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CON%ENT SUPPLYING APPARATUS AND METHOD, AND RECORDING MEDIUM

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to content supplying
apparatuses and methods and to recording media. More
specifically, the present invention relates to a content
supplying apparatus and method and to a fecording medium, -
which are suitable for recording moving-picturé signals on a
'recording-medium, such as a magneto-optical disk or a
magnetic tape, reading-the signals, and displaying the
signals on a display; suitable for transmitting moﬁing-
pigtﬁre signals from a transmitting side to a receiving side
through a transmission channel, in which the receiving side
receives and displays the signals in the same way as in a
'teleconferencing system, a videophone system, é broadcasting
system, a multimedia database search system, and the like:;
and suitable for editing and recording moving-picture
signals.
2. Description of the Related Art

In a system such as a teleconferencing system or a
videophone system for transmitting moving-picture signals to
a remote place, image signals are compressed and encoded
.ﬁsing line correlation between video.signals and inter-frame

correlation in order to efficiently make use of a



transmission channel.

The Moving Picture Expert Group (MPEG) system, which is
a storage moving picture coding system, is a typical high-
efficiency coding system for moving pictures. This system
has been discussed under the ISO-IEC/JTél/SCZ/WGll standard
and has been proposed és a draft of the standard. This
.system employs a hybrid system combining motion-compensated
predictive coding and discrete cosine transform (DCT) coding.

In MPEG, a few profiles and levels are defined in oider
to serve various applicatibns and functions. The most
elementary profile/level is the main profile at main level
(MP@ML) .

Referring to Fig. 1, an example of the structure of an
encoder conforming to the main profile at mainllevel (MP@ML)
using the MPEG system is described.

An input iﬁage signal is input to. a frame memory group
1 and is encoded in a predetermined order.

Image data to be encoded is input to a motion wvector
detecting circuit 2 in macroblock units. The motion vector
detecting circuit 2 processes image data in each frame in
accordance with a predetermined sequence which is set in
advance, as either an I picture, a P picture, or a B picture.
The order of processing of sequentially-input images in each
frame as I, P, or B picture is determined in advance (for

example, the images are processed in the order I, B, P, B,
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P, ... B, P).
The motion vector detecting circuit 2 refers to a

predetermined reference frame which is determined in advance-

and performs motion compensation to detect a motion vector. . .

The motion compensation (inter-frame prediction) includes
three modes, namely, forward prediction, backward prediction,
and bidirectional prediction. P pictures only employ a
forward prediction mode. For B pictures, there are three
prediction.modes,_i.e., forward prediction, backward
prediction, and bidirectional prediction. The motion vector
detecting circuit 2 selects a prediction mode that miﬁimizes
prediction error and generates the prediction mode.

At the same time, the prediction error is compared with,
for example, a variance of a macroblock to be encoded. When
the macroblock variance is smaller than the prediction error,
no prediction is performed using that macroblock. Instead,
intra-frame coding is performed. 1In this case, the intra-
image coding prédiction mode (intra) is used. The_motion
vector and the prediction mode are input to a variable-
length coding circuit 6 and a motion compensation circuit 12.

The motion compensation circuit 12 generates a
prediction image based on a predetermined motion vector and
inputs the prediction image to an arithmetic circuit 3. The
arithmetic circuit 3 outputs a differential signal between

the value of the macroblock to be encoded and the value of
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the prediction image to a DCT circuit 4. In the case of an
intra macroblock, the arithmetic circuit ‘3 directly outputs
the signal of the macroblock to be encoded fo the DCT
circuit 4.

The DCT circuit 4 performs a discrete cosine transform
(DCT) of the input data and converts it into DCT
coefficients. The DCT coefficients are input to a
quantization circuit 5 and are quantized using a
quantization step corresponding to a data storage amount
(buffer stor&ge amount) of a transmission buffer 7. The
guantized data is input to the variable-length coding
circuit 6.

The variable-length coding circuit 6 converts image
data (in this example, I-picture data) supplied from the
gquantization circuit 5 into a variable-length code, such as
a ﬁuffman code or the like, in accordance with the
quantiéation step (scale) supplied from the quantization
circuit 5, and the variable-length coding circuit 6 outputs
the wvariable-length code to the transmission buffer 7.

The quantization step (scale) is input to the variable-
length coding circuit 6 from the quantization circuif 5.
Also a prediction mode (mode indicating which one of intra-
image prédiétion, forward prediction, backward prediction,
and bidirectional prediction has been set) and the motion

vector are input from the motion vector detecting circuit 2
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to the variable-length coding circuit 6. These data are
also variable-length coded.

The transmission buffer 7 temporarily stores the input
data and outputs data corresponding to the stored amount to
the guantization circuit 5.

When a residual amount of data increases to an upper
allowable limit, the transmission buffer 7 enlarges the
quantization scale of the quantization circuit 5 using a
quantization control signal, thus reducing the amount of
quantization data. In contrast, when the residual amount of
data decreases to a lower allowable limit, the transmission
buffer 7 reduces the quaﬁtizgtion scale of the quantization
circuit 5 using the quantization control signal thereby
incfgasing the amount of tﬁe quantization data. In this way.
overflow or underflow of the transmission buffer 7 is
prevented. -

The data stored in the transmission buffer 7 is read at
a predetermined time and is output to a transmission channel.

The data output from the quantization circuit 5 is
input to a dequantization circuit 8 and is dequantized in
accordance with the gquantization step supplied from the
éuantization circuit 5. The output from thé dequanfization
circuit 8 is input to an inverse discrete_traﬁsform circuit
(IDCT) circuit 9 and is inverse-DCT processed, and is in

turn stored in a frame memory group 11 via an arithmetic



unit 10.

Referring to Fig. 2, an example of the structure of a
decoder at MP@ML in MPEG is described. Coded image data
transmitted through a transmission channel is received by a
receiving circuit (not shown) or is read by a reading unit.
The data is temporarily stored in a reception buffer 31, and
then is supplied to a variable-length decoding circuit 32.
The variable-length decoding circuit 32 performs variable-
length decoding of the data supplied from the reception
buffer 31 and outputs the motion vector and the prediction
mode to a motion compensation circuit 37 and outputs the
quantization step to a dequaatization circuit 33. Im
addition, the wvariable-length decoding circuit 32 outputs
the decoded image data to thc dequantization circuit 33.

The dequantization circuit 33 dequantizes the image
data supplied from the variable-length decoding circuit 32
in accordance with the quantization step supplied from the
variable-length décoding circuit 32 and outéuts the data to
an IDCT circuit 34. The data (DCT coefficients) output from
the dequantization circuit 33 are inverse-DCT processed by
the IDCT citcuit 34 and are supplied to an arithmetic unit
35.

When the image data supplied from the IDCT circuit 34
is I-picture data, the data is output from the arithmetic

unit 35. 1In order to generate prediction-image data for



image data (P or'B—picture data) input thereafter to the
arithmetic unit 35, the image data ié supplied to a frame
memory group 36 and is stored in the frame memory group 36.
The data is directly output as a read image.

When an input bit stream is a P or B picture, the ‘
motion compensation.circuit 37 generates a prediction image
in accordance with the motion vector and the prediction mode,
which are supplied from the variable-length decoding circuit
32, ana outputs the prediction image to the arithmetic unif
35. The arithmetic unit 35 adds the image data input from
the IDCT circuit 34 and the prediction-image data supplied
from the motion compensation circuit 37 and outputs the
resulting image. When the input bit~stream is a P picture,
the output from the arithmetic unit 35 is input to the frame
memory group 36 and is stored in the frame memory group 36,
so that the data can be used .as a reference image for
subsequeﬁt image signals to be decoded.

In MPEG, various profiles and levels, other than MP@ML,
are defined. Also, various tools are prepared. Scalability
is one of the tools in MPEG.

In MPEG, a scalable coding system for implementing
scalability corresponding to different image sizes and frame
rates is introduced. For example, in the case of space
scalability, when only decoding a bit stream at a lower

layer, an image signal of a small image size is decoded.
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When decoding a bit stream at a lower layer and an upper
layer, an image signal of a large image size is decoded.

Referring to Fig. 3, an encoder for space scalability
is described. In the case of space séalability, a lower
layer corresponds to an image signal of a small image size,
and an upper layer corresponds to an image signal of a large
image size.

An image signal at a lower layer is input to the frame
memory group 1 and is encoded as in MP@ML. The oﬁtput from
thé arithmetic unit 10 is supplied to the frame memory group
11. The output is used not only as a prediction reference
image fdr a lower layer, but also used as a prediction
réference imagé for an upper layer after the image is
enlarged by an image enlarging circuit 41 to the size as the
image size at the upéer layer.

An image signal at an upper layer is input to a frame
memory group 51. A motion vector.detecting circuit 52
determines a motion vector and a prediction mode, as in
MP@ML .

A motion compensation circuit 62 generates a prediction
image in aécordance with the motion vector and the
prediction'mode_determined by the motion vector detecting
circuit 52 and outputs the prediction image to a weighting
circuit 44. The weighting circuit 44 multiplies the

prediction image by a weight (coefficient) W and outputs the



product to an arithmetic unit 43.

As described above, the output from the arithmetic unit
10 is input to the frame memory group 11 and the image
enlarging circuit 41. The image enlarging circuit 41
enlarges the image signal generated by the arithmetic
circuit 10 to the size of the image size at the upper layer
and outputs the image signal to a weighting circuit 42. The
weighting circuit 42 multiplies the output from the image
enlarging circuit 41 by a weight (1-W) and outputs the
‘product to the arithmetic unit 43.

The arithmetic unit 43 adds the outputs from the
weighting circuits 42 and 44 and outputs the sum as a
prediétion image to an arithmetic unit 53. The output from
the arithmetic unit 43 is also input to an afithmétic unit
60 and is added to the output from an IDCT circuit 59.
Subsequently, the sum is input to a frame memory groﬁb 61
and is used as a prediction reference frame for subsequent
image signals to be encoded.

The arithmetic unit 53 computes the difference between
the image signal to be encoded and the output from the
arithmetic unit 43 and outputs the difference.~ In the case
of an intra-frame coded macroblock, the arithmetic unit 53
directly outputs the image signal to be encoded to a DCT
circuit 54.

The DCT circuit 54 performs a discrete cosine transform



of the output from the arithmetic unit 53, generates DCT
coefficients, and outputs the DCT coefficients to a
gquantization circuit 55. As in MP@EML, the quantization
circﬁit 55 quantizes the DCT coefficients in accordance with
a quantization scale determined based on the data storage
amount of a transmission buffer 57 or the like and 6utputs
the quantized DCT coefficients to a variable-length coding
circuit 56. The variable-length coding circuit 56 pérforms
variable-length coding of the quantized DCT coefficients and
outputs the result as a bit stream at an upper layer wvia the
trénsmission buffer 57. |
The output from the quantization circuit 55 is
dequantized by a dequantization circuit 58 in accordance
with the quantization scale used by the guantization circuit
55. The IDCT circuit 59 performs the inverse discrete
cosine transform of the dequantized result, and it is in
turn input to the arithmetic unit 60. The arithmetic unit
60 adds the outputs from thé arithmetic unit 43 and the IDCT
circuit 59 and inputs the sum to the frame memory group 61.
The motion vector and the prediction mode detected by
the motiqn vector detecting circuit 52, the quantization
scale used by the quantization circuit 55, and the weight W
used by the ﬁeighting circuits 42 and 44 are input to the
variable-length coding circuit 56, and are all encoded and

transmitted.
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In conventional moving-picture encoders and decoders,
it is assumed that the units are in one-to-one
correspondence. For example, in a teléconferencing system,
a transmitting side and a receiving side are always in one-
to-oﬁe correspondence. Processing capacities and
specifications of a transmitting terminal and a receiving
terminal are determined in advance. In storage media such
as DVDs and the like, the specification and processing
capacities of a decoder are strictly determined in advance,
and an encoder encodes motion-picture signals on the
assumption'that only the decoder satisfying the
specifications will be used. When the encoder encodes image
signals so that the decoder according to the predetermined
specification can achieve optimal image quality, it is
always possible to transmit images having optical image
quality. |

However, when transmitting moving pictures .to a -
transmission channel, such as the Internet, which has a
variable transmission capacity which varies in accordance
ﬁith time or path, or, when transmitting moving pictures. to
an unspecified number of receiving terminals of which'
specifications are not determined.in advance and which have
various_processing capacities, it is difficult to know what
the optimal image quality is. Hence, it is difficult to

efficiently transmit moving pictures.
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Since the specifications of terminals are nof unique,
coding systems for encoders and decoders may differ from one
terminal to another. In such cases, it is necessary to
efficiently convert a coded bit stream into a predetermined
format. However, an optimal converting method has not yet

been established.

SUMMARY OF THE INVENTION

In view of the foregoing circumstances, it is an object
of the present invention to efficiently transmit image |
signals through transmission channels having'various
transmission capacities and to transmit optimal moving .
pictures to receiving terminals having various proceésing
capacities.

According to an aspect of the present invéntion, a
content supplying apparatus for supplying‘content to another
apparatus.based on a request from the other apparatus is
provided, including a first obtaining unit for obtaining
first information concerning a function of the other
apparatus. A second obtaining unit obtains second
information concerning the conteﬁt, the second information
corresponding to the first information obtained by the first
- obtaining unit. A third obtaining unit obtains the content.
A converter converts the content obtained by the third

obtaining unit based on the second information obtained by
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the second obtaining unit. A supplying unit sSupplies the
content converted by the converter to the other apparatus.

The second information may include one of a converting_
pafameter for converting the content and a coding difficulty
of the content.

The second obtaining unit may obtain the second
information from a descriptor which is transmitted
separately from the content.

The converter may include a decoding unit for decdding
coded content and an encoding unit for encoding the content
decoded by the decoding unit based on a decoding parameter
which is used by the decoding unit when performing the
decoding and the second information described in the
descriptor.

According to another aspect of the present inveﬂtioﬂ, a
content supplying method for a contenf supplying apparatus
for supplying céntent to another apparatus basgd on a
request from the other apparatus is provided, including a
first obtaining step of obtaining first information
concerning a function of the other apparatus. In a second
obtaining step, second information concerning the content is
obtained, the second information corresponding to the first
information obtained in the first obtaining step. 1In a
third obtaining sfep, the content is obtained. In a

converting step, the content obtained in the third obtaining
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step is coﬁverted based on the second information obtained .
in the second obtaining step. In a supplying step, the
content converted in the converting step is supplied to the
other apparatus.

According to another aspect of the present invention, a
recording medium having recorded thereon a program for a
content supplying épparatus for supplying content fo another
apparatus based on a request from the other apparatus is
provided. The prbgfam inciudes a first obtaining step of
obtaining first information concerning a function of the
other apparatus. In a second obtaining step, second
information concérning the content is obtained, the second
information corresponding to the firét information obtained
in the first_obtainiﬁg step. In a third obtaining step, the
cqntent is obtained. 1In a converting step, the content
obtained in the third obtaining s£ep is converted based on
the second information obtained in the second obtaining step.
In a supplying step, the content converted in the converting
- step is supplied to the other apparatus.

Accoréing to another aspect of the present invention, a
signal generating apparatus for generating, based on content,
a content-information signal concerning the conteht.is : |
provided. The signal generating apparatus includes a cédihg
difficulty analyzing circuit for analyzing a coding

difficulty of the content and outputting the result as the



content-information signal. A memory stores the content and
the content-information signal.

The cbding difficulty analyzing circuit may include a
first analyzing circuit for analyzing a motion compensation
difficulty of the content.

Tﬁe coding difficulty analyzing circuit may include a
secoﬁd analfzing circuit for analyzing a compression
difficulty of the content in the space domain.

According to another aspect of the present invention, a
converting apparatus for converting content into content in
a predetermined format is provided, including-a memory for
storing the content and a conteﬂt;information signal
concerning the content. A first obtaining unit obtains
information on a terminal for reading the content. A
converter converts the content into a format suitable for
the terminal based on the confent—information signal. The '
content~information signal includes coding difficulty
information indicating a coding difficulty of the content.
The converter converts the content based on the coding
difficulty information.

According to another aspect of the present invention, a
reading terminal for converting content into content in a
predetermined format and reading‘the content is provided,
inclﬁding a memory for storing the content and a content-

information signal concerning the content. A converter



converts the content into a format suitable for the reading
-terminal based on the content-information signal. A reading
unit reads the convérted content. The content-information
signal'includes coding difficulty information-indicating a
coding difficulfy of the content. The converter converts
the content based on the coding difficulty information.
According to the present invention, obtained content is
converted based on second information and is supplied to
another apparatus. It is therefore possible to perform
efficient transmission of content to transmissioh channels
having various transmission capacities and to units having
various processing capacities. In addition, it is possible
to transmit content and information concerning the content
in response to a request from another unit, thus. achieving a
syStem capable of supplying content in accordance with |

capacities of the other unit.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of the structure of a
conventional MPEG encoder;

Fig; 2 is a block diagram of the structure of a
conventional MPEG decoder;

Fig. 3 is a block diagram of the structure of another
conventional MPEG encoder;

Fig. 4 is a block diagram of the structure of a system



according to an embodiment of the present invention;

Fig. 5 is a block diagram of the structure of a
multimedia content server shown in Fig. 4;

Fig. 6 is a block diagram of the structure of a data
access server shown in Fig. 4;

Fig. 7 is a block diagram of the structure of a
transcoding unit shown in-Fig. 6;

Figs: 8A aﬁd 8B are graphs describing the transcoding:

Figs. 9A to 9D are graphs describing the transcoding;

Fig. lolillustrates recording in the multimedia content
server shown in Fig. 4;

Figs. 11A and 11B are block diagrams of the structure
of a ceoding difficult& analyzing gircuit shown in Fig. 10;

Figs. 12A to 12D illustrate the structure of é content-
information signal;

Fig. 13 illustrateé the structure of a TranscodingHint
descriptor;

Fig. 14 illustrates the structure of MediaInformatioﬁ;

Fig. 15 illustrates the structure of Segment:

Fig. 16 illustrates the overall MPEG-7 data structure}

Fig. 17 is a block diagram of another example of the
structure of the coding difficulty analyzing circuit shown
in Fig. 10;

Fig. 18 is a flowchart showing a process performed by a

content-information signal generating circuit shown in Fig.
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17;

Figs. 19A to 19C illustrate the structure of a
MediaTranscodingHint Ds; '

Fig. 20 is a table describing a.DifficultyType;

Fig. 21 illustrates the structure of a
MediaTranscodingHint descriptor;

Fig. 22 illustrates the structure.of MediaInformation;

Fig. 23 illustrates the relationship between video data
and Segment; and

Fig. 24 is é block diagram of an example of the

structure of a personal computer.

DESCRIPTION OF THE PREFERkED EMBODIMENTS
First Embodiment

fig. 4 shows the structure of a system according to a
first embodiment of.the present invention.

A multimedia content server 101 records and stores
multimedia content, such as moving picturés or the like, in
a storage medium (e.g., a content storage device 112 shown
in Fig. 5, which will be described below) such as a hard
disk or the like. The mﬁltimedia content is uncompressed or
is recorded in a compression bit stream format such as MPEG-
1, MPEG-2, or MPEG-4 (hereinafter abbreviated as MPEG-1/2/4
or the like). |

A receiving terminal (client) 103 requests, receives,



and displays the multimedia content. A user uses the

' receiving terminal 103 to obtain the content. The receiving
terminal 103 tfansmits a content request signal 1 for
fequesting predeterﬁined content énd a client information
signal indicating its own processing capacities, such as
memory size, resolution of an image display device,
computation capacity, buffer size, decodable bit-stream
format, and the like.

The content request signal 1 is information including
semantic contents of the requested content, such as the
title of a movie. The conteht.request signal 1 is encoded.
by MPEG-7 éncoding-system.

A data access server 102 receives the content reguest
signal 1 and the client information signal from the
receiving terminal 103 via a network or a predetermined
transmission chénnel. The data access server 102 transmits
a content-information request signal_for requesting
information on the content requested based on the content
request signal 1 to the multimedia content server 101 wvia a
network or a predetermined transmission channel.

The multimedia content server 101 records multimedia
content and information on the recorded multimedia content
in built-in storage media; When the multimedia content
server 101 receives the content-information request signal,

the multimedia content server 101 transmits a predetermined



content-information signal to the data access server 102
based on the received content-information request signal.

The content-information signal includes ipformation on
the multimedia content recorded in the multimedia content
server 101. The content-information signal includes
information such as file name, content titlé, author, cast,
and the like. The content-information signal includes both
semantic information and physical ihformatipn and is encoded
by MPEG-7. The physical information includes, for example,
a file name recorded in a storage medium and a pointer
indicating a predetermined position in a bit stream. The
semantic information includes, for example, the title of
content and cast.

The data access server 102 defines predetermined
content based on the content-information signal, the content
request sigﬁal 1, and the client information signal, and -
transmits a content request signal 2 for requesting the
content to the multimedia content server 101.

The content request signal 2 includes, for example, a
file name. The content request signal 2 includes physical
inﬁormation, such as a file name or a poinfer indicating a
predetermined position in a bit streaﬁ. The content request
signal 2 is encoded by, for example, MPEG-7. .

The multimedia content server 101 transmits the

multimedia (MM) content requested by the content request
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signal 2 to the data access server 102.

The data access server 102 receives the content-
information signal and the multimedia content from the
multimedia content server 101. The data access server 102
converts the multimedia content into an optimal format (by a
process referred to as "transcoding") based on the client
information signal and the content-information signal. The
data.agcess server 102 transmits the converted multimedia
‘content to the receiving terminal 103.

With continued reference .to Fig. 4, the data access
server 102 and the receiving terminal 103 are separated by a
transmission channel, and the data access server 102 and the
multimedia content server 101 are sepafated by a
transmission channel. The multimedia content server 101,
the data access server 102, and the receiving terminal 103
are indicated as independent ﬁnits. Alternatively, these
units can be mounted in a single terminal. For example, the
multimedia content server 101, the data access server 102,
and the receiving terﬁinal 103 can be provided in a single
terminal. The multimedia content server 101 and the Qata
- access server 102 can be provided in a single terminal, and
the receiving terminal 103 can be provided as a separate
terminal isolated by a network. Similarly, the multimedié
content server 101 can be provided as a separate terminal

isolated by a network, and the data access server 102 and
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the receiving terminal 163 can be provided in a single
terminal. In the following description, the units are
described as independent units in order to simplifj the
description. However, the following description applies fo
a case in which all the units are provided in a single
terminal.

Referring to Fig. 5, an example of the structure of the
multimedia content server 101 shown in Fig. 4 is illustrated.
A meta-data storage'device 111 records the content-
information signal and other meta-data describing the
content information. The content storage device 112 records
the multimedia content including moviﬂg pictures. |

The content-information signal and other meta-data
related to the content include semantic and physical
information. The semantic information includes, for example,
the £itle of a movie and the name of the director. The
physical information includes, for example, file name, URL,
and a pointer indicating a predetermined position in a bit
stream. The content-information signal and the meta-data
are encoded by, for example, MPEG-7 and are recorded.

The multimedia content itself is encoded by various
formats, such as MPEG-1/2/4, and is_recordedlin the content
storage device 112.

The content-information request signal input by the

data access server 102 is input to a meta-data managexr 113.
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The meta-data manager 113 manages the meta-data and the
content-information signal recorded in the meta-data storage
device 111. The meta-data manager 113 sﬁpplies the content-
informatidn request signal to the meta-data storage device
111.

The meta-data storage device 111 searches for
predetermined meta-data or content-information signal based
on the supplied content-information request signal and -
supplies the search result to the meta-data manager 113.

The meta-data manager 113 outputs the content-information
signal to the data access server 102 shown in Fig. 4.

The content request signal 2 input from the data access
server 102 is input to a multimedia content manager 114.

The multimedia content manager 114 manages the multimedia
content recorded in the content storage device 112. The
multimedia content manager 114 supplies the content request
signal 2 to fhe content storage device 112.

The content storage device 112-searches for
predetermined multimedia (MM) content based on the supplied
content request signal 2 and outputs the search result to
the multimedia qontent manager 114. The multimedia content
manager 114 outpﬁts the multimedia content to the data
access server 102 shown in Fig. 4.

Fig. 6 shows an example of the structure of the data

access server 102 shown in Fig. 4. The data access server
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102 includes a transcoding manager 121, a transcoding unit
122, and a transcoding library 123.

The client information signal input from the receiving
terminal 103 shown in Fig. 4 is input to the transcoding
manager 121. The content-information signal input from the
multimedia content server 101 shown in Fig. 4 is input to
the transcoding-manager 121.

The transcoding manager 121 deterﬁines the output
format of the multimedia content based on the client .
information signal and the content-information signal. The
transcoding manager 121 outputs franscoding type information
to the transcoding unit 122. The traﬁscoding type
information indicates the output format of the multimedia
content and a transcoding method for the transcoding unit
122.

The transcoding manager 121 outputs content
availability information and the content-information signal
to the receiving terminal 103 shown in Fig. 4. When the
requested content is not detected in the multimedia content
serﬁer 101, the transcoding manager 121 séts the content
avallability information to "0". When the requested content
is detected in the multimedia contenf server 101, the
transcbding manager 121 sets the content availability
information to "1".

The transcoding unit 122 converts the input content
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based on the transcoding type information.

The transcoding unit 122 can be implemented as a
software module operating on a central processing unit (CPU)
" or digital siénal processor (DSP). In such a case, the .
transcoding unit 122 uses a pfedetermined transcoding tool
recorded in the transcoding librar? 123 based.on the
transcoding type information and performs transcoding
(conversion of the content). Based .on the transcoding type
iﬁformation, the transcoding unit 122 outpﬁts a tool request
signal to the tramnscoding library 123._ The transcoding
iibrary 123_outputs the requested software module
(transcoding tool) to the transcoding unit 122. The_
transcoding unit'122 reserves necessary.memory or the like
for executiqg the software module and performs transcoding
using the software module.

_ Referring to Fig. 7. an example of the structure of the
transcoding unit 122 is described.- The simplest method to
imﬁlement the transcoding unit 122 is decoding the content
(bit stream) and thereafter re-encoding the content using an
encoder in a predetermined format.

In the transcoding unit 122 shown in Fig. 7, a bit
Stream supplied by the multimedia content servef 101 is
input to a decoder 131 and is decoded. A decoded image
sighal is sﬁpplied to an encoder 132 in a format in which

the receiving terminal 103 can receive data, and the signal



is encoded.

Codiﬁg parameters, such as a motion vector,
quantization coefficients, and a coding mode, whiéh are
decoded when the bit stream is decoded by the decoder 131;
are supplied to the encoder 132, and the coding parameters
Are used when the encoder 132 encodes an image signal. The
encoder 132 encodes the decoded image based on the coding
parameters supplied from the decoder 131 and the transcoding
type information supplied from the transcoding manager 121,
generates a bit stream in a predetermined format, and
outputs the bit stream.

Referring to Figs. 8A and 8B, an example of a
transcoding method performed by the transcoding unit 122
using the content-information signal is described.

When encoding predetermined content, even if done at
the same bit rate, the image quality will diffgr according
to frame size, frame rate, or the like. An example of this
is illustrated in Fig. 8B. The graph illustrates the
relationship between bit rate (abscissa in Fig. 8B) and
image quality (ordinate in Fig. 8B) when the same image is
encoded using three different frame sizes and frame rates.
When a bit rate is sufficiently high, the image quality is
best when an image is in a large frame (ITU-R Recommendation
601) at a high frame rate (30 Hz). At a lower bit rate, the

image quality begins to deteriorate suddenly.
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At a predetermined bit rate Ry, or lower, the image
quality.of the image being encoded is improved when the
image size Rec.601 is reduced to half lengthwise aﬂd
crosswise (SIF) and when the frame rate is reduced (to 10
Hz). At a predetermined bit rate Rz, or lower, the image
quality of the image being encoded is improved when the
image size SIF is further reduced to half lengthwise and
crosswise (QSIF). _An image size and a frame rate for
obfaining optimal image quality at each bit rate debend on
image properties. The relationship shown in Fig. 8B is
different for each content.

The content-information signal in the present
embodiment is, for example, a list of optimal coding
parameters for encoding the content at each bit rate. An
example of this is shown in Fig. 8A. For the content-
information signal at a bit rate R,; or lower, encoding is
performed using a 1/4-size frame and a frame rate 10Hz. At
a bit rate ranging from R,; to R,,, encoding is performed
using a 1l/2-size frame. At a bit rate R, or higher, Rec
601-size and a frame rate 30Hz are used to perform encoding.

A method for desqribing the content-information signal
in this case is described in detail hereinafter.

Referring to Figs. 9A to 9D, modifications of the
transcoding method performed by the transcoding unit 122

using the content-information signal are described.
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Transmission channels for transmitting predetermined
multimedia content include two types, i.e., a transmission
channel having a variable bit rate allowing a bit rate to
vary over time and a transmission channel having a fixed bit
rate. Coding systems include two types, i.e., a coding
system capable of encoding at a variable bit rate ana a
coding system for encoding at a fixed.bit rate.

For example, in teléconferenging éystems and when
broadcasting via wireless transmission links, a bit ntream
is encoded at a fixed bit rate. 1In contrast, in a DVD 6r'
the like, a bit stream is encoded at a variable bit rate.

In coding systems such as MPEG-1 and H.263, only encoding at
a fixed bit rate is possible. In MPEG-2 and MPEG-4,
encoding at a variable bit rate is possible.

" When encoding content, the image quality is genérally
better when the content is encoded at a variable bit rate as
opposed to a fixed bit rate. The coding efficiency of
. content depends on the properties of the image. If}the
éontent is different, the coding efficiencies will also be
different. A single piece of content has different coding
efficiencies over time. Fig. 9A shows an example of time-
varying coding difficulty. Time is plotted in abscissa, and
coding difficulty is plotted in ordinate. In a scene with
low ching.difficulty, good image quality can be achieved at

a low bit rate. 1In contrast, in a scene with high coding
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difficulty, it is difficult to achieve.sufficient image
~quality even at a high bit rate.

Fig. 9B shows time-varying image guality when a moving
picture is encoded at a fixed bit rate. Comparing Fig. 9A
and Fig. 9B, it is clear that, when coding at a fixed bif
rate, image quality improves in scenes with low coding
difficulty, whereas image quality deteriorates in scenes
with high coding difficulty. Thus, image quality greatly
varies over time.

Fig. 9C shows a time-varying coding bit rate when a
moving picture used in the case shown in Fig. 9A is encoded
at a variable bit rate. In a scene with high coding
difficulty, a higher bit rate is allocated. In a scene With.
low coding difficulty, a relatively small number of bits is
allocated. As a result, image quality is changed as shown
in Fig.-QD. By comparison, when coding at a fixed bit rate
(Fig. 9B), fhe average image quality is better for a
variable bit rate even though the number of bits generated
in the content is the same. In variable-bit-rate coding,
there is less variation in image qualify with time.

In order to efficiently perform variable bit-rate
coding, it is necessary to analyze the coding difficulty of
an entire moving picture and to determine characteristics in
advance as shown in Fig. 9A. It is possible to prepare a

buffer with a relatively large capacity and to measure

-
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coding difficulty within an allowable range of the buffer.
In this method, optimization is performed within the
capacity range. - It does not mean that optimization of the
entire cbntent is performed.

In ofder to solve the above problem, content coding
difficulty information és shown in Fig. 9A is described in a
content-information signal output from the multimedia
content server 101. The transcoding unit 122 encodes a bit
stream encoded at a fixed bit rate at a variable bit rate
using the coding difficulty information and outputs the bit
stream.

Specifically, in the transcoding unit 122 of the
example shown in Fig. 7, tﬁe encoder 132 encodes the bit
stream based on the content-information signal supplied.from
the multimedia content server 101 and outputs the bit stream.

" In contrast, referring to Fig. 10, when recording
predetermined multimedia content in the multimedia content
server 101 shown in Fig. 4, a bit stream is supplied from
the 6utside to the multimedia content server 101. The bit
stream is input to a coding difficulty analyzing circuit 141.
Although a bit stream is input in this example, it is
possible to directly_input an uncompressed moving picture.

The coding difficulty analyzing circuit 141 analyzes
the coding difficulty of the content and obtains a coding

difficulty characteristic as shown in Fig. 9A. The coding
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difficulty analyzing circuit 141 outputs the characteristic
as a content-information signal to the meta-data storage
device 111 and outputs the input content bit stream to the
content storage device 112.

Figs. 11A and 11B show examples of the structufe of the
codiné difficulty analyzing circuit 141. Referring to Fig.
11A, an input bit stream is first input to a parsing circuit
(parser) 151, and coding parameters (such-as quantization
coefficients and number of bits) are e#tracted ffom the bit
stream. A hint generator 152 obtains an average Q of the
quantization coefficients in each frame and the number of
bits B generated in that frame. Furthermore, the hint
generator 152 calculates Q x B to obtain coding difficulty
of that frame and supplies the coding difficulty to the
meta-data storaée device 111 as a content-information signal.
The meta-data storage device 111 records the content-
informafion signal.

-Fig. 11B shows a modification of the coding difficulty
analyzing circuit 141. In this example, an input bit stream
is decoded by a decoder 161. A decoded image is inpuf to an
encoder 162. The encoder 162 encodes the image on a fixed
quantization scale, such as Q = 1. The number of bits
generated in each frame when encoding on Q = 1 is coding'
.difficulty of that frame, and the coding difficulty is

supplied as content information to the meta-data storage
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device 111. The meta-data storage device 111 records the
.content information.

Referring to Figs. 12A to 12D, an example of a format
for describing a content-information éignal is illustrated.
In the example illustrated in Figs. 12A to 12D, the content-
information signal is described in TranscodingHint shown in
Fig. 12A, which is a descriptor containing information which
may give hints regarding transcoding. In the example shown
in Fig. 12A, TranscodingHint includes an ID, a
TranscodingParameterSet descriptor, and a
TranscodingComplexityHint descriptor. The ID is an
identification number for identifying a descriptor.

Referring to Fig. 12B, TranscodingParameterSet is a -
descriptor for describing optimal coding paramete;s when
performing encoding and transcoding at each bit rate.
TranscodingParameterSet consists of an ID, MinBitRate,
MaxBitRate, FrameRate, and FrameSize. |

MinBitRate is a flag indicating the minimum bit rate at
which information in the descriptor is wvalid.

MaxBitRate is a flag indicating the maximum bit rate at
which information in the descriptor is valid.

FrameRate is a flag indicating, when encoding a
particular image at a bit rate ranging from MinBitRate to
MaxBitRate, the frame rate at which optimal image quality is

obtained.
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FrameSize is a flag indicating the frame size in which
optimal image quality is obtained when encoding a particular
image at a bit rate ranging from MinBitRate to MaxBitRate.

TranscodingComplexityHint is a descriptor for
describing the complexity of encoding and transcoding the
content. Fig. 12C shows the structure of
TranscodingComplekityHint. StartMediaLocator is a pointer -
indicating the head of a bit stream in which the information
in the'descriptor is valid.

EndMedialocator is a pointer indicating the end of a
bit stream in which the information in the descriptor is
'valid. Complexity is a flag indicating coding difficulty of
a portion between StartMedialocator and EndMedial.ocator of
the bit stream.

Fig. 12D shows another example'of the structure of
TranscodingComplexityHint. StartFrameNumber is a pointer
indicating the frame number of the head frame in which the
information in the descriptor is wvalid.

EndFrameNumber is a pointer indicating the frame number
of the last frame in which the information in the descriptor
is walid.

Complexity is a flag indicating coding difficulty of a
portion between StartFrameNumber and EndFrameNumber of the
bit stream.

Fig. 13 shows the data structure of the TranscodingHint



- 34 -

descriptor shown in Fig. 12A, written in the Universal
Modeling Language (UML). TranscodingHint includes at least
one TranscodingParameterSet and at least one
TranscodingComplexityHint. The number of repetitions'of
TranscodingParameterSet is zero or more. Also, the number
of repetitions.of TranscodingComplexityHint is zero or more.

MPEG-7 is a standard for meta-data which describes
information on content. MPEG-7 includes a plurality oﬁ
descriptors. The details of the specification of MPEG-7 are
described in ISO/IEC SC29/WG11l N3112, N3113, and N3114. The
TranscodinéHint descriptor can be constructed as one type of
meta-data in MPEG-7.

'Fig. 14 shows an example of the data structure of
MediaInformation (including Mediaidentification, MediaFormat,
MediaCoding, MediaTranscodingHint, and Medialnstance) in
MPEG77; to which the above TranscodingHint descriptor is
added. MediaInformation is a descriptor for describing the
media of the content, such as a coding system or the like.
Zero or one TranscodingHint is described in MediaInformation.

MediaInformation is added to the entire content or to
part of the content. In this example, TranscodingHint is
also added either to the entire content or to part of the
content. |

Fig. 15 shows an example of the data structure for

description of TranscodingHint in Segment in MPEG-7.



- 35 - .

Segment is a descriptor for describing, when the content is
divided into a plurality of divisions or scenes, information
on each division. In this example, zero or one
TranscodingHint descriptor is described in VisualSegment and
in AudioSegment.

Segment is added to part of the content. In this
example,'TranscodingHint is also added to part of the
content.

Fig. 16 shows the overall MPEG-7 data structure when
TranscodingHint is added to MediaInformation in MPEG-7 as
illustrated in Fig. 14.

Second Embodiment

A system according to a second embodiment of the
present invention is described below. According to the
second embodiment, coding difficulty forming a content-
information signal includes informatioh indicating motion
compensation difficulty and information indicating intra-
coding difficulty. Based on the two pieces of information,
it is possible to oﬁtain a coding difficulty of a
predetermined scene in the content of the first embodiment,
as shown in Fig. 9A. Fig. 17 shows an example of the
structure of the coding difficulty analyzing circuit 141
shown in Fig. 10 in this case.

If required, an input bit stream is decoded by a

decoder 201, and the decoded bit stream is supplied to
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encoders 202 to 205. The encoder 202 performs intra-coding
of the image data.input from the decoder 201 using a
quantification scale, such as Q = 1. Thé number of bits
generated in each frame when encoding at Q = 1 is the intra-
coding difficulty of encoding that frame, and this is in.
turn input to a content-information signal generating
circuit 208.

The encodef 203 performs encoding (encoding of I and P
‘pictures) using a fixed quantification scale, e.g., Q =1
and m = 1. The encoder 204 performs encoding using a fixed
quantification scale, e.g., Q.= 1 and m = 2 (inserting a
single-frame B picture between two adjacent P picfures).

The encoder 205 performs encoding using a fixed
quantification scale, e€.g., Q = 1 and m = 3 (inserting B
'pictures in two frames between two adjacent P pictures).

Aﬁ averaging circuit 206 calculates the average of the
outputs of the encoders 203 to 205. The average is supplied
as a motion compensation coding difficulty to a difference
circuit 207.

The difference circuit 207 subtracts the output of the
averaging circuit 206 from the output of_the encoder 202 and
supplies the difference value to the content-informatioh
signal generating circuit 208. The start time and the end
time of a segment are supplied from an external unit (not

shown) to the content-information signal generating circuit
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208. The content-information signal generating circuit 208
generates a content-information signal based on the output
of the encoder 202 and on the output of the difference
circuit 207 for a segment specified by the start time and
the end time. The content-information signal is supplied to
the meta-data storage device 111.

In operation, if required, the decoder 201 decodes the
input bit stream and supplies the decoded bit stream to the
encoders 202 to 205. The encoder 202 only performs intra-
coding using Q = 1. The number of bits generated in each
- frame indicates the intra-coding difficulty of encoding that
frame. The infra-coding difficulty is supplied to the
content-information signal generating circuit 208 and the
difference circuit 207.

The intra-coding difficulty is described in TextureHint

(Fig. 19C) which will be described hereinafter.

The encoder 203 encodes the image data supplied from
the decoder 201 using Q = 1 and m = 1. The encoder 204
encodes the image data output from the decoder 201 using Q =
1 and the m = 2. The encoder 205 encodes the image data
from the decoder 201 using Q = 1 and m = 3; The éncoders
203 to 205 output the number of bits generated in each frame
.to the averaging circuit 206.

The averaging circuit 206 calculates the average of the

number of bits generated in each of the frames, which are
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supplied frdm the encoders 203 and 205. The average is
supplied as a motion compensation coding difficulty to the
difference circuit 207.

The difference circuit 207 subtracts tﬁe motion
compensation difficulty, which is supplied from the
averaging circuit 206, from the intra-coding difficulty
indicating the intra-coding difficulty, which is supplied
from the encoder 202. The remainder is supplied as motion
compensation difficulty to the content-information signal
generating circuit 208.

The motion compensation difficulty is described in
MotionHint kFig. 19B) which will be described hereinafter.

The content-information signal genepating circuit 208
generates a content-information signal based on the intra-
coding difficulty supplied from the encoder 202 and the
motion compensation difficulty supplied from the difference
circuit 207 and supplies the content-information signal to
the meta-data storage device 111. The meta-data storage
device 111 recérds the supplied content-information signal.

Fig. 18 is a flowchart showing a content-information

'signal generating process performed by the content-

information signal generating circuit 208.
In step S1, the content-information signal generaiing
circuit 208 sums up the intra-coding difficulties in all

framés in a segment specified by the start time and the end
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time.

A segment represents a predetermined interval of a
video signal in the time domain. A video content consists
of a single or a plurality of segments. A specific example
of a segment will be described hereinafter with reference to
Fig. 22.

In step S2, the content-information signal generating
circuit 208 sums up the intra-cbding difficulties of all the
frames in the overall sequence. )

In step S3, the content-information signal generating
circuit 208 performs normalization using the following

equation, computing Difficulty in TextureHint as described

below:

Difficulty = (sum of intra-coding difficulties in
segment + number of frames in segment) + (sum of intra-
coding difficulties in overall sequence + number of frames

in overall sequence)

The difficulty is obtained for each segment.

In step S4, the content-information signal generating
circuit 208 sums up the intra-coding difficulties in the
segment. In step S5,. the coding difficulty of the overall
seguence is computed. In step S6, the content-information

signal generating circuit 208 performs normalization for
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each segment using the following equation, computing

Motion_uncompensability of MotionHint as described below:

Motion_uncompensability = (sum of motion compensation
difficulties in segment + number of frames in segment) +
(sum of motion compensation difficulties in overall sequence

+ number of frames in overall sequence)

The motion_uncompensability is obtained for each

segment.

| In step S7, the content-information signal génerating
circuit 208 generates MediaTranscodingHint as a content-
information signal based on the computational fesults in-
steps S3 and Sé6.

MediaTranscodingHint is a descriptor for describing
optimal 6o§iﬁg parameters for performing transcoéing. Fig.
19A shows the MediaTranscodingHint descriptor in the second
embodiment of the present invention.

Referring to Fig. 19A, MediaTranscoding includes an ID,
UtilityScaling(), MotionHint(), and TextureHint().

UtilityScaling is a descriptor for describing image
quality of content at each bit rate.

Referring to Fig. 19B, MotionHint is a descriptor for
describing the motion compensation difficulty of the content.

MotionHint includes an ID, Motion_uncompensability,
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Motion_range_x_ left, Motion;range_x_rightt
Motion_range_y_left, and Motion_range_y_right.

When the inter-frame correlation is lbw, the coding
efficiency that can be improved by motion compensation is
not very high. It is therefore necessary to allocate more
bits to portions in which inter-frame correlation is low.-
Motion_uncompensability is a parameter which takes a valué
from 0 to 1. The value 0 indicates that the frames are
identical, and the value 1 indicates that no correlation is
detected between the frames. The motion ‘compensation
difficulty output from the difference circuit 207 is
described in Motion_uncompensability.

Motioﬁ_range_x_left and Motion_range_x_right indicate
the maximum amount of change in motion in a horizontal
direction caused by motion compensation. Similarly,
Motion_range_y_left and Motion_range_y_right indicate the
maximum amount of change in motion in a vertical direction
caused by motion compensation. These indicate the maximum
search range in the horizontal and vertical directions for
-motion vector detection. By specifying a maximum value of a
motion vector in advance, the amount of computation required
in transcoding is reduced while image quality is maintained.

TextureHint is a descriptor for describing compression
difficulty of the content in the space domain. The intra-

coding difficulty output from the encoder 202 shown in Fig.



17 is described in TextureHintf Referring to Fig. 19C,
TextureHint includes an ID, Difficulty, and DifficulytType.

Difficulty is a flag indicating the intra-coding
difficulty of the content, that is, it indicates the
difficulty of coding without performing motion compensation.

DifficulytType is a flag indicating processing of
Difficulty, that is, it indicates how Difficulty described
in the descriptor is measured. Referring to Fig. 20, the
value "0" in DifficultyType indicates Encoding Difficulty.'

Fig. 21 shows the data structure of
MediaTranscodingHint shown in Fig. 19A using UML.

The MediaTranscoding descriptbr includes zerc or one
UtilityScaiing descriptor, zero or one MotionHint descriptor,
and zero or one TextureHint descriptor.

Referring to Fig. 22, MediaTranscoding shown in Fig. 21
includes MediaIdentification, MediaFormat, Medialnstance,
and MediaInformation which describes the media of the
content, such as a coding system or the like.

MediaInformafion is added to the entire content or to
part of the content. Thus, MediaTranscodingHint is_also
added to the entire content or to part of the content.

Fig.l23 schematically shows the relationship of
MediaTranscodingHint to video data. Video content 211
inciudes at least one sequence. A scene (segment) 212,

which is part of the sequence, is defined by the start time
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and the end time. Information (the start time, the end time,
and the like) cdncerning the segmeht 212 is described in a
Segment descriptor 213. A single MediaInformation
descriptor 214 can be defined for single c§ntent or for a
single Segment descriptor. When defining the
MediaInformation descriptor 214 as a child descriptor of the
Segment descriptor 213, a MédiaTranscodingHiﬁt descriptorxr |
215 is defined for each segment (scene) since fhe
ﬁediaTranscodingHint descriptor 215 is a child descriptor of
the ﬁediainformation descruotir 214. The
MediaTranscodingHint descriptor 215 includes child
descriptors, i.e., a UtilityScaling descriptor 216, a
MediaHint descriptor 217, and a TextureHint descriptor 218.

The MediaInformation descriptor 214 and the child
descriptors thereof become child descriptors of. the Segment
descriptor 213. The contents of the description are only
valid within the period from the start time to the end time,
which are defined by the parent descriptor Segment
descriptor 213.

The above processing can be performed by hardware or by
software. When performing the series of processing by
software, a program is installed from a network or a
recording medium in a computer incorporated in dedicated
hardwaré or in a general-purpose personal computer capable

of executing various functions by installing various
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programs.

Fig. 24 shows an example of the structure of a personal
computer for performing the foregoing processing. A centrél
processing unit (CPU) 221 executes various processes in
accordance with a program stored in a read only memory (ROM)
222 or a program loadea from a storage device 228 to a
random access memory (RAM) 223. As occasion demands, the
RAM 223 stores data required for the CPU 221 to perform
various processes.

The CPU 221, the ROM 222, and the RAM 223 are
interconnected via a bus 224. An input/output interface 225
is connected to the bus 224. '

An input unit 226 including a keyboard and a mouse; an
output unit 227 including a display, e.g., a cathodeQray
tube (CRT) or a 1iquid crystal display (LCD)}), and a speaker:
the storage device 228 including a hard disk; and a
communication unit 229 including a modem and a terminal
adapter are connected to the input/output interface 225.

The communication unit 229 performs communication processing
via a network.

If required, a drive 230 can be connected to the
input/output interface 225. A magnetic disk 241, an optical
disk 242, a magneto-optical disk 243, and/or a semiconductor
memory 244 can be appropriately inserted. Computer programs

can be read from these recording media and can be installed



in.the storage device 228 as circumstances demand.

The recording media having prograﬁs recorded theréon
are distributed separately from the computer, in order to
supply the programs to users. The recording media include
packaged media such as the magnetic disk 241 (including a
floppy disk), the optical disk 242 (including a compact
disk-read only memory (CD-ROM) and a digifal versatile disk
(DVD)), the magneto-optical disk 243 (including a mini-disk
(MD)). and the semiconductor memory 244. In addition, the
recording media include the ROM 222 having the program
recorded thereon or the hard disk included in the storage
device 228, which are incorporated beforehand in a computer
and then distributed to the users.

In the present déscription, steps for writing a program
recorded in a reéording medium not only include time-series |
processing performed in accordance with the déscribed o;def
but also include parallel or individual brocessing, which
may not necessarily be performed in time series.

In the present description, the system represents an
overall apparatus formed by a plurality of apparatuses.
Furthermore, although the content is chiefly described using
an image signal by way of examble, the content is not
restricted to the image signal. The content includes an

audio signal, a program, a text signal, or the like.
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CLAIMS

1. A content supplying apparatus for supplying content
to another apparatus based on a request from said other
apparatus, comprising:

first obtaining means for obtaining first information
concerning a function of said;other apparatus:

second obtaining means for obtaining second information
concerning the content, the second information correspondihg
to.the first information obtained by said first obtaining
means;

third obtaining means for obtaining the content;

converting means for converting the content obtained by
salid third obtaining means based on the second information
obtained by said second obtaining means:; and

supplying means for supplying the content.converted by

said converting means to said other apparatus.

2. A content supplying apparatus according to Claim 1,
wherein the second information includes one of a converting
parameter for converting the content and a coding difficulty

of the content.

3. A content supplying apparatus according to Claim 1 or 2,

wherein said second obtaining means obtains the second

ol



information from a descriptor which is transmitted

separately from the content.

4. A content supplying apparatus according to Claim 3,
wherein said converting means comprises:

decoding means for decoding coded content; and

encoding means for encoding the content decoded by said
decoding means based on a decoding parameter which is used
by séid decoding means when performing the decoding and the

second information described in the descriptor.

5. A content supplying method for a content supplying
| apparatus for supplying content'to another apparatus based
on a request from said other apparatus, the method
comprising:

a first obtaining step of obtaining first information
concerning a function of said other apparatus:;

a second obtaining step of obtaining second information
concerning the content, the second information corresponding
to the first information obtained in said first obtaining
step;

a third obtaining step of obtaining the content:;

a converting step of converting the content obtained in
said third obtaining step based on the second information

obtained in said second obtaining step; and

* [ L M S *
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a supplying step of supplying the content converted in

said converting step to said other apparatus.

6. A recording medium having recorded thereon a
computer readable program for a content supplying apparatus.
for supplying content to another apparatus based on a
request from said other apparatus, the program comprising:

a first obtaining step of obtaining first information
concerning a function of said other apparatus;

a second obtaining step of obtaining second information
concerning the content, the second information corresponding‘
to the first information obtained in said first obtaining
step:

a third obtaining step of obtaining the content;

a éonverting step of converting the content obtained in
said third obtaining step based oﬁ the second information
obtained in said second obtaining step; and

a supplying step of supplying the content converted in

said converting step to said other apparatus.

7. A signal generating apparatus for generéting, based
on content, a content-information signal concerﬁing the
content, comprising:

a coding difficulty analyzing circuit for analyzing a

coding difficulty of the content and outputting the result

* ¢ L M s *



as the content-information signal; and

a memory for storing the content and the content-

information signal.

8. A signal generating apparatus according to Claim 7,
wherein said coding difficulty analyzing circuit comprises a
first analyzing circuit for analyzing a motion compensation

difficulty of the content.

9. A signal generating apparatus according to Claim 8,
wherein said first analyzing circuit outputs a parameter

indicating inter-frame correlation of the content.

10. A signal generating apparatus according to Claim 8 or 9,
wherein said first analyzing circuit outputs a search range

of a motion regarding motion compensation of the content.

11. A signal generating apparatus according toc any one
of claims 7 to 10, wherein said coding difficulty analyzing
circuit comprises a second analyzing circuit for analyzing a

compression difficulty of the content in the space domain.

12. A signal generating apparatus according to. Claim
11, wherein said second analyzing circuit outputs an intra-

coding difficulty when each frame of the content is intra-

TR



coded.

13. A signal generating apparatus according to any one
of claims 7 to 12, wherein said coding difficulty analyzing
‘circuit analyzes the coding difficulty in segment units,

segments being obtained by dividing the content.

14. A signal generating apparatus according to any one
of claims 7 to 13, wherein said coding difficulty analyzing
circuit analyzes the coding difficulty, normalizes the
coding difficulty, and outputs the normalized coding

difficulty as the content-information signal.

15. A signal generating apparatus according to any one
of claims 7 to 14, wherein the content and the content-
information signal are stored in separate memory,

respectively.

16. A signal generating method for generating, based
on content, a content-information signal concerning the
content, comprising:

a coding difficulty analyzing step of analyzing a
coding difficulty of the content and outputting the result
as the content-information signal; and |

a storing step of storing the content and the content-

signal information in memory.
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17. A converting apparatus for converting content into
content in a predetermined format, comprising:

a mémory for storing the content and a c&ntent-
information signal concerning the content;

first obtaining means for obtaining information on a
terminal for reading the content; and

converting means for converting the éontent into a
format suitable for said terminal based on the content-
information signal:

wherein the content-information signal includes coding
difficulty information indicating a coding difficulty of the
content; and

said converting means converts the content based on: the

coding difficulty information.

18. A converting apparatus according to Claim 17,
wherein the coding difficulty information includes
information indicating a motion compensation difficulty of

the content.

19. A converting apparatus according to Claim 17 or
18, wherein the coding difficulty information includes a

parameter indicating inter-frame correlation of the content.

R



20. A convérting apparatus according to Claim 17, 18
or 19, wherein the coding difficulty information includes a
search range of a motion regarding motion compensation of

the content.

21. A converting apparatus according to Claim 17, 18,
19 or 20, wherein the coding difficulty information includes
information indicating a compression difficulty of the

content in the space domain.

22. A converting apparatus according to any one of
claims 17 to 21, wherein the coding difficulty information
includes an intra-coding difficulty when each frame of the

content is intra-coded.

23. A converting apparatus according to any one of
claims 17 to 22, wherein the content-information signal
includes the coding difficulty information in segment units,

segments being obtained by dividing the content.
24, A converting apparatus according to any one of
claims 17 to 23, wherein the content-information signal

includes normalized coding difficulty information.

25. A converting method for converting content into
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content in a predetermined format, comprising:

a storing step of storing the content and a content-
information signal concerning the content in memory:;

obtaining step of obtaining information on.a terminal
for read;ng the content; and

a converting step of converting the content into a
format suitable for said terminal based on the content-
information signal;

wherein the content-information signal includes coding
difficulty information indicating a coding difficulty of the
content; and

in sald converting step, the content is converted based

on the coding difficulty information.

26. A reading terminal for converting content into
content in a p?edetermined format and reading the content,
comprisiﬁé:

a memory for storing the content and a content-
information signal concerning the content;

converting means for converting the content into a
format suitable for said reading terminal based on the-
content-information signal; and

reading means for reading the -converted contenf;

wherein the content-information signal includes coding

difficulty information indicating a coding difficulty of the
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content; and

said converting means converts the content based on the

coding difficulty information.

27. A reading method for a reading terminal for
converting content into content in a predetermined format
énd reading the content, the method comprising:

a storing step of storing the content and a content-
informatiqn signal concerning the content in memory:;

a converting step of converting the-content into a
format suitable for said reading terminal based on the
content-information signal; and

a reading step of reading the converfed content;

wherein the content-information signal includes coding
difficulty information indicating a coding difficulty of the
content; aﬁd |

in said converting step, the content is converted based

on the coding difficulty information.
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