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CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Divisional of copending appli-
cation Ser. No. 15/845,265 filed Dec. 18, 2017, which is a
Divisional of application Ser. No. 15/452,863 filed Mar. 8,
2017 (now U.S. Pat. No. 9,899,060 B2), which is a Con-
tinuation of application Ser. No. 15/148,686 filed May 6,
2016 (now U.S. Pat. No. 9,627,008 B2), which is a Con-
tinuation of Ser. No. 14/794,448 filed Jul. 8, 2015, (now U.S.
Pat. No. 9,368,159 B2) which is a Continuation of applica-
tion Ser. No. 14/452,252, filed Aug. 5, 2014; (now U.S. Pat.
No. 9,111,581 B2) which is a Divisional of application Ser.
No. 14/269,908, filed on May 5, 2014, (now U.S. Pat. No.
8,983,267 B2); which is a Divisional of application Ser. No.
14/132,433 filed on Dec. 18, 2013, (now U.S. Pat. No.
8,983,265 B2); which is a Divisional of application Ser. No.
13/158,964 filed on Jun. 13, 2011, (now U.S. Pat. No.
8,639,090 B2); which is a Divisional of application Ser. No.
11/665,621 filed on Apr. 18, 2007 (now U.S. Pat. No.
8,027,563 B2); which is the National Phase of PCT Inter-
national Application No. PCT/JP2006/311292 filed on Jun.
6, 2006 (now WO 2007/017986 A1); which claims benefit to
Patent Application No. JP2005-232619 filed in Japan, on
Aug. 10, 2005. The entire contents of all of the above
applications are hereby incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a recording
medium, more particularly to a disc recording medium
enabling the rapid location of data for displaying images in
each of a plurality of streams recorded on the recording
medium.

BACKGROUND ART

[0003] When content such as program or movie content is
recorded on a recording medium, the video data of the
content are coded by a coding method such as the MPEG
(Moving Picture Experts Group) method to create a video
stream. The audio data of the content are coded by a method
such as the AC-3 method to create an audio stream. In the
MPEG-2 system stipulated in ISO/13818, the video stream
and the audio stream are multiplexed into a TS (Transport
Stream). The video data or audio data in the video stream or
audio stream are broken up into 188-byte source packets,
which are the minimum units of access. In the description
below, video streams and audio streams will also be referred
to simply as ‘streams’.

[0004] A video stream is made up of GOPs (Groups of
Pictures), where a GOP is about 0.5 seconds in terms of
video reproduction time. A GOP comprises I-pictures
obtained by intra-frame coding, P-pictures obtained by inter-
frame predictive coding in the forward direction, and B-pic-
tures obtained by bidirectional predictive coding (in the
description below, the term ‘picture’ will be used as a
general term for [-pictures, P-pictures, and B-pictures).
[0005] An I-picture is placed at the beginning of a GOP.
The I-picture at the beginning of a GOP is also treated as an
access point: a position at which random access to the video
stream is possible. The I-picture at the beginning of every

Jul. 4,2019

GOP does not necessarily become an access point; if a
plurality of GOPs constitute one access unit, for example,
then the I-picture at the beginning of the first GOP among
the plurality of GOPs is set as the access point.
[0006] In trick reproduction modes such as the fast-for-
ward mode in which the video content is viewed by skipping
from picture to picture, or when a function such as time
search is used to start the reproduction of the content from
an intermediate point in the content specified by a time, in
general, first an I-picture is decoded and reproduced. To
perform trick reproduction etc. at higher speeds, it is nec-
essary to detect the positions of the I-pictures and their
constituent source packets quickly. The reason why trick
reproduction starts with the decoding of an I-picture is that
until an I-picture is decoded, it is not possible to decode
other pictures.
[0007] The I-pictures in a stream are conventionally
detected with reference to an EP_Map in which the display
time information (PTS: Presentation Time Stamp) and [-pic-
ture positional information (SPN: Source Packet Number)
are stored. An EP_Map is provided for every GOP (e.g.,
Patent Document 1).
[0008] Information concerning the size of the I-pictures
may be added to the above PTS and SPN information, these
data may be assembled into a table and stored in the
EP_Map, and the table stored in the EP_Map may be
referred to in order to detect the position and size of the
I-picture (e.g., Patent Document 2).
[0009] Patent Document 1: Japanese Patent Application
Publication No. 2002-158971 (pp. 38-40, FIG. 138)
[0010] Patent Document 2: Japanese Patent Application
Publication No. 2004-201034 (pp. 11-12, FIG. 5)

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

[0011] In the invention described in Patent Document 1,
however, although the PTS and SPN are detectable, the size
of an I-picture is undetectable. Accordingly, after detecting
the first of the source packets constituting an I-picture, the
player or other reproducing apparatus must decide whether
each succeeding source packet belongs to the I-picture or
not. In this case, reading an [-picture takes a long time.
[0012] In the invention described in Patent Document 2,
when a plurality of video streams are multiplexed into a
single TS, the above table must be provided separately for
each video stream. In this case, the amount of information in
these tables assumes vast proportions, using up much of the
storage space in the optical disc or other recording medium.
Normally it is also necessary to store the tables in the
memory of the reproducing apparatus before reproduction of
the streams recorded on the recording medium. In this case,
if the amount of information in the tables is vast as noted
above, an increased amount of memory space is needed to
store the tables. The invention described in Patent Document
2 accordingly leads to increases in the cost of the reproduc-
ing apparatus and the size of its circuitry.

[0013] As the uses of optical discs and other such media
have diversified in recent years, sometimes a plurality of
video streams are recorded as parts of the same content on
an optical disc. As a specific example, scenes of the making
of' a movie and comments by the director may be displayed
simultaneously with the movie itself. In this case, two video
streams are multiplexed, one being the video stream of the
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movie, the other being the video stream of the movie-
making scenes etc., and the multiplexed streams are
recorded on the optical disc as a single stream. Video
streams representing different programs may also be multi-
plexed and recorded on an optical disc as a single stream. In
the inventions of Patent Documents 1 and 2, however, much
recording space is used in dealing with this situation, leading
to increases in the cost of the player or other reproducing
apparatus and the size of its circuitry.

[0014] The present invention addresses the above prob-
lems with the object of obtaining a recording medium
enabling a particular picture included in a stream such as a
TS in which a plurality of video streams are multiplexed to
be found quickly from substantially the same amount of
information as in the past.

Means of Solution of the Problems

[0015] In a recording medium on which is recorded a
multiplexed stream including a plurality of first packets
constituting a first I-picture in a first video stream and a
plurality of second packets constituting a second I-picture in
a second video stream, a recording medium according to the
present invention has recorded thereon information for iden-
tifying the first [-picture and information for identifying the
second I-picture.

Effect of the Invention

[0016] According to the present invention a particular
picture included in a stream such as a TS in which a plurality
of types of video streams are multiplexed can be detected
quickly from substantially the same amount of information
as in the past.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG.1 is an explanatory diagram depicting the data
structure of the optical disc 102 in the first embodiment of
this invention.

[0018] FIG. 2 schematically shows the logical file struc-
ture of the optical disc 102.

[0019] FIG. 3 is an explanatory diagram for giving a
simplified description of the structure of a stream informa-
tion file 231.

[0020] FIG. 4 is an explanatory diagram of the syntax of
an address management file 222.

[0021] FIG. 5 is an explanatory diagram depicting the
structure of the reproduction control information file 221.
[0022] FIG. 6 is an explanatory diagram of the syntax of
the reproduction control information file 221.

[0023] FIG. 7 is an explanatory diagram for giving a
simplified description of the trick reproduction of programs
etc. recorded on the optical disc 102 in the first embodiment.
[0024] FIG. 8 (A), FIG. 8 (B), and FIG. 8 (C) schemati-
cally show the relationship between an address management
file 222 and a stream information file 231.

[0025] FIG. 9 is an explanatory diagram depicting the
relationship between a stream information file 231 and its
‘SPN_GOP_Start’ 502 and ‘I_Pic_Size’ 503 information.
[0026] FIG. 10 (A) to FIG. 10 (D) are explanatory dia-
grams depicting images displayed when a plurality of video
data streams are stored in a stream information file 231 and
the video data are reproduced by a reproducing apparatus.
[0027] FIG. 11 (A) and FIG. 11 (B) are explanatory
diagrams depicting the data structure of a stream informa-
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tion file 231 in which a PIP stream is stored and the data
structure of the address management file 222 corresponding
to the PIP stream, in a second embodiment.

[0028] FIG. 12 is an explanatory diagram of the syntax of
the address management file 222 corresponding to a stream
information file 231 in which a PIP stream is stored.
[0029] FIG. 13 is an explanatory diagram depicting trick
reproduction based on an access point management table.
[0030] FIG. 14 is a block diagram showing the structure of
a reproducing apparatus 100 for playing the optical disc 102.
[0031] FIG. 15 (A), FIG. 15 (B), and FIG. 15 (C) are
explanatory diagrams showing other examples of the infor-
mation recorded in ‘I_Pic_Size’ 503 and ‘I_Pic_Size Sub’
1200.

[0032] FIG. 16 (A) and FIG. 16 (B) is an explanatory
diagram depicting the data structure of a stream information
file 231 in which a PIP stream is stored and the data structure
of'the address management file 222 corresponding to the PIP
stream, according to the third embodiment.

[0033] FIG. 17 is an explanatory diagram of the syntax of
the access point management table 1610 in the third embodi-
ment.

[0034] FIG. 18 is an explanatory diagram depicting trick
reproduction based on the access point management table
1610.

[0035] FIG. 19 (A), FIG. 19 (B), and FIG. 19 (C) are
explanatory diagrams depicting the recording of a size ID in
the “I_Pic_Size’ 503, ‘I_Pic_Size_Sub’ 1200, and ‘I_Start_
Sub’ 1600.

EXPLANATION OF REFERENCE
CHARACTERS

[0036] 100 reproducing apparatus, 101 system control
unit, 102 optical disc, 103 reproducing drive unit, 110
demultiplexer, 111 main video decoder, 112 sub video
decoder, 113 audio decoder, 114 video mixer, 115 display
unit, 120 memory unit, 130 operation unit.

BEST MODE OF PRACTICING THE
INVENTION

First Embodiment

[0037] FIG. 1 is an explanatory diagram depicting the data
structure of the optical disc 102 in the first embodiment of
this invention. Data are recorded on the optical disc 102
from its inner circumference 201 to its outer circumference
202. A lead-in area 210 in which starting information about
the optical disc 102, its physical characteristics, and the like
are recorded is disposed at the innermost circumference of
the optical disc. Information about the file system of the
optical disc 102 (also referred to below as file system
information) is recorded in a management information area
211 disposed just outside the lead-in area 210 of the optical
disc 102. Content data (TS etc.) is recorded by the manu-
facturer (content provider) in a user data area 212 disposed
just outside the management information area 211 in the
optical disc 102. Information concerning the ending position
of the optical disc 102 is recorded in a lead-out area 213
disposed just outside the user data area 212 of the optical
disc 102.

[0038] The user data area 212 comprises a reproduction
control information area 220 and a stream information area
230. The stream information area 230 comprises a plurality
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of stream information files 231 in which the TS’s are
recorded in predetermined units. The reproduction control
information area 220 comprises one reproduction control
information file 221 and one (#1) or a plurality (#1, . . ., #N)
of address management files 222. The information recorded
in the reproduction control information file 221 includes
information (play interval information) indicating the inter-
vals on the stream to be reproduced in correspondence to the
content (hereinafter referred to as ‘play intervals’, described
later), information indicating the order in which the plurality
of streams specified by the play intervals are to be repro-
duced (reproduction order information), information relat-
ing to the content of the stream information files 231
(content information), etc. The content information is infor-
mation giving, for example, the author of the content.
[0039] The address management files 222 are in one-to-
one correspondence with the stream information files 231.
Specifically, the address management files 222 and stream
information files 231 correspond by having, for example,
identical file names. The information recorded in an address
management file 222 includes the starting addresses of the
access points in the stream stored in the corresponding
stream information file 231, the sizes of the I-pictures set as
access points, and the PTS values of the I-pictures set as
access points. FIG. 1 shows a configuration that has one
reproduction control information file, but the reproduction
control information file may be divided into a plurality of
files on the optical disc 102.

[0040] FIG. 2 schematically shows the logical file struc-
ture of the optical disc 102. The top stratum of this file
structure is a root directory 300. A disc directory 301 is
subordinate to the root directory 300. The reproduction
control information file 221, an address management direc-
tory 302, and a stream management directory 303 are
subordinate to the disc directory 301. The address manage-
ment files 222 are subordinate to the address management
directory 302, and the stream information files 231 are
subordinate to the stream management directory 303.
[0041] The reproduction control information area 220
shown in FIG. 1 comprises the reproduction control infor-
mation file 221 and the address management files 222
subordinate to the address management directory 302. The
stream information area 230 comprises the stream informa-
tion files 231 subordinate to the stream management direc-
tory 303.

[0042] As noted above, the address management files 222
are in correspondence with the stream information file 231.
In FIG. 2, the correspondence is indicated by identical file
names: for example, the address control file represented by
‘01000.tmap’ in FIG. 2 corresponds to the stream informa-
tion file represented by ‘01000.mts’. The notations ‘tmap’
and ‘mts’ are extensions of the file names. Any file names
may be used.

[0043] Although the address management files 222 and
stream information files 231 are shown located in separate
directories in FIG. 2, the address management files 222 and
the stream information files 231 may be located in the same
directory. The address management files 222 and stream
information files 231 may also be subordinate to the root
directory 300 (i.e., at the same hierarchical level as the disc
directory). Furthermore, although the address management
files 222 and stream information files 231 in FIG. 2 were
described as corresponding one-to-one, one address man-
agement file 222 may correspond to a plurality of stream
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information files 231, or a plurality of address management
files 222 may correspond to one stream information file 231.
[0044] FIG. 3 is an explanatory diagram that will be used
to give a simple description of the structure of a stream
information file 231. A stream information file 231 com-
prises a plurality of source packets 400 (a source packet 400
may be simply referred to as a packet 400 below). More
specifically, a stream information file 231 comprises a
multiplexed plurality of packets 400 obtained by coding the
video data and audio data of the aforesaid content, then
dividing the coded data into fixed amounts of information (a
packet 400 of video data will also be referred to as a
V-packet (Video-packet) and a packet 400 of audio data will
also be referred to below as an A-packet (Audio-packet)
below).

[0045] Each packet 400 comprises a data area 403 in
which video data or audio data are recorded, and header
information 401 in which is recorded an ID (Identification)
403 corresponding to the type of data recorded in the data
area. Accordingly, if the packet is a V-packet, for example,
video data are recorded in the data area 403, and an ID 402
indicating that the packet 400 is a V-packet is recorded in the
header information 401. The header information 402 is
prefixed at the front of the packet.

[0046] FIG. 4 is an explanatory diagram of the syntax of
an address management file 222. The PTS (Presentation
Time Stamp) indicating the starting display time of the first
picture in the stream information file 231 corresponding to
the address management file 222 is recorded in ‘Start_PTS’.
The PTS indicating the ending display time of the last
picture in this stream information file 231 is recorded in
‘End_PTS’. The total number of video streams in the stream
information file 231 is recorded in ‘num_of video’500. The
total number of audio streams in the stream information file
231 is recorded in ‘num_of audio’.

[0047] The first loop statement (for(i=0; . . . ){ ... })
following ‘num_of audio’ is repeated for the number of
times indicated by ‘num_of video’ 500. The second loop
statement (for(G=0; . . . ){ . . . }) following the first loop
statement is repeated for the number of times indicated by
‘num_of_audio’. The ID of each V-packet and A-packet in
the stream information file 231 is recorded in the ‘packet_
1D’ fields in the loop statements. The ID of each V-packet
and A-packet is accordingly detected by execution of these
loop statements in the reproducing apparatus (described
later) or other apparatus that reproduces the optical disc 102.
[0048] Information necessary for detecting a position
specified during trick reproduction or a time search (i.e.
information regarding an access point) is recorded in an
access point management table 510. For example, when the
video data corresponding to the content is coded into a video
stream according to MPEG-2, the start of a GOP is an access
point.

[0049] The item ‘num_of_entry’ indicates the total num-
ber of access points in the stream information file 231
corresponding to the address management file 222. The loop
statement following ‘num_of entry’ is repeated for the
number of times indicated by ‘num_of entry’. The PTS
indicating the starting display time of an I-picture used as an
access point is recorded in ‘PTS_GOP_Start’ 501 in the loop
statement. PTS values corresponding to source packet num-
bers X1, X2, and Xk are represented by PTS(x1), PTS(x2),
and PTS (xk), respectively. ‘SPN_GOP_Start’ 502 indicates
the number of packets from the first packet in the stream
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information file 231 to the first packet among the packets
constituting the I-picture (the position of this packet will
also be referred to below as ‘the start of the access point’).
[0050] Since a packet has a fixed length (188 bytes in
MPEG-2), the number of bytes from the start of the stream
information file 231 to the start of the access point can be
calculated by multiplying the value of ‘SPN_GOP_Start’
502 by the fixed length value. Accordingly, if the value of
‘SPN_GOP_Start’ 502 is 5 (packets), for example, and the
packet length is 188 bytes, then the number of bytes from the
start of the stream information file 231 to the start of the
access point is:

5 (packets)x188 (bytes)=940 (bytes)

(where x is the multiplication symbol). The starting posi-
tions of an [-picture needed by the reproducing apparatus in
trick reproduction or a time search can be located (cued) by
referring to the ‘PTS_GOP_Start” 501 and ‘SPN_GOP_
Start” 502 as explained above.

[0051] Information representing the size of an I-picture
that is used as an access point is recorded in ‘I_Pic_Size’
503. Specifically, the number of packets from the packet
indicated by ‘SPN_GOP_Start’ 502 to the last packet in the
packets constituting the I-picture is recorded in ‘I_Pic_Size’
503. The size of the I-picture can accordingly be detected by
referring to ‘I_Pic_Size’ 503. Specifically, the size of the
I-picture (the size expressed in bytes) can be obtained by
multiplying the value (number of packets) indicated by
‘I_Pic_Size’ 503 by the size of the packet (188 bytes for
MPEG-2).

[0052] FIG. 5 is an explanatory diagram depicting the
structure of the reproduction control information file 221.
The reproduction control information file 221 comprises a
plurality of titles 1 to N. One title corresponds to one item
of content (program, movie, etc.). Specifically, the intervals
(play intervals) used in reproduction of the content in the
streams recorded in the stream information files 231 are
listed under the titles.

[0053] A title may be configured in various ways: for
example, it may list (1) one play interval in one stream
information file 231; (2) a plurality of play intervals in one
stream information file 231; or (3) play intervals in a
plurality of stream information files 231 (one or more play
intervals being recorded in each of the plurality of stream
information files 231). FIG. 5 shows a case in which a play
interval 1 in one stream information file (#1) and a play
interval 2 in another stream information file (#2) are listed
under title 1 (configuration (3) above).

[0054] A play interval is determined by the file name of the
address management file 222 corresponding to the stream
information file 231 to be reproduced and the reproduction
starting point (Start_Time) and reproduction ending point
(End_Time) in the stream information file 231. In the
following description, the file name, the reproduction start-
ing point, and the reproduction ending point will be referred
to collectively as play interval information.

[0055] FIG. 6 is an explanatory diagram of the syntax of
the reproduction control information file 221. In FIG. 6, the
total number of content items recorded on the optical disc
102 is recorded in ‘num_of Title’. The loop statement
following ‘num_of Title’ is repeated for the number of
times indicated by ‘num_of_Title’. Information about a title
(attribute information), such as the total time of the title (i.e.,
reproduction time of the content corresponding to the title),
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type of codec, and time and date of recording are recorded
in ‘Title_Attribute( )’ in the loop statement.

[0056] The total number of items of information about
play intervals recorded under the title is recorded in ‘num_of
Play_Interval’. The loop statement following ‘num_of Play_
Interval’ is repeated for the number of times indicated by
‘num_of Play_Interval’. The file name of the stream infor-
mation file 231 to be reproduced is recorded in ‘stream_
name’ 701 in the loop statement. The reproduction start point
is described in ‘Start_Time’ 702, and the reproduction end
time is described in ‘End_Time’ 703. As described above,
the play interval information includes information given by
‘stream_name’ 701, ‘Start_Time’ 702, and ‘End_Time’ 703.
The PTS values indicating the starting display time and
ending display time of a picture are recorded in ‘Start_Time’
702 and ‘End_Time’ 703, respectively. The player or other
reproducing apparatus can identify the interval to be repro-
duced (play interval) in the stream stored in the stream
information file 231 from the information recorded in the
reproduction control information file.

[0057] FIG. 7 is an explanatory diagram that will be used
to give a simple description of the trick reproduction of
content recorded on the optical disc 102 in the first embodi-
ment. Times (PTS) are indicated on the horizontal axis
labeled ‘play interval’. The stream information file 231
comprises one or more GOPs 800. A GOP 800 comprises
I-pictures, P-pictures, and B-pictures (labeled I, P, and B).
The size of an I-picture is indicated as ‘I_Pic_Size’. In this
trick reproduction mode, the I-pictures in the GOP 800 in the
stream information file 231 of the reproduced content are
reproduced by skipping (from the end of one reproduced
I-picture to the start of another I-picture).

[0058] FIG. 8 (A), FIG. 8 (B), and FIG. 8 (C) schemati-
cally show the relationship between the address manage-
ment file 222 and the stream information file 231. In FIG. 8
(A), “V’ indicates a video packet and ‘A’ indicates an audio
packet. Among the packets 400 constituting each GOP, the
hatched packets are the packets at the beginning of the GOP
(also referred to below as leading packets), and their source
packet numbers SPN are indicated as ‘X1°, ‘X2, ..., ‘Xk’.
As shown in FIG. 8 (B), a leading packet includes a transport
packet header (TP_H), which is the header information 401
stipulated by the MPEG standard. Besides TP_H, the packet
includes a PES header (PES_H) 821, a sequence header
(SQ_H) 822, and an I-picture header (I_PIC_H) 824 indi-
cating the first byte of the I-picture information starting from
the SQ_H. The PTS indicating the starting display time of
the picture is recorded in the PES header 821.

[0059] The reproducing apparatus interprets the syntax of
the address management file 222 described with reference to
FIG. 4 to construct an access point management table 510
with an entry for each GOP (each access point) giving its
‘PTS_GOP_Start’ 501, which is the PTS of the starting
display time of its I-picture, ‘SPN_GOP_Start’ 502, which is
positional information indicating the first source packet 400
among the packets constituting the I-picture, and ‘I_Pic_
Size’ 503, which is information indicating the size of the
I-picture.

[0060] FIG. 9 is an explanatory diagram depicting the
relationship between the stream information file 231 and its
‘SPN_GOP_Start’ 502 and ‘I_Pic_Size’ 503 information. As
shown in FIG. 9, the stream information file 231 comprises
a plurality of GOPs 800. A GOP 800 comprises a plurality
of pictures. A picture comprises a plurality of source packets
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400. There are two types of packets 400, ie., V-packets
corresponding to video data (V_main packets in FIG. 9) and
A-packets corresponding to audio data. A stream informa-
tion file 231 is therefore an area in which multiplexed
streams of V-packets and A-packets are stored.

[0061] InFIG. 9, the symbols in parentheses in the picture
notations indicate: (1) the type of packets constituting the
picture; (2) the type of picture, that is, whether the picture is
an I-picture, P-picture, or B-picture; and (3) the position of
the picture relative to the start of the GOP. For example,
‘P(M_P_04)’ indicates that the picture comprises V_main
packets, the picture is a P-picture, and the picture is the
fourth picture from the start of the GOP.

[0062] The symbols in parentheses in each V-packet indi-
cate: (1) the type of picture to which the V-packet belongs,
i.e., whether the picture is an I-picture, P-picture, B-picture;
and (2) the position of the picture relative to the start of the
GOP. For example, ‘V_main(P_04)’ indicates that the
V_main packet is part of a P-picture and the P-picture is the
fourth picture from the start of the GOP.

[0063] <SPN_GOP_Start’ 502 indicates the relative num-
ber of packets from the start of the stream information file
231. For example, if the first packet in the first GOP in the
stream information file 231 in FIG. 9 is also the first packet
in the stream information file 231, then ‘SPN_GOP_Start’
502 is ‘1 (packet)’. ‘I_Pic_Size’ 503 indicates the relative
number of packets from the point specified by ‘SPN_GOP_
Start’ 502 in the stream information file 231 to the last
V-packet in the I-picture. For example, if the source packets
400 constituting the I-picture in the first GOP in the stream
information file 231 are situated within the thirteen source
packets 400 starting from the first packet in the stream
information file 231 (the packet position specified by ‘SPN_
GOP_Start’ 502 in FIG. 9), then ‘I_Pic_Size’ 503 is ‘13
(packets)’. Although ‘SPN_GOP_Start’ 502 and ‘I_Pic_
Size’ 503 represent relative numbers of packets in the above
description, ‘SPN_GOP_Start” 502 and ‘I_Pic_Size’ 503
may represent relative numbers of bytes. That is, the result
of multiplication of the number of packets and the above-
mentioned fixed length may be recorded in ‘SPN_GOP_
Start’ 502 and ‘I_Pic_Size’ 503.

[0064] In the above description, the stream stored in the
stream information file 231 is described as a video stream
comprising one type of V-packet (V_main) (there is only one
type of video stream), but a plurality of video streams may
be multiplexed into one stream and stored in the stream
information file 231. Next, the structure of the stream
information file 231 etc. in a case in which a plurality of
video streams are multiplexed and stored will be described.

[0065] FIG. 10 (A) to FIG. 10 (D) are explanatory dia-
grams depicting a video display when a plurality of video
data streams are stored in a stream information file 231 and
video pictures corresponding to the plurality of video data
streams are reproduced by a reproducing apparatus. In the
following description, two video streams are stored in the
stream information file 231. One of these streams will be
referred to as the first video stream or main video stream,
and the other video stream will be referred to as the second
video stream or sub video stream. The video image corre-
sponding to the first video stream will be referred to as the
first video image or main video image, and the video image
corresponding to the second video stream as the second
video image or sub video image. Alternatively, one of the
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first or second video streams may support HD (High Defi-
nition), while the other video stream supports SD (Standard
Definition).

[0066] FIG. 10 (A) shows a case in which only the main
video image is displayed; the letters ‘Main’ indicate main
video. FIG. 10 (B) shows a PIP (Picture In Picture) display
in which the sub video data (‘Sub’ indicates sub video) are
superimposed on the main video data. FIG. 10 (C) shows a
PIP display in which the main video data are superimposed
on the sub video data. FIG. 10 (D) shows a case in which
only the sub video image is displayed. When two video
streams are stored in the stream information file 231, there
are four possible video display modes as described above. In
a PIP display, the size, the position, and the degree of
transparency of the superimposed region can be set arbi-
trarily. In the following description, a stream in which
packets corresponding to a plurality of video streams are
multiplexed will also be referred to as a PIP stream.

[0067] FIG. 11 (A) and FIG. 11 (B) are explanatory
diagrams depicting the data structure of a stream informa-
tion file 231 in which a PIP stream is stored and the data
structure of a first-embodiment address management file 222
corresponding to the PIP stream. As shown in FIG. 11 (A),
the stream information file 231 in which the PIP stream is
stored comprises multiplexed V-packets corresponding to a
plurality of video streams. Specifically, the stream informa-
tion file 231 places main video pictures (I(M_I_01) etc.) and
sub video pictures (I(S_I_01) etc.) in one GOP, as shown in
the picture layer in FIG. 11 (A). Therefore, as shown in the
packet layer in FIG. 11 (B), the V_main packets constituting
the main video stream and V_sub packets constituting the
sub video stream are multiplexed in the PIP stream. In the
part of the packet layer corresponding to picture I(S_I_01)
in FIG. 11 (A), V_main(I_01) packets belonging to picture
I(M_1_01), V_sub(I_01) packets belonging to picture I(SI_
1_1), and V_main(B_02) packets belonging to picture B(M_
B_02) are intermixed.

[0068] The symbols in parentheses in the picture notations
in FIG. 11 (A) indicate: (1) the video stream to which the
picture belongs (main video or sub video); (2) the type of
picture, that is, whether the picture is an I-picture, P-picture,
or B-picture; and (3) the position of the picture in the GOP
800 relative to the first picture (I-picture) in the video
stream. The symbol ‘S’ is assigned to sub video constituents
and the symbol ‘M’ is assigned to main video constituents.
For example, ‘B(S_B_02)’ indicates that the picture is a sub
video picture, the picture is a B-picture, and the picture is the
second of the sub video pictures in the GOP.

[0069] The symbols in parentheses in the V_main packet
notation indicate: (1) the type of picture to which the
V-packet belongs, that is, whether the V-packet is part of an
I-picture, P-picture, or B-picture; and (2) the position of the
picture in the GOP relative to the start of the GOP. In FIG.
11 (A), ‘V_main’ indicates a V-packet in the main video
stream and ‘V_sub’ indicates a V-packet in the sub video
stream. For example, ‘V_sub(P_15)" indicates that the
V-packet is part of the sub video stream, that the V-packet is
part of a P-picture, and that this picture is the fifteenth sub
video picture in the GOP, counting from the sub video
I-picture.

[0070] Each packet comprises the same type of header
information as the header information 401 shown in FIG. 3.
As an ID similar to the ID 402 shown in FIG. 3, the header
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information includes an ID indicating whether the packet is
an audio data packet, a main video packet, or a sub video
packet.

[0071] When a V_main packet and a V_sub packet have
the same PTS value, the V_sub packet is located after the
V_main packet.

[0072] Although the V_main packets and V_sub packets
are intermingled in the stream described above, all the
V_main packets may be located in a predefined segment of
the stream, and all the V_sub packets may be located in
another predefined segment of the stream. The packets in a
stream stored in a stream information file 231 may be
disposed in any arrangement that satisfies the requirements
of the decoder model specified in the MPEG standard.
Provided these requirements are satisfied, the arrangement
can be set arbitrarily.

[0073] In trick reproduction using the above PIP stream,
the main video I-pictures (M_I-pictures) and sub video
I-pictures (S_I-pictures) need to be detected at high speed.
If the main video stream and the sub video stream were to
have separate address management files 222, the related
amount of information would increase as described above.
Therefore, in the first embodiment, the address management
file 222 is structured as follows.

[0074] As shown in FIG. 11 (B), both the ‘I_Pic_Size’ 503
of M_I-pictures and the ‘I_Pic_Size_Sub’ 1200 of S_I-
pictures are recorded in the access point management table
1210 in the address management file 222. ‘I_Pic_Size_Sub’
1200 indicates the position of the last V_sub packet among
the V_sub packets constituting the I-picture in the sub video
data (V_sub(I_xx), where xx is a positive integer (1 or
more). As shown in the packet layer in FIG. 11 (A),
‘I_Pic_Size_Sub’ 1200 is indicated by the relative number
of packets counted from a starting point, the starting point
being the V_sub packet immediately following the V_main
packet indicated by ‘I_Pic_Size’ 503. Alternatively, the
relative number of packets from the position of the first
packet in the GOP 800, indicated by ‘PTS_GOP_Start’ 501,
may be recorded in ‘I_Pic_Size_Sub’ 1200. As another
alternative, the number of bytes from ‘PTS_GOP_Start’ 501
may be recorded in ‘I_Pic_Size_Sub’ 1200.

[0075] FIG. 12 is an explanatory diagram of the syntax of
the address management file 222 corresponding to a stream
information file 231 in which a PIP stream is stored.
Descriptions of syntax items other than the access point
management table 1210 will be omitted because they would
be the same as the descriptions given for FIG. 4. Therefore,
FIG. 12 shows only the access point management table
1210. In the following description, explanations of notation
that was explained in FIG. 4 will be omitted.

[0076] The loop statement (forM=1 . . . ) following
‘I_Pic_Size’ 503 in FIG. 12 is repeated {(value described in
‘num_of_video> 500)-1} times for each access point. In
‘I_Pic_Size_Sub’ 1200, the relative number of packets from
the V_sub packet immediately following the V_main packet
indicated by ‘I_Pic_Size’ 503 is recorded as information
indicating the position of the last V_sub packet among the
V_sub packets constituting an S_I-picture. By executing the
loop statement, the reproducing apparatus detects one
‘I_Pic_Size_Sub’1200 for each sub video data stream stored
in the stream information file 231.

[0077] Specifically, when one main video stream and one
sub video stream are multiplexed to form the stream stored
in the stream information file 231, b500 is ‘2°. In this case,
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the loop statement (for(m=1 .. .) { ... }) is executed just
once. ‘I_Pic_Size_Sub’ 1200 is recorded in the access point
management table 1210 for only one (=2-1) region as
shown in FIG. 11 (B). When the stream includes only a main
video stream (as in FIG. 9, for example), ‘num_of_ video’
500 is “1°. In this case, the loop statement (for(m=1 . .. ) is
not executed. The number of regions for which ‘I_Pic_Size_
Sub’ 1200 is recorded in the access point management table
1210 is accordingly zero (=1-1). In other words, no such
region is present.

[0078] FIG. 13 is an explanatory diagram depicting trick
reproduction based on the access point management table
described with reference to FIG. 12. In the picture layer in
FIG. 13, ‘I_Picture(Main)’ indicates a main video I-picture,
while ‘I_Picture(Sub)’ indicates a sub video I-picture. Trick
reproduction of the PIP stream can be accomplished by
reading the M_I-pictures of the main video stream and the
S_I-pictures of the sub video stream intermittently from the
optical disc 102 and displaying them simultaneously.
‘Simultaneous display’ means that the M_I-picture and
S_I-picture having PTS values indicating the same display
time are decoded substantially simultaneously, and the M_I-
picture and S_I-picture are displayed simultaneously at the
time specified by the PTS.

[0079] Specifically, ‘PTS_GOP_Start” 501 and ‘SPN_
GOP_Start’ 502 are used to detect the first of the V_main
packets constituting the M_I-picture. ‘I_Pic_Size’ 503 is
used to detect the last of the V_Main packets constituting the
M_I-picture. ‘I_Pic_Size_Sub’ 1200 is used to detect the last
of the V_sub packets constituting the S_I-picture. Then the
interval from the first V_main packet to the V_sub packet
located at the position with a packet number corresponding
to the sum of the numbers of packets indicated by ‘I_Pic_
Size’ 503 and ‘I_Pic_Size_Sub’ 1200 is read from the optical
disc 102. By execution of the above process for each access
point, trick reproduction can be achieved by repeatedly
reproducing the I-pictures in the main video stream and the
I-pictures in the sub video stream and skipping the other
pictures, as shown in FIG. 13.

[0080] The process described above allows all the V_main
packets of an M_I-picture and all the V_sub packets of an
S_I-picture to be read at once from the optical disc 102. As
a result, high speed trick reproduction can be achieved in the
display modes shown in FIG. 10 (B) and FIG. 10 (C).

[0081] FIG. 14 is a block diagram showing the structure of
a reproducing apparatus 100 for playing the optical disc 102.
Next, the operation of the reproducing apparatus 100 in
reproducing a PIP stream in normal video reproduction
mode will be described. The optical disc 102 is inserted into
the reproducing drive unit 103. When the optical disc 102 is
inserted, the reproducing drive unit 103 reads the file system
information recorded in the management information area
211 of the optical disc 102. The file system information is
interpreted in the system control unit 101. The system
control unit 101 then expands the logical file structure of the
optical disc 102 (FIG. 2).

[0082] Based on the expanded file structure, the system
control unit 101 controls the reproducing drive unit 103 so
as to read the reproduction control information file 221 and
all the address management files 222 recorded on the optical
disc 102. The reproducing drive unit 103 outputs the repro-
duction control information file 221 and address manage-
ment files 222 read from the optical disc 102 to the system
control unit 101. The system control unit 101 stores the
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reproduction control information files 221 and address man-
agement files 222 output from the reproducing drive unit
103 in a memory unit 120.

[0083] Subsequently, when a user operates an manual
operation unit 130 (e.g., a remote control) to select content
to be reproduced by the reproducing apparatus 100, the
system control unit 101 reads the title (FIG. 5) correspond-
ing to the content from the reproduction control information
file 221 stored on the memory unit 120. The system control
unit 101 also reads the play interval information constituting
the title of the content (the ‘stream_name’ 701, ‘Start_Time’
702, and ‘End_Time’ 703 in FIG. 5) from the reproduction
control information file 221. From the memory unit 120, the
system control unit 101 reads the address management file
222 corresponding to the read-out play interval information.

[0084] In reading the address management file 222, the
system control unit 101 searches for an access point in the
PIP stream stored in a corresponding stream information file
231. Specifically, from among the ‘PTS_GOP_Start” infor-
mation 501 recorded in the access point management table
1210 of the address management file 222, the system control
unit 101 detects the ‘PTS_GOP_Start’ 501 corresponding to
the ‘Start_Time’ 702. Next, the system control unit 101
reads the ‘SPN_GOP_Start” 502 corresponding to the
detected ‘PTS_GOP_Start’ 501 from the access point man-
agement table 1210, and acquires the position of the V_main
packet corresponding to the access point from the number of
packets indicated by ‘SPN_GOP_Start’ 502. The system
control unit 101 controls the reproducing drive unit 103 so
as to read the PIP stream stored in the stream information file
231 from the optical disc 102 sequentially, starting from the
V_main packet corresponding to the access point.

[0085] The reproducing drive unit 103 reads the PIP
stream stored in the stream information file 231 as directed
by the reproducing drive unit 103 and outputs it to the
demultiplexer 110. The demultiplexer 110 separates the
input PIP stream into V_main packets, V_sub packets, and
A-packets. The demultiplexer 110 separates packets from
the PIP stream by sorting the packets according to the ID
(similar to the ID 402 shown in FIG. 3) recorded in the
header information 401 of each packet. The reproducing
drive unit 103 outputs V_main packets to a main video
decoder 111, V_sub packets to a sub video decoder 112, and
A-packets to an audio decoder.

[0086] The main video decoder 111 outputs the data
obtained by decoding the input V_main packets (main video
data) to a video mixer 114. The sub video decoder 112
outputs the data obtained by decoding the input V_sub
packets (sub video data) to the video mixer 114. The audio
decoder 113 outputs the data obtained by decoding the input
A-packets (audio data) to a display unit 115. The main video
decoder 111, sub video decoder 112, and audio decoder 113
output data according to the time specified by the PTS
recorded in the PES_H 821 (FIG. 8) of each packet.

[0087] For a PIP display, the video mixer 114 combines
the main video data and sub video data output from the main
video decoder 111 and sub video decoder 112 according to
the predefined size, position, and transparency of the PIP
window and outputs a signal corresponding to the combined
result to the display unit 115. Based on the signal input from
the video mixer 114, the display unit 115 displays the main
and sub video pictures one within the other (see FIG. 10 (B)
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and FIG. 10 (C)). Together with the display, the display unit
115 outputs sound based on the audio data input from the
audio decoder 113.

[0088] The video and audio components of the stream
corresponding to one play interval are reproduced by car-
rying out the process described above up to the time corre-
sponding to ‘End_Time’ 703. If the title has a plurality of
play intervals, the reproducing apparatus 100 carries out the
above process sequentially for each play interval. Repro-
duction of the content corresponding to the title ends when
reproduction of the video and audio corresponding to the last
play interval in the title ends.

[0089] During the above operations, the system control
unit 101 outputs control signals 1111 as necessary to control
the reproducing drive unit 103, demultiplexer 110, main
video decoder 111, sub video decoder 112, audio decoder
113 and video mixer 114.

[0090] Next, the operation of the reproducing apparatus
100 in a trick reproduction mode will be described. In the
following description, descriptions of matters that are the
same as in the normal reproduction mode will not be
repeated.

[0091] When a user selects a trick reproduction mode by
means of the manual operation unit 130 during normal
reproduction in the reproducing apparatus 100, the system
control unit 101 detects and reads the address management
file 222 corresponding to the stream information file 231
being reproduced at the instant when the selection was made
(the selection instant), to acquire the PTS (selection instant
PTS) indicating the time on the PIP stream.

[0092] From the PTS_GOP_Start information 501
recorded in the access point management table 1210 in the
address management file 222 it has read, the system control
unit 101 searches for the closest ‘PTS_GOP_Start’ 501
located after the selection instant PTS on the time axis.
Based on the ‘PTS_GOP_Start’ 501 it finds, the system
control unit 101 acquires the information (‘SPN_GOP_
Start” 502, ‘I_Pic_Size’ 503, and ‘I_Pic_Size_Sub’ 1200)
pertaining to the access point closest to the point on the PIP
stream being reproduced at the selection instant.

[0093] From the acquired ‘PTS_GOP_Start” 501 and
‘SPN_GOP_Start’ 502, the system control unit 101 detects
the first V_main packet among the V_main packets consti-
tuting the M_I-picture corresponding to the entry point to be
accessed next. From ‘I_Pic_Size’ 503, the system control
unit 101 detects the last V_main packet among the V_Main
packets constituting this M_I-picture. From ‘I_Pic_Size_
Sub’ 1200, the system control unit 101 detects the last V_sub
packet among the V_sub packets constituting the S_I-pic-
ture.

[0094] The system control unit 101 controls the reproduc-
ing drive unit 103 to read all the V_main packets corre-
sponding to the M_I-picture and all the V_sub packets
corresponding to the S_I-picture from the optical disc 102.
The reproducing drive unit 103 reads the V-packets from the
optical disc 102 as directed by the system control unit 101.
Specifically, the reproducing drive unit 103 reads the packets
(V_main packets, V_sub packets, and A-packets) from the
V_main packet corresponding to ‘SPN_GOP_Start” 502 to
the V_sub packet positioned at the packet number equal to
the value of the sum of the number of packets indicated by
‘I_Pic_Size’ 503 and the number of packets indicated by
‘I_Pic_Size_Sub’ 1200, all at once.
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[0095] By executing the process above for each access
point, trick reproduction of the program can be achieved
with a PIP display on the display unit 115. Incidentally,
although the above operations are performed for each access
point in the description above, in n-fold high-speed repro-
duction (where n is an integer or non-integer greater than
zero), which is one type of trick reproduction, some of the
access points processed as above can be skipped, according
to the value of n.

[0096] As described above, according to the optical disc in
the first embodiment, I-pictures can be rapidly retrieved
from a stream such as a PIP stream that includes a multi-
plexed plurality of video streams, using substantially the
same amount of information as in conventional retrieval.

[0097] In a multiplexed stream having a plurality of video
streams, such as a PIP stream, all the packets constituting
I-pictures in each video stream can be retrieved rapidly. The
I-pictures in each video stream can therefore be read out at
high speed. Even when a special type of display such as a
PIP display is carried out, accordingly, rapid trick reproduc-
tion can be achieved.

[0098] The optical disc 102 according to the first embodi-
ment can greatly reduce the amount of information (in the
address management file 222) needed to retrieve sub video
I-pictures. As noted above, the address management files
222 are stored in the memory unit 120 in the reproducing
apparatus 100 before reproduction of the optical disc 102
begins, but for reproduction of a PIP stream, with an optical
disc 102 according to the present embodiment, the amount
of'information in the address management files 222 stored in
the memory unit 120 is small in overall terms. Therefore, the
circuit size of the memory unit 120 in the reproducing
apparatus 100 can be reduced. The manufacturing cost of the
reproducing apparatus 100 can accordingly be reduced.
Furthermore, since the system control unit 101 has less data
to process during trick reproduction, trick reproduction can
be started quickly.

[0099] Next, the reduction in the amount of information in
the address management files 222 will be described in
specific terms. First, the amount of information in the access
point management table will be estimated for the case in
which a stream comprises just one type of video stream.

[0100] First, it will be assumed that the reproducing appa-
ratus 100 has a 90-kHz system time clock. ‘PTS_GOP_
Start” 501 is measured in 90-kHz intervals, matching the
system time clock. The amount of information necessary to
represent ‘PTS_GOP_Start’ 501 for twenty-four hours with-
out letting the counter (not shown) that counts system clock
periods return to zero (without wrapping around) can be
calculated according to the following equation (1).

90x10% (Hz)x60 (seconds)x60 (minutes)x24 (hours)
=7776000000 (1)

[0101] The value calculated by this equation (1) can be
expressed in binary notation by thirty-three bits. That is, the
amount of information necessary to represent a twenty-four-
hour ‘PTS_GOP_Start’ 501 is thirty-three bits. Next, if the
storage capacity of the optical disc 102 is assumed to be 50
GB, since the amount of information in one packet is 188,
the information necessary to represent ‘SPN_GOP_Start’
502 for all packets in the optical disc 102 can be calculated
according to the following equation (2).

50x10° (bytes)/188 (bytes)=265957447 )
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[0102] The value calculated by this equation (2) can be
expressed in binary notation by twenty-eight bits. That is,
the amount of information necessary to represent ‘SPN_
GOP_Start’ 502 for all packets of the optical disc 102 is 28
bits. Therefore, when one stream comprises just one type of
video stream, the amount of information corresponding to
one entry in the access point management table is:

28 (bits)}+33 (bits)=61 (bits)=64 (bits)=8 (bytes).

[0103] When each GOP has a reproduction time of about
0.5 seconds and the I-picture in each GOP is an access point,
there are 172,800 access points (=60 (seconds)x60 (min-
utes)x24 (hours)/0.5 (seconds)) in a stream having twenty-
four hours of reproduction time. Therefore, in order to
provide an eight-byte access point management table entry
for each access point, the following amount of information
is necessary.

172,800 (access points)x8 (bytes)=1.38 MB (mega-
bytes)

Therefore, for a PIP stream including two multiplexed video
streams, if each video stream were to have a separate access
point management table, the following amount of informa-
tion would be necessary. 1.38 (MB)x2 (video streams)=2.76
MB

[0104] In the optical disc 102 in the first embodiment,
however, the plurality of video data streams multiplexed in
a PIP stream do not need to have separate access point
management tables. The amount of information needed to
retrieve I[-pictures from the PIP stream can therefore be
significantly reduced.

Second Embodiment

[0105] In the first embodiment, the relative number of
packets from the start of an access point is recorded in
‘I_Pic_Size’ 503, and the relative number of packets from
the packet immediately following the packet corresponding
to ‘I_Pic_Size’ 503 is recorded in ‘I_Pic_Size_Sub’1200. In
the second embodiment, the information recorded in ‘I_Pic_
Size’ 503 and ‘I_Pic_Size_Sub’ 1200 differs from that in the
first embodiment. In the following description, explanations
of matters explained in the first embodiment will be omitted.
[0106] FIG. 15 (A), FIG. 15 (B), and FIG. 15 (C) are
explanatory diagrams showing other examples of the infor-
mation recorded in ‘I_Pic_Size’ 503 and ‘I_Pic_Size Sub’
1200. FIG. 15 (A) schematically illustrates the relationship
between a PIP stream 410 and the ‘I_Pic_Size” 503 and
‘I_Pic_Size_Sub’ 1200 described in the first embodiment.
FIG. 15 (B) schematically illustrates the relationship
between the PIP stream 410 and the ‘I_Pic_Size’ 503 and
‘I_Pic_Size_Sub’ 1200 in the second embodiment.

[0107] As explained above, in the first embodiment the
relative number of packets from the start of an access point
is recorded in ‘I_Pic_Size’ 503, and the relative number of
packets from the packet immediately following the packet
corresponding to ‘I_Pic_Size’ 503 is recorded in ‘I_Pic_
Size_Sub’ 1200. In FIG. 15 (A), the ‘I_Pic_Size’ 503
recorded in the access point management table is ‘13 (pack-
ets)’, which is the number of packets from the V_main
packet corresponding to ‘SPN_GOP_Start’ 502 to the last
V_main packet among the V_main packets constituting the
M_I-picture. The ‘I_Pic_Size_Sub’ 1200 is ‘6 (packets)’,
which is the number of packets from the V_sub packet
immediately following the last V_main packet among the
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V_main packets constituting the M_I-picture to the last
V_sub packet among the V_sub packets constituting the
S_I-picture.

[0108] In FIG. 15 (B), a size ID representing the number
of packets from the V_main packet corresponding to ‘SPN_
GOP_Start” 502 to the last V_main packet among the
V_main packets constituting the M_I-picture is recorded as
‘I_Pic_Size’ 503 in an access point management table simi-
lar to the one in FIG. 11 (B). Another size 1D, representing
the number of packets from the packet immediately follow-
ing the packet corresponding to the maximum number of
packets corresponding to the size ID of ‘I_Pic_Size’ 503 to
the last V_sub packet among the V_sub packets constituting
the S_I-picture, is recorded as ‘I_Pic_Size_Sub’ 1200.

[0109] A more concrete description will now be given.
The I-picture size table 1500 shown in FIG. 15 (C) is
pre-stored in the memory unit 120 or other memory means
(not shown) in the reproducing apparatus 100. The I-picture
size table 1500 is a table that relates the size IDs to numbers
of packets predefined as ‘I_Pic_Size’. For example, the
relation in the I-picture size table 1500 shown in FIG. 15 (C)
assigns 0 packets to size ID “0°, 1 to 5 packets to size ID “1°,
6 to 10 packets to size ID “2°, 11 to 15 packets to size ID 3°,
16 to 20 packets to size ID ‘4, 21 to 25 packets to size ID
5%, 26 to 30 packets to size ID ‘6, and 31 or more packets
to size ID “7°.

[0110] In the access point management table, which is
similar to the one shown in FIG. 11 (B), the size ID with the
range including the number of packets from the V_main
packet corresponding to ‘SPN_GOP_Start’ 502 to the last
V_main packet among the V_main packets constituting the
M_I-picture is calculated with reference to the I-picture size
table 1500 and recorded as ‘I_Pic_Size’ 503. The size 1D
with the range including the number of packets from the
packet immediately following the maximum number of
packets corresponding to the size ID of ‘I_Pic_Size’ 503 to
the last V_sub packet among the V_sub packets constituting
the S_I-picture is calculated with reference to the I-picture
size table 1500 and recorded as ‘I_Pic_Size_Sub’ 1200.

[0111] For example, in FIG. 15 (B), since the number of
packets corresponding to ‘I_Pic_Size’ 503 in FIG. 15 (A) is
13 (packets)’, the size ID 3’ is recorded in ‘I_Pic_Size’ 503
in the second embodiment. However, although the number
of packets corresponding to ‘I_Pic_Size_Sub’ 1200 is ‘6
(packets)’, the size ID recorded in ‘I_Pic_Size_Sub’ 1200 in
FIG. 15 (B) is not “2°. A specific explanation will be given
next.

[0112] The sum of the number of packets corresponding to
the M_I-picture and the number of packets corresponding to
the S_I-picture is ‘19 (=13+6)’. As size ID ‘3’ is recorded in
‘I_Pic_Size’ 503, however, fifteen of these nineteen packets
will be read from the optical disc 102. The size ID recorded
as ‘I_Pic_Size_Sub’ 1200 only has to cause four packets to
be read from the optical disc 102. In FIG. 15 (B), accord-
ingly, the size ID 1" is recorded as ‘I_Pic_Size_Sub’ 1200.

[0113] Next, the operation of the reproducing apparatus
100 in a trick reproduction mode in the second embodiment
will be described. In the following description, explanations
of operations explained in the first embodiment will be
omitted; only operations different from those in the first
embodiment will be described. The system control unit 101
acquires information (‘SPN_GOP_Start’ 502, ‘I_Pic_Size’
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503, ‘I_Pic_Size_Sub’ 1200) about the access point closest
to the point on the PIP stream being reproduced at the
selection instant.

[0114] Based on the acquired ‘PTS_GOP_Start” 501 and
‘SPN_GOP_Start’ 502, the system control unit 101 detects
the first V_main packet among the V_main packets consti-
tuting the M_I-picture corresponding to the entry point to be
accessed next. The system control unit 101 acquires the size
ID recorded in ‘I_Pic_Size’ 503 (referred to below as the
first size ID) and the size ID recorded in ‘I_Pic_Size’ 503
(referred to below as the second size 1D). With reference to
the I-picture size table 1500, the system control unit 101
calculates the sum (also referred to below as the total
number of packets) of the maximum number of packets
corresponding to the first size ID (e.g., 15 packet if this size
1D is “3”), and the maximum number of packets correspond-
ing to the second size ID. For example, in FIG. 15 (B), the
system control unit 101 adds ‘15 (packets)’, the maximum
number of packets corresponding to the first size ID, and 5
(packets)’, the maximum number of packets corresponding
to the second size 1D, to find that twenty packets must be
read from the optical disc 102.

[0115] If the second size ID is ‘0°, only the packets
indicated by the first size ID need be read from the optical
disc 102. This is because when the second size ID is ‘0’, the
range of packets indicated by the first size ID includes all the
V-packets constituting the sub video I-picture.

[0116] The system control unit 101 controls the reproduc-
ing drive unit 103 to read the number of packets indicated by
the total number of packets, starting from the packet corre-
sponding to ‘SPN_GOP_Start’ 502. The reproducing drive
unit 103 reads the packets from the optical disc 102 as
directed by the system control unit 101, thereby reading all
the V_main packets of the M_I-picture and all the V_sub
packets of the S_I-picture. In FIG. 15 (B), for example, the
reproducing drive unit 103 reads twenty packets, which is
the sum of the maximum number of packets corresponding
to the first size ID (15 packets) and the maximum number of
packets corresponding to the second size ID (5 packets),
starting from the packet corresponding to ‘SPN_GOP_Start’
502.

[0117] As described above, in the optical disc 102 accord-
ing to the second embodiment, ‘I_Pic_Size’ 503 and ‘I_Pic_
Size_Sub’ 1200 are specified by using size IDs. The amount
of information in the access point management table is
therefore less than in the first embodiment. The amount of
information necessary to retrieve an M_I-picture and an
S_I-picture can be substantially the same as usual.

[0118] Whether to use the access point management table
in the first embodiment or the access point management
table in the second embodiment in an optical disc 102 can be
determined, for example, as follows.

[0119] In the access point management table in the first
embodiment, the actual number of packets is recorded in
‘I_Pic_Size’ 503 and ‘I_Pic_Size_Sub’ 1200. Therefore, the
system control unit 101 can detect the precise range in which
packets (V_main packets and V_sub packets) corresponding
I-pictures are present in the PIP stream. The computational
load on the system control unit 101 can therefore be reduced,
because the processing performed by the system control unit
101 is minimized.

[0120] In the access point management table in the second
embodiment, size IDs are recorded in ‘I_Pic_Size’ 503 and
‘I_Pic_Size_Sub’ 1200. The system control unit 101 there-
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fore detects an approximate range in which packets (V_main
packets and V_sub packets) corresponding to I-pictures are
present in the PIP stream. The system control unit 101 must
accordingly process a few more packets than the minimum
necessary number. However, the amount of information in
the access point management table in the second embodi-
ment is smaller than in the first embodiment.

[0121] Therefore, if a reduction in computational load on
the system control unit 101 is desired, the access point
management table of the first embodiment may be adopted,
and if a reduction in the area in the optical disc 102
necessary to record the access point management tables is
preferable in order to save space for other information on the
optical disc 102, the access point management table of the
second embodiment may be employed.

[0122] In a PIP display of the type in FIG. 10 (B) or (C),
as described in the first or second embodiment, an M_I-
picture and an S_I-picture must be displayed simultaneously
(at the same time). Therefore, the PTS indicating the starting
display time of the M_I-picture and the PTS indicating the
starting display time of the S_I-picture have identical values
(condition 1). The first V_sub packet in the V_sub packets
constituting the S_I-picture is detected from ‘I_Pic_Size’
503. ‘I_Pic_Size’ 503 is set with reference to ‘SPN_GOP_
Start” 502.

[0123] The packets are arranged so that the first of the
V_sub packets constituting the S_I-picture is always located
after the first of the V_main packets constituting the M_I-
picture. If the number of packets from the first packet in the
PIP stream to the first of the V_sub packets constituting the
S_I-picture is SPNS, and the number of packets from the
start of the PIP stream to the first of the V_main packets
constituting the M_I-picture is SPNM, then the packets are
arranged so that SPNS>SPNM (condition 2). By arranging
packets to satisfy conditions 1 and 2 above, a PIP display can
be performed with one stream.

Third Embodiment

[0124] In the first embodiment, a case was described in
which the V_main packets in the main video stream and the
V_sub packets in the sub video stream were detected for
trick reproduction during a PIP display (FIG. 10 (B) or (C)).
In the case to be described in the third embodiment, only the
V_sub packets in the sub video stream are detected and only
the sub video image is displayed (FIG. 10 (D)). In the
following description, explanations of matters explained in
the first and second embodiments will be omitted. In the
drawings referred to in the following description, the unex-
plained elements are indicated by the same reference char-
acters as in the drawings referred to in the descriptions of the
first and second embodiments.

[0125] FIG. 16 is an explanatory diagram depicting the
data structure of a stream information file 231 in which a PIP
stream is stored and the data structure of the address
management file 222 corresponding to the PIP stream
according to the third embodiment. As shown in FIG. 16, the
access point management table 1610 recorded in the address
management file 222 according to the third embodiment has
an ‘I_Start Sub’ column 1600 in which the number of
packets from the V_main packet corresponding to ‘SPN_
GOP_Start’ 502 to the first V_sub packet among the V_sub
packets constituting the S_I-picture is recorded.

[0126] Therefore, all V_sub packets constituting the S_I-
picture are included in a range from the packet correspond-

Jul. 4,2019

ing to ‘SPN_GOP_Start’ 502 to the packet identified by the
number of packets equal to the sum of the number of packets
recorded in ‘I_Pic_Size’ 503 and the number of packets
recorded in ‘I_Pic_Size Sub’ 1200, excluding the range
from the packet corresponding to ‘SPN_GOP_Start’ 502 to
the packet identified by the number of packets recorded in
‘I_Start_Sub’ 1600.

[0127] FIG. 17 is an explanatory diagram of the syntax of
the access point management table 1610 in the third embodi-
ment. The loop statement (forMM=1 .. .){ ... }) following
‘I_Pic_Size’ 503 is repeated {(value recorded in ‘num_of_
video® 500)-1} times for each access point. By execution of
the loop statement, ‘I_Pic_Size_Sub’ 1200 and ‘I_Start_
Sub’ 1600 are detected as many times as the number of sub
video data streams stored in the stream information file 231.
In ‘I_Pic_Size_Sub’ 1200, the relative number of packets
from the V_sub packet immediately following the V_main
packet indicated by ‘I_Pic_Size’ 503 is recorded as infor-
mation indicating the position of the last V_sub packet
among the V_sub packets constituting the S_I-picture. In
‘I_Start_Sub’ 1600, the relative number of packets from the
V_main packet indicated by ‘SPN_GOP_Start” 502 is
recorded as information indicating the position of the first
V_sub packet among the V_sub packets constituting the
S_I-picture.

[0128] FIG. 18 is an explanatory diagram depicting trick
reproduction based on the access point management table
1610 described in FIG. 17. In the picture layer of FIG. 18,
‘I_Picture(Main)’ represents a main video I-picture, and
‘I_Picture(Sub)’ represents a sub video I-picture. Trick
reproduction of the PIP stream as in the display shown in
FIG. 10 (D) can be accomplished by intermittently reading
the S_I-pictures of the sub video stream from the optical disc
102.

[0129] Specifically, ‘PTS_GOP_Start” and ‘SPN_GOP_
Start” are used to detect the first of the V_main packets
constituting the M_I-picture (also referred to below as the
leading V_main packet). ‘I_Pic_Size’ 503 is used to detect
the last of the V_Main packets constituting the M_I-picture
(also referred to below as the terminal V_main packet).
‘I_Pic_Size_Sub’ 1200 is used to detect the last of the V_sub
packets constituting the S_I-picture (also referred to as the
terminal V_sub packet). ‘I_Start_Sub’ 1600 is used to detect
the first of the V_sub packets constituting the S_I-picture
(also referred to below as the leading V_sub packet). The
packets from the leading V_sub packet detected by ‘I_Start_
Sub’ 1600 to the terminal V_sub packet detected by the
‘I_Pic_Size_Sub’ 1200 are read from the optical disc 102.
The packets in the minimum range necessary for reading the
V_sub packets constituting the S_I-picture can thereby be
obtained. By execution of the above process for each access
point, trick reproduction can be performed by repeatedly
reproducing the S_I-pictures and skipping the other pictures,
as shown in FIG. 18.

[0130] Next, the operation of the reproducing apparatus
100 in trick reproduction of a PIP stream displayed as shown
in FIG. 10 (D) will be described. In the following descrip-
tion, explanations of operations explained in the first
embodiment will be omitted; only operations different from
those in the first embodiment will be described. The system
control unit 101 acquires information (‘PTS_GOP_Start’
501, ‘SPN_GOP_Start’ 502, ‘I_Pic_Size’ 503, ‘I_Pic_Size_
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Sub’ 1200 and ‘I_Start_Sub’ 1600) about the access point
closest to the point on the PIP stream being reproduced at the
selection time.

[0131] From the acquired ‘PTS_GOP_Start’” 501 and
‘SPN_GOP_Start’ 502, the system control unit 101 detects
the first V_main packet among the V_main packets consti-
tuting the M_I-picture corresponding to the entry point to be
accessed next. From ‘I_Pic_Size’ 503, the system control
unit 101 detects the last V_main packet among the V_main
packets constituting this M_I-picture. From ‘I_Pic_Size_
Sub’ 1200, the system control unit 101 detects the last V_sub
packet among the V_sub packets constituting the S_I-pic-
ture. From ‘I_Start_Sub’ 1600, the system control unit 101
detects the first V_sub packet among the V_sub packets
constituting the S_I-picture.

[0132] The system control unit 101 now controls the
reproducing drive unit 103 to read the packets in the range
containing all the V_sub packets of the S_I-picture, from the
leading V_sub packet to the terminal V_sub packet, from the
optical disc 102. The reproducing drive unit 103 reads the
V-packets from the optical disc 102 as directed by the
system control unit 101. Specifically, the reproducing drive
unit 103 reads the V-packets (V_main packets and V_sub
packets) included in the range from the V_sub packet
indicated by ‘I_Start_Sub’ 1600 to the V_sub packet indi-
cated by ‘I_Pic_Size_Sub’ 1200 in the PIP stream, all at
once.

[0133] As described above, with the optical disc 102 in the
third embodiment, in a trick reproduction mode in which
only the sub video image is displayed, as shown in FIG. 10
(D), the V_sub packets necessary for displaying the sub
video image can be detected and read out rapidly.

[0134] With the access point management table according
to the first or second embodiment, all V_main packets
constituting the M_I-picture and all V_sub packets consti-
tuting the S_I-picture are read from the optical disc 102 at
once. However, when only the sub video image is displayed,
the V_main packets are not required. Therefore, when only
the sub video image is displayed, simultaneous reading of
V_sub packets and V_main packets imposes unnecessary
processing on the system control unit 101, resulting in an
increased computational load on the system control unit 101.
[0135] The overall operation of the reproducing apparatus
is hence delayed, which makes rapid trick reproduction of
the sub video difficult. Therefore when only the sub video is
displayed, at a minimum, all the V_sub packets necessary
for display of the sub video must be read, but as far as
possible, V_main packets should not be read. The optical
disc 102 according to the third embodiment can satisty these
requirements with a simple structure.

[0136] Although the above operations are performed for
each access point in the description above, in n-fold high-
speed reproduction (where n is an integer or non-integer
greater than zero), which is one type of trick reproduction,
some of the access points processed as above can be
skipped, according to the value of n.

Fourth Embodiment

[0137] Although the third embodiment was described
above as recording the actual number of packets in ‘I_Pic_
Size” 503, ‘I_Pic_Size_Sub’ 1200, and ‘I_Start_Sub’ 1600
in, an I-picture size table 1500 can be used in the third
embodiment as in the second embodiment. This will now be
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described specifically. In the following description, expla-
nations of matters explained in the first to third embodiments
will be omitted.

[0138] FIG. 19 (A), FIG. 19 (B), and FIG. 19 (C) are
explanatory diagrams depicting the recording of size IDs in
‘I_Pic_Size’ 503, ‘I_Pic_Size_Sub’ 1200, and ‘I_Start_Sub’
1600. FIG. 19 (A) schematically illustrates the relationship
between the PIP stream 410 and the ‘I_Pic_Size’ 503,
‘I_Pic_Size_Sub’ 1200, and ‘I_Start_Sub’ 1600 described in
the third embodiment. FIG. 19 (B) schematically illustrates
the relationship between the PIP stream 410 and the ‘I_Pic_
Size’ 503, ‘I_Pic_Size_Sub’1200, and ‘I_Start_Sub’ 1600 in
the fourth embodiment.

[0139] InFIG.19 (A), the ‘I_Pic_Size’ 503 recorded in the
access point management table is ‘13 (packets)’, which is
the number of packets from the V_main packet correspond-
ing to ‘SPN_GOP_Start’ 502 to the last V_main packet
among the V_main packets constituting the M_I-picture.
The “I_Pic_Size_Sub’ 1200 is ‘6 (packets)’, this being the
number of packets from the V_main packet immediately
following the last V_main packet among the V_main pack-
ets constituting the M_I-picture to the last V_sub packet
among the V_sub packets constituting the S_I-picture. The
‘I_Start_Sub’ 1600 is ‘9 (packets)’, which is the number of
packets from the V_main packet corresponding to ‘SPN_
GOP_Start’ 502 to the first V_sub packet among the V_sub
packets constituting the S_I-picture.

[0140] In FIG. 19 (B), a size ID representing the number
of packets from the V_main packet corresponding to ‘SPN_
GOP_Start” 502 to the last V_main packet among the
V_main packets constituting the M_I-picture is recorded as
‘I_Pic_Size’ 503 in the access point management table.
Another size ID, representing the number of packets from
the packet immediately following the packet corresponding
to the maximum number of packets corresponding to the
size ID of I_Pic_Size’ 503 to the last V_sub packet among
the V_sub packets constituting the S_I-picture, is recorded
as ‘I_Pic_Size_Sub’ 1200. Yet another size 1D, representing
the number of packets from the packet corresponding to
‘SPN_GOP_Start’ 502 to the first V_sub packet among the
V_sub packets constituting the S_I-picture, is recorded as
‘I_Start_Sub’ 1600.

[0141] In FIG. 15 (B), since the number of packets cor-
responding to ‘I_Pic_Size’ 503 is ‘13 (packets)’, the size ID
‘3’ isrecorded in ‘I_Pic_Size’ 503 in the fourth embodiment.
The number of packets corresponding to ‘I_Pic_Size_Sub’
1200 is ‘6 (packets)’ in FIG. 15 (A), but since size ID ‘3’ is
recorded in ‘I_Pic_Size’ 503, fifteen of these nineteen pack-
ets will be read from the optical disc 102. The size ID
recorded as ‘I_Pic_Size_Sub’ 1200 only has to cause four
packets to be read from the optical disc 102. In FIG. 15 (B),
accordingly, the size ID ‘1’ is recorded as ‘I_Pic_Size_Sub’
1200. Since the number of packets corresponding to
‘I_Start_Sub’ 1600 in FIG. 19 (A) is ‘9 (packets)’, the size
ID <2’ is recorded as ‘I_Start_Sub’ 1600.

[0142] Next, the operation of the reproducing apparatus
100 in a trick reproduction mode will be described. In the
following description, explanations of operations explained
in the first to third embodiments will be omitted; only
different operations will be described.

[0143] From ‘PTS_GOP_Start” 501 and ‘SPN_GOP_
Start” 502, the system control unit 101 detects the first
V_main packet among the V_main packets constituting the
M_I-picture corresponding to the entry point to be accessed



US 2019/0206443 Al

next. The system control unit 101 acquires a first size 1D
recorded in ‘I_Pic_Size’ 503, a second size ID recorded in
‘I_Pic_Size_Sub’ 1200, and a size ID recorded in ‘I_Start_
Sub’ 1600 (referred to below as the third size ID). With
reference to the I-picture size table 1500 as above, the
system control unit 101 calculates the sum (also referred to
below as the total number of packets) of the maximum
number of packets corresponding to the first size ID (e.g., 15
packets when this size ID is “3”) and the maximum number
of packets corresponding to the second size ID.

[0144] For example, in FIG. 15 (B), the system control
unit 101 adds 15 (packets)’, the maximum number of
packets corresponding to the first size ID, and ‘5 (packets)’,
the maximum number of packets corresponding to the
second size ID, to find that among the packets to be read, the
terminal packet is located at the twentieth packet position
from the V_main packet corresponding to ‘SPN_GOP_
Start” 502. Also, from the third size ID ‘2°, the system
control unit 101 finds that the of the packets to be read, the
leading packet is located at the sixth packet position (the
minimum number of packets corresponding to the third size
1D “2’) from the V_main packet corresponding to ‘SPN_
GOP_Start” 502.

[0145] The system control unit 101 controls the reproduc-
ing drive unit 103 to read packets from the optical disc 102
from the leading V_sub packet detected by ‘I_Start_Sub’
1600 to the terminal V_sub packet detected by ‘I_Pic_Size_
Sub’ 1200.

[0146] As described above, in the optical disc 102 accord-
ing to the fourth embodiment, the amount of information in
the access point management table can be reduced by
recording size IDs in ‘I_Pic_Size’ 503, ‘I_Pic_Size_Sub’
1200, and ‘I_Start_Sub’ 1600. In particular, the amount of
information needed to retrieve S_I-pictures can be reduced,
as compared with the third embodiment.

[0147] Whether to use the access point management table
in the third embodiment or the access point management
table in the fourth embodiment in the optical disc 102 can be
determined in the same manner as whether to use the access
point management table in the first embodiment or the
access point management table in the second embodiment
was determined.

[0148] Although only I-pictures were described as being
reproduced in the trick reproduction modes in the first to
fourth embodiments, P-pictures as well as I-pictures may be
reproduced during trick reproduction. A smoother repro-
duced video image (display) can be obtained by performing
trick reproduction using both I-pictures and P-pictures. If
P-pictures are used, the information recorded in the access
point management tables described in the first to fourth
embodiments is similarly provided for P-pictures. Specifi-
cally, the position of the first packet among the V-packets
constituting a P-picture may be expressed by a relative
number of packets from the last V-packet constituting the
I-picture.

[0149] Although the first to fourth embodiments were
described as using GOPs defined in the MPEG-2 standard,
the subject matter described in the first to fourth embodi-
ments is applicable whenever access points are constructed
from compression units begin with an I-picture. Therefore,
the invention can be applied to streams generated according
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to other coding and compression methods, such as MPEG-4
or VC-1.

1. A video information encoding method for encoding

video information for Picture In Picture, comprising:

encoding a video information stream comprising a plu-
rality of video information units each of which includes
an intra coded I-picture, a predictive coded P-picture
and a bidirectionally-predictive coded B-picture, said
video information stream including a first video infor-
mation stream representing a primary video sequence,
a second video information stream representing sec-
ondary video sequence which is presented with said
primary video sequence, said first video information
stream and said second video information stream
including a plurality of packets; and

creating an access point map which includes access point
information and I-picture size information of said first
video information stream and said second video infor-
mation stream,

wherein said access point information indicates the num-
ber of each said packets.

2. A recording method for recording video information for

Picture In Picture on a medium, comprising:

recording a video information stream comprising a plu-
rality of video information units each of which includes
an intra coded I-picture, a predictive coded P-picture
and a bidirectionally-predictive coded B-picture, said
video information stream including a first video infor-
mation stream representing a primary video sequence,
a second video information stream representing sec-
ondary video sequence which is presented with said
primary video sequence, said first video information
stream and said second video information stream
including a plurality of packets; and

recording an access point map which includes access
point information and I-picture size information of said
first video information stream and said second video
information stream,

wherein said access point information indicates the num-
ber of each said packets.

3. A non-transitory computer readable medium containing

video information for Picture In Picture, comprising:

a video information stream comprising a plurality of
video information units each of which includes an intra
coded I-picture, a predictive coded P-picture and a
bidirectionally-predictive coded B-picture, said video
information stream including a first video information
stream representing a primary video sequence, a second
video information stream representing secondary video
sequence which is presented with said primary video
sequence, said first video information stream and said
second video information stream including a plurality
of packets; and

an access point map including access point information
and I-picture size information of said first video infor-
mation stream and said second video information
stream,

wherein said access point information indicates the num-
ber of each said packets,

said access point map being a reference for accessing
information pertaining to said first video stream and said
second video stream in order to identify said representative
I-picture of said first video stream and said second video
stream in said multiplexed transport stream for playback.
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4. A playback method for reading said encoded video
information stream for Picture In Picture of claim 1, com-
prising:

said video information stream which includes said first

video information stream and said second video infor-
mation stream,

wherein said access point map which includes access

point information and I-picture size information of said
first video information stream and said second video
information stream;

said method comprising steps of;

decoding said I-picture as a reference for said first video

information stream and said second video information
stream with said access point map; and

playing said first video information stream with said

second video information stream.

5. A playback device for reproducing said encoded video
information stream for Picture In Picture of claim 1, com-
prising:

said video information stream which includes said first

video information stream and said second video infor-
mation stream,

wherein said access point map includes access point

information and I-picture size information of said first
video information stream and said second video infor-
mation stream;

said playback device decodes said I-picture as a reference

for said first video information stream and said second
video information stream with said access point map,
and plays said first video information stream with said
second video information stream.
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