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SYSTEM AND METHOD FOR PUSHING LIVE
MEDIA CONTENT IN AN ADAPTIVE
STREAMING ENVIRONMENT

PRIORITY UNDER 35 U.S.C. §119(e) & 37 C.ER.
§1.78

[0001] This nonprovisional application claims priority
based upon the following prior United States provisional
patent application(s): (i) “SYSTEM AND METHOD FOR
PUSHING LIVE MEDIA CONTENT IN AN ADAPTIVE
STREAMING ENVIRONMENT,” Application No. 62/020,
557, filed Jul. 3, 2014, in the name(s) of Richard Mitic,
Beatriz Grafulla-Gonzalez and Robert Swain; each of which
is hereby incorporated by reference in its entirety.

FIELD OF THE DISCLOSURE

[0002] The present disclosure generally relates to commu-
nication networks. More particularly, and not by way of any
limitation, the present disclosure is directed to a system and
method for pushing live media content in an adaptive stream-
ing environment.

BACKGROUND

[0003] Adaptive streaming based on HyperText Transfer
Protocol (HTTP) has become a popular approach for deliv-
ering multimedia content over the Internet. Typical streaming
implementations use a “client-controlled” methodology in
which the client requests media segments from the server at
anappropriate time, which it then processes and renders. Data
transfer takes place over HT TP, the infrastructure for which is
far more widespread than that of other media streaming pro-
tocols such as Real-time Transport Protocol (RTP) and Real
Time Streaming Protocol (RTSP).

SUMMARY

[0004] For adaptive live media streams, it is desirable to
reduce the overall end-to-end delay so that the media as
viewed by the end consumer is as close as possible in time to
reality. Delays may be caused by several factors as outlined in
FIG. 10, the sum of which is the overall end-to-end delay
1000. For example, with respect to a live event 1002, there is
a delay component relative to media capture, encoding, and
processing 1004. Upon saving the segments 1006, there is a
“padding” delay 1008 until the segments are requested 1010.
A network transfer delay component 1012 may be experi-
enced relative to when a requested segment is received, as
illustrated by reference numeral 1014. Client buffering 1016
prior to decoding and rendering 1018 adds yet another delay
component. For live media streams (i.e., media being gener-
ated on-the-fly at the server), it is typical in some implemen-
tations that a parameterized URL is given to the client via a
suitable manifest file. In such scenarios, the client may con-
struct aURL for a media segment based on the several param-
eters including the current wall-clock time and the current
position in the media playback timeline. In another approach,
the media segments may be listed explicitly. Regardless of
whether the length of each media segment is stated in the
manifest file or otherwise, it is not required that all segments
are exactly the stated length. This leads to a slight jitter in the
times at which each media segment is made available on the
server. To account for this, it is normal to delay a segment
request for some time in order to allow sufficient leeway for
time variations at the server. In FIG. 10, this is illustratively

Jan. 7, 2016

shown as padding 1008. This adds to the overall end-to-end
delay 1000 of the live media stream, which is clearly unde-
sirable in a live media presentation.

[0005] In addition, it is common to see clock drift between
the client and associated server in a streaming environment.
In an embodiment based on the Moving Picture Expert Group
(MPEG) Dynamic Adaptive Streaming over HTTP (MPEG-
DASH) technology, this may be partially corrected by the
addition of a timing element, e.g., the <UTCTiming> element
in Amendment 1 ofthe ISO/IEC 23009-1 specification, which
allows both server and client to be synchronized to a common
clock. The time resolution of this clock is not defined, but it is
a non-zero value and might typically be on the order of a
second or longer. Hence, there is still a chance of a client
attempting to access a media segment that does not exist yet,
especially when trying to keep as close as possible to the “live
point”. Further, there is no normative behavior defined for the
situation where a client encounters a HTTP 404 response (i.e.,
the requested media segment does not exist). A server there-
fore cannot fully prepare for a situation where clients are
requesting media segments erroneously.

[0006] Embodiments of the present disclosure are broadly
directed to systems, methods, devices, apparatuses and asso-
ciated computer-readable media for advantageously pushing
live media content in an adaptive bitrate (ABR) streaming
environment in view of the foregoing. To that end, various
embodiments may be generally grouped relative to the fol-
lowing aspects. First, live media can be pushed to the client
using a persistent socket connection over HTTP (hereinafter
referred to as a websocket connection), as will be set forth in
detail hereinbelow. This will eliminate need for a client
device to request media at the correct time, and hence will
reduce end-to-end delay and avoid HTTP 404 responses. In
essence, the length of padding may be minimized to zero.
This also has the advantage that clock drift between the client
and server can be corrected every time the client receives a
segment. During the playout of segment, there may still be
drift, but it will be negligible if corrected frequently, as will be
seen below. Secondly, a set of defined messages and session
protocols are set up according to the teachings herein in order
for the server and client to communicate successfully in the
disclosed implementations. In an example scenario, this will
cover communication between client and server during a
persistent socket connection as will be described below. The
same socket connection may be generalized to cover other
forms of client-server communication, e.g. metric reporting
or SAND (Server and Network Assisted DASH Operation)
communication. Thirdly, several embodiments for measuring
network metrics (e.g., bandwidth rate, download speeds, con-
gestion, etc.) in a live media presentation environment are set
forth.

[0007] Accordingly, in one aspect, an HI'TP connection is
initiated by the client device with a “media server,” which for
purposes of the present patent application may comprise a
general HTTP sever configured for adaptive streaming. A
handshake transaction is effectuated with the media server to
open a websocket interface over an underlying transport layer
(e.g., a Transmission Control Protocol or TCP connection). A
bidirectional websocket session is effectuated between the
media server and associated client device wherein the media
segments of a live media programming stream are delivered
to the client device substantially in real time without the client
device sending requests therefor, whereby undesirable char-
acteristics such as delay and/or latency (e.g., associated with
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p. 17



US 2016/0006817 Al

padding, etc.) are eliminated or reduced. It should be appre-
ciated that an embodiment of the HTTP media server is there-
fore operative to maintain and/or provide the media segments
without padding regardless of the segment lengths.

[0008] Inanother aspect, a further embodiment of a media
server configured to transmit live media to a client device is
disclosed. The claimed media server comprises, inter alia, a
storage unit for storing media segments of a live media pro-
gramming stream wherein the media segments are encoded at
multiple bitrates identified in respective media presentation
data structures associated therewith. A persistent bidirec-
tional communication channel over a websocket interface is
provided operative to facilitate a websocket session with the
client device. The media server further includes one or more
processors executing service logic for pushing the media
segments to the client device substantially in real time during
the websocket session.

[0009] In yet another aspect, an embodiment of a client
device configured to receive live media from a media server in
a push-based streaming environment is disclosed. The
claimed embodiment comprises, inter alia, one or more pro-
cessors for controlling an HTTP client module and a web-
socket client module coupled thereto. The processors are
operative to execute associated program instructions in con-
junction with the client modules configured to perform: ini-
tiate an HTTP connection with the media server; initiate a
handshake transaction with the media server to open a bidi-
rectional websocket interface over an underlying TCP con-
nection; facilitate generating a control message to the media
server to initiate transmission of a live media programming
stream in a websocket session; and facilitate receiving media
segments from the media server of the live media program-
ming stream substantially in real time during the websocket
session for playback by a media player of the client device.

[0010] In a further aspect, an embodiment of a method
operative at a media server system is disclosed. The claimed
embodiment comprises, inter alia, capturing live media pro-
gramming associated with an event and processing the live
media programming for ABR transmission as a live media
programming stream comprising a plurality of media seg-
ments that are encoded in multiple bitrates identified in cor-
responding media presentation data structures. The method
further involves effectuating a websocket interface with a
client device responsive to a websocket handshake transac-
tion received therefrom and pushing the media segments to
the client device substantially in real time during a websocket
session established with the client device via the websocket
interface.

[0011] In still further aspects, additional or alternative
embodiments of methods operative at a media server and
associated client device are disclosed. In still further related
aspects, embodiments of non-transitory computer-readable
media containing program instructions or code portions
stored thereon are disclosed for performing one or more pro-
cesses, methods and/or schemes set forth herein.

[0012] Advantages of the present invention include, but not
limited to, facilitating a live media presentation wherein cli-
ents may accept media segments without having to explicitly
request them, which reduces the end-to-end delay and elimi-
nates the risk of premature requests for media. A client device
configured with one or more embodiments of the present
disclosure may also evaluate the quality of the network con-
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nection even though it is not using the traditional “request-
receive” methodology, as is required in the current implemen-
tations.

[0013] Further features of the various embodiments are as
claimed in the dependent claims. Additional benefits and
advantages of the embodiments will be apparent in view of
the following description and accompanying Figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Embodiments of the present disclosure are illus-
trated by way of example, and not by way of limitation, in the
Figures of the accompanying drawings in which like refer-
ences indicate similar elements. It should be noted that dif-
ferent references to “an” or “one” embodiment in this disclo-
sure are not necessarily to the same embodiment, and such
references may mean at least one. Further, when a particular
feature, structure, or characteristic is described in connection
with an embodiment, it is submitted that it is within the
knowledge of one skilled in the art to effect such feature,
structure, or characteristic in connection with other embodi-
ments whether or not explicitly described.

[0015] The accompanying drawings are incorporated into
and form a part of the specification to illustrate one or more
exemplary embodiments of the present disclosure. Various
advantages and features of the disclosure will be understood
from the following Detailed Description taken in connection
with the appended claims and with reference to the attached
drawing Figures in which:

[0016] FIG. 1 depicts an example streaming network envi-
ronment wherein one or more embodiments of the present
patent application may be practiced;

[0017] FIG. 2A depicts a block diagram of a server-client
architecture for pushing media using websocket interfacing
according to an embodiment of the present patent application;
[0018] FIG. 2B is aflowchart with blocks relative to various
steps and acts that may take place at a client device according
to an embodiment of the present patent application;

[0019] FIG. 2C depicts a flowchart with blocks relative to
various steps and acts that may take place at a live media
server or system according to an embodiment of the present
patent application;

[0020] FIG. 3 depict an example media presentation data
structure associated with media segments of a live media
programming stream according to a streaming specification
for purposes of the present patent disclosure;

[0021] FIGS. 4A-4C depict block diagrams corresponding
to three example websocket connection architectures for
implementation in a server-client environment for facilitating
live media push according one or more embodiments of the
present patent application;

[0022] FIGS. 5A and 5B depict block diagrams of embodi-
ments of a client device and a server, respectively, in addi-
tional detail for purposes of the present patent disclosure;
[0023] FIG. 6A is a flowchart with blocks relative to vari-
ous steps and acts that may take place at a client device for
measuring or otherwise estimating appropriate network per-
formance metrics in a websocket-enabled streaming environ-
ment according to an embodiment of the present patent appli-
cation;

[0024] FIG. 6B depicts a graphical representation of media
segment transmission in a temporal sequence that illustrates
an aspect of the measurement methodology shown in the
flowchart of FIG. 6A;
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[0025] FIGS. 7A and 7B depict flowcharts with blocks
relative to various steps and acts that may take place at a
media server and associated client device, respectively, for
facilitating measurement of appropriate network perfor-
mance metrics in a websocket-enabled streaming environ-
ment according to another embodiment of the present patent
application;

[0026] FIG.7C depicts a graphical representation of media
segment and associated header transmission in a temporal
sequence that illustrates an aspect of the measurement meth-
odology shown in the flowcharts of FIGS. 7A and 7B;
[0027] FIG. 8A is a flowchart with blocks relative to vari-
ous steps and acts that may take place at a client device for
measuring or otherwise estimating appropriate network per-
formance metrics in a websocket-enabled streaming environ-
ment according to another embodiment of the present patent
application;

[0028] FIG. 8B is a functional block diagram of network
layer and application layer components of a client websocket
implementation that illustrates an aspect of the measurement
methodology shown in the flowchart of FIG. 8A;

[0029] FIG. 9A is a flowchart with blocks relative to vari-
ous steps and acts that may take place at a server for measur-
ing or otherwise estimating appropriate network performance
metrics in a websocket-enabled streaming environment
according to yet another embodiment of the present patent
application;

[0030] FIG. 9B depicts a graphical representation of media
segment transmission and acknowledgement reception in a
temporal sequence that illustrates an aspect of the measure-
ment methodology shown in the flowchart of FIG. 9A; and
[0031] FIG. 10 depicts a graphical representation of live
media segment generation and transmission in a temporal
sequence that illustrates overall end-to-end delay in an
example ABR streaming environment.

DETAILED DESCRIPTION OF THE DRAWINGS

[0032] In the following description, numerous specific
details are set forth with respect to one or more embodiments
of the present patent disclosure. However, it should be under-
stood that one or more embodiments may be practiced with-
out such specific details. In other instances, well-known cir-
cuits, subsystems, components, structures and techniques
have not been shown in detail in order not to obscure the
understanding of the example embodiments. Accordingly, it
will be appreciated by one skilled in the art that the embodi-
ments of the present disclosure may be practiced without such
specific components-based details. It should be further rec-
ognized that those of ordinary skill in the art, with the aid of
the Detailed Description set forth herein and taking reference
to the accompanying drawings, will be able to make and use
one or more embodiments without undue experimentation.

[0033] Additionally, terms such as “coupled” and “con-
nected,” along with their derivatives, may be used in the
following description, claims, or both. It should be under-
stood that these terms are not necessarily intended as syn-
onyms for each other. “Coupled” may be used to indicate that
two or more elements, which may or may not be in direct
physical or electrical contact with each other, co-operate or
interact with each other. “Connected” may be used to indicate
the establishment of communication, i.e., a communicative
relationship, between two or more elements that are coupled
with each other. Further, in one or more example embodi-
ments set forth herein, generally speaking, an element, com-
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ponent or module may be configured to perform a function if
the element is capable of performing or otherwise structurally
arranged to perform that function.

[0034] As used herein, a network element or node may be
comprised of one or more pieces of service network equip-
ment, including hardware and software that communicatively
interconnects other equipment on a network (e.g., other net-
work elements, end stations, etc.), and is adapted to host one
or more applications or services with respect to a plurality of
subscribers. Some network elements may comprise “multiple
services network elements” that provide support for multiple
network-based functions (e.g., NV media management, ses-
sion control, QoS policy enforcement, bandwidth scheduling
management, subscriber/device policy and profile manage-
ment, content provider priority policy management, stream-
ing policy management, and the like), in addition to providing
support for multiple application services (e.g., data and mul-
timedia applications). Subscriber end stations or client
devices may comprise any device configured to execute, inter
alia, at least one streaming client application (e.g., an ABR
streaming client application) for receiving content from a
streaming server or content provider in accordance with a
streaming application specification. Further, such client
devices may be configured to effectuate a websocket interface
for establishing bidirectional websocket sessions with suit-
able media server nodes for real-time or substantially real-
time transmission of live audio/video media (i.e., multime-
dia) as will be described in detail hereinbelow. Accordingly,
example client devices may include set-top boxes, PVR/
DVRs, workstations, laptops, netbooks, palm tops, mobile
phones, smartphones, multimedia phones, Voice Over Inter-
net Protocol (VOIP) phones, mobile/wireless user equip-
ment, [P-connected high definition TV terminals, portable
media players, location-aware subscriber equipment, gaming
systems or consoles (such as the Wii®, Play Station 3®, Xbox
360®), etc., that may access or consume live content/services
provided over a delivery network (e.g., an IP network) in
accordance with one or more embodiments set forth herein.
Further, the client devices may also access or consume con-
tent/services provided over broadcast networks (e.g., cable
and satellite networks) as well as a packet-switched wide area
public network such as the Internet via suitable service pro-
vider access networks. In a still further variation, the client
devices or subscriber end stations may also access or con-
sume content/services provided on virtual private networks
(VPNs) overlaid on (e.g., tunneled through) the Internet.

[0035] One or more embodiments of the present patent
disclosure may be implemented using different combinations
of software, firmware, and/or hardware. Thus, one or more of
the techniques shown in the Figures (e.g., flowcharts) may be
implemented using code and data stored and executed on one
or more electronic devices or nodes (e.g., a subscriber client
device or end station, a network element, etc.). Such elec-
tronic devices may store and communicate (internally and/or
with other electronic devices over a network) code and data
using computer-readable media, such as non-transitory com-
puter-readable storage media (e.g., magnetic disks, optical
disks, random access memory, read-only memory, flash
memory devices, phase-change memory, etc.), transitory
computer-readable transmission media (e.g., electrical, opti-
cal, acoustical or other form of propagated signals—such as
carrier waves, infrared signals, digital signals), etc. In addi-
tion, such network elements may typically include a set of one
or more processors coupled to one or more other components,
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such as one or more storage devices (e.g., non-transitory
machine-readable storage media) as well as storage database
(s), user input/output devices (e.g., a keyboard, a touch
screen, a pointing device, and/or a display), and network
connections for effectuating signaling and/or bearer media
transmission. The coupling of the set of processors and other
components may be typically through one or more buses and
bridges (also termed as bus controllers), arranged in any
known (e.g., symmetric/shared multiprocessing) or hereto-
fore unknown architectures. Thus, the storage device or com-
ponent of a given electronic device or network element may
be configured to store code and/or data for execution on one
or more processors of that element, node or electronic device
for purposes of implementing one or more techniques of the
present disclosure.

[0036] Referring now to the drawings and more particularly
to FIG. 1, depicted therein is an example streaming network
environment 100 including a IP network and/or an overlay
content delivery network or content distribution network
(CDN) 122 coupled to an adaptive streaming server system
102 wherein one or more embodiments of the present patent
application may be practiced. In one aspect, CDN 122 may
comprise a delivery architecture over a public or private
packet-switched network implemented for high-performance
streaming of a variety of digital assets or program assets as
well as services (hereinafter referred to as “media content™),
including live media programming and/or on-demand con-
tent using HTTP. In general, the terms “media content” or
“content file” (or, simply “content”) as used in reference to at
least some embodiments of the present patent disclosure may
include digital assets or program assets such as any type of
audio/video content that may comprise live capture media or
on-demand media, e.g., over-the-air free network television
(TV) shows or programs, pay TV broadcast programs via
cable networks or satellite networks, free-to-air satellite TV
shows, IPTV programs, Over-The-Top (OTT) and video-on-
demand (VOD) or movie-on-demand (MOD) shows or pro-
grams, time-shifted TV (TSTV) content, etc. It will be appre-
ciated by one of ordinary skill in the art that although the
embodiments of the present disclosure are particularly advan-
tageous in the context of live media streaming (i.e., capturing
an event as a live media program and streaming that program-
ming in real time over an IP/CDN architecture), the teachings
herein are not necessarily limited thereto and, accordingly,
one or more techniques set forth herein may also be equally
applied in an on-demand streaming environment, mutatis
mutandis.

[0037] By way ofillustration, content may be delivered via
IP/CDN 122 using adaptive bitrate (ABR) streaming tech-
niques compliant with specifications such as, e.g., MPEG-
DASH, Microsoft® Silverlight® Smooth Streaming, HTTP
Live Streaming (HLS), HTTP Dynamic Streaming (HDS),
Icecast, and so on, to one or more subscriber end stations
disposed in the streaming environment 100, as illustrated by
an example client device or user equipment (UE) device 124.
Itwill be apparent that one or more such client devices may be
associated with a subscriber/customer for consuming content
delivered via CDN 122 in any type or number of access
technologies including broadband access via wired and/or
wireless (radio) communications. For purposes of the present
patent application, the terms “streaming client device” and
“client device” may be used synonymously and may com-
prise any UE device or appliance that in one implementation
not only receives program assets for live viewing, playback
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and/or decoding the content, but also operates as a command
console or terminal that can accept user inputs, messages,
commands or requests to interact with a network element
disposed in CDN 122 and/or the associated streaming server
systems 102 for controlling transmission of content via a
bidirectional interface. As such, the example client device
124 may include one or more streaming client modules 128
(e.g.,an ABR streaming client) and associated decoding func-
tionalities depending on the streaming technologies imple-
mented (e.g., MPEG-DASH) as well as a websocket client
module 130 operative to effectuate one or more persistent
connections with the server system 102 via a bidirectional or
full-duplex communication interface 138. The streaming cli-
ent module(s) 128 and the websocket client module 130 are
operably coupled to a processor module 134 and video buffer
memory 132 via a suitable bus structure 136 for effectuating
acquisition, decoding and rendering of the streamed media
content, e.g., at a display 126. Although not specifically
shown, the client device 124 also includes appropriate user
interfaces for viewing one or more electronic program guides
that list, identify or otherwise show various streaming chan-
nels (live media and//or on-demand) the subscriber is able to
receive. Such user interfaces may also be configured to allow
the user to scroll through an electronic program guide (i.e.,
channel surfing), select or otherwise change a particular
streaming channel, and the like. Further, as will be described
in additional detail hereinbelow, example client device 124
may also include appropriate structures and modules operat-
ing in conjunction with or as part of the websocket client 130
for facilitating real-time transmission of media from the
server system 102.

[0038] Continuing to refer to FIG. 1, the example adaptive
streaming server system 102 may be configured to accept
media content from live sources 104A and/or, optionally,
static file sources 104B. Media content from live sources
104A may comprise live programming captured relative to
any type of event, e.g., sporting/entertainment/gaming
events, concerts, live TV shows, live news broadcasting, etc.
In general operation, the example streaming server system
102 may be configured, under the control of one or more
processors 108 executing appropriate program code stored in
a persistent memory module 109, to effectuate adaptive
streaming of content as follows. Initially, source media con-
tent is transcoded or otherwise encoded with different bit
rates (e.g., multi-rate transcoding) using applicable encoder
(s) 106. For example, content of a particular program may be
transcoded into five video files using variable bit rates (or,
synonymously “bitrates” or “resolutions”), ranging from low
to high bit rates (500 Kbps to 10 Mbps, by way of illustration).
The particular content is therefore encoded as five different
“versions” or “formats”, wherein each bitrate is called a pro-
file or representation. Reference numeral 110 refers to a col-
lection of media streams encoded at different bitrates by the
encoder 106. A segmentation server or segmenter 112 is
operative to divide each version of the encoded media content
into fixed duration segments or chunks, which are typically
between two and ten seconds in duration, thereby generating
a plurality of chunk streams 114. One skilled in the art will
recognize that shorter segments may reduce coding efficiency
whereas larger segments may impact the adaptability to
changes in network throughput and/or fast changing client
behavior. Regardless of the chunk size, the segments may be
Group-of-Pictures (GOP)-aligned such that all encoding pro-
files have the same segments. One or more suitable metadata
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files referred to as Manifest Files are then created that
describes the encoding rates and Uniform Resource Locator
(URL) pointers the various segments of encoded content. In
one implementation, the Manifest File (MF), a Delivery For-
mat (DF) and means for conversion from/to existing File
Formats (FF) and Transport Streams (TS) may be provided by
an origin/HTTP server 116 as part of adaptive streams 120 to
the client device 124 over CDN/IP network 122. As will be
described in detail hereinbelow, once a full-duplex websocket
interface has been established between the client device 126
and the server 116, media segments of a live media program-
ming may be pushed to the client device 124 without the
client device specifically issuing HTTP requests to fetch the
encoded segments. Additionally or optionally, in a further
variation, an error correction mechanism 118 may also be
implemented, either as part of the streaming server system
102 or as a separate network element, in order to reduce
transmission errors in the end-to-end streaming of the
encoded media content. It should be apparent that the error
correction mechanism 118 may be protocol-specific (e.g.,
TCP), although other error correction schemes may also be
used additionally or alternatively.

[0039] FIG. 2A depicts a block diagram of an example
server-client architecture 200 A for pushing media using web-
socket interfacing according to an embodiment of the present
patent application that involves MPEG-DASH technology as
set forth in ISO/IEC 23009-1 specification. A persistent
socket implementation between a DASH/HTTP server 202
and associated client device 222 using the WebSocket proto-
col (standardized by the Internet Engineering Task Force
(IETF) as RFC 6455) and associated WebSocket API (stan-
dardized by the World Wide Web (W3) Consortium (W3C) in
Web IDL (Web Interface Definition Language)) in accor-
dance with the teachings of the present patent application
may be referred to as a “DASHSOCK” interface operative to
effectuate DASH sessions over a websocket session that may
involve one or more websocket connections. To provide a
contextual setting for the websocket implementations of the
present patent application, interaction between DASH server
202 and associated client device 222 will be set forth below,
although it should be appreciated that the implementations
may be extended to other ABR streaming technologies as
well, mutatis mutandis.

[0040] Configured as a live multimedia server, DASH
server 202 is operative to cooperate with media capture,
encoding, and segment processing as set forth above in ref-
erence to FIG. 1, wherein a live multimedia program content
may be partitioned into a plurality of segments whose mani-
fest file information may be provided in one or more hierar-
chically-organized metadata structures referred to as Media
Presentation Description (MPD) files (more generally, media
presentation data structures). Broadly, an MPD structure is an
Extensible Markup Language (XML) document that
describes segment information (timing, absolute/relative
URLSs, media characteristics such as video resolution and
bitrates). Reference numeral 204 collectively refers to one or
more MPDs 206-1 to 206-M pertaining to one or more live
media programs adapted to be streamed in real time to client
devices. The actual content of the live multimedia program-
ming streams is illustratively shown as groups of segments
208-1 to 208-M, in one or more representations (i.e., the same
multimedia content in multiple versions encoded at different
resolutions or bitrates) that may be pushed to the client device
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222 in a websocket session effectuated by a websocket inter-
face 210 pursuant to suitable service logic.

[0041] FIG. 3 depicts an example MPD data structure
model 300 that is illustrative of hierarchical organization of
the metadata relative to different media segments of a par-
ticular content. In general, MPD 300 contains one or more
periods, e.g., periods 302-1 to 302-3, that may be ordered in
ascending chronological order (i.e., increasing in time) with a
start time and associated time duration. Each period (e.g.,
period 302-2) includes one or one or more adaptation sets for
different asset components, each adaptation set comprising
one or more representations. Representations in the same
adaptation set are alternatives to each other and typically
contain different encoded versions of the same source media
content and may include parameters such as language, media
component type, picture aspect ratio, accessibility, etc. As
illustrated, reference numerals 304-1 and 304-2 respectively
refer to a video adaptation set and an audio adaptation set of
period 302-2. The video adaptation set 304-1 in turn includes
two representations 306-1 and 306-2, each having respective
bitrates, display resolutions, etc, in addition to the segment
metadata information 310. By way of further illustration,
segment metadata information 310 includes an initialization
segment 312 as well as media segment metadata portions
314-1 to 314-L, each segment metadata portion including
URLSs to media segments as well as associated timing param-
eters.

[0042] Referring back to FIG. 2A, MPDs may be delivered
or otherwise provided to the client device 222 via a number of
transports, e.g., using HTTP, email, broadcast, etc., as exem-
plified by path 212, some of which may be in an out-of-band
mechanism relative to the media transport itself. An MPD
delivery interface and parser 224 is provided with the client
device 222 for parsing the MPD metadata. By parsing the
MPD metadata information, a DASH client application run-
ning on the client device 222 is operative to learn about the
program timing, media/content availability, media types,
resolutions, range of bandwidths, and the existence of various
encoded versions, accessibility features, media locations on
the network, any required digital rights management (DRM),
and other content characteristics. A segment parser 226,
HTTP client 228A and a media player 230 may be provided as
part of the client device 222 for facilitating live media stream-
ing in conjunction with a websocket client 228B. Although
the client device 222 uses HT'TP for traversing existing net-
work intermediaries via connection 214 A in order to reach the
server 202, a persistent pathway 214B using the WebSocket
protocol that is independent from the HT'TP protocol may be
established with websocket interface 210 of the server 202 for
facilitating one or more bidirectional communication chan-
nels in multiple connection architectures as will be described
in detail below.

[0043] Asoneskilled in the art will appreciate, in an imple-
mentation of the WebSocket protocol and associated API
within the DASH server-client architecture as set forth above,
the client device 222 uses HTTP to communicate with the
server 202, and then both endpoints switch to using the under-
lying connection (e.g., TCP or TCP/SSL) that HTTP is lay-
ered on to establish an end-to-end TCP/SSL socket connec-
tion for bidirectional application communication (i.e.,
streaming). As such, the WebSocket protocol is an indepen-
dent TCP-based protocol that comprises a handshake part and
a data transfer part. To establish a websocket connection, the
client device 222 sends a websocket handshake request,
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responsive to which the server 202 returns a websocket hand-
shake response, whose example formats may take on the form
as shown in the following illustration:
[0044] Client request:

[0045] GET /application HTTP/1.1

[0046] Host: server.example.com

[0047] Upgrade: websocket

[0048] Connection: Upgrade

[0049] Sec-WebSocket-Key:

x3JJHMbDL1EzL kh9GBhXDw==

[0050] Sec-WebSocket-Protocol: application

[0051] Sec-WebSocket-Version: 13

[0052] Origin: http://example.com
[0053] Server response:

[0054] HTTP/1.1 101 Switching Protocols

[0055] Upgrade: websocket

[0056] Connection: Upgrade

[0057] Sec-WebSocket-Accept:

HSmrcOsMIYUkAGmmSOPpG2HaGWk=

[0058] Sec-WebSocket-Protocol: application
[0059] Once the client 222 and server 202 have both sent
their handshakes, and if the handshake transaction was suc-
cessful, appropriate data transfer may be commenced with
respect to facilitating real-time media streaming. After a suc-
cessful handshake, the client 222 and server 202 may send
data back and forth asynchronously in conceptual units
known as messages that may be in textual format or in binary
data format. In accordance with the teachings of the present
patent disclosure, text messages may be configured for trans-
mitting control messages (between the client 222 and server
202) to modulate or otherwise control a live media streaming
session and binary data may be used for sending media seg-
ments to the client device 222. Other data such as MPD files
and/or initialization segments may be obtained by the client
device 222 via channels other than the websocket channel.
These processes are formalized in the flowcharts of FIGS. 2B
and 2C described below.
[0060] Taking reference to FIG. 2B in particular, depicted
therein are a plurality of blocks relative to various steps and
acts that may take place at a client device, e.g., client 222 in
FIG. 2 above and/or other embodiments of a client device set
forth in the following sections, according to an implementa-
tion. At block 252, the client device is operative to initiate an
HTTP connection with a media server configured to transmit
live media in an ABR streaming environment. At block 254,
the client device is operative to initiate a handshake transac-
tion with the media server to open a bidirectional websocket
interface operable with TCP or other transport. As described
previously, the client device is also operative to receive media
presentation data structures or manifest files (e.g., MPD files)
via HTTP or some other out-of-band delivery mechanism
(block 258). Based on the received metadata information, a
control message may be generated by the client device to the
media server to initiate transmission of a live media program-
ming stream via a websocket session (block 256). Initializa-
tion segments may also be obtained via normal HTTP GET
requests generated to the media server system. Thereafter, the
client device continues to receive media segments continu-
ously substantially in real time during the socket session for
playback by the client device’s media player without having
to generate requests for segments (e.g., HT'TP GET requests)
as set forth at block 260. Depending on network conditions
and other factors, additional control messages may be gener-
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ated and exchanged with the media server via the websocket
interface to modulate or otherwise control the streaming
experience (block 262).

[0061] FIG. 2C depicts a flowchart with blocks relative to
various steps and acts that may take place at a live multimedia
server or system (e.g., server 102/202 and/or other implemen-
tations hereinbelow) according to an embodiment of the
present patent application. At block 272, live multimedia
programming associated with an event is captured and pro-
cessed for ABR transmission as a stream comprising a plu-
rality of media segments encoded in multiple bitrates identi-
fied in corresponding media presentation data structures. A
websocket interface is effectuated with a client device
responsive to a websocket handshake transaction received
therefrom (block 274). As described hereinabove, the server
system is also operative to deliver the media presentation data
structures or manifest files via HI'TP or some other out-of-
band delivery mechanism (block 276). Appropriate initializa-
tion segments may also be delivered to the client device by
way of HTTP. Responsive to a control message from the
client device via the websocket interface, the media server
system is operative to transmit the media segments as binary
data to the client device substantially in real time, (i.e., push-
ing), for example, as soon as the segments become available,
without waiting for explicit requests from the client device
(block 278). Although control of the media flow may largely
remain on the client side consistent with the MPEG-DASH
specification, the media server system may also generate
certain control messages as well as control message
responses for transmission to the client device via the web-
socket interface (block 280).

[0062] As pointed out previously, textual messages may be
used for transmitting control messages (e.g., requests from
the client device to the server, responses from the server to the
client, etc.). Although binary data is primarily used for trans-
mission of media segments to the client device, control mes-
sages in binary data format may also be developed in addi-
tional or alternative implementations. In one embodiment,
the textual control messages may be formatted in the form of
string-encoded JavaScript Object Notation (JSON) objects,
as set forth in the following example:

“command”: “start streaming”,
“parameters”:
“from”: “segment”,
“url”: “representation_ A/segment0000.m4s™

[0063] One or more variations of the foregoing example
format may be implemented by a client device, with addi-
tional parameterization as needed, to generate a number of
JSON-formatted text messages as control messages to the
media server. By way of illustration, set forth below are a
plurality of control messages that a client device may gener-
ate to the media server:

[0064] (CM1) Start streaming from segment with speci-
fied URL: The client has all the normal MPD informa-
tion, so this is a general way of selecting a point in the
stream. May be used for Play/seek.
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[0065] (CM2) Start streaming at “live point” with some
specified delay: This is a special case of (CM1), where
the client does not have to form a specified URL. May be
used for Play/seck.

[0066] (CM3) Start streaming from last known position:
May be used for Resume from pause.

[0067] (CM4) Start streaming from media time wall-
clock time hh:mm:ss: May be used for Play/seek.

[0068] (CMS5) Stop sending data but keep socket open:
May be used for Pause.

[0069] (CM6) Switch to representation with ID XXX:
Since server is in charge of sending media, client must
initiate a request to switch, e.g., by using a control mes-
sage in this form.

[0070] (CM7) Segment with relative URL xxx/yyy.zzz
has been received: Acknowledgement message used for
an embodiment of a bitrate measurement implementa-
tion described below.

[0071] In analogous fashion, a server may generate and
forward the following example control messages to a client:

[0072] (SM1) Next segment will be from representation
with ID XXX: Response to a switch request. Requires
that the initialization segment for the coming represen-
tation has already been downloaded.

[0073] (SM2)End of stream: May be used or terminating
a media stream. This could also be achieved by simply
closing the websocket, but this may not be consistent
with the “client-controlled” nature of a DASH imple-
mentation.

[0074] (SM3) Update MPD: May be used for out-of-
band MPD updates.

[0075] (SM4) Following segment was sent at wall clock
time hh:mm:ss: May be used for an embodiment of a
bitrate measurement implementation described below.

[0076] (SMS) Current bandwidth is XXX bits/s: May be
used for an embodiment of a bitrate measurement imple-
mentation described below.

[0077] Those skilled in the art will recognize that the fore-
going control messages are merely examples and numerous
additional or alternative messages (e.g., either in textual for
binary format compliant with the WebSocket protocol) may
be provided in other implementations within the scope of the
present patent disclosure.

[0078] As to establishing websocket channels between a
server and a client for live media streaming, several connec-
tion architectures may be implemented depending on the
trade-offs between scalability and complexity. Turning now
to FIGS. 4A-4C, depicted therein are block diagrams corre-
sponding to three example websocket connection architec-
tures for implementation in a server-client environment for
facilitating live media push according one or more embodi-
ments of the present patent application. Reference numeral
400A in FIG. 4A refers to a connection architecture where the
websocket interfacing between server 402 and associated
client device 450 is operative to establish a websocket con-
nection per representation with respect to a live media stream
404. A plurality of video representations 406-1, 406-2 and a
plurality of audio representations 408-1, 408-2 of the live
media stream are each streamed via respective websocket
connections as illustrated by video websocket connections
410-1, 410-2 and audio websocket connections 412-1, 412-2.
The client device 450 may be provided with a plurality of
websocket client modules, e.g., client modules 422-1/422-2
and 424-1/424-2, for facilitating the multiple websocket con-

Jan. 7, 2016

nections, although a single websocket module may be opera-
tive to manage the different websocket connections in another
variation. Audio/video segments received via the respective
websocket connections are provided to parser 426 for subse-
quent playback (i.e., rendering) by a media player 428.
[0079] One skilled in the art should appreciate that the
foregoing implementation may not scale well because there
could easily be numerous representations (e.g., 10 or more) in
a single DASH presentation. This implies that the server
would have to maintain many connections per client, thereby
potentially impeding scalability. It may further imply that the
server and client would have to react to messages sent on any
connection, which may introduce unnecessary complexity.
[0080] FIG. 4B is illustrative of a connection architecture
400B wherein the websocket interfacing between server 402
and associated client device 450 is operative to establish a
websocket connection per adaptation set as part of a web-
socket session for the live media stream 404. A plurality of
adaptation sets 452-1 to 452-N are illustrated with respect to
the live media stream 404, each of which may comprise video
only, audio only or both audio/video representations. A plu-
rality of websocket connections 454-1 to 454-N may be pro-
vided corresponding to respective adaptation sets 452-1 to
452-N. The client device 450 may be provided with one or
more websocket client modules, e.g., client modules 456-1 to
456-N, for facilitating the multiple websocket connections.
As before, audio/video segments received via the respective
websocket connections for each adaptation set are provided to
parser 426 for subsequent playback (i.e., rendering) by the
media player 428. It will be appreciated that this implemen-
tation requires signaling of a representation switch from the
server 402 to the client device 450. Because of the hierarchi-
cal granularity of a media presentation metadata file, the
number of adaptation sets is typically much lower than the
number of representations. Accordingly, the embodiment
shown in FIG. 4B may be more advantageous than the
embodiment shown in FIG. 4A in terms of scalability. It will
be further appreciated that this implementation may better fit
semantically with the DASH specification, as by definition, a
maximum of one media stream from each adaptation set will
be requested or rendered at any time.

[0081] A highly scalable connection architecture 400C is
shown in FIG. 4C wherein the websocket interfacing between
server 402 and associated client device 450 is operative to
establish a single websocket connection for the entire live
media stream 404. Accordingly, all media of the presentation
session is streamed via the single websocket connection 462
with the client 450. A websocket client module 464 operative
with such a connection is provided as part of the client device
450, wherein audio/video segments received thereby are pro-
vided to parser 426 for subsequent playback by the media
player 428. Although this embodiment provides the most
scalable implementation, additional complexity is introduced
that may be necessary at the client side for determining which
representation or adaptation set a particular media segment
belongs to. In one alternative variation, the server 402 may
send the equivalent of header information before each media
segment, identifying the representation and/or adaptation set
of the segment, but such overhead signaling may add further
complexity.

[0082] FIGS. 5A and 5B depict block diagrams of a client
device 500A and a server 500B, respectively, in additional
detail for purposes of the present patent disclosure. It will be
appreciated by those skilled in the art that the client device
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500A is an additional/complementary representation of one
or more client device embodiments of the present patent
application. One or more processors 502 are provided as part
of the client device 500A for controlling a plurality of sub-
systems thereof, including those configured for facilitating
live multimedia streaming. Suitable client applications, e.g., a
websocket client module 510 and HTTP streaming client
module 508, may be implemented as executable program
code stored in nonvolatile memory coupled to the processors
502 via appropriate bus structure 506. Associated program
instructions may be stored in memory, including persistent
nonvolatile memory 504, that are executable by the proces-
sors 502. A control message generator 514 is operative to
generate various control messages that may be formatted as
string-encoded JSON text messages. As described previ-
ously, such textual messages may be utilized by the client
device 500A for controlling a live media flow presentation.
Because the client device 500A may need to make measure-
ments of segment download speeds in order to determine
network conditions for adaptive switching, a network metrics
and adaptation logic block 512 is provided which may inter-
operate in conjunction with the websocket client module 510
and control message generator 514 under program control of
processors 502. Since the client device S00A is configured to
receive media segments without requesting in a push stream-
ing scenario, conventional techniques based on the time in
between requesting and receiving a media segment will not be
of much assistance here. Accordingly, the network metrics
unit 512 of client 500A is operative to execute various novel
methodologies for measuring network performance includ-
ing the jitter (i.e., delay between receiving consecutive seg-
ments) as will be set forth in detail hereinbelow.

[0083] Server 500B shown in FIG. 5B is an additional/
complementary representation of one or more server embodi-
ments of the present patent application. One or more proces-
sors 552 are provided as part of the server system 5008 for
controlling a plurality of subsystems thereof, including those
configured for facilitating live multimedia streaming, e.g., a
live media capture and processing unit 558 which may
include or otherwise be associated with a storage unit for
storing media segments and related MPD metadata. A web-
socket interface 560 is operably coupled to the processors 552
for facilitating a websocket session with a client device, e.g.,
client 500A. Persistent memory 554 coupled to the processors
552 is operative to store program code and other instructions
comprising suitable service logic for pushing the media seg-
ments to the client device substantially in real time during the
websocket session therewith. A control message generator
564 is operative to generate various control messages such as
responses that may be formatted in a string-encoded JSON
format, as described previously. Furthermore, the server sys-
tem 500B may additionally/optionally include a network
metrics unit 562 for facilitating measurement of network
performance metrics in conjunction with the client device
500A in certain embodiments.

[0084] Turning to FIG. 6A, depicted therein is a flowchart
with blocks relative to various steps and acts that may take
place at a client device for measuring or otherwise assessing
appropriate network performance metrics in a websocket-
enabled streaming environment according to an embodiment
of' a measurement methodology 600A of the present patent
application. A generalized methodological framework with
respect to the embodiment 600A is first set forth below in
conjunction with FIG. 6B for analyzing segment jitter to
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determine network performance. As one skilled in the art will
recognize upon reference hereto, in a live streaming environ-
ment, media segments are generated on the fly (in real time)
that are also transmitted to the client in real time via the
websocket connection therebetween. Because the client only
knows when a segment is received but not when it was sent, it
cannot measure the network speed in the traditional way. A
client may therefore be provided with appropriate logic,
structure or functionality configured to make accurate mea-
surements of the time in between receiving consecutive seg-
ments as well as the length (in real time) of each segment
(e.g., based on the client’s wall-clock time). The length of a
DASH segment is not required to be exactly that written in the
MPD, but can be determined from the information contained
within a particular data field, e.g., “sidx” box, as defined by
the ISO Base Media File Format specification ISO/IEC
14496-12:2012.

[0085] Referring to FIG. 6B, which depicts a graphical
representation 600B of media segment transmission in a tem-
poral sequence), it should be appreciated that in a steady state,
the time between receiving consecutive segments at the client
side would be equal to the segment length, wherein a server
624 is exemplified with sending a plurality of media segments
at specific intervals of its wall-clock time, e.g., segments
626-1to0 626-4, and a client 628 is exemplified with receiving
the segments at various times as referenced by its wall-clock,
e.g., segments 630-1 to 630-4. If the client 628 measures that
the time in between consecutive segments is slower than real
time, a determination or estimation may be made that the
network speed has deteriorated. For example, an increasing
separation between the consecutively received segments
630-1 to 630-4, as illustrated by time periods T1, T1+S1,
T1+S2, where S2>S1>0, is indicative of network congestion.
When such a condition is determined or otherwise obtained,
the client device 628 may activate a representation switching,
e.g., by sending a websocket control message to request lower
bitrate segments from the server 624. Conversely, if the client
device 628 measures that the segments are arriving at faster
than real time, the media can simply be buffered and no other
action may be taken. As some jitter in the network speed may
be expected and/or acceptable, appropriate network metrics
executing at the client device 628 may apply a threshold level
in the amount of jitter that can be tolerated, below which a
determination may be made that the network conditions are
acceptable. Reference numerals 636 and 638 in FIG. 6B refer
to periods of transition and even segment separation, respec-
tively.

[0086] Referringbackto FIG.6A,atblock 602, appropriate
network metrics executing at a client device (e.g., client 628)
monitors incoming segments and measures the time (1) in
between consecutive segments received via websocket inter-
facing. If T is longer than the segment length by a threshold
amount (block 604), a determination that network conditions,
e.g., download speed, are less than optimal for current bitrate
resolutions (block 606). Appropriate control messages for-
matted as textual messages in JSON format may be generated
to the server (e.g., server 624) via websocket interfacing
therewith (block 608). For example, such messages may
involve pausing or terminating the media presentation, or
switching to a lower bitrate representation. In one implemen-
tation, at block 622, the client device 628 may continue to
monitor (similar to block 602) if the media presentation ses-
sion is kept alive.
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[0087] Ifthe measured inter-segment period (T) is substan-
tially same as the segment length (block 610), a determination
or assessment may be obtained that the network conditions
are acceptable (block 612), whereupon the client device 628
may continue monitoring (block 622). On the other hand, if
the inter-segment period (T) is shorter than the segment
length (block 614), a determination or estimation may be
obtained that network conditions may allow faster download
times (block 616). As the media segments are being received
at faster than real time, they may be buffered as needed (block
618). Depending on internal buffer conditions, rendering/
processing efficiencies, etc., the client device 628 may gen-
erate appropriate control messages, including but not limited
to switching to higher bitrate representations as may be indi-
cated by a suitable adaptation logic module, to the server 624
via websocket interfacing as described hereinabove (block
620). Thereafter, the client device 628 may continue moni-
toring segment transmission characteristics as before (block
622). In one implementation, the client device 628 may be
configured to “probe” the network in order to switch up to a
higher bitrate representation. For example, it can request a
few segments of the higher bitrate representation and, after a
transition/transient period, reassess the network speed as set
forth above, e.g., to determine if the conditions sustain even
inter-segment separation.

[0088] It will be appreciated that in the methodology set
forth above, no additional complexity is introduced (e.g., at
the server) because it requires nothing other than media to be
set through the websocket interface in normal course. As time
measurements are made only at the client device, temporal
disparity (i.e., out-of-sync clocks) between the server and
client nodes does not pose a hurdle in assessing jitter/delay
measurements.

[0089] FIGS. 7A and 7B depict flowcharts with blocks
relative to various steps and acts that may take place at a
media server and associated client device, respectively, for
facilitating measurement of appropriate network perfor-
mance metrics in a websocket-enabled streaming environ-
ment according to another embodiment of the present patent
application. FIG. 7C depicts a graphical representation 700C
of media segment and associated header transmission in a
temporal sequence that illustrates an aspect of the measure-
ment methodology encompassed in the flowcharts of FIGS.
7A and 7B. The underlying methodological framework
involves sending a text message before each media segment
as a “header”, wherein the send time may be provided as a
timestamp, e.g., a Unix timestamp in milliseconds. The client
would then calculate the download speed based on given send
time and its own measured receive time. As there might be a
disparity between the clocks on the server and client, the
header timestamp information may be sent at certain fixed or
variable time intervals (e.g., once every 10 seconds) in order
to minimize the relative offset between the server and client
clocks. In one variation, a client may be configured to ignore
the time value written in the header and instead use the time at
which the header was received, as shown in the graphical
representation 700C of FIG. 7C. A server 724 may be pro-
vided with appropriate network metrics functionality config-
ured to transmit a header 730 before sending a segment 732.
Associated client device 728 is operative to note the time
when the header is received and when the media segment is
received, as illustrated by reference numerals 734 and 736,
respectively. Appropriate network metrics functionality
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executing on the client device 728 may be configured to
estimate the segment download time 740 as the difference
between the two time values.

[0090] Reference numeral 700A in FIG. 7A refers to a
relevant methodology of processes that may take place at a
server (e.g., server 724). At block 702, the server 724 is
operative to send a websocket text message (e.g., SM4
described hereinabove) as a header that includes the times-
tamp of a media segment following the header. Subsequently,
e.g., potentially immediately following the header, the media
segment is transmitted by the server at the designated time
(block 704). As pointed out above, the server may periodi-
cally send timestamp headers ahead of corresponding media
segments so as to mitigate or account for potential clock drift
between the server and associated client (block 706). Refer-
ence numeral 700B in FIG. 7B refers to a relevant methodol-
ogy of processes that may take place at a client device (e.g.,
client 728). At block 710, the client device receives a web-
socket text message (e.g., SM4) as a header that includes a
timestamp of a media segment to follow. Thereafter, the client
device 728 receives the media segment for which it has pre-
viously received the timestamp (block 712). Depending on
whether the timestamp information is ignored or used, the
client device 728 determines or otherwise estimates the seg-
ment download time, which may be used in assessing the
network bandwidth conditions (block 714).

[0091] The methodology set forth above is fairly straight-
forward to implement at the client side, although it may
slightly impact the overall bitrate because of the addition of
header processing/transmission. It should be appreciated that
instead of using JSON-formatted text messages as headers,
binary JSON-formatted messages may be used in an alterna-
tive/additional implementation wherein the overall bitrate
impact may be less since it can be more transmission-effi-
cient.

[0092] FIG. 8A is a flowchart with blocks relative to vari-
ous steps and acts that may take place at a client device for
measuring or otherwise estimating appropriate network per-
formance metrics according to another embodiment. Relat-
edly, FIG. 8B is a functional block diagram of network layer
and application layer components of a client websocket
implementation 800B that illustrates an aspect of the mea-
surement methodology 800A shown in the flowchart of FIG.
8A, wherein the underlying methodological framework
involves exposing the time taken to receive a media segment
to the application layer component. At block 802, the client
device commences receiving a media segment from a media
server via the websocket interface established therewith. As
the segment data is being received at the network layer com-
ponent of the websocket protocol stack, the start time of the
incoming media segment is recorded as a timestamp (block
804), which is provided to the application layer component of
the websocket protocol stack (block 806). Upon completion
of receiving the entire media segment data, a callback func-
tion may be triggered (e.g., as an argument to the “message
received” function) to the application layer component to
determine download metrics (block 808). It should be appre-
ciated that because both start and end times are recorded
based on the same client clock, the measurements can be quite
accurate. Furthermore, the overall transmission bitrate is not
impacted as the methodology may be executed pursuant to
normal downloading of segments. Depending on the down-
load metrics, the application layer component of the web-
socket interface may active appropriate adaptation logic func-
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tionality to determine bitrate choices for the next or
subsequent segments (block 810), whereupon suitable web-
socket control messages may be generated to the server
(block 812).

[0093] Taking reference to example client websocket
implementation 800B shown in FIG. 8B, a network layer
component 814 and an application layer component 816 are
illustrated with their respective operational blocks relative to
the foregoing methodology. It will be recognized that there
may be additional intermediary protocol layers in a web-
socket interface stack depending on its particular implemen-
tation. Accordingly, reference numeral 818 is illustrative of
any processing or protocol layer tunneling functionality nec-
essary for transmitting timestamp information 830 and media
segment data 832 between the network and application layer
components 814, 816. At the network layer component 814,
blocks 820, 822, 824 and 826 relate to the processes of incom-
ing data reception, timestamping and verifying that all media
segment data has been received, as explained hereinabove.
After determining that the entire segment has been received,
the network layer component triggers a callback function
(block 828) that includes an end time 833 to an adaptation
logic structure 838 executing as part of the websocket appli-
cation layer component 816. Also, as the segment media data
is being received at the application layer component 816 from
the network layer component 814, it may be buffered as
needed, as set forth at blocks 834 and 836. Further, the adap-
tation logic 838 is operative to determine the segment down-
load times based on the timestamp information 830, 833, and,
responsive thereto, effectuate a selection choice for subse-
quent segments (block 840).

[0094] In addition to the foregoing client-based measure-
ment methodologies, a server-based measurement methodol-
ogy 900A is set forth in FIG. 9A. Relatedly, FI1G. 9B depicts
a graphical representation 900B of media segment transmis-
sion and acknowledgement reception in a temporal sequence
that illustrates an aspect of the measurement methodology
900A shown in the flowchart of FIG. 9A, wherein segment
transmission 930 and reception 932 are illustrated relative to
a server 924 and associated client device 928, respectively.
Upon receiving the media segment, suitable service logic
executing at the client device 928 is operative to generate an
acknowledgement (e.g., ACK) as a control message in JSON
format (e.g., CM7 described hereinabove) to the server 924,
exemplified by reference numeral 934. Appropriate network
metrics functionality executing at the server 924 is operative
to calculate or otherwise determine the network speed based
on when the segment was sent and when the acknowledge-
ment was received, as exemplified by reference numeral 936.
The server 924 is further configured to transmit the network
speed information via a suitable server control message in
JSON format (e.g., SM5 described hereinabove) as a
response message 938. Appropriate adaptation logic execut-
ing at the client device 928 is operative responsive to the
received network speed information in order to effectuate
applicable representation switching as needed.

[0095] Server-based acts and processes relative to the fore-
going scheme are set forth in the flowchart of FIG. 9A. At
block 902, a server (e.g., server 924) sends a media segment
to associated client (e.g., client device 928) via the websocket
interfacing established therewith. A timestamp of when the
media segment is transmitted may be recorded based on the
server’s wall-clock. A JSON-formatted acknowledgement is
received as a control message from the client device 928 via
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the websocket (block 904). Responsive thereto, the server
924 is operative to assess the network conditions based on the
download transmission metrics and provide that information
to the client device as set forth above (blocks 906, 908). Those
skilled in the art will recognize that although JSON-formatted
textual messages have been illustrated in the above embodi-
ments for control messaging purposes, binary JSON-format-
ted messages may also be employed in certain variations,
mutatis mutandis.

[0096] Inthe above-description of various embodiments of
the present disclosure, it is to be understood that the termi-
nology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the
invention. Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary skill in
the art to which this invention belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of this
specification and the relevant art and may not be interpreted in
an idealized or overly formal sense expressly so defined
herein.

[0097] At least some example embodiments are described
herein with reference to block diagrams and/or flowchart
illustrations of computer-implemented methods, apparatus
(systems and/or devices) and/or computer program products.
It is understood that a block of the block diagrams and/or
flowchart illustrations, and combinations of blocks in the
block diagrams and/or flowchart illustrations, can be imple-
mented by computer program instructions that are performed
by one or more computer circuits. Such computer program
instructions may be provided to a processor circuit of a gen-
eral purpose computer circuit, special purpose computer cir-
cuit, and/or other programmable data processing circuit to
produce amachine, so that the instructions, which execute via
the processor of the computer and/or other programmable
data processing apparatus, transform and control transistors,
values stored in memory locations, and other hardware com-
ponents within such circuitry to implement the functions/acts
specified in the block diagrams and/or flowchart block or
blocks, and thereby create means (functionality) and/or struc-
ture for implementing the functions/acts specified in the
block diagrams and/or flowchart block(s). Additionally, the
computer program instructions may also be stored in a tan-
gible computer-readable medium that can direct a computer
or other programmable data processing apparatus to function
in a particular manner, such that the instructions stored in the
computer-readable medium produce an article of manufac-
ture including instructions which implement the functions/
acts specified in the block diagrams and/or flowchart block or
blocks.

[0098] As alluded to previously, tangible, non-transitory
computer-readable medium may include an electronic, mag-
netic, optical, electromagnetic, or semiconductor data storage
system, apparatus, or device. More specific examples of the
computer-readable medium would include the following: a
portable computer diskette, a random access memory (RAM)
circuit, a read-only memory (ROM) circuit, an erasable pro-
grammable read-only memory (EPROM or Flash memory)
circuit, a portable compact disc read-only memory (CD-
ROM), and a portable digital video disc read-only memory
(DVD/Blu-ray). The computer program instructions may also
be loaded onto or otherwise downloaded to a computer and/or
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other programmable data processing apparatus to cause a
series of operational steps to be performed on the computer
and/or other programmable apparatus to produce a computer-
implemented process such that the instructions which execute
on the computer or other programmable apparatus provide
steps for implementing the functions/acts specified in the
block diagrams and/or flowchart block or blocks. Accord-
ingly, embodiments of the present invention may be embod-
ied in hardware and/or in software (including firmware, resi-
dent software, micro-code, etc.) that runs on a processor such
as a digital signal processor, which may collectively be
referred to as “circuitry,” “a module” or variants thereof.
[0099] Further, in at least some additional or alternative
implementations, the functions/acts described in the blocks
may occur out of the order shown in the flowcharts. For
example, two blocks shown in succession may in fact be
executed substantially concurrently or the blocks may some-
times be executed in the reverse order, depending upon the
functionality/acts involved. Moreover, the functionality of a
given block of the flowcharts and/or block diagrams may be
separated into multiple blocks and/or the functionality of two
or more blocks of the flowcharts and/or block diagrams may
be at least partially integrated. Finally, other blocks may be
added/inserted between the blocks that are illustrated. More-
over, although some of the diagrams include arrows on com-
munication paths to show a primary direction of communi-
cation, it is to be understood that communication may occur
in the opposite direction relative to the depicted arrows.
[0100] Although various embodiments have been shown
and described in detail, the claims are not limited to any
particular embodiment or example. None of the above
Detailed Description should be read as implying that any
particular component, element, step, act, or function is essen-
tial such that it must be included in the scope of the claims.
Reference to an element in the singular is not intended to
mean “one and only one” unless explicitly so stated, but rather
“one or more.” All structural and functional equivalents to the
elements of the above-described embodiments that are known
to those of ordinary skill in the art are expressly incorporated
herein by reference and are intended to be encompassed by
the present claims. Accordingly, those skilled in the art will
recognize that the exemplary embodiments described herein
can be practiced with various modifications and alterations
within the spirit and scope of the claims appended below.

What is claimed is:

1. A media server configured to transmit live media to a
client device, the media server comprising:

a storage unit for storing media segments of a live media
programming stream, wherein the media segments are
encoded at multiple bitrates identified in respective
media presentation data structures associated therewith;

a websocket interface operative to facilitate a websocket
session with the client device; and

one or more processors executing service logic for stream-
ing the media segments to the client device substantially
in real time during the websocket session via a web-
socket connection, wherein padding latency in the web-
socket session is reduced by pushing the media seg-
ments over the websocket connection to the client device
that maintains control of the websocket session.

2. The media server as recited in claim 1, wherein the client
device control of the websocket session is facilitated by
receiving a measurement of a change in time between con-
secutive media segments received by the client device.
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3. The media server as recited in claim 1, wherein the client
device control of the websocket session is facilitated by
receiving a measurement of download speed that is deter-
mined by the client device based on a difference between
when a text header and a corresponding media segment are
received by the client device.

4. The media server as recited in claim 3, the text header is
configured to include a Unix timestamp.

5. The media server as recited in claim 1, wherein the client
device control of the websocket session is facilitated by
receiving a control message responsive to an application layer
adaptation logic module executing to determine a time difter-
ence between when a media segment download commences
and when the media segment download is completed at a
network layer of the client device’s websocket interface.

6. The media server as recited in claim 1, wherein the client
device control of the websocket session is facilitated by
executing a network metrics unit operative to:

record a time when a particular media segment is transmit-
ted to the client device via the websocket interface;

receive a control message from the client device via the
websocket interface, the control message indicating a
time when the client device received the particular
media segment; and

calculate a network bandwidth rate responsive to the
received control message.

7. The media server as recited in claim 1, wherein the live
media programming stream is an adaptive bitrate (ABR)
stream compliant with at least one of Moving Picture Expert
Group (MPEG) Dynamic Adaptive Streaming over HTTP
(MPEG-DASH) specification, HTTP Live Streaming (HLS)
specification, Silverlight® Smooth Streaming specification
and HTTP Dynamic Streaming (HDS) specification.

8. The media server as recited in claim 1, wherein a media
presentation data structure comprises one or more periods,
each period including one or more adaptation sets.

9. The media server as recited in claim 8, wherein the
websocket interface is operative to establish a websocket
connection per adaptation set with the client device as part of
the websocket session therewith.

10. The media server as recited in claim 8, wherein each
adaptation set comprises one or more representations, each
representation including information with respect to a group
of media segments that are encoded as different versions of
same media content.

11. The media server as recited in claim 10, wherein the one
or more representations comprise at least one of a video
representation and an audio representation, and further
wherein the websocket interface is operative to establish a
websocket connection per representation with the client
device as part of the websocket session therewith.

12. The media server as recited in claim 8, wherein the
websocket interface is operative to establish a single web-
socket connection for the entire live media programming
stream with the client device as part of the websocket session
therewith.

13. The media server as recited in claim 1, further compris-
ing a control message generator operative to generate control
messages to the client device via the websocket interface,
wherein the control messages are formatted as text messages
in string-encoded JavaScript Object Notation (JSON) object
format.
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14. A client device configured to receive live media from a
media server, the client device comprising:

one or More processors;

a media player; and

aHyperText Transter Protocol (HTTP) client module and a

websocket client module coupled to the one or more

processors, wherein the one or more processors are

operative to control the HTTP client and websocket

client modules and execute associated program instruc-

tions configured to:

initiate an HTTP connection with the media server;

initiate a handshake transaction with the media server to
open a bidirectional websocket interface over an
underlying Transmission Control Protocol (TCP)
connection;

facilitate generating a message to the media server to
initiate transmission of a live media programming
stream in a websocket session; and

facilitate receiving media segments from the media
server of the live media programming stream substan-
tially in real time via a websocket connection during
the websocket session for playback by the media
player, whereby padding latency at the media server
for the websocket session is reduced while maintain-
ing control of the websocket session.

15. The client device as recited in claim 14, further com-
prising a network metrics and adaptation logic module for
generating a network control message to the media server
indicative of network bandwidth conditions based on at least
one of: (i) a measurement of a change in time between con-
secutive media segments received by the client device, (ii) a
measurement of download speed that is determined by the
client device based on a difference between when a text
header and a corresponding media segment are received by
the client device, and (iii) a determination by an application
layer module executing to determine a time difference
between when a media segment download commences and
when the media segment download is completed at a network
layer of the client device’s websocket interface.

16. The client device as recited in claim 14, further com-
prising a control message generator operative to generate
control messages for transmission to the media server via the
websocket interface, wherein the control messages are for-
matted as text messages in string-encoded JavaScript Object
Notation (JSON) object format.

17. The client device as recited in claim 16, wherein the
control message generator is further operative to generate a
JSON-formatted text message to the media server for at least
one of: (i) commencing transmission of the live media pro-
gramming stream from a particular media segment having a
specified Uniform Resource Locator (URL), (il) commenc-
ing transmission of the live media programming stream at a
live point with a specified delay, (iii) resuming transmission
of the live media programming stream from a last known
position at which streaming of the media segments was
paused, (iv) commencing transmission of the live media pro-
gramming stream from a particular point in wall-clock time
associated with the live media programming stream, (v) ter-
minating transmission of the live media programming stream
while keeping the websocket interface open, and (vi) switch-
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ing to transmission of the media segments encoded in a bitrate
different from the bitrate of the media segments currently
being received.

18. A method operating at a client device configured to
receive live media from a media server, the method compris-
ing:

initiating a HyperText Transfer Protocol (HTTP) connec-

tion with the media server;
initiating a handshake transaction with the media server to
open a bidirectional websocket interface over an under-
lying Transmission Control Protocol (TCP) connection;

generating a message to the media server to initiate trans-
mission of a live media programming stream in a web-
socket session; and

receiving media segments from the media server of the live

media programming stream substantially in real time via
a websocket connection during the websocket session
for playback by a media player, whereby padding
latency at the media server for the websocket session is
reduced while maintaining control of the websocket ses-
sion.

19. The method as recited in claim 18, further comprising
obtaining, in an out-of-band communication channel, media
presentation data structures from the media server with
respect to the media segments of the live media programming
stream, wherein the media segments are encoded at multiple
bit rates identified in the media presentation data structures.

20. The method as recited in claim 19, further comprising
obtaining initialization segments with respect to the media
segments in a communication channel other than the web-
socket session with the media server.

21. The method as recited claim 18, further comprising
generating a network control message to the media server
indicative of network bandwidth conditions based on at least
one of: (i) a measurement of a change in time between con-
secutive media segments received by the client device, (ii) a
measurement of download speed that is determined by the
client device based on a difference between when a text
header and a corresponding media segment are received by
the client device, and (iii) a determination by an application
layer module executing to determine a time difference
between when a media segment download commences and
when the media segment download is completed at a network
layer of the client device’s websocket interface.

22. The method as recited in claim 18, further comprising
generating a JSON-formatted text message to the media
server for at least one of: (i) commencing transmission of the
live media programming stream from a particular media seg-
ment having a specified Uniform Resource Locator (URL),
(i1) commencing transmission of the live media programming
stream at a live point with a specified delay, (iii) resuming
transmission of the live media programming stream from a
lastknown position at which streaming of the media segments
was paused, (iv) commencing transmission of the live media
programming stream from a particular point in wall-clock
time associated with the live media programming stream, (v)
terminating transmission of the live media programming
stream while keeping the websocket interface open, and (vi)
switching to transmission of the media segments encoded in
a bitrate different from the bitrate of the media segments
currently being received.

#* #* #* #* #*
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