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APPARATUS AND METHOD FOR DECODING DATA FOR PROVIDING
BROWSABLE SLIDE SHOW, AND DATA STORAGE MEDIUM THEREFOR

Technical Field

The present invention relates to decoding data, and more particularly, to a
decoding apparatus and method for providing a browsable slide show, and a data

storage medium therefor.

Background Art

In general, image data contains a considerable amount of information, and
thus, the image data needs to be compressed before being recorded on a recording
medium or being transmitted. MPEG encoding that has been authorized by both ISO
and IEC has been the most widely used method of compressing and encoding image
data. Audio data, which is generally encoded together with image data, is compressed
using an MPEG or audio coding phase 3 (AC-3) encoding method. Time information,
necessary for synchronizing encoded image data with encoded audio data, is allotted to
the encoded image data and the encoded audio data, and then the encoded image

data and the encoded audio data are multiplexed.

In the case of multiplexing video data and audio data, the video data and the
audio data are divided into video packets and audio packets, respectively. Each video
or audio packet is an array of a predetermined number of bits. Thereafter, additional
information, such as a header, is attached to each video packet and audio packet.
Thereafter, the video packets and the audio packets are shuffled and then transmitted
in a time-division manner. The header of each video and audio packet includes
information indicating whether the corresponding packet is a video packet or an audio

packet.

In MPEG synchronization, a time stamp, which comprises time information, is
used. More specifically, the time stamp is a sort of time management tag attached to

each access unit of video or audio data to facilitate decoding and reproducing of the
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video or audio data. In other words, the time stamp indicates when each access unit
of the video or audio data should be decoded and reproduced. The time stamp is
classified as either a presentation time stamp (PTS) or a decoding time stamp (DTS)
according to which MPEG encoding method has been used to encode the video or
audio data.

The PTS is time management information used in reproducing data. When
the PTS matches a system time clock (STC) signal, which is a reference
synchronization signal in a reference decoder of an MPEG system, the corresponding

access unit is reproduced and output.

The DTS, which is time management information used in decoding data, is
used because output sequences of bit arrays of MPEG-encoded video data are
generally very unique. In other words, bit arrays of the MPEG-encoded video data are
output in a predetermined order with “I” and “P” pictures followed by “B” pictures. Thus,
a sequence of decoding the bit arrays of the MPEG-encoded video data should be
different from a sequence of reproducing the bit arrays of the MPEG-encoded video
data. If the PTS is different from the DTS, the PTS and the DTS are both loaded into
packet data. Otherwise, only the PTS is loaded into the packet data.

FIG. 2 is a block diagram of an MPEG encoding apparatus 200. Referring
to FIG. 2, the MPEG encoding apparatus 200 includes a video encoder 210, an
audio encoder 220, a first packetizer 230, a second packetizer 240, a program stream

multiplexer 250, and a transport stream multiplexer 260.

The video encoder 210 and the audio encoder 220 receive and encode

digitalized video data and digitalized audio data, respectively.

The first and second packetizers 230 and 240 packetize the encoded video
data and the encoded audio data, respectively, thus generating packetized elementary

stream (PES) packets, respectively.

PTS information and DTS information are attached to the PES packet data.
As described above, the PTS information and the DTS information are used to

synchronize their corresponding image data with other data. The PTS information
2
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specifies the time when its corresponding image data will be output, and the DTS
information specifies the time when its corresponding image data will be decoded. In
general, audio data only has the PTS information, in which case the PTS information is
the same as the DTS information. Audio data or video data, to which the PTS

information and the DTS information are attached, is packetized into payload data.

The program stream multiplexer 250 and the transport stream multiplexer 260
multiplex the PES packets respectively obtained by the first and second packetizers
230 and 240 into a program stream (PS) and a transport stream (TS), respectively, with
different identification numbers respectively allotted to the PES packets. A multiplexed
unit of the program stream, which is used in a data storage medium, is a program
stream pack. According to the DVD video standards, the program stream is

multiplexed into program stream packs each comprised of 2048 bytes.

The transport stream is introduced for digital broadcasting applications in
which data loss is more likely to occur.  The transport stream is multiplexed into
transport stream packs each comprised of 188 bytes. An increasing number of
application programs that record digital broadcast data on a data storage medium have
adopted transport streams. In the present invention, multiplexed transport streams are
used. However, the present invention can also be applied to an application using

program streams.

As described above, a transport stream is packetized data, which is obtained
by packetizing video or audio data, and can be transmitted via a satellite, a cable
network, or a local area network (LAN). According to the ISO/IEC 13818-1 standard,
an MPEG-2 transport stream pack is comprised of 188 bytes. According to the ATM
standard, an MPEG-2 transport stream pack is comprised of 53 bytes.

In a digital broadcast, a plurality of packet data is transmitted to a receiving
party at irregular intervals. Once it arrives at the receiving party, each of the plurality of

packet data is processed by a buffer of the receiving party and then is decoded by a

“decoder of the receiving party so that a user can watch a digital broadcast program.

There is a need to reproduce the packet data at a user determined moment of time

after the packet data is stored in a recording medium. A sending party is supposed to
3
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transmit the packet data to the receiving party with the state of the buffer of the
receiving party taken into full consideration. However, if the sending party fails to
transmit the packet data so that any two adjacent packet data among the plurality of
packet data cannot be transmitted with a guaranteed sufficient time gap therebetween,
there is a possibility of the buffer overflowing or underflowing with the packet data.
Therefore, time information indicating the time when each of the plurality of packet data
has arrived at a recording apparatus must be added to the packet data, and a

reproducing apparatus must output the packet data by referring to the time information.

In recording packet data that has been transmitted in a transport stream on a
recording medium and reproducing the packet data from the recording medium, “arrival
time information” is necessary. In other words, a recording apparatus receives packet
data that has been transmitted at regular intervals by a sending party. The recording
apparatus stores the packet data on the recording medium. The recording apparatus
includes a counter so as to fransmit the packet data read from the recording medium to
a decoder at the same intervals at which it has received the packet data. The counter
is driven by a system clock signal with a frequency of 90 Khz or 27 Mhz. Whenever
each of the plurality of packet data arrives, the counter allots a counter value, i.e., an
arrival time stamp (ATS), to each of the plurality of packet data, and the recording
apparatus records each of the plurality of packet data with its counter value. In order
to reproduce the packet data recorded on the recording medium, the counter transmits
each of the plurality of packet data to the decoder by referring to the counter value of
each of the plurality of packet data so that each of the plurality of packet data can be
transmitted to the decoder at the same intervals at which it arrived at the counter. This
type of counter is called an arrival time clock (ATC) counter. Therefore, data input into
the recording apparatus is given an arrival time stamp and then is recorded together
with the arrival time stamp on the recording medium. Thereafter, the data is
reproduced from the recording medium by referring to the arrival time stamp attached

thereto.

FIG. 3 illustrates a basic format of a plurality of packet data, to which arrival
time stamps are respectively attached, and the relationship between the time when
each of the plurality of packet data arrives and the time when each of the plurality of
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packet data is output to be reproduced. Referring to FIG. 3, a plurality of packet data A,
B, C, and D sequentially arrive at a recording apparatus at moments of time
represented by 100, 110, 130, and 150, respectively. The recording apparatus allots
arrival time stamps having values of 100, 110, 130, and 150 to the plurality of packet
data A, B, C, and D, respectively, and records the plurality of packet data A, B, C, and D
with their respective arrival time stamps. When reproducing the plurality of packet
data A, B, C, and D, the plurality of packet data A, B, C, and D are sequentially output
at the moments of time represented by 100, 110, 130, and 150, respectively, by

referring to their respective arrival time stamps.

FIG. 4 is a diagram illustrating the structure of packet data 400 recorded on a
recording medium together with an arrival time stamp. The packet data 400 includes
an arrival time stamp 410, a decoding time stamp 420, a presentation time stamp 430,
and video data (or audio data) 440.

FIG. 5 is a block diagram of a conventional decoding apparatus that
synchronizes video packet data with audio packet data using encoded time information,
such as a PTS and a DTS. Referring to FIG. 5, the decoding apparatus includes an
inverse multiplexer 510, a video decoder 530, an STC counter 550, and an audio
decoder 570.

The inverse multiplexer 510 inversely multiplexes a transport stream input
thereinto, transmits video packet data, which is obtained as a result of the inverse
multiplexing, to the video decoder 530, and transmits audio packet data, which is

obtained as a result of the inverse multiplexing, to the audio decoder 570.

The STC counter 550 is set by a program clock reference (PCR) included in
the video packet data or the audio packet data. The video decoder 530 and the audio
decoder 570 each include a decoding buffer (not shown), which temporarily stores
packet data received from the inverse multiplexer 510. When the packet data
including the PCR is input into the decoding buffer, an output value of the STC counter
550 is set to the same value as the PCR. The STC counter 550 can be realized as a

counter that operates at a frequency of 90 Khz or 27 Mhz.
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The video packet data is input into the video decoder 530 by the STC counter
550 at a moment of time indicated by DTS information of the video packet data, and is
then decoded by the video decoder 530. On the other hand, the audio packet data,
which only includes PTS information, is input into the audio decoder 570 by the STC
counter 550 at a moment of time indicated by the PTS information. Shortly after the
audio packet data is input into the audio decoder 570, it is output.

In short, the video packet data or the audio packet data is decoded at the
moment of time indicated by the DTS information of the video packet data or the PTS
information of the audio packet data so that the decoding buffer filled with the video
packet data or the audio packet data is emptied. Video data and audio data that have

the same PTS data are output at the same time.

As described above, video data and audio data can be synchronized with each
other by controlling the decoding and outputting of the video and audio data with
reference to the DTS information of the video data and the PTS information of the
audio data. The video data and the audio data are synchronized with each other by a

clock signal provided by the STC counter 550.

One of the methods of displaying still images is a slide show, in which still
images are displayed one after another each for a predetermined amount of time.
There are two different types of slide shows, i.e., time-based slide shows and
browsable slide shows. During a time-based slide show of still images, if a user
selects a reverse play or forward play for reproduction of a specific previous or
subsequent still image, reproduction of audio data corresponding to the current still
image is stopped. Audio data corresponding to the specific previous or subsequent
still image is then reproduced in synchronization with the specific previous or

subsequent still image.

Hereinafter, the problem of discontinuous reproduction of audio data when a
reverse play or forward play is selected during the displaying of still images in a
time-based slide show will be described in greater detail with reference to FIG. 6.
Mainstream data generally includes video data, audio data, or sub-picture data. A

time-based slide show includes still image data but does not include audio data.
6
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Referring to FIG. 6, each still image is synchronized with the corresponding
sub-audio data using PTS information, which is encoding time information. As still
images are reproduced, the STC counter value of the decoder gradually increases.
However, if a user selects a forward play for reproduction of a specific subsequent still
image, or if the user selects a reverse play for reproduction of a specific previous still
image, the STC counter jumps to an exact count value corresponding to the specific
subsequent still image. During this process, sub-audio data, such as background
music, is discontinuously reproduced due to updating of the STC counter value of the

decoder.

As described above, in the related art, a single STC counter is used to control
both a video decoder and an audio decoder. Thus, in the case of displaying still
images with background music in a time-based slide show, reproduction of sub-audio
data, such as background music, discontinues whenever an STC counter value is
updated because of a forward play command or a reverse play command issued by a

user, which makes it very difficult to have a browsable slide show.

Disclosure of the Invention

The present invention provides a decoding apparatus and method for
providing a browsable slide show, and a recording medium for the decoding apparatus
and method. The decoding apparatus and method can seamlessly reproduce
sub-audio data in a browsable slide show regardless of whether a user selects a

forward play or a reverse play in the middle of displaying still images.

Additional aspects and/or advantages of the invention will be set forth in part in
the description which follows and, in part, will be obvious from the description, or may

be learned by practice of the invention.

According to an aspect of the present invention, there is a decoding apparatus
for providing a browsable slide show. The decoding apparatus includes a mainstream
decoder, which decodes mainstream packet data including image data to be
reproduced in the browsable slide show; a sub-audio decoder, which decodes

sub-audio packet data including audio data attached to the image data; a mainstream
7
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system time clock (STC) counter, which provides an STC sequence for controlling the
decoding time of the mainstream packet data in the mainstream decoder; and a
sub-audio STC counter, which provides an STC sequence to control the decoding time

of the sub-audio packet data in the sub-audio decoder.

The mainstream STC counter may provide an STC sequence for each still

image included in the mainstream packet data to the mainstream decoder.

According to another aspect of the present invention, there is a decoding
method for providing a browsable slide show. The decoding method involves providing
an STC sequence for mainstream packet data, which is used for controlling the
decoding time of the mainstream packet data, the mainstream packet data including
image data to be reproduced in a browsable slide show; decoding the mainstream
packet data by referring to the STC sequence for the mainstream packet data; providing
an STC sequence for sub-audio packet data, which is used for controlling the decoding
time of the sub-audio packet data, the sub-audio data including audio data attached to
the image data; and decoding the sub-audio packet data by referring to the STC
sequence for the sub-audio packet data.

When providing an STC sequence for mainstream packet data, an STC

sequence for each still image included in the mainstream packet data may be provided.

According to still another aspect of the present invention, there is a data
storage medium, which stores data to be reproduced in a browsable slide show. The
data storage medium includes a plurality of clips, including image data; clip information,
including clip information that specifies the structure of each of the clips; and a play list,
including information on reproduction of each of the clips. Here, the clip information
includes information on the STC sequence of each still image included in each of the

clips.

Information on the STC sequence of each still image may include pieces of
information relating to the location of each still image in each of the clips, as well as the

reproduction starting time and the reproduction ending time of each still image.
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The play list may include a plurality of play items, and each of the plurality of
play items includes pieces of information on actual reproduction time and actual

reproduction ending time of each still image.

Brief Description of the Drawings

These and/or other aspects and advantages of the invention will become
apparent and more readily appreciated from the following description of the

embodiments taken in conjunction with the accompanying drawings in which:

FIG. 1 is a diagram illustrating a conventional format of packet data;

FIG. 2 is a block diagram of a conventional MPEG encoding apparatus;

FIG. 3 is a diagram illustrating a basic format of a plurality of packet data, to
which arrival time stamps are respectively attached, and relationship between the time
when each of the plurality of packet data arrives and the time when each of the plurality
of packet data is output to be reproduced;

FIG. 4 is a diagram illustrating the format of conventional packet data with time
synchronization information attached thereto;

FIG. 5 is a block diagram of a conventional decoding apparatus;

FIG. 6 is a diagram illustrating the updating of an STC counter value during the
displaying of still images in a slide show;

FIG. 7 is a diagram illustrating a browsable slide show according to
anembodiment of the present invention;

FIG. 8 is a block diagram of a decoding apparatus for providing a browsable slide
show according to an embodiment of the present invention;

FIG. 9 is a block diagram of a reproducing apparatus that includes a decoding
apparatus according to an embodiment of the present invention;

FIG. 10Ais a diagram illustrating system time clock (STC) sequences which are
used to decode still image data according to an embodiment of the present invention;

FIG. 10B is a diagram illustrating STC sequences which are used to decode
audio data according to an embodiment of the present invention;

FIG. 11 is a diagram illustrating the relationship among a play list, clip information,

and clips;
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FIG. 12 is a diagram illustrating a plurality of play items with different default
reproduction times;

FIG. 13 is a diagram illustrating a play list including sub-play items;

FIG. 14 is a diagram illustrating the structure of clip information;

FIG. 15 is a diagram illustrating an example of the Sequencelnfo of FIG. 14; and

FIG. 16 is a diagram illustrating an example of characteristic point information
(CPY) of FIG. 14.

Best mode for carrying out the Invention

Reference will now be made in detail to the embodiments of the present
invention, examples of which are illustrated in the accompanying drawings, wherein like
reference numerals refer to the like elements throughout. The embodiments are

described below to explain the present invention by referring to the figures.

FIG. ' 7 is a diagram illustrating a browsable slide show according to an
embodiment of the present invention. Referring to FIG. 7, a first still image is
reproduced at a predetermined moment of time designated by presentation time stamp
(PTS) information with a predetermined default duration time.  Other still images are
then sequentially reproduced at regular intervals. In an aspect of the present invention,
the default duration time is set to infinity. Thus, all the still images except the first one
are reproduced according to user setting. Audio data attached to the still images for a
browsable slide show is reproduced according to the PTS information attached thereto.

If a user selects a reverse play or a forward play for reproduction of a predetermined
still image during a browsable slide show, reproduction of the current still image is
stopped, and the predetermined still image is reproduced, during which the audio data
is seamlessly reproduced. This type of still image reproduction may include a digital
photo album in which still images, such as photographs, are sequentially displayed with

background music.

In order to realize a browsable slide show, a system time clock (STC) counter
value for audio data should keep increasing independently of the STC counter value for

still image data, as shown in FIG. 7.
10
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FIG. 8 is a block diagram of a decoding apparatus 700 that provides a
browsable slide show according to an embodiment of the present invention. Referring
to FIG. 8, the decoding apparatus includes a mainstream decoder 710, a mainstream
STC counter 730, a sub-audio STC counter 750, and a sub-audio decoder 770.

Mainstream data is decoded by referring to a value of the mainstream STC
counter 730, and sub-audio data is decoded by referring to a value of the sub-audio
STC counter 750. Therefore, even if the value of the mainstream STC counter 730 is
updafed, it does not affect the value of the sub-audio STC counter 750 so that
seamless reproduction of the sub-audio data is guaranteed even when a user selects a

reverse play or a forward play of the mainstream data.

The mainstream data is input into the mainstream decoder 710, and the
sub-audio data is input into the sub-audio decoder 770. The mainstream data is
encoded data, such as a JPEG-encoded data stream or an MPEG-encoded data
stream. If the mainstream data is an MPEG-encoded data stream, still images may be

displayed on a screen using only intra frames.

For the convenience of explanation, it is assumed in the present embodiment
that the mainstream data input into the mainstream decoder 710 is a JPEG-encoded

data stream.

The sub-audio data input into the sub-audio decoder 770 is audio data, which
is attached to the mainstream data so that it can be reproduced together with the

mainstream data.

According to an aspect of the present invention, mainstream data and the
sub-audio data are recorded on a data storage medium (not shown), such as a DVD, as

separate files.

If a mainstream data packet is input into a buffer (not shown) installed in the
mainstream decoder 710, an output value of the mainstream STC counter 730 is
initialized to the same value as a program clock reference (PCR) value of the input
mainstream data packet. Since the mainstream data is a JPEG-encoded data stream,

still images of the mainstream data may have different PCR values. Thus, as shown in
11
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FIG. 10A, the still images have different STC sequences which are values output from

the mainstream STC counter 730.

As described above, the mainstream decoder 710 decodes the input
mainstream packet data by referring to an STC value provided by the mainstream STC
counter 730.

According to an aspect of the present invention, the mainstream STC counter

730 operates at a frequency of 90 Khz or 27 Mhz.

The operation of the sub-audio STC counter 750 is similar to that of the
mainstream STC counter 730, and the operation of the sub-audio decoder 770 is

similar to that of the mainstream decoder 710.

If a sub-audio data packet is input into a buffer (not shown) installed in the
sub-audio decoder 770, an output value of the sub-audio STC counter 750 is initialized
to the same value as a program clock reference (PCR) value of the input sub-audio

data packet.

The sub-audio decoder 770 decodes the input sub-audio packet data by
referring to an STC value provided by the sub-audio STC counter 730.

According to an aspect of the present invention, the sub-audio STC counter

750 operates at a frequency of 90 Khz or 27 Mhz.

FIG. 9 is a block diagram of a reproducing apparatus 900, which includes a
decoding apparatus according to an embodiment of the present invention. Referring
to FIG. 9, the reproducing apparatus 900 comprises a medium driver 901, a mainstream
buffer 902, a sub-audio buffer 903, a system decoder 910, a graphic processor 920, a
controller 930, and a memory 950. The system decoder 910 includes the decoding
apparatus 700 of FIG. 8, a mainstream depacketizer 904, a mainstream arrival time
clock (ATC) counter 905, a sub-audio ATC counter 906, a sub-audio depacketizer 907,

and a demultiplexer 908.

12
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The medium driver 901 reads packet data with an arrival time stamp (ATS)
attached thereto from a data storage medium 800. The medium driver 901 transmits
mainstream packet data, including still image data, to the mainstream buffer 902 and

transmits sub-audio data to the sub-audio buffer 903.

The mainstream packet data and the sub-audio data are stored in the data
storage medium 800 as separate data files. According to an embodiment of the
present invention, data is stored in the data storage medium 800 forming a specific

structure, which will be described in greater detail later.

The mainstream depacketizer 904 receives the mainstream packet data from
the mainstream buffer 902, depacketizes the received mainstream packet data, and
transmits the depacketized data to the demultiplexer 908. The sub-audio depacketizer
907 determines an order, in which packets are to be output to the sub-audio decoder
770, by referring to an ATC reference value provided by the sub-audio ATC counter 906
and interpreting ATS information attached to each of the packets. Thereafter, the
sub-audio depacketizer 907 outputs depacketized data, from which ATS information has

been separated, to the sub-audio decoder 770.

The sub-audio ATC counter 906 provides the ATC reference value to the
sub-audio depacketizer 907 so that the sub-audio depacketizer 907 can determine the
order, in which the packets are to be transmitted to the sub-audio decoder 770 based
on the ATC reference value. In other words, the sub-audio ATC counter 906 is
initialized to a predetermined value, which is equal to an ATS value attached to first
packet data input into the sub-audio depacketizer 907, and the sub-audio ATC counter
906 gradually increases its output value from the predetermined value. When the
output value of the sub-audio ATC counter 906 reaches an ATS value attached to
second packet data input into the sub-audio depacketizer 907, the sub-audio

depacketizer 907 outputs a depacketized version of the second packet data.

The demultiplexer 908 demultiplexes mainstream data including decoding time
stamp (DTS) information and presentation time stamp (PTS) information and sends the

demultiplexed mainstream data to the mainstream decoder 710.

13
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The controller 930 controls the reproducing apparatus 900 so that the
reproducing apparatus 900 can reproduce data stored in the data storage medium 800.
The memory 950 receives clip information and play list information, which are pieces
of additional information read from the data storage medium 800, from the controller

930 and stores the received clip information and play list information, which will be
described in greater detail later.

FIGS.10A and 10B illustrate STC sequences, which are used for decoding still
image data and audio data so that the still image data and the audio data can be
reproduced in a browsable slide show manner. More specifically, FIG. 10Ais a
diagram illustrating STC sequences, which are used for decoding still image data, and
FIG. 10B is a diagram illustrating STC sequences, which are used for decoding audio
data.

Referring to FIG. 10A, a plurality of still images are contained in a single still
image data file. Each of the still images is encoded so that a PCR or PTS value of

each of the still images can increase from “0”.

Graphic data or subtitle data may be added to each of the still images so that
the graphic data or the subtitle data can be reproduced together with each of the still
images. The graphic data or the sublitle data has a PTS value that keeps increasing
over time. For example, graphic data, such as animation, may be displayed on a still
image with motion, or subtitie data, such as subtitles, may be output variably over time.

Therefore, an initial value of encoding time information included in data regarding each
of the still images may be setto 0. However, the ending time of the data regarding
each of the still images cannot be determined in advance. The ending time of the data
regarding each of the still images is determined according to ending time of the graphic

data or subtitle data attached to each of the still images.

STC_sequence, which is an output of the mainstream STC counter 730 or the
sub-audio STC counter 750, controls a decoding operation of the mainstream decoder
710 or the sub-audio decoder 770. STC_sequence is initialized by the PCR
information included in each packet provided by the mainstream decoder 710 or the

sub-audio decoder 770.
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According to an aspect of the present invention, initial values of a still image,
graphic data, or subtitle data that constitute still image data are all set to “0” at the very
beginning of reproduction of the still image data, regardless of where in a still image
data file the still image data is located, and thus STC_sequence is generated for each
still image data. In order to find each still image data in the still image data file,

information on the very beginning of STC_sequence of each still image data is used.

Audio data may or may not be attached to each still image data to be
displayed in a slide show. In the case of still image data with audio data attached
thereto, the audio data is preferably recorded in an audio file with a PCR so that an
STC value can gradually increase. As shown in FIG. 10B, the sub-audio STC counter

750 generates only one STC sequence STC_sequence.

According to an aspect of the present invention, still image data, including a
plurality of still images, constitutes one recording unit called a ‘clip’.  In addition,
recording structure information called ‘clip information’ is attached to each clip.  Clip
information for a still image includes sequence information, which is a set of pieces of
information on an STC sequence STC_sequence, corresponding to the still image.
The sequence information includes a starting point of the STC sequence
STC sequence, the presentation start time (PST), and the presentation end time
(PET).

As described above, the PST can be determined in advance. For example,
the PST can be set to a very small value, such as 0 or 1/30 sec. The PST of a still
image is preferably the same as a PTS value of the stillimage. The PET represents
the end of running time of graphic data or subtitle data associated with the still image
data. For example, in a case where still image data includes invariable data, which is
attached to a still image so that it can be output together with the still image, the PET of
the still image data can be set to the same value as the duration of one frame image.
On the other hand, if the still image data includes variable data, such as subtitles
variably output over 10 seconds, for example, then the PET of the still image data is set
to a value obtained by adding 10 seconds to the duration of one frame image. In the

present invention, the PET is set to infinity. For example, the PET can be set to 0 or
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any greatest number conceivable under given circumstances (e.g., OxFFFFFFFF in a

32-bit representation manner).

According to an aspect of the present invention, a play list, which is additional
information related to the reproduction of still image data, such as a reproduction
sequence or default reproduction time, is further recorded on the data storage medium
800, and the still image data is reproduced by referring to the play list recorded on the

data storage medium 800.

FIG. 11 illustrates the relationship among a play list, clip information, and a clip.
Referring to FIG. 11, the play list includes a plurality of play items. A sequence
among the plurality of play items corresponds to an order for reproducing the plurality of
play items, and each of the plurality of play items corresponds to a still image. Each of
the plurality of play items has various pieces of information, such as

Clip_Information_file_name, ref_to_STC_id, IN_time, and Out_time.

The Clip_Information_file_name indicates a file name of clip information, i.e.,
additional information on a structure of a clip file, in which a still image designated by
each of the play items is recorded. The ref to_STC id is identification information that
specifies STC_sequence in the clip file. As described above, a plurality of still images
are recorded in one clip in a predetermined order, and thus a serial number of each of
the plurality of still images can be used as an identification number for each of the

plurality of still images.

The IN_time indicates a predetermined moment of time between the
presentation_start_time and the presentation_end_time of the S}FC_sequence.
According to an aspect of the present invention, the IN_time and the
presentation_start_time of a still image are set to the same value. [f the still image has
been MPEG-encoded into an intra picture and a sequence end code, the IN_time and
the presentation_start_time of the still image must indicate the same moment of time.
The Out_time could also be any moment of time between the presentation_start_time
and presentation_end_time of the STC_sequence but should be set to a larger value
than that of the IN_time. The Out_time is preferably set to the same value as the

presentation_end_time. However, the Out_time could be prior to the
16
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presentation_end_time. In a case where the Out_time is prior to the
presentation_end_time, only data in a range between the presentation_start_time and
the Out_time of a corresponding play item is reproduced. The present embodiment of
the present invention, especially, regarding the In_time and the Out_time is applicable

to not only still image data but also motion picture data, which is very desirable.

According to an aspect of the present invention, the above mentioned
variables are very useful especially when the presentation_end_time indicates an
infinite moment of time.  In other words, if the ending time of a still image is set to
infinity, the still image can be reproduced in different play times at different default
reproduction moments of time, as shown in FIG. 12, by allowing each of the different
play items to have a value required for controlling actual output time of the still image.
The Out_time, like the presentation_end_time, can be set to infinity, in which case, the
Out_time is represented by 0 or any greatest number conceivable under given
circumstances. Accordingly, in the case of reproducing still image data with
reproduction time set to infinity, if a user inputs a command regarding a reproduction
operation mode, such as a reverse play or forward play, reproduction of a current still

image may be stopped, and then a still image desired by the user is reproduced.

FIG. 13 illustrates a play list including sub-play items. Referring to FIG. 13,
a play list includes Playltem1, Playltem2, and SubPlayltem1. The In_time of
SubPlayltem1 is the same as the In_time of Playltem1, and the Out_time of

SubPlayltem1 is the same as the Out_time of Playltem2.

FIG. 14 illustrates the structure of clip information, which specifies the structure
of a recording unit, i.e., a clip. The clip information includes Sequencelnfo and

characteristic point information (CPI).

FIG. 15 illustrates an example of the Sequencelnfo of FIG. 14. Referring to
FIG. 15, the Sequencelnfo includes num_stc information, which indicates the number
of STC sequences (STC_sequence) in a predetermined clip, the Position, the
presentation_start_time, and the presentation_end_time of each of the STC sequences

in the predetermined clip. Here, the Position indicates the location of each of the STC
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sequences in the predetermined clip.  This structure of the Sequencelnfo can also be

directly applied to motion picture data.

FIG. 16 illustrates an example of the CPI of FIG. 14. Referring to FIG. 16, the
CPI includes an EP_map, which is additional information on an entry point of a
predetermined clip. For example, in an MPEG encoding method, an entry point
indicates the beginning of an image that is encoded as an intra picture. In an aspect
of the present invention, however, each still image data itself becomes an entry point if -

each still image data is realized as an MPEG intra picture and a sequence end code.

The EP_map includes the num_of_entry_point, which indicates the number of
entry points in the predetermined clip, and the Position and the PTS value of each of
the entry points in the predetermined clip. In the case of still image data, the Position
and the PTS value of an entry point correspond to the Position and the
presentation_start_time, respectively, of a corresponding STC sequence, so the CPl is
not necessary. However, in the case of motion picture data, the CPI is necessary for

random searches.

In the reproducing apparatus shown in FIG. 9, the medium driver 901 reads
clip information and play list information from the data storage medium 800 and
transmits them to the controller 930. Then, the controller 930 temporarily stores the
clip information and the play list information in the memory 950. The controller 930
searches the memory 950 for information on a list of play items desired to be
reproduced (i.e., play item information) and analyzes pieces of information on the play
items. The controlier 930 locates a desired still image and a corresponding audio file
by referring to the clip information and reads the desired still image and the

corresponding audio file from the medium driver 901.

Still image data is stored in the mainstream buffer 902, and audio data is
stored in the sub-audio buffer 903. Then, the still image data and the audio data are
input into the system decoder 910. Since it includes the sub-audio STC counter 750,
the system decoder 910 can seamlessly reproduce the audio data even when a forward
or reverse play is performed in the middle of a browsable slide show in response to a

command issued by a user.
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The present invention can be realized as a computer-readable code written on
a computer-readable recording medium. The computer-readable recording medium
includes all kinds of recording devices on which data can be written in a
computer-readable manner, such as a ROM, a RAM, a CD-ROM, a magnetic tape, a
floppy disk, an optical data storage, and a carrier wave (e.g., data transmission through
the Internet). The computer-readable recording medium can be distributed over a
plurality of computer systems connected to one another in a network, in which case,
computer-readable codes can be stored in and executed from the computer-readable

recording medium in a decentralized manner.

Industrial Applicability

As described above, according to the present invention, it is possible to
seamlessly reproduce sub-audio data even when a user selects a forward or reverse
play in the middie of reproducing still image data with the sub-audio data attached

thereto in a browsable slide show.

Although a few embodiments of the present invention have been shown and
described, it would be appreciated by those skilled in the art that changes may be made
in this embodiment without departing from the principles and spirit of the invention, the

scope of which is defined by the claims and their equivalents.
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CLAIMS

1. A decoding apparatus for providing a browsable slide show, the decoding
apparatus comprising:

a mainstream decoder, to decode mainstream packet data;

a sub-audio decoder, to decode sub-audio packet data;

a mainstream system time clock counter, to provide a system time clock
sequence which controls the decoding time of the mainstream packet data by the
mainstream decoder; and

a sub-audio system time clock counter, to provide a system time clock sequence
which controls the decoding time of the sub-audio packet data by the sub-audio
decoder.

2. The decoding apparatus of claim 1, wherein the mainstream packet data

comprises image data to be reproduced in a browsable slide show.

3. The decoding apparatus of claim 2, wherein the sub-audio packet data

comprises audio data attached to the image data.

4, The decoding apparatus of claim 3, further comprising:

a mainstream buffer to store the image data; and

a sub-audio buffer to store the audio data,

wherein the apparatus can seamlessly reproduce the audio data when a forward

or reverse play is selected during the browsable slide show.

5. The decoding apparatus of claim 2, wherein the mainstream system time
clock counter provides a system time clock sequence to the mainstream decoder for

each image included in the mainstream packet data.
6. The decoding apparatus of claim 1, wherein an output of the mainstream

system time clock counter is initialized based on a predetermined reference value

specified in the mainstream packet data.
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7. The decoding apparatus of claim 1, wherein an output of the mainstream
system time clock counter is independent of an output of the sub-audio system time

clock counter.

8. A data storage medium to store the mainstream packet data and the
sub-audio packet data to be decoded by the decoding apparatus of claim 1, wherein the
data storage medium comprises:

a plurality of clips, including image data;

a play list, including information on reproduction of each of the plurality of clips,
and

clip information, including information specifying a structure of each of the

plurality of clips and information on a system time clock sequence of each image data.

9. The data storage medium of claim 8, wherein the play list comprises a
plurality of play items, the plurality of play items having a sequence that corresponds to

an order for reproducing the plurality of play items.

10.  The data storage medium of claim 9, wherein each of the plurality of play
items comprises at least one of:

a file name of clip information, which contains information on a structure of the
plurality of clips;

a system time clock reference which contains information that specifies the
system time clock sequence of the plurality of clips;

an in time which indicates a predetermined time between a presentation start
time and a presentation end time of the system time clock sequence at which the image
data of the corresponding clip is to be reproduced; and

an out time which indicates a predetermined time at which the reproduction of

the image data of the corresponding clip is to end.

11.  The data storage medium of claim 10, wherein the out time is set to the

same value as the presentation end time.
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12.  The data storage medium of claim 11, wherein the in time and the out

time are used with motion picture image data.

13.  The data storage medium of claim 8, wherein the clip information
comprises:

sequence information which includes a number of system time clock sequences
in a predetermined clip, a position to indicate a location of each of the system time
clock sequences in the predetermined clip, a presentation start time of each of the
system time clock sequences in the predetermined clip, and a presentétion end time of
each of the system time clock sequences in the predetermined clip; and

characteristic point information which includes an EP map, which includes
information on a number of entry points of the predetermined clip, the position of a
system time clock sequence corresponding to each of the system time clock sequences
in the predetermined clip, and a presentation start time of each of the system time clock

sequences in the predetermined clip.

14.  Adecoding method for providing a browsable slide show, the decoding
method comprising:

generating a system time clock sequence for mainstream packet data to control
the decoding time of the mainstream packet data;

decoding the mainstream packet data according to the system time clock
sequence for the mainstream packet data;

generating a system time clock sequence for sub-audio packet datato control the
decoding time of the sub-audio packet data; and

decoding the sub-audio packet data according to the system time clock

sequence for the sub-audio packet data.

15.  The decoding method of claim 14, wherein the mainstream packet data

comprises image data to be reproduced in a browsable slide show.

16.  The decoding method of claim 15, wherein the sub-audio packet data

comprises audio data attached to the image data.
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17.  The decoding method of claim 16, further comprising:

storing the image data in a mainstream buffer; and

storing the audio data in a sub-audio buffer,

wherein the audio data is seamlessly reproduced when a forward or reverse play

is selected during the browsable slide show.

18.  The decoding method of claim 14, wherein the generating a system time
clock sequence for mainstream packet data comprises generating a system time clock

sequence for each image included in the mainstream packet data.

19.  The decoding method of claim 14, wherein the generating a system time
clock sequence for mainstream packet data comprises determining an initial value of
the system time clock sequence for the mainstream packet databased on a

predetermined reference value specified in the mainstream packet data.

20.  The decoding method of claim 14, wherein the system time clock
sequence for the mainstream packet data is independent of the system time clock

sequence for the sub-audio packet data.

21.  Adata storage medium to store the mainstream packet data and the
sub-audio packet data to be decoded by the decoding method of claim 14, the data
storage medium comprising:

a plurality of clips, including image data;

a play list, including information on reproduction of each of the plurality of clips,
and

clip information, including information specifying a structure of each of the

plurality of clips and information on a system time clock sequence of each image data.

22. The data storage medium of claim 21, wherein the out time is set to the

same value as the presentation end time.

23.  The data storage medium of claim 22, wherein the in time and the out

time are used with motion picture image data.
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24.  The data storage medium of claim 21, wherein the clip information
comprises:

sequence information which includes a number of system time clock sequences
in a predetermined clip, a position to indicate a location of each of the system time
clock sequences in the predetermined clip, a presentation start time of each of the
system time clock sequences in the predetermined clip, and a presentation end time of
each of the system time clock sequences in the predetermined clip; and

characteristic point information which includes an EP map, which includes
information on a number of entry points of the predetermined clip, the position of a
system time clock sequence corresponding to each of the system time clock sequences
in the predetermined clip, and a presentation start time of each of the system time clock

sequences in the predetermined clip.

25.  Adata storage medium, to store data to be reproduced in a browsable
slide show, the data storage medium comprising:

a plurality of clips, including image data;

a play list, including information on reproduction of each of the plurality of clips,
and

clip information, including information specifying a structure of each of the

plurality of clips and information on a systern time clock sequence of each image.

26. The data storage medium of claim 25, wherein information on the system
time clock sequence of each image comprises pieces of information on a location of
each image in each of the plurality of clips and reproduction starting time and

reproduction ending time of each image.

27. The data storage medium of claim 25, wherein the play list comprises a
plurality of play items, and each of the plurality of play items includes pieces of
information on actual reproduction start time and actual reproduction ending time of

each image.
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28.  The data storage medium of claim 26, wherein the reproduction ending
time of each image is set to infinity.

29. A computer-readable recording medium, on which a program enabling a
decoding method is recorded, the decoding method comprising:

generating a system time clock sequence for mainstream packet data, to control
the decoding time of the mainstream packet data;

decoding the mainstream packet data according to the system time clock
seguence for the mainstream packet data;

generating a system time clock sequence for sub-audio packet data, to control
the decoding time of the sub-audio packet data; and

decoding the sub-audio packet data according to the system time clock

sequence for the sub-audio packet data.

30. A computer-readable recording medium of claim 29, wherein the
mainstream packet data comprises image data to be reproduced in a browsable slide

show.

31. A computer-readable recording medium claim 29, wherein the sub-audio

packet data comprises audio data attached to the image data.

32.  Adecoding apparatus for providing a browsable slide show, the decoding
apparatus comprising:

a video decoder to decode video data provided to the apparatus; and

an audio decoder to decode audio data provided to the apparatus,

wherein the audio data is decoded independently of the video data to seamlessly
reproduce the audio data during the browsable slide show when a forward play or a

reverse play of the video data is selected.
33. A decoding method for providing a browsable slide show, the decoding

method comprising:

receiving corresponding audio data and video data;
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decoding the video data separately from the audio data to seamlessly reproduce
the audio data during the browsable slide show when a forward play or a reverse play

of the video data is selected.
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