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ABSTRACT

A method includes receiving, at a computing device, a media

stream. The method further includes generating, at the
computing device, client analytics data associated with at
least one of receiving, processing, or playback of the media
stream. The method further includes transmitting, from the

computing device, the client analytics data to an analytics
device, the client analytics data including metadata indicat-

ing that the client analytics data is associated with a par-
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800

802

Receive 3 client report including an identifier and client analytics
data, the client report received from a client device and the client
analvtics data associated with a video stream received by the
client device from a streaming server

1 /804

Receive a server report including the identifier and server
analytics data, the server report received from the streaming
server

l /808

Based on determining ihat the client report and the server report
include the identifier, determining that the client analytics data and
the server analytics data are correlated

FiG. 8
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902

Receive client analytics data from a client device, the client
analytics data associated with at least one of receiving,
processing, or playback of a video stream at the client device

l 904

Identify metadata included in the client analytics data, the
metadata indicating that the client analytics data is associated with

a particular video streaming segment

l /806

Identify, based on the particular video streaming segment, a first
analytics server from a plurality of analytics servers

l 908

Route the client analylics data to the first analytics server

FIG. 9
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1008

1002

Receive, at a computing device, a video stream

l 1004

Generate, at the computing device, client analytics data
associaled with at least one of receiving, processing, or playback
of the video stream

l 1006

Transmit, from the computing device, the client analytics data to

an analytics device, the client analvilics data including metadata

indicating the client analytics data is associated with a particular
category of data

FIG. 10
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1100

4 1102

Receive analytics data items at a computing device, each
analytics data item associaled with one or more metadata tags

\ 2 1104

Receive, at the compuling device, input identifying one or mare
identified metadata tags

v yann 1106

Identify, at the computing device, one or more analytics data items
associated with the one or more identified metadala fags

v 1108

Generate, at the computing device, a first graphical user interface
based on the identified one or more analytics data items

=

l 111

Receive, at the computing device, a selection of at least a portion
of the graphical user interface

3

v ok

Identify, at the computing device, one or more particular analytics
data items that are relaled to the portion of the graphical user
interface

l 1114

Generate a second graphical user interface basad on the one or
more particular analytics data items

FiG. 11
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MEDIA PLAYER ANALYTICS

BACKGROUND
[0001] The popularity of the Internet, coupled with the
increasing capabilities of personal/mobile electronic

devices, has provided consumers with the ability to enjoy
multimedia content almost anytime and anywhere. For
example, live content (e.g., sports events) and video on
demand (VOD) content (e.g., television shows and movies)
can be streamed via the Internet to personal electronic
devices (e.g., computers, mobile phones and Internet-en-
abled televisions).

[0002] In some streaming scenarios, an application devel-
oper or vendor may receive performance statistics from a
client that is streaming media from a server. In addition or
in the alternative, the developer or vendor may receive
performance statistics from the server. However, in some
situations, the developer or vendor may not know how the
client statistics relate to the server statistics, and may there-
fore be unable to gain insight into how server performance
impacts client performance, and vice versa.

[0003] Moreover, as the number of media stream provid-
ers increases, the variety of performance statistics requested
by the media stream providers may also increase. To illus-
trate, a television/movie streaming service may request
collection and analysis of different statistics than those
collected and analyzed by a live 24-hour news channel.
Accordingly, it may be challenging for vendors of media
streaming hardware/software to provide a “one-size-fits-all”
analytics framework for all customers.

SUMMARY

[0004] The present application discloses various systems
and methods of coordinating data analytics to improve
performance of streaming servers, client devices, and ana-
lytics servers. In accordance with the present disclosure, a
server identifier (ID) may be assigned to a streaming server,
and the streaming server may include the server ID in data
that is provided to a streaming client. For example, the
streaming server may include the server ID in a master
rendition list (e.g., a manifest, a playlist, etc.), a rendition
chunk list, or media chunks (e.g., segments or fragments)
distributed to a streaming client. During or after receiving a
stream from the streaming server, the streaming client may
send a client report to an analytics server (which in some
examples may be distinct from the streaming server). In
some embodiments, the streaming client may send multiple
client reports to the analytics server. For example, the
streaming client may send client reports at periodic inter-
vals. The client report may identify one or more events that
occurred at the streaming client. For example, the client
report may identify events such as switching between adap-
tive bitrate renditions, rewinding/fast-forwarding/pausing a
video, an error at the streaming client, etc. The client report
includes the server ID and may include client timestamp(s)
corresponding to the event(s) identified in the client report.
[0005] The streaming server may also send a report (e.g.,
a server report) to the analytics server. The server report may
include statistics associated with operations at the streaming
server. For example, the server report may include hardware
performance statistics, the number of clients connected to
the streaming server, details regarding streams being pro-
vided to each of the connected clients, etc. The server report

Aug. 31,2017

further includes the server ID and may include server
timestamp(s) indicating when the statistics identified in the
server report were measured. Because both the client report
and the server report include a common identifier (e.g., the
server ID), the analytics server may correlate events at the
streaming client with substantially contemporaneous perfor-
mance characteristics and operating conditions at the
streaming server, and vice versa. Correlating client analytics
with server analytics may enable determination of how
actions, events, or statistics measured at the client may affect
the server or vice versa. Accordingly, correlating client
analytics with server analytics may enable various advanced
functions to improve an end-user media streaming experi-
ence, such as by adjusting streaming parameters at the
streaming client and/or at the streaming server. For example,
the techniques of the present disclosure may enable an
analytics server to proactively or reactively adjust param-
eters at a client device so that a user experience of viewing
a media stream at the client device is improved (e.g., by
reducing stream lag or interruptions). As another example,
the techniques of the present disclosure may enable an
analytics server to proactively or reactively adjust param-
eters at a streaming server that is serving one or more
streams to one or more client devices (e.g., by improving
resource utilization at the streaming server).

[0006] The present application also discloses systems and
methods that support categorizing analytics data received
from the streaming client. For example, analytics data may
be hierarchically or non-hierarchically categorized. Catego-
rizing and tagging analytics data may enable grouping of
analytics data into meaningful (e.g., to a customer of a
streaming service) groupings (e.g., “buckets”), which may
improve operation of the analytics server, such as by
enabling faster analysis of analytics data and faster access to
analytics data associated with a particular group. In addition,
the present application discloses systems and methods that
enable definition of customized analytics events/statistics/
data. Such customization may provide the ability to tailor
analytics sets for individual use cases.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a diagram of a particular embodiment of
a system that is operable to collect and analyze streaming
analytics;

[0008] FIG. 2 is a diagram illustrating a particular embodi-
ment of a steaming server analytics report;

[0009] FIG. 3 is a diagram illustrating a particular embodi-
ment of a client device analytics report;

[0010] FIG. 4 is a diagram of another particular embodi-
ment of a system that is operable to collect and analyze
streaming analytics;

[0011] FIG. 5 is a diagram illustrating a particular example
of hierarchical categorization of streaming analytics;
[0012] FIGS. 6A and 6B are diagrams illustrating example
embodiments of defining custom client device analytics;
[0013] FIGS. 7A and 7B are diagrams of graphical user
interfaces (GUIs) that may be output by an analytics server;
[0014] FIG. 8 is a flowchart illustrating a particular
embodiment of a method of operation at an analytics server;
[0015] FIG. 9 is a flowchart illustrating a particular
embodiment of a method of distributing analytics data;
[0016] FIG. 10 is a flowchart illustrating a particular
embodiment of a method of generating analytics data;
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[0017] FIG. 11 is a flowchart illustrating a method of
displaying analytics data; and

[0018] FIG. 12 is a diagram of another particular embodi-
ment of a system that is operable to collect and analyze
streaming analytics.

DETAILED DESCRIPTION

[0019] FIG. 1 is a diagram of a particular embodiment of
a system 100 that includes a client device 110, a streaming
server 120, and an analytics server 130. The client device
110, the streaming server 120, and the analytics server 130
may be communicably coupled via one or more networks.
While illustrated in FIG. 1 as individual components, it is to
be understood that one or more of the client device 110, the
streaming server 120, or the analytics server 130 may be
distributed across a plurality of devices. For example, the
analytics server 130 may correspond to a plurality of redun-
dant servers. In examples with redundant servers, the client
device 110 may select or be routed to one or more of the
redundant servers based on a geolocation of the client device
110, based on data provided by the client device 110, or
based on some other factor(s). In the example of FIG. 1, the
analytics server 130 is illustrated as being distinct from the
streaming server 120. In alternative examples, however, the
analytics server 130 and the streaming server 120 may be
part of the same server or computing device. Thus, opera-
tions described herein with reference to the analytics server
130 may be performed by the streaming server 120, and vice
versa.

[0020] The client device 110, the streaming server 120,
and the analytics server 130 may each include a processor
111, 121, 131, a memory 112, 122, 132, and a network
interface 113, 123, 133. Each of the network interfaces 112,
123, 133 enables communication via a network, such as a
local area network (LAN), a wide area network (WAN), an
Internet area network (IAN), or a combination thereof. One
or more of the processors 111, 121, 131 may include one or
more single or multi-core processors. One or more of the
memories 112, 122, 132 may include a random access
memory device, a hard disk drive, a solid state drive, another
type of memory device, or a combination thereof. In par-
ticular embodiments, one or more of the memories 112, 122,
132 include more than one device. The network interfaces
113, 123, 133 may each include one or more wired and/or
wireless interfaces, such as interfaces configured to com-
municate in accordance with an Institute of Electrical and
Electronics Engineers standard (IEEE) (e.g., such as an
IEEE 802.11 standard or an IEEE 802.3 standard), a third
generation (3G) standard, a fourth generation (4G) standard,
etc.

[0021] Examples of client devices include, but are not
limited to, mobile phones, tablet computers, desktop com-
puters, laptop computers, portable media players, wearable
electronic devices, game consoles, televisions, set-top
boxes, etc. The client device 110 may include a media player
application 114. In a particular embodiment, the media
player application 114 corresponds to software instructions
stored in the memory 112 and executable by the processor
111 to perform media player functionality, hardware circuits
of the client device 110, or a combination thereof. In some
examples, the media player application 114 may be a stand-
alone application that is downloaded or installed to the client
device 110. In other examples, the media player application
114 is included in or invoked by another application

Aug. 31,2017

executed at the client device 110. To illustrate, the media
player application 114 may be invoked by a browser appli-
cation when a user of the client device 110 navigates the
browser application to a web page associated with a media
stream, when the user selects a link to a media stream, etc.
A media stream may include data corresponding to media
content (e.g., video content, audio content, text content,
image content, or a combination thereof).

[0022] The media player application 114 may include a
playback module 115 configured to request and receive
media streaming content from a streaming server (e.g., the
streaming server 120) and to render the media streaming
content on a display of the client device 110. The media
player application 114 may also include a player analytics
module 116 configured to determine, collect, and transmit
analytics data associated with the client device 110, as
further described herein.

[0023] In some examples, the client device 110 may
include a location sensor 117. The location sensor 117 may
be configured to determine a location of the client device
110. In particular embodiments, the location sensor 117 may
correspond to or include a global positioning system (GPS)
receiver. When the client device 110 includes the location
sensor 117, the player analytics module 116 may be config-
ured to communicate with the location sensor 117 to receive
location information (e.g., for inclusion in analytics data
transmitted from the client device 110). In some examples,
the client device 110 may not include the location sensor
117, and the player analytics module 116 may determine the
location information based on an Internet protocol (IP)
address associated with the network interface 113.

[0024] In some examples, the streaming server 120 is a
server computing device configured to perform streaming
functionality. Alternatively, the streaming server 120 may be
present in a cloud-based system and operations described
with reference to the streaming server 120 may be per-
formed by multiple computing devices in a cloud computing
environment. The streaming server 120 may include a
transcoder and/or transmuxer 126, such as a hardware
transcoder/transmuxer or a software transcoder/transmuxer.
The transcoder/transmuxer 126 may perform video process-
ing functions to prepare a video stream for transmission to
a client device, such as the client device 110. For example,
a transcoder may be configured to generate new video data
based on input video data, while a transmuxer may be
configured to repackage input video data. It is therefore to be
understood that the transcoder/transmuxer 126 of FIG. 1 is
for illustrative purposes only and is not to be considered
limiting. The techniques of the present disclosure can be
applied in systems including streaming servers equipped
with only transmuxers, only transcoders, or a combination of
transcoders and transmuxers. In a particular embodiment,
the streaming server 120 is configured to serve a video
stream corresponding to a stored video on demand (VOD)
item 125 or to a live stream 124 being received by the
streaming server 120 from a stream capture source, such as
a video camera. The streaming server 120 may also include
a server analytics module 127 configured to determine,
collect, and transmit analytics data associated with the
streaming server 120, as further described herein.

[0025] The analytics server 130 may include a client
analysis module 134, a server analysis module 135, and a
client-server correlated analysis module 136. The modules
134-136 may correspond to or include hardware circuits of
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the analytics server 130, software stored in a computer
readable device (e.g., the memory 132) and executable by
the processor 131, or a combination thereof. In some
examples, components or functions of the analytics server
130 may be distributed among more than one device. For
example, a first set of devices may include components and
perform functions associated with receiving analytics data,
and a second set of devices may include components and
perform functions associated with analyzing analytics data.
The client analysis module 134 may be configured to
perform analysis operations based on analytics data received
from one or more client devices, such as the client device
110. The server analysis module 135 may be configured to
perform analysis operations based on analytics data received
from one or more streaming servers, such as the streaming
server 120. The correlated analysis module 136 may perform
analysis operations based on analytics data received one or
more client devices and one or more streaming servers, as
further described herein.

[0026] In operation, a user of the client device 110 may
initiate execution of the media player application 114. To
illustrate, the user of the client device 110 may navigate a
browser application to a web page, where the media player
application 114 is embedded in the web page or the web
page includes code that causes the media player application
114 to be loaded. Alternatively, the user of the client device
110 may select a link to a video stream on a web page, where
the selection of the link initiates execution of the media
player application 114. As yet another example, the user may
initiate execution of the media player application 114 as a
standalone application that is installed on the client device
110.

[0027] In some examples, a three-phase process may be
used during delivery of content, although it is to be under-
stood that alternative embodiments may involve, more steps,
fewer steps, a different order of steps, or any combination
thereof. In accordance with an illustrative, non-limiting
example, a three-phase process may involve a device receiv-
ing a master rendition list, then receiving a rendition chunk
list corresponding to a rendition identified by the master
rendition list, and then receiving one or more media chunks
identified by the rendition chunk list. To illustrate, the media
player application 114 may cause the client device 110 to
transmit a master rendition list request 151 to the streaming
server 120 via the network interface 113. The streaming
server 120 may receive the master rendition list request 151
via the network interface 123. In a particular example, the
master rendition list request 151 may identify a video on
demand (VOD) item 125 stored in the memory 122. In
response to the master rendition list request 151, the pro-
cessor 121 may identify or generate a master rendition list
152 (e.g., a manifest) associated with the VOD item 125. In
response to the master rendition list request 151, the pro-
cessor 121 may cause the network interface 123 to transmit
the master rendition list 152 and a server ID (“sID” in FIG.
1) 153 associated with the streaming server 120 to the client
device 110. The server ID 153 may be a combination of
characters (e.g., numbers, letters, symbols, or a combination
thereof) that identifies the streaming server 120. The server
1D 153 may be a globally unique identifier. Alternatively, the
server ID 153 may be unique within a set of server IDs
known to the analytics server 130 (or to a set of analytics
servers). In particular examples, the server ID 153 may be
assigned by a network entity (e.g., the analytics server) or
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may be automatically determined based on another identifier
of the streaming server 120, such as a media access control
(MAC) address of the network interface 123.

[0028] The client device 110 may use the master rendition
list 152 to request one or more rendition chunk lists and may
use the one or more rendition chunk lists to request one or
more media chunks of the VOD item 125 (e.g., based on
URLs or URL templates included in the rendition chunk
list(s)). For example, the client device 110 may transmit one
or more media chunk requests 154 to the streaming server
120 via the network interface 113. In some examples, the
client device 110 may periodically transmit requests for
rendition chunk lists when requesting rendition chunk lists
corresponding to a live stream (e.g., because new media
chunks may be added to a rendition chunk list as more of the
live stream is received by the streaming server 120). Simi-
larly, the client device 110 may transmit a single request for
a rendition chunk list when the rendition chunk list corre-
sponds to a video on demand item. The streaming server 120
may receive the media chunk requests 154 via the network
interface 123. In response to the media chunk requests 154,
the processor 121 may cause the network interface 123 to
transmit one or more media chunks 155 of the VOD item
125 to the client device 110. When the streaming server 120
supports adaptive bitrate (ABR) streaming, the media
chunks may correspond to portions of one or more ABR
renditions of the VOD item 125 that are generated by the
transcoder/transmuxer 126 or received from another source.
For VOD, multiple renditions may be stored in a single VOD
file or in multiple VOD files (e.g., where each VOD file
includes a single rendition). In some examples, a VOD file
may be transcoded into one or more different renditions. For
live streams, the streaming server 120 may receive one or
more renditions and may use the transcoder/transmuxer 126
to generate additional renditions. Alternatively, for live
streams, the streaming server 120 may receive all renditions
that are to be made available for streaming, and may thus not
use the transcoder/transmuxer 126 to generate additional
renditions. Adaptive streaming and transcoding operations
are further described with reference to FIG. 9. In some
examples, the streaming server 120 includes the server 1D
153 when transmitting the media chunks 155 to the client
device 110. In some examples, the client device 110 may
send the media chunk requests 154 to a first streaming
server, and the first streaming server may either provide the
requested media chunks 154 to the client device 110 or may
forward the media chunk requests 154 to another streaming
server (e.g., of a server farm) for servicing. In such
examples, the first streaming server may thus perform load
balancing for media chunk requests.

[0029] While the above example describes the client
device 110 requesting a stream corresponding to VOD
content, in alternative examples, the client device 110 may
request and receive a live stream (or ABR renditions
thereof). For example, the streaming server 120 may receive
(and, in some examples, may transcode/transmux) the live
stream 124. In some examples, the live stream 124 may
correspond to a plurality of streams. As in the VOD
example, the streaming server 120 may transmit the server
ID 153 with a master rendition list (or other information)
associated with the live stream 124. Alternatively, or in
addition, the streaming server 120 may transmit the server
1D 153 with media chunks of the live stream 124 (or ABR
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renditions thereof). Thus, the media chunks 155 may cor-
respond to the live stream 124 or the VOD item 125.

[0030] While receiving the media chunks 155, media
player application 114 may utilize the playback module 115
to render and present a representation of the VOD item 125
(or the live stream 124, which in some examples corre-
sponds to multiple streams). Further, the media player
application 114 may utilize the player analytics module 116
to identify events associated with receiving the media
chunks 155, receiving the master rendition list 152, receiv-
ing rendition chunk lists, user interactions associated with
the media player application 114, user interactions associ-
ated with other applications (e.g., a web browser or a social
media application), presenting the representation, events
associated with a status of a the client device 110 (e.g., a
battery level, a physical orientation of the client device 110,
display settings of the client device 110, volume settings of
the client device 110, movement of the client device 110,
etc.), or a combination thereof. Thus, events identified at the
client device 110 may include events related the media
player application 114 as well as events unrelated to the
media player application 114 or user interaction therewith.
An illustrative non-limiting example of a user interaction
associated with the media player application 114 is access-
ing alternate content included with the media chunks 155,
such as closed caption or subtitle data, data events, alternate
camera angles, alternate audio tracks, commentary tracks,
etc. The player analytics module 116 may further identify
statistics, such as a location of the client device 110 deter-
mined by location sensor 117, hardware statistics (e.g., a
temperature of the processor 111, usage of system memory
of the client device 110, etc.), network statistics (e.g., jitter,
dropped packets, round-trip latency, bandwidth usage, etc.),
content statistics (e.g., a number of plays of a media content
item), or a combination thereof.

[0031] In a particular embodiment, the player analytics
module 116 may store the identified events and/or statistics
as player report data in the memory 112. The player report
data may correspond to an in-memory (e.g., in-random
access memory (RAM)) data structure, may correspond to a
log file, or may correspond to another type of data structure
or file. In some examples, the player report data may be sent
to an external storage device. The player report data, which
may correspond to one or more events, may correspond to
one or more statistics, or may correspond to a combination
thereof, may indicate that the identified event(s) and/or
statistic(s) are associated with the streaming server 120
having the server ID 153. Further, the player analytics
module 116 may tag each event and/or statistic with a
timestamp indicating when the event and/or statistic was
measured or determined.

[0032] The player analytics module 116 may further gen-
erate a client report 160 and cause the network interface 113
to transmit the client report 160 to the analytics server 130.
The client report 160 may include client analytics data 161
identifying one or more events and/or statistics logged by
the player analytics module 116, as described above. The
client report 160 may include the server ID 153 and one or
more timestamps 162. For example, each event and/or
statistic described by the client analytics data 161 may have
an associated timestamp 162, as described above. In par-
ticular embodiments, the client report 160 may additionally
include a client ID that (e.g., uniquely) identifies the client
device 110, the media player application 114, or a combi-
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nation thereof. Client reports, such as the client report 160,
may be transmitted by the client device 110 periodically
(e.g., based on a clock), in response to user input, in response
to a particular event (e.g., a “trigger” event, such as playback
of a stream starting, playback of a stream ending, etc.) at the
client device 110, or in response to a request from another
device (e.g., the analytics server 130 or the streaming server
120).

[0033] During operation at the streaming server 120, the
server analytics module 127 may generate server report data
to be stored in the memory 122. The server report data may
correspond to an in-memory (e.g., in-RAM) data structure,
may correspond to a log file, or may correspond to another
type of data structure or file. The server report data may
identify one or more statistics associated with operations of
the streaming server 120. For example, the server report data
may identify a number of outbound streams being served by
the streaming server 120, a number of clients connected to
the streaming server 120, output stream bitrates (e.g.,
bitrates of ABR renditions being served), types of streams
being served (e.g., live vs. VOD vs. digital video recorder
(DVR)), a work load of the streaming server 120 (e.g., how
many processes, such as transcoders, are executing on the
streaming server 120), media content statistics (e.g., which
media content items are being streamed), hardware statistics
(e.g., memory usage, processor temperature, throughput
usage, etc.), and other statistics. Each statistic in the server
report data may be associated with a timestamp identifying
when the server analytics module 127 determined or mea-
sured the statistic.

[0034] Further, the server analytics module 127 may gen-
erate a server report 170. The server report 170 may include
the server ID 153 and server analytics data 171 identifying
one or more statistics associated with operation of the
streaming server 120, where each statistics is associated with
a timestamp 172, as described above with reference to the
server report data. The server analytics module 127 may
cause the network interface 123 to transmit the server report
170 to the analytics server 130. The server report 170 may
be transmitted to the analytics server 130 periodically (e.g.,
based on a clock), in response to a request from the analytics
server, or in response to one or more particular events
occurring at the streaming server 120. In a batch collection
example, server analytics data may be parsed and the server
report 170 may be transmitted to the analytics server 130
once per day. In some examples, server analytics data may
be sent to the analytics server 130 more frequently or less
frequently.

[0035] Although the foregoing example describes the cli-
ent device 110 and the streaming server 120 maintaining
report data and transmitting reports 160, 170 that include
multiple events/statistics, it is to be understood that this is
not to be considered limiting. The client device 110 and/or
the streaming server 120 may additionally or alternatively
transmit data regarding individual events/statistics in real-
time or near-real-time rather than buffering report data for
subsequent transmission. In some examples, analytics data is
buffered and transmission is retried in the event of a trans-
mission error, a lost network connection, etc.

[0036] The analytics server 130 may receive the client
report 160 and the server report 170 via the network inter-
face 133. The analytics server 130 may store the client report
160 and the server report 170 in a storage device (e.g., the
memory 132), which may correspond to RAM, disk storage,
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flash storage, and/or another type of storage device. The
modules 134-136 may perform analytics operations based
on the client report 160, the server report 170, and/or
additional client reports and server reports received from
other client devices and streaming servers.

[0037] In particular embodiments, the correlated analysis
module 136 may determine that the client report 160 (or the
client analytics data 161), or a portion thereof, is correlated
to the server report 170 (or the server analytics data 171), or
a portion thereof, based on the reports 160, 170 including a
common identifier (e.g., the server ID 153). The correlated
analysis module 136 may also determine temporal correla-
tion between the client analytics data 161 and the server
analytics data 171 based on the timestamps 162, 172. The
timestamp 162 may “correspond to” the timestamp 172
when the timestamps 162, 172 are equal or within a thresh-
old range of each other (e.g., clocks at the client device 110
and the streaming server 120 need not be synchronized or
need not generate analytics data at precisely the same time).
In some examples, the client device 110 and the streaming
server 120 generate the timestamps 162, 172 based on a
common clock (e.g., a universal network-accessible clock)
or based on a clock synchronization procedure that is
performed during setup of a streaming session.

[0038] The modules 134-136 may determine various types
of streaming analytics information. For example, the infor-
mation may indicate how user engagement (e.g., how long
users watch a stream, how often users post on social media
regarding a stream, etc.) correlates to streaming server load
(e.g., number of concurrent client device connections, pro-
cessor utilization, memory utilization, network bandwidth/
throughput, etc.). As another example, the information may
indicate how user engagement correlates to stream quality
(e.g., how many and which ABR renditions are being
generated/transmitted, encoders/decoders in use, transcoder
settings, etc.). As another example, the information may
indicate how user engagement correlates to errors at stream-
ing server(s) and/or client device(s). As another example, the
information may indicate how ABR behavior (e.g., when/
how often/how many times client devices change ABR
renditions) correlate to streaming server load, stream quality,
or errors.

[0039] In some examples, the analytics server 130 may
generate and transmit analysis results/commands 182, 184 to
the client device 110, to the streaming server 120, or to both.
For example, when user engagement drops, the analytics
server 130 may send the client device 110, the streaming
server 120, or both, commands requesting additional per-
formance statistics or metrics, commands triggering execu-
tion of particular applications or functions (e.g., health
monitoring software at a streaming server), etc. As another
example, based on the streaming server 120 indicating a
change in number of client connections or computing
resources, the analytics server 130 may proactively instruct
the client device 110 to request a different ABR rendition. As
another example, based on the client device 110 indicating
the occurrence of a particular kind of error, the analytics
server 130 may instruct the client device 110 to perform one
or more error-correction actions or may instruct the stream-
ing server 120 to send test data to the client device 110. The
client device 110 may process the test data and determine
why the error occurred (e.g., encoder/decoder incompatibil-
ity, network packet drops, etc.). As another example, the
analytics server 130 may instruct the streaming server 120 to
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add or remove certain connected client devices, start or stop
accepting new client device connections, add or remove
certain ABR renditions (e.g., make an audio-only ABR
rendition available due to drops in client device bandwidth
or video encoder/decoder incompatibility indicated in client
reports received from client devices), etc. As yet another
example, the analytics server 130 may instruct the client
device 110 to switch to a different content delivery network
(CDN), a different edge server, a different streaming server,
etc. based on received client reports indicating a high
round-trip latency, a large number of dropped packets, or a
small available network bandwidth. As yet another example,
the analytics server 130 may instruct the streaming server
120 or the client device 110 to advertise premium features
(e.g., surround sound, ultra-high-definition video, digital
video recording (DVR) capability, etc.) or offer the premium
features at a discount in response to determining that client
reports indicate that few or no client devices are using the
premium features. The analytics server 130 may instruct a
single client device, a single streaming server, multiple
client devices, or multiple streaming servers, depending on
conditions present in the system 100. In addition or in the
alternative to issuing instructions based on client reports and
the server reports, the analytics server 130 may output data
(e.g., via a graphical user interface) corresponding to the
client reports and the server reports. In an illustrative non-
limiting example, such output data may be requested and
output via a web interface provided by the analytics server
130. For example, a user or owner of a device (e.g., the
streaming server 120 and/or the client device 110), a stream-
ing content provider, a cloud service provider, a CDN, etc.
may generate reports regarding performance of various
devices involved in providing media streams to users. Out-
put data of the analytics server 130 is described in more
detail below with reference to FIGS. 7A and 7B.

[0040] It is to be understood that the examples described
herein are for illustrative purposes only and are not to be
considered limiting. The systems and methods of the present
disclose may enable proactively or reactively instructing a
client device and/or a streaming server to perform any
operation that may mitigate (or reduce the likelihood of) an
error, improve streaming performance, increase revenue
generated by a streaming service provider, decrease a cost
incurred by a streaming service provider or a user, etc. The
systems and methods of the present disclosure may also
enable reporting of client data, server data, and correlated
client/server data.

[0041] The system 100 may thus support collection, stor-
age, transmission, and reporting of analytics data by stream-
ing servers (e.g., the streaming server 120) and client
devices (e.g., the client device 110). The analytics data may
be processed by the analytics server 130 in correlated
fashion based on the presence of a common identifier, such
as the server ID 153. The ability to correlate client analytics
data to server analytics data may provide a more holistic
understanding of operations at the system 100 and may
enable the analytics server 130 to improve overall streaming
performance at the system 100, for example by instructing
the client device 110 or the streaming server 120 to perform
certain operations. Accordingly, the system 100 may support
adjustment of streaming operations based on data that may
have been previously unavailable or uncorrelated. More-
over, the system 100 may support reporting such data to
various interested parties.
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[0042] Referring to FIG. 2, a diagram depicting an
example of a server log file 200 that may be generated at the
streaming server 120 of FIG. 1 is illustrated. For example,
the server log file 200 may be generated by the server
analytics module 127 of FIG. 1. The server log file 200 may
include entries corresponding to data that is included in the
server report 170 of FIG. 1. For example, the server log file
200 may include a server ID 202, which may correspond to
the server ID 153 of FIG. 1. Although FIG. 2 illustrates a log
file, it is to be understood that in alternative embodiments,
data of the log file may also or in the alternative be stored
in an in-memory data structure of a streaming server.
[0043] The server log file 200 may include a plurality of
entries corresponding to the server analytics data 171 of
FIG. 1. An illustrative entry 204 includes a timestamp 206
indicating when the server analytics module 127 identified,
determined, or measured the statistics/event listed in entry
204. Entries in the server log file 200, such as the entry 204,
may identify various statistics and/or events associated with
the streaming server 120, such as how many clients devices
are connected to the streaming server 120, when a new client
device connection is received, the “current” status of hard-
ware (e.g., temperature, usage, etc.), when various streaming
requests are received, when errors occur, etc.

[0044] Referring to FIG. 3, a diagram depicting an
example of a client log file 300 that may be generated at the
client device 110 of FIG. 1 is illustrated. For example, the
client log file 300 may be generated by the player analytics
module 116 of FIG. 1. The client log file 300 may include
entries corresponding to data that is included in the client
report 160 of FIG. 1. For example, the client log file 300 may
include a server ID 302, which may correspond to the server
1D 153 of FIG. 1. Although FIG. 2 illustrates a log file, it is
to be understood that in alternative embodiments, data of the
log file may also or in the alternative be stored in an
in-memory data structure of a client device.

[0045] The client log file 300 may include a plurality of
entries corresponding to the client analytics data 161 of FIG.
1. An illustrative entry 304 includes a timestamp 306 indi-
cating when the player analytics module 116 identified,
determined, or measured the statistics/event listed in entry
304. Entries in the client log file 300, such as the entry 304,
may identify various statistics and/or events associated with
the media player application 114 or the client device 110,
such as when a master rendition list is requested and
received, when rendition chunk list(s) are requested and
received, when media chunk(s) are requested and received,
the “current” status of hardware (e.g., temperature, usage,
etc.), when a switch to a different ABR rendition occurs,
when errors occur, user engagement information, user inter-
actions (e.g., pausing, rewinding, or fast forwarding a
stream), a location of the client device 110, etc. In addition,
entries of the client log file 300 may include statistics and/or
events associated with another application at the client
device 110 or with a web page viewed at the client device
110. For example, the client log file 300 may include entries
describing user interaction with a social media application or
web page.

[0046] Referring to FIG. 4, a diagram of a system 400 for
generating, distributing, and processing media player ana-
lytics data is shown. The system 400 includes a first client
402 and a second client 406. One or both of the clients 402,
406 may include components corresponding to components
of the client device 110 of FIG. 1. The system 400 further
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includes a streaming server 404. In particular examples, the
streaming server 404 may correspond to a plurality of
streaming servers. The streaming server 404 may include
components corresponding to the components of the stream-
ing server 120 of FIG. 1. The system 400 may further
include a computing device 408. The computing device 408
may include a processor, memory, and one or more network
interfaces (not shown). The system 400 may further include
a first analytics server 410, a second analytics server 412, a
third analytics server 414, and a fourth analytics server 416.
One or more of the analytics servers 410-416 may include
components analogous to components of the analytics server
130 of FIG. 1. Although four analytics servers 410-416 are
shown in FIG. 4, it is to be understood that more or fewer
analytics servers may be present in alternative embodiments.

[0047] In operation, each of the clients 402, 406 may
stream media from the streaming server 404. For example,
the first client 402 may establish a first streaming session
with the streaming server 404 and receive a video stream
440 during the first streaming session. The first streaming
session may be associated with a session ID 442 and the
video stream 440 may include the session ID 442 (e.g., the
session ID 442 may be included in a master rendition list, in
individual rendition chunk lists, in individual media chunk
(s), in a stream URL, etc.). As used herein, a session ID may
(e.g., uniquely) identify a streaming session, such as a
hypertext transfer protocol (HTTP)-based ABR streaming
session, between a client device and a streaming server,
during which the client device 110 may receive a video
stream from the streaming server. When the same client
device conducts multiple concurrent or non-concurrent
streaming sessions with the same streaming server, each of
the streaming sessions may have a different session ID.

[0048] Similarly, the second client 406 may establish a
second streaming session with the streaming server 404 and
receive a video stream 450 during the second streaming
session. The second streaming session may precede, be at
least partially concurrent with, or may follow the first
streaming session. The second streaming session may be
associated with a session ID 452 and the video stream 450
may include the session ID 452 (e.g., the session ID 452 may
be included in a master rendition list, in individual rendition
chunk lists, in individual media chunk(s), in a stream URL,
etc.). The video streams 440, 450 may correspond to the
same video content or to different video content. In some
embodiments, the streaming server 404 may send video
streams to a CDN (e.g., to one or more geographically
distributed edge servers of the CDN) for further downstream
distribution to clients. In such embodiments, the first client
402 and the second client 406 may each receive a video
stream with the same session ID (e.g., because there may be
a single request from the CDN to the streaming server 404),
but the clients 402, 406 may have different client IDs.
Accordingly, the session 1D 442 may be the same or may be
different from the session ID 452, and client IDs may be
used to distinguish clients in situations where the session
IDs 442, 452 are the same.

[0049] While receiving the video stream 440, the first
client 402 may generate first analytics data 420. For
example, the first client 402 may generate the first analytics
data 420. The first analytics data 420 may correspond to the
client analytics data 161 or to the client report 160 of FIG.
1. Accordingly, the first analytics data 420 may include one
or more timestamp(s) and server ID(s). In other examples,
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the first analytics data 420 may not include timestamp(s)
and/or server ID(s). Alternatively, or in addition, the first
analytics data 420 may include metadata 422 and/or the
session 1D 442. In particular examples, the metadata 422
categorizes the first analytics data 420 according to a hier-
archy, as described further with reference to FIG. 5. The
metadata 422 may alternatively correspond to a list of (e.g.,
non-hierarchical) labels or tags associated with the first
analytics data 420.

[0050] The first client 402 may send the first analytics data
420 to the computing device 408, as shown. The computing
device 408 may receive the first analytics data 420 and route
the first analytics data 420 to one of the analytics servers
410-416 based on the metadata 422, the session identifier
442, or a combination thereof. For example, the metadata
422 may identity the first analytics data 420 as belonging to
a first particular hierarchical category. The computing device
408 may identify the second analytics server 412 as corre-
sponding to the first particular hierarchical category and
route the first analytics data 420 to the second analytics
server 412. In other examples, the first client 402 may send
the first analytics data 420 to one of the analytics servers
410-416.

[0051] Similarly, while receiving the video stream 450, the
second client 406 may generate second analytics data 430.
The second analytics data 430 may include one or more
timestamp(s) and server ID(s). In other examples, the second
analytics data may not include timestamp(s) and/or server
ID(s). Alternatively, or in addition, the second analytics data
430 may include metadata 432 and/or the session ID 452. In
particular examples, the metadata 432 categorizes the sec-
ond analytics data 430 according to a category hierarchy, as
described further with reference to FIG. 5. The metadata 432
may alternatively correspond to a list of (e.g. non-hierarchi-
cal) labels or tags associated with the second analytics data
430.

[0052] The second client 406 may send the second ana-
lytics data 430 to the computing device 408, as shown. The
computing device 408 may receive the second analytics data
430 and route the second analytics data 430 to one of the
analytics servers 410-416 based on the metadata 432, the
session ID 452, the load of one or more of the analytics
servers 410-416, the geo-location of one or more of the
analytics servers 410-416, or a combination thereof. For
example, the metadata 432 may identify the second analytics
data 430 as belonging to a second particular hierarchical
category. The computing device 408 may identify the third
analytics server 414 as corresponding to the second particu-
lar hierarchical category and route the second analytics data
430 to the third analytics server 414 accordingly.

[0053] Depending on the particular implementation, dif-
ferent analytics servers may be assigned to different stream-
ing servers, different groups of clients, different types of
media streams, etc. The computing device 408 may thus
utilize information included in client analytics data to route
data to an appropriate analytics server, which may enable
load balancing at the system 400. In some examples, the
computing device 408 may receive commands (e.g., the
analysis results/commands 182 or the analysis results/com-
mands 184) from the analytics servers 410-416 and forward
the commands to the appropriate client or streaming server.
Alternatively, the analytics servers 410-416 may transmit
the commands to the clients or streaming servers without
transmitting to the computing device 408.
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[0054] Thus, FIG. 4 illustrates how analytics data may be
sent to different analytics servers based on the type of
statistics/events described by the analytics data (e.g., as
indicated by metadata), based on a session ID, or a combi-
nation thereof. Accordingly, the work load of any particular
analytics server may be reduced.

[0055] Referring to FIG. 5, a diagram 500 illustrating
hierarchical classification of analytics data is shown. The
diagram 500 illustrates a first tree structure 501 and a second
tree structure 502, each including a hierarchical classifica-
tion of analytics data. The metadata 422, 432 may indicate
node(s) of the tree structures 501, 502, and may thus indicate
a hierarchical classification of analytics data.

[0056] Categorizing analytics data may enable a streaming
service provider to group data into meaningful sets for
analysis. For example, analytics data may be categorized by
customer, individual application or stream, market segment,
A/B testing of an application or website feature, VOD vs.
live streaming, paying vs. non-paying client devices, cloud
vs. on-premises stream delivery, CDN used for stream
delivery, media player application version (e.g., trial vs. paid
user or media player application, version number, etc.), etc.

[0057] In the illustrated example, the first tree structure
501 includes a customer 1 node 504. Analytics data associ-
ated with customer 1 may correspond to the node 504 or to
a child node of the node 504. Customer 1 may be a content
provider (e.g., a television network, movie studio, etc.) that
utilizes a streaming service to provide content to users. Such
a streaming service may provide streaming servers (e.g., the
streaming server 120 or the streaming server 404) to dis-
tribute content, such as the VOD item 125 or the live stream
124. The customer 1 node 504 has two child nodes: a live
node 506 and a VOD node 508. Thus, analytics data
associated with live streams of customer 1 may correspond
to the node 506 (or a child node thereof), and analytics data
associated with VOD streams of customer 1 may correspond
to the node 508 (or a child node thereof). The VOD node 508
has two child nodes, an A node 510 and a B node 512,
corresponding to A/B website testing. Thus, analytics data
generated by client devices visiting the A version of the
website may correspond to the node 510 (or a child node
thereof), and analytics data generated by client devices
visiting the B version of the website may correspond to the
node 512. Categorizing data as shown in the first tree
structure 501 may enable comparing sets of analytics data
(e.g., VOD performance vs. live performance, A website
performance vs. B website performance, etc.). To illustrate,
the tree structures 501, 502 may enable answering perfor-
mance queries such as “show me all VOD plays for cus-
tomer 2,” “show me user engagement data for the VOD item
‘BigBuckBunny,”” “show me a comparison of performance
statistics between the A and B versions of the website,” etc.

[0058] In the example of FIG. 5, the tree structures 501,
502 have the same hierarchical structure of nodes. In alter-
native examples, different hierarchical structures may be
defined for different customers (or other root nodes). Thus,
other hierarchical classification schemes may be used
according to the systems and methods described herein. In
a particular example, different analytics servers may be
associated with different node(s) of the tree structures 501,
502. The computing device 408 of FIG. 4 may thus route
analytics data to one of the analytics servers 410-416 based
on which node is indicated by metadata associated with the

Sportradar 1049

Page 22



US 2017/0250882 Al

analytics data. Accordingly, FIG. 5 illustrates a hierarchical
classification scheme that may be used to classify and route
analytics data.

[0059] FIG. 5 also illustrates an example 514 of how client
analytics data or server analytics data may be formatted. In
particular, as shown in FIG. 5, each analytics data payload
(e.g., event or statistic) may include or be associated with
one or more of a server ID, a client ID, a session ID,
metadata/tags, and a timestamp. The metadata/tags may be
hierarchical (as described with reference to the tree struc-
tures 501, 502) or may be non-hierarchical. To illustrate,
suppose that for data analysis purposes, a customer sets up
metadata/tags to compare user engagement for trial vs. paid
users, AB versions of a website, and if the user was referred
from a partner’s website. When a media player application
or streaming session is configured, metadata/tags may be
assigned to represent these attributes. For example, analytics
data from a first client may have the metadata/tags “trial,”
“A,” and “partnerl” indicating that the analytics data is
associated with a trial version of a media player application
streaming content in response to interaction with an “A”
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version of a website of a partnerl (partnerl may be a partner
of a streaming service customer). A second client may have
the metadata/tags “paid,” and “B.” Analytics data from a
third client may have the metadata/tags “paid,” “B,” and
“partner2” indicating that the analytics data is associated
with a paid version of a media player application streaming
content in response to interaction with an “B” version of a
website of a partner2 (partner2 may be a partner of a
streaming service customer). Querying analytics data based
on the metadata/tags may enable answering queries such as
“show me (e.g., a streaming service customer) engagement
data for all trial viewers coming from partner 1 (e.g., a
partner of the streaming service customer),” “show me (e.g.,
a streaming service customer) engagement data coming
from paid customers with traffic coming from our website
(rather than partners),” etc. Metadata/tags may thus, in some
examples, be assigned on a per-session basis.

[0060] It is to be understood that the various example of
server-side and client-side analytics data described herein
are for example only and are not to be considered limiting.
Additional illustrative, non-limiting examples of client-side
analytics are provided in Table 1 below.

TABLE 1

Analytics
Event/Data Type

Header or Payload Fields

INIT

PLAY_START

ASSET

VIEWER

PLAYER

PLAYER_TECH

PLATFORM
BROWSER

analytics schema version, session ID, customer ID, customer
license key, customer partition, metadata tags, client IP address,
authorization string, authorization schema version, time/date (Posix
milliseconds (ms) since Jan. 1, 1970)

analytics schema version, payload type, ASSET, VIEWER,
PLAYER, PLAYER TECH, PLATFORM, BROWSER, server ID,
time (e.g., coordinated universal time (UTC)), time zone offset,
daylight savings time offset, authorization schema version,
time/date (Posix ms since Jan. 1, 1970)

asset ID (e.g., stream URL), base URL (not including query
parameters), full URL (including query parameters), duration (if
VOD asset), VOD (true/false), live (true/false), DVR (true/false),
autoplay (true/false), bitrate, audio codec, audio codec string, audio
codec ID, number of audio channels, audio frequency, audio
samples per frame, video codec, video codec string, video codec
ID, frame horizontal size, frame vertical size, display horizontal
size, display vertical size, video frame rate, video key frame
interval, video profile, video level

viewer ID, viewer creation time, first time viewer ID created
(true/false)

player type, player version, build date, build number, asset base
URL, web page URL, player properties (e.g., title, debug level,
ABR auto switching enabled, watermark location, volume, show
quick rewind, debug log, mute, loop, audio only, show full screen,
show duration vs. time remaining, source URL, auto play, debug
streamer, buffer time fill, show bitrate selector, show closed
caption selector, stream retry media chunk interval, show share,
debug analytics, retry media chunk maximum retries, show casting,
debug stats, use hardware decoding, show seek hover preview,
starting bitrate, poster frame fill mode, capture debug analytics,
quick rewind seconds, show watermark, limit by screen size, etc.)
version, player type, is debugger, has input method editor (IME),
has MP3 decoder, has printing, has screen broadcast, has screen
playback, has streaming audio, has streaming video, supports TLS,
has video encoder, is embedded in document reader, language, file
read disable, manufacturer, max H264 IDC level, operating system,
pixel aspect ratio, screen color, screen dots per inch, horizontal
resolution, vertical resolution, 32 bit, 64 bit, touchscreen type,
avHardware disable, CPU architecture, accessibility, audio, audio
encoder, has embedded video, true/false flags for specific audio
codecs

architecture, operating system

browser code name, browser name, version, language code,
platform, product, user agent, cookies enabled, online
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TABLE 1-continued

Analytics
Event/Data Type

Header or Payload Fields

UPDATE
FINISH
CHUNK EVENT

MARKER
EVENT

SEEK EVENT
PAUSE EVENT

RESUME
EVENT
STOP EVENT

COMPLETE
EVENT
BUFFER-START
EVENT
BUFFER-END
EVENT
VOLUME
EVENT

SIZE EVENT

VISIBLE EVENT

ERROR EVENT

ABR_DEBUG
EVENT

analytics schema version, payload type, array of EVENTs
analytics schema version, payload type, array of EVENTs

event sequence number, event type (“chunk™), media chunk URL,
current bitrate, ABR engine in manual mode?, number of bytes in
media chunk, total bytes downloaded, download duration, parse
duration, buffer fullness (minimum time, maximum time, minimum
frames, maximum frames)

[MARKER EVENT occurs: every 1% of VOD (with lower bound
of 1,000 ms and upper bound of 10,000 ms), every 10,000 ms for
live. MARKER EVENTS can be used to estimate when user
engagement ends in the event a STOP EVENT is not received.]
event sequence number, event type (“marker”), UTC time,
percentage (though VOD asset)

event sequence number, event type (“seek”), starting time, seek
time, UTC time of seek

event sequence number, event type (“pause”), pause time, UTC
time of pause

event sequence number, event type (“resume”), resume time, UTC
time of resume

event sequence number, event type (“stop™), stop time, UTC time
of stop

event sequence number, event type (“complete”), complete time,
UTC time of complete

event sequence number, event type (“buffstart”), playhead time that
buffering started, UTC time buffering started

event sequence number, event type (“buffend”), playhead time that
buffering ended, UTC time buffering ended

event sequence number, event type (“volume”), resume time, UTC
time of seek, volume value, is muted?

event sequence number, event type (“size”), resume time, UTC
time of seek, height, width, isfullscreen?

event sequence number, event type (“visible”), resume time, UTC
time of seek, isplayervisible?

event sequence number, event type (“error’), playhead time that
error occurred, UTC time that error occurred, error level

(warning = 1, error = 2, fatal = 3), message string

event sequence number, event type (“abrDebug”), ABR engine in
manual mode?, decision (up, down, keep, undecided), bitrates
(comma-separated list), current bitrate, next higher bitrate, next
lower bitrate, throughput, weighted throughput, frames per second
(fps) desired, highest dropped fps (current bitrate), highest dropped
fps (higher bitrate) maximum desired dropped fps ratio, dropped
fps time window, buffer fullness, minimum desired buffer fullness

[0061]

Table 1 thus illustrates examples of client-side
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a media player application 603. The media player applica-

analytics that a media player application may be preconfig-
ured (e.g., programmed) to capture. Alternatively, or in
addition, the techniques of the present disclosure may enable
a media player application to capture custom client-side
analytics. For example, custom analytics definitions may be
provided to a media player application at runtime and/or at
design time, as further described with reference to FIG. 6.
The present disclosure may thus enable individual streaming
service providers, streaming server owners, CDNSs, etc. to
define custom analytics will be determined by client devices
and made available for reporting.

[0062] Referring to FIG. 6A, a system 600 that supports
definitions of custom player statistics/events at runtime is
shown. The system 600 includes a client device 602 and an
analytics server 604. The client device 602 may correspond
to the client device 110 of FIG. 1, the first client 402, the
second client 406 of FIG. 4, or a combination thereof. The
analytics server 604 may correspond to the analytics server
130 of FIG. 1, the computing device 408, the first analytics
server 410, the second analytics server 412, the third ana-
lytics server 414, the fourth analytics server 416 of FIG. 4,
or a combination thereof. The client device 602 may execute

tion 603 may correspond to the media player application 114
of FIG. 1.

[0063] The media player application 603 may be config-
ured to generate “standard” player analytics data 616,
including but not limited to the analytics data illustrated in
Table 1 above. For example, the media player application
603 may include a player analytics module (e.g., the player
analytics module 116) that is configured to generate statistics
and/or log events based on one or more of standard or
default definitions of events and/or statistics. The media
player application 603 may be configured to cause the client
device 602 to transmit the standard analytics data 616 to the
analytics server 604.

[0064] The media player application 603 may also support
a custom data definition 612. The custom data definition 612
may define an event or statistic for the media player appli-
cation 603 to monitor that is not included in the standard
definitions. To illustrate, the custom data definitions 612
may define a user interaction with the media player appli-
cation 603 not defined by the standard definitions. In another
example, the custom data definition 612 may define a user
interaction with a social media application or website that is

Sportradar 1049

Page 24



US 2017/0250882 Al

not defined by the standard definitions. In another example,
the custom data definition 612 may define statistics associ-
ated with the client device 602, such as hardware perfor-
mance statistics that are not defined by the standard defini-
tion.

[0065] It is to be understood that FIG. 6A represents
various examples of providing custom analytics definitions
to the media player application 603. In one example, the
client device 602 may “receive” the custom data definition
612 as part of a web page that is configured to cause the
client device 602 to launch the media player application 603.
For example, the custom data definition 612 may be
included in a script embedded in the web page. The script
may be configured to cause the client device 602 to launch
the media player application 603, and information regarding
custom analytics definitions (e.g., the custom data definition
612) may be passed to the media player application 603 via
an application programming interface (API) supported by
the media player application 603. Alternatively, the custom
data definition 612 may be received by the client device 602
during execution of the media player application 603 and
may be provided to the media player application 603 via an
API. Thus, an API call to provide information regarding
custom analytics definitions may be made from code that is
executing at the client device 602 alongside the media player
application 603 or may be a call that is external to the media
player application 603. The media player application 603
may generate custom analytics data 618 based on the custom
data definition 612. The custom analytics data 618 may
correspond to the client report 160, the client analytics data
161 of FIG. 1, the first analytics data 420, the second
analytics data 430 of FIG. 4, or a combination thereof. Thus,
the custom analytics data 618 may include one or more
timestamps, one or more server IDs, one or more session
IDs, a client ID, metadata/tags, or a combination thereof.
[0066] In some examples, media player application 603
collects custom analytics data in response to detecting a
specific event or in response to detecting that a particular
statistic has a particular value or satisfies a particular thresh-
old. The media player application 603 may communicate
analytics data (e.g., the standard analytics data 616 and the
custom analytics data 618) via an API call. For example, a
“postAnalyticsEvent” call may be used to post (e.g., via a
HTTP POST command) a time-based event to the analytics
server 604.

[0067] Whereas FIG. 6A illustrates an example of provid-
ing a custom data definition to the media player application
603 at runtime after the media player application 603 is
installed on the client device 602, FIG. 6B illustrates an
alternative embodiment of a system 650 in which definitions
of custom player statistics/events are added to a media
player application at design time before the media player
application is deployed to a client device.

[0068] The system 650 includes a client device 654 and an
application development/deployment device 652. The client
device 654 may correspond to the client device 110 of FIG.
1, the first client 402, the second client 406 of FIG. 4, or a
combination thereof. The application development/deploy-
ment device 652 may include one or more network inter-
faces, one or more processors, and one or more memory
devices (not shown). The application development/deploy-
ment device 652 may be configured to compile, link, and/or
distribute (e.g., via download, via an application storefront,
etc.) a media player application 664 to the client device 654
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(and additional client devices). The media player application
664 may correspond to the media player application 114 of
FIG. 1. The media player application 664 may include a
plurality of standard definitions of events and/or statistics
that the media player application 664 is to monitor and
report (e.g., to an analytics server). For example, the media
player application 664 may be preconfigured to capture
analytics including but not limited to those illustrated in
FIG. 1 above.

[0069] The application development/deployment device
652 may also support defining custom analytics events/
statistics. For example, the application development/deploy-
ment device 652 may receive a custom data definition 660
and may incorporate the custom data definition 660 in the
media player application 664 (e.g., in an executable file or
installation package corresponding to the media player
application 664). The custom data definition 660 may define
an event or statistic for the media player application 664 to
monitor that is not included in the standard definitions, as
described with reference to the custom data definition 612 of
FIG. 6A.

[0070] The media player application 664 may be installed
at the client device 654. During execution, the media player
application 664 may generate custom analytics data based
on the custom data definition 660. The custom analytics data
may correspond to the client report 160, the client analytics
data 161, the first analytics data 420, the second analytics
data 430, or a combination thereof. Thus, the custom ana-
lytics data may include one or more timestamps, one or more
server IDs, one or more session IDs, a client ID, metadata/
tags, or a combination thereof.

[0071] Insome examples, the custom data definitions 612,
660 of FIGS. 6A-6B may be received from a device asso-
ciated with a customer of a streaming service, such as an
entity that distributes media streams and media players
through a streaming service. Accordingly, an individual
customer of the streaming service may define custom data to
be monitored for by a general purpose media player distrib-
uted by the streaming service. FIGS. 6A and 6B thus
illustrate runtime and design time examples implementing
custom analytics, such as by using API that enables custom
code bundled into a “standard” media player software devel-
opment kit (SDK) to post custom data into an analytics
server data stream. The API may enable individual stream-
ing service providers or customers to define their own
desired analytics data that is to be collected by media player
applications (in addition to any default analytics data that are
predefined by a vendor of the media player applications).
Examples of custom data include, but are not limited to,
fine-grained user engagement data, closed captions or other
timed metadata associated with a media stream (e.g., an
illustrative video stream 610 in FIG. 6A), data generated by
custom modules/plug-ins of a media player application, data
associated with social networking feeds or websites, user
interactions with user interface elements outside a media
player application, etc. In particular embodiments, a custom
data definition or a request to add specific hierarchical or
non-hierarchical metadata/tags is communicated using an
API of a media player, such as a JavaScript® or Action-
Script® API (JavaScript is a registered trademarks of Oracle
America, Inc. of Redwood Shores, Calif.; ActionScript is a
registered trademark of Adobe Systems Incorporated of San
Jose, Calif.). In some examples, the custom analytics data
described with reference to FIGS. 6A and 6B are associated
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with custom metadata and/or tags, so that the custom ana-
lytics data can be classified and displayed accordingly, as
further described with reference to FIGS. 7A and 7B.

[0072] Referring to FIG. 7A, a diagram illustrating a
graphical user interface (GUI) 700 that may be output by an
analytics server (e.g., the analytics server 130 of FIG. 1 or
one of the analytics servers 410-416 of FIG. 4) is shown. The
GUI 700 may be output, for example via a web interface, to
another computing device. The GUI 700 may correspond to
(e.g., may display data related to) a particular customer of a
streaming service. In the illustrated example, the GUI 700
corresponds to “Customer 1.” In particular examples, the
customer may access the GUI 700 from a computing device
by providing credentials (e.g., a username, a password, etc.)
to the analytics server (e.g., via the web interface). In
response to the credentials, the analytics server may output
the GUI 700 to the computing device. The GUI 700 may
further be configured to transmit user input to the analytics
server (e.g., via the web interface) and to display data
received based on the user input, as further described herein.

[0073] To illustrate, the GUI 700 includes a selection
element 702. In the illustrated example, the selection ele-
ment 702 corresponds to a drop down box, but other types
of GUI elements may be used in alternative embodiments. In
some examples, the selection element 702 corresponds to a
plurality of GUI elements (e.g., drop down boxes, radio
buttons, text boxes, other GUI elements, or a combination
thereof). The selection element 702 may enable a user to
select a particular type of data. The selectable types of data
may be classified by hierarchical metadata tags, non-hier-
archical metadata tags, metadata tags corresponding to cus-
tom data definitions, or a combination thereof, as described
with reference to FIGS. 5-6. In particular examples, the
selection element 702 may enable the user to input queries
based on relational operators (e.g., union, intersection, etc.)
between types of data. For example, the selection element
702 may enable selection of the intersection of data tagged
by a particular hierarchical metadata tag and a particular
metadata tag associated with a custom data definition. In
particular examples, the selection element 702 may enable
selection of one or more streaming servers, media player
applications, client devices, or a combination thereof. Thus,
a user may utilize the GUI 700 to, for example, view
analytics data collected based on streams from a particular
streaming server, a particular version of a media player
application, a particular client device, etc. In the embodi-
ment of FIG. 7A, the GUI 700 is displaying analytics data
collected based on streaming of VOD content on Website A
of Customer 1 (e.g., corresponding to the node 510 in the
hierarchical classification of FIG. 5).

[0074] The GUI 700 further includes a display area 704.
The display area 704 may be configured to display analytics
data received from the analytics server based on a selection
input via the selection element 702. The analytics data
displayed in the display area 704 may include analytics data
received from one or more client devices, analytics data
received from one or more streaming servers, correlated
client-server analytics data as described with reference to
FIG. 1, hierarchically classified analytics data as described
with reference to FIG. 5, custom analytics data as described
with reference to FIGS. 6A and 6B, or any combination
thereof. Each data item (e.g., event or statistic) may include
a server ID because, as described above with reference to
FIG. 1, both client data and server data may include a server
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ID. Client data displayed in the display area 704 may further
include a client ID. In some examples, although not shown
in FIG. 7A, client data and/or server data may include a
session 1D, as described with reference to FIG. 4.

[0075] Thus, the GUI 700 may enable a user to identify
events and statistics that occur at both client devices and
streaming servers that are streaming to those client devices,
and how the statistics are related. For example, if the GUI
700 indicates that a client device experienced streaming
errors at a particular point in time, the user may use the GUI
700 to view other substantially contemporaneous analytics
data and check whether other client devices experienced
similar errors, whether conditions at the streaming server
may be the reason for the client-side errors, etc. To illustrate,
the user may select a portion of the GUI 700, such as the
server ID “x23aemlp”, as shown at 706. In response, the user
may be presented with another GUI, such as an illustrative
GUI 750 of FIG. 7B, listing various events collected for the
server corresponding to the server ID x23aemlp. Thus,
selecting the server ID “x23aemlp” in the GUI 700 may
enable the user to “drill-down” on the server and view other
analytics for the server that may not be included in the GUI
700. In the example of FIG. 7B, the GUI 750 shows events
associated with the server ID x23aemlp that are not limited
to VOD items on website A. Based on this information, the
user may conclude that the streaming server was overloaded
and may take remedial steps to decrease the likelihood of
such errors occurring in the future. It is to be understood that
the embodiment of FIGS. 7A and 7B is not to be considered
limiting. In alternative embodiments, the user may select a
different portion of the GUI 700 (or a different GUI) to view
“drill-down” information related to a client ID, a session ID,
a particular time, a type of event/statistic/error, etc.

[0076] In a particular example, the display area 704 may
include a “roll-up” of data about clients connected to a
streaming server. For example, the display area 704 may
indicate a total number of active sessions supported by the
streaming server, an average viewing time of clients com-
municating with the streaming server, a graph of when
clients joined and left one or more media streams output by
the streaming server, a timeline of events recorded at the
media server, viewership broken up by geography or other
demographics, a timeline including errors, ABR renditions
supported by the streaming server, or a combination thereof.
[0077] As another example, the user may use the GUI 700
to compare different hierarchical sets of data (e.g., VOD vs.
Live video on Website A, Website A vs. Website B, paying
client devices vs. free-to-stream client devices, streaming
via CDN 1 vs. streaming via CDN 2, etc.). It should be noted
although the GUI 700 of FIG. 7A and the GUI 750 of FIG.
7B illustrate reporting of analytics data in a tabular format,
in alternative embodiments, analytics data may be reported
in other formats, such as using visual charts, interactive
graphics, etc.

[0078] Referring to FIG. 8, a flowchart illustrating an
example of a method 800 of coordinating analytics between
a media player and a server is shown. The method 800 may
be performed, for example, by the analytics server 130 of
FIG. 1 or one of the analytics servers 410-416 of FIG. 4.
[0079] The method 800 may include receiving a client
report, at 802. The client report may include an identifier and
client analytics data. The client report may be received from
a client device and the client analytics data may be associ-
ated with a media stream received by the client device from
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a streaming server. For example, the analytics server 130
may receive the client report 160 from the client device 110
of FIG. 1. The client report 160 may include the server ID
153 of the streaming server 120 and the client analytics data
161. The client analytics data 161 may be associated with the
client device 110 streaming video from the streaming server
120. For example, the client analytics data 161 may report
user engagement with a media stream, hardware perfor-
mance of the client device 110 while receiving the media
stream, user interaction with another application or website
while receiving the media stream, a location of the client
device while receiving the media stream, etc.

[0080] The method 800 may also include receiving a
server report, at 804. The server report may include the
identifier and server analytics data. The server report may be
received from the streaming server. For example, the ana-
lytics server 130 may receive the server report 170 from the
streaming server 120 of FIG. 1. The server report 170 may
include the server ID 153 and the server analytics data 171.
The server analytics data 171 may report statistics and/or
events detected by the streaming server 120.

[0081] The method 800 may further include, based on
determining that the client report and the server report
include the identifier, determining that the analytics data and
the server analytics data are correlated, at 806. For example,
the correlated analysis module 136 may determine that both
the client report 160 and the server report 170 include the
server 1D 153. Accordingly, the correlated analysis module
136 may correlate the client analytics data 161 with the
server analytics data 171. In particular examples, the ana-
lytics server may generate the analysis results/commands
182, 184 based on the correlation of the client analytics data
161 and the server analytics data 171, as described with
reference to FIG. 1.

[0082] The method 800 may improve functioning of a
computer system, such as the system 100, by enabling a
server (e.g., the analytics server 130) to control a client
and/or a server based on synchronized analytics received
from a server and a client. For example, such synchronized
analytics may enable the analytics server to determine that
an event or action at the client may be affecting the server
in a particular way or vice versa. Accordingly, the analytics
server may issue one or more commands to the server or the
client to decrease or increase a particular effect of actions of
the server on the client or vice versa. In addition or in the
alternative, the synchronized analytics may be output (e.g.,
via a web interface or GUI, as described with reference to
FIG. 7) to facilitate understanding client and server usage
and behavior.

[0083] Referring to FIG. 9, a flowchart illustrating a
method 900 of routing analytics data is shown. The method
900 may be performed by a computing device, such as the
computing device 408 of FIG. 4.

[0084] The method 900 may include includes receiving
client analytics data from a client device, at 902. The client
analytics data may be associated with at least one of receiv-
ing, processing, or playback of a media stream at the client
device. For example, the computing device 408 may receive
the first analytics data 420 of FIG. 4. The first analytics data
420 may be associated with an event and/or statistics
detected at the first client 402 and associated with the video
stream 440.

[0085] The method 900 may also include identifying
metadata included in the client analytics data, at 904. The
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metadata may indicate that the client analytics data is
associated with a particular category of data. For example,
the computing device 408 may identify the metadata 422
included in the first analytics data 420. The metadata 422
may label or tag the first analytics data 420. In particular
examples, the metadata 422 may identify a category (e.g., a
hierarchical category) to which the first analytics data 420
belongs, as described with reference to FIG. 5.

[0086] The method 900 may further include identifying,
based on the particular category, a first analytics server from
a plurality of analytics servers, at 906. For example, the
computing device 408 may identify the second analytics
server 412 as being associated with the streaming segment
identified by the metadata 422. The method 900 may include
routing the client analytics data to the first analytics server,
at 908. For example, the computing device 408 may route
the first analytics data 420 to the second analytics server
412.

[0087] The method 900 may improve functioning of a
computer system, such as the system 400, by enabling a
device (e.g., the computing device 408) to route analytics
data to particular analytics servers. Accordingly, demand on
any one analytics server may be reduced and results from
any particular analytics server may be obtained more
quickly.

[0088] FIG. 10 is a flowchart illustrating a method 1000 of
generating analytics data. The method 1000 includes receiv-
ing, at a computing device, a media stream, at 1002. For
example, the first client 402 may receive the video stream
440.

[0089] The method 1000 further includes generating, at
the computing device, client analytics data associated with
at least one of receiving, processing, or playback of the
media stream, at 1004. For example, the first client 402 may
generate the first analytics data 420. The first analytics data
420 may be associated with receiving the video stream 440,
processing the video stream 440, or playback of the video
stream 440.

[0090] The method 1000 further includes transmitting,
from the computing device, the client analytics data to an
analytics device, where the client analytics data includes
metadata indicating that the client analytics data is associ-
ated with a particular category of data, at 1006. For example,
the first client 402 may transmit the first analytics data 420
to the computing device 408 or to one of the analytics
servers 410-416. The first analytics data 420 may include the
metadata 422. The metadata 422 may identify the first
analytics data 420 as belonging to a particular category. In
a particular example, the particular category may correspond
to a hierarchical category as described with reference to FIG.
5. In other examples, the particular category may not be
hierarchical. In some examples, the particular category is
determined based on a script included in a web page or in a
media player application executing at the first client 402.
The script may cause the first client 402 to execute the media
player application. The script may include one or more calls
to an API supported by the media player application. The
API calls may define the particular category (e.g., the
particular category may be a “custom” category).

[0091] Thus, the method 1000 may be used to generate
analytics data that is associated with receipt of a media
stream and is tagged with metadata. The metadata may
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identify a category which may enable an analytics server to
more efliciently mine analytics data received from a large
number of client devices.

[0092] Referring to FIG. 11, a method 1100 of displaying
analytics data is shown. In particular examples, the method
1100 may be performed by the analytics server 130, the
computing device 408, or the analytics servers 410-416. The
method 1100 includes receiving analytics data items at a
computing device, at 1102. Each analytics data item is
associated with one or more metadata tags. For example, the
analytics server 130 may receive the client report 160 and
the server report 170. As another example, the computing
device 408 and/or the analytics servers 410-416 may receive
the first analytics data 420 and the second analytics data 430
[0093] The method 1100 further includes receiving, at the
computing device, input identifying one or more identified
metadata tags, at 1104. For example, the analytics server
130, the computing device 408, or one of the analytics
servers 410-416 may receive (e.g., via a web interface) an
indication of metadata tags selected via the selection ele-
ment 702. To illustrate, as shown in FIG. 7A, a user may
provide input selecting “VOD” and “Website A” for “Cus-
tomer 1.”

[0094] The method 1100 further includes identifying, at
the computing device, one or more analytics data items
associated with the one or more identified metadata tags, at
1106, and generating a first graphical user interface based on
the identified one or more analytics data items. For example,
the analytics server 130, the computing device 408, or one
or more of the analytics servers 410-416 may generate the
display area 704 using analytics data identified using the
metadata tags selected via the selection element 702. To
illustrate, as shown in FIG. 7A, the GUI 700 may display
analytics data corresponding to VOD content streaming on
Website A for Customer 1.

[0095] The method 1100 further includes receiving, at the
computing device, a selection of at least a portion of the
GUI, at 1110. For example, the analytics server 130, the
computing device 408, or one or more of the analytics
servers 410-416 may receive a selection of the server ID
x23aemlp, as shown at 706.

[0096] The method 1100 further includes identifying one
or more particular analytics data items that are related to the
portion of the GUI, at 1112, and generating a second
graphical user interface based on the one or more particular
analytics data items, at 1114. For example, the analytics
server 130, the computing device 408, or one or more of the
analytics servers 410-416 may generate the second GUI 750
to show all analytics data associated with the selected server
1D x23aemlp.

[0097] Thus, the method 1100 may be used to display
analytics data associated with streaming media. The method
1100 may also enable a user to select a portion of a GUI to
“drill-down” on particular analytics data.

[0098] FIG. 12 is a diagram to illustrate another particular
embodiment of a system 1200 that is operable to support
coordination and distribution of analytics. The system 1200
includes a computing device 1250 that is configured to send
data to and receive data from various other devices (e.g., via
a network, such as LAN or the Internet). For example, the
computing device 1250 may communicate with one or more
playback devices 1270 (e.g., devices that are configured to
stream video content) and one or more other servers 1280.
In an illustrative embodiment, the computing device 1250
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may correspond to the streaming server 120 of FIG. 1. In a
particular embodiment, each of the playback devices 1270
correspond to the client device 110 and one or more of the
servers 1280 correspond to the streaming server 120. It
should be noted that the illustrated playback devices 1270
are examples. The playback devices 1270 may include
additional client devices and/or other types of devices
capable of accessing webpages and/or playing media
streams. The system 1200 further includes one or more
analytics servers 1260 configured to receive analytics data
from the playback devices 1270, the computing device 1250,
and the servers 1280.

[0099] The computing device 1250 may include one or
more processors 1251 and various components that are
executable by the processor(s) 1251. The computing device
1250 may correspond to or include software application(s)
that perform media serving or processing, hardware systems
(e.g., servers) that support or perform media serving and
processing, or any combination thereof. Thus, various
operations described with reference to the computing device
1250, or components thereof, may be implemented using
hardware, software (e.g., instructions executable by the
processor(s) 1251), or any combination thereof.

[0100] The computing device 1250 may include one or
more network interfaces 1252. For example, the network
interface(s) 1252 may include input interface(s) and output
interface(s) that are configured to receive data and to send
data, respectively. In a particular embodiment, the network
interface(s) 1252 may be wired and/or wireless interfaces
that enable the computing device 1250 to communicate data
via a network, such as the Internet. For example, the network
interface(s) 1252 may include an Ethernet interface, a wire-
less interface compatible with an Institute of Electrical and
Electronics Engineers (IEEE) 802.11 (e.g., Wi-Fi) protocol,
or other wired or wireless interfaces.

[0101] The network interface(s) 1252 may be configured
to receive one or more media streams, such as an illustrative
live media stream 1220 from a capture source 1202 (e.g., a
camera) or a computing device that includes or is coupled to
the capture source 1202. The live media stream 1220 may
include audio data, video data, text data, closed captioning
(CC) data, and/or subtitle data, and may correspond to the
live stream 124 of FIG. 1. The network interface(s) 1252
may also be configured to transmit data to the one or more
playback devices 1270 (e.g., a smartphone, a tablet com-
puter, a laptop computer, a desktop computer, a set-top box,
a television, a portable media player, a game console, etc.).
[0102] In the embodiment of FIG. 12, the playback
devices 1270 include a desktop/laptop computing device
1271, a television (TV)/set-top box/streaming device (such
as Roku® or Google Chromecast® (Roku is a registered
trademark of Roku, Inc. of Saratoga, Calif. and Google
Chromecast is a registered trademark of Google Inc. of
Mountain View Calif.)) 1272, a smartphone 1273, and a
tablet computer 1274. The network interface(s) 1252 may
further be configured to transmit data to the one or more
other servers 1280 (e.g., a media server, a stream relay
server, a server of a content distribution network (e.g., an
edge server), etc.). In the embodiment of FIG. 12, the other
servers 1280 include a media server/stream relay server
1281 and a server of a content distribution network (CDN)
1282. In a particular embodiment, data transmitted to the
playback devices 1270 and to the servers 1280 includes
media streams (e.g., streams including media content, such
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as audio, video, text, still images, or a combination thereof).
The media streams may be associated with the same encod-
ing format and transmission protocol or may be associated
with different encoding formats and transmission protocols.
In a particular embodiment, generating the media streams
includes performing video decoding, encoding, transcoding,
and/or transmuxing operations at the computing device 1250
(e.g., to modity a video encoding format, an audio encoding
format, a bitrate, an aspect ratio, packaging, etc. relative to
the incoming media stream 1220). In a transmuxing opera-
tion, encoded audio and video may be repackaged without
modifying the encoded audio and video.

[0103] The computing device 1250 may include various
components configured to perform stream processing func-
tions. For example, the computing device 1250 may include
one or more video processing components, such as encoder
(s), decoder(s), transcoder(s) 1255, and/or transmuxer(s)
1256, each of which may be implemented using hardware,
software, or both. In a particular embodiment, the transcoder
(s) 1255 and/or transmuxer(s) 1256 correspond to the
transcoder/transmuxer 126 of FIG. 1. For example, the
transcoder(s) 955 may be executed by cloud-based virtual
machines. The transcoder(s) 1255 may be configured to
perform encoding, decoding, bitrate conversion, codec con-
version, frame size conversion, etc. Depending on a format
of a received stream, a playback format supported by a
requesting device, and/or transcoding parameters in use, a
transcoding operation performed by the transcoder(s) 1255
may trigger a decoding operation and/or a re-encoding
operation. In a particular embodiment, parameters used by
the transcoder(s) 1255 are stored in one or more transcoding
templates at the computing device 1250. The transcoder(s)
1255 may thus enable the computing device 1250 to process
data in accordance with multiple coding technologies and
protocols.

[0104] As another example, the transmuxer(s) 1256 may
be executed by cloud-based virtual machines. The transmux-
er(s) 1256 may be configured to repackage video data to
conform to an output format/protocol. The transmuxer(s)
1256 may thus enable the computing device 1250 to process
data in accordance with multiple coding technologies and
protocols.

[0105] For example, the computing device 1250 may
support video encoding types including, but not limited to,
H.264, on2® VP-based encoding (on2 is a registered trade-
mark of Google Inc. of Mountain View, Calif.), Sorenson
Spark® (Sorenson Spark is a registered trademark of Soren-
son Media, Inc. of Salt Lake City, Utah), Screen video,
Screen video 2, motion picture experts group (MPEG) 2
(MPEG-2), and MPEG-4 Part 2. The computing device 1250
may support audio encoding types including, but not limited
to, advanced audio coding (AAC), AAC low complexity
(AAC LC), AAC high efficiency (HE-AAC), G.711, MPEG
Audio Layer 3 (MP3), Speex, Nellymoser Asao, and AC-3.
[0106] The computing device 1250 may support commu-
nication (e.g., adaptive streaming and non-adaptive stream-
ing) protocols including, but not limited to, hypertext trans-
fer protocol (HTTP) live streaming (HLS), HTTP dynamic
streaming (HDS), smooth streaming, and MPEG dynamic
adaptive streaming over HTTP (MPEG-DASH) (also known
as international organization for standardization (ISO)/inter-
national electrotechnical commission (IEC) 23009-1). The
computing device 1250 may also support real time messag-
ing protocol (RTMP) (and variants thereof), real-time
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streaming protocol (RTSP), real-time transport protocol
(RTP), web real-time communication (WebRTC), and
MPEG-2 transport stream (MPEG-TS). Additional audio
formats, video formats, coder/decoders (codecs), and/or
protocols may also be supported.

[0107] The computing device 1250 may include one or
more data storage devices 1259 (e.g., random access
memory (RAM), disk-based storage, etc.). The data storage
device(s) 1259 may store stream data (e.g., frames of a live
video stream), files, closed caption data, images (e.g., to be
overlaid on top of a video stream), and other data. In a
particular embodiment, the data storage device(s) 1259 store
a video on demand (VOD) item 1257. The VOD item 1257
may include audio data, video data, text data, closed cap-
tioning (CC) data, and/or subtitle data. For example, the
VOD item 1257 may be a movie or a television show.
Alternately, the VOD item 1257 may be stored remote from
the computing device 1250 and may be accessible by the
computing device 1250 via a network (e.g., the Internet).
The VOD item 1257 may correspond to the VOD item 125.

[0108] In a particular embodiment, the computing device
1250 may support adaptive streaming. For example, the
computing device 1250 may be configured to generate an
adaptive streaming master rendition list. The master rendi-
tion list may include information describing adaptive bitrate
renditions that are available for adaptive streaming. To
initiate an adaptive streaming session, a destination device
(e.g., one of the playback devices 1270) may request the
master rendition list, for example by transmitting a HTTP
GET request for the master rendition list. Upon receiving the
master rendition list, the destination device may determine
which of the available renditions should be requested from
the computing device 1250. For example, the destination
device may make such a determination based on buffering/
processing capability at the destination device and/or net-
work conditions (e.g., bandwidth) being experienced by the
destination device.

[0109] Upon determining which rendition should be
requested, the destination device may transmit a request
(e.g., a HTTP GET request) to the computing device 1250.
The request may specity a particular rendition chunk list. In
response to the request, the computing device 1250 may
transmit a rendition chunk list to the destination device.
Upon receiving the rendition chunk list, the destination
device may determine a particular portion (e.g., portion “X”)
of the requested rendition to request. The particular portion
may correspond to one or more media chunks. A media
“chunk” may refer to a fixed length duration (e.g., ten
seconds) portion or to a variable length duration portion of
a stream rendition. The particular portion may be specified
using start/end frame numbers, start/end times, a portion
number/identifier, etc. The destination device may transmit
a request (e.g., a HTTP GET request) to the computing
device 1250 identifying the particular portion. In response to
the request identifying the particular portion, the computing
device 1250 may transmit the particular portion to the
destination device. Depending on the adaptive streaming
protocol in use, the requested portion may correspond to a
“chunk” of a rendition and/or a group of pictures (GOP). A
“chunk” may refer to a fixed (e.g., ten seconds) or variable
length duration of a stream rendition. A group of pictures
may refer to a collection of video frames that includes one
or more intra-coded frames (I-frames) and one or more
additional frames that include difference information rela-
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tive to the one or more I-frames (e.g., P-frame and/or
B-frames). If there are no problems with receipt and play-
back of the requested portion, the destination device may
request a subsequent portion (e.g., portion “X+1”) of the
same rendition. However, if playback and/or network con-
ditions become worse, the destination device may switch to
a lower bitrate rendition by requesting subsequent portions
of the lower bitrate rendition. Conversely, if playback and/or
network conditions improve, the destination device may
switch to a higher bitrate rendition. The computing device
1250 may generate key frame aligned portions for the
adaptive streaming renditions, so that switching to a lower
bitrate or higher bitrate rendition appears “seamless” (e.g.,
does not result in noticeable visual glitches or dropped
frames).

[0110] The computing device 1250 may also include a
server analytics module 1258, which may operate as
described with reference to the server analytics module 127
of FIG. 1. During operation, the computing device 1250 may
distribute a server ID to the playback devices 1270 that
stream from the computing device 1250, such as in a master
rendition list (e.g., a manifest, a playlist, etc.) in a rendition
chunk list, and/or in media chunks. The computing device
1250 may include the server ID in server reports of server
analytics that are sent (e.g., via HTTP POST requests) to the
analytics server(s) 1260. The playback devices 1270 that
stream from the computing device 1250 may include the
server ID in client reports of client analytics sent (e.g., via
HTTP POST requests) to the analytics server 1260. In an
embodiment where the analytics server(s) 1260 is collocated
with a streaming server (e.g., the computing device 1250),
first HTTP port(s) may be used to communicate a master
rendition list and media chunks and second HTTP port(s)
may be used to for communication of analytics data.

[0111] The servers 1280 may include other server IDs in
server reports sent to the analytics server(s) 1260. The
playback devices 1270 that stream from the servers 1280
may include the corresponding server IDs in client reports of
client analytics sent to the analytics server(s) 1260. Accord-
ingly, the analytics server(s) 1260 may correlate server and
client analytics based on the server IDs. In some embodi-
ments, reports are received by an intermediate device (not
shown) and routed to the analytics server(s) 1260 based on
metadata included in the reports, as described with reference
to FIG. 4. In some embodiments, analytics data received by
the analytics server(s) 1260 is categorized and/or tagged
with non-hierarchical metadata, as described with reference
to FIG. 5. In some embodiments, one or more of the
playback devices 1270 is configured to collect and transmit
custom analytics data, as described with reference to FIGS.
6A-6B.

[0112] It should be noted that the orders of steps described
with reference to FIGS. 1-12 are to be considered illustra-
tive, not limiting. In alternate embodiments, the order of
steps may be different. Further, one or more steps may be
optional and/or replaced by other steps. In addition, one or
more steps may be consolidated. In accordance with various
embodiments of the present disclosure, one or more meth-
ods, functions, and modules described herein may be imple-
mented by software programs executable by a computer
system. Further, implementations can include distributed
processing, component/object distributed processing, and/or
parallel processing.
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[0113] Particular embodiments can be implemented using
a computer system executing a set of instructions that cause
the computer system to perform any one or more of the
methods or computer-based functions disclosed herein. A
computer system may include a laptop computer, a desktop
computer, a server computer, a mobile phone, a tablet
computer, a set-top box, a media player, one or more other
computing devices, or any combination thereof. The com-
puter system may be connected, e.g., using a network, to
other computer systems or peripheral devices. For example,
the computer system or components thereof can include or
be included within any one or more of the client device 110,
the streaming server 120, the analytics server 130 of FIG. 1,
the computing device 408, the first client 402, the second
client 406, the first analytics server 410, the second analytics
server 412, the third analytics server 414, the fourth analyt-
ics server 416 of FIG. 4, the client device 602, the analytics
server 604 of FIG. 6A, the applicant development/deploy-
ment device 652, the client device 654 of FIG. 6B, the
computing device 1250, the playback devices 1270, the
servers 1280, the analytics server 1260 of FIG. 12, or any
combination thereof.

[0114] In a networked deployment, the computer system
may operate in the capacity of a server or as a client user
computer in a server-client user network environment, or as
a peer computer system in a peer-to-peer (or distributed)
network environment. The term “system” can include any
collection of systems or sub-systems that individually or
jointly execute a set, or multiple sets, of instructions to
perform one or more computer functions.

[0115] In a particular embodiment, the instructions can be
embodied in a computer-readable storage device or a pro-
cessor-readable storage device. The terms “computer-read-
able storage device” and ‘“‘processor-readable storage
device” include a single storage device or multiple storage
devices, such as a centralized or distributed database, and/or
associated caches and servers that store one or more sets of
instructions. The terms “computer-readable storage device”
and “processor-readable storage device” also include any
device that is capable of storing a set of instructions for
execution by a processor or that cause a computer system to
perform any one or more of the methods or operations
disclosed herein. For example, a computer-readable or pro-
cessor-readable storage device may include random access
memory (RAM), flash memory, read-only memory (ROM),
programmable read-only memory (PROM), erasable pro-
grammable read-only memory (EPROM), electrically eras-
able programmable read-only memory (EEPROM), regis-
ters, a hard disk, a removable disk, a disc-based memory
(e.g., compact disc read-only memory (CD-ROM)), a solid-
state memory, or any other form of storage device. A
computer-readable or processor-readable storage device is
not a signal.

[0116] As used herein, a “live” stream may differ from a
“video on demand” (VOD) stream. A VOD stream originates
from, or corresponds to, content that is available in its
entirety at a stream source when a packet of the VOD stream
is sent. For example, a VOD stream may correspond to a
movie or television show that is stored at a storage device.
A live stream corresponds to content that is not available in
its entirety when a packet of the live stream is sent. For
example, a live stream may be used to transmit audio and/or
video content corresponding to an event as the event is being
captured (e.g., in real-time or near-real-time). Examples of
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such events may include, but are not limited to, in-progress
sporting events, musical performances, video-conferences,
and webcam feeds. It should be noted that a live stream may
be delayed with respect to the event being captured (e.g., in
accordance with government or industry regulations, such as
delay regulations enforced by the Federal Communications
Commission (FCC)). In addition to such live feeds, the
described systems and methods may also be used in con-
junction with “live linear television (TV)” streams. A live
linear TV stream may correspond to a VOD asset being
rebroadcast as a live feed. It should also be noted that
although certain embodiments may be described herein with
reference to video on demand, not all of the described
techniques may require video content or data. Certain
embodiments may also be used on demand content that does
not include video (e.g., audio on demand radio or music
streams).

[0117] In a particular embodiment, a method includes
receiving a client report including an identifier and client
analytics data, the client report received from a client device
and the client analytics data associated with a media stream
received by the client device from a streaming server. The
method further includes receiving a server report including
the identifier and server analytics data, the server report
received from the streaming server. The method further
includes, based on determining that the client report and the
server report include the identifier, determining that the
client analytics data and the server analytics data are corre-
lated.

[0118] In another particular embodiment, an apparatus
includes a network interface to receive a client report
including an identifier and client analytics data, the client
report received from a client device and the client analytics
data associated with a media stream received by the client
device from a streaming server. The network interface is
further configured to receive a server report including the
identifier and server analytics data, the server report received
from the streaming server. The apparatus further includes a
processor and a memory. The memory stores instructions
that, when executed by the processor, cause the processor to
perform operations. The operations include, based on deter-
mining that the client report and the server report include the
identifier, determining that the client analytics data and the
server analytics data are correlated.

[0119] In another particular embodiment, a computer read-
able storage device includes instructions that, when
executed by a processor, cause the processor to perform
operations. The operations include receiving a client report
including an identifier and client analytics data, the client
report received from a client device and the client analytics
data associated with a media stream received by the client
device from a streaming server. The operations further
include receiving a server report including the identifier and
server analytics data, the server report received from the
streaming server. The operations further include, based on
determining that the client report and the server report
include the identifier, determining that the client analytics
data and the server analytics data are correlated.

[0120] In another particular embodiment, a method
includes receiving client analytics data from a client device,
the client analytics data associated with at least one of
receiving, processing, or playback of a media stream at the
client device. The method further includes identifying meta-
data included in the client analytics data, the metadata
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indicating that the client analytics data is associated with a
particular category of data. The method further includes
identifying, based on the particular category, a first analytics
server from a plurality of analytics servers. The method
further includes routing the client analytics data to the first
analytics server. In some examples, the method may also
include generating a GUI displaying at least a portion of the
client analytics data. Such a GUI may, for example, enable
analysis of the client analytics data based on the metadata.

[0121] In another particular embodiment, an apparatus
includes a network interface configured to receive client
analytics data from a client device, the client analytics
associated with at least one of receiving, processing, or
playback of a media stream at the client device. The appa-
ratus further includes a processor and a memory. The
memory stores instructions that, when executed by the
processor, cause the processor to perform operations. The
operations include identifying metadata included in the
client analytics data, the metadata indicating that the client
analytics data is associated with a particular category of
data. The operations further include identifying, based on
the particular category, a first analytics server from a plu-
rality of analytics servers. The operations further include
initiating transmission of the client analytics data to the first
analytics server. In some examples, the operations may also
include generating a GUI displaying at least a portion the
client analytics data. Such a GUI may, for example, enable
analysis of the client analytics data based on the metadata.

[0122] In another particular embodiment, a method
includes receiving, at a computing device, a media stream.
The method further includes generating, at the computing
device, client analytics data associated with at least one of
receiving, processing, or playback of the media stream. The
method further includes transmitting, from the computing
device, the client analytics data to an analytics device, the
client analytics data including metadata indicating that the
client analytics data is associated with a particular category
of data.

[0123] In another particular embodiment, an apparatus
includes a network interface configured to receive, at a
computing device, a media stream. The apparatus further
includes a processor and a memory. The memory stores
instructions that, when executed by the processor, cause the
processor to perform operations. The operations include
generating, at the computing device, client analytics data
associated with at least one of receiving, processing, or
playback of the media stream. The operations further include
initiating transmission, from the computing device, of the
client analytics data to an analytics device, the client ana-
lytics data including metadata indicating that the client
analytics data is associated with a particular category of
data.

[0124] In another particular embodiment, a computer
readable storage device includes instructions that, when
executed by a processor, cause the processor to perform
operations. The operations include receiving, at a computing
device, a media stream. The operations further include
generating, at the computing device, client analytics data
associated with at least one of receiving, processing, or
playback of the media stream. The operations further include
initiating transmission, from the computing device, of the
client analytics data to an analytics device, the client ana-
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lytics data including metadata indicating that the client
analytics data is associated with a particular category of
data.
[0125] The illustrations of the embodiments described
herein are intended to provide a general understanding of the
structure of the various embodiments. The illustrations are
not intended to serve as a complete description of all of the
elements and features of apparatus and systems that utilize
the structures or methods described herein. Many other
embodiments may be apparent to those of skill in the art
upon reviewing the disclosure. Other embodiments may be
utilized and derived from the disclosure, such that structural
and logical substitutions and changes may be made without
departing from the scope of the disclosure. Accordingly, the
disclosure and the figures are to be regarded as illustrative
rather than restrictive.
[0126] Although specific embodiments have been illus-
trated and described herein, it should be appreciated that any
subsequent arrangement designed to achieve the same or
similar purpose may be substituted for the specific embodi-
ments shown. This disclosure is intended to cover any and
all subsequent adaptations or variations of various embodi-
ments. Combinations of the above embodiments, and other
embodiments not specifically described herein, will be
apparent to those of skill in the art upon reviewing the
description.
[0127] The Abstract is submitted with the understanding
that it will not be used to interpret or limit the scope or
meaning of the claims. In addition, in the foregoing Detailed
Description, various features may be grouped together or
described in a single embodiment for the purpose of stream-
lining the disclosure. This disclosure is not to be interpreted
as reflecting an intention that the claimed embodiments
require more features than are expressly recited in each
claim. Rather, as the following claims reflect, inventive
subject matter may be directed to less than all of the features
of any of the disclosed embodiments.
[0128] The above-disclosed subject matter is to be con-
sidered illustrative, and not restrictive, and the appended
claims are intended to cover all such modifications,
enhancements, and other embodiments, which fall within the
scope of the present disclosure. Thus, to the maximum
extent allowed by law, the scope of the present disclosure is
to be determined by the broadest permissible interpretation
of the following claims and their equivalents, and shall not
be restricted or limited by the foregoing detailed description.
1. A method comprising:
receiving, at a computing device, a media stream from a
media server;
generating, at the computing device, client analytics data
associated with at least one of receiving, processing, or
playback of the media stream;
initiating transmission, from the computing device, of the
client analytics data to an analytics device, the client
analytics data including a media server identifier and
metadata indicating that the client analytics data is
associated with a particular category of data;
receiving, at the computing device, a command requesting
additional client analytics data based on the media
server identifier, the command correlated to a perfor-
mance characteristic of the media server;
generating the additional client analytics data; and
initiating transmission, at the computing device, of the
additional client analytics data to the analytics device.
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2. The method of claim 1, wherein the particular category
is part of a first level of hierarchy, wherein the media server
identifier is associated with a second level of the hierarchy,
and wherein initiating transmission of the additional client
analytics data is based on the second level of the hierarchy.

3. The method of claim 1, further comprising adjusting the
at least one of the receiving, the processing, or the playback
of the media stream based on the command.

4. The method of claim 1, wherein the metadata includes
a plurality of tags, and wherein the analytics device analyzes
the client analytics data based on categories identified by the
plurality of tags.

5. The method of claim 1, wherein the client analytics data
is generated in response to a definition included in a script,
the script included in a web page and associated with
launching a media player application at the computing
device.

6. The method of claim 5, wherein the definition includes
one or more calls to an application programming interface
(API) supported by the media player application.

7. The method of claim 1, wherein the client analytics data
is generated based on a definition included in a media player
application prior to runtime of the media player application,
and further comprising determining a temporal correlation
between the client analytics data and server analytics data
based on a clock synchronization procedure performed
between the computing device and the media server during
setup of a streaming session between the computing device
and the media server.

8. An apparatus comprising:

a network interface configured to receive, at a computing

device, a media stream from a media server;

a processor; and

a memory storing instructions that, when executed by the

processor, cause the processor to perform operations
including:
generating, at the computing device, client analytics
data associated with at least one of receiving, pro-
cessing, or playback of the media stream; and
initiating transmission, from the computing device, of
the client analytics data to an analytics device, the
client analytics data including a media server iden-
tifier and metadata indicating that the client analytics
data is associated with a particular category of data;
receiving a command requesting additional client analyt-
ics data based on the media server identifier, the com-
mand correlated to a performance characteristic of the
media server; and

generating the additional client analytics data.

9. The apparatus of claim 8, wherein the particular cat-
egory is part of a hierarchy.

10. The apparatus of claim 8, wherein the metadata
includes a plurality of tags.

11. The apparatus of claim 10, wherein the analytics
device analyzes the client analytics data based on categories
identified by the plurality of tags.

12. The apparatus of claim 8, wherein the client analytics
data is generated in response to a definition included in a
script, the script included in a web page and associated with
launching a media player application at the computing
device.

13. The apparatus of claim 12, wherein the definition
includes one or more calls to an application programming
interface (API) supported by the media player application.
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14. The apparatus of claim 8, wherein the operations
further include generating a graphical user interface (GUI)
based on the client analytics data.

15. A computer readable storage device storing instruc-
tions that, when executed by a processor, cause the processor
to perform operations including:

receiving, at a computing device, a media stream from a

media server;

generating, at the computing device, client analytics data

associated with at least one of receiving, processing, or
playback of the media stream; and
initiating transmission, from the computing device, of the
client analytics data to an analytics device, the client
analytics data including a media server identifier and
metadata indicating that the client analytics data is
associated with a particular category of data;

receiving a command requesting additional client analyt-
ics data based on the media server identifier, the com-
mand correlated to a performance characteristic of the
media server; and
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generating the additional client analytics data in response

to receiving the command.

16. The computer readable storage device of claim 15,
wherein the particular category is part of a hierarchy.

17. The computer readable storage device of claim 15,
wherein the metadata includes a plurality of tags.

18. The computer readable storage device of claim 17,
wherein the analytics device analyzes the client analytics
data based on categories identified by the plurality of tags.

19. The computer readable storage device of claim 15,
wherein the client analytics data is generated in response to
a definition included in a script, the script included in a web
page and associated with launching a media player applica-
tion at the computing device.

20. The computer readable storage device of claim 15,
wherein the operations further include periodically initiating
transmission of the additional client analytics data to the
analytics device.
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