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sponding to a video program, each of the pictures of the sequence
uniquely associated with one of A: successive tiers, where k is a non-
negative integer number starting with a lowest tier number; and provid-
ing personal video recording assist (PVRA) information in the trans-
port stream at a location corresponding to each of the pictures of the
sequence associated with a first tier and each of the pictures of the se-
quence associated with a second tier different than the first tier, the
PVRA information comprising an indication of a first tier number cor-
responding uniquely to the pictures associated with the first tier and a
second tier number corresponding uniquely to the pictures associated
with the second tier, the pictures corresponding to the first tier number
decodable independently of the pictures corresponding to the second
tier number.

400

RECEIVE A TRANSPORT STREAM CORRESPONDING TO A
VIDEO STREAM THAT COMPRISES A SEQUENCE OF PICTURES
CORRESPONDING 1O A VIDEO PROGRAM, EACH OF THE
PICTURES OF THE SEQUENCE UNIQUELY ASSOCIATED WITH
ONE OF X SUCCESSIVE TIERS, WHERE X IS A NON-NEGATIVE
INTEGER NUMBER STARTING WITH A LOWEST TIER NUMBER

RECEIVE PERSONAL VIDEO RECORDING ASSIST (PVRA)
INFORMATION IN THE TRANSPORT STREAM, THE PVRA
INFORMATION COMPRISING AN INDICATION OF A FIRST TIER
NUMBER CORRESPONDING UNIQUELY 1O TIIE PICTURES
ASSOCIATED WITH A FIRST TIER AND A SECOND TIER
NUMBER CORRESPONDING UNIQUELY TO THE PICTURES
ASSOCIATED WITH A SECOND TIER DIFFERENT THAN THE
FIRST TIER.

RESPONSIVE TO A REQUEST FOR A FIRST TRICK MODE,
DECODE A FIRST SUB-SEQUENCE OF PICTURES BEGINNING
AT ONE OF THE PICTURES CORRESPONDING TO A RANDOM

ACCESS POINT (RAP) AND CONSISTING OF TITE PICTURES OF
THE SEQUENCE SIGNALED BY TIIE PVRA INFORMATION AS
TITE FIRST TIER NUMBER

RESPONSIVE TO A REQUEST FOR A SECOND TRICK MODE | 408
THAT HAS A DIFFERENT PLAYBACK SPEED THAN THE FIRST
TRICK MODE, DECODE A SECOND SUB-SEQUENCE
BEGINNING AT THE ONE OF TIIE PICTURES CORRESPONDING
TO A RAP AND CONSISTING OF ALL OF TLE PICTURES OF THE
SEQUENCE SIGNALED AS THE FIRST TIER NUMBER, AND ONE
OR MORE PICIURES OF THE. SEQUENCE SIGNALED BY THE
PVRA INFORMATION AS THE SECOND TIER NUMBER, THE
PICTURES CORRESPONDING TO THE FIRST TIER NUMBER
DECODABLE INDEPENDENTLY OF THE PICTURES
CORRESPONDING TO THE SECOND TIER NUMBER

FIG. 4
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SIGNALLING OF DECODABLE SUB-SEQUENCES

This applicétion is being filed on 22 February 2010, as a PCT International
Patent application in the name of Cisco Technology, Inc., a U.S. national
corporation, applicant for the designation of all countries except the US, and Arturo
A. Rodriquez, a citizen of the U.S., applicants for the designation of the US only,
and claims priority to U.S. Provisional patent application Serial No. 61/154,355,
filed February 20, 2009, and incorporated herein by reference in its entirety.

TECHNICAL FIELD

This disclosure relates in general to processing of video streams.

BACKGROUND

In network systems such as subscriber television systems, a digital home
communication terminal (“DHCT”), otherwise known as the set-top box, is capable
of providing video services connected to the subscriber television system, and is
typically located at the user’s premises and connected to the subscriber television
system, such as, for example, a cable or satellite network. The DHCT includes
hardware and software necessary to provide digital video services to the end user
with various levels of usability and/or functionality. One of the features of the
DHCT includes the ability to receive and decode a digital video signal received as a
compressed video signal. Another feature of the DHCT includes providing Personal
Video Recorder (PVR) functionality through the use of a storage device coupled to
the DHCT. When providing this PVR functionality or other stream manipulation
functionality for formatted digital video streams of Advanced Video Coding (AVC),
referred to herein as AVC streams, it becomes difficult to determine whether the
video stream is suitable for a particular stream manipulation or PVR operation. This
is because, for example, the AVC video coding standard generally has a rich set of
compression tools and can exploit temporal redundancies among pictures in more

elaborate and comprehensive ways than prior video coding standards.
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BRIEF DESCRIPTION OF THE DRAWINGS

Many aspects of the disclosure can be better understood with reference to the
following drawings. The components in the drawings are not necessarily to scale,
emphasis instead being placed upon clearly illustrating the principles of the present
disclosure. Moreover, in the drawings, like reference numerals designate
corresponding parts throughout the several views.

FIG. 1 is a block diagram that illustrates an example environment in which
personal video recording assist (PVRA) systems and methods may be implemented.

FIG. 2 is a block diagram of an example embodiment of a video stream
receive-and-process (VSRP) device comprising an embodiment of a PVRA system.

FIGs. 3A-3C are block diagrams that illustrates an example relationship
between tiers, tier numbers, and certain trick modes in an embodiments of a PVRA
system.

FIG. 4 is a flow diagram that illustrates one example PVRA method
embodiment to process video based on receipt and interpretation by a VSRP device
of PVRA information.

FIG. 5 is a flow diagram that illustrates one example PVRA method

embodiment to deliver PVRA information to a VSRP device.

DESCRIPTION OF EXAMPLE EMBODIMENTS

Overview

n one method embodiment, receiving a transport stream corresponding to a
video stream that comprises a sequence of pictures corresponding to a video
program, each of the pictures of the sequence uniquely associated with one of k
successive tiers, where k is a non-negative integer number starting with a lowest tier
number; receiving personal video recording assist (PVRA) information in the
transport stream, the PVRA information comprising an indication of a first tier
number corresponding uniquely to the pictures associated with a first tier and a
second tier number corresponding uniquely to the pictures associated with a second
tier different than the first tier; responsive to a request for a first trick mode,
decoding a first sub-sequence of pictures beginning at one of the pictures
corresponding to a random access point (RAP) and consisting of the pictures of the

sequence signaled by the PVRA information as the first tier number; and responsive
2
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to arequest for a second trick mode that has a different playback speed than the first
trick mode, decoding a second sub-sequence beginning at the one of the pictures

corresponding to a RAP and consisting of all of the pictures of the sequence signaled

as the first tier number, and one or more pictures of the sequence signaled by the

PVRA information as the second tier number, the pictures corresponding to the first
tier number decodable independently of the pictures corresponding to the second tier
number.

In another method embodiment, providing a transport stream including a
video stream that comprises a sequence of pictures corresponding to a video
program, each of the pictures of the sequence uniquely associated with one of &
successive tiers, where % is a non-negative integer number starting with a lowest tier
number; and providing personal video recording assist (PVRA) information in the
transport stream at a location corresponding to each of the pictures of the sequence
assoclated with a first tier and each of the pictures of the sequence associated with a
second tier different than the first tier, the PVRA information comprising an
indication of a first tier number corresponding uniquely to the pictures associated
with the first tier and a second tier number corresponding uniquely to the pictures
associated with the second tier, the pictures corresponding to the first tier number
decodable independently of the pictures corresponding to the second tier number.

Example Embodiments

Disclosed herein are various example embodiments of Personal Video
Recording Assist (PVRA) systems and methods (collectively, referred to herein also
as a PVRA system or PVRA systems) that convey and/or process PVRA information
delivered in, or associated with, a video stream. In one embodiment, a video stream
emitter (e.g., network device such as a server, encoder, splicing device, etc.) located
at a headend, hub, node, or other video (or multi-media) source location conveys the
PVRA information in a transport stream that is transmitted to one or more video
stream receive-and-process (VSRP) devices. In one embodiment, the PVRA
information is included with each picture (for purposes of brevity, picture may be
used herein interchangeably with frame or access unit) in a video stream, and signals
to the VSRP device a tier number associated with the respective picture to facilitate
PVR functionality in the manner as described below. The PVRA information

identifies each of the pictures in a video stream as belonging to a given tier. Note
3
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that in some embodiments, it may not be necessary to signal the tier number for
some pictures.

The tier framework describes decodable sub-sequences based on picture
interdependencies, which allows or enables PVR logic in the VSRP device to
efficiently select decodable pictures when performing a given trick mode. As
indicated above, the PVRA information typically pertains to a respective associated
picture or access unit.

A hierarchy of data dependency tiers contains "T" tiers. A tier having a
larger tier number is a “higher” tier than a tier having a smaller tier number. The
tiers are ordered hierarchically based on their “decodability” so that any picture in a
tier does not depend directly or indirectly on any picture in a higher tier.

Stated differently, each picture in the video stream belongs to one of £ tiers.
In one embodiment, any picture in the k™ tier must not depend directly or indirectly
on the processing or decoding of any picture in the (k+1) ™ tier (e.g., next highest
tier) or above. However, any picture in the K" tier may depend on other pictures
belonging to the ¥ or a lower tier number that were transmitted earlier (e.g., prior
pictures in the video stream).

Further discussion of tiers in the context of PVRA systems and example
embodiments are described below. It should be understood that certain
embodiments of the PVRA systems described herein disclose methods that are
generic and/or applicable to all video codec specifications. In other words, the
various methods contemplated to be within the scope of the PVRA systems do not
impose a specific PVR paradigm implementation.

Certain embodiments of PVRA systems are described hereinafter in the
context of an example subscriber television system environment, with the
understanding that other multi-media (e.g., video, graphics, audio, and/or data)
environments, including Internet Protocol Television (IPTV) network environments,
cellular phone environments, and/or hybrids of these and/or other networks, may
also benefit from certain embodiments of the PVRA systems and methods and hence
are contemplated to be within the scope of the disclosure. It should be understood
by one having ordinary skill in the art that, though specifics for one or more
embodiments are disclosed herein, such specifics as described are not necessarily

part of every embodiment.
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FIG. 1 is a high-level block diagram depicting an example environment in
which one or more embodiments of a PVRA system are implemented. In particular,
FIG. 1 is a block diagram that depicts an example subscriber television system (STS)
100. In this example, the STS 100 includes a headend 110 and one or more video
stream receive-and-process (VSRP) devices 200 (one shown). The VSRP device
200 and the headend 110 are coupled via a network 130. The headend 110 and the
VSRP device 200 cooperate to provide a user with television services, including, for
example, broadcast television programming, interactive program guide (IPG)
services, video-on-demand (VOD), and pay-per-view, as well as other digital
services such as PVR, music, Internet access, commerce (e. g., home-shopping),
voice-over-IP (VOIP), and/or other telephone or data services.

The VSRP device 200 is typically situated at a user’s residence or place of
business and may be a stand-alone unit or integrated into another device such as, for
example, the display device 140, a personal computer, personal digital assistant
(PDA), mobile phone, among other devices. In other words, the VSRP device 200
(also may be referred to as a digital receiver, processing device, or digital home
communications terminal (DHCT)) may comprise one of many devices or a
combination of devices, such as a set-top box, television with communication
capabilities, cellular phone, personal digital assistant (PDA), or other computer or
computer-based device or system, such as a laptop, personal computer, DVD/CD
recorder, among others. As set forth above, the VSRP device 200 may be coupled to
the display device 140 (e.g., computer monitor, television set, etc.), or in some
embodiments, may comprise an integrated display (with or without an integrated
audio component).

The VSRP device 200 receives signals (video, audio and/or other data)
including, for example, digital video signals in a compressed representation of a
digitized video signal such as, for example, AVC streams modulated on a carrier
signal, and/or analog information modulated on a carrier signal, among others, from
the headend 110 through the network 130, and provides reverse information to the
headend 110 through the network 130. The VSRP device 200 comprises, among
other components, a coupled storage device (e.g., DVD recorder and/or player, CD

recorder and/or player, etc.), as explained further below.
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The television services are presented via a display device 140, which
typically comprises a television set that, according to its type, is driven with an
interlaced scan video signal or a progressive scan video signal. However, the display
device 140 may also be any other device capable of displaying video images
including, for example, a computer monitor, a mobile phone, game device, etc. In
one implementation, the display device 140 is configured with an audio component
(e.g., speakers), whereas in some implementations, audio functionality may be
provided by a device that is separate yet communicatively coupled to the display
device 140 and/or VSRP device 200. Although shown communicating with a
display device 140, the VSRP device 200 may communicate with other devices that
receive, store, and/or process video streams from the VSRP device 200, or that
provide or transmit video streams or uncompressed video signals to the VSRP
device 200.

The network 130 may comprise a single network, or a combination of
networks (e.g., local and/or wide area networks). Further, the communications
medium(s) of the network 130 may comprise a wired connection or wireless
connection (e.g., satellite, terrestrial, wireless LAN, etc.), or a combination of both.
In the case of wired implementations, the network 130 may comprise a hybrid—ﬁber
coaxial (HFC) medium, coaxial, optical, twisted pair, etc. Other networks are
contemplated to be within the scope of the disclosure, including networks that use
packets incorporated with and/or compliant to MPEG-2 transport and/or other
transport layers or protocols.

The headend 110 includes a video stream emitter (VSE) 112. The VSE 112
may include one or more server devices (server) 114 (one shown) for providing
video, audio, and other types of media or data to client devices such as, for example,
the VSRP device 200, and one or more encoders (encoding devices or compression
engines) 116 (one shown). The VSE 112 provides a compressed video stream (e.g.,
in a transport stream) to the VSRP device 200 (or in some implementations, to an
intermediary device). In one embodiment, the VSE 112 is configured to provide
PVRA information in the transport layer encapsulating the video stream to signal to
the VSRP device 200 the tier number for one or more pictures of a picture sequence.

In some embodiments, the PVRA information may be provided in the transport
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stream in other locales (e.g., in a locale different than the locale in which the VSE
112 resides).

The headend 110 may receive content from sources external to the headend
110 or STS 100 via a wired and/or wireless connection (e.g., satellite or terrestrial
network), such as from content providers, and in some embodiments, may receive
package-selected national or regional content with local programming (e.g.,
including local advertising) for delivery to subscribers. One having ordinary skill in
the art should understand that the headend 110 may comprise one or more additional
servers (Internet Service Provider (ISP) facility servers, private servers, on-demand
servers, channel change servers, multi-media messaging servers, program guide
servers), splicers or splicing devices (e.g., for splicing in local feeds), modulators
(e.g., QAM, QPSK, etc.), routers, bridges, gateways, multiplexers, transmitters,
computers and/or controllers, and/or switches that process and deliver and/or
forward (e.g., route) various digital services to subscribers.

The PVRA systems and methods disclosed herein are applicable to any video
compression method performed according to a video compression specification
allowing for at least one type of compressed picture that can depend on the
corresponding decompressed version of each of more than one reference picture for
its decompression and reconstruction. For example, the encoder 116 may compress
an inputted video signal (e.g., provided by a service provider in one of any of several
forms, image capture device, a headend server, etc.) according to the specification of
the AVC standard and produce an AVC stream containing différent types of
compressed pictufes, some that may have a first compressed portion that depends on
a first reference picture for their decompression and reconstruction, and a second
compressed portion of the same picture that depends on a second and different
reference picture. Since the compressed video (and audio) streams are produced in
accordance with the syntax and semantics of a designated video (and audio) coding
method, such as, for example, AVC, the compressed video (and audio) streams can
be interpreted by an AVC-compliant decoder for decompression and reconstruction
at the time of reception, at a future time, or both.

TIn one embodiment, each AVC stream is packetized into transport packets
according to the syntax and semantics of transport specification, such as, for

example, MPEG-2 transport defined in MPEG-2 systems. Each transport packet
7



WO 2010/096767 PCT/US2010/024927

10

15

20

25

30

contains a header with a unique packet identification code, or PID, associated with
the respective AVC stream. In one implementation, encoded audio-video (A/V)
content for a single program may be the only program carried in a transport stream
(e.g., one or more packetized elementary stream (PES) packet streams sharing a
common time base), and in other implementations, the encoded A/V content for
multiple programs may be carried as multiplexed programs in an MPEG-2 transport
stream, each program associated with its own respective time base.

In IPTV embodiments, the program or transport stream may be further
encapsulated in Internet protocol (IP) packets, and delivered via multicast (e.g.,
according to protocols based on Internet Group Management Protocol (IGMP),
among other protocols), or in other cases such as video-on-demand (VOD), via
unicast (¢.g., Real-time Streaming Protocol or RTSP, among other protocols). For
instance, multicast may be used to provide multiple user programs destined for many
different subscribers. Communication of IP packets between the headend 110 and
the VSRP device 200 may be implemented according to one or more of a plurality of
different protocols or communication mechanisms, such as User Datagram Protocol
(UDP)/IP, Transmission Control Protocol (TCP)/IP, transport packets encapsulated
directly within UDP or Real-time Transport Protocol (RTP) packets, among others.

The PVRA information may be conveyed in the adaptation field of a
transport packet that is “associated” with the start of an access unit. Constraints may
be imposed such as a requirement of one access unit (AU) start per PES packet,
where each PES packet may contain exactly one AU. The first payload byte after the
PES header may be required to be the start of the AU in one embodiment. F urther,
the ‘data_alignment_indicator’ in the PES header may be set to a value of 1’. The
maximum time interval between successive random access points (RAP) pictures in
a video stream may be required to be less than a specific time interval. In some
embodiments, non-paired fields may not be allowed in the video stream (e.g.,an
AVC/H.264 bitstream). Further description of the use of the PVRA information in
the context of decoding and PVR functionality is described below.

In one embodiment, the PVRA information may be conveyed in respective
adaptation fields of the MPEG-2 transport stream. For instance, the PVRA
information may be located in the adaptation header’s private data field of MPEG-2

transport stream packets containing the PES header of access units. In one
8
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embodiment, these MPEG-2 transport packets may be identifiable accordingly as
packets that have their ‘payload_unit_start_indicator’ flag set to a value of ‘1 and
the adaptation control field set to a value of ‘11°.

The STS 100 may comprise an IPTV network, a cable television network, a
satellite television network, or a combination of two or more of these networks or
other networks. Further, network PVR and switched digital video are also
considered within the scope of the disclosure. Although described in the context of
video processing, it should be understood that certain embodiments of the PVRA
systems described herein also include functionality for the processing of other media
content such as compressed audio streams. The STS 100 comprises additional
components and/or facilities not shown, as should be understood by one having
ordinary skill in the art.

In one embodiment, the PVRA system comprises the headend 110 and the
VSRP device 200. In some embodiments, the PVRA system comprises portions of
each of these components, or in some embodiments, one of these components or a
subset thereof. In some embodiments, one or more additional components described
above yet not shown in FIG. 1 may be incorporated in a PVRA system, as should be
understood by one having ordinary skill in the art in the context of the present
disclosure.

FIG. 2 is an example embodiment of select components of a VSRP device
200. It should be understood by one having ordinary skill in the art that the VSRP
device 200 shown in FIG. 2 is merely illustrative, and should not be construed as
implying any limitations upon the scope of the disclosure. In one embodiment, a
PVRA system may comprise all components shown in, or described in association
with, the VSRP device 200 of FIG. 2. In some embodiments, a PVRA system may
comprise fewer components, such as those limited to facilitating and implementing
PVR functionality, the decoding of compressed video streams, and/or output
processing of decompressed video streams. In some embodiments, functionality of
the PVRA system may be distributed among the VSRP device 200 and one or more
additional devices as mentioned above.

The VSRP device 200 includes a communication interface 202 (e.g.,
depending on the implementation, suitable for coupling to the Internet, a coaxial

cable network, an HFC network, satellite network, terrestrial network, cellular
9
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network, etc.) coupled in one embodiment to a tuner system 204. The tuner system
204 includes one or more tuners for receiving downloaded (or transmitted) media
content. The tuner system 204 can select from among a plurality of transmission
signals provided by the STS 100 (FIG. 1). The tuner system 204 enables the VSRP
device 200 to tune to downstream media and data transmissions, thereby allowing a
user to receive digital media content via the STS 100. In one embodiment, analog
TV signals can be received via the tuner system 204. The tuner system 204 includes,
in one implementation, an out-of-band tuner for bi-directional data communication
and one or more tuners (in-band) for receiving television signals. In some
embodiments (e.g., [PTV-configured VSRP devices), the tuner system 204 may be
omitted.

The tuner system 204 is coupled to a signal processing system 206 that in one
embodiment comprises a transport demultiplexing/parsing system 208 (demux/pars,
or hereinafter, demux) and a demodulating system 210 for processing broadcast
and/or on-demand media content and/or data. One or more of the components of the
signal processing system 206 may be implemented with software, a combination of
software and hardware, or in hardware. The demodulating system 210 comprises
functionality for demodulating analog or digital transmission signals.

The components of the signal processing system 206 are generally capable of
QAM demodulation (though in some embodiments, other modulation formats may
be processed such as QPSK, etc.), forward error correction, demultiplexing of
MPEG-2 transport streams, and parsing of packets and streams. The signal
processing system 206 has capabilities, such as filters, to detect bit patterns
corresponding to fields in the transport packet’s header information, adaptation field,
and/or payload. Stream parsing may include parsing of packetized elementary
streams or elementary streams. Packet parsing may include parsing and processing
of data fields, such as the data fields in the adaptation fields in the transport packets
that deliver PVRA information corresponding to each or substantially each of the
compressed pictures in an AVC stream. In one embodiment, the parsing is
performed by the signal processing system 206 (e.g., demux 208) extracting the
information and one or more processors 212 (one shown) processing and interpreting
the PVRA information, including the tier number of its associated picture. In some

embodiments, the processor 212 performs the parsing, processing, and interpretation.
10
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The signal processing system 206 further communicates with the processor 212 via
interrupt and messaging capabilities of the VSRP device 200.

Concurrently, the signal processing system 206 precludes further processing
of packets in the multiplexed transport stream that are irrelevant or not desired, such
as packets of data corresponding to other video streams. As indicated above, parsing
capabilities of the signal processing system 206 allow for the ingesting by the VSRP
device 200 of program associated information carried in the transport packets. The
demux 208 is configured to identify and extract information in the transport stream
to facilitate the identification, extraction, and processing of the compressed pictures.
Such information includes Program Specific Information (PSI) (e.g., Program Map
Table (PMT), Program Association Table (PAT), etc.) and parameters or syntactic
elements (e.g., Program Clock Reference (PCR), time stamp information,
payload_unit_start_indicator, etc.) of the transport stream (including packetized
elementary stream (PES) packet information). Information extracted by the demux

208 includes PVRA information that assists PVR logic embodied in one

- embodiment as PVR application 214, as explained further below. Note that in some

embodiments, the PVR application 214 may opt to disregard or modify the PVRA
information. In some embodiments, PVRA information may not be transmitted for
defined periods of time of a program, or for portions of a video stream, such as
portions corresponding to a commercial.

In one embodiment, the demux 208 is configured with programmable
hardware (e.g., PES packet filters). In some embodiments, the signal processing
system 206 or one or more components thereof is configured in software, hardware,
or a combination of hardware and software.

The signal processing system 206 is coupled to one or more busses (a single
bus 216 is shown) and to decoding logic configured in one embodiment as a
decompression engine 218 (or media engine). In some embodiments, reference to
decoding logic may include one or more additional components, such as memory,
processor 212, etc. The decompression engine 218 comprises a video
decompression engine 220 (or video decoder or video decompression logic) and
audio decompression engine 222 (or audio decoder or audio decompression logic).
The decompression engine 218 is further coupled to decompression engine memory

224 (or media memory or memory), the latter which, in one embodiment, comprises
11
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one or more respective buffers for temporarily storing compressed (compressed
picture buffer or bit buffer, not shown) and/or reconstructed pictures (decoded
picture buffer or DPB). In some embodiments, one or more of the buffers of the
decompression engine memory 224 may reside in whole or in part in other or
additional memory (e.g., memory 226) or components.

The VSRP device 200 further comprises additional components coupled to
the bus 216. For instance, the VSRP device 200 further comprises a receiver 228
(e.g., infrared (IR), radio frequency (RF), etc.) configured to receive user input (e.g.,
via direct-physical or wireless connection via a keyboard, remote control, voice
activation, etc.) to convey a user’s request or command (e.g., for program selection,
stream manipulation such as fast forward, rewind, pause, channel change, etc.), the
processor 212 (indicated above) for controlling operations of the VSRP device 200,
and a clock circuit 230 comprising phase and/or frequency locked-loop circuitry to
lock into a system time clock (STC) from a program clock reference, or PCR,
received in the video stream to facilitate decoding and output operations.

For instance, time stamp information (e.g., presentation time stamp/decode
time stamp, or PTS/DTS) in the received video stream is compared to the
reconstructed system time clock (STC) (generated by the clock circuit 230) to enable
a determination of when the buffered compressed pictures are provided to the video
decompression engine 220 for decoding (DTS) and when the buffered, decoded
pictures are output by the video decompression engine 220 according to their PTS
via the output system 254. The output system 254 hence may comprise graphics and
display pipelines and output logic including HDMI, DENC, or other known systems.
In some embodiments, clock circuit 230 may comprise plural (e.g., independent or
dependent) circuits for respective video and audio decoding operations and output
processing operations. Although described in the context of hardware circuitry,
some embodiments of the clock circuit 230 may be configured as software (e.g.,
virtual clocks) or a combination of hardware and software.

The VSRP device 200 further comprises memory 226, which comprises
volatile and/or non-volatile memory, and is configured to store executable
instructions or code associated with an operating system (O/S) 232, one or more
other applications 234 (e.g., the PVR application 214, interactive programming

guide (IPG), video-on-demand (VOD), WatchTV (associated with broadcast
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network TV), among other applications not shown such as pay-per-view, music,
etc.), and driver software 236.

The VSRP device 200 further comprises one or more storage devices (one
shown, storage device 238). The storage device 238 may be located internal to the
VSRP device 200 and coupled to the bus 216 through a communication interface
250. The communication interface 250 may include an integrated drive electronics
(IDE), small computer system interface (SCSI), IEEE-1394 or universal serial bus
(USB), among others. In one embodiment, the storage device 238 comprises
associated control logic, such as a controller 240, that in coordination with one or
more associated drivers 236 effects the temporary storage of buffered media content
and/or more permanent storage of recorded media content. Herein, references to
write and/or read operations to the storage device 238 is understood to refer to write
and/or read operations to/from one or more storage mediums of the storage device
238. The device driver 236 is generally a software module interfaced with and/or
residing in the operating system 232. The device driver 236, under management of
the operating system 232, communicates with the storage device controller 240 to
provide the operating instructions for the storage device 238. As conventional
device drivers and device controllers are well known to those of ordinary skill in the
art, further discussion of the detailed working of each will not be described further
here. The storage device 238 may further comprise one or more storage mediums
242 such as hard disk, optical disk, or other types of mediums, and an index table
244, among other components (e.g., FAT, program information, etc.) as should be
understood by one having ordinary skill in the art.

In one implementation, video streams are received in the VSRP device 200
via communications interface 202 and stored in a temporary memory cache (not
shown). The temporary memory cache may be a designated section of memory 226
or an independent memory attached directly, or as part of a component in the VSRP
device 200. The temporary cache is implemented and managed to enable media
content transfers to the storage device 238 (e.g., the processor 212 causes the
transport stream in memory 226 to be transferred to a storage device 238). In some
implementations, the fast access time and high data transfer rate characteristics of
the storage device 238 enable media content to be read from the temporary cache

and written to the storage device 238 in a sufficiently fast manner. Multiple
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simultaneous data transfer operations may be implemented so that while data is
being transferred from the temporary cache to the storage device 238, additional data
may be received and stored in the temporary cache.

Alternatively or additionally, the storage device 238 may be externally
connected to the VSRP device 200 via a communication port, such as
communication port 252. The communication port 252 may be configured
according to IEEE-1394, USB, SCSI, or IDE, among others. The communications
port 252 (or ports) may be configured for other purposes, such as for receiving
information from and/or transmitting information to devices other than an
externally-coupled storage device. »

With regard to processing of PVRA information, the processor 212 interprets
PVRA information received in the transport stream and produces annotations
associated with the respective tier number corresponding to a video program to
fulfill or enhance PVR functionality provided to an end user, such as trick modes.
For instance, the signal processing system 206 parses (e.g., reads and interprets)
transport packets, and deposits the information corresponding to the PVRA
information for each picture in memory 226. Note that the signal processing system
206 can parse the received transport stream (or a program stream in some
embodiments) without disturbing its video stream content and deposit the parsed
transport stream (or program stream) into memory 226. The processor 212 may
generate the annotations even if the video program is encrypted because the PVRA
information is carried unencrypted since the adaptation field of transport packets is
unencrypted. Note that additional relevant security, authorization and/or encryption
information may be stored.

. As the AVC stream is received and stored in storage device 238, the
processor 212 annotates the location of pictures within the AVC stream as well as
other pertinent information (e.g., PVRA information) corresponding to each picture
when present. Alternatively or additionally, the annotations may be according to or
derived, at least in part, from the PVRA information. For instance, the processor
212 receives the PVRA information parsed from the transport stream, and then
determines based on the PVRA information to which tier the corresponding picture
belongs. The processor 212 may annotate the received pictures with the associated

tier number for later use in decode operations. For instance, the processor 212 may
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generate ancillary data in the form of a table or data structure (e.g., index table 244)
comprising the relative or absolute location of the beginning of certain pictures in
the compressed video stream and also makes annotations for PVR operations. The
annotations produced by the processor 212 may be stored in storage device 238 to
enable normal playback as well as other playback modes of the stored instance of the
AVC stream.

In one embodiment, as indicated above, the processor 212 annotates the
location of pictures within the video stream or transport stream as well as other
pertinent information corresponding to the video stream based in one embodiment
on the reception and interpretation of PVRA information. Thus, the pictures may be
sorted-ou} based on tiers. The annotations by the processor 212 enable normal
playback as well as other playback modes of the stored instance of the video
program. Other playback modes, often referred to as “trick modes,” may comprise
backward or reverse playback, forward playback, or pause or still. Each of the
different playback modes may require the decoding of a given sub-sequence of
pictures uniquely pertaining to pictures of a given tier (tier number) or a combination
of different tiers, depending on the desired (e.g., user-invoked or machine-invoked)
stream manipulation.

The playback modes may comprise one or more playback speeds other than
the normal playback speed. A trick mode may be characterized by: (1) its speed as a
multiplicative factor in relation to the speed of the normal playback mode, and 2)its
direction, either forward or reverse. Some playback speeds may be slower than
normal speed and others may be faster. Faster playback speeds may constitute
speeds considered very fast (e.g., greater than three times normal playback speed), as
determined by a threshold, and critical faster speeds (e.g., greater than normal
playback speed but not above the threshold). This threshold can be referred to as the
critical fast-speed threshold. In one embodiment, the critical fast-speed threshold is
further influenced by the picture rate implemented by the output system 254 to
output the video signal corresponding to decompressed version of the pictures of the
AVC stream to the display device 140. In some embodiments, the basis is further
determined on whether the output system 254 is providing a progressive or
interlaced video signal to the display device 140. Then, for a given stream

manipulation, such as fast forward, the knowledge of these different tiers (. g.,as
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annotated in a storage device) can be used, for instance, to drop pictures and still be
assured that all picture references are satisfied.

FIG. 3A is ablock diagram that illustrates an example relationship between
picture interdependencies and tiers (and corresponding tier numbers), and some
example decodable sub-sequences corresponding to implementation of certain
example trick modes. It should be understood that AVC/H.264 picture types and
interdependencies are contemplated to be within the scope of the PVRA
embodiments, as well as other codec standards and/or specifications. The first row
302 comprises one picture interdependency scheme, with letters I, P,and B
corresponding to respective picture types (e.g., “I”’ corresponding to an Intra-coded
picture or an Instantaneous Decode Refresh (IDR) picture, etc.), and the arrowhead
lines pertaining to the picture interdependencies (e.g., I1 predicts B3 and P9, B5
predicts B3 and B, etc.). Picture interdependencies involving some picture types
(e.g., b2, b4, such as where B3 predicts b2, etc.) are omitted from this diagram (as
are the corresponding tier numbers and trick modes) to avoid unduly complicating
the diagram. The dashed lines on each side of row 302 are intended to convey that
the sequence of pictures shown in FIG. 3A may be a continuum of a larger video
stream (or larger sequence). Accordingly, it should be understood that the sequence
shown in FIG. 3A is for illustrative purposes, and not intended to be limiting. Row
304 shows the tier numbers corresponding to four (4) tiers, starting from a lowest
tier number “n,” to a next higher tier number “n+1,” and then to a next higher tier
number, “n+3.” As shown collectively from rows 302 and 304, the I pictures of the
picture sequence shown in row 302 are signaled as tier n pictures, the “P” pictures
are signaled as tier n+1 pictures, the “B” pictures predicted exclusively from the “P”
and “T” pictures are signaled as tier n+2 pictures, and the other “B” pictures are
signaled as tier n+3 pictures.

Row 306 corresponds to an example independently decodable sub-sequence
of pictures in tier n through tier n+3 (e.g., includes pictures stored in the storage
device 238 and each annotated as either tier n, tier n+1, tier n+2, or tier n+3 based on
signaling from the headend 110) based on a request for a 2X playback speed
corresponding to one trick mode, whereby the request causes the retrieval and

subsequent decoding and output of the corresponding tier pictures.
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Row 308 corresponds to an example independently decodable sub-sequence
of pictures in tier n through tier n+2 (e.g., includes pictures stored in the storage
device 238 and each annotated as either tier n, tier n+1, or tier n+2 based on
signaling from the headend 110) based on a request for a 4X playback speed
cotresponding to another trick mode, whereby the request causes tﬁe retrieval and
subsequent decoding and output of the corresponding tier pictures.

Row 310 corresponds to an example independently decodable sub-sequence
of pictures in tier n through tier n+1 (e.g., includes pictures stored in the storage
device 238 and each annotated as either tier n or tier n+1 based on signaling from the
headend 110) based on a request for a 8X playback speed corresponding to another
trick mode, whereby the request causes the retrieval and subsequent decoding and
output of the corresponding tier pictures.

FIGs. 3B and 3C show some example decodable sub-sequences that consist
entirely of I pictures to enable in some embodiments even higher playback speeds
(for a desired trick mode) than those illustrated in FIG. 3A. For instance, row 312
shows one implementation whereby I pictures across many GOPs (or other segments
or patterns) may be repeated (e.g., once per I picture in this example) to achieve a
trick mode corresponding to a 12X playback as shown in FIG. 3B. FIG. 3C
illustrates the selection of each I picture that begins and ends a given GOP (e.g.,
segment or pattern) across plural GOPs to achieve a trick mode corresponding to a
24X playback speed, as shown in row 314. Variations to these implementations are
contemplated to be within the scope of the PVRA embodiments.

Referring again to FIG. 2, in one embodiment, the PVRA information of
each compressed picture in the AVC stream is provided to the decompression engine
218 by the processor 212 as the AVC stream is received and processed in VSRP
device 200. In some embodiments, the PVRA information (e.g., associated with the
annotations) stored in the storage device 238 is provided to the decompression
engine 218 by the processor 212 during playback of a trick mode. In some
embodiments, the PVRA information for each compressed picture (or sets of
compressed pictures in some embodiments), as well as relevant annotation
information that may be necessary, are only provided to the decompression engine
218 during a trick mode, wherein the processor 212 has programmed the

decompression engine 218 to perform trick modes.
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Consider an embodiment where one of plural tier values is available to assign
to a picture. The tiers are numbered with successive nonnegative integers. For
instance, the lowest tier number corresponds to the first level of picture
extractability, and each subsequent tier corresponds to the next level of picture
extractability in the video stream. The highest tier number corresponds to the last
level of picture extractability. In AVC streams, all pictures associated with the
highest tier number shall have ‘nal_ref idc’ equal to ‘0. Tt should be noted that
some pictures with ‘nal_ref_idc’ equal to ‘0’ may not be signaled as the highest tier
number. In some embodiments, some PVRA information may not signal pictures
belonging to the highest tier number.

The following describes aspects of sub-sequence decidability and guarantees
full picture reconstruction of a desired location in the video stream corresponding to
a picture where it is desired as the point of entry. Assume that the lowest tier
number is “n” and the highest tier number is “m.” For instance, in one embodiment,
a tier numbering scheme may associate the lowest tier number to a value of n equal
to zero (0). In some embodiments, the lowest tier number may be one (1). Other
schemes for numbering are contemplated. Starting from a RAP picture and
including the RAP picture, the lowest tier n number (Tier n) pictures can be decoded
and output independently of higher tier number pictures in the video stream. In one
embodiment, all RAP pictures belong to the lowest tier number (Tier n). Starting
from a RAP, the next highest tier number (e.g., the tier number equal to the lowest
tier number plus one, or n+1) after the lowest tier number pictures are pictures that
can be decoded progressively and output independently of pictures in the next
highest tier number after n+1) through the highest tier number (e.g., Tier m). For
example, and using a value of zero (0) for Tier n and a value of seven (7) for Tier m
(with the understanding that other values may be used in some embodiments), for
any value of k=0, 1, ... 7, a Tier k picture is decodable if all immediately-preceding
Tier O through Tier k pictures, inclusive, in the video stream have been decoded.

In one embodiment, if the tier number, Tier n, is signaled for a RAP picture,
the tier number is signaled for all of the respective Tier n pictures prior to the next
RAP. To ensure the full reconstruction of all the pictures after the 7th RAP, a
decodability entry point (DEP) of a decodable sub-sequence is defined to be at the

rth RAP if the th RAP contains an IDR picture, otherwise, the DEP is at the (r-1)th
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RAP (e.g., the RAP immediately preceding the rth RAP). Assuming that the lowest
tier number (n) pictures are intra-coded pictures, those pictures do not depend on
other pictures for referencing.

Assuming for sake of simplicity in explanation the tier number values of zero
(0) through seven (7) for tier number pictures ranging from the lowest to the highest
tier number, for pictures in tier numbers above the lowest tier number, in one
embodiment, a Tier % picture after a RAP in a decodable sub-sequence is decodable
only if: (1) its tier number is signaled; and (2) for each and every picture belonging
to Tiers 1 thru k that are located between the Tier k picture's DEP and the Tier &
picture, the corresponding tier number is signaled. For all values of &, the lowest tier
number (e.g., Tier O in this example) <=k <=7, if the tier number is signaled for a
decodable Tier & picture located between the rth and (¥+1)th RAPs of a decodable
sub-sequence, then the respective tier number shall be signéled for all Tiers 0
through Tier & pictures that are located between the Tier k picture's DEP and the
(r+1)th RAP.

In one embodiment, again assuming tier O through tier 7 as a non-limiting
example, for the interval demarcated by a Tier & picture's DEP and the Tier & picture,
where the tier number is signaled for the Tier & picture, the Tier & picture shall not
belong to a decodable sub-sequence unless the tier number is signaled for: (1) all the
RAP pictures present in the interval; and (2) at least one picture corresponding to
each of the respective tiers from Tier 0 through Tier £-/. This ensures that there are
no gaps in tier numbering, and especially in an embodiment when discardable
pictures are allowed only to be Tier 7 or Tier 6 pictures. A signaled Tier & picture is
considered a discardable picture if it does not belong to a decodable sub-sequence.
If there is discontinuity in tier number (e.g., gap) in the aforementioned demarcated
interval, such as when no picture is signaled with at least one tier number between
Tier 0 and Tier k-1, if the tier number of a picture is not signaled, the picture shall
be considered a discardable picture and not belong to a decodable sub-sequence.

Note that in one embodiment, Tier 7 pictures can be discarded without
affecting the decodability of all other pictures in the video stream. In some
embodiments, Tier 6 pictures can be discarded if and only if all Tier 6 and Tier 7
pictures are discarded between the DEP and the next RAP that contains an IDR

picture. More generally, for any value of k=1, ... 6, a Tier k picture can be
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discarded if and only if all Tier k through Tier 7 pictures are discarded between the
DEP and the next RAP that contains an IDR picture.

It is further noted that there are some assumptions or in some embodiments,
constraints ascribed to one or more of the above-described embodiments. For
instance, a picture that depends on a reference picture cannot have a tier number
smaller than the tier number of the reference picture.

Further, a picture that depends on a picture issuing an MMCO (as specified
in the AVC/H.264 standard) that affects its picture referencing cannot have a tier
number smaller than the tier number of the picture issuing the MMCO. In some
cases, a picture issuing an MMCO affecting the order of reference pictures may not
need to be decoded but its slice layer processed.

In addition, two field pictures belonging to the same frame may be required
to have the same tier number. Starting at a RAP, the two field pictures belonging to
the same frame may be found by checking the value of ‘pvr_assist pic_struct’ in
consecutive pictures.

In one example embodiment, the PVRA information may signal to the
processor 212 (and/or decoding logic) at least one picture in the corresponding AVC
stream that has a tier number corresponding to a discardable picture, such as a Tier
m picture. For instance, the decompression engine 218 does not decompress
pictures signaled in the PVRA information as Tier m pictures during the fulfillment
of a first trick mode. Such pictures may be referred to as skipped pictures during the
fulfillment of a trick mode. A picture in the AVC stream that is not signaled as a
Tier m picture may be decompressed by decompression engine 218 and displayed
via output system 254 during the fulfillment of the first trick mode (based on

signaling of a respective tier number lower than Tier m for each of those pictures

-and a strategy of the PVR application 214 to process, for trick mode implementation,

pictures corresponding to Tiers n to m-1). Pictures signaled as Tier m pictures may
be decompressed and displayed during a second trick mode of a different playback
speed than the first trick mode.

In some embodiments, the processor 212 performs interpretation of the
PVRA information corresponding to the AVC stream as explained above and causes
decompression engine 218 to forgo decompression of pictures signaled as Tier m

pictures by prohibiting their delivery to decompression engine 218. Furthermore, the
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processor 212 may cause pictures signaled as Tier m pictures to not be retrieved
from storage device 238.

In some embodiments, processor 212 interprets the PVRA information that
signals pictures in the corresponding AVC stream that possess a given tier number,
such as a discardable picture (Tier nd), and associates such pictures as potential
skipped pictures for the trick modes in a first set of trick modes. Each trick mode in
the first set is different from each other. The processor 212 determines the trick
modes in the first set of trick modes according to their direction and speed in relation
to the critical fast-speed threshold. For a common portion of an AVC stream, the
processor 212 has the capability to determine for each respective trick mode in the
first set of trick modes a corresponding set of pictures to skip among the identified
pictures. The set and/or number of skipped pictures (e. g., not decompressed) when
fulfilling two different trick modes may be different.

Depending on the speed and direction of the trick mode, a skipped picture
may result in a corresponding pair of behaviors: (1) a decompression behavior, and
(2) an output behavior. For example, while fulfilling a first trick mode, a skipped
picture results in decompression engine 218 decompressing and outputting an
alternate picture in the AVC stream. However, during a second trick mode different
than the first trick mode, the same picture in the AVC stream is skipped but the
decompression engine 218 does not perform decompression of an alternate picture in
the AVC stream and the previously decompressed and output picture is output
repeatedly at least once. In a third trick mode, the same picture in the AVC stream is
skipped and the corresponding pair of behaviors are (1) the decompression engine
218 decompresses an alternate picture in the AVC stream, and (2) the previously
decompressed and output picture is output repeatedly at least once.

In some embodiments, the PVRA information may be processed by other
network components (not shown) in the subscriber television system 100. For
instance, such network components may have the capability to process and interpret
transport packets for the purpose of performing or fulfilling a certain functionality
required for a video service or an application. Such network components may
perform a particular stream manipulation operation based on the PVRA information,

if any, corresponding to the respective compressed pictures, preferably doing so
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without parsing or decompressing the AVC stream or with a reduced amount of
parsing, interpretation, and/or decompression of the AVC stream.

One having ordinary skill in the art should understand that the VSRP device
200 may include other components not shown, including compression engine,
decryptors, samplers, digitizers (e.g., analog-to-digital converters), multiplexers,
conditional access processor and/or application software, Internet browser, among
others. In some embodiments, functionality for one or more of the components
illustrated in, or described in association with, FIG. 2 may be combined with another
component into a single integrated component or device or distributed among
several components or devices.

The PVRA system may comprise the entirety of the VSRP device 200 in one
embodiment, the VSE 112 in some embodiments, or a combination of both
components in certain embodiments. In some embodiments, the PVRA system may
comprise or one or more components thereof, or additional components not shown.
The PVRA system may be implemented in hardware, software, firmware, or a
combination thereof. To the extent certain embodiments of the PVRA system or a
portion thereof are implemented in software or firmware, executable instructions for
performing one or more tasks of the PVRA system are stored in memory or any
other suitable computer readable medium and executed by a suitable instruction
execution system. In the context of this document, a computer readable medium is
an electronic, magnetic, optical, or other physical device or means that can contain
or store a computer program for use by or in connection with a computer related
system or method.

To the extent certain embodiments of the PVRA system or portions thereof
are implemented in hardware, the PVRA system may be implemented with any or a
combination of the following technologies, which are all well known in the art: a
discrete logic circuit(s) having logic gates for implementing logic functions upon
data signals, an application specific integrated circuit (ASIC) having appropriate
combinational logic gates, programmable hardware such as a programmable gate
array(s) (PGA), a field programmable gate array (FPGA), etc.

Having described certain embodiments of PVRA systems and methods,
attention is directed to FIGs. 4 and 5 to further describe the mechanisms used by

certain embodiments of PVRA systems to facilitate processing (e.g., decoding
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operations) of pictures (e.g., for PVR functionality). Referring to the example
method embodiment 400 of FIG. 4, as implemented for instance by a VSRP device
200, one example method comprises receiving a transport stream corresponding to a
video stream that comprises a sequence of pictures corresponding to a video
program, each of the pictures of the sequence uniquely associated with one of k
successive tiers, where £ is a non-negative integer number starting with a lowest tier
number (402); receiving personal video recording assist (PVRA) information in the
transport stream, the PVRA information comprising an indication of a first tier
number corresponding uniquely to the pictures associated with a first tier and a
second tier number corresponding uniquely to the pictures associated with a second
tier different than the first tier (404); responsive to a request for a first trick mode,
decoding a first sub-sequence of pictures beginning at one of the pictures
corresponding to a random access point (RAP) and consisting of the pictures of the
sequence signaled by the PVRA information as the first tier number (406); and
responsive to a request for a second trick mode that has a different playback speed
than the first trick mode, decoding a second sub-sequence beginning at the one of the
pictures corresponding to a RAP and consisting of all of the pictures of the sequence
signaled as the first tier number, and one or more pictures of the sequence signaled
by the PVRA information as the second tier number, the pictures corresponding to
the first tier number decodable independently of the pictures corresponding to the
second tier number (408). .

It should be appreciated that another example method embodiment 500
implemented at a VSE 112, shown in, and described in association with, FIG. 5,
comprises providing a transport stream including a video stream that comprises a
sequence of pictures corresponding to a video program, each of the pictures of the
sequence uniquely associated with one of k successive tiers, where k is a non-
negative integer number starting with a lowest tier number (502); and providing
personal video recording assist (PVRA) information in the transport stream at a
location corresponding to each of the pictures of the sequence associated with a first
tier and each of the pictures of the sequence associated with a second tier different
than the first tier, the PVRA information comprising an indication of a first tier
number corresponding uniquely to the pictures associated with the first tier and a

second tier number corresponding uniquely to the pictures associated with the
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independently of the pictures corresponding to the second tier number (504).

Any process descriptions or blocks in flow charts or flow diagrams should be
understood as representing modules, segments, or portions of code which include
one or more executable instructions for implementing specific logical functions or
steps in the process, and alternate implementations are included within the scope of
the present disclosure in which functions may be executed out of order from that
shown or discussed, including substantially concurrently or in reverse order,
depending on the functionality involved, as would be understood by those
reasonably skilled in the art. In some embodiments, steps of a process identified in
FIGs. 4-5 using separate boxes can be combined. Further, the various steps in the
flow diagrams illustrated in conjunction with the present disclosure are not limited to
the architectures described above in association with the description for the flow
diagram (as implemented in or by a particular module or logic) nor are the steps
limited to the example embodiments described in the specification and associated
with the figures of the present disclosure. In some embodiments, one or more steps
may be added to one or more of the methods described in FIGs. 4-5, either in the
beginning, end, and/or as intervening steps, and that in some embodiments, fewer
steps may be implemented. Further, note that references to storage device may also
include in some embodiments non-volatile memory and/or permanent storage.

It should be emphasized that the above-described embodiments of the
disclosure are merely possible examples, among others, of the implementations,
setting forth a clear understanding of the principles of the PVRA systems and
methods. Many variations and modifications may be made to the above-described
embodiments without departing substantially from the principles set forth herein.
Although all such modifications and variations are intended to be included herein
within the scope of this disclosure and protected by the following claims, the
following claims are not necessarily limited to the particular embodiments set out in

the description.
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CLAIMS

What is claimed is:
1. A method, comprising:

receiving a transport stream corresponding to a video stream that comprises a
sequence of pictures corresponding to a video program, each of the pictures of the
sequence uniquely associated with one of k successive tiers, where k is a non-
negative integer number starting with a lowest tier number;

receiving personal video recording assist (PVRA) information in the
transport stream, the PVRA information comprising an indication of a first tier
number corresponding uniquely to the pictures associated with a first tier and a
second tier number corresponding uniquely to the pictures associated with a second
tier different than the first tier;

responsive to a request for a first trick mode, decoding a first sub-sequence
of pictures beginning at one of the pictures corresponding to a random access point
(RAP) and consisting of the pictures of the sequence signaled by the PVRA
information as the first tier number; and

responsive to a request for a second trick mode that has a different playback
speed than the first trick mode, decoding a second sub-sequence beginning at the one
of the pictures corresponding to a RAP and consisting of all of the pictures of the
sequence signaled as the first tier number, and one or more of the pictures of the
sequence signaled by the PVRA information as the second tier number, the pictures
corresponding to the first tier number decodable independently of the pictures

corresponding to the second tier number.

2. The method of claim 1, further comprising initiating decoding at a
decodability entry point (DEP) at a RAP corresponding to an rth RAP if the picture
associated with the rth RAP is an instantaneous decode refresh (IDR) picture,
otherwise the DEP is at the (r-1)th RAP corresponding to a RAP location

immediately preceding the rth RAP, where r is a non-negative integer number.

3, The method of claim 1, wherein for all values of k, where a lowest tier
number <k < a highest tier number, wherein receiving the PVRA information

comprises receiving a tier number signaled for a decodable Tier k picture located
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between an rth and (r+1)th RAP of a decodable sub-sequence, the respective tier
number signaled for all tiers including the lowest tier number through Tier k pictures

that are located between a Tier k picture’s DEP and the (r+1)th RAP.

4, The method of claim 1, wherein for all values of k, where a lowest tier
number <k < a highest tier number, and wherein for an interval demarcated bya
Tier k picture’s DEP and the Tier k picture, the tier number-signaled for the Tier k
picture, prohibiting the Tier k picture from belonging to a decodable sub-sequence
unless the tier number is signaled for all RAP pictures present in the interval and at
least one picture corresponding to each of the respective tiers from the lowest tier

number to Tierk -1.

5. The method of claim 4, wherein responsive to prohibiting a picture from
belonging to the decodable sub-sequence, discarding the prohibited picture as a
discardable picture.

6. The method of claim 1, wherein for all values of k, where a lowest tier
number <k < a highest tier number, further comprising receiving PVRA information
corresponding to pictures signaled as highest tier number pictures and one tier
number lower than the highest tier number pictures, and responsive thereto,
discarding the pictures corresponding to the one tier number lower than the highest
tier number pictures if the pictures corresponding to the highest tier number pictures
and the one tier number lower than the highest tier number pictures are discarded

between a Tier k picture’s DEP and a next RAP that contains an IDR picture.

7. The method of claim 1, further comprising, responsive to receiving a picture
that signals a memory management control operation (MMCO) affecting an order of
reference pictures, optionally decoding the picture and processing a slice layer

corresponding to the picture.

8. A method, comprising:
providing a transport stream including a video stream that comprises a

sequence of pictures corresponding to a video program, each of the pictures of the
| 26
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sequence uniquely associated with one of k successive tiers, where k is a non-
negative integer number starting with a lowest tier number; and

providing personal video recording assist (PVRA) information in the
transport stream at a location corresponding to each of the pictures of the sequence
associated with a first tier and each of the pictures of the sequence associated with a
second tier different than the first tier, the PVRA information comprising an
indication of a first tier number corresponding uniquely to the pictures associated
with the first tier and a second tier number corresponding uniquely to the pictures
associated with the second tier, the pictures corresponding to the first tier number

decodable independently of the pictures corresponding to the second tier number.

9. The method of claim 8, wherein for all values of k, where a lowest tier
number < k < a highest tier number, wherein providing the PVRA information
comprises providing a tier number that signals a decodable Tier k picture located
between an rth and (r+1)th RAP of a decodable sub-sequence, the respective tier
number signaled for all tiers including the lowest tier number through Tier k pictures
that are located between a Tier k picture’s decodability entry point (DEP) and the
(r+1)th RAP, the DEP defined to be at the rth RAP if the picture associated with the
rth RAP is an instantaneous decode refresh (IDR) picture, otherwise the DEP is at
the (r-1)th RAP corresponding to a RAP location immediately preceding the rth

RAP, where r is a non-negative integer number.

1 10.  The method of claim 8, further comprising signaling discardable pictures by

omitting a tier number for the respective discardable picture corresponding to

pictures of a highest tier.

11.  The method of claim 8, further comprising signaling discardable pictures by
omitting a tier number for the respective discardable picture corresponding to
pictures of a highest tier, the discardable pictures further including pictures

associated with a tier having one tier number lower than the highest tier.

12.  The method of claim 8, wherein for all values of k, where a lowest tier

number < k < a highest tier number, further comprising providing PVRA
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information corresponding to pictures signaled as highest tier number pictures and
one tier number lower than the highest tier number pictures, and responsive thereto,
enabling the discarding the pictures corresponding to the one tier number lower than
the highest tier number pictures if the pictures corresponding to the highest tier
number pictures and the one tier number lower than the highest tier number pictures
are discarded between a Tier k picture’s DEP and a next RAP that contains an IDR
picture.

13. A system, comprising:
a video stream receive-and-process (VSRP) device, comprising:

a memory with personal video recording (PVR) logic; and

a processor configured with the PVR logic to:

receive a transport stream that includes a video stream that comprises a
sequence of pictures corresponding to a video program, each of the pictures of the '
sequence uniquely associated with one of k successive tiers, where k is a non-
negative integer number starting with a lowest tier number;

receive personal video recording assist (PVRA) information in the transport
stream, the PVRA information comprising an indication of plural tier numbers, each
tier number uniquely associating each one of the pictures with a respective tier
number; and

responsive to a request for a trick mode, initiating decoding at a decodability
entry point (DEP) at a random access point (RAP) corresponding to an rth RAP if
the picture associated with the rth RAP is an instantaneous decode refresh (IDR)
picture, otherwise the DEP is at the (r-1)th RAP corresponding to a RAP location

immediately preceding the rth RAP, where r is a non-negative integer number.

14.  The system of claim 13, wherein for all values of k, where a lowest tier
number < k < a highest tier number, wherein the processor is further configured with
the PVR logic to receive a tier number signaled for a decodable Tier k picture
located between an rth and (r+1)th RAP of a decodable sub-sequence, the respective
tier number signaled for all tiers including the lowest tier number through Tier k

pictures that are located between a Tier k picture’s DEP and the (r+1)th RAP.
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15.  The system of claim 13, wherein for all values of k, where a lowest tier
number <k < a highest tier number, and wherein for an interval demarcated by a
Tier k picture’s DEP and the Tier k picture, the tier number signaled for the Tier k
picture, the processor is further configured with the PVR logic to prohibit the Tier k
picture from belonging to a decodable sub-sequence unless the tier number is
signaled for all RAP pictures present in the interval and at least one picture

corresponding to each of the respective tiers from the lowest tier number to Tier k -

1.

16.  The system of claim 15, wherein responsive to prohibiting a picture from
belonging to the decodable sub-sequence, the processor is further configured with

the PVR logic to discard the prohibited picture as a discardable picture.

17. The system of claim 16, wherein for all values of k, where a lowest tier
number <k < a highest tier number, wherein the processor is further configured with
the PVR logic to receive PVRA information corresponding to pictures signaled as
highest tier number pictures and one tier number lower than the highest tier number
pictures, and responsive thereto, discard the pictures corresponding to the one tier
number lower than the highest tier number pictures if the pictures corresponding to
the highest tier number pictures and the one tier number lower than the highest tier
number pictures are discarded between a Tier k picture’s DEP and a next RAP that

contains an IDR picture.

18.  The system of claim 16, wherein the processor is further configured with the
PVR logic to, responsive to receiving a picture that signals a memory management
control operation (MMCO) affecting an order of reference pictures, optionally

decode the picture and process a slice layer corresponding to the picture.
19.  The system of claim 13, further comprising a video stream emitter (VSE), the

VSE comprising a processor configured to provide the transport stream and the
PVRA information.
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20.  The system of claim 19, wherein the VSE is further configured to signal a

discardable picture by omitting a tier number for the discardable picture.
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START

PICTURES OF THE SEQUENCE UNIQUELY ASSOCIATED WITH

INTEGER NUMBER STARTING WITH A LOWEST TIER NUMBER

CORRESPONDING TO A VIDEO PROGRAM, EACH OF THE

ONE OF K SUCCESSIVE TIERS, WHERE X IS A NON-NEGATIVE

\d

RECEIVE PERSONAL VIDEO RECORDING ASSIST (PVRA)

INFORMATION COMPRISING AN INDICATION OF A FIRST TIER
NUMBER CORRESPONDING UNIQUELY TO THE PICTURES
ASSOCIATED WITH A FIRST TIER AND A SECOND TIER
NUMBER CORRESPONDING UNIQUELY TO THE PICTURES
ASSOCIATED WITH A SECOND TIER DIFFERENT THAN THE

FIRST TIER

RESPONSIVE TO A REQUEST FOR A FIRST TRICK MODE,
DECODE A FIRST SUB-SEQUENCE OF PICTURES BEGINNING
AT ONE OF THE PICTURES CORRESPONDING TO A RANDOM
ACCESS POINT (RAP) AND CONSISTING OF THE PICTURES OF

INFORMATION IN THE TRANSPORT STREAM, THE PVRA

4
402

RECEIVE A TRANSPORT STREAM CORRESPONDING TO A
VIDEO STREAM THAT COMPRISES A SEQUENCE OF PICTURES /

404

406

THE SEQUENCE SIGNALED BY THE PVRA INFORMATION AS
THE FIRST TIER NUMBER

RESPONSIVE TO A REQUEST FOR A SECOND TRICK MODE
THAT HAS A DIFFERENT PLAYBACK SPEED THAN THE FIRST
TRICK MODE, DECODE A SECOND SUB-SEQUENCE

408

BEGINNING AT THE ONE OF THE PICTURES CORRESPONDING
TO A RAP AND CONSISTING OF ALL OF THE PICTURES OF THE
SEQUENCE SIGNALED AS THE FIRST TIER NUMBER, AND ONE
OR MORE PICTURES OF THE SEQUENCE SIGNALED BY THE
PVRA INFORMATION AS THE SECOND TIER NUMBER, THE
PICTURES CORRESPONDING TO THE FIRST TIER NUMBER
DECODABLE INDEPENDENTLY OF THE PICTURES
CORRESPONDING TO THE SECOND TIER NUMBER
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502 l

PROVIDE PERSONAL VIDEO RECORDING ASSIST (PVRA)
INFORMATION IN THE TRANSPORT STREAM AT A LOCATION
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SEQUENCE ASSOCIATED WITH A FIRST TIER AND EACH OF
THE PICTURES OF THE SEQUENCE ASSOCIATED WITH A
SECOND TIER DIFFERENT THAN THE FIRST TIER, THE PVRA
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ASSOCIATED WITH THE FIRST TIER AND A SECOND TIER
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ASSOCIATED WITH THE SECOND TIER, THE PICTURES
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INDEPENDENTLY OF THE PICTURES CORRESPONDING TO
THE SECOND TIER NUMBER

END
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