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Abstract

Methods and system for managing media clips over a data network. Media streams may
be received over a data network and stored by a storage server. Metadata regarding the
media streams may be generated and stored at a metadata server. A control station can
retrieve media frames originating in the stored media streams from the storage server,
based on metadata. Media frames from multiple media streams can be retrieved and

displayed in synchronization, based on respective timecodes.
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METHODS AND SYSTEMS FOR NETWORK BASED VIDEO CLIP GENERATION
AND MANAGEMENT

Field

[1] The described embodiments relate to systems and methods for generating and
managing media clips from media data and, in particular, to generating and managing

media clips over a data network.

Background

[2] In many areas of television broadcasting, and sports broadcasting in particular,
recorded video footage is often excerpted and displayed several times using a
technique commonly known as video replay. One particular form of video replay is
known as instant replay, in which a video excerpt or “clip” is replayed very soon after it
has occurred. Video replays may be replayed at normal speed, at reduced speed (“slow
motion”), at increased speed, or paused (“freeze frame”). In addition, video replays
sometimes may be played in reverse. In combination, the application of all of these
playback techniques is sometimes referred to as “scrubbing”.

[3] Conventional replay systems typically rely on a plurality of skilled operators, who
may continuously monitor a small number of video feeds (e.g., one or two each) and
manually generate replay clips that may be of interest. Subsequently, at the instruction
of a program director, the operator may manually control playback of the clip, which can
be fed to a broadcast output in a studio.

[4] Such an approach is labor intensive. Moreover, it may limit the ability of program
directors to provide camera angles of interest in a timely manner for broadcast. For
example, different operators may be responsible for different camera feeds, and it may
be difficult to coordinate between the operators in such a manner so as to provide
synchronized playback of separate clips, even though the clips themselves may display

the same event from different angles.

Summary

[5] In a first broad aspect, there is provided a method of managing media clips over

a data network, the method comprising: receiving a plurality of media streams from a
—-1-
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plurality of media sources; and for each of the plurality of media streams, wherein each
of the plurality of media streams comprises a plurality of media frames: determining a
timecode for each of the plurality of media streams, the timecode comprising a plurality
of timecode references to the plurality of media frames; and storing the plurality of
media streams at a storage server, wherein the plurality of media frames are retrievable
over the data network based on at least one selected timecode reference.

[6] In some cases, the plurality of media streams are received via the data network.
[7] The method may further comprise generating a metadata record associated with
the plurality of timecode references in a metadata database.

[8] In some cases, the metadata record comprises a media stream identifier.

[9] The method may further comprise receiving a metadata item corresponding to at
least one media frame; and updating the metadata record for the at least one media
frame.

[10] In some cases, the metadata item corresponds to two or more media frames
associated with two or more media streams.

[11] In some cases, the two or more media frames share a common timecode
reference.

[12] In some cases, the metadata item is received from a control station.

[13] In some cases, each of the plurality of media streams has a media stream
identifier associated therewith.

[14] In some cases, the plurality of media frames is associated with the respective
media stream when it is stored.

[15] The method may further comprise generating a unique identifier for each media
frame.

[16] In some cases, the timecode is identified from the media stream.

[17] In some cases, the plurality of media sources comprises at least one camera.
[18] In some cases, the plurality of media sources comprises at least one media
encoder.

[19] In some cases, the plurality of media streams are live streams.
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[20] The method may further comprise: receiving a request for at least one media clip
from a control station; retrieving the at least one media clip in response to the request;
and transmitting the at least one media clip to an output node identified in the request.
[21] In some cases, the at least one media clip comprises two or more selected
media clips associated with two or more media streams.

[22] In some cases, the timecodes of the selected media clips are referenced to a
common time base.

[23] In some cases, respective media frames of the selected media clips share a
common timecode reference.

[24] In some cases, the output node is at the control station.

[25] In some cases, the output node is at a second storage server

[26] In some cases, the second storage server is a remote storage server.

[27] The method may further comprise: receiving a request for at least one proxy
media clip from a control station; retrieving at least one media clip that corresponds to
the at least one proxy media clip in response to the request; transcoding the at least
one media clip to generate the at least one proxy media clip; and transmitting the at
least one proxy media clip to an output node identified in the request.

[28] In some cases, the request identifies the at least one media clip.

[29] In some cases, the request comprises one or more requested timecode
references corresponding to the at least one media clip.

[30] In some cases, the request comprises a requested media stream identifier
corresponding to the media stream of the at least one media clip.

[31] In some cases, the request is received via a control network.

[32] In some cases, the control network is a part of the data network.

[33] In another broad aspect, there is provided a method of managing media clips
over a data network, the method comprising: receiving a plurality of media streams from
a storage server via the data network, wherein each of the plurality of media streams
comprises a plurality of media frames, wherein each of the plurality of media streams
has a timecode; displaying a first media stream of the plurality of media streams; and

displaying at least one additional media stream of the plurality of media streams.
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[34] In some cases, the first media stream is displayed in a first viewport on a display,
and wherein the at least one additional media stream is displayed in at least one
additional viewport on the display.

[35] In some cases, the first media stream is displayed in synchronization with the at
least one additional media stream, based on respective timecodes of the first media
stream and the at least one additional media stream.

[36] In some cases, the first media stream is displayed in a first viewport on the
display, wherein the at least one additional media stream is also displayed in the first
viewport, and wherein the at least one additional media stream is displayed while
maintaining continuity with the first media stream based on respective timecodes of the
first media stream and the at least one additional media stream.

[37] In some cases, arrangement of the first viewport and the at least on additional
viewport is configurable by a user.

[38] The method may further comprise displaying at least one user interface element
on the display.

[39] In some cases, the at least one user interface element is configurable by a user.
[40] In some cases, the at least one user interface element is a metadata editing
interface.

[41] In some cases, the at least one user interface element is a clip viewing interface.
[42] In some cases, the at least one user interface element is a live stream viewing
interface.

[43] The method may further comprise: receiving an input via an input device;
associating the input with at least one timecode reference of each of the first media
stream and the at least one additional media stream; generating a metadata update
request based on the input and the at least one timecode reference; transmitting the
metadata update request to a metadata database.

[44] In some cases, the at least one timecode reference is a current timecode
reference corresponding to a selected media frame currently displayed on the display.
[45] The method may further comprise: receiving a search input via the input device,
wherein the search input identifies at least one metadata item; transmitting a clip

request to the metadata database based on the at least one metadata item; receiving at

—4—
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least one media frame identifier in response to the clip request; and requesting at least
one media clip from the storage server based on the at least one media frame identifier.
[46] In some cases, the at least one media frame identifier comprises one or more
timecode references associated with the at least one media clip.

[47] In yet another broad aspect, there is provided a system for managing media
clips, the system comprising: a data network; a plurality of media sources; a storage
server configured to: receive a plurality of media streams from the plurality of media
sources; and for each of the plurality of media streams, wherein each of the plurality of
media streams comprises a plurality of media frames: determine a timecode for each of
the plurality of media streams, the timecode comprising a plurality of timecode
references to the plurality of media frames; and store the plurality of media streams,
wherein the plurality of media frames are retrievable over the data network based on at
least one selected timecode reference.

[48] In some cases, the plurality of media streams are received via the data network.
[49] The system may further comprise a metadata server configured to generate a
metadata record associated with the plurality of timecode references in a metadata
database.

[50] In some cases, metadata record comprises a media stream identifier.

[51] In some cases, the metadata server is further configured to receive a metadata
item corresponding to at least one media frame; and update the metadata record for the
at least one media frame.

[52] In some cases, the metadata item corresponds to two or more media frames
associated with two or more media streams.

[53] In some cases, the two or more media frames share a common timecode
reference.

[54] The system may further comprise a control station, wherein the metadata item is
received from the control station.

[65] In some cases, each of the plurality of media streams has a media stream
identifier associated therewith.

[66] In some cases, the plurality of media frames is associated with the respective

media stream when it is stored.
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[57] In some cases, the storage server is further configured to generate a unique
identifier for each media frame.

[68] In some cases, the timecode is identified from the media stream.

[59] In some cases, the plurality of media sources comprises at least one camera.
[60] In some cases, the plurality of media sources comprises at least one media
encoder.

[61] In some cases, the plurality of media streams are live streams.

[62] In some cases, the storage server is further configured to: receive a request for
at least one media clip from a control station; retrieve the at least one media clip in
response to the request; and transmit the at least one media clip to an output node
identified in the request.

[63] In some cases, the at least one media clip comprises two or more selected
media clips associated with two or more media streams.

[64] In some cases, the timecodes of the selected media clips are referenced to a
common time base.

[65] In some cases, respective media frames of the selected media clips share a
common timecode reference.

[66] In some cases, the output node is at the control station.

[67] In some cases, the output node is at a second storage server

[68] In some cases, the second storage server is a remote storage server.

[69] In some cases, the storage server is further configured to: receive a request for
at least one proxy media clip from a control station; retrieve at least one media clip that
corresponds to the at least one proxy media clip in response to the request; transcode
the at least one media clip to generate the at least one proxy media clip; and transmite
the at least one proxy media clip to an output node identified in the request.

[70] In some cases, the request identifies the at least one media clip.

[71] In some cases, the request comprises one or more requested timecode
references corresponding to the at least one media clip.

[72] In some cases, the request comprises a requested media stream identifier

corresponding to the media stream of the at least one media clip.
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[73] The system may further comprise a control network, wherein the request is
received via the control network.

[74] In some cases, the control network is a part of the data network.

[75] In yet another broad aspect, there is provided a system for managing media
clips, the system comprising: a data network; a storage server; a control station, the
control station configured to: receive a plurality of media streams from the storage
server via the data network, wherein each of the plurality of media streams comprises a
plurality of media frames, wherein each of the plurality of media streams has a
timecode; display a first media stream of the plurality of media streams; and display at
least one additional media stream of the plurality of media streams.

[76] In some cases, the first media stream is displayed in a first viewport on a display
of the control station, and wherein the at least one additional media stream is displayed
in at least one additional viewport on the display.

[77] In some cases, the first media stream is displayed in synchronization with the at
least one additional media stream, based on respective timecodes of the first media
stream and the at least one additional media stream.

[78] In some cases, the first media stream is displayed in a first viewport on the
display, wherein the at least one additional media stream is also displayed in the first
viewport, and wherein the at least one additional media stream is displayed while
maintaining continuity with the first media stream based on respective timecodes of the
first media stream and the at least one additional media stream.

[79] In some cases, arrangement of the first viewport and the at least on additional
viewport is configurable by a user.

[80] In some cases, the control station is further configured to display at least one
user interface element on the display.

[81] In some cases, the at least one user interface element is configurable by a user.
[82] In some cases, the at least one user interface element is a metadata editing
interface.

[83] In some cases, the at least one user interface element is a clip viewing interface.
[84] In some cases, the at least one user interface element is a live stream viewing

interface.
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[85] The system may further comprise a metadata server, wherein the control station
may be further configured to: receive an input via an input device; associate the input
with at least one timecode reference of each of the first media stream and the at least
one additional media stream; generate a metadata update request based on the input
and the at least one timecode reference; transmit the metadata update request to the
metadata server.

[86] In some cases, the at least one timecode reference is a current timecode
reference corresponding to a selected media frame currently displayed on the display.
[87] In some cases, the control station is further configured to: receive a search input
via the input device, wherein the search input identifies at least one metadata item;
transmit a clip request to the metadata database based on the at least one metadata
item; receive at least one media frame identifier in response to the clip request; and
request at least one media clip from the storage server based on the at least one media
frame identifier.

[88] In some cases, the at least one media frame identifier comprises one or more

timecode references associated with the at least one media clip.

Brief Description of the Drawings

[89] A preferred embodiment of the present invention will now be described in detail
with reference to the drawings, in which:

FIG. 1A illustrates an exemplary system 100 for generating and managing media
objects;

FIG. 1B illustrates an exemplary embodiment of the system of FIG. 1A;

FIG. 1C illustrates another exemplary embodiment of the system of FIG. 1A;

FIG. 1D illustrates an alternative exemplary embodiment of the system of FIG.
1C;

FIG. 2 illustrates an exemplary system 200 for using media objects;

FIG. 3 is an exemplary process flow diagram for a method of managing media
clips over a data network;

FIG. 4 is a process flow diagram for an exemplary method of providing media

clips;
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FIG. 5 is a block diagram illustrating an exemplary software stack for a control
station;

FIG. 6 illustrates an exemplary user interface;

FIG. 7 is a process flow diagram for an exemplary method of managing media
clips; and

FIG. 8 is a process flow diagram for an exemplary method of managing media

clip metadata.

Description of Exemplary Embodiments

[90] It will be appreciated that for simplicity and clarity of illustration, where
considered appropriate, reference numerals may be repeated among the figures to
indicate corresponding or analogous elements or steps.

[91] The embodiments of the systems and methods described herein, and their
component nodes, devices and operations, may be implemented in hardware or
software, or a combination of both.

[92] Reference is first made to FIG. 1A, which illustrates an exemplary system 100 for
generating and managing media objects, including media streams and media clips.
System 100 comprises a plurality of media sources 102, a media router 104, a plurality
of encoders 106, a data network 108, a storage server 110, a metadata server 150, a
control network 112 (which may be part of data network 108), a control station 114, an
output node 160 and a plurality of decoders 116.

[93] Media sources 102 may comprise sources of video or audio that produce
respective media signals 120. For example, a media source 102 may be a television
camera or film camera, which may produce a video output signal, which may be
transmitted using a Serial Digital Interface (SDI) or High Definition Serial Digital
Interface (HD-SDI). In some cases, a media source 102 may comprise a plurality of
input interfaces; for example, to receive video input with a 4K resolution, several SDI
inputs may be grouped together. Media source 102 may also be an audio capture
device, such as a microphone, which may produce an audio output signal, transmitted

via a suitable interface.
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[94] Other types of media sources 102 may also be provided. For example, media
sources 102 may comprise a network file server or media servers.

[95] In some cases, particularly where there are a plurality of media sources 102
capturing video of a live event, the media sources 102 may be synchronized relative to
a common timebase (e.g., using a GPS-based clock, a reference timing signal, etc.) and
timecodes may be generated and embedded within the media signals 120 to provide
common references if and when the media signals are later edited.

[96] Many forms of timecodes can be provided. The Society of Motion Picture and
Television Engineers (SMPTE) defines multiple timecode standards. For example, a
video signal may have Vertical Interval Time Codes or “VITC” timecodes embedded
within the vertical blanking interval. In some cases, the term “timecode” or “time code”
may refer to a plurality of timecode packets associated with a particular video stream.
Each timecode packet may correspond to a particular frame of video, and the timecode
packets may be collectively referred to as the “timecode” of the stream. A timecode
reference may be a timing reference associated with a particular point in time, as
referenced to the timecode of the stream.

[97] Media router 104 generally has a plurality of input ports 122 and output ports
124. Each of the media sources 102 may provide a media signal 120 (e.g., video and/or
audio) to media router 104 at one of the input ports 122, for example using an SDI
interface. Media router 104 may be configured to switch signals received at an input
port 122 to an output port 124 under the control of control network 112. Media router
104 can be coupled to control station 114 to receive router control signals 128.

[98] A media encoder 106 is coupled to each of the output ports 124 of media router
104. Each media encoder may receive an input media signal (e.g., video input signal)
and encode it to provide a corresponding encoded media stream (e.g, compressed
digital video signal) 126.

[99] When encoding the media stream, media encoder 106 may extract timecode
packets embedded within the input media signal and re-embed corresponding timecode
packets in the encoded media stream. The embedded timecode packets may be
associated with each individual media frame, or may be inserted in the media stream at

predefined intervals. In some cases, additional timecode packets may be generated and

-10 -
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embedded based on timecode references from existing timecode packets and a known
frame rate of the media stream.

[100] Media encoders 106 can be coupled to data network 108. Data network 108 may
be any type of communication network that allows data to be transmitted between
various devices. In this example, data network 108 is an Internet Protocol (IP) network
that may be used to couple devices in addition to those illustrated in the Figures and
described herein. Accordingly, media encoders 106 may be configured to generate and
output a media stream for transmission via data network 108. Media streams may
comprise, for example, a Motion Picture Experts Group (MPEG) Transport Stream
according to the MPEG-2 or other standards. Similarly, the media streams generally
comprise media frames (e.g., video frames or audio frames) encoded in a media
compression format, such as that defined in the MPEG-2, MPEG-4 or JPEG2000
standards.

[101] Media frames may be generally intra coded frames, that is, frames coded without
reference to any other frame except themselves, to facilitate random access to any
point in the respective media streams. However, in some cases, frames may also be
predicted frames. For example, if media frames are encoded in the MPEG-4 Advanced
Video Coding standard, then the media frames may be generally of the I-frame type.
However, in some cases, the media frames may also comprise P- or B-frames.

[102] In some embodiments, media router 104 may be omitted and media sources 102
may be otherwise directly or indirectly coupled to data network 108, whereupon the
media sources 102 may perform the function of media encoders 106 or interface directly
with media encoders 106.

[103] The media streams 126 can be transmitted to storage server 110 via data
network 108 for storage. Storage server 110 may comprise one or more computer
servers, each comprising at least a processor, a network interface and a storage
memory. In particular, storage server 110 may be configured to provide a scalable
distributed storage system (e.g., “cloud” storage) in which storage server 110 comprises
multiple nodes or computers connected via a network. For example, storage server 110

may be configured to provide a NoSQL database storage scheme. In some

-11 -
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embodiments, storage server 110 may comprise one or more encoders 106, for
encoding or re-encoding input media streams.

[104] Each of the media streams may be stored in a separate file or record by storage
server 110. A media stream identifier may be generated and associated with each
stored media stream. In some cases, the media stream identifier may be a randomly
generated unique identifier, such as a universally unique identifier (UUID). In other
cases, the media stream identifier may identify, for example, the media source from
which the media stream originated. The media stream identifier may also identify a date
and time associated with the media stream, or other metadata.

[105] Generally, the transport stream of a media stream may be removed when stored
by storage server 110. However, in some cases, the transport stream may be retained.
[106] Metadata server 150 may comprise a processor, a network interface and a
storage memory. The storage memory may comprise a metadata database, which may
in some cases be a relational database configured to store metadata relating to the
media streams stored by storage server 110.

[107] The metadata database may contain records corresponding to each of the media
streams stored. The records may identify, for example, the media source from which the
media stream originated, a date and time associated with the media stream, encoding
format and other metadata. The metadata database may also generate and associate
unique identifiers with each media frame in the respective media streams. Each record
may comprise a description field that can store arbitrary text or tags describing the
recorded content, to facilitate searching and retrieval (e.g., by a human operator). For
example, if a metadata stream comprises media frames that record a touchdown scored
by John Smith in a football game, then metadata records for the media frames may
comprise metadata such as “touchdown”, “4%h quarter”, “player number 33”, “Smith,
John”, “Green Bay”, etc. For media clips, additional metadata may include a clip author,
a real time creation date, a timecode creation time, in/out points for the clip, a clip name,
an identifier of the machine on which the clip was created, a primary media source from
which the clip was created, etc.

[108] In general, the metadata database may be searchable, for example, from control

station 114 via a suitable search interface.

-12 -
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[109] It will be appreciated that any number of metadata tags or descriptions can be
applied, although in some cases these may be limited to certain predefined tags to
enforce uniformity.

[110] In some embodiments, every media frame of every media stream may have a
corresponding record in the metadata database. The frame record may comprise, for
example, a timing reference identified in the timecode packet of the media frame and a
media frame identifier for retrieving the media frame from storage server 110 (e.g., byte
offset, file offset, timecode offset, frame number, etc.).

[111] The metadata database may further contain records defining media clips. Media
clips may be created and edited, for example, by control station 114. Each media clip
record may contain an indication of the media stream and media frames that comprise
the media clip. The record may be constructed based on timecode references of media
frames, references to specific frames (e.g., by frame count). Moreover, each media clip
record may refer to more than one media stream.

[112] In some cases, media clips may reference other media clips.

[113] Accordingly, when a media clip is to be played back or otherwise output, the
requesting control station may first query the metadata database to retrieve the media
clip record, identify the media streams and media frames required to construct the
media clip, and subsequently request the corresponding media frames from storage
server 110. The received media frames can then be assembled in the appropriate
sequence (indicated in the media clip record) prior to output or playback.

[114] In some embodiments, storage server 110 and metadata server 150 may be
merged, or provided at the same physical device. For example, storage server 110 may
perform some or all of the functions of metadata server 150, or vice versa.

[115] Output node 160 is generally capable of retrieving or receiving media frame data
from storage server 110 (e.g., media streams or media clips), and generating an output
video stream, for example, to be broadcast. For example, output node 160 may mix and
blend between two media streams (e.g., performing cross-fading). In some
embodiments, output node 160 may comprise one or more decoders 116. In addition, in

some embodiments, output node 160 may be provided as part of control station 114 or

—-13 -
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at other locations in the system. Output node 160 may in some cases be referred to as
a playout node.

[116] Control station 114 may comprise one or more computing devices comprising a
processor, a memory, a display, a network interface and an input device capable of
being operated by a user. For example, control station 114 may be a computer
workstation, a laptop computer, a tablet computer, etc. Control station 114 can be
communicatively coupled to storage server 110 through control network 112. As noted
above, in some cases control network 112 may be part of another network, such as
data network 108. In such cases, control station 114 may be located remotely from
storage server 110 and communicatively coupled via the data network (e.g., the
Internet). As noted above, in some cases, control station 114 may comprise an output
node 160 (not shown).

[117] Generally, the user may use control station 114 to select media streams, or
portions thereof, stored in the storage server 110, as described herein. The user may
also use the control station 114 to review the media streams, select portions of the
media streams (e.g., media clips) and retrieve or record the selected portions of the
media streams as media clips. The user may further direct that selected media streams
or clips be output to an output node 160. In some cases, media clips may be stored in
the storage server 110 as separate media objects copied from the media streams.
Preferably, media clips need not be copied and stored separately from the media
streams, but can instead be referenced according to start and stop time markers
indicating the start and end positions of the clip in the media stream. In particular, the
start and stop time markers may be timing references based on a timecode (timecode
reference) embedded within the media streams. As described, such timing references
and timecodes can be synchronized among two or media streams stored at the storage
server 110, allowing for convenient retrieval of media frames corresponding to the same
timecode.

[118] Accordingly, when a request for a media clip is received by storage server 110,
storage server 110 can determine the relevant media streams and timecode references

from the request and the start and stop time markers identified in the request, retrieve
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the relevant media clip and transmit the requested media clip to the requesting device,
or to another device specified in the request.

[119] In particular, media clips may be output to output nodes 160 coupled to data
network 108. For example, in system 100, decoders 116 can receive media clips from
storage server 110 through the data network via output node 160. The decoders 116
can be configured to decode the media clips to provide decoded media clips 130 to
devices coupled to the decoders. For example, if a media clip is encoded in the MPEG-
4/AVC compression format, decoder 116 can decode the media clip and generate a
corresponding SDI or HD-SDI output signal.

[120] Similarly, renderers (not shown) can be coupled to data network 108 and can
also receive media clips from storage server 110 through the data network. The
renderers can be configured to decode the media clips and render the media clips for
display on a display, such as a television, a computing device or the like. In some
cases, renderers can be provided in software or hardware at control station 114. For
example, one renderer may comprise video streaming software.

[121] In general, a user may use the control station 114 to select a series of media
clips and arrange them in a sequence, which may be recorded as a single clip or which
may be recorded as metadata indicating the source media stream for each clip in the
sequence, along with the start and stop point within the source media stream for each
clip in the sequence. The sequence of clips may be output to devices coupled to the
data network 108, including the decoders 116 and renderers 117.

[122] In some embodiments, the system may include optional devices coupled to the
storage server 110 or control station 114. For example, such devices may include a
viewing system that allows a user of the viewing system to view one or more media
streams or media clips stored in the storage server 110. Other such devices may
include a replay clip management system or a router control system, as described
further herein.

[123] Generally, system 100 allows input media signals (e.g., source video signals) to
be received and encoded in a form that may be transmitted using data network 108.
Following encoding, media streams (and clips from the media streams) are accessible

to devices coupled to the video server 110. In this example, by selecting data network
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108 to be an IP network, it is possible to allow a variety of devices capable of
communicating using an IP network to access the media streams and clips.

[124] In some embodiments, the data network 108 may be a local area network (LAN)
in a facility such a sports arena. In such an embodiment, the media sources 102 may be
video cameras located in the arena and possibly other locations. The decoders 116 may
be coupled to video displays (not shown) such as a display visible to spectators in the
arena, including the stadium score clock or other digital display signs. In some
embodiments, one or more of the decoders may be part of a display controller (not
shown) controlled by a spectator. For example, a television set top box may be coupled
to the data network 108 (e.g., via the Internet). The set top box may include software
allowing the spectator to select video objects (including media streams and media clips)
stored in the video server. The set top box obtains the selected media from the storage
server 110. A decoder in the set top box decodes the selected media to form decoded
videos, which are then shown a display (not shown).

[125] Reference is next made to FIG. 1B, which illustrates an exemplary embodiment
of the system of FIG. 1A. Elements of system 100B that correspond to elements of
system 100 are identified by similar reference numerals. System 100B may be
deployed, for example, at a sports stadium, and generally comprises a data network
108, a storage server 110, a metadata server 150, a control network 112, and a control
station 114. Media sources 102B may be video cameras producing video signals to be
encoded by encoders 106B. Similarly, video may be output via output node 160 and
further via decoders 116B to a stadium clock scoreboard 180 and digital signage 181
located throughout the stadium. System 100B further comprises a secondary storage
server 110B, a secondary controller 114 and a display 182, which may be located in a
broadcasting suite 185.

[126] Reference is next made to FIG. 1C, which illustrates another exemplary
embodiment of the system of FIG. 1A. Elements of system 100C that correspond to
elements of system 100 are identified by similar reference numerals. System 100C may
generally comprise a storage server 110, a metadata server 150, a control network 112,
and a control station 114. In contrast to system 100, system 100C may comprise a

hybrid data and control network cloud 109, which connects the storage server 110 and
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metadata server 150 to encoders 106 and decoders 116. Optionally, an output node
160 may be provided. The hybrid network may be a public or private data network,
through which input data can be transmitted to the storage server 110 for management
by control station 114, whereupon it can be transmitted back to decoders 116.
Accordingly, storage server 110, metadata server 150 and control station 114 can be
located remotely from both encoders 106 and decoders 116.

[127] Reference is next made to FIG. 1D, which illustrates an alternative exemplary
embodiment of the system of FIG. 1C. Elements of system 100D that correspond to
elements of system 100C are identified by similar reference numerals. System 100C
may generally comprise a storage server 110, a metadata server 150, a control network
112, and a control station 114. System 100D may comprise a hybrid data and control
network cloud 109, which connects the control station 114 to storage server 110 and
metadata server 150. Optionally, an output node 160 may be provided. The hybrid
network may be a public or private data network, through which input data can be
transmitted to the storage server 110 for management by control station 114. Output
data from storage server 110 may be encoded using encoder 116D to generate proxy
media streams and proxy media clips, for more efficient transmission via the hybrid
network 109. The proxy media streams and proxy media clips can be decoded by
decoder 116D for display at control station 114. Accordingly, storage server 110 and
metadata server 150 can be located in close proximity to encoders 106 or decoders
116, or both, while control station 114 can be located remotely from encoders 106,
decoders 116, storage server 110 and metadata server 150.

[128] Reference is next made to FIG. 2, which illustrates an exemplary system 200 for
using media objects such as media streams and media clips stored in a storage server.
Elements of system 200 that correspond to elements of system 100 are identified by
similar reference numerals. System 200 generally comprises a data network 208, a
storage server 210, a metadata server 250, a control network 212, a control station 214,
a web server 240 and media viewing controller 242.

[129] The media objects may be recorded in storage server 210 by a system such as

system 100.
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[130] Web server 240 and media viewing controller 242 are coupled to data network
108 and may communicate with each other and with storage server 210 through the
data network.

[131] Web server 240 provides an interface for media viewing controllers 242 to
access media clips and other media objects stored in video server 210. Web server
provides a web site in the form of web pages accessible to media viewing controller
242. Each media viewing controller includes a decoder 244 that is coupled to a display
246. The web pages allow a user of the media viewing controller to identify media
objects (including media streams and media clips made by a user of control station 214)
stored in the storage server 210 and select them for viewing. The selected media
objects are then transmitted through the data network to the decoder 244, which
decodes them to provide decoded media (e.g., video signals) that are then shown on
the display 246.

[132] In some embodiments, a user of a media viewing controller may be permitted to
make media clips from the received media objects.

[133] In some embodiments, the data network 208 may be a local area network (LAN)
within a single facility. In other embodiments, the data network may be a wide area
network that includes public networks such as the Internet. The media viewing controller
242 may be located anywhere that the data network extends, and could potentially be
located anywhere in the world. For example, a media viewing controller 242 may be a
computer coupled to the Internet. A user of the computer may identify media objects
stored in the storage server and may view the media objects on the user’s own
computer. This allows the user to view media objects of interest to the user.

[134] Referring now to FIG. 3, there is illustrated an exemplary process flow diagram
for a method of managing media clips over a data network. Method 300 may be
performed, for example, by system 100 and by storage server 110 in particular.

[135] At 305, a plurality of media streams may be received from a plurality of media
sources (e.g., media sources 102). The media streams may be received directly from
the media sources, or indirectly via a router (e.g., router 104) and encoders (e.g.,
encoders 106). Each of the plurality of media streams may comprise a plurality of media

frames, respectively.
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[136] At 310, one or more timecodes may be extracted from, or otherwise determined
for, each of the plurality of media streams. The timecodes for each of the media steams
may also be referenced to a common timebase, allowing for synchronization between
the plurality of media streams. In cases where the media streams originate from media
sources that are synchronized (e.g., television cameras that are synchronized to a
common reference clock), the timecodes may already be referenced to the same
common timebase (i.e., synchronized). In other cases, where the media streams
originate from media sources that may not be synchronized (e.g., television cameras at
disparate locations), then an offset may be determined for one or more of the media
streams, allowing the respective timecodes to be referenced to the common timebase.
The offset may be automatically determined, if possible, or otherwise may be manually
determined based on user input.

[137] The media streams may be stored at a storage server at 315. For example, the
media streams may be stored at a storage server 110 as described herein with
reference to FIG. 1A. Generally, the media streams are stored in such a manner that
their respective media frames can be retrieved over the data network, based on a
timecode or other frame identifier.

[138] At 320, a metadata record can be generated corresponding to each of the
plurality of media streams. The metadata record can be generated and stored in a
metadata database, for example at metadata server 150.

[139] At 325, the generated metadata record can be associated with a respective
media stream. In addition, the metadata record can be updated to comprise an
indication of the timecodes extracted from within the corresponding media stream. In
some cases, metadata records for each individual media frame with the media stream
may be generated to comprise individual timecode references specific to the media
frame.

[140] For each media stream, the metadata record may further comprise an indication
of the media source of the media stream and other metadata as described herein.
[141] Optionally, at 330, metadata input may be received, for example from control
station 114. Accordingly, the metadata record can be updated with the metadata input
at 335.
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[142] Referring now to FIG. 4, there is illustrated a process flow diagram for an
exemplary method of providing media clips. Method 400 may be performed by a storage
server, such as storage server 110.

[143] At 405, a media clip request may be received by the storage server via control
network 112 (or, in some cases, data network 108). The media clip request may
originate, for example, at control station 114 or output node 160, and may comprise an
indication of the destination of the requested media (e.g., output node 160 and/or
control station 114), the media stream or plurality of media streams requested, as well
as indications of the requested media frames. For example, the indications may be
timecode references (if known), a byte offset within the respective stored media stream
(if the byte offset is known), etc. In some cases, a range of media frames may be
requested according to a start and stop time in a media stream.

[144] At 410, a requested media stream is identified based on the media clip request.
Likewise, at 415, the requested media frames within the requested media stream are
identified.

[145] The requested media frames can be extracted from the stored media stream at
420.

[146] At 425, a determination can be made whether there exist additional requested
media frames belonging to additional media streams. If additional media frames are
required, the process may return to 415 to identify the additional media frames and
repeat the extraction process. This loop can be repeated until all requested media
frames from all requested media streams have been extracted.

[147] Once the requested media frames from the requested media streams have been
extracted and retrieved, a media clip can be assembled at 427. The media frames may
be arranged to assemble the media clip according to instructions contained in the media
clip request. In some cases, the media frames may simply be concatenated together. In
other cases, the media frames may be arranged in a specific arrangement, as described
further herein. In still other cases, the media clip may be assembled at an output node,
such as output node 160.

[148] In some cases, the requested media clip may comprise media frames encoded in

a high resolution and/or high bitrate encoding format, which may result in a requirement
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for large bandwidth to transmit the resulting media clip over the data network. In such
cases, a proxy media clip may be generated, created by transcoding the media clip to a
lower resolution or bitrate.

[149] In such cases, at 430, a determination may be made whether transcoding is
required before transmitting the media clip. The determination may based on a
bandwidth policy, on the media clip request itself, or other factors.

[150] Transcoding may be performed, if required, at 440 and the resulting proxy media
clip transmitted to an output specified in the request at 445.

[161] Otherwise, if transcoding is not required, the retrieved media clip may be
transmitted to the output specified in the request, at 435.

[152] The output specified in the request may be, for example, an output node 160, or
the control station 114 from which the request originated. Alternatively, the output may
be another control station 114. In some cases, the output may also be another network
output. In some cases, the network output may be another storage server 110
accessible via network 108. For example, if a first storage server 110 is located at a
sports stadium, the output may be a second storage server 110 located in a television
broadcast facility.

[153] In some cases, the network output may be a personal computer or tablet
computer accessible via the Internet.

[154] In some other cases, the output may comprise a plurality of outputs grouped
together to provide a common interface. For example, to provide video output with a 4K
resolution, multiple SDI output channels can be grouped together.

[165] Referring now to FIG. 5, there is illustrated a block diagram illustrating an
exemplary software stack for a control station, such as control station 114.

[166] Software stack 500 generally comprises a driver layer 510, a services layer 520,
an application layer 530 and a user interface layer 540.

[157] Driver layer 510 may comprise one or more driver modules 512, for interfacing
with various hardware and network devices provided at control station 114, such as a
processor, memory, display, input device and network device. In some cases, the driver

modules 512 may provide an interface for other devices communicatively coupled to the
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control station. For example, a driver module may provide an interface for a network-
based file system.

[168] Services layer 520 may comprise one or more services module 522, for providing
system-level services, such as encoding, decoding and rendering media files.
Application layer 530 may comprise one or more application modules 532. Each of the
application modules 532 may provide specific functionality to the control station. For
example, an application module may provide live playback of a media stream, wherein a
selected media stream can be rendered and displayed on a display of the control
station. Another application module may provide playback of a media clip. Yet another
application module may display a list of available media streams or media clips. Yet
another application module may enable a user to browse and update metadata relating
to media streams or media clips. Additional examples of application modules include:
video router control modules, infrastructure equipment control modules, video
equipment configuration module (e.g., providing adjustment of chroma/luma gain in
video), media asset management modules, video server access modules, remote
desktop control modules (e.g., VNC), encoder/decoder configuration modules, digital
signage control modules, media wall control modules, and other 3™ party interface
modules. It will be appreciated that any number of application modules can be provided
and that application modules can be designed to use the services provided by services
layer 520, driver layer 510, user interface 540 and even other application modules.
Application modules thus enable the functionality of control station 114 to be expanded
and extended.

[159] In one example, an application module 532 may provide a metadata input
interface, displayed on a display of the control station. If the control station is equipped
with a touchscreen display, the metadata input interface may utilize the touchscreen
display to accept input. The metadata input interface may be configured for a specific
type of metadata input. For example, if the metadata relates to media streams and clips
of a baseball game, the metadata input interface may comprise input options relating to
baseball statistics, plays and players. Accordingly, a user of the control station and the
metadata input interface can easily enter metadata relating to a media stream or media

clip as it is viewed by the user on a display of the control station.
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[160] Metadata input interfaces can be customized for a variety of media stream
categories. For example, media streams relating to sports, such as football, basketball,
hockey, etc., may have metadata input interfaces tailored to facilitate efficient input of
statistics, plays and players.

[161] Media streams relating to entertainment or news may similarly have customized
metadata input interfaces. For example, media streams relating to live awards shows for
the entertainment industry may have metadata input interfaces tailored to facilitate
efficient input of award names, recipient names and the like.

[162] In some cases, as the metadata is entered, control station can determine the
current timecode reference of a media clip (or media stream) playing back in an
associated display viewport, and both the entered metadata and the current timecode
reference can be automatically associated with the metadata. In other cases, a user
may specify both the metadata and a media clip (which may be identified by one or
more timecode references) with which the metadata should be associated.

[163] User interface layer 540 generally cooperates with driver layer 510, core services
layer 520 and application layer 530 to manage and render a user interface for display
on a display device of the control station. The operation of user interface layer 540 is
described in further detail herein.

[164] Referring now to FIG. 6, there is illustrated an exemplary user interface that may
be generated by user interface layer 540.

[165] User interface 600 comprises one or more viewports, each of which may be
generated by an application module, such as an application module 532.

[166] In some cases, viewports may be arranged and rearranged in the user interface
600, based on user input. In other cases, viewports may be arranged according to a
predetermined pattern or template, which may be context-specific or user selectable.
For example, in one context of metadata input, one viewport arrangement could display
a viewport displaying a live media stream, another viewport displaying stored media
streams (or media clips) and a metadata input interface viewport. Another viewport

arrangement could display live media streams and an output stream viewport.
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[167] In the example shown, viewports 610 display live media streams, respectively.
For example, the live media streams may correspond to separate media sources (e.g.,
television cameras).

[168] Viewports 620 and 625 are configured to display non-live media streams or
media clips, such as media clips received from a storage server 110. The control station
may receive input with instructions to “scrub” (e.g., advance frames forward or
backward) through the media streams displayed in viewports 620 and 625. In response
to the input instructions, the control station may request media frames from the storage
server, to be decoded and rendered in the appropriate viewport. Optionally, viewports
620 and 625 may be configured to synchronize display of two separate media streams,
for example based on timecode. Accordingly, if a user wishes to review an event that
was recorded in two media streams, both media streams may be shown in
synchronization as they are played back or scrubbed through.

[169] For ease of exposition, only viewports 620 and 625 are shown, but additional
viewports may also be opened and synchronized with viewports 620 or 625.

[170] Viewport 640 may be configured to display a predefined media clip. Similarly to
viewports 620 and 625, viewport 640 may display a media clip received, for example,
from a storage server 110.

[171] Viewport 630 may be configured to display an input interface. The input interface
may comprise user interface elements, such as buttons, slider controls, text fields, and
the like. The input interface can be configured to provide control over other viewports of
the user interface 600. In one example, the input interface comprises playback controls.
In another example, the input interface comprises a metadata input interface.

[172] Viewport 650 may comprise a user-selectable list of media streams stored at a
storage server, and media clips available at the control station.

[173] Viewport 690 may display the output media signal being streamed to an output
node.

[174] Referring now to FIG. 7, there is illustrated a process flow diagram for a method
of managing media clips.

[175] Method 700 may be performed by a control station, such as control station 114,

using a user interface such as user interface 600.
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[176] At 705, the control station may receive a plurality of media streams over a data
network from a storage server, such as storage server 110. Optionally, at 710, the
control station may also receive a list of one more media clips 710.

[177] At 715, the control station may receive input via an input device (or user
interface) indicating which of the plurality of media streams to display. The input may
also indicate in which viewports the media streams are to be displayed.

[178] At 720, a first media stream of the plurality of media streams may be displayed,
and, at 725, at least one additional media stream may be displayed.

[179] In some cases, the first media stream may be displayed in a first viewport on the
display, and the at least one additional media stream may be displayed in at least one
additional viewport on the display. The first media stream may be displayed in
synchronization with the at least one additional media stream, based on respective
timecodes of the first media stream and the at least one additional media stream.

[180] Alternatively, in some cases, the control station may display both the first media
stream and the at least one additional media stream in the same viewport. In some
cases, the display may be “cut” between streams according to user input or based on
predefined instructions, in which case the at least one additional media stream can be
displayed while automatically maintaining continuity with the first media stream based
on respective timecodes of the first media stream and the at least one additional media
stream. For example, the control station may request media frames from a first media
stream until reaching the timecode reference at which a cut occurs and then request
further media frames from a second media stream following the cut.

[181] In other cases, a “mosaic” may be generated by the control station, wherein both
the first and the additional media streams are rendered within the same viewport.
Similarly, the media streams within the mosaic can be synchronized according to
timecode.

[182] In other cases, a “loop” may be generated by the control station, wherein a first
media stream is played back from a start timecode reference to an end timecode
reference. Subsequently, at least one additional media stream can also be played back

from the same start timecode reference to the same end timecode reference.
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[183] Each of the “cut’, “mosaic” and “loop” displays may be defined as metadata.
Accordingly, corresponding media clips for the “cut’, “mosaic” and “loop” may also be
generated. Such media clips can be generated by defining appropriate metadata
indicating the appropriate start and end times (e.g., timecode references) and media
streams.

[184] Referring now to FIG. 8, there is illustrated a process flow diagram for an
exemplary method of managing media clip metadata.

[185] Method 800 may be performed, for example, by a control station such as control
station 114, in cooperation with a user interface, such as user interface 600.

[186] At 805, the control station may receive metadata input, for example via a
metadata input interface.

[187] At 810, the current timecode reference may be determined, or a timecode
reference range may be determined. The timecode references may be determined
automatically, based on a timecode reference for a currently displayed media frame, or
may be received as user input.

[188] At 815, the metadata input and the timecode references may be associated with
a media stream or clip (e.g., a displayed media stream or a media stream identified in
the user input). In some cases, the metadata input can be associated with individual
media frames.

[189] In some cases, where more than one media stream or media clip is displaying
media frames with the same timecode (e.g., displaying synchronized videos), the input
metadata may be associated with both one or more of the synchronized videos.

[190] A metadata update request may be generated at 820; the metadata update
request may comprise the timecode or timecode references, and an indication of the
media stream or clip to which the metadata pertains.

[191] At 825, the metadata update request may be transmitted to a metadata server,
such as metadata server 150.

[192] The present invention has been described here by way of example only, while
numerous specific details are set forth herein in order to provide a thorough
understanding of the exemplary embodiments described herein. However, it will be

understood by those of ordinary skill in the art that these embodiments may, in some
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cases, be practiced without these specific details. In other instances, well known
methods, procedures and components have not been described in detail so as not to
obscure the description of the embodiments. Various modification and variations may
be made to these exemplary embodiments without departing from the spirit and scope

of the invention, which is limited only by the appended claims.
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CLAIMS
1. A method of managing media clips over a data network, the method comprising:

receiving a search input via an input device, wherein the search input identifies at
least one metadata item;

generating a first request for one or more media clip records, the first request being
associated with the at least one metadata item contained in the search
input;

transmitting the first request to a metadata database, the metadata database
comprising a plurality of media clip records;

querying the metadata database using the at least one metadata item contained
in the first request to retrieve a media clip record corresponding to the at least one
metadata item, the media clip record comprising one or more identifiers for corresponding
one or more media streams, and one or more timecode markers for each of the one or
more media streams, each media stream comprising a plurality of media frames and a
plurality of timecode references corresponding to the plurality of media frames, and the
one or more timecode markers for each of the one or more media streams making
reference to the timecode references corresponding to the media frames for each of the
one or more media streams;

retrieving the media clip record in response to the first request;

generating and transmitting, subsequently and automatically, a second request for
one or more media frames within each of the one or more media streams
based on the corresponding timecode markers identified in the media clip

record, the second request being transmitted to a storage server comprising
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a plurality of media streams;

receiving, in response to transmitting the second request, the one or more media
frames from the one or more media streams identified in the media clip
record based on the corresponding identifiers and timecode markers
contained in the media clip record;

generating, based on the second request, at least two contemporaneous output
media streams from the storage server via the data network, each output
media stream comprising the retrieved one or more media frames;

displaying a first output media stream of the at least two contemporaneous output
media streams; and

displaying at least one additional output media stream of the at least two
contemporaneous output media streams,

wherein the corresponding timecode references of the one or more media frames
contained in the contemporaneous output media streams received from the storage

server are relative to a common timebase.

2. The method of claim 1, wherein the first output media stream is displayed in a first
viewport on a display, and wherein the at least one additional output media stream is

displayed in at least one additional viewport on the display.

3. The method of claim 2, wherein the first output media stream is displayed in

synchronization with the at least one additional output media stream, based on respective
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timecodes of the first output media stream and the at least one additional output media

stream.

4. The method of any one of claims 1 to 3, wherein the first output media stream is
displayed in a first viewport on the display, wherein the at least one additional output
media stream is also displayed in the first viewport, and wherein the at least one additional
output media stream is displayed while maintaining continuity with the first output media
stream based on respective timecode references of the first output media stream and the

at least one additional output media stream.

5. The method of claim 2, wherein arrangement of the first viewport and the at least on

additional viewport is configurable by a user.

6. The method of any one of claims 1 to 5, further comprising displaying at least one user

interface element on the display.

7. The method of claim 6, wherein the at least one user interface element is configurable

by a user.

8. The method of claim 6, wherein the at least one user interface element is a metadata

editing interface.
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9. The method of claim 6, wherein the at least one user interface element is a clip viewing

interface.

10. The method of claim 6, wherein the at least one user interface element is a live stream

viewing interface.

11. The method of any one of claims 1 to 10, further comprising:

receiving an input via the input device;

associating the input with at least one timecode reference of each of the first output
media stream and the at least one additional output media stream;

generating a metadata update request based on the input and the at least one
timecode reference; and

transmitting the metadata update request to a metadata database.

12. The method of claim 11, wherein the at least one timecode reference is a current
timecode reference corresponding to a selected media frame currently displayed on the

display.

13. A system for managing media clips, the system comprising:

a data network;

a metadata database comprising a plurality of media clip records;
a storage server comprising a plurality of media streams;

a control station, the control station configured to:
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receive a search input via an input device, wherein the search input
identifies at least one metadata item contained in the search input;

generate a first request for one or more media clip records, the first request
being associated with the at least one metadata item;

transmit the first request to the metadata database;

query the metadata database using the at least one metadata item contained in

the first request to retrieve a media clip record corresponding to the at least one metadata
item, the media clip record comprising one or more identifiers for corresponding one or
more media streams, and one or more timecode markers for each of the one or more
media streams, each media stream comprising a plurality of media frames and a plurality
of timecode references corresponding to the plurality of media frames, and the one or
more timecode markers for each of the one or more media streams making reference to
the timecode references corresponding to the media frames for each of the one or more
media streams;

retrieve the media clip record in response to the first request;

generate and transmit, subsequently and automatically, a second request
for one or more media frames within each of the one or more media streams based on
the corresponding timecode marker identified in the media clip record, the second request
being transmitted to a storage server comprising a plurality of media streams;

receive, in response to transmitting the second request, the one or more media

frames from the one or more media streams identified in the media clip record based on
the corresponding identifiers and timecode markers contained in the media clip record;

generate, based on the second request, at least two contemporaneous
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output media streams from the storage server via the data network, each output media
stream comprising the retrieved one or more media frames;

display a first output media stream of the at least two contemporaneous
output media streams; and

display at least one additional output media stream of the at least two
contemporaneous output media streams, wherein the corresponding timecode
references of the one or more media frames contained in the contemporaneous output

media streams received from the storage server are relative to a common timebase.

14. The system of claim 13, wherein the first output media stream is displayed in a first
viewport on a display of the control station, and wherein the at least one additional output

media stream is displayed in at least one additional viewport on the display.

15. The system of claim 14, wherein the first output media stream is displayed in
synchronization with the at least one additional output media stream, based on respective
timecodes of the first output media stream and the at least one additional output media

stream.

16. The system of any one of claims 13 to 15, wherein the first output media stream is
displayed in a first viewport on the display, wherein the at least one additional output
media stream is also displayed in the first viewport, and wherein the at least one additional

output media stream is displayed while maintaining continuity with the first output media
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stream based on respective timecode references of the first output media stream and the

at least one additional output media stream.

17. The system of claim 14, wherein arrangement of the first viewport and the at least on

additional viewport is configurable by a user.

18. The system of any one of claims 13 to 17, wherein the control station is further

configured to display at least one user interface element on the display.

19. The system of claim 18, wherein the at least one user interface element is configurable

by a user.

20. The system of claim 18, wherein the at least one user interface element is a metadata

editing interface.

21. The system of claim 18, wherein the at least one user interface element is a clip

viewing interface.

22. The system of claim 18, wherein the at least one user interface element is a live

stream viewing interface.

23. The system of any one of claims 13 to 22, further comprising a metadata server,

wherein the control station is further configured to:
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receive an input via the input device;

associate the input with at least one timecode reference of each of the first output

media stream and the at least one additional output media stream;

generate a metadata update request based on the input and the at least one
timecode reference; and

transmit the metadata update request to the metadata server.

24. The system of claim 23, wherein the at least one timecode reference is a current
timecode reference corresponding to a selected media frame currently displayed on the

display.
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