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IMAGE ENCODING DEVICE AND IMAGE 
ENCOOING METHOD 

BACKGROUND OF THE INVENTION 

0001 
0002 The present invention relates to a digital image sig 
nal encoding device, a digital image signal decoding device, 
a digital image signal encoding method, and a digital image 
signal decoding method used for an image compression 
encoding technology or a compressed image data transmis 
sion technology. 
0003 2. Description of the Related Art 
0004 An international standard video encoding system 
such as MPEG or ITU-TH.26x (e.g., “Information Technol 
ogy Coding of Audio-Visual Objects Part 10: Advanced 
Video Coding.” ISO/IEC 14496-10, 2003 (hereinafter, 
referred to as Non-Patent Document 1)) has conventionally 
been premised on use of a standardized input signal format 
called a 4:2:0 format. The 4:2:0 format is a format where a 
color moving image signal of RGB or the like is converted 
into a luminance component (Y) and two chrominance com 
ponents (Cb, Cr), and the number of chrominance component 
samples is reduced to half of luminance components both in 
horizontal and vertical directions. The chrominance compo 
nent is inferior to the luminance component in visibility. 
Accordingly, the conventional international standard video 
encoding system has been based on the premise that the 
amount of original information to be encoded is reduced by 
downsampling chrominance components before encoding is 
executed as mentioned above. On the other hand, recent 
increases in resolution and gradation of a video display have 
been accompanied by studies on a system for performing 
encoding by maintaining the number of samples equal to that 
of luminance components without downsampling chromi 
nance components. A format where the numbers of lumi 
nance and chrominance component samples are completely 
equal is called a 4:4:4 format. The conventional 4:2:0 format 
has been limited to Y. Cb, and Cr color space definitions 
because of the premise of downsampling of chrominance 
components. In the case of the 4:4:4format, however, because 
there is no sample ratio distinction between color compo 
nents, R, G, and B can be directly used in addition to Y. Cb, 
and Cr, and a plurality of color space definitions can be used. 
An example of a video encoding system targeting the 4:4:4 
format is, Woo-Shik Kim, Dae-Sung Cho, and Hyun Mun 
Kim, “INTER-PLANE PREDICTION FOR RGB VIDEO 
CODING,” ICIP 2004, October 2004 (hereinafter, referred to 
as Non-Patent Document 2). Non-Patent Document 2 pro 
poses an approach of reducing a size of data which is to be 
encoded by performing prediction between different color 
components by employing a correlation remaining between 
the color components. However, a degree of the correlation 
between the color components varies depending on types of 
Video contents and color spaces, and the prediction might 
adversely affects in terms of encoding efficiency. Further, the 
signal processing is required over a plurality of color compo 
nents so such a problem arises in that parallel processing 
efficiency deteriorates in, for example, executing a real time 
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processing of video signals having an extremely high resolu 
tion as a digital cinema picture (having 4000x2000 pixels). 

SUMMARY OF THE INVENTION 

0005. In a high 4:2:0 profile encoding the 4:2:0 format of 
MPEG-4 advanced video coding (hereinafter, referred to as 
AVC) of the Non-Patent Document 1, in a macroblock area 
composed of luminance components of 16x16 pixels, corre 
sponding chrominance components are 8x8 pixel blocks for 
both Cb and Cr. In motion compensation prediction of the 
high 4:2:0 profile, block size information which becomes a 
unit of motion compensation prediction only for the lumi 
nance components, reference image information used for pre 
diction, and motion vector information of each block are 
multiplexed, and motion compensation prediction is carried 
out for chrominance components by the same information as 
that of the luminance components. The 4:2:0 format has char 
acteristics in color space definition that almost all pieces of 
structure information (texture information) of an image is 
integrated into a luminance component, distortion visibility is 
lower for a chrominance component than for the luminance 
component, and a contribution to video reproducibility is 
Small, and prediction and encoding of the high 4:2:0 profile 
are based on such characteristics of the 4:2:0 format. How 
ever, in the case of the 4:4:4 format, three color components 
equally hold texture information. The system for performing 
motion compensation prediction in inter prediction mode 
depending only on one component and based on reference 
image information and motion vector information is not nec 
essarily an optimal method in the 4:4:4format where the color 
components make equal contributions in representing a struc 
ture of an image signal. 
0006. As described by way of the above related art, it is an 
object of the present invention to provide an encoding device, 
a decoding device, an encoding method, and a decoding 
method that enhance optimality in a case of encoding moving 
image signals having no sample ratio distinction between 
color components such as a 4:4:4 format. 
0007 According to the present invention, in a case of 
conducting compression encoding by inputting digital mov 
ing image signals of the 4:4:4 format, there are prepared a first 
encoding process of encoding three color component signals 
of the input moving image signals in a common encoding 
mode and a second encoding process of encoding the three 
color component signals of the input moving image signals in 
respective independent encoding modes. The encoding pro 
cess is executed by selecting any one of the first encoding 
process and the second encoding process, and the compres 
sion data contains an identification signal for specifying 
which process is selected. 
0008 Further, in a case of decoding the compression data 
of the digital moving image signals of the 4:4:4 format there 
are prepared a first decoding process of decoding the three 
color component signals in the common encoding mode, and 
a second decoding process of decoding the three color com 
ponent signals in the respective independent encoding modes. 
The decoding process is executed by decoding the identifica 
tion signal specifying whether the three color component 
signals are encoded from the compression data in the com 
mon encoding mode or in the respective independent encod 
ing modes, and employing any one of the first decoding 
process and the second decoding process in accordance with 
the identification signal. 
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0009. According to the present invention, in a case of 
performing encoding that uses multiple color spaces without 
being limited to the fixed color spaces of Y. Cb, Cr, etc., it is 
possible to flexibly select inter prediction mode information 
to be used for the respective color components, and to conduct 
an optimal encoding process even in a case where there are 
diverse definitions of the color spaces. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010. In the accompanying drawings: 
0011 FIG. 1 is an explanatory diagram showing a hierar 
chical structure of video signals consisting of a sequence, a 
group of pictures (GOP), a picture, a slice, and a macroblock; 
0012 FIG. 2 is an explanatory diagram showing a struc 
ture of macroblock encoded data; 
0013 FIG. 3 is an explanatory diagram showing three 
color components structuring the macroblock in a case of a 
“common encoding process'; 
0014 FIG. 4 is an explanatory diagram showing the three 
color components structuring the macroblock in a case of an 
“independent encoding process'; 
0015 FIG. 5 is an explanatory diagram showing a time 
directional motion prediction reference relation between the 
pictures in “common encoding and “independent encod 
ing: 
0016 FIG. 6 is an explanatory diagram showing an 
example structure of a bit stream according to a first embodi 
ment of the present invention; 
0017 FIG. 7 is an explanatory diagram showing an 
example structure of the bit stream of slice data according to 
the first embodiment of the present invention; 
0018 FIG. 8 is a schematic structural diagram of an 
encoding device according to the first embodiment of the 
present invention; 
0019 FIG. 9 is an internal configuration diagram of a first 
picture encoding unit 5: 
0020 FIGS. 10(a) to 10(h) are an explanatory diagrams 
showing seven types of block sizes with each of which motion 
compensation prediction is conducted; 
0021 FIG. 11 is an internal structural diagram of a second 
picture encoding unit 7; 
0022 FIG. 12 is a schematic structural diagram of a 
decoding device according to the first embodiment of the 
present invention; 
0023 FIG. 13 is an internal structural diagram of a first 
picture decoding unit 302; 
0024 FIG. 14 is an internal structural diagram of a second 
picture decoding unit 304; and 
0025 FIG. 15 is an explanatory diagram showing an 
example of how picture data for the three color components is 
allocated. 

DESCRIPTION OF THE EMBODIMENTS 

First Embodiment 

0026. A first embodiment will exemplify an encoding 
device that efficiently encodes video signals in a 4:4:4 format 
which is not restricted by a specified color space, and a 
decoding device that receives encoded bit streams generated 
by the encoding device decodes the image signals. The encod 
ing device in the first embodiment receives the video signals 
including three color components such as RGB, XYZ and 
YCbCr, and outputs the bit streams by conducting compres 
sion encoding. As illustrated in FIG. 1, the input video signals 
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are expressed as time-series data of screen information (here 
inafter, referred to as picture) defined by a frame-by-frame 
basis or a field-by-field basis through time-sampling. A data 
unit, on which the pictures are arranged in time series, is 
referred to as sequence. The sequence may be divided into 
some groups of pictures (GOPs). The GOPs are utilized for 
applications such as assuring execution of decoding from an 
arbitrary head GOP without depending on other GOPs and 
assuring a random access to the bit stream. The picture is 
further divided into square blocks called macroblocks, and 
Video compression is performed on a macroblock basis in a 
way that applies a prediction/transform/quantization process. 
0027. Further, a unit on which a plurality of macroblocks 
are aggregated is called a slice. The slice is a data unit on 
which the encoding and decoding can be independently 
executed in each slice. For example, when processing the 
Video signals having a resolution equal to or higher than a 
high definition television (HDTV) in real time, the single 
picture is sliced into a plurality of slices, a period of comput 
ing time is reduced by encoding/decoding the respective 
slices in parallel, and the bit streams are transmitted via a line 
having a high error ratio. In this case, the slice is utilized for 
Such an application that if a decoded image is disturbed 
because of a certain slice being destructed as affected by an 
error, a proper decoding process is restored from the next 
slice. Generally, the prediction using signal dependency on 
the neighboring slice cannot be applied at a boundary 
between the slices, and hence encoding performance declines 
as the number of slices increases. Such a characteristic, how 
ever, exists that flexibility of the parallel processing and the 
error resilience increase. 

0028. The video compression is carried out by applying 
the prediction/transform/quantization process on the macrob 
lock basis, and therefore the encoded data of the macroblock 
multiplexed on the bit stream consists of roughly two types of 
information. One type of information is a category called side 
information different from the video signal itself such as 
parameters for a prediction mode, motion prediction infor 
mation, and quantization, and this category of information is 
generically called a macroblock header. Another type of 
information is information of the video signal itself. Accord 
ing to the first embodiment of the present invention, the video 
signal to be encoded is compressed data of a prediction error 
signal acquired as a result of conducting the prediction/trans 
form/quantization based on the macroblock header informa 
tion. The video signal is expressed in a transform-coefficient 
quantized format and therefore will be called coefficient 
encoded data, hereinafter. FIG. 2 illustrates how the pieces of 
macroblock encoded data are arranged in the first embodi 
ment. In FIG. 2, the macroblock header contains all items of 
side information anterior to the coefficient-encoded data, 
Such as the encoding/prediction mode information of a mac 
roblock type/submacroblock type/intra prediction mode etc., 
the motion prediction information of a reference image iden 
tifying number/motion vector etc., a quantization parameter 
with respect to the transform coefficient, and a valid trans 
form coefficient existence/absence determining flag on an 
8x8 block basis. 

0029. The first embodiment of the present invention will 
exemplify: an encoding device that encodes the three color 
components, selectively based on the common macroblock 
header or based on the independent macroblock header 
according to every color component; and a decoding device 
that executes a video decoding process by receiving the bit 
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streams obtained as an output of the encoding device, and 
selecting, based on the identification information extracted 
from the bit stream by decoding the bit stream, whether the 
three color components have been encoded based on the 
common macroblock header or based on the independent 
macroblock header for each color component. The first 
embodiment of the present invention will particularly exem 
plify, with reference to specific drawings, configurations and 
operations of the encoding device and the decoding device 
that perform encoding and decoding by Switching over on a 
sequence basis an operation of encoding and decoding the 
three color component signals based on the common macrob 
lockheader, and an operation of encoding and decoding those 
color signals based on the independent macroblock header 
according to every color component. The encoding device 
and the decoding device are thus constructed, thereby 
enabling the color components to be encoded by selecting a 
case of encoding the color components inaccordance with the 
color space in which the input video signals are defined and 
with a statistical characteristic of the video signals by use of 
the common prediction parameters, and a case of encoding 
the color components by the independent prediction param 
eters. It is therefore possible to optimally encode the video 
signals in the 4:4:4 format. 
0030 Hereinafter, the process of encoding the three color 
component signals of one frame or one field by the common 
macroblock header is referred to as “common encoding pro 
cess.” and a process of encoding the three color component 
signals of one frame or one field by the individual indepen 
dent macroblockheader is referred to as “independent encod 
ing process.” Similarly, the process of decoding the image 
data from the bit streams to which the three color component 
signals of one frame or one field are encoded by the common 
macroblock header is referred to as “common decoding pro 
cess.” and the process of decoding the image data from the bit 
streams to which the three color component signals of one 
frame or one field are encoded by the individual independent 
macroblock header is referred to as “independent decoding 
process. In the common encoding process, the three color 
components of one frame or one field are collectively defined 
as one picture and are divided into the macroblocks each 
consisting of an aggregation of the three color components 
(FIG. 3). In FIG. 3 and the following description, the three 
color components are called C0, C1, and C2 components. On 
the other hand, in the independent encoding process, the input 
Video signals of one frame or one field are separated into the 
three color components each defined as a picture, and each 
picture is divided into the macroblocks consisting of the 
single color component (FIG. 4). In other words, the macrob 
lock as a target of the common encoding process includes 
samples (pixels) of the three color components of C0, C1, and 
C2, but, the macroblock as a target of the independent encod 
ing process includes only the samples (pixels) of any one 
component of the C0, C1, and C2 components. 
0031 FIG.5 illustrates a motion prediction reference rela 
tion in a time direction between the pictures in the encoding 
device/decoding device according to the first embodiment of 
the present invention. In this example, the data unit indicated 
by a bold vertical line represents the picture, and a relation 
between the picture and an access unit is indicated by a dotted 
line. In the case of the common encoding/decoding process, 
as described above, one picture is the data representing the 
Video signals consisting of the aggregations of the three color 
components. In the case of the independent encoding/decod 
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ing process, one picture is the video signals consisting of any 
one color component. The access unit is a minimum data unit 
for providing time stamp aiming at, for example, synchroniz 
ing the video signals with audio/sound information etc. In the 
case of the common encoding/decoding process, one access 
unit includes the data for one picture. On the other hand, in the 
case of the independent encoding/decoding process, one 
access unit includes three pictures. This is because, in the case 
of the independent encoding/decoding process, regeneration 
video signals for one frame are not obtained till the pictures of 
all the three color components at the same display time 
become available. Note that numbers attached to the top of the 
respective pictures indicate a time-directional encoding/de 
coding process sequence (corresponding to frame num of 
AVC) of the pictures. In FIG. 5, an arrow between the pictures 
indicates a reference direction of the motion prediction. To be 
specific, in the case of the independent encoding/decoding 
process, the motion prediction reference between the pictures 
included in the same access unit and the motion prediction 
reference between the different color components are not 
performed but the encoding/decoding process are performed 
while performing the prediction reference by limiting the 
pictures of the color components of C0, C1, and C2 to the 
signals of the same single color component. With this struc 
ture, in the case of the independent encoding/decoding pro 
cess according to the first embodiment of the present inven 
tion, each color component can be encoded and decoded 
without depending on the encoding/decoding process of other 
color components at all, thereby facilitating the parallel pro 
cessing. 
0032. The identification information indicating whether 
the encoding based on the common encoding process is car 
ried out or the encoding based on the independent encoding 
process is carried out will hereinafter be referred to as com 
mon encoding/independent encoding identification signal 1. 
0033 FIG. 6 shows one example of a structure of the bit 
stream generated by the encoding device according to the first 
embodiment of the present invention and serving as a target of 
a receiving/decoding process by the decoding device accord 
ing to the first embodiment. FIG. 6 illustrates the structure of 
the bit stream from the sequence to a slice level. First, a 
higher-order header of the sequence level (sequence param 
eter set in the case of AVC) is multiplexed on the common 
encoding/independent encoding identification signal 1. AUD 
represents an Access Unit Delimiter NAL unit which is a 
unique NAL unit for identifying an access unit delimiter in 
the AVC. The AUD is information specifying the head of the 
access unit and can be, without depending on the data format 
of the AUD of the AVC, applied to an arbitrary data format if 
conformable to its purpose. For example, the AUD corre 
sponds to a picture start code according to the MPEG-2 stan 
dards and to a VOP start code according to the MPEG-4 
standards. 

0034. When the common encoding/independent encoding 
identification signal 1 indicates "common encoding process.” 
the access unit contains the encoded data for one picture. The 
picture at this time is the data representing the video signals 
for one frame or one field, which consist of the aggregations 
of the three color components as described above. The actual 
video encoded data is multiplexed on the bit stream on the 
slice basis of FIG. 1. On the other hand, when the common 
encoding/independent encoding identification signal 1 indi 
cates the “independent encoding process, one picture is the 
Video signal for any one color component in one frame or one 
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field, and one access unit includes the three pictures. In this 
case, the slice is defined with respect to the picture of each 
color component. 
0035 FIG. 7 illustrates structures of the bit streams of the 
slice data in the case of the common encoding process and in 
the case of the independent encoding process, respectively. In 
the bit stream encoded by the independent encoding process, 
in order to attain an effect that will be described later, a color 
component identification flag 2 (color channel idc) is pro 
vided to aheader field at the head of the slice data such that the 
slice is distinguishable as to which color component picture 
the slice data received by the decoding device belongs to. The 
slices having the same values are grouped by identification 
flag 2. In other words, none of encoding/decoding depen 
dency (e.g., motion prediction reference, context modeling/ 
generation probability learning of CABAC, etc.) is provided 
between the slices having different values of the color com 
ponent identification flag 2. This rule ensures the indepen 
dence of the individual picture within the access unit in the 
case of the independent encoding process. Further, frame 
num (encoding/decoding processing sequence of the picture 
to which the slice belongs) multiplexed on each slice header 
takes the same value in the full-color component pictures 
within one access unit. 
0036 FIG. 8 illustrates an outline of the configuration of 
the encoding device according to the first embodiment of the 
present invention. In FIG. 8, a first picture encoding unit 5 
executes the common encoding process, and second picture 
encoding units 7a to 7c (provided for the three color compo 
nents) execute the independent encoding process. 
0037. Input video signals 3 are supplied to any one of the 

first picture encoding unit 5, a color component separating 
unit 6, and the second picture encoding units 7a to 7c via a 
switch (SW) 4. The switch 4 is activated by the common 
encoding/independent encoding identification signal 1 and 
Supplies the input video signals 3 to a designated path. 
0038. The common encoding/independent encoding iden 

tification signal 1 is a signal that, when the input video signal 
takes the 4:4:4 format, is multiplexed on the sequence param 
eter set and selects the common encoding process and the 
independent encoding process on the sequence basis. The 
common encoding/independent encoding identification sig 
nal 1 is multiplexed on the sequence parameter set in a bit 
stream 11 as information that designates which process has 
been employed to generate the bit stream 11. This structure 
enables the decoding device, which receives the bit stream 11, 
to execute the common decoding process when the bit stream 
11 is generated by use of the common encoding process by 
decoding the common encoding/independent encoding iden 
tification signal 1 in the sequence parameter set and checking 
the value thereof, and to execute the independent decoding 
process when the bit stream 11 is generated by use of the 
independent encoding process. 
0039. If the common encoding/independent encoding 
identification signal 1 indicates "common encoding process.” 
in the first picture encoding unit 5, the input video signals 3 
are divided into the macroblocks in the form of aggregating 
the samples of the three color components as illustrated in 
FIG. 3, the encoding process on the macroblock basis is 
executed, and the encoded data is output as a bit stream 8. The 
encoding process by the first picture encoding unit 5 will be 
described later. 
0040. If the common encoding/independent encoding 
identification signal 1 designates “independent encoding pro 

Jul. 17, 2008 

cess, the input video signals 3 are separated into the signals 
of the color components of C0, C1, and C2 by the color 
component separating unit 6 and are Supplied to the second 
picture encoding units 7a to 7c corresponding to the respec 
tive color components. In the second picture encoding units 
7a to 7c, the signals separated according to every color com 
ponent are divided into the macroblocks taking the format 
shown in FIG.4, and the encoding process on the macroblock 
basis is executed, whereby the signals are output as bit 
streams 9a to 9c. The encoding process by the second picture 
encoding units 7a to 7c will be described later. 
0041. In a multiplexing unit 10, the common encoding/ 
independent encoding identification signal 1 is added to the 
sequence parameter set and is multiplexed on the bit stream 
11. In the multiplexing unit 10, any one of the bit stream 8 and 
the bit streams 9a to 9c, corresponding to the value of the 
common encoding/independent encoding identification sig 
nal 1, is selected, and the selected bit stream is multiplexed on 
the bit stream 11. 

0042. Further, though the details will be described later, 
quantization weighting coefficient information (12a to 12c) 
for quantization parameters used in a picture encoding pro 
cess, especially a quantization/inverse quantization process, 
is provided for every three color components and input to the 
respective picture encoding units in which the quantization 
process matching a characteristic of every color component is 
executed. The quantization weighting coefficients 12a to 12c 
are also sent to the multiplexing unit 10 to be multiplexed on 
the sequence parameter set in order for the decoding device to 
use the same values of the coefficients 12a to 12c as those 
employed in the encoding process. 
0043. Further, an intra only encoding instruction signal 13 

is input to the picture encoding units 5 and 7a to 7c, thereby 
controlling the encoding process. The intra only encoding 
instruction signal 13 is a signal for instructing whether the 
picture encoding unit executes the time-directional prediction 
process based on a motion compensation prediction. If the 
intra only encoding instruction signal 13 indicates "intra only 
encoding, the encoding closed within the picture is carried 
out with respect to all of the pictures of the input video signals 
3 without performing the time-directional prediction based 
on the motion compensation prediction. Further, at this time, 
an intra loop deblocking filter is simultaneously disabled 
(details will be described later) within the picture encoding 
unit. If the intra only encoding instruction signal 13 indicates 
“non intra only encoding, an inter-encoding process using an 
intra picture/inter-picture correlation is executed with respect 
to the pictures of the input video signals 3 by also employing 
the time-directional prediction based on the motion compen 
sation prediction. The multiplexing unit 10 adds the intra only 
encoding instruction signal 13 to the sequence parameter set 
and thus multiplexes the sequence parameter set with the bit 
stream 11. With this multiplexing, the decoding device 
receiving the bit stream 11 decodes the intra only encoding 
instruction signal 13 contained in the sequence parameter set 
and checks its value, whereby it can be recognized whether 
the bit stream 11 is intra only-encoded or not. Therefore, if the 
bit stream 11 is intra only-encoded, the intra loop deblocking 
filter process can be made unnecessary, and a computing 
amount of the decoding device can be reduced. 
0044) The intra encoding process of the AVC requires 
approximately a two-fold to ten-fold encoding amount as 
compared with the inter-encoding process, and hence the data 
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encoded by “intra only encoding has a data size that is 
considerably larger than the data encoded by “non intra only 
encoding.” 
0045. The conventional decoding device provides an 
upper limit to the data size enabling the decoding process to 
be executed, and reduces an operation speed and a required 
memory size in the device to the greatest possible degree, 
thereby scheming to stabilize the operation. Therefore, in the 
case of “intra only encoding,” there is a possibility that the 
data exceeding the set upper limit might be input, resulting in 
a problem of being disabled to determine whether the stable 
operation can be performed or not. 
0046. This being the case, a flag for showing whether the 
encoded data is less than or exceeds a predetermined amount, 
is provided in the sequence parameter set. A determining 
process is done based on the flag, and, if the encoded data is 
Smaller than the predetermined amount, even the conven 
tional decoding device is assumed to be capable of processing 
and therefore the decoding process is executed. If the encoded 
data exceeds the predetermined amount, it is assumed that the 
conventional decoding device may not execute the stable 
process, and consequently a process such as alarming can be 
taken. 
0047 Moreover, image size information 14 of the input 
Video signal 3 is input to the picture encoding units 5 and 7a 
to 7c, and is configured to control the encoding process. The 
image size information 14 is information representing the 
number of intra picture macroblocks of the input video signal 
3, which is controlled to set an upper limit value of the number 
of the macroblocks contained in the slice if a value of the 
information 14 is larger thana predetermined threshold value, 
and to prevent the slice from containing a larger number of 
macroblocks than the upper limit value. The imageSize infor 
mation 14 is added to the sequence parameter set, and the 
sequence parameter set is multiplexed on the bit stream 11. 
With this multiplexing, if the picture size of the input video 
signal 3 is large (i.e., a spatial resolution is high), both of the 
encoding device and the decoding device can specify unit 
which can be a parallel processed and can assign tasks 
Smoothly. 
0048. Hereinafter, the operations of the first and second 
picture encoding units will be explained in detail. 

Outline of Operation of First Picture Encoding Unit 
0049 FIG. 9 illustrates an internal configuration of the 

first picture encoding unit 5. In FIG.9, it is assumed that the 
input video signal 3 takes the 4:4:4 format and is encoded on 
the macroblock basis in the format of FIG. 3, where the 
macroblock consists of the aggregation of the three color 
components. The internal processing differs depending on the 
value of the intra only encoding instruction signal 13. 
0050 (1) Case of Intra Only Encoding Instruction Signal 
13 Indicating "Non Intra Only Encoding 
0051. The prediction unit 15 selects a reference image 
from among motion compensation prediction reference 
image data stored in the memory 16, and executes a motion 
compensation prediction process on the macroblock basis. 
The memory 16 is stored with a plurality of pieces of refer 
ence image data each consisting of the three color compo 
nents over a plurality of points of time of the most recent past 
or the past and the future. The prediction unit 15 performs the 
motion prediction by selecting an optimal reference image on 
the macroblock basis from among those reference images. As 
to the allocation of the reference image data in the memory 
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16, the data may be stored separately plane-Sequentially 
according to every color component, and the samples of the 
respective color components may also be stored dot-sequen 
tially. Seven types of block sizes subjected to the motion 
compensation prediction are provided. First, as illustrated in 
FIGS. 10(a) to 10(d), any size of 16x16, 16x8, 8x16, and 8x8 
is selected on the macroblock basis. Further, when the 8x8 
size is selected, as illustrated in FIGS. 10(e) to 10(h), any size 
of 8x8, 8x4, 4x8, and 4x4 is selected for every 8x8 block. In 
the common encoding process executed by the first picture 
encoding unit 5, the motion compensation prediction block 
size common to the three color components is selected and 
applied. 
0.052 The prediction unit 15 executes the motion compen 
sation prediction process on the macroblock basis with 
respect to all or part of the block sizes/sub-block sizes of FIG. 
10, a motion vector in a predetermined search range, and one 
or more pieces of usable reference images, thereby outputting 
prediction overhead information 17 containing the motion 
vector and a reference image index used for the prediction and 
a predicted image 33. A subtracter 18 obtains a prediction 
difference signal 19 for every block that serves as a motion 
compensation prediction unit from the predicted image 33 
and the input video signal 3. an encoding mode determining 
unit 20 carries out a selecting process from the prediction 
process executed by the prediction unit 15, and outputs the 
selected prediction difference signal 19 and a macroblock 
type/sub-macroblock type 21. All items of macroblock 
header information such as the macroblock type, the Sub 
macroblock type, the reference image index, and the motion 
vector are determined as the header information common to 
the three color components. The macroblockheader informa 
tion is used in common for encoding the three color compo 
nents and is multiplexed on the bit stream 8. In a case of 
evaluating the optimality of the prediction efficiency, for the 
purpose of restraining the computing amount, only a predic 
tion error amount for a certain predetermined color compo 
nent (e.g., the G-component of R, G, and B, and the Y-com 
ponent of Y. Cb, and Cr) may also be evaluated, and the 
prediction error amounts for all of the color components may 
also be comprehensively evaluated in order to acquire the 
optimal prediction performance, though the computing 
amount is increased. 

0053 Similarly, the prediction unit 15 executes the intra 
prediction. When the prediction unit 15 executes the intra 
prediction, intra prediction mode information is output to the 
signal 17. 
0054 Hereinafter, unless there is no particular distinction 
between the intra prediction and the motion compensation 
prediction, the signal 17 is called the prediction overhead 
information. Note that the reference image data for conduct 
ing the intra prediction involves using a local decoded image 
23 before being subjected to the process of a deblocking filter 
22 (though not illustrated, the local decoded image 23 is used 
as the reference image data for the intra prediction and is 
therefore temporarily stored in the prediction unit 15 and the 
like). An intra prediction mode common to the three color 
components is selected and applied to the common encoding 
process executed by the first picture encoding unit 5. As for 
the intra prediction, the prediction error amount only for the 
predetermined color component may be evaluated, and the 
prediction error amounts for all of the color components may 
also be comprehensively evaluated. Finally, the encoding 
mode determining unit 20 selects, by evaluating in terms of 
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the prediction efficiency or the encoding efficiency, whether 
the macroblock type is set to the intra prediction or the inter 
prediction. 
0055 A transformation unit 24 transforms the prediction 
difference signal 19 and outputs the transformed signal as a 
transform coefficient to a quantization unit 25. In this case, a 
block size serving as a unit for conducting the transform may 
be selected from among a plurality of candidate sizes such as 
4x4 and 8x8. In the case of making the transformation block 
size selectable, the block size selected when encoded is 
reflected in a value of the transformation block size designa 
tion flag 26, and the flag 26 is multiplexed on the bit stream 8. 
The quantization unit 25 quantizes the transform coefficient 
to be input on the basis of the quantization parameter 27 and 
the quantization weighting coefficients 12a to 12c, and out 
puts the quantized result as a quantized transform coefficient 
28 to a variable length encoding unit 29 and a inverse quan 
tization unit 30. 
0056. The process of the quantization unit 25 will be 
described. The transform coefficient transformed into a signal 
of a frequency domain from that of a spatial domain by the 
transformation unit 24 is separated into a low frequency 
domain where distortion is easy to be caught by eyes in terms 
of visual characteristics of a man and a high frequency 
domain where the distortion is hard to be detected. Thus, 
every frequency domain is weighted. Fine quantization is 
conducted in the low frequency domain, while coarse quan 
tization is conducted in the high frequency domain, whereby 
the quantization process adapted to the visual characteristics 
of the man can be realized. The quantization weighting coef 
ficients 12a to 12c are the weighting parameters given in 
every frequency domain. 16 weighting parameters are used 
for transforming the 4x4 block size, and 64 weighting param 
eters are used for transforming the 8x8 block size. As 
described above, the quantization weighting coefficients 12a 
to 12c are multiplexed on the sequence parameter set. In the 
case of executing the “common encoding process.” however, 
the same quantization weighting coefficient is used for the 
three color components. Accordingly, there is no necessity of 
multiplexing the three coefficients 12a, 12b, and 12c, and it is 
Sufficient to multiplex only one coefficient. The quantization 
unit 25 executes the quantization process in which the trans 
form coefficients of the three color components are weighted 
by use of the quantization weighting coefficients 12a to 12c, 
thereby obtaining the quantized transform coefficient 28. 
0057 The quantized transform coefficient 28 for the three 
color components is entropy-coded by the variable length 
encoding unit 29 using measures such as Huffman coding and 
arithmetic coding. 
0058. Further, the quantized transform coefficient 28 is 
restored to a local decoded prediction difference signal 32 via 
the inverse quantization unit 30 and a inverse transform unit 
31. Then, in an adder 34, the signal 32 is added with a 
prediction image 33 generated based on the selected macrob 
lock type/sub-macroblock type 21 and the prediction over 
head information 17, thereby generating the local decoded 
image 23. The local decoded image 23 is, after being sub 
jected to a block distortion removing process in the deblock 
ing filter 22, stored in the memory 16 in order to be employed 
for the Subsequent motion compensation prediction process. 
0059. The quantized transform coefficient 28, the macrob 
lock type/sub-macroblock type 21, the prediction overhead 
information 17, and the quantization parameter 27, which are 
input to the variable length encoding unit 29, are arranged and 
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shaped according to a predetermined syntax of the macrob 
lock encoded data, and are packetized (also called NAL unit 
ization in the AVC) on the unit of the slice data consisting of 
one macroblock or the aggregation of the plurality of mac 
roblocks in the format shown in FIG.3. Then, the data packets 
are output as the bit stream 8. 
0060 (2) Case of Intra Only Encoding Instruction Signal 
13 Indicating “Intra Only Encoding 
0061 The prediction unit 15 executes only the intra pre 
diction process described in the item (1). When the intra 
prediction is executed, the intra prediction mode information 
is output to the prediction overhead information 17. Note that 
the reference image data for conducting the intra prediction 
involves using the local decoded image 23 before being sub 
jected to the process of the deblocking filter 22 (though not 
illustrated, the local decoded image 23 is used as the reference 
image data for the intra prediction and is therefore tempo 
rarily stored in the prediction unit 15 and the like). The intra 
prediction mode common to the three color components is 
selected and applied to the common encoding process 
executed by the first picture encoding unit 5. The encoding 
mode determining unit 20 selects the intra prediction mode by 
evaluating in terms of the prediction efficiency or the encod 
ing efficiency. 
0062. The encoding mode determining unit 20 outputs the 
selected prediction difference signal 19 to the transformation 
unit 24. The transformation unit 24 transforms the prediction 
difference signal 19 to be input and outputs the transformed 
signal as a transform coefficient to the quantization unit 25. In 
this case, the block size serving as the unit for conducting the 
transform may be selected from among the plurality of can 
didate sizes such as 4x4 and 8x8. The AVC is configured so 
that a prediction target block of the intra prediction mode is 
adjusted to the transformation block size. In the case of mak 
ing the transformation block size selectable, the block size 
selected when encoded is reflected in the value of the trans 
formation block size designation flag 26, and the flag 26 is 
multiplexed on the bit stream 8. The quantization unit 25 
quantizes the transform coefficient to be input on the basis of 
the quantization parameter 27 and the quantization weighting 
coefficients 12a to 12c, and outputs the quantized result as the 
quantized transform coefficient 28 to the variable length 
encoding unit 29. The example of the process is as described 
above. 
0063. The quantized transform coefficient 28 for the three 
color components is entropy-coded by the variable length 
encoding unit 29 using the measures such as Huffman coding 
and arithmetic coding. 
0064. Further, the quantized transform coefficient 28 is 
restored to the local decoded prediction difference signal 32 
via the inverse quantization unit 30 and the inverse transform 
unit 31. Then, in the adder 34, the signal 32 is added with the 
prediction image 33 generated based on the prediction over 
head information 17, thereby generating the local decoded 
image 23. If the intra only encoding instruction information 
13 indicates “intra only encoding the motion compensation 
prediction is not executed, and hence the deblocking filter 22 
executes neither the process nor the writing of the data as the 
reference image to the memory 16. With this structure, access 
to the memory and the arithmetic operation needed for the 
process of the deblocking filter can be reduced. 
0065. The quantized transform coefficient 28, the macrob 
lock type/sub-macroblock type 21 (fixed to the intra mode), 
the prediction overhead information 17, and the quantization 
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parameter 27, which are input to the variable length encoding 
unit 29, are arranged and shaped according to the predeter 
mined syntax of the macroblock encoded data, and are pack 
etized (also called the NAL unitization in the AVC) on the unit 
of the slice data consisting of one macroblock or the aggre 
gation of the plurality of macroblocks in the format shown in 
FIG. 3. Then, the data packets are output as the bit stream 8. 
0.066 Note that the number of the macroblocks included in 
the slice is restricted not by the value of the intra only encod 
ing instruction information 13 but by the image size informa 
tion 14. The image size information 14 is input to the variable 
length encoding unit 29. The variable length encoding unit 29 
sets, based on the image size information 14, an upper limit 
value of the number of the macroblocks included in the slice. 
The variable length encoding unit 29 counts the number of the 
encoded macroblocks in advance, and, when the number of 
the macroblocks included in the slice reaches the upper limit 
value, closes the packet of the slice data. Subsequent mac 
roblocks are packetized as new slice data. 
0067 Moreover, the first picture encoding unit 5 accord 
ing to the first embodiment of the present invention does not 
provide the color component identification flag 2 in the slice 
data because of its being recognizable from the common 
encoding/independent encoding identification signal 1 that 
all pieces of the slice data in the sequence can be defined as 
C0, C1, and C2 aggregated slices (i.e., the slices each con 
sisting of the aggregation of the three color component infor 
mation). 

Outline of Operation of Second Picture Encoding Unit 
0068 FIG. 11 illustrates an internal configuration of the 
second picture encoding unit 7a. In FIG. 11, it is assumed that 
an input video signal 3a is input on the macroblock basis, the 
macroblock consisting of the samples of the C0 component in 
the format shown in FIG. 4. The second picture encoding 
units 7b, 7c have absolutely the same internal configuration 
except for handling input video signals 3b (C1 component) 
and 3c (C2 component) in place of the input video signal 3a. 
Therefore, an operation of the second picture encoding unit 
will hereinafter be described by way of a representative 
example of the second picture encoding units 7a. 
0069 (3) Case of Intra Only Encoding Instruction Signal 
13 Indicating "Non Intra Only Encoding 
0070 A prediction unit 115 selects a reference image from 
among motion compensation prediction reference image data 
stored in a memory 116, and executes a motion compensation 
prediction process on the macroblock basis. The memory 116 
can be stored with a plurality of pieces of reference image 
data each consisting of the single color component over a 
plurality of points of time Such as the most recent past or the 
past and the future. The prediction unit 115 performs the 
motion prediction by selecting an optimal reference image on 
the macroblock basis from among those reference images. 
Note that each of the second picture encoding units 7a to 7c 
can be configured so as to employ only the reference image 
data for each target color component and not to access the 
reference image data of other color components. Hence, the 
memory 116 may take not the configuration of providing the 
memories for the three color components, respectively, but a 
configuration of aggregating the memories into one memory. 
Further, in the sequence where the second picture encoding 
units 7a to 7c execute the encoding process, the first picture 
encoding unit 5 does not operate, and therefore the memory 
116 is configured to be shared with the memory 16. Seven 
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types of block sizes Subjected to the motion compensation 
prediction are provided. First, as illustrated in FIGS. 10(a) to 
10(d), any size of 16x16, 16x8, 8x16, and 8x8 is selected on 
the macroblock basis. Further, when the 8x8 size is selected, 
as illustrated in FIGS. 10(e) to 10(h), any size of 8x8, 8x4, 
4x8, and 4x4 is selected for every 8x8 block. In the indepen 
dent encoding process executed by the second picture encod 
ing unit 7, the motion compensation prediction block sizes for 
the C0 to C2 components are individually selected and 
applied. 
0071. The prediction unit 115 executes the motion com 
pensation prediction process on the macroblock basis with 
respect to all or part of the block sizes/sub-block sizes of FIG. 
10, the motion vector in the predetermined search range, and 
one or more pieces of usable reference images, thereby out 
putting prediction overhead information 117 containing the 
motion vector and a reference image index used for the pre 
diction and a predicted image 133. A subtracter 118 obtains a 
prediction difference signal 119 for every block that serves as 
a motion compensation prediction unit from the predicted 
image 133 and the input video signal 13.a. an encoding mode 
determining unit 120 carries out the selecting process from 
the prediction process executed by the prediction unit 115, 
and outputs the selected prediction difference signal 119 and 
a macroblock type/sub-macroblock type 121. All items of 
macroblock header information Such as the macroblock type, 
the Sub-macroblock type, the reference image index, and the 
motion vector are determined as the header information for 
the input video signal 3a. Then, the macroblockheader infor 
mation is used for encoding and multiplexed on a bit stream 
9a. In a case of evaluating the optimality of the prediction 
efficiency, a prediction error amount with respect to the input 
Video signal 3a serving as the encoding process target is 
evaluated. 

0072 Similarly, the prediction unit 115 also executes the 
intra prediction. When the intra prediction is executed, intra 
prediction mode information is output to the signal 117. 
0073. The intra prediction mode in the respective color 
components of the input video signals 3 is selected and 
applied individually for the respective color components. 
Note that the reference image data for conducting the intra 
prediction involves using a local decoded image 123 before 
being subjected to the process of the deblocking filter 22 
(though not illustrated, the local decoded image 123 is used as 
the reference image data for the intra prediction and is there 
fore temporarily stored in the prediction unit 115). As to the 
intra prediction, the prediction error amount with respect to 
the input video signal 3a serving as the encoding processing 
target is evaluated. Finally, the encoding mode determining 
unit 120 selects, by evaluating in terms of the prediction 
efficiency or the encoding efficiency, whether the macroblock 
type is set to the intra prediction or the inter prediction. 
0074. A transformation unit 124 transforms the prediction 
difference signal 119 and outputs the transformed signal as a 
transform coefficient to a quantization unit 125. In this case, 
a block size serving as a unit for conducting the transform 
may be selected from among 4x4 and 8x8. In the AVC, a 
prediction target block in the intra prediction mode is config 
ured to be adjusted to the transformation block size. In the 
case of making the transformation block size selectable, the 
block size selected when encoded is reflected in a value of a 
transformation block size designation flag 126, and the flag 
126 is multiplexed on the bit stream 9a. The quantization unit 
125 quantizes the transform coefficient to be input on the 



US 2008/O 170793 A1 

basis of a quantization parameter 127 and the quantization 
weighting coefficient 12a, 12b, or 12c, and outputs the quan 
tized result as a quantized transform coefficient 128 to a 
variable length encoding unit 129. 
0075) Next, the process of the quantization unit 125 will be 
described. The transform coefficient transformed into a signal 
of the frequency domain from that of the spatial domain by 
the transformation unit 124 is separated into the low fre 
quency domain where the distortion is easy to be caught by 
eyes in terms of the visual characteristics of the man and the 
high frequency domain where the distortion is hard to be 
detected. Therefore, every frequency domain is weighted. 
The fine quantization is conducted in the low frequency 
domain, while the rough quantization is conducted in the high 
frequency domain, whereby the quantization process adapted 
to the visual characteristics of the man can be realized. Each 
of the quantization weighting coefficients 12a, 12b, 12c is the 
weighting parameter given in every frequency domain. 16 
weighting parameters are used for transforming the 4x4 block 
size, and 64 weighting parameters are used for transforming 
the 8x8 block size. As described above, the quantization 
weighting coefficients 12a, 12b, 12c are multiplexed on the 
sequence parameter set. In the case of executing the “inde 
pendent encoding process, however, the quantization 
weighting coefficients different among the three color com 
ponents can be used. Accordingly, all of the three coefficients 
12a, 12b, and 12c may be multiplexed, and, in the case of 
using the same value, only one coefficient may also be mul 
tiplexed together with information indicating this purpose. 
The quantization unit 125 executes the weighted quantization 
process on the transform coefficients of the three color com 
ponents by using each of the quantization weighting coeffi 
cient 12a or 12b or 12c, thereby obtaining the quantized 
transform coefficient 128. The quantized transform coeffi 
cient 128 is entropy-coded by a variable length encoding unit 
129 using measures such as Huffman coding and arithmetic 
coding. 
0076 Further, the quantized transform coefficient 128 is 
restored to a local decoded prediction difference signal 132 
via a inverse quantization unit 130 and a inverse transform 
unit 131. Then, an adder 134 adds the local decoded predic 
tion difference signal 132 to the prediction image 133 gener 
ated based on the selected macroblock type/sub-macroblock 
type 121 and the prediction overhead information 117. 
thereby generating a local decoded image 123. The local 
decoded image 123 is stored, after being subjected to the 
block distortion removing process in a deblocking filter 122, 
in the memory 116 in order to be employed for the subsequent 
motion compensation prediction process. The quantized 
transform coefficient 128, the macroblock type/sub-macrob 
lock type 121, the prediction overhead information 117 and 
the quantization parameter 127, which are input to the vari 
able length encoding unit 129, are arranged and shaped 
according to the predetermined syntax of the macroblock 
encoded data, and are packetized (also called NAL unitiza 
tion in the AVC) on the unit of the slice data consisting of one 
macroblock or the aggregation of the plurality of macrob 
locks in the format shown in FIG. 4. Then, the data packets are 
output as the bit stream 9a. 
0077 (4) Case of Intra Only Encoding Instruction Signal 
13 Indicating “Intra Only Encoding 
0078. The prediction unit 115 executes only the intra pre 
diction process described in the item (3). When executing the 
intra prediction, the intra prediction mode information is 
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output to the prediction overhead information 117. Note that 
the reference image data for conducting the intra prediction 
involves using the local decoded image 123 before being 
subjected to the process of the deblocking filter 122 (though 
not illustrated, the local decoded image 123 is used as the 
reference image data for the intra prediction and is therefore 
temporarily stored in the prediction unit 115). The intra pre 
diction in the AVC is as described above and executed with 
respect to the input video signal 3a. Therefore, the intra 
prediction mode in the respective color components of the 
input video signals 3 is selected and applied individually for 
the respective color components. The encoding mode deter 
mining unit 120 selects the intra prediction mode by evaluat 
ing in terms of the prediction efficiency or the encoding 
efficiency. 
007.9 The encoding mode determining unit 120 outputs 
the selected prediction difference signal 119 to the transfor 
mation unit 124. The transformation unit 124 transforms the 
received prediction difference signal 119 and outputs the 
transformed signal as a transform coefficient to the quantiza 
tion unit 125. In this case, the block size serving as the unit for 
conducting the transform may be selected from among the 
plurality of candidate sizes such as 4x4 and 8x8. The AVC is 
configured so that the prediction target block in the intra 
prediction mode is adjusted to the transformation block size. 
In the case of making the transformation block size select 
able, the block size selected when encoded is reflected in a 
value of the transformation block size designation flag 126, 
and the flag 126 is multiplexed on the bit stream 9a. The 
quantization unit 125 quantizes the transform coefficient to be 
input on the basis of the quantization parameter 127 and the 
quantization weighting coefficient 12a, and outputs the quan 
tized result as a quantized transform coefficient 128 to the 
variable length encoding unit 129. The example of the process 
is given as described above. 
0080. The quantized transform coefficient 128 is entropy 
coded by a variable length encoding unit 129 using measures 
Such as Huffman coding and arithmetic coding. 
I0081. The quantized transform coefficient 128 is restored 
to the local decoded prediction difference signal 132 via the 
inverse quantization unit 130 and the inverse transform unit 
131. Then, the adder 134 adds the signal 132 to the prediction 
image 133 generated based on the prediction overhead infor 
mation 117, thereby generating the local decoded image 123. 
If the intra only encoding instruction information 113 indi 
cates “intra only encoding the motion compensation predic 
tion is not executed, and hence the deblocking filter 122 
executes neither the process nor the write of the data as the 
reference image to the memory 116. With this configuration, 
the memory access and the arithmetic operation needed for 
the process of the deblocking filter can be reduced. 
I0082. The quantized transform coefficient 128, the mac 
roblock type/sub-macroblock type 121 (fixed to the intra 
mode), the prediction overhead information 117 and the 
quantization parameter 127, which are input to the variable 
length encoding unit 129, are arranged and shaped according 
to the predetermined syntax of the macroblock encoded data, 
and are packetized (also called the NAL unitization in the 
AVC) on the unit of the slice data consisting of one macrob 
lock or the aggregation of the plurality of macroblocks in the 
format shown in FIG. 4. Then, the data packets are output as 
the bit stream 9a. 

I0083. The second picture encoding units 7a to 7c accord 
ing to the first embodiment encode all pieces of slice data in 
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the sequence with the single color component slice (i.e., the 
C0 slice or the C1 slice or the C2 slice) through the common 
encoding/independent encoding identification signal 1. 
Hence, the color component identification flag 2 is invariably 
multiplexed on the head of the slice data, whereby the decod 
ing device can recognize which slice corresponds to which 
picture data in the access unit. For example, the second pic 
ture encoding unit 7a sets “0” as the value of the color com 
ponent identification flag 2, the second picture encoding unit 
7b sets “1” as the value of the color component identification 
flag 2, and the second picture encoding unit 7c sets '2' as the 
value of the color component identification flag2, and each of 
the flag values is attached to the head of the slice data. Accord 
ingly, even when serially multiplexing the bit streams 9a to 9c 
on the bit stream 11, the decoding device can readily recog 
nize which slice therein corresponds which encoded data of 
the C0 or C1 or C2 component. In other words, the second 
picture encoding units 7a to 7c can transmit the bit stream 
output any time when the data for one slice is accumulated 
without accumulating the respective bit stream outputs for 
one picture. 
0084. Note that the number of the macroblocks included in 
the slice is restricted not by the value of the intra only encod 
ing instruction information 13 but by the image size informa 
tion 14. The image size information 14 is input to the variable 
length encoding unit 129. The variable length encoding unit 
129 sets, based on the image size information 14, an upper 
limit value of the number of the macroblocks included in the 
slice. The variable length encoding unit 129 previously 
counts the number of the encoded macroblocks, and, just 
when the number of the macroblocks included in the slice 
reaches the upper limit value, closes the packet of the slice 
data. Subsequent macroblocks are packetized as new slice 
data. It should be noted that the image size information 14 has 
the same value with respect to the C0, C1, C2 components in 
the case of the 4:4:4 format, and it may therefore be enough to 
multiplex only one piece of data in the sequence parameter 
Set. 

0085. Further, the first picture encoding unit 5 and the 
second picture encoding units 7a to 7c are different in terms 
of whether to treat the macroblock header information as the 
information common to the three color components or as the 
information of the single color component, and the bit stream 
structure of the slice data. Accordingly, the transformation 
unit 24, the inverse transform unit 31, the quantization unit 
25, the inverse quantization unit 30 and the deblocking filter 
22 of FIG. 9 are realized in a way that repeats the arithmetic 
operations, for the three color components, of the transfor 
mation unit 124, the inverse transform unit 131, the quanti 
zation unit 125, the inverse quantization unit 130 and the 
deblocking filter 122 of FIG. 11. Hence, part of the internal 
configurations of the first picture encoding unit 5 and the 
second picture encoding units 7a to 7c can also be realized by 
common function blocks. Accordingly, it is feasible to actu 
alize implementation of multiform encoding devices in a way 
that repeatedly operates, e.g., the same circuits a plurality of 
times by properly combining the components of FIGS. 9 and 
11 without being limited to the completely independent 
encoding processing unit as in FIG. 8. Further, as described 
above, if the arrangement of the memory 16 in the first picture 
encoding unit 5 is provided plane-Sequentially, the reference 
image storage memory can be shared between the first picture 
encoding unit 5 and the second picture encoding units 7a to 
7. 
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I0086 FIG. 12 illustrates an outline of the configuration of 
the decoding device according to the first embodiment. In 
FIG. 12, a common decoding process is executed by a first 
picture decoding unit 302, and an independent decoding pro 
cess is executed by a color component determining unit 303 
and second picture decoding units 304 (provided for the three 
color components). 
I0087. The bit stream 11 is divided on a NAL unit basis by 
a higher-order header analyzing unit 300. Higher-order 
header information Such as the sequence parameter set and 
the picture parameter set is decoded and stored in a higher 
order header memory 305 to which the first picture decoding 
unit 302, the color component determining unit 303 and the 
second picture decoding units 304 can refer. The common 
encoding/independent encoding identification signal 1, the 
quantization weighting coefficients 12a to 12c, the intra only 
encoding instruction information 13 and the image size infor 
mation 14, which are multiplexed on the sequence basis, are 
retained as part of the sequence parameter set in the higher 
order header memory 305. 
I0088. The decoded common encoding/independent 
encoding identification signal 1 is supplied to a switch (SW) 
301. The switch 301, if the common encoding/independent 
encoding identification signal 1 indicates “being Subjected to 
the common encoding process. Supplies all of the slice NAL 
units in the sequence as the bit stream 8 to the first picture 
decoding unit 302. The switch 301, if the common encoding/ 
independent encoding identification signal 1 indicates “being 
subjected to the independent encoding process. Supplies all 
of the slice NAL units in the sequence to the color component 
determining unit 303. Detailed operations of the first and 
second picture decoding units will be described later. 
I0089. The color component determining unit 303 analyzes 
a value of the color component identification flag 2 shown in 
FIG. 7 from among the received slice NAL units, then recog 
nizes which color component picture in the present access 
unit the slice NAL units correspond to, and distributes the 
slice NAL units as bit streams 9a to 9c to the second picture 
decoding units 304a to 304c. The configuration of this type of 
decoding device has such an effect that even when receiving 
the bit streams into which the slices are interleaved and 
encoded for every color component in the access unit, it is 
readily determined which slice belongs to which color com 
ponent picture, and the encoded bit stream can be properly 
decoded. 

Outline of Operation of First Picture Decoding Unit 

0090 FIG. 13 illustrates an internal configuration of the 
first picture decoding unit 302. The first picture decoding unit 
302 receives the bit stream 11 output from the encoding 
device illustrated in FIG. 8, for example, in the format of the 
bit stream 8 built up by the slices each consisting of the 
aggregation of the three color components of C0, C1, and C2. 
The first picture decoding unit 302 restores the output video 
frame by executing the decoding process on the macroblock 
basis. The macroblock consists of the samples (pixels) of the 
three color components illustrated in FIG. 3. 
0091 A variable length decoding unit 310 receives the bit 
stream 8, decodes the bit stream 8 according to a predeter 
mined rule (syntax) and extracts, from the bit stream 8, the 
quantized transform coefficient 28 for the three color compo 
nents and the macroblock header information (the macrob 
lock type/sub-macroblock type 21, the prediction overhead 
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information 17, the transformation block size designation 
flag 26 and the quantization parameter 27) used in common to 
the three color components. 
0092. Further, the quantized transform coefficient 28 is 
input together with the quantization parameter 27 to the 
inverse quantization unit 30 that executes the same process as 
the first picture encoding unit 5, thereby performing the 
inverse quantization process is performed. In this case, the 
quantization weighting coefficients 12a to 12c used for the 
respective color components are employed by referring to the 
higher-order header memory 305. Note that if the three quan 
tization weighting coefficients 12a to 12c take the same value, 
the decoder is not necessarily required to internally have the 
coefficients as three pieces of data, and one piece of data can 
be employed in common. Subsequently, the output thereof is 
input to the inverse transform unit 31 that executes the same 
process as the first picture encoding unit 5, and the output is 
restored to the local decoded prediction difference signal 32 
(if the transformation block size designation flag 26 exists in 
the bit stream 8, this flag 26 is referred to in the inverse 
quantization process and in the inverse transform process). 
On the other hand, the prediction unit 311, referring to the 
prediction overhead information 17 in the prediction unit 15 
of the first picture encoding unit 5, includes only the process 
of generating the predicted image 33, and the macroblock 
type/sub-macroblock type 21 and the prediction overhead 
information 17 are input to the prediction unit 311, thereby 
obtaining the predicted image 33 for the three color compo 
nentS. 

0093. If the macroblock type indicates that the macrob 
lock type is the intraprediction, the predicted image 33 for the 
three color components is obtained from the prediction over 
head information 17 according to the intra prediction mode 
information. If the macroblock type indicates that the mac 
roblock type is the interprediction, the predicted image 33 for 
the three color components is obtained from the prediction 
overhead information 17 according to the motion vector and 
the reference image index. The adder 34 adds the local 
decoded prediction difference signal 32 to the predicted 
image 33, thereby acquiring a temporary decoded image 323 
for the three color components. The temporary decoded 
image 323 is used for the motion compensation prediction of 
the macroblock, and is therefore, after executing the block 
distortion removing process on the temporary decoded image 
samples for the three color components by use of the deblock 
ing filter 22 that executes the same process as the first picture 
encoding unit 5, output and stored as a decoded image 313 in 
a memory 312. The memory 312 stores a plurality of sets of 
reference image data each consisting of the three color com 
ponents over a plurality of points of time. The prediction unit 
311 generates the predicted image by selecting the reference 
image indicated by the reference image index extracted out of 
the bit stream 8 on the macroblock basis from the reference 
image data. As to the arrangement of the reference image data 
in the memory 312, these pieces of data may be stored sepa 
rately and plane-Sequentially for every color component, and 
the samples (pixels) of the respective color components may 
also be stored dot-sequentially. The decoded image 313 is 
defined as a color video frame containing the three color 
components. 
0094 Further, the first picture decoding unit 302 can be 
configured as follows. If the intra only encoding instruction 
information 13 stored in the higher-order header memory 305 
indicates "intra only encoding the reference image becomes 
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unnecessary because the motion compensation prediction 
process is not needed. So, the process performed in the 
deblocking filter 22 is skipped, and writing the reference 
image to the memory 312 is not performed. This configura 
tion enables the reduction in the memory access and the 
arithmetic operation required for the process of the deblock 
ing filtering. Even in the case of the “intra only encoding.” 
however, the deblocking filtering or similar post-processing 
filtering can be carried out as the post-processing for display 
ing the decoded image. 

Outline of Operation of Second Picture Decoding Unit 
0.095 FIG. 14 illustrates an internal configuration of the 
second picture decoding unit 304. The second picture decod 
ing unit 304 receives any one of bit streams 9a to 9c formed of 
C0, C1, or C2 slice NAL unit, to which the bit stream 11 
output from the encoding device illustrated in FIG. 8, for 
example, is allocated by the color component determining 
unit 303. The second picture decoding unit 304 executes the 
decoding process on the macroblock basis. The macroblock 
consisting of the samples of the single color component illus 
trated in FIG. 4, thereby restoring the output video frame. 
0096. A variable length decoding unit 410 receives the bit 
stream 9, decodes the bit stream 9 according to a predeter 
mined rule (syntax), and extracts the quantized transform 
coefficient 128 for the single color component and the mac 
roblock header information applied to the single color com 
ponent (the macroblock type/sub-macroblock type 121, the 
prediction overhead information 117, the transformation 
block size designation flag 126 and the quantization param 
eter 127). The quantized transform coefficient 128 is input 
together with the quantization parameter 127 to the inverse 
quantization unit 130 that executes the same process as the 
second picture encoding unit 5, thereby performing the 
inverse quantization process. As the quantization weighting 
coefficient employed in this case, based on the color compo 
nent identification flag 2 decoded by the variable length 
decoding unit 410, one quantization weighting coefficient 
corresponding to the color component concerned is selected 
from the quantization weighting coefficients 12a to 12c in the 
higher-order header memory 305, and the selected quantiza 
tion weighting coefficient is referred to. Subsequently, the 
output of the inverse quantization unit 130 is input to the 
inverse transform unit 131 that executes the same process as 
the second picture encoding unit 7, and is restored to the local 
decoded prediction difference signal 132 (if the transforma 
tion block size designation flag 126 exists in the bit stream 9. 
this flag 126 is referred to in the inverse quantization process 
and a reverse orthogonal transform process). 
0097. On the other hand, a prediction unit 411 includes 
only the process of generating the predicted image 133, refer 
ring to the prediction overhead information 117 in the predic 
tion unit 115 of the second picture encoding unit 7, and 
receives the macroblock type/sub-macroblock type 121 and 
the prediction overhead information 117, thereby obtaining 
the predicted image 133 for the single color component. If the 
macroblock type indicates the intra prediction, the predicted 
image 133 for the single color component is obtained from the 
prediction overhead information 117 according to the intra 
prediction mode information. If the macroblock type indi 
cates that macroblock type is the inter prediction, the pre 
dicted image 133 for the single color component is obtained 
from the prediction overhead information 117 according to 
the motion vector and the reference image index. The adder 
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134adds the local decoded prediction difference signal 132 to 
the predicted image 133, thereby acquiring a temporary 
decoded image 423 for the single color component. The tem 
porary decoded image 423 is used for the Subsequent motion 
compensation prediction of the macroblock. Therefore, after 
executing the block distortion removing process on the tem 
porary decoded image samples for the single color compo 
nent by use of the deblocking filter 122 that executes the same 
process as the second picture encoding unit 7, the temporary 
decoded image 423 is output as a decoded image 413 to be 
stored in a memory 412. The decoded image 413 includes 
only the samples of the single color component, and is, as 
illustrated in FIG. 5, formed as a color video frame by binding 
the respective outputs of the second picture decoding units 
304 for other color components. 
0098. Further, the second picture decoding unit 304 can be 
configured as follows. If the intra only encoding instruction 
information 113 stored in the higher-order header memory 
305 indicates that intra only encoding instruction information 
113 is “intra only encoding,” the reference image becomes 
unnecessary because the motion compensation prediction 
process is not needed. So the process performed in the 
deblocking filter 122 is skipped, and writing the reference 
image to the memory 412 is not performed. This configura 
tion enables the reduction in the memory access and the 
arithmetic operation required for the process of the deblock 
ing filtering. Even in the case of the “intra only encoding.” 
however, the deblocking filtering or similar post-processing 
filtering can be carried out as the post-processing for display 
ing the decoded image. 
0099. As apparent from the above description, the first 
picture decoding unit 302 and the second picture decoding 
unit 304 are different in terms of whether to treat the macrob 
lock header information as the information common to the 
three color components or as the information of the single 
color component, and the bit stream structure of the slice data. 
Hence, the basic decoding process blocks Such as the predic 
tion unit, the inverse transform unit and the inverse quantiza 
tion unit of FIGS. 13 and 14 can be realized by the function 
blocks common to the first picture decoding unit 302 and the 
second picture decoding unit 304. Accordingly, it is possible 
to actualize implementation of multiform decoding devices 
by properly combining the basic components of FIGS. 13 and 
14 without being limited to the completely independent 
encoding processing unit as illustrated in FIG. 12. Further, if 
the arrangement of the memory 312 in the first picture decod 
ing unit 302 is provided plane-Sequentially, the structures of 
the memory 312 and the memory 412 can be made common 
to the first picture decoding unit 302 and the second picture 
decoding unit 304. 
0100. The first picture decoding unit and the second pic 
ture decoding unit in the first embodiment have been 
described such that the decoding units receive the bit stream 
11 output by the encoding device. However, the bit stream 
input to the first picture decoding unit and the second picture 
decoding unit are not limited to the bit stream output by the 
encoding device, and bit streams read from storage mediums 
such as a hard disc and a DVD, and bit streams read from a 
server and transmitted via a network may be input. 
0101. Note that the encoding device and the decoding 
device according to the above embodiment, in the case of the 
independent encoding process, as shown in FIG. 15, can 
achieve the same effect also by arranging the picture data for 
the three color components in sequence and treating these 
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pieces of data as one set of picture data. At this time, the 
arrangement is made so that, corresponding to a single color 
pixel array, three pieces of data are connected in the vertical 
direction, with respect to color video signals with H pixels in 
the horizontal direction and V-lines in the vertical direction, 
and the imageSize information 14 is set to have H pixels in the 
horizontal direction and (Vx3) lines in the vertical direction. 
It should be noted that in the encoding device and the decod 
ing device according to the first embodiment, in order that the 
signals of the respective components may be treated as the 
independent pictures, the dependency among the color com 
ponents are eliminated in the encoding/decoding processes at 
the boundaries the bold dotted line of FIG. 15 between the 
respective color components. The following conditions are 
given by way of an example of eliminating the dependency. 

0102) When encoded, in the macroblocks positioned at 
the boundaries between the respective color compo 
nents, the motion vector search does not employ the 
neighboring pixels of other color components, and an 
off-plane search is conducted so as to extend edge point 
pixels of the self-color component in the same way as the 
process for the plane boundary. When decoded, in the 
macroblocks positioned at the boundaries between the 
color components, if the motion vector deviates from the 
image area of the self-color component (if the off-plane 
search is conducted), instead of employing the pixel 
signals of other colors, the predicted image is generated 
by extending the edge point pixels of the self-color com 
ponent as deemed to be a plane boundary. 

0.103 The deblocking filtering process is not performed 
between the blocks positioned at the boundaries 
between the respective color components. 

0104. In the case of using a learning-oriented arithmetic 
coding for the variable length encoding/variable length 
decoding processes in the encoding/decoding processes 
of the macroblocks of the color components, a probabil 
ity model is provided individually for every color com 
ponent, and a learning process is independently 
executed for every color component. 

0105. The independence of the signal of each color com 
ponent is acquired by applying these conditions, and, the first, 
second and third picture encoding/decoding units can inde 
pendently execute the processes, respectively. 
0106 Further, restrictions are imposed so that a slice is 
inhibited from being defined across the boundaries of the 
respective color components, one slice is prevented from 
containing the encoded data of the plurality of different color 
components, and the head macroblock data of each color 
component invariably becomes the head macroblock of the 
slice data. 
0107 Still further, a configuration for specifying which 
slice data belongs to which color component may involve 
explicitly specifying the color component to which the slice 
belongs by defining the color component identification flag 
“color channel idc' and attaching the flag to the head field of 
the slice data. Another configuration may involve using not 
“color channel idc' but the head macroblock address of 
each slice data and the image size information 14, and recog 
nizing which slice data belongs to which color component. 
For example, when a horizontal pixel count W=1920 and a 
vertical pixel count V=1080, “0”, “8160 and “16320” are 
given as the head macroblockaddresses of the C0, C1, and C2 
components. So, the macroblocks having the macroblock 
addresses “0-8159 are allocated to the C0 component, the 
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macroblocks having the addresses “81 60-16319 are allo 
cated to the C1 component, and the macroblocks having the 
addresses "16320-24479 are allocated to the C2 component. 
0108. With the configurations, the picture/access unit 
structure for the common encoding process/independent 
encoding process can be made common, thereby enhancing 
the efficiency of the random access and the editing operation. 
What is claimed is: 
1. An image encoding device for generating bit streams by 

Subjecting a color image in a 4:4:4 format to compression 
encoding, the compression encoding being performed by 
converting and quantizing the color image on a block basis, 
wherein 

the image encoding device multiplexes, on the bit streams, 
first identification information indicating whether or not 
to independently encode signals of respective color 
components, and, in a case where the first identification 
information indicates that the signals of respective color 
components are independently encoded, multiplexes, on 
the bit streams, second information indicating whether 
or not to intra encode all the color components and 
controlling an operation of a deblocking filter operating 
on each boundary between blocks serving as units of the 
conversion and quantization. 

2. An image encoding device for performing compression 
encoding based on an input of digital moving image signals in 
a 4:4:4 format, comprising: 

a first encoding unit for Subjecting three color component 
signals of the input digital moving image signals, to an 
encoding process in a common encoding mode and per 
forming a quantization process by using a common 
quantization matrix; and 

a second encoding unit for Subjecting the three color com 
ponent signals of the input digital moving image signals, 
respectively, to an encoding process in independent 
encoding modes and performing a quantization process 
by using independent quantization matrices, wherein 

the image encoding device performs the encoding process 
by selecting one of the first encoding unit and the second 
encoding unit and sets an identification signal in the 
compressed data, the identification signal indicating 
which one of the first encoding unit and the second 
encoding unit is selected. 

3. An image encoding device for performing compression 
encoding based on an input of digital moving image signals in 
a 4:4:4 format, comprising: 

a first encoding unit for Subjecting three color component 
signals of the input digital moving image signals, to an 
encoding process in a common encoding mode and per 
forming a quantization process by using a common 
quantization matrix; and 

a second encoding unit for Subjecting the three color com 
ponent signals of the input digital moving image signals, 
respectively, to an encoding process in independent 
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encoding modes and performing a quantization process 
by using independent quantization matrices, wherein: 

the image encoding device performs the encoding process 
by selecting one of the first encoding unit and the second 
encoding unit, and sets an identification signal in the 
compressed data, the identification signal indicating 
which one of the first encoding unit and the second 
encoding unit is selected; 

the image encoding device further sets an intra only encod 
ing instruction signal in the compressed data, the intra 
only encoding instruction signal indicating whether to 
perform all the encoding processes only in an intra 
encoding mode or in combination of the intra encoding 
mode and an inter-encoding mode; and 

in a case of performing the encoding processes only in the 
intra encoding mode, the process performed in a 
deblocking filter is skipped. 

4. An image encoding method for performing compression 
encoding based on an input of digital moving image signals in 
a 4:4:4 format, the image encoding method comprising: 

a step of performing an encoding process by selecting one 
of a first encoding step and a second encoding step, the 
first encoding step for Subjecting three color component 
signals of the input digital moving image signals to an 
encoding process in a common encoding mode and per 
forming a quantization process by using a common 
quantization matrix and the second encoding step for 
Subjecting the three color component signals of the input 
digital moving image signals, respectively, to an encod 
ing process in independent encoding modes and per 
forming a quantization process by using independent 
quantization matrices; and 

a step of setting an identification signal in the compressed 
data, the identification signal indicating which one of the 
first encoding step and the second encoding step is 
selected. 

5. An image encoding method for generating bit streams by 
Subjecting a color image in a 4:4:4 format to compression 
encoding, the compression encoding being performed by 
converting and quantizing the color image on a block basis, 
wherein 

first identification information indicating whether or not to 
independently encode signals of respective color com 
ponents is multiplexed on the bit streams, and, in a case 
where the first identification information indicates that 
the signals of respective color components are indepen 
dently encoded, second information indicating whether 
or not to intra encode all the color components and 
controlling an operation of a deblocking filter operating 
on each boundary between blocks serving as units of the 
conversion and quantization is multiplexed on the bit 
StreamS. 


