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AUDIOVISUAL SIGNAL RoOUTING AND DISTRIBUTION SYSTEM

SPECIFICATION

FieELD OF THE INVENTION
This invention relates to the field of audiovisual signal routing and distribution
systems, and more specifically to a particularly efficient and flexible system for routing and

distributing audiovisual signals of various differing formats.

BACKGROUND

A number of high-end video routing and distribution systems currently exist. One
example is the Optima system of the AutoPatch™ division of XN Teclmd]ogies, Inc. of
Cheney, Washington. This configured system can handle many different types of audio and
video signals.

Such video routing and distribution systems, sometimes referred to as video switches,
are lagging behind the introduction of an ever increasing variety of available video formats.
Conventional video switches support a number of available video formats but cannot, as a
practical matter, support all video formats since the variety of video formats is growing at an
increasing rate. Aside from the standard television formats, NTSC, PAL, and SECAM, video
formats can be analog or digital, interlaced or progressive scan, various resolutions, various
aspect ratios, various frame rates, etc. Analog formats include composite video, S-video,
YUYV, and RGB, for example. Digital formats include DVI, DVI+HDCP, HDM], SDI, and
HD-SDI, for example. Currently used video resolutions include 640x480, 800x600,
1024x768, 1280x1024, 1280x720, 1400x1050, 1600x1200, 1920x1080, and 2048x1536, for
example. Currently used aspect ratios include 4:3, 5:4, and 16:9, for example. And currently
used frame rates include 24Hz, 25Hz, 29.97Hz, 30Hz, 50Hz, 59.94Hz, 60Hz, 72Hz, and
85Hz, for example.

Various combinations of these and other parameters of video signals can number in
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the hundreds, perhaps thousands, and new formats are being added with surprising frequency.
Even if a video switch could feasibly support all such currently-implemented formats, the
apparently inevitable introduction of a new format would immediately render such a video
switch incomplete as the new format would not be supported.

Besides the impossible task of supporting all currently available video fonnafs and
any new ones that might be adopted in the future, current video switches have other
disadvantages. For example, while current video switches can send one incoming video
signal to multiple destinations, current video switches lack the ability to send multiple input
audiovisual signals to the same output device (e.g., picture-in-picture or picture-beside-
picture), to process audiovisual signals of different formats simultaneously, and to receive an
audiovisual signal of one format and deliver the audiovisual signal to a display device in
another format.

What is needed is a particularly efficient and flexible audiovisual signal routing and
distribution system that can handle multiple input signals of various formats simultaneously
and that can receive an audiovisual signal of one format and deliver the audiovisual signal to
a display device in a different format so that any received signal can be displayed on any

attached display device.

SUMMARY OF THE INVENTION

In accordance with the present invention, a capture node and a display node cooperate
to transport an audiovisual signal in a digital, packetized interchange format. The capture
node captures the audiovisual signal in its native format and converts the audiovisual signal
to the interchange format. The capture node sends the audiovisual signal in the interchange
format to the display node. The display node converts the audiovisual signal from the
interchange format to the best displayable format for its attached display device and causes
the audiovisual signal in the displayable format to be displayed. The capturing,
transportation, and display of the audiovisual signal happen in real time.

The capture node and the display node cooperate to select a highest quality
interchange format from a number of mutually supported interchange formats without

exceeding the bandwidth available in the data connection between the capture and display
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nodes. To minimize excessive use of bandwidth, the interchange format generaily includes
no modifications to the native format that would increase the data rate of the video signal. In
other words, the selected interchange format is the highest quality interchange format of the
mutually supported interchange formats that does not exceed the available bandwidth
allocated to the audiovisual signal. As a result, only processing that reduces the data rate of
the audiovisual signal is performed by the capture node. Any necessary processing that
would increase the data rate of the audiovisual data stream is performed by the display node
after the audiovisual data stream has passed through the data connection and data rate is no
longer a limitation.

Consider for example that the capture node captures a video signal with frames of the
size 1024x768. If the targeted display device displays frames of the size 1600x1200,
increasing the frame size at the capture node would increase the data rate since more pixels
would be required to represent frames of the size 1600x1200. Accordingly, such frame
upscaling is performed by the display node, thereby avoiding excessive data rate and
excessive consumption of communications bandwidth. Conversely, if the display node
displays frames of the size 640x480, the reduction in frame size would reduce the data rate
and the frame downscaling is therefore performed by the capture node. Since the frame size
is to be reduced with an attendant degradation of video quality regardless, having the capture
node rather than the display node perform the frame size reduction reduces the data rate of the
video signal as transferred from the capture node to the display node, thereby reducing
consumed bandwidth without any sacrifice of video signal quality in the eventually displayed
video signal.

To select the interchange format, the capture and display node exchange information
regarding interchange formats supported by each. Proposals of the interchange format are
exchanged, can be rejected, can be countered, and one is eventually accepted by both the
capture node and the display node.

By using a digital interchange format, the audiovisual signal can be packetized and
routed and distributed through a conventional digital packet switch. Switches supporting
gigabit/second and higher throughput rates are becoming increasingly available and
affordable. At these high data rates, a wide variety of audiovisual signals can be handled
without use of lossy compression. In addition, such switches support one-to-one, one-to-

many, many-to-one, and many-to-many routing models — a significant improvement over just
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the one-to-one and one-to-many models supported by currently available video switches.

Another significant advantage is that of heterogeneous video distribution. There is no
requirement that the native format received by the capture node and the displayable format
produced by the display node be the same. In fact, conversion to and from the agreed-upon
interchange format makes format conversion between the source and the display quite simple
and almost incidental. In addition, the heterogeneous nature of the audiovisual signals
distributed in this manner applies across multiple video sources and multiple displays. In
particular, a single switch can route audiovisual signals of various and different native
formats to display devices requiring various and different displayable formats.

Another significant advantage is the adaptability of this system. If a new native
format is created and routing and distribution of audiovisual signals of this new native format
is desired, a new capture node supporting the new native format and the same negotiated
interchange formats is created. No modification to any other capture nodes or any display
nodes is required, since interchange formats are negotiated in the same manner, producing an
interchange format accepted by pre-existing display nodes. Similarly, support for a new
displayable format requires no modification to any capture node or any pre-existing display
nodes, only the creation of a new display node that supports the negotiated interchange
formats and the new displayable format.

Another significant advantage is the ease of installation. Since the audiovisual signal
is routed as a packetized digital signal, conventional, convenient, and inexpensive copper
digital cables (such as Cat5, CatSE, and Cat6 UTP) or fiber optics can be used.

Another significant advantage is that high quality video and high quality multi-

channel sound can be carried on a single cable, greatly simplifying installation.

BrIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a block diagram showing a video stream distribution system in accordance
with the present invention.
Figure 2 is a block diagram of a capture node of Figure 1 in greater detail.
Figure 3 is a block diagram of a display node of Figure 1 in greater detail.
Figure 4 is a transaction flow diagram of the transport of an audiovisual signal in an

interchange format in accordance with the present invention.
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Figure 5 is a logic flow diagram of the selection of an interchange format in
accordance with the present invention.

Figure 6 is a block diagram of the audiovisual signal converter of Figure 2 in greater
detail.

Figure 7 is a block diagram of an outgoing bit-stream of Figure 6 in greater detail.

Figure 8 is a block diagram of a frame header packet of Figure 7 in greater detail.

Figure 9 is a block diagram of a scan line packet of Figure 7 in greater detail.

Figure 10 is a block diagram of the audiovisual signal converter of Figure 3 in greater
detail.

Figure 11 is a block diagram showing a video stream distribution system involving
multiple capture nodes and multiple display nodes and a switch in accordance with the
present invention.

Figures 12 and 13 each show a display device with a partitioned screen which can

display multiple video signals simultaneously.

DETAILED DESCRIPTION

In accordance with the present invention, a capture node 102 (Figure 1) and a display
node 104 cooperate to transmit an audiovisual signal from a video source 106 to a display
device 108 according to one or more digital audiovisual data formats, sometimes referred to
herein as audiovisual interchange formats. Capture node 102 receives an audiovisual signal
in a native format from source 106 and converts the audiovisual signal to a selected video
interchange format for transmission to display node 104. Display node 104 receives the
digital audiovisual signal in the selected video interchange format, converts the audiovisual
signal to a displayable format supported by display device 108, and sends the audiovisual
signal in the displayable format to display device 108.

As used herein, a “node” is any device or logic which can communicate through a
network.

To facilitate appreciation and understanding of the following description, the various
audiovisual signal formats referred to herein are briefly described. Video source 106
produces, and capture node 102 receives, an audiovisual signal in a “native format.” The

native format can be analog or digital.
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Display node 104 produces, and display device 108 receives and displays, an
audiovisual signal in a “displayable format.” The displayable format can be analog or digital
and can be the same as the native format or different from the native format. The native and
display formats are external constraints and define the task to be performed by capture node
102 and display node 104. In particular, an audiovisual signal from video source 106 is to be
displayed by display device 108 with as little loss of signal fidelity as possible — that is the
task of capture node 102 and display node 104.

Capture node 102 sends, and display node 104 receives, the audiovisual signal in an
“interchange format” through data connection 110. Interchange formats are digital. Capture
node 102 and display node 104 can each support multiple interchange formats. In a manner
described below, capture node 102 and display node 104 cooperate to select a particular
interchange format, referred to as the “selected interchange format” by which capture node
102 and display node 104 transport the audiovisual signal through data connection 110.

As described above, capture node 102 captures the audiovisual signal from video
source 106. Capture node 102 represents the captured audiovisual signal in a digital form that
is an interchange format that most accurately represents the audiovisual signal in the native
format. The format of the captured audiovisual signal is sometimes referred to as the “native
interchange format.” The native interchange format is the interchange format preferred by
capture node 102.

As described above, display node 104 produces the audiovisual signal in the
displayable format for display by display device 108. Display node 104 produces the
audiovisual signal in the displayable format from an interchange format which most
accurately represents the displayable format, and this interchange format is sometimes
referred to as the “displayable interchange format.” The displayable interchange format is the
interchange format preferred by display node 104.

Thus, the overall audiovisual signal flow is as follows: Video source 106 produces
the audiovisual signal in the native format. Capture node 102 captures the audiovisual source
into the native interchange format and sends the audiovisual signal through data connection
110 in the selected interchange format, converting the audiovisual signal from the native
interchange format to the selected interchange format if the two are different from one
another. Display node 104 receives the audiovisual signal and converts it into the displayable

interchange format if the displayable interchange format is different from the selected
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interchange format. Display node 104 converts the audiovisual signal from the displayable
interchange format to the displayable format for playback by display device 108.

The capture, conversion, sending, receipt, conversion, and display of the audiovisual
signal all happen in real time. As used herein, “real time” means that an insubstantial amount
of time is required for the audiovisual signal to travel from video source 106 to display device
108 from a human user's perspective — e.g., no more than a few seconds. It is generally
preferred that this amount of time is minimized, but the term “real time” is considered
applicable so long as the audiovisual signal presented by display device 108 appears to be
reasonably immediately responsive to a human user's control inputs into video source 106.
To transport the audiovisual signal in real time, the capture, conversion, sending, receipt,
conversion, and display of the audiovisual signal all happen concurrently.

It should be noted that the native format generated by video source 106 can be
different from the displayable format required by display device 108. As long as there is a
common interchange format supported by both capture node 102 and display node 104, any
format received by capture node 102 can be displayed in any format produced by display node
104. Capture node 102 and display node 104 are coupled to one another by a data connection
110, which is described in more detail below.

Capture node 102 and display node 104 can be somewhat simple in implementation,
e.g., as an appliance. For example, capture node 102 can support only a single native video
format, i.e., only the native video format produced by video source 106. Similarly, display
node 104 isn't required to support all known displayable formats, only the displayable format
required to drive a display on display device 108. Other native and displayable formats can
be implemented by other instances of capture node 102 and display node 104, respectively.

As described more completely below in conjunction with Figure 11, data connection
110 can be routed through a switch 1102, allowing multiple capture nodes and multiple
display nodes to be interconnected. An interesting system as shown includes three basic
capture nodes and two display nodes. The capture nodes include one for standard definition
television (SDTV) signals, one for high definition television (HDTV) signals, and one for
computer-generated progressive scan RGB signals. The display nodes include one for
interlaced SDTV monitors and one for fixed format, progressive scan, RGB-driven monitors.
Since the interchange formats are digital and packetized, audiovisual signals can be routed

through switch 1102. In a manner described more completely below, any of the three source
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auaiovisual signals can be routed to either ot the two display devices. In fact, any given
source signal can be simultaneously routed to multiple display devices and any given display
device can simultaneously receive and show multiple audiovisual signals.

The system implemented collectively by capture node 102 and display node 104 is
therefore particularly flexible. In fact, the logic required of capture node 102 and display
node 104 to implement audiovisual signal interchange in accordance with the present
invention is sufficiently simple that capture node 102 can be implemented in logic embedded
within a video source such as video source 106 and display node 104 can be implemented in
logic embedded within a display device such as display device 108.

The selected interchange format accommodates a wide variety of audio and video
signal characteristics to be handled . In particular, for the video component of the interchange
format, the following characteristics are represented:

1. interlaced or progressive scan;

2. number of frames/fields per second;

3. resolution of each frame/field: number of pixels per line and number of lines per

frame/field;

4. Color model: RGB, YCrCb, etc.;

5. ratio of color samples (4:4:4, 4:2:2, 4:2:0, etc.); and

6. color depth (bits per color sample).

For the audio component of the interchange format, the following characteristics are
represented:

1. Number of channels: 1-8;

2. Sample rate: 32kHz, 44.1kHz, 48kHz, 96kHz;

3. Sample depth in bits per sample: 12, 16, 20, 24; and

4. Encoding: LPCM, companded, compressed:

+ Compression method: MPEG1/Layer L, II, ITI; AC-3;
Companding technique: A-law, J-law.

Capture node 102 is shown in greater detail in Figure 2. Capture node 102 includes
audiovisual capture logic 202 that receives a raw audiovisual signal from an external device
such as a computer, a camera, a prerecorded video player, etc. in the native format. In
addition, the raw audiovisual signal captured by audiovisual capture logic 202 can be a raw

video signal or a raw audio signal or a combination of video and audio. Audiovisual capture



10

20

WO 2006/113776 PCT/US2006/014684

the native format in which pixels are organized as frames with a frame size and frame rate
specific to the native format. Audio portions of the audiovisual signal are similarly captured
into a series of digital samples. The video and audio portions of the captured signals are time
stamped at regular intervals for synchronized playback. This digital representation of the
native format is sometimes referred to herein as the native interchange format. Audiovisual
capture logic generally is known and can include signal conditioning elements to capture the
signal in its best possible form.

Suppose video source 106 is a standard definition video camera producing an analog
YUV signal with NTSC timing characteristics. Capture node 102 recognizes this format and
that there will be 59.94 fields/second, each containing 240 viewable lines. Recognition of
various analog video signal formats is conventional and is not described further herein. The
successive fields represent 29.97 frames/second of 480 interlaced lines. The complete, de-
interlaced frame has an aspect ratio of 4:3.

The captured video signal is analog and therefore includes no specific number of
pixels per line, but audiovisual capture logic 202 of capture node 102 samples the captured
video signal 640 times during the display portion of each line to produce square pixels and a
frame resolution of 640x480 to match the known frame aspect ratio of 4:3. The display
portion of each line is that portion of the analog video signal representing luminance and/or
chrominance intended to be displayed, e.g., in a video monitor capable of displaying the
analog YUV signals with NTSC timing characteristics. The blanked portions of each line of
the signal are considered not displayable portions of the line and are ignored.

Audiovisual capture logic 202 performs sampling using a conventional 4:2:2 method
with one luminance and one color difference sample at each pixel. In this illustrative
example, audiovisual capture logic 202 uses 8-bits to represent each luminance and
chrominance value. The net data rate of the acquired signal in bits per second thus is the
product of 640 pixels/line times 240 lines/field times 59.94 fields/second times 8 bits/sample
times 2 samples/pixel — 147 Mb/second. In this illustrative example, the bandwidth of data
connection 110 is 1 Gb/second, of which approximately 90% is available for payload data. In
this example, there are no bandwidth concerns since the data stream requires only 16% of the
available payload bandwidth.

This captured digital format, namely, each second including 59.94 fields of 240 lines
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of 640 pixels of YUV (4:2:2) data with 8 bits per sample, is the native interchange format in
this illustrative example. While capture node 102 receives an analog video YUV signal with
NTSC timing characteristics, this digital format is the direct digital representation of that
analog signal and is therefore the representation preferred by capture node 102.

Capture node 102 includes an audiovisual signal converter 204 that receives the
captured audiovisual signal from audiovisual capture logic 202 and performs any required
conversion from the native interchange format to the selected interchange format. Such
conversion can require changes to various parameters of the native interchange format,
including frame size (i.e., the number of pixels per line and the number of lines per frame),
frame rate, color depth, and aspect ratio, for example. Audiovisual signal converter 204 can
also apply data rate reduction techniques to the audiovisual signal in a manner described more
completely below. If the native interchange format is also the selected interchange format,
audiovisual signal converter 204 merely passes the audiovisual signal on without
modification.

In one embodiment, audiovisual signal converter 204 performs scaling operations to
produce frame sizes and frame rates within a continuous range. Thus, the particular video
interchange formats supported by audiovisual signal converter 204 can be expressed as
including ranges of characteristics. One example includes supported frame rates ranging
from 1.0 to 100 frames per second. In an alternative embodiment, audiovisual signal
converter 204 performs only very simple operations such as omitting every other pixel and
every other scanline to reduce frame sizes by integer ratios such as 2:1, 3:1, etc. In such an
alternative embodiment of audiovisual signal converter 204, supported video interchange
formats are expressed as including individual, discrete values of supported characteristics.
One example includes supported frame sizes of only 640x480, 320x240, and 160x120.

Capture node 102 includes an audiovisual stream controller 206 that forms a series of
digital data packets representing the audiovisual signal for delivery to display node 104. As
used herein, a “packet” is any collection of data to be transported together and that includes
data specifying an intended destination. Details of the series of packets are described below.
Audiovisual stream controller also interacts with display node 104 (Figure 1) through data
connection 110 to control the series of packets and to send the series of packets to display
node 104. Capabilities 208 identify the video interchange formats that are supported by

capture node 102 by storing data identifying ranges of values and/or individual discrete values
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of various characteristics of video interchange formats. In addition, capabilities 208 identify
any higher-level signal processing capabilities of capture node 102 such as de-interlacing, for
example. The cooperation between audiovisual stream controller 206 and display node 104
to agree upon a video interchange format and to effect transfer of the audiovisual signal in the
video interchange format is described below.

Display node 104 is shown in greater detail in Figure 3. Display node 104 includes an
audiovisual stream controller 302, an audiovisual signal converter 304, and display logic 306.
Audiovisual stream controller 302 cooperates with audiovisual stream controller 206 of
capture node 102 to select an interchange format and to effect receipt of the audiovisual data
stream through data connection 110. Audiovisual stream controller 302 de-packetizes and
sends the received audiovisual data stream to audiovisual signal converter 304, and
audiovisual signal converter 304 converts the received audiovisual data stream into a form
suitable for processing by display logic 306, i.e., the displayable interchange format. Such
conversion can require reversal of any data rate reduction techniques applied by capture node
102 and conversion of the received audiovisual signal from the selected video interchange
format to the displayable interchange format, e.g., including modification of such parameters
as frame size, frame rate, color depth, and aspect ratio, for example. Audiovisual signal
converter 304 can support ranges of values of various characteristics of the audiovisual data
stream or can be limited to specific discrete values of such characteristics in the manner
described above with respect to audiovisual signal converter 206. Such conversion is
obviated if the selected interchange format is also the displayable interchange format.

Display logic 306 drives the audiovisual signal in the displayable format to display
device 108 for display. Such driving can require conversion of the digital audiovisual signal
in the displayable interchange format to an analog format including timing signals. The
timing signals can be a re-creation of the timing signals from video source 106 and removed
by audiovisual capture logic 202 or can be different timing signals, depending on the nature
of the displayable video format required by display device 108. This conversion from a
digital video format to an analog video format can be much like that performed by video
circuitry in personal computers.

In addition, display logic 306 reconstructs an audio signal from the digitized audio
portion of the audiovisual signal and synchronizes playback of the audio signal according to

the timestamps included in the andiovisual signal as described above.
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Display node 104 includes capabilities 308 that represent the ranges and/or discrete
values of various characteristics of video interchange formats supported by audiovisual signal
converter 306 and used by audiovisual stream controller 302 to negotiate which video
interchange format is to be used. Capabilities 308 also represent the displayable interchange
format of display node 104, namely, the interchange format preferred by display node 104 and
most often the interchange format most closely approximating the displayable format required
by display device 108. Capabilities 308 can be static and established during initial
configuration of display node 104 or can be discovered, at least in part, from display device
108 using a conventional plug-and-play device discovery process such as the use of VESA's
DDC/EDID (Display Data Channel/Extended Display Identification Data) to obtain
operational limits of a display device. Display node 104 selects the best supported
characteristics — i.e., video format and timing — of display device 108 that display node 104
can drive and selects a displayable interchange format according to those characteristics. In
addition, capabilities 308 identify any higher-level signal processing capabilities of display
node 104 such as de-interlacing, for example.

The interaction between capture node 102 (Figure 1) and display node 104 is
illustrated by transaction flow diagram 400 (Figure 4). In step 402, capture node 102 and
display node 104 detect the presence of each other through data connection 110. In this
illustrative embodiment, data connection 110 is a 1000BaseT connection, including CAT-5E
cable and RJ45 connectors for convenience. Capture node 102 and display node 104 detect
one another by both applying a signal to data connection 110 and detecting a signal from the
other end of data connection 110.

In step 404, capture node 102 and display node 104 exchange information regarding
the capabilities of each. For example, audiovisual stream controller 206 (Figure 2) of capture
node 102 sends data representing capabilities 208. Audiovisual stream controller 206 also
sends data representing the native interchange format and data representing a firmware
version and/or cfeation date such that capture node 102 and display node 104 can determine
which, if either, has a newer negotiation protocol as implemented by each in steps 406A-B.
Audiovisual stream controller 302 similarly sends data representing capabilities 308, the
displayable interchange format, and data representing a firmware version and/or creation date.

In this embodiment, audiovisual stream controller 302 sends data representing the

displayable interchange format. Such enables capture node 102 and display node 104 to
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negotiate an interchange format that preserves quality of the transmitted audiovisual signal
without exceeding available bandwidth through data connection 110. The selection of an
interchange format by audiovisual stream controllers 206 and 302 is described more
completely below.

In steps 406A-B, capture node 102 and display node 104 independently and
concurrently select a preferred interchange format according to capabilities 208 and 308, the
native interchange format, and the displayable interchange format. Capture node 102 selects
an interchange format preferred by capture node 102 in step 406A, and display node 104
selects an interchange format preferred by display node 104 in step 406B.

The preferred interchange format is a format that is both producible by capture node
102 and displayable by display node 104 and that is optimized to provide a desired display
quality without unnecessarily consuming, or exceeding, available bandwidth of data
connection 110. Briefly stated, the preferred interchange format is the interchange format that
delivers the most fidelity that the source signal (as represented by the native interchange
format) offers or the display device can effectively use (as represented by the displayable
interchange format) without exceeding bandwidth limitations.

The primary concern in selecting the interchange format is the preservation of the
quality of the audiovisual signal to the greatest extent possible. To the extent any
characteristic of the audiovisual signal is modified to reduce data rate (e.g., down-scaling the
frame size), it is preferred that such conversion is performed by capture node 102. Such
reduces the amount of data bandwidth required of data connection 110. Conversely, to the
extent any characteristic of the audiovisual signal is modified to increase data rate (e.g., up-
scaling the frame size), it is preferred that such conversion is performed by display node 104.
Such avoids excessive consumption of bandwidth through data connection 110. However, it
should be noted that, unlike most other systems, avoiding excessive consumption of
bandwidth is not the primary concern. Bandwidth is generally only a concern (i) if the
audiovisual signal in the selected interchange format would exceed available bandwidth or
(ii) when selecting which of capture node 102 and display node 104 is to perform a particular
component of digital signal processing.

Thus, as a general rule, any required down-scaling is performed by capture node 102
and any required up-scaling is performed by display node 104. One way to implement this

general rule is to limit characteristics of the interchange format to the lesser of the
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characteristics of the native and display interchange formats. By not exceeding characteristics
of the native interchange format, any modifications of the audiovisual signal that increase the
data rate of the audiovisual signal are performed by display node 104 after the signal has been
transported through data connection 110, thereby avoiding unnecessary use of data bandwidth
through data connection 110. By not exceeding characteristics of the displayable interchange
format, any modifications of the audiovisual signal that reduce the data rate of the audiovisual
signal are performed by capture node 102, before the signal has been transported through data
connection 110, thereby similarly avoiding unnecessary use of data bandwidth through data
connection 110.

Under some circumstances, some of which are described below, the interchange
format selected in the manner described above is estimated to exceed the available bandwidth
of data connection 110, thereby likely to result in failure to successfully deliver the
audiovisual signal through data connection 110. If the preferred interchange format is
estimated to exceed available bandwidth of data connection 110, the preferred interchange
format is modified by application of data rate reduction techniques that are described in
greater detail below. In this illustrative embodiment, the available bandwidth of data
connection 110 for data payload is a predetermined proportion (e.g., 90%) of the total
available bandwidth of data connection 110. For example, if data connection 110 is
established at 1 gigabit per second, the available bandwidth of connection 110 to capture
node 102 and display node 104 is 900 megabits per second.

In the example given above, the native interchange format represents a YUV signal
with NTSC timing characteristics and includes 59.94 fields of 240 lines of 640 pixels of YUV
(4:2:2) data with 8 bits per sample. If display device 108 is a standard definition television
monitor and accepts an interlaced, YUV signal, then the displayable interchange format is
identical to the native interchange format and, thus, also the selected interchange format. No
additional signal processing would enhance the fidelity of the audiovisual signal transported
through capture node 102 and display node 104.

If display device 108 is a progressive-scan computer monitor with XGA native
resolution (1024x768), then the displayable interchange format — the format preferred by
display node 104 ~ is the format most accurately resembling the native display characteristics
of an XGA computer monitor: 60 frames per second, each having 768 lines of 1,024 pixels in

24-bit RGB representation. The audiovisual signal will have to be converted to match the
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monitdr-s ‘ehatracteristies by either capture node 102 or display node 104; the data stream has
to be converted (i) from an interlaced signal to a progressive scan signal, (i) from YUV to
RGB, and (iii) upscaled in frame size from 640x480 to 1024x768. From a signal fidelity
perspective, either capture node 102 or display node 104 can be configured to perform such
conversions. From a conservation of bandwidth perspective, it would make sense to do all
these conversions at the destination, i.e., within display node 104. In particular, the upscaling
should be done by display node 104 and not capture node 102 since there is no advantage to
doing the upscaling in capture node 102.

De-interlacing and color-space conversion can be performed by either capture node
102 or display node 104. In one embodiment, interchange formats are all progressive scan
and RGB since (i) most display devices (and all digital displays: LCD, plasma, LCoS, DLP)
are natively progressive scan and RGB and (ii) many types of format conversion — frame size
scaling and frame rate conversion in particular — are best performed on progressive scan video
data. In an alternative embodiment, interlaced interchange formats are supported since de-
interlacing can be a fairly complex operation, involving motion detection and compensation
in many implementations. In addition, de-interlacing by capture node 102 can double the
amount of bandwidth of data connection 110 consumed by the audiovisual signal with no
particular benefit relative to performing de-interlacing within display node 104 or foregoing
de-interlacing altogether if display device 108 displays an interlaced signal.

De-interlacing doubles the data rate (going from 29.97 to 59.94 frames/second) and
using 24-bit RGB increases the data rate by another 50%, so the resulting data rate in this
illustrative example is now 442 Mb/second, still well within available bandwidth. In
addition, the complexity of de-interlacing and the significance of the effect on overall signal
quality is believed to be sufficient justification for increasing the data rate within capture
node 102 if capture node 102 incorporates a superior implementation of de-interlacing
relative to that of display node 104,

It should be appreciated that de-interlacing sometimes results in a reduction in data
rate: if the video content originated as film and is natively 24 frames/second, the de-
interlacing process should detect that situation and the output will be 24 unique
frames/second. As an interlaced video signal, each frame would be different from the
preceding one (since each represents a different field, either odd or even) and would generally

not be detected by simple redundancy avoidance techniques. However, de-interlacing the
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fi‘gggn% Wﬂﬁlﬁl,{makﬂ: their redundancy apparent. Since there is no need to transmit identical
frames, the 36 redundant frames/second generated may be dropped. This happens
automatically by application of redundancy elimination as implemented by capture node 102,
as described more completely below.

Returning to Figure 4, step 406B is analogous to step 406A and the following
description of step 406A is equally applicable to step 406B as performed by display node 104.
Step 406A is shown in greater detail in logic flow diagram 406A (Figure 5). Loop step 502
and next step 508 define a loop in which each of a number of various characteristics specified
in capabilities 208 and 308 are processed according to step 504. Such characteristics include
those listed above with respect to video and audio components of the interchange format. For
each such characteristic, processing transfers from loop step 502 to step 504.

In step 504, capture node 102 determines the value of the subject characteristic for the
preferred interchange format. As described briefly above, the preferred interchange format is
the interchange format that delivers the most fidelity that the native interchange format offers
or the displayable interchange format can effectively use without exceeding bandwidth
limitations. In this illustrative embodiment, bandwidth considerations are deferred until steps
512-514, which are described below. Thus, the immediate concern in step 504 is the
particular value of the characteristic that delivers the most fidelity that the native interchange
format offers or the displayable interchange format can effectively use.

This determination depends largely on the nature of the characteristic under
consideration. Some characteristics are fairly straight forward. For example, frame or field
size represents a number of scanlines and a number of pixels per scanline. The greatest
fidelity of the native interchange format is a frame or field size of exactly the same
dimensions. If the displayable interchange format is capable of including each and every
pixel of each frame or field of this size, the dimensions of the native interchange format are
used for the preferred interchange format. Conversely, if the displayable interchange format
cannot display all pixels of frames or fields of that size, the frame or field size of the preferred
interchange format is one that does not include pixels which cannot be represented in the
displayable interchange format. Specifically, if the frame size of the displayable interchange
format is smaller than the frame size of the native interchange format, the preferred
interchange format uses the frame size of the displayable interchange format. Other straight

forward characteristics include such things as frame rates and color depth.
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Other characteristics are not so straight forward. For example, the color model can be

RGBISENG b, atbhEicthils, If the native interchange format represents colors using the
P g

YCrCb model and the displayable interchange format represents colors using the RGB color
model, the audiovisual signal undergoes color model conversion. However, it's less clear
whether such color model conversion is best performed by capture node 102 or display node
104. This issue can be resolved in any of a number of ways. For example, capabilities 208
and 308 can indicate that only display node 104 is capable of such color model conversion.

In this case, the preferred interchange format represents pixels in the YCrCb color model
since capture node 102 is not capable of converting the color model to RGB. One feature that
tends to require significant processing is de-interlacing. For cost reduction, it is useful to
implement de-interlacing in only one of capture node 102 and display node 104. Whether the
preferred interchange format includes interlaced or progressive scan video depends upon the
native interchange format, the displayable interchange format, and which of node 102-104
can perform de-interlacing.

These same principles of preserving the most fidelity of the native interchange format
to the extent the displayable interchange format can effectively use that fidelity are applied
across each characteristic of the preferred interchange format in the loop of steps 502-508.

When all characteristics have been processed according to the loop of steps 502-508,
processing according to the loop of steps 502-508 completes. At this point, capture node 102
has determined a preferred interchange format such that each selected characteristic is an
optimum selection for preservation of audiovisual signal quality without unnecessary use of
bandwidth through data connection 110 to represent data that can't be effectively used by
display node 104.

After the loop of steps 502-508, processing according to logic flow diagram 406 A
transfers to step 510. In step 510, capture node 102 estimates the data rate associated with the
selected interchange format selected according to the loop of steps 502-508. Data rate
estimation can be as simple as the product of (i) the frame rate (frames per second), (ii) the
resolution (pixels per frame), and (iii) the pixel depth (bits per pixel) — plus any data overhead
such as time-stamps, frame-start, and scanline-start markers and packet data overhead. The
result is an estimated data rate in bits per second.

In test step 512, capture node 102 determines whether the estimated data rate exceeds

the available bandwidth through data connection 110. In this illustrative embodiment, data
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gonnhegtipnill0.dsa 10PPBAEST connection and can support up to one gigabit per second data

throughput. However, actual available bandwidth through data connection 110 can be a bit
less than one gigabit per second.

In addition, the available bandwidth between capture node 102 and display node 104
can be even less if display node 104 receives audiovisual data streams from multiple capture
nodes in an alternative embodiment described more completely below. In such cases, display
node 104 allocates a data rate to capture node 102 and reports that allocated data rate to
capture node 102.

If the estimated data rate of the selected interchange format exceeds the available
throughput of data connection 110, processing transfers to step 514. In step 514, capture
node 102 adjusts the constituent characteristics of the selected interchange format. In one
embodiment, capture node 102 reduces the frame rate of the video interchange format by one-
half to reduce the estimated data rate of the video interchange format. Of course, much more
complex mechanisms can be used to reduce the data rate of the video interchange format. In
an alternative embodiment, data rate reduction is accomplished according to a predetermined
default policy that can be specified according to the particular preferences of a given
implementation. For example, image clarity may be paramount for a particular
implementation and the default policy can prefer frame rate reduction over resolution
reduction and lossy compression. In another implementation, smoothness of motion video
may be paramount and the default policy can prefer resolution reduction and/or lossy
compression over frame rate reduction. Other data rate reduction techniques can use lossless
compression (e.g., run-length encoding) and frame-to-frame redundancy avoidance to reduce
the data rate of the video interchange format without reducing quality of the transmitted
audiovisual signal and without requiring particularly sophisticated logic in either capture node
102 or display node 104. These data rate reduction techniques are described more completely
below.

If, in test step 512, capture node 102 determines that the estimated bit-rate does not
exceed the available bandwidth of switch 104, step 514 is skipped since bit-rate reduction is
unnecessary. After steps 512-514, processing according to logic flow diagram 406A, and
therefore step 406A (Figure 4) completes.

After steps 406A-B, both capture node 102 and display node 104 have independently

arrived at a preferred interchange format. In steps 408-410, capture node 102 and display
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node 104 negotiate to arrive at a consensus regarding the selected interchange tormat. While
many different negotiation techniques can be used to reach such a consensus, this particular
mechanism suffices. In step 408, capture node 104 sends a proposed interchange format to
display node 104. In step 410, display node 104 responds with either acceptance of the
offered interchange format or rejection and a counter-offered interchange format if the offered
interchange format is rejected. Display node 104 only rejects the proposed interchange
format if (i) the proposed interchange format is different from the one selected by display
node 104 in step 406B and (ii) the firmware versions and/or creation dates of nodes 102-104
indicate that display node 104 is a newer version than capture node 102 and therefore
implements a newer, and therefore presumably preferable, version of interchange format
selection. In an embodiment described more completely below, display node 104 implements
a graphical user interface using an on-screen display of display device 108 by which a user
can specify preferences for data rate reduction. Such preferences can include, for example,
preserving image clarity and color depth, perhaps at the expense of loss of smooth motion;
preserving motion smoothness and color depth, perhaps at the expense of image clarity; and
preserving image clarity and motion smoothness, perhaps at the expense of color depth. In
such embodiments, it is preferred that display node 104 have ultimate authority over the
selected interchange format to effect the user's preferences.

In this illustrative embodiment, capture node 102 immediately responds by starting to
send the audiovisual signal in step 412 according to the proposed interchange format if
display node 104 accepted it in step 410 or according to the counter-offered interchange
format if display node 104 responded in step 410 with a rejection. In an alternative
embodiment, capture node 102 confirms successful receipt of, and agreement with, the
counter-offered interchange format prior to step 412.

In step 412, capture node 102 sends data packets representing the audiovisual signal in
the selected interchange format. The data packets are formed by audiovisual stream
controller 206. Despite all the variations of interchange formats that can be supported by
capture node 102 and display node 104, the variations have a number of characteristics in
common. Each is essentially a series of frames or fields, each of which includes an array of
pixels. Typically, the video signal received by capture node 102 contains horizontal and
vertical blanking periods and has timing appropriate for the originally-intended display

device. For example, an NTSC tuner would emit its video signal with appropriate pixel rate
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and horizontal and vertical blanking periods to drive a standard NTSC monitor. In the
context of the audiovisual interchange system described herein, this native timing is largely
irrelevant since the video content, i.e., the pixels themselves, can be displayed on a display
device with completely different timing characteristics. Accordingly, the timing
characteristics required by display device 108 are generated by display node 104. The
interchange formats used in the interchange system described herein contain only pixels and
end-of-line and end-of-frame/end-of-field markers. Since blanking periods of the video
signal are omitted, the data rate required to represent the video signal is significantly reduced.

Audiovisual signal converter 204 (Figure 2) of capture node 102 is shown in greater
detail in Figure 6. Audiovisual signal converter 204 includes a frame re-formatter 602 that
receives digitized pixel lines from audiovisual capture logic 202. Audiovisual capture logic
202 captures a video signal and immediately converts the captured signal to a digital format,
namely, the native format in the manner described above. As described above, audiovisual
capture logic 202 captures an analog video signal with NTSC timing characteristics into a
native interchange format which includes 59.94 fields of 240 lines of 640 pixels for each
second of the video portion of the audiovisual signal. Of course, in other embodiments,
capture node 102 can capture video according to other formats with other characteristics.

Frame re-formatter 602 re-formats the digitized pixel lines according to characteristics
of the selected interchange format. Such re-formatting can include, for example, de-
interlacing, frame size reduction by cropping and/or downscaling, color depth reduction,
frame rate reduction, etc. Cropping can be used to remove a predetermined border of a few
scanlines at the top and bottom and a few columns of pixels at either edge to remove noise,
overscan, or any anomalies at the edges of the video image and to reduce slightly yet
appreciably the amount of data required to represent the video signal. Cropping can also be
used in conjunction with automatic letterbox detection to remove, thereby avoiding
representation of, blank portions of the video signal. As described above, processing that
reduces data rate is typically performed by capture node 102 while processing that increases
data rate is typically performed by display node 104. In this illustrative embodiment, de-
interlacing is performed by capture node 102 despite the increase of data rate as a result of
such de-interlacing. The result of processing by frame re-formatter 602 is a current frame 604
that comports with the agreed-upon video interchange format.

Some processing performed by frame re-formatter 602 requires knowledge of the
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contents of a prior frame. Such processing can include for example frame-to-frame
redundancy removal and/or frame rate upscaling including interpolated frames. Upon
completion of a new current frame 604, the prior contents of current frame 604 are stored as
previous frame 606. In an alternative embodiment, individual scan lines are moved from
current frame 604 to previous frame 606 upon completion to minimize latency since scan line
packer 608, which is described more completely below, processes individual scan lines.

Audiovisual signal converter 204 includes scan line packer 608. Scan line packer 608
forms data packets representing current frame 604 and sends such packets for inclusion in an
outgoing bit-stream 612. While data rate reduction by reducing characteristics of the video
interchange format, such as reducing frame rate, frame size, or color depth, is performed by
frame re-formatter 602, scan line packer 608 implements other data rate reduction and
redundancy removal techniques in forming the data packets. These techniques are described
more completely below.

Audiovisual signal converter 204 also includes a header packer 610 that forms data
packets representing header information and includes those packets in outgoing bit-stream
612. In addition, audiovisual signal converter 204 includes an audio packer 614 that forms
audio frames for inclusion of audio content in outgoing bit-stream 612. Audiovisual signal
converter 204 sends outgoing bit-stream 612 to audiovisual stream controller 206, which
implements a data transfer protocol with audiovisual stream controller 302 (Figure 3) of
display node 104 by which the data packets of outgoing bit-stream 612 (Figure 6) are
communicated to display node 104.

Outgoing bit-stream 612 is shown in greater detail in Figure 7 and includes a frame
header 702A, a number of scan line packets 704A-B, an audio frame packet 706A, another
frame header 702B, and a number of scan line packets 704C corresponding to frame header
702B. Particularly, each frame is represented by a frame header (e.g., frame header 702A)
followed by a number of scan line packets (.e.g., scan line packets 704A-B) that correspond
to the frame header.

Audio frame packets (e.g., audio frame packet 706A) are included in outgoing bit-
stream 612 but don't necessarily correspond to the current frame. There are a few aspects of
audio signals that require processing different from the processing of video signals. For
example, while frames of a video signal can be added or dropped, playback of the audio

portion of the audiovisual signal is preferably unbroken. Audio and video frames are
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therefore independently time-stamped. Processing of video portions of the audiovisual signal
is often significantly more complex and/or requires significantly greater resources than
processing of the audio portions of the same audiovisual signal. In addition, people naturally
compensate for audio delayed relative to corresponding visual subject matter due to the
relative speeds of sound and light. However, visual subject matter delayed relative to
corresponding audio is rather unnerving for a human viewer/listener. Accordingly, a delay is
generally required in the audio portion of the audiovisual signal to avoid early playback of the
audio portion relative to the video portion.

Frame header 702A is shown in greater detail in Figure 8 and represents a particular
frame of the audiovisual signal in the agreed-upon video interchange format. The particular
frame is sometimes referred to as the subject frame in the context of Figures 8-9. Frame
sequence field 802 represents a sequential number of the subject frame and assists display
node 104 in the sequencing of frames and in associating subsequent scan line packets with the
proper frame. Vertical-blank time stamp 804 represents a date and time at which the subject
frame was captured and can assist with (i) proper timing of the presentation of the subject
frame by display node 104, (ii) proper frame rate conversion by accurately reporting time
intervals between frames, and (iii) synchronization of audio with the playback of the subject
frame. Vertical-blank time stamp 804 can also be used to synchronize playback of multiple
audiovisual signals captured simultaneously, particularly if the captured audiovisual signals
are captured and stored for later playback. Such storage of captured audiovisual signals is
described more completely below.

Frame type field 806 identifies the type of the subject frame: normal, compressed, or
dropped. A dropped frame is represented by only a header which identifies the frame and
indicates that the frame contents are not sent. The compression indicated in frame type field
806 can indicate a type of compression including, for example, run-length encoding,
redundancy elimination, etc. A normal frame is one which is (i) present (not dropped) and
(i) not compressed.

Scan line 704A is shown in greater detail in Figure 9 and represents a particular line
of pixels of the subject, i.e., the subject scan line. Frame sequence field 902 identifies the
frame to which scan line 704A belongs according to the frame's sequence number as
represented in frame sequence field 802 (Figure 8). Line number field 904 (Figure 9)

represents a sequence number of the subject scan line and specifies the relative position of the
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subject scan line within the subject frame. Data type tield 906 specities one ot a number of
formats of the pixel data as represented in data field 908. If data type field 906 indicates that
the pixel data is “raw,” data field 908 stores an entire scan line of pixels represented in the
format specified in the selected interchange format, e.g., 24-bit color. If data type field 906
indicates a type of compression, such as run length encoding, data field 908 stores an entire
scan line of pixels represented in the indicated compressed format. If data type field 906
indicates that the subject scan line has no change from the same scan line in the previous
frame, data field 908 specifies a number of scan lines for which there is no change relative to
the previous frame. Compression, e.g., run length encoding, and avoiding sending scan lines
that are unchanged from the previous frame avoid redundancy and reduce the data rate of the
audiovisual signal in the agreed-upon video interchange format.

Audio frame packet 706A includes a time stamp for proper correlating to the subject
frame and the audio data itself. If audio frame packet 706A corresponds to a particular frame
of the audiovisual signal, audio frame packet 706A can include a frame sequence number in
addition to, or instead of, the timestamp.

Audiovisual signal converter 204 sends outgoing bit-stream 612 to audiovisual stream
controller 206 for transport to display node 104 through data connection 110. Audiovisual
stream controller 206 transports outgoing bit-stream 612 by: (1) forming packets of a
preferred size from bit-stream 612, (ii) applying headers to the packets to include any required
addressing information to direct delivery of the packets to display node 104, (iii) appending
cyclical redundancy checks (CRCs) to the packets so that display node 104 can assess the
accuracy and completeness of each packet, and (iv) metering the packets out at a pace which
can be properly handled by display node 104 and any intermediate network devices such as a
switch 1102 (Figure 11).

In this illustrative embodiment, audiovisual stream controller 206 forms packets of a
preferred size which is equal to one-half of the capacity of a bit-stream receiving buffer of
display node 104 or any intermediate network devices such as switch 1102 (Figure 11). An
embodiment which includes a switch such as switch 1102 is described more completely
below. Capture node 102 can possess information regarding the smallest buffer between
capture node 102 and display node 104 in a number of ways. Display node 104 can be
configured to report a receiving buffer size as part of capabilities 308 (Figure 3). A minimum

buffer size, e.g., 16 kilobytes (kB), can be specified as a prerequisite for any network device
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coupled between capture node 102 and display node 104. Thus, the minimum buffer size
would be the lesser of the predetermined prerequisite buffer size, e.g., 16kB, or the buffer size
of display node 104. To form packets of the preferred size, audiovisual stream controller 206
collects enough of outgoing bit-stream 612 to fill the payload of a packet of the preferred size,
aggregating small data records or dividing large data records as necessary, and includes the
headers and CRCs described above.

To avoid overwhelming buffers at display node 104 or any intermediate network
devices between capture node 102 and display node 104, audiovisual stream controller 206
meters transmission of the packets, i.e., limits the rate of transmission of the packets.
Specifically, audiovisual stream controller 206 determines a time interval at which packets of
outgoing bit-stream 612 are to be transmitted. To determine this time interval, audiovisual
stream controller 206 divides the preferred packet size by the available bandwidth between
capture node 102 and display node 104 to arrive at a packet interval.

As described above, the available bandwidth is a predetermined proportion of the
connection speed in this illustrative embodiment. In addition, portions of the available
bandwidth can be allocated to multiple audiovisual data streams, reducing further the amount
of bandwidth allocated to outgoing bit-stream 612. For example, video from two separate
capture nodes can be sent through switch 1102 to a single display node. Bandwidth allocated
to each of the capture nodes is limited in that their sum must be within the total bandwidth
available to the display node. Buffers within switch 1102 have a finite size and, if both
capture nodes transmit at full bandwidth for even a brief burst, the buffers for data to be sent
to the display node can be overwhelmed, resulting in loss of a portion of either or both video
signals. Therefore, it is important that each capture node limits the rate of sending its video
signal to avoid the possibility of exceeding, even momentarily, the available bandwidth to the
display node.

In this example, for a given capture node, e.g., capture node 102, we have an available
bandwidth of 0.6 gigabits (Gb) per second and a packet size of 4 kilobits (kb). Thus, the
packet transmission interval is about 5.7 microseconds, during 4.0 microseconds of which
capture node 102 can transmit data and during 1.7 microseconds of which capture node 102
waits. It is not necessary that the 4.0 microseconds of transmission or the 1.7 microseconds
of waiting are contiguous. It is also not necessary that the respective periods are evenly

distributed within the 5.7-microsecond packet transmission interval. What is important is that
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the ratio of transmission time to wait time of 4.0:1.7 is maintained within any 5.7-
microsecond interval.

To meter the packets, audiovisual stream controller 206 initiates transmission of a 4kb
packet every 5.7 microseconds. In doing so, audiovisual stream controller 206 avoids
exceeding the available bandwidth, even for short bursts which might overflow buffers in
display node 104 or in intermediate network devices between capture node 102 and display
node 104.

The metered packets of audiovisual stream controller 206 form a packet stream 210
that is received by audiovisual stream controller 302 (Figure 3). Audiovisual stream
controller 302 checks for accuracy and completeness of the packetized data using the CRCs
included by audiovisual stream controller 206 (Figure 2) and reconstructs bit-stream 612
(Figure 6) as incoming bit-stream 1002 (Figure 10) and sends incoming bit-stream 1002 to
audiovisual signal converter 304. Scan line parser 1004 of audiovisual signal converter 302
receives incoming bit-stream 1002 and reconstructs frames from incoming bit-stream 1002,
storing the currently received frame as current frame 1006 and moving a previously received
frame to previous frame 1008. Scan line parser 1004 reverses any compression and/or
redundancy elimination performed by scan line packer 608 (Figure 6). For example, in this
illustrative embodiment scan line parser 1004 performs the reverse of any compression
represented in data type field 906, and if data field 906 indicates no change in one or more
scan lines, scan line parser 1004 re-uses those scan lines from previous frame 1008.

Once reconstructed by scan line parser 1004, current frame 1006 is re-formatted by
frame re-formatter 1010. Specifically, frame re-formatter 1010 forms frames of the
displayable interchange format from frames of the selected interchange format. Such can
include changes in frame size, frame rate, color depth, etc. Frame re-formatter 1010, in
increasing the frame rate from that of the video interchange format to that of the displayable
format, can use current frame 1006 and previous frame 1008 for frame interpolation.

Frame re-formatter 1010 sends frames of the size, rate, color depth, etc. of the
displayable interchange format to display logic 306 (Figure 3), and display logic 306 adds the
necessary blanking signals and timing characteristics to create the displayable format
expected by display device 108.

Audio packets of incoming bit-stream 1002 are received by audio parser 1012 and

audio parser 1012 sends the received audio to display logic 306 for inclusion in the
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displayable audiovisual format.

A particularly useful advantage of using data packets to move audiovisual signals
from a video source to a display device is the availability of a digital switch, e.g., switch 1102
(Figure 11), to route audiovisual signals from multiple video sources 106 and 106B-C to
multiple display devices 108 and 108B. Packet switching is well-known and is not described
in detail herein. Switches such as switch 1102 are capable of routing data packets from any
of nodes 102, 102B-C, 104, and 104B to any other of nodes 102, 102B-C, 104, and 104B.

In the embodiment of Figure 11, the data packets described above are merely
addressed to the intended destination, e.g., display node 104. Such packets can also be
addressed to both display nodes 104 and 104B, thereby enabling a one-to-many distribution
of audiovisual signals. If the same interchange format can be used for both destinations,
multicast delivery (a feature of many packet switches) can be used to send copies of the
packets to multiple destinations. In Figure 11, the audiovisual data stream from capture node
102 is displayed as main view 1108 of display device 108 and as picture-in-picture view 1110
of display device 108B. In this case, capture node 102 will send one high resolution video
stream to display node 104 for display as a high resolution image on main view 1108.
Capture node 102 also sends a down-scaled video stream to display node 104B for display as
the small (low-resolution) picture-in-picture view 1110.

Packets from multiple source devices, e.g., through capture nodes 102 and 102C, can
be addressed to a single destination through switch 1102, e.g., display node 104 — thereby
enabling picture-in-picture, partitioned (Figures 12 and 13), or any other simultaneous display
of multiple audiovisual signals by display device 108, i.e., a many-to-one video distribution
model. In the illustrative example of Figure 11, main view 1108 of display device 108
displays the audiovisual data stream of capture node 102 from video source 106, and picture-
in-picture view 1108C displays the audiovisual data stream of capture node 102C from video
source 106C. The aggregation of those video streams onto one channel between switch 1102
and display node 104 happens within switch 1102 as a matter of routine data packet routing.

At the same time, either or both audiovisual signals from capture nodes 102 and
102B, for example, can be simultaneously routed to display node 104B for display by display
device 108B —i.e., a many-to-many video distribution model. Main view 1110B of display
device 108B displays the audiovisual data stream received from capture node 102B, and

picture-in-picture view 1110 displays the audiovisual data stream received from capture node
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102. In short, each of display nodes 104 and 104B can receive any number or combination of
audiovisual signals from capture nodes 102 and 102B-C, and each of capture nodes 102 and
102B-C can send an audiovisual signal to any number or combination of display devices 104
and 104B, limited only by the bandwidth of switch 1102. As gigabit/second data switches are
becoming more available, such switches are becoming a viable medium for high-quality
audio and video distribution and routing.

When receiving multiple audiovisual data streams, display node 104 limits bandwidth
of each of the audiovisual data streams to preserve bandwidth for the others. In the example
of Figure 12, views 1108 and 1108C are shown in a side-by-side partitioned arrangement
rather than the picture-in-picture arrangement of Figure 11. In the example of Figure 12,
display node 104 limits the data rate of each of the incoming audiovisual data streams to one-
half of the total available bandwidth through switch 1102. Suppose for purposes of
illustration that switch 1102 has been empirically determined to support reliable delivery of
data streams at 0.9 gigabits per second (Gb/s). The total amount of data that can be received
by display node 104 through switch 1102 is therefore 0.9 Gb/s. Accordingly, display node
104 allocates 0.45 Gb/s to each of the incoming audiovisual data streams and reports that
limitation to capture nodes 102 and 102C during negotiation of respective video interchange
formats. Figure 13 shows display device 108 with four (4) partitioned views with 16:9 aspect
ratios as composed by display node 104. In the example of Figure 13, display node 104
allocates one-quarter of the available bandwidth to each of four respective incoming
audiovisual data streams.

In other embodiments, allocation of bandwidth is not evenly distributed among
multiple audiovisual data streams. For example, one of the four audiovisual signals displayed
by display device 108 in the example of Figure 13 can be deemed to be more important than
the other audiovisual signals and can be allocated a larger proportion of the available
bandwidth between display node 104 and switch 1102 than the proportions allocated to other
audiovisual signals. Similarly, lesser important audiovisual signals can be allocated a
relatively small proportion of the available bandwidth. In the example of Figure 13, one
audiovisual signal can be allocated just enough bandwidth to show a few frames per second
while another audiovisual signal can be allocated enough bandwidth for a full sixty frames
per second.

In the picture-in-picture arrangement of Figure 11, display node 104 uses only a small
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portion of the audiovisual data stream of capture node 102C for picture-in-picture view
1108C. Accordingly, display node 104 allocates only a small portion of the bandwidth to the
audiovisual data stream of capture node 102C, e.g., 10%, with the remainder of the available
bandwidth being allocated to the audiovisual data stream of capture node 102.

Bandwidth from a capture node, such as capture node 102, to switch 1102 is similarly
limited. In the example of Figure 11, the audiovisual signal sent by capture node 102 is
addressed to both display node 104 and display node 104B. If capture node 102 can send the
same audiovisual data stream to both display nodes 104 and 104B, capture node 102 can use
the entirety of the bandwidth between capture node 102 and switch 1102 since conventional
data switches can route a single data stream to multiple destinations. However, in some
circumstances, capture node 102 cannot send the same audiovisual signal to multiple display
nodes and multiple separate audiovisual signals are required of capture node 102.

To illustrate this point, it is helpful to consider a situation in which a capture node
such as capture node 102 is asked for an HDTV-quality audiovisual signal and an SDTV-
quality audiovisual signal from two respective display nodes. Consider further that the
display node asking for the SDTV signal, e.g., display node 104B, has limited bandwidth for
that signal — as if display device 108B is to display four (4) SDTV signals in a partitioned
arrangement such as that shown in Figure 13. To produce an HDTV-quality audiovisual
signal, capture node 102 requires all or nearly all available bandwidth between capture node
102 and switch 1102. If display node 104B does not limit bandwidth for the signal to be
received from capture node 102, capture node 102 can send a full-quality audiovisual signal
to both display nodes 104 and 104B. However, since display node 104B has allocated only a
quarter of the otherwise available bandwidth to the audiovisual signal of capture node 102,
display node 104B cannot receive the full-quality audiovisual signal and still receive other
audiovisual signals for other panes of the partitioned display.

Capture node 102 can handle such conflicting requests for various versions of its
audiovisual signal in a number of ways. In one embodiment, capture node 102 satisfies all
such requests, sending a single audiovisual signal of a particular interchange format to as
many display nodes as possible to minimize the number of audiovisual streams produced.
For the audiovisual streams produced, capture node 102 allocates a proportional share of the
total available bandwidth to each audiovisual stream. As new streams are added and as

individual streams are dropped, capture node 102 re-allocates bandwidth proportionally and a
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re-negotiation of interchange formats is invoked by capture node 102 by sending a signal so
requesting.

In an alternative embodiment, capture node 102 simply refuses to produce any
additional audiovisual stream when already producing one or more audiovisual streams which
consume all available bandwidth between capture node 102 and switch 1102.

Another particularly useful advantage of using an agreed-upon interchange format is
that the audiovisual signals processed in the system of Figure 11 are heterogeneous. For
example, in the example of Figure 11, video source 106 produces an SDTV-format
audiovisual signal, which is therefore the native format of video source 106 and capture node
102. Video source 106B produces a computer-generated digital video signal, e.g., SXGA,
and an analog audio signal, the combination of which is therefore the native format of video
source 106B and capture node 102B. And, video source 106C produces an HDTV-format
audiovisual signal, which is therefore the native format of video source 106C and capture
node 102C. Similarly, display devices 10§ and 108B are different from one another. Display
device 108 receives audiovisual content according to an HDTV format while display device
108B receives a computer-compatible video signal, e.g., XGA, and an analog audio signal for
playback through embedded speakers. However, since all nodes communicate with one
another according to a number of predetermined and mutually supported digital and
packetized audiovisual signal formats, the heterogeneous nature of the respective native and
displayable formats does not interfere with the effective cooperation between the nodes as
described above.

The interaction of transaction flow diagram 400 (Figure 4) accurately describes
interaction in the embodiment shown in Figure 11 with two significant exceptions. First, data
packets are addressed to specific nodes for proper routing through switch 1102 as described
above. Second, the mutual discovery of step 402 is more complex and includes selection of
one or more available audiovisual signals. In the following description, capture nodes 102
and 102B-C are directly analogous to one another except where otherwise noted, and display
nodes 104 and 104B are directly analogous to one another except where otherwise noted
herein.

Display logic 306 (Figure 3) of display node 104 implements an on-screen-display
(OSD) graphical user interface (GUI) by which a human user can select one or more of

capture nodes 102 and 102B-C. For example, display node 104 can be a set-top box or
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otherwise include a remote control by which the user can send signals to display node 104 to
effect such user selections and uses display device 108 (Figure 11) as a display medium with
which GUI messages are displayed to the user. In addition, display node 104 can be
integrated into display device 108 such that display node 104 leverages from other GUI
features built into display device 108.

To present the user with a list of video sources from which to choose, display node
104 first discovers all capture nodes that are available for selection. Display node 104
discovers this by broadcasting a request for device information through switch 1102.
Audiovisual stream controller 206 (Figure 2) of capture node 102 is configured to respond to
such requests for identification. In response to such requests, audiovisual stream controller
206 sends one or more data packets that collectively include data identifying capture node
102. Such data includes, for example, data specifying the manufacturer, model number, serial
number, and firmware release number of capture node 102. To the extent capture node 102 is
capable of discovering similar information about video source 106 and/or has stored such
information, capture node 102 includes such similar information about video source 106. In
one embodiment, the user is provided with a GUI mechanism for causing additional
identification information, such as information regarding video source 106, to be sent from
display node 104, through switch 1102, to capture node 102 for storage. Such additional
information can include text specified by the user for assistance in later choosing video
sources. For example, the user can direct that capture nodes 102 and 102B-C store the
following respective descriptive texts: “video camera,” “computer,” and “digital satellite.”

Audiovisual stream controllers 206 (Figure 2) and 302 (Figure 3) implement this
discovery phase of interaction. Such discovery can comport with the known and available
Simple Network Management Protocol (SNMP). Once display node 104 has determined
relevant identification information regarding all capture nodes 102 and 102B-C, display node
104 presents such information on display device 108 for selection by the user.

With the respective descriptive texts, display node 104 is able to present a simple list
of available video sources from which the user can choose. Many set top boxes come with
user input controls, typically as buttons on a remote control, by which the user can issue user
input commands such as up, down, left, right, and enter. With these controls available to the
user, navigation of a list of available sources to select a source for viewing is straight-forward

and intuitive for the user.
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Such remote controls frequently have one or more buttons tor initiating a picture-in-
picture view. In response to a request by the user, e.g., using such buttons, to display picture-
in-picture view 1108C, display node 104 presents the same list of available sources from
which the user can select in the manner described above, e.g., using up, down, left, right, and
enter buttons on the remote control of the set top box.

When multiple views are visible as shown in Figures 11-13, configuration by the user,
e.g., to change which source supplies the video signal in a particular window, is divided into
two steps: (i) select a window, e.g., either window 1108 (Figure 12) or window 1108C, and
(i1) select a source for the window in the manner described above.

Upon selection by the user, display node 104 and the selected capture node, e.g.,
capture node 102, commence to exchange data regarding the respective capabilities and
native and displayable formats in the manner described above with respect to step 404 (Figure
4). The remainder of the interaction is as described above in the context of Figure 1 except
that all data packets are addressed for proper routing though switch 1102 (Figure 11) and that
display node 104 maps pixel data from source coordinates to display coordinates and
processes window overlaps in which pixels from one source obscure pixels from another
source. Such mapping and obscuring are sometimes referred to as “compositing.”
Compositing is described more completely in the co-pending and commonly owned U.S.
Patent Application 10/795,088 filed March 4, 2004 by Eric Wogsberg and entitled
“Compositing Multiple Full-Motion Video Streams for Display on a Video Monitor,” and
that application is incorporated herein in its entirety by reference.

Determination by capture node 102 of the selected interchange format can be
somewhat different as well. In this embodiment in which capture node 102 can send the
audiovisual data stream to multiple display nodes, capture node 102 can disregard the
displayable interchange format since there may be multiple displayable interchange formats
or can limit the video interchange format to the greatest effective use of fidelity of the native
interchange format by all displayable interchange formats to which capture node 102 sends
the audiovisual data stream. Limiting the video interchange format to the greatest effective
use of fidelity of the native interchange format by all displayable interchange formats can
require re-negotiation of the preferred interchange format if a new display node joins the
collection of display nodes receiving the audiovisual data stream from capture node 102.

Another advantage of distributing heterogeneous audiovisual signals through a switch
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Such as swiich 11UZ 1s the ability to attach additional components to provide additional
functionality. For example, a timer 1104 is attached to a port of switch 1102 and provides a
system-wide clock signal. In one embodiment, each of capture nodes 102 and 102B-C is
configured to discover the presence of timer 1104 and to synchronize internal clocks with
timer 1104 when timer 1104 is present. By synchronizing internal clocks of multiple capture
nodes, display nodes are able to synchronize multiple audiovisual signals from multiple
capture nodes by comparison of timestamps that are included in the audiovisual streams in the
manner described above.

Another attached component is a digital signal processor 1106. Digital signal
processor 1106 can perform such complex tasks as high-quality de-interlacing, edge
detection, motion detection, and filtering such as sharpening, smoothing, and/or noise
reduction on behalf of other nodes shown in Figure 11. For illustration purposes, it is helpful
to consider the example of an interlaced audiovisual signal captured by capture node 102 and
a de-interlaced audiovisual signal expected by display node 104B. Consider also that capture
node 102 produces only interlaced signals and display node 104 only accepts progressive scan
signals. In determining a selected interchange format, capture node 102 and display node
104B determine that no commonly supported interchange formats exist. Rather than
indicating a failure to reach agreement with respect to an interchange format, capture node
102 - or, alternatively, display node 104B — can request de-interlacing service from digital
signal processor 1106. Thus, digital signal processor 1106 can receive a video signal in one
interchange format and send the video signal in a different interchange format. In addition,
digital signal processor 1106 can receive and send the video signal in the same interchange
format, processing the video signal content, e.g., by applying edge detection, motion
detection, and filtering such sharpening, smoothing, and/or noise reduction to the video signal
itself. Edge detection, motion detection, and filtering are known and are not described herein.

Digital signal processor 1106 performs such a service by acting as both (i) a display
node receiving an interlaced audiovisual signal from capture node 102 and (ii) a capture node
producing a de-interlaced audiovisual signal for display node 104B.

Timer 1104 and digital signal processor 1106 illustrate the modularity of the video
distribution system described herein. Each capture node can be limited to supporting only
one or a very few native formats of audiovisual signals and each display node can be limited

to supporting only one or a very few displayable formats. Yet, these capture nodes and
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formats, (ii) to convert each native format to any of the displayable formats, (iii) to send
audiovisual signals from each source device to multiple display devices, (iv) to display
multiple audiovisual signals on each display device, and (v) to add functionality by attaching
additional nodes.

The network topologies described herein are particularly simple. Figure 1 shows the
simplest topology in which one capture node is connected by a single link to one display
node. Figure 11 shows multiple capture node and multiple display nodes interconnected by
single links through a single switch. More complex topologies can be envisioned with
multiple interconnected switches where each switch can have many capture and display nodes
attached. These interconnected switches can be in the same room or can be separated by
miles or thousand of miles to provide a truly global means for acquisition, distribution, and
display of audiovisual signals.

In addition, for capture and display nodes needing greater bandwidth, a second or
third link can be added to double or triple the amount of data that can be handled. For
example, to double the bandwidth between switch 1102 (Figure 11) and display node 104,
two (2) 1.0-gigabit connections can couple switch 1102 and display node 104 to one another.
Similarly, capture node 102C can be coupled to switch 1102 using two (2) 1.0-gigabit
connections to effectively double the available bandwidth between capture node 102C and

switch 1102.

The above description is illustrative only and is not limiting. Instead, the present

invention is defined solely by the claims that follow and their full range of equivalents.
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What is claimed is:

1. A video capture node for use in a video signal distribution system, the node
comprising:
5 capture logic for receiving a video signal in a native format;
signal format conversion logic, which is operatively coupled to the capture
logic, for converting the video signal from the native format to an interchange format;
and
signal transmission logic, which is operatively coupled to the signal format
10 conversion logic, for sending the video signal in the interchange format to a remotely
located display node such that the display node converts the video signal from the

interchange format to a displayable format and displays the video signal.

2. The video capture node of Claim 1 further comprising:
negotiation logic, which operatively coupled to the signal format conversion
15 logic, for selecting the interchange format according to video processing capabilities

of the display node.

3. The video capture node of Claim 1 further comprising:
negotiation logic, which operatively coupled to the signal format conversion
logic, for selecting the interchange format according to video processing capabilities

20 of the display device.

4. The video capture node of Claim 1 wherein the receiving by the capture logic,
the converting by the signal conversion logic, and the sending by the signal transmission logic

are performed concurrently with one another.

5. The video capture node of Claim 15 wherein sending comprises sending the
25 video signal in the interchange format to the display node such that the display node converts

the video signal from the interchange format to a displayable format and displays the video
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signal in real time.

6. The video capture node of Claim 1 wherein the signal transmission logic sends
the video signal in the interchange format to a second remotely located display node such that
the second display node converts the video signal from the interchange format to a second

5 displayable format and displays the video signal.

7. The video capture node of Claim 1 wherein the signal format conversion logic
converts the video signal from the native format to a second interchange format; and
further wherein the signal transmission logic sends the video signal in the
second interchange format to a second remotely located display node such that the
10 second display node converts the video signal from the second interchange format to a

second displayable format and displays the video signal.

8. The video capture node of Claim 1 wherein converting comprises converting
the video signal from the native format to two or more interchange formats; and
further wherein sending comprises, for each of the two or more interchange
15 formats, sending the video signal in the interchange format to one or more display
nodes such that each of the one or more display nodes converts the video signal from
the interchange format to a respective displayable format and displays the video

signal.

9. The video capture node of Claim 1 wherein the interchange format includes

20 timestamps.

10.  The video capture node of Claim 1 wherein sending comprises:
sending the video signal in the interchange format to an intermediate signal
processing node such that the intermediate signal processing node:

converts the video signal from the interchange format to a second

g
(9]

interchange format; and
sends the video signal in the second interchange format to the remotely

located display node such that the display node converts the video signal from
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the second interchange format to the displayable format and causes display of

the video signal.

11.  The video capture node of Claim 1 wherein sending comprises:
sending the video signal in the interchange format to an intermediate signal
5 processing node such that the intermediate signal processing node:
processes the video signal to form a modified video signal; and
sends the modified video signal in the interchange format to the
remotely located display node such that the display node converts the modified
video signal from the interchange format to the displayable format and causes

10 display of the modified video signal.

12.  The video capture node of Claim 1 wherein sending comprises:
sending the video signal in the interchange format through at least two

separate communications channels to the display node.

13. A video display node for use in a video signal distribution system, the node
15 comprising:
communications logic for receiving a video signal in an interchange format to
which the video signal has been converted from a native format by a remotely located
capture node;
signal format conversion logic, which is operatively coupled to the
20 communications logic, for converting the video signal from the interchange format to
a displayable format; and
display driving logic, operatively coupled to the signal format conversion

logic, for causing display of the video signal by a display device

14.  The video display node of Claim 13 further comprising:
25 negotiation logic, which is operatively coupled to the signal format conversion
logic, for selecting the interchange format according to the video processing

capabilities of the capture node.
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15.  The video display node of Claim 13 wherein displaying comprises:
sending the video signal to an external display device for display by the

external display device.

16.  The video display node of Claim 13 wherein receiving comprises receiving the

5 video signal in the interchange format through a packet switch.

17.  The video display node of Claim 13 wherein receiving comprises receiving the

video signal in the interchange format through two or more packet switches.

18.  The video display node of Claim 13 wherein the receiving by the
communications logic, the converting by the signal format conversion logic, and the causing

10 display by the display driving logic are performed concurrently with one another.

19.  The video display node of Claim 18 wherein the receiving by the
communications logic, the converting by the signal format conversion logic, and the causing

display by the display driving logic are performed in real time.

20.  The video display node of Claim 13 further comprising:

15 negotiation logic, which is operatively coupled to the signal format conversion
logic, that (i) receives data representing one or more predetermined interchange
formats implemented by the capture node; (ii) determines that one or more supported
ones of the predetermined interchange formats are implemented locally; and (iii)
selecting one of the supported predetermined interchange formats as the interchange

20 format.

21.  The video display node of Claim 20 wherein the supported predetermined
interchange formats collectively represent a range of supported values of a characteristic of

the video signal.

22.  The video display node of Claim 20 wherein the negotiation logic also

25 receives data representing the native format;
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further wherein the negotiation logic selects one of the supported
predetermined interchange formats as the interchange format by at least:
considering an amount of loss of fidelity of at least one of the
predetermined supported interchange formats relative to the native format;
5 considering an amount of excess signal of at least one of the
predetermined supported interchange formats relative to the displayable
format; and
considering an amount of signal bandwidth to the remotely located

display node.

10 23. The video display node of Claim 13 wherein the communications logic
receives a second video signal in a second interchange format to which the second video
signal has been converted from a second native format by a second remotely located capture
node;

further wherein the signal format conversion logic converts the second video
15 signal from the second interchange format to the displayable format; and
further wherein the display driving logic causes display of the second video

signal.

24, The video display node of Claim 13 wherein receiving comprises:
receiving the video signal from an intermediate signal processing node- that:
20 receives the video signal from the remotely located capture node in a
first interchange format; and
converts the video signal from the first interchange format to the

interchange format.

25.  The video display node of Claim 13 wherein receiving comprises:
25 receiving the video signal in the interchange format through at least two

separate communications channels from the capture node.

26. A video distribution system, the system comprising:

a capture node comprising:
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capture logic for receiving a video signal in a native format; and
first format signal conversion logic, which is operatively coupled to the
capture logic, for converting the video signal from the native format to an
interchange format;
5 communication logic, which is operatively coupled to the first format signal
conversion logic, for transporting the video signal in the interchange format; and
a display node comprising:
second format signal conversion logic, which is operatively coupled to
the communications logic, for converting the video signal from the
10 interchange format to a displayable format; and
display driving logic, operatively coupled to the second format signal
conversion logic, for sending the video signal in the displayable format to a

display device such that the display device displays the video signal.

27.  The video distribution system of Claim 26 wherein the capture node further
15 comprises negotiation logic, operatively coupled to the signal format conversion logic;
further wherein the display node further comprises negotiation logic
operatively coupled to the second format conversion logic;
further wherein the negotiation logic of the capture node and the negotiation

logic of the display logic cooperatively select the interchange format according to the

20 video processing capabilities of the capture node.

28.  The video distribution system of Claim 26 wherein the capture node further
comprises negotiation logic, operatively coupled to the signal format conversion logic;
further wherein‘ the display node further comprises negotiation logic
operatively coupled to the second format conversion logic;
25 further wherein the negotiation logic of the capture node and the negotiation
logic of the display logic cooperatively select the interchange format according to the

video processing capabilities of the display node.

29.  The video distribution system of Claim 26 wherein the capture node further

comprises negotiation logic, operatively coupled to the signal format conversion logic;
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flirthddWwhbtdin the display node further comprises negotiation logic
operatively coupled to the second format conversion logic;

further wherein the negotiation logic of the capture node and the negotiation
logic of the display logic cooperatively select the interchange format according to the

video processing capabilities of the display device.

30.  The video distribution system of Claim 26 wherein the interchange format is a

digital representation of the native format.

31.  The video distribution system of Claim 26 wherein the receiving by the
capture logic, the converting of the video signal from the native format to the interchange
format by the first format conversion logic, the transporting by the communications logic, the
converting of the video signal from the interchange format to the displayable format by the
second format signal conversion logic, and the sending by the display driving logic are

performed concurrently with one another.

32.  The video distribution system of Claim 31 wherein the receiving by the
capture logic, the converting of the video signal from the native format to the interchange
format by the first format conversion logic, the transporting by the communications logic, the
converting of the video signal from the interchange format to the displayable format by the
second format signal conversion logic, and the sending by the display driving logic are

performed in real time.

33.  The video distribution system of Claim 26 further comprising:

a second remotely located display node comprising:

third format signal conversion logic, which is operatively coupled to
the communications logic, for converting the video signal from the
interchange format to a second displayable format; and

second display driving logic, operatively coupled to the third format
signal conversion logic, for sending the video signal in the second displayable
format to a second display device such that the second display device displays

the video signal.
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34.  The video distribution system of Claim 26 wherein the first signal format
conversion logic converts the video signal from the native format to a second interchange
format; and

further wherein the communications logic transports the video signal in the
5 second interchange format to a second remotely located display node such that the
second display node converts the video signal from the second interchange format to a

second displayable format and causes display of the video signal.

35.  The video distribution system of Claim 26 wherein converting comprises
converting the video signal from the native format to two or more interchange formats; and
10 further wherein transporting comprises, for each of the two or more
interchange formats, transporting the video signal in the interchange format to one or
more display nodes such that each of the one or more display nodes converts the video
signal from the interchange format to a respective displayable format and causes

display of the video signal.

15 36. The video distribution system of Claim 26 further comprising:
a second capture node comprising:
second capture logic for receiving a second video signal in a second
native format; and
third format signal conversion logic, which is operatively coupled to
20 the capture logic and the communications logic, for converting the second
video signal from the second native format to a second interchange format;
wherein the communications logic transports the second video signal in the
second interchange format from the second capture node to the display node;
further wherein the second signal format conversion logic converts the second
25 video signal from the second interchange format to the displayable format; and caﬁses

display of the second video signal.

37.  The video distribution system of Claim 26 wherein transporting comprises:
transporting the video signal in the interchange format through at least two

separate communications channels to the display node.
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38.

A video distribution system for displaying a video signal, the video

distribution system comprising:

10

15

20

25 39.

a capture node comprising:

capture logic for receiving a video signal in a native format;

first format signal conversion logic, which is operatively coupled to the
capture logic, for converting the video signal from the native format to a first
interchange format;

first communication logic, which is operatively coupled to the first
format signal conversion logic, for transporting the video signal in the first
interchange format;
an intermediate node comprising:

second format signal conversion logic, which is operatively coupled to
the first communications logic, for converting the video signal from the first
interchange format to a second interchange format; and
a display node comprising:

second communication logic, which is operatively coupled to the
second format signal conversion logic, for transporting the video signal in the
second interchange format;

third format signal conversion logic, which is operatively coupled to
the communications logic, for converting the video signal from the second
interchange format to a displayable format; and

display driving logic, operatively coupled to the third format signal
conversion logic, for sending the video signal in the displayable format to a

display device such that the display device displays the video signal.

The video capture node of Claim 1 or the video display node of Claim 13

wherein the interchange format is a digital representation of the native format.

40.

The video capture node of Claim 1 or the video distribution system of Claim

26 wherein receiving comprises:

receiving the video signal from an external video source.
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41.  The video capture node of Claim 1 or the video display node ot Claim 13 or
the video distribution system of Claim 26 wherein the interchange format includes digital

packets capable of transport through a packet switch.

42.  The video capture node of Claim 1 or the video distribution system of Claim
26 wherein sending comprises sending the video signal in the interchange format through a

packet switch.

43.  The video capture node of Claim 1 or the video distribution system of Claim
26 wherein sending comprises sending the video signal in the interchange format through two

or more packet switches.

44,  The video capture node of Claim 1 or the video display node of Claim 13 or
the video distribution system of Claim 26 wherein the native format is different from the

displayable format.

45.  The video capture node of Claim 1 or the video distribution system of Claim
26 wherein converting comprises:
dropping one or more frames of the video signal so as to result ina frame rate
of the video signal in the interchange format that is less than a frame rate of the video

signal in the native format.

46.  The video capture node of Claim 1 or the video distribution system of Claim
26 wherein converting comprises:
downscaling frames of the video signal so as to result in a frame size of the
video signal in the interchange format that is less than a frame size of the video signal

in the native format.

47.  The video capture node of Claim 1 or the video distribution system of Claim
26 wherein converting comprises:

changing color space representation of pixels of the video signal.
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48.  The video capture node of Claim 1 or the video distribution system of Claim

26 wherein converting comprises:

interlacing frames of the video signal.

49.  The video capture node of Claim 1 or the video distribution system of Claim

5 26 wherein converting comprises:

de-interlacing frames of the video signal.

50.  The video display node of Claim 13 or the video distribution system of Claim

26 wherein converting comprises:

adding one or more frames to the video signal so as to result in a frame rate of
10 the video signal in the displayable format that is greater than a frame rate of the video

signal in the interchange format.

51.  The video display node of Claim 13 or the video distribution system of Claim

26 wherein converting comprises:

upscaling frames of the video signal so as to result in a frame size of the video
15 signal in the displayable format that is greater than a frame size of the video signal in

the interchange format.

52.  The video display node of Claim 13 or the video distribution system of Claim

26 wherein converting comprises:

changing color space representation of pixels of the video signal.

20 53.  The video display node of Claim 13 or the video distribution system of Claim

26 wherein converting comprises:

interlacing frames of the video signal.

54.  The video display node of Claim 13 or the video distribution system of Claim

26 wherein converting comprises:

25 de-interlacing frames of the video signal.



WO 2006/113776 PCT/US2006/014684

55.  The video capture node of Claim 1 or the video distribution system of Claim
26 further comprising:
negotiation logic, which operatively coupled to the signal format conversion
logic, that (i) receives data describing one or more predetermined interchange formats
5 implemented by the display node; (ii) determines that one or more supported ones of
the predetermined interchange formats are implemented locally; and (iii) selects one

of the supported predetermined interchange formats as the interchange format.

56. The video capture node or video distribution system of Claim 55 wherein the
supported predetermined interchange formats collectively represent a range of supported

10 values of a characteristic of the video signal.

57.  The video capture node or video distribution system of Claim 55 wherein the
negotiation logic selects one of the supported predetermined interchange formats as the
interchange format by:

considering an amount of loss of fidelity of at least one of the predetermined
15 supported interchange formats relative to the native format;
considering an amount of excess signal of at least one of the predetermined
supported interchange formats relative to the displayable format; and
considering an amount of signal bandwidth to the remotely located display

node.

20 58.  The video capture node of Claim 1 or the video distribution system of Claim
26 further comprising:
negotiation logic, which operatively coupled to the signal format conversion
logic, for selecting the interchange format according to an amount of available

bandwidth to the display node.

25 59,  The video capture node or video distribution system of Claim 58 wherein
selecting comprises:
determining a requisite bandwidth for the video signal in the interchange

format; and
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comparing the requisite bandwidth to the amount of available bandwidth.

60.  The video capture node or video distribution system of Claim 59 wherein the
negotiation logic also determines that the requisite bandwidth exceeds the amount of

available bandwidth.

5 61.  The video capture node or video distribution system of Claim 60 wherein the
negotiation logic also adapts the interchange format to reduce bandwidth required by the

signal in the interchange format.

62.  The video capture node or video distribution system of Claim 61 wherein the
negotiation logic adapts the interchange format by:
10 configuring the interchange format to include a frame rate that is less than a
frame rate of the native format such that converting comprises dropping one or more

frames of the video signal.

63.  The video capture node or video distribution system of Claim 61 wherein the
negotiation logic adapts the interchange format by:
15 configuring the interchange format to include a color depth that is less than a
color depth of the native format such that converting comprises reducing a color depth

of the video signal.

64.  The video capture node or video distribution system of Claim 61 wherein the
negotiation logic adapts the interchange format by:
20 configuring the interchange format to include a color space that is different

trom a color space of the native format.

65.  The video capture node or video distribution system of Claim 61 wherein the
negotiation logic adapts the interchange format by:
configuring the interchange format to include a frame size that is less than a
25 frame size of the native format such that converting comprises downscaling frames of

the video signal.
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66.  Lhe video capture node or video distribution system ot Claim 61 wherein the

signal format conversion logic applies lossless compression techniques to the video signal.

67.  The video capture node or video distribution system of Claim 61 wherein the

signal format conversion logic applies lossy compression techniques to the video signal.

5 68.  The video capture node of Claim 1 or the video distribution system of Claim
26 wherein sending comprises:
determining a maximum data quantity;
determining a minimum time interval; and
sending no more than the maximum data quantity of the video signal during a

10 time interval which is no shorter than the minimum time interval.

69.  The video capture node or video distribution system of Claim 68 wherein the
maximum data quantity is determined according to a minimum-sized buffer through which

the video signal travels to the display node.

70.  The video capture node or video distribution system of Claim 68 wherein the
15  maximum data quantity is determined according to other traffic traveling through at least one

buffer through which the video signal travels to the display node.

71.  The video capture node or video distribution system of Claim 68 wherein the
maximum data quantity and the minimum time interval are determined according to an

amount of available bandwidth to the display node.

20 72.  The video display node of Claim 23 or the video distribution system of Claim
36 further comprising:
user interface logic, operatively coupled to the communications logic, for
providing a user interface for selecting the video signal and the second video signal

from one or more available video signals.

25 73.  The video display node or video distribution system of Claim 72 wherein
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displaying the video signal and displaying the second video signal comprises:
compositing the video signal and the second video signal into a combined

video display.

74.  The video display node or video distribution system of Claim 73 wherein the
composite video display combines the video signal and the second video signal in a picture-

in-picture arrangement.

75.  The video display node or video distribution system of Claim 73 wherein the
composite video display combines the video signal and the second video signal in a picture-

beside-picture arrangement.

76.  The video display node or video distribution system of Claim 73 wherein the
composite video display combines the video signal and the second video signal in a picture-

over-picture arrangement.

77.  The video capture node of Claim 1 of the video display node of Claim 13 or
the video distribution system of Claim 26 wherein the interchange format includes

timestamps associated with the video signal.

78.  The video capture node of Claim 77 wherein the signal transmission logic
inserts timestamps in an audio signal associated with the video signal wherein the timestamps

in the audio signal are related to the timestamps of the video signal.

79.  The video display node or the video distribution system of Claim 78 wherein
displaying comprises:
synchronizing playback of the video signal and the audio signal in accordance

with the timestamps of both the video and audio signals.

80.  The video display node of Claim 1 or the video distribution system of Claim
26 further comprising:

user interface logic, operatively coupled to the communications logic, for
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signals.

81. A method for displaying a video signal, the method comprising:
receiving a video signal in a native format;
5 converting the video signal from the native format to an interchange format;
and
sending the video signal in the interchange format to a remotely located
display node such that the display node converts the video signal from the interchange

format to a displayable format and causes display of the video signal.

10 82. The method of Claim 81 wherein the receiving, the converting, and the

sending are performed concurrently with one another.

83. The method of Claim 82 wherein sending comprises sending the video signal
in the interchange format to the display node such that the display node converts the video
signal from the interchange format to a displayable format and displays the video signal in

15 real time.

84.  The method of Claim 81 wherein sending comprises:
sending the video signal in the interchange format to an intermediate signal
processing node such that the intermediate signal processing node:
converts the video signal from the interchange format to a second
20 interchange format; and
sends the video signal in the second interchange format to the remotely
located display node such that the display node converts the video signal from
the second interchange format to the displayable format and causes display of

the video signal.

25 85.  The method of Claim 81 wherein sending comprises:
sending the video signal in the interchange format to an intermediate signal

processing node such that the intermediate signal processing node:
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processes the video signal to form a modified video signal; and

sends the modified video signal in the interchange format to the
remotely located display node such that the display node converts the modified
video signal from the interchange format to the displayable format and causes

display of the modified video signal.

86. A method for displaying a video signal, the method comprising:

receiving a video signal in an interchange format to which the video signal has
been converted from a native format by a remotely located capture node;

converting the video signal from the interchange format to a displayable
format; and

sending the video signal in the displayable format to a display device such that

the display device displays the video signal.

87. A method for displaying a video signal, the method comprising:

receiving a video signal in a native format into a capture node;

converting the video signal from the native format to an interchange format;

transporting the video signal in the interchange format from the capture node
to a display node;

converting the video signal from the interchange format to a displayable
format; and

sending the video signal in the displayable format to a display device such that

the display device displays the video signal.
88.  The method of Claim 81 or of Claim 87 further comprising:
selecting the interchange format according to video processing capabilities of

the display node.

89.  The method of Claim 81 or Claim 87 wherein receiving comprises:

receiving the video signal from an external video source.

90. The method of Claim 81 or Claim 87 wherein the interchange format is
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a digital representation of the native format.

91.  The method of Claim 81 or Claim 86 or Claim 87 further comprising:
selecting the interchange format according to video processing capabilities of

the display device.

5 92.  The method of Claim 81 or Claim 86 or Claim 87 wherein the interchange

format includes digital packets capable of transport through a packet switch.

93.  The method of Claim 81 or Claim 87 wherein sending comprises sending the

video signal in the interchange format through a packet switch.

94.  The method of Claim 81 or Claim 87 wherein sending comprises sending the

10  video signal in the interchange format through two or more packet switches.

95. The method of Claim 81 or Claim 86 or Claim 87 wherein the native format is

different from the displayable format.

96.  The method of Claim 81 or Claim 87 wherein converting comprises:
dropping one or more frames of the video signal so as to result in a frame rate
15 of the video signal in the interchange format that is less than a frame rate of the video

signal in the native format.

97.  The method of Claim 81 or Claim 87 wherein converting comprises:
downscaling frames of the video signal so as to result in a frame size of the
video signal in the interchange format that is less than a frame size of the video signal

20 in the native format.

98.  The method of Claim 81 or Claim 86 or Claim 87 wherein converting
comprises:

changing color space representation of pixels of the video signal.
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99.  The method of Claim 81 or Claim 87 wherein converting comprises:

interlacing frames of the video signal.

100. The method of Claim 81 or Claim 87 wherein converting comprises:

de-interlacing frames of the video signal.

101. The method of Claim 86 or Claim 87 further comprising:

selecting the interchange format according to the video processing capabilities

of the capture node.

102. The method of Claim 81 or Claim 86 or Claim 87 wherein the interchange

format is a digital format.

103. The method of Claim 86 or Claim 87 wherein converting comprises:
adding one or more frames to the video signal so as to result in a frame rate of
the video signal in the displayable format that is greater than a frame rate of the video

signal in the interchange format.

104. The method of Claim 86 or Claim 87 wherein converting comprises:
upscaling frames of the video signal so as to result in a frame size of the video
signal in the displayable format that is greater than a frame size of the video signal in

the interchange format.

105. The method of Claim 86 or Claim 87 wherein converting comprises:

changing color space representation of pixels of the video signal.

106. The method of Claim 86 or Claim 87 wherein converting comprises:

interlacing frames of the video signal.

107. The method of Claim 86 or Claim 87 wherein converting comprises:

de-interlacing frames of the video signal.
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108. The method of Claim 81 or Claim 86 or Claim 87 further comprising:

receiving data describing one or more predetermined interchange formats
implemented by the display node;

determining that one or more supported ones of the predetermined interchange
formats are implemented locally; and

selecting one of the supported predetermined interchange formats as the

interchange format.

109. The method of Claim 108 wherein the supported predetermined interchange

formats collectively represent a range of supported values of a characteristic of the video

signal.

110. The method of Claim 81 or Claim 87 wherein selecting comprises:

considering an amount of loss of fidelity of at least one of the predetermined
supported interchange formats relative to the native format;

considering an amount of excess signal of at least one of the predetermined
supported interchange formats relative to the displayable format; and

considering an amount of signal bandwidth to the remotely located display

node.

111.  The method of Claim 81 or Claim 87 further comprising:

selecting the interchange format according to an amount of available

bandwidth to the display node.

112.  The method of Claim 111 wherein selecting comprises:

determining a requisite bandwidth for the video signal in the interchange

format; and

comparing the requisite bandwidth to the amount of available bandwidth.

113.  The method of Claim 112 further comprising:
determining that the requisite bandwidth exceeds the amount of available

bandwidth.
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114.  The method of Claim 113 further comprising:
adapting the interchange format to reduce bandwidth required by the signal in

the interchange format.

115.  The method of Claim 114 wherein adapting comprises:
configuring the interchange format to include a frame rate that is less than a
frame rate of the native format such that converting comprises dropping one or more

frames of the video signal.

116.  The method of Claim 114 wherein adapting comprises:
configuring the interchange format to include a color depth that is less than a
color depth of the native format such that converting comprises reducing a color depth

of the video signal.

117.  The method of Claim 114 wherein adapting comprises:
configuring the interchange format to include a color space that is different

from a color space of the native format.

118.  The method of Claim 114 wherein adapting comprises:
configuring the interchange format to include a frame size that is less than a
frame size of the native format such that converting comprises downscaling frames of

the video signal.

119.  The method of Claim 114 wherein converting comprises:

applying lossless compression techniques to the video signal.

120.  The method of Claim 114 wherein converting comprises:

applying lossy compression techniques to the video signal.

121.  The method of Claim 81 or Claim 87 wherein sending comprises:
determining a maximum data quantity;

determining a minimum time interval; and
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sending no more than the maximum data quantity of the video signal during a

time interval which is no shorter than the minimum time interval.

122.  The method of Claim 121 wherein the maximum data quantity is determined
according to a minimum-sized buffer through which the video signal travels to the display

node.

123.  The method of Claim 121 wherein the maximum data quantity is determined
according to other traffic traveling through at least one buffer through which the video signal

travels to the display node.

124.  The method of Claim 121 wherein the maximum data quantity and the
minimum time interval are determined according to an amount of available bandwidth to the

display node.

125. The method of Claim 81 or Claim 87 further comprising:
sending the video signal in the interchange format to a second remotely
located display node such that the second display node converts the video signal from

the interchange format to a second displayable format and displays the video signal.

126. The method of Claim 81 or Claim 87 further comprising:

converting the video signal from the native format to a second interchange
format; and

sending the video signal in the second interchange format to a second remotely
located display node such that the second display node converts the video signal from
the second interchange format to a second displayable format and displays the video

signal.

127.  The method of Claim 81 or Claim 87 wherein converting comprises
converting the video signal from the native format to two or more interchange formats; and
further wherein sending comprises, for each of the two or more interchange

formats, sending the video signal in the interchange format to one or more display
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nodes such that each of the one or more display nodes converts the video signal from
the interchange format to a respective displayable format and displays the video

signal.

128. The method of Claim 81 or Claim 86 or Claim 87 wherein the interchange

5 format includes timestamps.

129. The method of Claim 81 or Claim 86 or Claim 87 wherein the interchange

format includes timestamps associated with the video signal.

130. The method of Claim 129 further comprising inserting timestamps in an audio
signal associated with the video signal wherein the timestamps in the audio signal are related

10 to the timestamps of the video signal.

131. The method of Claim 81 or Claim 87 wherein sending comprises:
sending the video signal in the interchange format through at least two

separate communications channels to the display node.

132.  The method of Claim 86 or Claim 87 further comprising:

15 receiving a second video signal in a second interchange format to which the
second video signal has been converted from a second native format by a second
remotely located capture node;

converting the second video signal from the second interchange format to the
displayable format; and

20 displaying the second video signal.

133.  The method of Claim 132 further comprising:
providing a user interface for selecting the video signal and the second video

signal from one or more available video signals.

134. The method of Claim 133 wherein displaying the video signal and displaying

25 the second video signal comprises:
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compositing the video signal and the second video signal into a combined

video display.

135. The method of Claim 134 wherein the composite video display combines the

video signal and the second video signal in a picture-in-picture arrangement.

136. The method of Claim 134 wherein the composite video display combines the

video signal and the second video signal in a picture-beside-picture arrangement.

137. The method of Claim 134 wherein the composite video display combines the

video signal and the second video signal in a picture-over-picture arrangement.

138.  The method of Claim 86 or Claim 87 wherein the interchange format includes
timestamps associated with the video signal;
further wherein the method further comprises inserting timestamps in an audio
signal associated with the video signal wherein the timestamps that are inserted in the
audio signal are related to the timestamps of the video signal; and
further wherein displaying comprises synchronizing playback of the video
signal and the audio signal in accordance with the timestamps of both the video and

audio signals.

139. The method of Claim 86 or Claim 87 further comprising:
providing a user interface for selecting the video from one or more available

video signals.

140.  The method of Claim 86 or Claim 87 wherein receiving comprises:
receiving the video signal from an intermediate signal processing node that:
receives the video signal from the remotely located capture node in a
first interchange format; and
converts the video signal from the first interchange format to the

interchange format.
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141.  The method of Claim 86 wherein receiving comprises receiving the video

signal in the interchange format through a packet switch.

142.  The method of Claim 86 wherein receiving comprises receiving the video

signal in the interchange format through two or more packet switches.

143. The method of Claim 86 wherein the receiving, the converting, and the

displaying are performed concurrently with one another.

144, The method of Claim 143 wherein the receiving, the converting, and the

displaying are performed in real time.

145. The method of Claim 86 further comprising:
receiving data representing the native format;
receiving data representing one or more predetermined interchange formats
implemented by the capture node;
determining that one or more supported ones of the predetermined interchange
formats are implemented locally; and
selecting one of the supported predetermined interchange formats as the
interchange format, wherein selecting comprises:
considering an amount of loss of fidelity of at least one of the
predetermined supported interchange formats relative to the native format;
considering an amount of excess signal of at least one of the
predetermined supported interchange formats relative to the displayable
format; and
considering an amount of signal bandwidth to the remotely located

display node.

146. The method of Claim 86 wherein receiving comprises:
receiving the video signal in the interchange format through at least two

separate communications channels from the capture node.
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147. The method of Claim 87 wherein the receiving, the converting of the video
signal from the native format to the interchange format, the transporting, the converting of the
video signal from the interchange format to the displayable format, and the displaying are

performed concurrently with one another.

148. The method of Claim 147 wherein the receiving, the converting of the video
signal from the native format to the interchange format, the transporting, the converting of the
video signal from the interchange format to the displayable format, and the displaying are

performed in real time.

149. A method for displaying a video signal, the method comprising:

receiving a video signal in a native format into a capture node;

converting the video signal from the native format to a first interchange
format;

transporting the video signal in the first interchange format from the capture
node to an intermediate signal processing node;

converting the video signal from the first interchange format to a second
interchange format;

transporting the video signal in the second interchange format from the
intermediate signal processing node to a display node;

converting the video signal from the second interchange format to a
displayable format; and

sending the video signal in the displayable format to a display device such that

the display device displays the video signal.
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