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An indexing method for allowing a viewer to control the
mode of delivery of program material. By mapping from
time to data position, data delivery can begin at any selected
time in the program material. The indexing method also
provides for controlling data delivery to begin at the begin-
ning of a frame of data. A synchronizing method is provided
to minimize a time offset between audio and vide data,
particularly in environments using groups of pictures.
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SYSTEM AND METHOD FOR MEDIA STREAM
INDEXING AND SYNCHRONIZATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional application of pend-
ing U.S. application Ser. No. 09/399,777 filed Sep. 21, 1999,
which is a continuing application of U.S. application Ser.
No. 08/829,283, filed Mar. 31, 1997, now U.S. Pat. No.
5,973,679 issued Oct. 26, 1999.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] The present invention relates generally to media
delivery systems. More particularly, the present invention
relates to a system and method for implementing interactive
media delivery. Still more particularly, the present invention
relates to a system and method for media stream indexing
and synchronization.

[0004] 2. Related Art

[0005] Recent advances in data handling and data com-
munications techniques have enabled the entertainment
industry to provide movies and other audio, video, or
multi-media program materials to viewers in a viewer’s
home at a time requested by the viewer. Such services are
referred to as “video-on-demand” (VOD) services. Video-
on-demand services allow a viewer to request and receive
program materials at the viewer’s television set at a time
specified by the viewer.

[0006] However, conventional video-on-demand services
have limited ability or flexibility to customize program
materials transmitted to the viewer. Typically, program
materials are stored in a format such that they cannot easily
be edited, modified, or packaged in a customized manner by
the video-on-demand service provider. Because of this lim-
ited flexibility, the VOD service provider has a limited range
or variety of products that can be offered to the viewer.

[0007] This limited flexibility often results in a less than
optimal mix of program material being transmitted to the
viewer, with less than optimal use of available bandwidth.
For example, a VOD service provider may be unable to
provide additional program material desired by a particular
viewer, such as closed-captioning text. Alternatively, the
VOD service provider may be unable to modify program
material transmitted to the viewer to better suit the needs of
the viewer, such as transmitting the audio program mal in an
alternative language. Finally, the VOD service provider may
be wasting bandwidth by transmitting program material,
such as closed-captioning text, that a particular viewer may
not be using.

[0008] In addition, conventional video-on-demand ser-
vices do not offer interactive capabilities to the viewer. Once
the viewer orders a program, the program is delivered (e.g.,
transmitted) to the viewer’s television set for display at the
specified time. The viewer has no control over the program
material while it is airing. For instance, the viewer cannot
pause, fast-forward or rewind the program. All the viewer
can do is watch the program as it is delivered, and, as such,
the conventional video-on-demand system is not interactive.
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SUMMARY OF THE INVENTION

[0009] The present invention is directed to a hierarchical
structure used for storage and delivery of program materials
such as video and other media. In this document, the terms
“program”, “program material”, and “program content” are
used generally to refer to media provided to a viewer, such
as audio, video, multi-media, or other types of material

intended for listening and/or viewing by the viewer.

[0010] According to the invention, a hierarchy of object
types is used to format or arrange the program material that
is transmitted to an individual viewer. The objects include:
an atom; a segment; a series; and a group. An atom contains
the program material in the form of data, preferably encoded
data, that is stored on a storage device or other memory
means. The object hierarchy of the present invention is
generally defined as follows: a group is comprised of one or
more series; a series is comprised of one or more segments;
and a segment identifies or references a portion of an atom,
such as the data contained in an atom that occurs between
two points in time. As such, a segment may identify all or
part of an atom.

[0011] In one embodiment of the present invention, a
method is provided for locating program material so that
delivery of the program material to a viewer begins at a
specified time T in the program material. This indexing
method of the present invention includes accessing a group
having one or more series, each series having one or more
segments that references a corresponding atom containing
media data representing the program material.

[0012] This indexing method further includes steps for
determining the data position of the program material cor-
responding to the specified time T. One step is determining
in which segment the specified time occurs; this segment is
referred to as the specified segment, and the corresponding
atom is referred to as the specified atom. The specified time
T is converted to specified-segment relative time T, . In a
preferred embodiment, this is done by calculating the
elapsed time into the specified segment at which the speci-
fied time occurs. T, is converted to a data position relative
to the specified atom, thereby locating media data represent-
ing the program material at the specified time T.

[0013] In a preferred embodiment, T, is converted to
specified-atom relative time T, .. In a particularly pre-
ferred embodiment, this is done by adding the specified-
segment’s offset to T,,,. An index number is computed from
T,iom Using an index duration. In a preferred embodiment,

the index duration is the duration of a frame of media data.

[0014] In a preferred embodiment, the index number is
used to identify a data position for the media data repre-
senting the program material at the specified time T. In a
particularly preferred embodiment, an index file is used to
correlate index number with a corresponding data position.
In particularly preferred embodiments, the corresponding
data positions are the beginning of a frame of media data, or
the beginning of a group of pictures of media data.

[0015] In a further embodiment of the present invention, a
method is provided for synchronizing media data for deliv-
ery to a viewer. The synchronization method of the present
invention includes identifying a base atom containing media
data, and identifying one or more auxiliary atoms containing
media data to be synchronized with the media data in the
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base atom. This synchronization method further includes
constructing a base atom index file that contains base atom
index boundaries. In a preferred embodiment, the base atom
index boundaries are Groups of Pictures boundaries.

[0016] This synchronization method also includes con-
structing an auxiliary atom index file for each of the auxil-
iary atoms. Each auxiliary atom index file is constructed by
selecting the auxiliary atom index boundaries that most
closely match the base atom index boundaries, thereby
synchronizing media data in the auxiliary atoms with media
data in the base atom.

[0017] In yet further embodiments of the present inven-
tion, apparatus is provided for implementation of the fore-
going indexing and synchronization methods.

[0018] In yet further embodiments of the present inven-
tion, computer program products for use with a computer
system are provided. One such computer program product
includes a computer usable medium having computer read-
able program code for enabling a computer system to carry
out the indexing method of the present invention. Another
such computer program product includes a computer usable
medium having computer readable program code for
enabling a computer system to carry out the synchronization
method of the present invention.

[0019] In yet a further embodiment of the present inven-
tion, a system is provided for interactive delivery of program
material to a viewer. As used herein, a viewer can be a
television viewer, a user of a workstation, or any other entity
that receives the program material. This system includes
formatting means for arranging media data representing
program material in accordance with a viewer command
from the viewer, the media data being arranged using the
object hierarchy of the present invention. This system also
includes computer means in data communication with the
formatting means. The computer means is configured to
receive the viewer command from the viewer, to transmit the
viewer command to the formatting means, and to receive the
formatted program material from the formatting means for
display to the viewer.

[0020] Features and Advantages

[0021] One feature of the present invention is that it is
extensible. Additional atoms can be stored, and new seg-
ments, series, and groups created. Additional segments can
be added to existing series, and additional series can be
added to existing groups.

[0022] Another fee of the present invention is that it is
flexible. Media data can be arranged in an infinite variety of
ways for delivery to a viewer without changing the object
hierarchy, or modifying the media data contained in the
atoms. Program material data can be partitioned into atoms
in numerous ways, only one of which is by media type (e.g.,
video data in one atom and audio data in another atom).

[0023] A further feature of the present invention is that it
is adaptable. The object hierarchy can be used with various
encoding or data compression protocols. For example, with
an MPEG-1 encoding protocol, audio data and video data
can be encoded and contained in different atoms. With an
MPEG-2 encoding protocol, the audio and video data can be
contained in a single atom.
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[0024] An advantage of the present invention is that many
different types of sources of atom data can be used. Data
sources may include disk files, shared memory, or even live
data sources, such as with audio or video conferencing. A
further advantage of the present invention is that it optimizes
media delivery from the view point of a viewer and a media
provider. A viewer has interactive control over the content of
the program material. An optimal mix of program material
is transmitted to the viewer, with optimal use of system
bandwidth and memory.

[0025] The present invention has the further advantage of
full interactive control by the viewer over the program
material received. The viewer can control not only the
content, but the mode in which it is viewed.

[0026] Further features and advantages of the present
invention, as well as the structure and operation of various
embodiments of the present invention, are described in
detail below with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The present invention is described with reference
to the accompanying drawings. In the drawings, like refer-
ence numbers indicate identical or functionally Similar
elements. Additionally, the left-most digit(s) of a reference
number identifies the drawing in which the reference num-
ber first appears.

[0028] FIG. 1 shows the relationship between a segment
and its corresponding atom, with time advancing to the right
as shown by the arrow in the figure;

[0029] FIG. 2 shows the relationship between a group,
two series within the group, and multiple segments within
each of the two series;

[0030] FIG. 3 shows one embodiment of a group that
includes two series, each series containing one segment, and
each segment referencing the entirety of its corresponding
atom;

[0031] FIG. 4 shows a further embodiment of a group that
includes two series, each series containing multiple seg-
ments, illustrating interleaving of varied program materials
from a plurality of atoms to form a composite;

[0032] FIG. 5 shows an embodiment of a group that
interleaves three series, each series containing a plurality of
segments, illustrating the special effect capability of the
object hierarchy of the present invention;

[0033] FIG. 6 shows a computer system suitable for
storing and arranging media data for delivery to a viewer
using the object hierarchy of the present invention and
suitable for implementing the indexing and synchronization
methods of the present invention;

[0034] FIG. 7 shows a flow diagram illustrating a process
for determining the location of media data corresponding to
a specified point in time in an item of program material;

[0035] FIG. 8 shows an example of determining, in accor-
dance with the process of FIG. 7, a byte position in an atom
corresponding to a time T, in a movie;

[0036] FIG. 9 shows the relationship between frames and
groups of pictures in MPEG-1 encoded video data, and
shows an example of the indexing and synchronization

movie
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methods of the present invention using MPEG-1 encoded
video and MPEG-1 encoded audio data;

[0037] FIG. 10 shows a flow diagram illustrating a pro-
cess for synchronizing one or more auxiliary atoms contain-
ing media data with a base atom containing media data;

[0038] FIG. 11 shows a block diagram of a media delivery
system that uses the object hierarchy and indexing and
synchronization methods of the present invention for inter-
active delivery of program material to a television viewer;
and

[0039] FIG. 12 shows a block diagram of a media delivery
system that uses the object hierarchy and indexing and
synchronization methods of the present invention for inter-
active delivery of program material to a workstation.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0040] 1. Overview

[0041] The present invention is directed to a system and
method for implementing interactive media delivery to
enable a viewer to have interactive control over program
material delivered to the viewer. For example, a media
provider may transmit program material over a network to a
set-top box so that the program material may be played on
the viewer’s television. Examples of program material
include without limitation movies, shows, concerts, how-to
and instructional videos, live video and audio, home shop-
ping programs, video games, sporting events, news, and
music.

[0042] 1In one scenario, a media provider obtains the
program material to be delivered to the viewer from a
content provider. For example, a media provider may obtain
a movie from a content provider in the form of a tape or reel
that contains audio and video tracks for that movie. Alter-
natively, a content provider may deliver to a media provider
a live data feed that contains the audio and video from a live
concert or live coverage of a news event.

[0043] The program material is usually encoded or trans-
formed into data by the content provider and then provided
to the media provider. Alternatively, the media provider
could encode the program material provided by the content
provider. For example, audio and video tracks of the pro-
gram material may be encoded by such encoding or data
compression protocols as MPEG-1 (ISO/IEC 11172, “Infor-
mation Technology—Coding of moving Pictures and Asso-
ciated Audio for Digital Storage Media at up to about 1.5
Mbit/S”) or MPEG-2 (ISO/EEC 13818, “Information Tech-
nology—Generic Coding of Moving Pictures and Associ-
ated Audio”), and provided to the media provider. The term
“BEG” refers to the Moving Picture Experts Group. The
encoded data may then be stored in a storage device or other
suitable memory means from which it can be accessed
immediately, or at a later time. For example, the audio and
video tracks of a movie may be encoded and stored in a file
on a file server, or, alternatively, stored in a region of a
shared memory device. The program material, a movie for
example, has now been transformed into data and stored for
future access. In accordance with the object hierarchy of the
present invention, the program material data is stored as an
atom of the present invention. For example, an atom of the
present invention may contain video data, audio data, or
both video and audio data.
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[0044] The object hierarchy of the present invention
allows program material to be provided to the viewer in an
interactive and customizing manner without changing or
modifying the atom, i.e., without changing or modifying the
program material data. The object hierarchy of the present
invention allows program material to be transmitted to a
viewer in a manner selected by the viewer, and in different
ways to different viewers, without changing or modifying
the program material itself. The same program material can
be arranged or formatted in different ways for delivery to
different viewers without having to alter or duplicate the
program material. For example, the video for a movie can be
packaged with English language audio and transmitted to
one viewer. The video for that same movie can be packaged
with Spanish language audio and English language closed-
captioning text and transmitted to another viewer without
having to modify the video data, or duplicate the video data
in a separate file.

[0045] 2. Object Hierarchy

[0046] In order to provide flexibility in media delivery, as
well as interactive control by a viewer, an object hierarchy
was developed that allows accessing and arranging data in
an infinite variety of ways. The object hierarchy of the
present invention provides for sequentially ordering data
(concatenating in an ordered sequence) for transmission
serially in time, and grouping data in a parallel manner for
transmission simultaneously. The parallel data may be trans-
mitted in a synchronized or an asynchronized manner.

[0047] As described generally above, the data representing
the program material is contained in an atom. The data
representing any particular item of program material can be
divided or partitioned into several different atoms. As one
example, a movie can be partitioned into two atoms, one
atom for video, and another atom for audio. As a further
example, the movie can additionally include a third atom
containing closed-captioning text. In still a further example,
both audio and video data for a movie can be contained in
asingle atom. As these examples illustrate, for any particular
item of program material, there are numerous ways in which
the data can be partitioned into atoms. Such partitioning may
include, but is not limited to, partitioning by media, e.g.,
video in one atom and audio in another atom.

[0048] An atom may be stored in any suitable manner on
a storage device or other suitable memory means. This may
include, for example, a file on a disk in a server, an area of
a shared memory region, or a memory such a memory 608
or a secondary memory 610 (discussed in more detail below
in connection with FIG. 6). An atom is assigned a unique
atom identifier, or atom ID, when the atom is stored. Each
atom includes information describing the atom. For
example, information in the atom may include one or more
of the following: the atom ID; an atom length (program
material data length or temporal length or duration of the
program material); a data type (e.g., video, audio, ASCII); a
data source (storage location of the program material data
itself, e.g., a UNIX file, identification of a memory region,
or a live data feed); an index source (a file or region that
contains various indices, such as for locating data points and
synchronizing data); an index duration (time between
indexed points); and an encoding protocol (if any) used to
transform the program material into data for storage. An
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atom may also further include a set of allowable play-back
modes that indicate the suitability of the atom data for
reverse or fast-forward play.

[0049] An atom is thus the basic building block of the
object hierarchy of the present invention. An atom describes
the program material data, and identifies the storage location
of the actual program material data. In that sense, an atom
will be referred to in this document as “containing” the
actual program material data. Program material data con-
tained in an atom is accessed, and arranged or formatted for
delivery to a viewer through the object hierarchy of the
present invention.

[0050] A segment identifies a portion of one particular
atom, i.e., program material data or “atom data” between
two points in time. A segment may identify the entire atom,
i.e., atom data between the beginning and ending times of
the program material. Alternatively, a segment may identify
only a portion of the atom, for example, atom data between
the beginning of the program material and another arbitrary
time in the program material, atom data between an arbitrary
time in the program material and the end of the program
material, or atom data between two arbitrary times in the
program material.

[0051] Each segment is assigned a unique segment iden-
tifier or segment ID when it is stored. In a preferred
embodiment of the present invention, each segment is
defined by an atom ID, an offset (time between the begin-
ning of the atom and the beginning of the segment), and a
duration (time between the beginning of the segment and the
end of the segment). A segment that corresponds to an entire
atom would have an offset of zero, and a duration equal to
the duration of the atom.

[0052] FIG. 1 illustrates the relationship between an atom
and a segment. Referring now to FIG. 1, an atom 104 is
shown that contains data for program material. Segment 108
identifies a portion of atom 104. Segment 108 extends is
from time t, to time t,, and identifies the data in atom 104
between corresponding data locations D, and D,. Segment
108 is defined using the parameters of offset 132 and
duration 134. Offset 132 is defined as the time between the
beginning of the atom (to) and the beginning of segment 108

(t)-

[0053] Duration 134 is defined as the time between t; and
t,, or the temporal length of segment 108. In the embodiment
illustrated in FIG. 1, offset 132 and duration 134 are
specified in units of time, as shown by the arrow at the
bottom of the figure indicating time progressing to the right.
Alternatively, offset 132 and duration 134 may be specified
in units of data length, such as bytes.

[0054] Segment 108 may begin contemporaneously with
the beginning of atom 104 at time t,. In that situation, offset
132 is equal to zero. With offset 132 equal to zero, duration
134 of segment 108 may be equal to the duration of atom
104. In the latter situation, segment 108 represents the
entirety of atom 104 (see also FIG. 3).

[0055] A series is formed by sequentially ordering one or
more segments. A 30 series is a set of one or more segments
that are joined or concatenated for sequential delivery of the
corresponding data. A series can be described in one
embodiment as an ordered list of segments. A series is
assigned a unique series identifier or series ID when it is
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stored. In an alternative embodiment, a series can be
described as an ordered list of segment IDs. The length of a
series is the sum of the length of its component segments.

[0056] A group is formed by joining or grouping series in
parallel for parallel, simultaneous delivery of the corre-
sponding data. Preferably, the delivery of the series in a
group is synchronized. This is useful where one series is a
set of segments identifying a video atom, and the other series
is a set of segments identifying the corresponding audio
atom. Such synchronized delivery enables the video to be
synchronized with the audio. A group is assigned a unique
group identifier or group ID when it is stored. In one
embodiment, a group can be described as a parallel arrange-
ment of series IDs.

[0057] In the object hierarchy of the present invention, a
series may alternatively be defined as an empty set of zero
segments. Similarly, a group may alternatively be defined as
an empty set of zero series. However, such groups and series
will not be useful for identifying and formatting program
material data. As such, the invention will be described herein
with resect to a group having at least one (one or more)
series, and a series having at least one (one or more)
segment.

[0058] FIG. 2 is a diagram illustrating two series 208
(208A and 208V) and a group 218. Referring now to FIG.
2, each series comprises a sequence of segments 108. In the
example illustrated in FIG. 2, series 208A is comprised of
segments 108A1, 108A2, 108A3, ctc. Series 208A lists or
joins segments 108A1, 108A2, 108A3, etc. in the correct
sequential order. Similarly, series 208V lists or joins seg-
ments 108V1, 108V2, 108V3, etc. in the correct sequential
order. The example illustrated in FIG. 2 further shows that
group 218 is comprised of two series: series 208A; and
series 208V.

[0059] In an example where the program material is a
movie, series 208A may be a series of segments 108
corresponding to audio data in one or more audio data atoms
104 (not shown). Likewise, series 208V may be a series of
segments 108 corresponding to video data in one or more
video data atoms 104 (not shown). In such an example,
group 218 is the parallel occurrence (delivery, playback,
etc.) of the audio and video portions (series 208A and 208V,
respectively) of the movie. As can be seen from FIG. 4,
segments in a series can point to the same or different atoms.

[0060] A media delivery system using the object hierarchy
of the present invention delivers program material to a
viewer as defined by a group. A group serves as the
“formula” for arranging the program material to be delivered
to a viewer. A media delivery system using the object
hierarchy of the present invention has a high degree of
flexibility. A few examples of this flexibility include, without
limitation, the ability to provide delivery options such as
language choices for audio and closed-captioning text, and
the ability to provide customized program material with
special effects and alternative media insertion.

[0061] Three examples will now be described to illustrate
the flexibility provided by the object hierarchy of the present
invention. The first example illustrates the delivery of pro-
gram material to a viewer without modification. The second
example illustrates inserting or interleaving one type of
program material (such as a commercial) into another type
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of program material (such as a movie). The third example
illustrates how a plurality of different types of program
material can be arranged to provide custom program mate-
rial formatting and special effects.

[0062] FIG. 3 is a diagram illustrating the first example
where program material is delivered to a viewer without
modification. In this example, the viewer is delivered a
group 218 that includes two series 208A and 208V. Series
208A and 208V each contain a single segment 108A and
108V, respectively. Segment 108A corresponds to the
entirety of atom 104A, and segment 108V corresponds to the
entirety of atom 104V. Offset 132 of each segment 108A and
108V is zero, and duration 134 is equal to the duration of
atom 104A and 104V, respectively.

[0063] In the example shown in FIG. 3, atom 104A may
contain audio data for a movie, and atom 104V may contain
the corresponding video data for the movie. A viewer
watching this movie would see video and hear audio
together. Alternatively, atom 104A may contain audio and
video data for an instructional how-to program, and atom
104V may contain instructional text for the how-to program.
A viewer watching such a how-to program would see video
and instructional text, as well as hear audio together with the
video and text.

[0064] FIG. 4 is a diagram illustrating the second example
referred to above where varied program materials are inter-
leaved to form a composite program material that is deliv-
ered to a viewer. As in the previous example illustrated in
FIG. 3, a viewer is delivered a group 218 that includes two
series 208A and 208V. However, in the example shown in
FIG. 4, each series 208A and 208V is made up of a plurality
of segments 108. As illustrated in FIG. 4, series 208A
includes 16 segments (108A1 through 108A16) and series
208V also includes 16 segments (108 V1 through 108V16).
Only selected segments have been labeled for clarity. It is to
be understood that 16 segments in each series have been
shown for illustrative purposes only, and that the number of
segments in each series can vary, and is not limited to 16.

[0065] Segments 108 shown in FIG. 4 correspond to
portions of four different atoms 104A, 104V, 104CA, and
104CV. Particularly, segments 108 of series 208A corre-
spond to portions of atoms 104A and 104CA, while seg-
ments 108 of series 208V correspond to portions of atoms
104V and 104CV. The correspondence between series 208A
and the atoms has been omitted for clarity, but would be
analogous to that shown for series 208V.

[0066] The embodiment illustrated in FIG. 4 will be
described in terms of an exemplary embodiment where the
program material ordered by a viewer is a movie, and the
media provider wishes to include commercials inserted at
intervals during the movie. In such an exemplary embodi-
ment, the movie is partitioned into atom 104A for audio, and
atom 104V for video. In the exemplary embodiment, a
second type of program material to be interleaved within the
movie is a set of three commercials. In this example, the
commercials are all partitioned into two atoms, 104CA that
contains the audio for all of the commercials, and 104CV
that contains the video for all of the commercials. Alterna-
tively, each of the thee commercials could be partitioned into
its own pair of atoms (e.g., one for audio and one for video).
In a further alternative, each of the three commercials could
be contained in a single atom (audio and video combined in
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one atom for each commercial). Although the foregoing and
other alternatives may be preferred, the following discussion
refers to the partitioning shown in FIG. 4.

[0067] To insert the set of three commercials into the
movie, segments corresponding to commercial atoms
104CV and 104CA are interleaved between segments cor-
responding to movie atoms 104V and 104A, respectively, as
illustrated in FIG. 4. Particularly, segments 108V2, 108V3,
and 108V4, corresponding to the video portion CV1, CV2,
and CV3 of the first set of three commercials in atom 104CV,
are inserted between segments 108V1 and 108V5, corre-
sponding to the video portion MV1 and MV2 of the first two
parts of the movie in atom 104V. Similarly, segments
108V6, 108V7, and 108V8, corresponding to the video
portion CV4, CVS, and CV6 of the next set of three
commercials in atom 104CV, are inserted between segments
108V5 and 108V9Y, corresponding to the video portion MV2
and MV3 of the next two parts of the movie in atom 104V.

[0068] A viewer watching the program material delivered
in accordance with group 218 as illustrated in FIG. 4
sequentially sees a portion of the movie (video portion MV1
together with audio portion MA1), followed by a set of three
commercials (video portions CV1, CV2, and CV3 together
with audio portions CAl, CA2, and CA3), followed by the
second portion of the movie (video portion MV2 together
with audio portion MA2), followed by a second set of three
commercials (video portions CV4, CV5, and CV6 together
with audio portions CA4, CAS, and CA6), and so on until
the end of the program material identified by group 218.

[0069] In the exemplary embodiment of FIG. 4, segments
108A1-108A16 have the same offset 132 and duration 134
as their counterpart segments 108V1-108V16. As illustrated
in FIG. 4, segments 108A1 and 108V1 have an offset 132
of zero and a duration 134 of t,-t,. In the preferred embodi-
ment of the present invention, program material begins at
time t,=0. Thus, duration 134 of t,—t,=t,. Similarly, seg-
ments 108A2 and 108V2 have an offset from the beginning
of series 208A and 208V, respectively, of t;. Segments
108A2 and 108V2 have an offset 132 of zero because each
segment corresponds to the beginning of atom 104CA and
104CV, respectively. Segments 108A2 and 108V2 have a
duration 134 of t,—t;.

[0070] As a further illustration, segments L.O8AS and
108V5 have an offset .32 of t, measured from the beginning
of corresponding atoms 104A and 104V, respectively. As
shown in FIG. 4, portion MV2 of atom 104V that corre-
sponds to segment 108V5, and portion MA2 of atom 104A
that corresponds to segment 108AS, begin at time t,. Seg-
ments 108AS5 and 108VS have a duration 134 of ts—t,.
Similarly, segments 108A13 and 108V13 have an offset 132
of t;+(ts—t,)+(to—t,) that corresponds to the beginning of
MA4 and MV4, respectively. Duration 134 of segments
108A13 and 108V13 is t,5—t,,. As yet a further illustration,
segments 108A7 and 108V7 have an offset 132 of (t,-t,)+
(ts—ts) that corresponds to the beginning of CAS and CVS5,
respectively. Duration 134 of segments 108A7 and 108V7 is
t,—ts. A similar analysis is used to deter nine offset 132 and
duration 134 for the remaining segments in group 218.

[0071] Other examples of the embodiment illustrated in
FIG. 4 are also contemplated. One such example is for an
instructional program. In such an example, atoms 104V and
104 A are the video and audio, respectively, of the instruc-
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tional portion of the program material, while atoms 104CV
and 104CA are the video and audio, respectively, for ques-
tions Pertaining to the instructional portion of the program
material.

[0072] In yet another example of the embodiment illus-
trated in FIG. 4, the program material is again a movie.
However, instead of interleaving commercials during the
movie, movie previews of other movies are inserted. In such
an example, segments 108 corresponding to atoms 104CV
and 104CA are the video and audio portions, respectively, of
the movie previews to be inserted during presentation of the
movie contained in atoms 104V and 104A. Alternatively, the
movie-preview program material could be inserted at either
the beginning or the end of the movie, as well as in the
middle, to entice the viewer to order further movies.

[0073] FIG. 5 illustrates a third example wherein a plu-
rality of different series 208 are arranged to provide custom
program material formatting, and to use the object hierarchy
to produce special effects as explained below. According to
the illustrated embodiment, group 218 includes three series
5081, 5082, and 5083. Scries 5081 includes two video
segments 108V1 and 108V3, a null segment 108N2, and an
audio segment 108A4. Series 5082 has a null segment
108N1, and a video segment 108V2. Series 5083 has four
audio segments 108MA, 108A2, 108A3, and 108AS, and
one video segment 108V4. The atoms corresponding to each
of the foregoing segments have been omitted for clarity.

[0074] In delivering group 218 illustrated in FIG. 5 to a
viewer, series 5081, 5082, and 5083 may be transmitted in
a parallel, synchronized manner. In such a transmission,
video segment 108 V1 is delivered contemporaneously with
audio segment 108A1. During this time interval, null seg-
ment 108N1 functions as a space or time marker for series
5082, during which time no data is transmitted to the viewer
from series 5082. Prior to the end of delivery of video
segment 108V1, delivery of video segment 108V2 from
series 5082 begins. The phaseout of video segment 108V1
and phase in of video segment 108V2 can be accomplished
using any of a number of techniques known in the art, such
as a “wipe”, a “dissolve”, or other type of “special effect”.
During the phaseover from video segment 108V1 to video
segment 108V2, the audio portion of the program material
changes from audio segment 108A1 to audio segment
108A2. Null segment 108N2 is used to mark time in series
5081 between video segments 108V1 and 108V3. After null
segment 108N2 is completed, the video portion of the
program material begins to phaseover from video segment
108V2 to video segment 108V3. During the phaseover
period, the audio portion changes from audio segment
108A2 to audio segment 108A3 in series 5083. Audio
segment 108 A4 is delivered with video segment 108V4. The
program material ends with audio segment 108AS delivered
without accompanying video.

[0075] The embodiment shown in FIG. 5 is particularly
illustrative of how various segments can be arranged in
series, and the series in groups, thereby providing tremen-
dous flexibility in the delivery of media to a viewer. For
example, null segments can be used to skew or offset the
delivery of data from one atom with respect to data from
another atom.

[0076] Note that the foregoing examples have been
described in terms of audio and video portions of the
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program material being stored in separate atoms 104. How-
ever, the object hierarchy of the present invention is not
limited to such partitioning by media. For example, an atom
104 can contain both the audio and the video for an item of
program material Alternatively, an atom can contain graph-
ics for a game, with a second atom containing sound effects
for that game, and a third atom containing an instructional
text overlay for the game graphics. In this manner, a viewer
or game player could select whether they wanted to receive
delivery of the sound effects or the instructional text, i.e., the
sound effects and the instructional text could be turned on
and off under the control of the game player. In yet a further
alternative, the graphics, sound effects, and instructional text
can all be contained in a single atom.

[0077] In yet another alternative embodiment, consider
program material that is available in multiple languages. In
this embodiment, a viewer can select a language from a
menu of language choices. In that way, only the data from
atom 104 containing the program material in the selected
language are delivered to the viewer, with or without accom-
panying video. In such a scenario, the audio and video may
be in separate atoms so that many audio atoms in different
languages could accompany the same video atom. This has
the benefit of saving on storage space. When video and audio
are combined in one atom, each language would require an
implicit copy of the video. However, when audio and video
are stored separately, one copy of the video can serve all of
the audio languages. Additionally, new audio atoms can be
added without affecting the video atom, or needing to
duplicate the video atom.

[0078] In yet another example, the object hierarchy of the
present invention could be used in an audio or video
conferencing environment, or other environments where the
source for the atom data is a live data feed.

[0079] The object hierarchy of the present invention may
also be used to synchronize delivery of program material to
two or more different viewers. Each series in a group could
be delivered simultaneously to two or more viewers, thereby
having delivery to one viewer remain synchronized with
delivery to other viewers. For example, a lecture being given
in one location can be delivered simultaneously to all
audience members, e.g., students. Each audience member
could be in a different location, and in a location remote
from the lecturer.

[0080] The object hierarchy of the present invention
affords the media provider great flexibility to offer a viewer
a broad range of program material products. As illustrated
above with several examples, a media provider can deliver
program materials in a format that suits the needs of the
media provider, as well as the desires of an individual
viewer. The object hierarchy of the present invention also
allows alternative forms of the same program material to be
provided to various viewers without having to store multiple
and/or different versions of the same program material. The
media provider can use atoms of program material to
arrange custom program content that is different for each
delivery. To customize program material for a viewer, it is
not necessary to change or modify data in the atoms of that
program material. Rather, all that has to be changed is the
composition of the group delivered to the viewer.

[0081] The above examples are provided to help describe
the media object hierarchy provided according to the inven-
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tion, as well as to illustrate a few of the numerous possi-
bilities available to a media provider for storing, arranging,
and transmitting program material, and to a viewer for
viewing program material. The examples and embodiments
described above are provided by way of example only and
should not be construed as limitations.

[0082] In a further embodiment, the present invention is
directed to a computer system for storing and arranging
media data for delivery to a viewer using the object hierar-
chy as described herein. An exemplary computer system 602
is shown in FIG. 6. Computer system 602 includes one or
more processors, such as processor 604. Processor 604 is
connected to a communication bus 606.

[0083] Computer system 602 also includes a main
memory 608, preferably random access memory (RAM),
and a secondary memory 610. Secondary memory 610
includes, for example, a hard disk drive 612 and/or a
removable storage drive 614, representing a floppy disk
drive, a magnetic tape drive, a compact disk drive, etc.
Removable storage drive 614 reads from and/or writes to a
removable storage unit 616 in a well known manner. Main
memory 608 may be used to store atoms (including the
program material contained therein), as well as other data
such as index sources or data locations, in accordance with
the object hierarchy of the present invention. Alternatively,
secondary memory 610 may be used to store atom data and
index sources.

[0084] Removable storage unit 616, also called a program
storage device or a computer program product, represents a
floppy disk, magnetic tape, compact disk, etc. As will be
appreciated, removable storage unit 616 includes a computer
usable storage medium having stored therein computer
software and/or data.

[0085] Computer system 602 is connected to a network
618 so that program material may be retrieved and delivered
to a viewer. Computer system 602 may communicate via
network 618 with other computer systems or servers. Com-
puter system 602 may also communicate via network 618
with a media delivery system for delivery of program
material to a television viewer, to a workstation, or to other
recipients.

[0086] Computer programs (also called computer control
logic) are stored in main memory 608 and/or secondary
memory 610. Such computer programs, when executed,
enable computer system 602 to implement the object hier-
archy of the present invention. In particular, the computer
programs, when executed, enable processor 604 to store and
arrange media data for delivery to a viewer using the object
hierarchy of the present invention. Accordingly, such com-
puter programs represent controllers of computer system
602.

[0087] In another embodiment, the invention is directed to
a computer program product comprising a computer read-
able medium having control logic (computer software)
stored therein. The control logic, when executed by proces-
sor 604, causes computer system 602 to store, arrange,
format, and deliver media data to a viewer using the object
hierarchy of the invention as described herein.

[0088] In another embodiment, the invention is imple-
mented primarily in hardware using, for example, a hard-
ware state machine. Implementation of the hardware state
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machine to store and arrange data using the object hierarchy
of the present invention will be apparent to persons skilled
in the relevant arts.

[0089] 3. Media Stream Indexing

[0090] Conventional media delivery systems, such as con-
ventional video-on-demand systems, do not provide a way
for a viewer to skip or jump to selected points in the program
material. Conventional media delivery systems also do not
allow the viewer to view the program material in special
modes such as slow motion, still, pause, single-frame
advance, fast-forward, reverse, etc. Instead, with conven-
tional systems, a viewer is forced to watch or view the
program material in conventional playback mode as it is
being transmitted by the media provider. The present inven-
tion provides a system and method for allowing a viewer to
control delivery of the program material to jump or skip
(either forward or backward) to selected points in the
program material. Additionally, the present invention allows
a viewer to view the program material in any of the
above-defined special modes, as well as in a conventional
playback mode.

[0091] In order to provide a viewer with interactive con-
trol for viewing program material in special modes, an
indexing method was developed to correlate between time
and program material data or atom data location. The indices
used with the method of the present invention would typi-
cally be generated by a media provider. For example, to
allow a viewer to skip to a certain time in the program
material, the viewer specifies the particular time to which the
viewer would like to skip. In response, program material is
delivered to the viewer by the media provider beginning
from the corresponding data position.

[0092] To view program material in special modes such as
slow-motion, still, pause, etc., it is necessary to locate a
particular time in the program material, and to deliver
program material data corresponding to that particular point
in time. As discussed more fully below, in an environment
in which program material is temporally divided into
frames, it is necessary to locate the frame that corresponds
to the particular time, and to deliver one or more frames of
program material data beginning with the corresponding
frame.

[0093] FIG. 7 is a flow diagram illustrating a process for
determining the location of media data corresponding to a
particular or specified point in time in the program material.
In this document, the specified point in time is referred to as
an epoch. Referring now to FG. 7, in a step 704, a request
is received to deliver the program material from a specified
point in time (the epoch). For example, a viewer may request
that the program material skip to a specific time, or a viewer
may request that delivery advance to a certain milestone in
the program material, such as the beginning of the next act
of a play.

[0094] In a step 708, it is first determined in which
segment the epoch occurs. For programs having a series that
contains only one segment, the epoch occurs in that seg-
ment. For programs having a series that contains more than
one segment, the first step in the process is determining in
which segment the epoch occurs.

[0095] In a step 712, a segment-relative time T, of the
epoch is determined. Segment-relative time T, is the
amount of time into the segment at which the epoch occurs.
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[0096] In a step 716, segment-relative time T,
verted into an atom-relative time T, . . Atom-relative time
T,iom 18 the amount of time into the corresponding atom at
which the epoch occurs.

[0097] Inastep 720, atom-relative time T, is converted
to an index number IN by dividing T, by an index
duration ID. Index duration ID is preferably a constant, and
is one of the attributes or information items stored in an
atom. An index rate IR is the mathematical reciprocal or
inverse of index duration ID so that IR=1/ID and ID=1/IR.
Because of this reciprocal relationship, either the index rate
or the index duration can be used to compute Index number.
Index number IN corresponds or maps to a byte-relative
position of the epoch in the corresponding atom.

[0098] If an epoch selected by a viewer is in the middle of
a frame or other parsed data unit, it is necessary to “round
down” to the beginning of that frame, or “round up” to the
next frame. This is achieved by rounding index number IN
in a step 722 to locate a frame boundary, or other index
boundary. When the epoch is in the middle of a frame that
occurs near or at the end of a segment, rounding up to the
next frame may result in the epoch occurring in the next
segment. Similarly, rounding down may result in the epoch
occurring in the previous segment. Although index number
IN is preferably an integer value, a function other than
simple arithmetic rounding (e.g., a floor or ceiling function)
may be required. For example, as explained more fully
below, some byte positions may be repeated in an index
source. In that situation, the step of rounding includes
scanning the index source for the next different byte position
that corresponds to the beginning of the next Group of
Pictures.

[0099] Ina step 724, index number IN is used to determine
byte position. In one embodiment, an index source such as
an index file is used to map from index number IN to byte
position. In such an embodiment, an index file may contain
a sequence of 644 bit byte positions corresponding to the
index numbers. The index source contains the byte posi-
tions, and index number IN is used to map to the byte
position by identifying the offset from the beginning of the
index file at which that byte position is located. Index
numbers within an atom are unique, and are not repeated.

[0100] An example will illustrate this process. Assume
that it is necessary to locate the byte position of data
occurring one second (1 sec=10° usec) into an atom. Assume
an index duration of approximately Y50 sec (33,000 usec),
the preferred index duration of video data. Index number IN
may be computed as follows:

108 psec

IN= ——— =
33,000 usec

[0101] Alternatively, index number IN may be computed
by multiplying by the index rate which is the reciprocal of
the index duration:

IN=10° usecx(3x10~>/usec)=30.

[0102] The byte position of data occurring at 1 second into
the atom will be located at index number 30 offset from the
beginning of the index file.
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[0103] In an alternate embodiment, an algorithm may be
used in step 724 to convert index number to byte position.
Such an algorithm may, for example, depend on actions
previously taken, such as in an interactive-plot movie. The
present invention is not limited to the use of predetermined
or precomputed indices. The present invention comprehends
the use of indices that are determined or computed “on the
fly” as they are needed.

[0104] Finally, in a step 728, program material data begin-
ning at the byte-relative position determined in step 724 is
delivered to the viewer.

[0105] Process steps 708 through 728 of FIG. 7 are
preferably carried out for each series in a group. An implicit
first step not shown in FIG. 7 is the conversion from
movie-relative time to series-relative time T, ;... In a pre-
ferred embodiment of the present invention, movie-relative
time is the same as series-relative time T, ;.., with all series
and movies (or other program material) beginning at time
zero. Although this embodiment is preferred, the present
invention is not so limited, and there may be a time offset
between program material-relative time and series-relative
time T,

series®

[0106] To further illustrate the process of FIG. 7, an
example is provided in FIG. 8. In the example of FIG. 8, a
viewer is watching a movie that comprises a group 218.
Group 218 includes two series 208. Each series 208 includes
four segments 108. In accordance with the object hierarchy
described above, each segment 108 corresponds to a part or
all of an atom 104, and is defined by an offset 132 and a
duration 134 with respect to that corresponding atom. In this
example, the viewer desires to skip to a particular time in’the
movie, labeled as T in FIG. 8.

[0107] The process of converting from “movie-relative
time” (T 0. 0 FIG. 8) to “atom-relative byte position” will
now be described with reference to the process of FIG. 7. It
is to be understood that the process is carried out for each of
series 208 of group 218 shown in FIG. 8. In accordance with
step 708, it is determined that T__ ;. occurs in the second
segment of each series, the duration of this segment being
t,~t;. As described by step 712, T_ ... is converted to
segment relative time T, where T,_, represents the elapsed
time into the segment at which T oceurs (T, ouie=t)-

[0108] In accordance with step 716, T, is the converted
to atom-relative time T, .. Atom 104 corresponding to the
second segment is shown in FIG. 8. Offset 132 of the second
segment is added to T,_, to obtain atom-relative time T

movie

movie

atom*

[0109] The next step in the conversion process is deter-
mining the index number in order to map T, to an
atom-relative byte position. In accordance with step 720,
index number IN is calculated by dividing T, by an index
duration ID. In the example of FIG. 8, group 218 represents
a movie. For the purpose of this example, one of the series
in group 218 may correspond to video data and the other
may correspond to audio data. A preferred index duration ID
for video data is the duration of a frame, typically approxi-
mately V0 sec. To convert to an index number, T,, . is
divided by an index duration equal to approximately %40 sec.
It should be noted that in the preferred embodiment of the
present invention, all times are calculated in units of micro-
seconds.

[0110] If T,.;. corresponds to a time that occurs in the
middle of a frame, then index number IN is rounded to locate
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an index boundary corresponding to a frame boundary, in
accordance with step 722. After rounding, index number IN
is used to determine byte position P in accordance with step
724. For example, an index source or index file 804, such as
in the form of a lookup table, may be used to map or
correlate index number IN to byte position P within the
stored movie data. Movie data will then be delivered to the
viewer beginning at byte position P, in accordance with step
728.

[0111] As noted above, group 218 in FIG. 8 includes two
series. The process of FIG. 7 as described above is prefer-
ably performed for each series. Generally, the index rate (or
duration) used for a segment in one series in a group will not
be the same as the index rate (or duration) used 4 or a
corresponding segment in another series in that group. For
example, one of series 208 illustrated in FIG. 8 may
correspond to video data, and the other series in group 218
may correspond to audio data. As noted above, a preferred
index duration for video data is the frame duration, typically
approximately %50 sec. A preferred flame duration for audio
data is 24 msec (approximately Y42 sec corresponding to a
frame rate of 42/sec). However, a preferred index duration
for audio data is to have the same value as the preferred
index duration for video data. By selecting the same index
duration for audio and video data, better synchronization
between audio and video data can be achieved. However, the
present invention is not limited to the use of the same index
rates or index durations for audio and video data.

[0112] The indexing method of the present invention
allows a viewer to skip to an arbitrary point in time in an
item of program material. Without an index file to convert
from program material-relative time to atom-relative byte,
position, program material data in an atom could only be
accessed sequentially from the beginning to the end. It
would not be possible to jump or skip to an arbitrary time
point in the program material because the location of the
program material data corresponding to that arbitrary time
point would not be known.

[0113] Some program material is divided into frames, or
other types of parsed data units. For example, video data is
typically parsed by frames, each frame having a fixed
duration but varying in size. In an environment in which the
program material is not divided into frames, the indexing
method of the present invention provides a mapping
between atom-relative time T, and atom-relative byte
position P to allow access to an arbitrary byte position.

[0114] However, in an environment in which the program
material data is divided or parsed into frames through
encoding or otherwise, it is preferable that the point to which
a viewer skips or jumps is not completely arbitrary. Spe-
cifically, it is preferred that the point to which the viewer
skips is the beginning of a frame. For example, program
material may be transmitted to a set-top computer where it
is decoded for viewing on the viewer’s television set. The
decoder in the set-top box recognizes a “frame” of video
data as a defined bit stream having a start code and an end
code. If data transmitted to the set-top box begins in the
middle of the frame, i.e., in the middle of the defined bit
stream, it will not be recognized by the decoder, and will not
be displayed to the viewer.

[0115] Where MPEG encoding is used, flames vary in size
or amount of data (e.g., the number of bytes), but are always
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presented for the same duration, typically approximately Y40
sec. The data compression of MPEG encoding preserves the
natural frame rate for video data of 30 frames per second.
Although frames of data are delivered at a constant rate, the
size or amount of data in each frame varies, so it is necessary
to determine the byte location of the beginning of any
particular frame. The indexing method of the present inven-
tion allows program material to be delivered from the
beginning of a frame, rather than from an arbitrary byte
position within a frame.

[0116] To ensure that, when converting from movie-rela-
tive time (time relative to the program material) to atom-
relative byte position, the byte position corresponds to the
beginning of a frame, an index file is constructed for the
atom containing the frame-partitioned data. This index file
includes byte offsets so that the atom-relative byte position
in the index file corresponds to “safe” frame, or other type
of index, boundaries. The index file is constructed by
processing the encoded data with a tool that parses the
encoded data in a manner suitable for the particular encod-
ing scheme. An encoding-scheme-specific tool identifies
index boundaries suitable for that encoding scheme. In a
preferred embodiment, one tool is used to construct index
files for MPEG-1 encoded video data, another tool is used to
construct index files for MPEG-1 encoded audio data, and
yet another tool is used to construct index files for MPEG-2
encoded audio and video data.

[0117] An index source, of which an index file is one
example, corresponds to the atom from whose data it was
generated. An index source is preferably generated one time,
when the corresponding atom is encoded and/or installed on
a media provider’s delivery system. An index source is
preferably not generated each time the atom is used or
delivered in order to preclude having to parse encoded data
repeatedly and ion the “fly.” However, if the program
material is “interactive” so that the program material deliv-
ered depends upon actions previously taken, such as in an
interactive-plot movie, then the index source is generated
“on the fly” as the atom is being used.

[0118] The program material can be delivered in the mode
specified by a viewer by delivering the frames correspond-
ing to the viewer’s request. For example, for fast forward
playback, frames can be delivered at a faster rate, or periodic
frames (i.e., every other or every third frame, etc.) can be
skipped. For reverse playback, the frames can be delivered
in reverse order. For jumping to a specified point in the
program material, delivery begins at the frame correspond-
ing to that point.

[0119] In some encoding protocols, such as MPEG-1,
video data frames are grouped together into units referred to
herein as “Groups of Pictures” (GOPs). A GOP is comprised
of one or more frames. In an environment using GOP, an
index file is preferably constructed that allows a viewer to
skip only to the beginning of a GOP, not simply to the
beginning of a frame within the GOP. FIG. 9 illustrates the
relationship between frames and a GOP. FIG. 9 shows
MPEG-1 video data divided into twelve frames, shown as
F1, F2,. .. F12. The twelve frames are further grouped into
four GOPs, shown as GOP1, GOP2, GO3, and GOP4.
Particularly, frames F1, F2, F3, and F4 are in GOP1, frames
FS, F6, and F7 are in GOF2, frames F8, F9, F10, and F11 are
in GOP3, and frame F12 is in GOP4. The time axis shown
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in FIG. 9 is marked at regular intervals, i.e., the frame
duration or time for which a particular frame is presented,
generally approximately Y50 sec. Dashed lines correlate the
beginning of each frame with the corresponding time. Frame
F1 begins at time t,, frame F2 begins at time t,, frame F3
begins at time t;, etc. The MPEG-1 video data of FIG. 9 has
a fixed index duration, the index duration being the duration
of each frame, or Y40 sec. FIG. 9 illustrates that although
frames F1-F12 all have the same duration, the frames have
varying sizes. For example, flame F1 is larger than frame F2,
i.e., frame F1 contains more data than frame F2.

[0120] MPEG-1 audio has only one grouping level so that
“audio frames” are not further grouped into “audio GOPs™.
The MPEG-1 audio data of FIG. 9 is broken down into
fifteen audio frames A1, A2, A3, . . . A15. Each of the audio
frames shown in FIG. 9 has a fixed frame size so that there
is the same amount of data in each audio frame. The duration
of each audio frame is the same. It can be seen from the time
line in FIG. 9 that the index duration for the audio data is
the same as the index duration of the video data. Using equal
index durations or equal index rates for audio data and video
data helps to correlate and synchronize the data with each
other. However, the present invention is not limited to the
use of equal index durations or rates for audio data and video
data, and the use of different index rates is contemplated for
the present invention.

[0121] To ensure that program m data is delivered to a
viewer beginning at the start of a GOP, and not just the start
of a particular frame, each frame within a GOP maps to the
atom-relative byte position of the beginning of that GOP,
which is also the beginning of the first frame in that GOP. In
an embodiment where the index rate equals the frame rate,
every frame within a GOP is assigned a unique index
number. The value of the atom-relative byte position corre-
sponding to each of the index numbers of frames within a
GOP will be the same, i.¢., the atom-relative byte position of
the beginning of the first frame in the GOP. As an example
(not shown in FIG. 9), assume frames 30 through 40,
inclusive, are in the same GOP. Assume further that the
index rate is equal to the frame rate so that frames 30 through
40 map to index numbers 30 through 40. The 64-bit byte
positions for these eleven index numbers are the same, and
point to the beginning of frame 30. As another example,
assume index numbers are determined only for every fifth
frame. In such a scenario, the index rate is one-fifth the
frame rate (and the index duration is five times the frame
duration). Again assume frames 30 through 40 are in the
same GOP. In this instance, there are index numbers for only
frames 30, 35, and 40, and these are index numbers 6 (30/5),
7 (35/5), and 8 (40/5), respectively. The 64-bit byte positions
for these three index numbers are the same, and point to the
beginning of frame 30.

[0122] Another example is illustrated in FIG. 9. Frames
F1, F2, F3, and F4 in FIG. 9 are assigned unique index
numbers, but each of these index numbers maps to the same
atom-relative byte position that is the beginning of GOP1,
which is also the beginning of flame F1. Likewise, frames H,
F9, F10, and F11 are assigned unique index numbers, but
each of these index numbers maps to the same atom-relative
byte position that is the beginning of GOP3, which is also
the beginning of flame FS. For the MPEG-1 video data
shown in FIG. 9, there are 12 unique index numbers, and 12
atom-relative byte positions made up of four sets: the first set
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contains four repeated atom-relative byte positions for
frames F1-F4; the second set contains three repeated atom-
relative byte positions for F5-F7; the third set contains four
repeated atom-relative byte positions F8-F11; and the fourth
set contains one atom-relative byte position for F12.

[0123] To locate the beginning of the next GOP in an index
file, such as for “grounding up”, it is thus necessary to look
for the next different atom-relative byte position. Rounding
down to the beginning of a GOP is accomplished by the use
of repeated atom-relative byte positions within the index
source. The use of repeated atom-relative byte positions for
the frames within a GOP ensures that program material
delivered to a viewer starts from the beginning of a GOP. In
this example, the GOP represents the decodable data unit.
The indexing method of the present invention allows pro-
gram material to be delivered to a viewer from the beginning
of whatever decodable data unit is used.

[0124] The indexing method of the present invention
correlates between time and media data location. Although
the indexing method has been described herein with respect
to a particular object hierarchy (i.e., atoms, groups, series,
and segments), the present invention is not limited to a
particular object hierarchy, or to any particular arrangement
of media data. It is to be understood that the indexing
method of the present invention can be used in conjunction
with other methods of arranging program material as media
data For example, in a manner analogous to that shown in
FIG. 7, program material at a specified point in time can be
located by converting the specified time to a time T,
relative to media data that represents the program material.
An index number is determined from time T, using, for
example, an index duration. The index number is converted
to a data position, thereby locating media data representing
the program material at the specified time T. The index
duration may be the duration of one flame of media data. The
index number may also be rounded to locate an index
boundary.

[0125] 4. Media Stream Synchronization

[0126] Audio and video data typically have different frame
rates, and therefore, generally have different index rates.
Thus, it is necessary to correlate the audio data with the
corresponding video data to ensure that the audio and video
remain synchronized. The media stream synchronization
method of the present invention ensures that the data from
every series in a group starts out in synchrony, and remains
in synchrony after any repositioning of the viewpoint within
the program material. Without synchronization, a viewer
would perceive a time delay or offset between the video and
the audio. In the preferred embodiment of the present
invention, synchronization is done by correlating audio
frames of the audio data with GOPs of the video data. As
explained more fully below, this minimizes the offset
between audio and video data in environments using GOPs.
Likewise, closed-captioning text data may also be synchro-
nized with GOPs of the video data in accordance with the
present invention.

[0127] When jumping to various points in an item of
program material, the indexing method of the present inven-
tion ensures that a jump is made to the beginning of a GOP.
To prevent audio data from being “out of sync”, it is
necessary to correlate the corresponding audio data to each
GOP. To do so, an index file for the video data is constructed
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first. As discussed above with respect to FIG. 9, an index file
for the video data would contain repeated atom-relative byte
positions for the frames within GOP1, repeated atom-rela-
tive byte positions for the frames within GOP, repeated
atom-relative byte positions for the frames within GOP3,
etc. Such a video data index file is then used to construct an
index file for the corresponding audio data. An audio data
index file is constructed so that, for the set of audio frames
that most closely spans the time interval spanned by each
GOP, each audio frame in that set is assigned the same
atom-relative byte position. The assigned atom-relative byte
position is the beginning of the set of audio frames. This
synchronization method is illustrated in FIG. 9.

[0128] As shown in FIG. 9, GOP spans the time interval
from t; to ts. Audio frames Al, Al, A3, A4, and AS (set I
shown in FIG. 9) come closest to spanning this same time
interval. In accordance with the synchronization method of
the present invention, audio frames Al, A2, A3, A4, and AS
are assigned unique index numbers, but each of these index
numbers points to the same atom-relative byte position that
is the beginning of audio frame Al. Likewise, GOP2 spans
the time interval from ts to t,. Audio frames A6, A7, A8, and
A9 (set II shown in FIG. 9) come closest to spanning this
same time interval. In accordance with the synchronization
method of the present invention, audio frames A6 though A9
are assigned unique index numbers, but each of these index
numbers points to the same atom-relative byte position that
is the beginning of audio frame A6. The same methodology
would apply so that unique index numbers are assigned to
audio flames A10-A15 (set Il shown in FIG. 9), but each of
these index numbers points to the same atom-relative byte
position that is the beginning of audio frame A10. The index
numbers and corresponding atom-relative byte positions for
the audio are thus selected to most closely match the GOP
pattern in the corresponding video.

[0129] Using the synchronization method of the present
invention, the offset or “out of sync™ time between audio and
video is generally held to be within one frame duration,
typically approximately Y50 sec. One frame time out of
synchrony is within a tolerable limit because a decoder that
receives program material from a media provider is typically
capable of resynchronizing such an offset. Without the
synchronization method of the present invention, the offset
time is typically on the order of one GOP duration. Since
GOPs can contain on the order of 15 frames, the offset
between audio and video without the synchronizing method
of the present invention can be on the order of ¥ sec. Such
an offset is not tolerable because a decoder cannot resyn-
chronize at the receiving end. Thus, the present invention
helps ensure end-to-end synchrony.

[0130] The synchronization method described above may
be used to correlate any type and any number of atoms of
data with each other for synchronized delivery to a viewer.
FIG. 10 shows a flow diagram illustrating a process for
synchronizing one or more auxiliary atoms containing media
data with a base atom containing media data. Referring now
to FIG. 10, in a step 1005, a base atom containing media
data is identified. In a step 1007, one or more auxiliary atoms
containing media data to be synchronized with the base atom
media data are identified.

[0131] Inastep 1010, a base atom index file is constructed
that defines base atom index boundaries for the base atom.
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By index boundary is meant a location in the program
material to which a viewer is permitted to jump, and at
which atom-relative byte position changes to a different
value. In the example illustrated in FIG. 9, the index
boundaries for a base atom containing MPEG-1 video data
are the boundaries defined by the GOPs.

[0132] In a step 1015, an auxiliary atom index file is
constructed for each auxiliary atom by selecting auxiliary
atom index boundaries that most closely match the base
atom index boundaries in the base atom index file. In this
manner, the media data contained in the auxiliary atoms is
synchronized with the media data contained in the base
atom. A group can then be created from the base atom and
auxiliary atoms. The program material contained in such a
group would be delivered to the viewer in a synchronized
manner.

[0133] For example, a base atom may contain video data
with the index file constructed so that the base atom index
boundaries are Groups of Pictures (GOP) boundaries as
described above. In such a scenario, one of the auxiliary
atoms may contain corresponding audio data, and one of the
auxiliary atoms may contain corresponding closed caption-
ing text data. An index file is created for the base atom video
data Index files are created for the audio data and closed-
captioning text data by selecting the index boundaries that
most closely match the Groups of Pictures boundaries (index
boundaries) of the base atom.

[0134] In another example, a base atom may contain
MPEG-2 encoded audio and video data. In such a scenario,
one of the auxiliary atoms may contain the corresponding
closed-captioning text data. An index file is created for the
base atom audio and video data. An index file is created for
the closed-captioning text data by selecting the index bound-
aries that most closely match the index boundaries of the
NTEG-2 base atom data.

[0135] In an alternate embodiment, synchronization of
audio data and video data can be done “on the fly,” without
constructing auxiliary atom index files. In such an embodi-
ment, the base atom index source is searched to locate the
next different atom-relative byte position. The index number
that corresponds to that next different atom-relative byte
position is converted to an absolute time (e.g., T,,o.;.)- This
absolute time is used to synchronize the auxiliary atoms to
the base atom.

[0136] In a further embodiment, the present invention is
directed to a computer system for indexing media data for
delivery to a viewer using the indexing method as described
herein. Computer system 602 shown in FIG. 6 is an exem-
plary computer system. As controllers of computer system
602, computer programs, software, or other computer con-
trol logic enables computer system 602 to deliver program
material to a viewer from a specified point in time, and in
special modes such as pause, still, reverse, etc. Likewise, as
controllers of computer system 602, computer programs,
software, or other computer control logic enables computer
system 602 to synchronize various types of atom data in
accordance with the synchronizing method described herein.

[0137] In yet a further embodiment, the present invention
is directed to a system that uses the object hierarchy and
indexing and synchronization methods of the present inven-
tion for interactive delivery of program material to a viewer.
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FIG. 11 shows a block diagram of such a system. Referring
now to FIG. 11, a media delivery system 1100 for interac-
tive delivery of program material to a viewer is shown.
Media delivery system 1100 includes one or more servers
1102 connected by network 618. Computer system 602
represents one exemplary configuration for server 1102,
although other configurations for server 1102 may be used.
In a preferred embodiment, servers 1102 are in a location
remote from the viewer (viewer not shown).

[0138] Servers 1102 are also connected via a data com-
munication or transfer network 1106 to one or more set-top
computers 1112. Network 1106 can include, for example,
microwave, satellite, cable, or telephone transfer networks,
or other types of networks suitable for data communication.
In an alternate embodiment, network 618 shown in FIG. 11
can be eliminated so that servers 1102 communicate with
each other through network 1106.

[0139] Each set-top computer 1112 is the interface
between a television (not shown) and media delivery system
1100. A user or viewer controls set-top computer 1112 using
a device such as a remote control 1110, thereby interacting
with media delivery system 1100 via set-top computer 1112.

[0140] In operation, a viewer’s command is transmitted to
set-top computer 1112 via remote control 1110. Such a
command may include, for example, selection of the content
of program material (e.g., video, audio, closed-captioning
text), or a movement command (e.g., skip to a selected point
in the program material or deliver program material in a
special mode such as slow-motion or reverse).

[0141] The viewer’s command is transmitted from set-top
computer 1112 via data communication network 1106 for
receipt by remote server 1102. Media data representing the
program material is arranged in accordance with the view-
er’s command. For example, a group 218 of media data that
corresponds to the viewer’s selection of program material
may be created. As a further example, the viewer’s com-
mand may be carried out by indexing to a location in a group
218 that corresponds to the point selected by the viewer. As
yet a further example, the viewer’s command may be carried
out by delivering a group 218 in a special mode, such as fast
forward, reverse, etc.

[0142] The group 218 media data arranged in accordance
with the viewer’s command is transmitted from remote
servers 1102 via data communication network 1106 to
set-top computer 1112. The media data is then decoded, as
necessary, by set-top computer 1112 for display on the
viewer’s television.

[0143] In yet a further embodiment, the present invention
is directed to a system that uses the object hierarchy and
indexing and synchronization methods of the present inven-
tion for interactive delivery of program material to a work-
station. FIG. 12 shows a block diagram of such a system.
Referring now to FIG. 12, a media delivery system 1200 for
interactive delivery to a workstation is shown. Media deliv-
ery system 1200 includes one or more servers 1102 con-
nected by network 618. Servers 1102 are connected via a
network 1204 to one or more workstations 1202. In a
preferred embodiment, servers 1102 are in a location remote
from workstations 1202. Network 1204 can include, for
example, microwave, satellite, cable, telephone, or other
types of networks suitable for data communication. In an
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alternate embodiment, network 618 shown in FIG. 12 can
be eliminated so that servers 1102 communicate with each
other through network 1204.

[0144] Workstations 1202 provide the interface between a
workstation user (not shown) and media delivery system
1200. Each workstation preferably includes computer means
that enable the workstation to perform the following func-
tions: to receive or input a command from the workstation
user; to transmit the command over network 1204 to servers
1102; to receive program material from servers 1102; to
display a video portion of the program material; and to
audibly output an audio portion of the program material for
the workstation user. Workstations 1202 may be in locations
different from each other.

[0145] Media delivery system 1200 is useful in an educa-
tion environment for providing educational program mate-
rial to students at the workstations. Media delivery system
1200 is also useful in a business environment to distribute
training material, technical or other business information to
workstations located throughout a company

3. CONCLUSION

[0146] While various embodiments of the present inven-
tion have been described above, it should be understood that
they have been presented by way of example only, and not
limitation. For example, the indexing and synchronization
methods of the present invention are not limited to the object
hierarchy described herein, or to any particular arrangement
of media data. Thus, the breadth and scope of the present
invention should not be limited by any of the above-
described exemplary embodiments, but should be defined
only in accordance with the following claims and their
equivalents.

What is claimed is:
1. A method for locating program material at a specified
time T, comprising:

accessing a group, wherein said group comprises at least
one series and said at least one series comprises at least
on segment, wherein said at least one segment refer-
ences a corresponding atom containing media data
representing the program material;

determining a specified segment during which the speci-
fied time T occurs within one of said at least one series;

converting the specified time T to a time T__, relative to
said specified segment;

converting said time T,_, to a data position relative to a
specified atom corresponding to said specified segment,
thereby locating media data representing the program
material at the specified time T.

2. The method of claim 1, wherein the act of converting
said time T,_, to a data position comprises converting said
time T, to a time T, relative to said specified atom.

3. The method of claim 2, wherein the act of converting
said time T,,, to a data position comprises:

determining an index number from said time T,
an index duration; and

using

atom

converting said index number to said data position.
4. The method of claim 2, wherein said specified segment
is defined by an offset from a beginning of said specified
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atom, and a duration, wherein said time T, is determined
by calculating an elapsed time into said specified segment at
which the specified time T occurs.
5. The method of claim 4, wherein said time T
determined by adding said offset to said time T,.,.
6. The method of claim 3, wherein the act of converting

said index number to said data position comprises:

is

atom

looking up said index number in an index file, wherein
said index file correlates said index number with a
corresponding data position.
7. The method of claim 3, wherein said index duration is
a duration of one frame of media data.
8. The method of claim 6, wherein the act of converting
said index number to said data position further comprises:

constructing said index file so that said corresponding
data position is a beginning of a frame of media data.
9. The method of claim 7, further comprising:

constructing an index file, wherein the act of converting
said index number to said data position is performed by
looking up said index number in said index file,
wherein said data position corresponds to a beginning

of a frame of media data.
10. The method of claim 6, wherein the act of converting
said index number to said data position further comprises:

constructing said index file so that said corresponding
data position is a beginning of a group of pictures of
media data, said group of pictures including at least one
frame of media data.

11. The method of claim 10, wherein said corresponding
data position in said index file is the same for each of said
at least one frame of media data in said group of pictures.

12. The method of claim 1, wherein one of said at least
one series is an ordered sequence of a plurality of segments.

13. The method of claim 1, wherein said group is a
parallel arrangement of a plurality of series.

14. An apparatus for locating program material at a
specified time T, comprising:

means for accessing a group, wherein said group com-
prises at least one series and said at least one series
comprises at least one segment, wherein said at least
one segment references a corresponding atom contain-
ing media data representing the program material;

means for determining a specified segment during which
the specified time T occurs within one of said at least
one series;

means for converting the specified time T to a time T,
relative to said specified segment; and

means for converting said time T, to a data position

relative to a specified atom corresponding to said
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specified segment, thereby locating media data repre-
senting the program material at the specified time T.
15. A computer program product comprising a computer
usable medium having computer readable program code
embodied in said medium for enabling a processor in a
computer system to locate program material at a specified
time T, said computer readable program code comprising
instructions for:

accessing a group, wherein said group comprises at least
one series and said at least one series comprises at least
one segment, wherein said at least one segment refer-
ences a corresponding atom containing media data
representing the program material;

determining a specified segment during which the speci-
fied time T occurs within said at least one series;

converting the specified time T to a time T, relative to
said specified segment; and

converting said time T, to a data position relative to a
specified atom corresponding to said specified segment
to thereby locate media data representing the program
material at time T.

16. The computer program product of claim 15, wherein

the computer readable program code further comprises
instructions for:

converting said time T, to a time T, relative to said
specified atom.

17. The computer program product of claim 16, wherein

said computer readable program code further comprises

instructions for:

atom

determining an index number from said time T,
an index duration; and

using

atom

converting said index number to said data position.

18. The method of claim 1, further comprising performing
the act of determining a specified segment, the act of
converting the specified time T to a time T, relative to said
specified segment, and the act of converting said time T,
to a data position relative to a specified atom corresponding
to said specified segment for each of said at least one series
in said group.

19. The method of claim 3, further comprising rounding
said index number to locate an index boundary.

20. The method of claim 19, wherein said index boundary
is a beginning of a frame of media data.

21. The method of claim 19, wherein said index boundary
is a beginning of a group of pictures of media data.

22. The method of claim 11, further comprising rounding
said index number to locate an index boundary.





