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(57) Abstract: An improved video streaming method and system that reduces video stream playback dropouts when video data flow
from a server is degraded or interrupted. Two adaptive bitrate video streams of the content are operated in parallel with video quality that
can be adjusted independently. The first stream receives data blocks at a rate generally concurrent with the video playback. The second
stream receives data blocks in advance of the playback point and these blocks are buffered. The best available block is used during
playback. Buffered second stream blocks can be used to continue playback when the network connection is compromised or interrupted.
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METHOD AND SYSTEM FOR REDUCING DROP-OUTS DURING VIDEO STREAM
PLAYBACK

FIELD OF THE INVENTION

[0001] The present invention is directed to methods and systems for streaming video
from a server, and particularly is directed to an improved video streaming method and
system that reduces video stream playback dropouts when video data flow from the

server is degraded or interrupted.

BACKGROUND

[0002] It is common for users of computer devices, such as cell phones, tablets, laptop
computers, and other smart devices to download video files over the internet. Ina
simple option, the entire video file is downloaded to the user’s device and then
played. Video files can be extremely large. Downloading the complete file in advance
may take an unreasonable amount of time and consume a large amount of network
resources. Memory constraints on the user’s device may also prevent storage of the

full video file making download impossible.

[0003] To address these issues, many providers offer their video content available as
streaming media which allows the video to be viewed in real or near-real time as it
downloads. Streaming video content is made available as a sequence of sequentially
arranged blocks (sometimes referred to as chunks or segments), containing encoded
video data of a predefined number of frames. Each block typically contains about 2 to
10 seconds of playable video. Player software loaded on the user’s device
sequentially requests the streaming media from a server, typically at a rate which
corresponds to the rate blocks are played black by the player. The player software

will typically buffer one or a small number of blocks before starting playback.

[0004] Conventional streaming software uses a variation of this process known as

adaptive or variable bitrate streaming (VBR). In a VBR streaming system, the media
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provider encodes the encoded video data in multiple layers, each having a different
bit rate reflecting the quality of the video in that layer. A video asset manifest file can
be provided by the server to indicate the different bit rate video layers available for a
given video. The player on the user’s device monitors the local conditions, such as
the network connection speed and possibly other factors that impact the maximum
supportable streaming. When a next video block is needed, the player requests the
guality block from a video layer that has been encoded with a bit rate appropriate for
the current conditions, such as the maximum bit rate block that can be requested and
still arrive before it is needed. As the speed of the network connection varies, such as
due to network congestion or movement by a user connected over a wireless link, a
VBR streaming video player can adjust the bit rate quality being used. As a result,
players with fast and slow connections, such as a wired internet versus WiFior a
cellular data link, are better able to stream the video to their device for viewing in real
time even as the network bandwidth and other system resources that impact block

delivery and processing time vary.

[0005] When video is streamed from a central server to a remote playback device or
software player, it is common for the data connection periodically be degraded or
fully interrupted for short periods of time due to, e.g., changes in a local network
connection quality, intervening network lag, or other factors. Conventional VBR
technology can respond to these issues to some degree by requesting reduced bit rate
blocks of video as noted above. However, the process is reactive in nature and
adjustments apply only to the next block in the video to be requested. If a high quality
block is selected and then the network connection is compromised, the requested
block may not be received in time and this can result in a freeze of the video or other
dropout effects while the player software recovers, such as by restarting the video

stream at a lower bit rate.

[0006] These temporary interruptions can distract and frustrate viewers and also

increase the chance that the viewer decides to stop watching the video all together.
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In addition to impacting the viewer experience, this can also impact the media
provider, particularly in situations where the video includes advertising or similar
content that generates revenue based on the number of people who watch it. When
the video streaming software is specific for a given media provider, the user may also
develop a negative impression of the overall quality of service provided by that
company even if the network issues are due to local conditions and not under control

of the media provider.

[0007] There is a need for improved streaming video player functionality that can
better respond to degradation or full interruption of data flow during streaming
playback. There is a further need for improved streaming video player functionality
that reduces and in many cases can eliminate the number and/or duration of playback

interruptions as a result of data flow degradation and interruptions.

SUMMARY

[0008] These and other problems are resolved by the various embodiments of an
improved method and system for streaming video as disclosed herein and which can

be implemented as an extension to conventional streaming protocols.

[0009] According to an embodiment, the method and system uses at least two video
streaming processes that operate generally in parallel with each other. Both obtain
streams of video data blocks for the same video content from a server. The first
streaming process requests sequential blocks of video data and can request the blocks
at a rate commensurate with the rate at which blocks are played back. The second
streaming process is operated so that the second stream runs ahead of the first
stream to obtain advance blocks which are then stored in a buffer. The video player
switches playback to buffered data from the second stream in the event that the data
flow from the server is compromised to thereby allow the video playback to continue

without interruption.
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[0010] The second stream can be started at a sequence number ahead of the starting
sequence number for the first stream. In addition or alternatively, the second
streaming process can be configured to request blocks from the server more quickly
than blocks are requested by the first streaming process to thereby allow a buffer of

advance second stream blocks to be filled.

[0011] The system can access video that is encoded in layers having different bit rates
and the streaming processes be configured to request blocks from the server at one
or more of the available bit rates. The second streaming process can be started at a
lower bit rate than the first so that the data blocks are retrieved more quickly for the
second stream relative to the first stream. To increase the number of advance second
stream blocks available in the buffer during video playback, the bit rate used by the
second stream can be adjusted down. If there are enough advance second stream
blocks in the buffer, the bit rate for the second stream can be increased to increase
guality of the video in later obtained stream two blocks. If a maximum number of
advance second stream blocks is available in the buffer, the second streaming process

can temporarily stop requesting blocks from the server.

[0012] The bit rate used by the first stream can be adaptively adjusted to respond to
current conditions and/or available system resources and set to a maximum
supportable bit rate at any given time. According to an embodiment, before the first
streaming process requests a given block at a particular bit rate, it checks to see
whether a corresponding block having the same sequence number has already been
buffered and, if so, only issues the request if the particular bit rate is greater the bit
rate of the buffered stream-two block. After the higher bit rate block is received in
stream one, the corresponding lower quality stream-two block in the buffer can be

deleted.

[0013] When a block at a particular sequence number is needed for playback, the
block can be selected from the first stream or a buffered stream two block. According

to one embodiment, if the block needed for playback is not available from the first
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stream, such as may occur when the data connection is temporarily compromised, the
stream-two block with the appropriate sequence number is taken from the buffer. If
both stream-one and stream-two blocks are available for the particular sequence
number, the block with the highest quality can be selected. If no bandwidth is
available, the system can pick and play the best available block from the first or the
second stream until there are no remaining blocks to play. During this time, the
streams can be attempting to reestablish connection with the network. When
connection is reestablished, stream one can restart at the next block after the one
currently being played and stream two can start at an advance block, such as the last

available block +1 or treat the situation the same as the start of streaming.

BRIEF DESCRIPTION OF THE FIGURES

[0014] These and other features and advantages of the invention, as well as structure
and operation of various implementations of the invention, are disclosed in detail

below with references to the accompanying drawings, in which:

[0015] Fig. 1A is a high level block diagram of a conventional VBR streaming system;

[0016] Fig. 1B is a basic flowchart illustrating aspects of a conventional VBR streaming

process,

[0017] Fig. 2 s a high-level diagram of an embodiment of a computing device 200 with

an improved streaming video player 215 according to an embodiment;

[0018] Fig. 3 is a flowchart of operation of a first streaming process according to an

embodiment;

[0019] Fig. 4 is a flowchart of operation of a second streaming process according to an

embodiment; and

[0020] Fig. 5 is a flowchart of operation of a block selection process according to an

embodiment.
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DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS

[0021] Figure 1A is a high level block diagram of a conventional streaming system 100.
A streaming video server 110 has access to a video media file storage 120 where the
video files have been rendered into blocks suitable for streaming. The server 110 is
connected to a network 130, such as the Internet. A streaming video player
application 140 can be executed in a user’s computing device (not shown). The player
application 140 includes a streaming process 150 that retrieves streamed media
blocks from the server 110 and a video output process 160 that contains the codec
and other functionality to process data contained in the received streamed blocks and
generate an output video signal or other decoded video data 180 that can (with
further intervening software and hardware as appropriate) be shown on the user’s
device. A buffer 170 can be provided to store streamed blocks that are received in
advance of when they need to be played. In order to limit network traffic,
conventional streaming video players typically request only one block in advance of

the block being played.

[0022] Fig. 1B is a basic flowchart illustrating aspects of a conventional VBR streaming
process. When a user wants to view a streaming video, a streaming process is initiated
and initial requests to start a video stream are sent to the server. (Step 1000). An
asset manifest file detailing the different bit rate layers and blocks available for the
video and provided by the server may be initially obtained. (Step 1010). The player
determines a starting video quality bit rate Q based, e.g., on available resources, or
alternatively can start from a default or selected value (e.g., a high bitrate for wired
internet, a medium bitrate for WiFi, and a low bitrate for a cell phone network

connection).

[0023] The player requests and receives a video block having a sequence number N
(hereafter referred to as block N) and at the selected bitrate Q. Block N is received
(step 1030) and provided to the video output process 160 where it decoded as

appropriate and then played for the user (step 1040). The player can then reassess
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the available bandwidth (which may include consideration of factors such as the data
link from the computing device and lag in the network between the computing device
and the remote server) and other system resources. (Step 1050). A currently
supportable value of Q is then determined. (Step 1060). If the available resources will
support a video block download that exceeds the current quality bitrate Q by an
amount large enough to support a higher quality video stream the value of Q might
increase. Likewise, if the available system resources are insufficient to support the
current video stream rate, bitrate Q would be decreased to a lower rate available for
the video stream provided by server 110. The next block in the streaming video is
then requested at the (possibly adjusted) bitrate Q (step 1020) and the process
repeats. A wide variety of adaptive video streaming protocols are available that

operate in this general manner.

[0024] Fig. 2 is a high-level diagram of an embodiment of a computing device 200 with
an improved streaming video player 215 according to aspects of the present
invention. The system 200 can be implemented in software, firmware, and/or
hardware of a conventional computing device 205, such as a desktop, laptop or tablet
computer, a smart device such as a cell-phone, or other computing device. The
computing device 205 has a processor 210 and a memory in which the software and
data for player 215 is stored. Video is output on a display of the computing device
200 using appropriate display circuitry 220. A network interface 225 can be used to

access video streaming server 110 through network 130.

[0025] According to one embodiment, when a streaming video is to be played, the
player software 215 initiates two or more separate streaming processes using a
designated video streaming protocol and including a primary or first streaming
process 230 and a secondary or second streaming process 235. From the perspective
of server 110, the first streaming process 230 and the second streaming process 235

would appear to be independent of each other and so treated as such.
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[0026] As addressed in more detail below, the first streaming process 230 operates to
request and receive video blocks from the server 110 for a given video (first stream)
and to make those blocks available for playback on the device 205 in real or near real

time. Blocks in the first stream are referred to herein as stream-one blocks.

[0027] Generally in parallel, the second streaming process 235 operates to stream the
same video (but in a second stream) and stores received video blocks in a buffer 240.
Blocks in the second stream are referred to herein as stream-two blocks. The second
streaming process 235 is configured so that the second stream runs ahead of the first
stream and the process attempts to fill the buffer with at least a minimum number M
of stream-two blocks ahead of the sequence number for the current playback point of
the first stream. For example, if the first streaming process is operating to receive a
block N (e.g., a stream one block with sequence number N) from the server, the
second streaming process will work to maintain a stream position at a sequence
number >= N+M. A stream-one block retrieved by the first streaming process 230
may have the same or different encoding bitrates as a stream-two block with the

same sequence number and retrieved by the second streaming process 235.

[0028] As discussed further below, block selector 245 is used to select blocks for
playback by the video output module 160. In the event that data flow for the first
stream is interrupted, the block selector 245 can switch playback to buffered data

from the second stream.

[0029] The second streaming process 235 can be configured to keep the second
stream ahead of the first stream in various ways. The second streaming process 235
can start the second stream generally simultaneously with the first stream but begin
playback at a sequence number ahead of the starting sequence number for the first
stream. The second streaming process 235 can request blocks for the second stream
at a lower quality than being requested for first stream so that video blocks can be
received more quickly. The second streaming process 235 can also request blocks

more rapidly than the first streaming process 230 (which will, in a typical
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embodiment, request blocks at the same rate at which they are played).
Combinations of these can also be used and alternative techniques may be used as

well.

[0030] Preferably, an adaptive streaming protocol is used for each of the streams. In
addition, the system can be responsive to user preference and optimize use of
bandwidth between the streams to prioritize uninterrupted viewing, prioritize

maximum video quality, or operate at a selected intermediate setting.

[0031] While the second stream buffer 240 is preferably used as a source of playable
content for when the data connection is compromised, buffered stream-two blocks
may also be used as a source of preview data for scrubbing content. In contrast to
conventional scrubbing, which displays video frames at spaced intervals, such as a
three or 10 second hop, the buffered stream-two blocks may be used as a source for
poster frames when a user scrubs the video and advantageously enable real-time
scrubbing of the video. If the buffer is sufficiently large, it may be used to provide a

complete backup of the video content.

[0032] The system may also be modified to utilize more than two streams to provide
protection against longer data stream interruptions. In a particular configuration, a
third stream can be started and blocks from that stream buffered. Preferably, the
third stream is set to a lower quality than generally used for the first stream and the
second stream and could be set to the lowest quality bitrate available and configured
to retrieve blocks as quickly as possible within resource constraints. Buffered stream-
three blocks can be used as a source of video data for real-time scrubbing as well as a
backup video source to avoid playback interruption for an outage longer than the

playback period provided by buffered second stream blocks.

[0033] Figures 3-5 are flowcharts showing the high-level operation of the first

streaming process 230, the second streaming process 235 and the block selector
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process 245, respectively, for a VBR adaptive streaming process according to

embodiments of the invention.

[0034] Turning to Fig. 3, the first streaming process 230 initiates the process of
streaming a particular segmented video from the server 110 in accordance with the
VBR streaming protocol being used. (Step 3010). In some protocols, a manifest that
specifies the video blocks and bit rates available can be obtained at the start of the
streaming process (step 3020) and possibly at periodic intervals during streaming.
Streaming server 110 provides the video in layers encoded in different bit rates so
that a particular sequence number block of a particular bit rate can be requested on

demand.

[0035] Blocks for the first stream can be requested generally at the same rate as
blocks are played back, e.g., on the device 205. For example, if a block contains 10

seconds of playable video, first stream blocks can be requested every 10 seconds.

[0036] When it is time to request the next block in the first stream, such as a block N
(step 3030), a determination is made about the highest quality Q1 block available
from the server that can be retrieved prior to the time it is needed for playback given
current resource constraints. (Step 3040). Q1 thus represents the encoded video
layer from which the block with sequence number N will be requested for the first
stream. The quality selection can consider conventional resource factors, such as the
available bandwidth on the network connection and network lag as well as other

factors such as processor load.

[0037] In addition, and according to one embodiment, the bandwidth available to the
streaming processes can be allocated between the first streaming process and the
second streaming process according to user preferences for playback quality versus
resilience to interruption. In one configuration, a portion of the available bandwidth
allocated to second stream can be set from 0 to 50% with a 0 % allocation

representing the case where second stream is not downloaded at all (since it has no

10
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allocated bandwidth) and 50% representing the case where second stream gets half
the bandwidth available for the overall streaming process to provide a configuration
where playback interruption is given as much priority as playback quality. When the
first streaming process is started, its proportional bandwidth allocation can be passed
as a parameter and used as a factor thereafter when adjusting the value of Q1. The
bandwidth allocation can be fixed during a given video playback session or the user

may be allowed to adjust the bandwidth allocation during playback.

[0038] Prior to requesting a block N, the first streaming process 230 determines if a
corresponding stream-two block N has already been retrieved and stored in the buffer
240 by the second streaming process 235. [If the buffer 240 contains a corresponding
block N at the same or a higher quality than the selected quality Q1 then no request
for block N is made to the server and the process returns to waiting until it is time to
request the next block N+1 in stream 1. (Step 3050). Otherwise a request is made to
retrieve block N at the determined bitrate quality Q1. (Step 3060). Sometime later,
the first streaming process will receive the requested block N (3070). After first
stream block N is retrieved, if there is any matching second stream block N in the
buffer 240 (which, if present, is expected to be be of a lower quality than the received
block N in stream 1), the second stream block N is deleted from the buffer. (Steps

3080, 3090). Stream-one block N is then available for playback as appropriate.

[0039] Turning to Fig. 4, the second streaming process 235 initiates the process of
streaming the segmented video from the server 110 in accordance with the VBR
streaming protocol being used. (Step 4010). (A separate manifest can be obtained or
the manifest obtained by the first streaming process 230 may be used instead.) The
stream is preferably started at a bitrate encoding quality Q2 that is lower than the
initial setting of Q1 so that second stream blocks can be downloaded faster than
blocks for stream one and advance stream-two blocks can accumulate in the buffer.
The next stream two block is requested at the Q2 bitrate. (Step 4020). The starting

sequence number of the second stream can be the same as that for the first stream.

11
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Alternatively, the second stream can be started at sequence number ahead of the
starting sequence number for the first stream. When the requested second stream

block is received it is added to the buffer. (Step 4030).

[0040] Over time, advance stream-two blocks will accumulate in the buffer 240 and
contain video content further along in the video stream than is currently being played
and further along than content that has been received through the first stream.
When the number of advance second stream blocks in the buffer 240 exceeds a
threshold number of blocks ahead of stream one, such as a number of blocks to
provide 1, 2, or 5 minutes of playable video or more (step 4040), the bitrate quality Q2
can be increased since the second stream blocks do not need to be retrieved as
quickly. (Step 4050). If the number of advance stream-two blocks in the buffer 240
drops below a minimum relative to the position of the first stream (which minimum
may be the same as the threshold or a lower value) (step 4060), the bitrate quality Q2
is decreased so that the second stream blocks can be retrieved faster to refill the

buffer 240.

[0041] Increases and decreases to the value of Q2 can be dependent on additional
conditions as well. For example, after the value of Q2 is changed, a further change to
Q2 may be blocked until at least a certain number of additional blocks at that new
value of Q2 have been received by the second streaming process. Thus, the value of
Q2 can be increased or decreased in response to a predefined condition that is
dependent on the difference between the largest sequence number among buffered
stream-two blocks and the current sequence number for the first stream and may also
be dependent on other factors. One such additional factor can be a minimum number
of blocks that must be requested after a change to Q2 before Q2 can be changed

again.

[0042] The second streaming process continues by requesting the next stream-two
block needed in the sequence. Even at the highest quality setting, it is possible that

the second stream will continue to load blocks faster than the playback rate such that

12
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the volume of buffered advanced stream-two blocks available continues to increase.
Once the buffer 240 contains second stream blocks for a portion of the video that
extends in advance of the first stream position by a maximum amount, such as blocks
containing 1, 2, or 5 minutes of video in advance of a playback point or the position of
the first stream, the second streaming process can stop requesting additional blocks
and instead idle until the amount of advance buffered stream-two blocks falls below

the threshold. (Step 4090).

[0043] In the illustrated embodiment, blocks that have been output by the player are
deleted from the second stream buffer 240 as a matter of course (see discussion of
Fig. 3 and also Fig. 5 below). However, there may be situations where the buffer 240
contains old second stream blocks that are no longer needed. If such a situation may
occur, expired blocks can be removed from the buffer 240 as needed. (Step 4080).
Expired block conditions may occur in an alternative embodiment where instead of
deleting a second stream block N from the buffer 240 after a block N is downloaded in
first stream (Fig. 3, step 3090) or a block N (from first stream or stream 2) is otherwise
played (see Fig. 5), a reserve of old stream-two blocks can be retained in the buffer
240 to provide access to a period of video preceding the current playback point. For
example, second stream blocks containing 1, 2, or 5 minutes of video or more prior to
the current playback point can be retained. These older buffered blocks can be
accessed if the user wants to rewind the video to an earlier period. Many video
players, for example, include a hot button that will automatically jump the video back
15 or 30 seconds. The buffered stream-two blocks permit playback to immediately
start at the earlier position without having to wait for the first streaming process to

request and download stream-one blocks at the new playback position.

[0044] Turning to Fig. 5, a method for block selection by the block selector process
240 according to one embodiment is illustrated. The block selection process is
initiated when a next block to play is required, e.g., to select a block N when the video

output process 250 is currently displaying content from block N-1. (Step 5010).

13
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[0045] If playback has just begun and the buffer has not yet been filled with the
minimum volume of stream-two blocks (step 5020) or the second stream was started
ahead of the first stream and playback has not reached the starting point of the
second stream, the block selector 245 can select the next block N from the first

stream and make this block available to the video output process 250. (Step 5030).

[0046] If the network service is normal (step 5040), in one configuration the block
selector will default to selecting the block N from the first stream. However, if
stream-one block N is not available then the block selector will draw the stream-two
block N from the buffer 240 instead. (Step 5050). A stream-one block N might not be
available, for example, if a higher quality second stream block N was already stored in
the buffer at the time the first streaming process evaluated the need to download
block N. (Fig. 3, step 3050). In an embodiment, after a block N is selected and
provided to the video output process, any buffered second stream block N remaining
in the buffer can be deleted. (Step 5060). The block selection process then returns to
a wait state until another block needs to be selected for playback. (Step 5010). This
normal network service methodology is a subset of the degraded network service
discussed below and so block selection during normal and degraded service conditions

can be managed in the same manner.

[0047] If network service is degraded (step 5070), the first stream bitrate may have
been decreased and lower quality stream-one blocks received. A corresponding
higher quality stream-two block might already have been received and buffered.

Block selector selects the stream-one or stream-two block N that has the highest
quality (step 5080). If a first stream block N is not available, the second stream block
N will be chosen. The selected block is made available to the video output process
250. (Step 5090). Stream-two block N can (if present) can then be deleted from the
buffer. (Step 5060). The process then returns to a wait state until another block needs
to be selected for playback. (Step 5010). As will be appreciated, if the network

connection is compromised, a particular block N from second stream might be

14
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retrieved from the buffer for playback while first stream is still waiting to receive the
stream-one block N. In such a case, block selector 245 can signal the first streaming
process 230 that its requested block N is no longer needed. In response the first

streaming process can abort that request and move to a later block in the stream.

[0048] If there is a service interruption (step 5100) it can initially be treated the same
as a service degradation wherein the block selector 245 will pick the best available
block N from stream-one (if any are available) or from a buffered stream-two block
(step 5110) and make that block available to the output module (step 5120). Once
stream-one blocks are exhausted, which likely occur quickly since stream-one is likely
configured to request only one block ahead, the block selector 245 can continue to
draw blocks from the second stream buffer as long as they are available. Aslong as
there are buffered stream-two blocks available (step 5130), the system will able to
continue to draw stream-two blocks from the stream buffer 240 until the buffer is
exhausted. As noted, the buffer 240 may have enough advance stream-two blocks
stored to permit video playback to continue during the interrupt period for 1, 2, or 5
minutes or more beyond the point reached by stream-one. Assuming that buffered
stream-two blocks remain, the system will return to a wait state until another block
needs to be selected for playback (step 5110). If there is no stream-one block and no
stream-two blocks are available for playback (step 5130), the second stream buffer
has been exhausted. At that point, the video playback is paused until service is

restored and streaming reinitiated (step 5140).

[0049] During a service interruption, the system will continue to try and reinitiate the
streaming processes during playback of buffered blocks. When a network connection
is reestablished, stream one can be restarted at the next block after the one currently
being played. Stream two can be restarted at the last available buffered stream-two
block plus 1. If no buffered blocks are available, stream two can be restarted
according to the same behavior used at the start of streaming but adjusted to reflect

the current playback point.
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[0050] Accordingly, after a startup period and once the block selector 230 is actively
choosing between stream-one and stream-two blocks, each of streaming process 230,
235 stream can operate largely independently to request blocks at an appropriate bit
rate. The first streaming process 230 requests blocks of the best quality that can be
sustained based on available resources but only if there is not the same sequence
number stream-two block of a higher quality already buffered. The second streaming
process 235 will continue to request blocks in advance of the current playback
position and make an effort to maintain the configured interval. If the interval cannot
be maintained at a given quality rate, then second streaming process 235 can reduce
the quality of blocks that it requests, if possible, in order to stay ahead of playback by

the specified interval.

[0051] Software to implement embodiments of the invention can be structured in
various ways. In a particular embodiment, first streaming process 230, second
streaming process 235, and block selector process 245 can be implemented as
separately operating program tasks that are each be running in parallel to each other.
Alternatively, the two streaming processes can be implemented within a single
software module that itself can be separate from or further combined with the block

selector process 245.

[0052] The methods and systems disclosed herein can be used as an extension of any
supported block streaming protocol and is preferably implemented using a VBR
adaptive streaming protocol. Suitable streaming media protocols include Apple HLS,
Microsoft Smooth Streaming, MPEG-DASH, Adobe HTTP dynamic streaming,
RTSP/RTP. While VBR streaming protocols are preferred, alternative embodiments of
the invention can be implemented using a streaming protocol that is not adaptive to
available bandwidth, such as a protocol that allows selection of a bitrate at the start of
streaming but does not permit switching during playback. In this implementation, the
first stream can be started at a higher bitrate than the second stream. However, even

if the first and second streams are operating at the same bit rate, the second
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streaming process can still stream ahead of the first stream if the available bandwidth

allows stream-two blocks to be requested faster than the block playback rate.

[0053] The improved streaming player system 215 be implemented as a web browser
plug-in that supplements existing (conventional) streaming media player software.
The software can be downloaded by a user and installed on their device. The
invention can also be implemented as part of stand-alone video streaming software,
such as an app that can be loaded on a tablet or cell phone, and that can be used to
retrieve videos from a variety of sources or limited to accessing media from one or
more designated media content providers. In a further implementation, the invention
can be included as part of a media player library and accessible via appropriate APls
called from separate program. Computer code to configure a computing system to
implement the invention can be stored on a computer program product for physical

or electronic distribution.

[0054] An improved player according to various aspects of the inventions can provide
an improved playback experience in any streaming system where the resources
available to the video player, such as available network bandwidth or CPU resources,
canvary. Acommon environment is one where the computing device is connected to
the streaming source over a wireless link and the data bandwidth of this RF
connection varies as the computing device is moved around. However, even with a
hardwired network interface, reductions in overall data throughput between the
computing device and the video server can occur due to intervening network
congestion. In addition, the video player application may be executed on the
computing device as a low priority process whereby resources, such as access to
available bandwidth for data download or access to CPU cycles for data decoding, is

restricted when other higher priority tasks are run.

[0055] The methodology disclosed herein is discussed in the context of video
streaming applications. However, methods and systems according to aspects of the

disclosed inventions may also find beneficial use in the streaming of other segmented
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data files which are played-back or otherwise accessed prior to downloading of an
entire file and where the data connection may suffer from bandwidth degradation or

cutouts.

[0056] Aspects of the invention have been disclosed and described herein. However, other
various modifications, additions and alterations may be made by one skilled in the art
without departing from the spirit and scope of the invention as defined in the appended

claims.
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CLAIMS

What is claimed is:

1. A method for reducing dropouts during video stream playback of video
content, the method implemented on a computing device connected to a server from
which the video content can be retrieved, the video content comprising a plurality of
sequentially ordered blocks containing video data for a plurality of video frames wherein
each block has a respective sequence number representing each respective block’s
position in the sequential order, the method comprising the steps of:

initiating a first streaming process to provide a first stream of blocks of the video
content to the computing device, blocks requested by the first streaming process and
received at the computing device being stream-one blocks;

initiating a second streaming process to provide a second stream of blocks of the
video content to the computing device, blocks requested by the second streaming
process received at the computing device being stream-two blocks, the second stream
providing stream-two blocks of the video content to the computing device, the second
streaming process operating substantially concurrently with the first streaming process
and configured to obtain stream-two blocks having sequence numbers that are further in
the sequential order than a sequence number of a most recently received stream-one
block and to store received stream-two blocks in a buffer;

determining the availability at the computing device of a complete stream-one
block N and the availability of a buffered stream-two block N; selecting as a playback

block N having sequence number N a buffered stream-two block N in response to a
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determination that a complete stream-one block N is unavailable at the computing
device at a time of selection;

selecting at the time of selection the playback block N having sequence number N
from one of the stream-one block N and the buffered stream-two block N based on
predefined selection criteria in response to a determination that both the stream-one
block N and the buffered stream-two block N are available at the computing device at
the time of selection;

processing the selected playback block N to provide a video output signal for

presentation of the video content on a display.

2. The method of claim 1, wherein the video content is encoded in a plurality
of layers with each respective layer encoded at a different bit rate, each respective
sequence number of the video content having a corresponding block in each of the
layers, the first streaming process and the second streaming process are adaptive
streaming processes operative to request blocks from the server at respective variable
bit rates Q1 and Q2, the method further comprising the steps of:

the first streaming process requesting blocks from the server at selected bit rate
Q1;

periodically adjusting the value of Q1;

the second stream requesting blocks from the server at selected bit rate Q2;
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periodically adjusting the value of Q2 in a manner dependent on a difference
between the largest sequence number of the stream-two blocks in the buffer and the
sequence number of the most recently received stream-one block;

the predefined selection criteria comprising selecting the respective block

encoded at the highest bit rate.

3. The method of claim 2, further comprising the steps of:

determining that a particular next block X having sequence number X should be
retrieved from the server by the first streaming process;

prior to the first streaming process requesting the block X, setting Q1 to a
selected bit rate dependent on at least one resource presently available to the first
streaming process;

the first streaming process requesting from the server the block X at bit rate Q1
only if the buffer does not contain a stream-two block X of bit rate greater than or equal

to Q1.

4. The method of claim 3, further comprising the steps of:
receiving stream-one block X; and
deleting any stream-two block X in the buffer after the stream-one block X been

received.
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5. The method of claim 2, further comprising the step of setting Q2 to an

initial value less than an initial value of Q1.

6. The method of claim 2, the step of periodically adjusting the value of Q2
comprising the steps of:

determining a difference between a largest sequence number of the buffered
stream-two blocks and the sequence number of the most recently received stream-one
block;

increasing Q2 to a higher bit rate in response to a first predefined condition being
met, the first predefined condition being dependent on whether the difference exceeds
a threshold value;

decreasing Q2 to a lower bit rate in response to a second predefined condition
being met, the second predefined condition being dependent on whether the difference

is less than a minimum value.

7. The method of claim 6, wherein the threshold value and minimum value

are the same.

8. The method of claim 2, further comprising the step of the second

streaming process suspending requests for blocks from the server during a period when

a difference between a largest sequence number of the buffered stream-two blocks and
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the sequence number of the most recently received stream-one block exceeds a

maximum value.

9. The method of claim 2, wherein the at least one resource available to the
first streaming process includes a bandwidth that is allocated between the first

streaming process and the second streaming process.

10. The method of claim 9, wherein the bandwidth allocation to the second
streaming process is less than or equal to 50% of a combined total bandwidth available

to the first streaming process and the second streaming process.

11. The method of claim 1, further comprising the step of the first streaming
process aborting an outstanding request for a block N in response to the buffered

stream-two block N being selected as the playback block N.

12. The method of claim 1, wherein the first streaming process starts the first
stream at a first sequence number and the second streaming process starts the second

stream at a second sequence number larger than the first sequence number.

13. A system for reducing dropouts during video stream playback of video
content, the video content being available from a server and comprising a plurality of

sequentially ordered blocks, each block containing video data for a plurality of video
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frames and having a respective sequence number representing each block’s position in
the sequential order, the system comprising:

a computing device comprising a processor, a memory, a display, and a data
interface suitable for exchanging data with a server from which video content can be
retrieved;

the memory having stored therein computer-executable instructions that, when
executed by the processors, configure the system to:

initiate a first streaming process to request the video content from the server and
provide a first stream of the video content, blocks requested by the first streaming
process and received at the computing device being stream-one blocks;

initiate a second streaming process for operation substantially concurrently with
the first streaming process and to request the video content from the server and provide
a second stream of the video content, blocks requested by the second streaming process
and received at the computing device being stream-two blocks, the second streaming
process operating to request from the server video content blocks having sequence
numbers that are further in the sequential order than a most recently received stream
one-block and to store received stream-two blocks in a buffer;

select a playback block N having sequence number N from one of (i) a buffered
stream-two block N if a complete stream-one block N is not available at the computing
device at a time of selection, and (ii) one of the stream-one block N and the buffered

stream-two block N based on predefined selection criteria if both are available;
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process the playback block N to provide a video output signal for presentation of
streamed video content on a display; and

show the streamed video content on the display.

14. The system of claim 13,

the video content being encoded in a plurality of layers each encoded at a
different bit rate, each respective sequence number of the video content having a
corresponding block in each of the layers;

the first streaming process configured to request blocks from the server at
selected bit rate Q1 and to periodically adjust the value of Q1 in accordance with at least
one resource available to the first streaming process;

the second streaming process configured to request blocks from the server at
selected bit rate Q2 and to periodically adjust the value of Q2 in accordance with a
difference between a largest sequence number of stream-two blocks in the buffer and

the sequence number of the most recently received stream-one block.

15. The system of claim 14, the computer-executable instructions further
configuring the system to:
determine that a particular next block X having sequence number X should be

retrieved from the server by the first streaming process;
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prior to the first streaming process requesting the block X, set Q1 to a maximum
bit rate according to at least one resource presently available to the first streaming
process;

request from the server the next block X at bit rate Q1 for stream-one only if the

buffer does not contain a stream-two block X of bit rate greater than or equal to Q1.

16. The system of claim 14, the computer-executable instructions further
configuring the system to delete from the buffer any stream-two block X after the

stream-one block X has been received.

17. The system of claim 15, wherein the at least one resource available to the
first streaming process comprises a bandwidth allocated between the first streaming

process and the second streaming process.

18. The system of claim 17, wherein the bandwidth allocation to the second

streaming process is less than or equal to 50% or less of a combined total bandwidth

available to the first streaming process and the second streaming process.

19. The system of claim 14, the computer-executable instructions further

configuring the system to set Q2 to an initial value less than an initial value of Q1.
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20. The system of claim 14, the computer-executable instructions further
configuring the system to:

determine a difference between a largest sequence number of the buffered
stream-two blocks and the sequence number of the most recently received stream-one
block;

increase Q2 to a higher bit rate if the difference exceeds a threshold value;

decrease Q2 to a lower bit rate if the difference is less than a minimum value.

21. The system of claim 14, the computer-executable instructions further
configuring the system to cause the second streaming process to suspend requests for
blocks from the server during a period when a difference between a largest sequence
number of the buffered stream-two blocks and the sequence number of the most

recently received stream-one block exceeds a maximum value.

22. The system of claim 13, the computer-executable instructions further
configuring the system to abort an outstanding request for a stream-one block N in

response to the buffered stream-two block N being selected as the playback block N.

23. The system of claim 13, the computer-executable instructions further
configuring the first streaming process to start the first stream at a first sequence
number and the second streaming process to start the second stream at a second

sequence number larger than the first sequence number.
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24, A method for playing a streamed video on a computing device, the
computing device being connected to a server from which the video content can be
retrieved, the video content being available in a plurality of different layers, each layer
comprising an encoding of the video content at a particular bit rate and comprising a
plurality of sequentially ordered blocks, wherein each block has a respective sequence
number representing each block’s position in the sequential order and each block
contains encoded video data for a plurality of video frames, the method implemented on
the computing device and comprising the steps of:

initiating a first streaming process to request the video content from the server
and provide a first stream of the video content, blocks requested by the first streaming
process and received at the computing device being stream-one blocks, the first
streaming process starting at an initial bit rate setting Q1 wherein Q1 indicates the
bitrate layer of video content from which blocks are requested from the server by the
first streaming process;

initiating a second streaming process to provide a second stream of the video
content, blocks requested by the second streaming process and received at the
computing device being stream-two blocks, the second streaming process starting at an
initial bit rate setting Q2 that is less than Q1, Q2 indicating the bitrate layer of video
content from which blocks are requested from the server by the second streaming
process;

storing at least some of the stream-two blocks in a buffer;
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initiating a block selection process to select playback blocks;

providing selected playback blocks to a video output process operative to display
video contained in selected playback blocks;

the method further comprising the steps of:

in the first streaming process:

(a) adjusting a bit rate value Q1 to in accordance with resources
available to the first streaming process;

(b) requesting from the server block X at sequence number X and
bit rate Q1 if the buffer does not contain a stream-two block X of bit rate
greater than or equal to Q1; and

(c) repeating first streaming process steps of (a) adjusting and (b)
requesting for a next sequence number block X+1;

in the second streaming process:

(d) requesting from the server block Y at sequence number Y with
bit rate Q2;

(e) upon receipt of stream-two block Y at the computing device,
adding stream-two block Y to the buffer;

(f) determining whether a Q2 value adjustment condition is
present based on a difference between Y and a current block sequence
number of the first streaming process;

(g) in response to a positive Q2 value adjustment condition

adjusting Q2 by one of increasing Q2 to a higher bit rate when a first
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predefined condition is met and decreasing Q2 to a lower bit rate in
response to a determination that a second predefined condition is met,
wherein the first predefined condition is dependent on whether the
difference exceeds a threshold value and the second predefined condition
is dependent on whether the difference is less than a minimum value; and
(h) repeating the second streaming process steps (d), (e), (f) and
(g) for a next sequence number Y+1 when the difference does not exceed

a maximum value;

in the block selection process, in response to an indication that a particular block
with sequence number P is needed for playback:

(i) selecting as the playback block P a buffered stream-two block P if a
stream-one block P has not been obtained by the first streaming process;
otherwise selecting the respective stream-one block P and stream-two block P
having the highest bit rate as the playback block P; and

(j) deleting a stream-two block P from the buffer if present.
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Group Il require the special technical feature of adjusting a bit rate value Q! to in accordance with resources available; requesting from
the server block X at sequence number X and bit rate QI if the buffer does not contain a stream-two block X of bit rate greater than or
equal to QI; and repeating first streaming process steps for a next sequence number block X+I; requesting from the server block Y at
sequence number Y with bit rate Q2; determining whether a Q2 value adjustment condition is present; in response to a positive Q2 value
adjustment condition adjusting Q2, wherein the first predefined condition is dependent on whether the difference exceeds a threshold
value or less than a minimum value; repeating the second streaming process steps for a next sequence number Y+l when the difference
does not exceed a maximum value, not required by group 1.

Common Technical Features

Groups |-l share the features of a server from which the video content can be retrieved, the video content comprising a plurality of
sequentially ordered blocks containing video data for a plurality of video frames wherein each block has a respective sequence number
representing each respective block's position in the sequential order; initiating a first streaming process to provide a first stream of
blocks of the video content to the computing device; initiating a second streaming process to provide a second stream of blocks of the
video content to the computing device, store received stream-two blocks in a buffer; selecting at the time of selection the playback block
N having sequence number N from one of the stream-one block N and the buffered stream-two block N; process and display the
selected blocks..

However, this shared technical feature does not represent a contribution over prior art, because the shared technical feature is being
anticipated by US 2007/0101378 A1 (Jacobs), 03 May 2007 (03.05.2007).

Jacaobs teaches a server from which the video content can be retrieved, the video content comprising a plurality of sequentially ordered
blocks containing video data for a plurality of video frames wherein each block has a respective sequence number representing each
respective block's position in the sequential order (para [0043}-[0046] - movie stored in the server 450, supplying the sequences to from
the server to the rendering device; video such a programme block may be a video field, video frame or even a group of frames (as will
be described in more detail below for MPEG2); initiating a first streaming process to provide a first stream of blocks of the video content
to the computing device (para [0015)-[0016], [050]-[0051] - receiver for streamed reception of the second sequence of blocks and for
reception of the first sequence of blocks; programme is delivered twice to a reception system in the form of a first and second sequence
of blocks); initiating a second streaming process to provide a second stream of blocks of the video content to the computing device
(para [0015])-[0016], [050]-[0051] - receiver for streamed reception of the second sequence of blocks and for reception of the first
sequence of blocks; programme is delivered twice to a reception system in the form of a first and second sequence of blocks); store
received stream-two blocks in a buffer (para [0015], [0040] - buffer for temporarily storing blocks of the first sequence of blocks that
correspond to blocks of the second sequence for which the delivery schedule has not yet expired); selecting at the time of selection the
playback block N having sequence number N from one of the stream-one block N and the buffered stream-two block N and process and
display the selected blocks (para [0033), [0040] - controller 160 selects from which of the sequences blocks are sent to the output 155?
the controller may control a switch 150. It will also be appreciated that the selection may be performed in software by simply selecting
the right block from a memory and directing it to the output; selector 345 is used to select which of the stream should be provided to the
output).

As the common features were known in the art at the time of the invention, this cannot be considered a common technical feature that
would otherwise unify the groups. Therefore, Groups I-Il lack unity under PCT Rule 13.
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