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(57) In order to improve the encoding efficiency while
suppressing an increase in the size or memory band of
a frame memory and having extendability in the encod-
ing/decoding processing of a moving picture, a bit length
extension converter (102) converts a target picture in
which the pixel value is expressed as a bit length N so
that each pixel value is expressed as a bit length M, a

compressor (110) encodes the converted picture, and an
expander (111) restores the encoded picture. Then, a bit
length reduction converter (113) converts the picture into
a reproduction picture, in which the pixel value is ex-
pressed as a bit length L of a smaller value than the bit
length M, and this reproduction picture is stored in a frame
memory (114) as a reference picture.
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Description

Technical Field

[0001] The present invention relates to a moving pic-
ture encoding apparatus, a moving picture decoding ap-
paratus, a moving picture encoding method, a moving
picture decoding method, a moving picture encoding pro-
gram, a moving picture decoding program, and a moving
picture encoding/decoding system for encoding/decod-
ing a moving picture and in particular, relates to a bit
length of each pixel of a picture in encoding/decoding
processing.

Background Art

[0002] A compression encoding technique is used so
as to efficiently transmit or accumulate moving picture
data. In the case of a moving picture, MPEG1, 2, 4 or H.
261 to H.264 systems are widely used.
[0003] In order to improve the encoding efficiency, an
encoding-target picture is divided into a plurality of target
blocks and then predictive encoding/decoding process-
ing is performed. Specifically, a picture for one frame is
divided into target blocks of 16x16 pixels. In the case of
an intra-frame predictive encoding method, a predicted
signal is generated using an adjacent picture signal (a
picture signal uncompressed from compressed picture
data) having already been reproduced within the same
frame as an encoding-target block, and a difference sig-
nal which is obtained by subtracting the predicted signal
from the signal of the target block is encoded.
[0004] In addition, an inter-frame predictive encoding
method may also be used together in which a prediction
signal of the target block is generated by referring to other
pictures adjacent on the time axis in a moving picture
and a difference between the target block and the pre-
diction signal is encoded. In this case, a motion detection
is carried out for the target block by using other encoded
and restored frames as reference pictures, and a predic-
tion signal associated with the smallest difference is de-
cided, and then the difference value between the target
block and the prediction signal is calculated. Then, dis-
crete cosine transformation and quantization processing
are performed on the differential signal obtained by intra-
frame prediction or the inter-frame prediction. Encoded
data is generated by entropy encoding of a motion vector
or mode information for specifying a prediction signal and
a coefficient of discrete cosine transformation quantized.
[0005] The picture data encoded in this way is restored
and reproduced in order to acquire a prediction signal of
a next target block, and is temporarily stored in a frame
memory as a reference picture.
[0006] As described above, in the conventional encod-
ing/decoding processing, prediction or conversion
processing is performed in a state where the bit length
of each pixel of an input picture is fixed. In a normal pic-
ture, each pixel of brightness and color difference com-

ponents is expressed as 8 bits. Accordingly, the encod-
ing/decoding processing, such as prediction and conver-
sion, is also performed on each 8-bit pixel. The repro-
duced 8-bit reproduction picture signal is stored in a
frame memory.
[0007] On the other hand, a technique of reducing the
size of a frame memory or a memory access band (mem-
ory band) for downsizing and reducing the power con-
sumption is disclosed in Patent Literature 1 mentioned
below. In this technique, a reproduction picture is addi-
tionally compressed before it is stored in the frame mem-
ory. Specifically, a reproduction picture reproduced with
8-bit is quantized to become one with bits less than 8 bits
and is then stored in the frame memory. When generating
a prediction signal, the compressed reproduction picture
is expanded and used as a reference picture. Thus, since
the encoding/decoding processing is performed in a state
where the bit length of an input picture is fixed while re-
ducing the size or memory band of a frame memory, a
lowering in compression encoding performance can be
suppressed.

Citation List

Patent Literature

[0008] Patent Literature 1 is United States Patent No.
6,222,886B1.

Summary of Invention

Technical Problem

[0009] However, if the size or memory band of the
frame memory is reduced as in Patent Literature 1, the
quality of a reproduction picture in which the bit length of
each pixel is reduced in order to store it in the frame
memory is expanded again to generate a reference pic-
ture. Accordingly, the quality of the reference picture is
deteriorated. Since a prediction signal is generated using
the reference picture, the accuracy of the prediction sig-
nal is also deteriorated. As a result, since a differential
signal (residual signal) generated from the target block
of the encoding target picture and the prediction signal
becomes large and the data length of the encoded data,
which is obtained by encoding the differential signal, be-
comes large, there has been a problem that the encoding
efficiency is lowered.
[0010] In addition, adding processing on a reproduc-
tion picture using a reference picture stored in the frame
memory may be considered in the encoding/decoding
processing. When the bit length of a picture stored in a
frame memory is shorter than the bit length of a repro-
duction picture before compression as in Patent Litera-
ture 1, in order to add such processing, it is necessary
to absorb the bit length difference between the reference
picture and the reproduction picture by newly setting
processing of expanding the bit length of the reference
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picture in the frame memory or processing of temporarily
storing a reproduction picture, which is not compressed
before being stored in the frame memory, in an internal
buffer with a long bit length. For this reason, since mount-
ing and processing costs for adding new processing,
such as picture processing, are increased, there has
been a problem in extendability.
[0011] The present invention has been made to solve
the above-described problems, and it is an object of the
present invention to provide a moving picture encoding
apparatus, method, and program, a moving picture de-
coding apparatus, method, and program, and a moving
picture encoding/decoding system capable of improving
the encoding efficiency while suppressing an increase in
the size or memory band of a frame memory and having
extendability.

Solution to Problem

[0012] In order to solve the above-described problems,
a moving picture encoding apparatus related to the
present invention includes: an input unit for inputting a
target picture whose pixel value is expressed as a first
bit length; an extension conversion unit for converting
each pixel of the target picture so as to be expressed as
a second bit length of a larger value than the first bit
length, to generate an extended target picture; a storage
unit for storing a reference picture having a pixel value
which is expressed as a third bit length of a smaller value
than the second bit length; a prediction signal generating
unit for generating a prediction signal based on the ref-
erence picture stored in the storage unit and generating
an extended prediction signal by converting the predic-
tion signal so as to be expressed as the second bit length;
a residual signal generating unit for generating a residual
signal between the extended prediction signal and the
extended target picture; an encoding unit for encoding
the residual signal generated by the residual signal gen-
erating unit; a restoration unit for restoring the encoded
residual signal and adding the restored signal to the ex-
tended prediction signal, to generate an extended repro-
duction picture; and a reduction conversion unit for con-
verting the pixel value of the extended reproduction pic-
ture into a reproduction picture expressed as the third bit
length, and is characterized in that the reproduction pic-
ture is stored in the storage unit as a reference picture.
[0013] By this configuration, a target picture whose pix-
el value is expressed as the first bit length is encoded
after being converted so that each pixel value is ex-
pressed as the second bit length, the encoded picture is
restored and is then converted into a reproduction picture
whose pixel value is expressed as the third bit length of
a smaller value than the second bit length, and this re-
production picture is stored in the storage unit (frame
memory) as a reference picture. Accordingly, since en-
coding processing is performed after each pixel of an
encoding target picture signal is converted into a bit
length longer than the bit length of a target signal, high-

precision operations of the encoding processing become
possible and the encoding efficiency can be improved.
Moreover, since it is stored in a frame memory after con-
version into a bit length shorter than the bit length when
the encoding processing was performed, an increase in
the size or memory band of the frame memory can be
suppressed. As a result, encoding efficiency can be im-
proved while suppressing an increase in the size or mem-
ory band of the frame memory. Moreover, since both the
bit length of a reference picture stored in the storage unit
and the bit length of a reproduction picture are the third
bit length, it is not necessary to add processing for ab-
sorbing the bit length difference between the reference
picture and the reproduction picture even in the case of
adding processing on a reproduction picture using a ref-
erence picture. Accordingly, mounting and processing
costs for adding new processing, such as picture
processing, are reduced and extendability improves.
[0014] In addition, it is preferable that the moving pic-
ture encoding apparatus related to the present invention
further includes a picture processing unit for processing
the reproduction picture, which is generated by the re-
duction conversion unit, using at least some of the refer-
ence pictures stored in the storage unit and the repro-
duction picture processed by the picture processing unit
is stored in the storage unit.
[0015] In addition, it is preferable that the third bit length
has the same value as the first bit length.
[0016] In addition, it is preferable that the encoding unit
encodes at least one of the information items regarding
the first, second, and third bit lengths.
[0017] Similarly, in order to solve the above-described
problems, a moving picture decoding apparatus related
to the present invention includes: an input unit for input-
ting a data stream including a residual signal generated
by performing predictive encoding for an extended target
picture obtained by converting a target picture, which has
a pixel value expressed as a first bit length, so as to be
expressed as a second bit length; a storage unit for stor-
ing a reference picture having a pixel value which is ex-
pressed as a third bit length of a smaller value than the
second bit length; an analysis unit for extracting encoded
data of the residual signal from the data stream and de-
coding the encoded data of the residual signal; a residual
signal restoration unit for restoring the encoded data of
the residual signal decoded by the analysis unit to a re-
produced residual signal; a prediction signal generating
unit for generating a prediction signal based on the ref-
erence picture stored in the storage unit, and generating
an extended prediction signal by converting the predic-
tion signal so as to be expressed as the second bit length;
a picture restoration unit for restoring an extended repro-
duction picture by adding the extended prediction signal
and the reproduced residual signal; and a first reduction
conversion unit for converting a pixel value of the extend-
ed reproduction picture into a reproduction picture ex-
pressed as the third bit length, and is characterized in
that the reproduction picture is stored in the storage unit
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as a reference picture.
[0018] By this configuration, an extended reproduction
picture whose pixel value is expressed as the second bit
length larger than the first bit length of a target picture is
restored from the input data stream, the extended repro-
duction picture is converted into a reproduction picture
whose pixel value is expressed as the third bit length of
a smaller value than the second bit length, and this re-
production picture is stored in the storage unit (frame
memory) as a reference picture. Accordingly, since de-
coding processing is performed after each pixel of an
encoding target picture signal is converted into a bit
length longer than the bit length of a target signal, high-
precision operations of the decoding processing become
possible and the encoding efficiency can be improved.
Moreover, since it is stored in a frame memory after con-
version into a bit length shorter than the bit length when
the decoding processing was performed, an increase in
the size or memory band of the frame memory can be
suppressed. As a result, encoding efficiency can be im-
proved while suppressing an increase in the size or mem-
ory band of the frame memory. Moreover, since both the
bit length of a reference picture stored in the storage unit
and the bit length of a reproduction picture are the third
bit length, it is not necessary to add processing for ab-
sorbing the bit length difference between the reference
picture and the reproduction picture even in the case of
adding processing on a reproduction picture using a ref-
erence picture. Accordingly, mounting and processing
costs for adding new processing, such as picture
processing, are reduced and extendability improves.
[0019] In addition, it is preferable that the moving pic-
ture decoding apparatus related to the present invention
further includes a picture processing unit for processing
the reproduction picture, which is generated by the first
reduction conversion unit, using at least some of the ref-
erence pictures stored in the storage unit and the repro-
duction picture processed by the picture processing unit
is stored in the storage unit.
[0020] In addition, it is preferable that the third bit length
has the same value as the first bit length.
[0021] In addition, it is preferable that at least one of
the information items regarding the first, second, and
third bit lengths is included in the data stream and proc-
essed after decoding by the analysis unit.
[0022] In addition, it is preferable that the moving pic-
ture decoding apparatus further includes a second re-
duction conversion unit for converting the pixel value of
the extended reproduction picture into a reproduction pic-
ture expressed as the first bit length and the reproduction
picture generated by the second reduction conversion
unit is transmitted to a display device.
[0023] The moving picture encoding apparatus and the
moving picture decoding apparatus related to the present
invention may also be regarded as an invention related
to a method or an invention related to a program, and
they can be described as follows. The invention related
to a method or the invention related to a program has the

same operations and effects.
[0024] A moving picture encoding method related to
the present invention is characterized in that it includes:
an input step of inputting a target picture whose pixel
value is expressed as a first bit length; an extension con-
version step of converting each pixel of the target picture
so as to be expressed as a second bit length of a larger
value than the first bit length, to generate an extended
target picture; a prediction signal generating step of gen-
erating a prediction signal based on a reference picture
stored in a storage unit, which stores a reference picture
having a pixel value expressed as a third bit length of a
smaller value than the second bit length, and generating
an extended prediction signal by converting the predic-
tion signal so as to be expressed as the second bit length;
a residual signal generating step of generating a residual
signal between the extended prediction signal and the
extended target picture; an encoding step of encoding
the residual signal generated in the residual signal gen-
erating step; a restoration step of restoring the residual
signal encoded in the encoding step and adding the re-
stored signal to the extended prediction signal, to gen-
erate an extended reproduction picture; a reduction con-
version step of converting the pixel value of the extended
reproduction picture into a reproduction picture ex-
pressed as the third bit length; and a storage step of
storing the reproduction picture in the storage unit.
[0025] In addition, it is preferable that the moving pic-
ture encoding method related to the present invention
further includes a picture processing step of processing
the reproduction picture, which is generated in the reduc-
tion conversion step, using at least some of the reference
pictures stored in the storage unit and the reproduction
picture processed in the picture processing step is stored
in the storage unit in the storage step.
[0026] A moving picture decoding method related to
the present invention is characterized in that it includes:
an input step of inputting a data stream including a re-
sidual signal generated by performing predictive encod-
ing for an extended target picture obtained by converting
a target picture, which has a pixel value expressed as a
first bit length, so as to be expressed as a second bit
length; an analysis step of extracting encoded data of
the residual signal from the data stream and decoding
the encoded data of the residual signal; a residual signal
restoration step of restoring the encoded data of the re-
sidual signal decoded in the analysis step to a reproduced
residual signal; a prediction signal generating step of
generating a prediction signal based on a reference pic-
ture stored in a storage unit for storing a reference picture,
which has a pixel value expressed as a third bit length
of a smaller value than the second bit length, and gen-
erating an extended prediction signal by converting the
prediction signal so as to be expressed as the second
bit length; a picture restoration step of restoring an ex-
tended reproduction picture by adding the extended pre-
diction signal and the reproduced residual signal; a first
reduction conversion step of converting a pixel value of
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the extended reproduction picture into a reproduction pic-
ture expressed as the third bit length; and a storage step
of storing the reproduction picture in the storage unit.
[0027] In addition, it is preferable that the moving pic-
ture decoding method related to the present invention
further includes a picture processing step of processing
the reproduction picture, which is generated in the first
reduction conversion step, using at least some of the
reference pictures stored in the storage unit and the re-
production picture processed in the picture processing
step is stored in the storage unit in the storage step.
[0028] A moving picture encoding program related to
the present invention causes a computer to function as:
an input unit for inputting a target picture whose pixel
value is expressed as a first bit length; an extension con-
version unit for converting each pixel of the target picture
so as to be expressed as a second bit length of a larger
value than the first bit length, to generate an extended
target picture; a storage unit for storing a reference pic-
ture having a pixel value which is expressed as a third
bit length of a smaller value than the second bit length;
a prediction signal generating unit for generating a pre-
diction signal based on the reference picture stored in
the storage unit and generating an extended prediction
signal by converting the prediction signal so as to be ex-
pressed as the second bit length; a residual signal gen-
erating unit for generating a residual signal between the
extended prediction signal and the extended target pic-
ture; an encoding unit for encoding the residual signal
generated by the residual signal generating unit; a res-
toration unit for restoring the encoded residual signal and
adding the restored signal to the extended prediction sig-
nal, to generate an extended reproduction picture; and
a first reduction conversion unit for converting the pixel
value of the extended reproduction picture into a repro-
duction picture expressed as the third bit length, and is
characterized in that the reproduction picture is stored in
the storage unit as a reference picture.
[0029] In addition, it is preferable that the moving pic-
ture encoding program related to the present invention
causes a computer to further function as a picture
processing unit for processing the reproduction picture,
which is generated by the reduction conversion unit, us-
ing at least some of the reference pictures stored in the
storage unit and the reproduction picture processed by
the picture processing unit is stored in the storage unit.
[0030] A moving picture decoding program related to
the present invention causes a computer to function as:
an input unit for inputting a data stream including a re-
sidual signal generated by performing predictive encod-
ing for an extended target picture obtained by converting
a target picture, which has a pixel value expressed as a
first bit length, so as to be expressed as a second bit
length; a storage unit for storing a reference picture hav-
ing a pixel value which is expressed as a third bit length
of a smaller value than the second bit length; an analysis
unit for extracting encoded data of the residual signal
from the data stream and decoding the encoded data of

the residual signal; a residual signal restoration unit for
restoring the encoded data of the residual signal decoded
by the analysis unit to a reproduced residual signal; a
prediction signal generating unit for generating a predic-
tion signal based on the reference picture stored in the
storage unit, and generating an extended prediction sig-
nal by converting the prediction signal so as to be ex-
pressed as the second bit length; a picture restoration
unit for restoring an extended reproduction picture by
adding the extended prediction signal and the repro-
duced residual signal; and a first reduction conversion
unit for converting a pixel value of the extended repro-
duction picture into a reproduction picture expressed as
the third bit length, and is characterized in that the repro-
duction picture is stored in the storage unit as a reference
picture.
[0031] In addition, it is preferable that the moving pic-
ture decoding program related to the present invention
causes a computer to further function as a picture
processing unit for processing the reproduction picture,
which is generated by the first reduction conversion unit,
using at least some of the reference pictures stored in
the storage unit and the reproduction picture processed
by the picture processing unit is stored in the storage unit.
[0032] The moving picture encoding apparatus and the
moving picture decoding apparatus related to the present
invention may also be regarded as an invention related
to a moving picture encoding/decoding system including
them and can also be regarded as an invention related
to a moving picture encoding/decoding method including
them if they are regarded as an invention related to a
method, and they can be described as follows. These
inventions have the same operations and effects as in
the moving picture encoding apparatus and the moving
picture decoding apparatus.
[0033] A moving picture encoding/decoding system re-
lated to the present invention is a moving picture encod-
ing/decoding system for encoding and decoding moving
picture data and includes: a moving picture encoding ap-
paratus which performs compression encoding of the
moving picture data; and a moving picture decoding ap-
paratus which decodes the moving picture data compres-
sion-encoded by the moving picture encoding apparatus.
The moving picture encoding apparatus is characterized
in that it includes: an input unit for inputting a target picture
whose pixel value is expressed as a first bit length; an
extension conversion unit for converting each pixel of the
target picture so as to be expressed as a second bit length
of a larger value than the first bit length, to generate an
extended target picture; a storage unit for storing a ref-
erence picture having a pixel value which is expressed
as a third bit length of a smaller value than the second
bit length; a prediction signal generating unit for gener-
ating a prediction signal based on the reference picture
stored in the storage unit and generating an extended
prediction signal by converting the prediction signal so
as to be expressed as the second bit length; a residual
signal generating unit for generating a residual signal be-
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tween the extended prediction signal and the extended
target picture; an encoding unit for encoding the residual
signal generated by the residual signal generating unit;
a restoration unit for restoring the encoded residual signal
and adding the restored signal to the extended prediction
signal, to generate an extended reproduction picture; and
a reduction conversion unit for converting the pixel value
of the extended reproduction picture into a reproduction
picture expressed as the third bit length, and the repro-
duction picture is stored in the storage unit as a reference
picture. The moving picture decoding apparatus is char-
acterized in that it includes: an input unit for inputting a
data stream including a residual signal generated by per-
forming predictive encoding for an extended target pic-
ture obtained by converting a target picture, which has a
pixel value expressed as a first bit length, so as to be
expressed as a second bit length; a storage unit for stor-
ing a reference picture having a pixel value which is ex-
pressed as a third bit length of a smaller value than the
second bit length; an analysis unit for extracting encoded
data of the residual signal from the data stream and de-
coding the encoded data of the residual signal; a residual
signal restoration unit for restoring the encoded data of
the residual signal decoded by the analysis unit to a re-
produced residual signal; a prediction signal generating
unit for generating a prediction signal based on the ref-
erence picture stored in the storage unit, and generating
an extended prediction signal by converting the predic-
tion signal so as to be expressed as the second bit length;
a picture restoration unit for restoring an extended repro-
duction picture by adding the extended prediction signal
and the reproduced residual signal; and a first reduction
conversion unit for converting a pixel value of the extend-
ed reproduction picture into a reproduction picture ex-
pressed as the third bit length, and the reproduction pic-
ture is stored in the storage unit as a reference picture.
[0034] A moving picture encoding/decoding method
related to the present invention is a moving picture en-
coding/decoding method for encoding and decoding
moving picture data and includes: a moving picture en-
coding method of performing compression encoding on
the moving picture data; and a moving picture decoding
method of decoding the moving picture data compres-
sion-encoded in the moving picture encoding method.
The moving picture encoding method is characterized in
that it includes: an input step of inputting a target picture
whose pixel value is expressed as a first bit length; an
extension conversion step of converting each pixel of the
target picture so as to be expressed as a second bit length
of a larger value than the first bit length, to generate an
extended target picture; a prediction signal generating
step of generating a prediction signal based on a refer-
ence picture stored in a storage unit, which stores a ref-
erence picture having a pixel value expressed as a third
bit length of a smaller value than the second bit length,
and generating an extended prediction signal by convert-
ing the prediction signal so as to be expressed as the
second bit length; a residual signal generating step of

generating a residual signal between the extended pre-
diction signal and the extended target picture; an encod-
ing step of encoding the residual signal generated in the
residual signal generating step; a restoration step of re-
storing the residual signal encoded in the encoding step
and adding the restored signal to the extended prediction
signal, to generate an extended reproduction picture; a
reduction conversion step of converting the pixel value
of the extended reproduction picture into a reproduction
picture expressed as the third bit length; and a storage
step of storing the reproduction picture in the storage
unit. The moving picture decoding method is character-
ized in that it includes: an input step of inputting a data
stream including a residual signal generated by perform-
ing predictive encoding for an extended target picture
obtained by converting a target picture, which has a pixel
value expressed as a first bit length, so as to be ex-
pressed as a second bit length; an analysis step of ex-
tracting encoded data of the residual signal from the data
stream and decoding the encoded data of the residual
signal; a residual signal restoration step of restoring the
encoded data of the residual signal decoded in the anal-
ysis step to a reproduced residual signal; a prediction
signal generating step of generating a prediction signal
based on a reference picture stored in a storage unit for
storing a reference picture, which has a pixel value ex-
pressed as a third bit length of a smaller value than the
second bit length, and generating an extended prediction
signal by converting the prediction signal so as to be ex-
pressed as the second bit length; a picture restoration
step of restoring an extended reproduction picture by
adding the extended prediction signal and the repro-
duced residual signal; a first reduction conversion step
of converting a pixel value of the extended reproduction
picture into a reproduction picture expressed as the third
bit length; and a storage step of storing the reproduction
picture in the storage unit.

Advantageous Effects of Invention

[0035] According to the present invention, encoding
efficiency can be improved while suppressing an in-
crease in the size or memory band of a frame memory,
and extendability improves.

Brief Description of Drawings

[0036]

[Fig. 1] Fig. 1 is a block diagram of a moving picture
encoding apparatus which performs a bit length con-
version processing related to an embodiment of the
present invention.
[Fig. 2] Fig. 2 is a block diagram showing a modifi-
cation of the moving picture encoding apparatus
shown in Fig. 1.
[Fig. 3] Fig. 3 is a flow chart showing a moving picture
encoding method executed by the moving picture
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encoding apparatus shown in Fig. 1.
[Fig. 4] Fig. 4 is a block diagram of a moving picture
decoding apparatus which performs bit length con-
version processing related to an embodiment of the
present invention.
[Fig. 5] Fig. 5 is a block diagram showing a modifi-
cation of the moving picture decoding apparatus
shown in Fig. 4.
[Fig. 6] Fig. 6 is a block diagram showing a modifi-
cation of the moving picture decoding apparatus
shown in Fig. 4.
[Fig. 7] Fig. 7 is a flow chart showing a moving picture
decoding method executed by the moving picture
decoding apparatus shown in Fig. 4.
[Fig. 8] Fig. 8 is a block diagram showing modules
of a moving picture encoding program related to an
embodiment of the present invention.
[Fig. 9] Fig. 9 is a block diagram showing modules
of a moving picture decoding program related to an
embodiment of the present invention.
[Fig. 10] Fig. 10 is a view showing the hardware con-
figuration of a computer for executing a program re-
corded on a recording medium.
[Fig. 11] Fig. 11 is a perspective view of a computer
for executing a program recorded on a recording me-
dium.

Description of Embodiments

[0037] Hereinafter, embodiments related to the
present invention will be described using Figs. 1 to 9.
The present embodiment is a moving picture encoding/
decoding system for encoding and decoding the moving
picture data and includes a moving picture encoding ap-
paratus performing compression encoding of the moving
picture data, and a moving picture decoding apparatus
decoding the moving picture data compression-encoded
by the moving picture encoding apparatus. An explana-
tion on each of the moving picture encoding apparatus
and the moving picture decoding apparatus will be given
below.

(Moving picture encoding apparatus)

[0038] Fig. 1 shows a block diagram of a moving pic-
ture encoding apparatus 100 which performs bit length
conversion related to an embodiment of the present in-
vention. The moving picture encoding apparatus 100 in-
cludes an input terminal (input unit) 101, a bit length ex-
tension converter (extension conversion unit) 102, a
block divider 103, a differentiator (residual signal gener-
ating unit) 104, a prediction signal generator (prediction
signal generating unit) 105, a prediction method decision
device 106, a compressor (encoding unit) 110, an ex-
pander (restoration unit) 111, an adder (restoration unit)
112, a bit length reduction converter (reduction conver-
sion unit) 113, a frame memory (storage unit) 114, an
entropy encoder (encoding unit) 115, a picture processor

(picture processing unit) 116, and an output terminal 117.
[0039] An operation of each constituent section in such
a moving picture encoding apparatus 100 will be de-
scribed below. A plurality of pictures which forms a mov-
ing picture is input to the input terminal 101. In this spec-
ification, the bit length of an encoding target picture is
assumed to be N bits (first bit length). The input N-bit
picture is converted into an extended target picture,
which has a bit length of M bits (second bit length), by
the bit length extension converter 102. M is a positive
integer larger than N.
[0040] The bit length extension converter 102 converts
the N-bit encoding target picture into an M-bit extended
target picture. As a method of bit extension, there is a
method of shifting an N-bit picture signal to the left by
(M-N) bits, for example, even though the present inven-
tion is not limited thereto. In this case, the signal value
of lower (M-N) of an M-bit signal may be set so that the
encoding efficiency improves. In addition, in order to im-
prove the realizing efficiency, an M-bit dynamic range
may be controlled to become -2(M-1) to (2(M-1)-1) (not a
non-negative integral variable but also a signed integral
variable may be used).
[0041] For the extended target picture which has been
converted by the bit length extension converter 102, the
block divider 103 divides an encoding target picture into
a plurality of small regions (here, for example, blocks
having 16x16 pixels). The following compression and en-
coding processing is executed on each of the divided
blocks.
[0042] On blocks to be encoded (hereinafter, referred
to as "target blocks"), the prediction method decision de-
vice 106 and the prediction signal generator 105 execute
a process of generating an M-bit extended prediction sig-
nal.
[0043] The prediction method decision device 106 ex-
ecutes an intra-frame prediction or inter-frame prediction
and selects, from a plurality of candidates, a prediction
method in which the amount of code necessary for en-
coding a target block input through a line L103 is small
and residuals with a target block is small. In Fig. 1, since
an M-bit signal is input through the line L103, an M-bit
extended prediction signal is also generated in the pre-
diction method decision device 106. Although the candi-
dates for the prediction method are not limited in the
present invention, a method of generating a prediction
signal using an L-bit reference picture stored in the frame
memory 114 or a method of generating a prediction signal
using an M-bit reproduction signal before being input to
the bit length reduction converter 113 is included. In the
former method, for example, a method of generating a
P-bit (P is a positive number which satisfies P > L) pre-
diction signal, such as performing a weighting addition
of a plurality of L-bit reproduction pixels, may be consid-
ered. In this case, the realizing efficiency improves if the
method of generating a prediction signal is set such that
P = M is satisfied. When the value of P is larger than the
value of M, an M-bit extended prediction signal is gener-
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ated by, for example, processing a P-bit prediction signal
using a rounding method, such as round-off. When the
value of P is smaller than the value of M, an M-bit ex-
tended prediction signal is generated by shifting a P-bit
prediction signal to the left by (M-P) bits, for example.
The prediction mode information indicating the selected
prediction method, the motion information according to
inter-frame prediction, and the like are output to the en-
tropy encoder 115 through a line L118 as side informa-
tion. The entropy encoder 115 performs entropy encod-
ing of the side information and quantized transform co-
efficients input through L110 using a method of a variable
length code, an arithmetic code, or the like.
[0044] The prediction signal generator 105 generates
an M-bit extended prediction signal on the basis of the
side information input through L106 and outputs it to the
differentiator 104 and the adder 112 through a line L105.
Thus, the process of extending the bit length from L bits
to M bits is performed by the prediction signal generator
105 and the prediction method decision device 106.
[0045] The M-bit extended prediction signal generated
by the prediction signal generator 105 is output to the
differentiator 104 through the line L105, and the differ-
entiator 104 generates a residual signal by subtracting
the extended prediction signal from the M-bit signal of a
target block input through the line L103. The generated
residual signal is input to the compressor 110 through
L104 and is compressed into data (encoded data) whose
amount of information is small.
[0046] The compressor 110 is generally formed by a
transformer which converts a differential signal into a
transform coefficients in the frequency domain, and a
quantizer which performs quantization processing on the
transform coefficients. However, one of them may be
omitted, or another configuration may be adopted. Al-
though the bit length of the quantized transform coeffi-
cient is M bits, it may be a signal with a bit length longer
than M bits during intermediate processing by a com-
pressor. For example, since a residual signal may have
a minus value, it usually becomes a bit length of (M+1)
bits. The efficiency of transformation improves if a trans-
form coefficient is set to have a bit length longer than
(M+1) bits. The quantizer rounds the quantized transform
coefficient to an M-bit signal and outputs the M-bit signal
to the entropy encoder 115 and the expander 111 through
L110.
[0047] The entropy encoder 115 converts the quan-
tized transform coefficient into a variable length code and
outputs the variable length code as a bit stream through
the output terminal 117. In addition, arithmetic encoding
may be applied instead of the variable length code.
[0048] The expander 111 and the adder 112 generate
an M-bit extended reproduction signal by decoding the
quantized transform coefficient which is encoded data.
The expander 111 is generally formed by an inverse
quantizer which performs inverse quantization on a quan-
tized transform coefficient, and an inverse transformer
which reproduces a residual signal by performing inverse

transformation on a transform coefficient. However, one
of them may be omitted, or another configuration may be
adopted.
[0049] The adder 112 restores an M-bit extended re-
production signal by adding an extended prediction sig-
nal to the reproduced residual signal. Here, although the
bit length of the extended reproduction signal is M bits,
it may be a signal with a bit length longer than M bits
during intermediate processing by the expander. For ex-
ample, since a residual signal may have a minus value,
it usually becomes a bit length of (M+1) bits. In addition,
in order to improve the calculation accuracy, the inverse-
quantized transform coefficient is set to have a bit length
longer than (M+1) bits.
[0050] The bit length reduction converter 113 converts
the M-bit reproduction signal into an L-bit (third bit length)
reproduction signal. L is a positive integer equal to or less
than N and has a value depending on the size of a frame
memory. Usually, since the size of the frame memory is
the same bit length as an input picture, L = N is set.
[0051] The bit length reduction converter 113 converts
the M-bit reproduction signal into an L-bit reproduction
signal. Although the method of bit length conversion is
not limited in the present invention, for example, there is
a rounding method based on round-off, more specifically,
a method of adding 2(M-L-1) to an L-bit reproduction signal
and then shifting it to the right by (M-N) bits. In addition,
a rounding method based on cut-off may be used instead
of round-off, or another rounding method may be used.
In addition, when the dynamic range of an M-bit signal
is controlled like -2(M-1) to (2(M-1)-1), it is necessary to
perform a process of clipping the dynamic range of the
L-bit signal to 0 to (2L

-1) after the rounding processing.
[0052] The L-bit reproduction signal is input to the pic-
ture processor 116 through a line L113. The picture proc-
essor 116 performs, for example, picture quality improve-
ment processing disclosed in United States Patent Ap-
plication Publication No. 2006/153301 or block noise re-
moval processing defined in H.264 and the like on the
reproduction signal. The L-bit reproduction signal re-
stored in this way is stored in the frame memory 114 so
that it is used as a reference picture when encoding the
next picture. In order to perform signal processing, such
as the picture quality improvement process or the block
noise removal process described above, between target
blocks, the picture processor 116 uses some or all of
reproduction signals already stored in the frame memory
114 in addition to the reproduction signal input through
the line L113.
[0053] A final bit stream is generated by performing
these processing for all target blocks.
[0054] In order to decode the data encoded by the en-
tropy encoder 115 of Fig. 1 using a moving picture de-
coding apparatus, which will be described later, the mov-
ing picture decoding apparatus needs to know the values
of N, M, and L indicating the bit lengths. These values
may be set in advance, or it is possible to determine one,
two, or all of them by an encoding apparatus and encode
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them in a sequence unit or a frame unit. The values of N
and L are values regarding the apparatus configuration,
and are usually fixed values. The value of M is a value
indicating the processing accuracy in a compressor or
an expander, and may be changed in a frame unit or a
block unit. Accordingly, the value of M may be determined
in the frame unit or the block unit and the value may be
encoded.
[0055] For example, a plurality of sets of the values of
the bit lengths N, M, and L used in the bit length extension
converter 102, the bit length reduction converter 113, the
prediction method decision device 106, and the like are
prepared in advance in the moving picture encoding ap-
paratus 100, and the set of the values of the bit lengths
N, M, and L is selected in response to a command from
a control unit (not shown) and encoding processing is
performed. This is performed for all sets of the values of
the bit lengths N, M, and L. The entropy encoder 115
compares the encoded data in the respective cases and
selects the encoded data which has a shortest bit length
and accordingly, has a best compression rate. Moreover,
at this time, some or all of the values of the bit lengths
N, M, and L are encoded by the entropy encoder 115 and
are included in the bit stream data together with the en-
coded data.
[0056] Next, referring to Fig. 2, a moving picture en-
coding apparatus 100-2 which is a modification of the
moving picture encoding apparatus 100 related to the
present embodiment will be described.
[0057] In the moving picture encoding apparatus 100
of Fig. 1, the bit length extension converter 102 converts
a target picture into an extended target picture, and then
the block divider 103 divides an extended target block
included in the extended target picture into target blocks.
On the other hand, the moving picture encoding appara-
tus 100-2 of Fig. 2 is different from the moving picture
encoding apparatus 100 in that the block divider 103 di-
vides an extended target block into target blocks and
then the bit length extension converter 102 converts a
target picture including the target blocks into an extended
target picture.
[0058] Moreover, in the moving picture encoding ap-
paratus 100 of Fig. 1, the prediction signal generator 105
generates an M-bit extended prediction signal using an
L-bit reference picture. On the other hand, the moving
picture encoding apparatus 100-2 of Fig. 2 is different
from the moving picture encoding apparatus 100 in that
a prediction signal generator 105a first generates an L-
bit prediction signal and a bit length extension converter
105b extends the L-bit prediction signal to an M-bit pre-
diction signal.
[0059] An operation of the moving picture encoding
apparatus 100-2 of Fig. 2 will be described. Here, N = L
is assumed. An N-bit signal of a target block divided by
the block divider 103 is input to a prediction method de-
cision device 106-2 through the line L103. The prediction
method decision device 106-2 generates a plurality of
prediction signals using the N-bit reference signal or the

N-bit reproduction signal converted by the bit length re-
duction converter 113 and selects an optimal prediction
method. The prediction signal generator 105a generates
an N-bit prediction signal. The generated N-bit prediction
signal is input to the bit length extension converter 105b
through a line L105a and is converted into an M-bit ex-
tended prediction signal.
[0060] In addition, the bit length conversion method
which is a feature of the present invention is also effective
in an apparatus configuration having the configurations
of the moving picture encoding apparatuses 100 and
100-2 shown in Figs. 1 and 2 at the same time. In this
case, a method of generating an M-bit extended predic-
tion signal directly from an L-bit reference picture or a
method of generating an L-bit prediction signal and then
converting the L-bit prediction signal into an M-bit pre-
diction signal using a bit length extension converter is
included among the candidates of the prediction method
using the prediction method decision devices 106 and
106-2.

(Moving picture encoding method)

[0061] Fig. 3 shows a flow chart of moving picture en-
coding processing with bit length conversion, which is
executed by the moving picture encoding apparatus 100.
When an encoding target picture is input to the input ter-
minal 101 as an N-bit signal (step 301: input step), the
bit length extension converter 102 converts the N-bit tar-
get picture into an M-bit (M > N) extended target picture
and the block divider 103 divides the extended target
picture into a plurality of small blocks (step 302: extension
conversion step). In addition, the order of bit length ex-
tension conversion and block division may be reversed.
[0062] Then, the prediction method decision device
106 and the prediction signal generator 105 decide one
prediction method, from among a plurality of prediction
methods, for each target block using the L-bit reference
picture stored in the frame memory 114 and generate an
M-bit, extended prediction signal. At the same time, side
information required for generation of the prediction sig-
nal, such as the prediction mode information indicating
a selected prediction method or the motion information
according to inter-frame prediction, is generated (step
303: prediction signal generation step). In addition, a
method of generating an M-bit prediction signal directly
from an L-bit signal or a method of generating an L-bit
prediction signal and then converting the L-bit prediction
signal into an M-bit extended prediction signal using the
bit length extension converter 105b is included in the
method of generating a prediction signal.
[0063] The differentiator 104 generates a residual pic-
ture of the M-bit extended target picture and the M-bit
prediction picture (step 304: residual signal generation
step), and the compressor 110 converts and quantizes
the residual picture to generate the encoded information
of the residual picture (step 305: encoding step).
[0064] Then, the expander 111 restores the encoded
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information by inverse quantization and inverse transfor-
mation, and the adder 112 adds the restored residual
picture and the prediction picture to generate an M-bit
extended reproduction picture (step 306: restoration
step).
[0065] The bit length reduction converter 113 converts
the M-bit extended reproduction picture into an L-bit re-
production picture (step 307: reduction conversion step).
The picture processor 116 performs processing on the
L-bit reproduction picture, for example, using a method
disclosed in United States Patent Application Publication
No. 2006/153301 and stores it in the frame memory 114
in order to use the reproduction picture after processing
as a reference picture when generating a prediction sig-
nal (step 308: picture processing step and storage step).
In this case, the picture processor 116 uses the repro-
duction signal already stored in the frame memory 114
in addition to the reproduction signal converted into L bits
in order to perform signal processing between target
blocks. The above-described side information and en-
coded information generated are compressed into bit
stream data by the entropy encoder 115 (step 309). When
it is necessary to encode any of the bit numbers N, M, or
L, it is encoded by the entropy encoder 115 and is includ-
ed in the bit stream data.
[0066] As pointed out in the explanation regarding the
moving picture encoding apparatus, the bit length con-
version processing in the present invention is not limited
to a specific bit length extension method and bit length
reduction method and prediction method.
[0067] A final bit stream is generated by executing
these steps for all target blocks.

(Moving picture decoding apparatus)

[0068] Fig. 4 shows a block diagram of a moving pic-
ture decoding apparatus 500 which performs the bit
length conversion based on the present invention. The
moving picture decoding apparatus 500 includes an input
terminal (input unit) 501, a data analyzer (analysis unit)
502, an expander (residual signal restoration unit) 503,
an adder (picture restoration unit) 504, a prediction signal
generator (prediction signal generating unit) 505, a bit
length reduction converter (first reduction conversion
unit) 506, a picture processor (picture processing unit)
507, a frame memory (storage unit) 508, and a picture
output terminal 509.
[0069] An operation of each constituent section in such
a moving picture decoding apparatus 500 will be de-
scribed below. A bit stream including the encoded data
of a residual signal of a target block and the side infor-
mation necessary for generating an extended prediction
signal of each target block is input to the input terminal
501. In the present embodiment, a bit stream obtained
by processing in the moving picture encoding apparatus
100 of Fig. 1 is input to the moving picture decoding ap-
paratus 500.
[0070] The data analyzer 502 analyzes the input data

(input bit stream) and decodes the side information and
the encoded data (quantized transform coefficient) of a
residual signal. In addition, when any value of M, N, and
L which is the information indicating the bit length is in-
cluded in the input data, the value is decoded and notified
to a bit length reduction converter or a prediction signal
generator which will be described later. In addition, var-
iable length decoding or arithmetic decoding is used as
the decoding method.
[0071] The encoded data (quantized transform coeffi-
cient) of the decoded residual signal is input to the ex-
pander 503 through a line L502a and is restored to a
residual signal. The expander 503 is generally formed
by an inverse quantizer which performs inverse quanti-
zation on a quantized transform coefficient, and an in-
verse transformer which reproduces a residual signal by
performing inverse transformation on a transform coeffi-
cient. However, one of the inverse quantizer and the in-
verse transformer may be omitted, or another configura-
tion may be adopted.
[0072] On the other hand, the side information decod-
ed by the data analyzer 502 is transmitted to the predic-
tion signal generator 505 through a line L502b. On the
basis of the side information, the prediction signal gen-
erator 505 generates an M-bit extended prediction signal
in the same procedure as the prediction signal generator
105 of the moving picture encoding apparatus. The adder
504 generates an M-bit extended reproduction signal by
adding the extended prediction signal and the restored
residual signal. Here, although the bit length of the ex-
tended reproduction signal is M bits, it may be a signal
with a bit length longer than M bits during intermediate
processing of the expander 503, the adder 504, or the
like. For example, since a residual signal may have a
minus value, it usually becomes a bit length of (M+1) bits.
In addition, in order to improve the calculation accuracy,
the inverse-quantized transform coefficient may be set
to have a bit length longer than (M+1) bits.
[0073] The bit length reduction converter 506 converts
the M-bit reproduction signal into an L-bit reproduction
signal. L is a positive integer equal to or less than N and
has a value depending on the size of a frame memory.
Usually, since the size of a frame memory is the same
bit length as an input picture, L = N is set. Fig. 3 is an
example in the case of L = N.
[0074] The L-bit reproduction signal is input to the pic-
ture processor 507 through a line L506. The picture proc-
essor 507 performs picture quality improvement process-
ing disclosed in United States Patent Application Publi-
cation No. 2006/153301 or block noise removal process-
ing defined in H.264 and the like on the reproduction sig-
nal. The L-bit reproduction signal restored in this way is
stored in the frame memory 508 so that it is used as a
reference picture when generating a prediction signal.
The picture processor 507 uses the reproduction signal
already stored in the frame memory 508 in addition to
the reproduction signal input through the line L506 in or-
der to perform signal processing between blocks.
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[0075] The moving picture data is restored by repeat-
ing these processings until all data items of the bit stream
are processed.
[0076] Next, a modification of the moving picture de-
coding apparatus 500 related to the present embodiment
will be described with reference to Figs. 4 and 5.
[0077] When the value of the bit number L is different
from the value of the bit number N, processing of con-
verting the M-bit reproduction signal into the N-bit repro-
duction signal needs to be added to the moving picture
decoding apparatus 500 of Fig. 4 in order to output an
N-bit reproduction signal. The configuration is shown in
a moving picture decoding apparatus 500-2 of Fig. 5. In
the moving picture decoding apparatus 500-2 of Fig. 5,
the bit length reduction converter (second reduction con-
version unit) 506 converts an M-bit reproduction signal
into an L-bit reproduction signal and the bit length reduc-
tion converter 510 converts the M-bit reproduction signal
into an N-bit reproduction signal.
[0078] Fig. 6 shows the configuration of a moving pic-
ture decoding apparatus 500-3 which decodes the bit
stream data generated by the moving picture encoding
apparatus 100-2 which is a modification of the moving
picture encoding apparatus 100 described above. Here,
N = L is assumed. The prediction signal generator 505a
generates an N-bit prediction signal and inputs the N-bit
prediction signal to a bit length extension converter 505b
through a line L505a. The bit length extension converter
505b extends the N-bit prediction signal to an M-bit ex-
tended prediction signal and outputs the M-bit extended
prediction signal to the adder 504 through a line L505.
[0079] In addition, the bit length conversion method
which is a feature of the present invention is also effective
in an apparatus configuration having the configuration of
the moving picture decoding apparatus 500 shown in Fig.
4 and the configuration of the moving picture decoding
apparatus 500-3 shown in Fig. 6 at the same time. In this
case, a method of generating an M-bit extended predic-
tion signal directly from an L-bit reference picture or a
method of generating an L-bit prediction signal and then
converting the L-bit prediction signal into an M-bit pre-
diction signal using a bit length extension converter is
included in prediction modes in the prediction signal gen-
erators 505 and 505a, and it is selectively processed ac-
cording to the decoded side information.

(Moving picture decoding method)

[0080] Fig. 7 shows a flow chart of moving picture de-
coding processing with bit length conversion, which is
executed by the moving picture decoding apparatus 500.
The compression-encoded data is input to the input ter-
minal 501 (step 701: input step). Then, the data analyzer
502 performs entropy decoding on the input data and
extracts the encoded information (quantized transform
coefficient) and the side information (step 702: analysis
step). In this case, when the values of M, N, and L are
included in the input data, they are decoded and used

for bit length reduction conversion or prediction signal
generation processing which will be described later.
[0081] The prediction signal generator 505 decodes
the side information and generates an M-bit extended
prediction signal using the L-bit reproduction picture (step
703: prediction signal generation step). A method of gen-
erating an M-bit prediction signal directly from an L-bit
signal or a method of generating an L-bit prediction signal
and then converting the L-bit prediction signal into an M-
bit extended prediction signal using the bit length exten-
sion converter 505b is included in the method of gener-
ating a prediction signal.
[0082] At the same time, the expander 503 restores a
transform coefficient by performing inverse quantization
on the extracted quantized transform coefficient and re-
stores a residual signal by performing inverse transfor-
mation on the transform coefficient (step 704: residual
signal restoration step). The adder 504 generates an M-
bit extended reproduction signal by adding the extended
prediction signal and the restored residual signal (step
705: picture restoration step).
[0083] Then, the bit length reduction converter 510
converts the M-bit extended reproduction picture into an
L-bit reproduction picture (step 706: first reduction con-
version step). Here, N = L is assumed. The picture proc-
essor 507 performs processing on the L-bit reproduction
picture, for example, using a method disclosed in United
States Patent Application Publication No. 2006/153301
and stores the processed reproduction picture in the
frame memory 508 in order to use the processed repro-
duction picture as a reference picture when generating
a prediction signal (step 707: picture processing step and
storage step). The picture processor 507 uses the repro-
duction signal already stored in the frame memory 508
in addition to the reproduction signal converted into L bits
in order to perform signal processing between target
blocks.
[0084] The moving picture data is restored by repeat-
ing these steps until all data items in the bit stream are
processed.
[0085] Moreover, when L is not equal to N like the con-
figuration of the moving picture decoding apparatus
500-2 of Fig. 5, a step of generating an N-bit reproduction
picture is added to the bit length reduction converter 510.
[0086] As pointed out in the explanation regarding the
moving picture decoding apparatus, the bit length con-
version processing in the present invention is not limited
to a specific bit length extension method and specific bit
length reduction method and prediction method.

(Moving picture encoding program and moving picture 
decoding program)

[0087] The present invention related to the moving pic-
ture encoding apparatus 100 may be regarded as an in-
vention related to a moving picture encoding program for
causing a computer to operate as a moving picture en-
coding apparatus. Alternatively, a moving picture encod-

19 20 



EP 2 337 357 A1

12

5

10

15

20

25

30

35

40

45

50

55

ing method related to the present embodiment may also
be provided as a program stored in a recording medium.
In addition, the invention related to the moving picture
decoding apparatus 500 may be regarded as an inven-
tion related to a moving picture decoding program for
causing a computer to function as a moving picture de-
coding apparatus. Alternatively, a moving picture decod-
ing method related to the present embodiment may also
be provided as a program stored in a recording medium.
For example, the moving picture encoding program and
the moving picture decoding program are provided in a
state stored in a recording medium. As recording media,
recording media such as a flexible disk, a CD-ROM, and
a DVD, recording media such as a ROM, or a semicon-
ductor memory are exemplified.
[0088] Fig. 8 is a block diagram showing modules of a
program capable of executing a moving picture encoding
method. A moving picture encoding program P100 in-
cludes a block division module P101, a prediction method
decision module P102, a prediction signal generation
module P103, a storage module P104, a subtraction
module P105, a compression module P106, an expan-
sion module P107, an addition module P108, a bit length
extension module P109, a bit length reduction module
P110, a picture processing module P111, and an entropy
encoding module P112.
[0089] Functions realized by execution of the respec-
tive modules described above are the same as the func-
tions of the moving picture encoding apparatus 100 de-
scribed above. That is, the functions of the respective
modules of the picture prediction encoding program P100
are respectively the same as the functions of the block
divider 103, the prediction method decision device 106,
the prediction signal generator 105, the frame memory
114, the differentiator 104, the compressor 110, the ex-
pander 111, the adder 112, the bit length extension con-
verter 102, the bit length reduction converter 113, the
picture processor 116, and the entropy encoder 115.
[0090] In addition, Fig. 9 is a block diagram showing
modules of a program capable of executing a moving
picture decoding method. A moving picture decoding pro-
gram P500 includes a data analysis module P501, a pre-
diction signal generation module 502, a storage module
503, an expansion module P504, an addition module
P505, a bit length reduction module P506, and a picture
processing module P507.
[0091] Functions realized by execution of the respec-
tive modules described above are the same as the re-
spective constituent components of the moving picture
decoding apparatus 500 described above. That is, the
functions of the respective modules of the moving picture
decoding program P500 are respectively the same as
the functions of the data analyzer 502, the prediction sig-
nal generator 505, the frame memory 508, the expander
503, the adder 504, the bit length reduction converter
506, and the picture processor 507.
[0092] The moving picture encoding program P100 or
the moving picture decoding program P500 configured

in this way is stored in the recording medium 10 and
executed by a computer will be described later.
[0093] Fig. 10 is a view showing the hardware config-
uration of a computer 30 for executing a program record-
ed on the recording medium 10, and Fig. 11 is a perspec-
tive view of the computer 30 for executing the program
recorded on the recording medium 10. As the computer
30 herein, a DVD player, a set-top box, a mobile phone,
and the like which include a CPU and perform processing
or control by software are included.
[0094] As shown in Fig. 10, the computer 30 includes
a reading device 12, such as a flexible disk drive device,
a CD-ROM drive device, and a DVD drive device, an
operating system-resident working memory (RAM) 14, a
memory 16 which stores a program stored in the record-
ing medium 10, a display 18, a mouse 20 and a keyboard
22 which are input devices, a communication device 24
for transmission and reception of data and the like, and
a CPU 26 which controls the execution of a program.
When the recording medium 10 is inserted into the read-
ing device 12, the computer 30 can access a moving
picture encoding program and a moving picture decoding
program, which are stored in the recording medium 10,
by the reading device 12. By means of the moving picture
encoding program, the computer 30 can operate as the
moving picture encoding apparatus related to the present
invention. By means of the moving picture decoding pro-
gram, the computer 30 can operate as the moving picture
decoding apparatus related to the present invention.
[0095] As shown in Fig. 11, a moving picture encoding
program and a moving picture decoding program may
also be provided via a wireline network or a radio network
as a computer data signal 40 superimposed on a carrier.
In this case, the computer 30 can store, in the memory
16, a moving picture encoding program and a moving
picture decoding program received by the communica-
tion device 24 and execute the moving picture encoding
program and the moving picture decoding program.
[0096] According to the moving picture encoding ap-
paratuses 100 and 100-2 of the present embodiment de-
scribed above, a target picture whose pixel value is ex-
pressed as a bit length N is converted so that each pixel
value is expressed as a bit length M by the bit length
extension converter 102 and is then encoded by the com-
pressor 110. In addition, the encoded picture is restored
by the expander 111 and is then converted into a repro-
duction picture, the pixel value of which is expressed as
a bit length L of a smaller value than the bit length M, by
the bit length reduction converter 113 and this reproduc-
tion picture is stored in the frame memory 114 as a ref-
erence picture. Accordingly, since encoding processing
is performed in the compressor 110 after each pixel of
an encoding target picture signal is converted into a bit
length longer than the bit length of the target signal, high-
precision operations of the encoding processing become
possible and the encoding efficiency can be improved.
Moreover, since it is stored in the frame memory 114
after conversion into the bit length L shorter than the bit
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length M when the encoding processing was performed
in the compressor 110, an increase in the size or memory
band of a frame memory can be suppressed.
[0097] In addition, according to the moving picture de-
coding apparatuses 500, 500-2, and 500-3 of the present
embodiment, an extended reproduction picture whose
pixel value is expressed as a bit length M larger than the
bit length N of the target picture is restored from a data
stream input through the input terminal 501 by the data
analyzer 502 and the expander 503, the extended repro-
duction picture is converted into a reproduction picture
whose pixel value is expressed as a bit length L of a
smaller value than the bit length M by the bit length re-
duction converter 506, and this reproduction picture is
stored in the frame memory 508 as a reference picture.
Accordingly, since decoding processing is performed in
the data analyzer 502 and the expander 503 after each
pixel of an encoding target picture signal is converted
into a bit length longer than the bit length of the target
signal, high-precision operations of the decoding
processing become possible and the encoding efficiency
can be improved. Moreover, since it is stored in the frame
memory 508 after conversion into a bit length shorter
than the bit length when performing the decoding
processing in the data analyzer 502 and the expander
503, an increase in the size or memory band of the frame
memory 508 can be suppressed.
[0098] In addition, according to the moving picture en-
coding apparatuses 100 and 100-2 and the moving pic-
ture decoding apparatuses 500, 500-2, and 500-3 of the
present embodiment, both the bit length of a reference
picture stored in the frame memories 114 and 508 and
the bit length of the reproduction picture converted by
the bit length reduction converters 113 and 506 are the
bit length L. For this reason, even in the case where the
picture processors 116 and 507 process a reproduction
picture using a reference picture, it is not necessary to
additionally add processing for absorbing the bit length
difference between the reference picture and the repro-
duction picture. Accordingly, mounting and processing
costs for adding new processing, such as picture
processing, are reduced and extendability improves.
[0099] Thus, according to the present embodiment,
encoding/decoding processing is performed after con-
verting each pixel of an encoding target picture signal
into the bit length longer than the bit length of the target
signal, without increasing the size of the frame memory.
Therefore, since high-precision operations of encoding/
decoding processing become possible without increas-
ing a memory band into a frame memory, this results in
improving the encoding efficiency. In addition, process-
ing on a picture signal using a signal stored in a frame
memory is performed by the picture processors 116 and
507 after converting a reproduction signal with a long bit
length into a signal with a short bit length. Therefore, the
above processing can be executed without adding the
bit length conversion of the signal stored in the frame
memory.

Reference Signs List

[0100] 100, 100-2: moving picture encoding appara-
tus; 101, 501: input terminal (input unit); 102, 105b, 505b:
bit length extension converter (extension conversion
unit); 103: block divider; 104: differentiator (residual sig-
nal generating unit); 105, 105a, 505, 505a: prediction sig-
nal generator (prediction signal generating unit); 106,
106-2: prediction method decision device (prediction sig-
nal generating unit); 110: compressor (encoding unit);
111: expander (restoration unit); 112: adder (restoration
unit); 113: bit length reduction converter (reduction con-
version unit); 114, 508: frame memory (storage unit);
115: entropy encoder; 116, 507: picture processor (pic-
ture processing unit); 117, 509: output terminal; 500,
500-2, 500-3: moving picture decoding apparatus; 502:
data analyzer (analysis unit); 503: expander (residual sig-
nal restoration unit); 504: adder (picture restoration unit);
506: bit length reduction converter (first reduction con-
version unit); 510: bit length reduction converter (second
reduction conversion unit).

Claims

1. A moving picture encoding apparatus comprising:

an input unit for inputting a target picture whose
pixel value is expressed as a first bit length;
an extension conversion unit for converting each
pixel of the target picture so as to be expressed
as a second bit length of a larger value than the
first bit length, to generate an extended target
picture;
a storage unit for storing a reference picture hav-
ing a pixel value which is expressed as a third
bit length of a smaller value than the second bit
length;
a prediction signal generating unit for generating
a prediction signal based on the reference pic-
ture stored in the storage unit and generating an
extended prediction signal by converting the
prediction signal so as to be expressed as the
second bit length;
a residual signal generating unit for generating
a residual signal between the extended predic-
tion signal and the extended target picture;
an encoding unit for encoding the residual signal
generated by the residual signal generating unit;
a restoration unit for restoring the encoded re-
sidual signal and adding the restored signal to
the extended prediction signal, to generate an
extended reproduction picture; and
a reduction conversion unit for converting the
pixel value of the extended reproduction picture
into a reproduction picture expressed as the
third bit length,
wherein the reproduction picture is stored in the
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storage unit as a reference picture.

2. The moving picture encoding apparatus according
to claim 1, further comprising:

a picture processing unit for processing the re-
production picture, which is generated by the
reduction conversion unit, using at least some
of the reference pictures stored in the storage
unit,
wherein the reproduction picture processed by
the picture processing unit is stored in the stor-
age unit.

3. The moving picture encoding apparatus according
to claim 2,
wherein the third bit length has the same value as
the first bit length.

4. The moving picture encoding apparatus according
to claim 1,
wherein the encoding unit encodes at least one of
the information items regarding the first, second, and
third bit lengths.

5. A moving picture decoding apparatus comprising:

an input unit for inputting a data stream including
a residual signal generated by performing pre-
dictive encoding for an extended target picture
obtained by converting a target picture, which
has a pixel value expressed as a first bit length,
so as to be expressed as a second bit length;
a storage unit for storing a reference picture hav-
ing a pixel value which is expressed as a third
bit length of a smaller value than the second bit
length;
an analysis unit for extracting encoded data of
the residual signal from the data stream and de-
coding the encoded data of the residual signal;
a residual signal restoration unit for restoring the
encoded data of the residual signal decoded by
the analysis unit to a reproduced residual signal;
a prediction signal generating unit for generating
a prediction signal based on the reference pic-
ture stored in the storage unit, and generating
an extended prediction signal by converting the
prediction signal so as to be expressed as the
second bit length;
a picture restoration unit for restoring an extend-
ed reproduction picture by adding the extended
prediction signal and the reproduced residual
signal; and
a first reduction conversion unit for converting a
pixel value of the extended reproduction picture
into a reproduction picture expressed as the
third bit length,
wherein the reproduction picture is stored in the

storage unit as a reference picture.

6. The moving picture decoding apparatus according
to claim 5, further comprising:

a picture processing unit for processing the re-
production picture, which is generated by the
first reduction conversion unit, using at least
some of the reference pictures stored in the stor-
age unit,
wherein the reproduction picture processed by
the picture processing unit is stored in the stor-
age unit.

7. The moving picture decoding apparatus according
to claim 6,
wherein the third bit length has the same value as
the first bit length.

8. The moving picture encoding apparatus according
to claim 5,
wherein at least one of the information items regard-
ing the first, second, and third bit lengths is included
in the data stream and processed after decoding by
the analysis unit.

9. The moving picture decoding apparatus according
to claim 5, further comprising:

a second reduction conversion unit for convert-
ing the pixel value of the extended reproduction
picture into a reproduction picture expressed as
the first bit length,
wherein the reproduction picture generated by
the second reduction conversion unit is trans-
mitted to a display device.

10. A moving picture encoding method comprising:

an input step of inputting a target picture whose
pixel value is expressed as a first bit length;
an extension conversion step of converting each
pixel of the target picture so as to be expressed
as a second bit length of a larger value than the
first bit length, to generate an extended target
picture;
a prediction signal generating step of generating
a prediction signal based on a reference picture
stored in a storage unit, which stores a reference
picture having a pixel value expressed as a third
bit length of a smaller value than the second bit
length, and generating an extended prediction
signal by converting the prediction signal so as
to be expressed as the second bit length;
a residual signal generating step of generating
a residual signal between the extended predic-
tion signal and the extended target picture;
an encoding step of encoding the residual signal
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generated in the residual signal generating step;
a restoration step of restoring the residual signal
encoded in the encoding step and adding the
restored signal to the extended prediction sig-
nal, to generate an extended reproduction pic-
ture;
a reduction conversion step of converting the
pixel value of the extended reproduction picture
into a reproduction picture expressed as the
third bit length; and
a storage step of storing the reproduction picture
in the storage unit.

11. The moving picture encoding method according to
claim 10, further comprising:

a picture processing step of processing the re-
production picture, which is generated in the re-
duction conversion step, using at least some of
the reference pictures stored in the storage unit,
wherein in the storage step, the reproduction
picture processed in the picture processing step
is stored in the storage unit.

12. A moving picture decoding method comprising:

an input step of inputting a data stream including
a residual signal generated by performing pre-
dictive encoding for an extended target picture
obtained by converting a target picture, which
has a pixel value expressed as a first bit length,
so as to be expressed as a second bit length;
an analysis step of extracting encoded data of
the residual signal from the data stream and de-
coding the encoded data of the residual signal;
a residual signal restoration step of restoring the
encoded data of the residual signal decoded in
the analysis step to a reproduced residual sig-
nal;
a prediction signal generating step of generating
a prediction signal based on a reference picture
stored in a storage unit for storing a reference
picture, which has a pixel value expressed as a
third bit length of a smaller value than the second
bit length, and generating an extended predic-
tion signal by converting the prediction signal so
as to be expressed as the second bit length;
a picture restoration step of restoring an extend-
ed reproduction picture by adding the extended
prediction signal and the reproduced residual
signal;
a first reduction conversion step of converting a
pixel value of the extended reproduction picture
into a reproduction picture expressed as the
third bit length; and
a storage step of storing the reproduction picture
in the storage unit.

13. The moving picture decoding method according to
claim 12, further comprising:

a picture processing step of processing the re-
production picture, which is generated in the first
reduction conversion step, using at least some
of the reference pictures stored in the storage
unit,
wherein in the storage step, the reproduction
picture processed in the picture processing step
is stored in the storage unit.

14. A moving picture encoding program causing a com-
puter to function as:

an input unit for inputting a target picture whose
pixel value is expressed as a first bit length;
an extension conversion unit for converting each
pixel of the target picture so as to be expressed
as a second bit length of a larger value than the
first bit length, to generate an extended target
picture;
a storage unit for storing a reference picture hav-
ing a pixel value which is expressed as a third
bit length of a smaller value than the second bit
length;
a prediction signal generating unit for generating
a prediction signal based on the reference pic-
ture stored in the storage unit and generating an
extended prediction signal by converting the
prediction signal so as to be expressed as the
second bit length;
a residual signal generating unit for generating
a residual signal between the extended predic-
tion signal and the extended target picture;
an encoding unit for encoding the residual signal
generated by the residual signal generating unit;
a restoration unit for restoring the encoded re-
sidual signal and adding the restored signal to
the extended prediction signal, to generate an
extended reproduction picture; and
a first reduction conversion unit for converting
the pixel value of the extended reproduction pic-
ture into a reproduction picture expressed as the
third bit length,
wherein the reproduction picture is stored in the
storage unit as a reference picture.

15. The moving picture encoding program according to
claim 14, causing a computer to further function as:

a picture processing unit for processing the re-
production picture, which is generated by the
reduction conversion unit, using at least some
of the reference pictures stored in the storage
unit,
wherein the reproduction picture processed by
the picture processing unit is stored in the stor-
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age unit.

16. A moving picture decoding program causing a com-
puter to function as:

an input unit for inputting a data stream including
a residual signal generated by performing pre-
dictive encoding for an extended target picture
obtained by converting a target picture, which
has a pixel value expressed as a first bit length,
so as to be expressed as a second bit length;
a storage unit for storing a reference picture hav-
ing a pixel value which is expressed as a third
bit length of a smaller value than the second bit
length;
an analysis unit for extracting encoded data of
the residual signal from the data stream and de-
coding the encoded data of the residual signal;
a residual signal restoration unit for restoring the
encoded data of the residual signal decoded by
the analysis unit to a reproduced residual signal;
a prediction signal generating unit for generating
a prediction signal based on the reference pic-
ture stored in the storage unit, and generating
an extended prediction signal by converting the
prediction signal so as to be expressed as the
second bit length;
a picture restoration unit for restoring an extend-
ed reproduction picture by adding the extended
prediction signal and the reproduced residual
signal; and
a first reduction conversion unit for converting a
pixel value of the extended reproduction picture
into a reproduction picture expressed as the
third bit length,
wherein the reproduction picture is stored in the
storage unit as a reference picture.

17. The moving picture decoding program according to
claim 16, causing a computer to further function as:

a picture processing unit for processing the re-
production picture, which is generated by the
first reduction conversion unit, using at least
some of the reference pictures stored in the stor-
age unit,
wherein the reproduction picture processed by
the picture processing unit is stored in the stor-
age unit.

18. A moving picture encoding/decoding system for en-
coding and decoding moving picture data, compris-
ing:

a moving picture encoding apparatus which per-
forms compression encoding of the moving pic-
ture data; and
a moving picture decoding apparatus which de-

codes the moving picture data compression-en-
coded by the moving picture encoding appara-
tus,
wherein the moving picture encoding apparatus
includes:
an input unit for inputting a target picture whose
pixel value is expressed as a first bit length;
an extension conversion unit for converting each
pixel of the target picture so as to be expressed
as a second bit length of a larger value than the
first bit length, to generate an extended target
picture;
a storage unit for storing a reference picture hav-
ing a pixel value which is expressed as a third
bit length of a smaller value than the second bit
length;
a prediction signal generating unit for generating
a prediction signal based on the reference pic-
ture stored in the storage unit and generating an
extended prediction signal by converting the
prediction signal so as to be expressed as the
second bit length;
a residual signal generating unit for generating
a residual signal between the extended predic-
tion signal and the extended target picture;
an encoding unit for encoding the residual signal
generated by the residual signal generating unit;
a restoration unit for restoring the encoded re-
sidual signal and adding the restored signal to
the extended prediction signal, to generate an
extended reproduction picture; and
a reduction conversion unit for converting the
pixel value of the extended reproduction picture
into a reproduction picture expressed as the
third bit length,
the reproduction picture is stored in the storage
unit as a reference picture,
the moving picture decoding apparatus in-
cludes:
an input unit for inputting a data stream including
a residual signal generated by performing pre-
dictive encoding for an extended target picture
obtained by converting a target picture, which
has a pixel value expressed as a first bit length,
so as to be expressed as a second bit length;
a storage unit for storing a reference picture hav-
ing a pixel value which is expressed as a third
bit length of a smaller value than the second bit
length;
an analysis unit for extracting encoded data of
the residual signal from the data stream and de-
coding the encoded data of the residual signal;
a residual signal restoration unit for restoring the
encoded data of the residual signal decoded by
the analysis unit to a reproduced residual signal;
a prediction signal generating unit for generating
a prediction signal based on the reference pic-
ture stored in the storage unit, and generating
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an extended prediction signal by converting the
prediction signal so as to be expressed as the
second bit length;
a picture restoration unit for restoring an extend-
ed reproduction picture by adding the extended
prediction signal and the reproduced residual
signal; and
a first reduction conversion unit for converting a
pixel value of the extended reproduction picture
into a reproduction picture expressed as the
third bit length, and
the reproduction picture is stored in the storage
unit as a reference picture.

19. A moving picture encoding/decoding method for en-
coding and decoding moving picture data, compris-
ing:

a moving picture encoding method of performing
compression encoding on the moving picture
data; and
a moving picture decoding method of decoding
the moving picture data compression-encoded
in the moving picture encoding method,
wherein the moving picture encoding method in-
cludes:
an input step of inputting a target picture whose
pixel value is expressed as a first bit length;
an extension conversion step of converting each
pixel of the target picture so as to be expressed
as a second bit length of a larger value than the
first bit length, to generate an extended target
picture;
a prediction signal generating step of generating
a prediction signal based on a reference picture
stored in a storage unit, which stores a reference
picture having a pixel value expressed as a third
bit length of a smaller value than the second bit
length, and generating an extended prediction
signal by converting the prediction signal so as
to be expressed as the second bit length;
a residual signal generating step of generating
a residual signal between the extended predic-
tion signal and the extended target picture;
an encoding step of encoding the residual signal
generated in the residual signal generating step;
a restoration step of restoring the residual signal
encoded in the encoding step and then adding
the restored signal to the extended prediction
signal, to generate an extended reproduction
picture;
a reduction conversion step of converting the
pixel value of the extended reproduction picture
into a reproduction picture expressed as the
third bit length; and
a storage step of storing the reproduction picture
in the storage unit, and
the moving picture decoding method includes:

an input step of inputting a data stream including
a residual signal generated by performing pre-
dictive encoding for an extended target picture
obtained by converting a target picture, which
has a pixel value expressed as a first bit length,
so as to be expressed as a second bit length;
an analysis step of extracting encoded data of
the residual signal from the data stream and de-
coding the encoded data of the residual signal;
a residual signal restoration step of restoring the
encoded data of the residual signal decoded in
the analysis step to a reproduced residual sig-
nal;
a prediction signal generating step of generating
a prediction signal based on a reference picture
stored in a storage unit for storing a reference
picture, which has a pixel value expressed as a
third bit length of a smaller value than the second
bit length, and generating an extended predic-
tion signal by converting the prediction signal so
as to be expressed as the second bit length;
a picture restoration step of restoring an extend-
ed reproduction picture by adding the extended
prediction signal and the reproduced residual
signal;
a first reduction conversion step of converting a
pixel value of the extended reproduction picture
into a reproduction picture expressed as the
third bit length; and
a storage step of storing the reproduction picture
in the storage unit.
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