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DESCRIPTION JP2009182776A

10 Encoding device, decoding device, video encoding method, and video decoding method

[0001]

14 The present invention relates to an encoding device, a decoding device, a video encoding
method, and a video decoding method, and in particular to an encoding device, a decoding
device, a video encoding method, and a video decoding method that are suitable for improving
data transmission efficiency by applying scalability in which data of different layers is
simultaneously transmitted and utilized according to the characteristics of the data.

[0002]

22 Nowadays, a function called scalability has been introduced to transmit video and audio data in
a situation where the transmission band is limited and where there are multiple types of
terminals receiving the data. This scalability is a function that gradually varies the SNR (Signal
to Noise Ratio), spatial resolution, and time resolution by partially decoding the bit stream, and
is adopted in video compression standards such as MPEG-2, MPEG-4, and SVC, an extension
standard of H.264. To achieve scalability, a technique called hierarchical coding is used. For
example, MPEG-2 defines an SNR scalable profile, a spatial scalable profile, and a High profile.

[0003]

3z In situations where transmission bandwidth is limited, it is important to improve coding
efficiency as much as possible and to avoid duplication of header information and side
information required for coding, compared to a method (simulcast) in which each layer is
simply coded and transmitted separately.

36 Scalability improves coding efficiency by making mutual use of this information between
layers. The scalability is explained in the following non-patent document 1.
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[0004]

41 The SNR scalable profile employs a technique called SNR scalability, which will be described
later, to realize a graceful degradation function.

43 Graceful degradation is a function that realizes gradual deterioration of image quality
according to the reception strength of radio waves, for example. In normal digital
broadcasting, there is a problem that when the radio wave reception strength falls below a
certain specified value, the broadcast cannot be received at all from that point on. However,
when SNR scalability is applied to broadcasting, the image quality deteriorates gradually,
making it possible to reproduce image quality according to the reception conditions.

[0005]

52 SNR scalability realizes hierarchical coding in the frequency domain (DCT coefficients in
MPEG-2).

54 The basic idea is to send a signal providing base image quality (reference low SNR) over a high
priority transmission path, and then send an auxiliary signal (enhancement signal) to improve
the base image quality while maintaining the same spatial resolution over a low priority
transmission path. This allows high-quality decoding in areas where both signals can be
received. Furthermore, even if the reception conditions deteriorate and the enhancement
signal cannot be received, the base signal is transmitted and received with high priority, so
that the reliability of reproducing the reference image quality can be improved.

[0006]

64 Here, an example of encoding and decoding of SNR scalability will be described with reference
to FIG. 7 and FIG.

66 FIG. 7 is a diagram showing an example of the configuration of an SNR scalability encoding
device. FIG. 8 is a diagram showing an example of the configuration of an SNR scalability
decoding device.

[0007]

72 As shown in FIG. 7, an input image 500 is input to the encoding device, and differential image
data from a predicted image generated by an MC unit 507 is input to a DCT unit 501 in order
to generate a low SNR bitstream.

75 Here, the predicted image is an image for prediction generated by a loop process formed by an
inverse quantization unit 504 , an IDCT unit 505 , an FM (frame memory) unit 506 , and an
MC (Motion Compensation) unit 507 .
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[0008]

8o Data input to the DCT unit 501 undergoes DCT in the DCT processing unit 501 , and then the
data is roughly quantized in the quantization unit 502 , and a low SNR bit stream 541 is
generated by the VLC unit 503 .

84 The output of the quantization unit 502 is inversely quantized by an inverse quantization unit
504 to generate coarsely quantized DCT coefficients. The difference between this DCT
coefficient and the DCT coefficient output by the DCT section 511 is calculated and input to
the quantization section 512 . In addition, the output of the inverse quantization unit 504 is
added to the output of the inverse quantization unit 514 and input to the IDCT unit 515 . The
loop processing formed by the inverse quantization unit 504, IDCT unit 505, FM (frame
memory) unit 506, and MC (Motion Compensation) unit 507 is local decoding in MPEG-2, in
which the image restored on the decoder side is also generated on the encoder side, and the
restored image is used to predict the next frame.

[0009]

96 On the other hand, for the enhancement stream 540 , after the input image 500 is input to the
delay unit 510, a difference is taken between the input image 500 and a predicted image
generated by the MC unit 517 , and the difference image is input to the DCT unit 511 .

99 Here, the predicted image is an image for prediction generated by a loop process formed by an
inverse quantization unit 514 , an IDCT unit 515 , an FM (frame memory) unit 516 , and an
MC (Motion Compensation) unit 517 .

[0010]

105 The image input to the DCT unit 511 is frequency-converted by the DCT unit 511 .

106 Then, the difference between the DCT coefficients output by the DCT section 511 and the
DCT coefficients output by the IQ section 504 is calculated, and this difference is input to the
quantization section 512 . The generated differential signal is a signal for obtaining a high
SNR signal by adding a low SNR signal. The data quantized by the quantization unit 512 is
then variable-length coded by the VLC unit 513 to generate an enhancement bitstream 540 .
For prediction, the enhancement image data is locally decoded by an IDCT unit 515, an FM
(frame memory) unit 516 , and an MC (Motion Compensation) unit 517 , and the data output
from the MC unit 517 is input to the DCT unit 511 .

[0011]

117 In the case of SNR scalability decoding, the SNR scalability decoding device shown in FIG. 8
performs decoding processing on the low SNR bit stream 540 by the VLD unit 600 and
performs inverse quantization by the IQ unit 601 .

120 On the other hand, the enhancement bit stream 541 is decoded by the VLD unit 602 and
inverse quantized by the IQ unit 603 . Then, the DCT coefficients output from the IQ unit
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601 and the DCT coefficients output from the IQ unit 603 are added together, and an IDCT
process is performed by the IDCT unit 604 . Thereafter, decoding is performed in the same
manner as in the single layer case.

[0012]

130 The spatial scalable profile is a method for realizing compatibility between displays of images
with different resolutions, such as standard definition television (SDTV) and high definition
television (HDTV).

[0013]

136 Spatial scalability is a technique for improving coding efficiency by utilizing image similarity
between layers with different resolutions.

138 Here, an example of encoding and decoding of spatial scalability will be described with
reference to FIG. 9 and FIG.

140 FIG. 9 is a diagram showing an example of the configuration of a spatial scalability coding
device. FIG. 10 is a diagram showing an example of the configuration of a spatial scalability
decoding device.

[0014]

146 As shown in FIG. 9, in the spatial scalability coding apparatus, first, an input image 500 is
downsampled by a downsampling unit 700 to generate a bitstream of a lower layer.

148 The difference between this image and a predicted image generated by the MC unit 507 is
taken and input to the DCT unit 501 . Here, similarly to the case of FIG. 8, the predicted
image is an image for prediction generated by a loop process formed by an inverse
quantization unit 504, an IDCT unit 505, an FM (frame memory) unit 506, and an MC
(Motion Compensation) unit 507.

[0015]

156 The data input to the DCT unit 501 undergoes DCT in the DCT processing unit 501 , then
undergoes coarse quantization in the quantization unit 502 , and then undergoes variable
length coding in the VLC unit 503 , and transmits the lower layer bit stream 711 .

159 In addition, the output of the quantization unit 502 is inverse quantized by the IQ unit 504
and subjected to IDCT processing by the IDCT unit 505, and then converted to the same
resolution as the input image by the upsampling unit 701. This image is used as a third
reference image together with the two reference images in motion compensation of the
upper layer. This prediction from the lower layer is called spatial prediction. The spatial
prediction reference image is an image at the same time as the image to be coded in the
upper layer, so no motion compensation is required. Here, the motion compensation image
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output from the MC unit 517 and the spatial prediction image output from the upsampling
filter unit 701 are added together with weights (W) and (1-W), respectively, using a variable
W that ranges from O to 1, and are used for predicting the upper layer.

[0016]

179 When decoding spatial scalability, the spatial scalability decoding device shown in FIG. 10
decodes the lower layer bit stream 711 in a VLD unit 800, an IQ unit 801, and an IDCT unit
802.

182 Furthermore, the decoded image of the lower layer is upsampled by the upsampling unit 805
and used for decoding the upper layer bit stream. The upper layer bit stream 710 is decoded
by the VLD unit 810, the IQ unit 811, and the IDCT unit 812, and a high-quality, high-
resolution image is generated by performing weighted addition of (W) and (1-W) from the
encoded and transmitted variable W using the upsampled image of the restored image of the
lower layer and the motion compensated image of the upper layer as reference images.

[0017]
191 Furthermore, there is also a High profile that can utilize a combination of this SNR scalability
and spatial scalability.

[0018]

196 In addition, recent television sets have become larger in screen size, and rather than simply
displaying the image signals input from broadcasts, communications, storage media, etc., the
number of pixels in the horizontal and vertical directions is generally increased through
digital signal processing.

200 In this case, the resolution cannot be increased simply by increasing the number of pixels
using a commonly known interpolation low-pass filter using a sinc function, a spline function,
or the like.

[0019]

206 Therefore, as described in Patent Document 1, Patent Document 2, and Non-Patent Document
2, a technology has been proposed that increases the number of pixels while increasing the
resolution by synthesizing multiple input image frames into a single frame (hereinafter
referred to as "super-resolution processing").

[0020]
23 B8 —3 36 0 4 6 5N
214 FEBHEQO — 6 9 7 5 5 53R
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215 7 LEY a YERM TRESIVFAT 4 7EEMPEG) | FK8F4H20H, 5—-6 A
T—78VT 1, pl17-132

215 AR IO T IV 2V T — 21 X % HREALEE” | Ricoh Technical Report pp.19-25,
No.24, NOVEMBER, 1998

219 Gary J. Sullivan and Thomas Wiegand, "Rate-Distortion Optimization for Video Compression",
IEEE Signal Processing Magazine, vol. 15, no. 6, pp.74-90, November, 1998.

[0021]

224 As described above, when simulcasting data of multiple resolutions to multiple types of
receiving terminals, a problem arises in that the limited transmission band is largely
occupied, resulting in poor transmission efficiency.

[0022]

230 Furthermore, even in conventional transmission methods utilizing scalability, there is a
demand for improving the data compression rate and transmission efficiency.

[0023]

235 The present invention has been made to solve the above problems, and its object is to
improve the data compression rate in data transmission using an encoding device and a
decoding device that utilize scalability, and to efficiently utilize the transmission bandwidth
by using a scalable data structure.

[0024]

242 The coding device of the present invention inputs an image, codes each of the images as a
stream consisting of a number of layers of different resolutions, and outputs the coded data.
For each layer, the coding device is provided with a frequency conversion unit, a quantization
unit, and a variable-length coding unit which compress and code the image data, as well as
an inverse frequency conversion unit and an inverse quantization unit which generate
images for prediction. It is also provided with a downsampling unit which reduces the
resolution of the image, and a super-resolution processing unit and a half-pixel generation
processing unit which improve the resolution of the image.

250 The input image is then downsampled by a downsampling unit and input to a frequency
conversion unit for a lower layer with lower resolution, and the image used for predicting the
lower layer is subjected to super-resolution processing and half-pixel generation processing
by a super-resolution processing unit and a half-pixel generation processing unit, and these
generated images or difference images are input to a frequency conversion unit for a higher
layer with higher resolution.

01-06-2025 ©6
27



[0025]

260 In addition, in the decoding device of the present invention, a stream consisting of a number
of layers with different resolutions is input, and images each having a different resolution are
output. For each layer, the decoding device is provided with an inverse frequency conversion
unit and an inverse quantization unit that decodes compressed data, and images generated
from the lower layer stream and used for prediction during decoding are subjected to super-
resolution processing and half-pixel generation processing by a super-resolution processing
unit and a half-pixel generation processing unit, and these generated images are added to
images generated from the higher resolution upper layer stream to generate an image.

[0026]

271 According to the present invention, in data transmission by an encoding device and a
decoding device utilizing scalability, the data compression rate is improved and a scalable
data structure is used to efficiently utilize the transmission band.

[0027]

277 Hereinafter, embodiments of the present invention will be described with reference to FIGS. 1
to 6. FIG.

[0028]

282 [First embodiment] Hereinafter, a video encoding device and a video decoding device
according to a first embodiment of the present invention will be described with reference to
Figs.

[0029]

288 First, the hardware configuration of the video encoding device according to the first
embodiment of the present invention will be described with reference to FIG.

290 FIG. 2 is a block diagram illustrating a hardware configuration of a video encoding device
according to a first embodiment of the present invention.

[0030]

295 As shown in FIG. 2, the video encoding device 201 of this embodiment comprises a processor
202, a memory 203, an input interface (input I/F) 204, and an output interface (output I/F)
206, all of which are communicatively connected to one another.

298 The input I/F 204 is connected to an input device 205 , and the output I/F 206 is connected
to an output device 207 .
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[0031]

303 The processor 202 is a processor that performs the video encoding process of this
embodiment, executes a program stored in the memory 203 , encodes data received from an
input I/F 204 , and sends the encoded data to an output I/F 206 .

306 The memory 203 stores the programs executed by the processor 202 . In addition, data to be
processed by the processor 202 is temporarily stored. The video encoding device 201 may
be provided with a plurality of processors 202 and memories 203 . For example, a dedicated
processor may be provided for executing only a part of the program that performs the video
encoding process of the present invention. Furthermore, multiple dedicated processors for
performing the same processing may be provided.

[0032]

315 The processor 202 and the memory 203 may be implemented on a single chip.

[0033]
319 The input I/F 204 is an interface that receives video data to be processed by the processor
202 from an input device 205 .

[0034]

324 The input device 205 is a device that inputs a video signal to be processed by the video
encoding device 201 to the input I/F 204, and is, for example, a lens or a video imaging
element.

327 In this case, the input I/F 204 is, for example, an A/D converter.

328 The input device 205 may also be a storage device in which unencoded video data is stored.

329 In this case, the input I/F 204 is, for example, a Serial AT Attachment (SATA) interface.

[0035]
333 The output I/F 206 is an interface that transmits the data encoded by the processor 202 to an
output device 207 .

[0036]

338 The output device 207 is an output destination of the data encoded by the video encoding
device 201, and is, for example, a storage device that stores the encoded data.

340 In this case, the output I/F 206 is, for example, a SATA interface.

341 Furthermore, the output device 207 may be a computer device connected to the output I/F
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206 via a LAN, an IP network, or the like (not shown). In this case, the output I/F 206 is a
network interface. The output device 207 may also be an image receiving device connected
to the output I/F 206 via a telephone communication network (not shown). In this case, the
output I/F 206 is a transmitter of a telephone signal. The output device 207 may also be a
digital TV set. In this case, the output I/F 206 becomes an interface that is processed by a
transmitter of a digital TV signal.

[0037]

352 The video encoding device 201 includes a plurality of input I/Fs 204 and a plurality of output
I/Fs 206, and different types of input devices and output devices may be connected to the
respective input I/Fs 204 and output I/Fs 206.

355 For example, the video encoding device 201 may include two output I/Fs 206, one of which
may be connected to a hard disk device and the other to a magneto-optical disk device. Also,
a hard disk device may be connected to one side, and a computer device may be connected to
the other side via a LAN or the like.

[0038]

362 Next, the configuration and operation of a video encoding device according to a first
embodiment of the present invention will be described with reference to FIG.

364 FIG. 1 is a block diagram showing the configuration of a video encoding device according to a

first embodiment of the present invention.

[0039]

369 As shown in FIG. 1, the video encoding device comprises an original image memory 101,
block division units 102 and 112, prediction units 103 and 113, frequency conversion units
104 and 114, quantization units 105 and 115, variable length coding units 106 and 116,
quantization units 107 and 117, inverse frequency conversion units 108 and 118, reference
image memories 109 and 119, downsampling unit 110, super-resolution processing unit
120, and half-pixel generation unit 121.

[0040]

378 The original image memory 101 is a memory for temporarily storing an input original image.

379 The block division units 102 and 112 divide an image into a plurality of image blocks in order
to process a portion of the image in block units.

381 The prediction units 103 and 113 perform prediction within the same frame (intra prediction)
or between adjacent frames (intra prediction). The frequency transform units 104 and 114
perform frequency transform such as DCT (Discrete Cosine Transform) on the image signals.
The quantization units 105 and 115 perform quantization processing on the input frequency
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coefficients. Variable-length coding units 106 and 116 perform variable-length coding on the
quantized data to compress the number of bits.

[0041]

394 The inverse quantization units 107 and 117 perform inverse quantization processing that is
the inverse of quantization.

396 The inverse frequency transform units 108 and 118 perform an inverse frequency transform
to obtain an image from the frequency coefficients. The reference image memories 109 and
119 are temporary memories for holding reference images.

[0042]

402 The downsampling unit 110 performs downsampling processing on the input image in order
to encode the bitstream of the lower layer as well.

404 The super-resolution processor 120 performs super-resolution processing to generate a high-
resolution image from a plurality of frame images. The half-pixel generating unit 121
performs half-pixel generation processing to generate pixels with half-pixel accuracy. The
super-resolution processing unit 120 and the half-pixel generating unit 121 form an
upsampling unit that performs processing for upsampling an image for generating a lower
layer stream in order to generate a higher layer stream.

[0043]

413 Each of these units may be configured by hardware or software.

414 It may also be a module that combines hardware and software. Furthermore, the processing
in the frequency conversion section is not particularly limited, and DCT, DST (Discrete Sine
Transform), DFT (Discrete Fourier Transform), wavelet transform, integer transform
processing, etc. may be performed.

[0044]

421 The block division unit 102, prediction unit 103, frequency conversion unit 104, quantization
unit 105, and variable length coding unit 106 are a single compression unit that realizes the
compression function for generating an upper layer bit stream, while the block division unit
112, prediction unit 113, frequency conversion unit 114, quantization unit 115, and variable
length coding unit 116 are a single compression unit that realizes the compression function

for generating an upper layer bit stream.

[0045]

430 In addition, the inverse quantization unit 107, the inverse frequency conversion unit 108, and
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the reference image memory 109 form a single decompression unit that performs
decompression to realize prediction for generating an upper layer bitstream, and the inverse
quantization unit 117, the inverse frequency conversion unit 118, and the reference image
memory 119 form a single decompression unit that performs decompression to realize
prediction for generating a lower layer bitstream.

[0046]

440 Here, the block division units 102 and 112, the prediction units 103 and 113, the frequency
conversion units 104 and 114, the quantization units 105 and 115, the variable length
coding units 106 and 116, the inverse quantization units 107 and 117, the inverse
frequency conversion units 108 and 118, and the reference image memories 109 and 119
are each formed as a single piece of hardware, and may be used in a time-division manner.

[0047]
448 Furthermore, the half pixel generator 121 may be processed using a half pixel generator that
exists in the prediction unit 103 or the prediction unit 113 .

[0048]

453 Next, the operation of the video encoding device shown in FIG. 1 will be described.

[0049]

457 An input image 100 stored in an original image memory 101 is input to a downsampling unit
110.

459 The downsampling unit 110 performs low-pass filtering on the input image, and then
performs pixel thinning processing.

461 The image that has been subjected to the thinning process is input to the block division
section 112 in the lower layer, and divided into a plurality of image blocks.

463 The divided image blocks are subjected to intra-frame prediction (intra-prediction) or inter-
frame prediction (inter-prediction) by the prediction unit 113 to generate a predicted image.

465 When inter-picture prediction is performed, image data stored in the reference image

memory 119 is referenced.

[0050]

470 Then, an image obtained by calculating the difference between the image from the block
division unit 112 and the predicted image created by the prediction unit 113 is input to the
frequency transformation unit 114 .

473 The frequency transform unit 114 performs frequency transform on the input image for each
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image block.

475 Here, the frequency transformation process may be DCT, DST, DFT, or wavelet
transformation, or may be integer transformation.

478 The frequency-converted coefficient data is input to the quantization unit 115 . The
quantization unit 115 quantizes the input frequency transformation data using the
quantization parameter. The quantized data is input to a variable-length coding unit 116 .
The variable length coding unit 116 performs variable length coding on the input data
together with side information such as motion compensation information and coding mode
information, to generate a lower layer bit stream 131 . The lower layer bitstream 131 is
temporarily stored in a memory 203 that serves as a buffer as shown in FIG. The input coded
data is then output from memory 203 in accordance with the transmission line speed. At this
time, it may be transmitted over the same transmission line as the upper layer bit stream
130 described later, or may be transmitted over a separate transmission line. Here, the
transmission line may refer to wireless or wired transmission, and may also refer to
transmission via a recording medium such as a hard disk drive or a DVD. Furthermore,
packets of the lower layer bitstream 131 and the enhancement layer bitstream 130 may be
transmitted together with respect to one header information, or portions of the lower layer
bitstream 131 and the enhancement layer bitstream may be transmitted alternately.

[0051]

496 On the other hand, the quantized data generated by the quantization unit 115 is input to the
inverse quantization unit 117 .

198 The inverse quantization unit 117 inverse quantizes the quantized data. The dequantized
coefficient data is input to the inverse frequency transform unit 118 . The inverse frequency
transform unit 118 performs inverse frequency transform on this data to restore it as a
difference block image. The reconstructed difference block image is added to the predicted
image output from the prediction unit 113, and the result is stored in the reference image
memory 119 as a locally decoded image block. This locally decoded image block is then
input to the prediction unit 113 . The locally restored image block is also input to a super-
resolution processor 120 and a half-pixel generator 121 . Here, the local decoded image
block input to the super-resolution processing unit 120, the half pixel generation unit 121,
and the prediction unit 113 does not necessarily have to be output from the reference image
memory 119, and data stored in the reference image memory may be directly input.

[0052]

512 The super-resolution processor 120 uses multiple frames of the input image to generate a
high-resolution image.

514 Here, in this embodiment, the processing content of the super-resolution processing unit does
not necessarily have to be super-resolution processing as described in the prior art section,
and the processing content is not particularly limited as long as it is processing that
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improves the resolution of the input image.

[0053]

524 On the other hand, the half-pixel generating unit 121 generates an image with half-pixel
accuracy by performing half-pixel generation processing on the input locally decoded image
block.

527 However, instead of the half pixel generation process, 1/4 pixel generation process, 1/8 pixel
generation process, . . ., or 1/n pixel generation process (n is an integer greater than 2) with
finer pixel accuracy may be performed. Furthermore, the content of the processing is not
particularly limited as long as it is processing that improves the resolution in accordance
with the resolution of the super-resolution processing. Here, the half-pixel generation process
refers to a process of generating an image having twice the accuracy of one pixel by
performing a filter process on pixel data, and specifically refers to an interpolation filter in
MPEG-2, MPEG-4, or H.264/AVC. To give more detailed values, the 8-tap filter coefficient
when generating half pixels from integer pixels in the MPEG-4 ASP is [-2—12—12—2]/64,
and the 2-tap filter coefficient when generating Y4 pixels from half pixels is [1+1]/2. In
addition, in H.264/AVC, the 6-tap filter coefficient when generating half pixels from integer
pixels is [1 -5 20 20 -5 1]/32, and the 2-tap filter coefficient when generating 1/4 pixels
from half pixels is [1 1]/2.

[0054]

543 Here, the difference is taken between the generated half-pixel precision image (or, in some
cases, a 1/n-pixel generated precision image (n is an integer greater than 2) which has even
finer precision) and the output image of the super-resolution processing unit 120, and this
difference data is input to the block division unit 102.

547 Alternatively, the difference between the input image stored in the original image memory
101 and the half-pixel precision image generated by the half-pixel generation unit 121 is
calculated, and the difference data is input to the block division unit 102 .

[0055]

553 The block division unit 102 receives difference data between the output of the super-
resolution processing unit 120 and the output of the half-pixel generation unit 121 , and also
receives difference data between the data stored in the original image memory 101 and the
output of the half-pixel generation unit 121 .

557 The block division unit 102 sums up the differential data per specified unit time, and if the
amount of differential image data is smaller than a predetermined arbitrary value, it can also
transmit only the information for performing half-pixel generation (or 1/n-pixel generation
(n is an integer greater than 2) which provides finer pixel accuracy) as the upper layer bit
stream 130. The above-mentioned predetermined unit time may be one frame. Furthermore,
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when the input image is an interlaced signal, one field may be used as a unit. Alternatively,
one frame may be divided into a plurality of blocks, and each block may be used as the
predetermined unit time. Furthermore, when the coding mode (I picture, P picture, B picture)
is changed on a frame-by-frame basis, one GOP (Group Of Pictures) may be set as a
predetermined unit time. Also, the difference image may not be compressed, and the header
information and the pixel data which is the difference may be transmitted as is.

[0056]

576 In this manner, the differential image data upsampled from the lower layer is divided by the
block division unit 102 .

578 At this time, the processing may be performed in block units different from the block units
into which the downsampled image is divided by the block dividing section 112 . Then, the
divided images are input to the prediction unit 103 and the frequency transformation unit
104 .

[0057]

585 The prediction unit 103 performs intra-frame prediction (intra-prediction) or inter-frame
prediction (inter-prediction) to generate a predicted image.

587 When performing inter-frame prediction, image data stored in the reference image memory
109 is referenced.

[0058]

592 The frequency transform unit 104 receives an image obtained by calculating the difference
between the image from the block division unit 102 and the predicted image created by the
prediction unit 103, or an output image from the block division unit 102 .

595 The frequency transform unit 104 performs frequency transform on the input image for each
image block, and outputs the transformed image to the quantization unit 105 . The
quantization unit 105 quantizes the input frequency transformation data using the
quantization parameter. The quantized data is input to a variable-length coding unit 106 .
The variable length coding unit 106 performs variable length coding on the input data
together with side information such as motion compensation information and coding mode
information, to generate an enhancement layer bit stream 130 .

[0059]

605 At this time, the cost of the code amount and image quality for multiple encoding methods
may be calculated, such as when selecting an image to be input to the block division unit,
selecting the size of the block division, selecting an image to be input to the frequency
conversion unit 104, or when not transmitting an upper layer bit stream, and the data
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resulting from the compression encoding method with the lowest cost may be transmitted as
the upper layer bit stream 130.

613 For example, the amount of code that must be increased to improve image quality may be
calculated as the cost. At this time, the R-D Optimization technique described in Non-Patent
Document 3 may be used to calculate a cost based on the bit rate and image quality in
advance, and then the encoding method may be selected.

[0060]

622 The enhancement layer bitstream 130 is temporarily stored in a memory 203 that serves as a
buffer as shown in FIG.

624 The input coded data is then output from memory 203 in accordance with the transmission
line speed. At this time, the lower layer bit stream 130 may be transmitted via the same
transmission line, or may be transmitted via a separate transmission line. Here, the
transmission line may refer to wireless or wired transmission, and may also refer to
transmission via a recording medium such as a hard disk drive or DVD.

[0061]

632 Here, the compression encoding method for generating the lower layer bitstream and the
compression encoding method for generating the upper layer bitstream do not necessarily
have to be the same, and the upper layer bitstream does not necessarily have to be
transmitted.

636 If the decoder is configured to support a plurality of video compression standards, encoding
and decoding may be performed using a hybrid of tools for a plurality of video compression
standards. For example, an MPEG-4 ASP half-pixel generation filter may be used to generate
an output image from the half-pixel generation unit 121, and the subsequent frequency
conversion unit 104 may perform integer conversion processing of H.264/AVC.

[0062]

644 In this embodiment, a configuration is used in which a lower layer bit stream and an upper
layer bit stream are combined, but the number of types of streams does not need to be two,
and a configuration of three or more streams may be used.

[0063]

650 Furthermore, in this embodiment, the lower layer bit stream 131 may be transmitted with
enhanced error resistance compared to the upper layer bit stream 130, for example by
providing stream redundancy by means of performing CRC, thereby enhancing the
transmission of data that needs to be transmitted at a low bit rate at the minimum necessary
level.

01-06-2025 15
36



[0064]

658 In addition, in this embodiment, the quantization parameters of quantization unit 115 and
quantization unit 105 do not need to be the same. For example, quantization unit 115 may
take fine quantization values for coefficients in the low frequency region, while quantization
unit 105 may take fine quantization parameters for coefficients in the high frequency region.

[0065]

665 Furthermore, the quantization unit 115 for generating the lower layer bit stream may
perform coding using a coarse quantization parameter, and the quantization unit 105 for
generating the upper layer bit stream may set a fine quantization parameter.

[0066]

671 Next, a video decoding device according to a first embodiment of the present invention will be
described with reference to FIG.

673 FIG. 4 is a block diagram illustrating the hardware configuration of the video encoding device
according to the first embodiment of the present invention.

[0067]

678 A video decoding device 401 of this embodiment comprises a processor 402, a memory 403,
an input interface (input I/F) 404, and an output interface (output I/F) 406, all of which are
communicatively connected to one another.

681 The input I/F 404 is connected to an input device 405 , and the output I/F 406 is connected
to an output device 407 .

[0068]

686 The processor 402 is a processor that performs the video decoding process of this
embodiment, executes a program stored in the memory 403 , decodes data received from the
input I/F 404 , and sends the data to the output I/F 406 .

[0069]
692 The memory 403 stores the programs executed by the processor 402 .
693 Also, data to be processed by the processor 402 is temporarily stored.

[0070]
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697 The video decoding device 401 may be provided with a plurality of processors 402 and
memories 403 .

697 For example, a dedicated processor may be provided for executing only a part of the program
for performing the video decoding process of the present invention.

[0071]

704 The processor 402 and the memory 403 may be implemented on a single chip.

[0072]
708 The input I/F 404 is an interface that receives encoded data to be processed by the processor
402 from an input device 405 .

[0073]

713 The input device 405 is a device that inputs the encoded data to be processed by the video
decoding device 401 to the input I/F 404, and is, for example, a storage device in which the
encoded data is stored.

716 In this case, the input I/F 404 is, for example, a SATA interface.

717 Furthermore, the input device 405 may be a computer device connected to the input I/F 404
via a LAN, an IP network, or the like (not shown).

719 In this case, the input I/F 404 is a network interface.

720 The input device 405 may also be a video data transmission device connected to the input I/F
404 via a telephone communication network (not shown).

722 In this case, the input I/F 404 is a receiver of a telephone signal.

723 The input device 405 may also be a digital TV broadcast station.

724 In this case, the input I/F 404 is an interface provided by a digital TV tuner.

[0074]
728 The output I/F 406 is an interface that transmits the data decoded by the processor 402 to an
output device 407 .

[0075]

733 The output device 407 is an output destination of the data decoded by the video decoding
device 401, and is, for example, a display that outputs video.

735 In this case, the output I/F 406 is, for example, a video card.

736 The output device 407 is a storage device that records the decoded data in a stream.

737 In this case, the output I/F 406 is, for example, a SATA interface.
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[0076]

742 The video decoding device 401 includes a plurality of input I/Fs 404 and a plurality of output
I/Fs 406, and different types of input devices and output devices may be connected to the
respective input I/Fs 404 and output I/Fs 406.

745 For example, the video decoding device 401 may be equipped with two input I/Fs 404, one of
which may be connected to a hard disk device and the other to an optical disk device. Also, a
hard disk device may be connected to one side, and a computer device may be connected to
the other side via a LAN or the like.

[0077]

752 Next, the configuration and operation of a video decoding device according to an embodiment
of the present invention will be described with reference to FIG.

754 FIG. 3 is a block diagram showing the configuration of a video decoding device according to

an embodiment of the present invention.

[0078]

759 As shown in FIG. 3, the video decoding device 401 of this embodiment comprises variable
length decoding units 300 and 310, inverse quantization units 301 and 311, inverse
frequency transformation units 302 and 312, reference image memories 303 and 313,
prediction units 304 and 314, and a half-pixel generation unit 321.

763 Here, the variable length decoding units 300 and 310, the inverse quantization units 301 and
311, the inverse frequency conversion units 302 and 312, and the prediction units 304 and
314 are programs stored in the memory 403 and executed by the processor 402, and the
reference image memories 303 and 313 are partial areas of the memory 403. Furthermore,
some or all of these programs may be realized by dedicated hardware that performs the

processing.

[0079]

772 In addition, the variable length decoding units 300 and 310, the inverse quantization units
301 and 311, the inverse frequency conversion units 302 and 312, and the prediction units
304 and 314 may each be realized by the same hardware, and processing may be performed

by using that hardware in a time-division manner.

[0080]
779 The video decoding device 401 of this embodiment can decode a stream that has been coded
by the video coding device 201 having the configuration shown in FIG.
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[0081]
785 The function and operation of each part of the video decoding device 401 will be explained
below along with the procedure for decoding an encoded stream.

[0082]

790 The variable length decoding unit 310 analyzes the data of the input lower layer bit stream
131, and controls the mode related to inter-frame prediction (inter-prediction) and intra-
frame prediction (intra-prediction) for the prediction unit 314 based on flag and data
information.

794 When the mode is inter prediction, the prediction unit 314 performs inter-frame prediction
using information such as motion vectors from the variable length decoding unit 310 and
image data in the reference image memory 313 .

797 Furthermore, when the mode is the intra prediction mode, the prediction unit 314 performs
intra-frame prediction using information such as the intra coding mode transmitted from the
variable length decoding unit 310 and the image in the reference image memory 313 .

[0083]

803 The basic functions of the variable length decoding unit 310, the inverse quantization unit
311, and the inverse frequency transformation unit 312 are the same as those of
conventional decoding devices, and each unit performs stream decoding and information
analysis, inverse quantization of transformation coefficients, and inverse frequency
transformation, etc.

[0084]

811 A low-resolution image 331 is generated by adding together the predicted image generated
using the reference image memory 313 and the prediction unit 314 and the difference image
output by the inverse frequency conversion unit 312. The low-resolution image 331 is then
transmitted to the output device 407, where the decoded image is displayed on the screen.

[0085]

18 Similarly, the enhancement layer bit stream is also decoded in the same manner using a
variable length decoding unit 300 , an inverse quantization unit 301 , an inverse frequency
conversion unit 302 , a reference image memory 303 , and a prediction unit 304 .

sz1 In this case, if the upper layer bit stream 130 is compressed and transmitted without
performing prediction, the output of the prediction unit 304 is not added to the output image
of the inverse frequency transform unit 302, or image data whose values are all O is added.

824 In this way, image data is restored by decoding the enhancement layer bit stream.
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825 A half-pixel precision image output from a half-pixel generation unit 321 is added to this to
generate a high-resolution image 330 .

825 The half-pixel generating section 321 performs the same half-pixel generating process as that
performed by the pixel generating section 121 shown in FIG.

829 Here, the half pixel generation unit 121 forms an upsampling unit that performs upsampling
processing to add an image generated from a lower layer stream to an image generated from
a higher layer stream.

[0086]

835 The video encoding device 201 and the video decoding device 401 of the present
embodiment described above may be implemented as the same hardware.

837 In this case, the memory 203 (or the memory 403) stores the programs described with
reference to FIGS. 1 and 3, and also secures the areas described with reference to FIGS.

[0087]

842 As described above, according to this embodiment, it is possible to transmit a lower layer bit
stream obtained by downsampling and encoding an input image, and an upper layer bit
stream obtained by decoding the bit stream and compressing and encoding an image
obtained by taking the difference between the input image and the image generated by the
half-pixel generation process, or an image obtained by taking the difference between the
images generated by the super-resolution process and the half-pixel generation process.

848 As a result, the high compression of image data makes it possible to utilize the transmission
band more efficiently than before and to realize communication at a lower transmission rate
than simulcast. This makes it possible to realize suitable transmission for each receiving
terminal that receives the data.

[0088]

855 Second Embodiment Hereinafter, a video encoding device and a video decoding device
according to a second embodiment of the present invention will be described with reference
to FIGS.

[0089]

861 The encoding device and decoding device described in this embodiment are different from
those in the first embodiment in that the form of the process of upsampling an image
generated from a lower layer bitstream is changed.

[0090]
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867 First, the configuration and operation of a video encoding device according to the second
embodiment of the present invention will be described with reference to FIG.

867 FIG. 5 is a block diagram showing the configuration of a video encoding device according to
the second embodiment of the present invention.

[0091]

874 The configuration of the encoding device of the first embodiment shown in Figure 1 differs in
that the difference between the input image stored in the original image memory 101 and
the output image from the super-resolution processing unit 120 is taken and input to the
block division unit 102.

878 The other processes are similar to those of the encoding device of the first embodiment.

[0092]

ssz Even with this configuration, it is possible to realize video coding with higher image quality in
the decoded image when compared with the prior art, and it is possible to transmit a restored
image with image quality equivalent to that of the original image at the maximum.

[0093]

888 Next, the configuration and operation of a video decoding device according to a second
embodiment of the present invention will be described with reference to FIG.

890 FIG. 6 is a block diagram showing the configuration of a video decoding device according to
the second embodiment of the present invention.

[0094]

895 The difference with respect to the configuration of the decoding device of the first
embodiment shown in FIG. 3 is that the half pixel generating unit 320 is replaced by a super-
resolution processing unit 1020 .

898 A high-resolution image with high image quality can be restored by adding together a low-
resolution image 331 decoded from the lower layer bit stream 131 that has been super-
resolution processed by the super-resolution processing unit 1020 and an image decoded
from the upper layer bit stream 900.

[0095]

905 As described above, by using the video encoding device and decoding device of this
embodiment, it is possible to realize transmission using image data with higher image quality
than with conventional techniques, similar to the first embodiment.
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[0096]

912 1 is a block diagram showing a configuration of a video encoding device according to a first
embodiment of the present invention.

914 1 is a block diagram illustrating a hardware configuration of a video encoding device
according to a first embodiment of the present invention.

916 1 is a block diagram showing a configuration of a video decoding device according to an
embodiment of the present invention;

918 1 is a block diagram illustrating a hardware configuration of a video encoding device
according to a first embodiment of the present invention.

920 FIG. 11 is a block diagram showing a configuration of a video encoding device according to a
second embodiment of the present invention.

922 FIG. 11 is a block diagram showing the configuration of a video decoding device according to
a second embodiment of the present invention.

924 FIG. 1 is a diagram illustrating an example of the configuration of an SNR scalability encoding
device.

926 FIG. 1 is a diagram illustrating an example of the configuration of an SNR scalability decoding
device.

928 FIG. 1 is a diagram illustrating an example of the configuration of a spatial scalability coding
device.

930 FIG. 1 is a diagram illustrating an example of the configuration of a spatial scalability
decoding device.

932 Explanation of symbols

[0097]

936 100,500... Input image 101... Original image memory 102,112... Block division unit
103,113,304,314... Prediction unit 104,114... Frequency conversion unit 105,115...
Quantization unit 106,116... Variable length coding unit 107,117,301,311... Inverse
quantization unit 108,118,302,312... Inverse frequency conversion unit 109,119,303,313...
Reference image memory 110,700... Downsampling unit 120... Super-resolution processing
unit 121,321... Half pixel generation unit 130,710,900... Upper layer bit stream 131,711...
Lower layer bit stream 201... Video coding device 202,402... Processor 203,403... Memory
204, 404...input interface (I/F) 205, 405...input device 206, 406...output interface (I/F) 207,
407...output device 300, 310...variable length decoding section 330, 1010...high resolution
image 331...low resolution image 401...video decoding device 501, 511..DCT section 502,
512...Q section 503, 513...VLC section 504, 514, 601, 603, 801, 811..1Q section 505, 515,
604, 802, 812..IDCT section 506, 516, 605, 803, 813...FM section 507, 517, 606, 804,
814..MC section 510...Delay section 540: Enhancement bit stream 54 1: Low SNR bit stream
600, 602, 800, 810: VLD section 701: Upsampling section.
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