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(57) Abstract: The invention relates to a technique for supporting a fast channel switching in broadcast systems or similar systems
for the distribution of media data, for example mobile TV data, in a point-to-multipoint ('PTM') fashion. A method embodiment of
the technique for supporting a fast channel switching in a system (100) comprising multiple PTM primary channels is performed
in a transmitter (102) and comprises the steps of transmitting pictures (P) on each of the multiple PTM primary channels; and
transmitting channel switching information ('CSI') items on a secondary channel for supporting a fast channel switching, wherein
each CSI item allows a determination of an intra-coded picture of one of a pair of primary channels at a receiver side based on a
picture of the other of the pair of primary channels.



Fast channel switching in TV broadcast systems

Technical Field

The invention relates to techniques for supporting a fast channel switching in broad¬

cast systems, multicast systems or similar systems for the distribution of media data,

for example mobile TV data, in a point-to-multipoint fashion.

Background

Various point-to-multipoint (PTM) distribution systems for multimedia data exist to¬

day. For instance, TV channels may be delivered via the Internet (IPTV) or in a mo¬

bile environment (Mobile TV) using digital multicast or broadcast techniques. Current

standards for Mobile TV are for example the Digital Video Broadcast - Handhelds

(DVB-H) framework or the Multimedia Broadcast / Multicast Service (MBMS) feature

of the 3rd Generation Partnership Project (3GPP).

In such systems, media data such as mobile TV data are represented as a stream of

pictures, each picture comprising frame (an image captured at some instance in

time) information or at least some field information (any information that may con¬

tribute to an image at some time instance). Normally on a TV channel a compressed

video stream is transmitted that is encoded using so-called predictive coding tech¬

niques. An intra-coded picture (I-picture) allows instantaneous decoding, because the

picture is coded without reference to any other picture. Such I-pictures are typically

generated by an encoder to create a point in time at which a decoder can start a

proper decoding. I n contrast to I-pictures, predictively-coded pictures (P- pictures)

are encoded such that further information from previous pictures is required in order

to entirely decode the P-frame to an image. A P-picture may contain image data,

motion vector displacements and/or combinations of such data. P-pictures may be

encoded using a previously encoded I-picture and/or P-picture(s) as references.

Bidirectional predictively-coded frames or pictures (B-pictures) may additionally or

alternatively include information related to future pictures. The distance between two

consecutive I-pictures in the stream is denoted as the GOP (Group Of Pictures)-size.

As I-pictures are more costly in terms of bit rate than P-pictures, in order for a high

compression ratio it is advantageous to have a large GOP size, i.e. a high number of

P- (or B-)pictures in the stream. As a decoder in a TV receiver has to wait for an I -

picture to start decoding, a low frequency of I-pictures in the stream means that



after a channel switching request of a user a considerable delay may occur until the

receiver has tuned to the required new channel and starts the play-out.

Techniques for reducing this channel switching delay are generally referred to as

'fast channel switching 1techniques. For fast channel switching, in addition to the

"primary channels" for transmitting the actual TV streams, a further "secondary

channel" may be provided for the transmission of supplemental I-pictures for each of

the primary channels with which the secondary channel is associated. For example,

in a mobile TV system as provided over a mobile network, a single secondary chan-

nel may be provided for 4 - 5 primary channels.

In order to limit the additional bandwidth requirements associated with the additional

secondary channel, typically the supplemental I-pictures are of lower quality as com¬

pared to I-pictures in the primary channels. Thus, the video quality after tune-in is

momentarily decreased until reception of the first I-picture of the tuned primary

channel. The stream of supplemental I-pictures in the secondary channel may also

have a reduced picture rate compared to the corresponding primary channel(s), i.e.

not every P-picture in the primary channel has a corresponding supplemental I -

picture in the secondary channel. However, even with a reduced frame rate, the

channel switching delay can be considerably reduced. For example, a picture rate

equal to 1 picture per GOP size in the primary channel may reduce the delay on

average by half.

Summary

Even in case lower quality pictures are transmitted on the secondary channel at a

reduced picture rate, the provision of the supplemental I-pictures in the secondary

channel increases the bandwidth requirements for the system. There is a demand for

a technique for supporting a fast channel switching in a system comprising multiple

PTM primary channels which allows to reduce the bandwidth requirements for the

transmission of media data compared to the conventional approach described above.

This demand is satisfied by a method for supporting a fast channel switching in a

system comprising multiple point-to-multipoint ("PTM") primary channels. The

method is performed on a transmitter side and comprises the steps of transmitting

pictures on each of the multiple PTM primary channels; and transmitting channel

switching information ("CSI") items on a secondary channel for supporting a fast

channel switching, wherein each CSI item allows a determination of an intra-coded



picture of one of a pair of primary channels at a receiver side based on a picture of

the other of the pair of primary channels.

The PTM system may, as an example, comprise a mobile network implementing a

broadcast service platform for mobile TV. For instance, the broadcast may be per¬

formed using the 3GPP MBMS feature. The pictures transmitted on the primary chan¬

nels may comprise intra-coded pictures (I-pictures) and predictively coded pictures

(P-pictures). The GOP size may be the same for all or a subset of the primary chan¬

nels, or each primary channel may have its individual GOP size. The time instance at

which an I-picture is transmitted may be the same for all or a subset of the primary

channels, or each primary channel may transmit I-pictures at individual time instants.

The step of transmitting the CSI items may comprise determining I-pictures from one

or more of the P-pictures transmitted on the primary channels. For example, an I -

picture may be coded from one P-picture to be transmitted on a particular primary

channel at a particular time instance. Alternatively, the encoding of the I-picture may

also include information from previous P-pictures on the particular primary channel.

In one implementation, each CSI item represents the result of applying an XOR op-

eration to an I-picture of the one of the pair of primary channels and an I-picture of

the other of the pair of primary channels. I n other implementations, the CSI items

may represent the result of less complex operations. While a CSI item may have the

same size as a picture, e.g. an I-picture, of the primary channels (or a reduced size

as to a reduced image quality provided by the secondary channel), in other imple-

mentations the CSI item may have a size larger than the primary channel pictures in

order to reduce an operation complexity on a receiving side.

According to one mode, N-I CSI items are transmitted in parallel on the secondary

channel for a number N of primary channels.

The CSI items may be transmitted so that at most two CSI items are required for a

determination of an intra-coded picture of a primary channel to be switched to at the

receiver side. I n one variant of this, all CSI items are generated using an I-picture of

one and the same primary channel. For example, referring to four primary channels

A, B, C and D, then each CSI item may be formed from an operation involving a

picture of channel A and one further channel, such that CSI items C_AB, C_AC, C_AD

are formed.



According to one implementation, CSI items are transmitted in the secondary channel

with at least one of an item transmission rate which is lower than a picture transmis¬

sion rate in the primary channels and an item data size which is smaller than an

intra-coded picture data size in the primary channels.

The above-mentioned demand is also satisfied by a further method for supporting a

fast channel switching in a system comprising multiple point-to-multipoint ("PTM")

primary channels. This method is performed on a receiver side and comprises the

steps of receiving pictures on a first primary channel of the multiple PTM primary

channels and channel switching information ("CSI") items on a secondary channel,

wherein each CSI item allows a determination of an intra-coded picture of one of a

pair of primary channels at a receiver side based on a picture of the other of the pair

of primary channels; and determining, in response to a request to switch from the

first primary channel to a second primary channel of the multiple PTM primary chan-

nels, an intra-coded picture of the second primary channel based on a picture of the

first primary channel and one or more of the CSI items.

The received pictures may comprise predictively coded pictures (P-pictures). The

step of determining the intra-coded picture (I-picture) of the second primary channel

may then comprise determining an I-picture from a received P-picture of the first

primary channel. I n another mode, an I-picture may be received from the first pri¬

mary channel, which can be used for determining the I-picture of the second primary

channel and the one or more CSI items. I n this case the determination of an I -

picture from a P-picture of the first primary channel can be omitted.

The intra-coded picture of the second primary channel may be generated by per¬

forming one or more XOR operations on the intra-coded picture of the first primary

channel and one or more of the received CSI items. Alternatively, other operations

may be performed.

I n one implementation of one or both the methods outlined above, the system with

multiple PTM primary channels and the secondary channel is a (mobile) TV broadcast

system and the pictures of the primary channels represent TV data.

Further, the abovementioned demand is satisfied by a computer program product,

which comprises program code portions for performing the steps of any one of the

methods and method aspects described herein when the computer program product

is executed on one or more computing devices, for example a transmitter device,



receiver device, or any device associated therewith. The computer program product

may be stored on a computer readable recording medium, such as a permanent or

re-writeable memory within or associated with the computing device or a removable

CD-ROM, DVD or USB-stick. Additionally or alternatively, the computer program

product may be provided for download to the computing device, for example via a

data network such as the Internet or a communication line such as a telephone line

or wireless link.

The above-mentioned demand is still further satisfied by transmitter device adapted

to support a fast channel switching in a system comprising multiple point-to-

multipoint ("PTM") primary channels. The transmitter device comprises a first com¬

ponent adapted to transmit pictures on each of the multiple PTM primary channels;

and a second component adapted to transmit channel switching information ("CSI")

items on a secondary channel for supporting a fast channel switching, wherein each

CSI item allows a determination of an intra-coded picture of one of a pair of primary

channels at a receiver side based on a picture of the other of the pair of primary

channels. The second component may be adapted to transmit, for a number N of

primary channels, N-I CSI items in parallel on the secondary channel.

The above-mentioned demand is still further satisfied by a receiver device adapted

for a fast channel switching in a system comprising multiple point-to-multipoint

("PTM") primary channels. The receiver device comprises a first component adapted

to receive pictures on a first primary channel of the multiple PTM primary channels

and channel switching information ("CSI") items on a secondary channel, wherein

each CSI item allows a determination of an intra-coded picture of one of a pair of

primary channels at a receiver side based on a picture of the other of the pair of

primary channels; and a second component adapted to determine, in response to a

request to switch from the first primary channel to a second primary channel of the

multiple PTM primary channels, an intra-coded picture of the second primary channel

based on a picture of the first primary channel and one or more of the CSI items.

The above-mentioned demand is moreover satisfied by a system comprising a

transmitter and a receiver as outlined above. I n this system,the transmitter side and

the receiver side are adapted to identically perform a determination of intra-coded

pictures from the pictures transmitted on the primary channels.

The above-mentioned demand is also satisfied by a channel switching information

("CSI") item provided for transmission on a secondary channel for supporting a fast



channel switching in a system comprising multiple point-to-multipoint ("PTM") pri¬

mary channels, wherein the CSI item allows a determination of an intra-coded picture

of one of a pair of primary channels based on a picture of the other of the pair of

primary channels.

Brief Description of the Drawings

In the following, the invention will further be described with reference to exemplary

embodiments illustrated in the figures, in which:

Hg. 1 schematically illustrates an embodiment of a multi-channel broadcast

system including a transmitter and a receiver adapted to support a fast

channel switching;

Hg. 2 schematically illustrates a transmission scheme of pictures and CSI

information on the multiple primary channels and the secondary chan¬

nel in the system of Fig. 1;

Fig. 3 is a functional block diagram illustrating an embodiment of the

transmitter of Fig. 1;

Figs. 4a, b are flow diagrams illustrating an operation of the transmitter of Fig, 3;

Fig. 5 is a functional block diagram illustrating an embodiment of the

receiver of Fig. 1;

Figs. 6a, b are flow diagrams illustrating an operation of the receiver of Fig. 5.

Detailed Description of Preferred Embodiments

I n the following description, for purposes of explanation and not limitation, specific

details are set forth, such as broadcast system with a particular channel configura¬

tion, in order to provide a thorough understanding of the current invention. It will be

apparent to one skilled in the art that the current invention may be practiced in other

embodiments that depart from these specific aspects. For example, the skilled artisan

will appreciate that the current invention may be practised in systems different from

the mobile TV system described below to illustrate the present invention. This may

include any system for point-to-multipoint distributions of data on multiple channels,



in which a channel switching delay may occur due to a coding scheme referring to

data transmitted at prior (and/or subsequent) time points. This may include not only

wireless broadcast / multicast systems based on DVB, MBMS or similar current or

future standards, but also wireline systems in an IP or similar network environment.

Those skilled in the art will further appreciate that functions explained hereinbelow

may be implemented using individual hardware circuitry, using software functioning

in conjunction with a programmed microprocessor or a general purpose computer,

using an application specific integrated circuit (ASIC) and/or using one or more digi-

tal signal processors (DSPs). I t will also be appreciated that when the current inven¬

tion is described as a method, it may also be embodied in a computer processor and

a memory coupled to the processor, wherein the memory is encoded with one or

more programs that perform the methods disclosed herein when executed by the

processor.

Fig. 1 schematically illustrates an embodiment of a system 100 comprising a trans¬

mitter 102 and a receiver 104 for the transmission and reception, respectively, of

three point-to-multipoint (PTM) primary channels A, B and C. The system 100 is

exemplarily assumed to represent an implementation of a Mobile TV system in an

UMTS mobile network. While the devices 102 and 104 are illustrated as single de¬

vices, the functionality thereof (described hereinbelow) may be implemented on

more than one device. For example, the functionality described with reference to the

transmitter 102 may be implemented in association with a media server in or con¬

nected to the UMTS network. Alternatively, the functionality may be implemented in

a control node near to the radio interface 106 of the UMTS network, e.g. in a base

station, NodeB or eNodeB. Likewise, the functionality described with reference to the

receiver 104 may be implemented, e.g., in a mobile terminal adapted for connecting

to the UMTS network via radio interface 106, wherein the mobile terminal may be a

mobile telephone or a similar mobile device receptive via radio interface 106. For

example, in a case in which the receiver 104 is implemented on a notebook with

inserted UMTS card, part of the functionality of the receiver 104 may be imple¬

mented on the UMTS card and another part may be implemented on the notebook.

I n order to support a fast channel switching from any of the primary channels (PCh)

A, B or C to any other of these channels in the receiving device 104, the transmitter

102 operates to provide channel switching information (CSI) on a secondary channel

(SCh) via the radio interface 106. To this end, the transmitter 102 comprises a CSI

component 108 which applies a predetermined operation to pairs of pictures of the



primary channels A, B and C at predetermined time instances such as time instance

t i (also referred to as "t_l" hereinafter) illustrated in Hg. 1 (P-pictures are illustrated

with "P" and I-pictures are illustrated as "I" in the figures). Each CSI item generated

in this way may represent some aspects of each of the two pictures and/or of a com-

bination of both. For example, a CSI item may represent a difference between the

two pictures inputted to the operation. The CSI items generated for a particular time

instance, e.g. t_l, are then transmitted in the secondary channel parallel to the pic¬

tures of the primary channels for this time instance.

The arrows 112 illustrate in Fig. 1 that at a particular point in time the receiving

device 104 is tuned to one primary channel, namely the primary channel A, and

receives in parallel the secondary channel. Once a user requests a channel switch,

the receiver tunes into the new primary channel, e.g., channel B, and continues

receiving the secondary channel. The presentation of the new primary channel to the

user starts with the next available I-picture on the new primary channel or, according

to the fast channel switching technique described here, an I-picture is derived using

the channel switching information from the secondary channel. To this end the re¬

ceiving device 104 comprises a Fast Channel Switching (FCS) component 110, which

operates to enable a fast channel switching by deriving an I-picture from pictures

received on channel A and from the channel switching information on the secondary

channel. The so-derived I-picture is then presented on a display 114 associated with

receiver 104. Further I-pictures related to the new primary channel may be derived

in this way until the first I-picture is received directly on the new channel.

In one embodiment, the most recently received pictures on channel A and the CSI

items received on the secondary channel may be continuously stored in the receiving

device 104 (not shown in the figures), e.g. in a circular buffer. In this configuration,

in response to a user's channel switching request immediately an I-picture of channel

B may be decoded and presented to the user from a suitable buffered CSI item and

corresponding buffered picture(s) on channel A. Subsequently, P-pictures on channel

B can be decoded and displayed.

I n other embodiments, in which for example no buffer is used in the receiving de¬

vice, the receiving device may start receiving the secondary channel only when a

channel switching request is detected. I n this configuration, the receiving device may

continue receiving channel A as long as a suitable CSI item is received on the secon¬

dary channel. At that time, an I-picture for channel B is decoded from the suitable

CSI item and the corresponding picture(s) on channel A. Subsequently, the receiving



device tunes to primary channel B. This solution may require less buffer space in the

receiving device.

Figure 2 illustrates in more detail the channel configuration over the radio interface

106 of Rg. 1. For each of the primary channels A, B and C, a sequence of I - and P-

pictures is transmitted. For the sake of illustration, it is assumed that I-pictures are

transmitted at the same time instances on the primary channels A, B and C, namely

at t o and t3 in Fig. 2. I n other embodiments, I-pictures may be transmitted on each

primary channel independently, i.e. without any synchronisation between the chan-

nels. Moreover, for the sake of illustration it is assumed in Fig. 2 that each of the

primary channels A, B and C have the same GOP size of 12 pictures (i.e., 11 P-

pictures until the next I-picture is sent). I n other embodiments, each of the primary

channels may have its individual GOP size.

I n order to support a fast channel switching, at particular time instances t i , t2 and U

different from t o and t3, channel switching information is transmitted in the secondary

channel. Instead of providing at the time instances t i , t2 and U one picture for each

of the streams on the primary channels A, B and C, only two CSI items CAB and CAc

are provided. As will be described below, these two CSI items are sufficient to enable

a fast channel switching between any pair of the primary channels A, B and C in a

receiver.

Figure 3 illustrates in more detail functional components of the transmitter device

102 of Fig. 1. The transmitter device comprises a primary channel transmission (PCT)

component 202 and the CSI component 108, which in turn comprises an I-picture

generation (IPG) component 204, an XOR component 206 and a CSI output compo¬

nent 208. An operation of the transmitter 102 will be described with reference to the

flow diagrams in Figs. 4a and 4b. Generally, the exemplarily illustrated transmitter

102 operates to provide a TV service comprising multiple TV channels, wherein the

TV service provides support for fast channel switching.

Referring to Fig. 4a, the transmitter 102 performs in parallel the steps 402 and 404.

In step 402, the PCT component 202 operates to transmit I-/P-pictures on the pri¬

mary channels A, B and C. I n the parallel step 404, the CSI component 108 operates

to transmit CSI items on the secondary channel at particular time instances. Refer¬

ring exemplarily to the time instance t i as illustrated in Fig. 2, the component 202

operates to transmit a P-picture for each of the primary channels A, B and C, while

the CSI component 108 transmits the CSI items CAB and CAc as illustrated in Fig. 2.



The details of how step 404 is performed are further illustrated in Fig. 4b. Firstly, for

the time instances at which CSI items are to be transmitted in the secondary chan¬

nel, an I-picture has to be generated from one or more P-pictures of the correspond-

ing primary channels. Referring for illustrative purposes again to the time instance ti,

in step 406, the IPG component 204 operates to determine I-pictures from the P-

pictures transmitted at time instance t i - 1 in the primary channels. As an example,

the component 204 operates to determine an I-picture from the P-picture of channel

A scheduled for transmission at time instance t - 1, the two prior P-pictures trans-

mitted on this channel and the I-picture referred to by the P-pictures, namely the I -

picture transmitted at time instance t o (cf. Fig. 2). While in the embodiment de¬

scribed here the reference time instance for the most recent P-pictures which form

the basis for the CSI items to be transmitted on t i is t i - 1 (i.e., P-pictures of time

instance t i - 1 serve as the basis for the transmission of the CSI items at time in-

stance ti), in other embodiments, other reference time instances may be chosen. For

example, P-pictures from the time instance ti, or t i - 2, t i - 3, etc. may be used for

determining the CSI items to be transmitted at ti.

The IPG component 204 buffers the determined I-picture for channel A, IA , in a

buffer component 210 of the transmitter 102. The IPG component 204 proceeds in a

similar way as described for primary channel A with regard to the further primary

channels B and C and determines corresponding I-pictures I B and Ic. Also in case at

time instance t i - 1 an I-picture would have been transmitted in a primary channel,

the IPG component would operate to buffer this I-picture in component 210.

The determination of I-pictures IA, IB, I C is referred to as "re-encoding" hereinafter.

For the re-encoding, a well-defined (i.e., bit-exact) algorithm shall be used, in order

to enable a proper generation of I-pictures for the fast channel switching in a re¬

ceiver, as will be described later. Some or all of the I-pictures determined for storage

in the buffer 210 may be of a reduced quality compared to the I-pictures transmitted

on the primary channels. For example, also in case at time instance ti-1 an I-picture

would have been transmitted on the primary channel A, the IPG component 204 may

determine a corresponding picture IA therefrom which is reduced in size and thus in

quality.

In step 408, the CSI items CAB and CAC are generated by applying an XOR operation

to pairs of the I-pictures which have been buffered in the buffer 210. I n particular,

the XOR component 206 is adapted to perform the following two operations:



CAB=IA XOR I B and CAC=IA XOR I C. I n other words, the XOR component 206 is

adapted to generate for a number N=3 of primary channels N-l=2 CSI items. The

XOR component 206 is further adapted to use the I-picture IA related to primary

channel A in any of the XOR operations, i.e. the XOR component performs an XOR

operation for each combination of IA with any of the other buffered I-pictures. In¬

stead of always using the I-picture IA related to primary channel A for each of the

CSI items, of course any other primary channel might as well be chosen. In any case,

having an I-picture of one and the same primary channel underlying all the CSI items

simplifies the fast channel switching procedure in the receiver, as will be described

below. The XOR component 206 buffers the CSI items CAB and CAc in a buffer 212.

I n step 410, the CSI output component 208 operates to provide the CSI items buff¬

ered in buffer 212 at the predetermined time instance t i for transmission on the

secondary channel in parallel with the corresponding (P-)pictures provided by the

transmission component 202 for transmission on the primary channels.

As indicated in Fig. 2, the transmission rate of CSI items in the secondary channel is

lower than the picture transmission rate in the primary channels. In particular, within

a GOP size interval of 12 pictures, the secondary channel offers supplementary CSI

items at two time instances. I n this way, the bandwidth requirement for the secon¬

dary channel is considerably reduced, while the waiting time until a first I-picture can

be generated for a channel switched to will on average be considerably reduced by a

factor of 3 as compared to a system without support for fast channel switching. In

order to further reduce the bandwidth requirement for the secondary channel, the

data size of a CSI-item may be made smaller than the typical data sizes of I-pictures

transmitted on the primary channels. For example, the IPG component 204 may be

adapted in step 402 to generate an I-picture with a reduced data size from the P-

picture(s) of the corresponding primary channel; for example, the generated I-

picture may have a decreased image resolution and/or reduced colour information

than an I-picture in the corresponding primary channel (e.g., the generated I-picture

may be no colour picture but may be black and white). Another way of arriving at a

reduced data size for the CSI items may comprise to generate the I-pictures underly¬

ing the generation of the CSI items with a coarser quantization, i.e. decreased reso¬

lution, as compared to the I-pictures transmitted on the primary channels.

Figure 5 illustrates in more detail functional components of the receiving device 104

of Fig. 1. The receiving device comprises a Primary Channel Reception (PCR) compo¬

nent 502, the Fast Channel Switching (FCS) component 110 and a display 504 for



presentation of images from one of the primary channels to a user. The FCS compo¬

nent 110 comprises an I-Picture Generation (IPG) component 506, a CSI Item Recep¬

tion (CIR) component 508 and an XOR component 510. An operation of the receiver

104 will be described with reference to the flow diagrams in Figs. 6a and 6b. Gener-

ally, the receiver 104 is adapted to perform a fast channel switching from one pri¬

mary channel to another.

The PCR component 502 is adapted to receive pictures from one of the primary

channels. Fur purposes of illustration, it will be assumed that initially primary channel

A is received by the PCR component 502, as illustrated in Fig. 5. I n case of stationary

operation the PCR component 502 provides images resulting from the pictures re¬

ceived on primary channel A to the display 504 for presentation. The CSI items

transmitted on the secondary channel may or may not be received in this state. I n

case a user requests a channel switch, a fast channel switching will be performed.

For illustrative purposes, it will be assumed in the following that the user has re¬

quested a change from primary channel A to primary channel B at time instance ti.

Referring to Fig. 6a, in step 602, the PCR component 502 receives primary channel

A. More specifically, in case the most recent CSI items and the most recent I-picture

of the current primary channel are not buffered at the receiving side, the PCR com¬

ponent 502 may receive channel A until time instance ti-1, and may switch at time

instance t i to primary channel B and will wait for receiving the first I-picture for this

channel to start decoding (this first I-picture may in particular be the I-picture recov¬

ered from the CSI item transmitted at ti). I n other embodiments, in which the most

recently received CSI items and I pictures of the currently received primary channel

are buffered, the PCR component may switch to the new primary channel B at any

time, i.e. immediately when the switching request is received.

In a parallel step 604, the CIR component 508 of the FCS component 110 operates

at time instance t i to receive CSI items on the secondary channel. I n particular, the

component 508 receives the CSI items CAB and CAC as illustrated in Fig. 2. The com¬

ponent 508 may buffer the received CSI items in a buffer (not shown) and may pro¬

vide the one or more CSI items required to perform the fast channel switching to the

XOR component 510. To this end, the CIR component may receive an appropriate

control signal from a control component (not shown) in the receiver 104. I n the

example discussed here, the CIR component provides the CSI item CAB to the XOR

component 510, which is sufficient for the fast channel switching from primary chan¬

nel A to primary channel B.



I n step 606, the FCS component 110 operates to determine an I-picture of the pri¬

mary channel to switch to, i.e. channel B in the example illustrated in Fig. 5. This is

done based on a picture of the first primary channel and one or more of the received

CSI items. Having determined the I-picture of channel B, the FCS component 110

presents the I-picture to the screen 504, such that a representation of the ongoing

program on channel B is visible to the user, although no I-picture has yet been re¬

ceived in the primary channel B and the PCR component 502 has not started decod¬

ing. Depending on whether the I-picture for channel B recovered from the CSI item

and the I-picture of channel A has the same resolution as the pictures transmitted on

primary channel B, the step 606 may be performed once or may be repeated one or

more times until the first I-picture is received in the primary channel to switch to. I n

case the resolution of the recovered I-picture is lower than that of the pictures

transmitted on the corresponding primary channel, the P-pictures transmitted on the

primary channel cannot simply be decoded based on this recovered I-picture, and the

receiver has to wait for the first full-resolution I-picture transmitted on primary chan¬

nel B. I n this example, the generation and presentation of an I-picture for fast chan¬

nel switching at time instance t i may be repeated once, namely at time instance t2

before the first I-picture may be received in channel B at time instance t3 (cf. Fig.

2).This requires that the PCR component 502 stays tuned to the primary channel A

and switches to channel B not before time instance t2 +1. I n case the I-picture for

channel B recovered from the CSI item and the I-picture of channel A has the same

resolution as I-pictures transmitted on channel B, the recovered I-picture may imme¬

diately be used for decoding P-pictures received on primary channel B, i.e. the PCR

component may immediately switch to channel B.

The FCS component 110 may be configured to buffer previously received pictures of

the primary channel tuned to and CSI information of the secondary channel, e.g. in a

circular buffer (not shown in Fig. 5). In this case the FCS component 110 may, in

response to a channel switching request, immediately decode an I-picture from the

buffered picture(s) of channel A and the buffered CSI information, present the de¬

coded I-picture on the display 504 and may also immediately tune to the new chan¬

nel B. I n a case where no such buffer is available, the FCS component 110 may, after

detection of the channel switching request, continue receiving channel A until a CSI

item is received on the secondary channel which allows to construct an I-picture for

channel B, and may only then tune to channel B.



The step 606 of Fig. 6A is now described in more detail with reference to the flow

diagram in Fig. 6B. I n step 610, the PCR component 502 provides one or more of the

pictures received on the first primary channel (i.e. channel A in the example of

Fig. 5) to the IPG component 506. The PCR component 502 may buffer previously

received P-pictures; this buffering is required in any case for generating images from

predictive coding for presentation on the display 504. Therefore the PCR component

502 may provide in response to a channel switching request the buffered P-pictures

to the FCS component 110, i.e. IPG component 506.

The IPG component 506 operates to determine an I-picture from the received pic¬

tures, which may include (similarly as has been described for the IPG component 204

in the transmitter 102) one of generating an I-picture from one or more received P-

pictures and forwarding the I-picture in case an I-picture has been received on the

primary channel and forwarded by the PCR component 502 (in case I-pictures of

reduced quality are underlying the CSI information, the IPG component 506 has to

generate an I-picture of that reduced quality from the I-picture received on the pri¬

mary channel).

The re-encoding algorithm used in the transmitter and the receiver may be exactly

identical (i.e. bit-exact). I n other words, the IPG component 506 may use exactly the

same re-encoding algorithm for generation of an I-picture from P-pictures as the IPG

component 204 in transmitter 102. I n this case, it is ensured that the output of the

re-encoding operations in step 406 of Fig. 4b and step 610 of Fig. 6b are identical,

that is the IA picture generated by the IPG component 506 is the same as the IA

picture generated in the IPG component 204, which is a prerequisite for generating a

useful picture I B on the basis of the CSI item CAB

As a bit-exact algorithm for the re-encoding any intra-only coding scheme may be

used (which does not induce the computational burden of motion estimation, as

required for predictively coded pictures) which is well-defined such that it can be

ensured that it is performed in the same way at the transmitter side and at the re¬

ceiver side. Any other bit-exact algorithm may also be used, for example standard

algorithms being utilized in typical video encoders. Also simplified intra-coding algo¬

rithms may be applied in order to reduce the computational complexity particularly

on the receiving side, as far as those algorithms are bit-exact. As this may lead to a

lower intra-coding efficiency, a required data rate in the secondary channel may

increase. An optimal combination of computational complexity versus bandwidth



requirement in the secondary channel may individually be configured for each con¬

crete PTM system.

I n step 612, the XOR component 510 applies an XOR operation to the I-picture I A

provided by the IPG component 506 and the CSI item CAB and generates in this way

an I-picture I8 of the primary channel, i.e. the I-picture I as used in the transmitter

for generating CAB is reproduced. This result of the fast channel switching as per¬

formed in the FSC component 110 in response to the channel switching request of

the user is then presented on the display 504.

The channel switching information transmitted in the secondary channel for the three

primary channels A, B and C comprises only the two CSI items CAB and CAc- These

two items are sufficient to generate an I-picture for any pair of primary channels

before/after the channel switching request, as is indicated below:

A - > B: I B = IA XOR CAB

B - > A: IA = I B XOR CAB

C - > A: IA = Ic XOR CAc

B - > C: Ic = I B XOR CAB XOR CAC

C -> B: I B = Ic XOR CAc XOR CAB

I n general, N-I CSI items are required for N primary channels. Further, as illustrated

in the above table, at most two operations are required in order to generate any

particular I-picture. This can generally by achieved by generating CSI items so that

one and the same primary channel is always used as one of the pair of primary chan¬

nels when generating the CSI items. Consider, for example, a system with 6 primary

channels A - F. Preferably, the CSI items may be formed as CAB/ CAC, CAD, CAE and

CAF- I n principle, also another combination of CSI items such as CAB, CBC, CCD, CDE, CEF

might be generated, which would also require for the N = 6 primary channels only N-

1 = 5 CSI items. However, the generation of an I-picture for the primary channel F

from the primary channel A would require 5 XOR operations instead of the maximum

of two operations in case of the former example, in which the primary channel A is

used to generate all the CSI items (instead of primary channel A, any other of the

primary channels B - F could also be used).

The provision of appropriate CSI items in an appropriate order as required to perform

the fast channel switching according to the requested channel switch may be con-



trolled by the CIR component 508 or a control component not explicitly shown in

Fig. 5.

I n the example described here, the CSI items represent the result of applying an

XOR operation to two pictures of a pair of primary channels. I n other implementa¬

tions, the CSI items may represent the result of other operations. Generally, a sys¬

tem with N broadcast/multicast (more generally, PTM) channels and one secondary

channel for the transmission of channel switching information with an amount of data

equivalent to N-I I-pictures may be understood as a so-called 'systematic erasure

code' known in coding theory with a code rate k/n, in which k = N is the number of

input symbols of the code (i.e. primary symbols), while n= N + N - 1 = 2N + 1 is the

number of output symbols of the code, including k primary symbols and n-k secon¬

dary symbols. While a CSI item may have the same size as an I-picture of the pri¬

mary channels (or may have a reduced size as to a reduced image quality provided

by the secondary channel), in some implementations the CSI item may have a larger

size than the primary channel I-pictures, which may, for example, lead to a reduced

operational complexity on a receiving side for recovering the wanted I-picture of the

channel to be switched to.

With the techniques proposed herein, the number of CSI items to be transmitted in

the secondary channel amounts to N - 1 items as compared to N items in a conven¬

tional approach. Thus, a fraction of 1/N of the data rate for the secondary channel

can be saved, e.g. 33 % for three primary channels, 20 % for five primary channels,

etc. Vice versa, in case a data rate for the secondary channel is kept fixed, the qual-

ity of the I-pictures to be recovered from the CSI items can be improved and/or the

transmission rate of the CSI items in the secondary channel can be increased in

order to further reduce the tune-in time.

Only a limited amount of additional processing is required in the receiver in order to

recover the wanted I-picture for the fast channel switching. For example, the opera¬

tions to be performed can be limited to two operations, e.g. two XOR operations,

regardless of the number of primary channels in the system. By choosing an appro¬

priate operation for the generation of the CSI items, the amount of additional proc¬

essing complexity in (the transmitter and) the receiver can be balanced with the

available bandwidth on the secondary channel.

While the current invention has been described in relation to its preferred embodi¬

ments, it is to be understood that this description is for illustrative purposes only.



Accordingly, it is intended that the invention be limited only by the scope of the

claims appended hereto.



Claims

1. A method for supporting a fast channel switching in a system (100) comprising

multiple point-to-multipoint ("PTM") primary channels, the method being performed

on a transmitter (102) side and comprising the steps of:

- transmitting (402) pictures on each of the multiple PTM primary channels; and

- transmitting (404) channel switching information ("CSI") items on a secondary

channel for supporting a fast channel switching, wherein each CSI item (CAB)

allows a determination of an intra-coded picture (IB) of one of a pair of pri¬

mary channels at a receiver (104) side based on a picture (IA) of the other of

the pair of primary channels.

2. The method according to claim 1,

wherein the pictures transmitted on the primary channels comprise predictively

coded pictures, and the step of transmitting the CSI items comprises determining

(406) intra-coded pictures from one of the predictively coded pictures transmitted on

the primary channels.

3. The method according to claim 2,

wherein each CSI item represents the result of applying (408) an XOR operation to

an intra-coded picture of the one of the pair of primary channels and an intra-coded

picture of the other of the pair of primary channels.

4 . The method according to any one of the preceding claims,

wherein for a number N of primary channels, N-I CSI items are transmitted in paral¬

lel on the secondary channel.

5. The method according to any one of the preceding claims,

wherein the CSI items are transmitted so that at most two CSI items (CAB, CAC) are

required for a determination of an intra-coded picture of a primary channel to be

switched to at the receiver side.

6. The method according to claim 5,

wherein all CSI items are generated using an intra-coded picture (IA) of one and the

same primary channel.



7. The method according to any one of the preceding claims,

wherein CSI items are transmitted in the secondary channel with at least one of

- an item transmission rate which is lower than a picture transmission rate in

the primary channels and

- an item data size which is smaller than an intra-coded picture data size in the

primary channels.

8. A method for supporting a fast channel switching in a system comprising multiple

point-to-multipoint ("PTM") primary channels, the method being performed on a

receiver side (104) and comprising the steps of:

- receiving (602, 604) pictures on a first primary channel of the multiple PTM

primary channels and channel switching information ("CSI") items on a secon¬

dary channel, wherein each CSI item (CAB) allows a determination of an intra-

coded picture (I ) of one of a pair of primary channels at a receiver side based

on a picture (IA) of the other of the pair of primary channels; and

- determining (606), in response to a request to switch from the first primary

channel to a second primary channel of the multiple PTM primary channels, an

intra-coded picture (IB) of the second primary channel based on a picture of

the first primary channel and one or more of the CSI items.

9. The method according to claim 8,

wherein the received pictures comprise predictively coded pictures, and the step of

determining the intra-coded picture of the second primary channel comprises deter¬

mining (610) an intra-coded picture (IA) from a received predictively coded picture of

the first primary channel.

10. The method according to claim 8 or 9,

wherein the intra-coded picture of the second primary channel is generated by per¬

forming (612) one or more XOR operations on the intra-coded picture of the first

primary channel and one or more of the received CSI items.

11. The method according to any one of the preceding claims,

wherein the system (100) comprising multiple PTM primary channels and the secon¬

dary channel is a TV broadcast system and the pictures of the primary channels

represent TV data.



12. A computer program product comprising program code portions for performing

the method of any one of the preceding claims when the computer program product

is executed on one or more computing devices.

13. The computer program product of claim 12, stored on a computer readable re¬

cording medium.

14. A transmitter device adapted to support a fast channel switching in a system

comprising multiple point-to-multipoint ("PTM") primary channels, the transmitter

device (102) comprising:

- a first component (202) adapted to transmit pictures on each of the multiple

PTM primary channels; and

- a second component (108) adapted to transmit channel switching information

("CSI") items on a secondary channel for supporting a fast channel switching,

wherein each CSI item (CAB) allows a determination of an intra-coded picture

(IB) of one of a pair of primary channels at a receiver side based on a picture

(IA) of the other of the pair of primary channels.

15. The transmitter device according to claim 14,

wherein the second component (108) is adapted to transmit, for a number N of pri¬

mary channels, N-I CSI items in parallel on the secondary channel.

16. A receiver device adapted for a fast channel switching in a system comprising

multiple point-to-multipoint ("PTM") primary channels, the receiver device (104)

comprising:

- a first component (502) adapted to receive pictures on a first primary channel

of the multiple PTM primary channels and channel switching information

("CSI") items on a secondary channel, wherein each CSI item (CAB) allows a

determination of an intra-coded picture (I B) of one of a pair of primary chan-

nels at a receiver side based on a picture (I ) of the other of the pair of pri¬

mary channels; and

- a second component (110) adapted to determine, in response to a request to

switch from the first primary channel to a second primary channel of the mul¬

tiple PTM primary channels, an intra-coded picture (I8) of the second primary

channel based on a picture of the first primary channel and one or more of the

CSI items.



17. System (100) comprising a transmitter according to claim 14 or 15 and a receiver

according to claim 16, wherein the transmitter side and the receiver side are adapted

to identically perform (406, 610, 204, 508) a determination of intra-coded pictures

from pictures transmitted on the primary channels.

18. A channel switching information ("CSI") item provided for transmission on a

secondary channel for supporting a fast channel switching in a system comprising

multiple point-to-multipoint ("PTM") primary channels, wherein the CSI item (CAB)

allows a determination of an intra-coded picture (I ) of one of a pair of primary

channels based on a picture (IA) of the other of the pair of primary channels.
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