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er discards a given duplicate media packet read from one of the first or second buffers that has been identitied as being identical to
another of the media packets read from the other of the buffers based on analysis of a predetermined identifier in each of the media
packets read from the first and second buffers. The combiner provides an output stream of media packets that includes only one of

the identical media packets read from the first and second buffers.
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TITLE: VIDEO STREAM TRANSMISSION OVER IP NETWORK

TECHNICAL FIELD
[0001] This disclosure relates generally to communication of video signals
over internet protocol (IP) networks.

BACKGROUND
[0002] Real-time Transport Protocol (RTP) is a network protocol for delivering
media, such as streaming audio and video, over internet protocol (IP) networks.
Within the context of RTP, various other protocols and formats have been developed
for use in conjunction with RTP to carry media content over IP networks. As an
example, the Society of Motion Picture and Television Engineers (SMPTE) has
promulgated several standards associated with the transmission and broadcast of
media, including the SMPTE 2022 set of standards, which relate to the transport of
video over IP networks. For example, SMPTE 2022-1 has been implemented as a
method of grouping IP video packets into logical rows and columns and then
appending forward error correction packets to each row and column to facilitate
recreating lost or corrupt video packets. SMPTE 2022-2 specifies how constant bit
rate compressed video can be encapsulated into such IP packets. While these
standards have been widely adopted since their inception (e.g., in hardware and/or
software), there are some processing limitations. In addition, further error resiliency
has been achieved by sending two copies of the data over different paths and

combining them at the receiver.

SUMMARY
[0003] This disclosure relates generally to video stream transmission over an
IP network.
[0004] One example provides a system that includes a first buffer that stores

first media packets therein received from a first media stream. A second buffer
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stores second media packets therein received from a second media stream. The first
media stream and the second media stream include redundant media content. A
combiner reads media packets from each of the first and second buffers, and the
combiner discards a given duplicate media packet read from one of the first or
second buffers that has been identified as being identical to another of the media
packets read from the other of the buffers based on analysis of a predetermined
identifier in each of the media packets read from the first and second buffers. The
combiner provides an output stream of media packets that includes only one of the
identical media packets read from the first and second buffers.

[0005] Another example provides a method that includes storing in a first
buffer first media packets received from a first media stream. The method also
includes storing in a second buffer second media packets received from a second
media stream. The first media packets and the second media packets are redundant
media streams of packets that include redundant media data packets and redundant
error correction packets. The method includes selectively combining the first and
second media packets from the first and second buffer to provide an output stream
of media packets, the output stream of media packets including the redundant media
data packets from one of the first buffer or the second buffer and including the
redundant error correction packets from both the first buffer and the second buffer.
[0006] Yet another example provides a video processing module. The module
includes a first input to receive first media packets from a first media stream and a
second input to receive second media packets from a second media stream, the first
and second media streams being redundant streams. A first buffer stores the first
media packets received via the first input. A second buffer stores the second media
packets received via the second input. A combiner is coupled to an output of the first
buffer and to an output of the second buffer. The combiner includes a state machine
to control operation of the combiner with respect to the media packets at the outputs
of the first and second buffers. The state machine causes the combiner to read the
media packets from the outputs of the first and second buffers in response to
determining that the output media packets are duplicate media data packets having
the same sequence identifier and including the same media payload data. The
combiner further discards one of the duplicate media data packets read from one of
the first buffer or the second buffer and sending another of the duplicate media data

packets into an output stream of media packets.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0007] FIG. 1 depicts an example of part of a communication system including
a packet pre-processing block.
[0008] FIG. 2 depicts an example of a packet pre-processing block.
[0009] FIG. 3 depicts an example of diagram for a state machine that can be
utilized to control packet pre-processing.
[0010] FIG. 4 depicts an example of another part of a communication system

that can implement a packet pre-processing block.

DETAILED DESCRIPTION
[0011] This disclosure relates to systems and methods for selectively
combining media packets from redundant media streams. The approach herein
utilizes parallel buffers for storing media packets from each of the respective
streams. For example, the packets can be RTP packets that have been extracted
from lower level communication layers (e.g., from Ethernet or other link layer
transmission protocol). A combiner can be configured to read packets from the
buffers in a manner to align media packets that travel to the combiner via different
network paths. The combiner can process the packets to discard duplicate media
packets and to send a resulting output stream of packets downstream, such as to a
SMPTE 2022 receiver for further processing (e.g., error correction and/or de-
encapsulation of media). As a result of implementing such preprocessing of the
media packets, increased skew and latency between multiple input streams can be
accommodated by downstream receiver processing without requiring reconfiguration
or additional functionality in the downstream receiver. Additionally, the overall
processing requirements for the downstream receiver can be reduced.
[0012] FIG. 1 depicts an example of part of a communication system 10 that
can process media packets received from first and second media streams,
demonstrated at 12 and 14. In the example of FIG. 1 and other examples herein, the
respective streams 12 and 14 correspond to redundant streams of identical media
content. For instance, the redundant streams 12 and 14 can be a video program,

advertisement or a combination of multiple programs containing the same
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encapsulated media content associated with a given media asset. For example, the
media packets can be implemented as RTP packets that have been extracted from
network layer media streams. In various examples herein, the RTP packets can be
transmitted from a transmitter (not shown) according to one or more of the SMPTE
2022 set of standards. Thus, the packets received in the streams 12 and 14 can
include media data packets as well as error correction packets adapted according to
the SMPTE 2022 standard. As used herein, media data packets refers to the media
content for one or more media assets (e.g., video programs) that has been
packetized into an ordered sequence of packets, encapsulated and transmitted
according to one or more transmission protocols. For instance, each stream may
include video program encoded to have a fixed bitrate and defined resolution.
[0013] The system 10 includes a preprocessing block 16 that is configured to
receive the streams of media packets 12 and 14 at inputs thereof. The
preprocessing block 16 includes a respective buffer 18 and 20 to store packets from
each of the streams. The buffers 18 and 20 can be configured (e.g, in response to a
user input) to establish a corresponding buffer fill level that defines an amount
memory used for storing received media packets therein. For example, each of the
buffers 18 and 20 can be implemented as a first-in-first-out (FIFO) arrangement in
which the media packets are stored in each respective buffer 18, 20 according to the
order in which the packets are received in the preprocessing block 16. The
preprocessing block 16 also includes a combiner 22 that is configured to selectively
combine the media packets from each of the respective buffers 18 and 20.

[0014] The preprocessing block 16 provides a video processing module that
can support processing of media content (e.g., redundant media content) from
multiple sources. For example, the preprocessing block 16 can be implemented in a
field programmable gate array (FPGA) configured via firmware to implement an
arrangement of logic to perform the functions disclosed herein. In other examples,
the preprocessing block 16 can be other forms of hardware, firmware and/or
software.

[0015] For example, the combiner 22 can include a control 24 that is
configured to control processing and transmission operations of the combiner. For
example, the control 24 can implement a state machine to control functions of the
combiner 33 with respect to the media packets in the buffers 18 and 20, including

examining and reading packets from each of the buffers 18 and 20. In response to
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receiving packets corresponding to a given media asset, the control 24 can cause
the combiner 22 to examine packets that are stored in each of the buffers 18 and 20.
The packet examination can ascertain an identifier (ID) for each of the packets that
are stored in the buffers. For instance, the identifier can be a sequence ID for each
packet that specifies where each packet belongs in a respective ordered sequence
of packets. As disclosed herein, each media stream 12, 14 can include an ordered
sequence of media data packets and another ordered sequence of error correction
packets. Under normal expected circumstances, the media data packets remain in a
given order. However, transport and other errors can cause one or more packets to
be dropped or become out of order compared to other packets in a given one of the
streams 12 or 14. The error correction packets for a given media stream can be
interspersed within media stream among the media data packets, according to the
media transmission protocol (e.g., SMTPE 2022-1).

[0016] The control 24 is further configured to cause the combiner 22 to read
media packets from one or more of the buffers 18 and 20 based on a condition of the
buffers as well based on information in the media packets at the outputs of the
buffers. For example, if the IDs for media packets at outputs of the buffers are
different, the control can cause the packets having an earlier time location (e.g., a
lower packet sequence ID) to be read from its buffer while the later packet remains in
its respective buffer. The combiner 22 can continue to read from earlier packets
from the same buffer until the IDs for packets at the output of each buffer are
determined to be the same. In this way, the combiner 22 can facilitate aligning the
streams of media packets in the buffers 18 and 20. Once the packets in the buffers
have been aligned (e.g., based upon the identifier in the respective packets
indicating the same sequence ID), the combiner 22 can read the identical packets
from each of the buffers 18 and 20. The combiner can then discard (arbitrarily) one
of the packets while sending the other packet to an output stream that is provided to
a corresponding receiver 26. The combiner 22 can repeat the process of reading
packets from the buffers 18 and 20 according to the control 24.

[0017] The combiner 22 thus can identify or distinguish between error
correction packets and media data packets based upon the port number or other
indication specified in the header of the respective packets that are stored in the
buffers 18 and 20. If a given packet that is read by the combiner 22 from one or

more of the buffers 18 and 20 is identified as an error correction {e.g., forward error
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correction (FEC)) packet, the combiner can send both error correction packets to the
receiver 26 for appropriate processing. The combiner 22 can similarly send out-of-
order packets read from one or more of the buffers 18 and 20 to the receiver for
appropriate processing. For example, the receiver 26 can be programmed according
to the SMPTE 2022 standards and thus can implement appropriate error correction
according to error correction packets should a packet be identified as missing from
the sequence of packets that are received.

[0018] Additionally, the alignment of the media packets according to
respective sequence numbers by the combiner 22 also operates to align error
correction packets in time within the respective buffers 18 and 20. Thus, even
though duplicates of FEC packets can be provided directly to the receiver 26,
duplicate FEC packets will be less frequent than duplicate media packets.
Accordingly, duplicate packet handling mechanisms implemented by the receiver 26
can determine the existence of duplicate FEC packets and process such FEC
packets efficiently.

[0019] FIG. 2 depicts an example of a preprocessing block 16 such as
corresponding to the preprocessing block disclosed with respect to FIG. 1. Identical
reference numbers are utilized to refer to features previously introduced with respect
to FIG. 1.

[0020] In the example of FIG. 2, the preprocessing block 16 thus includes
buffers 18 and 20 and a combiner 22. The buffers 18 and 20, for example,
temporarily store data from respective streams in respective memory 50. The
memory 50 can include one or more physical storage media, such as random access
memory. Each of the buffers can be configured to store RTP packets in an allocated
area of the memory 50, such as for a default memory space or a memory space
allocated in response to a user input. For example, the user input can specify buffer
parameters 53 and 54, such as including a pre-set fill level to establish a minimum
amount of data packets that are to be stored in each respective buffer 18 and 20 in
response to RTP packets received from upstream processing components. For
example, the fill level for each of the respective buffers 18 and 20 can be set to
accommodate a maximum expected skew between the different input media streams
that provide the RTP input packets. The amount of skew between streams can vary
according to system configuration and media paths via which the content travels to

reach the system 10. While a single memory 50 is shown to include buffers 18 and
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20, it is understood that the buffers could be implemented in separate memory
devices, which may be separately configured in response to respective user inputs.
[0021] As another example, the user input can be utilized by a memory
controller to specify a range of addresses in the memory 50 and data structure
configuration for storing packets in the respective buffers. Thus, the media packets
can be written to the memory 50 in the space that has been configured for each of
the respective buffers 18 and 20. For example, the RTP packets from upstream
processing can be stored in memory addresses that correspond to an FIFO data
structure.

[0022] Each of the packets can include a header and payload. The header
can include various fields, including a port identifier and a packet sequence number.
The port identifier can be employed to route different types of packets (e.g., media
data packets and error correction packets) for appropriate application layer
processing. The sequence number can identify a location in the ordered sequence
of packets where each packet resides in the stream. As disclosed herein, since the
streams are redundant, absent transmissions errors, each stream should include the
identical sequences of packets — both media data and error correction packets. The
media data packets and their correction packets can each have their own separate
sequences. The payload of a given media packet will depend on the content being
transported via such packet. For example, payload data for a media data packet
contains compressed or uncompressed media (e.g., video) encapsulated therein
according to one or more transmission protocols. Similarly, payload data for an error
correction packet contains error correction coding data for correcting the
encapsulated media.

[0023] The combiner 22 can include a state machine 55 that is configured to
implement logic (see, e.g., FIG. 3) used to control a sequence of functions performed
by an arrangement of combiner components. In the example of FIG. 2, the combiner
components include a fill level detector 56, a packet header evaluator 58, a packet
reader 60 and a packet sender 62. The state machine 55 and other combiner
components 56, 58, 60 and 62 can be configured as hardware, firmware and/or
software to control preprocessing of RTP input packets to provide a corresponding
output stream of packets to a corresponding receiver (e.g., receiver 26 of FIG. 1).
[0024] By way of example, the fill level detector 56 can be configured to detect

a respective fill level of each of the buffers 18 and 20. The fill level detector 56 can
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monitor the set fill level (e.g., corresponding to a maximum expected skew) for one
or both the buffers 18 and 20. The state machine 55 can employ the information
from the fill level detector to determine if one or both of buffers has filled to the preset
fill level that has been specified in response to the user input. Once the state
machine 55 determines that the buffers have filled to at least the preset level, the
combiner can initiate further processing of the packets at outputs of the respective
buffers (e.g., operating as FIFO’s) 18 and 20. This can ensure that buffers account
for stream delay variation and skew between the respective streams.

[0025] As mentioned, the packet evaluator 58 can evaluate information in the
headers of each of the output packets (first packets in each of the buffers) to
determine the type of packet and/or identify the sequence number for the packet.
The state machine of the combiner 22 can employ the header information
determined by the evaluator 58 to control the packet reader 60 to read packets from
one or more of the buffers 18 and 20. In response to instructions from the state
machine 55, the packet reader 60 thus reads packets based on the header
evaluation.

[0026] As one example, the packet reader 60 reads packets from one of the
buffers if the sequence numbers are not the same for a media data packet. If one or
both of the RTP packets at the output of the buffers 18 and 20 is determined to be an
error correction packet (e.g., based upon the header evaluation data indicating a port
address established for an error correction packet), the state machine 55 can cause
the packet reader 60 to read each such output packet from the buffer 18 and/or 20.
The state machine 55 can in turn cause the packet sender 62 to forward such
packets (e.g., an out of sequence packet or an error correction packet) in the output
stream downstream to the receiver (e.g., receiver 26). Alternatively, if the packet
header evaluator 58 determines that the sequence numbers of the output media data
packets in the buffers are different (e.g., indicative of non-aligned media streams),
the state machine 55 causes the packet reader 60 to read the packet with the lower
sequence number from its buffer and the packet sender 62 to send such packet
downstream. So long as the media data packets have different sequence numbers,
the combiner 22 will continue read data packets from one of the packets until the
streams become time aligned.

[0027] Thus, if the packet header evaluator 58 determines that the sequence

numbers of the output packets in the buffers are the same (e.g., indicative of non-
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aligned streams), the state machine 55 causes the packet reader 60 to read the
packets from both streams, discard one of the packets and cause the packet sender
62 to send the remaining packet downstream. The combiner 22 can arbitrarily
discard one of the identical packets that is read from the buffers 18 and 20. The
state machine 55 then causes the process to be repeated from the beginning for the
next packets in the buffers 18 and 20. As a result of this preprocessing, stream
delay variation can be accommodated. Additionally, the processing can prevent
duplicate media packets from being sent downstream for further processing. For
example, a SMPTE 2022 receiver can implement error correction based on the error
correction packets provided by the sender 62 without having to deal with duplicate
media packets.

[0028] In view of the structural and functional features described above,
certain methods will be better appreciated with reference to FIG. 3. ltis to be
understood and appreciated that the illustrated actions, in other embodiments, may
occur in different orders or concurrently with other actions. Moreover, not all
features illustrated in FIG. 3 may be required to implement a state machine. As
mentioned, it is to be further understood that the state machine 55 can be
implemented in hardware (e.g., one or more integrated circuits, such as in an ASIC),
firmware (e.g., an FPGA), software (e.g., stored in a computer readable medium or
as executable instructions running on one or more microprocessors), or as a
combination of hardware, firmware and software.

[0029] FIG. 3 depicts an example of a state machine 55 that can be utilized to
control preprocessing (e.g., preprocessing block 16 of FIGS. 1 and 2). The state
machine begins at 100 and detects a buffer fill level of each input buffer (e.g., buffers
18 and 20). If the buffers have are determined at 100 to be at a predetermined fill
level the state machine transitions to state 102 to examine the first packets at the
output of the buffers. From 102, the state machine can transition to one of several
states depending on the examination of the buffered packets at 102. For instance, if
one or more packets are determined to be an error correction packet (e.g., FEC
packet (e.g., based on its port address specifying an error correction port), the state
machine can transition to state 104. Alternatively, if such packet(s) is determined to
be an out-of-order packet based on its sequence ID compared to the sequence ID

from one or more previous packets, the state machine likewise can transition from
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102 to 104. At 104, the state machine sends the packet (e.g., FEC packet or out-of-
order packet) from the buffer to the receiver for further processing.

[0030] Alternatively, if based on the packet examination for the output packets
in the buffers determines that the packets have different packet sequence IDs,
indicating a non-alignment of packets within the buffers, the state machine
transitions to 106. At 106, the machine reads and sends the earlier packet (e.g.,
packet having the lower sequence ID) from its buffer to the receiver for further
processing. The later packet (e.g., packet having the higher sequence ID) remains
in the other buffer. Depending on the latency between buffers, this operation may
repeat for a number of packets until the examination at 102 determines that the
packet IDs are the same, which corresponds to an alignment between the streams.
Thus, the pre-processing can operate to align non-aligned streams. By aligning the
streams according the sequence IDs for the media data packets, the FEC packets
are also aligned in time within the respective buffers such that the downstream
receiver can readily process duplicate FEC packets, which are interspersed among
the media data packets.

[0031] As yet a further alternative, if packet header examination at 102 for the
output packets in the buffers determines that the packets have the same packet
sequence |Ds, indicating alignment between streams within the buffers, the state
machine transitions to 108. Since the streams are redundant streams for given
media content, media data packets having the same packet sequence ID are known
to be identical. Thus, at 108, the state machine reads and sends one of the identical
packets (e.g., having the same sequence IDs) from a given one of the buffers to the
receiver for further processing. At 108, the other identical packet from the other
buffer is discarded. Thus, only one of the duplicate packets is sent to the receiver in
a single merged stream of media packets for further processing. From 108 as well
as 104 and 106, the state machine returns to the beginning for processing the next
packets in the buffers.

[0032] The preprocessing implemented by the state machine 55 can enable
an existing SMPTE 2022-1 or -2 (or part 5 or 6) receiver to implement hitless
switching under conditions similar to as defined by SMPTE 2022-7. That is the
preprocessing implemented by the state machine 52 can accommodate stream
delay variations and significantly reduce the number of duplicate packets sent to the
existing SMPTE 2022 receiver.

10
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[0033] FI1G.4 depicts an example of a portion of a receiver system 150 that
can be implemented in a redundant stream environment. The receiver system 150
includes network processing blocks 152 and 154 configured to extract RTP packets
from input Ethernet streams 156 and 158. For example, each of the network
processing blocks 152 and 154 can include an Ethernet MAC processing block 160,
162. The Ethernet MAC processing blocks 160 and 162 can perform link layer
processing and media access control for addressing and channel access control
mechanisms for communication of media stream via Ethernet medium. An IP
processing block 164 and 166 implements a communications protocol layer for
transporting and routing IP based packets to the receiver system 150. The IP
processing block thus captures packets and passes the packets to the transport
layer processing blocks 168 and 170. The transport layer processing blocks 168 and
170 implements transport layer services to maintain transport of streaming media
from the media source(s) to the receiver system 150. For example, the transport
layer processing blocks 168 and 170 implement the user datagram protocol (UDP);
although other transport layer protocols could be utilized (e.g., transmission control
protocol (TCP)).

[0034] The transport layer processing blocks 168 and 170 thus can provide
respective streams of RTP packets to a preprocessing block 172. The
preprocessing block 172 can be implemented according to the examples of
disclosed herein with respect to FIGS. 1-3. Thus, preprocessing block 172 can
process multiple redundant streams of RTP packets from network processing blocks
152 and 154 and provide a corresponding stream of output RTP packets to a
SMPTE 2022 processing block 174. For example, the stream of output RTP packets
can include merged stream of media data packets (e.g., having discarded duplicate
RTP packets) yet still include duplicate FEC packets. The SMPTE 2022 processing
block 174 can be implemented to process the media data packets and FEC packets
to output a corresponding transport stream to one or more destination.

[0035] As an example, the SMPTE 2022 processing block 174 can be
implemented in firmware of an FPGA device; although, in other examples, it could be
hardware, firmware in other devices, or software execute by a processor or any
combination thereof. Because of the pre-processing block 172 that operates to align

streams and to remove duplicate packets from the redundant streams, as disclosed

11
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herein, the SMPTE 2022 processing block 174 can operate efficiently in redundant
stream environments with large skew or latency between respective streams.

[0036] As will be appreciated by those skilled in the art, portions of the
systems and methods disclosed herein may be embodied as a method, data
processing system, or computer program product (e.g., a non-transitory computer
readable medium having instructions executable by a processor). Accordingly, these
portions of the present invention may take the form of an entirely hardware
embodiment, an entirely software embodiment, or an embodiment combining
software, firmware and hardware. Furthermore, portions of the invention may be a
computer program product on a computer-usable storage medium having computer
readable program code on the medium. Any suitable computer-readable medium
may be utilized including, but not limited to, static and dynamic storage devices, hard
disks, optical storage devices, and magnetic storage devices.

[0037] Certain embodiments are disclosed herein with reference to state
diagram illustrations of methods, systems, and computer program products. It will be
understood that blocks of the illustrations, and combinations of blocks in the
illustrations, can be implemented by computer-executable instructions. These
computer-executable instructions may be provided to one or more processor of a
general purpose computer, special purpose computer, or other programmable
apparatus (or a combination of devices and circuits) to produce a machine, such that
the instructions, which execute via the processor or other circuitry, implement the
functions specified in the block or blocks.

[0038] These computer-executable instructions may also be stored in a non-
transitory computer-readable medium that can direct a computer or other
programmable apparatus (e.g., one or more processing core or logic blocks in an
FPGA) to function in a particular manner, such that the instructions stored in the
computer-readable medium result in an article of manufacture including instructions
which implement the function specified in the flowchart block or blocks. The
computer program instructions may also be loaded onto a computer or other
programmable data processing apparatus to cause a series of operational steps to
be performed on the computer or other programmable apparatus to produce a
computer implemented process such that the instructions which execute on the
computer or other programmable apparatus provide steps for implementing the

functions specified in the flowchart block or blocks or the associated description.
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[0039] What are disclosed herein are examples. It is, of course, not possible
to describe every conceivable combination of components or methods, but one of
ordinary skill in the art will recognize that many further combinations and
permutations are possible. Accordingly, the disclosure is intended to embrace all
such alterations, modifications, and variations that fall within the scope of this
application, including the appended claims.

[0040] As used herein, the term “includes” means includes but not limited to,

the term “including” means including but not limited to. The term “based on” means

based at least in part on. Additionally, where the disclosure or claims recite "a," "an,
"a first,” or "another" element, or the equivalent thereof, it should be interpreted to
include one or more than one such element, neither requiring nor excluding two or

more such elements.
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CLAIMS

What is claimed is:

1. A system comprising:

a first buffer that stores first media packets therein received from a first media
stream;

a second buffer that stores second media packets therein received from a
second media stream, the first media stream and the second media stream including
redundant content that is transmitted separately; and

a combiner that reads media packets from each of the first and second
buffers, the combiner discarding a given duplicate media packet read from one of the
first or second buffers that has been identified as being identical to another of the
media packets read from the other of the buffers based on analysis of a
predetermined identifier in each of the media packets read from the first and second
buffers, such that the combiner provides an output stream of packets that includes

only one of the identical media packets read from the first and second buffers.

2. The system of claim 1, wherein the predetermined identifier specifies a

sequence number for each media packet.

3. The system of claim 1, wherein each of the first buffer and the second buffer
is configured to store media packets therein according to a buffer fill level, wherein
the buffer fill level is set to a value to accommodate at least a maximum expected
skew between transmission of media packets in the first media stream and the

second media stream.

4. The system of claim 3, wherein the combiner further comprises:

a packet evaluator to evaluate a header of corresponding media packets from
the first and second buffers;

a packet reader to read the given packet from one of the first and second
buffers based on the packet evaluator determining the given packet has a different
identifier from a corresponding packet in the other of the first and second buffers,

indicating the given packet is an earlier packet; and
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a packet sender to send the given packet in the output stream of packets

while the corresponding packet remains in the other of the first and second buffers.

5. The system of claim 1, wherein each of the first media stream and the second
media stream further includes error correction packets, the combiner providing the
output stream of packets to include output media packets from one of the first or
second media streams and the error correction packets from both of the first and

second media streams.

6. The system of claim 5, wherein each of the first and second buffers is
configured as a first-in-first-out buffer to store packets therein according to an order

that the packets are received by each of the respective first and second buffers.

7. The system of claim 5, wherein the combiner further comprises:

a packet evaluator to evaluate a header of the given packet; and

a packet sender to send the given packet in the output stream of packets
based on the packet evaluator determining the given packet is an error correction
packet or is an out of order packet in a respective stream from which the given
packet arrived.

8. The system of claim 5, wherein the combiner further comprises:

a packet evaluator to ascertain a value for the predetermined identifier in a
given packet from the first buffer and a given packet from the second buffer;

a packet reader to read from one of the first buffer or second buffer whichever
of the respective given packets has a lower value for its predetermined identifier; and

a packet sender to send into the output stream of packets the respective

given packet read from the one of the first buffer or second buffer.

9. The system of claim 8, wherein the packet sender is adapted to send the one
of the identical media data packets read from the first buffer or the second buffer in
the output stream of packets in response to the packet evaluator ascertaining that
the predetermined identifier in the given packet of the first buffer and the given
packet of the second buffer have identical values and both are media data packets

containing the same media payload.
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10.  The system of claim 1, further comprises a receiver configured to process the
output stream of packets from the combiner according to the 2022 standards of the
Society of Motion Picture and Television Engineers and provide a corresponding

transport stream.

11.  The system of claim 10, wherein the combiner further comprises a state
machine to control operation of the combiner, wherein if output media packets in
each of the first and second buffers are not identical media data packets, the state
machine causing the combiner to:

read and send a given output media packet from at least one of the first and
second buffers to the output stream of packets if the given output media packet is
determined to be an error correction packet or an out of order packet for its
respective stream ; and

read and send the given output media packet to the output stream of packets
if the given output media packet is determined to be an earlier media data packet in
a sequence of media data packets for one of the first and second media streams
compared to a corresponding output media packet in the sequence of media data

packets for the other of the first and second streams.

12. A method comprising:

storing in a first buffer first media packets received from a first media stream;

storing in a second buffer second media packets received from a second
media stream, the first media packets and the second media packets being
redundant media streams of packets that include redundant media data packets and
redundant error correction packets; and

selectively combining the first and second media packets from the first buffer
and the second buffer to provide an output stream of media packets, the output
stream of media packets including the redundant media data packets from one of the
first buffer or the second buffer and including the redundant error correction packets

from both the first buffer and the second buffer.

13.  The method of claim 12, wherein selectively combining further comprises:
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evaluating headers of output media packets in each of the first buffer and the
second buffer;

determining that the output media packet from the first buffer is an output
media data packet having the same sequence identifier as an output media data
packet in the second buffer based on the evaluation; and

discarding one of the redundant media data packets read from one of the first
buffer or the second buffer based on the determination; and

sending another of the redundant media data packets read from another of

the first buffer or the second buffer into the output stream of media packets.

14.  The method of claim 12, wherein selectively combining further comprises:
evaluating headers of output media packets in each of the first buffer and the
second buffer; and
sending a given output media packet to the output stream of media packets in
response to determining that the given output media packet is an error correction
packet or is an out-of-order packet in the stream from which the given packet arrived

based on the evaluation.

15. The method of claim 12, wherein selectively combining further comprises:

evaluating headers of output media packets in each of the first buffer and the
second buffer;

reading the output media data packet from the first buffer while the output
media data packet remains in the second buffer in response to determining that the
output media packet from the first buffer is an output media data packet having a
lower sequence identifier compared to a sequence identifier of the output media data
packet in the second buffer based on the evaluation; and

sending the output media data packet read from the first buffer into the output

stream.
16.  The method of claim 12, wherein the media packets are stored in each of the

first buffer and the second buffer in a sequence according to an order that the

packets are received by each of the respective first and second buffers.
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17.  The method of claim 12, wherein each of the media packets comprise Real-
time Transport Protocol (RTP) packets implemented according to the 2022
standards of the Society of Motion Picture and Television Engineers (SMPTE), the
method further comprising processing the output stream of media packets according
to at least one of SMPTE 2022-1 and SMPTE 2022-2 or at least one of SMPTE
2022-5 and SMPTE 2022-6 to provide a corresponding transport stream.

18. A video processing module, comprising:

a first input to receive first media packets from a first media stream;

a second input to receive second media packets from a second media stream,
the first and second media streams being redundant streams;

a first buffer that stores the first media packets received via the first input;

a second buffer that stores the second media packets received via the second
input; and

a combiner coupled to an output of the first buffer and to an output of the
second buffer, the combiner comprising a state machine to control operation of the
combiner with respect to an evaluation of the media packets at the outputs of the first
and second buffers, the state machine causing the combiner to read the media
packets from the outputs of the first and second buffers in response to determining
that the media packets at the outputs of the first and second buffers are duplicate
media data packets having the same sequence identifier, the combiner discarding
one of the duplicate media data packets read from one of the first buffer or the
second buffer and sending another of the duplicate media data packets into an

output stream of media packets.

19.  The video processing module of claim 18, wherein in response to determining
that at least one of the media packets at the outputs of the first and second buffers is
an error correction packet or an out of order packet for its respective stream, the

state machine causing the combiner to read and send the at least one media packet

from the respective buffer to the output stream.

20.  The video processing module of claim 18, wherein in response to determining
that a given media packet at the output of one of the first and second buffers is a

media data packet having a lower sequence identifier compared to a corresponding
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media data packet at the output of the other of the first and second buffers, the state
machine causing the combiner to read and send the given media packet to the

output stream while the corresponding media data packet remains in the other of the

first and second buffers.
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