US 20090153737A1
a9 United States

a2y Patent Application Publication o) Pub. No.: US 2009/0153737 A1l

Glen 43) Pub. Date: Jun. 18, 2009
(54) METHOD, APPARATUS AND Publication Classification
MACHINE-READABLE MEDIUM FOR (51) Int.Cl
APPORTIONING VIDEO PROCESSING HO4N 5/14 (2006.01)

BETWEEN A VIDEO SOURCE DEVICE AND A

VIDEO SINK DEVICE (52) US.Cl ..cccovieeiincrecnce 348/571; 348/E05.062

57 ABSTRACT
(75)  Inventor: David LJ. Glen, Toronto (CA) To apportion desired video processing between a video
source device and a video sink device, at one of the devices,
Correspondence Address: and based upon an indication of video processing algorithms
ADVANCED MICRO DEVICES, INC. of'which the other device is capable and an indication of video
C/O VEDDER PRICE P.C. processing algorithms of which the one device is capable, a
222 N.LASALLE STREET set of video processing algorithms for achieving desired
CHICAGO, IL 60601 (US) video processing is identified. The identified set of video
processing algorithms is classified into a first subset of algo-
(73) Assignee: ATI Technologies ULC, Markham rithms for performance by the other device and a second
(CA) subset of algorithms for performance by the one device. At
least one command for causing the other device to effect the
(21) Appl. No.: 11/957,938 first subset of video processing algorithms is sent. The one
device may be configured to effect the second subset of algo-

(22) Filed: Dec. 17,2007 rithms.

10\

\
7\§\
(12
——— 16
3 -
Q
—1
—1
—
=

Ex.1008 / Page 1 of 23
Intel Corp. et d



Patent Application Publication

10\

Video Source

Device
12

Jun. 18,2009 Sheet 1 of 10 US 2009/0153737 Al
Video Processing
Capabilities
17
_)_> 1? Video Sink
Device
¢ ] 14
Command(s) to Effect
Video Processing
19
FIG. 1
Ex.1008 / Page 2 of 23

Intel Corp. et d



Patent Application Publication  Jun. 18, 2009 Sheet 2 of 10 US 2009/0153737 A1

10\
D14
7\\\
(12
— 16
=29 /
—
—
—
So=

FIG. 2

Ex.1008 / Page 3 of 23
Intel Corp. et d



Patent Application Publication  Jun. 18, 2009 Sheet 3 of 10 US 2009/0153737 A1

@&
<L

Volatile
< Memory

28 22

/12

25 16 19

Processor ( GSS <:—( Display
20 26 ~> Device

Ty
y

Non-Volatile
Memory

24
~N—

FIG. 3

Ex.1008 / Page 4 of 23
Intel Corp. et d



Patent Application Publication  Jun. 18, 2009 Sheet 4 of 10 US 2009/0153737 A1

26~ 36
To
To |/ Display
Processor | | GpU E[ﬁ?}; Device
30| g - [<—

Volatile Memory
32

Source Device
Video Processing

Capabilities
31
FIG. 4
14
From
Graphics
Subsystem []
<:y> Processor Screen
40 15
i A
Volatile Memory
42
: Sink Device Video
V?{i%%r%eroncg\gsﬁﬁ Video Processing
Canohilies 9l Processing [ Appointment
et Capabilties Logic
= 33 37
FIG. 5

Ex.1008 / Page 5 of 23
Intel Corp. et d



Patent Application Publication

Category 60~ Type of video processing 62~

Jun. 18, 2009 Sheet 5 of 10

US 2009/0153737 Al

31

available? 64~

scan-rate conversion dropping/duplicating every N frames/fields |NO
3:2 pulldown NO
2:2 pulldown NOD
temporal interpolation without motion NO
compensation
temporal interpolation with motion NO
compensation
interlacing scan line decimation NO
vertical de-flicker filtering NO
de-interlacing scan line duplication YES
field merging NO
scan line interpolation NO
motion adaptive de-interlacing NO
motion compensated de-interlacing NO
diagonal edge interpolation NO
de-noise temporal NO
spatial (e.g. mosquito or de-blocking) NO
scaling pixel dropping and duplication YES
linear interpolation YES
anti-aliased resampling NO
content-adaptive scaling NO
color correction fleshtone correction YES
white-point correction NO
color-saturation enhancement NO
contrast correction non-content adaptive YES
content adaptive NO
detail enhancement sharpness enhancement YES
edge enhancement NO
super-resolution NO
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w33

available? 64~

scan-rate conversion dropping/duplicating every N frames/fields [YES
3:2 pulldown YES
2:2 pulldown YES
temporal interpolation without motion YES
compensation
temporal interpolation with motion YES
compensation
interlacing scan line decimation YES
vertical de-flicker filtering YES
de-interlacing scan line duplication NO
field merging YES
scan line interpolation YES
motion adaptive de-interlacing YES
motion compensated de-interlacing YES
diagonal edge interpolation YES
de-noise temporal YES
spatial (e.g. mosquito or de-blocking) YES
scaling pixel dropping and duplication NO
linear interpolation NO
anti-aliased resampling YES
content-adaptive scaling YES
color correction fleshtone correction NO
white-point correction YES
color-saturation enhancement YES
contrast correction non-content adaptive NO
content adaptive YES
detail enhancement sharpness enhancement NO
edge enhancement YES
super-resolution YES
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METHOD, APPARATUS AND
MACHINE-READABLE MEDIUM FOR
APPORTIONING VIDEO PROCESSING

BETWEEN A VIDEO SOURCE DEVICE AND A
VIDEO SINK DEVICE

RELATED CO-PENDING APPLICATIONS

[0001] This application is related to co-pending application
entitted “METHOD, APPARATUS AND MACHINE-
READABLE MEDIUM FOR VIDEO PROCESSING
CAPABILITY COMMUNICATION BETWEEN A VIDEO
SOURCE DEVICE AND A VIDEO SINK DEVICE”, filed
on even date, having docket number 36544.00.0054, inventor
David Glen, owned by instant Assignee and is incorporated
herein by reference.

FIELD OF TECHNOLOGY

[0002] The present disclosure relates to video processing,
and more particularly to a method, apparatus and machine-
readable medium for apportioning video processing between
a video source device and a video sink device.

BACKGROUND

[0003] It is not uncommon for video source devices (i.e.
devices capable of outputting a video signal comprising data
representative of a video image, such as Digital Versatile Disc
(DVD) players, High-Density (HD) DVD players, Blu-ray
disc players, set-top boxes, or PCs) and video sink devices
(i.e. devices capable of receiving a video signal and further
processing the data and/or displaying video images, such as
televisions or monitors, which may be analog or digital
devices such as Cathode Ray Tubes (CRTs), flat panel dis-
plays such as Liquid Crystal Displays (LCDs) or plasma
displays, or rear-projection displays such as Digital Light
Processing (DLP) displays or Liquid Crystal on Silicon
(LCOS) displays for example) to be purchased separately. For
example, a consumer assembling a home entertainment sys-
tem may purchase the video source device component from
one manufacturer and the video sink device component from
another manufacturer. The consumer’s choice of components
may be motivated by such factors as consumer preference,
availability, or retailer promotions. The consumer may then
interconnect the components within the home entertainment
system so that the source device outputs video data to the sink
device. The interconnection may be by way of one or more
cables and may conform to a known industry standard, such
as VGA, composite/S-video or component out, Digital Visual
Interface (DVI), High-Definition Multimedia Interface™
(HDMI™) or DisplayPort®, for example.

[0004] Many contemporary video source devices are
capable of applying numerous video processing algorithms to
video data to improve the appearance or quality of the video
images comprising the output video data. The video process-
ing algorithms may fall into various categories, such as scan-
rate conversion, interlacing, de-interlacing, de-noise, scaling,
color correction, contrast correction and detail enhancement
for example. As an example of types of video processing
algorithms that might exist in a video processing category, the
interlacing category may include scan line decimation algo-
rithm and a vertical de-flicker filtering algorithm for example.
The video processing algorithms that are actually applied at
the source device at any given time may be based on various
factors, such as the nature of the video data (e.g. frame rate) or
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user preferences (e.g. an indication to use the maximum
frame rate possible). Video processing algorithms may be
effected in software, hardware, firmware or combinations of
these. A video processing algorithm may for example be
associated with a functional block of a video processor.
[0005] A video sink device may also be capable of applying
numerous video processing algorithms to received video
data, including some or all of the same video processing
algorithms that the upstream video source device is capable of
performing (referred to as “overlapping video processing
capabilities™). The overlap may be by virtue of the fact that the
video sink device is a modular component that is intended to
be capable of interconnection with various types of video
source devices whose video processing capabilities may vary.
The video source device and video sink device may each have
different strengths and weaknesses from a video processing
standpoint. For example, the source device may be capable of
numerous scan-rate conversion algorithms that the sink
device is incapable of executing, while the sink device is
capable of numerous de-interlacing algorithms that the
source device is incapable of executing.

[0006] Disadvantageously, no convenient mechanism
exists for apportioning video processing as between a video
source device and a video sink device.

[0007] A solution which obviates or mitigates this short-
coming would be desirable.

SUMMARY

[0008] In one aspect, there is provided a method of appor-
tioning desired video processing between a video source
device and a video sink device, the method comprising, at one
of'the devices: based upon an indication of video processing
algorithms of which the other of the video source device and
the video sink device is capable and an indication of video
processing algorithms of which the one device is capable:
identifying a set of video processing algorithms for achieving
desired video processing; and classifying the video process-
ing algorithms of the set into a first subset of video processing
algorithms for performance by the other device and a second
subset of video processing algorithms for performance by the
one device; and sending at least one command for causing the
other device to effect the first subset of video processing
algorithms.

[0009] In another aspect, there is provided a method of
apportioning desired video processing between a video
source device and a video sink device, the method compris-
ing, at one of the devices: sending an indication of video
processing algorithms of which the one device is capable to
the other of the video source device and video sink device;
and receiving from the other device at least one command for
causing the one device to effect at least one of the video
processing algorithms.

[0010] In yet another aspect, there is provided a machine
readable medium storing instructions that, when executed by
a processor of one of a video source device and a video sink
device, cause the one device to: based upon an indication of
video processing algorithms of which the other of the video
source device and the video sink device is capable and an
indication of video processing algorithms of which the one
device is capable: identify a set of video processing algo-
rithms for achieving desired video processing; and classify
the video processing algorithms of'the set into a first subset of
video processing algorithms for performance by the other
device and a second subset of video processing algorithms for
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performance by the one device; and send at least one com-
mand for causing the other device to effect the first subset of
video processing algorithms.

[0011] In yet another aspect, there is provided a video
source device comprising a processor and memory intercon-
nected with the processor, the memory storing instructions
which, when executed by the processor, cause the video
source device to: based upon an indication of video process-
ing algorithms of which a video sink device is capable and an
indication of video processing algorithms of which the video
source device is capable: identify a set of video processing
algorithms for achieving desired video processing; and clas-
sify the video processing algorithms of the set into a first
subset of video processing algorithms for performance by the
video sink device and a second subset of video processing
algorithms for performance by the video source device; and
send at least one command for causing the video sink device
to effect the first subset of video processing algorithms.
[0012] In yet another aspect, there is provided a video sink
device comprising a processor and memory interconnected
with the processor, the memory storing instructions which,
when executed by the processor, cause the video sink device
to: based upon an indication of video processing algorithms
of'which a video source device is capable and an indication of
video processing algorithms of which the video sink device is
capable: identify a set of video processing algorithms for
achieving desired video processing; and classify the video
processing algorithms of the set into a first subset of video
processing algorithms for performance by the video source
device and a second subset of video processing algorithms for
performance by the video sink device; and send at least one
command for causing the video source device to effect the
first subset of video processing algorithms.

[0013] In yet another aspect, there is provided a machine-
readable medium storing instructions that, when processed,
cause the creation of a circuit capable of: based upon an
indication of video processing algorithms of which one of a
video source device and a video sink device is capable and an
indication of video processing algorithms of which the other
of'the video source device and a video sink device is capable:
identifying a set of video processing algorithms for achieving
desired video processing; and classitying the video process-
ing algorithms of the set into a first subset of video processing
algorithms for performance by the other device and a second
subset of video processing algorithms for performance by the
one device; and sending at least one command for causing the
other device to effect the first subset of video processing
algorithms, wherein the circuit comprises the one device.
[0014] Other aspects and features of the present disclosure
will become apparent to those ordinarily skilled in the art
upon review of the following description of specific embodi-
ments of the invention in conjunction with the accompanying
figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Inthefigures which illustrate an exemplary embodi-
ment:
[0016] FIG.11is a schematic diagram of a system having a

video source device and a video sink device;

[0017] FIG. 2 is a schematic diagram illustrating in greater
detail an exemplary system having a video source device and
a video sink device;

[0018] FIG.3isaschematic diagram illustrating a CPU box
of the video source device of FIG. 2;
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[0019] FIG. 4 is a schematic diagram illustrating a graphics
subsystem of the CPU box of FIG. 3;

[0020] FIG. 5 is a schematic diagram illustrating the video
sink device of FIG. 2 in greater detail;

[0021] FIGS. 6 and 7 are schematic diagrams illustrating
indications of video processing capabilities of the video
source device and video sink device (respectively) of FIG. 2;
[0022] FIG. 8 is a flowchart illustrating operation of the
video source device of FIG. 2;

[0023] FIG. 9 is a flowchart illustrating operation of the
video sink device of FIG. 2;

[0024] FIG. 10 is anillustration of a graphical user interface
effected by the video sink device of FIG. 2;

[0025] FIG. 11 is a schematic diagram of an alternative
embodiment of the system of FIG. 1; and

[0026] FIG. 12 is a simplified schematic diagram of the
fabrication of a circuit comprising a video source device or
video sink device.

DETAILED DESCRIPTION

[0027] Referring to FIG. 1, an exemplary system 10 is
illustrated. The system 10 includes a video source device 12
and a video sink device 14 interconnected by a video data
interconnection 16.

[0028] The video source device 12 is an electronic device
that outputs over interconnection 16 a video signal compris-
ing data representative of a video image. The video data can
be an uncompressed digital video stream (e.g. a DVI,
HDMI™, Digital Flat Panel (DFP) Interface, Open LVDS
Display Interface (Openl.DI), or DisplayPort® signal), an
analog video stream (e.g. YPrPb, CVBS, or VGA signal), a
modulated signal containing multiple channels provided by a
cable television provider, a series of Ethernet packets that are
reassembled and/or decoded to form a complete video stream,
a broadcast received by a satellite dish or antenna, a video
stream from a DVD, information representative of objects in
three-dimensional space, information retrieved from a non-
volatile storage medium such as a hard drive, a computer-
generated video signal, or the like. It may comprise frames or
fields for example.

[0029] Thevideo source device 12 is capable of performing
various types of video processing upon the video data prior to
outputting the video data over interconnection 16. The video
processing may be for purposes of improving the quality of
the video images or converting between video formats for
example, and may include scan-rate conversion, interlacing,
de-interlacing, de-noise, scaling, color correction, contrast
correction or detail enhancement for example. Depending
upon the nature of the video source device 12, the video that
is processed may be received by video source device 12 from
an external source (e.g. cable head-end or satellite), read by
device 12 from a storage medium (e.g. a hard drive or optical
disk), or generated by device 12 (e.g. by a software applica-
tion such as a video game) for example. Exemplary video
source devices 12 include PCs, DVD players, HD DVD play-
ers, Blu-ray disc players, and set-top boxes (possibly having
digital video recording capabilities) receiving video signals
from any of a coaxial cable, satellite dish, telephone line,
broadband over power line, ethernet cable, or VHF, UHF or
HD antenna for example.

[0030] Video sink device 14 is an electronic device that
receives video data over interconnection 16 and performing
video processing upon the received video data. In many cases,
the video sink device is also capable of displaying the data as
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video images, but this is not necessarily true of al video sink
devices. The video processing of which the video sink device
14 is capable is wholly or partly the same as the video pro-
cessing of which video source device 12 is capable (i.e. the
video processing capabilities of devices 12 and 14 overlap).
This overlap in video processing capabilities between devices
12 and 14 may be because the devices are modular compo-
nents that are intended to be capable of interconnection not
only with each other but also with various types of other video
source device or video sink devices whose video processing
capabilities may vary. Exemplary video sink devices 14
include intermediate video processors (e.g. DVDO® iScan™
VP50) or monitors and televisions, which may be CRTs, flat
panel displays such as LCD or plasma displays, or rear-
projection displays such as DLP or LCoS displays for
example.

[0031] Thevideo data interconnection 16 is an interconnec-
tion for carrying signals representing video data from the
video source device 12 to the video sink device 14 and for
carrying other information in the same and opposite direction.
The information that is carried in the same direction as the
video data includes an indication of the video processing
capabilities of the source device 12 and, optionally, metadata
indicative of the video processing actually applied to the
video data by the video source device 12. The information
that is carried in the opposite direction includes one or more
commands for causing the video source device 12 to effect
one or more specified video processing algorithms. The trans-
mission of this information (in both directions) is a focus of
the present description. Physically, the interconnection 16
may be an electrical or optical cable, or it may simply be air
between the devices 12 and 14 over which video data is
wirelessly transmitted. The interconnection 16 may comply
with a known video interconnect standard, such as the DVI,
HDMI™, DisplayPort®, DFP Interface, Openl.DI, or Giga-
bit Video Interface (GVIF) standards for example. Alterna-
tively, the interconnection 16 may be governed by a propri-
etary signalling protocol.

[0032] Inoverview,to supportthe apportionment of desired
video processing between the video source device 12 and
video sink device 14, each of the video source device 12 and
video sink device 14 stores an indication of the video pro-
cessing algorithms of which it is capable. The indication, may
be an electronic data file preset within the device at the factory
for example (e.g. in ROM) or a dynamically configurable data
record that reflects the current video processing capabilities
of the device. The device 12 communicates this indication to
the other device 14, e.g. upon power up of the devices 12 and
14. This is schematically illustrated in FIG. 1 by way of arrow
17.

[0033] At the video sink device 14, the received indication
of the video processing algorithms of which device 12 is
capable and the separate (locally maintained) indication of
the video processing algorithms of which device 14 is capable
collectively indicate a totality of available video processing
algorithms. A set of video processing algorithms of this total-
ity for achieving the desired video processing is identified.
The identified video processing algorithms are classified in
two subsets: a first subset for performance by the video source
device 12 and a second subset for performance by the video
sink device 14. The classification may be governed by such
criteria as maximizing the quality of the video images, con-
serving power at one or both of the devices, or balancing the
video processing load between the devices for example.
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These criteria may be configurable by the user by way of a
graphical user interface (GUI). Following the classification,
the video sink device 14 sends one or more commands to the
video source device 12 (schematically illustrated in FIG. 1 by
way of arrow 19) in order to cause the device 12 to perform the
video processing algorithms that have been earmarked for
that device (i.e. the first subset of video processing algo-
rithms), and configures the video sink device 14 to perform
the remaining video processing algorithms (i.e. the second
subset). I[f the second subset is empty (e.g. if all of the video
processing algorithms to be performed are earmarked for the
video source device 12), then configuration of the video sink
device 14 may be unnecessary. The command(s) sent to the
video source device 12 may expressly instructthe device 12 to
deactivate the video processing algorithms of the second sub-
set; alternatively, the device 12 could operate with the under-
standing that it should only activate the video processing
algorithms that it is instructed to activate, and to deactivate all
other algorithms. The video sink device 14 thus acts as a
“master” in terms of determining the apportionment of video
processing between devices, and the video source device 12
acts as a “slave” in terms of effecting the video processing that
it is commanded to effect.

[0034] Optionally, the video source device 12, upon acti-
vating at least one video processing algorithm responsive to
the received command(s), may thereafter communicate meta-
data along with the processed video data that it transmits to
the device 14, which metadata reflects the video processing
algorithms that have been applied to the video data by device
12. When such metadata is communicated, then the video
sink device 14 may use it to confirm whether the transmitted
command(s) have in fact resulted in the performance of the
desired video processing algorithms at the video source
device 12. If the video sink device 14 determines that any
video processing algorithm of the first subset has not been
effected, it may take remedial steps, such as configuring the
video sink device 14 to perform that video processing algo-
rithm at the video sink device 14. Alternatively, if the meta-
data evidences that a video processing algorithm that was
expected to be deactivated at the video source device 12 is still
active at that device (e.g. because a user of that device has
manually activated the algorithm), then the video sink device
14 may take the remedial step of deactivating its own video
processing algorithm of that type to avoid needless duplica-
tion of effort.

[0035] Inanalternative embodiment (not shown in FIG. 1),
the role of the devices 12 and 14 in terms of video processing
apportionment is reversed. That is, device 12 acts as the
master and device 14 acts as the slave, rather than the oppo-
site. In this case, the direction of arrows 17 and 19 is reversed,
and the metadata that is communicated by the slave device (if
any) is communicated “upstream” from the video sink device
14 to the video source device 12.

[0036] Advantageously, the above-described embodiments
can provide such benefits as higher quality video images (e.g.
through election of video processing algorithms as between
the two devices that result in the highest quality images),
reduced power consumption at one device or the other (e.g. by
shifting power-hungry video processing from, say, a battery
powered device to the other device that is not battery pow-
ered), or balancing the video processing so that neither device
is overburdened or underutilized.

[0037] FIG. 2 illustrates an exemplary system 10 in greater
detail. In FIG. 2, the video source device 12 is a personal

Ex.1008 / Page 14 of 23
Intel Corp. et d



US 2009/0153737 Al

computer (or, more accurately, the CPU box 12 of a personal
computer), the sink device 14 is an LCD television, and the
interconnection 16 is a cable interconnecting the CPU box 12
with the television 14.

[0038] The CPU box 12, as its name suggests, is the portion
of the personal computer which contains the main processor
or CPU. The CPU box 12 includes various components other
than the CPU, such as a power supply, memory, peripheral
cards and cooling fan for example, none of which are illus-
trated. Notably, the CPU box 12 includes a graphics sub-
system (GSS), which is modified from a conventional GSS to
be capable of providing an indication of GSS video process-
ing capabilities to television 14 and of receiving commands
from television 14 to activate one or more video processing
algorithms, as described below.

[0039] A user input mechanism 13, such as a keyboard (as
illustrated in F1G. 2), mouse, trackball, touch screen, tablet or
combination of such devices, is also attached CPU box 12 and
permits user to control the personal computer.

[0040] Video sink device 14 is an LCD television which
displays video data originating from the CPU box 12, and in
particular, from the graphics subsystem of box 12, onits LCD
screen 15. The television 14 is capable of applying various
video processing algorithms to video data comprising the
video signal received from CPU box 12, as described below.
[0041] The cable 16 carries signals representing video
images (video data) from the graphics subsystem of the CPU
box 12 to the sink device 14. In the present embodiment, the
cable 16 conforms to the HDMI™ specification (e.g.
HDMI™ specification version 1.0, 1.1, 1.2a, 1.3, 1.3a or
13b), thus the signals are digital signals.
HDMI™interconnections such as cable 16 conform to the
Display Data Channel (DDC) standard, which is known in the
art. The DDC standard is promulgated by the Video Electron-
ics Standards Association (VESA) and governs communica-
tion between a sink device and a graphics subsystem. The
DDC standard provides a standardized approach whereby a
video sink device can inform a video source device about its
characteristics, such as maximum resolution and color depth,
s0 as to permit the video source device to cause valid display
configuration options to be presented to a user for example.
Mechanically, the cable 16 incorporates three lines/pins for
communicating sink device characteristics, namely, data,
clock and ground, in accordance with the DDC standard. The
specific version of the DDC standard to which the cable 16 of
the present embodiment conforms is the Enhanced Display
Data Channel (E-DDC™) Standard, Version 1.1 (Mar. 24,
2004). This standard is also promulgated by VESA (www.
vesa.org). As will become apparent, the DDC channel is used
in the present embodiment to carry commands in the
upstream direction for causing the video processing algo-
rithms earmarked for video source device 12 to be effected, as
part of the apportionment of video processing between the
devices 12 and 14. The cable 16 also carries an indication of
the video processing algorithms of which video source device
12 is capable, in the downstream direction, to video sink
device 14. For clarity, the terms “upstream” and “down-
stream” as used herein are relative to the general direction of
flow of video data between the devices, which is from device
12 to device 14.

[0042] FIG. 3illustrates the CPU box 12 of FIG. 2 in greater
detail. As illustrated, the CPU box 12 includes a processor 20,
volatile memory 22, non-volatile memory 24 and a graphics
subsystem 26.
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[0043] Processor 20 is the main processor of the CPU box
12 of FIG. 3. The processor 20 is conventional and may for
example be a Pentium® microprocessor manufactured by
Intel Corporation or an Athlon® micro-processor manufac-
tured by Advanced Micro Devices, Inc. (“AMD”). Other
types of processors manufactured by other corporations, such
as Motorola, Inc., International Business Machines Corp., or
Transmeta Inc., could alternatively be employed.

[0044] Volatile memory 22 is conventional random access
memory which stores executable software and data during the
operation of the system 10. Volatile memory 22 may be a form
of Dynamic Random Access Memory (DRAM) for example.
The executable software stored in memory 22 includes oper-
ating system software and application software. The operat-
ing system software may be a executable code representing
conventional operating system such as Windows XP, Win-
dows 2000, Windows NT®, Windows Vista® or Linux® for
example. Other operating systems, such as UNIX®, Mac
OS(TMO), Solaris, Sun-OS, or HP-UX, could be employed
in alternative embodiments. The application software may be
a conventional application, such as a media player or video
game, which causes 2D or 3D video images to be generated
for display.

[0045] Non-volatile memory 24 is a conventional form of
non-volatile memory, such as a hard disk drive for example,
which may store executable software and data when the sys-
tem 10 (FIG. 2) is powered down.

[0046] Processor 20, volatile memory 22 and non-volatile
memory 24 are interconnected by way of a system bus 28. The
specific implementation of bus 28 is not central to the present
description.

[0047] Video data may be converted from a logical repre-
sentation of 2D or 3D images by the GSS 26 before being
output. In the present embodiment, the GSS 26 is a stand-
alone expansion card, such as a Radeon® X800, Radeon®
X800 Pro, or Radeon® X600 card manufactured by AMD.
The GSS 26 could however be integrated into a motherboard
of CPU box 12 in alternative embodiments. The interconnec-
tion 25 between the main processor 20 and GSS 26 in FIG. 2
may conform to a known bus specification such as the Accel-
erated Graphics Port (AGP) or PCI Express™ interface speci-
fications. The GSS 26 serves as the point of connection for
cable 16 of FIG. 1 at CPU box 12 (e.g. at the backplane of
CPU box 12). The GSS of the present embodiment is capable
of executing various video processing algorithms, as will be
described.

[0048] FIG. 4 illustrates the GSS 26 of FIG. 3 during sys-
tem operation. As illustrated, the GSS 26 includes a graphics
processing unit 30 and volatile memory 32. Other compo-
nents have been omitted for clarity.

[0049] The graphics processing unit 30 is the processing
engine which is responsible for generating the video data that
is communicated over cable 16 to video sink device 14 of
FIG. 2, e.g. through conversion of a logical representation of
a 2D or 3D image. The GPU 30 of the present embodiment is
configured to be capable of performing video processing
algorithms in the following categories: de-interlacing (scan
line duplication only), scaling (pixel dropping and duplica-
tion or linear interpolation), color correction (fleshtone cor-
rection only), contrast correction (non-content adaptive con-
trast correction only), and detail enhancement (sharpness
enhancement only). The GPU 30 of the present embodiment
is not, however, configured to be capable of performing other
categories of video processing, such as scan-rate conversion,
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interlacing and de-noise. It will be appreciated that, in other
embodiments, the GPU 30 (or, more generally, video source
device 12), may be configured to be capable of executing
different types of video processing algorithms in the same or
different categories. For clarity, the term “video processing
algorithm” as used herein should not be understood to nec-
essarily connote a software implementation. A video process-
ing algorithm may be effected in software, hardware (e.g.
integrated circuitry), firmware, or combinations of these. In
some embodiments, each category of video processing algo-
rithms may be represented by functional block within a video
processor, wherein each functional block is capable of per-
forming at least one algorithm.

[0050] The GPU 30 includes a frame buffer 34. Frame
buffer 34 is a buffer that stores processed video data which is
ready for transmission to the sink device 14. Its output is
connected to the socket at backplane 35 to which cable 16
(FIG. 2) is connected by way of a HDMI™ transmitter (not
illustrated). The HDMI™ transmitter is responsible for con-
verting the video data for transmission over cable 16 in accor-
dance with the operative HDMI™ standard. In alternative
embodiments, the frame buffer 34 could form part of volatile
memory 32 (described below).

[0051] Volatile memory 32 serves as temporary storage for
image data during the application of video processing by
GPU 30. Memory 32 is typically a form of RAM which
supports high-speed memory access. Memory 32 is intercon-
nected with GPU 30 in conventional manner. Memory 32
stores an indication of video processing capabilities 31 of the
video source device 12 (or, more specifically, of the GSS 26
component of video device 12) of which it forms a part. The
indication 31 originates from non-volatile memory of GSS 26
(e.g. ROM) in the present embodiment.

[0052] Operation of the video source device 12 (and, more
specifically, of GSS 26) as described herein may be governed
by executable instructions loaded from a machine-readable
medium 38, such as a optical disk, magnetic disk or read only
memory chip for example, into volatile memory 22 (FIG. 3)
or volatile memory 32 (FIG. 4). For example, this code may
take the form of a driver, which is part of the operating system
executing at CPU box 12.

[0053] FIG. 5 illustrates the video sink device 14 of FIG. 2
during system operation. As illustrated, video sink device 14
includes a processor 40, memory 42 and a screen 15 inter-
connected in a conventional manner. Operation of video sink
device 14 as described herein may be governed by instruc-
tions loaded from a machine-readable medium 41, such as an
optical disk, magnetic disk or read only memory chip for
example, which may be executed by processor 40. Various
other components of the sink device 14, such as a HDMI™
receiver for receiving video data over interconnection 16 and
forwarding decoded video data to processor 40 and audio
components (e.g. audio enhancement processor, speakers),
are omitted from FIG. 5 for clarity.

[0054] Processor 40 is a video and graphics processor
which receives video data and executes various video pro-
cessing algorithms upon that data. The processor 40 is
capable of performing video processing algorithms in each of
the following categories: scan-rate conversion, interlacing,
de-interlacing, de-noise, scaling, color correction, contrast
correction, and detail enhancement. The processor 20
receives video data from the GSS 26 via cable 16 (and via an
HDMI™ receiver, not illustrated), which is connected to the
sink device 14, e.g. at its backplane.
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[0055] Volatile memory 42 stores an indication 31 of the
video processing capabilities of the video source device 12
and an indication 33 of video processing capabilities of tele-
vision 14. The indication 31 is received at run time in a
downstream communication from the video source device 12
while the indication 33 is read from non-volatile memory
(e.g. ROM) of television 14. In addition, memory 42 stores
video e.g. machine-processing apportionment logic 37. The
logic 37, which may take the form of software (executable
instructions), applies the currently operative criteria, (e.g.
maximum image quality, power conservation, and/or load
balancing) governing video processing apportionment. The
logic 37 is user-configurable in the present embodiment by
way of a GUI, described below. The rules 37 may be read
from local ROM at system startup.

[0056] FIGS. 6 and 7 illustrate, in greater detail, the indi-
cations 31 and 33 of the video processing capabilities of
devices 12 and 14 (respectively).

[0057] Referring to FIG. 6, the indication 31 is represented
in the form of a table. It will be appreciated that the actual
form of indication 31 within system 10 may be binary or
textual (e.g. markup language) for example. Each of ten dif-
ferent categories of video processing of which the video
source device 12 may be capable—namely, scan-rate conver-
sion, interlacing, de-interlacing, de-noise, scaling, color cor-
rection, contrast correction and detail enhancement—is rep-
resented as a primary row within the table of FIG. 6, with the
category being identified in column 60. Within each category,
atleast two video processing algorithms are more specifically
identified in column 62. Each video processing algorithm is
represented as a secondary row within the primary row of the
table. For example, the primary row representing the scan-
rate conversion category includes one secondary row for each
of the following five video processing algorithms in that
category: dropping/duplicating every N frames/fields, 3:2
pulldown, 2:2 pulldown, temporal interpolation without
motion compensation, and temporal compensation with
motion compensation. The capacity of device 12 to execute
each video processing algorithm is indicated in column 64.
Based on the values of FIG. 6, for example, it should be
apparent that device 12 is not capable of performing any of the
scan-rate conversion or interlacing algorithms identified in
the table, but is capable of executing one de-interlacing algo-
rithm, namely scan line duplication.

[0058] FIG. 7 illustrates the indication 33 of video process-
ing capabilities the sink device 14, using the same conven-
tions as FIG. 6. Based on FIG. 7, it will be apparent that device
14 is capable of performing all of the various scan-rate con-
version, interlacing and de-interlacing algorithms identified
within the table, but is only capable of performing a subset of
the video processing algorithms within the de-noise, scaling,
color correction, contrast correction and detail enhancement
video processing categories. The indication 33 may be imple-
mented in the same matter as indication 31 (e.g. they may be
data structures having a common format for consistency).
[0059] For clarity, the video processing algorithms identi-
fied in certain categories of video processing within the tables
of FIGS. 6 and 7 are briefly described below.

[0060]

[0061] Dropping/duplicating every N frames/fields—this
is a simple form of scan-rate conversion in which one out of
every N fields is dropped or duplicated. For example, the
conversion of 60-Hz to 50-Hz interlaced operation may drop

Scan-Rate Conversion
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one out of every six fields. A possible disadvantage of this
technique is apparent jerky motion referred to as “judder”.
[0062] 3:2 Pulldown—this technique is commonly used
when converting 24 frames/second content to NTSC (59.94-
Hz field rate). The film speed is slowed down by 0.1% to
23.976 (24/1.001) frames/second. Two film frames generate
five video fields.

[0063] Other Pulldown—other types of pulldown, e.g. 2:2,
24:1 and others, may be performed.

[0064] Temporal Interpolation—this technique generates
new frames from the original frames as needed to generate the
desired frame rate. Information from both past and future
input frames may be used to optimally handle appearing and
disappearing objects. When converting from 50-Hz to 60-Hz
using temporal interpolation, there are six fields of 60-Hz
video for every five fields of 50-Hz video. After both sources
are aligned, two adjacent 50-Hz fields are mixed together to
generate a new 60-Hz field.

[0065] Motion Compensation—motion compensation
attempts to identify true motion vectors within the video data
and to use this information to during temporal interpolation to
minimize motion artifacts. This can result in smooth and
natural motion free from judder.

[0066] Interlacing

[0067] Scan Line Decimation—in this approach, every
other active scan line in each non-interlaced frame is dis-
carded.

[0068] Vertical De-Flicker Filtering—in this approach, two
or more lines of non-interlaced data are used to generate one
line of interlaced data. Fast vertical transitions are smoothed
out over several interlaced lines.

[0069] De-Interlacing

[0070] Scan Line Duplication—scan line duplication
duplicates the previous active scan line. Although the number
of active scan lines is doubled, there is no increase in the
vertical resolution.

[0071] Field Merging—this technique merges two con-
secutive fields together to produce a frame of video. At each
field time, the active scan lines of that field are merged with
the active scan lines of the previous field. The result is that for
each input field time, a pair of fields combine to generate a
frame. Moving objects may have artifacts, also called “comb-
ing,” due to the time difference between two fields.

[0072] Scan Line Interpolation—scan line interpolation
generates interpolated scan lines between the original active
scan lines. The number of active scan lines is doubled, but the
vertical resolution is not. In a simple implementation, linear
interpolation is used to generate a new scan line between two
input scan lines. Better results, may be achieved by using a
Finite Impulse Response (FIR) filter:

[0073] Motion Adaptive De-interlacing—in “per pixel”
version of this approach, field merging is used for still areas of
the picture and scan line interpolation is used for areas of
movement. To accomplish this, motion, on a sample-by-
sample basis, is detected over the entire picture in real time.
Several fields of video at thus processed at once. As two fields
are combined, full vertical resolution is maintained in still
areas of the picture. A choice is made as to when to use a
sample from the previous field (which may be in the “wrong”
location due to motion) or to interpolate a new sample from
adjacent scan lines in the current field. Crossfading or “soft
switching” is used to reduce the visibility of sudden switching
between methods. some solutions may perform “per field”
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motion adaptive de-interlacing to avoid the need to make
decisions for every sample, as is done in “per pixel” motion
adaptive de-interlacing.

[0074] Motion Compensated De-interlacing—motion
compensated (or “motion vector steered”) de-interlacing,
which is several orders of magnitude more complex than
motion adaptive de-interlacing, requires calculating motion
vectors between fields for each sample and interpolating
along each sample’s motion trajectory. Motion vectors are
also found that pass through each of any missing samples.
[0075] Diagonal Edge Interpolation—searches for diago-
nal lines and attempts to interpolate along those lines in order
to remove apparent “staircase” effects.

[0076] Scaling

[0077] Pixel Dropping and Duplication—in this approach,
which may be referred to as “nearest neighbor” scaling, only
the input sample closest to the output sample is used. In pixel
dropping, X out of every Y samples are thrown away both
horizontally and vertically. A modified version of the Bresen-
ham line-drawing algorithm is typically used to determine
which samples not to discard. In pixel duplication, which can
accomplish simple upscaling, X out of every Y samples are
duplicated both horizontally and vertically.

[0078] Linear Interpolation—in this approach, when an
output sample falls between two input samples (horizontally
or vertically), the output sample is computed by linearly
interpolating between the two input samples.

[0079] Anti-Aliased Resampling—this approach may be
used to ensure that frequency content scales proportionally
with the image size, both horizontally and ver-tically. In
essence, the input data is upsampled and low-pass filtered to
remove image frequencies created by the interpolation pro-
cess. A filter removes frequencies that will alias in the resa-
mpling process.

[0080] Content-Adaptive Scaling—scaling is based in part
on the data being scaled (in contrast to a universally-applied
scaling algorithm).

[0081] Color Correction

[0082] Fleshtone correction, white-point correction and
color-saturation enhancement are all examples of different
types of color correction algorithms that might be applied, in
the alternative or in combination.

[0083] Detail Enhancement

[0084] Sharpness Enhancement—sharpness is increased
through, e.g., examination of the brightness of adjacent pixels
and enhancing contrast between them.

[0085] Edge Enhancement—detecting angles or edges
within an image and amplifying them as a whole.

[0086] Super-Resolution—in order to improve the resolu-
tion of an image feature, information about the feature is
collected over a sequence of frames in which the feature
appears. That information may then be used to increase the
sharpness of the feature in each of the frames.

[0087] It should be appreciated that the foregoing video
processing algorithms are merely illustrative, and may differ
in alternative embodiments.

[0088] FIGS. 8 and9 illustrate operation 800 and 900 ofthe
present embodiment for communicating indication of video
processing capabilities between video source device 12 and
video sink device 14 within the system 10. Operation 800
occurs at device 12 (specifically, at GSS 26) while operation
900 occurs at device 14.

[0089] Itisassumed that, prior to commencement of opera-
tion 800 and 900, a user has specified apportionment criteria
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for use by the apportionment logic 37 of video sink device 14
(FIG. 5) in determining what video processing should be done
by video source device 12 and what video processing should
be done by device 14. In the present embodiment, this is done
through a GUI 1000, which is illustrated in FIG. 10.

[0090] Referring to FIG. 10, GUI 1000 includes a radio
button group 1002 containing three radio buttons 1004, 1006,
and 1016 for selecting as the operative criterion one of three
video processing apportionment criteria. The first radio but-
ton 1004 selects maximizing image quality as the operative
criterion. The second radio button 1006 selects power con-
servation as the operative criterion. The third radio button
1016 selects load balancing between the video source device
12 and video sink device 14 as the operative criterion. In the
present embodiment, selection of one criterion deselects the
others by operation of the radio buttons. In other embodi-
ments, the criteria may not be mutually exclusive. In alterna-
tive embodiments, the apportionment criteria may differ in
whole or in part from those indicated above.

[0091] The second radio button 1006 includes a subordi-
nate radio button group 1008 for specifying whether power
conservation is to be effected at video source device 12 (radio
button 1010), video sink device 14 (radio button 1012), or at
any device(s) 12 and/or 14 that are powered by battery (radio
button 1014). The radio button group 1008 may remain
ghosted (i.e. greyed out) until button 1006 has been selected.

[0092] The third radio button 1016 includes a slider 1018
for specifying a target balance of video processing computa-
tional load between the devices 12 and 14. As shown in FIG.
10, the target balance indicated on the graduations of slider
1018 is expressed in the format XX %/YY %, where XX is the
percentage of the load to be handled by the video source
device 12 and Y'Y is the percentage of the load to be handled
by the video sink device 14 (wherein XX and YY total 100).
It should be appreciated that apportionment of video process-
ing with such precision as to achieve the exact balance indi-
cated by the slider 1018 may be impossible, thus video pro-
cessing apportionment logic 37 may simply use best efforts to
effect the specified balance (e.g. it may effect the load balance
that is closest to the desired balance of all possible load
balancing alternatives given the video processing to be appor-
tioned). Movement of the slider may be restricted to jumping
between the graduations.

[0093] It is noted that selection of radio buttons 1006 or
1016 to specify the apportionment criteria of power conser-
vation or load balancing (respectively) may be motivated by
the user’s desire to avoid excessive heat generation by video
processing circuitry within device 12 or 14 proximate to the
user, e.g. to avoid the activation of a cooling fan which the
user may consider to be undesirably noisy.

[0094] In some embodiments, GUI 1000 of FIG. 10 might
be combined with other user preference settings for video, in
order to simplify the user experience in configuring the sys-
tem 10. Moreover, the video user preferences GUIs of some
embodiments may not expressly state that the settings bear
upon video processing apportionment. Rather, the GUIs may
simply permit selection of the desired benefit (e.g. maximiz-
ing image quality, extending battery life or limiting fan noise)
without indicating that video apportionment is the mecha-
nism for achieving that benefit. This may be based on a belief
that a typical user is unconcerned with the details of video
processing apportionment as long as the desired benefit is
provided.
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[0095] In the illustrated embodiment, upon user selection
of'one of the three options represented by radio buttons 1004,
1006 and 1016 (say, radio button 1004, as shown in FIG. 10),
and upon user confirmation of the selection via OK button
1020, the video processing apportionment logic 37 is config-
ured with the specified criteria (or, in the present case, crite-
rion). This configuration may for example be achieved by
storing, in memory 42 of television 14 (FIG. 5), an electronic
data file (not expressly illustrated) representing the specified
criteria, which may be read by the logic 37 during its execu-
tion, or by otherwise configuring logic 37.

[0096] It should be appreciated that, prior to commence-
ment of operation 800 and 900, memory 42 of video sink
device 14 (FIG. 5) does not contain the indication 31 of video
processing capabilities of the video source device 12, but does
contain indication 33 of the video processing capabilities of
video sink device 14. The latter may be read from local ROM
upon device activation.

[0097] Referring to FIG. 8, the GSS 26 initially sends the
indication 31 of its video processing capabilities (represent-
ing the video processing algorithms of which the video source
device 12 is capable) downstream over interconnection 16 to
the video sink device 14 (S802). This may be done during
initialization of the video source device 12, e.g. upon detec-
tion of the sink device 14. The rationale for transmitting the
indication 31 during the initialization stage, and possibly only
during that stage, is that the indication 31 is not likely to
change during the period of interconnection of the devices 12
and 14. However, it is recognized that the capabilities of
devices 12 and 14 could change over time, as it is not uncom-
mon for such devices to have software/firmware updates
applied/installed which provide for new and improved func-
tionality. Generally, indication 31 may be communicated over
an auxiliary channel defined by the video interconnect stan-
dard governing interconnection 16 (if any), which is auxiliary
to a primary channel over which video data is communicated.
For example, the indication could be sent over the DDC
channel (of HDMI™ or DVT interconnections), the auxiliary
channel (of DisplayPort® interconnections) and possibly
even the Consumer Electronics Control (CEC) channel of
HDMI™ connections. As is known in the art, the CEC chan-
nel is an optional mechanism in HDMI™ for carrying com-
mands between video source devices and video sink device
according to a common protocol. The mechanism is a single-
wire, bidirectional, serial bus. HDMI™ compliant cables
necessarily incorporate wiring for the CEC channel, even
though implementation of the CEC protocol is presently
optional for video source and sink devices. Conventionally,
the CEC protocol is typically used either to support user
control of both of the source and sink devices with only the
remote control of one of the devices, or to permit one of the
source and sink devices to automatically control the other in
certain situations (e.g. when the drawer of a DVD player
closes with a disk, the player device may automatically com-
mand an interconnected television to power up). The use of
this channel for the above-noted purpose would therefore
constitute an unconventional use of this channel as of the time
of' this writing. Alternatively, the indication 31 could be sent
in-band with video data being communicated over the inter-
connection 16, e.g. multiplexed within unused portions of the
video data such as vertical or horizontal blanking intervals.
The specific approach for achieving such in-band embedding
of'indication of video processing capabilities 31 may depend
upon the operative video interconnect standard governing the
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interconnection 16 (if any). For example, in embodiments
whose interconnection conforms to the HDMI™ standard or
the Consumer Electronics Association CEA 861 standard
(Rev. D), the indication 31 could be embedded in one or more
secondary data packets, referred to as “Info Frames” or “Info
Packets”, in the main channel of communication.

[0098] Referring to FIG. 9, the video sink device 14
receives the indication 31 of the video processing algorithms
of which the video source device 12 is capable and stores it
within memory 42 (S902).

[0099] The received indication 31, together with the indi-
cation 33 of the video processing algorithms of which device
14 is capable, collectively indicate a totality of available
video processing algorithms that could be performed in order
to achieve the desired video processing. The term “desired
video processing” may refer to video processing that is
deemed to be necessary by such factors as the characteristics
of the video data (e.g. format, frame rate, or the presence of
noise or compression artifacts within the video data), charac-
teristics of device(s) 12 and/or 14 (e.g. the resolution or
refresh rate of the display), user preference settings specify-
ing desired video image characteristics (e.g. acceptable noise
level, contrast or color settings), or combinations of these.
Thereafter, the logic 37 at video sink device 14 (FIG. 5)
identifies a set of video processing algorithms of this totality
for achieving the desired video processing (S904) and clas-
sifies the set of video processing algorithms into two subsets:
a first subset for performance by the video source device 12
and a second subset for performance by the video sink device
14 (S905). This classification is performed based on the cur-
rently operative video processing apportionment criteria set
by the user via GUI 1000 of FIG. 10, which, based on the
user’s selection of radio button 1004 in the present example,
specifies maximum image quality as the sole video process-
ing apportionment criterion. Accordingly, the logic 37 selects
video processing algorithms that will result in the quality of
the resultant video images being maximized, regardless of
which device 12 or 14 is capable of performing that algo-
rithm. More specifically, if the desired video processing dic-
tates that each category of video processing identified in
indications 31 and 33 of FIGS. 6 and 7 should be applied, then
for each category of video processing, the logic 37 compares
the algorithms in that category that are available at device 12
and/or device 14 in terms of the quality of the images that
would result, and the video processing algorithm that is
capable of generating the highest-quality result is selected in
each category. If both devices 12 and 14 are capable of per-
forming the chosen algorithm, then considerations such as
load balancing (even if not expressly chosen as an apportion-
ment criterion in GUI 1000) may be taken into consideration
in selecting which of the two devices 12 or 14 is to perform
that algorithm. Otherwise, performance of the algorithm is
earmarked for whichever of the two devices is capable of it.
Apportionment may be influenced by a logical “order of
operations” for performing certain video processing algo-
rithms or categories. For example, it is generally true that
de-interlacing should be performed before, or at least “at the
same time as”, scaling (not after). Similarly, it is generally
desirable to perform noise reduction before detail enhance-
ment.

[0100] For example, assuming that the various de-interlac-
ing algorithms identified in the table FIGS. 6 and 7 (i.e. scan
line duplication, field merging, scan line interpolation,
motion adaptive de-interlacing, and motion compensated de-
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interlacing) are ordered in ascending order by the relative
quality of the de-interlaced video that results from their
execution, then the operation S904 may determine that the
GSS 26 should deactivate its scan line duplication (the only
form of de-interlacing of which it is capable) in favour of
activation by the television 14 of motion compensated de-
interlacing.

[0101] It is noted that, when conservation of power at bat-
tery-powered devices is elected (by selection of radio buttons
1006 and 1014 of FIG. 10), if both devices 12 and 14 are
found to be battery powered, operation S904 may involve
identifying which of the two devices 12 and 14 is capable of
processing the video with the least amount of power being
consumed. A minimum threshold of video processing for
video images of an acceptable quality may be need to be met.
This minimum threshold of video processing could be hard-
coded within the apportionment logic 37 or may be based on
user preferences pertaining to video (e.g. as described above).
[0102] Insome embodiments, video processing apportion-
ment logic 37 may be configurable to take into account mul-
tiple apportionment criteria, such as providing maximum
video image quality with the lowest possible power consump-
tion. If a GUI is used to specify the operative criteria in this
case, the GUI may utilize user interface controls (widgets)
other than radio buttons, such as checkboxes for example,
whose selection is not mutually exclusive.

[0103] It should be appreciated that the video processing
apportionment logic 37 may incorporate dependencies
between video processing algorithms in different categories.
That is, the logic 37 may reflect the fact that the activation/
deactivation of one video processing algorithm bears upon
whether another video processing algorithm may or may not
be activated in a different category of video processing. For
example, if a form of de-interlacing is to be performed that
necessarily involves scaling, then the logic 37 may automati-
cally recognize that scaling should also be activated, and that
it is desirable to perform scaling before, or at the same time as,
the de-interlacing.

[0104] Once the subset of the video processing algorithms
that is to be performed by the video source device 12 (the
“slave”) has been identified, the master device 14 generates
one or more commands 19 for causing the slave device 12 to
effect the video processing algorithm(s) earmarked for the
slave. The command(s) 19 is/are then sent to the device 12 via
cable 16 for implementation (S906). Communication of the
command(s) may be by way of an auxiliary or “side” channel
of interconnection 16 that is distinct from a channel carrying
video data in the downstream direction. In the present
embodiment, the command(s) is/are sent over the DDC chan-
nel to the video source device 12. Because the video source
device 12 is conventionally the “master” of the DDC channel,
such that the video sink device 14 would not be expected to
initiate communication over the DDC channel, the sending of
command(s) 19 may initially require the video sink device 14
to simulate a hot plug detect event. As is known inthe art, ahot
plug detect event is conventionally used to communicate to a
video source device 12 (typically a CPU box) that a display
device has been dynamically plugged in or unplugged there-
from. By simulating such an event, the video source device 12
can be caused to “retrieve” the command, e.g. as part of an
Extended Display Identification Data (EDID) data structure.
As is known in the art, the VES A Enhanced Extended Display
Identification Data (E-EDID) Standard, Release A, 2.0 (Sep-
tember, 2006), defines a 128-byte data structure (which may
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be referred to as the “EDID 1.4 data structure) containing
information which permits a modern computer to know what
kind of monitor is connected to it, including vendor informa-
tion, maximum image size, color characteristics, factory pre-
set timings, frequency range limits, and character strings for
the monitor name and serial number. The command(s) 19
could be defined as part of that data structure or within an
extension block to that data structure. In alternative embodi-
ments, such hot plug detect event simulation may be unnec-
essary. For example, some embodiments may employ the
CEC channel for communicating the command(s) 19 to
device 12. Because the CEC protocol permits multiple mas-
ters to co-exist on a single CEC channel, it would be possible
for the video sink device 14 to initiate the communication of
command(s) 19 to device 12. The CEC channel could even be
used in conjunction with the DDC channel for the purpose of
communicating commands. For example, a CEC command
instructing the video source device 12 to “read command(s)
19 from the video sink device 14 over the DDC channel” may
be sent by the video sink device 14. In the case where the
interconnection 16 is governed by the DisplayPort® interface
rather than HDMI™, the video sink device 14 could initiate
the communication of the command(s) 19 by sending an
interrupt signal to the video source device 12, upon which the
device 12 may access the command(s) from device 14 over
the DisplayPort® Auxiliary Channel by way of the interrupt
vector register. Various mechanisms for communicating the
commands(s) 19, as well as metadata (described below),
between the devices 12 and 14 are possible.

[0105] The format or structure of the command(s) 19 may
be programmed at each device 12 and 14. Various command
formats could be employed. In one example, a binary com-
mand could be sent to device 12 containing a single bit for
each video processing algorithm of which the device is
capable. A bit value of “1” indicates that the video processing
algorithm is to be activated while a bit value of “0” indicates
that the video processing algorithm is to be deactivated. It
may be desired to expressly communicate to the video source
device 12 that the video processing algorithms of the second
subset (i.e. those earmarked for downstream device 14)
should be deactivated at device 12, to avoid any ambiguity at
device 12 as to whether those video processing algorithms
can remain activated if already active at device 12. In another
exemplary command format, the command(s) 19 could com-
prise a variable length list containing, for each video process-
ing algorithm, an identifier of that algorithm (e.g. 7 bits of a
byte) and a desired state for that algorithm (e.g. last bit of
byte="1" to activate the algorithm or “0” to deactivate the
algorithm). There may be an understanding between the
devices that any video processing algorithms not expressly
referenced in command(s) 19 are “don’t cares” from the
perspective of device 14, i.e. can be left activated if they are
already active or left off if they are currently inactive. If the
subset of video processing algorithms earmarked for the
video source device 12 is empty, then it may still be desired
(although not necessarily required in all embodiments) to
send command(s) 19 to ensure that these video processing
algorithms are deactivated at device 12.

[0106] The master device also configures itself to perform
the second subset of video processing algorithms (S907). To
the extent that the second subset of video processing algo-
rithms is the empty set (e.g. if all the video processing algo-
rithms to be activated have been earmarked for the other
device), then this configuration may be unnecessary.
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[0107] Referring again to FIG. 8, upon receipt of the com-
mand(s) 19 at the video source device 12 (S804), the device
12 parses the command(s) to identify the video processing
algorithm(s) to be effected. The identified algorithm(s) are
then effected at the device 12 (S806), specifically, at GPU 30
(FIG. 4).

[0108] Thereafter, the video source device 12 of the present
embodiment generates metadata indicative of the video pro-
cessing algorithms that has been performed (S808). The gen-
erated metadata is then communicated over the interconnec-
tion 16 to the video sink device 14 to confirm implementation
of the command(s) (S810). The format of the metadata may
for example be any of: binary or textual; packetized; markup
language; or compliant with ITU Recommendation ITU-BT.
1364-1. The metadata may be communicated along with the
video data over the interconnection 16. If the same channel is
used, the metadata may be multiplexed with the video data,
e.g. occupying unused portions of the video data stream (e.g.
vertical blank or horizontal blank intervals). If multiple chan-
nels are used, the metadata may be carried over an auxiliary
channel that is distinct from a primary channel over which
video data is transmitted. The communication of metadata
may be as described in U.S. patent application Ser. No.

(not yet assigned) entitled METHOD AND APPA-
RATUS FOR DESCRIBING VIDEO PROCESSING (AMD
Ref. No. 070047, agent docket number 91922-138), which is
incorporated by reference hereinto. Operation S808, S810
may continue for some time.

[0109] Referring againto FIG. 9, the metadataisreceived at
video sink device 14 (S908) and is used to confirm whether
the previously transmitted command(s) 19 did in fact result in
performance of the video processing algorithms of the first
subset at the video source device 12. If the metadata indicates
that the any of the video processing algorithms of the first
subset was not effected by device 12, the video sink device 14
may take remedial steps, such as adjusting its own video
processing to effect the non-effected algorithm (S910) or
possibly re-sending the command(s) 19, if it is considered
that they may not have reached the video source device 12.
Conversely, if the metadata indicates that the any of the video
processing algorithms that device 12 was expressly instructed
to deactivate remain active (e.g. due to a manual activation of
the video processing algorithm by a user of device 12), then
the video sink device 14 may take remedial steps, such as
adjusting its own video processing to cease performing that
algorithm (to avoid needless duplication of effort) (S910) or,
again, possibly re-sending the command(s) 19, if it is consid-
ered that they may not have reached the video source device
12.

[0110] As will be appreciated by those skilled in the art,
modifications to the above-described embodiment can be
made without departing from the essence of the invention. For
example, the video source device 12 need not be a CPU box
of'a PC, but instead may be a DVD player, HD DVD player,
Blu-ray disc player, an intermediate video processor, or set-
top box (possibly with digital video recording capabilities)
for example, or other source of video data. Moreover, the
video sink device 14 may be something other than an LCD
television, such as another type of television, a monitor or an
intermediate video processor for example.

[0111] The video processing categories and video process-
ing algorithms identified in indications 31 and 33 of FIGS. 6
and 7 may differ in other embodiments.
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[0112] In another alternative, indications of video process-
ing capabilities 31 and 33 could include information that is
utilized by the video processing apportionment logic 37 to
assist in the apportionment determination. For example, a
quality indicator could be provided for each video processing
algorithm. The quality indicator may indicate the relative
quality ofalgorithm, e.g. on an absolute scale of, say, 0 to 100,
where 0 indicates very poor quality (or an inability to perform
the relevant algorithm) and 100 indicates very high quality.
The scale may be a standardized scale, e.g. set by a standards
body based on an assessment of the video processing capa-
bilities of comparable, commercially available devices. The
use of a standardized scale may promote ready comparison of
video processing capabilities between devices. In another
example, the indications 31, 33 of video processing capabili-
ties may include an indicator of relative power consumption
for each video processing algorithm, for use when power
conservation is an operative apportionment criterion. These
indicators too may conform to a standardized scale, to facili-
tate comparison of the anticipated power consumption result-
ing from video processing at each device.

[0113] It is not necessary for the video processing appor-
tionment logic 37 to be dynamically configurable through a
graphical user interface such as GUI 1000 (FIG. 10). In some
embodiments, the logic 37 may be predetermined. Even if
predetermined, the logic 37 may take into account such fac-
tors as the characteristics of the video data, characteristics of
device(s) 12 and/or 14, user preference settings specifying
desired video image characteristics, or combinations of these,
as noted above, in determining an apportionment for video
processing.

[0114] It is also noted that operation S808, S810 (FIG. 8)
and operation S908, S910 (FIG. 9) may not occur in some
embodiments. In such embodiments, the video sink device 14
may not be able to confirm that its commands have been
effected by the video source device 12 unless it is able to
analyze the video data images for evidence that the video
processing has been applied for example.

[0115] As noted above, the role of the devices 12 and 14 in
terms of video processing apportionment could be reversed.
That is, the device 12 may act as the master and the device 14
as the slave. Such an embodiment is illustrated in FIG. 11.
[0116] As shown in FIG. 11, system 110 includes a video
source device 112 and a video sink device 114 interconnected
by a video data interconnection 116. In this embodiment, the
video source device 112 performs operation 900 of FIG. 9
while video sink device 114 performs operation 800 of FIG.
8, with the exception that each reference to “video source
device” in FIGS. 8 and 9 should be replaced with “video sink
device”, and vice-versa. Accordingly, the device 114 commu-
nicates an indication of'its video processing capabilities to the
device 112 (rather than the reverse), as represented by way of
arrow 117, while commands 119 are sent in the opposite
direction. The DDC or CEC channel could be used to com-
municate the commands between the devices 112 and 114.
The GUI 1000, if effected, would be effected by the video
source device 112 rather than the video sink device 114.
Moreover, any metadata that is communicated by the slave
device would be communicated “upstream” from the video
sink device 14 to the video source device 12.

[0117] In some embodiments, the indications 31, 33 of
video processing capabilities may reflect user configuration
of the relevant device 12, 14 (respectively). For example, if
the user of device 12 has manually turned off all interlacing
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algorithms at device 12, then the indication 31 may reflect the
fact that the device 12 presently has no interlacing capability.
If the user later activates one or more interlacing algorithms,
a revised indication 31 could be sent which reflects the fact
that interlacing algorithms are now available.

[0118] In some embodiments, a separate indication 31, 33
may be provided for each type of video stream that the inter-
connection 16 may carry. For example, a separate indication
31, 33 may exist for each of video modes 4801, 480p, 720p,
10801 and 1080p. It will further be appreciated that, in some
embodiments, each of the video source device and video sink
device may comprise a circuit. The circuit may for example
be a standalone integrated circuit, or may form part ofa larger
integrated circuit, or may be subsumed within one or more
electronic devices. The circuit may be fabricated using fabri-
cation equipment, such as the type of equipment found in a
semiconductor fabrication plant or foundry for example. The
equipment may generate circuits based on a set of instructions
comprising hardware description language that describes the
circuit. The fabrication equipment processes the instructions
and, based on that processing, creates the circuit. This
approach may be used to fabricate a circuit representative of
a video source device or a circuit representative of a video
sink device (or both).

[0119] This approach is schematically illustrated in FIG.
12. Exemplary hardware description language instructions
stored on a machine-readable medium 120 are processed by
exemplary fabrication equipment 122, which creates an
exemplary circuit 124 based on the processed instructions.
The exemplary instructions may for example be in a hardware
description language, such as Very High Speed Integrated
Circuit Hardware Description Language (VHDL), Verilog, or
Verilog-A.

[0120] Other modifications will be apparent to those skilled
in the art and, therefore, the invention is defined in the claims.

What is claimed is:

1. A method of apportioning desired video processing
between a video source device and a video sink device, the
method comprising, at one of said devices:

based upon an indication of video processing algorithms of

which the other of said video source device and said

video sink device is capable and an indication of video

processing algorithms of which said one device is

capable:

identifying a set of video processing algorithms for
achieving desired video processing; and

classifying the video processing algorithms of said set
into a first subset of video processing algorithms for
performance by said other device and a second subset
of video processing algorithms for performance by
said one device; and

sending at least one command for causing said other device

to effect the first subset of video processing algorithms.

2. The method of claim 1 further comprising configuring
said one device to effect the second subset of video processing
algorithms.

3. The method of claim 1 further comprising receiving at
said one device said indication of video processing algo-
rithms of which the other of said video source device and said
video sink device is capable.

4. The method of claim 1 wherein said classifying is per-
formed in accordance with one or more video processing
apportionment criteria.
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5. The method of claim 4 further comprising:

presenting a user interface comprising at least one user
interface control for specifying said one or more video
processing apportionment criteria.

6. The method of claim 4 wherein said video processing
apportionment criteria comprise at least one of maximizing
the quality of video images and conserving power at either or
both of said video source device and video sink device.

7. The method of claim 4 wherein said video processing
apportionment criteria comprise balancing the load associ-
ated with the desired video processing between said video
source device and said video sink device.

8. The method of claim 1 further comprising, subsequent to
said sending, receiving metadata indicative of whether said
other device has effected the first subset of video processing
algorithms.

9. The method of claim 8 further comprising:

if said metadata indicates that any video processing algo-

rithm of the first subset has not been effected by said
other device, configuring said one device to perform said
video processing algorithm.

10. The method of claim 8 further comprising:

if said metadata indicates that any video processing algo-

rithm of the second subset has been effected by said
other device, configuring said one device to refrain from
performing said video processing algorithm.

11. The method of claim 1 wherein said sending comprises
transmitting said at least one command over an auxiliary
channel of an interconnection between the video source
device and video sink device, said channel being auxiliary to
aprimary channel of said interconnection for communicating
avideo signal from said video source device to said video sink
device.

12. The method of claim 11 wherein said interconnection is
a High-Definition Multimedia Interface (HDMI) intercon-
nection and said auxiliary channel is a Display Data Channel
or a Consumer Electronics Command channel.

13. The method of claim 1 wherein said receiving an indi-
cation comprises receiving the indication over an auxiliary
channel of an interconnection between said video source
device and said video sink device, said channel being auxil-
iary to a primary channel of said interconnection for commu-
nicating a video signal from said video source device to said
video sink device.

14. The method of claim 1 wherein said one device is the
video source device and said other device is the video sink
device.

15. The method of claim 1 wherein said one device is the
video sink device and said other device is the video source
device.

16. The method of claim 1 wherein said at least one com-
mand identifies the video processing algorithms of said sec-
ond subset for deactivation at said other device.

17. A method of apportioning desired video processing
between a video source device and a video sink device, the
method comprising, at one of said devices:

sending an indication of video processing algorithms of

which said one device is capable to the other of said
video source device and video sink device;

receiving from said other device at least one command for

causing said one device to effect at least one of said
video processing algorithms; and

effecting said at least one of said video processing algo-

rithms.
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18. A machine readable medium storing instructions that,
when executed by a processor of one of a video source device
and a video sink device, cause said one device to:

based upon an indication of video processing algorithms of

which the other of said video source device and said

video sink device is capable and an indication of video

processing algorithms of which said one device is

capable:

identify a set of video processing algorithms for achiev-
ing desired video processing; and

classify the video processing algorithms of said set into
a first subset of video processing algorithms for per-
formance by said other device and a second subset of
video processing algorithms for performance by said
one device; and

send at least one command for causing said other device to

effect the first subset of video processing algorithms.

19. The machine readable medium of claim 18 wherein
said instructions further configure said one device to effect
the second subset of video processing algorithms.

20. A video source device comprising a processor and
memory interconnected with said processor, said memory
storing instructions which, when executed by said processor,
cause said video source device to:

based upon an indication of video processing algorithms of

which a video sink device is capable and an indication of

video processing algorithms of which said video source

device is capable:

identify a set of video processing algorithms for achiev-
ing desired video processing; and

classify the video processing algorithms of said set into
a first subset of video processing algorithms for per-
formance by said video sink device and a second
subset of video processing algorithms for perfor-
mance by said video source device; and

send at least one command for causing said video sink

device to effect the first subset of video processing algo-
rithms.

21. The video source device of claim 20 wherein said
instructions further configure said video source device to
effect the second subset of video processing algorithms.

22. A video sink device comprising a processor and
memory interconnected with said processor, said memory
storing instructions which, when executed by said processor,
cause said video sink device to:

based upon an indication of video processing algorithms of

which a video source device is capable and an indication

of video processing algorithms of which said video sink

device is capable:

identify a set of video processing algorithms for achiev-
ing desired video processing; and

classify the video processing algorithms of said set into
a first subset of video processing algorithms for per-
formance by said video source device and a second
subset of video processing algorithms for perfor-
mance by said video sink device; and

send at least one command for causing said video source

device to effect the first subset of video processing algo-
rithms.

23. The video sink device of claim 22 wherein said instruc-
tions further configure said video sink device to effect the
second subset of video processing algorithms.

24. A machine-readable medium storing instructions that,
when processed, cause the creation of a circuit capable of:

Ex.1008 / Page 22 of 23
Intel Corp. et d



US 2009/0153737 Al Jun. 18, 2009

12
based upon an indication of video processing algorithms of 25. The machine-readable medium of claim 24 wherein
which one of a video source device and a video sink said one device is the video source device and said other
device is capable and an indication of video processing ~ device is the video sink device.
algorithms of which the other of said video source 26. The machine-readable medium of claim 24 wherein
device and a video sink device is capable: said one device is the video sink device and said other device

is the video source device.

27. The machine-readable medium of claim 24 wherein
said instructions comprise hardware description language
instructions.

28. The machine-readable medium of claim 27 wherein
. . . said hardware description language is one of Verilog hard-
of video processing algorithms for performance by ware description langlg)uage, Ve;grlillogg-A hardware desfription

.Sald one device; and . . . language, and Very High Speed Integrated Circuit Hardware
sending at least one command for causing said other device Description Language (VHDL).

to effect the first subset of video processing algorithms,

identifying a set of video processing algorithms for
achieving desired video processing; and

classifying the video processing algorithms of said set
into a first subset of video processing algorithms for
performance by said other device and a second subset

wherein said circuit comprises said one device. ok ow R
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