
- 1 - DESCRIPTION RECORDING APPARATUS AND METHOD,
PLAYBACK APPARATUS AND  METHOD, RECORDING MEDIUM, AND
PROGRAM  Technical Field The present invention relates
to recording apparatuses  and methods, playback
apparatuses and methods, recording  media, and
programs, and in particular to a recording  apparatus
and a method, a playback apparatus and a method, a
recording medium, and a program for recording moving
images  on a data recording medium or playing back
moving images  recorded on a data recording medium.
Background Art  [0001] It is a long time since
consumer devices for digitally  recording moving
images were commonly used. Nowadays, major  data
recording media for recording such moving images are
shifting from tapes to disks. Since (data of) moving
images  are randomly accessible by the use of data
recording media  in the form of disks, images at
positions far away on the  time axis for playback of
the moving images can be quickly  played back. More
specifically, so-called a playback start  point can be
located quickly and so-called nondestructively  edited
contents can now be produced more easily by picking 2
up and merging desired portions of a moving image.  



[0002] To locate a playback start point or an edit
point of a  recorded moving image, the moving image
needs to be played  back. This means that if the
moving image is encoded, the  moving image needs to be
decoded before it can be displayed.  [0003] However,
when a moving image encoded as a program  stream of
the MPEG (Moving Pictures Experts Group) 2  technique
is to be decoded, a portion to be decoded needs to  be
located and extracted from the data stream before it
can  be decoded since the moving image is encoded in
units of GOP  (Group of Pictures). Control required
for this purpose is  complicated and computationally
time-consuming. [0004]  As described above, it is
difficult to quickly perform  the image at a desired
point of an encoded moving image.  [0005] On the other
hand, various recording techniques for  recording
encoded moving images on a data recording medium  are
proposed. [0006]  Fig. 1 is a diagram depicting a
recording technique for  recording a moving image in a
contiguous area of a data  recording medium at
predetermined time intervals for playing 3 - back the
moving image. 



[0007]  A stream unit 11-1 to a stream unit 11-6 are
data  produced by dividing the moving image at
predetermined time  intervals for playing back the
moving image. Each of the  stream unit 11-1 to the
stream unit 11-6 is recorded in a  contiguous area of
the data recording medium. [0008]  When the moving
image recorded by the recording  technique shown in
Fig. 1 is to be read out from the data  recording
medium, the stream unit 11-1 to the stream unit  11-6
are read out sequentially. When one of the stream unit
11-1 to the stream unit 11-6 is read out first and
then  another of the stream unit 11-1 to the stream
unit 11-6 is  to be read out, a seek time or a
rotational latency is  required between the two stream
units. [0009]  Fig. 2 is a flowchart illustrating
known processing for  locating and displaying an edit
point. In step 311, a  management information file
storing management information  indicating recording
positions of the moving image on the  data recording
medium is read out. In step 312, stream data  in the
first frame is read out from the data recording
medium in the form of a disk based on the read out
management information file. - 4 - [0010] 



In step 513, the read-out stream data is stored in a
buffer. In step 514, the encoded stream data is
decompressed (decoded). In step S15, moving image data
and  audio data obtained by decompressing the stream
data are  stored in the buffer downstream. In step
516, the moving  image data and audio data are
sequentially read out from the  buffer downstream to
display a moving image based on the  moving image data
and output audio based on the audio data.  [0011] In
step 517, it is determined whether a user has issued
an instruction for shifting to the subsequent point.
If it  is determined in step S17 that the user has not
issued an  instruction for shifting to the subsequent
point, displaying  the moving image and outputting the
audio are continued and  the flow returns to step S17
to repeat the determination  processing. [0012]  If it
is determined in step S17 that the user has  issued an
instruction for shifting to the subsequent point,  the
flow proceeds to step 518, where stream data in the
frame at the specified point is read out from the data
recording medium in the form of a disk based on the
read-out  management information file. [0013] 5  In
step S19, the read-out stream data is stored in the  



buffer. In step S20, the encoded stream data is
decompressed (decoded). In step S21, moving image data
and  audio data obtained by decompressing the stream
data are  stored in the buffer downstream. In step
S22, the moving  image data and audio data are
sequentially read out from the  buffer downstream to
display the moving image at the  specified point based
on the moving image data and output  the audio at the
specified point based on the audio data.  [0014] The
procedure returns to step S17, where the processing
of reading out stream data in the frame at the
specified  point from the data recording medium in the
form of a disk  according to an instruction from the
user and decoding the  stream data to display a moving
image and output audio is  repeated. [0015]  Also,
there is another recording method for generating
ClipMark composed of marks indicating distinctive
images  extracted from an input AV stream as
management information  for managing the AV stream,
and furthermore, for generating  PlayListMark composed
of marks indicating any images  specified by a user
from among playback sections  corresponding to
PlayList defining combinations of predetermined
sections in the AV stream to record ClipMark '~' 6
and PlayListMark on a recording medium as separate
tables  



(e.g., refer to Patent Document 1). [0016] [Patent
Document 1] Japanese Unexamined Patent  Application
Publication No. 2002-158965 Disclosure of Invention
Problems to be solved by the Invention  [0017] As
described above, when a start point or an edit point
of an encoded moving image is to be located, it is
difficult  to quickly display the encoded moving image
since it needs to  be decoded first before it can be
displayed. As a result,  locating a start point or
searching for an edit point takes a  long time. [0018]
Example embodiments may quickly play back images
associated with units of images, i.e., the units in
which a  moving image is encoded, to allow a user to
view the content  at a desired point in time for
playback of the moving image.  Means for Solving the
Problems [0019] 7  According to a first aspect of the
present invention, there is provided a recording
apparatus comprising: extraction  means for extracting
an image from a unit in which a moving  image is
encoded, the unit including a constant number of
images; reduction means for reducing the amount of
information  



of the extracted image; encoding means for encoding
the image  whose amount of information is reduced by a
predetermined  encoding scheme; association means for
associating the encoded  image with the unit from
which the image is extracted by the  extraction means;
and recording control means for controlling  recording
of the image associated with the unit onto a data
recording medium for recording the moving image;
wherein said  recording control means controls
recording of the image onto  the data recording medium
such that the encoded image and the  associated unit
are recorded on adjacent areas of the data  recording
medium. 7a  [0020] The association means can be a
track associated with a  track of the moving image and
can associate the encoded image  with the unit by
arranging the encoded image in a track in a
predetermined file format. [0021] The association
means can associate the encoded image  with the unit
by associating a range of time for playback of  the
unit of the moving image with the encoded image.
[0022] The recording control means can control
recording of the  moving image onto the data recording
medium such that the  moving image in a predetermined
time for playback is 8  



recorded in a first contiguous area of the data
recording  medium and can control recording of the
image onto the data  recording medium such that the
image is recorded in a second  contiguous area of the
data recording medium when the amount  of data of the
encoded image exceeds a predetermined threshold  if
the recording of the moving image in the first area of
the  data recording medium is ended. [0023] The
encoding means can encode the image by a compression
and encoding scheme for a static image. [0024] The
encoding means can encode the image by a compression
and encoding scheme for a moving image such that
decoding is  possible only with the image. [0025] The
reduction means can reduce the amount of information
of the image by thinning out pixels of the image.
[0026] The reduction means can reduce the amount of
information  of the image by removing a high-frequency
component of the  image. [0027]  According to a second
aspect of the present invention,  there is provided a
recording method comprising: an extraction  step of
extracting an image from a unit in which a moving
image is encoded, the unit including a constant number
of  



.images; a reduction step of reducing the amount of
information 8a  of the extracted image; an encoding
step of encoding the image  whose amount of
information is reduced by a predetermined  encoding
scheme; an association step of associating the
encoded image with the unit from which the image is
extracted  in the extraction step; and a recording
control step of  controlling recording of the image
associated with the unit  onto a data recording medium
for recording the moving image;  wherein said
recording control step controls recording of the
image onto the data recording medium such that the
encoded  image and the associated unit are recorded on
adjacent areas  of the data recording medium. 9
[0028] According to a third aspect of the present
invention,  there is provided a recording medium
storing a program causing  a computer to perform
recording processing comprising: an  extraction step
of extracting an image from a unit in which a  moving
image is encoded, the unit including a constant number
of images; a reduction step of reducing the amount of
information of the extracted image; an encoding step
of  encoding the image whose amount of information is
reduced by a  predetermined encoding scheme; an
association step of  associating the encoded image
with the unit from which the  image is extracted in
the extraction step; and a recording  



control step of controlling recording of the image
associated  with the unit onto a data recording medium
for recording the  moving image; wherein said
recording control step controls  recording of the
image onto the data recording medium such  that the
encoded image and the associated unit are recorded on
adjacent areas of the data recording medium. 9a
[0029] According to a fourth aspect of the present
invention,  there is provided a program causing a
computer to perform  recording processing comprising:
an extraction step of  extracting an image from a unit
in which a moving image is  encoded, the unit
including a constant number of images; a  reduction
step of reducing the amount of information of the
extracted image; an encoding step of encoding the
image whose  amount of information is reduced by a
predetermined encoding  scheme; an association step of
associating the encoded image  with the unit from
which the image is extracted in the  extraction step;
and a recording control step of controlling  recording
of the image associated with the unit onto a data
recording medium for recording the moving image;
wherein said  recording control step controls
recording of the image onto  the data recording medium
such that the encoded image and the  associated unit
are recorded on adjacent areas of the data  recording
medium. 10  



[0030] According to a fifth aspect of the present
invention,  there is provided a playback apparatus
comprising: reading  control means for controlling
reading an image from a data  recording medium
recording a moving image and the image, the  image
being extracted from a unit in which the moving image
is  encoded, the unit including a constant number of
images, the  amount of information of the image being
reduced, the image  being encoded by a predetermined
encoding scheme, the image  being associated with each
unit, the encoded image and the  associated unit being
recorded on adjacent areas of the data  recording
medium, and the reading being based on an  instruction
from a user and a relationship with the unit of  the
moving image; decoding means for decoding the read out
image; and display control means for controlling
display of  the decoded image. [0031] The reading
control means can control reading the image  from the
data recording medium so as to read only the image if
the user directs a fast-forward operation or a rewind
operation. [0032] The decoding means can decode the
image encoded by a  compression and encoding scheme
for a static image. [0033]  The decoding means can
decode the image encoded by a  



compression and encoding scheme for the moving image
such that  decoding is possible only with the image.
[0034]  According to a sixth aspect of the present
invention,  there is provided a playback method
comprising: a reading  control step of controlling
reading an image from, a data  recording medium
recording a moving image and the image, the  image
being extracted from a unit in which the moving image
is  encoded, the unit including a constant number of
images, the  amount of information of the image being
reduced, the image  being encoded by a predetermined
encoding scheme, the image  being associated with each
unit, the encoded image and the  associated unit being
recorded on adjacent areas of the data  recording
medium, and the reading being based on an  instruction
from a user and a relationship with the unit; a
decoding step of decoding the read out image; and a
display  control step of controlling display of the
decoded image. 12  [0035] According to a seventh
aspect of the present invention,  there is provided a
recording medium storing a program causing  a computer
to perform playback processing comprising: a reading
control step of controlling reading an image from a
data recording medium recording a moving image and the
image,  the image being extracted from a unit in which
the moving  image is encoded, the unit including a
constant number of  



images, the amount of information of the image being
reduced,  the image being encoded by a predetermined
encoding scheme,  the image being associated with each
unit, the encoded image  and the associated unit being
recorded on adjacent areas of  the data recording
medium, and the reading being based on an  instruction
from a user and a relationship with the unit; a
decoding step of decoding the read out image; and a
display  control step of controlling display of the
decoded image. 12a  [0036] According to an eighth
aspect of the present invention,  there is provided a
program causing a computer to perform  playback
processing comprising: a reading control step of
controlling reading an image from a data recording
medium  recording a moving image and the image, the
image being  extracted from a unit in which the moving
image is encoded,  the unit including a constant
number of images, the amount of  information of the
image being reduced, the image being  encoded by a
predetermined encoding scheme, the image being
associated with each unit, the encoded image and the
associated unit being recorded on adjacent areas of
the data  recording medium, and the reading being
based on an  instruction from a user and a
relationship with the unit; a  decoding step of
decoding the read out image; and a display  control
step of controlling display of the decoded image. 13  



[0037] The recording apparatus may be an independent
apparatus  or may be a block for performing recording
in a recording and  playback apparatus. The playback
apparatus may be an independent apparatus or may be a
block for performing  playback in a recording and
playback apparatus. [0038] In the recording apparatus
and method, first recording  medium, and first program
in example embodiments, an image is  extracted from a
unit in which a moving image is encoded, the  unit
including a constant number of images; the amount of
information of the extracted image is reduced; the
image whose  amount of information is reduced is
encoded by a predetermined  encoding scheme; the
encoded image is associated with the unit  from which
the image is extracted; and recording of the image
associated with the unit onto a data recording medium
for  recording the moving image is controlled. [0039]
In the recording apparatus and method, second
recording  medium, and second program in example
embodiments 14  reading an image from a data recording
medium recording a moving image and the image is
controlled, wherein the image is  extracted from a
unit in which the moving image is encoded,  the unit
including a constant number of images, the amount of
information of the image is reduced, the image is
encoded by a  



predetermined encoding scheme, the image is associated
with  each unit, and the reading is based on an
instruction from a  user and a relationship with the
unit of the moving image.  Furthermore, the read-out
image is decoded and display of the  decoded image is
controlled. Advantages  [0040]  As described in
example embodiments, images according to the moving
image can be recorded on the data recording medium.
[0041] Furthermore, the images associated with the
unit can be  quickly played back when the moving image
is to be played  back. As a result, the user can view
the content at a desired  point in time for playback
of the moving image. [0042] In example embodiments,
images 15  according to the moving image can be played
back.  [0043] Furthermore, images associated with the
unit can be  quickly played back. As a result, the
user can view the  content at a desired point in time
for playback of the moving  image. Brief Description
of the Drawings  [0044] [Fig. 1] Fig. 1 is a diagram
depicting a known recording  



technique. [Fig. 2] Fig. 2 is a flowchart illustrating
the known  process of locating and displaying an
edition point. [Fig. 3] Fig. 3 is a block diagram
depicting a structure  of one embodiment of a
recording apparatus according to the  present
invention. [Fig. 4] Fig. 4 is a diagram depicting
extraction of one  frame (picture) from one GOP. [Fig.
5] Fig. 5 is a diagram depicting one example of
thumbnail data recorded on a disk. [Fig. 6] Fig. 6 is
a diagram depicting synchronization  between thumbnail
data and multiplexed moving image data and  audio
data. [Fig. 7] Fig. 7 is a diagram depicting an
example of a  file in PLF format. - 16  [Fig. 8] Fig.
8 is a diagram depicting a file storing  thumbnail
data separately from a file in PLF format. [Fig. 9]
Fig. 9 is a diagram depicting an example of  file in
static image package format. [Fig. 10] Fig. 10 is a
diagram depicting an example of  a file in track
management file format. [Fig. 11] Fig. 11 is a diagram
depicting an example of  a location-related data file.
[Fig. 12] Fig. 12 is a diagram depicting locations.
[Fig. 13] Fig. 13 is a diagram depicting an example of



a location-related data file further referring to
thumbnail  data stored in an external file and a
reference file storing  thumbnail data. [Fig. 14] Fig.
14 is a diagram depicting thumbnail data  recording
areas in which thumbnail data is recorded. [Fig. 15]
Fig. 15 is a diagram depicting the process of
recording thumbnail data 81 adjacent to a stream unit
on a  disk. [Fig. 16].Fig. 16 is a diagram depicting a
thumbnail  data recording area in which thumbnail data
is recorded.  [Fig. 17] Fig. 17 is a diagram depicting
the process of recording onto a disk in a case where
thumbnail data are  recorded together at a position
away from a stream unit.  [Fig. 18] Fig. 18 is a
flowchart illustrating data  conversion processing. -
17  [Fig. 19] Fig. 19 is a flowchart illustrating data
recording processing. [Fig. 20] Fig. 20 is a block
diagram depicting a  structure of one embodiment of a
playback block in a  recording and playback apparatus
according to the present  invention. [Fig. 21] Fig. 21
is a flowchart illustrating the  process of locating
and displaying an edit point. [Fig. 22] Fig. 22 is a
diagram depicting an example of  display of a
thumbnail. 



[Fig. 23] Fig. 23 is a diagram depicting reading out
thumbnail data. [Fig. 241 Fig. 24 is a diagram
depicting reading out  thumbnail data. [Fig. 25] Fig.
25 is a diagram depicting a change in  the amount of
thumbnail data stored in a buffer memory  during a
fast-forward operation. [Fig. 26] Fig. 26 is a diagram
depicting a change in  the amount of thumbnail data
stored in a buffer memory  during a rewind operation.
[Fig. 27] Fig. 27 is a diagram depicting reading out
thumbnail data during a rewind operation. [Fig. 28]
Fig. 28 is a diagram depicting in detail a  change in
the amount of thumbnail data stored in a buffer
memory during a rewind operation. - 18  [Fig. 29] Fig.
29 is a flowchart illustrating the  process of reading
out thumbnail data. [Fig. 30] Fig. 30 is a diagram
depicting storing  thumbnail data in a buffer memory.
[Fig. 31] Fig. 31 is a diagram depicting storing
thumbnail data in a buffer memory. [Fig. 32] Fig. 32
is a diagram depicting storing  thumbnail data in a
buffer memory. [Fig. 33] Fig. 33 is a diagram
depicting storing  thumbnail data in a buffer memory. 



[Fig. 34] Fig. 34 is a diagram depicting storing
thumbnail data in a buffer memory. [Fig. 35] Fig. 35
is a block diagram depicting a  structure of one
embodiment of a recording and playback  apparatus,
according to the present invention, for reading  out
an MPEG2 program stream from a disk on which the MPEG2
program stream is recorded and generating thumbnail
data  corresponding to the MPEG2 program stream to
record it on  the disk. [Fig. 36] Fig. 36 is a block
diagram depicting the  structure of an I-picture
selection and decoding section.  [Fig. 37] Fig. 37 is
a block diagram depicting the structure of a
resolution conversion section. [Fig. 38] Fig. 38 is a
block diagram depicting the  structure of a JPEG
encoding section. - 19  [Fig. 39] Fig. 39 is a
flowchart illustrating the  process of generating
thumbnail data. [Fig. 40] Fig. 40 is a block diagram
depicting a  structure of one embodiment of a
recording and playback  apparatus, according to the
present invention, for reading  out an MPEG2 program
stream from a disk on which the MPEG2  program stream
is recorded and generating thumbnails, as a  stream of
I pictures, corresponding to the MPEG2 program  stream
to record it on the disk. [Fig. 41] Fig. 41 is a block
diagram depicting the  



structure of an I-picture encoding section. [Fig. 42]
Fig. 42 is a flowchart illustrating the  processing of
controlling the amount of code. [Fig. 43] Fig. 43 is a
block diagram depicting the  structure of a VBV model.
[Fig. 44] Fig. 44 is a diagram depicting the motion of
a VBV model in a case where no restriction is applied
to the  amount of thumbnail data. [Fig. 45] Fig. 45 is
a diagram depicting the motion of  a VBV model in a
case where the amount of thumbnail data is
restricted. [Fig. 46] Fig. 46 is a block diagram
depicting another  structure of one embodiment of a
recording and playback  apparatus, according to the
present invention, for reading  out an MPEG2 program
stream from a disk on which the MPEG2 - 20  program
stream is recorded and generating thumbnails, as a
stream of I pictures, corresponding to the MPEG2
program  stream to record it on the disk. [Fig. 47]
Fig. 47 is a block diagram depicting the  structure of
an I-picture selection and decoding section.  [Fig.
48] Fig. 48 is a block diagram depicting the structure
of a frequency-characteristic conversion section.
[Fig. 49] Fig. 49 is a diagram depicting DCT
coefficients. [Fig. 50] Fig. 50 is a diagram depicting
a transfer  



function H(n) of a horizontal filter and a transfer
function  V(m) of a vertical filter. [Fig. 51] Fig. 51
is a block diagram depicting the  structure of an
I-picture encoding section. [Fig. 52] Fig. 52 is a
flowchart illustrating another  process of generating
thumbnail data. [Fig. 53] Fig. 53 is a flowchart
illustrating another  process of controlling the
amount of code. [Fig. 54] Fig. 54 is a block diagram
depicting another  structure of one embodiment of a
playback block in a  recording and playback apparatus,
according to the present  invention, for playing back
and displaying thumbnails based  on thumbnail data
compressed and encoded in accordance with  the JPEG
technique. [Fig. 55] Fig. 55 is a block diagram
depicting the - 21 - structure of a JPEG decoding
section. [Fig. 56] Fig. 56 is a block diagram
depicting another  structure of one embodiment of a
playback block in a  recording and playback apparatus,
according to the present  invention, for playing back
and displaying thumbnails based  on thumbnail data
compressed and encoded as a stream of I  pictures.
[Fig. 57] Fig. 57 is a block diagram depicting the
structure of an I-picture decoding section. [Fig. 58]
Fig. 58 is a block diagram depicting still  



another structure of one embodiment of a playback
block in a  recording and playback apparatus,
according to the present  invention, for playing back
and displaying thumbnails based  on thumbnail data
compressed and encoded as a stream of I  pictures.
Reference Numerals  [0045] 31 microcomputer, 35 buffer
memory, 38 moving-image  compression section, 40
number-of-pixels conversion section,  41 static-image
compression section, 42 audio compression  section, 43
buffer memory, 44 drive, 45 disk, 48 disk, 51
extraction section, 81 thumbnail data, 101 file in PLF
format, ill file, 121 file in static image package
format,  131 track management file, 141
location-related data file, - 22  151 location-related
data file, 162 thumbnail data  recording area, 203
moving-image decompression section,  204 static-image
decompression section, 205 audio  decompression
section, 206 image output interface, 302 I- picture
selection and decoding section, 303 resolution
conversion section, 304 JPEG encoding section, 305
file- format conversion section, 322 I-picture
determination  section, 323 selector, 324
variable-length code decoder,  325 dequantization
section, 326 inverse-DCT processing  section, 341
low-pass filter, 342 pixel-thinning section,  381
I-picture encoding section, 402 visual-parameter  



detection section, 403 DCT processing section, 404
control  section, 405 quantization section, 406
variable-length  encoding section, 407 buffer, 451
I-picture selection and  decoding section, 452
frequency-characteristic conversion  section, 453
I-picture encoding section, 472 I-picture
determination section, 473 selector, 474
variable-length  code decoder, 475 dequantization
section, 491 horizontal  filter, 492 vertical filter,
501 control section, 502  quantization section, 503
variable-length encoding section,  504 buffer, 521
file-format conversion section, 522 JPEG  decoding
section, 561 file-format conversion section, 562
I-picture decoding section, 591 pixel-thinning section
Best Mode for Carrying Out the Invention 23 - [0046]
Fig. 3 is a block diagram depicting a structure of one
embodiment of a recording apparatus according to the
present  invention. The recording apparatus shown in
Fig. 3 is constructed so as to include a microcomputer
31 to a mode  dial 46. [0047]  The microcomputer 31 is
so-called a built-in  microcomputer including, for
example, a ROM (Read Only  Memory), a RAM (Random
Access Memory), a serial interface,  or a parallel
interface. The microcomputer 31 executes a
predetermined control program to comprehensively
control the  



recording apparatus. The microcomputer 31 executes the
predetermined control program to issue an operating
command  to each section of the recording apparatus
based on a signal  from a recording start/stop button
32 in accordance with an  operation of a user. The
microcomputer 31 executes the  predetermined control
program to adjust the file format of  data stored in a
buffer 43. [0048]  An image pickup section 33 includes
an optical system,  such as a lens and an aperture,
and an imaging element, such  as a CCD (Charge Coupled
Device) or a CMOS (Complementary  Metal-Oxide
Semiconductor) sensor and captures an image of a
subject as a moving image to supply the image signal
of the - 24  moving image thus obtained to a
moving-image input interface  34. The moving-image
input interface 34 is an interface  between the image
pickup section 33 and a buffer memory 35.  It converts
an image signal supplied from the image pickup
section 33 into moving image data in a predetermined
format,  such as applying analog-to-digital or
serial-to-parallel  conversion to the image signal,
and supplies the image data  to the buffer memory 35.
[0049]  An audio conversion section 36 includes, for
example, a  microphone. It acquires sound from the
subject or sound  surrounding the subject, supplies an
audio signal  



corresponding to the acquired sound to an audio input
interface 37. The audio signal output from the audio
conversion section 36 is synchronized with an image
signal  output from the image pickup section 33. The
audio input  interface 37 is an interface between the
audio conversion  section 36 and the buffer memory 35.
It converts an audio  signal supplied from the audio
conversion section 36 into  audio data in a
predetermined format, such as applying
analog-to-digital or serial-to-parallel conversion to
the  audio signal, and supplies the audio data to the
buffer  memory 35. [0050]  The buffer memory 35
includes, for example, a - 25  semiconductor memory
and temporarily stores image data  supplied from the
moving-image input interface 34 and audio  data
supplied from the audio input interface 37. The buffer
memory 35 supplies the stored image data to a
moving-image  compression section 38 and a
number-of-pixels conversion  section 40. Furthermore,
the buffer memory 35 supplies the  stored audio data
to an audio compression section 42. [0051]  Under the
control of the microcomputer 31, the moving- image
compression section 38 compresses and encodes the
image data for a moving image supplied from the buffer
memory 35 through a predetermined technique and
supplies the  



compressed and encoded image data to a multiplexer 39.
For  example, the moving-image compression section 38
compresses  and encodes image data of a moving image
supplied from the  buffer memory 35 through the MPEG2
technique and supplies  the compressed and encoded
image data to the multiplexer 39.  [0052] Under the
control of the microcomputer 31, the number- of-pixels
conversion section 40 extracts a predetermined
picture (frame or field) from the image data of a
moving  image and converts the number of pixels of the
extracted  picture. For example, the number-of-pixels
conversion  section 40 converts the number of pixels
of the extracted  picture by thinning out pixels from
the picture. - 26 - [0053] The number-of-pixels
conversion section 40 is provided  with an extraction
section 51. For example, as shown in Fig.  4, the
extraction section 51 extracts one frame (picture)
from one GOP of the image data for a moving image
compressed  and encoded by the moving-image
compression section 38 in  accordance with the MPEG2
technique. [0054]  More specifically, for example, if
the moving-image  compression section 38 compresses
and encodes a moving image  with 30 frames per second
in units of GOP composed of  continuous 15 frames, the
extraction section 51 extracts one  



frame from the 15 frames constituting each GOP. [0055]
For example, the number-of-pixels conversion section
40  converts the number of pixels of the frame
extracted from  each GOP by thinning out pixels of the
frame. [0056]  The number-of-images conversion section
40 supplies the  image data whose number of pixels has
been converted to a  static-image compression section
41. Under the control of  the microcomputer 31, the
static-image compression section  41 encodes the image
data supplied from the number-of-pixels  conversion
section 40 by means of a compression and encoding
scheme for compressing static images. For example, the
- 27  static-image compression section 41 encodes the
image data  supplied from the number-of-pixels
conversion section 40 in  accordance with the JPEG
(Joint. Photographic Experts Group)  technique. The
static-image compression section 41 supplies  the
encoded image data as thumbnail data to the buffer
memory 43. [0057]  Under the control of the
microcomputer 31, the audio  compression section 42
compresses and encodes the audio data  supplied from
the buffer memory 35 by means of a  predetermined
technique and supplies the compressed and  encoded
audio data to the multiplexer 39. The audio data  



output from the audio compression section 42 is
synchronized  with the image data output from the
moving-image compression  section 38. For example, the
audio compression section 42  compresses and encodes
the audio data supplied from the  buffer memory 35 in
accordance with the AC3 (Audio Code  Number 3 (Dolby
DigitalTM) technique and supplies the  compressed and
encoded audio data to the multiplexer 39.  [0058] The
multiplexer 39 multiplexes the image data supplied
from the moving-image compression section 38 and the
audio  data supplied from the audio compression
section 42 and  supplies the multiplexed image data
and audio data to the  buffer memory 43. For example,
the multiplexer 39 - 28  multiplexes image data and
audio data as an MPEG2 system  stream format and
supplies to the buffer memory 43 the data  in MPEG2
system stream format composed of the image data and
audio data generated by multiplexing. [0059]  The
buffer memory 43 temporarily stores the multiplexed
image data and audio data supplied from the
multiplexer 39,  as well as the thumbnail data
supplied from the static-image  compression section
41. [0060]  The microcomputer 31 adjusts the format of
the  thumbnail data stored in the buffer memory 43
into a  



predetermined file format. The file format of
thumbnail  data will be described later with reference
to Fig. 7 to Fig.  13. [0061]  A drive 44 reads out
the multiplexed image data and  audio data, as well as
the thumbnail data converted into a  predetermined
file format, from the buffer memory 43 and  records
them on a disk 45, which is one example of a data
recording medium. The disk 45 is, for example, a
magnetic  disk, an optical disk, or a magneto-optical
disk. [0062]  Fig. 5 is a diagram depicting one
example of thumbnail  data recorded on the disk 45.
Each of thumbnail data 81-1 29  to thumbnail data 81-n
is data for displaying one thumbnail.  On the disk 45,
in a case where error correction is carried  out by
the ECC (Error Correction Coding) in units of 12
kilobytes, each of the thumbnail data 81-1 to the
thumbnail  data 81-n is compressed to a size equal to
or smaller than  12 kilobytes. [0063]  Here, the unit
in which data is subjected to error  correction by,
for example, the ECC (Error Correction  Coding) is
recorded in one cluster, which is a unit in which
records of data are managed. [0064]  



Each of the thumbnail data 81-1 to the thumbnail data
81-n is recorded on the disk 45 in one cluster as the
unit  in which error correction is carried out by the
ECC. In  this case, if any of the thumbnail data 81-1
to the  thumbnail data 81-n is smaller than 12
kilobytes, a data  string is added to the data that is
smaller than 12  kilobytes of the thumbnail data 81-1
to the thumbnail data  81-n so that the size of the
data is increased to 12  kilobytes. Each of the
thumbnail data 81-1 to the thumbnail  data 81-n
increased to 12 kilobytes as a result of a data
string being added is recorded on the disk 45 in one
cluster  as the unit in which error correction is
carried out by the  ECC. - 30 - [0065] In the example
shown in Fig. 5, since the thumbnail  data 81-1 is
smaller than 12 kilobytes, a data string is add  so
that the size of the thumbnail data 81-1 is increased
to  12 kilobytes and then the 12 kilobytes thumbnail
data 81-1  is recorded in one cluster. [0066]  In the
example shown in. Fig. 5, since the thumbnail  data
81-n is 12 kilobytes, no data string is added and the
thumbnail data 81-n is recorded as-is in one cluster.
[0067] In this manner, since it is sufficient to read
data  



from one cluster when one of the thumbnail data 81-1
to the  thumbnail data 81-n is to be read out, the
thumbnail data  81-1 to the thumbnail data 81-n can be
read out more quickly  from the disk 45. [0068]
Hereinafter, the thumbnail data 81-1 to the thumbnail
data 81-n are referred to just as the thumbnail data
81 if  it is not necessary to differentiate them from
one another.  [0069] The mode dial 46 supplies a
signal for specifying the  operation mode of the
recording apparatus to the  microcomputer 31 according
to an operation of the user. By  changing the
operation mode, for example, the number of - 31
pixels in one frame (picture) of recorded image data
is  changed or whether thumbnail data is recorded or
not can be  changed. [0070]  A drive 47 is installed
in the recording apparatus as  required. From a disk
48 on which the control program is  recorded, the
drive 47 reads out the program and supplies it  to the
microcomputer 31. The microcomputer 31 stores the
program read out from the disk 48 on the built-in
rewritable  ROM or RAM and executes the program. The
functions of the  drive 47 and the disk 48 can be
achieved by the drive 44 and  disk 45. 



[0071]  Fig. 6 is a diagram depicting synchronization
between  the multiplexed moving image data and audio
data and the  thumbnail data. In Fig. 6, an MPEG track
is composed of  moving image data and audio data, and
a thumbnail track is  composed of thumbnail data. In
Fig. 6, one rectangle  indicates one image. The term
"track" means a sequence of  images or sounds. [0072]
For example, if moving image data constituting data in
MPEG2 system stream format is encoded in units of GOP
composed of 15 frames and thumbnail data is generated
from  one of the frames in each GOP, one GOP in an
MPEG2 system - 32  stream corresponds to one item of
thumbnail data. In this  case, one item of thumbnail
data corresponds to a period of  0.5 second in
playback of the moving image. [0073]  The file format
of the thumbnail data 81 associated  with one GOP will
now be described with reference to Fig. 7  to Fig. 13.
[0074]  As a file format for the thumbnail data 81,
the Quick  Time"' file format can be used.
Hereinafter, the Quick TimeTM  file format is referred
to as the QT file format. [0075]  



In the QT file format, moving image data, audio data,
static image data, or the like is individually
blocked, and  furthermore, management information for
managing such  blocked moving image data, audio data,
static image data, or  the like is also individually
arranged into blocks. Such a  block is a basic data
unit and is called an atom. Blocked  moving image
data, audio data, static image data, or the  like is
managed on a track-by-track basis, and the
information is called a track atom. Furthermore,
information for managing a plurality of tracks as one
item  of moving image data is called a movie atom.
[0076]  One movie data atom corresponds to one track.
- 33 - [0077] Fig. 7 is a diagram depicting an example
of a file in  Playlist File (PLF) format, as one
example of QT file format,  for storing the thumbnail
data 81. In the head of a file 101 in PLF format for
storing the thumbnail data 81, data  (file type data
in the figure) for describing the file type  is
arranged. The data for describing the file type is
followed by data (profile data in the figure) for
describing  the file profile. [0078]  For example, the
data for describing the file type can  be in a format
in compliance with the MP4 extension  



(IS014496-14) of BaseMediaFileFormat (ISO14496-12) of
the  ISO (International Organization for
Standardization). In  addition, for example, a value
indicating the PLF format is  set in the data for
describing the file profile. [0079]  In the file 101
in PLF format, the data for describing  the file
profile is followed by a movie atom (data indicated
by moov in the figure). The track atom (data indicated
by  trak (vide) in the figure) of a video track
arranged in the  movie atom of Fig. 7 is management
information of thumbnail  data 81. A track atom (data
indicated by trak (MPEG2 program stream) in the
figure) of an MPEG2 system stream  (MPEG2 program
stream) track arranged in the movie atom of - 34  Fig.
7 is management information about the MPEG2 system
stream in which moving image data and audio data are
multiplexed. [0080]  In a media atom (data indicated
by mdia in the figure)  of the track atom, management
information for managing the  compression scheme,
storage location, display time, and the  like of the
corresponding movie data atom is stored. In a  media
information atom (data indicated by minf in the
figure) of the media atom, various types of
information  associated with a sample, which is the
minimum management  unit, is arranged. For example, in
the MPEG2 system stream  



(MPEG2 program stream) track, the sample is one frame,
and  in the video track of the thumbnail data 81, the
sample is  one item of thumbnail data 81. [0081]  In a
sample table atom (data indicated by stbl in the
figure) of the media information atom, various types
of  information associated with individual samples is
arranged.  In a time sample atom (data indicated by
stts in the figure)  of the sample table atom, a
relationship between each sample  and a time in
playback is described. In a sample chunk atom  (data
indicated by stsc in the figure) of the sample table
atom, a relationship between samples and a chunk
composed of  the samples is described. - 35 - [0082]
Here, the term "chunk" means a data unit, in a track,
composed of a collection of a plurality of samples.
[0083]  In addition, in a sample size atom (data
indicated by  stsz in the figure) of the sample table
atom, the amount of  data in each sample is described.
In a chunk offset atom  (data indicated by stco in the
figure) of the sample table  atom, information about
the location of each chunk with  respect to the head
of the file is described. [0084]  Furthermore, the
thumbnail data 81-1 to the thumbnail  



data 81-n are stored in the file 101 in PLF format as
a  movie data atom (data indicated by mdat in the
figure). In  the file 101 in PLF format, the thumbnail
data 81-1 to the  thumbnail data 81-n are sequentially
arranged. [0085]  More specifically, in the time
sample table atom of the  track atom of the movie atom
shown in Fig. 7, a time in  playback of each of the
thumbnail data 81-1 to the thumbnail  data 81-n, which
are the movie data atom, is described.  [0086] Because
of this, each of the thumbnail data 81-1 to the
thumbnail data 81-n can be played back in conjunction
with  one GOP of the MPEG2 system stream, as shown in
Fig. 6. - 36 - [0087] The number of files recorded on
the disk 45 can be  reduced by storing the thumbnail
data 81-1 to the thumbnail  data 81-n in the file 101
in PLF format as described above.  [0088] Fig. 8 is a
diagram depicting a file storing the  thumbnail data
81 separately from the file 101 in PLF format.  A file
111 shown in Fig. 8 is a file for storing the
thumbnail data 81-1 to the thumbnail data 81-n that is
referred to from the file 101 in PLF format. In the
file  111, the thumbnail data 81-1 to the thumbnail
data 81-n are  sequentially arranged. 



[0089]  In this case, in the media information atom
(data  indicated by minf in the figure) of the track
atom in the  file 101 in PLF format, management
information for referring  to the file 111, such as
the storage location (path and file  name) of the file
111, is stored. [0090]  By doing so, instead of
storing the thumbnail data 81  as the movie data atom
in the file 101 in PLF format, the  thumbnail data 81
can be recorded as the file 111 in a  unique format
externally referred to and played back based  on the
file 101 in PLF format. Also in this case, since a
time in playback of each of the thumbnail data 81-1 to
the - 37  thumbnail data 81-n stored in the file 111
is described in  the file 101 in PLF format, each of
the thumbnail data 81-1  to the thumbnail data 81-n
can be played back in conjunction  with one GOP of the
MPEG2 system stream, as shown in Fig. 6.  [0091] In
addition, the thumbnail data 81 can also be stored  in
a file in static image package format as a file
referred  to by the file 101 in PLF format. [0092]
Fig. 9 is a diagram depicting an example of a file in
static image package format for storing the thumbnail
data  81. A file 121 in static image package format,
which is a  



file in static image package format, has the same data
structure as that of the file 101 in PLF format. In
Fig. 9,  the same data as that shown in Fig. 7 is
denoted by the same  name, and thus a description
thereof will be omitted. [0093]  A value indicating
the static image package format is  set to the data
for describing the file profile in the file  121 in
static image package format. [0094]  In the file 121
in static image package format, a track  atom (data
indicated by trak (vide) in the figure), which is
management information for the thumbnail data 81, is
stored.  Since the file 121 in static image package
format is a file - 38  referred to by the file 101 in
PLF format, the track atom of  the MPEG2 system stream
is not stored in the file 121 in  static image package
format. [0095]  The track atom in the file 121 in
static image package  format is described as in the
track atom of the file 101 in  PLF format.
Furthermore, in the file 121 in static image  package
format, the thumbnail data 81-1 to the thumbnail  data
81-n are stored as the movie data atom (data indicated
by mdat in the figure). [0096]  Furthermore, the
thumbnail data 81-1 to the thumbnail  



data 81-n may be stored in a file in location-related
data  file format, which is a file format for storing
a plurality  of items of metadata or image data
individually associated  with each location, serving
as a time range of a moving  image, and a time in
playback may be described by means of a  file in track
management file format for storing track- related
management information. [0097]  Fig. 10 is a diagram
depicting an example of a file in  track management
file format in this case. Fig. 11 is a  diagram
depicting an example of a file in location-related
data file format in this case. [0098] - 39  Since a
video track cannot be used in a track  management file
131 shown in Fig. 10, the first track atom  (data
indicated by trak (time location data) in the figure)
in the track management file 131 is management
information  for a location-related data file 141
shown in Fig. 11, and  the subsequent track atom (data
indicated by trak (MPEG2  program stream) in the
figure) in the track management file  131 is
management information for the MPEG2 system stream in
which moving image data and audio data are
multiplexed.  [0099] In the track atom for the
location-related data file  141, a sample corresponds
to each item of data for a  



plurality of locations stored in the location-related
data  file 141. In other words, information about each
item of  data for a plurality of locations in the
location-related  data file 141 is stored in the media
information atom (data  indicated by minf in the
figure) of the track atom for the  location-related
data file 141. The relationship between  each item of
data for a plurality of locations in the
location-related, data file 141, corresponding to a
sample,  and a time in playback is described in the
time sample atom  (data indicated by stts in the
figure) of the sample table  atom of the media
information atom in the track atom for the
location-related data file 141. [0100] - 40  As shown
in Fig. 11, data is stored at each location in  the
location-related data file 141. [0101]  In the current
description, the term "location" means a  time range
in a moving image, as shown in Fig. 12, and a
plurality of locations is sequentially arranged in
order  without overlapping each other or having gaps
therebetween.  In short, a range in time can be
specified by specifying  locations in sequence. [0102]
When the track management file 131 and the location-
related data file 141 are to be used, one thumbnail  



(thumbnail data 81) is associated with one location.
[0103] For example, as shown in Fig. 12, a thumbnail 1
(e.g.,  the thumbnail data 81-1) is associated with a
first location  1, a thumbnail 2 (e.g., the thumbnail
data, 81-2) is associated with a location 2 subsequent
to the location 1, a  thumbnail 3 (e.g., the thumbnail
data 81-3) is associated  with a location 3 subsequent
to the location 2, and  similarly, a thumbnail n
(e.g., the thumbnail data 81-n) is  associated with
n-th location n. [0104]  As shown in Fig. 11, a data
number indicating the order  of data and unit metadata
(metadata unit) are arranged in - 41  the
location-related data file 141 as data for each
location.  In the unit metadata, the data amount of
unit metadata,  language used for description,
metadata encoding scheme,  data-type identification
number for identifying the type of  the metadata, the
thumbnail data 81 serving as the metadata,  and data
other than the thumbnail data 81 are arranged in
sequence. Data other than the thumbnail data 81
arranged  next to the thumbnail data 81 may or may not
be stored in the unit metadata.  [0105] Therefore,
each of the thumbnail data 81-1 to the  thumbnail data
81-n can be played back in conjunction with a  



location by storing management information for
referring to  the location-related data file 141, such
as the storage  location (path and file name) of the
location-related data  file 141, in the media atom
(data indicated by mdia in Fig.  10) of the track atom
of the track management file 131 in  track management
file format and by arranging information  about each
item of data for the location in the location- related
data file 141 (e.g., the number of the data and
information indicating the relationship between the
number  of the data and a time in playback) in the
sample table atom  (data indicated by stbl in Fig.
10). [0106]  If the location is the time at which each
GOP of the - 42  MPEG2 system stream is played back,
each of the thumbnail  data 81-1 to the thumbnail data
81-n can be played back in  conjunction with one GOP
of the MPEG2 system stream, as  shown in Fig. 6.
[0107]  Alternatively, the thumbnail data 81 stored in
an  external file may further be referred to from a
file in  location-related data file format, rather
than storing the  thumbnail data 81 in the file in
location-related data file  format. [0108]  Fig. 13 is
a diagram depicting an example of a  



location-related data file 151 for further referring
to the  thumbnail data 81 stored in an external file
without storing  the thumbnail data 81 therein and a
reference file 111  storing the thumbnail data 81.
[0109]  In the location-related data file 151, the
data number  and unit metadata (metadata unit) are
arranged as data for  each location. In the unit
metadata, the data amount of  unit metadata, language
used for description, metadata  encoding scheme,
data-type identification number for  identifying the
type of the metadata, and the metadata are  arranged
in sequence. The metadata of the location-related
data file 151 is composed of the file name (including
the - 43  path) of the file 111, offset of each item
of the thumbnail  data 81 in the file 111, and the
data size of each item of  the thumbnail data 81 in
the file 111. [0110]  The offset in the metadata
indicates the amount of data  from the beginning of
the file 111 to the beginning of the  thumbnail data
81 referred to from the metadata. The data  size in
the metadata indicates the data amount of the
thumbnail data 81 referred to from the metadata.
[0111] The layout on the disk 45 of the MPEG2 system
stream  and the thumbnail data 81 recorded on the disk
45 will now  



be described. [0112]  The MPEG2 system stream is
recorded in a contiguous  area on the disk 45 at
predetermined intervals for playing  back the moving
image of the MPEG2 system stream. [0113]  A stream
unit 161-1 to a stream unit 161-6 shown in Fig.  14
indicate units in which the MPEG2 system stream is
recorded, i.e., predetermined time intervals of 10
second to  20 second, for playing back the moving
image. The MPEG2  system stream is divided into one
recording unit (e.g., any  of the stream unit 161-1 to
stream unit 161-6) at  predetermined intervals for
playing back the moving image 44  and is recorded on
the disk 45. In other words, each of the  stream unit
161-1 to the stream unit 161-6 is data of the  moving
image generated by dividing the moving image at
predetermined intervals for playing back the moving
image.  [0114] Hereinafter, the stream unit 161-1 to
the stream unit  161-6 are referred to just as the
stream unit 161 if it is  not necessary to
differentiate them from one another.  [0115] The
stream unit 161 is recorded in one contiguous area  on
the disk 45. [0116]  



As shown in Fig. 14, the thumbnail data 81 is recorded
in a thumbnail data recording area 162-1 and a
thumbnail  data recording area 162-2, which are areas
contiguous to the  respective stream units 161. For
example, the thumbnail  data recording area 162-1 and
the thumbnail data recording  area 162-2 are provided
adjacent to the front portions of  the respective
stream units 161 at the physical address of  the disk
45. [0117]  By doing so, when the thumbnail data 81 is
read out and  then the stream unit 161 is read out,
the stream unit 161  can be read out immediately after
the thumbnail data 81 has  been read out, without
requiring a seek time or disk - 45  rotational
latency. This technique allows the number of  seek
operations or the number of rotational delays in a
case  where the thumbnail data 81 is recorded to be
the same as  the number of seek operations or the
number of rotational  delays in a case where the
thumbnail data 81 is not recorded.  Thus, this
recording technique is suitable if the disk 45 is  a
disk having a relatively longer access time (seek or
rotational latency), such as an optical disk. [0118]
Hereinafter, the thumbnail data recording area 162-1
and the thumbnail data recording area 162-2 are
referred to  just as the thumbnail data recording area
162 if it is not  



necessary to differentiate them from each other.
[0119]  Fig. 15 is a diagram depicting the process of
recording  the thumbnail data 81 adjacent to the
stream unit 161 on the  disk 45. [0120]  The buffer
memory 43 is provided with a buffer for  storing the
MPEG2 system stream and a buffer for storing the
thumbnail data 81 individually. For example, the two
buffers in the buffer memory 43 may be provided as
separate  hardware devices. Alternatively, the two
buffers may be  logically provided by dividing an area
into two at a  predetermined address of the buffer
memory 43 in the form of - 46 - a single hardware
device. [0121]  The upper graph in Fig. 15 depicts a
time-lapse change  in the amount of buffered MPEG2
system stream data, and the  lower graph in Fig. 15
depicts a time-lapse change in the  amount of buffered
thumbnail data 81. The vertical axis in  Fig. 15
denotes the amount of data, and the horizontal axis
in Fig. 15 denotes time. [0122]  When time t1 is
reached a predetermined time after  recording has been
started, the amount of buffered MPEG2  system stream
data is equal to or larger than the threshold  



for starting system stream recording. Therefore,
recording  of the buffered MPEG2 system stream onto
the disk 45 as the  stream unit 161-1 is started. At
time t2, since recording  of the MPEG2 system stream
has reached the end of the stream  unit 161-1, a seek
operation is performed or disk rotation  is awaited
during the period from time t2 to time t3.
Thereafter, recording of the buffered MPEG2 system
stream in  the subsequent stream unit 161-2 is started
at time t3.  [0123] It is assumed that the amount of
buffered thumbnail  data 81 is equal to or larger than
the threshold for  starting thumbnail data recording
at time t4, at which the  MPEG2 system stream is being
recorded in the stream unit - 47  161-2. While
recording the MPEG2 system stream on the disk  45, the
recording apparatus does not monitor the amount of
thumbnail data 81. [0124]  Since recording of the
MPEG2 system stream has reached  the end of the stream
unit 161-2 at time t5, the recording  apparatus
determines at time t5 whether the amount of  buffered
thumbnail data 81 is equal to or larger than the
threshold for starting thumbnail data recording.
[0125]  Since the amount of thumbnail data 81 is equal
to or  larger than the threshold for starting
thumbnail data  



recording at time t5, a seek operation is performed or
disk  rotation is awaited based on the determination
result during  the period from time t5 to time t6, and
at time t6,  recording of the buffered thumbnail data
81 in the thumbnail  data recording area 162-1 is
started. [0126]  As described with reference to Fig.
5, the thumbnail  data 81 is recorded on the disk 45
in one cluster as the  unit in which error correction
is carried out by the ECC.  In this case, if the
thumbnail data 81 is smaller than 12  kilobytes, any
data string is added to the thumbnail data 81  smaller
than 12 kilobytes to increase the size to 12
kilobytes. - 48 - [0127] The thumbnail data recording
area 162-1 is a contiguous  area composed of one or a
plurality of clusters, and one or  a plurality of
items of thumbnail data 81 is recorded in the
thumbnail data recording area 162-1. [0128]  Since
recording of the thumbnail data 81 in the  thumbnail
data recording area 162-1 is ended at time t7,
recording of the buffered MPEG2 system stream in the
stream  unit 161-3 subsequent to the thumbnail data
recording area  162-1 is started. [0129]  



Since recording of the MPEG2 system stream has reached
the end of the stream unit 161-3 at time t8, a seek
operation is performed or disk rotation is awaited
during  the period from time t8 to time t9, and at
time t9,  recording of the buffered MPEG2 system
stream in the  subsequent stream unit 161-4 is
started. [0130]  Since the amount of buffered MPEG2
system stream is  equal to or smaller than one cluster
at time t10, recording  of the MPEG2 system stream in
the stream unit 161-4 is  suspended, and a standby
mode continues until the buffer is  filled with the
MPEG2 system stream. [0131] - 49  It is assumed that
the amount of buffered thumbnail  data 81 is equal to
or larger than the threshold for  starting thumbnail
data recording at time tll, at which  recording the
MPEG2 system stream in the stream unit 161-4  is
suspended. While recording the MPEG2 system stream is
suspended, the recording apparatus does not monitor
the  amount of thumbnail data 81. [0132]  At time t12,
since the amount of buffered MPEG2 system  stream is
equal to or larger than the threshold for starting
system stream recording, the suspended recording of
the  buffered MPEG2 system stream in the stream unit
161-4 is  



resumed. [0133]  When recording of the MPEG2 system
stream has reached  the end of the stream unit 161-4
at time t13, the recording  apparatus determines
whether the amount of buffered  thumbnail data 81 is
equal to or larger than the threshold  for starting
thumbnail data recording. [0134]  Since the amount of
thumbnail data 81 is equal to or  larger than the
threshold for starting thumbnail data  recording at
time t13, a seek operation is performed or disk
rotation is awaited based on the determination result
during  the period from time t13 to time t14, and at
time t14, - 50  recording of the buffered thumbnail
data 81 in the thumbnail  data recording area 162-2 is
started. [0135]  Since recording of the thumbnail data
81 in the  thumbnail data recording area 162-2 is
ended at time t15,  recording of the buffered MPEG2
system stream in the stream  unit 161-5 subsequent to
the thumbnail data recording area  162-2 is started.
[0136]  When the thumbnail data 81 is to be recorded
in the  thumbnail data recording area 162-2, the
thumbnail data 81  smaller than 12 kilobytes is padded
with any data string, as  



in the thumbnail data recording area 162-1, so that
the size  is increased to 12 kilobytes and then each
item of the  thumbnail data 81 is recorded in one
cluster. The thumbnail  data recording area 162-2 is a
contiguous area composed of  one or a plurality of
clusters, and one or a plurality of  items of
thumbnail data 81 is recorded in the thumbnail data
recording area 162-2. [0137]  At time t16, since
recording of the MPEG2 system stream  has reached the
end of the stream unit 161-5, a seek  operation is
performed or disk rotation is awaited during  the
period from time t16 to time t17. Thereafter,
recording  of the buffered MPEG2 system stream in the
subsequent stream - 51 - unit 161-6 is started at time
t17.  [0138] Alternatively, recording may be performed
at a position  away from the stream unit 161 where the
thumbnail data  recording areas 162 are adjacent to
each other. [0139]  Fig. 16 is a diagram depicting an
example of thumbnail  data recording areas 162 in
which adjacent recording is  performed. Thumbnail data
recording area 162-1 to thumbnail  data recording area
162-4 are provided adjacent to each  other at a
position away from the stream unit 161-1 to the
stream unit 161-(n+l). 



[0140]  By doing so, even when many items of thumbnail
data 81  are read out from the disk 45, many items of
thumbnail data  81 can be read out quickly from the
disk 45, without  requiring a seek time or disk
rotational latency. Although  this technique causes
the number of seek operations or the  number of
rotational delays in a case where the thumbnail  data
81 is recorded to become larger than the number of
seek  operations or the number of rotational delays in
a case  where the thumbnail data 81 is not recorded,
the thumbnail  data 81 can be read out by sequentially
accessing a  plurality of thumbnail data recording
areas 162. Thus, this  recording technique is suitable
if the disk 45 is a disk - 52  having a relatively
short access time (seek or rotational  latency), such
as a hard disk. [0141]  Fig. 17 is a diagram depicting
the process of recording  onto the disk 45 in a case
where the thumbnail data 81 are  recorded together at
a position away from the stream unit  161. Also in
this case, the buffer memory 43 is provided  with a
buffer for storing the MPEG2 system stream and a
buffer for storing the thumbnail data 81 individually.
[0142] The upper graph in Fig. 17 depicts a time-lapse
change  in the amount of buffered MPEG2 system stream
data, and the  



lower graph in Fig. 15 depicts a time-lapse change in
the  amount of buffered thumbnail data 81. The
vertical axis in  Fig. 17 denotes the amount of data,
and the horizontal axis  in Fig. 15 denotes time.
[0143]  When time t31 is reached a predetermined time
after  recording has been started, the amount of
buffered MPEG2  system stream data is equal to or
larger than the threshold  for starting system stream
recording. Therefore, recording  of the buffered MPEG2
system stream onto the disk 45 as the  stream unit
161-1 is started. At time t32, since recording  of the
MPEG2 system stream has reached the end of the stream
unit 161-1, a seek operation is performed or disk
rotation - 53  is awaited during the period from time
t32 to time t33.  Thereafter, recording of the
buffered MPEG2 system stream in  the subsequent stream
unit 161-2 is started at time t33.  [0144] It is
assumed that the amount of buffered thumbnail  data 81
is equal to or larger than the threshold for  starting
thumbnail data recording at time t34, at which the
MPEG2 system stream is being recorded in the stream
unit  161-2. While recording the MPEG2 system stream
on the disk  45, the recording apparatus does not
monitor the amount of  thumbnail data 81. [0145]  



Since recording of the MPEG2 system stream has reached
the end of the stream unit 161-2 at time t35, the
recording  apparatus determines at time t35 whether
the amount of  buffered thumbnail data 81 is equal to
or larger than the  threshold for starting thumbnail
data recording. [0146]  Since the amount of thumbnail
data 81 is equal to or  larger than the threshold for
starting thumbnail data  recording at time t35, a seek
operation is performed based  on the determination
result during the period from time t35  to time t36,
and at time t36, recording of the buffered  thumbnail
data 81 in the thumbnail data recording area 162-1  is
started. - 54 - [0147] Also in this case, as described
with reference to Fig.  5, the thumbnail data 81 is
recorded on the disk 45 in one  cluster as the unit in
which error correction is carried out  by the ECC such
that the cluster is padded. The thumbnail  data
recording area 162-1 is a contiguous area composed of
one or a plurality of clusters, and one or a plurality
of  items of thumbnail data 81 is recorded in the
thumbnail data  recording area 162-1. [0148]  Since
recording of the thumbnail data 81 in the  thumbnail
data recording area 162-1 is ended at time t37, a  



seek operation is performed during the period from
time t37  to time t38 and at time t38, recording of
the buffered MPEG2  system stream in the stream unit
161-3 at a position away  from the thumbnail data
recording area 162-1 is started.  [0149] Since
recording of the MPEG2 system stream has reached  the
end of the stream unit 161-3 at time t39, a seek
operation is performed or disk rotation is awaited
during  the period from time t39 to time t40, and at
time t40,  recording of the buffered MPEG2 system
stream in the  subsequent stream unit 161-4 is
started. [0150]  Since the amount of buffered MPEG2
system stream is -55- equal to or smaller than one
cluster at time t41, recording  of the MPEG2 system
stream in the stream unit 161-4 is  suspended, and a
standby mode continues until the buffer is  filled
with the MPEG2 system stream. [0151]  It is assumed
that the amount of buffered thumbnail  data 81 is
equal to or larger than the threshold for  starting
thumbnail data recording at time t42, at which
recording the MPEG2 system stream in the stream unit
161-4  is suspended. While recording the MPEG2 system
stream is  suspended, the recording apparatus does not
monitor the  amount of thumbnail data 81. 



[0152]  At time t43, since the amount of buffered
MPEG2 system  stream is equal to or larger than the
threshold for starting  system stream recording, the
suspended recording of the  buffered MPEG2 system
stream in the stream unit 161-4 is  resumed. [0153]
When recording of the MPEG2 system stream has reached
the end of the stream unit 161-4 at time t44, the
recording  apparatus determines whether the amount of
buffered  thumbnail data 81 is equal to or larger than
the threshold  for starting thumbnail data recording.
[0154] 56  Since the amount of thumbnail data 81 is
equal to or  larger than the threshold for starting
thumbnail data  recording at time t44, a seek
operation is performed based  on the determination
result during the period from time t44  to time t45,
and at time t45, recording of the buffered  thumbnail
data 81 in the thumbnail data recording area 162-2  is
started. [0155]  Since recording of the thumbnail data
81 in the  thumbnail data recording area 162-2 is
ended at time t46, a  seek operation is performed
during the period from time t46  to time t47, and at
time t47, recording of the buffered  



MPEG2 system stream in the stream unit 161-5 at a
position  away from the thumbnail data recording area
162-2 is started.  [0156] At time t48, since recording
of the MPEG2 system stream  has reached the end of the
stream unit 161-5, a seek  operation is performed or
disk rotation is awaited during  the period from time
t48 to time t49. Thereafter, recording  of the
buffered MPEG2 system stream in the subsequent stream
unit 161-6 is started at time t49. [0157]  Processing
by the recording apparatus will now be  described with
reference to a flowchart. [0158] - 57  Fig. 18 is a
flowchart illustrating the process of  converting data
by the recording apparatus. In step 551,  the
moving-image compression section 38 compresses the
acquired moving image in accordance with the MPEG2
technique.  In step 552, the audio compression section
42 compresses the  acquired sound in accordance with
the AC3 technique. [0159]  In step 553, from the
moving image data stored in the  buffer memory 35, the
extraction section 51 of the number- of-pixels
conversion section 40 extracts one picture (frame)
from one GOP of the moving image to be compressed in
the  moving-image compression section 38. For example,
if the  



number of pictures (frames) constituting a GOP is
predetermined in the moving-image compression section
38,  one picture (frame) is extracted for the number
of pictures  (frames). Furthermore, for example, the
extraction section  51 may extract one picture (frame)
from one GOP of the  moving image based on a signal
indicating the boundary  between GOPs from the
moving-image compression section 38.  [0160] In step
554, the number-of-pixels conversion section 40
converts the number of pixels of the extracted frame.
In  step 554, from among the pixels of the extracted
frame, the  number-of-pixels conversion section 40
converts the number  of pixels of the extracted frame
by, for example, thinning 58  out pixels at
predetermined positions on the frame. More
specifically, in step S54, the number-of-pixels
conversion  section 40 calculates the mean value of
the pixel values of  four pixels, adjacent to one
another, composed of two pixels  in the vertical
direction and two pixels in the horizontal  direction
from among the pixels of the extracted frame and  then
thins out three pixels from the four pixels by setting
the calculated mean value to one pixel replacing the
four  pixels to convert the number of pixels of the
frame. [0161]  In step S54, the number-of-pixels
conversion section 40  can perform conversion to
produce a frame composed of any  



number of pixels and, therefore, the number of pixels
of a  resultant frame does not limit the present
invention. [0162]  In step S55, the static-image
compression section 41  compresses the frame whose
number of pixels has been  converted as a static image
in accordance with the JPEG  technique to generate
thumbnail data. The static-image  compression section
41 stores the generated thumbnail data  in the buffer
memory 43. [0163]  In step S56, the microcomputer 31
adjusts the file  format of the thumbnail data,
acquired through compression.  For example, in step
S56, the microcomputer 31 can adjust - 59  the file
format of the thumbnail data acquired through
compression to the PLF format, file format referred to
from  the file 101 in PLF format, static image package
format, or  the location-related data file 141
referred to from the  track management file 131.
[0164]  If the thumbnail data is adjusted to a file
format  referred to from another file, the
microcomputer 31  generates a file for referring to
the thumbnail data and the  generated file is also
recorded on the disk 45 as thumbnail  data. [0165]  



Although, in the above description, the processing
from  step S51 to step S55 is carried out by the
moving-image  compression section 38 to the audio
compression section 42  and the extraction section 51,
the microcomputer 31 may  carry out the processing
from step S51 to step S55 by  executing the control
program. [0166]  Fig. 19 is a flowchart for
illustrating the process of  recording data by the
microcomputer 31 for executing the  control program.
In step S71, the control program acquires  the amount
of stored MPEG2 system stream data from the  buffer
memory 43 and determines whether the amount of MPEG2
system stream data stored in the buffer memory 43 is
equal - 60  to or larger than a predetermined
threshold for starting  system stream recording.
[0167]  If it is determine in step S71 that the amount
of MPEG2  system stream data stored in the buffer
memory 43 is below  the threshold for starting system
stream recording, the  procedure returns to step S71,
where the determination  processing is repeated until
the amount of MPEG2 system  stream data is equal to or
larger than the threshold for  starting system stream
recording. [0168]  If it is determined in step S71
that the amount of the  



MPEG2 system stream data stored in the buffer memory
43 is  equal to or larger than the threshold for
starting system  stream recording, the flow proceeds
to step S72, where the  control program causes the
drive 44 to record onto the disk  45 one cluster of
MPEG2 system stream stored in the buffer  memory 43.
[0169]  In step S73, the control program determines
whether  recording of the MPEG2 system stream has
reached the end of  the stream unit. If it is
determined that the recording of  the MPEG2 system
stream has not reached the end of the  stream unit,
the flow proceeds to step S74. In step S74,  the
control program determines whether the amount of MPEG2
- 61  system stream data stored in the buffer memory
43 is below  one cluster. [0170]  If it is determined
in step S74 that the amount of  MPEG2 system stream
data stored in the buffer memory 43 is  not below one
cluster, it means that the MPEG2 system stream  can
further be stored in the stream unit. Therefore, the
flow returns to step 572, where the process of
recording the  MPEG2 system stream onto the cluster is
repeated. [0171]  As a result of the processing from
step S72 to step S74  being repeated, the MPEG2 system
stream is recorded up to  



the end of the stream unit. [0172]  If it is
determined in step S74 that the amount of  MPEG2
system stream data stored in the buffer memory 43 is
below one cluster, no more of the MPEG2 system stream
can be  recorded in the stream unit. As a result, the
flow returns  to step S71 to continue a standby mode
until the buffer  memory 43 is filled with the MPEG2
system stream, and the  above-described processing is
repeated. [0173]  When the MPEG2 system stream is
recorded halfway in the  stream unit and the procedure
returns to step S71 as a  result of the determination
in step 574, the MPEG2 system 62  stream is recorded,
in the processing of the subsequent step  572,
following the stream unit in which the MPEG2 system
stream has been recorded halfway. [0174]  On the other
hand, if it is determined in step S73 that  recording
of the MPEG2 system stream has reached the end of  the
stream unit, the flow proceeds to step 575, where the
control program determines whether the amount of
thumbnail  data is equal to or larger than a
predetermined threshold  for starting thumbnail data
recording. If it is determined  in step S75 that the
amount of thumbnail data is equal to or  larger than
the threshold for starting thumbnail data  



recording, the flow proceeds to step 576, where the
control  program pads the thumbnail data such that one
item of  thumbnail data is the same size as the unit
in which error  correction is carried out by the ECC,
for example, 12  kilobytes. [0175]  In step 577, the
control program causes the drive 44 to  record one
padded item of thumbnail data in one cluster of  the
disk 45. [0176]  In step 578, the control program
determines whether  there is no more thumbnail data
stored in the buffer memory  43. If it is determined
that there remains thumbnail data - 63  stored in the
buffer memory 43, the flow returns to step S76  to
further record the thumbnail data in the thumbnail
data  recording area 162, which is a contiguous area,
and the  process of recording the thumbnail data is
repeated. [0177]  If it is determined in step S78 that
there is no more  thumbnail data stored in the buffer
memory 43, no more of  the thumbnail data can be
recorded. Therefore, the flow  proceeds to step S74,
where the process of determining  whether the MPEG2
system stream which can be recorded on the  disk 45 is
stored in the buffer memory 43 is carried out and  the
above-described processing is repeated. 



[0178]  If it is determined in step S75 that the
amount of  thumbnail data is below the threshold for
starting thumbnail  data recording, it is not
necessary to record thumbnail data  on the disk 45,
and the flow proceeds to step S74, where the  process
of determining whether the MPEG2 system stream which
can be recorded on the disk 45 is stored in the buffer
memory 43 is carried out and the above-described
processing  is repeated. [0179]  As described above,
with the recording apparatus,  thumbnail data
corresponding to the frame extracted from a  unit
composed of a plurality of frames (pictures), i.e.,
the - 64  unit in which a moving image is encoded, is
recorded on the  disk 45 in association with the
extracted unit. [0180]  Next, a playback apparatus for
reading out thumbnail  data from the disk 45 on which
thumbnail data corresponding  to the frame extracted
from a unit composed of a plurality  of frames
(pictures), i.e., the unit in which a moving image  is
encoded, is recorded will be described. [0181]  The
playback apparatus for reading out thumbnail data
from the disk 45 can be realized as a recording and
playback  apparatus including the functions correspond
to the  



recording apparatus whose structure has been described
with  reference to Fig. 3. [0182]  Fig. 20 is a block
diagram depicting a structure of one  embodiment of a
playback block in a recording and playback  apparatus
according to the present invention, where the
recording and playback apparatus includes the
functions of  the recording apparatus whose structure
has been described  with reference to Fig. 3. The same
components as those  shown in Fig. 3 are denoted by
the same symbols, and thus a  description thereof will
be omitted. [0183]  The microcomputer 3lexecutes the
predetermined control 65  program to issue a command
for operation to each section of  the playback block
in the recording and playback apparatus  based on a
signal from the playback start/stop button 201
according to an operation of the user. [0184]  Under
the control of the microcomputer 31, the drive 44
reads out an MPEG2 system stream and thumbnail data
from the  mounted disk 45. The drive 44 stores the
read-out MPEG2  system stream and thumbnail data in
the buffer memory 43.  [0185] A demultiplexer 202
separates moving image data and  audio data
multiplexed in the MPEG2 system stream stored in  



the buffer memory 43, supplies the separated moving
image  data to a moving-image decompression section
203, and  furthermore, supplies the separated audio
data to an audio  decompression section 205. [0186]
Under the control of the microcomputer 31, the moving-
image decompression section 203 performs decompression
by  decoding the moving image data supplied from the
demultiplexer 202, which is compressed and encoded
through a  predetermined technique for compressing and
encoding moving  image data, and supplies the decoded
moving image data to  the buffer memory 35. For
example, the moving-image  decompression section 203
decodes the moving image data - 66  compressed and
encoded in accordance with the MPEG2  technique and
supplies the decoded moving image data (so- called,
baseband moving image data) to the buffer memory 35.
[0187] Under the control of the microcomputer 31, a
static- image decompression section 204 acquires
thumbnail data from  the buffer memory 43 storing the
thumbnail data, performs  decompression by decoding
the thumbnail data compressed and  encoded in
accordance with a predetermined technique for
compressing and encoding static image data, and
supplies the  decoded thumbnail data to the buffer
memory 35. For example,  the static-image
decompression section 204 decodes thumbnail  



data compressed and encoded in accordance with the
JPEG  technique and supplies the decoded thumbnail
data to the  buffer memory 35. [0188]  Under the
control of the microcomputer 31, the audio
decompression section 205 performs decompression by
decoding  the audio data supplied from the
demultiplexer 202, which is  compressed and encoded
through a predetermined technique for  compressing and
encoding audio data, and supplies the  decoded audio
data to the buffer memory 35. For example,  the audio
decompression section 205 decodes audio data
compressed and encoded in accordance with the AC3
technique  and supplies the decoded audio data to the
buffer memory 35. - 67 - [0189] An image output
interface 206 is an interface between  the buffer
memory 35 and a display section 207, performs,  for
example, parallel-to-serial conversion of the image
data  supplied from the buffer memory 35 to convert
the image data  into image data (image signal) in
predetermined format that  can be used by the display
section 207, and supplies the  resultant image data to
the display section 207. The image  output interface
206 controls display of the image in the  display
section 207. [0190]  The display section 207 includes,
for example, a liquid  



crystal display unit or an organic EL (Electro
Luminescence)  display unit and displays moving images
and static images  based on image data supplied
through the image output  interface 206. [0191]  An
audio output interface 208 is an interface between
the buffer memory 35 and an audio output section 209,
performs, for example, parallel-to-serial conversion
or  digital-to-analog conversion of the audio data
supplied from  the buffer memory 35 to convert the
audio data into audio  data (audio signal) in
predetermined format that can be used  by the audio
output section 209, and supplies the resultant  audio
data (audio signal) to the audio output section 209.
68 - [0192] The audio output section 209 includes an
audio  amplifier or a loudspeaker and outputs sound
based on audio  data (audio signal) supplied through
the audio output  interface 208. [0193]  Fig. 21 is a
flowchart illustrating the process of  locating and
displaying an edit point by the microcomputer  31 for
executing the control program, the static-image
decompression section 204, and the display section
207.  [0194] In step S101, the control program causes
the drive 44  



to read out a management information file from the
disk 45.  For example, in step 5101, the control
program causes the  drive 44 to read out from the disk
45 the file 101 in PLF  format for referring to the
thumbnail data 81 stored in an  external file or the
track management file 131, serving as a  management
information file, shown in Fig. 10. The drive 44
stores the read-out management information file in the
buffer memory 43. [0195]  In step S102, the control
program causes the drive 44  to read out from the disk
45 as much thumbnail data 81 as  can be stored in the
buffer memory 43, starting with the  first item of
thumbnail data 81, based on the management. - 69
information file acquired from the buffer memory 43.
[0196] In step 5103, the control program causes the
drive 44  to store the read-out thumbnail data 81 in
the buffer memory  43. In step 5104, the static-image
decompression section  204 acquires the thumbnail data
81 from the buffer memory 43  storing the thumbnail
data 81 and decompresses the acquired  thumbnail data
81. For example, the static-image  decompression
section 204 performs decompression by decoding  the
thumbnail data 81 compressed and encoded in accordance
with the JPEG technique. [0197]  



In step 5105, the static-image decompression section
204 stores the decompressed thumbnail data 81 in the
buffer  memory 35. In step 5106, the image output
interface 206  controls display of the image in the
display section 207  based on the thumbnail data 81
acquired from the buffer  memory 35 to allow the
display section 207 to display the  image. [0198]  In
step 5107, the control program determines whether an
instruction for shifting to the subsequent point has
been  issued based on a signal from the playback
start/stop button  201 according to an operation of
the user. If it is  determined in step 5107 that no
instruction for shifting to 70  the subsequent point
has been issued, displaying the image  ,is continued
and the flow returns to step S107 to repeat the
determination processing. [0199]  If it is determined
in step 5107 that an instruction  for shifting to the
subsequent point has been issued, the  flow proceeds
to step 5108, where the control program  identifies
the thumbnail data 81 corresponding to the GOP at  the
specified point based on the read-out management
information file. [0200]  In step 5109, the control
program determines whether  



the identified thumbnail data 81 is stored in the
buffer  memory 43. If it is determined in step S109
that the  identified thumbnail data 81 is not stored
in the buffer  memory 43, the flow proceeds to step
5110, where the control  program causes the drive 44
to read out from the disk 45 as  much thumbnail data
81 as can be stored in the buffer memory  43, starting
with the identified thumbnail data, based on  the
management information file acquired from the buffer
memory 43. [0201]  In step 5110, the control program
can cause the drive  44 to read out a plurality of
items of thumbnail data 81  from one item of thumbnail
data recording area 162 on the 71  disk 45 through one
processing operation.  [0202] As described with
reference to Fig. 5, since the  thumbnail data 81
increased to 12 kilobytes as a result of  any data
string being added is recorded on the disk 45 in  one
cluster as a unit in which error correction is carried
out by the ECC, the control program can calculate the
physical address of the cluster in which the thumbnail
data  81 to be read out subsequently is recorded
through a simple  arithmetic operation. As a result,
the thumbnail data 81  can be read out more quickly.
[0203]  



In step S111, the control program causes the drive 44
to store the read-out thumbnail data 81 in the buffer
memory  43, and the procedure proceeds to step 5112.
[0204]  If it is determined in step 5109 that the
identified  thumbnail data 81 is stored in the buffer
memory 43, it is  not necessary to read the thumbnail
data 81 from the disk 45,  and therefore, the
processing from step 5110 and step Sill  is skipped
and the procedure proceeds to step 5112. [0205]  In
step 5112, the static-image decompression section  204
acquires the thumbnail data 81 from the buffer memory
43  storing the thumbnail data 81 and decompresses the
acquired - 72  thumbnail data 81. For example, the
static-image  decompression section 204 performs
decompression by decoding  the thumbnail data 81
compressed and encoded in accordance  with the JPEG
technique. [0206]  In step S113, the static-image
decompression section  204 stores the decompressed
thumbnail data 81 in the buffer  memory 35. In step
S114, the display section 207 displays  an image based
on the thumbnail data 81 acquired from the  buffer
memory 35 through the image output interface 206.
[0207] The procedure returns to step S107, where the  



processing for reading from the disk 45 the thumbnail
data  81 corresponding to a GOP at the point specified
according  to an instruction from the user, decoding
the thumbnail data  81, and displaying an image is
repeated. [0208]  As described above, if only the
thumbnail data 81 is  read out from the disk 45, the
desired thumbnail can be  displayed more quickly.
Furthermore, the thumbnail data 81  can be read out
from the disk 45 together with the MPEG2  system
stream. [0209]  For example, in the processing of step
5114, the  display section 207 may display a moving
image 231 on the - 73  entire screen and, furthermore,
display a thumbnail 232 in a  partial area of the
screen, as shown in Fig. 22. In this  case, for
example, in the processing of step S114, the  display
section 207 displays the moving image 231 so that it
is played back at a normal speed and furthermore,
displays  the thumbnail 232 corresponding to the GOP
at the specified  point in the partial area of the
screen. [0210]  For example, if an instruction for a
fast-forward or  rewind operation is issued from the
user, the display  section 207 displays the moving
image 231 so that it is  played back at a normal speed
and furthermore, displays the  



thumbnail 232 being fast-forwarded or rewound in the
partial  area of the screen. [0211]  In response to an
instruction from the user, the  playback apparatus can
display on the display section 207  the moving image
231 from the GOP corresponding to the  displayed
thumbnail 232. [0212]  By doing so, the user can
quickly perceive the overview  of the moving image
with the help of the thumbnail 232  corresponding to
the GOP at the specified point and  furthermore, can
view detailed contents of the moving image  due to the
displayed moving image. As a result, locating 74  the
beginning of the moving image at a desired position or
positioning an edit point can be quickly carried out.
[0213] The process of simultaneously reading out the
thumbnail  data 81 and the moving image data recorded
on the disk 45 by  means of the microcomputer 31
executing the control program  will be described
below. [0214]  The control program causes the drive 44
to read out  from the disk 45 the track management
file 131, serving as a  management information file of
the MPEG2 system stream, and  the file management
information of the file system. The  



control program causes the drive 44 to read out from
the  disk 45 the MPEG2 system stream in units of the
stream unit  161 based on the track management file
131, serving as the  management information file of
the MPEG2 system stream, and  the file management
information of the file system. [0215]  In this case,
the control program allows the drive 44  to continue
to read the MPEG2 system stream until reading  the
MPEG2 system stream from one stream unit 161 is
completed. When reading the MPEG2 system stream from
the  one stream unit 161 is completed, the amount of
MPEG2 system  stream data stored in the buffer memory
43 is calculated.  [0216] 75  The control program
acquires the amount of MPEG2 system  stream data to be
read out subsequently and the playback  time of the
moving image based on the file in track  management
file format, serving as the management  information
file of the MPEG2 system stream, and the file
management information of the file system. The control
program acquires the physical address of the stream
unit 161  in which the MPEG2 system stream to be read
out subsequently  is recorded and the physical address
of the thumbnail data  recording area 162 in which the
thumbnail data 81 to be read  out subsequently is
recorded based on the track management  file 131,
serving as the management information file of the  



MPEG2 system stream, and the file management
information of  file system. [0217]  The control
program calculate the estimated amount of  MPEG2
system stream data to be stored in the buffer memory
43 at the time when the MPEG2 system stream is read
out from  the subsequent stream unit 161, in a case
where the control  program reads out the MPEG2 system
stream from the  subsequent stream unit 161 and stores
it in the buffer  memory 43, based on the amount of
MPEG2 system stream data  stored in the current buffer
memory 43, the track management  file 131, and the
file management information of the file  system. The
control program determines whether the - 76
calculated and estimated amount of MPEG2 system stream
data  exceeds the upper limit value of the capacity of
the buffer  memory 43. [0218]  If it is determined
that the estimated amount of MPEG2  system stream data
exceeds the upper limit value of the  capacity of the
buffer memory 43, the control program causes  the
drive 44 to suspend reading the MPEG2 system stream
from  the stream unit 161 on the disk 45 and causes
the drive 44  to read out the thumbnail data 81 from
the thumbnail data  recording area 162 on the disk 45.
Thereafter, when reading  the thumbnail data 81 from
the thumbnail data recording area  



162 is ended, the control program causes the drive 44
to  read out the MPEG2 system stream from the stream
unit 161 on  the disk 45. [0219]  On the other hand,
if it is determined that the  estimated amount of
MPEG2 system stream data does not exceed  the upper
limit value of the capacity of the buffer memory  43,
the control program causes the drive 44 to read out
the  MPEG2 system stream from the stream unit 161 on
the disk 45.  [0220] As described above, the amount of
MPEG2 system stream  data expected to be stored in the
buffer memory 43 at the  time when reading the stream
unit 161 of the AMPEG2 system - 77  stream to be read
out subsequently is ended is obtained at  the end of
the stream unit 161, and data to be read out
subsequently is determined according to the estimated
amount  of data. Therefore, the number of access
operations by the  drive 44 is reduced and the amount
of data to be read out  from the disk 45 per unit time
increases, thus increasing  the data reading
efficiency. [0221]  As shown in Fig. 14, when the
thumbnail data 81  recorded in the thumbnail data
recording area 162-1 and the  thumbnail data recording
area 162-2 is to be read out in a  case where the
stream unit 161-1 to the stream unit 161-6,  



as well as the thumbnail data recording area 162-1 and
the  thumbnail data recording area 162-2, are recorded
on the  disk 45 such that the thumbnail data recording
area 162-1 is  adjacent to the stream unit 161-3 and
the thumbnail data  recording area 162-2 is adjacent
to the stream unit 161-6,  the thumbnail data 81
recorded in the thumbnail data  recording area 162-1,
which is a contiguous area, is  sequentially read out,
and then a head (not shown) of the  playback apparatus
moves to the thumbnail data recording  area 162-2
through a seek operation or a rotational delay of  the
disk 45 to sequentially read out the thumbnail data 81
recorded in the thumbnail data recording area 162-2,
which  is a contiguous area, as shown in Fig. 23. - 78
- [0222] Therefore, the thumbnail data 81 can be read
out from  the disk 45 very quickly, compared with a
case where the  stream unit 161-1 to the stream unit
161-6 are sequentially  read out. [0223]  Furthermore,
as shown in Fig. 16, when the thumbnail  data 81
recorded in the thumbnail data recording area 162-1
to thumbnail data recording area 162-4 is to be read
out in  a case where the stream unit 161-1 to the
stream unit 161- (n+l), as well as the thumbnail data
recording area 162-1 to  thumbnail data recording area
162-4, are recorded on the  



disk 45 such that the thumbnail data recording area
162-1 to  thumbnail data recording area 162-4 are
recorded adjacent to  one another at a position away
from stream unit 161-1 to  stream unit 161-(n+l), the
thumbnail data 81 recorded in the  thumbnail data
recording area 162-1 to the thumbnail data  recording
area 162-4 as a contiguous area is sequentially  read
out without causing a seek operation or rotational
delay of the disk 45, as shown in Fig. 24. [0224]
Therefore, the thumbnail data 81 can be read out from
the disk 45 even more quickly. [0225]  Fig. 25 is a
diagram depicting a change in the amount 79  of
thumbnail data 81 stored in the buffer memory 43 for a
fast-forward operation of thumbnails. The vertical
axis in  Fig. 25 denotes the amount of data, and the
horizontal axis  in Fig. 25 denotes time. [0226]
Here, the amount of thumbnail data 81 stored in the
buffer memory 43 means the amount of data from the
thumbnail  data 81 for displaying the thumbnail
subsequent to the  currently displayed thumbnail to
the thumbnail data 81 for  displaying the rearmost
(latest) thumbnail in time on the  image. [0227]  



When fast-forward processing is started, the drive 44
reads out the thumbnail data 81 from the disk 45 and
stores  it in the buffer memory 43. When the amount of
thumbnail  data 81 stored in the buffer memory 43 is
equal to or larger  than the threshold for starting
thumbnail display, the  process of displaying the
thumbnails is started and the  thumbnail data 81 is
sequentially read out from the buffer.  memory 43.
[0228]  The amount of thumbnail data 81 for displaying
one  thumbnail is small compared with the amount of
data of the  moving image. Furthermore, since one
thumbnail corresponds  to one GOP, the amount of
thumbnail-data 81 per unit time on - 80  the image is
even smaller. Even after the process of  displaying
the thumbnails is started, the amount of  thumbnail
data 81 read out from the disk 45 for storage is
large compared with the amount of thumbnail data 81
used for  display. [0229]  Therefore, even after the
process of displaying  thumbnails is started, the
amount of thumbnail data 81  stored in the buffer
memory 43 increases over time as long  as the
thumbnail data 81 is read out from the disk 45.
[0230] For example, at time t101, when the amount of
thumbnail  



data 81 stored in the buffer memory 43 is equal to the
buffer upper limit. value indicating the amount of
data that  can be stored in the buffer memory 43, the
drive 44 suspends  (terminates) reading the thumbnail
data 81 from the disk 45  at time tl0l. [0231]  When
the drive 44 suspends (terminates) reading the
thumbnail data 81 from the disk 45, the amount of
thumbnail  data 81 stored in the buffer memory 43
decreases as the  process of displaying the thumbnails
proceeds. [0232]  For example, when display of the
thumbnails is paused  during the period from time t103
to time t104, the amount of - 81  thumbnail data 81
stored in the buffer memory 43 does not  change during
this period. [0233]  At time t104, if faster forward
processing is specified,  the amount of thumbnail data
81 used per unit time increases,  and therefore, the
amount of thumbnail data 81 stored in the  buffer
memory 43 decreases more quickly. [0234]  At time
t105, when the amount of thumbnail data 81  stored in
the buffer memory 43 reaches the threshold for
resuming thumbnail data reading, the drive 44 starts
reading  the thumbnail data 81 from the disk 45.
During the period  



from time t105 to time t106, when a seek operation is
carried out, rotation of the disk 45 is awaited, and
the  head (not shown) reaches the position at which
the thumbnail  data 81 to be read out is recorded at
time t106, the drive  44 starts reading the thumbnail
data 81 from the disk 45 and  stores the read-out
thumbnail data 81 in the buffer memory  43. [0235]
For example, at time t107, when the amount of
thumbnail  data 81 stored in the buffer memory 43 is
equal to the  buffer upper limit value indicating the
amount of data that  can be stored in the buffer
memory 43, the drive 44 suspends  (terminates) reading
the thumbnail data 81 from the disk 45. -82- [0236]
For example, if display of the thumbnails is paused
from time t108, the amount of thumbnail data 81 stored
in  the buffer memory 43 does not change thereafter.
[0237]  Fig. 26 is a diagram depicting a change in the
amount  of thumbnail data 81 stored in the buffer
memory 43 during a  rewind operation of the thumbnail.
The vertical axis in Fig.  26 denotes the amount of
data, and the horizontal axis in  Fig. 26 denotes
time. [0238]  Here, the amount of thumbnail data 81
stored in the  



buffer memory 43 means the amount of data from the
thumbnail  data 81 for displaying the thumbnail
previous to the  currently displayed thumbnail to the
thumbnail data 81 for  displaying the frontmost
(earliest) thumbnail in time on the  image. [0239]
When rewind processing is started, the drive 44 reads
out the thumbnail data 81 from the disk 45 and stores
it in  the buffer memory 43. When the amount of
thumbnail data 81  stored in the buffer memory 43 is
equal to or larger than  the threshold for starting
thumbnail display, the process of  displaying the
thumbnails is started and the thumbnail data  81 is
sequentially read out from the buffer memory 43. - 83
- 024 01 Here, when a rewind operation is performed,
the  thumbnails are displayed in the direction
opposite to the  direction in which time on the image
passes, and therefore,  the thumbnail data 81 is also
required in the direction  opposite to the direction
in which time on the image passes.  [0241] As shown in
Fig. 27, in a case where the thumbnail data  81 of the
frontmost thumbnail in time on the image is  recorded
in the thumbnail data recording area 162-1; the
thumbnail data 81 of the thumbnail subsequent to the
thumbnail of the thumbnail data 81 recorded in the
thumbnail  



data recording area 162-1 is recorded in the thumbnail
data  recording area 162-2 in time on the image; and
the thumbnail  data 81 of the thumbnail subsequent to
the thumbnail of the  thumbnail data 81 recorded in
the thumbnail data recording  area 162-2 is recorded
in the thumbnail data recording area  162-3 in time on
the image, the drive 44 reads out the  thumbnail data
81 from the thumbnail data recording area  162-3 on
the disk 45, performs a seek operation to the
thumbnail data recording area 162-2, and reads out the
thumbnail data 81 from the thumbnail data recording
area  162-2 when the head reaches the thumbnail data
recording  area 162-2. Furthermore, the drive 44
performs a seek  operation up to the thumbnail data
recording area 162-1 and - 84  reads out the thumbnail
data 81 from the thumbnail data  recording area 162-1
when the head reaches the thumbnail  data recording
area 162-1. [0242]  Therefore, as shown in Fig. 28,
when the thumbnail data  81 is read out from the
thumbnail data recording area 162-3  during the period
from time t141 to time t142 and the read  out
thumbnail data 81 is supplied to the buffer memory 43
at  time t142, a constant amount of read-out thumbnail
data 81  is stored in the buffer memory 43 at time
t142. When the  thumbnail data 81 is read out from the
thumbnail data  recording area 162-2 during the period
from time t142 to  



time t143 and the read out thumbnail data 81 is
supplied to  the buffer memory 43 at time t143, a
constant amount of  read-out thumbnail data 81 is
stored in the buffer memory 43  at time t143.
Likewise, when the thumbnail data 81 is read  out from
the thumbnail data recording area 162-1 during the
period from time t143 to time t144 and the read out
thumbnail data 81 is supplied to the buffer memory 43
at  time t144, a constant amount of read-out thumbnail
data 81  is stored in the buffer memory 43 at time
t144. [0243]  As described above, during a rewind
operation, the  amount of thumbnail data 81 stored in
the buffer memory 43  increases in a staircase pattern
over time. - 85 - [0244] Also during a rewind
operation, the amount of thumbnail  data 81 read out
from the disk 45 is large compared with the  amount of
thumbnail data 81 used for display. [0245]  Therefore,
even after the process of displaying  thumbnails is
started, the amount of thumbnail data 81  stored in
the buffer memory 43 increases over time as long  as
the thumbnail data 81 is read out from the disk 45.
[0246] For example, at time t121, when the amount of
thumbnail  data 81 stored in the buffer memory 43 is
equal to the  



buffer upper limit value indicating the amount of data
that  can be stored in the buffer memory 43, the drive
44 suspends  (terminates) reading the thumbnail data
81 from the disk 45  at time t121. [0247]  When the
drive 44 suspends (terminates) reading the  thumbnail
data 81 from the disk 45, the amount of thumbnail
data 81 stored in the buffer memory 43 decreases as
the  process of displaying the thumbnails proceeds.
[0248]  For example, when display of the thumbnails is
paused  during the period from time t123 to time t124,
the amount of  thumbnail data 81 stored in the buffer
memory 43 does not - 86 - change during this period.
[0249]  At time t124, if faster rewind processing is
specified,  the amount of thumbnail data 81 used per
unit time increases,  and therefore, the amount of
thumbnail data 81 stored in the  buffer memory 43
decreases more quickly. [0250]  At time t125, when the
amount of thumbnail data 81  stored in the buffer
memory 43 reaches the threshold for  resuming
thumbnail data reading, the drive 44 starts reading
the thumbnail data 81 from the disk 45. During the
period  from time t125 to time t126, when a seek
operation is  



carried out, rotation of the disk 45 is awaited, and
the  head (not shown) reaches the position at which
the thumbnail  data 81 to be read out is recorded at
time t126, the drive  44 starts reading the thumbnail
data 81 from the disk 45 and  stores the read-out
thumbnail data 81 in the buffer memory  43. [0251]
For example, at time t127, when the amount of
thumbnail  data 81 stored in the buffer memory 43 is
equal to the  buffer upper limit value indicating the
amount of data that  can be stored in the buffer
memory 43, the drive 44 suspends  (terminates) reading
the thumbnail data 81 from the disk 45.  [0252] 87
For example, if display of the thumbnails is paused
from time t128, the amount of thumbnail data 81 stored
in  the buffer memory 43 does not change thereafter.
[0253]  Fig. 29 is a flowchart for illustrating the
process of  reading thumbnail data by the
microcomputer 31 for executing  the control program.
In step S141, the control program  causes the drive 44
to read the thumbnail data 81 from the  disk 45. The
drive 44 stores the read-out thumbnail data 81  in the
buffer memory 43. [0254]  In step S142, the control
program determines whether  



the amount of thumbnail data 81 stored in the buffer
memory  43 is equal to or larger than the threshold
for starting  thumbnail display. [0255]  Here, in the
case of fast-forward or normal playback,  the amount
of thumbnail data 81 stored in the buffer memory  43
means the amount of data from the thumbnail data 81
for  displaying the thumbnail subsequent to the
currently  displayed thumbnail to the thumbnail data
81 for displaying  the rearmost (latest) thumbnail in
time on the image. In  the case of rewind processing,
the amount of thumbnail data  81 stored in the buffer
memory 43 means the amount of data  from the thumbnail
data 81 for displaying the thumbnail - 88  previous to
the currently displayed thumbnail to the  thumbnail
data 81 for displaying the frontmost (earliest)
thumbnail in time on the image. [0256]  If it is
determined in step S142 that the amount of  thumbnail
data 81 stored in the buffer memory 43 is below  the
threshold for starting thumbnail display, the flow
proceeds to step 5141, where the process of reading
out the  thumbnail data is repeated. [0257]  If it is
determined in step 5142 that the amount of  thumbnail
data stored in the buffer memory 43 is equal to or  



larger than the threshold for starting thumbnail
display,  the static-image decompression section 204
performs  decompression by decoding the thumbnail data
81 stored in  the buffer memory 43 and displays the
thumbnail on the  display section 207. [0258]  In step
5144, the control program causes the drive 44  to read
out the thumbnail data 81 from the disk 45. The  drive
44 stores the read-out thumbnail data 81 in the buffer
memory 43. [0259]  In step 5145, the control program
determines whether  the buffer memory 43 is full. In
other words, in step 5145, - 89  the control program
determines whether the amount of  thumbnail data 81
stored in the buffer memory 43 has reached  (is equal
to) the buffer memory upper limit value. [0260]  If it
is determined in step S145 that the buffer memory  43
is not full, the procedure returns to step 5144, where
the process of reading the thumbnail data 81 is
repeated.  [0261] If it is determined in step 5145
that the buffer memory  43 is full, the buffer memory
43 cannot store any more  thumbnail data 81.
Therefore, the flow proceeds to step  S146 without
reading the thumbnail data 81, and the control  



program determines whether the thumbnails are
displayed in  the order of playing back the moving
image, namely, in the  order of fast-forward or normal
playback operation. [0262]  If it is determined in
step S146 that the thumbnails  are displayed in the
order of playing back the moving image,  in other
words, since the apparatus is in a fast-forward or
normal playback mode, the flow proceeds to step 5147,
where  from among the thumbnail data 81 stored in the
buffer memory  43, the control program calculates the
amount of thumbnail  data 81 from the thumbnail
subsequent to the currently  displayed thumbnail to
the rearmost (latest) thumbnail in  time on the image.
Thereafter, the flow proceeds to step - 90 - S149.
[0263]  If it is determined in step S146 that the
thumbnails  are not displayed in the order of playing
back the moving  image, in other words, since the
apparatus is in a rewind  playback mode, the flow
proceeds to step S148, where from  among the thumbnail
data 81 stored in the buffer memory 43,  the control
program calculates the amount of thumbnail data  81
from the frontmost (earliest) thumbnail in time on the
image to the thumbnail previous to the currently
displayed  thumbnail. Thereafter, the flow proceeds to
step S149.  [0264] 



In step S149, the control program determines whether
the calculated amount of data is equal to or smaller
than  the threshold for resuming thumbnail data
reading. If it is  determined in step S149 that the
calculated amount of data  is not equal to or below
the threshold for resuming  thumbnail data reading, it
is not necessary read out the  thumbnail data 81.
Therefore, the flow returns to step S146,  where the
above-described processing is repeated. [0265]  If it
is determined in step S149 that the calculated  amount
of data is equal to or smaller than the threshold for
resuming thumbnail data reading, it is necessary to
read out  the thumbnail data 81. Therefore, the flow
returns to step - 91  S144, where the process of
reading the thumbnail data 81 is  carried out. [0266]
The foregoing processing is described with reference
to  Fig. 30 to Fig. 34. If display of the thumbnail at
time tO  on the image is directed during a
fast-forward operation,  the control program instructs
the drive 44 to start reading  with the thumbnail data
81 at time (t0-T1) a predetermined  time Ti back from
time tO on the image. [0267]  Hereinafter, the
thumbnail data 81 at time t is  referred to as the
thumbnail data t, as appropriate.  



[0268] Reading is started with the thumbnail data
(to-Tl) at  time (t0-T1) a predetermined time Ti back
from time tO on  the image in order to quickly start a
rewind operation by  responding to any instruction for
a rewind operation.  [0269] The drive 44 reads out
from the disk 45 the section  from the thumbnail data
(t0-T1) to the thumbnail data to at  time to on the
image, stores it in the buffer memory 43 in  the form
of a ring buffer, reads out the thumbnail data
(tO+Tl) from the thumbnail data t0 to time (tO+Tl) the
predetermined time Ti ahead from time t0, and stores
it in  the buffer memory 43 in the form of a ring
buffer. For the - 92  sake of convenience, symbol A in
Fig. 30 indicates the  thumbnail data 81 stored in the
buffer memory 43  corresponding to the section from
time (tO-T1) on the image  to time tO on the image.
For the sake of convenience,  symbol B in Fig. 30
indicates the thumbnail data 81 stored  in the buffer
memory 43 corresponding to the section from  time to
on the image to time (tO+Tl) on the image. [0270]
Thereafter, the drive 44 reads out the thumbnail data
81 from the disk 45 until the buffer memory 43 in the
form  of a ring buffer becomes full and stores the
thumbnail data  81 in the buffer memory 43. For the
sake of convenience,  



symbol C in Fig. 30 indicates the thumbnail data 81
stored  in the buffer memory 43 corresponding to the
section from  time (tO+Tl) on the image to time
(tO+Tn) on the image.  [0271] When a fast-forward
operation is carried out and the  thumbnail at time to
on the image is displayed, the  thumbnail data 81
corresponding to the section from time tO  on the
image to time to on the image is used up (cannot be
used for the subsequent fast-forward processing), as
shown  in Fig. 31. Therefore, the thumbnail data 81,
stored in the  buffer memory 43, that can be used for
the subsequent fast- forward processing is, for
example, only the thumbnail data  (t(n+l)) to the
thumbnail data (tn+Tl). For the sake of - 93
convenience, symbol D in Fig. 30 indicates the
thumbnail  data 81 stored in the buffer memory 43
corresponding to the  section from time to on the
image to time (tn+Tl) on the  image. [0272]  When the
amount of thumbnail data 81 that can be used  for the
subsequent fast-forward processing is equal to or
smaller than the threshold for resuming thumbnail data
reading, as shown in Fig. 32, the drive 44
sequentially  reads out from the disk 45 the thumbnail
data 81 subsequent  to the thumbnail data (tn+Tl) and
stores the read-out  thumbnail data 81 in the buffer
memory 43 until the buffer  



memory 43 in the form of a ring buffer is full, while
preventing the section corresponding to the thumbnail
data  81 from time (tn-Ti) on the image to time
(tn+Tl) on the  image from being overwritten. For the
sake of convenience,  symbol E in Fig. 30 indicates
the thumbnail data 81 stored  in the buffer memory 43
corresponding to time on the image  from time
(tn+Tl+l) on the image. [0273]  On the other hand,
when the thumbnail at time tm on the  image is
displayed during a rewind operation and the  thumbnail
data 81 corresponding to the section up to time tm  on
the image is used up, as shown in Fig. 33, the
thumbnail  data 81, stored in the buffer memory 43,
that can be used - 94  for the subsequent rewind
processing is, for example, only  the thumbnail data
(t(m-1)) to the thumbnail data (tm-T1).  For the sake
of convenience, symbol E in Fig. 30 indicates  the
thumbnail data 81 stored in the buffer memory 43
corresponding to the section from time tm on the image
to  time (tm-T1) on the image. [0274]  When the amount
of thumbnail data 81 that can be used  for the
subsequent rewind processing is equal to or smaller
than the threshold for resuming thumbnail data
reading, as  shown in Fig. 34, the drive 44 reads out
from the disk 45  the thumbnail data 81 in the reverse
direction, starting  



with the thumbnail data (tm-T1-1), and stores the
read-out  thumbnail data 81 in the buffer memory 43
until the buffer  memory 43 in the form of a ring
buffer is full, while  preventing the section
corresponding to the thumbnail data  81 from time
(tm+Tl) on the image to time (tm-T1) on the  image
from being overwritten. [0275]  In this case, since
the thumbnail data 81 is read out  on the basis of the
thumbnail recording area 162, the  thumbnail data 81,
indicated by F in Fig. 30, including the  thumbnail
data (tm-T1-1) is stored in the buffer memory 43  in
the order indicated by the thick arrows in Fig. 34,
and  then the thumbnail data 81, indicated by G
followed by the - 95  thumbnail data 81 indicated by F
in Fig. 30, is stored in  the buffer memory 43. In the
same manner, the thumbnail  data 81 is read out from
the disk 45 and stored in the  buffer memory 43 going
backward in time on the image.  [0276] A recording
apparatus in a case where thumbnails  corresponding to
moving image data recorded on the disk 45  are
generated and then recorded on the disk 45 will now be
described. [0277]  Fig. 35 is a block diagram
depicting a structure of one  embodiment of a
recording and playback apparatus, according  



to the present invention, for reading out an MPEG2
program  stream from the disk 45 on which the MPEG2
program stream is  recorded and generating thumbnail
data corresponding to the  MPEG2 program stream to
record it on the disk 45. The same  components as
those shown in Fig. 20 are denoted by the same
symbols, and thus a description thereof will be
omitted.  [0278] The microcomputer 31 executes the
predetermined control  program to issue a command for
operation to each section of  the recording and
playback apparatus based on a signal from  a
start/stop button 301 according to an operation of the
user. [0279] - 96  The drive 44 reads out a program
stream in accordance  with the MPEG2 technique from
the disk 45 and stores the  read-out program stream in
accordance with the MPEG2  technique in the buffer
memory 43. The demultiplexer 202  separates the MPEG2
video elementary stream as image data in  accordance
with the MPEG2 technique and audio data from the
program stream in accordance with the MPEG2 technique
stored  in the buffer memory 43. [0280]  Under the
control of the microcomputer 31, an I-picture
selection and decoding section 302 selects an I
(intra)  picture from among the MPEG2 video elementary
stream  



separated by the demultiplexer 202 and decodes the
selected  I picture. The I-picture selection and
decoding section 302  supplies the decoded picture to
a resolution conversion  section 303. [0281]  As with
the number-of-pixels conversion section 40, the
resolution conversion section 303 converts the
resolution of  the decoded picture under the control
of the microcomputer  31. For example, the resolution
conversion section 303  converts the resolution of the
extracted picture by thinning  out pixels from the
picture. [0282]  The resolution conversion section 303
supplies the 97  image data whose number of pixels has
been converted to a  JPEG encoding section 304. Under
the control of the  microcomputer 31, the JPEG
encoding section 304 encodes the  image data supplied
from the resolution conversion section  303 in
accordance with the JPEG technique. The JPEG  encoding
section 304 supplies the image data encoded in
accordance with the JPEG technique to a file-format
conversion section 305 as thumbnail data. [0283]  The
file-format conversion section 305 converts the  file
format of the thumbnail data into the PLF format, file
format referred to from the file 101 in PLF format,
static  



image package format, or location-related data file
format  referred to from the track management file
131. The file- format conversion section 305 supplies
the thumbnail data  with converted file format to the
buffer memory 43. [0284]  Here, for all GOPs of moving
image data for which a  command for creating
thumbnails has been issued, the file- format
conversion section 305 may convert the file formats
of all items of thumbnail data at a time into one file
or a  predetermined number of files for all items of
thumbnail  data after the thumbnail data has been
supplied by the  resolution conversion section 303.
[0285] 98  The drive 44 records on the disk 45 the
thumbnail data  which has been converted into a
predetermined file format  and is stored in the buffer
memory 43. If the file-format  conversion section 305
converts the file formats of all  items of thumbnail
data at a time into one file or a  predetermined
number of files for all items of thumbnail  data after
the thumbnail data has been supplied by the
resolution conversion section 303 for all GOPs of
moving  image data for which a command for creating
thumbnails has  been issued, the drive 44 records on
the disk 45 the  thumbnail data whose file formats
have been converted all at  a time. 



[0286]  Fig. 36 is a block diagram depicting the
structure of  the I-picture selection and decoding
section 302. A buffer  321 temporarily stores the
moving image data in accordance  with the MPEG2
technique, which is an MPEG2 video elementary  stream,
supplied from the demultiplexer 202. An I-picture
determination section 322 determines whether each of
the  pictures constituting the moving image data in
accordance  with the MPEG2 technique stored in the
buffer 321 is an I  picture by, for example, referring
to the picture coding  type in the picture header.
[0287]  A selector 323 supplies data of the picture
stored in - 99  the buffer 321 to a variable-length
code decoder 324 or  controls the supply of the data
of picture stored in the  buffer 321 to the
variable-length code decoder 324 based on  a signal
indicating whether the picture is an I picture
supplied from the I-picture determination section 322.
More  specifically, if a signal indicating that the
picture is an  I picture is supplied from the
I-picture determination  section 322, the selector 323
supplies data of the picture,  which is an I picture
stored in the buffer 321, to the  variable-length code
decoder 324. If a signal indicating  that the picture
is not an I picture is supplied from the I- picture
determination section 322, the selector 323 controls  



the supply of data of the picture, which is a B
picture or a  P picture stored in the buffer 321, to
the variable-length  code decoder 324. [0288]  The
variable-length code decoder 324 decodes data of  the
I picture, which has been subjected to variable-length
encoding and is supplied from the buffer 321 through
the  selector 323, and supplies the data of the
decoded I picture  to a dequantization section 325.
The dequantization section  325 dequantizes the data
of the I picture by multiplying a  dequantization
coefficient equal to a predetermined value  for each
coefficient included in the data of the decoded I
picture. The dequantization section 325 supplies the
data 100  of the I picture obtained through
dequantization, that is,  DCT (Discrete Cosine
Transform) coefficients, to an inverse- DCT processing
section 326. [0289]  The inverse-DCT processing
section 326 generates  uncompressed image data,
so-called baseband image data, by  applying
inverse-DCT conversion to the DCT coefficients
supplied form the dequantization section 325 and
outputs the  baseband image data. [0290]  Fig. 37 is a
block diagram depicting the structure of  the
resolution conversion section 303. A low-pass filter  



341 removes high-frequency components (restricts the
band)  of the image from the baseband image data
supplies from the  I-picture selection and decoding
section 302 and supplies  the baseband image data
whose high-frequency components of  the image have
been removed to a pixel-thinning section 342.  For
example, the low-pass filter 341 calculates the mean
value of the pixel values of four pixels composed of
two  pixels in the vertical direction and two pixels
in the  horizontal direction and sets the calculated
mean value to  the pixel values of the four pixels to
remove the high- frequency components of the image.
[0291]  The pixel-thinning section 342 thins out
pixels from 101  the baseband image data whose
high-frequency components of  the image have been
remove and outputs the baseband image  data whose
pixels have been thinned out as thumbnail data.  For
example, the pixel-thinning section 342 classifies the
pixels of the baseband image data into sets of four
pixels  composed of two pixels in the vertical
direction and two  pixels in the horizontal direction
and removes three pixels  from each set of four pixels
to thin out pixels from the  baseband image data.
[0292]  Fig. 38 is a block diagram depicting the
structure of  the JPEG encoding section 304. A DCT
processing section 361  



DCT-converts the thumbnail data supplied from the
resolution  conversion section 303 and supplies the
DCT coefficients  obtained through DCT conversion to a
quantization section  362. The quantization section
362 quantizes the DCT  coefficients by dividing the
DCT coefficients supplied from  the DCT processing
section 361 by a predetermined  quantization
coefficient and supplies the quantized DCT
coefficients to a variable-length encoding section
363. The  variable-length encoding section 363
generates thumbnail  data compressed in accordance
with the JPEG technique by  encoding the quantized DCT
coefficients into variable-length  code and outputs
the generated thumbnail data compressed in  accordance
with the JPEG technique. - 102 - 02 931 Fig. 39 is a
flowchart illustrating the process of  generating
thumbnail data. In step 5301, the I-picture  selection
and decoding section 302 extracts (selects) an I
picture from each GOP of moving image data, which is
an  MPEG2 program stream, read out by the drive 44
from the disk  45. In step 5302, the I-picture
selection and decoding  section 302 decodes the
extracted I picture. [0294]  In step 5303, the
resolution conversion section 303  performs conversion
to decrease the resolution of the  decoded I picture.
In step 5304, the JPEG encoding section  



304 compresses the I picture with converted resolution
in  accordance with the JPEG technique. In step 5305,
the file- format conversion section 305 adjusts the
file format of the  thumbnail data acquired by
compressing the I picture in  accordance with the JPEG
technique, and the flow returns to  step 5301, where
the above-described processing is repeated.  [0295]
The thumbnail data can also be generated as a stream
of  I pictures. [0296]  Fig. 40 is a block diagram
depicting a structure of one  embodiment of a
recording and playback apparatus, according  to the
present invention, for reading out an MPEG2 program -
103  stream from the disk 45 on which the MPEG2
program stream is  recorded and generating thumbnails,
as a stream of I  pictures, corresponding to the MPEG2
program stream to  record it on the disk 45. The same
components as those  shown in Fig. 35 are denoted by
the same symbols, and thus a  description thereof will
be omitted. [0297]  An I-picture encoding section 381
compresses and  encodes as an I picture the thumbnail
data with converted  resolution, which is baseband
image data and supplied from  the resolution
conversion section 303. The I-picture  encoding
section 381 supplies the thumbnail data compressed  



and encoded as an I picture to the file-format
conversion  section 305. [0298]  Fig. 41 is a block
diagram depicting the structure of  the I-picture
encoding section 381. A buffer 401  temporarily stores
the thumbnail data with converted  resolution, which
is baseband image data and supplied from  the
resolution conversion section 303. The buffer 401
supplies the stored thumbnail data to a
visual-parameter  detection section 402 and a DCT
processing section 403.  [0299] The visual-parameter
detection section 402 detects a  visual parameter
indicating a feature of the image of the - 104
thumbnail data stored in the buffer 401 and supplies
the  detected visual parameter to a control section
404. The  visual parameter can be, for example, an
activity indicating  a change of pixel value in the
spatial direction, as  specified in MPEG2 TM (Test
Model) 5. [0300]  The DCT processing section 403
DCT-converts the  thumbnail data supplied from the
buffer 401 and supplies DCT  coefficients obtained
though DCT conversion to a  quantization section 405.
[0301]  The control section 404 determines a
quantization value  



based on the visual parameter supplied from the
visual- parameter detection section 402 and the amount
of compressed  thumbnail data stored in a buffer 407
and supplies the  quantization value to the
quantization section 405. For  example, as specified
in MPEG2 TMS, the control section 404  determines the
quantization value based on the visual  parameter such
that the more high-frequency components, the  more
coarsely quantization is performed, and the less high-
frequency components, the more finely quantization is
performed. Furthermore, the control section 404
determines  the quantization value based on the amount
of compressed  thumbnail data stored in the buffer 407
such that the data  amount of thumbnail data
compressed and encoded as an I - 105  picture does not
exceed a predetermined upper limit.  [0302] The
quantization section 405 quantizes the DCT
coefficients by dividing the DCT coefficients supplied
from  the DCT processing section 403 by the
quantization value  supplied from the control section
404 and supplies the  quantized DCT coefficients to a
variable-length encoding  section 406. The
variable-length encoding section 406  generates
thumbnail data compressed and encoded as an I  picture
by encoding the quantized DCT coefficients into
variable-length code and supplies the generated
thumbnail  data compressed and encoded as an I picture
to the buffer  



407. [0303]  The buffer 407 temporarily stores the
thumbnail data  compressed and encoded as an I
picture. The buffer 407  outputs the stored thumbnail
data compressed and encoded as  an I picture. [0304]
Fig.. 42 is a flowchart illustrating the process of
controlling the amount of code by the control section
404  for each I picture. In step S321, the control
section 404  assigns the amount of code to the
picture. For example, in  step S321, the control
section 404 assigns the amount of  code to the picture
taking into consideration the upper - 106  limit of
the amount of code for the picture and a
predetermined margin rather than the target value of
the  amount of code for the picture. More
specifically, in step  S321, the control section 404
assigns to the picture the  amount of code of a value
obtained by subtracting the margin  from the upper
limit of the amount of code. [0305]  This is done to
guarantee the restrictions described in  VBV for
continuous playback of thumbnails, to be described
later, because the amount of thumbnail data compressed
and  encoded as an I picture may results in exceeding
the setting  in step S321. 



[0306]  In step S322, the control section 404 assigns
the  amount of code to macroblocks based on the amount
of code  assigned to the picture so as to allocate the
amount of code  assigned to the picture to each
macroblock. [0307]  In step S323, the control section
404 determines the  final quantization value by using
the visual parameter, and  then processing ends.
[0308]  As described above, the thumbnail data is
compressed  and encoded as an I picture so as to have
an amount of data  equal to or smaller than the
predetermined upper limit value. - 107  By doing so,
even when thumbnail data is subjected to  special
playback, such as fast-forward or rewind, the
thumbnail can be played back and displayed quickly
without  causing an underflow in decoding. [0309]
This advantage will be described using a VBV (Video
Buffering Verifier) model. The VBV is a model of a
virtual  decoder connected to the output of an
encoder, as specified  in IS013818-2 Annex C. It
specifies restrictions to a bit  stream based on
constraints to the amount of data stored in  a VBV
buffer included in this model. Although the VBV
normally specifies restrictions to the decoder, the
current  



description assumes restrictions to the encoding side.
[0310] Fig. 43 is a block diagram depicting the
structure of a  VBV model. An encoder 421 outputs code
corresponding to the  picture to a VBV buffer 422. The
VBV buffer 422 temporarily  stores the code supplied
from the encoder 421 and outputs  the stored code.
[0311]  Here, it is assumed that the code is instantly
transferred from the encoder 421 to the VBV buffer
422. It  is also assumed that no code is output from
the VBV buffer  422 if no code is stored in the VBV
buffer 422, and code is  transferred from the VBV
buffer 422 at the maximum transfer - 108 rate if code
is stored in the VBV buffer 422.  [0312] Fig. 44 is a
diagram depicting the motion of a VBV  model in a case
where no restriction is applied to the  amount of
thumbnail data. In Fig. 44, the vertical axis
represents the amount of data of code stored in the
VBV  buffer 422, and the horizontal axis represents
time.  [0313] In Fig. 44, time T indicates the frame
period [second],  which is equal to the inverse of the
frame rate. [0314]  



At time t=0 when encoding processing is started from a
state where the VBV buffer 422 is empty, code with a
data  amount PO is transferred from the encoder 421 to
the VBV  buffer 422. Accordingly, the data amount of
code stored in  the VBV buffer 422 becomes PO at time
t=0. Because the code  is output from the VBV buffer
422 at the maximum transfer  rate, the data amount of
code stored in the VBV buffer 422  decreases over
time, and the data amount of code stored in  the VBV
buffer 422 becomes Bl at time t=T. At the same time,
since code with a data amount P1 smaller than PO is
transferred from the encoder 421 to the VBV buffer 422
at  time t=T, the data amount of code stored in the
VBV buffer  422 instantly increases up to Bl+P1.
[0315] - 109  Similarly, the data amount of code
stored in the VBV  buffer 422 becomes B2 at time t=2T.
At the same time, since  code with a data amount P2
substantially the same as P1 is  transferred from the
encoder 421 to the VBV buffer 422 at  time t=T, the
data amount of code stored in the VBV buffer  422
instantly increases up to B2+P2. [0316]  At time t=Tx,
the data amount of code stored in the VBV  buffer 422
becomes zero. When the data amount of code  stored in
the VBV buffer 422 becomes zero, the VBV buffer  422
outputs no code. 



[03171  Since code with a data amount P3 smaller than
PO but  larger than P1 is transferred from the encoder
421 to the  VBV buffer 422 at time t=3T, the data
amount of code stored  in the VBV buffer 422 instantly
increases up to P3. At time  t=4T, the data amount of
code stored in the VBV buffer 422  becomes zero, and
at the same time, since code with a data  amount P4
substantially the same as P1 is transferred from  the
encoder 421 to the VBV buffer 422 at time t=T, the
data  amount of code stored in the VBV buffer 422
instantly  increases up to P4. [0318]  As described
above, if the amount of code for one  picture output
from the encoder 421 changes, an underflow or - 110 -
an overflow may occur. [0319]  For example, code with
a data amount P4 substantially  the same as P1 is
transferred from the encoder 421 to the  VBV buffer
422 at time t=T and time t=2T, an overflow occurs.
[0320] On the encoding side, an overflow is not
allowed to  occur because an overflow causes the code
to drop, whereas  an underflow is allowed to occur
because writing can be  awaited if an underflow
occurs. (0321]  



For this reason, an overflow needs to be prevented
from  occurring by monitoring the amount of data
encoded in  encoding and feedback-controlling the
encoding processing by  the use of a parameter for
changing the amount of code.  [0322] Here, a case is
assumed where code with a data amount  that can be
output at the maximum transfer rate is always
transferred from the encoder 421 to the VBV buffer 422
during a frame period T. This corresponds to, for
example,  a case where, in step S321, the control
section 404 assigns  the amount of code to the picture
by setting the amount of  data that can be output at
the maximum transfer rate during  the frame period T
as the upper limit of the amount of code  for the
picture. - 111 - [0323] Maximum permissible amount of
code fb [bit/frame],  which is the amount of data
allowed for a thumbnail per  frame (picture), can be
calculated as Rmax/frame rate, where  Rmax [bit/sec]
is the maximum transfer rate of code output  from the
VBV buffer 422 and frame rate [number of  frames/sec]
is the frame rate. It is noted that frame rate
differs depending on the standards of television
broadcasting, such as the NTSC (National Television
System  Committee) standards and the PAL (Phase
Alternating (by)  Line) standards. 



[0324]  Fig. 45 is a diagram depicting the motion of a
VBV  model in a case where the data amount of each
thumbnail is  equal to the maximum permissible amount
of code fb  calculated as described above. In Fig. 45,
the vertical  axis represents the amount of data of
code stored in the VBV  buffer 422, and the horizontal
axis represents time. [0325]  In Fig. 45, time T
indicates the frame period [second],  which is equal
to the inverse of the frame rate. [0326]  At time t=O
when encoding processing is started from a  state
where the VBV buffer 422 is empty, code with a data
amount PO is transferred from the encoder 421 to the
VBV - 112  buffer 422. Accordingly, the data amount of
code stored in  the VBV buffer 422 becomes PO (=
maximum permissible amount  of code fb) at time t=0.
Because the code is output from  the VBV buffer 422 at
the maximum transfer rate, the data  amount of code
stored in the VBV buffer 422 decreases over  time, and
the data amount of code stored in the VBV buffer  422
becomes zero at time t=T. At the same time, since code
with a data amount P1 equal to PO is transferred from
the  encoder 421 to the VBV buffer 422 at time t=T,
the data  amount of code stored in the VBV buffer 422
instantly  increases up to Pl. 



[0327]  Because the code is output from the VBV buffer
422 at  the maximum transfer rate, the data amount of
code stored in  the VBV buffer 422 decreases over
time, and the data amount  of code stored in the VBV
buffer 422 becomes zero at time  t=2T. At the same
time, since code with a data amount P2  equal to PO is
transferred from the encoder 421 to the VBV  buffer
422 at time t=2T, the data amount of code stored in
the VBV buffer 422 instantly increases up to P2.
[0328]  Similarly, the data amount of code stored in
the VBV  buffer 422 becomes zero during time t=3T to
time t=nT. At  the same time, since code with a data
amount equal to PO is  transferred from the encoder
421 to the VBV buffer 422, the 113  data amount of
code stored in the VBV buffer 422 instantly  increases
up to the amount equal to P0. [0329]  In short, at a
time when transfer from the encoder 421  to the VBV
buffer 422 occurs, the data amount of code stored  in
the VBV buffer 422 becomes maximum, which is equal to
the  maximum permissible amount of code fb. [0330]  In
the recording and playback apparatus whose structure
is shown in Fig. 40, the amount of thumbnail data is
restricted to be equal to or below the maximum
permissible  



amount of code fb, and therefore, an overflow occurs
less  easily than with the structure shown in Fig. 45.
In other  words, Fig. 45 shows a state where the
occupancy of the  buffer is highest. [0331]  A VBV for
performing variable-rate playback of  thumbnails will
be described in connection with the playback  side. In
variable rate playback, arbitrary thumbnails
(pictures) are played back in arbitrary order.
Therefore,  if the amount of data of each thumbnail
changes, playback of  thumbnails with a large amount
of data may be requested  sequentially. In this case,
the occupancy of the VBV buffer  may decrease to such
a level that the VBV buffer becomes  empty, thus
causing an underflow. Consequently, the - 114
playback of thumbnails delays, causing display of
thumbnails  not be switched as instructed by the user.
[0332]  By limiting the data amount of all thumbnails
equal to  or below the maximum permissible amount of
code fb, the  occupancy of the VBV buffer does not
fall below a certain  level, whichever thumbnails are
played back in whatever  order, thus preventing an
underflow. Consequently, it is  ensured that display
of thumbnails is switched as instructed  by the user.
[0333]  



Fig. 46 is a block diagram depicting another structure
of one embodiment of a recording and playback
apparatus,  according to the present invention, for
reading out an MPEG2  system stream from the disk 45
on which the MPEG2 system  stream is recorded and
generating thumbnails, as a stream of  I pictures,
corresponding to the MPEG2 system stream to  record it
on the disk 45. The same components as those  shown in
Fig. 40 are denoted by the same symbols, and thus a
description thereof will be omitted. [0334]  Under the
control of the microcomputer 31, an I-picture
selection and decoding section 451 selects an I
(intra)  picture from among the MPEG2 video elementary
stream  separated by the demultiplexer 202 and decodes
the selected - 115  I picture to DCT coefficients. The
I-picture selection and  decoding section 451 supplies
the decoded DCT coefficients  to a
frequency-characteristic conversion section 452.
[0335]  Under the control of the microcomputer 31, the
frequency-characteristic conversion section 452
converts the  frequency characteristic of the decoded
DCT coefficients.  For example, from among the DCT
coefficients, the frequency- characteristic conversion
section 452 converts the frequency  characteristic of
the DCT coefficients by removing or  attenuating
components corresponding to high frequencies of  



the image. [0336]  The frequency-characteristic
conversion section 452  supplies the DCT coefficients
whose frequency characteristic  has been converted to
an I-picture encoding section 453. An  I-picture
encoding section 453 compresses and encodes as an  I
picture the DCT coefficients with converted frequency
characteristic supplied from the
frequency-characteristic  conversion section 452. The
I-picture encoding section 453  supplies thumbnail
data obtained by compressing and encoding  the DCT
coefficients as an I picture to a file-format
conversion section 305. [0337]  Fig. 47 is. a block
diagram depicting the structure of - 116  the
I-picture selection and decoding section 451. A buffer
471 temporarily stores the moving image data in
accordance  with the MPEG2 technique, which is an
MPEG2 video elementary  stream, supplied from the
demultiplexer 202. An I-picture  determination section
472 determines whether each of the  pictures
constituting the moving image data in accordance  with
the MPEG2 technique stored in the buffer 471 is an I
picture by, for example, referring to the picture
coding  type in the picture header. [0338]  A selector
473 supplies data of the picture stored in  



the buffer 471 to a variable-length code decoder 474
or  controls the supply of the data of picture stored
in the  buffer 471 to the variable-length code decoder
474 based on  a signal indicating whether the picture
is an I picture  supplied from the I-picture
determination section 472. More  specifically, if a
signal indicating that the picture is an  I picture is
supplied from the I-picture determination  section
472, the selector 473 supplies data of the picture,
which is an I picture stored in the buffer 471, to the
variable-length code decoder 474. If a signal
indicating  that the picture is not an I picture is
supplied from the I- picture determination section
472, the selector 473 controls  the supply of data of
the picture, which is a B picture or a  P picture
stored in the buffer 471, to the variable-length - 117
- code decoder 474. [0339]  The variable-length code
decoder 474 decodes data of  the I picture, which has
been subjected to variable-length  encoding and is
supplied from the buffer 471 through the  selector
473, and supplies the data of the decoded I picture
to a dequantization section 475. The dequantization
section  475 dequantizes the data of the I picture by
multiplying a  dequantization coefficient equal to a
predetermined value  for each coefficient included in
the data of the decoded I  picture. The dequantization
section 475 outputs the data of  



the I picture obtained through dequantization, that
is, DCT  coefficients and a quantization scale. [0340]
Fig. 48 is a block diagram depicting the structure of
the frequency-characteristic conversion section 452. A
horizontal filter 491 removes or attenuates
high-frequency  components for DCT coefficients
arranged in the horizontal  direction from among the
DCT coefficients. [0341]  As shown in Fig. 49, DCT
coefficients are arranged two  dimensionally, where
the order in the horizontal direction  (n) is 0 to 7
and the order in the vertical direction (m) is  0 to
7. DCT coefficients with higher orders in the
horizontal direction (n) correspond to higher
frequency - 118  components of the image. DCT
coefficients with higher  orders in the vertical
direction (m) correspond to higher  frequency
components of the image. [0342]  Fig. 50 is a diagram
depicting a transfer function H(n)  of the horizontal
filter 491 and a transfer function V(m) of  a vertical
filter 492. For example, the horizontal filter  491
sets DCT coefficients with higher orders (n) in the
horizontal direction as 0 or decreases their values
based on  the transfer function H(n) shown in Fig. 50
to remove or  attenuate high-frequency components for
the DCT coefficients  



arranged in the horizontal direction from among the
DCT  coefficients. [0343]  For the DCT coefficients
arranged in the horizontal  direction, the horizontal
filter 491 supplies DCT  coefficients whose
high-frequency components have been  removed or
attenuated to the vertical filter 492. [0344] j  The
vertical filter 492 remove or attenuates high-
frequency components for DCT coefficients arranged in
the  vertical direction from among the DCT
coefficients supplied  from the horizontal filter 491
and outputs them. For  example, the vertical filter
492 sets DCT coefficients with  higher orders (m) in
the vertical direction, supplied from - 119  the
horizontal filter 491, as 0 or decreases their values
based on the transfer function V(m) shown in Fig. 50
to  remove or attenuate high-frequency components for
the DCT  coefficients arranged in the vertical
direction from among  the DCT coefficients. [0345]
More specifically, DCT coefficients d'(n,m) calculated
as d(n,m)xH(n)xV(m) are output from the frequency-
characteristic conversion section 452 whose structure
is  shown in Fig. 48, where d(n,m) means DCT
coefficients input  to the frequency-characteristic
conversion section 452.  



Because DCT coefficients are values in the frequency
domain,  filtering processing can be performed by
multiplying the  above-described transfer functions.
[0346]  In other words, restrictions in the frequency
domain of  the image can be applied to a block
composed of eight pixels  in the vertical direction
and eight pixels in the horizontal  direction by
multiplying 8x8 DCT coefficients by the above-
described transfer function H(n) and transfer function
V(m).  [0347] The quantization scale output from the
I-picture  selection and decoding section 451 passes
through the  frequency-characteristic conversion
section 452 as-is and is input to the I-picture
encoding section 453. 120 - 034 81 Fig. 51 is a block
diagram depicting the structure of  the I-picture
encoding section 453. A control section 501
determines a quantization value based on the
quantization  scale supplied from the I-picture
selection and the decoding  section 451 through the
frequency-characteristic conversion  section 452 and
the amount of compressed thumbnail data  stored in a
buffer 504 and supplies the quantization value  to a
quantization section 502. For example, the control
section 501 determines a quantization value based on
the  amount of compressed thumbnail data stored in the
buffer 504  



such that the data amount of thumbnail data compressed
and  encoded as an I picture does not exceed the
predetermined  upper limit. [0349]  The quantization
section 502 quantizes DCT coefficients  by dividing
the DCT coefficients supplied from the
frequency-characteristic conversion section 452 by the
quantization value supplied from the control section
501 and  supplies the quantized DCT coefficients to a
variable-length  encoding section 503. Since
high-frequency components of  the DCT coefficients
input to the I-picture encoding section  453 have been
removed or attenuated, the DCT coefficients  are small
values compared with DCT coefficients before they  are
subject to frequency characteristic conversion. - 121
Therefore, a larger number of DCT coefficients with a
value  of 0 exist for re-quantization by the
quantization section  502, and the truncation order
becomes small, accordingly.  [0350] The
variable-length encoding section 503 generates
thumbnail data compressed and encoded as an I picture
by  encoding the quantized DCT coefficients into
variable-length  code and supplies the generated
thumbnail data compressed  and encoded as ad I picture
to the buffer 504. [0351]  The buffer 504 temporarily
stores the thumbnail data  



compressed and encoded as an I picture. The buffer 504
outputs the stored thumbnail data compressed and
encoded as  an I picture. [0352]  Since high-frequency
components of the DCT coefficients  input to the
I-picture encoding section 453 have been  removed or
attenuated, the I-picture encoding section 453  can
output thumbnail data with a smaller amount of data.
[0353] Fig. 52 is a flowchart illustrating another
process of  generating thumbnail data. In step 5361,
the I-picture  selection and decoding section 451
extracts (selects) an I  picture from each GOP of
moving image data, which is an  .MPEG2 program stream,
read out by the drive 44 from the disk - 122  45. In
step S362, the I-picture selection and decoding
section 451 decodes the extracted I picture to DCT
coefficients. [0354]  In step S363, the
frequency-characteristic conversion  section 452
removes high-order components of the decoded DCT
coefficients to convert the frequency characteristic
of the  DCT coefficients. In step S364, the I-picture
encoding  section 453 compresses and encodes the DCT
coefficients  whose frequency characteristic has been
converted as an I  picture. In step S365, the
file-format conversion section  



305 adjusts the file format of the thumbnail data
compressed  and encoded as an I picture, and the flow
returns to step  S361, where the above-described
processing is repeated.  [0355] Fig. 53 is a flowchart
illustrating the process of  controlling the amount of
code by the control section 501  for each I picture.
In step S381, the control section 501  assigns the
amount of code to the picture. For example, in  step
S381, the control section 501 assigns the amount of
code to the picture taking into consideration the
upper  limit of the amount of code for the picture and
a  predetermined margin rather than the target value
of the  amount of code for the picture. More
specifically, in step  5381, the control section 501
assigns to the picture the - 123  amount of code of a
value obtained by subtracting the margin  from the
upper limit of the amount of code. [0356]  This is
done to guarantee the restrictions described in  VBV
for continuous playback of thumbnails, as described
above, because the amount of thumbnail data compressed
and  encoded as an I picture may results in exceeding
the setting  in step 5321. [0357]  In step 5382, the
control section 501 determines the  final quantization
value based on the amount of code  



assigned to the picture and assigns the amount of code
to  macroblocks, and then the processing ends. [0358]
Next, a recording and playback apparatus for reading
an  MPEG2 system stream from the disk 45 recording the
MPEG2  system stream, reading thumbnail data from the
disk 45 on  which thumbnail data generated
corresponding to the MPEG2  system stream is recorded,
and playing back thumbnails will  be described. [0359]
Fig. 54 is a block diagram depicting another structure
of one embodiment of a playback block in a recording
and  playback apparatus, according to the present
invention, for  playing back and displaying thumbnails
based on the - 124  thumbnail data 81 compressed and
encoded in accordance with  the JPEG technique. The
same components as those shown in  Fig. 20 are denoted
by the same symbols, and thus a  description thereof
will be omitted. [0360]  Under the control of the
microcomputer 31, a file- format conversion section
521 reads out the thumbnail data  81 which has been
read out by the drive 44 from the disk 45  into the
buffer memory 43, where the file format of the
thumbnail data 81 is a PLF format, a file format
referred to  from the file 101 in PLF format, a static
image package  



format, a location-related data file format referred
from  the track management file 131, or a file format
referred to  from the location-related data file 141.
[0361]  The file-format conversion section 521
converts the  file format of the read-out thumbnail
data 81 and supplies  the thumbnail data 81 with
converted file format to a JPEG  decoding section 522.
For example, the file-format  conversion section 521
converts the file format of the  thumbnail data 81 by
extracting the thumbnail data 81  compressed and
encoded in accordance with the JPEG technique  from
the thumbnail data 81 in a PLF format, a file format
referred to from the file 101 in PLF format, a static
image  package format, a location-related data file
format referred 125  to from the track management file
131, or a file format  referred to from the
location-related data file 141.  [0362] Under the
control of the microcomputer 31, the JPEG  decoding
section 522 decodes the thumbnail data 81  compressed
and encoded in accordance with the JPEG technique,
supplied from the file-format conversion section 521,
and  stores in the buffer memory 35 the thumbnail data
81, as a  baseband image, obtained through decoding.
[0363]  Fig. 55 is a block diagram depicting the
structure of  



the JPEG decoding section 522. A variable-length code
decoder 541 decodes the thumbnail data 81 subjected to
variable-length encoding, supplied from the
file-format  conversion section 521, and supplies the
decoded thumbnail  data 81 to a dequantization section
542. The dequantization  section 542 dequantizes the
thumbnail data 81 by multiplying  a dequantization
coefficient equal to a predetermined value  for each
coefficient included in the decoded thumbnail data
81. The dequantization section 542 supplies the
thumbnail  data 81 obtained through dequantization,
that is, DCT  coefficients, to an inverse-DCT
processing section 543.  [0364] The inverse-DCT
processing section 543 generates  uncompressed image
data, so-called baseband image data, by 126  applying
inverse-DCT conversion to the DCT coefficients
supplied form the dequantization section 542 and
outputs the  baseband image data. [0365]  Fig. 56 is a
block diagram depicting another structure  of one
embodiment of a playback block in a recording and
playback apparatus, according to the present
invention, for  playing back and displaying thumbnails
based on the  thumbnail data 81 compressed and encoded
as a stream of I  pictures. The same components as
those shown in Fig. 20 are  denoted by the same
symbols, and thus a description thereof  



will be omitted. [0366]  Under the. control of the
microcomputer 31, a file- format conversion section
561 reads out the thumbnail data  81 which has been
read out by the drive 44 from the disk 45  into the
buffer memory 43, where the file format of the
thumbnail data 81 is a PLF format, a file format
referred to  from the file 101 in PLF format, a static
image package  format, a location-related data file
format referred from  the track management file 131,
or a file format referred to  from the
location-related data file 141. [0367]  The
file-format conversion section 561 converts the  file
format of the read-out thumbnail data 81 and supplies
- 127  the thumbnail data 81 with converted file
format to an I- picture decoding section 562. For
example, the file-format  conversion section 561
converts the file format of the  thumbnail data 81 by
extracting the thumbnail data 81  compressed and
encoded as a stream of I pictures from the  thumbnail
data 81 in a PLF format, a file format referred to
from the file 101 in PLF format, a static image
package  format, a location-related data file format
referred to from  the track management file 131, or a
file format referred to  from the location-related
data file 141. [0368]  



Under the control of the microcomputer 31, the I-
picture decoding section 562 decodes the thumbnail
data 81  compressed and encoded as a stream of I
pictures, supplied  from the file-format conversion
section 561, and stores in  the buffer memory 35 the
thumbnail data 81, as a baseband  image, obtained
through decoding. [0369]  Fig. 57 is a block diagram
depicting the structure of  the I-picture decoding
section 562. A variable-length code  decoder 581
decodes data of the I picture, which has been
subjected to variable-length encoding and is supplied
from  the file-format conversion section 561, and
supplies the  data of the decoded I picture to a
dequantization section  582. The dequantization
section 582 dequantizes the data of - 128  the I
picture by multiplying a dequantization coefficient
equal to a predetermined value for each coefficient
included  in the data of the decoded I picture. The
dequantization  section 582 supplies the data of the I
picture obtained  through dequantization, that is, DCT
coefficients, to an  inverse-DCT processing section
583. [0370]  The inverse-DCT processing section 583
generates  uncompressed image data, so-called baseband
image data, by  applying inverse-DCT conversion to the
DCT coefficients  supplied form the dequantization
section 582 and outputs the  



baseband image data. [0371]  If the thumbnail data 81
is subjected to frequency  characteristic conversion
such that, for example, high- frequency components of
the image are removed and is  compressed and encoded
as a stream of I pictures, pixels of  thumbnails may
be thinned out for display. [0372]  Fig. 58 is a block
diagram depicting still another  structure of one
embodiment of a playback block in a  recording and
playback apparatus, according to the present
invention, for playing back and displaying thumbnails
based  on the thumbnail data 81 compressed and encoded
as a stream  of I pictures. The same components as
those shown in Fig. - 129  56 are denoted by the same
symbols, and thus a description  thereof will be
omitted. [0373]  A pixel-thinning section 591 thins
out pixels at  predetermined positions from among
pixels of the thumbnail  data 81, as baseband image
data, supplied from an I-picture  decoding section 562
and stores the thumbnail data 81 whose  pixels have
been thinned out in the buffer memory 35. For
example, the pixel-thinning section 591 classifies the
pixels of the thumbnail data 81 into sets of four
pixels  composed of two pixels in the vertical
direction and two  



pixels in the horizontal direction and removes three
pixels  from each set of four pixels to thin out
pixels from the  thumbnail data 81. [0374]  If the
thumbnail data 81 is subjected to frequency
characteristic conversion such that high-frequency
components of the image are removed and is compressed
and  encoded as a stream of I pictures, the image size
is not  reduced. Thus, the pixel-thinning section 591
can perform  thinning to reduce the image size. [0375]
If there is no problem of aliasing in the thumbnail
data 81 whose frequency characteristic has been
converted  such that high-frequency components of the
image are removed, - 130  the pixel-thinning section
591 can simply thin out pixels.  If there is a problem
of aliasing, the pixel-thinning  section 591 should
preferably restrict the band of image  data through a
low-pass filter before thinning out pixels.  [0376] If
a picture according to a moving image is generated  as
described above, the picture according to the moving
image can be recorded on a data recording medium.
Furthermore, if one picture is extracted from a unit
in  which a moving image is encoded where the unit is
composed  of a constant number of pictures; the amount
of information  



of the extracted picture is reduced; the picture whose
amount of information has been reduced is encoded by a
predetermined encoding scheme; the encoded picture is
associated with the unit from which the picture has
been  extracted; and recording of the picture
associated with the  unit onto a data recording medium
on which the moving image  is to be recorded is
controlled, then the picture associated  with the unit
can be quickly played back when the moving  image is
to be played back. As a result, the user can view  the
content at a desired point in time for playback of the
moving image. [0377]  In addition, if the picture
recorded on a data  recording medium, i.e., the
picture according to the moving - 131  image, is read
out, the picture according to the moving  image can be
played back. Furthermore, if reading a picture  from a
data recording medium recording a moving image and
the picture is controlled; wherein the picture is
extracted  from a unit in which the moving image is
encoded, the unit  including a constant number of
pictures, the amount of  information of the picture is
reduced, the picture is  encoded by a predetermined
encoding scheme, the picture is  associated with each
unit, and the reading is based on an  instruction from
a user and a relationship with the unit of  the moving
image; the read-out picture is decoded; and  



display of the decoded picture is controlled, then the
picture associated with the unit can be played back
quickly.  As a result, the user can view the content
at a desired  point in time for playback of the moving
image. [0378]  A technique for compressing and
encoding thumbnails is  not limited to the JPEG
technique or encoding as I pictures.  Encoding schemes
that can control the data amount of each  thumbnail,
such as the JPEG2000 and the motion JPEG, are
acceptable. In addition, although the encoding scheme
of a  moving image is MPEG2 in the above description,
the encoding  scheme of a moving image is not limited
to MPEG2. Other  encoding schemes including MPEG4 and
MPEG7 are also  acceptable. - 132 - [0379] The
sequence of processing described above can be
implemented using not only hardware but also software.
if  the series of processing is to be carried out with
software,  a program constituting the software is
installed from a  recording medium into a computer
built in dedicated hardware  or into, for example, a
general-purpose personal computer  which can carry out
various types of functions by installing  various
types of programs. [0380]  As shown in Fig. 3, Fig.
20, Fig. 35, Fig. 40, Fig. 46,  



Fig. 54, Fig. 56, or Fig. 58, this recording medium
containing the program may be the disk 45 which is a
package  medium including a magnetic disk (including a
flexible disk),  an optical disk (including CD-ROM
(Compact Disc-Read Only  Memory) and DVD (Digital
Versatile Disc), a magneto-optical  disk (including MD
(Mini-Disc) TM), or a semiconductor memory  if such a
program is supplied separately from a user's
computer. The recording medium may be a ROM (not
shown)  built into a microcomputer or a hard disk (not
shown) in a  computer if the program on the recording
medium is supplied  preinstalled on the computer.
[0381]  The program that carries out the
above-described  sequence of processing may be
installed in a computer - 133  through an interface,
such as a router or a modem, as  required and through
a wired or wireless communication  medium, such as a
local area network, the Internet, or  digital
satellite broadcasting. [0382]  In the present
invention, the steps of the program  recorded on the
recording medium may or may not be followed
time-sequentially in order of described steps.
Furthermore,  the steps may be followed in parallel or
independently from  one another. 134 - 



CLAIMS 1. A recording apparatus comprising: extraction
means for extracting an image from a unit in  which a
moving image is encoded, the unit including a
constant number of images; reduction means for
reducing the amount of information  of the extracted
image; encoding means for encoding the image whose
amount of  information is reduced by a predetermined
encoding scheme;  association means for associating
the encoded image with the unit from which the image
is extracted by the  extraction means; and recording
control means for controlling recording of  the image
associated with the unit onto a data recording  medium
for recording the moving image; wherein said recording
control means controls  recording of the image onto
the data recording medium such  that the encoded image
and the associated unit are  recorded on adjacent
areas of the data recording medium. 2. The recording
apparatus according to claim 1, wherein  the
association means is a track associated with a track
of  the moving image and associates the encoded image
with the  unit by arranging the encoded image in a
track in a predetermined file format. 3. The recording
apparatus according to claim 1, wherein  the
association means associates the encoded image with
the 



- 134a  unit by associating a range of time for
playback of the unit  of the moving image with the
encoded image. 135  4. The recording apparatus
according to claim 1, wherein  the recording control
means: controls recording of the moving image onto the
data  recording medium such that the moving image in a
predetermined time for playback is recorded in a first
contiguous area of the data recording medium and
controls recording of the image onto the data
recording  medium such that the image is recorded in a
second  contiguous area of the data recording medium
when the amount  of data of the encoded image exceeds
a predetermined  threshold if the recording of the
moving image in the first  area of the data recording
medium is ended. 5. The recording apparatus according
to claim 1, wherein  the encoding means encodes the
image by a compression and  encoding scheme for a
static image. 6. The recording apparatus according to
claim 1, wherein  the encoding means encodes the image
by a compression and  encoding scheme for a moving
image such that decoding is  possible only with the
image. 7. The recording apparatus according to claim
1, wherein  the reduction means reduces the amount of
information of the  image by thinning out pixels of
the image. 



8. The recording apparatus according to claim 1,
wherein  the reduction means reduces the amount of
information of the  image by removing a high-frequency
component of the image. 136 - 9. A recording method
comprising: an extraction step of extracting an image
from a unit  in which a moving image is encoded, the
unit including a  constant number of images; a
reduction step of reducing the amount of information
of the extracted image; an encoding step of encoding
the image whose amount of  information is reduced by a
predetermined encoding scheme;  an association step of
associating the encoded image with the unit from which
the image is extracted in the  extraction step; and a
recording control step of controlling recording of the
image associated with the unit onto a data recording
medium  for recording the moving image; wherein said
recording control step controls recording  of the
image onto the data recording medium such that the
encoded image and the associated unit are recorded on
adjacent areas of the data recording medium. 10. A
recording medium storing a program causing a  computer
to perform recording processing comprising: an
extraction step of extracting an image from a unit in
which a moving image is encoded, the unit including a



constant number of images; a reduction step of
reducing the amount of information  of the extracted
image; an encoding step of encoding the image whose
amount of  information is reduced by a predetermined
encoding scheme;  an association step of associating
the encoded 137  image with the unit from which the
image is extracted in  the extraction step; and a
recording control step of controlling recording of
the image associated with the unit onto a data
recording  medium for recording the moving image;
wherein said recording control step controls recording
of the image onto the data recording medium such that
the  encoded image and the associated unit are
recorded on  adjacent areas of the data recording
medium. 11. A program causing a computer to perform
recording  processing comprising: an extraction step
of extracting an image from a unit in  which a moving
image is encoded, the unit including a  constant
number of images; a reduction step of reducing the
amount of information  of the extracted image; an
encoding step of encoding the image whose amount of
information is reduced by a predetermined encoding
scheme;  an association step of associating the
encoded image 



with the unit from which the image is extracted in the
extraction step; and a recording control step of
controlling recording of the  image associated with
the unit onto a data recording medium  for recording
the moving image; wherein said recording control step
controls recording  of the image onto the data
recording medium such that the  encoded image and the
associated unit are recorded on  adjacent areas of the
data recording medium. - 138  12. A playback apparatus
comprising: reading control means for controlling
reading an image  from a data recording medium
recording a moving image and  the image, the image
being extracted from a unit in which  the moving image
is encoded, the unit including a constant  number of
images, the amount of information of the image  being
reduced, the image being encoded by a predetermined
encoding scheme, the image being associated with each
unit,  the encoded image and the associated unit being
recorded on  adjacent areas of the data recording
medium, and the reading  being based on an instruction
from a user and a relationship  with the unit of the
moving image; decoding means for decoding the read out
image; and  display control means for controlling
display of the  decoded image. 13. The playback
apparatus according to claim 12, wherein  



the reading control means controls reading the image
from  the data recording medium so as to read only the
image if  the user directs a fast-forward operation or
a rewind  operation. 14. The playback apparatus
according to claim 12, wherein  the decoding means
decodes the image encoded by a  compression and
encoding scheme for a static image. 15. The playback
apparatus according to claim 12, wherein  the decoding
means decodes the image encoded by a  compression and
encoding scheme for the moving image such  that
decoding is possible only with the image. 16. A
playback method comprising: 139  a reading control
step of controlling reading an image  from a data
recording medium recording a moving image and  the
image, the image being extracted from a unit in which
the moving image is encoded, the unit including a
constant  number of images, the amount of information
of the image  being reduced, the image being encoded
by a predetermined  encoding scheme, the image being
associated with each unit,  the encoded image and the
associated unit being recorded on  adjacent areas of
the data recording medium, and the reading  being
based on an instruction from a user and a relationship
with the unit; a decoding step of decoding the read
out image; and  a display control step of controlling
display of the  



decoded image. 17. A recording medium storing a
program causing a  computer to perform playback
processing comprising: a reading control step of
controlling reading an image  from a data recording
medium recording a moving image and  the image, the
image being extracted from a unit in which  the moving
image is encoded, the unit including a constant
number of images, the amount of information of the
image  being reduced, the image being encoded by a
predetermined  encoding scheme, the image being
associated with each unit,  the encoded image and the
associated unit being recorded on  adjacent areas of
the data recording medium, and the reading  being
based on an instruction from a user and a relationship
with the unit; a decoding step of decoding the read
out image; and - 140  a display control step of
controlling display of the  decoded image. 18. A
program causing a computer to perform playback
processing comprising: a reading control step of
controlling reading an image  from a data recording
medium recording a moving image and  the image, the
image being extracted from a unit in which  the moving
image is encoded, the unit including a constant
number of images, the amount of information of the
image  being reduced, the image being encoded by a
predetermined  



encoding scheme, the image being associated with each
unit,  the encoded image and the associated unit being
recorded on  adjacent areas of the data recording
medium, and the reading  being based on an instruction
from a user and a relationship  with the unit; a
decoding step of decoding the read out image; and  a
display control step of controlling display of the
decoded image. 










