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METHOD AND APPARATUS FOR MULTIPLE DESCRIPTION CODING

Technical field-

The present invention relates to the field of multiple description coding in a
communications system, and in particular to the design of an index assignment matrix to be

used for multiple description coding.

Background

In any communications system, there is a risk that information that is transmitted from a
transmitiing end to a receiving end will be lost during transmission. In order to compensate
for such loss, diversity is often iniroduced, so that the information is transmitted over two
or more independent channels. Such independent channels can for example be achieved by
employing two or more different transmission paths and/or by transmitting the information

at two or more different points in time or at different frequencies.

By employing diversity to a communications interface, the amount of redundant
information transmitted over the interface will generally increase. Since transmission
bandwidth is often a scarce resource on a communications interface, there is a general
desire to keep the redundancy of transmitted information as low as possible. A technique
referred to as multiple description coding (MDC) has been developed in order to address
this, whereby an information source is encoded into two or more different descriptions in a
manner so that an estimate of the source can be obtained from any subset of the
descriptions. The different descriptions are then transmitted over the different channels of
the communications interface employing diversity. In a scenario where the probability of
packet erasure is large, the different descripiions can be chosen to be similar to each other
so that redundancy is large, whereas in a scenario where the probability of packet erasure is
small, the different descriptions can be chosen to differ from each other to a greater extent,

so that redundancy is smaller.

The problem of how to design an encoder operating according to MDC has been addressed
in a number of publications. In V. A. Vaishampayan, “Design of multiple description

scalar quantizers”, IEEE Transactions on Information Theory, vol. 39, pp. 821-834, May
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1993, an iterative method of designing an MDC encoder is disclosed, wherein the method
is based on a generalisation of Lloyd’s algorithm. A central quantizer is designed, and the
cells of the central quantizer are mapped onto two different side coder cells. In this paper,
two different algorithms are described for filling an index assignment matrix by mapping
the central quantizer cells onto the cells of different side coders. These different algorithms
are referred to as the linear index assignment algorithm and the nested index assignment

algorithm,

The method described by Vaishampayan of designing an MDC encoder involves
optimisation of an index assignment matrix by way of iteration. Such iterative optimisation
of the MDC encoder requires high processing power. A way of designing a feasible index

assignment matrix that requires less processing power is desired,

Summary
A problem to which the present invention relates is the problem of how to reduce the

processing power required for the design of an index assignment matrix.

This problem is addressed by a method for designing an index assignment matrix for use in
multiple description coding of an information signal. The method is characterised by
selecting a bandwidth for the index assignment matrix in dependence of transmission
condition information relating to a transmission condition of a communication channel

onto which a description of the information signal can be transmitted.

The problem is further addressed by an apparatus for use in the design of an index
assignment matrix to be used in multiple description coding of an information signal, as
well as by a computer program product. The inventive apparatus comprises a bandwidth
selecting unit adapted to generate a signal indicative of a bandwidth of the index
assignment matrix. The bandwidth selecting unit has an input adapted to receive
transmission condition information indicative of a transmission condition on a
communication channel onto which a description of the information signal can be
transmitted. The bandwidth selecting unit is furthermore adapted {o generate the signal

indicative of the bandwidth in dependence of the transmission condition information. The
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bandwidth selecting unit moreover has an output adapted to output the signal indicative of

the bandwidth,

The bandwidth of an index assignment matrix is a measure of the band of the matrix, and
can, for a square matrix in the two-dimensional case, be defined as the number of adjacent
diagonals to which the non-zero elements of the matrix are confined. A similar definition
of the bandwidth can be made for a non-square matrix, in two or more dimensions.

Alternative definitions of the bandwidth may also be used.

By the inventive method and apparatus is achieved that the processing power and/or
processing time required for the design of an index assignment matrix is greatly reduced.
Since a bandwidth of the matrix is selected in dependence of transmission condition

information, there is no need for costly simulations.

Once a bandwidth has been selected, the design of the index assignment matrix can be
performed according to an index assignment algorithm, which could for example be a prior

art index assignment algorithm.

Since the processing power required to design an index assignment matrix is greatly
reduced by the invention, an index assignment matrix used for encryption (or decryption)
onto a transmission interface can be redesigned at low processing cost. The optimal design
of an index assignment matrix of an encoder or decoder operation according to multiple
description coding depends on the transmission conditions in which the encoder is
operating. Since transmission conditions in most communications systems vary over time,
it is desirable to enable adjustment of the index assignment matrix to such varying
transmission conditions in an on-line fashion. By the low-processing-cost inventive method

and apparatus, such on-line adjustment to transmission conditions may efficiently be

performed.

In one aspect of the invention, the selecting of a bandwidth comprises determining a root of

a polynomial, wherein the coefficients of the polynomial are defined in dependence of the
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transmission condition information. Since finding a root of a polynomial only requires a

few processing steps, this embodiment is processing power efficient.

In another aspect of the invention, the selecting of a bandwidth comprises accessing a
memory in which is stored information corresponding to a table over possible values of a
transmission condition and corresponding suitable bandwidth values. In this embodiment,
the selecting of a bandwidth further comprises comparing the transmission condition
information for which a bandwidth is to be selected to the possible values of the
transmission condition stored in the memory; and selecting the bandwidth in accordance

with the information stored in the memory.

The invention may for example be applied in encoders and/or decoders of varying
communications systems. When the invention is applied in a communications system in an
on-line fashion, transmission condition information could advantageously be received from
a node in the communications system. The invention may also be applied in an apparatus
for determining suitable bandwidths of index assignment matrices for multiple description

coding at different transmission conditions.

Brief description of the drawings
For a more complete understanding of the present invention, and the advantages thereof,
reference is now made to the following descriptions taken in conjunction with the

accompanying drawings, in which:

Fig. 1 is a schematic illustration of a communications system wherein diversity is

employed.

Fig. 2 schematically illustrates an encoder and a decoder operating according to a multiple

description coding using two different descriptions of an information signal x.

Fig. 3a illustrates the mapping performed by an exemplary central quantizer.

Fig. 3b illustrates the mapping performed by a resolution constrained central quantizer.
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Fig. 3¢ illustrates the mapping performed by an entropy constrained central quantizer.

Fig. 4 illustrates an example of an index assignment matrix.

Fig. 5 schematically illustrates a method according to the invention.

Fig. 6a illustrates an embodiment of one of the steps of the method of Fig. 5 in more detail.
Fig. 6b illustrates an embodiment of one of the steps of the method of Fig. 5 in more detail.
Fig. 6¢ illustrates an embodiment of one of the steps of the method of Fig. 5 in more detail.
Fig. 7 schematically illustrates an apparatus comprising a bandwidth selecting unit.

Fig. 8a schematically illustrates an embodiment of a bandwidth selecting unit.

Fig. 8b schematically illustrates an embodiment of a bandwidth selection unit.

Fig. 9 schematically illustrates an apparatus comprising a bandwidth selecting unit

connected to a matrix design unit for designing an index assignment matrix.

Fig. 10 shows an example of an index assignment matrix (left) for nested index assignment and

corresponding side cell patterns (right).

Detailed description

A communication system 100 comprising a first communication node 105 and a second
communication node 110 is schematically illustrated in Fig. 1. First communication node
105 and second communication node 110 can communicate with each other over an
interface 115 which employs diversity. Interface 115 could have any n>1 communication
channels 120 — in Fig. 1, interface 115 is shown to comprise three different communication
channels 1209, Both first and second communication nodes 105 and 110 could typically

act as both a receiving node and a transmitting node. However, in order to simplify the

SUBSTITUTE SHEET (RULE 26)
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description of the invention, first communication node 105 will in the following be

described as a transmitting node 105, and second communication node 110 will in the

SUBSTITUTE SHEET (RULE 26)
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following be described as a receiving node 110. Transmitting node 105 comprises an

encoder 125 and receiving node 110 comprises a decoder 130.

Any number of descriptions can be used by a system operating according to multiple
description coding. However, in order to simplify the description of the invention, the
invention will in the following be described in terms of a system using two different
descriptions transmitted over two different communication channels 120, Furthermore, the
description will mainly focus on the symmetrical case, where the number of possible values
onto which the information signal can be mapped is the same for both descriptions, as is
the probability of erasure, w. It should however be understood that the invention may be
generalised to any number of descriptions of an information signal, as well as to a non-

symmetrical case.

An encoder 125 and a decoder 130 operating according to a multiple description coding
using two different descriptions of an information signal x is schematically illustrated in
Fig. 2. The encoder 125 of Fig. 2 has an input 200 for receiving an information signal x
having a probability density function p(x). The encoder 125 further has a central quantizer
205, arranged to map a sample of the information signal x onto a central quantizer index k,
where & & {1,....,1‘} , and r is the number of central quantizer cells, 1.e. the number of
quantization levels of the central quantizer 205. The mapping of the central quantizer 205

is denoted o, (x).

The mapping performed by an exemplary central quantizer 205 is illustrated in Fig, 3a.
Possible values of the scalar source represented by the information signal x to be quantised
are shown along an axis 305 in Fig. 3a. The central quantizer 205 described by Fig. 3a has
r cells 300. Each central quantizer cell 300 is indexed & and has cell boundaries |7, ¢, ;)
along the axis 305, where k& is an integer value between T and 7, and £ is a vector of cell
boundaries. A central quantizer cell 300 represents the possible values of the information
signal x which the central quantizer will map onto the central quantizer index & The length
Ax of the " central quantizer cell 300™ is A, =1, —1,. The length Ay is often referred to

as the extent Ay of the cell 300 Lach central quantizer cell 300 has an associated
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reconstruction point X, , where ¥, is a real number. The reconstruction point %,
corresponds to the value which will be used by a decoder 130 to reconstruct a
corresponding sample of x upon receipt of the central quantizer index &, and will in the

following be referred to as a central reconstruction point x, .

A central quantizer 205 typically operates under a constraint on either entropy or
resolution. The resolution of a central quantizer 205 is constrained if the number of central
reconstruction points X, is constraint. For a resolution constrained central quantizer 205,
all central quantizer cell 205 have the same probability, and the same number of bits are
used to encode cach central quantizer index k. Hence, a resolution constrained quantizer
operates at a fixed rate. The condition on equal probability can be achieved by using a
variable cell extent along the real axis 305 representing the values of the information signal
x 1o be quantised. Resolution constrained central quantizer 205 can for example
advantageously be used for delay-sensitive communication services.

The entropy of a central quantizer 205 is constrained if an average rate R,,,,,,, 18
fixed. Hence, the momentary rate R may vary with time, as long as the average rate R,,,,...
over a specified time is fixed (the entropy constrained central quantizer generally requires a
buffer, and the specified time depends on the size of the buffer). For an entropy constrained
central quantizer 205, the extent 4 of all quantization cells 300 1s the same. This implies
that for the common situation where the information signal x to be quantized has a non-
uniform probability density function, the probability will vary between different central
quantizer cells 300. In order to optimize the allocation of bits, a variable length of the
codewords should preferably be used - this can be obtained by so-called entropy coding
(e.g. Huffman coding, arithmetic coding, and so on). Entropy constrained central quantizers

205 are typically used in communication services for which a certain delay is acceptable,

The mapping of a resolution constrained central quantizer 205 is schematically illustrated
in Fig. 3b, where the different central quantizer cells 300 are of different extents Ak, and
the probability p of the value of information signal x to fall within the different central

quantizer cells 300 is constant. The length 5 of the code word describing an index & is the
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same for cach cell. The mapping of an entropy constrained guantizer 205 is illustrated in
Fig. 3¢, wherein different central quantizer cells 300 are of the same extent 4, and the
probability py of the value of the information signal x to fall within a quantizer cell 300%
varies between different guantizer cells 300. The length b, of a code word describing an
index k varies between different cells 300, where the length by is smaller for code words &

having a higher probability.

The central quantizer 205 illustrated in Fig. 3 is an entropy constrained quantizer which is
optimal in the high rate sense, i.e., the central reconstruction points %, lie in the middle of
each cell 300:

% =M=1k+lak. (1)

g 2

For a resolution constrained central quantizer 205, a central reconstruction point %, can be

computed by using weighting with the source probability density function p(x), i.e:

f xp(x)dx

,\ {

X, =~

k k-1 (1b)
f p(x)dx
I

Returning to Fig. 2, the encoder 125 of Fig. 2 further comprises two side coders 210% and
210 which are both arranged to receive the central quantizer output, i.e. the central
quantizer indices k € {l,....,7} obtained by the mapping e, (x). Side coder 210V,
hereinafter referred to as first side coder 210", is arranged to map an index & from the
central quantizer 205 onto a first side coder cell index %, . Side coder 210", hereinafter
referred 1o as second side coder 210" | is arranged to map the index k from the central

quantizer 205 onto a second side coder cell index k, . These mappings are referred to as
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¢, (k) and o, (k) , respectively. The number of cells in first side coder 210 is denoted

M, , and the number of cells in second side coder 210 is denoted A, . In other words,
when a central quantizer index k is received by the first side coder 210, the first side
coder 210" will map this index & onto a first side coder cell index &, € {l,...., M, }, while if
the same central quantizer index k is received by the second side coder 2107, the second
side coder 210 will map this index & onto a second side coder cell index.

ky e f{l,.... M, } In order to simplify the description, it will hereinafter be assumed that

M, =M, =M, ie. that the number of cells in the first side coder 210" is the same as the
number of cells in the second side coder 210, and the MDC encoder 125 is symmetrical.
However, the invention is equally applicable to multiple description coding wherein

Mff;thj-

As shown in Fig. 4, the mappings «, (k) and «, (k) can be illustrated by way of a matrix,
which in the following will be referred to as the index assignment matrix 400 (in the n-
dimensional case, where the information signal x is encoded into » different descriptions
which are transmitted over the interface 115, the index assignment matrix 400 will be an n-
dimensional matrix). In the index assignment matrix 400 of Fig. 4, the number of central
quantizer indices k is 44, i.e. r = 44, whereas the number of side quantizer cells is 10 for
each side coder 210, i.e. M, =M, =10. A side coder cell is generally denoted afl (N,
where ; is the side coder identity and i represents a value of the side coder cell index £,. In
Fig. 4, the first side coder cell a;l (i) having index 4, i.c. &' (4), has been marked in bold,
and corresponds to the set {12, 13, 14, 16, 22}, Hence, when the central quantizer index &
takes any of the values in this set, then the first side coder cell index takes the value 4,

k, = 4. The mapping of a central quantizer index & onto a first and second side coder cell
index k, and &, will yield a side coder cell index pair (£, k&,). In two-dimensional
multiple description coding, a side coder cell index pair uniguely defines a central
quantizer index k. For example, the side coder cell index pair (4, 5} of Fig. 4 uniquely

defines the central quantizer index 16.
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In a situation where the number of central quantizer cells 7, as well as the number of side
coder cells M, are known, the mappings «, (k) and a, (k) of the central quantizer indices &
can be made in a number of different ways. Different ways of filling the index assignment
matrix 400 give rise to different distortions of the decoded information signal x on the
decoder side of the interface 115, as will be further discussed below. As mentioned above,
V. A. Vaishampayan has shown, in “Design of multiple description scalar quantizers”,
IEEE Transactions on Information Theory, vol. 39, pp. 821-834, May 1993, that the linear
index assignment algorithm and the nested index assignment algorithm generally yield
good results with low distortions. Other index assignment algorithms that have also proven
to be good are for example the herringbone index assignment (see e.g. 7. Berger-Wolf and
E. Reingold, “Index assignment for multichannel communication under failure,” IEEE
Transactions on Information Theory, vol. 48, pp. 2656— 2668, Oct 2002.), the staggered
index assignment (see c.g. C. Tian and S. Hemami, “Universal multiple description scalar
quantization: analysis and design, ” IEEE Transactions on Information Theory, vol. 50, pp.
2089 — 2102, 2004) and the Balogh index assignment (J. Balogh and J. A. Csirik, "Index
assignment for two-channel quantizaion,” IEEE Transactions on Information Theory, vol.
50, pp. 2737-2751, 2004). The index assignment matrix 400 of Fig. 4 has been generated

by means of the herringbone index assignment algorithm.

By altering either the number of side code cells A4 or the number of central quantizer cells
rof an index assignment matrix 400 (or both), the redundancy of any transmission using

the index assignment matrix 400 will change. At the same time, the base rate R, , will

change, the base rate being the rate at which pure information is transmitted:

R e R - Rmduna’ancy : (2)

base

where R is the total rate and R,.edm,da,wy is the part of the total rate R which is used for

transmission of redundant information.

Once again returning to Fig. 2, the first and second side coders 210% and 210% are each

connected to an output 2159, referred to as output 21 50 and 2159, respectively. Although
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the outputs 215" and 215 are illustrated in Fig. 2 to be two separate outpuls, the outputs
215" and 215% may alternatively use the same physical output 215 (different logical
outputs 215" and 215 could then for example be achieved by employing transmission
from the same physical output 215 at different times, or at different frequencies). Qutputs

215" and 215 are arranged to transmit the indices k&, and £, , respectively, to the encoder

130 over the channels 120" and 120 of interface 115, respectively.

The decoder 130 of Fig. 2 has two different inputs 2209 and 220, arranged to receive
signals from the first and second side coders 210 and 210, respectively, and to
retrieve the first and second side coder indices &, and £, , respectively. As with outputs
215" and 215% of encoder 125, the inputs 220 and 220® may use the same, or
different, physical inputs 220. The decoder 130 further comprises a central decoder 225, as
well as a first side decoder 230™ and a second side decoder 2304, Input 22047 is arranged
to convey any received first side coder cell index %, to the first side decoder 230" as well

as 10 a central decoder 225, whereas the second input 220 is arranged to convey any

received second side coder indices k, to the second side decoder 230% as well as to the
central decoder 225. Central decoder 225 is arranged to perform a mapping of the index
pair (k,,k,) onto a central quantizer index k. Typically, the central decoder 225 is further
arranged fo determine the central quantizer reconstruction point x, (cf. expressions (1a)
and (1b)), and to output a signal indicative of the reconstruction point £, onto a central
decoder output 235 to which the central decoder 225 is connected. The mapping
performed by the central decoder 225 in order to determine the reconstruction point x,

from the central quantizer index & is denoted £, (k,,k,). The side decoders 2307 are
arranged determine a side coder reconstruction point X /{({) from the received side coder
cell index k;, and to deliver a signal indicative of the side coder reconstruction point X ’E; .
The mapping performed by a side decoder 230% when determining the side coder
reconstruction point X /(cf) is denoted f (k). First side decoder 235" is connected to a

first side coder output 235W and second side coder 2359 is connected to a second side

coder output 235% (The outputs 235 may use the same, or different, physical outputs).
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In case the central quantizer 205 and side coders 210 arc entropy constrained, each side
coder 210 could advantageously be connected to an entropy coder, which in turn would be
connected to one of the outputs 215. The decoder 230 would then advantageously comprise
two entropy decoders, each connected to an input 220" and arranged to retrieve a side

coder cell index £;.

The encoder 125 and decoder 130 of Fig. 2 are adapted to multiple description
encoding/decoding using two different descriptions. When » descriptions of the
information signal x are used, an encoder 125 would include » side coders 120. A decoder

130 would preferably include (27 ~1) decoders 225/230, since there should preferably be

one decoder for each possible description subset that may be received.

If both the first and second side coder indices %, and &, in a side coder cell index pair are
safely received by the decoder 130, the central decoder 225 can retrieve the central
quantizer index k corresponding to the side coder cell index pair (&, k,) by use of the
applicable index assignment matrix 400. From the value of the retrieved central quantizer
index k, a central reconstruction point ¥, can be obtained as the corresponding value of the

information signal x (cf. Fig. 3a).

Disturbances generally occur, more or less frequently, on a transmission interface 115, and
the probability of erasure, w, on an interface 115 is generally non-zero. When only one of
the side coder indices of a side coder cell index pair (k,, k, ) has been received, the central
quantizer index k corresponding to the side coder cell index pair (£, £, ) can generally not
be uniquely determined. However, information about the value of the information signal x
can still be obtained via the applicable index assignment matrix 400. For example,
referring to the example of an index assignment matrix 400 shown in Fig. 4, if the {irst side
decoder 230 receives the first side cell coder index k, = 4 , it can be determined that the
value of the central quantizer index falls within the set {12, 13, 14, 16,22}. A
reconstructed value of the information signal x, referred to as a side coder reconstruction

point ¥’ (where k, = i), may be obtained under the condition that the central quantizer
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index % falls within this set. Typically, the side coder reconstruction point £’ falls outside

this set, but within the extent of the side coder cell a;! (1).

As opposed to the central quantizer cells 300, a side coder cell a,' (i) is typically not a
continuous interval but includes of a set of disjoint intervals. The side coder cell extent can
be defined as an interval [tmm(a;l Dk 4 max(er;' ()+1 ) , where j =1, 2 is the side coder
identity and { is a value of the side coder cell index k. The side coder cell extent is

sometimes referred 1o as the diameter of the side coder cell.

When only one of the side coder indices of a side coder cell index pair (k,, k, ) is received
by a decoder 130, an estimated value of the information signal x represented by the side
cader cell index pair can be obtained from the side coder reconstruction point, 32,-(” , which

may be determined as follows:

sl
Zkea;](z') pr (x)dbx

a7 L
xf h Lia ’

Zkea;l(z’) jp(X)dX 3)
: ;

where ; is the side coder identity and i is a value of the received side coder cell index &, of

the padir.

When the index assignment matrix 400 of Fig. 4 is completely filled, the number of
quantizer cells 300 will be M x M . Thus, if both side coder indices &, and £, are received
by a decoder 130, the base rate R,,, will in this case be at its highest. Redundancy, on the

other hand, will be at its lowest (zero) when the index assignment matrix 400 is completely
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filled. If only one of the side coder cell indices £, and £, is received by the decoder 130,
the uncertainty of which central quantizer index & gave rise to the received side coder cell

index %, will in this situation be high, since the number of central quantizer indices kin a
side coder cell oc;‘ (1) will take its greatest value, i.e. be equal to M. The uncertainty of
which central coder index gave rise to the side coder cell index &, further depends on the

pattern by which the central quantizer indices & have been mapped to the side coder cells -
if the extent of the side coder cell a;’ (i) 1s large, then the uncertainty is greater than if the
extent is low, On the other extreme, by filling only one diagonal of the index assignment
matrix 400, the base rate R, will, for a given total rate R, be at its lowest - and
redundancy will be at 1ts highest, since each central quantizer index £ will be uniquely
defined by each of the stde coder indices. Hence, by altering the number # of central
quantizer cells 300, as well as altering the way these » central quantizer cells 300 are

mapped onto the side coder cells 05;‘ (1), a trade-off between redundancy and base rate

R, ., fora given number M of side coder cells a;i () can be obtained. Alternatively, for a

hetse

given number 7 of central quantizer cells 300, the number M of side coder cells cx;] (i) can

be altered in order to obtain a good trade-off between redundancy and the base rate R, .

The redundancy and the resolution/entropy of the encoder 125 both affect the distortion of
the information signal x as received by the decoder 130. In a situation where the
transmission interface 115 is stable and few transmitled packets will be lost or distorted
during transmission, it 15 desirable to keep the redundancy fow, in order to obtain a high
base rate R, (high resolution/high entropy). However, when the transmission interface

hase

115 is unstable, higher redundancy is desirabic at the expense of base rate R, .

The stability of a communication channel 120 generally varies significantly with time, and
the possibility of adjusting the trade-off between redundancy and base rate R, to the
current transmission conditions would therefore be highly desirable. State-of-the-art
methods of designing an index assignment matrix (see e.g. A. Vaishampayan, "Design of

multiple description scalar quantizers”, IEEE Transactions on Information Theory, vol.
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39 pp. 821-834, May 1993) are based on iteration, where a large number of iterations are
required before convergence. High processing powers are therefore required for such
methods. These index assignment matrix design methods are therefore generally not
suitable for online adjusiment of an index assignment matrix to current transmission

conditions.

An index assignment matrix 400 is generally a band matrix, whose non-zero entries are
confined to a diagonal band, wherein the diagonal band comprises a main diagonal and
possibly further diagonals on either side of the main diagonal. According to the invention,
the trade-off between redundancy and base rate R,,,, can be optimised for certain
transmission conditions by means of an analytical function describing the side coder
distortion &, of an information signal x as a function of the bandwidth v of an index
assignment matrix 400 to be used for the transmission of the information signal x. The
bandwidth of an index assignment matrix is a measure of the band of the matrix, and can,
{or a square matrix in the two-dimensional case, be defined as the number of adjacent
diagonals to which the non-zero elements of the matrix are confined. A similar definition

of the bandwidth v can be made for a non-square matrix, in two or more dimensions. For
an index assignment 400 wherein M j, = M j, » the bandwidth of the index assignment

matrix 400 could advantageously be expressed by means of an n-dimensional vector v,
where 1 1s the number of descriptions employed in the multiple description coding. A

vector component v, j=1...n, is an integer describing the bandwidth v, of the index

assignment matrix 400 in the jth dimension,

The bandwidth v can alternatively be defined as the number of central quantizer indices &
in a typical side coder cell (x_;‘ (i} of the index assignment matrix 400, where a “typical”
side coder cell refers 1o a side coder cell at a sufficient distance from the matrix boundaries

(“corners™). In other words, the bandwidth v represents the number of non-zero' central

' For exampie the linear index assignment algorithm may generate elements within the band that take the
value zero. For purposes of determining the bandwidth v, such elements should be counted as non-zero

elements.
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quantizer indices & in each typical (non-corner) row and column of the index assignment
matrix 400. In an index assignment matrix 400 where the number A1 of side coder cells

o' (i) is the same for all the side coders 210, the bandwidth v describes the number of

diagonals in the band of the index assignment matrix 400.

Other, altetnative, definitions of the bandwidth v of the index assignment matrix 400 may

he used.

Optimisation problems relating to the trade-off between redundancy and base rate R, in
multiple description coding in different scenarjos can be solved by means of an analytical
function of the side coder distortion ¢, at a vety small processing power cost. Such
scenarios could for example be
A) minjmisation of the composite distortion d, subject to a constraint on the entropy of
side coder cell indices &, for a particular probability of erasure w.
B) minimisation of the composite distortion &, subject to a constraint on the resolution of
the side coders 210% for a particular probability of erasure w.
C) minimisation of the central distortion d, subject (o a constraint on the entropy of the
side coder cell indices £; and a constraint on the side coder distortion d .
D) minimisation of the central distortion d, subject to a constraint on the resolution of

the side coders 210Y and a constraint on the side coder distortion dj. .

Further optimisation scenarios may also be conceived.

In order to optimise an index assignment matrix 400 for particular transmission conditions,
information relating to such transmission conditions is generally needed. Such information
typically relate to the quality of the channel onto which the information signal x 1s to be

transmitted, and can for example relate to the probability of erasure w (scenario A & B) on

a transmission channel 120; to the average rate R available on a transmission channel

average

120% for transmission by a side coder side 21 0% (a constraint on the entropy can be scen as

a constraint on the average rate £,,,,..) (scenario A & C); or to the fixed rate R_ﬁ,:i_)e,,



10

15

20

25

WO 2009/045148 PCT/SE2008/050355

17

available on a transmission channel 1209 for transmission by a side coder 2109 (a
constraint on the resolution of a side coder 120, i.e. a constraint on the number of side
coder cells, M, can be seen as a constraint on the available fixed bit rate on the

fransmission channel 120(”) (scenario B & D).

In order to solve an optimisation problem relating to the trade-off between the redundancy

and the base rate R, , analytical functions describing the centrat distortion d, and the
side coder distortions d, will be very useful. The composite distortion d, is a weighted
function of the central distortion d, and the side coder distortions d; (weighted for

instance by the probability of erasure, see expression (4) below). As will be seen below, the
side coder distortion can be expressed in terms of a measure of the band of an optimal

index assignment matrix.

Compeosite distortion 4,

The composite distortion d, is a sum of all possible distortions resulting from all possible
subsets of descriptions that may be received at the receiver, weighted by the probabilities of
receiving each particular subset. For the two-chaunel, symmetrical case, the composite

distortion d, can be expressed as (using squared error criterion):

d =1-w)d, +2(1-wywd, (4)

for a given probability of erasure w . In expression (4), the factor (- w)? corresponds to
the probability of both side coder cell indices (&,, &, ) arriving safely at the decoder 130
and 2(1-w)w corresponds fo the probability that only one side coder cell index &, arrives

safely.

Central coder distortion d,,
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Under the high rate assumption, i.e. assuming that the central reconstruction point £,
corresponding to a central quantizer index k lies in the middle of the central quantizer cell

300%™ (cf. expression (1)), the central quantizer distortion d, can be expressed as:

1
dy = 1—2‘2 plx)A; | (%)

k=1

where p(x,)is the source probability density function evaluated at the central

reconstruction point £, and Ay is the extent of the central quantizer cell 300%,

Using the concept of asymptotic fractional density quanta, the central distortion can be

evaluated using an integral expression:

d =

, =75 Jpeacyd

1

(6)

1 lr+l
H

where A(x,) 2 A, and where A(x) is a function describing the value of the central

quantizer cell extent if the reconstruction point had been given the value x. A(x), which
can be referred (o as the step size, is a function inversely proportional to the local density of
the reconstruction points (centroids) x per unit length. Expression (6) is an analytical

function by means of which values of the central distortion can easily be calculated.

Side coder distortion df

An analytical function describing the side coder distortion d ; can, as will be seen below,
be obtained by making the following, justifiable, assumptions:
1) the probability density function of the source can be approximated as constant within
a side coder cell extent of the index assignment matrix. This assumption can

alternatively be expressed as the assumption that the central quantizer cell extent A, is
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approximately constant within the side coder cell extent, and will be referred (o as a
high rate assumption.
2) for purposes of estimating the side coder distortion d,, it is assumed that the pattern
of central quantizer indices & within a side coder cell 05;' (i) of the index assignment

5 mairix 400 is one of a set of possible patterns, and that the pattern of indices of

different side coder cells is ordered within the index assignment matrix 400.

Assumption 2) is made for purposes of estimating the side coder distortion. However, for
other purposes, such as for mapping the central quantizer indices & onto the index

10 assienment mairix 400, this assumption would generally not be used.

A special case of assumption 2) is to assume, for purposes of estimating the side coder
distortion, that the pattern of indices within a side coder cell extent is constant for a
particutar side coder 210. In order to simplify the description, this special case is the case

15 which will be considered befow.

The side coder distortion d, of side coder 2109 is given by:

!

reil
_ ~(J) 2
d; = jp(x)(x—xa’;(%(x))) ax
4
r L

= Z jp(x)(x - ')E;i.)(fc))zdxv 7
k=1

i

20
&) . . . : . - .
where x((;; (ay(x)) 18 the side coder reconstruction point of side coder 210% obtained from a

value x of the information signal (cf. expression (3)).

The integral of expression (7) cannot easily be solved analytically. Values of @, have been

25 derived in the prior art by means of numerical methods, e.g. in V. A. Vaishampayan,
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“Design of multiple description scalar quantizers”, IEEE Transactions on Information

Theory, vol. 39, pp. 821-834, May 1993. However, such numerical methods require high

Processing POwers.

5 Adopiing asswmption 1)

By adopting assumption 1) above, expression (7) can be expressed as:

r !k-{vl

d, = Z 'fp(x)(x —~ J'ég_)(k))z dx

k=1

4 k4]

r o 5
2> p(x,) [Or—=30, ) dx

k=1 "1(
(8)

l/{-l-l

SSGY Y -y,

i=1} kea}'l (i) i

10 where 7=1,2 is the side coder identity.

By introducing m (i) as the smallest central quantizer index & in a side coder cell a_',"' (N,
Le. m (i) = min(oz;1 (i)), by introducing /(i) as the normalised paitern of central quantizer
indices & within a side coder cell a‘;] (i} of the index assignment matrix 400 expressed as

5
h ()=o) = m, (), ©)

and by substituting the information signal x with X =} + fm}_(,-) , as well as the side coder

reconstruction point %%’ with x,( = yf LS m (1) » We get

20
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(k+1)4A,

M » a2
:gkuW)Zl.[G*ﬁWJV (10

keh () A, '
where A, is the extent of the central guantizer cells 300 within the side coder cell cxj"’ (N.
5 The distortion of a single side coder cell af;' {f) can be expressed as;

(k+134,

> b-s0)a

ket (1) kA,

-5 % (L5000 20)e o 1

keh (i) keh (1)

(1)

where ]hj (i)} is the cardinality of the set &,(i), i.e. number of non-zero indices in the side

10 coder cell o' (7).

Differentiation of (11) with respect to P yields the following expression for ¥ which

minimises the contribution of one side coder cell ac',“ (i) to the side coder distortion d

A, S (142k)

A0 keh, (i)

s X A, ()

(12)

4 can be seen as a normalised side coder reconstruction point. A value of the

. ) . . . V) R ).
corresponding side coder reconstruction point can be obtained via X;7" = ;7 -+ m (i) (€€

above).

20
Substituting (12) into (11) yields:
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(k+1)A,

min [ b-30Fay
i keh (iY A,

=AY —]—+k+k2]— Ll S2)] | )

keh; (i) 3 4,”{; (J)’ keh, (i}

Thus, by substituting expression (13} into expression (10), a minimised expression of the

side coder distortions ) is obtained:

M . 1 1
d, = (xV (»—+/c+162)———~%— 1+2k) | IN
’ ; p ) ke/?;i} 3 4}]7] (l)i k;ig )

(14)

=2 PG DA,

where:

2

N ICHE Z(%%—/\:Jrkz)—f—* > (+2k) (1)

keh, (i) h_,- (l)$ keh (i)

v is the bandwidth of the index assignment matrix 400. As mentioned above, the bandwidth
v could be seen as the number of non-zero elements in a column or row of the index
assignment matrix at a sufficient distance from the matrix boundaries. For example, for the

15 index assignment matrix 400 of Fig. 4, v=15.

Adopting assumption 2)
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fv, i)

As can be noted in expression (15), the coefficient of quantisation ==~ depends on the
12

side coder cell index 7 (that is, k), since the normalised pattern of indices Rt generally
varies from one side coder cell to another side coder cell within the index assignment
matrix 400. This dependency complicates the calculation of the side coder distortion d,,
when the number A4 of side coder cells 05_;" (i) is large. However, we have noted that the
dependency of the side coder cell index / can be neglected for purposes of estimating the
side coder distortion d, and thus that the normalised pattern of indices within a side coder

cell extent of the index assignment matrix 400 can be approximated as constant within the
same side coder 2109, For a symmetrical case, the pattern of indices does not depend on
the side quantizer index ;. Hence, the normalised pattern of indices 4"’ can be replaced in

expression (15) by an j-independent pattern of indices, A(v).

J i f(v)=
- Z l+/c+/.;2 b Z(l+2k) - (16)

keh(v) 4\/’ keh(v)

h(v) is a typical pattern of an index assignment matrix 400, which pattern depends on the
matrix bandwidth v and differs between different index assignment algorithms. A{(»)
approximates the geometry of the side coder cells a:;‘ (i) for a given bandwidth v, and will

in the following be referred to as an average pattern of indices,

The average pattern of indices h(v) depends on the bandwidth v of the index assignment
matrix 400, An average pattern of indices a(v) is given below for a number of different

index assignment algorithms, see expressions (19) — (22).

From expressions (14) and (16), it is clear that the side coder distortions d, can be

approximated by the following integral under the high rate assumption that A, is small:
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[Hl

d,~ f(») [P NAGK,v) dx

/

=T ey s, "

v "l

2

dx . . . " .
where dx'=—=, and the step size A(x,v) is a function describing the central quantizer cell
Vv

extent A, if the reconstruction point X, had been given the value x in an index assignment
matrix 400 having bandwidth v, In other words, A(x,v) is inversely proportional to the

local density of the reconstruction points (centroids) x per unit length for given bandwidth

(v . . o
v, 1) can be considered a coefficient of quantisation:
v

1t should be noted that expression (15) and (17) hold equally for the nested, linear and
herringbone index assignments. For the staggered index assignment, the side coder

distortion d, can be expressed as:

_&13'+i ,
d, == [ p)AGvydx 0

: dx  dx . : :
where ¢, is a constant and dx'=— = EX since the bandwidth v=2 for the staggered index

y

assignment.

In order to obtain an expression for the average pattern of indices A(v), it is recognised that
for most index assignment algorithms, including the linear, nested, herringbone, staggered
and Balogh, ih._j (z‘)‘ =v for almost all i (since when v << M , the boundary conditions may

be neglected). By studying index assignment matrix patierns, we have found that the
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following approximations hold for some different index assignment algorithms. An

example of how such results can be arrived at is given in Appendix 1.

For the herringbone index assignment (odd v):
ho(i,v)y = h(v)=..
{(k=1):k=1,...,(p=1)/2}u{(v—1)/2+1}U ; (19)

u{s(vq)/z}u{%(zk —v)(v=1)ik= (v—1)/2+3,...,v}

where {J represents the union of two sets.

For the herringbone index assignment (cven v):

A v)=h(v)=..

; 20
{k—1:k :l,...,v/Z}U{(fcﬁv/Z)(v—l) k=v/2 +1,.‘.,v} 20)
FFor the nested index assignment, where z = —;—(v -1}
h(i,z) = h(z)= .
@D

{(/c~1)(2z—]):k:1,2,,..,z+1}U{z(22~l)-l—2(!c—z-1):k-z2+2,...,22—|~1};

- . . . 1
For the linear index assignment, where z = —2~(v -1)

h(i,x) = h(z)= {(k—l)(z+]):k = I,...,z+1}u{z(z~1)+ hk-z-1):k= z+2,...,2z+1}
(22)

When the expressions {19)-(22) are entered into expression (16}, the following expressions

are obtained:

For the herringbone index assignment (odd v):

f(v):l%_?_".,ﬂni‘_’imi‘imijL 5v°

_ v @3)
16 64 24 9 48 192

For the herringbone index assignment (even v):
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foy=to v S (24
12 48 48 192

For the nested index assignment:

v -8V +14vY 16V +45v7 +24v - 48
f(v)= (25)
192v

For the linear index assignment:

4y® — 3t +18v? 3
= 26
fO) 92y (26)

For the staggered index assignment, the constant ¢, is equal {0

¢ =2 @7)

By inserting one of the expressions (23)-(26) into expression (17), or expression (27) into
expression (18), an analytic expression for the side coder distortion & is obtained which
depends on the bandwidth v. This expression may be used in an optimisation scenario, in
combination with the analytical expression for the central distortion d,, given by
expression (6), in order to obtain an optimal value of v under certain transmission

conditions and constraints.

The analytical functions of the side coder distortions o, and the central coder distortions
d, can advantageously be used to derive a solution to a given design problem, wherein the
solution is expressed in terms of a polynomial rooting resulting in a polynomial of which
the real and positive roots can be rounded or truncated to an integer which corresponds to a

value of the bandwidth v of the index assignment matrix 400.

In appendix 2, polynomials, to be used for the selection of the bandwidth v in order to
obtain an optimal result, are derived from expressions (6), (17), (23)-(26) for different
oplimisation scenarios when the index assignment matrix 400 Is a square matrix. Results of

such calculations are given below, Other analytical functions derived by means of an
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analytical expression of the composite distortion d, could alternatively be used for

determining a suitable bandwidth v.

A/BR) Minimisation of composite distortion subject to an entropy or resolution constraint

Minimisation of composite distortion d, subject to a constraint on the entropy of the
indices for the side coders, or, subject to a constraint on resolution, gives rise to the

following polynomials (both optimisation problems result in the same polynomials).

For the nested index assignment:

Swy® — 4wy’ + 8wy’ — (37w +8))v* = 36wy + 96w =0 (28)

Linear index assignment:

2uv® —(Sw+ 4w +3w=0 (29)

Herringbone index assignment (even v):

Swy! = 2wy’ —8wv +8w—8=0 (30)

Herringbone index assignment (odd v):

Swy’ = 2wy = 20wy’ + (35w -8)v 18w =0 (3D

Thus, for certain transmission conditions expressed in terms of a certain value of the
probability of erasure w, a value of the bandwidth v of the index assignment matrix 400 can
be derived from a real and positive root of one of the polynomials (28)-(31), where the root

would be rounded or truncated to an integer which corresponds to the bandwidth v.

The probability of erasure w should, in the polynomials (28)-(31), be expressed as the
probability of erasure of a side coder cell index k, of one of the descriptions. However,
other ways of expressing the probability of erasure w over a communication channel 120
may be used when expressing the transmission conditions, such as the probability of
erasure of a data packet transmitted over the communications channel 120. Such alternative

expressions of the probability of erasure w can easily be converted into the probability of
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erasure of a side coder cell index &, for purposes of determining the cocefficients of the

polynomials (28)-(31).

The optimisation scenario A) is typically interesting in systems where a certain
transmission delay is acceptable and where the encoder 125 comprises a buffer, which 1s
used in the adaptation of a varying bit rate of the central quantizer 205 and/or side coders

2109 into a fixed bit rate available on the transmission channel 1209,
Optimisation scenario B) is typically interesting in systems wherein a side coder 210 has a
limited number of quantization levels, and where the probability of erasure w is known or

can be estimated.

() Minimisation of central distortion subject to constraint on side coder distortion and rate

Minimisation of central distortion d, subject to a constraint on side coder distortion
and the rate R of the side coders 210 gives rise to the following polynomials, where
g = 2208 pey) is the source differential entropy and &, is the maximum acceptable

side order distortion, d, <d,:

For the nested index assignment (odd v):

1 1 15 5 1 7 PR R B
g gy g gy 4 (d g =gy — gy = 0 32
4g Sg 64(g 12(fj (. %g) 2"-?:& 192g (32)

Linear index assignment (odd v):

1 3 b I 4 1 6
ot — g d W —— v =0 33
64g 32g (64é ) 4853 (33)

Herringbone index assignment {even v):

——1——gv2 +(£§g+d_§_)v3 +~~1~n~gvd ——é-«-gVS =0

34
12 48 192 G4

Herringbone index assignment (odd v):
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1 9 5 5 ; 1 4 5 5
g Ly — gyt (g d W — oV — = {} 35
16((> 645’ 24g (‘96({D 2 48g 192(g (35)

Thus, for a certain transmission condition expressed in terms of a certain available average

bit rate R of the side coders 210Y, a value of the bandwidth v of the index assignment

al'{u'ag.::
matrix 400 can be derived from a real and positive root of one of the polynomials (32)-
(35), for a certain maximum side coder distortion d,. The root would be rounded or

truncated to an integer which corresponds to the bandwidth v,

Optimisation scenario C) is typically interesting when the entropy of the side coders 210 is
constrained and there is a requirement on the quality of the reconstruction for the case
when only one of the descriptions is received, i.e. when a too coarse reconstruction is
undesirable. By optimisation scenario C), an encoder/decoder can be designed which

provides a guaranteed minimum quality when only one description is received.

D) Minimisation of central distortion subject to constraint on side coder distortion and

number of side coder cells, M.

Minimisation of central distortion d, subject to a constraint on side coder distortion d,

and on the number of side coder cells M gives rise to the following polynomials, where

3
l,

B=| J(pepiax

4

For the nested index assignment (odd v):
5

i 1 15 2 1 3 2 7 4 1 5 G

LBy Bt — B (d M —— B - BV - =0 36
JPg e P g P M e B Y e Y (36)
Linear index assignment (odd v):

J—ﬁ——iﬁvz+(—1—ﬁ+d Mz)v“——lmﬁvﬁmo (37)
64" 32 64 48

Herringbone index assignment (even v):
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el peasrnt s Lt - g <0 (38)
12 48 ‘ 48 192
Herringbone index assignment (odd v):
L D (e d MO o = =0 (39)

An optimal value of the number of side coder cells, M, depends on the available fixed bit
rate on the transmission channels 1209 over which the side coder indices k; are to be
transmitted. Hence, a constraint on the number of side coder cells, M, can be seen as a
constraint on the available fixed bit rate on the transmission channel 120Y, Thus, for a
certain transmission condition expressed in terms of a certain number of side coder cells M,

or as a fixed available bitrate R, , on the transmission channel 120%, a value of the

bandwidth v of the index assignment matrix 400 can be derived from a real and positive
root of one of the polynomials (36)-(39), for a certain maximum side coder distortion . 1f
not already an integer, the root would have to be rounded or truncated to an integer which

corresponds 1o the bandwidth v.

Optimisation scenario D) is typically interesting when the resolution of the side coders 210
is constrained and there is a requirement on the quality of the reconstruction for the case
when only one of the descriptions is received, i.e. when a too coarse reconstruction is
undesirable. By optimisation scenario C), an encoder/decoder can be designed which

provides a guaranteed minimum quality when only one description is received.

General

When truncating or rounding the root obtained {rom one of the polynomials (28)-(39) in
order to obtain a suitable value of the bandwidth v for a particular index assignment
algorithm, it may be that the particular index assignment algorithm puts further constraints
on the bandwidth v - typically that the bandwidth v be either even or odd. The truncating or
rounding should advantageously take such further constraints into account. Furthermore,
the index assignment algorithms considered here generally require that the bandwidth v is

larger than one (if v=1, then the same information is transmitted by all side coders 210},
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However, under certain circumstances, such as when the transmission conditions are very
poor, the most advantageous usage of the transmission resources may in fact be that full
redundancy is employed, and the applicable polynomial will then have a root suggesting
that only one non-zero element should be used in each column or row of the index
assignment mafrix 400. In an implementation of the invention, the indication that the
bandwidth v should equal 1 could result in that a special index assignment algorithm is
applied which results in only one non-zero element in each column or row (full
redundancy). Alternatively, when the indication is given that the bandwidth v should equal
1, a suitable value of the bandwidth v could be selected for the index assignment algorithm
to be applied (preferably the lowest value of v that is applicable to the particular index

assignment algorithm).

For some design scenarios, there might not be a root which would be feasible to use as the
bandwidth v — there might not be any positive real root that does not indicate that the
bandwidth v should equal zero. The lack of feasible roots typically indicates that the
constraints of the design scenario are too tight. Appropriate measures could then be taken,

such as changing the constraints, or using the lowest feasible value of the bandwidth v.

Fig. 5 schematically illustrates a method for designing an index assignment matrix
according to the invention. In step 500, transmission condition information is received.
When the method is performed in a node in a communications network in an on-line
situation, the transmission condition information can advantageously be received from
another node in the communications network or from a transmission condition
determination unit in the node. When the method is performed in an off-line manner in
order to determine a relation between transmission conditions and the optimal bandwidth v,
the transmission condition information can for example be received from a memory, from

an external source, or from an internal process.

In step 503, a bandwidth v of the index assignment matrix 400 to be designed is selected n
dependence of transmission condition information relating to (ransmission conditions on a
channel 120% over which an information signal x, to be encoded by means of the index

assignment matrix 400, is to be transmitted. Such transmission condition information could
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for example include information on the probability of erasure w; available average bitrate

R erage ; available fixed bitrate K g, ; constraints on the side coder distortion d, or
constraints on the central distortion . The transmission condition information could for
example have been received by a network node or an Operation and Management node ina

communications system 100 and be based on the current situation in the communications

system 100, or could for example have been derived from previous experience.

When a favourable bandwidth v has been selected, step 505 is entered, in which an index
assignment matrix 400 having the selected bandwidth v is designed according to known
algorithms: If the number A/, of side coder cells a;' (7} of a side coder 2109 is known,
the number r of central quantizer cells 300 can be determined from the bandwidth v, and
vice versa. The r central quantizer indices k can then be distributed within the index
assignment matrix according to a selected index assignment algorithm. The central

reconstruction points %, as well as the side coder reconstruction points % can be

determined as described above.

An embodiment of the step 503 of selecting the bandwidth v is illustrated in more detail in
Fig. 6a. In the embodiment of step 503 illustrated in Fig. 6, step 503 comprises steps 600-
615. In step 600, it is assumed, for purposes of determining the side coder distortion d,,
that the pattern of indices in a side coder cell o:_f"’ (i) is approximately constant in the index
assignment matrix 400, i.c. that the pattern of indices is approximately independent of the
value 7 of the side coder cell index k, (cf. expressions (19)-(22)). In step 605, the high rate
approximation is assumed, i.c. that the probability density function p(x) of the source can
be approximated as constant within a side coder cell extent of the index assignment matrix
400 (cf. expression (8)). In step 610, an analytical expression {or the side coder distortion
d, is determined under the assumptions made in steps 600 and 605 (cf. expression (17)).
In step 615, a bandwidth v of the index assignment matrix 400 that is favourable for a
particular optimisation scenario is selected, using the analytical expression of the side

coder distortion o, and the {ransmission condition information (cf. expressions (28)-(39)).
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In step 600 of Fig. 6a, it is assumed, for purposes of estimating the side coder distortion

d, , that the pattern of central quantizer indices & within a side coder cell cxr;l (7} is constant
within the index assignment matrix 400. This is a special case of assumption 2) above. The
general case would be that it is assumed that the pattern of central quantizer indices &

within a side coder cell &' (i) of the index assignment matrix 400 is one of a set of

possible patterns, and that the pattern of indices of different side coder cells is ordered
within the index assignment matrix 400. In the following, when reference is made to Fig.

6a, reference is made to both the general and the specific case of step 600.

Fig. 6a illustrates some inventive assumptions made to multiple description encoding
theory that have proven to simplify the of index assignment matrix design in that a suitable
or optimal value of the bandwidth v may be obtained by means of an analytical function.
Other ways of obtaining an analytical function of the side coder distortion may also be

concelved.

Fig. 6b, on the other hand, illustrates a method of solving an analytical function, in this

case a polynomial, in order to arrive at a suitable or optimal bandwidth v.

The method of Fig. 6b illustrates an embodiment of step 503 of Fig. 5. Fig. 6b comprises
steps 620-630. In step 620, a polynomial to be used for selecting a suitable bandwidth v is
determined in dependence of transmission condition information, cf. for example
expressions (28)-(39). The polynomials of expression (28)-(39) have all been derived by
using the method of steps 600-610 of Fig. 6. Other suitable polynomials could alternatively
be used. In step 625, a feasible root of the polynomial determined in step 620 is
determined, where a feasible root is a root that is real and positive, and preferably greater
than 1. From this feasible root, a bandwidth v is selected in step 630. The simplest case is
when the bandwidth v is given the truncated or rounded value of the root determined in
step 625. However, in some cases, as discussed above, the index assignment algorithm to
be employed in the index assignment matrix design may put restrictions on the bandwidth
v, and the selection of step 630 could then advantageously take such restrictions into

account.
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The embodiment of selecting the bandwidth v iHustrated in Figs. 6a and 6b could be
performed in a transmitting node 105 and/or receiving node 110 in an on-line fashion.
Transmission condition information reflecting the current transmission conditions could
then advantageously be received by the transmitting/receiving node from another network
node in a communications system 100, Alternatively, selection according to the method of
Fig. 6a and 6b of suitable bandwidths v for different transmission conditions could be
performed off-line, and the results of such off-line selection could be made accessible for
the transmitting node 105 and/or receiving node 110, stored for example in a table, or in
any other suitable storage formats. An example of such results is given in Table 1, wherein
the optimal admissible bandwidth v is given for different values of probability of erasure w.
The values of the probability of erasure w in such a table could be expressed either as

discrete values, or as ranges of values.

0- 0.002- 0.006- 0.012-0.058 0.058-1
Range of w 0.002 | 0.006 0.012
Optimal admissible v 7 5 4 3 2
Optimal index linear | linear | Herringbone, even | Herringbone, odd; | staggered
assignment algorithm linear

Table 1. Values of the bandwidth for different probabilities of erasure w. It can be seen
that the staggered index assignment algorithm is optimal for a wide range of erasure

probabilities.

When transmitting node 105 and/or receiving node 110 have access to pre-selected values
of bandwidth v for different transmission conditions, such as those presented in Table 1,
step 503 of the method iltustrated in Fig. 5 would be performed in the
transmitting/receiving node 105/110 by looking up a suitable bandwidth v for given

transmission conditions. This is illustrated in Fig. 6¢.

Step 503 of Fig. S as illustrated in Fig. 6¢ comprises steps 635-643. In step 633, stored
values of transmission conditions with associated suitable bandwidths v are accessed. In
step 640, the value of the transmission condition for which a suitable bandwidth is to be

selected is compared to the stored values of the transmission conditions. In step 645, the
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bandwidth v which is associated with the stored transmission condition that has provided
the best match in the comparison is selected as a suitable bandwidth v. Different
tables/storages could be used for different optimisation scenarios and/or different index
assignment algorithms, wherein the different values stored in the tables/storages would

have been obtained from different polynomials.

In one implementation of the invention in a communications system 100, a predetermined
index assignment algorithm could be used in step 505 for the design of the index
assignment matrix 400 (c.g. the linear algorithm, the nested algorithm, ete.). In this
implementation, for a particular optimisation scenario, a predetermined polynomial
corresponding to the predetermined index assignment algorithm would preferably be used
for obtaining a value of v (for example one of the polynomials given by expressions (28)-
(39)). The index assignment matrix 400 would then be designed according to the
predetermined index assignment algorithm, having a bandwidth v obtained from the

predetermined polynomial.

In another implementation of the invention, the index assignment algorithm to be used
could depend on the transmission conditions. It turns out that the optimal index assignment
algorithm depends on the transmission conditions, and in particular, the optimal index
assignment algorithm depends on the value of the bandwidth v. In table 2, the optimal

index assignment algorithm is listed for different vaiues of the bandwidth v.

Bandwidth v Optimal index assignment algorithm
2 staggered
3 linear, nested or herringbone
4 herringbone or Balogh
5 linear, nested or herringbone
6 Balogh
7 possibly Balogh, but linear, nested and herringbone nearly as good
8 Balogh

Table 2. Optimal index assignment algorithms for different values of the bandwidth v.
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In order to obtain a value of the bandwidth v, a predetermined polynomial could be used
for the particular optimisation problem of interest, and the optimal index assignment
algorithm for the obtained value of the bandwidth v could then be selected in accordance
with table 2. Alternatively, various polynomials could be solved, each polynomial relating
to an index assignment algorithm and being relevant to the optimisation problem of
interest, The index assignment algorithm for which the corresponding polynomial gives the
lowest value of v could then be selected as the index assignment aigorithm to be used for
designing the index assignment matrix 400. If more than one polynomial/index assignment
algorithm yield the lowest value of v, the index assignment algorithm that is preferred for
the given value of the bandwidth v could advantageously be selected for the design of the

index assignment matrix 400 (cf. Table 2).

Fig. 7 is a schematic illustration of an apparatus 700 comprising a bandwidth selecting unit
705. The apparatus 700 could for example be an encoder, a decoder, a user equipment
comprising an encoder or decoder, a network node comprising an encoder or decoder, or a
bandwidth calculation device adapted to calculate the optimal bandwidth v of an index

assignment matrix 400 for different transmission conditions.

The bandwidth selecting unit 705 is adapted to select a suitable bandwidth for an index
assignment matrix 400 under particular transmission conditions. Bandwidth selecting unit
705 comprises an input 710 adapted to receive a signal 720 indicative of transmission
condition information, and an output 715 adapted to output a signal 725 indicative of a

suitable bandwidth v.

Fig. 8a illustrates an embodiment of the bandwidth selecting unit 705. The bandwidth
selecting unit 705 of Fig. 8a comprises a polynomial generating unit 800, a root
determination unit 805, and an output signal generating unit 810. The polynomial
generating unit 800 is connected to the input 710, and is adapted to receive the signal 720
indicative of transmission condition information. Furthermore, the polynomial generating
unit 800 is arranged to generate, based on the received transmission condition information,
a polynomial that would be suitable for bandwidth selection. Such polynomial could for

example be derived from one of the expressions (28)-(39). In some implementations of the
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invention according to this embodiment, the polynomial generating unit 800 would be
adapted to generate more than polynomial based on the transmission condition information,
such as for example more than one polynomial relating to the same oplimisation scenario
but different index assignment algorithms, or more than one polynomial relating to the
same index assignment algorithms, but different optimisation scenarios, or any set of
polynomials. The polynomial generating unit 800 is furthermore preferably adapted to
output a signal indicative of the polynomial(s) generated by the polynomial generating unit

800.

The output of the polynomial generating unit 800 is preferably connected to the root
determination unit 805, which is adapted to determine a feasible root of the polynomial
generated by the polynomial generating unit 800 (a feasible root is in this context a root
which is real and larger than zero). The root determination unit 805 is connected to the
output 715 of the bandwidth selecting unit 705. In one aspect of this embodiment of the
invention, the root determination unit 805 generates a signal indicative of the actual value
of the feasible root. A value of the bandwidth v could then be selected elsewhere, based on
the value of the root, either by another component of the bandwidth selecting unit 703, or
in another device used for the design of an index assignment matrix. In the latter case, the
signal 725 output from the bandwidth selecting unit 705 would not explicitly indicate a
selected bandwidth v, but rather indicate such selected bandwidth v in an implicit manner
by indicating the value of a root from which a suitable bandwidth v may be derived. In
another aspect of this embodiment, the root determination unit 805 generates a signal

indicative of a rounded or truncated value of the root, corresponding to a bandwidth v.

When the polynomial generating unit 800 is arranged to generate more than one
polynomial for a particular value of the transmission conditions, the output signal 725
could be arranged to indicate a value of the bandwidth v for each of these polynomials.
Alternatively, the output signal 725 could be arranged to indicate the most favourable value
of the bandwidth v, preferably together with an indication of which polynomial gave rise to

this value.
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Fig. 8b illustrates an alternative embodiment of the bandwidth selecting unit 703, wherein
the bandwidth selecting unit 705 has access to a data storage medium 815, referred to as
memory 815, in which different values of transmission conditions are stored together with
associated values of the bandwidth v. Memory 815 could be any type of data storage
medium. In Fig. 8b, the memory 815 is shown to be a part of bandwidth selecting unit 705.
Alternatively, memory 815 could be a memory external to bandwidth selecting unit 705,
and to which bandwidth selecting unit 705 has access. In this embodiment, bandwidth
selecting unit 705 is arranged to compare the transmission condition information received
in the signal 720 to the different values of the transmission condition stored in the memory
815, and to select as the bandwidth v the value of the bandwidth v which in memory 815 is
associated with the stored value of the transmission condition that best matches the

received transmission condition information.

Fig. 9 schematically illustrates an embodiment of an apparatus 700 comprising a matrix
design unit 900 as well as a bandwidth selecting unit 705. The output 715 of the bandwidth
selecting unit 705 is connected to an input of the matrix design unit 900. The matrix design
unit 900 is adapted to design an index assignment matrix 400 in dependence of the signal
725 indicating a suitable bandwidth v of the index assignment matrix 400. The output of

the matrix design unit 900 is used to determine the mapping functions ¢, (k) and o, (k),
and/or the mapping functions S, (k,,k,), B, (k) and f,(k,) of the side coders 210 and
decoders 225/230 of Fig. 2. The apparatus 700 of Fig. 9 could for example be part of a

control unit of an encoder 125 or a decoder 130.

The configuration of Fig. 9 is particularity suitable for applications of the invention where
the bandwidth v of the index assignment matrix 400 used for multiple encoding of an
information signal x is adapted to current transmission conditions. In such applications, the
signal 720 indicative of transmission condition information could advantageously originate
from a node in the communications system 100 having knowledge of the current
transmission conditions in the communications system 100, such as for example an
Operations & Maintenance node; the receiving node 110 in case the bandwidth selecting
unit 705 is part of the transmitting node 105; a radio base station when the bandwidth

selecting unit 705 is part of a user equipment for mobile communications; etc. More
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explicit examples follows: the probability of erasure w can be cstimated at the receiving
node 110 and communicated to the transmitting node 1105; the probability of erasure w
can be estimated at a network node and communicated to the transmitting node 103; the
information about available bit rate can be determined by the transmitting node 105 or
communicated to the transmitting node 105 from a network node; a user or a receiving
node 110 that receives the descriptions may request the transmitting node 105 that the

central and side coder distortions be adjusted, etc.

In applications of the invention wherein the design of an index assignment matrix 400 will
be performed at a later time than the selection of a bandwidth v, the input signal 720,
indicative of transmission condition information, could for example originate from a
process internal to the apparatus 700 of which the bandwidth selection unit 705 forms a
part, from values that have been entered manually, from stored values, or from nodes

having knowledge of the current and/or previous transmission conditions.

If only one of the transmitting node 105 and the receiving node 110 is arranged {o receive
the transmission condition information, a signal indicative of the transmitting condition
information, and/or indicative of the optimal value of the bandwidth v that has been
selected in response to the transmission condition information, should preferably be
transmitted to the other of the transmitting node 105 and the receiving node 110. In this
way, it can be ensured that the encoder 125 and the decoder 130 both operate according to
the same index assignment matrix 400 and hence according to the same mapping of the

central quantizer indices & onto the side coder indices M ;.

The bandwidth selecting unit 705, as well as the matrix design unit 900, can

advantageously be implemented by suitable computer software and/or hardware.

Although the invention has mainly been described above in terms of a square assignment

matrix 400, where j=2 and M, = M, the invention is equally applicable for encoding of an

information signal x by means of an index assignment matrix wherein M i #= M j, - for

all values of /. Some of the expressions provided above by way of example will then have
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to be amended accordingly. For example, the average pattern of indices A(v) would depend
onj: A(v) =k (v), and should therefore preferably be considered separately for cach side-
coder cell that would exist in the system, Furthermore, a cost function (cf. expression (4))
should preferably be adjusted to correctly reflect the possible distortions that contribute to

the composite distortion d, .

Similarly, in the above description, the invention has mainly been described in terms of
two-dimensional encoding, where the central quantizer indices k are mapped onto two
different side coder cells a;’ (i) . However, the invention works equally well for multiple
description coding using more than two descriptions. Some of the expressions provided
above will have to be amended accordingly. For example, the bandwidth of the index
assignment matrix would typically be described by a bandwidth vector v, and an analytical
function cotresponding to expression (16) could be derived for each transmission channel
1209 However, in the symmetrical case, where the same rates R and same probability of
erasure w apply to all transmission channels 120%, it would still be possible to reduce the

optimisation problem to finding a scalar value of the bandwidth v.

In the above, the invention has been described in relation to the encoding/decoding of a
scalar source x for purposes of illustration. However, the invention may also be applied to

the encoding/decoding of a vector source, x.

In the derivation of the analytical expressions for the central distortion d; as well as the
side coder distortion d, above, a high rate of the encoding has been assumed. However,

the rate does not have to be particularly high for the high rate assumption to be justified in
the derivations above: For example, applying the high rate assumption yields good results
if (in a resolution constrained case) each side coder cell index & is represented by 3 bits,

resulting in a maximum size of the index assignment matrix 400 of 8*8 entries. Typically,
the size of the index assignment matrix 400 is greater than 8%8 - for example 128%128, or

256%256 entries.
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Multiple description coding according to the invention can advantageously be used for
transmission of audio and/or visual information such as speech or video over packet-
switched networks where the probability of packet loss is non-zero, as well as for
transmission of signals in scenarios wherein signal fading may be a problem, such as for

example for the transmission of radio signals over a radio interface.
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Appendix 1
Approximation of the pattern of indices in the index assignment matrix

In the following, an average pattern of indices /A(v) will be derived for the nested index
assignment algorithm. The nested index assignment algorithm is used as an illustrative example

only, and average patterns of indices A(v) can be derived for any index assignment algorithm.

An aim is to approximate the pattern produced by the nested index assignment in order to get a
reliable estimate of geometry of an “average” side quantizer cell. The approximation is needed to
estimate an optimal position of a reconstruction point within the side coder cell, to be used when
determining the side coder distortion. There are many possible approximations that will result in a
formula that describes the pattern of indices with enough accuracy to get a reasonable estimate of
the side coder cell geometry in order to get an estimate of where the reconstruction points of the
side coders are, and hence, a reasbnable estimate of the side quantizer distortion. ,

The normalised pattern of indices may be seen as a sequence of integers obtained by considering
a particular row (or column) of the index assignment matrix and subtracting the smallest element
within the row from the other elements.

In order to get an approximation of the average pattern of indices /(v) we make the following

assumptions:

1) the patterns in the index assignment matrix 400 appear periodically and the number of
possible patterns is finite, so it makes sense to consider an average or typical pattern;

2) here, a symmetrical case is considered so it is assumed that the pattern is the same along
the rows and columns. An extension to the non-symmetrical case is straightforward. In a
non-symmetrical, two-channel case an approximation could advantageously be made
separately for all the rows and the columns of the index assignment matrix.

3) the pattern can be averaged and expressed in terms of a parameter that describes a band
of the index assignment matrix 400.

An example of an Index assignment matrix (left) for nested index assignment and corresponding
side cell patterns (right) is provided in Fig. 10.

An index assignment matrix 400 for the nested index assignment with 5 diagonals is shown in the
left part of Figure 1. The corresponding side coder cell patterns are shown at the right side of the
figure. We can see that the pattern varies across the index assignment matrix, but the pattern is
almost the same as we go from one side cell to another. We will now consider the side coder
whose cells are represented by the rows in the index assignment matrix. Note that in the next step
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we neglect the boundary effect in the corners of the matrix. For v = 5, the following patterns
appear {0, 2, 6, 8, 10}, {0, 3, 7, 8, 10}, {0, 4, 7, 8, 10}, {0, 3, 6, 8, 10}. The sequence of patterns
appears periodically. Furthermore, the consecutive patterns do not vary much and the weight
centre of these patterns is approximately at the same place. We can then average these patterns
to obtain: {0, 3, 6, 8, 10}. The average pattern should contain only integer elements. If an
element of the average pattern is non-integer, this element should preferably be rounded or
truncated.

Now we want to express such pattern in terms of the bandwidth v of the index assignment matrix
400.

We can find such average patterns for different values of v. For instance, in case of the nested
index assignment, we have the following patterns:

a) v=3; {0, 1, 3}

b) v=5; {0, 3, 6, 8, 10}

c) v=7;{0, 5 10, 15 17, 19, 21}

d v=9, {0, 7, 14, 21, 28, 30, 32, 34, 36}

e) v=11;{0, 9, 18, 27, 36, 45 47, 49, 51, 53, 55}

By observation of the pattern we can express the pattern of indices in terms of v. We obtain a
universal formula that describes this average pattern, referred to as the average pattern of indices,
h(v):
hv)={(k-DQ2z-1),k=1...2+ 3 U{zQz-D)+2(k—z-D):k=2z+2,..22+1);

1
where z= E(V —1). Note that the pattern has been expressed as a set of elements which

depends only on v.
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Appendix 2. Various optimization scenarios
(two-dimensional symmetrical case)

We use the following definitions of the distortions:

1) composite distortion (fwo-dimensional, symmetrical case)
d, = (1—w)’d, + 2w(l — w)d,

2) central distortion d,
3) side distortion d,

We use the following expression to represent the entropy constraint for the side
guantizers:

For a continuous source with known pdf p(m) we are able to find differential entropy

hX) = — [ p(o)lo, pla)da.

By using definition of the entropy

- _Z P(k,)log, [P(k’j )]

i)

where P(k ;) is a probability of side quantization index &  (where j specifies the side coder), we can

express the entropy constraint as:

H= —fj P(i)log, [P(3) = h(X) — E{log,| Az, )|} — log, )
=1 (A1)

We use the following formulation to represent the resolution constraint:

In a symmetrical case each side quantizer has precisely M reconstruction points. Let the rate that

is used to communicate a single side quantization index is R . It means that M =2

Below we consider different optimization scenarios

A) Minimization of composite distortion subject to entropy constraint

Formally the problem may be written as

min d, (A2:2)
subjectto H=R
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where the minimization is performed over the

The optimization problem can be written using the following Lagrangian:

d —12w_)2 f:m p(2) Az, v)* dz + 29'__“))_“’ () j; lt’“ p(@)A(z, v dz + ...

v

(A2:3)
A (h(X )—E {log [A(:L’, 'U)]} —log () — R)
The Euler-Lagrange equation for the following cost function is
2
A=) vy + 4 L= A0 ——2 =, (A2:4)
6 A(z,v)

We can see that A(z,v) does not depend on z .
Solving the equation for nested, linear and herringbone index assignment we obtain:
A(’U) — lzh(X)—-R,

v (A2:5)
and for staggered index assignment:
A = QMX)-E-1 (A2:6)
Using these results, the composite distortion may be written as

2
— 2] —
Dvyw) = g 1 g LU gy g iy > g (A2:7)
12v v

It can be optimized for v by differentiating it with respect to v
d 29(1 — w)w 6g(1l — w)w 1—w)?
—UD(’U, u)) = —g—g—vs—)f/(’l}) - —g—L;[—)—f(v) — g‘(ﬁij), v 2> 1. (A28)

After some algebra, we get the univariate polynomials (28)-(31) of the detailed description.

B) Minimization of the composite distortion subject to constraint on side coder resolution

The design problem can be formulated as follows:

mind, (v, w)
subject to (A2:9)
rl 1

— dx=2% =My
[ A(‘x9 v)

4
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This design problem corresponds to the following Lagrangian formulation:

fey

(1—W)2 ’r]lp(x)A(x,v)de'l'z(l_W)wm Ip(x)A(x,v)de'l'...
v

12 ;
o (A2:10)
+A .f#dx-Mv .
4 A('x7 v)
5 This results in the Euler-Lagrange equation:
1-w)? A
(1=w) A(x,v)p(x) +4(1— w)wM A(x, V) p(x) —————==0 (A2:11)
v VA(x,v)
Solving for A(x,v) gives the following result: (A2:12)
’r+l L
1 [ (p(x))3ax
10 A(x,v) = d -
My 3
(p(x))
The central coder distortion can be expressed by:
1 L] 1 3
= x))3dx A2:13
o= Taa| | P (A2:13)
15 and the expression for the side coder distortion is then
f(V) ) 1 ?
—_ 3 7 .
d; = AL I,I (p(x))’dx | ,j=12. (A2:14)

It is possible to derive the optimal bandwidth v for all considered index assignment
algorithms. We make use of the following equation:
1-w)? 2(1—- v
20 gy <QA=WE 2w
12v v

wherein

(A2:15)

f= (I (p(x»?de , (2:16)

4
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(A2:15) has the same structure as equation (A2:7). Thus, the polynomials for computing an
optimal bandwidth v for the constrained resolution case are the same as those for the entropy

constrained case, which are given by expressions (28)-(31) of the detailed description.

C) Minimization of central distortion subject to the constraint on the side coder distortion

and side coder entropy

This design problem may be expressed as:

mind,

subject to (A2:17)
d;<d,j=12

H=R

where d, is a maximum acceptable side coder distortion.

We recall that an index assignment is characterized by a function f(v) which is a positive,

monotonically increasing function. Given f (v), the side distortion d j (equally for both side

coders) is given by expression (17) of the detailed description, and the central distortion d,is

given by expression (6) of the detailed description. Using the fore-mentioned expressions we
can construct the Euler-Lagrange equation for the problem considered. This Euler-Lagrange
equation is:

1 f() 1

—Alz,v) + 4N —= Az, v) — A, —— =10 .

. (z,0) + 4N . (z,v) AZA((E,’U) , (A2:18)

and it tells us, as in the optimization scenario A), that

A(z,v) = A(v) = const. (A2:19)
Substituting the above result into the rate constraint equations we get

1 o)
Aw) = ;2"“‘) B (A2:20)

The above result allows us to resolve the side distortion constraint. The side distortion

constraint leads fo
3 2(h(X)-R
dov® — f0)22"O B >0, (A2:21)
The last equation depends on the function f(v). Changing inequality into equality we obtain a
function of v that can be optimized for v resulting in a polynomial. Polynomials obtained from

(A2:21) for a number of different index assignment algorithms are given by expressions (32)-
(35) of the detailed description.
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D) Minimization of central distortion subject to the constraint

side quantizer resolution

This design problem can be expressed as:
min d,,,

subjectto d; <d,,j=1.2

tr+1
———1—dx =2%v = My
S A(x,v)

The extended criterion to be optimized is thus

% ZTP(X)A(X,V)de+lI[@ :Ip(x)A(x,V)de—ds

The corresponding Euler-Lagrange equation is:

‘é‘p(x)A(x,vm&l@p(xm(xav)-% 1
,

T
he optimization problem can be solved yielding:

dM> - fWB =0,

where

B= [ I [p(x)gjdx]

(A2:26) depends on the function f(v). Changing inequality into equality, we obtain a

function of v that can be optimized for v resulting

polynomials for a number of different index assignment algorithms are given by

expressions (36)-(39) of the detailed description.

In the optimisation scenarios discussed above, the minimisation of the distortion expressed by
expressions (A2:2), (A2:9), (A2:17) and (A2:22) should be performed over the set of all mapping

functions (¢, @, ,,, B, ...) relevant to the optimisation scenario.

—m =0
VvA(x,v)

on the side distortion and

(A2:22)

(A2:23)

1)
+4, J. ! dx—M |.
5 VA(x,v)

(A2:24)

(A2:25)

(A2:26)

(A2:27)

in a polynomial. The resulting
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CLAIMS

1. A method for designing an index assignment matrix for use in multiple description coding
of an information signal, the method characterised by

' selecting a bandwidth for the index assignment matrix in dependence of
transmission condition information relating to a transmission condition of a communication

channel onto which a description of the information signal can be transmitted.

2. The method of claim 1, wherein
the selecting of a bandwidth comprises determining a root of a polynomial,
wherein the coefficients of the polynomial are defined in dependence of the transmission

condition information.

3. The method of claim 2, wherein the index assignment matrix is a two-dimensional, square
matrix in and wherein said polynomial is:
Swv® — 4wy’ + 8wy’ — (37w 8 -36wv + 96w
for a nested index assignment;
2wVt — (Sw+ 40> +3w
for a linear index assignment;

5wyt - 2wy’ - 8wy +8w-8
for a herringbone index assignment of even v;

5wi® —2wv* —20wv? + (35w - 8)v—18w.
for a herringbone index assignment of odd v; and

wherein v is the bandwidth of the index assignment matrix and w is the probability of
erasure on a communications channel over which descriptions of the information signal

obtained by means of the index assignment matrix are to be transmitted.

4. The method of any one of the above claims, wherein
the determining of the band of the index assignment matrix is performed by way
of an analytical function, wherein the analytical function has been derived from an analytic

estimation of side coder distortions obtained under the following assumptions:
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the pattern of indices in a side coder cell of the index assignment matrix can be
approximated as constant for purposes of estimating the side coder distortion; and

a high rate approximation may be used of the distortions of the side coders.

5. The method of claim 4, wherein the index assignment matrix is two-dimensional, square
matrix and the analytical function has been derived from the following expression:
| 2

)= 3 [Eekarr |- S (+2k)

keh(v) V \ keh(v)
wherein v is the bandwidth; EAU)] is a coefficient of quantisation; £ is an index of a central
v

quantizer cell; and (v) is the normalised pattern of indices of a side coder cell.

6. A method of claim 1, wherein the selecting comprises the following steps:
accessing a memory storing information corresponding to a table over possible
values of a transmission condition and corresponding suitable bandwidth values;
comparing the transmission condition information for which a bandwidth is to
be selected to the possible values of the transmission condition stored in the memory; and
selecting the bandwidth in accordance with the information stored in the

memory.

7. The method of any one of the above claims, further comprising
designing the index assignment matrix by way of an index assignment algorithm

in a manner so that the index assignment matrix has the selected bandwidth.

8. The method of claim 7, further comprising
selecting the index assignment algorithm in dependence of the selected

bandwidth.

9. The method of any one of the above claims, wherein
the transmission condition information is received from a node in a

communications network as at least one signal indicative of transmission conditions.
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10. A method of encoding an information signal according to multiple description coding,
the method comprising:

applying an index assignment matrix to a representation of the information
signal in order to obtain at least two different descriptions of the information signal, wherein
the index assignment matrix has been designed according to the method of any one of the

above claims.

11. A method of decoding an information signal which has been encoded according to
multiple description coding, the method comprising:

receiving at least one description of the information signal; and

mapping the at least one description on an index assignment matrix designed
according to the method of any one of claims 1-9 in order to obtain a reconstruction value

of the information signal.

12. An apparatus for use in the design of an index assignment matrix to be used in multiple
description coding of an information signal, the apparatus characterised by

a bandwidth selecting unit adapted to generate a signal indicative of a
bandwidth of the index assignment matrix; wherein )

the bandwidth selecting unit has an input adapted to receive transmission
condition information indicative of a transmission condition on a communication channel
onto which a description of the information signal can be transmitted;

the bandwidth selecting unit is adapted to generate the signal indicative of the
bandwidth in dependence of the transmission condition information; and

the bandwidth selecting unit has an output adapted to output the signal
indicative of the bandwidth.

13. The apparatus of claim 12, wherein the bandwidth selecting unit comprises:
means for generating a polynomial wherein the coefficients of the polynomial
are defined in dependence of the transmission condition information;

means for determining a root of the polynomial; and wherein
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the output is adapted to generate the output signal in dependence of the root of

the polynomial.

14. The apparatus of claim 12, wherein the bandwidth selecting unit is adapted to

access a memory storing information corresponding to a table over possible
values of a transmission condition and corresponding suitable bandwidth values;

compare the received transmission condition information to the possible values
of the transmission condition stored in the memory; and

select the bandwidth in accordance with the information stored in the memory.

15. The apparatus of any one of claims 12-14, further comprising
means for designing an index assignment matrix by way of an index assignment

algorithm in a manner so that the index assignment matrix has the selected bandwidth.

16. The apparatus of claim 15, further adapted to:

select the index assignment algorithm in dependence of the bandwidth.

_17. The apparatus of any one of claims 12-16, wherein

the output is further adapted to output a signal indicative of the transmission

condition for which the bandwidth has been selected.

18. An encoding device comprising the apparatus of any one of claims 12-17.

19. A decoding device comprising the apparatus of any one of claims 12-17.

20. A user equipment comprising an encoding device according to claim 18 and/or a

decoding device according to claim 19.

21. A network node comprising an encoding device according to claim 18 and/or a

decoding device according to claim 19.
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22. The apparatus according to any one of claims 14-17, wherein the input is adapted to

receive the transmission condition information from a node in a communications system.

23. A communications system comprising an apparatus according to anyone of claims 13-
18.

24. A computer program product for use in the design of an index assignment matrix to be
used in multiple description coding of an information signal, the computer program product
comprising:

computer program code portions adapted to, when run on a computer, select a
bandwidth for the index assignment matrix in dependence of transmission condition
information relating to a transmission condition of a communication channel onto which a

description of the information signal can be transmitted.
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