70. The other numerals indicate the
same as those in Fig.17, and the description is similar
to that of the 13 embodiment.
[0166] Concerning the operation of the image encod-
ing apparatus according to the 15th embodiment, the
motion detectors 62a and 62b output the motion vectors
to the difference value calculator 70, and the difference
value calculator 70 obtains the above-mentioned differ-
ence vector to output to the encoder 67b, and the en-
coder 67b encodes the difference vector of the motion
vector, which is similar to that of the 10th embodiment,
while the other operations are similar to those of the 13th
embodiment.
[0167] As described above, the image encoding ap-
paratus according to the 15th embodiment is based on
the structure of the image encoding apparatus accord-
ing to the 13th embodiment and is added to the differ-
ence value calculator 70 of the motion vector, and there-
by encodes the difference vector between the motion
vector of the pixel value signal and the motion vector of
the shape signal instead of encoding the motion vector
of the shape signal. Accordingly, similar to the 10th em-
bodiment, the performance of the variable-length en-
coding enables the further improvement of the encoding
efficiency to be realized.
[0168] Note that the case of encoding the difference
vector instead of encoding the motion vector of the pixel
value signal is possible, which is similar to the 10th em-
bodiment.
[0169] Also, the encoded signal output by the image
encoding apparatus according to the 15th embodiment
can be, similarly to that in the 10th embodiment, appro-
priately decoded by the image decoding apparatus ac-
cording to the 12th embodiment.
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Embodiment 16

[0170] An image encoding apparatus according to a
16th embodiment, similar to the 13th to 15th embodi-
ments, receives an image signal consisting of a shape
signal and a pixel value signal as an input signal, and
referring to a reference image, encodes this input signal.
[0171] Fig.20 is a block diagram showing the structure
of the image encoding apparatus according to the 16th
embodiment. In the figure, 90 indicates the motion de-
tector judgment unit which receives the input shape sig-
nal 60b and the motion vectors of the pixel value signal
output by the motion detector 62a, and judges the pro-
priety of the motion compensation of the shape signal
with the motion vector of the pixel value signal, and ac-
cording to the judgment, outputs the instruction whether
the motion detection will be performed or not, to the mo-
tion detector 62b.
[0172] The operation of the above-constructed image
encoding apparatus according to the 16th embodiment
is described. The processing of the pixel value signal
60a input to the image encoding apparatus according to
the 16th embodiment, except for the point that the mo-
tion vector of the pixel value signal obtained in the mo-
tion detector 62a is also output to the motion detection
judgment unit 90, is similar to the 13th embodiment, and
thereby the encoded signal 66a of the motion vector of
the pixel value signal and the encoded signal 68a of the
difference value of the pixel value signal are obtained.
[0173] On the other hand, the input shape signal 60b
is first input to the motion detection judgment unit 90.
The motion detection judgment unit 90 performs the mo-
tion compensation of the input shape signal 60b using
the motion vector of the input pixel value signal, and
compares the motion-compensated shape signal with
the input shape signal 60b, and judges whether both the
shape signals have agreement or not. Thereafter, if
there exists agreement, the motion vector of the pixel
value signal is output to the motion detector 61b, and
the motion detector 61b does not perform the motion
detection of the shape signal and the input motion vector
of the pixel value signal is substituted for the motion vec-
tor of the shape signal. As opposed to this, if there does
not exist agreement in the result of the comparison of
the motion detection judgment 90, the motion detection
judgment 90 outputs such an instruction to the motion
detector 61b that the motion detector 61b performs the
motion detection, and the motion vector is calculated by
the motion detector 61b. For the shape signal, the re-
maining processes are similar to those of the 13th em-
bodiment, and the encoded signals 66b and 68b are ob-
tained.
[0174] As described above, the image encoding ap-
paratus according to the 16th embodiment has the
structure of the image encoding apparatus according to
the 13th embodiment which is added to the motion de-
tection judgment unit 90, and judges the propriety of the
performance of the motion compensation of the input

shape signal using the motion vector of the input pixel
value signal, and if the result of the judgment is that it is
possible, the motion detection for the input shape signal
is not performed and thereby the omission of the calcu-
lation realizes the reduction of the processing load. If
the result of the judgment is that it is impossible, the mo-
tion detection for the input shape signal is performed
similarly to the 13th embodiment and thereby the en-
coding efficiency and picture quality of the encoded sig-
nal are not affected.
[0175] Note that, in the 16th embodiment, although
the detection of the shape signal is not performed when
the motion-compensated shape signal and the input
shape signal have agreement, if the slight degradation
of the encoding efficiency due to the increase in the mo-
tion compensation error is tolerable, it is also possible
that the motion detection is not performed when the er-
ror due to the motion compensation in the judgment is
equal to or smaller than the given value, and thereby a
further reduction of the processing load can be realized.

Embodiment 17

[0176] An image encoding apparatus according to a
17th embodiment, similar to the 13th to 16th embodi-
ments, receives an image signal consisting of a shape
signal and a pixel value signal as an input signal, and
referring to a reference image, encodes this input signal.
Fig.21 is a block diagram showing the structure of the
image encoding apparatus according to the 17th em-
bodiment. In the figure, 93 indicates the switching judg-
ment unit which receives the motion vectors of the pixel
value signal and shape signal, and similarly to 16th em-
bodiment, judges the propriety of the motion compen-
sation of the shape signal using the motion vector of the
pixel value signal, and according to the judgment, gives
an instruction to the switching unit 94. The switching unit
94, according to the instruction of the switching judg-
ment unit 93, switches the motion vector of the pixel val-
ue signal and the motion vector of the shape signal for
the output to the difference value calculator 70. The
memory 95 for the motion vector performs the temporal
storage in order to input the motion vector output by the
switching unit 94 to the difference value detector 70 after
a delay. The other numerals are similar to those of Fig.
19, and the description is similar to that of the 15th em-
bodiment.
[0177] The operation of the image encoding appara-
tus according to the 17th embodiment is similar to that
of the 15th embodiment, except for that according to the
judgment of the switching judgment unit 93, the two em-
bodiments differ in the difference motion vector to be
obtained by the difference value calculator 70, so the
operation of that alone is described.
[0178] The switching judgment unit 93 receives and
compares the encoded signal of the motion vector of the
pixel value signal and the motion vector of the shape
signal, both of which are of the immediately previous en-
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coded input signal, and checks whether the motion vec-
tor of the shape signal of the immediately previous en-
coded input signal is already encoded or not. That is, by
processing the immediately previous encoded input sig-
nal, it is checked whether the encoded signal of the dif-
ference motion vector obtained from the encoder 67b
has been the difference vector between the motion vec-
tor of the pixel value signal and the motion vector of the
shape signal, or the difference vector between the mo-
tion vectors of the shape signals. Thereafter, when the
difference vector of the motion vectors of the shape sig-
nals has been encoded, by sending an instruction to the
switching unit 94, the motion vector detected from the
shape signal is input to the memory 95 for delay. Ac-
cordingly, in this case, the encoder 67b obtains the dif-
ference vector between the immediately previous en-
coded motion vector of the shape signal obtained from
the memory 95 for delay and the motion vector detected
from the input shape signal, and encodes the difference
vector. On the other hand, when the difference vector
between the motion vectors of the pixel value and shape
signals of the immediately previous input signal has
been encoded, by sending an instruction to the switch-
ing unit 94, similarly to the 15th embodiment, the differ-
ence vector of the motion vectors of both the signals is
to be encoded.
[0179] As described above, the structure of the image
encoding apparatus according to the 17th embodiment
is based on the structure of the image encoding appa-
ratus according to the 15th embodiment and is added
to the switching judgment 93, the switching unit 94 and
the memory 95 for delay, and thereby when the motion
vector of the immediately previous shape signal is en-
coded, the difference vector between the motion vector
and detected motion vector are obtained and encoded,
and the encoding efficiency can be improved by utilizing
the difference between the motion vectors of the shape
signals which highly correlate.
[0180] Note that, in the 17th embodiment, although
the judgment and the encoding of the difference vector
are performed for the motion vector of the shape signal,
the judgment and the encoding of the difference vector
can be also performed for the motion vector of the pixel
value signal, and similarly, an improvement of the en-
coding efficiency can be realized.

Embodiment 40

[0181] An image encoding program recording medi-
um and an image decoding program recording medium
realize the image encoding apparatuses and the image
decoding apparatuses according to the 1st to 17th em-
bodiments.
[0182] Fig. 22 shows a floppy disk which is an exam-
ple of a recording medium which records the program.
[0183] An image encoding program which is recorded
in the floppy disk shown in Fig. 22, is executed on a per-
sonal computer or a work station or the like, and thereby

realizes the image encoding apparatus according to the
2nd embodiment.
[0184] Similarly, an image decoding program is re-
corded on the floppy disk shown in Fig. 22, is executed
on a personal computer or a work station or the like, and
thereby realizes the image decoding apparatus accord-
ing to the 3rd embodiment. This case is, in the same
embodiment, one in which the selection is performed by
the switch after the change pixel encoding process as
described using Fig.6.
[0185] As described above, the program recording
media according to the 40th embodiment record the im-
age encoding program or the image decoding program,
and thereby on a computer system such as an ordinary
personal computer and the like, the image encoding ap-
paratus or the image decoding apparatus according to
this invention can be realized.
[0186] Note that, in the 40th embodiment, although
the image encoding apparatus according to the 2nd em-
bodiment and the image decoding apparatus according
to the 3rd embodiment are recorded, the apparatuses
according to the other embodiments can be similarly re-
alized.
[0187] Further, in the 40th embodiment, although the
floppy disk is presented as a recording medium, an IC
card, a CD-ROM, an optical disc and a cassette tape or
the like can be similarly employed, if it is a medium which
can record the programs.

Claims

1. An image decoding apparatus which receives an
encoded signal {80a, 80b, 82a, 82b) of an image,
and decodes the encoded signal, comprising:

a pixel value decoding unit (83a) operable to
decode an encoded difference value (82a) of a
pixel value signal included in the encoded sig-
nal to obtain a decoded difference pixel value
signal of a target image;
a pixel value motion vector decoding unit (81a)
operable to decode an encoded pixel value mo-
tion vector (80a) included in the encoded signal
to obtain a decoded pixel value motion vector
of the target image;
a first motion compensation unit (63a) operable
to compensate a pixel value signal of a refer-
ence image using the decoded pixel value mo-
tion vector of the target image to obtain the re-
sult of the motion compensation as the com-
pensated pixel value signal of the target image;
and
a calculation unit (84a) operable to add the de-
coded difference pixel value signal of the target
image and the compensated pixel value signal
of the target image to obtain the result (85a) of
the addition as a decoded pixel value signal of
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the target image;
said image decoding apparatus being charac-
terized by further including:

a shape motion vector decoding unit (81b)
operable to decode an encoded shape mo-
tion vector (80b) included in the encoded
signal to obtain a decoded shape motion
vector of the target image;
a second motion compensation unit (63b)
operable to compensate a shape signal of
the reference image using the decoded
shape motion vector of the target image to
obtain the result of the motion compensa-
tion as a compensated shape signal of the
target image; and
a shape decoding unit (83b) operable to
decode a shape information (82b) included
in the encoded signal of the target image
by referring to the compensated shape sig-
nal of the target image to obtain a decoded
shape signal of the target image.

Patentansprüche

1. Bilddecodiergerät, das ein codiertes Signal (80a,
80b, 82a, 82b) eines Bildes empfängt und das co-
dierte Signal decodiert, mit:

einer Pixelwertdecodiereinheit (83a), so funk-
tionierend, dass sie einen codierten Differenz-
wert (82a) eines im codierten Signal enthalte-
nen Pixelwertsignals decodiert, um ein deco-
diertes Differenz-Pixelwertsignal eines Zielbil-
des zu gewinnen;
einer Pixelwertbewegungsvektordecodierein-
heit (81a), so funktionierend, dass sie einen im
codierten Signal enthaltenen, codierten Pixel-
wertbewegungsvektor (80a) decodiert, um ei-
nen decodierten Pixelwertbewegungsvektor
des Zielbildes zu gewinnen;
einer ersten Bewegungskompensationseinheit
(63a), so funktionierend, dass sie unter Benut-
zung des decodierten Pixelwertbewegungs-
vektors des Zielbildes ein Pixelwertsignal eines
Bezugsbildes kompensiert, um das. Ergebnis
der Bewegungskompensation als das kompen-
sierte Pixelwertsignal des Zielbildes zu gewin-
nen; und
einer Berechnungseinheit (84a), so funktionie-
rend, dass sie das decodierte Differenzpixel-
wertsignal des Zielbildes und das kompensier-
te Pixelwertsignal des Zielbildes addiert, um
das Ergebnis (85a) der Addition als ein deco-
diertes Pixelwertsignal des Zielbildes zu gewin-
nen;

wobei das benannte Bilddecodiergerät da-
durch gekennzeichnet ist, dass es weiter enthält:

eine Formbewegungsvektordecodiereinheit
(81b), so funktionierend, dass sie einen im co-
dierten Signal enthaltenen, codierten Formbe-
wegungsvektor (80b) decodiert, um einen de-
codierten Formbewegungsvektor des Zielbil-
des zu gewinnen;
eine zweite Bewegungskompensationseinheit
(63b), so funktionierend, dass sie unter Benut-
zung des decodierten Formbewegungsvektors
des Zielbildes ein Formsignal des Bezugsbil-
des kompensiert, um das Ergebnis der Bewe-
gungskompensation als ein kompensiertes
Formsignal des Zielbildes zu gewinnen; und
eine Formdecodiereinheit (83b), so funktionie-
rend, dass sie unter Bezugnahme auf das kom-
pensierte Formsignal des Zielbildes eine im co-
dierten Signal des Zielbildes enthaltene Gestal-
tinformation (82b) decodiert, um ein decodier-
tes Formsignal des Zielbildes zu gewinnen.

Revendications

1. Dispositif de décodage d'image qui reçoit un signal
codé (80a, 80b, 82a, 82b) d'une image, et décode
le signal codé, comprenant :

une unité de décodage de valeur de pixel (83a)
pouvant être mise en oeuvre pour décoder une
valeur de différence codée (82a) d'un signal de
valeur de pixel inclus dans le signal codé afin
d'obtenir un signal de valeur de pixel de diffé-
rence décodé d'une image cible,
une unité de décodage de vecteur de mouve-
ment de valeur de pixel (81a) pouvant être mise
en oeuvre pour décoder un vecteur de mouve-
ment de valeur de pixel codé (80a) inclus dans
le signal codé afin d'obtenir un vecteur de mou-
vement de valeur de pixel décodé de l'image
cible,
une première unité de compensation de mou-
vement (63a) pouvant être mise en oeuvre pour
compenser un signal de valeur de pixel d'une
image de référence en utilisant le vecteur de
mouvement de valeur de pixel décodé de l'ima-
ge cible pour obtenir le résultat de la compen-
sation du mouvement sous forme. du signal de
valeur de pixel compensé de l'image cible, et
une unité de calcul (84a) pouvant être mise en
oeuvre pour additionner le signal de valeur de
pixel de différence décodé de l'image cible et
le signal de valeur de pixel compensé de l'ima-
ge cible pour obtenir le résultat (85a) de l'addi-
tion en tant que signal de valeur de pixel déco-
dé de l'image cible,
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ledit dispositif de décodage d'image étant ca-
ractérisé en ce qu'il comprend en outre :

une unité de décodage de vecteur de mou-
vement de forme (81b) pouvant être mise
en oeuvre pour décoder un vecteur de
mouvement de forme codé (80b) inclus
dans le signal codé pour obtenir un vecteur
de mouvement de forme décodé de l'image
cible,
une seconde unité de compensation du
mouvement (63b) pouvant être mise en
oeuvre pour compenser un signal de forme
de l'image de référence en utilisant le vec-
teur de mouvement de forme décodé de
l'image cible pour obtenir le résultat de la
compensation du mouvement sous forme
d'un signal de forme compensé de l'image
cible, et
une unité de décodage de forme (83b) pou-
vant être mise en oeuvre pour décoder des
informations de forme (82b) incluses dans
le signal codé de l'image cible en se réfé-
rant au signal de forme compensé de l'ima-
ge cible pour obtenir un signal de forme dé-
codé de l'image cible.
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