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METHOD AND APPARATUS FOR AUTOMATIC
DISCOVERY OF ELEMENTS IN A SYSTEM OF ENCODERS
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BACKGROUND

1. Field of the Invention

[0006] The present invention relates to systems and methods for transmitting, and in particular to

a system and method for analyzing and managing the encoding of multiple data streams.

2. Description of the Related Art

[0007] Managing video quality and bandwidth efficiency have always been critical with regard
to the distribution of video data streams. Yet, today we are entering a new more complex era that
will allow distribution of massive numbers of programs to consumers when, where, and how
they choose. New technologies such as DOCSIS (Data over Cable Service Interface
Specification) Version 3.1 and IP-based distribution protocols will make managing bandwidth to
ensure a high quality of experience even more challenging.

[0008] For example, the cable industry is migrating from the broadcasting of media programs
using quadrature amplitude modulation (QAM) to delivering video services over the Internet
using Internet Protocol (IP). DOCSIS 3.1, which is an international standard for transferring
data over cable television systems and Hybrid Fiber-Coaxial (HFC) are expected to be the
workhorses of this new paradigm. DOCSIS 3.1 provides raw bandwidth and huge gigaspeed data
pipes, each of which could allow distribution of tens or even hundreds of individual IP-video
programs at the same time. The question then arises as to how many channels (each transmitting
one of the IP-video programs) of information should be carried in each pipe. The question is
made complex by the fact that the unconstrained bit rate of a video program varies with both
time and content, and to assure that a pipe has sufficient bandwidth to permit the peak bit rate to
pass unconstrained would mean that the pipe is larger than required at all other times. This

problem can be resolved by converting the unconstrained video stream into one that has a
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constant bit rate. This is accomplished by controlling the encoder to vary the quantization
parameter over time so as to keep the bit rate of the encoded stream constant, a process known as
constant bit rate encoding. Of course, when the quantization parameter is adjusted to reduce the
bit rate, the resulting encoded video stream is of reduced quality. The problem can also be
solved by statistically multiplexing the encoded data stream from multiple encoders. Since the
bit stream from each such encoder is not likely to peak at the same time as the bit stream from
other encoders, the averaging of the required bit rates smooths out the peak bit rate requirements
considerably.

[0009] Until recently, typically only a handful of simultaneous programs would share common
bandwidth. Statistical multiplexing was used to dynamically allocate bandwidth to the various
programs so as to equalize video quality across all channels and over time. Typically, channels
that are difficult to encode are allocated more bandwidth, while channels having information that
is easy to encode are allocated less bandwidth. An operator could — and usually did — construct
statmux pools by hand strategically by choosing a balanced mix of hard-to-encode and easy-to-
encode programs. With the very large number of programs enabled by DOCSIS 3.1 and IP
protocols, assignment by hand becomes much more difficult, especially since optimal
assignments can and do change over time.

[0010] Despite the widespread use of statistical multiplexing, there remains the problem of how
a system operator can determine how to optimize the allocation of channels of video information
to pipes. This disclosure describes a system and method for allocating programs and bandwidth
to statmux pools for commercial programming. Further, the techniques and systems presented
herein can also be useful in evaluating the video quality and compression efficiency for any
system in which video programs share bandwidth with other video or non-video services such as

voice and data, particularly the evaluation of and planning for distribution of multiple programs



WO 2016/164910 PCT/US2016/026959

over shared bandwidth using adaptive bitrate protocols such as MPEGDASH, HLS, and Smooth

Streaming.

SUMMARY
[0011] To address the requirements described above, the present invention discloses a method,
apparatus, article of manufacture, and a memory structure for automatically discovering and
obtaining data from geographically distributed elements of a closed loop statistical multiplexing
system, for encoding at least one video stream at a constant bit rate according to a target quality
of the encoded video stream from such discovered elements, and a tool for the management of
the encoding of such video streams.
[0012] In one embodiment, the elements of the statistical multiplexing system are discovered
by sniffing multicast messages transmitted via the network to identify each of the plurality of
encoders and the at least one statmux controller of the closed loop statistical multiplexing
system, parsing the multicast messages in the network to identify each of a plurality of program
data streams from each of the identified plurality of encoders, correlating each of the identified
plurality of program data streams with one of the plurality of encoders and an associated statmux
controller, synchronizing the identified correlated program data streams, and multiplexing the
synchronized, correlated program data streams into assembled data streams.

[0013] In arelated embodiment, the encoding of the video stream from such discovered
elements comprises identifying a target quality of an encoded at least one video stream as a
probability that a bit rate of an unconstrained variable bit rate (VBR) encoded version of the
temporal portion of the at least one video stream is less than a bit rate of a constant bit rate
(CBR) encoded version of the temporal portion of the at least one video stream, determining a

constant bit rate weighting factor W corresponding to the identified target quality of the encoded
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at least one video stream, determining a desired constant bit rate of the encoded at least one
video stream as a ratio of the average unconstrained variable bit rate (VBR) of the temporal
portion of the at least one video stream and the constant bit rate weighting factor W, and
encoding the at least one video stream according to the desired constant bit rate of the encoded at
least one video stream.

[0014] In a further related embodiment, the management tool comprises a parser, for capturing
data of a plurality of encoded video streams from the plurality of encoders, an encoding analysis
module, for determining, using a user-selectable temporal portion of the captured data, a video
quality stress factor for each of the plurality of encoder pools, each video quality stress factor
corresponding to an identified target video quality measure for a temporal portion of the plurality
of encoded video streams from each of the plurality of encoder pools, the video quality measure
identified as a probability that a bit rate of an unconstrained variable bit rate (VBR) version of
the temporal portion of the plurality of encoded video streams from the plurality of encoders in
each encoder pool is less than a bit rate of an encoded and statistically multiplexed version of the
temporal portion of the plurality of encoded video streams from the plurality of encoders in each
encoder pool, and a dashboard generator, for generating a user interface for managing the
encoding of the plurality of data streams at least in part according to the determined statistical
multiplexing weighting factor video quality stress factor.

[0015] Alternate embodiments of the foregoing are also disclosed. For example, the
automatically discovering and obtaining data from geographically distributed elements of a
closed loop statistical multiplexing system may be accomplished by an apparatus comprising a
processor, communicatively coupled to the network, and a memory communicatively coupled to
the processor, the memory storing processor instructions comprising processor instructions for

sniffing multicast messages transmitted via the network to identify each of the plurality of
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encoders and the at least one statmux controller of the closed loop statistical multiplexing
system, parsing the multicast messages in the network to identify each of a plurality of program
data streams from each of the identified plurality of encoders, correlating each of the identified
plurality of program data streams with one of the plurality of encoders and an associated statmux
controller, synchronizing the identified correlated program data streams, and multiplexing the
synchronized, correlated program data streams into assembled data streams.

[0016] Further, the video stream from such discovered elements may be encoded by an
apparatus comprising a processor and a memory communicatively coupled to the processor. The
memory stores processor instructions comprising instructions for identifying a target quality of
an encoded at least one video stream as a probability that a bit rate of an unconstrained variable
bit rate (VBR) version of the temporal portion of the at least one video stream is less than a bit
rate of a constant bit rate (CBR) encoded version of the temporal portion of the at least one video
stream, determining a constant bit rate weighting factor W corresponding to the identified target
quality of the encoded at least one video stream, determining a desired constant bit rate of the
encoded at least one video stream as a ratio of an average variable bit rate (VBR) of the temporal
portion of the at least one video stream and the constant bit rate weighting factor W, and
commanding an encoding of the at least one video stream according to the desired constant bit
rate of the encoded at least one video stream.

[0017] Finally, the management tool may be used to manage the encoding of the plurality of
video streams by capturing data of a user-selectable temporal portion of a plurality of encoded
video streams from the plurality of encoders in the one of the plurality of encoder pools,
determining, using the captured data, a video quality stress factor for each of the plurality of
encoder pools, each video quality stress factor corresponding to an identified target video quality

measure for a temporal portion of the plurality of encoded video streams from each of the
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plurality of encoder pools, the video quality measure identified as a probability that a bit rate of
an unconstrained variable bit rate (VBR) version of the temporal portion of the plurality of
encoded video streams from the plurality of encoders in each encoder pool is less than a bit rate
of an encoded and statistically multiplexed version of the temporal portion of the plurality of
encoded video streams from the plurality of encoders in each encoder pool, generating a
presentation comprising the video quality stress factor for the one of the plurality of encoder
pools, and managing the encoding of the plurality of video streams at least in part according to

the determined video quality stress factor using the presentation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Referring now to the drawings in which like reference numbers represent corresponding
parts throughout:

[0019] FIG. 1 is a diagram illustrating a statistical multiplexing encoding system;

[0020] FIG. 2 is a diagram depicting a statistical multiplexing encoding system used with a pipe
compliant with the data over cable service interface specification;

[0021] FIGs. 3A-3E are diagrams illustrating constant bit rate encoding of a single video
program stream;

[0022] FIG. 4A-4G are diagrams presenting a quantitative view of the variability of constant bit
rate video quality can be obtained in the case depicted in FIGs. 3A-3E;

[0023] FIGs. 5A-5C are diagrams illustrating a relationship between video data stream encoded
according to a constant bit rate bitrate and a variable bit rate;

[0024] FIG. 6 illustrates a method that can be used to allocate a bandwidth for constant bit rate

services;
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[0025] FIGs. 7A and 7B are diagrams illustrating the generation of a CBR-to-VBR or stress
factor;

[0026] FIGs. 8A-8F are diagrams illustrating similarities between constant bit rate encoding and
statistical multiplexing;

[0027] FIGs. 9A-9H are diagrams illustrating a relationship between the statmux pool weighting
function variability and the number of programs in the statmux pool;

[0028] FIGs. 10A-10G are diagrams illustrating a visualization of the impact of program density
on the variability of accumulated bit rate requirements;

[0029] FIGs. 11AA-11AD are diagrams further quantifying the relationship between the number
of programs sharing a statmux pool and the video quality stress factor;

[0030] FIG. 11B is a diagram illustrating exemplary method steps for analyzing encoded video
streams and for encoding at least one video stream at a constant bit rate according to a target
quality;

[0031] FIG. 11C is a diagram illustrating exemplary method steps for analyzing a plurality of
encoded video streams and for encoding the plurality of video streams at a constant bit rate
according to a target quality of the combined encoded video streams;

[0032] FIG. 11D is a diagram illustrating an exemplary technique for determining an optimal
allocation of the plurality of video streams to a plurality of encoder pools;

[0033] FIG. 11E is a diagram illustrating an exemplary technique for analyzing a plurality of
encoded video streams and for encoding the plurality of video streams at a constant bit rate
according to a target quality of the combined encoded video streams;

[0034] FIG. 11F is a diagram illustrating an exemplary technique for determining an optimal

allocation of the plurality of video streams to a plurality of encoder pools;
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[0035] FIG. 12 is a block diagram of an analysis tool that can be used to analyze and manage the
encoding of a plurality of video data streams;

[0036] FIGs. 13A-13E are diagrams further illustrating the discovery of geographically
distributed elements of video encoding system;

[0037] FIGs. 14-21 present diagrams illustrating exemplary embodiments of a user interface
generated by the dashboard generator to support analysis and management of the operation of the
encoders and statmux controller(s);

[0038] FIG. 22 is a flow chart illustrating exemplary operations that can be used to allocate a
plurality of video streams to a plurality of encoder pools; and

[0039] FIG. 23 is a diagram illustrating an exemplary computer system that could be used to

implement elements of the present invention.

DETAILED DESCRIPTION

[0040] In the following description, reference is made to the accompanying drawings which
form a part hereof, and which is shown, by way of illustration, several embodiments of the
present invention. It is understood that other embodiments may be utilized and structural

changes may be made without departing from the scope of the present invention.

Overview
[0041] This disclosure presents a systematic and quantitative approach to understanding how
bandwidth efficiency and video quality is impacted by IP-program density, particularly when a
large number of individual video programs share a fixed bandwidth. This includes a stochastic
model and in-depth analysis of statistical multiplexing (statmux) — a method of dynamically

allocating bandwidth to individual channels to jointly optimize video quality and satisfy the total
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bandwidth constraints. This permits three key operational questions to be answered: (1) how the
bitrate and compression efficiency of one large statmux pool compare to several smaller statmux
pools; (2) how often the video quality of statmuxed programs might drop below any given level;
and (3) what is the efficiency of IP-based statistical multiplexing compared to allocating simply
a constant bitrate to each video program. The model, data, and analysis presented herein are
intended to provide information that can be used to optimize bandwidth allocation and design
DOCSIS 3.1 video service offerings.

[0042] In addition to the abbreviations and acronyms discussed above, the following also apply:
[0043] CBR: Constant Bit Rate (variable quality). CBR encoding results in an encoded bit
stream having a constant bit rate over time, however, the video quality is temporally variant.

The constant bit rate is achieved by means of a rate-control system that determines and applies a
time varying weighting factor. As discussed further below, CBR encoding can be thought of as a
special case of statistical multiplexing in which there is only one channel.

[0044] VBR: Variable Bit Rate (constant quality). An unconstrained VBR encoded video stream
serves as a benchmark for constant video quality (i.e., it represents the best possible video
quality)

[0045] HTTP: Hypertext Transfer Protocol

[0046] Statmux: Statistical multiplexing of a group of channels sharing a fixed CBR bandwidth.
As used herein, “statmux” may refer to multi-program transport stream (MPTS) (e.g. a transport
stream statistically multiplexing a plurality of video data streams into a single transport stream)
and actively managed single protocol transport stream (SPTS) sharing a fixed CBR allocation.
[0047] Rate Control (or Statmux) Weighting Factor: The rate control or statmux weighting
factor is a time-varying value that is proportional to the inverse of the bit rate that would have

been required to produce in an unconstrained VBR (constant quality) encoded video stream. In a

10
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statmux, the weighting factor may be thought of as being applied by a statmux controller 108 to

all channels in a pool in the form of bit allocation messages.

Statistical Multiplexing

[0048] FIG. 1 is a diagram illustrating a statistical multiplexing encoding system (SMES) 100
that accepts a plurality of uncompressed video data streams Dj, D, ... Dx 102A-102N
(hereinafter alternatively referred to as uncompressed or unencoded video data streams 102) and
produces a one or more encoded data streams d;.dy 114A-114N (hereinafter alternatively
referred to as encoded video data streams 114). The SMES 100 comprises an encoder pool 104
having a plurality of encoders 106A-106N communicatively coupled with one or more statmux
controllers 108.

[0049] Each encoder 106 A-106N accepts as input an associated uncompressed video data stream
D), Dy, ... Dy 102A-102N, and analyzes a temporal portion of the input video data stream D,
D, ... Dy to determine a measure of the bit rate required to produce an encoded video stream d;.
dn of a particular constant (and typically high) bit rate. This measure may comprise a value
associated with the scene complexity or temporal variation of the uncompressed video data
stream Dy, Ds, ... Dy or other factors, and are indicated in FIG. 1 as C;-Cn. The measure of the
required bit rate can be considered as a bit rate or bandwidth request transnited from the
reapective encoder 102A-102M 1o the statroux controbier 108, as desonbed further below,

[0050] The required bit rate measures from each of the encoders 106 A-106N are provided to the
statmux controller 108. The statmux controller 108 balances the required bit rate measures from
each of the encoders 106 A-106B and allocates a portion of the total bandwidth available for
transmission BWt 112 to each of the encoders 106 A-106N according to a statmux equation

defined by one or more parameters 110 that are provided to the statmux controller 108. Each
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allocated portion of the transmission bandwidth BWr 112 is expressed as a value representing a
maximum bit rate BW;-BW sy allocated to each of the encoders 106 A-106N. The maximum bit
rate BW41-BWy allocated to each of the encoders 106A-106N is then transmitted to each
respective encoder 106 A-106N.

[0051] Each of the encoders 106A-106N encode the portion of the uncompressed video data
streams D1, Dy, ... Dy 102 in accordance with the allocated maximum bit rate BW1-BWax,
and provide those encoded data streams d;-dy 114 for output. In the illustrated embodiment,
each of the encoded data streams d;.dy 114 is provided separately, however, the encoded data
streams d;-dy 114 may be provided to a multiplexer (which may be included within the statmux
controller 108, which multiplexes each of the encoded data stream d;.dx into one or more data

streams for later transmission.

Statistical Multiplexing Over IP with Geographically Distributed Elements

[0052] In one embodiment, the elements of the SMES 100 communicate with one another
according to an internet protocol (IP), thus permitting the elements of the SMES 100 to be
configured and reconfigured by readdressing messages rather than rerouting wires and the like.
Further, the elements of the SMES 100 may communicate with one another using IP multicasting
techniques. IP multicasting permits the transmission of IP datagrams from a source to interested
receivers in with a single transmission. This is accomplished by the source transmitting the data
to anode of the network to an IP multicast address, where interested receivers may later retrieve
the data by subscription to the IP multicast address.

[0053] For example, consider the transmission of the video data (compressed and uncompressed)
itself. Turning to the exemplary SMES 100 of FIG. 1, the uncompressed video data streams D;,

D, ... Dy 102 may be provided from the video sources (not shown) to each encoder 106 by each

12
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video source transmitting its associated uncompressed video data stream 102 to a particular IP
multicast address. Each encoder 106 A-106N that is to encode the uncompressed video data
stream 102 subscribes to that multicast address to receive the stream 102. Likewise, each
encoder 106A-106N may transmit the encoded video streams d;-dy 114 to a respective multicast
address, where they can be retrieved by the interested receivers of the encoded video streams d;-
dx 114 (including the statmux controller 108).

[0054] The transmission of the bit rate requests C;-C; from each encoder 106A-106N and the
allocated bit rate BW,-BW ay granted to each encoder 106 A-106N can also be transmitted via a
multicast IP address. This information (which may be referred to as metadata or control data)
can be transmitted from the source of the information to a dedicated multicast address for each
element (e.g. encoder 1 106 A may transmit bit rate requests C; to a first multicast address, while
encoder 2 106B transmits bit rate requests C, to a second and different multicast address, with
the statmux controller 108 subscribing to receive messages at both multicast addresses.
Similarly, statmux controller 108 may transmit bit rate allocations BWa;-BWax to a different
multicast address for each encoder 106 (to which each encoder 106 subscribes) or to a single
multicast address for all encoders (to which each encoder 106 subscribes).

[0055] Likewise, a single multicast address can be used for all bit rate requests transmitted from
all encoders 106A-106N to the statmux controller 108 and all allocated bit rates transmitted from
the statmux encoder 108 to all encoders 106. The use of a single “metadata’ or “control”
multicast IP address permits an entity monitoring that single multicast address to obtain access to
all non-data communications within the SMES 100, even when encoders 106 or statmux
controllers 108 join or leave the SMES 100, as further discussed below. This embodiment is
illustrated in FIG. 1, wherein each encoded data stream is transmitted via a dedicated channel or

mulicast address 114A-114N, while the control data or metadata is transmitted on a single

13
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dedicated multicast address 116 for all encoders 106 which might become a member of the

encoder pool 104, even if not currently a member.

Statistical Multiplexing over a DOCSIS Pipe

[0056] FIG. 2 is a diagram depicting an SMES 200 used with a pipe 202 compliant with the data
over cable service interface specification (DOCSIS). The system 200 comprises a plurality of
encoders 106 in an encoder pool 104, each of which typically ingests one or more video program
streams D;-Dx 102. The statmux system 200 also comprises a statmux controller 108, which
could be implemented via a stand-alone device or a process within one of the encoders 106. Each
encoder 106 analyzes the video data 102 input to the encoder 106 to determine how compressible
the video data 102 would be to encode at any point in time for a particular target video quality.
Each encoder 106 then sends metadata to the statmux controller 108, including a measure
indicating the complexity or compressibility of each input video data stream 102. The statmux
controller 108 compares all of the compressibility metadata for all of the video program streams
D;-Dy 102 participating in the statmuxed encoder pool 104 and allocates a portion of the total
statmux encoder pool 104 bandwidth Bt to each of the encoded video program streams d;-dy
114. Bandwidth allocations are updated on a regular basis to adapt to the changing mix of
program compressibility. The objective of statmux controller 108 is to maintain consistent video
quality across all the video program streams D,-Dy 102 over time.

[0057] Some statmux systems are more complex than the basic system illustrated in FIG. 2.
Such systems might enforce minimum and maximum bitrates for each program, and might
assign priorities to certain encoded video program streams D;-Dy 102 so that they receive a

greater bandwidth allocation than would otherwise be the case.
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Video Quality and Probability

[0058] Strictly speaking, statistical multiplexing is about simultaneous management of multiple
programs sharing a common communications channel. It is useful, however, to use single-
program constant bitrate (CBR) encoding to motivate and explain the principles of our multi-
program statmux model.

[0059] FIGs. 3A-3E are diagrams illustrating the CBR encoding of a single video program
stream. FIGs. 3A and 3B illustrate constant quality variable bitrate (VBR) encoding. FIG. 3A
illustrates the bitrate over time that would be needed to produce an encoded video program
stream of constant video quality over time (illustrated in FIG. 3B). FIG. 3D illustrates an
exemplary encoder 106 that uses sophisticated data processing and buffer management
techniques to control the encoding process, with a result that can be thought of and modeled as
applying a time varying rate-control weighting factor (depicted in FIG. 3C) to the intrinsic bitrate
needed to produce a constant quality encoded video stream 114. By necessity, the encoded data
stream 114 outputted by CBR encoding has variable video quality, but a constant bit rate, as
shown in FIG. 3E. In this instance, it would be expected that about half the time, the CBR video
quality would be better than the VBR video quality because the program compressibility is high
(the rate-control weighting factor is greater than 1) and thus the CBR encoder 106 uses a higher
bitrate than would have been the case for VBR encoding. The other half of the time, the CBR
video quality would be expected to be worse than VBR video quality because program
compressibility is low (the rate-control weighting factor is less than 1).

[0060] FIG. 4A-4G are diagrams presenting a quantitative view of the variability of CBR video
quality can be obtained in the case depicted in FIGs. 3A-3E. (FIGs. 4A, 4C, and 4D depict the
same information as FIGs. 3A, 3C and 3D, while FIG. 4F illustrates the probability density

distribution of the rate-control weighting factor (FIG. 4C) over the indicated time period. The
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probability density relates to how often the weighting factor is a specific value. The cumulative
probability distribution, shown in FIG. 4G, provides a measure of how often the weighting
function exceeds a specific value. (The cumulative probability distribution is the integral of the
probability density. The axes of FIG. 4F are orientated in a slightly atypical manner so as to
highlight the relationship with FIG. 4C.)

[0061] The cumulative probability curve in depicted in FIG. 4G provides a quantitative basis of
determining, for example, how often the rate-control weighting factor exceed a certain value.
For example, the curve presented in FIG. 4G indicates that the weighting factor is greater than
0.8 approximately 80% of the time (80% corresponds to 0.2 on the vertical access; 1.e. 80% =

100% - 20%).

The CBR-to-VBR Factor

[0062] In FIGs. 3A-3E and 4A-4G, the CBR bitrate and the average VBR bitrate (average of the
needed bitrate) are equal. FIGs. 5A-5C are diagrams illustrating a case where the CBR bitrate is
increased so as to be greater than the VBR bitrate. As illustrated, increasing the CBR bitrate, as
shown in FIG. 5B, moves the cumulative probability curve shown in FIG. 5C, to the right
because the rate-control weighting factor increases. The CBR video quality is thus equal or better
than the original VBR video quality shown in FIG. SA, more than half the time. If the original
average VBR bitrate is used as a video-quality benchmark, a quantitative method for managing
video-quality probabilities can be developed.

[0063] FIG. 6 illustrates a method that can be used to plan bandwidth for CBR services. A
service operator of a data transmission system can use this method to set an operational target in
terms of how often a program’s video quality is likely to meet or exceed a benchmark video-

quality target.
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[0064] First, the operator defines the operational video quality target. In the exemplary case
illustrated in item (1) of FIG. 6, the operational video quality target is defined in terms of
particular video quality of the CBR encoded stream that should be equal to or better than the
benchmark video quality (VBR) a certain percent of the time. The second step illustrated by item
(2), is to determine a corresponding rate-control weighting factor W to achieve that CBR
statistical video quality target. In the illustrated embodiment, this is accomplished by finding a
cumulative probability value associated with the statistical video quality target on the vertical
axis of the cumulative probability plot, and finding the rate control constant bit rate weighting
factor W along the horizontal axis. In the illustrated example, a 90% threshold (0.1 on the
vertical axis) corresponds to a weighting factor of approximately 0.75 (horizontal axis).

[0065] The third step (3) is to move the cumulative probability curve a distance AW, until the
90%-threshold intersection point occurs at 1.0 along the horizontal axis, which is the point at
which CBR and benchmark average VBR video quality are equal. The CBR bitrate that achieves

the video-quality probability objective is calculated as follows:

VBR avg unconstrained bitrate (henchmark)

CBR bitrate = AW

Equation (1)

[0066] In one embodiment, several CBR bitrates are calculated using the technique shown in
FIG. 6 and a “CBR-to-VBR” factor is used to quantify how much greater the CBR bitrate needs
to be relative to the benchmark VBR bitrate so that the CBR video quality is equal or better than
the benchmark video quality for a given percentage of the time. Throughout this disclosure, this
CBR-to-VBR factor is alteratively referred to as a video quality (VQ) stress factor, and may be
expressed simply as 1/W'

[0067] FIGs. 7A and 7B are diagrams illustrating the generation and use of the CBR-to-VBR

factor. FIG. 7A shows the amount by which the cumulative probability curve computed above

would need to move horizontally to achieve video-quality probability thresholds of 95%, 90%,
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80%, and 70%. The corresponding “CBR-to-VBR factors™ are plotted in FIG. 7B. A 90%
threshold produces a rate control constant bit rate weighting factor of about 0.75, and this results
in a “CBR-to-VBR factor” of approximately 1.33, which means that a CBR bitrate of 1.33 times
the benchmark VBR average bitrate should be expected to produce video quality that is equal or
better than the benchmark video quality 90% of the time. Relaxing the target video-quality
probability threshold reduces the “CBR-to-VBR factor” and thus the corresponding CBR bitrates

would be less.

CBR-to-VBR Factor (Stress) Applied to Statistical Multiplexing

[0068] Multi-program statistical multiplexing can be thought of as an extension of single-
program CBR encoding. FIGs. 8A-8F are diagrams illustrating the similarities between CBR
encoding and statistical multiplexing. FIGs. 8 A-8C illustrate the CBR case, while FIGs. 8D-8F
illustrate the statistical multiplexing case. FIG. 8D illustrates the bitrates needed by each of the
video data streams 102 in the statmux pool 104 for constant video quality. The required constant
quality bit rate for the pool 104 of video data streams 102 is the sum of the required constant
quality bit rate for each video data stream at each particular time. This sum of the bitrates
needed by each video data stream in the statmux pool 104 is analogous to the single-program
bitrate illustrated in FIG. 8 A needed to achieve constant video quality. Similarly, as shown in
FIG. 8E, a statistically multiplexed pool 104 of video streams 102 (statmux pool 104) can be
considered to have a total statistical multiplexing weighting factor Wgy as shown in FIG. 8E,
which is analogous to the CBR rate-control weighting factor W shown in FIG. 8B. And like
CBR, statmux allocates bandwidth to individual programs over time so that the total bandwidth

used is constant, as shown in FIG. 8F.
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[0069] A key advantage of statistical multiplexing is that it is more efficient than CBR.
Statistical multiplexing leverages the fact that the compressibility of the data streams 102 at any
particular time is largely uncorrelated. When one data stream might require a larger than average
bitrate to maintain video quality, it is likely that another program in the statistical multiplexer
pool 104 would simultaneously need a lower than average bitrate to maintain the same level of
video quality. Statistical multiplexing allocates more bandwidth to the needy program and less to
the charitable program.

[0070] Statistically, the accumulated bit rate requirements of all of the data streams 102 in the
statmux pool 104 varies over time. Consequently, the statmux pool 104 total weighting function
varies over time. The amount of that variability depends of the number of programs in the pool
104, as shown in FIGs. 9A-9H. FIGs. 9A, 9B, and 9C represent statmux pools 104 of 3, 30, and
300 programs, respectively. FIGs. 9D, 9E, and 9F illustrate the corresponding statmux pools 104
total weighting factors over time. Note that the variability of the weighting factors decreases with
increasing program density. FIG. 9G shows that the standard deviation of the statmux weighting
factor can be expected to decrease in inverse proportion to the square-root of the number of
programs in the stream. Similarly, the range between the maximum and minimum values of the
statmux weighting factor over any period of time can be expected to decrease with increasing
program density, as shown in FIG. 9D.

[0071] FIGs. 10A-10G are diagrams illustrating another way to visualize the impact of program
density on the variability of accumulated bit rate requirements. FIG. 10A shows cumulative
probability distributions for statmux pool total weighting factors for program counts of 1, 3, 10,
30, 100, and 300. Note that as the number of programs in the statmux pool 104 increases, the
cumulative probability curve narrows and becomes steeper, indicating less variance in the

accumulated bit rate requirements. FIGs. 10B-10G depict statmux equivalents of the shifted
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cumulative probability curves shown in FIGs. 5A-7B. Note that as the number of programs in
the statmux pool 104 increases, the amount by which the cumulative probability curve needs to
shift decreases.

[0072] FIGs. 11AA-11AD are diagrams further quantifying the relationship between the number
of programs sharing a statmux pool 104 and the “CBR-to-VBR factor” (i.e. the amount by which
the total statmux bitrate would need to exceed the aggregate of the VBR bitrates needed by the
constituent programs). As stated above, the “CBR-to-VBR” factor is also altematively referred
to herein as the video quality (VQ) stress factor, because it provides an indication of the how
much the statmux controller 108 must reduce the bit rates allocated to the controllers 108 to
assure the maximum bit rate is not exceed.

[0073] FIG. 11AA illustrates the CBR-to-VBR factor (equivalent to a statmux weighting or VQ
stress factor) required to achieve a 95% video quality probability threshold with a statmux pool
104 of three programs. FIG. 11AB illustrates the CBR-to-VBR factor required to achieve a 95%
video quality probability threshold with a statmux pool 104 of 30 programs. FIG. 11AC
illustrates the CBR-to-VBR factor required to achieve a 95% video quality probability threshold
with a statmux pool 104 of 300 programs. Note that the CBR-to-VBR bandwidth factor required
to achieve a given probability threshold is significantly less as the number of encoded video
streams 114 (e.g. programs) in the statmux pool 104 increases. For example, for the video
streams 114 illustrated in FIG. 11AA, a CBR-to-VBR factor of 1.23 is required to achieve the
desired video quality probability threshold for three data streams 114, while a reduced CBR-to-
VBR factor of 1.09 s required to achieve the same video quality probability threshold, and an
even less CBR-to-VBR factor of 1.04 is required to achieve the same video quality probability

threshold.
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[0074] FIG. 11AD presents a tabulation of the foregoing for video quality probability thresholds
0f 95%, 90%, 85%, 80%, and 75% and statmux pool 104 populations of 1, 3, 10, 30, 100 and
300 video streams 102. FIG. 11AD also presents a pot of this tabulation to show how the
statmux “CBR-to-VBR factor” depends on the number of programs in the statmux pool 104 and
the operational video-quality probability target that a service provider might adopt.

[0075] The information shown in FIGs. 11AA-11AD is useful for managing the allocation of
video data streams 102 to statmux pools 104. For example, a statmux pool 104 having three
video program streams 102 can be expected to produce equal or better video quality than a
benchmark 75% of the time using a “CBR-to-VBR factor” of 1.1. By increasing the program
count to 30 and keeping the same “CBR-to-VBR factor” of 1.1, the 30-program statmux pool
104 can be expected to produce equal or better video quality than a benchmark 95% of the time.
The difference in video-quality probabilities — 95% of the time compared to 75% of the time —
with no change in total bandwidth usage is significant.

[0076] Another use of our methods and models for video-quality and bandwidth planning is
illustrated in FIGs. 11A-11AD. FIG. 11AA presents the bit rate of 300-program service made up
of 10 independent statmux pools 104 of 30-programs each for a 95% video quality threshold.
FIG. 11 AB presents the bit rate of the same 300-program service as a single 300-program
statmux pool 104 for the same 95% video quality threshold. A relative bandwidth efficiency of
the two scenarios can thus be calculated from the ratio of the respective CFB-to-VBR factors. In
the illustrated case, the statmux weighting factor for a single statmux pool 104 of 300 data
streams is 1.04, while the statmux weighting factor for 10 statmux pools, each with 30 data
stream is 1.09. The result is that the 300-program statmux pool 104 could use 5% less
bandwidth while achieving the same video quality as the ten individual 30-program pools. If this

analysis were repeated for one hundred 3-program statmux pools, the result would be that the
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300-program poll could use 15% less total bandwidth while achieving the same 95% video-
quality probability target.

[0077] A relative efficiency factor may be identified as:

Weight Factor (N programs)

Relative Ef ficiency = 1 — (for N > M) Equation (2)

Weight Factor (M programs)

[0078] In the above example, the 300 data stream statmux pool 104 is about 1 — 1'—2; or 5%

more efficient than 10 statmux pools 104 of 30 data streams 102 each.

[0079] FIG. 11B is a diagram illustrating exemplary method steps for analyzing encoded video
streams 114 and for encoding at least one video stream 102 at a constant bit rate according to a
target quality of the encoded video stream 114. A target quality measure for an encoded video
stream is identified, as shown in block 1102. In one embodiment, the target quality measure for
the encoded video stream is based at least in part on the probability that a bit rate of an
unconstrained VBR encoded version of a temporal portion of the video stream is less than the bit
rate of a CBR encoded version of the video stream. For example, referring to FIG. 6, a target
quality measure may be as described in step (1), that is, that the bit rate of the CBR encoded
version of the video stream should be equal to or better than the bit rate of the unconstrained
VBR encoded version of the video stream 90% of the time. This is analogous to the situation
presented in FIG. 4A in which the illustrated unconstrained VBR is less than or equal to the bit
rate for the CBR encoded video stream.

[0080] A constant bit rate weighting factor W corresponding to that identified target quality is
then determined, as illustrated in block 1104. In one embodiment, this is accomplished by
computing a relationship of a cumulative probability that a bit rate of the CBR encoded version

of the temporal portion of the video stream is less than the bit rate of the unconstrained VBR
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version of the temporal portion of the video stream, and determining the constant rate weighting
factor W from this computed relationship.

[0081] One example of the computation of this cumulative probability relationship is illustrated
in FIGs. 5A-5C. FIG. 5A illustrates the bit rate needed for an unconstrained VBR version of the
bit stream, while FIG. 5C illustrates a situation where the available bit rate is for a constant video
quality bit stream is limited to a particular value. Since the normalized bit rate required for an
unconstrained VBR version of the bit stream exceeds the normalized constant video quality
normalized bit rate (a value of 1) half of the time, the probability that the required bit rate
exceeds the available bit rate is 0.5. If the normalized available bit rate for a constant video
quality normalized bit rate is raised to 1.2, the bit rate required for the unconstrained VBR
version is exceeded less of the time, resulting in a value of less than 0.5. Plotting these results
for different threshold values results in the plot shown in FIG. 5C, which represents a cumulative
probability that the bitrate of a CBR encoded version of the temporal portion of the video stream
is less than the unconstrained VBR version of the bit stream.

[0082] Step (2) of FIG. 6 illustrates how the foregoing cumulative probability density function
can be used to determine the rate control constant bit rate weighting factor W. In the example
shown in FIG. 6, the target quality measure is that the bit rate of the CBR encoded version of the
video stream is equal to or better than the VBR encoded version of the video stream 90% of the
time (which is analogous to a situation where the bit rate of the CBR encoded version of the
video stream is lower than the VBR encoded version no more than 10% (0.1) of the time. Using
the cumulative probability relationship illustrated in FIG. 6, it can be determined that the rate
control weighting factor W associated with the cumulative probability value of 0.1 is

approximately 0.75.
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[0083] Returning to FIG. 11B, a desired constant bit rate of the encoded video stream is
determined as a ratio of the bit rate of the average unconstrained VBR encoded version of the
temporal portion of the video stream and the constant bit rate weighting factor W, as shown in
block 1106. This weighting factor W is used to determine a change required in the rate control
weighting factor AWy necessary to bring the rate control weighting factor to a value of one,
which corresponds to an average unconstrained variable bit rate version of the encoded video
stream. This can be expressed as (1 — AWy). In the example of FIG. 6, a ratio of the bit rate of
the average unconstrained VBR encoded version of the temporal portion of the video stream is

normalized at a value of one, and the constant bit rate weighting factor W is 0.75, therefore, the
desired constant bit rate of the encoded video stream is 1 / 0.75 Of about 1.33.

[0084] Finally, the video stream is encoded according to the desired CBR of the encoded video
stream, as shown in block 1108.

[0085] FIG. 11C is a diagram illustrating exemplary method steps for analyzing a plurality of
encoded video streams 114 and for encoding the plurality of video streams 102 at a constant bit
rate according to a desired target quality of the combined encoded video streams 114. In this
embodiment, principles similar to those described above are used to encode a combination of a
plurality of video streams. A target quality of the combined encoded plurality of video streams
is identified, as shown in block 1122. In this case, the target quality refers to the combined
plurality of video streams and is identified as a probability that a bit rate of an unconstrained
VBR version of a temporal portion of the combined plurality of video streams is less than a bit
rate of the combined encoded version of the temporal portion of the plurality video streams.
Next, in block 1124 a combined constant bit rate weighting factor W¢ corresponding to the
identified target quality of the combined encoded video streams is determined. This can be

accomplished as described in FIG. 6, but with the difference that instead of the cumulative

24



WO 2016/164910 PCT/US2016/026959

probability function illustrated in FIG. 6 (which refers to a single video stream), a cumulative
probability function that refers to the plurality of data streams is utilized. Examples of such a
cumulative probability function is illustrated in FIG. 10, for different numbers of video streams.
[0086] Next, a desired constant bit rate of the combined encoded version of the plurality of video
streams is determined, as shown in block 1126. This is determined at least in part as a ratio of an
average VBR of the temporal portion of the plurality of video streams and the combined constant
bit rate weighting factor W¢. This can be accomplished similarly to the procedure for a single
video stream (as shown in FIG. 6), but with the cumulative probability function being generated
from multiple video streams (for example, as illustrated in FIG. 10). Finally, as shown in block
1128, the plurality of video streams is encoded according to the desired combined CBR.

[0087] This desired common CBR for the combined plurality of video streams may be used to
define an optimal allocation of the plurality of video streams to be encoded to a plurality of
encoders 106 that encode the video streams. This can be accomplished by pooling the encoders
106 so as to minimize average value of the video quality stress factor (inversely related to the
constant bit rate weighting factor of the plurality of pools 104. For example, FIG. 11AA, 11AB
and 11AC indicate the CBR-to-VBR factor for statmux pool 104 with 3, 30, and 300 program
members, respectively. A statmux pool 104 of 3 members results in a CBR-to-VBR (stress)
factor of 1.23, which is greater than the CBR-to-VBR (stress) factor of 1.09, which is the result
for a statmux pool 104 of 30 program members. Further, the statmux pool 104 of 300 members
has the lowest CBR-to-VBR (stress) factor (1.04) and is therefore the most efficient choice. In
cases where it is not possible or advisable to include 300 program members in the statmux pool,
less populous statmux pools 104 can be defined, with less resulting efficiency. The best
allocation of program streams to encoders 106 may be obtained by minimizing average of the

combined CBR or CBR-to-VBR factors of the combined pools 104, and this will depend on the
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nature of the program streams 102. For example, it may be advisable to combine as many
programs having highly variable VBR encoded bit rates into a single statmux pool 104 as
possible, as the averaging that inherently occurs in the pool 104 will be most beneficial. Video
streams 102 having less variation may be combined into statmux pools 104 in smaller numbers
while still maintaining a small CBR or CBR-to-VBR ratio.

[0088] FIG. 11D is a diagram illustrating an exemplary technique for determining an optimal
allocation of the plurality of video streams 102 to a plurality of encoder pools for a given target
quality. In block 1142, a first stress factor is determined for a first allocation of the plurality of
video streams 102 to a first plurality of encoder pools 104. This may be accomplished by
determining a total constant bit rate weighting factor WT¢; for the first allocation of the plurality
of video streams 102 to a first plurality of encoder pools 104, then using this value to compute
the first stress factor. Typically, each one of the plurality of video streams 102 is a member of
only one of the first plurality of pools 104 (e.g. the video stream is not encoded by encoders 106
in more than one pool), but a video stream may be encoded by different encoders 106 in different
pools 104 if the respective encoders 106 are configured to encode the video stream 102
differently than one another. For example, a video stream 102 may be encoded by encoder A
(which is a member of an encoder pool 104) to produce a high definition encoded version of the
video stream 102, but encoded by encoder B (which is a member of a different encoder pool
104) to produce a standard definition encoded version of the video stream 102.

[0089] Next, the process is repeated for a second allocation of the plurality of video streams 102
to a second plurality of video pools 104 to determine a second stress factor for the second
allocation (again, using a total constant bit rate weighting factor WT¢») for the second allocation,
as shown in block 1144. Next, either the first configuration or the second configuration is

selected according to which has the smallest stress factor, as shown in blocks 1146 and 1148.
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[0090] The foregoing operations were described with respect to a plurality of encoders 106 that
are not necessarily controlled by a statmux controller 108. However the same techniques can be
applied to situations wherein each of the encoders 106 makes bandwidth requests to the statmux
controller 108 (for example, using a measure of the complexity of the video stream 102 to be
encoded, and allocated bandwidth by the statmux controller 108.

[0091] FIG. 11E is a diagram illustrating exemplary method steps for analyzing a plurality of
encoded video streams 114 and for encoding the plurality of video streams 102 at a constant bit
rate according to a target quality of the combined encoded video streams 114. In this
embodiment, principles similar to those described above are used to encode a combination of a
plurality of video streams 102, but the plurality of encoders 106 are controlled by a statmux
controller 108. Blocks 1152-1158 illustrate operations analogous to those of blocks 1122-1128,
respectively, but for statistically multiplexed video streams. In block 1152, a target quality of a
statistically multiplexed encoded version of the plurality of video streams is identified as a
probability that a bit rate of a variable bit rate (VBR) version of the temporal portion of the
plurality video streams is less than a bit rate of the statistically multiplexed encoded version of
the temporal portion of the plurality of video streams. In block 1154, a statistical multiplexed
constant bit rate weighting factor Wgy corresponding to the identified target quality of the
statistically multiplexed encoded version of the plurality of video streams is determined. This
can be accomplished, for example, by computing a relationship of cumulative probability that the
bitrate of the statistically multiplexed encoded version of the plurality of video streams is less
than the bitrate of a variable bit rate (VBR) version of the temporal portion of the plurality of
video streams and determining the statistical multiplexed constant bit rate weighting factor Wem

from the computed relationship of cumulative probability.
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[0092] In block 1156, a desired statistical multiplexer constant bit rate of the statistically
multiplexed encoded version of the plurality of video streams is determined as a ratio of an
average unconstrained variable bit rate (VBR) of the temporal portion of the plurality of video
streams and the statistical multiplexer constant bit rate weighting factor Wgyy. In block 1158, the
plurality of video streams 102 is encoded according to the desired statistical multiplexer constant
bit rate.

[0093] FIG. 11F is a diagram illustrating an exemplary technique for determining an optimal
allocation of the plurality of video streams 102 to a plurality of encoder pools 104 controlled by
the statmux controller 108. In block 1162, a first statistical multiplexer stress factor is
determined from a first total statistical multiplexed constant bit rate weighting factor Wrgyy for a
first configuration of the plurality of video streams 102 in a first plurality of pools. In block
1164, a second statistical multiplexer stress factor is determined from a constant bit rate
weighting factor Wrgyp for a second configuration of the plurality of video streams 102 in a
second plurality of pools 104. In block 1166, the first configuration of the plurality of video
streams 102 in the first plurality of pools 104 is selected if the first statistical multiplexer stress
factor is less than the second statistical multiplexer stress factor, while in block 1168, the second
configuration of the plurality of video streams 102 in the first plurality of pools 104 is selected if
the first statistical multiplexer stress factor is greater than the second statistical multiplexer stress

factor.

Analysis Tool

[0094] FIG. 12 is a diagram of an analysis tool 1200 that can be used to analyze and manage the
encoding of plurality of video data streams. The analysis tool 1200 comprises a statmux parser

1201, a statmux optimizer 1203, and data storage 1210. The statmux parser 1201 collects data
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available from the encoders 106 and the statmux controller 108, and provides that data to the
data storage 1210 for later use by the analysis optimizer 1203.

[0095] As described above, statistical multiplexing may be accomplished with elements that
communicate via IP, allowing elements to be easily modified and reconfigured via software (e.g.
by readdressing messages, sources, or destinations), rather than by reconfiguring conductive or
optical cables between the elements. Such communications may be conveyed in data messages
(which may include video stream 102 to be encoded, the encoded video streams 114, and if the
encoded video streams 114 are multiplexed together, the multiplexed encoded video streams
114) and metadata messages (which may include any non-data messages conveying information
used by the encoders 106 or the statmux controller 108 in the encoding process). Such multicast
messages may include bandwidth requests (or complexity measures) from the encoders 106, and
allocated bandwidths from the statmux controller 108.

[0096] The encoded video stream data transmitted by the encoders 106 include the encoded
video stream 114, and may include:

e aquantization parameter (a measure of how much each picture of the encoded video
stream 114 has been compressed);

s prediction bits of the picture image;

s residual bits of the picture image;

e motion vectors;

s picture type (e.g. whether the picture is an I (intra coded) picture which does not rely on
other pictures for reconstruction, P (predicted) picture which uses the previous frame for
reconstruction, or B (bi-predicted) picture, which uses both previous and following
frames for reconstruction);

s coding mode; and
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¢ audio and auxiliary data.
[0097] The metadata available from the encoders 106 for each encoded video stream 114 or
program (each of which may be provided to a different multicast IP address of a common IP
address for the encoders 106 and statmux controller 108 of a statmux pool) includes:

s aprogram source identifier;

s an encoder packet time stamp; and

s if the encoder is used in conjunction with a statmux controller, a bit rate request (which

may be in the form of program complexity or criticality value).

[0098] The program source identifier identifies the source of the program, and can be used to
identify the video or program data streams 102 being encoded by the encoders 106. The encoder
packet timestamp is included with each multicast message packet, and can be used for
correlation and synchronization purposes, as described further below. In one embodiment, the
encoder packet timestamp is generated based on an NTP clock.
[0099] Other metadata data that may optionally be transmitted by the encoders 106 to the
appropriate multicast IP address include:

e program priority;

s encoder network time protocol (NTP) clock;

e non-video bit rate;

e encoder fail safe rate;

s encoder identifier (the encoder’s IP address may also be used as an identifier);

e program frame number; and

e frame synchronization verification.
[0100] The metadata available from the statmux controllers 108 for each encoded video stream

114 or program encoded (each of which may be provided to a different multicast IP address of a

30



WO 2016/164910 PCT/US2016/026959

common IP address for the encoders 106 and statmux controller 108 of a statmux pool 104)
include:

s aprogram source identifier;

s astatmux packet time stamp; and

s aprogram bit rate allocation.
[0101] The metadata available from the statmux controller 108 for each encoded video stream
114 or program encoded may also include:

¢ astatmux controller ID (if there is more than one statmux controller 108);

e astatmux controller NTP clock; and

e statmux weighting.

[0102] Optional media analytic module 1220 and third party tools using third party interface
1222 may also provide additional data including:

e program identifiers;

e advertisement detection;

¢ black frame detection;

s scene and program change detection;

s audio analytics;

s logo presence detection;

e repeat pictures; and

s skip pictures.

[0103] The statmux optimizer 1203 retrieves data from the data storage 1210 and provides the

data to an encoding analysis module (EAM) 1214. The EAM 1214 performs the analytical tasks
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herein described below and provides the results to an alarm and report generator 1212, a
recommendation engine 1218, and a dashboard generator 1216. The dashboard generator 1216
receives the analysis results from the EAM 1214 and generates a user interface for managing the
encoding of the plurality of video data streams 102 using the weighting factors and video quality
stress factors described above. The output provided by dashboard generator 1216 also includes
controls that permit the user to specify the analysis performed by the EAM 1214. The user
accomplishes this by selecting the appropriate control, and the dashboard generator 1216
interprets the selection of the control and provides the associated data and commands to the
EAM 1214. The EAM 1214 performs the commanded operations, and provides the results to the
dashboard generator 1216 for display to the user.

[0104] The recommendation engine 1218 determines an optimal or recommended allocation or
re-allocation of the plurality of video streams 102 to the plurality of encoder pools, for example,
using the VQ stress factor described herein, and provides a description of this allocation or
reallocation to the dashboard generator 1216 to display the information to the user.

[0105] The alarm and report generator 1212 accepts results from the EAM 1214 and generates
appropriate alarms or other notices for the user. For example, if an encoded video stream 114 is
no longer present, the EAM 1214 can be configured to detect the loss of the video stream from
that encoder 106 and provide a suitable alarm or warning to the alarm and report generator 1212.
Similarly, reports summarizing the analytical results from the EAM 1214 may be provided to the
alarm and report generator 1212. Further, the alarm and report generator 1212 may interface
with the dashboard generator 1216 so that the report configuration or the desired alarms may be
specified by the user, and the alarms presented to the user along with other information

generated by the dashboard generator 1216.
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[0106] FIG. 13A-13E are diagrams further illustrating one embodiment of how data describing
geographically distributed elements of video encoding system having a plurality of encoders 106
communicatively coupled to a network may be discovered.

[0107] FIG. 13A is a diagram illustrating exemplary operations that can be performed to
automatically discover and obtain data from the video encoding system. In block 1302,
multicast messages transmitted via the network are sniffed to identify each of the plurality of
encoders 106 and at least one statmux controller 108 of the closed loop statistical multiplexing
system. This can be accomplished by communicatively coupling a computer or other processor
to the network interconnecting the encoders 106 and controller(s) 108 examining the messages
transmitted to the multicast IP address that the encoders 106 and statmux controller 108 utilize to
transmit metadata. The aforementioned program source identifier or encoder ID that is included
in such multicast IP messages transmitted from the encoders 106 can be used to identify each of
the encoders 106 transmitting metadata to the multicast IP address.

[0108] In one embodiment, the encoders 106 and statmux controllers 108 in the network are
configured to transmit such metadata to a single multicast IP address, hence, all of such metadata
may be obtained by subscribing to this multicast IP address. The encoders 106 and controllers
108 in the network can be preconfigured to transmit to this single multicast IP address before
deployment, or may be configured after deployment.

[0109] The network may comprise only one closed loop statistical multiplexing system 100, and
thus, include a plurality of encoders 106 but only one statmux controller 108. In this case, all of
the elements of the closed loop statistical multiplexing system 100 may communicate metadata
on only one IP address. In the case where the network may comprise multiple closed loop
statistical multiplexing systems 100 (e.g. with multiple statmux controllers 108), two

embodiments are possible: (1) a first embodiment in which each such closed loop statistical
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multiplexing system use a different multicast IP address than the other closed loop statistical
multiplexing systems 100. In this embodiment, the statmux controller 108 need not transmit a
statmux controller ID to the multicast IP address, because the identity of the statmux controller
108 is known. (2) a second embodiment in which a plurality of closed loop statistical
multiplexing systems 100 (e.g. a plurality of statmux controllers 108 controlling a different pool
104 of encoders 106) in which a single multicast IP address can be used for all of the elements in
the system. In this embodiment, the statmux controller 108 must be identified, which can be
implemented by including a statmux controller (or pool) ID to the multicast IP address as well,
or by using the IP address of the statmux controller 108.

[0110] In block 1304, the sniffed multicast messages are parsed to identify each of a plurality of
program data streams 114 from each of the identified plurality of encoders 106.

[0111] FIG. 13B is a diagram illustrating one embodiment of how the sniffed multicast messages
can be parsed to identify the program streams 114 from each of the encoders 106. In block 1314,
the multicast messages are parsed for the program identifiers, which include first program
identifiers (included in the multicast messages from the encoders 106) and second program
identifiers (included in the multicast messages from the statmux controller). In block 1316, the
program data streams 114 are identified according to the first program source identifiers and the
second program source identifiers.

[0112] Returning to FIG. 13A, each of the identified plurality of program data streams 114 are
correlated with one of the plurality of encoders 106 and an associated statmux controller 108.
[0113] FIG. 13C is a diagram illustrating one embodiment of how the identified program
streams 114 can be correlated with one of the plurality of encoders 106 and an associated
statmux controller 108. In block 1318, multicast messages transmitted from the encoders 106

are matched with multicast messages transmitted from the statmux controller 108 at least in part
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by matching the first program source identifiers with the second program source identifiers. In
block 1320, the encoder packet timestamps of the multicast messages having matching first
program source identifiers and second program source identifiers are temporally correlated with
the statmux controller timestamp.

[0114] To accomplish the foregoing correlation, the incoming sniffed multicast messages are
temporarily stored in a buffer (which may be included within the central data storage 1210,
statmux parser 1201, statmux optimizer 1203, or may be a separate entity. The messages are
retrieved from the buffer, and their program source identifiers compared with the program source
identifiers of the other messages in the buffer. Sniffed multicast messages having the same
program source identifiers can be regarded as either coming from the same encoder 106 (along
with the bandwidth request) or coming from a statmux controller 108 responding to the
bandwidth request (along with the bandwidth allocation). Further correlation can be
accomplished by temporally correlating the messages. For example, if a bandwidth request
message is timestamped later than a bandwidth allocation message, it can be safely assumed that
even though the bandwidth request message and the bandwidth allocation message refer to the
same video program stream 114, their non-causality indicates that the bandwidth allocation
should not be regarded as a response to the bandwidth request. If, however, a bandwidth request
message having a first program source identifier is transmitted to the multicast IP address is
followed shortly thereafter by a bandwidth allocation message having a second program source
identifier matching the first program source identifier, it can be concluded that the bandwidth
allocation message is a response to the bandwidth request message, and hence, the program
streams 114 identified in the message are correlated. Time correlation may be required in cases
where there might be significant variation of the latency of the messages transmitted to the

multicast IP address.
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[0115] Returning to FIG. 13A, the identified and correlated program data streams 114 are
synchronized, as shown in block 1310.

[0116] FIG. 13D is a diagram illustrating one embodiment of how the correlated program data
streams 114 can be synchronized. In block 1322, the identified correlated plurality of program
streams 114 are buffered (if not already buffered during the correlation process described above.
Then, the buffered correlated program streams 114 are synchronized at least in part according to
the encoder packet timestamp and the statmux packet timestamp. Synchronization involves
reordering the messages to present them in the proper time relationship with the other messages
before the data in the messages is presented to the user, and assures that data which is presented
as a function of time (for example, the bit rate of the encoded video streams 114) accurately
reflects the actual bit rate.

[0117] FIG. 13E is a diagram illustrating how the foregoing operations may be implemented. In
this embodiment, the multicast message sniffer 1202 which sniffs the multicast messages
transmitted via the network is implemented by spawning an encoder multicast sniffer thread
1202A that sniffs the multicast messages for encoder messages transmitted to the multicast IP
address, and a statmux controller multicast sniffer thread 1202B that sniffs the multicast
messages for statmux controller messages transmitted to the multicast IP address. An advantage
of this embodiment of spawning separate threads to sniff for the encoder source multicast sniffer
thread and the controller multicast sniffer thread is that each program is synchronized
independently of the others, and errors in one synchronization thread will not affect other
synchronization threads. Thus, if data for one program is missing or unsynchronized, the data
for the remaining threads remain unaffected.

[0118] The sniffed multicast messages obtained from the encoder multicast sniffer thread 1202A

and the controller multicast sniffer thread 1202B are provided to a statmux participant discovery
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thread 1204 A, which performs the parsing operations described above. When the statmux
participant discovery thread 1204A discovers a new encoded video stream 114, new encoder
106, or new controller 108 in the network, it communicates this information to a program
correlation thread launcher 1204B, which initiates the launching of a program correlation and
synchronization thread 1206A-1206N for the new element. In one embodiment, a thread is
spawned for each statmux pool 104, as well as one for each program or video stream in the
statmux pool 104, The program correlation and synchronization threads 1206 A-1206N perform
the synchronization and correlation operations described above, and provide that data to a data
multiplexor 1208 which assembles the correlated and synchronized messages before providing

them to the central data storage 1210.

User Interface and Analvtic Examples

[0119] FIGs. 14-21 present diagrams illustrating exemplary embodiments of a user interface or
analysis dashboard 1400 generated by the dashboard generator 1216 to present EAM 1214
analysis results and support analysis and management of the operation of the encoders 106 and
statmux controller(s) 108. The dashboard comprises a plurality of screens 1400A-1400H, as
further described below.

[0120] FIG. 14 presents a diagram presenting an exemplary embodiment of a first (home) screen
1400A of the analysis dashboard 1400. In this embodiment, the EAM 1214 has performed an
analysis of a plurality of statmux pools, and the result of this analysis is presented in the
dashboard 1400. In the illustrated embodiment, the dashboard includes a tabulation or table,
with each row of the table corresponding to the analysis results for a particular statmux pool 104
of encoders 106. The status column 1402 indicates the status of the data stream produced by the

statmux pool 104 of encoders 106. The identifier column 1404 indicates an identifier of the
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statmux pool 104 of encoders 106, and description column 1406 indicates a description of the
statmux pool 104 of encoders 106. In the illustrated embodiment, the statmux encoder pool 104
have a numerical ID, and are presented in numerical order. Each statmux pool 104 is also
described by a name (e.g. Angus, Devon, Dexter, etc.). The program population column 1408
indicates how many independent encoded data streams 114 (each carrying a single program) are
included within the encoder pool 104. In the illustrated embodiment, this information is further
broken out to indicate the total number of programs, the number of standard definition (SD)
programs, the number of high definition (HD) programs, and the number of ultra-high definition
(UHD) programs. The bandwidth column 1410 provides the allocated bandwidth of the statmux
pool 104. In the illustrated embodiment, all of the statmux pools 104 are allocated 100 Mbps.
The stress factor column 1412 presents the VQ stress factor for each of the statmux pools. In
one embodiment, the stress factor includes an intrinsic stress factor and an actual stress factor.
“Intrinsic stress” refers to stress in the hypothetical situation in which there are no operational
constraints on the bandwidth that can be allocated to a particular program or pool. “Intrinsic
stress™ is the lowest stress that can be achieved for a given average bit rate. “Actual stress”™ takes
into account the common operational situation in which the bandwidth that can be allocated is
limited to lie between an upper and lower bound. When operating at the upper bound, the actual
stress would be greater than the intrinsic stress because less bandwidth would be available
compared to the unconstrained case. When operating at the lower bound, the actual stress would
be less than the intrinsic stress because more bandwidth than the unconstrained case would be
available. The dashboard 1400 also includes a summary row 1414 which presents the status, total
number of programs, total allocated bandwidth and stress factor(s) for all of the monitored

statmux pools.
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[0121] The dashboard 1400 also includes user controls to select which temporal portion of the
encoder streams 114 were analyzed to arrive at the stress factor(s). This allows the user to view
stress factor(s) and other analysis information as described below for any arbitrary time period of
encoder data streams 114. An arbitrary date for the temporal period of analysis may be entered
by selecting the select date control 1416A. Thereafter, a time period within the selected date
entered by selecting the select time control 1416B. Selection of the now control 1416C selects a
time period including the moment that the control 1416 is selected, and extending forward or
backward in time by an optionally preselected amount. For example, selection of control 1416C
may select analysis of encoder data beginning 3 minutes prior to selection of the control 1416C
and extending to the time that the control was selected (an embodiment that supported by the
buffering and data storage by the central data storage element 1210) or may select analysis of
encoded video data 114 beginning upon selection of the control 1416C and extending for a
period of three minutes after selection of the control 1416C.

[0122] Selection of the recommendations control 1418 causes the EAM 1214 to generate
recommendations regarding the allocation of encoders 106 to statmux pools, as further described
below.

[0123] Selection of any of columns 1404-1412 reorders the data presented in the columns to
ascending order, and reselection of the same column reorders the data presented in descending
order. Thus, the user can easily order the results in, for example, decreasing actual stress factor,
if desired.

[0124] In the illustrated embodiment, the dashboard 1400 includes a navigation portion 1422
that includes controls 1422A-1422F for navigating between different screens 1400A-1400H of
the dashboard 1400. These controls include a pool control 1422A for navigating to a screen of

the dashboard 1400 that presents the statmux pools. Pool control 1422A is shaded to indicate
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that is the currently presented screen. Programs control 1422B is used to navigate to a screen in
which each individual program stream is presented, similar to the screen discussed in reference
to FIG 15 below. Since the tabular results presented are of the stress factor(s), the stress factor
control 1422F is shaded. The operation and resulting screens presented in response to the
selection of the bitrate control 1422C, the complexity control 1422D, the correlation control
1422E and the stress factor control 1422F are discussed further below.

[0125] The dashboard 1400 also allows the user to drill down and examine similar
characteristics for any of the statmux pools 104. In one embodiment, this is accomplished by
selecting the pool selection control 1420, which presents a list of the statmux pools 104 for
selection, or by simply double clicking the text associated with the desired encoder pool 104.
This presents a second dashboard screen in which analogous data for each encoder 106 of an
encoder pool 104 is presented. For example, if statmux pool 104, known as the “Galloway™
statmux pool 104, is selected, analogous data for the encoders 106 in that statmux pool 104 are
displayed.

[0126] FIG. 15 is a diagram presenting an exemplary embodiment of second screen 1400B of the
analysis dashboard 1400 presenting data EAM 1214 using the dashboard generator 1216. In this
embodiment, a particular statmux pool 104 (e.g. the aforementioned statmux pool 04, known as
the “Galloway™ statmux pool) has been selected and the pool selection control 1420 selected.
The user interface 1500 includes a header row 1502 that indicates which statmux pool 104 is
being highlighted for further analysis. A table 1504 is presented, which includes the data from
the EAM 1214 rows and columns, with each row representing data from an individual encoder
106. The columns include a status column 1506 indicating the status of each encoder 106, an IP
address column 1508, indicating the IP address of the associated encoder 106, a description

column 1510 indicating a description of the associated encoder 106, a format column 1512
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indicating the format of the data stream produced by the encoder 106, one or more bandwidth
columns 1514 indicating the bandwidth of the data stream produced by the associated encoder
106, and a stress factor column 1516, indicating the stress factor of the data stream produced by
the associated encoder 106. In the illustrated embodiment, the bandwidth column 1514 includes
separate columns for the mean, minimum, and maximum bandwidth allocated to the encoder 106
in columns 1514A, 1514B and 1514C, respectively, and the stress factor column includes
separate columns for the intrinsic VQ stress factor and the actual VQ stress factor in columns
1516A and 1516B, respectively. The stress factors are analogous to the constant bit rate
weighting factor for each of the plurality of encoded video streams 114 in each row, as described
earlier with reference to FIG. 6.

[0127] Selection of control 1422 A returns the user interface to the display of statmux pools 104
illustrated in FIG. 14. Further, more detailed analysis of a particular encoder video stream can
be accomplished by selection of one of the row corresponding to the encoder 106 or program of
interest, and selecting the select encoder control 1520, or by simply double clicking the row of
the desired program stream. Selection of the bitrate control 1422C presents the bitrates for the
program streams 114 illustrated in FIG. 16.

[0128] FIG. 16 is a diagram presenting an exemplary embodiment of third screen 1400C of the
analysis dashboard 1400 presenting data EAM 1214 using the dashboard generator 1216. The
third screen 1400C presents a plot of the cumulative bitrates for the program streams 114
illustrated in FIG. 15 in window 1602. The programs control 1422B of the navigation portion
1422 is shaded to indicate that the bitrate of individual programs is being presented in the third
screen 1400C.

[0129] In the illustrated embodiment, each program stream is represented by a different color

and is stacked with the other program bit streams 114 in the statmux pool 104 so that the
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cumulative bit rate for the sum of the program streams 114 may be ascertained. In the illustrated
embodiment, the programs are presented in order of mean program bit rate. Accordingly, the
program stream 114 having the highest mean program bit rate is presented first (on the bottom of
the plot), and the program steam 114 having the second highest mean program bit rate is
presented next (and above the program stream 114 having the highest mean program bit rate.
The plot for the remaining program streams 114 follows the same pattern. The presentation of
these results may be changed using display controls 1610, allowing the user to view the
cumulative program bit rate for each of the program streams 114 ranked in order of the mean
program bit rate, the media program bit rate, the minimum program bit rate, the failsafe rate, or
priority. As shown by controls 1610, the user may also present the results for the program
streams 114 in ascending or descending order. Panel 1614 presents the name of the program
stream (e.g. the description presented in column 1510 of FIG. 15) in selected rank order. In the
illustrated example, BBC Three HD is the program stream with the highest mean program bit
rate, and is therefore presented first on the list. It is also the program stream presented on the
bottom of the plot in window 1602,

[0130] Zoom control 1620 zooms in on the display presented in panel 1602, allowing the user to
view more detail in both time and bitrate. Different time periods may also be selected by use of
the date select and time select controls (1416A and 1416B, respectively). Save control 1622 can
be used to save the selected configuration of the third screen 1400C in terms of time, zoom,
order of plots, and statistical basis for the illustrated cumulated bit rates (e.g. mean, media,
minimum, maximum).

[0131] Presentation controls 1624A-1624C allow the user to view the indicated metric (bitrates
are currently selected, as indicated by the shading of control 1422C) as a function of time, or a

statistical measure. Control 1624 A (currently selected) selects a time plot of the bit rates, control
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1624B selects a cumulative probability density function of the bit rates, and control 1624C
selects a probability density function of the indicated factor.

[0132] FIG. 17 is a diagram presenting an exemplary embodiment of fourth screen 1400D of the
analysis dashboard 1400 presenting data EAM 1214 using the dashboard generator 1216.

[0133] FIG. 17 illustrates how the user may use the select time control 1416B to investigate
particular time intervals. In this embodiment, selection of the select time control 1416B provides
a timeline 1702 having elements that the user can select and drag to select a time window along
the timeline 1702. In the illustrated embodiment, the user has selected a time interval of about
35 seconds beginning at about 4PM local time. Alternatively, the select time control 1416B can
present an interface wherein the user may simply enter the time interval of interest.

[0134] FIG. 18 is a diagram presenting an exemplary embodiment of fourth screen 1400E of the
analysis dashboard 1400 presenting data EAM 1214 using the dashboard generator 1216. The
fourth screen 1400E presents a plot of the cumulative program complexities for the program
streams 114 illustrated in FIG. 16 in window 1602. Program controls 1422B and 1422D of the
navigation portion 1422 are shaded to indicate that the complexity of individual programs is
being presented. This screen 1400E of the analysis dashboard 1400 may be obtained from the
screen 1400C depicted in FIG. 16 by selecting the complexity control 1422D.

[0135] FIG. 19 is a diagram presenting an exemplary embodiment of fourth screen 1400F of the
analysis dashboard 1400 presenting data EAM 1214 using the dashboard generator 1216. In
FIG. 19, the user has selected to view the bitrates of programs of a particular statmux pool 104
(as indicated by the shading of controls 1422B and 1422C) and has selected a timeline and a
cumulative density function for display (as indicated by the shading of controls 1624 A and
1624B. The result is that two plots are presented. First plot 1902 presents a total bit rate over

the selected time interval, and second plot 1904 presents the cumulative probability function for

43



WO 2016/164910 PCT/US2016/026959

the total bit rate of all of the encoders 106 in the statmux pool 104. A dropdown control 1906
permits the cumulative density function presented in plot 1904 to depict the total cumulative
probability for all of the program streams in the currently selected statmux pool, or the mean bit
rate per program stream. Filter control 1908 permits the user to either present the results for all
of the program streams 114, select a particular program stream for analysis, or limit presented
data to program streams 114 to those within one or more selected categories. For example, the
user may select programs that are ultra-high definition (UHD), high definition (HD), or standard
definition (SD) or any combination thereof, as well as programs with a particular program
priority.

[0136] FIG. 20 is a diagram presenting an exemplary embodiment of fifth screen 1400G of the
analysis dashboard 1400 presenting data EAM 1214 using the dashboard generator 1216. In
FIG. 20, the user has selected to view the complexity of the program streams 114 of a particular
statmux pool 104 (as indicated by the shading of controls 1422B and 1422D) and has selected a
timeline and a cumulative density function for display (as indicated by the shading of controls
1624 A and 1624B. The result is that two plots are presented. First plot 2002 presents a the total
complexity over the selected time interval, and second plot 2004 presents the cumulative
probability function for the total complexity of all of the encoders 106 in the statmux pool.
[0137] FIG. 21 is a diagram presenting an exemplary embodiment of sixth screen 1400H of the
analysis dashboard 1400 presenting data EAM 1214 using the dashboard generator 1216. This
screen 1400H is presented in response to user selection of a correlation control on any of the
foregoing screens. Control 2102 allows the user to select the encoder pool 104 of program
streams 114 that are to be compared. Controls 2104 and 2106 allows the user to select the date
and time period for which the data from the encoders 106 in the encoder pool 104 are compared.

In the illustrated embodiment, comparisons are made between two metrics for the program
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streams 114 produced by the encoders 106 , but the number of metrics can be controlled to
compare three or more metrics by use of comparison number control 2108.

[0138] Metric controls 2110A and 2110B allow the user to control which metric of the data
streams 114 from the encoders 106 are being compared. Selection of either control 2110A or
2110B presents a drop down list of selectable metrics, including complexity, bit rate, correlation
and stress factor(s). In the illustrated embodiment, control 2110A has been used to select the
complexity of the data stream from the encoder 106 as the first metric, and control 2110B has
been used to select the bit rate of the data stream from the encoder 106 as the second metric.
After selection, each control 2110 is labeled with the selected metric.

[0139] Statistic controls 2112A and 2112B allow the user to control which statistic of the metric
is presented. Again, selection of the control provides a drop down menu from which the desired
statistic is selected. Desired statistics include, for example the mean, median, minimum,
maximum, and standard deviation of the metric. In the illustrated embodiment, the user has
selected the mean value of the complexity of the encoded data stream 114 by use of control
2112A and the mean value for the bit rate of the encoded data stream by use of control 2112B.
[0140] Presentation controls 2114A and 2114B allow the user to control how the results are
presented. Selecting controls 2114A and 2114B present dropdown menus that allow the user
organize the presentation in the comparison window 2116. In one embodiment, the user can
select whether the data streams 114 are presented in ascending or descending order of the
selected metric. In the illustrated embodiment, the metric for each data stream is presented in
descending order. Hence, the left portion of the comparison window 2116 presents the
complexity of the data streams 114 from the encoders 106 in descending rank order of mean
complexity, while the right portion of the comparison window presents bit rate of the encoders

106 in descending rank order of mean bit rate.
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[0141] The foregoing comparison can be used to identify issues regarding the assignment of data
streams 102 to encoders 106, and encoders 106 to encoder pools. For example, it is reasonable
to expect a correlation between complexity and bit rate (e.g. all things equal, a bit stream having
a higher mean complexity is expected to have a higher bit rate as well). Hence one would expect
that a list of encoder streams 114 presented in order of mean complexity would correlate well
with a list of encoder streams 114 presented in order of mean bit rate.

[0142] Comparison window 2116 presents both ordered lists side by side, with a line drawn
between representations of an encoder stream in both lists. For example, in FIG. 21, the encoder
106 processing the BBC One HD data stream has the highest complexity, and as expected, the
highest bit rate. Therefore, a line drawn from the BBC One HD representation in the first list to
the BBC One HD representation of the second list is horizontal. Lines drawn from a
representation on one list to the associated representation on the other list indicate that there is a
significant difference between the complexity of that data stream and the bit rate of that data
stream. For example, one of the encoders 106 is producing a bit stream for a Barker Channel.
That bit stream has is about in the middle of the list, indicating its complexity is more than about
half of the other encoder bit streams 114 and less than the remaining encoders 106. However,
the actual bit rate of the Barker Channel bit stream is less than any of the other bit streams 114,
and this discrepancy is visually clear from the angled line drawn between the mean complexity
entry for the Barker Channel to the mean bit rate entry for the Barker Channel. This discrepancy
may be the result of an expected or unexpected band limiting setting in the encoder 106 devoted
to the Barker Channel, or may be a peculiarity of the particular time interval of the encoded data
streams 114 that was analyzed. The user may then choose to investigate longer temporal periods
of the data streams 114 to determine if the discrepancy is reduced, or perhaps review and

compare a different statistic or metric of the encoder data streams 114. For example, the
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autocorrelation or variance of the data streams 114 can be compared to determine if the
discrepancy can be explained, or a probability density function or cumulative probability density
function of the bitrate can be investigated to see if the encoded data from the encoder 106
includes bitrates that are greater or less than normal, particularly when compared to the same
statistics for the complexity of the same encoder data streams 114.

[0143] FIG. 22 is a flow chart illustrating exemplary operations that can be used to allocate a
plurality of video streams 102 to a plurality of encoder pools 104. In block 2202, data is
captured from a user-selectable temporal portion of the plurality of video streams 114 from the
plurality of encoders 106 in one or more of a plurality of encoder pools 104. In block 2204, a
video quality stress factor is determined for the one or more of the plurality of encoder pools
104. In block 2206, a presentation comprising the video quality stress factor for each of the at
least one of the plurality of encoder pools 104 is generated. A recommended or optimal
allocation or reallocation of the plurality of video streams 102 to the plurality of encoder pools
104 is then determined, as shown in block 2208. This is accomplished at least in part using the
video quality stress factor for each of the plurality of encoder pools 104. Finally, the plurality of
video streams 102 are allocated or reallocated to the plurality of encoder pools 104 to minimize
the plurality of video quality stress factors, as shown in block 2210. In one embodiment, the
allocation is based on minimizing the average value of the plurality of video quality stress factors
of each pool, but other optimization criteria may be used. For example, it may instead be
beneficial to minimize the variance of the stress factor among the encoder pools 104, or to
minimize a weighted value of the encoder pools 104. Such weighted value may be based upon

the priority of each program encoded by the encoders 106 or other factors.
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Hardware Environment

[0144] FIG. 23 is a diagram illustrating an exemplary computer system 2300 that could be used
to implement elements of the present invention, including the statmux parser 1201, the statmux
optimizer 1203 and the central data storage 1210 and related interfaces. The computer 2302
comprises a general purpose hardware processor 2304 A and/or a special purpose hardware
processor 2304B (hereinafter alternatively collectively referred to as processor 2304) and a
memory 2306, such as random access memory (RAM). The computer 2302 may be coupled to
other devices, including input/output (I/O) devices such as a keyboard 2314, a mouse device
2316 and a printer 2328.

[0145] In one embodiment, the computer 2302 operates by the general purpose processor 2304A
performing instructions defined by the computer program 2310 under control of an operating
system 2308. The computer program 2310 and/or the operating system 2308 may be stored in
the memory 2306 and may interface with the user and/or other devices to accept input and
commands and, based on such input and commands and the instructions defined by the computer
program 2310 and operating system 2308 to provide output and results.

[0146] Output/results may be presented on the display 2322 or provided to another device for
presentation or further processing or action. In one embodiment, the display 2322 comprises a
liquid crystal display (LCD) having a plurality of separately addressable pixels formed by liquid
crystals. Each pixel of the display 2322 changes to an opaque or translucent state to form a part
of the image on the display in response to the data or information generated by the processor
2304 from the application of the instructions of the computer program 2310 and/or operating
system 2308 to the input and commands. Other display 2322 types also include picture elements
that change state in order to create the image presented on the display 2322. The image may be

provided through a graphical user interface (GUI) module 2318A. Although the GUI module
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2318A is depicted as a separate module, the instructions performing the GUI functions can be
resident or distributed in the operating system 2308, the computer program 2310, or
implemented with special purpose memory and processors.

[0147] Some or all of the operations performed by the computer 2302 according to the computer
program 2310 instructions may be implemented in a special purpose processor 2304B. In this
embodiment, some or all of the computer program 2310 instructions may be implemented via
firmware instructions stored in a read only memory (ROM), a programmable read only memory
(PROM) or flash memory within the special purpose processor 2304B or in memory 2306. The
special purpose processor 2304B may also be hardwired through circuit design to perform some
or all of the operations to implement the present invention. Further, the special purpose
processor 2304B may be a hybrid processor, which includes dedicated circuitry for performing a
subset of functions, and other circuits for performing more general functions such as responding
to computer program instructions. In one embodiment, the special purpose processor is an
application specific integrated circuit (ASIC).

[0148] The computer 2302 may also implement a compiler 2312 which allows an application
program 2310 written in a programming language such as COBOL, C++, FORTRAN, or other
language to be translated into processor 2304 readable code. After completion, the application
or computer program 2310 accesses and manipulates data accepted from I/O devices and stored
in the memory 2306 of the computer 2302 using the relationships and logic that was generated
using the compiler 2312.

[0149] The computer 2302 also optionally comprises an external communication device such as
a modem, satellite link, Ethernet card, or other device for accepting input from and providing

output to other computers.
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[0150] In one embodiment, instructions implementing the operating system 2308, the computer
program 2310, and/or the compiler 2312 are tangibly embodied in a computer-readable medium,
e.g., data storage device 2320, which could include one or more fixed or removable data storage
devices, such as a zip drive, floppy disc drive 2324, hard drive, CD-ROM drive, tape drive, or a
flash drive. Further, the operating system 2308 and the computer program 2310 are comprised
of computer program instructions which, when accessed, read and executed by the computer
2302, causes the computer 2302 to perform the steps necessary to implement and/or use the
present invention or to load the program of instructions into a memory, thus creating a special
purpose data structure causing the computer to operate as a specially programmed computer
executing the method steps described herein. Computer program 2310 and/or operating
instructions may also be tangibly embodied in memory 2306 and/or data communications
devices 2330, thereby making a computer program product or article of manufacture according

2% ¢

to the invention. As such, the terms “article of manufacture,” “program storage device” and
“computer program product” or “computer readable storage device” as used herein are intended
to encompass a computer program accessible from any computer readable device or media.
[0151] Of course, those skilled in the art will recognize that any combination of the above
components, or any number of different components, peripherals, and other devices, may be used
with the computer 2302.

[0152] Although the term “computer” is referred to herein, it is understood that the computer
may include portable devices such as cellphones, portable MP3 players, video game consoles,

notebook computers, pocket computers, or any other device with suitable processing,

communication, and input/output capability.
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Conclusion
[0153] This concludes the description of the preferred embodiments of the present invention.
The foregoing description of the preferred embodiment of the invention has been presented for
the purposes of illustration and description. It is not intended to be exhaustive or to limit the
invention to the precise form disclosed. Many modifications and variations are possible in light
of the above teaching.
[0154] Ttis intended that the scope of the invention be limited not by this detailed description,
but rather by the claims appended hereto. The above specification, examples and data provide a
complete description of the manufacture and use of the apparatus and method of the invention.
Since many embodiments of the invention can be made without departing from the scope of the

invention, the invention resides in the claims hereinafter appended.
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WHAT IS CLAIMED IS:

1. A method of automatically discovering and obtaining data from geographically
distributed elements of a closed loop statistical multiplexing system comprising a plurality of
encoders and at least one statmux controller communicatively coupled by a network, comprising;

sniffing multicast messages transmitted via the network to identify each of the plurality
of encoders and the at least one statmux controller of the closed loop statistical multiplexing
system;

parsing the multicast messages in the network to identify each of a plurality of program
data streams from each of the identified plurality of encoders;

correlating each of the identified plurality of program data streams with one of the
plurality of encoders and an associated statmux controller;

synchronizing the identified correlated program data streams; and

multiplexing the synchronized, correlated program data streams into assembled data

streams.

2. The method of claim 1, wherein:
the sniffed multicast messages comprise metadata multicast messages transmitted from

the encoders and the at least one statmux controller to only one metadata multicast address.

3. The method of claim 2, wherein:

the multicast messages transmitted from the encoders each comprise:
a first program source identifier;
an encoder packet timestamp; and

a bit rate request; and
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each of the multicast messages transmitted from the at least one statmux controller each

comprise:
a second program source identifier;
a statmux packet timestamp; and
a bitrate allocation.
4, The method of claim 3, wherein the at least one statmux controller comprises a

plurality of statmux controllers, and each of the multicast messages transmitted from the
plurality of controllers further comprises:
a statmux pool identifier for the statmux controller transmitting the multicast message of

the plurality of statmux controllers.

5. The method of claim 3, wherein parsing the multicast messages in the network to
identify each of the plurality of program streams from each of the plurality of encoders
comprises:

parsing the multicast messages for the first program source identifiers and the second
program source identifiers;

identifying the program data streams according to the first program source identifiers and

the second program source identifiers.

6. The method of claim 5, wherein parsing the multicast messages for the first
program source identifiers and the second program source identifiers comprises:
spawning an encoder multicast sniffer thread to parse the multicast messages for the first

program source identifiers from the encoders;
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spawning a statmux controller multicast sniffer thread to parse the multicast messages for

the second program source identifiers from the at least one statmux controller.

7. The method of claim 5, wherein correlating each of the plurality of program data
streams with the one of the plurality of encoders and the associated statmux decoder comprises:

matching the multicast messages transmitted from the encoders with multicast messages
transmitted from the at least one statmux encoder at least in part by matching the first program
source identifiers to the second program source identifiers; and

temporally correlating the encoder packet timestamps of the multicast messages having
matching first program source identifiers and second program source identifiers with the statmux

packet timestamp.

8. The method of claim 7, wherein correlating each of the plurality of program data
streams with the one of the plurality of encoders and the associated statmux decoder further
comprises:

spawning a program correlation thread for each of the identified plurality of program data
streams, each program correlation thread matching the multicast messages transmitted from the
encoders with multicast messages transmitted from the at least one statmux encoder at least in
part by matching the first program source identifiers to the second program source identifiers and
temporally correlating the encoder packet timestamps of the multicast messages having matching
first program source identifiers and second program source identifiers with the statmux

timestamp for each of the identified plurality of program data streams; and
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correlating each of the identified plurality of program data streams with the encoder and
the associated statmux controller using the spawned program correlation thread associated with

the program data stream.

9. The method of claim 6, wherein synchronizing the identified correlated program
data streams comprises:

buffering the identified correlated plurality of program streams; and

synchronizing the buffered correlated plurality of program streams at least in part

according to the encoder packet timestamp and the statmux packet timestamp.

10. A method of encoding at least one video stream at a constant bit rate according to
a target quality of the encoded video stream, comprising:

identifying a target quality of an encoded at least one video stream as a probability that a
bit rate of an unconstrained variable bit rate (VBR) encoded version of the temporal portion of
the at least one video stream is less than a bit rate of a constant bit rate (CBR) encoded version of
the temporal portion of the at least one video stream;

determining a constant bit rate weighting factor W corresponding to the identified target
quality of the encoded at least one video stream;

determining a desired constant bit rate of the encoded at least one video stream as a ratio
of the average unconstrained variable bit rate (VBR) of the temporal portion of the at least one
video stream and the constant bit rate weighting factor W; and

encoding the at least one video stream according to the desired constant bit rate of the

encoded at least one video stream.
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11. The method of claim 10, wherein determining the constant bit rate weighting
factor W corresponding to the identified target quality of the at least one encoded video stream
comprises:

computing a relationship of a cumulative probability that the bitrate of a constant bit rate
(CBR) encoded version of the temporal portion of the at least one video stream is less than the
bitrate of the unconstrained variable bit rate (VBR) version of the temporal portion of the at least
one video stream; and

determining the constant bit rate weighting factor W from the computed relationship of

cumulative probability.

12. The method of claim 10, wherein:
the at least one video stream comprises a plurality of video streams;
identifying a target quality of the encoded at least one video stream as the probability that
a bit rate of the unconstrained variable bit rate (VBR) version of the temporal portion of the at
least one video stream is less than the bit rate of the constant bit rate (CBR) encoded version of
the temporal portion of the at least one video stream comprises:
identifying a target quality of a combined encoded version of the plurality of
video streams as a probability that a bit rate of a variable bit rate (VBR) version of the temporal
portion of the plurality video streams is less than a bit rate of the combined encoded version of
the temporal portion of the plurality of video streams;
determining a constant bit rate weighting factor W corresponding to the identified target
quality of the encoded video stream comprises:
determining a combined constant bit rate weighting factor W¢ corresponding to

the identified target quality of the combined encoded version of the plurality of video streams;
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determining a desired constant bit rate of the at least one encoded video stream as a ratio
of an average variable bit rate (VBR) of the temporal portion of the at least one video stream and
the constant bit rate weighting factor W comprises:
determining a desired combined constant bit rate of the combined encoded
version of the plurality of video streams as a ratio of an average variable bit rate (VBR) of the
temporal portion of the plurality of video streams and the combined constant bit rate weighting
factor W¢;
encoding the at least one video stream according to the desired constant bit rate of the at
least one encoded video stream comprises:
encoding the plurality of video streams according to the desired combined

constant bit rate of the combined encoded version of the plurality of video streams.

13. The method of claim 12, wherein determining the combined constant bit rate
weighting factor W corresponding to the identified target quality of the statistically multiplexed
encoded version of the plurality of video streams comprises:

computing a relationship of cumulative probability that the bitrate of the combined
encoded version of the plurality of video streams is less than the bitrate of a variable bit rate
(VBR) version of the temporal portion of the plurality of video streams; and

determining the combined constant bit rate weighting factor W¢ from the computed

relationship of cumulative probability.

14. The method of claim 13, further comprising:

57



WO 2016/164910 PCT/US2016/026959

determining an optimal allocation of the plurality of video streams to a plurality of pools
of a plurality of encoders, each encoding one of the plurality of video streams by minimizing an

combined constant bit rate weighting factor for the plurality of pools.

15. The method of claim 13, further comprising:

determining a first total constant bit rate weighting factor Wrc; for a first allocation of the
plurality of video streams to a first plurality of pools; and

determining a second total constant bit rate weighting factor W, for a second allocation
of the plurality of video streams to a second plurality of pools, wherein each one of the plurality
of video streams is a member of only one of the second plurality of pools; and

selecting the first configuration of the plurality of video streams in the first plurality of
pools if the first total constant bit rate weighting factor Wr¢; is less than the second total
constant bit rate weighting factor Wre». and
selecting the second configuration of the plurality of video streams in the first plurality of pools
if the first total constant bit rate weighting factor Wrc; is greater than the second total constant

bit rate weighting factor Wrc.

16. The method of claim 12, wherein:
identifying a target quality of the combined encoded version of the plurality of video
streams as the probability that the bit rate of a variable bit rate (VBR) version of the temporal
portion of the plurality video streams is less than a bit rate of the combined encoded version of
the temporal portion of the plurality of video streams comprises:
identifying a target quality of a statistically multiplexed encoded version of the

plurality of video streams as a probability that a bit rate of a variable bit rate (VBR) version of
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the temporal portion of the plurality video streams is less than a bit rate of the statistically
multiplexed encoded version of the temporal portion of the plurality of video streams;
determining the combined constant bit rate weighting factor W¢ corresponding to the
identified target quality of the combined encoded version of the plurality of video streams
comprises:
determining a statistical multiplexed constant bit rate weighting factor Wgy
corresponding to the identified target quality of the statistically multiplexed encoded version of
the plurality of video streams;
determining a desired combined constant bit rate of the combined encoded version of the
plurality of video streams as a ratio of an average variable bit rate (VBR) of the temporal portion
of the plurality of video streams and the combined constant bit rate weighting factor W¢
comprises;
determining a desired statistical multiplexer constant bit rate of the statistically
multiplexed encoded version of the plurality of video streams as a ratio of an average variable bit
rate (VBR) of the temporal portion of the plurality of video streams and the statistical
multiplexer constant bit rate weighting factor Wgn;
encoding the plurality of video streams according to the desired combined constant bit
rate of the combined encoded version of the plurality of video streams comprises:
encoding the plurality of video streams according to the desired statistical
multiplexer constant bit rate of the statistically multiplexed encoded version of the plurality of

video streams.
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17. The method of claim 16, wherein determining the statistical multiplexed constant
bit rate weighting factor Wgy corresponding to the identified target quality of the statistically
multiplexed encoded version of the plurality of video streams comprises:

computing a relationship of cumulative probability that the bitrate of the statistically
multiplexed encoded version of the plurality of video streams is less than the bitrate of a variable
bit rate (VBR) version of the temporal portion of the plurality of video streams; and

determining the statistical multiplexed constant bit rate weighting factor Wgy from the

computed relationship of cumulative probability.

18. The method of claim 17, further comprising:
determining an optimal allocation of the plurality of video streams to a plurality of pools
by minimizing a combined statistically multiplexed constant bit rate weighting factor for the

plurality of pools.

19. The method of claim 17, further comprising:

determining a first total statistical multiplexed constant bit rate weighting factor Wrgn
for a first configuration of the plurality of video streams in a first plurality of pools; and

determining a second statistical multiplexer constant bit rate weighting factor Wrgn, for a
second configuration of the plurality of video streams in a second plurality of pools, wherein
each one of the plurality of video streams is a member of only one of the second plurality of
pools; and

selecting the first configuration of the plurality of video streams in the first plurality of
pools if the first statistical multiplexer constant bit rate weighting factor Wrsyn 1s less than the

second statistical multiplexer constant bit rate weighting factor Wrgpp. and
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selecting the second configuration of the plurality of video streams in the first plurality of
pools if the first statistical multiplexer constant bit rate weighting factor Wrgyy is greater than

the second statistical multiplexer constant bit rate weighting factor Wrsap.

20. An apparatus for managing the encoding of a plurality of video streams, each of
the plurality of video streams encoded by an associated one of a plurality of encoders, each of
the plurality of encoders being a member of one of a plurality of encoder pools, comprising:

a parser, for capturing data of a plurality of encoded video streams from the plurality of
encoders;

an encoding analysis module, for determining, using a user-selectable temporal portion of
the captured data:

a video quality stress factor for each of the plurality of encoder pools, each video
quality stress factor corresponding to an identified target video quality measure for a temporal
portion of the plurality of encoded video streams from each of the plurality of encoder pools, the
video quality measure identified as a probability that a bit rate of an unconstrained variable bit
rate (VBR) version of the temporal portion of the plurality of encoded video streams from the
plurality of encoders in each encoder pool is less than a bit rate of an encoded and statistically
multiplexed version of the temporal portion of the plurality of encoded video streams from the
plurality of encoders in each encoder pool; and

a dashboard generator, for generating a user interface for managing the encoding of the
plurality of data streams at least in part according to the determined statistical multiplexing

weighting factor video quality stress factor.

21.  The apparatus of claim 20, further comprising:
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a recommendation engine for determining an optimal re-allocation of the plurality of
video streams to the plurality of encoder pools at least in part according to the video quality
stress factor for each of the plurality of encoder pools, and for providing the optimal reallocation

of the plurality of video streams to the plurality of encoder pools to the dashboard generator.

22.  The apparatus of claim 21 wherein the recommendation engine allocates the
plurality of video streams to the plurality of encoder pools to minimize an average value of the

video quality stress factor.

23.  The apparatus of claim 20, wherein the user interface comprises a tabulation

identifying each of the plurality of encoder pools and its video quality stress factor.

24.  The apparatus of claim 23, wherein the tabulation includes a bandwidth of the
temporal portion of the plurality of encoded video streams from the plurality of encoders for

each of the plurality of encoder pools.

25.  The apparatus of claim 20, wherein:
the user interface comprises one or more controls for specifying the temporal portion of

the plurality of encoded data streams.

26.  The apparatus of claim 23, wherein:

the user interface comprises one or more controls for selecting one of the plurality of

encoder pools;
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upon selection of the one of the one or more selected encoder pools, the encoding
analysis module, further determines, using the captured data:
a video quality stress factor for each of the plurality encoded video streams of the
selected encoder pool,
each video quality stress factor corresponding to a second identified target video
quality measure for a temporal portion of each of the plurality of encoded video streams of the
selected encoder pool,
the second identified target video quality measure identified as a probability that a
bit rate of a variable bit rate (VBR) version of the temporal portion of each of the plurality of
encoded video streams from the plurality of encoders in the selected encoder pool is less than a
bit rate of a constant bit rate (CBR) encoded version of the temporal portion of the associated
one of the plurality of encoded video streams from the plurality of encoders in the selected one
or more encoder pool; and
the user interface further presents a tabulation identifying each of the encoded video

streams and its associated weighting factor.

27.  The apparatus of claim 20, wherein the user interface generated by the dashboard
generator comprises a user-selectable statistic of a user-selectable metric of the user-selectable
temporal portion of any of the plurality of encoder pools, wherein the user-selectable metric is

one of a plurality of metrics including the video quality stress factor.

28.  The apparatus of claim 20, wherein the user interface generated by the dashboard

generator comprises a user-selectable statistic of a user-selectable metric of the user selectable
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temporal portion of a user-selectable any of the plurality of encoded video streams, wherein the

user-selectable metric is one of a plurality of metrics including the video quality stress factor.

29.  The apparatus of claim 20, wherein the user interface generated by the dashboard
generator comprises comparison of a plurality user-selectable statistics of user-selectable metrics
of the user selectable temporal portion of any of the plurality of encoded video streams with any
of the other of the plurality of encoded video streams, wherein the user selectable metrics

includes the video quality stress factor.
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IDENTIFY A TARGET QUALITY OF AN ENCODED VIDEO
STREAM AS A PROBABILITY THAT A BIT RATE OF AN
UNCONSTRAINED VBR OF AN ENCODED VERSION OF A
TEMPORAL PORTION OF THE VIDEO STREAM IS LESS
THAN THE BIT RATE OF A CBR ENCODED VERSION OF
THE TEMPORAL PORTION OF THE VIDEO STREAM

l r 1104

DETERMINE A CONSTANT BIT RATE WEIGHTING FACTOR
W CORRESPONDING TO THE IDENTIFIED TARGET
QUALITY OF THE ENCODED VIDEO STREAM

l Ve 1106

DETERMINE A DESIRED CONSTANT BIT RATE OF THE
ENCODED VIDEO STREAM AS A RATIO OF THE BIT RATE
OF THE AVERAGE UNCONSTRAINED VBR ENCODED
VERSION OF THE TEMPORAL PORTION OF THE VIDEO
STREAM AND THE CONSTANT BIT RATE WEIGHTING
FACTOR W
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ENCODING THE VIDEO STREAM ACCORDING TO THE
DESIRED CBR OF THE ENCODED VIDEO STREAM

END
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IDENTIFY A TARGET QUALITY OF A COMBINED
ENCODED PLURALITY OF VIDEO STREAMS AS A
PROBABILITY THAT A BIT RATE OF AN UNCONSTRAINED
VBR VERSION OF A TEMPORAL PORTION OF THE
PLURALITY OF VIDEO STREAMS IS LESS THAN A BIT
RATE OF A COMBINED ENCODED VERSION OF THE
TEMPORAL PORTION OF THE PLURALITY OF VIDEO
STREAMS

l Ve 1124

DETERMINE A COMBINED CONSTANT BIT RATE
WEIGHTING FACTOR W*C CORRESPONDING TO THE
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ENCODED VIDEO STREAMS
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DETERMINE A DESIRED COMBINED CONSTANT BIT RATE
OF THE COMBINED ENCODED VERSION OF THE
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PLURALITY OF VIDEO STREAMS AND THE COMBINED
CONSTANT BIT RATE WEIGHTING FACTOR W*C

l Ve 1128

ENCODING THE PLURALITY OF VIDEO STREAMS
ACCORDING TO THE DESIRED COMBINED CBR OF THE
ENCODED VIDEO STREAM

END
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SELECT THE SECOND CONFIGURATION OF THE
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IDENTIFY A TARGET QUALITY OF A STATISTICALLY
MULTIPLEXED ENCODED VERSION OF THE
PLURALITY OF VIDEO STREAMS AS A PROBABILITY
THAT A BIT RATE OF A VARIABLE BIT RATE (VBR)
VERSION OF THE TEMPORAL PORTION OF THE
PLURALITY VIDEO STREAMS IS LESS THAN A BIT
RATE OF THE STATISTICALLY MULTIPLEXED
ENCODED VERSION OF THE TEMPORAL PORTION OF
THE PLURALITY OF VIDEO STREAMS
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CONSTANT BIT RATE WEIGHTING FACTOR W*SM
CORRESPONDING TO THE IDENTIFIED TARGET
QUALITY OF THE STATISTICALLY MULTIPLEXED
ENCODED VERSION OF THE PLURALITY OF VIDEO
STREAMS

l Ve 1156

DETERMINE A DESIRED STATISTICAL MULTIPLEXER
CONSTANT BIT RATE OF THE STATISTICALLY
MULTIPLEXED ENCODED VERSION OF THE
PLURALITY OF VIDEO STREAMS AS A RATIO OF AN
AVERAGE VARIABLE BIT RATE (VBR) OF THE
TEMPORAL PORTION OF THE PLURALITY OF VIDEO
STREAMS AND THE STATISTICAL MULTIPLEXER
CONSTANT BIT RATE WEIGHTING FACTOR W*SM

l Ve 1158

ENCODE THE PLURALITY OF VIDEO STREAMS
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DETERMINING A FIRST TOTAL STATISTICAL
MULTIPLEXED CONSTANT BIT RATE WEIGHTING
FACTOR WATSM1 FOR A FIRST CONFIGURATION OF
THE PLURALITY OF VIDEO STREAMS IN A FIRST
PLURALITY OF POOLS, WHEREIN EACH ONE OF THE
PLURALITY OF VIDEO STREAMS IS A MEMBER OF
ONLY ONE OF THE FIRST PLURALITY OF POOLS

l

1164

DETERMINING A SECOND STATISTICAL MULTIPLEXER
CONSTANT BIT RATE WEIGHTING FACTOR WATSM2
FOR A SECOND CONFIGURATION OF THE PLURALITY
OF VIDEO STREAMS IN A SECOND PLURALITY OF
POOLS, WHEREIN EACH ONE OF THE PLURALITY OF
VIDEO STREAMS IS A MEMBER OF ONLY ONE OF THE
SECOND PLURALITY OF POOLS

l

- 1166

SELECTING THE FIRST CONFIGURATION OF THE
PLURALITY OF VIDEO STREAMS IN THE FIRST
PLURALITY OF POOLS IF THE FIRST STATISTICAL
MULTIPLEXER CONSTANT BIT RATE WEIGHTING
FACTOR WATSM1 IS LESS THAN THE SECOND
STATISTICAL MULTIPLEXER CONSTANT BIT RATE
WEIGHTING FACTOR WATSM2

 J

- 1168

SELECTING THE SECOND CONFIGURATION OF THE
PLURALITY OF VIDEO STREAMS IN THE FIRST
PLURALITY OF POOLS IF THE FIRST STATISTICAL
MULTIPLEXER CONSTANT BIT RATE WEIGHTING
FACTOR WATSM1 IS GREATER THAN THE SECOND
STATISTICAL MULTIPLEXER CONSTANT BIT RATE
WEIGHTING FACTOR WATSM2

END
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BEGIN

Ve 1302

SNIFF MULTICAST MESSAGES TRANSMITTED VIA THE
NETWORK TO IDENTIFY EACH OF A PLURALITY OF
ENCODERS AND AT LEAST ONE STATMUX
CONTROLLER OF THE CLOSED LOOP STATISTICAL
MULTIPLEXING SYSTEM

] r 1304

PARSE THE SNIFFED MULTICAST MESSAGES TO
IDENTIFY EACH OF A PLURALITY OF PROGRAM DATA
STREAMS FROM EACH OF THE IDENTIFIED PLURALITY
OF ENCODERS

l Ve 1306

CORRELATE EACH OF THE IDENTIFIED PLURALITY OF
PROGRAM DATA STREAMS WITH ONE OF THE
PLURALITY OF ENCODERS AND AN ASSOCIATED
STATMUX CONTROLLER

l Ve 1308

CORRELATE EACH OF THE IDENTIFIED PLURALITY OF
PROGRAM DATA STREAMS WITH ONE OF THE
PLURALITY OF ENCODERS AND AN ASSOCIATED
STATMUX CONTROLLER

l Ve 1310

SYNCHRONIZE THE IDENTIFIED
CORRELATED PROGRAM DATA STREAMS

l Ve 1312

MULTIPLEX THE SYNCHRONIZED, PROGRAM DATA
STREAMS INTO ASSEMBLED DATA STREAMS

END

FIG. 13A
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ENTRY
1314

PARSE THE MULTICAST MESSAGES FOR THE FIRST
PROGRAM SOURCE IDENTIFIERS AND THE SECOND
PROGRAM SOURCE IDENTIFIERS

l r 1316

IDENTIFY THE PROGRAM DATA STREAMS
ACCORDING TO THE FIRST PROGRAM SOURCE
IDENTIFIERS AND THE SECOND PROGRAM SOURCE
IDENTIFIERS

FIG. 13B

ENTRY

r 1318

MATCH THE MULTICAST MESSAGES TRANSMITTED
FROM THE ENCODERS WITH MULTICAST MESSAGES
TRANSMITTED FROM THE STATMUX ENCODER AT
LEAST IN PART BY MATCHING THE FIRST PROGRAM
SOURCE IDENTIFIERS WITH THE SECOND PROGRAM
SOURCE IDENTIFIERS

l Ve 1320

TEMPORALLY CORRELATE THE ENCODER PACKET
TIMESTAMPS OF THE MULTICAST MESSAGES HAVING
MATCHING FIRST PROGRAM SOURCE IDENTIFIERS
AND SECOND PROGRAM SOURCE IDENTIFIERS WITH
THE STATMUX TIMESTAMP

END

FIG. 13C
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OF PROGRAM STREAMS

l 1324

SYNCHRONIZE THE BUFFERED CORRELATED
PROGRAM STREAMS AT LEAST IN PART ACCORDING
TO THE ENCODER PACKET TIMESTAMP AND THE
STATMUX PACKET TIMESTAMP

EXIT

FIG. 13D
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CAPTURE DATA OF A USER-SELECTABLE TEMPORAL
PORTION OF A PLURALITY OF VIDEO STREAMS FROM
THE PLURALITY OF ENCODERS IN ONE OF A
PLURALITY OF ENCODER POOLS

l Ve 2204

DETERMINE, USING THE CAPTURED DATA, A VIDEO
QUALITY STRESS FACTOR FOR THE ONE OF THE
PLURALITY OF ENCODER POOLS

l Ve 2206

GENERATE A PRESENTATION COMPRISING THE
VIDEO QUALITY STRESS FACTOR FOR ONE OF THE
PLURALITY OF ENCODER POOLS

l Ve 2208

DETERMINE AN OPTIMAL RE-ALLOCATION OF THE
PLURALITY OF VIDEO STREAMS TO THE PLURALITY
OF ENCODER POOLS AT LEAST IN PART ACCORDING
TO THE PLURALITY OF VIDEO QUALITY STRESS
FACTORS FOR EACH OF THE PLURALITY OF
ENCODER POOLS

L J r 2210

ALLOCATE THE PLURALITY OF VIDEO STREAMS TO

THE PLURALITY OF ENCODER POOLS TO MINIMIZE

AN AVERAGE VALUE OF THE PLURALITY OF VIDEO
QUALITY STRESS FACTORS

END
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