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CREATING AND MANAGING SUB-RECORDINGS

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Application Serial No.

61/584,352, filed January 9, 2012, which is incorporated by reference herein in its
entirety.

TECHNICAL FIELD

The present principles relate generally to recording media content and, more

particularly, to creating and managing sub-recordings.

BACKGROUND

The core functionality of a Digital Video Recorder (DVR) is to record and

playback broadcast multimedia content such as video content (and any audio
content corresponding thereto, but collectively referred to hereinafter as “video
content” for the sake of brevity). Many DVRs allow time-shift functionality. Time-shift
functionality is essentially a rolling buffer of live broadcast content. This allows trick
mode operations such as pause, rewind, and fast forward to be used on live
broadcast content. A typical time-shift implementation will maintain a buffer of the
last 30 minutes of live broadcast content, allowing the user to navigate this buffer
with trick modes.

Since the storage of video content requires significant storage space, the
video data used for time-shift functionality is usually stored on a hard disk in most
implementations. This presents problems because as new data is added to a time-
shift recording, old data must be truncated from the end. While most file systems
allow efficient insertion of new data at the end of a file, most file systems do not
provide an efficient mechanism for truncating data from the beginning of a file.

Some DVRs solve this problem by using a specially designed file system that
provides for insertion at the end of a file as well as truncation from the beginning of a
file. However, the use of a specially designed file system is not with deficiencies
including, but not limited to, the integration of such specially designed file systems

with the standard file systems that are also used in DVRs.
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SUMMARY

These and other drawbacks and disadvantages of the prior art are addressed
by the present principles, which are directed to creating and managing sub-
recordings.

According to an aspect of the present principles, there is provided a system
for recording media content. The system includes a segmenter for splitting transport
stream data and index data corresponding to the media content into discrete files at
periodic intervals on access point boundaries. Each of the discrete files includes a
respective transport segment and a respective index segment. The system also
includes a segment storage device for storing the discrete files. The segmenter
splits the transport stream data and the index data such that, for a program or
recording session that includes multiple programs therein, the program or recording
session and each of the multiple programs therein are recorded as separate
programs.

According to another aspect of the present principles, there is provided a
method for recording media content. The method includes splitting transport stream
data and index data corresponding to the media content into discrete files at periodic
intervals on access point boundaries. Each of the discrete files includes a
respective transport segment and a respective index segment. The method also
includes storing the discrete files in a segment storage device. The transport stream
data and the index data are split such that, for a program or recording session that
includes multiple programs therein, the program or recording session and each of
the multiple programs therein are recorded as separate programs.

According to yet another aspect of the present principles, there is provided a
system for playing back media content. The system includes a segment storage
device for storing discrete files. Each of the discrete files includes a respective
transport segment and a respective index segment obtained from transport stream
data and index data corresponding to the media content. The system also includes
a desegmenter for re-assembling transport segments from the discrete files for
seamless playback of the transport segments. For a program or recording session
that includes multiple programs therein, the transport segments for the program or
recording session and each of the multiple programs therein are capable of being re-

assembled as separate programs.
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According to still another aspect of the present principles, there is provided a
method for playing back media content. The method includes storing discrete files in
a segment storage device. Each of the discrete files includes a respective transport
segment and a respective index segment obtained from transport stream data and
index data corresponding to the media content. The method also includes re-
assembling transport segments from the discrete files for seamless playback of the
transport segments. For a program or recording session that includes multiple
programs therein, the transport segments for the program or recording session and
each of the multiple programs therein are capable of being re-assembled as
separate programs.

These and other aspects, features and advantages of the present principles will
become apparent from the following detailed description of exemplary embodiments,

which is to be read in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The present principles may be better understood in accordance with the

following exemplary figures, in which:

FIG. 1 is a diagram showing an exemplary processing system 100 to which
the present principles can be applied, in accordance with an embodiment of the
present principles;

FIG. 2 is a diagram showing an exemplary set-top box 200 including digital
video recorder functionality and time-shift functionality, in accordance with an
embodiment of the present principles;

FIG. 3 is a diagram showing an exemplary recording pipeline 300 to which the
present principles can be applied, in accordance with an embodiment of the present
principles;

FIG. 4 is a diagram showing an exemplary playback pipeline 300 to which the
present principles can be applied, in accordance with an embodiment of the present
principles;

FIG. 5 is a diagram showing four exemplary record types 500 that exist in the
segment database, in accordance with an embodiment of the present principles;

FIG. 6 is a diagram showing an exemplary method 600 for starting a

recording, in accordance with an embodiment of the present principles;



10

15

20

25

30

WO 2013/106182 PCT/US2012/070790

FIG. 7 is a diagram showing an exemplary method 700 for stopping a
recording, in accordance with an embodiment of the present principles;

FIG. 8 is a diagram showing an exemplary method 800 for deleting a
recording, in accordance with an embodiment of the present principles;

FIG. 9 is a diagram showing an exemplary method 900 for garbage collecting
segments, in accordance with an embodiment of the present principles;

FIG. 10 is a diagram showing an exemplary method 1000 for truncating data
from the start of a recording, in accordance with an embodiment of the present
principles;

FIG. 11 is a diagram showing an exemplary method 1100 for appending
segments to the start of a recording, in accordance with an embodiment of the
present principles;

FIG. 12 is a diagram showing an exemplary method 1200 for playing back a
recording, in accordance with an embodiment of the present principles; and

FIG. 13 is a diagram showing an exemplary recording tree index 1300, in

accordance with an embodiment of the present principles.

DETAILED DESCRIPTION

The present principles are directed to creating and managing sub-recordings.

While one of ordinary skill in the art will readily contemplate various
applications to which the present principles can be applied, the following description
will focus on embodiments of the present principles applied to a set-top box with
digital video recorder functionality and the time-shift functionality. However, one of
ordinary skill in the art will readily contemplate other devices and applications to
which the present principles can be applied, given the teachings of the present
principles provided herein, while maintaining the spirit of the present principles. For
example, the present principles can be incorporated into any device that has
multimedia playback capability along with recording and time-shift functionality.
Accordingly, the present principles can be incorporated into a set-top box with digital
video recorder (DVR) capabilities, a stand-alone DVR, a home media server, a
computer media station, a tablet device, a home network gateway, a multi-media
player, a home networking appliance, and so forth. It is to be appreciated that the

preceding listing of devices is merely illustrative and not exhaustive.
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Regarding the aforementioned prior art, and the use of a specially designed
file system to address the problem of adding new data to a time-shift recording while
truncating old data from the end of the time-shift recording, we initially point out that
the present principles solve this problem without requiring a specially designed file
system. Advantageously, this allows standard file systems (also referred to herein
as “existing” or “legacy” file systems) to be used for video storage. Moreover, the
present principles allow for the sharing of transport data between overlapping
recordings, which reduces storage space.

FIG. 1 shows an exemplary processing system 100 to which the present
principles may be applied, in accordance with an embodiment of the present
principles. The processing system 100 includes at least one processor (CPU) 102
operatively coupled to other components via a system bus 104. A read only memory
(ROM) 106, a random access memory (RAM) 108, a display adapter 110, an
input/output (I/0O) adapter 112, a user interface adapter 114, and a network adapter
198, are operatively coupled to the system bus 104.

A display device 116 is operatively coupled to system bus 104 by display
adapter 110. A disk storage device (e.g., a magnetic or optical disk storage device)
118 is operatively coupled to system bus 104 by |/O adapter 112.

A mouse 120 and keyboard 122 are operatively coupled to system bus 104
by user interface adapter 214. The mouse 120 and keyboard 122 are used to input
and output information to and from system 100.

A transceiver 196 is operatively coupled to system bus 104 by network
adapter 198.

Of course, the processing system 100 may also include other elements (not
shown), as readily contemplated by one of skill in the art, as well as omit certain
elements. For example, various other input devices and/or output devices can be
included in processing system 100, depending upon the particular implementation of
the same, as readily understood by one of ordinary skill in the art. For example,
various types of wireless and/or wired input and/or output devices can be used.
Moreover, additional processors, controllers, memories, and so forth, in various
configurations can also be utilized as readily appreciated by one of ordinary skill in
the art. These and other variations of the processing system 100 are readily
contemplated by one of ordinary skill in the art given the teachings of the present
principles provided herein.
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Moreover, it is to be appreciated that set-top box 200 described below with
respect to FIG. 2 is a set-top box 200 for implementing respective embodiments of
the present principles. Further, itis to be appreciated that recording pipeline 300
and playback pipeline 400 described below with respect to FIGs. 3 and 4,
respectively, are included within set-top box 200. Of course, as noted above, the
present principles are not limited to a set-top box and, thus, the recording pipeline
300 and playback pipeline 400 can be incorporated into other devices, some of
which have been mentioned above, while maintaining the spirit of the present
principles. Part or all of processing system 100 may be implemented in one or more
of the elements of set-top box 200 (or other device), recording pipeline 300, and/or
playback pipeline 400.

Additionally, it is to be appreciated that processing system 100 may perform
at least part of the method described herein including, for example, at least part of
method 600 of FIG. 6 and/or at least part of method 700 of FIG. 7. Similarly, part or
all of set-top box 200, recording pipeline 300, and/or playback pipeline 400 may be
used to perform at least part of method 600 and/or at least part of method 700.

FIG. 2 shows an exemplary set-top box 200 including digital video recorder
functionality and time-shift functionality, in accordance with an embodiment of the
present principles. Itis to be appreciated that several components necessary for
complete operation of the set-top box 200 are not shown in the interest of
conciseness, as the components not shown are well known to those skilled in the
art.

Signals are interfaced to set-top box 200 at input signal receiver 202. Input
signal receiver 202 connects to input stream processor 204. The input stream
processor 204 connects to audio processor 206 and video processor 210. Audio
processor 206 connects to audio interface 208, which provides the audio output
signal from set-top box 200. Video processor 210 connects to display interface 218,
which provides the video output signal from set-top box 200. Audio processor 206
and video processor 210 also connect to a storage device 212. A controller 214
connects to the storage device 212, as well as input stream processor 204, audio
processor 206, and video processor 210. A control memory 220 connects to the
controller 214. Controller 214 also connects to user interface 216 and handheld
interface 222.
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The content is received in an input signal receiver 202. The input signal
receiver 202 may be one or more of several known receiver circuits used for
receiving, demodulation, and decoding signals provided over one of the several
possible networks including over the air, cable, satellite, Ethernet, fiber and phone
line networks. Itis important to note that input signal receiver 202 may include
receiving, demodulation, and decoding circuitry for data signals as well as media
content signals delivered over either the same delivery network as the desired
broadcast input signal or over a different network, and/or an alternative cellular or
wireless network. The received media content and data over delivery network 2 (or
wireless network may be different from the media content and delivery network 1.
The data may include information associated with scheduling changes and updates
as well as information related to the media content delivered over either delivery
network. In one embodiment, a cable broadcast signal is received, demodulated,
and decoded in a cable tuner circuit in signal receiver 202. The desired broadcast
input signal may be selected and retrieved in the input signal receiver 202 based on
user input provided through a control interface (not shown). Input signal receiver
202 also includes an Internet protocol (IP) interface circuit that additionally provides
bi-directional network connectivity.

The decoded output signal from one or more of the circuits in input signal
receiver 202 is provided to an input stream processor 204. The input stream
processor 204 performs the final signal selection and processing, and includes
separation of video content from audio content for the content stream. The audio
content is provided to an audio processor 206 for conversion from the received
format (e.g., compressed digital signal) to another format (e.g., analog waveform
signal). The analog waveform signal is provided to an audio interface 208 and
further to the display device 114 or an audio amplifier (not shown). Alternatively, the
audio interface 208 may provide a digital signal to an audio output device or display
device using a High-Definition Multimedia Interface (HDMI) cable or alternate audio
interface such as via a Sony/Philips Digital Interconnect Format (SPDIF). The audio
processor 206 also performs any necessary conversion for the storage of the audio
signals.

The video output from the input stream processor 204 is provided to a video
processor 210. The video signal may be one of several formats. The video

processor 210 provides, as necessary a conversion of the video content, based on
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the input signal format. The video processor 210 also performs any necessary
conversion for the storage of the video signals.

A storage device 212 stores audio and video content received at the input.
The storage device 212 allows later retrieval and playback of the content under the
control of a controller 214 and also based on commands, e.g., navigation
instructions such as fast-forward (FF) and rewind (Rew), received from a user
interface 216. The storage device 212 may be a hard disk drive, one or more large
capacity integrated electronic memories, such as static RAM (SRAM), or dynamic
RAM (DRAM), an interchangeable optical disk storage system such as a compact
disk drive or digital video disk drive, or storage external to, and accessible by, set-
top box 200.

The converted video signal, from the video processor 210, either originating
from the input or from the storage device 212, is provided to the display interface
218. The display interface 218 further provides the display signal to a display device
of the type described above. The display interface 218 may be an analog signal
interface, such as red-green-blue (RGB), or may be a digital interface (e.g., HDMI).

The controller 214 is interconnected via a bus to several of the components of
the set-top box 200, including the input stream processor 202, audio processor 206,
video processor 210, storage device 212, user interface 216, and handheld interface
222. The controller 214 manages the conversion process for converting the input
stream signal into a signal for storage on the storage device or for display. The
controller 214 also manages the retrieval and playback of stored content. The
controller 214 is further coupled to control memory 220 (e.g., volatile or non-volatile
memory, including RAM, SRAM, DRAM, read only memory (ROM), programmable
ROM, electronically programmable ROM (EPROM), electronically erasable
programmable ROM (EEPROM), flash memory, etc.) for storing information and
instruction code for controller 214. Further, the implementation of the memory 220
may include several possible embodiments, such as a single memory device or,
alternatively, more than one memory circuit connected together to form a shared or
common memory. Still further, the memory may be included with other circuitry,
such as portions of bus communications circuitry, in a larger circuit.

In addition to interfacing to a user interface element and a display device, set-
top box 200 may also interface to a handheld device, such as a tablet, through

handheld interface 222. This handheld device may include a display screen with
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additional controls or may include a touch screen. Video signals from video
processor 210 as well as other data, such as the on-screen display messages and
message prompt returns, may be routed between controller 214 and handheld
interface 222. Handheld interface 222 may transmit and receive signals and data
with a handheld device or tablet using a radio frequency communications link, such
as Wi-Fi, Bluetooth, or the Institute of Electrical and Electronics Engineers (IEEE)
standard 802.11. Handheld interface 222 may alternatively transmit and receive
signals and data with a handheld device or tablet using an infra-red interface.

In operation, set-top box 200 implements a process for updating, managing,
and searching a media content database in a client device, such as a set-top box or
home gateway, as described in further detail below. The physical implementation of
the algorithm or function may be done in hardware, such as discrete circuitry related
to the video processor 210, or software, such as software residing in the control
memory 220 and read and executed by the controller 214. The method involves
receiving event data associated with media content, the event data including a
unique event identifier, examining the event identifier to store the event data in an
array in a cache memory, updating an event count value if the event identifier in the
received event data is not currently in the array, and updating a first event database
with the event data in the array if a swap of the cache memory is triggered, such as
when at least one of an event count value exceeds a predetermined threshold and a
time period value exceeds a predetermined threshold.

Operational aspects of a device, such as set-top box 200, that is used as a
media storage and interface device typically include the storage, maintenance,
searching, retrieval of the media content as well as the database entries or records
for identifying the content. Updating of the database information and entries is
important in a dynamic system that can include periodic or continual content
information updates. For instance, new database records or information may be
received and provided to the database. Additionally, currently stored content and
entries or information associated with the content may be removed or erased. The
content may be removed or erased on a periodic basis or alternatively through
inputs to the device from a user control. Simultaneously, or nearly simultaneously, a
request, such as a database search request, may be made. In general, all sorts and
forms of content and information may be received from multiple sources and input to

the database. Itis important that a stable database be available for the search
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request. The data and information needs to be added to the database while still
maintaining the search capability and keeping the search results and performance of
the search as high as possible. Improvements to updating and searching in the
database are even more desirable in a simple database structure (e.g., the structure
implemented in a structured query language (SQL) database).

The functioning and control for the updating, managing, and searching of a
media content database as described herein may be encompassed as part of the
operating code or firmware associated with a gateway device (e.g., set-top box 200).
The process may include operating instructions written in any programming
language (e.g., Java or hypertext markup language (HTML)). The application may
be pre-loaded or downloaded (e.g., from a server or Internet site), and stored in a
memory of the host device. Itis to be appreciated that in one embodiment the
instructions are stored in control memory 220 of FIG. 2 where the instructions are
retrieved thereon and executed by controller 214. In another embodiment, the
memory and a corresponding processor or controller to perform the processing may
be integrated into a separate stand-alone integrated circuit (e.g., a digital processing
processor (DSP) or an application specific integrated circuit (ASIC)).

FIG. 3 shows an exemplary recording pipeline 300 to which the present
principles can be applied, in accordance with an embodiment of the present
principles. In an embodiment, the recording pipeline 300 is included within the set-
top box 200 of FIG. 2. However, as noted above, the recording pipeline 300 can be
included in other devices including, but not limited to, a stand-alone DVR, a home
media server, a computer media station, a tablet device, a home network gateway, a
multi-media player, a home networking appliance, and so forth.

The recording pipeline 300 includes a tuner 301, a demultiplexer (demux)
302, a segmenter 303, a segment storage device 304, a segment database 305, and
a recording control device 306.

Broadcast video is received by the tuner 301. The tuner 301 could be a
hardware tuner such as a digital video broadcasting (DVB) or advanced television
systems committee (ATSC) tuner or an Internet protocol television (IPTV) tuner that
receives transport streams over a network interface (not depicted). The transport
stream received by the tuner 301 is sent to the demultiplexer 302.

In the case of multi-program transport streams, the demultiplexer 302 may

select the desired program and send a single program transport stream along with
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indexing information to the segmenter 303. In the case of single program transport
streams, the demultiplexer 302 may transparently send the received transport
stream to the segmenter 303 without modification, but additionally provide indexing
information for the associated stream. In both cases, the indexing information
includes a list of access points in the stream and their associated presentation time
stamps (PTS). An access point marks a position in the stream where decoding can
begin.

The segmenter 303 breaks the transport stream data and indexing data into
discrete segments and writes this data to segment storage device 304. Segment
storage device 304 would typically be a hard disk with a file system. Of course,
segment storage device 304 can be implemented in a different type of memory
device with a file system, as is readily appreciated by one of ordinary skill in the art,
given the teachings of the present principles provided herein.

Each transport segment and index segment is stored as a unique file in the
file system. The size of the segments can be adjusted based on performance
considerations for a specific system, but a typical segment size would include
approximately 1 to 5 minutes of data. As each segment is written, the segmenter
303 updates the segment database 305 with information about the segments it
creates.

The recording control device 306 interacts with the tuner 301, demultiplexer
302, and segmenter 303 to control recordings. The recording control device 306
controls and/or otherwise indicates to the tuner 301 to tune to the service to be
recorded. The recording control device 306 controls and/or otherwise indicates to
the demultiplexer 302 which program in the transport stream to record, and it gives
the segmenter 303 a list of playlists to associate with the recorded segments.

FIG. 4 shows an exemplary playback pipeline 300 to which the present
principles can be applied, in accordance with an embodiment of the present
principles. The playback pipeline 400 plays back recorded segments. In an
embodiment, the playback pipeline 400 is included within the set-top box 200 of FIG.
2. However, as noted above, the playback pipeline 400 can be included in other
devices including, but not limited to, a stand-alone DVR, a home media server, a
computer media station, a tablet device, a home network gateway, a multi-media
player, a home networking appliance, and so forth.

The playback pipeline 400 includes a segment database 401, a segment

11
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storage device 402, a desegmenter 403, a demultiplexer 404, a playback control
device 405, a subtitle decoder 406, a video decoder 407, an audio decoder 408, an
audio rendering device 209, and a video rendering device 210.

Playback control device 405 controls and/or otherwise indicates to the
desegmenter 403 which playlist should be played. Playback control device 405 also
controls and/or otherwise indicates to the desegmenter 403 to begin playback at a
specified time offset and to playback at a specified rate. For example, a playback
rate of 1.0 would correspond to normal playback, 4.0 would be a 4x fast forward,
-4.0 would be 4x rewind, and 0.0 would be pause.

The desegmenter 403 queries the segment database 401 to find the transport
and index segment files required for playback. The desegmenter 403 then reads
these files from segment storage device 402. Indexing information is used by the
desegmenter 403 to skip to a defined offset in a segment in cases where playback is
to begin at some time offset into the segment. The desegmenter 403 then sends
data (e.g., a transport stream) from the segment storage device 402 to the
demultiplexer 404.

The demultiplexer 404 splits the transport stream into audio, video, and
subtitle elementary streams and sends these streams to the audio decoder 408,
video decoder 407, and subtitle decoder 406, respectively. The output from the
audio decoder 408 is then sent to an audio rendering device 409 which is
responsible for final rendering of the audio. The outputs from the video decoder 407
and subtitle decoder 406 are sent to the video rendering device 410 which is
responsible for final rendering of the video.

FIG. 5 shows four exemplary record types 500 that exist in the segment
database (e.g., segment database 305 and segment database 401), in accordance
with an embodiment of the present principles. The record types include the
following: Playlist records 501; PlaylistSegment records 502; Segment records 503;
and SegmentDelete records 504. Each Playlist record 501 represents a recording.
Each Segment record 403 represents a recorded segment stored on disk. Each
PlaylistSegment record 402 associates a Segment record 503 with a Playlist record
501. Finally, SegmentDelete records 504 are used to track recorded segments that
are marked for deletion.

A description will now be given regarding some exemplary scenarios to which

the present principles can be applied, in accordance with an embodiment of the
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present principles.

If a user is watching live broadcast content and decides to start recording, it is
desirable to use available time-shift data to create a complete recording of an event
even if the user did not make a recording request until sometime after the start of an
event. As an example, assume that a user is watching an event that began at
8:00pm. At 8:10pm, the user requests to record the event. If the time-shift buffer
includes content from 8:00pm through 8:10pm, it should be possible to create a
complete recording of the entire event. The present invention provides a means for
converting time-shift data into a recording without requiring copying of the time-shift
data to form the new recording.

In some instances it is possible for multiple recordings to share some of the
same content. For example, assume event A begins at 8:00PM and ends at 8:30PM
and event B begins at 8:30PM and ends at 9:00PM on the same channel. A user
may request to record both event A and event B. Further, the user’s recording
preferences may indicate that all recordings should begin 5 minutes early and end 5
minutes late. In this scenario there is an overlap where the last 10 minutes of
recording A will include the same content as the first 10 minutes of recording B. The
present principles provide a way to optimize the storage of such overlapping
recordings by allowing the overlapping portion of the recording to be stored in one
location and shared by the two recordings instead of duplicating the shared data.

On most DVRs, a user can either select a particular event to record, or can
schedule a recording based on a time range and channel. When the user schedules
by time and channel, most DVRs will show the recording as a generic entry that says
something like “Manual Recording 8pm — 10pm on channel 99”. The recording may
include multiple events, but there is no way to know what the recording includes.
There is also no way to pick out a particular event and play it, or to keep an eventin
the recording and delete the rest. For example, the above referenced manual
recording might include an episode of Program A that the user wants to keep from
8:30pm-9pm, but the user might want to delete everything else. The present
principles provide a solution to these problems.

A description will now be given regarding creating a recording, in accordance
with an embodiment of the present principles.

When a recording is started, first a new playlist record 501 is added to the

segment database to represent the new recording. The playlist record is assigned a
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new unique PlaylistID and the UsedForTimeshift field is set to indicate whether this
playlist is for a normal recording or for time-shift.

After the playlist is created, the recording control configures the recording
pipeline 300 to begin recording. The segmenter 303 then creates a new Segment
record 503 and PlaylistSegment record 502 in the segment database 305 and
begins writing the first transport file and index file to disk.

The Segment record 503 is created with the following values:

SegmentID — a unique ID for the segment

TransportFile — the file used for storing transport stream data for this segment
IndexFile — the file used for storing index information for this segment
ReferenceCount — this is a count of the number of PlaylistSegment records that
reference this segment. If the current recording only applies to one playlist, it will be
setto 1.

Service/Program|D — This identifies the service (channel) being recorded

StartTime — the start time of the segment in UTC

EndTime — this is the end time of the segment, but is unknown until the segment is
complete. Initially this value is set to O.

StartingPTS — this is the first PTS in the segment. If the first PTS is unknown at
segment creation, this value is initially set to 0.

EndingPTS — this is the ending PTS value for the segment, but it is unknown initially
and setto 0.

Discontinuity — this is a flag that indicates a PTS discontinuity exists within the
segment. Itis initially set to FALSE.

The PlaylistSegment record 502 is created with the following values:

PlaylistID — the PlaylistID for the Playlist record associated with this segment
SegmentID — the SegmentID of the Segment record

SequenceNumber — this is an integer that increments for each segment added to a
playlist. The initial value is 0.

StartOffset — this is initially set to 0.

EndOffset — this is initially set to 0.

When recording, a PlaylistSegment record 502 is created for each playlist for
each segment. Thus, if data was being recorded into three playlists, each Segment
record would have 3 PlaylistSegment records 502. Also, each Segment record
would have its reference count set to 3, because there are 3 PlaylistSegment
records 502 that reference the segment.

A typical segment size would include about 1 to 5 minutes of data. After each
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segment is complete, the segmenter 303 updates the Segment record 503 with final
data for the segment. This will include the EndTime, EndingPTS, Discontinuity flag,
and the StartingPTS if it was not known at the start of the recording. The segmenter
303 then begins writing the next segment, creating a new Segment record 503 and
PlaylistSegment records 502. This process continues until the recording is
complete.

FIG. 6 shows an exemplary method 600 for starting a recording, in
accordance with an embodiment of the present principles. At step 610, a playlist is
created. At step 620, it is determined whether or not a recording pipeline already
exists for a desired service. If so, then the method 600 proceeds to a step 615.
Otherwise, the method 600 proceeds to a step 660. At step 615, the playlist is
added to the segmenter 303 of the existing recording pipeline.

At step 620, it is determined whether or not the segmenter 303 is in the
middle of a segment. If so, then the method 600 proceeds to a step 625.
Otherwise, the method 600 proceeds to a step 645.

At step 625, the segmenter 303 creates a PlaylistSegment record 502 for the
new playlist with an adjusted start offset for the current position.

At step 630, the reference count on the segment is incremented.

At step 635, it is determined whether or not the segment is complete. If so,
then the method 600 proceeds to a step 640. Otherwise, the method 600 proceeds
to a step 650.

At step 640, the Segment record 503 is updated with final timestamps.

At step 645, the segmenter 303 writes the new segment and indexes files (for
the new segment), creates a Segment record 503, and creates a PlaylistSegment
record 502 for each playlist.

At step 660, a recording pipeline is created.

At step 650, it is determined whether or not the recording is complete. If so,
the method 600 proceeds to a step 655. Otherwise, the method 600 returns to step
635.

At step 655, the recording is stopped (see FIG. 7).

FIG. 7 shows an exemplary method 700 for stopping a recording, in
accordance with an embodiment of the present principles. At step 705, a playlist is

removed from the segmenter 303. At step 710, it is determined whether or not the
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segmenter 303 is in the middle of a segment. If so, then the method 700 proceeds
to a step 715. Otherwise, the method 700 proceeds to a step 720.

At step 715, the end offset on the last PlaylistSegment record 502 is adjusted.

At step 720, is it determined whether or not the segment includes one or more
playlists. If so, then the method 700 is terminated. Otherwise, the method 700
proceeds to a step 725.

At step 725, the recording pipeline is torn down.

FIG. 8 shows an exemplary method 800 for deleting a recording, in
accordance with an embodiment of the present principles. At step 805, Playlist
Segment records 502 are queried, where PlaylistID = the playlist to delete to build a
list of segments. At step 810, the method 800 starts with the first segment in the list.
At step 815, the reference count on the Segment record 503 is decremented. At
step 820, it is determined whether or not the reference count = 0. If so, then the
method 800 proceeds to a step 825. Otherwise, the method 800 proceeds to a step
840.

At step 825, a SegmentDelete record 504 is created with SegmentID.

At step 830, it is determined whether or not there are more segments. If so,
then the method 800 proceeds to a step 835. Otherwise, the method 800 proceeds
to a step 845.

At step 835, the method 800 moves to the next segment in the list.

At step 845, garbage collection is triggered.

FIG. 9 shows an exemplary method 900 for garbage collecting segments, in
accordance with an embodiment of the present principles. At step 905, itis
determined whether or not there are SegmentDelete records 504. If so, then the
method 900 proceeds to a step 910. Otherwise, the method 900 is terminated. At
step 910, the transport and index file are deleted. At step 915, the Segment record
503 is deleted. At step 920, the SegmentDelete record 504 is deleted.

FIG. 10 shows an exemplary method 1000 for truncating data from the start of
a recording, in accordance with an embodiment of the present principles. At step
1005, the PlaylistSegment record 502 with the smallest Segment record 503 is
queried, where PlaylistID = the playlist to truncate to get segment record. At step
1010, it is determined whether or not the current time — EndTime > time-shift length.
If so, then the method 1000 proceeds to a step 1015. Otherwise, the method
proceeds to a step 1040.
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At step 1015, the reference count on the Segment record 503 is
decremented. At step 1020, it is determined whether or not the reference count = 0.
If so, then the method 1000 proceeds to a step 1025. Otherwise, the method 1000
proceeds to a step 1035.

At step 1025, a SegmentDelete record 504 is created with SegmentID. At
step 1030, garbage collection is triggered.

At step 1035, the Segment record 503 is deleted.

At step 1040, cause a delay = time-shift length — (current time — EndTime).

FIG. 11 shows an exemplary method 1100 for appending segments to the
start of a recording, in accordance with an embodiment of the present principles.
The method 1100 can be used to prepend time-shift data to the start of a recording.
At step 1105, recording is started (see FIG. 6). Atstep 1110, Segment records 503
are queried, where Service = the service we are recording and StartTime < desired
StartTime, and EndTime > desired start time sorted by StartTime descending. At
step 1115, it is determined whether or not there are time gaps in the segments. If so,
then the method 1100 proceeds to a step 1120. Otherwise, the method proceeds to
a step 1125.

At step 1120, truncation is performed at the gaps so there are no (more) gaps
in the list.

At step 1125, the method 1100 starts at the second segment in the list, with
SequentNumber = 0.

At step 1130, a Playlist Segment record 502 is created, and a reference count
is incremented. At step 1135, it is determined whether or not there are more
segments in the list. If so, then the method 1100 proceeds to step 1140. Otherwise,
the method 1100 is terminated. At step 1140, the method 1100 moves to the next
segment, and decrements SequenceNumber.

FIG. 12 shows an exemplary method 1200 for playing back a recording, in
accordance with an embodiment of the present principles. At step 1205, the Playlist
Segment record 502 with the smallest SequenceNumber is queried, where PlaylistiD
= the playlist to play. At step 1210, it is determined whether or not the StartOffset =
0. If so, then the method 1200 proceeds to a step 1215. Otherwise, the method
1200 proceeds to a step 1250.

At step 1215, the starting byte position is set to 0.
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At step 1220, it is determined whether or not the EndOffset = 0. If so, then
the method 1200 proceeds to a step 1225. Otherwise, the method 1200 proceeds to
a step 1255.

At step 1225, the end byte position is set equal to the size of the transport file.

At step 1230, the transport file is read from the start byte position to the end
byte position and the data is sent to the demultiplexer 404. At step 1235, the
SequenceNumber is incremented. At step 1240, it is determined whether or not a
playlist segment exists with PlaylistID = Playlist to play and sequent number. If so,
then the method 1200 proceeds to step 1245. Otherwise, the method 1200
proceeds to step 1260.

At step 1245, the playlist segment and the segment are retrieved.

At step 1250, the index file is read to find the start byte position for
StartOffset.

At step 1255, the index file is read to find the end byte position for the
EndOffset.

At step 1260, playback is complete.

A description will now be given regarding adding/removing playlists during
recording operations, in accordance with an embodiment of the present principles.

In cases where the same data is being used for multiple playlists, it is
sometimes necessary to add or remove a playlist from the segmenter 303 during a
recording operation. The StartOffset and EndOffset fields in PlaylistSegment
records 502 are used for this purpose. Assume our system uses 5 minute
segments. Further, assume 2 minutes into a segment a second playlist is added to
the recording. At this point a new PlaylistSegment record 502 is created, the
Segment record's reference count is incremented, and the fields in the
PlaylistSegment are filled out as before with the exception of the StartOffset field.
The StartOffset field is set to 120 seconds to indicate that playback for this segment
should begin at an offset of 120 seconds into the segment. Likewise, if data is being
recorded to multiple playlists and recording is stopped for a single playlist, the
EndOffset field is set to the offset from the end of the segment where playback
should stop.

A description will now be given regarding deleting recordings, in accordance
with an embodiment of the present principles. This process is also described above

with respect to FIG. 8.
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Each recording corresponds to a playlist. When a recording is deleted, the

following actions are performed on the segment database:

1. The Playlist record 501 for the recording is deleted.

2. All PlaylistSegment records 502 that reference the deleted PlaylistID are
deleted.

3. For each deleted PlaylistSegment record 502, the Segment record 503
corresponding to the SegmentID in the deleted PlaylistSegment record 502
has its ReferenceCount field decremented by one.

4. For each Segment record 503 whose ReferenceCount is now 0, a new
SegmentDelete record 504 is created with the SegmentID set to the segment
with the 0 ReferenceCount.

The above 4 operations must be performed atomically on the database so
that if a power failure occurs during the operation, the database remains in a
consistent state.

As also described with respect to FIG. 9 above, a background process
periodically queries the SegmentDelete records 504, looks up the corresponding
Segment record 503, deletes the IndexFile and TransportFile, and then removes the
Segment record 503 and SegmentDelete record 504. This can be done immediately
after deletion, or this operation can be delayed until disk space is needed.

A description will now be given regarding creating playlists for time-shift, in
accordance with an embodiment of the present principles.

Creating a playlist for time-shift is the same as creating a playlist for recording

with two exceptions:

1. The UsedForTimeshift flag in the Playlist record is set to TRUE. Each time
the set-top box 200 is booted, all Playlists with UsedForTimeshift set to TRUE
are deleted as time-shift playlists do not need to be preserved through a
reset.

2. PlaylistSegments from the beginning of the recording are periodically deleted.
This process follows the same process as for deleting an entire playlist only
the Playlist record is not deleted and only the specified PlaylistSegment
record 502 is removed. Periodically deleting PlaylistSegments bounds the
size of the time-shift buffer. For example, if we wanted to maintain a 30
minute time-shift buffer and our segment size was 5 minutes, we would keep
no more than 6 complete segments for the playlist. When the 7th segment is
complete, we would delete the first PlaylistSegment bringing the total number
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of segments for the playlist back to 6.

A description will now be given regarding converting time-shift data to a
recording, in accordance with an embodiment of the present principles. This
process is also described above with respect to FIG. 10.

When a recording is requested for an event that is already in progress, the
segment database is queried for Segment records 503 that match the time range
and service for the event. This is done by querying the StartTime, EndTime, and
Service/ProgramlD fields. If segments are found that correspond to the service and
time range of the requested event, new PlaylistSegment records 502 are created for
each of these segments and inserted with sequence numbers such that they appear
in the proper sequence at the start of the recording. The StartOffset of the first
segment is adjusted as necessary to match the starting time for the event. In
addition, the ReferenceCount field for each of the added segments is incremented.
This process allows existing data used for time-shift to be added to the recording
without actually copying or modifying any transport or index files.

A description will now be given regarding playing back a recording or a time-
shift, in accordance with an embodiment of the present principles. This process is
also described above with respect to FIG. 12.

Basic playback has already been described with respect to FIG. 4. We now
describe the database operations performed by the desegmenter 403 during a
playback operation in more detail.

When playing back a recording from the start, the desegmenter 403 queries
the PlaylistSegment record 502 with the lowest sequence number. The
desegmenter 403 then queries the corresponding Segment record 503 to find the
TransportFile and IndexFile. If StartOffset on the PlaylistSegment record is 0,
playback begins at the start of the transport file. If StartOffset is non-zero, the offset
is converted into a PTS offset by using the StartTime and StartingPTS fields as a
base time for the start of the segment. The index file is scanned to find the byte
position in the transport file corresponding to the specified PTS offset and playback
begins from that position.

To handle a seek to a specified offset in a playlist, the desegmenter 403
queries the PlaylistSegment records 502 to get a list of SegmentIDs for the playlist.

The desegmenter 403 then queries the Segment record 503 with the lowest
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sequence number to read the StartTime. This is the base start time for the playlist.
The desegmenter 403 then adds the specified offset to the base time to calculate the
absolute time of the desired position. Finally, the desegmenter 403 searches for the
Segment record 503 that includes the specified time by comparing the StartTime and
EndTime fields for the Segment records 503 that are part of the playlist. This gives
the transport and index file including the desired position. The desired absolute time
is then converted into a PTS timestamp by using the StartTime and StartingPTS
fields on the Segment record 503 as a base time for the segment and then
calculating the desired PTS offset. The index file is then scanned to find the byte
offset in the transport file for the desired PTS offset. The desegmenter 403 then
begins playback from this point in the transport file.

Discontinuous trick modes (fast forward and rewind) are handled the same
way as seek operations. For example, to implement a 4x fast forward the
desegmenter 403 may seek 2 seconds forward in the playlist every 0.5 seconds.
This has the effect of scanning through the playlist at a rate of 4x normal playback.

To ensure database operations required for seek operations are efficient, it is
expected that the database 401 will provide proper indexing to ensure the required
queries execute quickly. In addition, the desegmenter 403 may cache or pre-fetch
data from the database 401 to improve performance. These details are specific to
particular database implementations and are beyond the scope of the present
principles.

A description will now be given regarding the creation and management of
recordings and sub-recordings, in accordance with an embodiment of the present
principles.

The principles described herein allow a user to create a recording on a
channel for a defined time range and manage the recorded content both as a
contiguous recording and as discrete events within the recorded block.

When a user schedules a recording by time and channel using the present
principles, a query of a database including electronic program guide (EPG) data
occurs to determine which events will be included in the recording. The system then
creates multiple recordings. The parent recording will be a contiguous recording
covering the time range requested by the user. In parallel with the parent recording,
the system will create recordings for each event that the parent recording includes,

as reported by the EPG data. TABLE 1 below shows an example of this.
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TABLE 1

Manual Recording — 8PM to 10PM on channel 99

Program A Program B News Special — Presidential Debate

Thus, in this example, the present principles create four recordings, even
though the user only requested recording from 8pm to 10pm on channel 99. The
system does not actually record any additional data to do this. The present
principles use a segmented recording architecture as described herein.

Due to the parent-child relationship between the recordings, the manual
recording can be presented to the user in a tree structure that can be expanded and
collapsed with the parent recording being the root node of the tree. FIG. 13 is a
diagram showing an exemplary recording tree index 1300, in accordance with an
embodiment of the present principles. Thus, for the example above, the recordings
might be displayed to the user as shown in FIG. 13. The “Manual Recording — 8PM
to 10PM on channel 99” is shown at the root 1310 of the tree index 1300. “Program
A”, “Program B”, and “News Special — Presidential Debate” are shown as branches
and/or leaves 1311, 1312, and 1313.

The user could then choose to play the manual recording, and would see
everything as a contiguous block. The user could also decide to play only Program
A within the recording, and playback would start at the beginning of the episode and
end at the end of the episode of Program A.

The user could also delete the manual recording, but choose to keep a
particular episode included within the manual recording. For example, a user might
want to keep the episode of Program A, but delete everything else. The actual
recorded video and audio data is shared between the parent recording and child
recordings and is reference counted, so the data in each segment is only removed
from the disk when it is no longer referenced by any recording in the list.

The present description illustrates the present principles. It will thus be
appreciated that those skilled in the art will be able to devise various arrangements
that, although not explicitly described or shown herein, embody the present

principles and are included within its spirit and scope.
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All examples and conditional language recited herein are intended for
pedagogical purposes to aid the reader in understanding the present principles and
the concepts contributed by the inventor(s) to furthering the art, and are to be
construed as being without limitation to such specifically recited examples and
conditions.

Moreover, all statements herein reciting principles, aspects, and
embodiments of the present principles, as well as specific examples thereof, are
intended to encompass both structural and functional equivalents thereof.
Additionally, it is intended that such equivalents include both currently known
equivalents as well as equivalents developed in the future, i.e., any elements
developed that perform the same function, regardless of structure.

Thus, for example, it will be appreciated by those skilled in the art that the
block diagrams presented herein represent conceptual views of illustrative circuitry
embodying the present principles. Similarly, it will be appreciated that any flow
charts, flow diagrams, state transition diagrams, pseudocode, and the like represent
various processes which may be substantially represented in computer readable
media and so executed by a computer or processor, whether or not such computer
or processor is explicitly shown.

The functions of the various elements shown in the figures may be provided
through the use of dedicated hardware as well as hardware capable of executing
software in association with appropriate software. When provided by a processor,
the functions may be provided by a single dedicated processor, by a single shared
processor, or by a plurality of individual processors, some of which may be shared.
Moreover, explicit use of the term “processor” or “controller” should not be construed
to refer exclusively to hardware capable of executing software, and may implicitly
include, without limitation, digital signal processor (“DSP”) hardware, read-only
memory (“ROM?”) for storing software, random access memory (“RAM”), and
non-volatile storage.

Other hardware, conventional and/or custom, may also be included.
Similarly, any switches shown in the figures are conceptual only. Their function may
be carried out through the operation of program logic, through dedicated logic,
through the interaction of program control and dedicated logic, or even manually, the
particular technique being selectable by the implementer as more specifically

understood from the context.
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Herein, the phrase “coupled” is defined to mean directly connected to or
indirectly connected with through one or more intermediate components. Such
intermediate components may include both hardware and software based
components.

In the claims hereof, any element expressed as a means for performing a
specified function is intended to encompass any way of performing that function
including, for example, a) a combination of circuit elements that performs that
function or b) software in any form, including, therefore, firmware, microcode or the
like, combined with appropriate circuitry for executing that software to perform the
function. The present principles as defined by such claims reside in the fact that the
functionalities provided by the various recited means are combined and brought
together in the manner which the claims call for. It is thus regarded that any means
that can provide those functionalities are equivalent to those shown herein.

Reference in the specification to “one embodiment” or “an embodiment” of the
present principles, as well as other variations thereof, means that a particular
feature, structure, characteristic, and so forth described in connection with the
embodiment is included in at least one embodiment of the present principles. Thus,
the appearances of the phrase “in one embodiment” or “in an embodiment”, as well
any other variations, appearing in various places throughout the specification are not
necessarily all referring to the same embodiment.

It is to be appreciated that the use of any of the following “/*, “and/or”, and “at
least one of”, for example, in the cases of “A/B”, “A and/or B” and “at least one of A
and B”, is intended to encompass the selection of the first listed option (A) only, or
the selection of the second listed option (B) only, or the selection of both options (A
and B). As a further example, in the cases of “A, B, and/or C” and “at least one of A,
B, and C”, such phrasing is intended to encompass the selection of the first listed
option (A) only, or the selection of the second listed option (B) only, or the selection
of the third listed option (C) only, or the selection of the first and the second listed
options (A and B) only, or the selection of the first and third listed options (A and C)
only, or the selection of the second and third listed options (B and C) only, or the
selection of all three options (A and B and C). This may be extended, as readily

apparent by one of ordinary skill in this and related arts, for as many items listed.
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It is to be understood that the teachings of the present principles may be
implemented in various forms of hardware, software, firmware, special purpose
processors, or combinations thereof.

Most preferably, the teachings of the present principles are implemented as a
combination of hardware and software. Moreover, the software may be
implemented as an application program tangibly embodied on a program storage
unit. The application program may be uploaded to, and executed by, a machine
comprising any suitable architecture. Preferably, the machine is implemented on a
computer platform having hardware such as one or more central processing units
(“CPU”), a random access memory (“RAM”), and input/output (“I/O”) interfaces. The
computer platform may also include an operating system and microinstruction code.
The various processes and functions described herein may be either part of the
microinstruction code or part of the application program, or any combination thereof,
which may be executed by a CPU. In addition, various other peripheral units may be
connected to the computer platform such as an additional data storage unit and a
printing unit.

It is to be further understood that, because some of the constituent system
components and methods depicted in the accompanying drawings are preferably
implemented in software, the actual connections between the system components or
the process function blocks may differ depending upon the manner in which the
present principles are programmed. Given the teachings herein, one of ordinary skill
in the pertinent art will be able to contemplate these and similar implementations or
configurations of the present principles.

Although the illustrative embodiments have been described herein with
reference to the accompanying drawings, it is to be understood that the present
principles is not limited to those precise embodiments, and that various changes and
modifications may be effected therein by one of ordinary skill in the pertinent art
without departing from the scope or spirit of the present principles. All such changes
and modifications are intended to be included within the scope of the present

principles as set forth in the appended claims.
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CLAIMS:

1. A system for recording media content, comprising:

a segmenter (303) for splitting transport stream data and index data
corresponding to the media content into discrete files at periodic intervals on access
point boundaries, each of the discrete files including a respective transport segment
and a respective index segment; and

a segment storage device (304) for storing the discrete files,

wherein the segmenter splits the transport stream data and the index data
such that, for a program or recording session that includes multiple programs
therein, the program or recording session and each of the multiple programs therein

are recorded as separate programs.

2. The system of claim 1, wherein an index for the program or recording
session and the multiple programs is displayed to a viewer using a tree structure,
with the program or recording session being located at a root of the tree structure,
and the multiple programs being located at at least one of branches and leaves of

the tree structure.

3. The system of claim 1, wherein the respective transport segment is

shared between at least two of the separate programs.

4, The system of claim 3, wherein the respective transport segment is
deleted only when the respective transport segment is no longer referenced by any

of the separate programs.

5. A method for recording media content, comprising:

splitting (645) transport stream data and index data corresponding to the
media content into discrete files at periodic intervals on access point boundaries,
each of the discrete files including a respective transport segment and a respective
index segment; and

storing (645) the discrete files in a segment storage device,

wherein the transport stream data and the index data are split such that, for a

program or recording session that includes multiple programs therein, the program
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or recording session and each of the multiple programs therein are recorded as

separate programs (1300).

6. The method of claim 5, further comprising displaying (1300) an index
for the program or recording session and the multiple programs to a viewer using a
tree structure, with the program or recording session being located at a root of the
tree structure, and the multiple programs being located at at least one of branches

and leaves of the tree structure.

7. The method of claim 5, wherein the respective transport segment is

shared between at least two of the separate programs.

8. The method of claim 7, wherein the respective transport segment is
deleted only when the respective transport segment is no longer referenced by any

of the separate programs.

9. A computer-readable storage medium having a computer-readable
program code embodied therein for causing a computer system to perform the

method of claim 5.

10. A system for playing back media content, comprising:

a segment storage device (402) for storing discrete files, each of the discrete
files including a respective transport segment and a respective index segment
obtained from transport stream data and index data corresponding to the media
content

a desegmenter (403) for re-assembling transport segments from the discrete
files for seamless playback of the transport segments; and

wherein for a program or recording session that includes multiple programs
therein, the transport segments for the program or recording session and each of the

multiple programs therein are capable of being re-assembled as separate programs.
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11.  The system of claim 10, wherein an index for the program or recording
session and the multiple programs is displayed to a viewer using a tree structure,
with the program or recording session being located at a root of the tree structure,
and the multiple programs being located at at least one of branches and leaves of

the tree structure.

12.  The system of claim 10, wherein the respective transport segment is

shared between at least two of the separate programs.

13.  The system of claim 12, wherein the respective transport segment is
deleted only when the respective transport segment is no longer referenced by any

of the separate programs.

14. A method for playing back media content, comprising:

storing (645) discrete files in a segment storage device, each of the discrete
files including a respective transport segment and a respective index segment
obtained from transport stream data and index data corresponding to the media
content

re-assembling (1230) transport segments from the discrete files for seamless
playback of the transport segments; and

wherein for a program or recording session that includes multiple programs
therein, the transport segments for the program or recording session and each of the
multiple programs therein are capable of being re-assembled as separate programs
(1300).

15.  The method of claim 14, further comprising displaying (1300) an index
for the program or recording session and the multiple programs to a viewer using a
tree structure, with the program or recording session being located at a root of the
tree structure, and the multiple programs being located at at least one of branches

and leaves of the tree structure.

16. The method of claim 14, wherein the respective transport segment is

shared between at least two of the separate programs.
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17.  The method of claim 16, wherein the respective transport segment is
deleted only when the respective transport segment is no longer referenced by any
of the separate programs.

18. A computer-readable storage medium having a computer-readable

program code embodied therein for causing a computer system to perform the
method of claim 14.

29



PCT/US2012/070790

WO 2013/106182

113

gLt

1195

0zZL
INIAIA HALdVQaY 951
AVIdSIO AV1dSIa ISNON
- 3 HIATOSNVHL
HALdvay :
JOVAHIING [ QUVOaATM .
¥3Isn
601 FHIVO zzr |momuan | ¥
M piL
s v )
¥0L sng
HILdvay
WYY NoH Ndo
on
H an 801 501 ZoL
301A3d
JOVHOLS
MSIa

8Ll



PCT/US2012/070790

WO 2013/106182

2/13

e

gLz SE v
§ §
0By EyLn I
Aeymg ™ capp |
TR
sompm |
Bl pugy
2010 L%WE@%&
=i sk
5
8iZ 07
gge
Rt g - SRV 1
Gipry oy
Y 3
808 S

{02

BRB0EN

g

AL




PCT/US2012/070790

WO 2013/106182

313

-3

&

s0¢ 90¢
Isvaviva | | _30IA3d
S neae e o JOHINOD
ONIQHODIY
k4 w

JA0IA3A B
IDNIOLS e YILNINOTS Ojuf Buixepuy XAWQ
ININOIS .

weans podsuel) ANy
¥0¢ €0t 208

HANNL

L0E




PCT/US2012/070790

WO 2013/106182

4/13

P Ol

90
4300530
oLy I1L1LENS
IOINTA g
ONINIANTY
o3ain [
¥30093a
O3
107
391830
ONIMIANTY |t mmmmwwm
olany
607 807

SOy
AOIAZ30
TOHLINOD
AJVEAY Id 20v
S
20IAZd
JOVHOLS
¥ m ININOIS
XNNEA HIINIWIDISIA
14%14 oy
ISVEVLVYaD
JINIWDIS
LoV




WO 2013/106182 PCT/US2012/070790

513

N 500

Playlist Record & 501
PlaylistiD
UsedForTimeshift

PlaylistSegment Record (& 502
PlaylistiD

SegmentiD

SequenceNumber
StartOffset
EndQOffset

Segment Record & 503
SegmentiD

TransportFile

indexFile

ReferenceCount

Service/ProgramilD
StariTime
EndTime
StartingPTS
EndingPTS

Discontinuity

SegmentDelete Record A& 504
SegmentlD

FIG. 5



WO 2013/106182

PCT/US2012/070790
6/13
600
CREATE
pravust |99
660 610 615
" DOES ADD PLAYLIST
CREATE RECORDING _—RECORDING PIPELINE FOR™_YES, | TO EXISTING
PIPELINE “~_DESIRED SERVICE ALREADY_——®|  PIPELINE'S
~_ EXIST? _— SEGMENTER
SEGMENTER WRITES | % ¥ 5251 secmenTER
NEW SEGMENT AND CREATES PLAYLIST
INDEX FILES, CREATES A ‘ ~— SEGMENT RECORD
SEGMENT RECORD, AND bg-"- e e TER I, ~YESy| WITH NEW PLAYLIST
CREATES A PLAYUST ~ e O A WITH ADJUSTED
SEGMENT RECORD FOR START OFFSET FOR
EACH PLAYLIST ' CURRENT POSITION
? E .
640 630 INCREMENT
UPDATE SEGMENT R e ST
RECORD WITH FINAL
TIMESTAMPS
¢
YES |5 SEGMENT COMPLETE? =1,
i YES (o IS RECORDING COMPLETE? >
e

STOP RECORDING

FIG. 6




WO 2013/106182

7113

REMOVE
PLAYLIST FROM
SEGMENTER

NO__—""WAS SEGMENTER IN THE ™~
“~_ MIDDLE OF A SEGMENT? __—

PCT/US2012/070790

e 700

715

ADJUST END
OFFSET ON LAST
PLAYLIST SEGMENT
RECORD

725

SEGMENTER IN
_ THE MIDDLE OF A

TEAR DOWN RECORDING]  NO
PIPELINE

FIG. 7




WO 2013/106182

835

MOVE TO NEXT

SEGMENT IN SEGMENT

LISY

NO

1
840

REMOVE
PLAYLIST
SEGMENT

RECORD

8/13

SEGMENT

PLAYLISTTO
DELETE TO BUILD

QUERY PLAYLIST

RECORDS, WHERE
PLAYLISTID = THE

LIST OF SEGMENTS

808

A

¥

LIST

START WATH FIRST
SEGMENT INTHE

810

v

DECREMENT

ON SEGMENT
RECORD

REFERENCE COUNT

815

1S REFERENCE COUNT = 07 ==

PCT/US2012/070790

825

INCREMENT
REFERENCE COUNT
ON SEGMENT

845

TRIGGER
GARBAGE
COLLECTION

FIG. 8



WO 2013/106182 PCT/US2012/070790

9/13

SEGMENTDELETE ~
_ RECORDS? __——

: YES

QUERY PLAYLIST
SEGMENT
RECORDS, WHERE
PLAYLISTID = THE |910
PLAYLIST TO
DELETE TO BUILD A
LIST OF SEGMENTS

!

START WITH FIRST
SEGMENTINTHE {915
LiST

!

DECREMENT

REFERENCE COUNT 820

ON SEGMENT
RECORD




WO 2013/106182

PCT/US2012/070790
10/13
5/’“1 000
QUERY PLAYLIST
SEGMENT RECORD
WITH THE SMALLEST
SEQUENCENUMBER

1005

WHERE PLAYLISTIO *
= THE PLAYLIST TO

TRUNCATE TO GET
SEGMENT RECORD
DELAY IS

TIME-SHIFT LENGTH ~

o< CURRENT TIME ~ ENDTIME >
(CURRENT TIME — ENDTIME) -

1035
¢ YES DELETE
SEGMENT
DECREMENT REFERENCE RECORD
1015] COUNT ON SEGMENT
RECORD
E Y
: 1025
1020 X
CREATE
o NO | . | SEGMENTOELETE
, EEFERENCE > > RECORD WITH
~ SEGMENT ID
TRIGGER
1030 GARBAGE
COLLECTION |

FIG. 10



WO 2013/106182

11/13

START RECORDING

¥

QUERY SEGMENT RECORDS,
WHERE SERVICE = THE
SERVICE WE ARE
RECORDING AND STARTTIME
< DESIRED START TIME, AND
ENDTIME > DESIRED START
TIME SORTED BY STARTTIME
DESCENDING

~ARE THERE TIME GAPS ™

__INTHE SEGMENTS? _—""

START AT SECOND
SEGMENT IN THE LIST,
SEQUENCENUMBER =0

!

1140

CREATE PLAYLIST SEGMENT
RECORD, INCREMENT

PCT/US2012/070790

1105

1110

1120

YES |TRUNCATE AT GAP SO
» THERE ARE NO GAPS
IN THE LIST

1130

MOVE TO NEXT
SEGMENT,
DECREMENT
SEQUENCENUMBER

REFERENCE COUNT

“ARE THERE MORE

_SEGMENTS IN THE LIST?_—

FIG. 11




WO 2013/106182

PCT/US2012/070790

12/13
1205
QUERY PLAYLIST
SEGMENT RECORD
WITH THE SMALLEST
SEQUENCENUMBER 1200
WHERE PLAYLISTID =
THE PLAYLIST TO
PLAY
1250 1215
READ INDEX FILE TO
FIND START BYTE ) YES.| STARTBYTE
POSITION FOR IS STARTOFFSET=0? _>—» POSITION = 0
STARTOFFSET
1255 1225
R B EE TO - ~ END BYTE POSITION =
POSITION FOR P TR IS ENDOFFSET =07 e SIZE OF EENSPORT
ENDOFFSET
v
READ TRANSPORT FILE FROM START
1230]  BYTE POSITION TO END BYTE
POSITION AND SEND DATA TO
DEMULTIPLEXER
¥
1235] INCREMENT SEQUENCENUMBER
1245
7 DOES .
____________________ PLAYLIST SEGMENT EXiST Wit N\yEs, | SET PLAYLIST
“_PLAYLISTID = PLAYLIST TO PLAY .~ e
“\\AND SEQUENCENUMBER?
1260 |
PLAYBACK COMPLETE

FIG. 12




WO 2013/106182 PCT/US2012/070790

13/13

1
P 300

Manual Recording — 8PM to 10PM
on channel 99

1311 1312
Program A Program B News Special - Presidentiai Debate

FIG. 13



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/070790

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4N5/76 HO4N21/426
ADD.

HO4N21/433

HO4N21/845

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HO4AN GO6F

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

paragraph [ ]
paragraph [0007]
paragraph [0021]
paragraph [0025]
paragraph [0029]
paragraph [0032]
paragraph [0036]
paragraph [0037]
paragraph [0039]

X US 2008/101764 Al (JOHANNESSON THOMAS R
[SE] ET AL) 1 May 2008 (2008-05-01)
[0006]

1-18

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

22 March 2013

Date of mailing of the international search report

08/04/2013

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Dockhorn, Hans

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/070790

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

US 2005/117882 Al (VAN GESTEL WILHELMUS J
[NL] ET AL VAN GESTEL WILHELMUS JACOBUS
[NL] ET) 2 June 2005 (2005-06-02)
paragraph [0001] - paragraph [0007]
paragraph [0019]

paragraph [0023]

paragraph [0033]

paragraph [0072]

US 2008/310820 Al (CORRY KEVIN M [US] ET
AL) 18 December 2008 (2008-12-18)
paragraph [0025]

US 2003/093810 Al (TANIGUCHI KOJI [JP])
15 May 2003 (2003-05-15)

paragraph [0046]

paragraph [0047]

paragraph [0048]

paragraph [0050]

paragraph [0052]

paragraph [0053]

US 2008/049574 Al (YAHATA HIROSHI [JP])
28 February 2008 (2008-02-28)

paragraph [0007]
paragraph [0009]
paragraph [0019]
paragraph [0117]
paragraph [0136]
paragraph [0156]
paragraph [0192]

- paragraph [0018]

- paragraph [0139]

US 2008/225940 Al (MA CHEN [US] ET AL)
18 September 2008 (2008-09-18)
paragraph [0026]

paragraph [0030]

Form PCT/ISA/210 (col

ntinuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2012/070790
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2008101764 Al 01-05-2008 EP 2090105 A2 19-08-2009
US 2008101764 Al 01-05-2008
WO 2008057901 A2 15-05-2008

US 2005117882 Al 02-06-2005 AR 040940 Al 27-04-2005
AT 496491 T 15-02-2011
BR 0302960 A 06-07-2004
CN 1625904 A 08-06-2005
CN 1863323 A 15-11-2006
EP 1474932 Al 10-11-2004
ES 2359807 T3 27-05-2011
HK 1071263 Al 09-09-2011
JP 4490692 B2 30-06-2010
JP 4927960 B2 09-05-2012
JP 4988800 B2 01-08-2012
JP 2005516563 A 02-06-2005
JP 2010049788 A 04-03-2010
JP 2010123252 A 03-06-2010
MX  PAD4007357 A 26-11-2004
MY 135709 A 30-06-2008
RU 2308171 C2 10-10-2007
SG 150383 Al 30-03-2009
TW 1266523 B 11-11-2006
US 2005117882 Al 02-06-2005
WO 03065736 Al 07-08-2003

US 2008310820 Al 18-12-2008  NONE

US 2003093810 Al 15-05-2003  CN 1418012 A 14-05-2003
CN 1913625 A 14-02-2007
EP 1326448 A2 09-07-2003
JP 4099973 B2 11-06-2008
JP 2003134435 A 09-05-2003
US 2003093810 Al 15-05-2003

US 2008049574 Al 28-02-2008 US 2008049574 Al 28-02-2008
WO 2006030767 Al 23-03-2006

US 2008225940 Al 18-09-2008  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - wo-search-report
	Page 46 - wo-search-report
	Page 47 - wo-search-report

