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(57) ABSTRACT 

The present invention relates to an encoding device and a 
method, a decoding device and a method, an editing device 
and a method, a Storage medium, and a program which can 
perform encoding and decoding So that buffer failure does 
not occur. Information, Such as a minimum bit rate, a 
minimum buffer size, and a minimum initial delay time, is 
contained in a random access point header contained in an 
accessible point in a bitstream. Abitstream analyzing unit 72 
analyzes an input bitstream, Sets the above-mentioned infor 
mation, and outputs the resulting information to a buffer 
information adding unit 73. The buffer-information adding 
unit 73 adds the input information to the input bitstream and 
outputs the resulting bitstream. The present invention is 
applicable to an encoding device and a decoding device 
which process bitstreams. 
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ENCODING DEVICE AND METHOD, DECODING 
DEVICE AND METHOD, EDITION DEVICE AND 

METHOD, RECORDING MEDIUM, AND 
PROGRAM 

TECHNICAL FIELD 

0001. The present invention relates to encoding devices 
and methods, decoding devices and methods, editing devices 
and methods, Storage media, and programs. In particular, the 
present invention relates to an encoding device and a 
method, a decoding device and a method, an editing device 
and a method, a storage medium, and a program which are 
preferably used for transmitting/receiving image informa 
tion (bitstreams), compressed by motion compensation and 
orthogonal transformation, Such as a discrete cosine trans 
form or Karhunen-Loeve transform, through a network 
medium, Such as Satellite broadcast, cable television broad 
cast, or the Internet, or are preferably used for processing 
image information on a storage medium, Such as an optical 
disk, a magnetic disk, or a flash memory. 

BACKGROUND ART 

0002. In recent years, devices that digitally process image 
information with an aim of efficient transmission and Storage 
of information and that are compliant with an MPEG 
(Moving Picture Expert Group) standard or the like for 
compression by motion compensation and Orthogonal trans 
formation, Such as a discrete cosine transform, using an 
image-information-Specific redundancy are becoming wide 
spread in both information distribution by broadcast stations 
and information reception by general homes. 
0003) In particular, MPEG-2 (ISO/IEC 13818-2) is a 
Standard that was defined as a universal image compression 
Scheme and that covers both interlaced Scan images and 
progressive Scan imageS as well as Standard resolution 
images and high-definition images. MPEG-2 is widely used 
in a wide variety of applications for professional and con 
Sumer applications, for example, as represented by a DVD 
(Digital Versatile Disk) standard. 
0004 Through the use of the MPEG-2 compression 
Scheme, for example, assigning a bit rate (bit rate) of 4 to 8 
Mbps to a Standard-resolution interlaced Scan image having 
720x480 pixels and a bit rate of 18 to 22 Mbps to a 
high-resolution interlaced scan image having 1920x1088 
pixels can achieve favorable images with high compression 
ratioS. 

0005 MPEG-2 was mainly intended for high-quality 
coding Suitable for broadcasting, but was not compatible 
with a coding Scheme employing a higher compression ratio 
and thus an MPEG-4 coding scheme has been standardized. 
With regard to an image coding Scheme, the Scheme was 
approved as an ISO/IEC 14496-2 international standard in 
December, 1998. 
0006. In addition, in recent years, with an initial purpose 
of image coding for Videoconferences, the Standardization of 
what is called H.26L (ITU/T Q6/16 VCEG) by ITU-T 
(International Telecommunication Union-Telecommunica 
tion Standardization Sector) is in progress. H.26L requires a 
larger amount of computation for encoding and decoding, 
compared to MPEG-2 and MPEG-4 coding schemes, but is 
known as achieving higher coding efficiency. 
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0007 Further, as part of MPEG-4 activities, the standard 
ization of a coding technique for realizing higher coding 
efficiency based on H.26L is currently underway by JVT 
(Joint Video Team) in cooperation with ITU-T. 
0008. Now, a description is given of image compression 
using motion compensation and orthogonal transformation, 
Such as a discrete cosine transform or Karhunen-Loeve 
transform. FIG. 1 is a diagram showing the configuration of 
one example of a conventional image-information encoding 
device. 

0009. In an image-information encoding device 10 
shown in FIG. 1, image information provided by an analog 
Signal input from an input terminal 11 is converted by an 
A/D converter 12 into a digital Signal. The Screen rearrang 
ing buffer 13 rearranges frames in accordance with a GOP 
(Group of Pictures) structure of image information Supplied 
from the A/D converter 12. 

0010 Here, with respect to an image on which intra 
(intra-image) encoding is performed, the Screen rearranging 
buffer 13 Supplies image information of an entire frame to an 
orthogonal transformation unit 15. The orthogonal transfor 
mation unit 15 performs a discrete cosine transform or 
Karhunen-Loeve transform on the image information and 
Supplies a transform coefficient to a quantization unit 16. 
The quantization unit 16 performs quantization processing 
on the transform coefficient Supplied from the orthogonal 
transformation unit 15. 

0011 Based on a quantization scale and a transform 
coefficient quantized and Supplied by the quantization unit 
16, a reversible encoding unit 17 determines an encoding 
mode, performs variable-length encoding or reversible 
encoding, Such as arithmetic encoding, on the encoding 
mode to create information to be inserted into the header 
portion of an image encoding unit. The reversible encoding 
unit 17 then Supplies the encoded encoding-mode to a 
Storage buffer 18 for Storage. The encoded encoding-mode is 
output from an output terminal 19 as compressed image 
information. 

0012. The reversible encoding unit 17 also performs 
variable-length encoding or reversible encoding, Such as 
arithmetic encoding, on the quantized transform coefficient 
and Supplies the encoded transform coefficient to the Storage 
buffer 18 for storage. The encoded transform coefficient is 
output from the output terminal 19 as compressed image 
information. 

0013 The behavior of the quantization unit 16 is con 
trolled by a rate controller 20 in accordance with the amount 
of data of transform coefficient stored in the storage buffer 
18. The rate controller 20 also supplies a quantized trans 
form coefficient to a dequantization unit 21. The dequanti 
Zation unit 21 dequantizes the quantized transform coeffi 
cient. An inverse orthogonal transformation unit 22 
performs inverse orthogonal transformation processing on 
the dequantized transform coefficient to generate decoded 
image information and Supplies the information to a frame 
memory 23 for Storage. 

0014 With respect to an image on which inter (inter 
image) encoding is performed, the Screen rearranging buffer 
13 Supplies image information to a motion prediction/ 
compensation unit 24. The motion prediction/compensation 
unit 24 Simultaneously retrieves image information that is 
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referred to from the frame memory 23 and performs motion 
prediction/compensation processing on the image informa 
tion to generate reference image information. The motion 
prediction/compensation unit 24 Supplies the generated ref 
erence image information to an adder 14. The adder 14 
converts the reference image information into a signal 
indicating a difference relative to corresponding image 
information. At the Same time, the motion prediction/com 
pensation unit 24 also Supplies motion vector information to 
the reversible encoding unit 17. 
0.015 The reversible encoding unit 17 determines an 
encoding mode from the quantization Scale and the trans 
form coefficient quantized and Supplied by the quantization 
unit 16 and the motion vector information supplied from the 
motion prediction/compensation unit 24. The reversible 
encoding unit 17 performs variable-length encoding or 
reversible encoding, Such as arithmetic encoding on the 
determined encoding mode to generate information to be 
inserted into the header portion of an image encoding unit. 
The reversible encoding unit 17 Supplies the encoded encod 
ing-mode to the Storage buffer 18 for Storage. The encoded 
encoding-mode is output as compressed image information. 

0016. The reversible encoding unit 17 performs variable 
length encoding or reversible encoding processing, Such as 
arithmetic encoding, on the motion vector information to 
generate information to be inserted into the header portion of 
an image encoding unit. 

0.017. Unlike intra encoding, in the case of inter encod 
ing, image information input to the Orthogonal transforma 
tion unit 15 is a difference signal provided by the adder 14. 
Since other processing is analogous to that for the com 
pressed image information on which intra encoding is per 
formed, the description thereof is omitted. 
0.018 Next, the configuration of one embodiment of an 
image-information decoding device corresponding to the 
above-described image-information encoding device 10 will 
be described with reference to FIG. 2. In an image-infor 
mation decoding device 40 shown in FIG. 2, compressed 
image information input from an input terminal 41 is tem 
porarily Stored by a Storage buffer 42 and is then transferred 
to a reversible decoding unit 43. 
0019. In accordance with a predetermined compressed 
image-information format, the reversible decoding unit 43 
performs processing, Such as variable length decoding or 
arithmetic decoding, on the compressed image information. 
The reversible decoding unit 43 then obtains encoding mode 
information Stored in a header portion and Supplies the 
encoding mode information to a dequnatization unit 44. 
Similarly, the reversible decoding unit 43 obtains a quan 
tized transform coefficient and Supplies the coefficient to the 
dequnatization unit 44. When a frame to be decoded has 
been Subjected to inter encoding, the reversible decoding 
unit 43 also decodes motion vector information stored in the 
header portion of compressed image information and Sup 
plies the information to a motion prediction/compensation 
unit 51. 

0020. The dequnatization unit 44 dequantizes the quan 
tized transform coefficient supplied from the reversible 
decoding unit 43 and Supplies the resulting transform coef 
ficient to an inverse orthogonal transformation unit 45. In 
accordance with a predetermined compressed-image-infor 
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mation format, the inverse orthogonal transformation unit 45 
performs inverse orthogonal transformation, Such as inverse 
discrete cosine transform or Karhunen-Loeve transform, on 
the transform coefficient. 

0021 Here, when a frame of interest has been subjected 
to intra encoding, image information Subjected to the inverse 
orthogonal transformation processing is Stored in a Screen 
rearranging buffer 47. After the image information is Sub 
jected to D/A conversion processing by a D/A converter 48, 
the resulting information is output from an output terminal 
49. 

0022. Also, when a frame of interest has been subjected 
to inter encoding, the motion prediction/compensation unit 
51 generates a reference image in accordance with motion 
vector information that has been subjected to reversible 
decoding processing and image information Stored in a 
frame memory 50, and Supplies the reference image to an 
adder 46. The adder 46 combines the reference image with 
the output from the inverse orthogonal transformation unit 
45. Since other processing is analogous to that for the frame 
that has been Subjected to intra encoding, the description 
thereof is omitted. 

0023 For a coding scheme (hereinafter referred to as 
“JVT Codec') being standardized by the above-mentioned 
Joint Video Team, various Schemes have been under con 
sideration in order to improve the coding efficiency of 
MPEG-2, MPEG-4, and so on. For example, for the trans 
formation scheme of a discrete cosine transform, an integer 
coefficient transform with a 4x4 block size is used. Further, 
the block size for motion compensation is variable, So that 
more optimum motion compensation can be performed. The 
basic Scheme, however, can be realized in the same manner 
as the encoding Scheme performed in the image-information 
encoding device 10 shown in FIG. 1. 
0024. Thus, the JVT codec can perform decoding using 
essentially the same Scheme as the decoding Scheme per 
formed in the image-information decoding device 40 shown 
in FIG. 2. 

0025. Meanwhile, in order to maintain the compatibility 
between different encoding devices (decoders) and to pre 
vent buffer overflow or underflow, The MPEG and ITU-T 
use a buffer model. A virtual decoder buffer model is 
Standardized and an encoding device (encoder) performs 
encoding so that the virtual decoder buffer does not fail. This 
makes it possible to prevent buffer overflow or underflow at 
the decoder Side and to maintain the compatibility. 
0026. A virtual buffer model according to the MPEG will 
be described with reference to FIG. 3. In the following 
description, R indicates an input bit rate for a decoder buffer, 
B indicates the size of the decoder buffer, F indicates the 
amount of buffer occupied when the decoder extracts a first 
frame from the buffer, and D indicates delay time therefor. 
0027 Bit amounts of each frame at time to, t1, t2, ... are 
indicated by b0, b1, b2 . . . , and so on. 
0028. When the frame rate is M, the following expression 
is Satisfied: 

ti-ti-1/M 

0029 When B; indicates the amount of buffer occupancy 
immediately before bit amount b of a frame at time t is 
extracted, expression (1) below is Satisfied: 
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B=min (B, B-bi-R(t-t')) (1) 

0.030. In this case, for a fixed bit rate encoding scheme for 
MPEG-2, the encoder must perform encoding so as to satisfy 
condition (2) below: 

Bis-B 

B-b;20 (2) 

0.031 AS long as such a condition is satisfied, the encoder 
should not perform encoding that causes buffer overflow and 
underflow. 

0032. Further, for a variable bit rate encoding scheme for 
MPEG-2, the input bit rate R is a maximum bit rate defined 
by a profile and a level and is given by F=B. Thus, 
expression (1) can be rewritten as expression (3) 

Bo-B 

Bi=min (B, Bi-bil-Ras (ti-ti)) (3) 
0033. In this case, the encoder must perform encoding so 
as to satisfy expression (4) below: 

B-b;20 (4) 

0034. When this condition is satisfied, the encoder will 
perform encoding that does not cause buffer underflow at the 
decoder side. When the decoder buffer becomes full, the 
encoder buffer is empty and this indicates that no encoding 
bitstream is generated. Thus, there is no need for the encoder 
to perform monitoring so that the buffer overflow of the 
decoder does not occur. 

0035) In the MPEG, encoding is performed so as to 
comply with the above-described buffer restrictions in 
accordance with a buffer size and a bit rate defined by each 
profile and level. Thus, a decoder that conforms to each 
profile and level can perform decoding without causing 
failure of the bitstream. 

0036). In practice, however, without the use of a buffer 
Size and a bit rate defined by a profile and a level, there are 
cases in that a bitstream can be decoded. 

0037 For example, a bitstream encoded with a bit rate R, 
a buffer B, and initial delay time F, i.e., (R, B, F), can be 
decoded by a decoder having a larger buffer size B' (B'>B). 
The bitstream can also be decoded at a higher bit rate R' 
(R'>R). 
0.038 For example, when the decoding bit rate of a 
decoder is lower than an encoding bit rate, a decoder that has 
a Sufficiently large buffer size can perform decoding. 

0039. In this manner, when a predetermined bitstream is 
given, a minimum buffer size B needed to decode the 
bitstream exists at each bit rate. Such a relationship is shown 
in FIG. 4. 

0040. The standardization of JVT Codec has been in 
progreSS So that decoding is possible not only with a fixed bit 
rate and a buffer size defined by each profile and level but 
also is possibly by a decoder having the condition shown in 
FIG. 4. This has the objective of allowing decoding even if 
the decoding bit rate and buffer Size of an encoder and the 
decoding bit rate and buffer Size of a decoder are not 
necessarily the Same. By achieving the objective, for 
example, a decoder having a high decoding bit rate can 
reduce a buffer size. 
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0041. However, such information varies in a bitstream 
with time. Thus, there is a problem in that, even when 
decoding is possible under a predetermined condition, 
decoding may be impossible under another condition, Since 
the restrictions for decoder compatibility has been relaxed. 
For example, when Such a characteristic of (R, B) varies 
with time, there is a problem in that, even when decoding is 
possible at predetermined time, decoding may be impossible 
at another time. 

0042. Further, there is a problem in that decoding is not 
always possible in the case of shifting to another Scene or 
another channel due to random access or the like. There is 
also a problem in that the decoding possibility cannot be 
guaranteed when bitstream-level editing, Such as Splicing 
(splicing), is performed. 

DISCLOSURE OF INVENTION 

0043. The present invention has been made in view of 
Such situations, and an object of the present invention is to 
efficiently determine the decoding possibility of a bitstream 
and to Simplify bitstream editing, Such as Splicing. 
0044 An encoding device of the present invention 
includes generating means for generating a header to which 
reference is made as needed during decoding, encoding 
means for encoding the header generated by the generating 
means and an input image Signal, respectively; and output 
ting means for multiplexing the header and the image Signal 
encoded by the encoding means and outputting a bitstream. 
The encoding device is characterized in that the generating 
means generates the header containing buffer characteristic 
information about buffering during decoding of the bit 
Stream. 

004.5 The generating means can generate the header 
containing the buffer characteristic information for each 
predetermined Section randomly accessible in the bitstream. 
0046. The generating means can generate the header 
containing the buffer characteristic information for an entire 
Sequence of the bitstream. 
0047 The buffer characteristic information can contain 
all of a minimum bit rate, a minimum buffer Size B, and a 
minimum delay amount which are decodable during decod 
ing of the bitstream. 
0048. An encoding method of the present invention 
includes a generating Step of generating a header to which 
reference is made as needed during decoding, an encoding 
Step of encoding the header generated in the generating Step 
and an input image Signal, respectively; and an output 
controlling Step of controlling output of a bitstream in which 
the header and the image Signal encoded by the processing 
in the encoding Step are multiplexed. The encoding method 
is characterized in that the processing in the generating Step 
generates the header containing buffer characteristic infor 
mation about buffering during decoding of the bitstream. 
0049. A program for a first storage medium of the present 
invention includes a generating Step of generating a header 
to which reference is made as needed during decoding, an 
encoding Step of encoding the header generated by the 
processing in the generating Step and an input image Signal, 
respectively; and an output controlling Step of controlling 
output of a bitstream in which the header and the image 
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Signal encoded by the processing in the encoding Step are 
multiplexed. The program is characterized in that the pro 
cessing in the generating Step generates the header contain 
ing buffer characteristic information about buffering during 
decoding of the bitstream. 
0050. A first program of the present invention causes a 
computer to execute processing that includes a generating 
Step of generating a header to which reference is made as 
needed during decoding, an encoding Step of encoding the 
header generated in the generating Step and an input image 
Signal, respectively; and an output controlling Step of con 
trolling output of a bitstream in which the header and the 
image Signal encoded by the processing in the encoding Step 
are multiplexed. The program is characterized in that the 
processing in the generating Step generates the header con 
taining buffer characteristic information about buffering 
during decoding of the bitstream. 
0051. A decoding device of the present invention is 
characterized by including Searching means for Searching 
for a header in an input bitstream; and decoding means for 
reading buffer characteristic information about buffering, 
which information contained in the header found by the 
Searching means, and for decoding the bitstream in accor 
dance with the read buffer characteristic information. 

0.052 The buffer characteristic information can contain 
all of a minimum bit rate, a minimum buffer size, and a 
minimum delay amount which are decodable during decod 
ing of the bitstream. 
0.053 A decoding method of the present invention is 
characterized by including a Searching Step of Searching for 
a header in an input bitstream; and a decoding Step of 
reading buffer characteristic information about buffering, 
which information contained in the header found by the 
processing in the Searching Step, and of decoding the bit 
Stream in accordance with the read buffer characteristic 
information. 

0054) A program for a second storage medium of the 
present invention is characterized by including a Searching 
Step of Searching for a header in an input bitstream; and a 
decoding Step of reading buffer characteristic information 
about buffering, which information contained in the header 
found by the processing in the Searching Step, and of 
decoding the bitstream in accordance with the read buffer 
characteristic information. 

0.055 A second program of the present invention is 
characterized by causing a computer to execute processing 
that includes a Searching Step of Searching for a header in an 
input bitstream; and a decoding Step of reading buffer 
characteristic information about buffering, which informa 
tion contained in the header found by the processing in the 
Searching Step, and of decoding the bitstream in accordance 
with the read buffer characteristic information. 

0056 An editing device of the present invention includes 
Searching means for Searching for a header in an input 
bitstream; determining means for reading buffer character 
istic information about buffering, which information con 
tained in the header found by the Searching means, and for 
determining whether or not the bitstream can be edited in 
accordance with the read buffer characteristic information; 
and editing means for editing the bitstream when the deter 
mining means determines that the bitstream can be edited. 
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The editing device is characterized in that, when a charac 
teristic curve created from the information contained in the 
header in a first bitstream is always located above or is the 
Same as a characteristic curve created from the information 
contained in the header in a Second bitstream, the determin 
ing means determines that editing using the first bitstream 
and the Second bitstream is possible. 

0057. An editing method of the present invention 
includes a Searching Step of Searching for a header in an 
input bitstream; a determining Step of reading buffer char 
acteristic information about buffering, which information 
contained in the header found by the processing in the 
Searching Step, and of determining whether or not the 
bitstream can be edited in accordance with the read infor 
mation; and an editing Step of editing the bitstream when the 
processing in the determining Step determines that the 
bitstream can be edited. The editing method is characterized 
in that, when a characteristic curve created from the infor 
mation contained in the header in a first bitstream is always 
located above or is the same as a characteristic curve created 
from the information contained in the header in a Second 
bitstream, the processing in the determining Step determines 
that editing using the first bitstream and the Second bitstream 
is possible. 

0058. A program for a third storage medium of the 
present invention includes a Searching Step of Searching for 
a header in an input bitstream; a determining Step of reading 
buffer characteristic information about buffering, which 
information contained in the header found by the processing 
in the Searching Step, and of determining whether or not the 
bitstream can be edited in accordance with the read infor 
mation; and an editing Step of editing the bitstream when the 
processing in the determining Step determines that the 
bitstream can be edited. The program is characterized in that, 
when a characteristic curve created from the information 
contained in the header in a first bitstream is always located 
above or is the Same as a characteristic curve created from 
the information contained in the header in a Second bit 
Stream, the processing in the determining Step determines 
that editing using the first bitstream and the Second bitstream 
is possible. 

0059 A third program of the present invention causes a 
computer to execute processing that includes a Searching 
Step of Searching for a header in an input bitstream; a 
determining Step of reading buffer characteristic information 
about buffering, which information contained in the header 
found by the processing in the Searching Step, and of 
determining whether or not the bitstream can be edited in 
accordance with the read information; and an editing Step of 
editing the bitstream when the processing in the determining 
Step determines that the bitstream can be edited. The pro 
gram is characterized in that, when a characteristic curve 
created from the information contained in the header in a 
first bitstream is always located above or is the same as a 
characteristic curve created from the information contained 
in the header in a Second bitstream, the processing in the 
determining Step determines that editing using the first 
bitstream and the Second bitstream is possible. 
0060 According to the encoding device and the method 
as well as the first program of the present invention, buffer 
characteristic information about buffering during decoding 
of a bitstream is contained in a header that is encoded and 
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multiplexed with the bitstream. This can prevent a decoding 
Side from causing buffer failure. 
0061 According to the decoding device and the method 
as well as the Second program of the present invention, 
buffer characteristic information about buffering during 
decoding, which information contained in a header in an 
input bitstream, is read and decoding is performed in accor 
dance with the read information. 

0.062 According to the editing device and the method as 
well as the third program of the present invention, a deter 
mination as to whether an input bitstream can be edited is 
made by determining whether a characteristic curve created 
from information contained in a header in a first bitstream is 
always located above or is the same as a characteristic curve 
created from information contained in a header in a Second 
bitstream. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.063 FIG. 1 is a diagram showing the configuration of 
one example of a conventional image-information encoding 
device. 

0.064 FIG. 2 is a diagram showing the configuration of 
one example of a conventional image-information decoding 
device. 

0065 FIG. 3 is a graph for describing the amount of 
buffer. 

0.066 FIG. 4 is a graph for describing the relationship 
between a bit rate and the amount of buffer. 

0067 FIG. 5 is a diagram showing the configuration of 
one embodiment of an encoding device according to the 
present invention. 
0068) 
0069 FIG. 7 is a diagram showing the configuration of 
one embodiment of a decoding device according to the 
present invention. 
0070 FIG. 8 is a diagram showing the configuration of 
one embodiment of an editing device according to the 
present invention. 
0071 FIG. 9 is a graph for describing the relationship 
between a bit rate and the amount of buffer. 

0.072 FIG. 10 is a diagram for describing a medium. 

FIG. 6 is graph for describing the amount of buffer. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0073. An embodiment of the present invention will be 
described below with reference to the accompanying draw 
ings. FIG. 5 is a diagram showing the configuration of one 
embodiment of an encoding device according to the present 
invention. An encoding device 70 shown in FIG. 5 includes 
the image-information encoding device 10 shown in FIG. 1. 
Here, the configuration and So on of the image-information 
encoding device 10 has been described, the description 
thereof is omitted as appropriate. 
0.074 Image information input to the image-information 
encoding device 10 is encoded and is output as compressed 
image information (BS: bitstream) to a buffer 71 and a 
bitstream analyzing unit 72. The buffer 71 temporarily stores 
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the input bitstream and outputs the bitstream to a buffer 
information adding unit 73 as needed. The bitstream ana 
lyzing unit 72 checks the buffer occupancy State of a 
predetermined Section in a bitstream, for example, a Section 
between GOPS or random access points, and Supplies the 
information to the buffer-information adding unit 73 as 
buffer information BH. Here, the “random access point” 
refers to a predetermined Section randomly accessible in a 
bitstream in a JVT standard. Similarly, the “GOP” refers to 
a predetermined section randomly accessible in an MPEG 
2/MPEG-4 standard. 

0075) The buffer-information adding unit 73 adds the 
input buffer information BH to an input bitstream and 
outputs the resulting information. 
0076. In this case, as one example of analysis performed 
by the bitstream analyzing unit 72, a description is given of 
an exemplary case in which a buffer occupancy State is 
checked between random access points and the information 
of the buffer occupancy State is encoded as header informa 
tion for each random acceSS point to thereby constitute a 
bitstream. While the description here is described in Such a 
manner, the encoding may be performed in units of GOP or 
another arbitrarily unit may be used. Thus, needless to say, 
the present invention is applicable to a case in which another 
unit is used in stead of a unit described below. 

0077. A method for determining the characteristic of 
(R, B) will be described with reference to FIG. 6. R 
herein indicates the minimum value of an input bit rate R for 
the buffer and B, indicates the minimum value of a buffer 
size B. 

min 

0078. When the bit rate R of a predetermined bitstream is 
given, the minimum buffer Size B that is decodable by a 
decoding device (e.g., having a configuration shown in FIG. 
7) for decoding the bitstream at the decoding bit rate R is 
determined, for example, in the following manner. 
007.9 The number of frames between predetermined 
access points is indicated by N. The amount of bits generated 
for each frame is b(i) (i=1, N), the amount of buffer 
occupancy immediately before data of each frame is 
extracted from the buffer is B(i), and the amount of buffer 
occupancy immediately after the extraction is B20i). The 
amount of buffer of the encoding device is indicated by B. 
Then, the following is given: 

0080 where if (B(i+1)>B)B(i+1)=B and the maximum 
value of B(i) is B. Further, suppose a delay amount F 
Satisfies F=B. 

0081. In this case, B. can be determined by expression 
(6) below: 

Bi=B-min (B2(i)) (6) 

0082) When R is assumed to be R. in this case, the 
above described method can determine (R, Bi). 
0083) Next, one example of a method for determining 
(Rin, Bt, Fi) will be described. Let B=Bi, R=Rii. 
AS in expression (5), expression (7) below is satisfied: 

B2(i)=B(i)-b(i) 
B(i+1)=B2(i)+R/(Frame Rate) (7) 
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0084 where monitoring for an underflow is performed in 
accordance with the following condition. 

0085 F is initialized to “0” at the start of each random 
access point. Monitoring for an overflow is similarly per 
formed in accordance with the following condition. 

0.086 (R, Bt, F) is determined by performing the 
above-described checking on every frame between random 
acceSS points. 

0.087 (R., B., F) described above may be checked 
by a predetermined number thereof or may be defined by 
only independent combinations thereamong. The character 
istic determined as described above is as shown in FIG. 4. 
Portions between points are linearly interpolated. The values 
of (R, B., F) obtained as described above, i.e., buffer 
information BH, are inserted into a predetermined position 
in a bitstream by the buffer-information adding unit 73, are 
encoded, and are output. 

0088 Simultaneously with (R., Bt, F) between 
random accesses, as described above, the bitstream analyz 
ing unit 72 performs Similar analysis on the entire bitstream 
to determine the characteristic of the entire bitstream, i.e., 
(Rin, Bt, Fin) global. The bitstream analyzing unit 72 
then supplies the values thereof to the buffer-information 
adding unit 73 as the buffer information BH. 
0089. The bitstream BS output from the image-informa 
tion encoding device 10 is delayed by a predetermined 
amount of time by the buffer 71 and is then input to the 
buffer-information adding unit 73. The buffer-information 
adding unit 73 inserts the buffer information BH, supplied 
from the bitstream analyzing unit 72, into a predetermined 
position in the bitstream and outputs a final output bitstream 
BS. 

0090. In this case, the buffer information BH (or buffer 
characteristic information) is, for example, (Rin, Bi, 
Fi) and (R, Bt, F) global. The buffer-information 
adding unit 73 inserts the above-described information into 
a predetermined position in the bitstream BS. One example 
of syntax will be described below. 

RAP header () { 
RAP startcode: 
closed GOP: 
broken link; 
NumBufferParam; 
for(i=0;i&NumBufferParam;i++){ 

Ratei: 
Bufferi; 
Fil:}} 

0.091 (R, Bt, F) between random access points is 
recorded in, for example, in a random acceSS point header 
immediately therebefore as the above-noted syntax. “RAP 
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startcode” is a code that indicates the presence of a RAP 
header and that indicates the Start of the header. 

0092 “closed GOP” is a flag indicating whether either 
all pictures in the GOP are independent without referring to 
any picture of another GOP or are dependent on a picture in 
another GOP while referring thereto. “broken link” is a flag 
indicating whether or not a reference image for prediction 
exits when a bitstream is replaced in front of or behind the 
GOP by editing or the like. 
0.093) NumBuffer Param indicates the number of deter 
mined characteristic Sets (Rin, Bi, Fi). Ratei), Buffer 
i), and Fi) indicate Ri, Bi, and Fit, respectively. In 
this case, for example, R is recorded in the increasing 
order. 

0094 (R., Bt, F) global of an entire bitstream is 
recorded in, for example, the first Sequence header of the 
bitstream, as in the following Syntax: 

Sequence header () { 
Sequence startcode: 

NumBufferParam: 
for(i=0;i&NumBufferParam;i++){ 

Ratei: 
Bufferi; 
Fil:}} 

0.095 where NumBuffer Param indicates the number of 
determined characteristic Sets (Rin, Bt, Fin) global. 
Ratei), Bufferi, and Fi indicate R, B, and F, 
respectively. In this case, R. is recorded, for example in 
the increasing order. 
0096. After attaching the above-described buffer infor 
mation BH, the buffer-information adding unit 73 outputs a 
final output bitstream BS. 
0097. In the embodiment of the present invention, as the 
buffer information BH, the minimum bit rate Rimin, the 
minimum buffer size Bmin, and the minimum delay amount 
Fmin are all added to a bitstream in the above description. 
However, the present invention is not limited to that 
example, and thus at least one of the minimum bit rate Rimin, 
the minimum buffer size Bmin, and the minimum delay 
amount Fmin may be added to a bitstream. For example, a 
combination of the minimum bit rate Rimin and the mini 
mum buffer size Bmin may be added to a bitstream. 
0.098 FIG. 7 shows one embodiment of a decoding 
device according to the present invention. A decoding device 
90 shown in FIG. 7 corresponds to the encoding device 70 
shown in FIG. 5. The decoding device 90 includes the 
image-information decoding device 40 shown in FIG. 2 
therein. A bitstream BS input to the decoding device 90 is 
Supplied to a bitstream analyzing unit 91 a decoding 
possibility determining unit 92. 

0099] The bitstream analyzing unit 91 decodes buffer 
information BH in the bitstream and outputs the resulting 
buffer information BH to the decoding-possibility determin 
ing unit 92. The bitstream analyzing unit 91 parses the 
bitstream to decode (Rii, Bi, Fin) global recorded in the 
Sequence header. The bitstream analyzing unit 91 also 
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decodes (Rii, Bi, Fin) recorded in each random access 
point header. Those pieces of information are output to the 
decoding-possibility determining unit 92. 
0100. The decoding-possibility determining unit 92 
determines whether or not the input bitstream can be 
decoded without the input bitstream causing buffer failure, 
in accordance with the buffer information BH and decoder 
information DISupplied from the image-information decod 
ing device 40. Examples of the decoder information DI 
include a decoder buffer Size and a decoding bit rate. 
0101 The decoding-possibility determining unit 92 cre 
ates a characteristic curve as shown in FIG. 4, based on 
(Rit, Bt, F) global. Portions between points are lin 
early interpolated. In this case, a buffer of the decoder 
(decoding device 90) and the decoding bit rate are located 
above the characteristic curve formed from (R, B., 
Fi) global, it is possible to determine that the input 
bitstream is decodable. Thus, in Such a case, the decoding 
possibility determining unit 92 determines that the input 
bitstream is decodable and Supplies the bitstream to the 
image-information decoding device 40. 
0102) The image-information decoding device 40 has 
essentially the same configuration as the image-information 
decoding device 40 shown in FIG. 2, and executes similar 
processing to decode the input bitstream and outputs image 
information to, for example, a television receiver which is 
not shown. 

0103) Whether or not an entire bitstream is decodable can 
be determined by checking the characteristic curve of (R, 
Bt, F) global, a decoder buffer size, and a decoding bit 
rate, as described above. 

0104. Also, when decoding of only a specific section 
from a predetermined random access point is desired due to 
random accessing, the decoding-possibility determining unit 
92 similarly creates a characteristic curve as shown in FIG. 
4 from (R, Bt, F) Portions between points are 
linearly interpolated. In this case, when the decoder buffer 
and the decoding bit rate are located above the characteristic 
curve created from (Rii, Bi, Fin), the bitstream is 
decodable. Thus, in Such a case, the decoding-possibility 
determining unit 92 determines that the bitstream is decod 
able and Supplies the bitstream to the image-information 
decoding device 40. 

0105) Next, bitstream editing will be described. FIG. 8 is 
a diagram showing the configuration of one embodiment of 
an editing device 110 for editing a bitstream according to the 
present invention. As an example of editing performed by 
the editing device 110, a description is given of a case in 
which Splicing is performed to replace a portion of an input 
bitstream 1 with another input bitstream 2. 
0106 Now, splicing will be briefly described. Splicing is 
to perform editing by replacing a predetermined bitstream 
with another bitstream at a random acceSS point. Such 
Splicing is performed, for example, when a commercial 
broadcast is inserted into a television broadcast program. In 
this case, the input bitstream 1 corresponds to a bitstream of 
the television broadcast program and the input bitstream 2 
corresponds to a bitstream of the commercial. 
0107 The input bitstream 1 is input to a bitstream ana 
lyzing unit 111-1 and the input bitstream 2 is input to a 

Jul. 14, 2005 

bitstream analyzing unit 111-2. The bitstream analyzing 
units 111-1 and 111-2 decode buffer information BH1 and 
BH2, contained in the input bitstreams 1 and 2, respectively, 
and output the resulting information to a bitstream editing 
unit 112. 

0108). In accordance with the buffer information BH1 and 
BH2, the bitstream editing unit 112 determines whether or 
not the input bitstream 2 can be inserted into the input 
bitstream 1 at a predetermined editing point. In this case, in 
order that an edited bitstream is decodable without a buffer 
failure of the decoder (the decoding device 90), it is neces 
sary to satisfy a condition that the value of amount of buffer 
occupancy for the random access point and the value of 
amount of buffer occupancy for a portion immediately 
before the point are the Same. 
0109 Decoders using MPEG-2 or -4 were designed so as 
to operate at a specific bit rate and a buffer size. On the other 
hand, with regard to decoders using a JVT Scheme, restric 
tions for buffering has been relaxed So that decoding is 
possible when the characteristic curve is located above the 
characteristic curve of (Rii, Bi, Fin) even for other bit 
rates and buffer sizes, as shown in FIG. 4. 

0110. In order that bitstream editing does not cause the 
decoding possibility to be varied before and after the editing, 
it is Sufficient to have the same (R., Bt, F) for the edit 
Section. Thus, with respect to the input bitstreams 1 and 2, 
the bitstream editing unit 112 creates the characteristic 
(Rii, Bi, Fi) for a random access point header located 
in the edit Section, and replaces the Section with the bit 
stream 2 when those values match each other. When the 
values do not match each other, the bitstream editing unit 
112 inserts padding bits to the bitstream 1 or 2 so that the 
Values of (Rii, Bi, Fi) match each other and then 
replaces a corresponding Section with the input bitstream 2. 

0111 Restrictions for buffering have been relaxed in the 
JVT, and the use of this advantage makes it possible to ease 
the buffer compatibility condition in splicing. In the JVT, 
when the decoder buffer size and the decoding bit rate are 
located above (R, Bt, F), it can be known that the 
bitstream is decodable. Thus, when (R, Bt, F) of a 
predetermined edit section of the input bitstream 2 to be 
inserted is always located below (Rin, Bi, Fi) of a 
predetermined edit Section of the original input bitstream 1, 
a decoder that can decode the input bitstream 1 can also 
perform decoding even with that Section being replaced with 
the bitstream 2. 

0112 FIG. 9 illustrates the relationship. Curve 1 repre 
Sents the characteristic of (R, Bt, F) of an edit 
section of the input bitstream 1. Curve 2 represents the 
characteristic of (R, Bt, F) of an edit Section of the 
input bitstream 2. When the decoder buffer and the decoding 
bit rate are located above the curve, the bitstream is decod 
able. Thus, when curve 2 is always located below curve 1 as 
shown in FIG. 9, it is guaranteed that decoding is possible. 
0113. Accordingly, the bitstream editing unit 112 creates 
the characteristic of (Rin, Bi, Fi) for a random access 
point header located in an edit Section with respect to the 
bitstreams 1 and 2. Then, when the characteristic curve of 
the bitstream 2 is located below the characteristic curve of 
the bitstream 1, the bitstream editing unit 112 replaces the 
corresponding Section with the bitstream 2. 
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0114 Conversely, when the characteristics do not match, 
the bitstream editing unit 112 makes a change by inserting 
padding bits to the bitstream 1 or 2 So that the characteristic 
curve of (R, Bt, F) of the bitstream 2 is located 
below the characteristic curve of the bitstream 1, and then 
replaces the Section with the input bitstream 2. 
0115 When splicing is performed so as to satisfy such 
condition, a decoder that can decode the bitstream 1 will not 
fail. After splicing, the bitstream editing unit 112 outputs a 
final bitstream. 

0116. In this manner, containing Such information (R, 
B. F.), namely, a minimum bit rate, minimum buffer 
size, and minimum initial delay time, in the header of a 
randomly accessible point in a bitstream allows the decoding 
side to efficiently determine the decoding possibility of the 
bitstream. Further, this arrangement can facilitate bitstream 
editing, Such as Splicing, and can always decode the bit 
Stream without causing buffer failure of a decoding Side. 
0117 FIG. 10 is a diagram showing an example of the 
internal configuration of a general-purpose personal com 
puter. A CPU (Central Processing Unit) 211 of the personal 
computer executes various processing in accordance with a 
program stored in a ROM (Read Only Memory) 212. As 
appropriate, a RAM (Random Access Memory) 213 stores 
data and/or a program required for the CPU 211 to execute 
various processing. An input/output interface 215 is con 
nected to an input unit 216, which is constituted by a 
keyboard and mouse, and outputs a signal, input through the 
input unit 216, to the CPU 211. The input/output interface 
215 is also connected to an output unit 7, which is consti 
tuted by a display, Speakers, and So on. 
0118. Further, the input/output interface 215 is connected 
to a storage unit 218, which includes a hard disk and So on, 
and a communication unit 219, which communicates data 
with another device through a network Such as the Internet. 
0119) A drive 220 is used to write/read data to/from a 
Storage medium, Such as a magnetic disk 231, an optical disk 
232, a magneto-optical disk 233, or a Semiconductor 
memory 234. 

0120. As shown in FIG. 10, the storage medium is not 
only implemented by a package medium distributed Sepa 
rately from a personal computer to Supply a program to a 
user, but is also implemented by a hard disk including the 
ROM 212 or the storage unit 218 that stores a program and 
that is Supplied to a user after being pre-installed on a 
computer. An example of the package medium in which a 
program is recorded is the magnetic disk 231 (including a 
flexible disk), the optical disk 232 (including CD-ROM 
(Compact Disc-Read Only Memory), a DVD (Digital Ver 
Satile Disc), and the magneto-optical disk 233 (including an 
MD (Mini-Disc) (registered trademark)), or a semiconductor 
memory 234. 
0121 Herein, steps for writing the program Supplied with 
a medium not only include processing that is time-Sequen 
tially performed according to the order described above but 
also include processing that is not necessarily performed 
time-Sequentially but is executed in parallel or indepen 
dently. 

0122) Herein, the system represents an entire device that 
is constituted by a plurality of devices. 
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INDUSTRIAL APPLICABILITY 

0123. As described above, according to the encoding 
device and the method as well as the first program of the 
present invention, buffer characteristic information about 
buffering during decoding of a bitstream is contained in a 
header that is encoded and multiplexed with the bitstream. 
This can prevent a decoding Side from causing buffer failure. 
0.124. According to the decoding device and the method 
as well as the Second program of the present invention, 
buffer characteristic information about buffering during 
decoding, which information contained in a header in an 
input bitstream, is read and decoding is performed in accor 
dance with the read information. This can prevent buffer 
failure during the decoding. 
0.125 Further, according to the editing device and the 
method as well as the third program of the present invention, 
a determination as to whether an input bitstream can be 
edited is made by determining whether a characteristic curve 
created from information contained in a header in a first 
bitstream is always located above or is the same as a 
characteristic curve created from information contained in a 
header in a Second bitstream. This makes it possible to 
reduce processing required for editing, Such as Splicing, and 
to determine whether editing is readily possible. 

1. An encoding device including: 

generating means for generating a header to which refer 
ence is made as needed during decoding, 

encoding means for encoding the header generated by the 
generating means and an input image Signal, respec 
tively; and 

outputting means for multiplexing the header and the 
image Signal encoded by the encoding means and 
outputting a bitstream; 

the encoding device being characterized in that the gen 
erating means generates the header containing buffer 
characteristic information about buffering during 
decoding of the bitstream. 

2. The encoding device according to claim 1, character 
ized in that the generating means generates the header 
containing the buffer characteristic information for each 
predetermined Section randomly accessible in the bitstream. 

3. The encoding device according to claim 1, character 
ized in that the generating means generates the header 
containing the buffer characteristic information for an entire 
Sequence of the bitstream. 

4. The encoding device according to claim 1, character 
ized in that the buffer characteristic information contains all 
of a minimum bit rate R, a minimum buffer size B, and 
a minimum delay amount F, which are decodable during 
decoding of the bitstream. 

5. The encoding device according to claim 1, character 
ized in that the buffer characteristic information contains at 
least one of a minimum bit rate R, a minimum buffer size 
B, and a minimum delay amount F, which are decod 
able during decoding of the bitstream. 

6. An encoding method including: 
a generating Step of generating a header to which refer 

ence is made as needed during decoding, 
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an encoding Step of encoding the header generated in the 
generating Step and an input image Signal, respectively; 
and 

an outputting Step of multiplexing the header and the 
image Signal encoded in the encoding Step and output 
ting a bitstream; 

the encoding method being characterized in that the 
processing in the generating Step generates the header 
containing buffer characteristic information about buff 
ering during decoding of the bitstream. 

7. A Storage medium in which a computer-readable pro 
gram is Stored, the program including: 

a generating Step of generating a header to which refer 
ence is made as needed during decoding, 

an encoding Step of encoding the header generated in the 
generating Step and an input image Signal, respectively; 
and 

an outputting Step of multiplexing the header and the 
image Signal encoded in the encoding Step and output 
ting a bitstream; 

the Storage medium being characterized in that the pro 
cessing in the generating Step generates the header 
containing buffer characteristic information about buff 
ering during decoding of the bitstream. 

8. A program that causes a computer to execute processing 
including: 

a generating Step of generating a header to which refer 
ence is made as needed during decoding, 

an encoding Step of encoding the header generated in the 
generating Step and an input image Signal, respectively; 
and 

an outputting Step of multiplexing the header and the 
image Signal encoded in the encoding Step and output 
ting a bitstream; 

the program being characterized in that the processing in 
the generating Step generates the header containing 
buffer characteristic information about buffering during 
decoding of the bitstream. 

9. A decoding device characterized by including: 
Searching means for Searching for a header in an input 

bitstream; and 
decoding means for reading buffer characteristic informa 

tion about buffering, which information contained in 
the header found by the Searching means, and for 
decoding the bitstream in accordance with the read 
buffer characteristic information. 

10. The decoding device according to claim 9, character 
ized in that the buffer characteristic information is added to 
the header for each predetermined Section randomly acces 
sible in the bitstream. 

11. The decoding device according to claim 9, character 
ized in that the buffer characteristic information about an 
entire Sequence of the bitstream is added to the header. 

12. The decoding device according to claim 9, character 
ized in that the buffer characteristic information contains all 
of a minimum bit rate R, a minimum buffer size B, and 
a minimum delay amount F, which are decodable during 
decoding of the bitstream. 
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13. The decoding device according to claim 9, character 
ized in that the buffer characteristic information contains at 
least one of a minimum bit rate R, a minimum buffer size 
B, and a minimum delay amount F, which are decod 
able during decoding of the bitstream. 

14. The decoding device according to claim 9, character 
ized in that the decoding means creates a buffer character 
istic curve from the information read from the bitstream, and 
the decoding device further includes determining means for 
determining that the input bitstream is decodable when a 
characteristic curve of the decoding device is located above 
the characteristic curve of the bitstream. 

15. A decoding method characterized by including: 

a Searching Step of Searching for a header in an input 
bitstream; and 

a decoding Step of reading buffer characteristic informa 
tion about buffering, which information contained in 
the header found by the processing in the Searching 
Step, and of decoding the bitstream in accordance with 
the read buffer characteristic information. 

16. A Storage medium in which a computer-readable 
program is Stored, the program being characterized by 
including: 

a Searching Step of Searching for a header in an input 
bitstream; and 

a decoding Step of reading buffer characteristic informa 
tion about buffering, which information contained in 
the header found by the processing in the Searching 
Step, and of decoding the bitstream in accordance with 
the read buffer characteristic information. 

17. A program characterized by causing a computer to 
execute processing including: 

a Searching Step of Searching for a header in an input 
bitstream; and 

a decoding Step of reading buffer characteristic informa 
tion about buffering, which information contained in 
the header found by the processing in the Searching 
Step, and of decoding the bitstream in accordance with 
the read buffer characteristic information. 

18. An editing device including: 

Searching means for Searching for a header in an input 
bitstream; 

determining means for reading buffer characteristic infor 
mation about buffering, which information contained in 
the header found by the Searching means, and for 
determining. whether or not the bitstream can be edited 
in accordance with the read buffer characteristic infor 
mation; and 

editing means for editing the bitstream when the deter 
mining means determines that the bitstream can be 
edited, 

the editing device being characterized in that, when a 
characteristic curve created from the information con 
tained in the header in a first bitstream is always located 
above or is the same as a characteristic curve created 
from the information contained in the header in a 
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Second bitstream, the determining means determines an editing Step of editing the bitstream when the process 
that editing using the first bitstream and the Second ing in the determining Step determines that the bit 
bitstream is possible. Stream can be edited, 

19. An editing method including: the editing method being characterized in that, when a 
a Searching Step of Searching for a header in an input characteristic curve created from the information con 

bitstream; tained in the header in a first bitstream is always located 
above or is the same as a characteristic curve created 
from the information contained in the header in a 
Second bitstream, the processing in the determining 
Step determines that editing using the first bitstream and 
the Second bitstream is possible. 

a determining Step of reading buffer characteristic infor 
mation about buffering, which information contained in 
the header found by the processing in the Searching 
Step, and of determining whether or not the bitstream 
can be edited in accordance with the read information; 
and k . . . . 


