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Method and Apparatus for Distributing Media over a Communications Network

TECHNICAL FIELD

The invention relates to the field of distributing media over a communications network,

and in particular to distribution of IPTV using a Peer to Peer communications network.

BACKGROUND

TV services broadcast over an IP network are referred to as IPTV. IPTV is typically
broadcast using a broadband access network, in which channels are transmitted over a

broadband network from a super head-end down to an end-user’s set top box (STB).

Linear content delivery, in which all channels in a subscription are simultaneously
delivered to a user’s set top box (STB), is not suitable for IPTV, as IPTV has limited
bandwidth available over a broadband connection. A typical ADSL broadband
connection provides a capacity of between 3 and 8 Mbps, and ADSL2 promises to
deliver up to 25 Mbps downstream, whereas VDSL can provide a capacity of greater
than 30 Mbps. Standard quality MPEG 2 IPTV content requires 2 Mbps per channel,
and HDTV will require around 8-10 Mbps per channel. The MPEG 4 standard will
approximately halve the bandwidth required to deliver IPTV content with the same
quality. Nevertheless, the available bandwidth is a scarce resource, and IPTV

solutions must limit the number of channels that can be delivered simultaneously.

Figure 1 illustrates a known way of distributing media in which an IPTV media stream
originates in a service provider network 1, is passed to a core network 2, is further
passed into a metro network 3, and finally is sent via access networks 4 to each home
network 5 that contains an STB that wishes to receive the media stream. Networks
can quickly become saturated due to heavy traffic loads. In order to mitigate this
problem, content can be multicast to reduce bandwidth demands for broadcast TV
distribution. Furthermore, Video on Demand (VoD) services can be handled by VoD
cache servers located close to the end-user. However, such caches require additional
investment, and many routers would need to be replaced, as existing routers may not

support IPTV multicasts.
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It is known to distribute an IPTV service using a Peer to Peer (P2P) network, as
illustrated in Figure 2. Each STB is a peer in the network. An IPTV media stream can
be delivered to a STB from another STB, from a media injector from which the stream

originates, or from any other peer in the network.

The IPTV P2P requires a media injector in order to introduce the IPTV media stream
into the network, although the media injector is not a true peer in the network in the
sense that it only sends data but does not receive data from the peers. This is
illustrated in Figure 3, which is a schematic representation of a simple IPTV P2P
network 1. The network 1 includes an IPTV back-end 6 and two STBs STB1 and
STB2. Each STB includes a P2P network interface 12, 13 to which is connected a
video decoder 9, 11. In this example, STB1 receives the IPTV media stream from both
STB2 and the IPTV back-end 6, which injects either streaming content or content from
a database 7 using a P2P media injector 8. Note that other network nodes (in addition

to nodes in STBs) may be peers in the network.

Note that the term “IPTV media stream” is used herein to refer to any kind of data
having real time requirements, and includes Video on Demand, user generated TV
content, interactive TV, interactive or co-operative games, or audio media. The media
stream is to be delivered to the user such that the user can observe the media content
at a constant rate without interruptions or delays. There is some latency in the P2P
network, caused by buffers in each STB and the time it takes to establish

communication between peers.

Compressed video media generally consists of a series of frames containing the
information to be displayed on a user’s screen. Each frame can be considered as a
“picture” displayed on the screen. In most video compression formats, such as in ITU-
T VCEG or ISO/IEC MPEG video standards, only the differences between successive
pictures are usually encoded. For example, in a scene in which a person walks past a
stationary background, only the moving portions of the picture are represented in each
frame (either using motion compensation or as image data or as a combination of the
two, depending on which representation requires fewer bits to adequately represent the
picture). The parts of the scene that are not changing do not need to be sent

repeatedly.
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For example, MPEG media streams contain different frames, such as I-frames (“intra”
frames), P-frames (“predicted” frames) and B-frames (“bi-predictive” or “bi-directional”
frames). I|-frames do not depend on data contained in the preceding or following
frames, as they contain a complete picture. P-frames provide more compression than
I-frames because they utilize data contained in the previous I-frame or P-frame. When
generating a P-frame, the preceding frame is reconstructed and altered according to
incremental extrapolation information. B-frames are similar to P-frames, except that B-
frames interpolate data contained in the following frame as well as the preceding
frame. As a result, B-frames usually provide more compression than P-frames. In
some systems, every 15th frame or so is an |-frame. P-frames and B-frames might
follow an |-frame as follows: IBBPBBPBBPBB(l). The order and number of frames in

the sequence can be varied.

The media stream includes payload data and metadata. The payload data is the media
data itself, and is decoded and shown by the receiver. Payload data typically
comprises frames as described above. The metadata includes all other data in the
media stream. This may be, for example, data describing the payload data, or
information establishing signalling between two peers. In order to facilitate handling of
the media stream, the media stream is sent in “fragments”. Fragments are discrete

portions of the media stream containing both the payload data and the metadata.

The latency in the P2P network can potentially give rise to problems when media is
being provided by several sources or in large networks with many hops. In the
example described above, STB2 may receive some fragments of the media stream for
a particular channel from the media injector 8, and some from STB1. These fragments
are stored in a buffer (not shown) in STB2, and re-assembled before being passed to
the video decoder (or re-assembled in the video decoder). Problems can arise if the
video decoder does not know the order in which the fragments should be re-
assembled. In addition, fragments may be transmitted at different speeds, and it is
important that the video decoder can play the media back at the correct speed.
Traditionally, video decoders have very limited memory, and must therefore be “fed”

frames or fragments at the correct rate for decoding.

Furthermore, it will be appreciated that content may be introduced into the network
from several different sources. For example, it may be desirable to provide

commentary on a football match in “pseudo” real time in different languages, with
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statistics being relayed at the same time, even though there may be a couple of
seconds delay in computing these statistics. This requires the use of multiple media
injectors. The user will wish to view the images, hear the commentary and view the
statistics concurrently (i.e., as far as the user is concerned, the images, commentary

and statistics must be synchronised with one another).

There is thus a need for a system which enables the synchronisation of media streams
from different sources and which arrive at different speeds, in order to compensate for

high latency and “jitter” in transmission.

SUMMARY

In accordance with a first aspect of the present invention, there is provided a media
injector for injecting streaming media in the form of data fragments into a non-linear
network, preferably a Peer-to-Peer IP Television network. The media injector
comprises a clock arranged to determine an internal time relative to an epoch time
reference point; a tagging processor arranged to tag each data fragment with a
timestamp, the timestamp corresponding to the internal time; and a transmitter
arranged to transmit the tagged data fragments into the network. The tagging
processor is preferably arranged to include the timestamp in a metadata portion of
each data fragment. The epoch time reference point can be any arbitrarily chosen

point in time, for example the start of that day, or midnight at 28 January 2006.

Preferably, the media injector receives media frames (e.g. from a media encoder) and
encodes these frames into the data fragments. It is likely that more than one fragment
will be required for each frame. The timestamp on any particular fragment may be the
internal time at which the frame, of which all or a part is encoded into that fragment,

was received by the media injector.

The fragments may also be tagged (e.g. in the metadata portion) with a counter to

identify the order in which the fragments are encoded.

The tagged data fragments may then be received by a node in the network, and the
timestamps can be used to ensure that the received data fragments are decoded at the
correct rate. It may be possible to determine the correct order from the timestamps,

although it is preferable to use the counter to determine the correct order and the
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timestamp to control the rate. In accordance with a second aspect of the present
invention there is provided a node for use in a non-linear network delivering streaming
media, and preferably a Peer-to-Peer IP Television network. The node comprises a
receiver arranged to receive data fragments from the network, each data fragment
tagged with a timestamp providing a time interval relative to an epoch time reference
point. A buffer is arranged to store the received data fragments. A processor is
arranged to determine, from the timestamps contained in the data fragments, a suitable
local time reference point to correspond to the epoch time reference point. A local
clock is arranged to determine a local time relative to the local time reference point,
and a traffic shape recovery unit is arranged to pass media frames encoded in the data
fragments to a media decoder on the basis of the timestamps of the data fragments, so
that each frame is passed to the media decoder at a local time corresponding to the

timestamp attached to the data fragment or fragments in which that frame is encoded.

The order and/or rate in which the frames are passed to the media decoder may be
different to the order and/or rate in which the data fragments are received from the

network.

The processor is preferably arranged to determine, from the timestamps of the
received data fragments, a maximum latency time interval. The local time reference
point may then be determined as the time of receipt of a first data fragment plus the

maximum latency time interval.

The receiver may be arranged to receive data fragments from more than one source.

It is also possible to insert more than one media stream into the network. For example,
a first media stream may include video images of, for example, a football game, with a
second media stream providing commentary. Alternatively, a second media stream

may include subtitles.

It will be appreciated that the technique may also be used in top down and store and

forward networks.

In accordance with a third aspect of the present invention there is provided a subsidiary
media injector for receiving data fragments of a first media stream from a Peer-to-Peer

network, preferably a P2P IPTV network, and inserting data fragments of a second
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media stream into the network, the second media stream intended to complement the
first media stream. The subsidiary media injector comprises a receiver arranged to
receive data fragments of the first media stream from the network, each data fragment
tagged with a first timestamp providing a time interval relative to an epoch time
reference point. A buffer is arranged to store the received data fragments. A
processor is arranged to determine, from the timestamps contained in the data
fragments of the first media stream, a suitable local time reference point to correspond
to the epoch time reference point, and a local clock is arranged to determine a local
time relative to the local time reference point. A tagging processor tags each data
fragment of the second media stream with a second timestamp, the second timestamp
corresponding to the local time elapsed compared to the local time reference point. A
transmitter is arranged to transmit the tagged data fragments of the second media

stream into the network.

According to a fourth aspect of the present invention, there is provided a method of
controlling delivery of streaming media in a non-linear network, preferably a Peer-to-
Peer IP Television network, comprising: encoding the media into data fragments, each
data fragment containing all or part of a media frame; at a media injector connected to
the network, determining an internal time relative to an epoch time reference point; at
the media injector, tagging each data fragment with a timestamp corresponding to the
internal time at the moment the data is encoded; transmitting the data fragments from
the media injector into the network; receiving the data fragments at a node connected
to the network; storing the data fragments in a buffer of the node; at the node,
determining a suitable local time reference point to correspond to the epoch time
reference point; recovering the media frames from the data fragments; and passing the
media frames to a media decoder on the basis of the timestamps of the data
fragments, so that each frame is passed to the media decoder at a local time
corresponding to the timestamp attached to the data fragment or fragments in which

that frame is encoded.

In one embodiment, the data fragments may be received at a subsidiary media injector
and stored in a buffer of the subsidiary media injector. A time reference point local to
the subsidiary media injector may be determined to correspond to the epoch time
reference point. Data fragments of a second media stream may then be tagged with
second timestamps corresponding to the time elapsed compared to the time reference

point local to the subsidiary media injector, and transmitted into the network.
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According to a fifth aspect of the present invention, there is provided apparatus for use
in a network, the apparatus comprising means for performing a method according to

the third aspect of the present invention.

According to a sixth aspect of the present invention, there is provided a program for
controlling an apparatus to perform a method according to the third aspect of the

present invention.

According to a seventh aspect of the present invention there is provided a program
which, when loaded into an apparatus, causes the apparatus to become an apparatus

according to the fifth aspect of the present invention.

The program may be carried on a carrier medium, which may be a storage medium or

a transmission medium.

According to an eighth aspect of the present invention, there is provided an apparatus
programmed by a program according to the sixth or seventh aspect of the present

invention.
According to a ninth aspect of the present invention, there is provided a storage
medium containing a program according to the sixth or seventh aspect of the present

invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates schematically in a block diagram an architecture for the distribution
of IPTV;

Figure 2 illustrates schematically in a block diagram an architecture for the distribution
of IPTV in a peer to peer network;

Figure 3 illustrates schematically in a block diagram a media injector and two Set Top
Boxes;

Figure 4 illustrates schematically in a block diagram the signalling required to initiate an
IPTV broadcast with a first Set Top Box;

Figure 5 illustrates schematically in a block diagram the signalling required to initiate an
IPTV broadcast with a further Set Top Box;
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Figure 6 illustrates schematically in a block diagram keep alive messages sent by a Set
Top Box;

Figure 7 is a schematic illustration of a media injector and peer node in a P2P IPTV
network;

Figure 8 is a schematic illustration of a P2P IPTV network having multiple media
injectors;

Figure 9 is a schematic block diagram of a STB;

Figure 10 is a flow diagram illustrating the tagging and transmission of data fragments
by a media injector; and

Figure 11 is a flow diagram illustrating the receiving and re-ordering of data fragments
by a STB.

DETAILED DESCRIPTION

The following description sets forth specific details, such as particular embodiments,
procedures, techniques, etc. for purposes of explanation and not limitation. In some
instances, detailed descriptions of well known methods, interfaces, circuits, and
devices are omitted so as not obscure the description with unnecessary detail.
Moreover, individual blocks are shown in some of the drawings. It will be appreciated
that the functions of those blocks may be implemented using individual hardware
circuits, using software programs and data, in conjunction with a suitably programmed
digital microprocessor or general purpose computer, using application specific

integrated circuitry, and/or using one or more digital signal processors.

Figure 4 illustrates typical signalling required to initiate an IPTV broadcast with a first
STB STB1. The video decoder 9 in STB1 receives an instruction from a user to start
channel X. This is relayed to the P2P network interface 12 in STB1, which sends a
request to a STB manager 10 in the IPTV back-end to join channel X. The STB
Manager 10 returns a peer list to the network interface 12 in STB1, but no IPTV media
stream. The peer list includes the P2P media injector 8. Since the media injector can
be considered as a peer in the network it is hereinafter referred to as STB0. The
network interface 12 in STB1 then sends a request to join channel X to STBO. STBO
receives an IPTV media stream from an IPTV media stream source (for example from
the database 7 shown in Figure 3), and sends a peer list and an IPTV media stream

comprising fragments of frames to the network interface 12 of STB1. The network
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interface 12 sends the frames to the video decoder 9 in STB1, which can then show

the IPTV media stream to the user.

Figure 5 illustrates typical signalling required to initiate an IPTV broadcast with a further
STB STB2. It is assumed that STB1 is already receiving an IPTV media stream from
STBO0. When the user of STB2 wishes to receive channel X, she sends an instruction
to the logic within STB2, which is relayed to the network interface 13 in STB2. The
network interface 13 in STB2 sends a request join channel X to the STB manager 10.
The STB manager 10 returns a peer list but no payload to STB2. The peer list includes
STBO and STB1, as these are both possible sources for the IPTV media stream. The
network interface 13 in STB2 then sends a request to each of STB0 and STB1 to join
channel X. STBO and STB1 each send a peer list and IPTV data stream to the network
interface 13 in STB2, which passes the frames of the IPTV media stream to the video

decoder.

It is preferred that all peers in the P2P network send each other “keep alive” messages,
as illustrated in Figure 6, to ensure that each STB is included in the list of peers and

can both send and receive IPTV media streams.

Compensation for high latency and jitter in transmission can be understood with
reference to Figure 7, which is a representation of some portions only of a high latency
P2P IPTV network. It will be appreciated that further routers and nodes will be present,
but these are not shown for the sake of simplicity. The network includes an IPTV
server 6 and a Set Top Box STB1, connected via a high latency P2P network 22
(shown schematically). The IPTV server 6 includes a video encoder 21 and media
injector 8. Media frames are passed from the video encoder 21 to the media injector 8
for encoding into fragments and transmission into the network. The media injector 8
runs an internal clock, and tags the metadata of each fragment with a timestamp taken
from this internal clock. The time can be relative to any arbitrary chosen time (e.g. the
time of receipt of the first frame) but is consistent for the media injector. The time used
is the time (relative to the arbitrary chosen time) that the frame is received by the media
injector. For example, the arbitrary chosen time may be the time the first frame is
received by the media injector. In this example, frames are sent to the media injector
atT=0,2,4,7,8,12and 13 ms.
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It will be appreciated that there need not be a direct correlation between a single media
frame and a single data fragment. It is frequently the case that one frame is encoded
into many fragments. In this case, each fragment corresponding to a particular frame
will be tagged with the same timestamp — i.e. the time that the particular frame was
received by the media injector 8. The fragments are preferably also tagged with a

counter to indicate the order in which they are encoded by the media injector.

The data fragments are then sent through the network 22 and received by the network
interface 12 of the STB1. The transmission through the network introduces jitter,
bursting and packet drops, and the data fragments take different times to arrive. In this
example, it will be noted that the fragment labelled T=4 arrives at the STB1 before the
fragment labelled T=2. The STB1 saves all of the fragments into a buffer (not shown),

e.g. a sliding window buffer or a ring buffer.

Once the first fragment has been received (labelled T=0) the network interface 12 waits
a predetermined time interval representing the maximum latency of the system (i.e. the
greatest expected time between data fragments) before forwarding the frame encoded
in the first fragment(s) to the video decoder 9 and starting its own internal clock at local
time reference LTD=0. The local clock then mirrors the clock run by the media injector:
the network interface knows that the frame from fragment(s) labelled T=2 should be
sent to the video decoder 2 ms later than the frame from fragment(s) labelled T=0.
Similarly, the frame from fragment(s) labelled T=7 should be sent to the decoder 3 ms

after the fragment labelled T=4.

It will be noted that there is no absolute synchronisation between the clock of the STB1
and the clock of the media injector 8: the packets are labelled with a time reference
from the media injector's clock, and the local time elapsed after a locally chosen
reference point, corresponding to T=0, at the network interface 12 “reproduces” that
clock some time interval later. It will also be appreciated that fragments which arrive at
the STB1 via other peers in the network can be inserted in the correct order, because
they will all have the original timestamp from the media injector 8. In fact, the correct
order of fragments can be also be recovered from the counters included in the
fragment metadata. However, as previously discussed, it is important that the video
decoder 9 receives frames at the correct rate, and this is achieved by ensuring that the
frames are passed to the video decoder at a time after T=0 corresponding to their

timestamp on their corresponding fragment(s).
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There is no need for the media content itself to have any time stamp included with it:
the data fragments include the time stamp, and the traffic shape can thus be recovered

without any knowledge of the codec.

Figure 8 illustrates how an arrangement in which different media injectors 81, 82, 83,
transmit data into a P2P network 85. For example, suppose a football match is filmed,
and the images are sent into the P2P network from an image media injector 81. A
commentator 83 in a different country receives these images and provides a
commentary, which is transmitted back into the network. The original image data
fragments sent by the image media injector 81 are tagged with a time stamp taken from
the clock of the first media injector 81. The commentator 83 deduces a reference point
in time, and (as with the STB1 of Figure 7) uses this reference point to run its own local
clock as a virtual equivalent of the image media injector’s clock. The data fragments
containing the commentary are transmitted into the network with timestamps matching
those of the first media injector 81, even though the commentator 83 need not be

synchronised with the first media injector 81.

In other words, suppose the first image data fragment sent from the image media
injector 81 is tagged with a timestamp T=0. When the commentator peer 83 receives
this fragment, it sets its own local time reference to read LTD=0 (as with Figure 7). Any
commentary transmitted into the network corresponding to the first image data
fragment (or the frame encoded therein) will also be tagged T=0. The same will apply
to frames from the later data image fragments: they will be sorted into the correct order
and replayed to the commentator at the correct speed using the local clock. Outgoing

commentary data fragments are tagged using the local clock of the commentator 83.

At a STB 84, the user is able to request image data from the image media injector 81
and, separately, commentary in his own language from the commentator 83. Since a
commentary data fragment with timestamp T=0 will match an image data fragment with
timestamp T=0, the STB 84 is able to reconstruct the images and commentary in the
correct order and at the correct speed, by ensuring that its own local clock also runs

from the same reference point (as previously described with reference to Figure 7).

Similarly, other media injectors may also provide other features such as subtitling. The

subtitles may have been previously provided, and stored in a database. The user of
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the STB 84 can request the subtitles from a separate provider 82 to the images: all that
is required to ensure that the two match is that the subtitle provider 82 chooses a
reference point for his local clock so that a subtitle data fragment tagged with T=0
matches an image data fragment sent with T=0 from the image media injector 81.
Effectively, subsidiary media injectors 82, 83 synchronise their local clocks so that they

run from the same reference point as the image media injector 81.

Figure 9 illustrates a set-top box 31, which may be any of the STBs shown in the other
figures. In addition to the functions normally found in a set-top box known in the art,
the set-top box 31 comprises a buffer 33 for storing fragments received from media
injectors and/or other set-top boxes or other peers, as discussed above. The set-top
box 31 also comprises a transmitter unit 35 and a receiver unit 37, connected to the
buffer 33, for communicating with the other set-top boxes in the network. The set-top
box 31 also comprises a control unit for controlling the functions of the transmitter unit
35, the receiver unit 37 and the buffer 33. In particular, the control unit is able to
identify time stamps on data fragments stored in the buffer, and ensure that frames are

passed to a video decoder (not shown) in the correct order and at the correct speed.

The receiver may be implemented as a software module in a television set, which will
then be able to receive IPTV from the network and display it to the user. Alternatively,
the set-top box is implemented as a software module, for example in a personal
computer or other terminal having data processing capabilities. The stream can then be
forwarded from the set-top box to any display unit, including a television set, or the

computer’s own display for display to the user.

Figure 10 is a flow chart illustrating the actions carried out by the media injector 8 in the

IPTV server 6 shown in Figure 7.

S1: Media frames are received from the video encoder 21.

S2:  The frames are encoded into data fragments.

S3: Each data fragment is tagged with a timestamp, the timestamp reflecting the

time, relative to a reference epoch time, that a frame, of which at least a part is

encoded into that fragment, was received by the media injector.



10

15

20

25

WO 2009/080116 PCT/EP2007/064451

13

S4:  The tagged data fragments are transmitted into the network.

Figure 11 is a flow chart illustrating the actions carried out by the P2P network interface
12 in the STB1 shown in Figure 7.

S5 Data fragments are received from the network.

S6: A point in time is chosen as a local reference for the internal clock,
corresponding to the reference epoch time of the media injector 8. The local clock then

“tracks” the media injector clock.

S7:  Data fragments are re-ordered using the re-calibrated internal clock, and frames

are sent to the video decoder in the right order and at the right speed.

It will be appreciated that variations from the above described embodiments may still
fall within the scope of the claims. For example, the set top boxes have all been
described as including “video decoders” but it will be appreciated that decoding for any

form of media may be envisaged.

It will also be appreciated that the above described embodiments have been described
with reference to P2P IPTV networks, but the invention may also be used in other non-

linear environments, for example top down networks and store and forward networks.

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
description should be read as implying that any particular element, step, or function is
essential such that it must be included in the claims’ scope. The scope of protection is

defined by the claims.
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CLAIMS:

1. A media injector for injecting streaming media in the form of data fragments into
a non-linear network, comprising:

a clock arranged to determine an internal time relative to an epoch time
reference point;

a tagging processor arranged to tag each data fragment with a timestamp, the
timestamp corresponding to the internal time; and

a transmitter arranged to transmit the tagged data fragments into the network.

2. The media injector of claim 1, wherein the tagging processor is arranged to

include the timestamp in a metadata portion of each data fragment.

3. The media injector of claim 1 or 2, wherein the media injector is arranged to
receive media frames and encode said frames into the data fragments, the timestamp
of each fragment identifying the internal time at which the frame encoded into that

fragment was received by the media injector.

4. The media injector of claim 1, 2 or 3, further arranged to tag each data fragment

with a counter to identify the order in which the fragments are encoded.

5. The media injector of any preceding claim, wherein the network is a Peer-to-

Peer IP Television network.

6. The media injector of any of claims 1 to 4, wherein the network is a top down or

store and forward network.

7. A node for use in a non-linear network delivering streaming media, comprising:

a receiver arranged to receive data fragments from the network, each data
fragment tagged with a timestamp providing a time interval relative to an epoch time
reference point;

a buffer arranged to store the received data fragments;

a processor arranged to determine, from the timestamps contained in the data
fragments, a suitable local time reference point to correspond to the epoch time

reference point;
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a local clock arranged to determine a local time relative to the local time
reference point; and

a traffic shape recovery unit arranged to pass media frames encoded in the
data fragments to a media decoder on the basis of the timestamps of the data
fragments, so that each frame is passed to the media decoder at a local time
corresponding to the timestamp attached to the data fragment or fragments in which

that frame is encoded.

8. The node of claim 7, wherein the order in which the frames are passed to the
media decoder is different to the order in which the data fragments are received from

the network.

9. The node of claim 7 or 8, wherein the rate at which the frames are passed to
the media decoder is different to the rate at which the data fragments are received from

the network.

10. The node of claim 7, 8 or 9, wherein the processor is arranged to determine,
from the timestamps of the received data fragments, a maximum latency time interval,
and the processor is further arranged to determine the local time reference point as
being the time of receipt of a first data fragment plus the maximum latency time

interval.

11. The node of any of claims 7 to 10, wherein the receiver is arranged to receive

data fragments from more than one source.

12. The node of any of claims 7 to 11, wherein the timestamp is included in a

metadata portion of each data fragment.

13. The node of any of claims 7 to 12, wherein the network is a Peer-to-Peer IP

Television network.

14. The node of any of claims 7 to 12, wherein the network is a top down or store

and forward network.

15. A subsidiary media injector for receiving data fragments of a first media stream

from a Peer-to-Peer network and inserting data fragments of a second media stream
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into the network, the second media stream intended to complement the first media
stream, the subsidiary media injector comprising:

a receiver arranged to receive data fragments of the first media stream from the
network, each data fragment tagged with a first timestamp providing a time interval
relative to an epoch time reference point;

a buffer arranged to store the received data fragments;

a processor arranged to determine, from the timestamps contained in the data
fragments of the first media stream, a suitable local time reference point to correspond
to the epoch time reference point;

a local clock arranged to determine a local time relative to the local time
reference point;

a tagging processor arranged to tag each data fragment of the second media
stream with a second timestamp, the second timestamp corresponding to the local time
elapsed compared to the local time reference point; and

a transmitter arranged to transmit the tagged data fragments of the second

media stream into the network.

16. The subsidiary media injector of claim 15, wherein the second media stream

includes commentary.

17. The subsidiary media injector of claim 15, wherein the second media stream

includes subtitles.

18. The subsidiary media injector of claim 15, 16 or 17, wherein the network is a

Peer-to-Peer IP Television network.

19. A method of controlling delivery of streaming media in a non-linear network,
comprising:

encoding the media into data fragments, each data fragment containing all or
part of a media frame;

at a media injector connected to the network, determining an internal time
relative to an epoch time reference point;

at the media injector, tagging each data fragment with a timestamp
corresponding to the internal time at the moment the data is encoded;

transmitting the data fragments from the media injector into the network;

receiving the data fragments at a node connected to the network;
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storing the data fragments in a buffer of the node;

at the node, determining a suitable local time reference point to correspond to
the epoch time reference point;

recovering the media frames from the data fragments; and

passing the media frames to a media decoder on the basis of the timestamps of
the data fragments, so that each frame is passed to the media decoder at a local time
corresponding to the timestamp attached to the data fragment or fragments in which

that frame is encoded.

20. The method of claim 19, wherein the timestamps are included in metadata

portions of the data fragments.

21. The method of claim 19 or 20, further comprising:

receiving the data fragments at a subsidiary media injector;

storing the data fragments in a buffer of the subsidiary media injector;

determining a time reference point local to the subsidiary media injector to
correspond to the epoch time reference point;

tagging data fragments of a second media stream with second timestamps
corresponding to the time elapsed compared to the time reference point local to the
subsidiary media injector; and

transmitting the data fragments of the second media stream into the network.

22. The method of claim 19, 20 or 21, wherein the network is a Peer-to-Peer IP

Television network.

23. The method of claim 19, 20 or 21, wherein the network is a top down or store

and forward network.

24. An apparatus for use in a network, the apparatus comprising means for

performing a method as claimed in any of claims 19 to 23.

25. A program for controlling an apparatus to perform a method as claimed in any

one of claims 19 to 23.

26. A program which, when loaded into an apparatus, causes the apparatus to

become an apparatus as claimed in claim 24.
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27. A program as claimed in claim 25 or 26, carried on a carrier medium.

28. A program as claimed in claim 27, wherein the carrier medium is a storage

medium.

29. A program as claimed in claim 27, wherein the carrier medium is a transmission

medium.

30. An apparatus programmed by a program as claimed in any one of claims 25 to
29.

31. A storage medium containing a program as claimed in any one of claims 25 to
28.
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