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LOW DELAY AND SMALL MEMORY FOOTPRINT
PICTURE BUFFERING

BACKGROUND

[0001] One international video coding standard is the
H.264/MPEG-4 Advanced Video Coding (AVC) standard
jointly developed and promulgated by the Video Coding
Experts Group of the International Telecommunications
Union (ITU) and the Motion Picture Experts Group (MPEG)
of the International Organization for Standardization and the
International FElectrotechnical Commission. The AVC
H.264/MPEG-4 AVC standard provides coding for a wide
variety of applications including video telephony, video
conferencing, television, streaming video, digital video
authoring, and other video applications. The standard further
provides coding for storage applications for the above noted
video applications including hard disk and DVD storage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] FIG. 1 illustrates one embodiment of a media
processing system.

[0003] FIG. 2 illustrates one embodiment of a media
processing sub-system.

[0004] FIG. 3 illustrates one embodiment of a first logic
flow.

[0005] FIG. 4 illustrates one embodiment of a second
logic flow.

DETAILED DESCRIPTION

[0006] Various embodiments may be generally directed to
a low delay, small memory footprint approach to decoded
picture buffering. Reference will now be made in detail to a
description of these embodiments as illustrated in the draw-
ings. While the embodiments may be described in connec-
tion with these drawings, there is no intent to limit them to
drawings disclosed herein. On the contrary, the intent is to
cover all alternatives, modifications, and equivalents within
the scope of the described embodiments as defined by the
accompanying claims.

[0007] Various embodiments may be generally directed to
various standards, such as an H.264-compliant decoding
standard, for example. One embodiment, for example, selec-
tively outputs and selectively buffers a decoded video frame
compared to the H.264 decoding standard. In particular,
when the picture order count (POC) type for a decoded
picture frame equals two, the decoding order (e.g., frame
number) of each picture is proportional to its display order.
For such an instance, a decoded frame may be output
immediately after it has been decoded and may only be
stored in a buffer if it is referenced by following frames.
Such an arrangement decreases both the delay in outputting
a frame and the memory required for the buffer. Accordingly,
a decoder operating according to an embodiment may
exhibit improved performance. For example, for a given
CPU capacity as measured in megahertz (MHz), the frame
rate may be increased due to a reduced memory access
penalty by efficient use of a faster on-chip memory resource.
The embodiments are not limited in this context.

[0008] FIG. 1 illustrates one embodiment of a system.
FIG. 1 illustrates a block diagram of a system 100. In one
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embodiment, for example, system 100 may comprise a
media processing system having multiple nodes. A node
may comprise any physical or logical entity for processing
and/or communicating information in the system 100 and
may be implemented as hardware, software, or any combi-
nation thereof, as desired for a given set of design param-
eters or performance constraints. Although FIG. 1 is shown
with a limited number of nodes in a certain topology, it may
be appreciated that system 100 may include more or less
nodes in any type of topology as desired for a given
implementation. The embodiments are not limited in this
context.

[0009] In various embodiments, a node may comprise, or
be implemented as, a computer system, a computer sub-
system, a computer, an appliance, a workstation, a terminal,
a server, a personal computer (PC), a laptop, an ultra-laptop,
a handheld computer, a personal digital assistant (PDA), a
set top box (STB), a telephone, a mobile telephone, a
cellular telephone, a handset, a wireless access point, a base
station (BS), a subscriber station (SS), a mobile subscriber
center (MSC), a radio network controller (RNC), a micro-
processor, an integrated circuit such as an application spe-
cific integrated circuit (ASIC), a programmable logic device
(PLD), a processor such as general purpose processor, a
digital signal processor (DSP) and/or a network processor,
an interface, an input/output (I/O) device (e.g., keyboard,
mouse, display, printer), a router, a hub, a gateway, a bridge,
a switch, a circuit, a logic gate, a register, a semiconductor
device, a chip, a transistor, or any other device, machine,
tool, equipment, component, or combination thereof. The
embodiments are not limited in this context.

[0010] In various embodiments, a node may comprise, or
be implemented as, software, a software module, an appli-
cation, a program, a subroutine, an instruction set, comput-
ing code, words, values, symbols or combination thereof. A
node may be implemented according to a predefined com-
puter language, manner or syntax, for instructing a processor
to perform a certain function. Examples of a computer
language may include C, C++, Java, BASIC, Perl, Matlab,
Pascal, Visual BASIC, assembly language, machine code,
micro-code for a processor, and so forth. The embodiments
are not limited in this context.

[0011] In various embodiments, the communications sys-
tem 100 may communicate, manage, or process information
in accordance with one or more protocols. A protocol may
comprise a set of predefined rules or instructions for man-
aging communication among nodes. A protocol may be
defined by one or more standards as promulgated by a
standards organization, such as, the International Telecom-
munications Union (ITU), the International Organization for
Standardization (ISO), the International Electrotechnical
Commission (IEC), the Institute of Electrical and Electron-
ics Engineers (IEEE), the Internet Engineering Task Force
(IETF), the Motion Picture Experts Group (MPEG), and so
forth. For example, the described embodiments may be
arranged to operate in accordance with standards for media
processing, such as the National Television System Com-
mittee (NTSC) standard, the Phase Alteration by Line (PAL)
standard, the MPEG-1 standard, the MPEG-2 standard, the
MPEG-4 standard, the Digital Video Broadcasting Terres-
trial (DVB-T) broadcasting standard, the ITU/IEC H.263
standard, Video Coding for Low Bitrate Communication,
ITU-T Recommendation H.263v3, published November



US 2007/0127578 Al

2000 and/or the ITU/IEC H.264 standard, Video Coding for
Very Low Bit Rate Communication, [TU-T Recommenda-
tion H.264, published May 2003, and so forth. The embodi-
ments are not limited in this context.

[0012] In various embodiments, the nodes of system 100
may be arranged to communicate, manage or process dif-
ferent types of information, such as media information and
control information. Examples of media information may
generally include any data representing content meant for a
user, such as voice information, video information, audio
information, image information, textual information,
numerical information, alphanumeric symbols, graphics,
and so forth. Control information may refer to any data
representing commands, instructions or control words meant
for an automated system. For example, control information
may be used to route media information through a system,
to establish a connection between devices, instruct a node to
process the media information in a predetermined manner,
and so forth. The embodiments are not limited in this
context.

[0013] In various embodiments, system 100 may be
implemented as a wired communication system, a wireless
communication system, or a combination of both. Although
system 100 may be illustrated using a particular communi-
cations media by way of example, it may be appreciated that
the principles and techniques discussed herein may be
implemented using any type of communication media and
accompanying technology. The embodiments are not limited
in this context.

[0014] When implemented as a wired system, for
example, system 100 may include one or more nodes
arranged to communicate information over one or more
wired communications media. Examples of wired commu-
nications media may include a wire, cable, printed circuit
board (PCB), backplane, switch fabric, semiconductor mate-
rial, twisted-pair wire, co-axial cable, fiber optics, and so
forth. The wired communications media may be connected
to a node using an input/output (I/O) adapter. The I/O
adapter may be arranged to operate with any suitable tech-
nique for controlling information signals between nodes
using a desired set of communications protocols, services or
operating procedures. The I/O adapter may also include the
appropriate physical connectors to connect the I/O adapter
with a corresponding communications medium. Examples
of'an I/O adapter may include a network interface, a network
interface card (NIC), disc controller, video controller, audio
controller, and so forth. The embodiments are not limited in
this context.

[0015] When implemented as a wireless system, for
example, system 100 may include one or more wireless
nodes arranged to communicate information over one or
more types of wireless communication media. An example
of wireless communication media may include portions of a
wireless spectrum, such as the RF spectrum in general, and
the ultra-high frequency (UHF) spectrum in particular. The
wireless nodes may include components and interfaces
suitable for communicating information signals over the
designated wireless spectrum, such as one or more antennas,
wireless transmitters/receivers (“transceivers”), amplifiers,
filters, control logic, antennas, and so forth. The embodi-
ments are not limited in this context.

[0016] Invarious embodiments, system 100 may comprise
a media processing system having one or more media source
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nodes 102-1-». Media source nodes 102-1-» may comprise
any media source capable of sourcing or delivering media
information and/or control information to media processing
node 106. More particularly, media source nodes 102-1-»
may comprise any media source capable of sourcing or
delivering digital audio and/or video (AV) signals to media
processing node 106. Examples of media source nodes
102-1-#» may include any hardware or software element
capable of storing and/or delivering media information, such
as a Digital Versatile Disk (DVD) device, a Video Home
System (VHS) device, a digital VHS device, a personal
video recorder, a computer, a gaming console, a Compact
Disc (CD) player, computer-readable or machine-readable
memory, a digital camera, camcorder, video surveillance
system, teleconferencing system, telephone system, medical
and measuring instruments, scanner system, copier system,
and so forth. Other examples of media source nodes 102-1-»
may include media distribution systems to provide broadcast
or streaming analog or digital AV signals to media process-
ing node 106. Examples of media distribution systems may
include, for example, Over The Air (OTA) broadcast sys-
tems, terrestrial cable systems (CATV), satellite broadcast
systems, and so forth. It is worthy to note that media source
nodes 102-1-» may be internal or external to media process-
ing node 106, depending upon a given implementation. The
embodiments are not limited in this context.

[0017] In various embodiments, the incoming video sig-
nals received from media source nodes 102-1-» may have a
native format, sometimes referred to as a visual resolution
format. Examples of a visual resolution format include a
digital television (DTV) format, high definition television
(HDTV), progressive format, computer display formats, and
so forth. For example, the media information may be
encoded with a vertical resolution format ranging between
480 visible lines per frame to 1080 visible lines per frame,
and a horizontal resolution format ranging between 640
visible pixels per line to 1920 visible pixels per line. In one
embodiment, for example, the media information may be
encoded in an HDTV video signal having a visual resolution
format of 720 progressive (720 p), which refers to 720
vertical pixels and 1280 horizontal pixels (720x1280). In
another example, the media information may have a visual
resolution format corresponding to various computer display
formats, such as a video graphics array (VGA) format
resolution (640x480), an extended graphics array (XGA)
format resolution (1024x768), a super XGA (SXGA) format
resolution (1280x1024), an ultra XGA (UXGA) format
resolution (1600x1200), and so forth. The embodiments are
not limited in this context.

[0018] In various embodiments, media processing system
100 may comprise a media processing node 106 to connect
to media source nodes 102-1-» over one or more commu-
nications media 104-1-m. Media processing node 106 may
comprise any node as previously described that is arranged
to process media information received from media source
nodes 102-1-z. In various embodiments, media processing
node 106 may comprise, or be implemented as, one or more
media processing devices having a processing system, a
processing sub-system, a processor, a computer, a device, an
encoder, a decoder, a coder/decoder (CODEC), a filtering
device (e.g., graphic scaling device, deblocking filtering
device), a transformation device, an entertainment system, a
display, or any other processing architecture. The embodi-
ments are not limited in this context.
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[0019] In various embodiments, media processing node
106 may include a media processing sub-system 108. Media
processing sub-system 108 may comprise a processor,
memory, and application hardware and/or software arranged
to process media information received from media source
nodes 102-1-n. For example, media processing sub-system
108 may be arranged to vary a contrast level of an image or
picture and perform other media processing operations as
described in more detail below. Media processing sub-
system 108 may output the processed media information to
a display 110. The embodiments are not limited in this
context.

[0020] In various embodiments, media processing node
106 may include a display 110. Display 110 may be any
display capable of displaying media information received
from media source nodes 102-1-7. Display 110 may display
the media information at a given format resolution. For
example, display 110 may display the media information on
a display having a VGA format resolution, XGA format
resolution, SXGA format resolution, UXGA format resolu-
tion, and so forth. The type of displays and format resolu-
tions may vary in accordance with a given set of design or
performance constraints, and the embodiments are not lim-
ited in this context.

[0021] In general operation, media processing node 106
may receive media information from one or more of media
source nodes 102-1-n. For example, media processing node
106 may receive media information from a media source
node 102-1 implemented as a DVD player integrated with
media processing node 106. Media processing sub-system
108 may retrieve the media information from the DVD
player, convert the media information from the visual reso-
Iution format to the display resolution format of display 110,
and reproduce the media information using display 110.

[0022] In various embodiments, media processing node
106 may be arranged to receive an input image from one or
more of media source nodes 102-1-». The input image may
comprise any data or media information derived from or
associated with one or more video images. In various
embodiments, the input image may comprise one or more of
image data, video data, video sequences, groups of pictures,
pictures, images, regions, objects, frames, slices, macrob-
locks, blocks, pixels, signals, and so forth. The values
assigned to pixels may comprise real numbers and/or integer
numbers.

[0023] In various embodiments, media processing node
106 may be arranged to receive a decoded picture frame or
a plurality of decoded picture frames and to selectively
output and selectively buffer the frames. For example, the
media processing note may output the decoded picture frame
or frames according to the display order of the frame or
frames. More particularly, the media processing node 106
may be arranged provide a fast buffering path versus the
decoding process of H.264 for those picture frames for
which the POC equals 2. For a frame for which the POC
equals 2, the decoded frame is immediately output (e.g., to
display 110) without first being stored in the DPB (and
waiting for the DPB to be full). Thereafter, the decoded
frame is only stored in the DPB if it is a reference frame.

[0024] Inone embodiment, for example, media processing
sub-system 108 of media processing node 106 may be
arranged to receive a decoded picture frame or a plurality of
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decoded picture frames and to selectively output and selec-
tively buffer the decoded frames. For example, the media-
processing sub-system 108 may output the decoded frame or
frames immediately (e.g., to display 110) if the POC of the
decoded frame equals 2. The media processing sub-system
108 of media processing node 106 may further be arranged
to thereafter store the decoded frame in the DPB if it is a
reference frame. Media processing sub-system 108 may
utilize one or more pre-defined or predetermined mathemati-
cal functions to control the output (e.g., to the display 110)
and buffer (e.g., the DPB) path and/or sequence of a decoded
frame or frames to improve system 100 performance. Sys-
tem 100 in general, and media processing sub-system 108 in
particular, may be described in more detail with reference to
FIG. 2.

[0025] FIG. 2 illustrates one embodiment of a media
processing sub-system 108. FIG. 2 illustrates a block dia-
gram of a media processing sub-system 108 suitable for use
with media processing node 106 as described with reference
to FIG. 1. The embodiments are not limited, however, to the
example given in FIG. 2.

[0026] As shown in FIG. 2, media processing sub-system
108 may comprise multiple elements. One or more elements
may be implemented using one or more circuits, compo-
nents, registers, processors, software subroutines, modules,
or any combination thereof, as desired for a given set of
design or performance constraints. Although FIG. 2 shows a
limited number of elements in a certain topology by way of
example, it can be appreciated that more or less elements in
any suitable topology may be used in media processing
sub-system 108 as desired for a given implementation. The
embodiments are not limited in this context.

[0027] In various embodiments, media processing sub-
system 108 may include a processor 202. Processor 202 may
be implemented using any processor or logic device, such as
a complex instruction set computer (CISC) microprocessor,
a reduced instruction set computing (RISC) microprocessor,
a very long instruction word (VLIW) microprocessor, a
processor implementing a combination of instruction sets, or
other processor device. In one embodiment, for example,
processor 202 may be implemented as a general purpose
processor, such as a processor made by Intel® Corporation,
Santa Clara, Calif. Processor 202 may also be implemented
as a dedicated processor, such as a controller, microcontrol-
ler, embedded processor, a digital signal processor (DSP), a
network processor, a media processor, an input/output (I/O)
processor, a media access control (MAC) processor, a radio
baseband processor, a field programmable gate array
(FPGA), a programmable logic device (PLD), and so forth.
The embodiments are not limited in this context.

[0028] In one embodiment, media processing sub-system
108 may include a memory 204 to couple to processor 202.
Memory 204 may be coupled to processor 202 via commu-
nications bus 214, or by a dedicated communications bus
between processor 202 and memory 204, as desired for a
given implementation. Memory 204 may be implemented
using any machine-readable or computer-readable media
capable of storing data, including both volatile and non-
volatile memory. For example, memory 204 may include
read-only memory (ROM), random-access memory (RAM),
dynamic RAM (DRAM), Double-Data-Rate DRAM
(DDRAM), synchronous DRAM (SDRAM), static RAM


















