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METHOD FOR ENCODING A SYMBOL USING SUBSYMBOLS AND
MULTIPLE CODEBOOKS

Description

The invention relates to the field of encoding/decoding a symbol and, more specifically, a
method for encoding a symbol comprising a plurality of values, a method for decoding a
symbol comprising a plurality of values and being encoded by one or more codewords, a
method for transmitting a symbol from a transmitter to a receiver, a computer program for
performing the method in accordance with the invention, an encoder, a decoder and a
system for transmitting a symbol from a transmitter to a receiver. More specifically,
embodiments of the invention relate to a new entropy encoding/decoding method which 1s
based on Huffman coding and uses multi-dimensional codewords to take advantage of
statistical dependencies between neighboring symbols and to adapt the codeword length

better to symbol probabilities.

In the art various methods for coding signals are known for coding audio and video signals
or are used for coding processes 1n a telecommunication environment. Also corresponding
decoding approaches are known. For example, in the field of audio coding AAC/MP3 uses
modified (or stacked) Huffman codes according to Henke, Robert, “Simulation eines
Audiocodierverfahrens fiir professionelle Anwendungen”, Diplomarbeit, Friedrich-
Alexander Universitdt Erlangen-Niirnberg, Erlangen 1992, Brandenburg, Karlheinz,
Henke, Robert, “Near-Lossless Coding of High Quality Digital Audio: First Results™,
ICASSP-93, IEEE International Conference on Acoustics, Speech, and Signal Processing,
vol. 1, April 27-30, 1993, pages 193 — 196, and EP 0 393 526 A.
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Huffman codes are used to encode the quantized spectral
coefficients. Spectral coefficients can be obtalned from a
time domain signal by means of a filter bank or transforma-
tion. In state-of-the-art audio coding, typically an MDCT
is used as transformation (MDCT = modified discrete cosine
transformation). For gquantization typically a scalar quan-
tizer is used. In case Huffman codes are used to encode
quantized’ spe'ctral values, a single or multiple quantized
spectral values are referred to as symbol. Symbols mapped
to Huffman codes are restricted in the range of values to a
largest absolute value (LAV), as 1s described by Huffman,
D.A., “A Method for the Construction of Minimum-Redundancy
Codes”, Proceedings of the IRE, Sept. 1952, vol. 40, 1issue
9, pages 1098-1101. For example, in AAC coding 1n case a
symbol exceeds the LAV the symbol is not mapped to a single
codeword but to a sequence of two codewords. One of the co-
dewords is the so-called “escape sequence” which signals
the presence of an additional codeword. The second codeword
is the so-called “terminating codeword”. On the decoder
side the symbol can only be decoded using all of the code-
words from the sequence, namely the escape codeword and the
terminating codeword. The terminating codeword 1s typically
run-length coded using a modified Golomb-Code and signals
the difference between the largest absolute value and the
value of the coded symbol. The dimensionality of symbols 1s
restricted to a maximum of four, 1i.e. a maximum of four
neighboring spectral coefficients are combined for one sym-
bol. Thus, the dimensionality of a symbol indicates the
number of values which are combined into one symbol for
which then a codeword is determined for transmission to a
decoder. The escape mechanism is used per spectral coeffi-
cient, not per symbol, i.e. in case one spectral coeffi-
cient exceeds the LAV and the rest of the spectral coeffi-
cients do not, an escape mechanism 1s used only for the

spectral coefficient exceeding the LAV.

In the field of video coding in accordance with the ITU-T

video coding specification ITU-T H.263 (01/2005) a combina-
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tion of a one-dimensional Huffman coding (VLC = Variable
Length Coding) and ar; escape mechanism is used. This me-
chanism is used to encode quantized DCT (DCT = discrete co-
sine transformation) coefficients in a similar manner as 1S
done in audio coding approaches. In the field of telecommu-
nications the ITU-T telefax specification (ITU-T Rec. T.4
(07/2003)) describes the use of modified Huffman codes,
i.e. run-lengths are encoded using Huffman coding. In case
a run-length exceeds the LAV a so-called “mark-up-code” 1s
transmitted. By means of this mark-up-codes 1integer mul-
tiples of 64 can be represented. At run-lengths beilng
greater than 63 the next smaller mark-up-code 1s transmit-
ted. The difference to the original run-length 1s sent as

terminating codeword.

The above described prior art approaches based on Huffman
coding restrict the dimensionality and the range of values
for the symbol to keep memory requirements low. In addi-
tion, it is required to keep the Huffman codebooks or code-
word tables small so that the codewords comprise a length
which does not exceed a predefined limit so that transmis-
sion of the codewords can be done 1n accordance with preset
conditions. In case single values exceed the range of val-

ues escape mechanism are used for these single symbols.

By restricting the symbol dimensionality the codeword
lengths are, 1in general, not optimal. For binary Huffman
coding, only symbol probabilities p of (1/2)" can be en-
coded optimally using Huffman codes, since the resulting
codeword length 1 1is restricted to an integer value. If
H(p) is the symbol entropy, the following restriction ap-
plies: H(p) £ 1 < H(p)+l. The negative effects of this re-
striction can be alleviated by increasing the symbol dlmen-
sionality to N: 1/N - H(p) £ 1 < H(p) + 1/N. However, espe-
cially for low data rates multi-dimensional symbols having
a probability of more than 0.5 may occur and for such sym-
bols the optimal symbol dimensionality would than Dbe for

example 16. However, a 16-dim table with four values per
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sub-symbol would require a memory to store 4% = 4294967296
= 2% codewords and codeword lengths which would have a big
impact on memory requirements. Also, the codeword length

would exceed for many of the codewords an acceptable range.

Multi symbol code words are beneficial if the symbols to be
coded have statistical dependencies. Such statistical de-
pendencies may result e.g. from the characteristics of the

frequency transform and the analysis window used.

For two statistically independent symbols the conditional
probability that b follows a is P(alb)=P(a)oP(b) resulting
in an optimal code length L(alb)=L(a)+L(b) being the sum of
the optimal code words of the single symbols, whereas for
statistically dependent symbols the conditional probability
will be different. For example, if the there 1is a high
probability that symbol b follows symbol a then the condi-
tional probability P(a\b)> P(a)-P(b) will be higher than for
the statistically independent case and accordingly, the op-
timal code length L(a|b)<L(a)+L(b) will be shorter than the

sum of the two independent optimal code word lengths L(a)
and L(b).

The higher the dimensionality of the code book used, the
higher the order of dependent probability P(a\b\c|...) that

can be captured.

It is an object of the present invention to provide an 1m-
proved approach for encoding and decoding a symbol wherein
the approach allows exploiting statistical dependenciles Dbe-

tween neighboring values within the symbol sufficiently
well.

This object is solved by a method according to claim 1, 7
and 12, by a computer program according to claim 13, by an
encoder according to claim 14, by a decoder according to

claim 15, and by a system according to claim 16.
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The present invention provides a method for encoding a

symbol comprising a plurality of wvalues, the method

comprising:
5
(a) determining whether the symbol can be encoded by a
codeword of a first codebook;
(b) in case the symbol can be encoded by a codeword of
10 the first codebook, selecting the codeword associated
with the symbol from the first codebook; and
(C) in case the symbol cannot be encoded by a codeword of
the first codebook:
15
selecting a codeword from the first  codebook
indicating that the symbol cannot be encoded by a
codeword of the first codebook,
20 splitting the symbol into a plurality of first sub-
symbols, and
selecting a codeword for at least one of the first
sub-symbols from a second codebook.
25

In accordance with a first aspect of the invention the me-
thod for encoding comprises step (d) 1in accordance with
which for each first sub-symbol that cannot be encoded by a
codeword from the second codebook the first sub-symbol 1s
30 split into a plurality of second sub-symbols, and a code-
word is selected for at least one of the second sub-symbols
from a third codebook, wherein at step (c) a codeword 1s
selected from the second codebook for each of the first
sub-symbols, and at step (d) a codeword 1s selected from
35 the second codebook indicating that a first sub-symbol can-
not be encoded by a codeword of the second codebook, and a
codeword is selected from the third codebook for each of

the second sub-symbols.
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In accordance with a second aspect of the invention at step
(c) the codeword selected from the first codebook further
indicates which of the first sub-symbols comprises a prede-
fined combination of wvalues, and at step (c) for those
first sub-symbols not comprising the predefined combination

of values a codeword 1s selected from the second codebook.

The present invention further provides a method for decod-
ing a symbol comprising a plurality of values and being en-

coded by one or more codewords, the method comprising:

(a) determining whether a first codeword can completely

represent the symbol using a first codebook;

(b) in case the first codeword can completely represent
the symbol using the first codebook, selecting the
symbol from the first codebook wusing the first

codeword; and

(C) in case the first codeword cannot completely

represent the symbol using the first codebook,

selecting a second codebook for decoding first sub-
symbols of the symbol which comprises a plurality of
sub-symbols, and

selecting an entry for at least one of the first sub-
symbols from the second codebook wusing a second

codeword.

In accordance with the first aspect of the invention the
method for decoding comprises step (d) 1in accordance with
which in case the second codebook cannot completely
represent one of the first sub-symbols a third codebook 1is
selected for decoding second sub-symbols of the one first
sub-symbol which comprises a plurality of second sub-

symbols, and an entry 1is selected for at least one of the
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second sub-symbols from the third codebook using a third
codeword, wherein at step (c) the first codebook 1indicates
for the first codeword that the symbol cannot be decoded
from the first codebook, and for each of the first sub-
symbols an entry is selected from the second codebook, and
at step (d) the second codebook indicates for a second co-
deword of a first sub-symbol that the first sub-symbol can-
not be decoded by the second codebook, and for each of the

second sub-symbols an entry 1s selected from the third co-
debook.

In accordance with the second aspect of the 1nvention at
step (c) the first codebook indicates for the first code-
word that the symbol cannot be decoded from the first code-
book and which of the first sub-symbols comprises a prede-
fined combination of values, and at step (c) for those sub-
symbols not comprising the predefined combination of values

an entry is selected from the second codebook.

Embodiments of the present invention provide a flexible,
hierarchical and multi-dimensional Huffman coding scheme
that allows extending the symbol dimensionality with only a
minor increase in memory demand. This 1s achieved by intro-
ducing multi-dimensional symbols with only a limited range
of values and (in general) multli-dimensional escape se-
quences. These escape mechanisms can be applied to single
or multiple .sub—symbols. All sub-symbols which cannot be
encoded directly are marked with an escape code and a new
coding step is performed. This process 1s repeated hierar-
chically until all sub-symbols are encoded. For example,
for the next hierarchical step either the range of values
at the same codeword dimensionality 1s 1ncreased, or the
codeword dimensionality is decreased at the same range of

values, or the codeword range of values 1s 1ncreased and

the codeword dimensionality 1s decreased.

The 1nventive approach 1s advantageous over conventional

approaches, as the increase in symbol dimensionality allows
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for a better adaption of the codeword length to the symbol
probabilities and for a better exploitation of statistical
dependencies between neighboring sub-symbols. In addition,
statistical dependencies between neighboring sub-symbols,

which are not in the range of values, can be exploited.

Using multli dimensional escape sequences will further re-
duce the memory requirements for multi dimensional code
books. For example to allow for a l6-dimensional codebook
representing the value 0 directly and values not being 0
via an escape sequence, the number of code words would be
21°=65536, whereas having escape sequences for 4 neighbor-
ing symbols and a subsequent 4 dimensional code book with
per symbol escape sequence would reduce the number of en-
tries to 2°+2%=16 only.

If a combination of symbols can not be represented directly
in a multidimensional code book due to the codebooks lim-
ited range, multidimensional escape sequences will allow
for exploiting lower order statistical dependencies present

in the lower dimensional sub symbols.

Embodiments of the invention are used in the field of en-

tropy coding, audio/video coding and telecommunications.

Embodiments of the invention will be described in further
detail below with reference to the accompanying drawings,

in which:

Fig. 1 1s a flow diagram representing an encoder scheme

1n accordance with an embodiment of the invention;

Figs. 2 shows different codeword tables (codebooks) used

in an encoding scheme according to an embodiment

of the invention, wherein Fig. 2(a) 1is the code-
word table for a 16-dim symbol (16 dimensional

symbol = a symbol being comprised of 16 values),
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wherein Fig. 2(b) 1is a codeword table for a 8-dim
symbol, and wherein Fig. 2(c¢c) is the codeword ta-
ble for a 4-dim symbol;

l1llustrates the coding scheme using the codeword
tables of Fig. 2;

i1llustrates a coding scheme in accordance with a

further embodiment of the invention:

1s an example of a level 0 codeword table used for

the encoding scheme of Fig. 4;

1s a flow diagram representing a decoder scheme in

accordance with an embodiment of the invention:

i1llustrates the decoding scheme using the codeword
tables of Fig. 2;

1llustrates the decoding scheme for a symbol en-

coded according to the embodiment of Fig. 6;

1s a block diagram of an exemplary encoder using
the encoding scheme 1n accordance with the embodi-

ments of the 1nvention:

1s a block diagram of an exemplary decoder using
the decoding scheme in accordance with embodiments

of the invention; and

1llustrates a system for transmitting a symbol

from a transmitter to a receiver.

following, embodiments of the invention are de-

scribed on the basis of figures showing flow diagrams and

block diagrams. As far as the figures illustrating block

diagrams of an apparatus are concerned it is noted that in
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these figures also a method is illustrated, wherein the

block functionalities correspond to method steps.

Fig. 1 is a flow diagram representing an encoder scheme op-
erating in accordance to an embodiment of the invention. At
a step S100 the encoding approach starts and an encoding
level L is set to 0. The symbol Y(L,m) having a dimension N
is provided wherein the dimension N indicates that the sym-
bol comprises N values, and m indicates thé sub-symbol 1in-
dex at the level L, where m < M with M indicating the num-
ber of sub-symbols for the current level. Sub-symbols are
obtained by splitting the symbol Y at a level. At step S100
M is set to 1 and correspondingly m is set to 0, so that
the symbol provided at the beginning of the process for en-
coding is the original symbol Y (0,0)=(So, Si,..rSn) -

At Step S102 the codebook dimension I is set to N, 1.e. a
codebook or codeword table is selected for encoding the n-

dimensional symbol Y.

At step S104 it is checked whether the symbol Y(L,m) can be
completely represented by the current codebook having the
dimension I. In case this is possible, an appropriate code-
word C(L,m) is selected from the codebook at step S5S106
which may be transmitted, e.g. to a decoder, or which may
be stored. At step S107 it is determined whether codewords
were selected for all symbols Y(L,m) at the current encod-
ing level L. In case codewords for all symbols were se-
lected the encoding process 1is completed and ends. Other-
wise m is increased (m++) by one, 1i.e. the next symbol
(sub-symbol) at level L is selected and the method returns
to step S104.

In case the symbol Y(L,m) cannot be represented by a code-
word from the codebook the method proceeds to step S108

where a codeword is selected from the codebook that in-

cludes at least one escape mechanism. At step S110 1t 1is

determined which sub-symbols of the current level are not
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represented and these sub-symbols determine the "new” sym-
bol. In case “non-encoded” sub-symbols remain this means
that the encoder is to use a new codebook of lower dimen-
sionality than the current codebook. At step S112 the di-
mension J of the new symbol is determined, 1<J< N. At step
S114 the new codebook is selected, and the dimension I of

the new codebook 1s selected to be 1<I<J.

At step S114 the dimension of the codebook may be
maintained at the previous dimension in case a plurality of
sub-symbols of the same dimension are to be encoded using,
for example, the same codebook, as to be described 1in
further detail below. In such a case, it 1is determined at
step S116 that the dimension of the symbol does not exceed
the codebook dimension for this 1level and the method

returns to step S104.

Alternatively, at step S114 the dimension I of the new
codebook may be selected to a wvalue smaller than the
dimension J of the new symbol. For example, the dimension
of the new codebook may be set to one half of the dimension
J of the new symbol. In such a case, 1t 1s determined at
step S116 that the dimension J of the new symbol exceeds
the dimension I of the new codebook so that at step S118
the level is increased by one (level++) and the symbol 1s
split into a plurality of sub-symbols to fit the codebook
dimension I selected at step S114. Also, M 1s 1increased
indicating the number of sub-symbols 1into which the
previous (sub-)symbol was split. The method then returns to
step S104 and steps S104 to S118 are repeated for all sub-
symbols of the next level L so that by the above-described

hierarchical process finally the symbol 1s encoded by one

or more codewords which may then be transmitted.

In the following, an embodiment of the encoding scheme 1s
described in further detail with regard to Figs. 2 and 3. A
hierarchical scheme comprises 1o6-dim, 8-dim, 4-dim and 1-

dim codewords which 1is optimized for a scenario where a




CA 02730202 2011-01-07

WO 2010/003574 PCT/EP2009/004718
12

symbol of 16 neighboring “0” has a probability of 0.5. Fig.
2 shows the different codeword tables. Fig. 2(a) shows the
codeword table for a 16-dim symbol. The 1l6-dim codewords

are as follows:

16—dim codewords

lSymbol Codeword |
ESCl6 1 O
CWle: lex, O0Of 10
A I
ICW16: 15x, 0', 1x, (+/-)1' 11 VZ XXXX -
where
o VZ: sign of a value (1 bit)

. XXXX: 4 bits to encode the position of the value “1” 1n
10 the symbol

This results in the codeword table shown in Fig. 2(a).

Fig. 2(b) shows the codeword table for an 8-dim symbol, and

15 the 8-dim codewords are as follows:

8—dim codewords

Symbol Codeword

ESCS 0

8x ,0' 10

07, 1x , (+/-)1’ _|11 VZ XXX

° VZ: sign of a value (1 bit)

20 o XXX: 3 bits to encode the position of the value "“1” 1n
the symbol

This results in the codeword table shown in Fig. 2(b).
25 Fig. 2(c) represents the codeword table for the 4-dim

symbol. For a 4-dim symbol S=(Sqg,S;,S,,S3) the respective
codewords S are as follows:
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o in case all wvalues for S,, n={0,1,2,3}, are within [-
1;1}, the symbol S=(Sp,S;,S3,S3) can be represented di-
rectly,
o in case some of the values for S, are not within [-
1;1)], those wvalues for S, are not within [-1;1] are

represented by escape words (ESC4), and

o in case all values for S, are not within [-1;1], the
symbol S=(Sp,S1,S52,S3) 1s presented by a single by es-
cape word (ESC4).

For example a symbol S=(-1,0,0,-1) will Dbe represented
directly by a codeword CW4 from the codeword table in Fig.
2(c)y, a symbol S=(-2,3,4,-5) will be represented only by a
codeword CW4=ESC4, and a symbol S=(-1,3,0,-5) will be
represented by a codeword CW4=(-1,ESC4,0,ESC4).

The 1-dim symbols which may be eventually obtalned are each
encoded by respective 1l-dimensional or 1-dim codewords
which are used to directly encode the l-dimensional or 1-

dim symbol, for example by run-length coding.

On the basis of the above-described codebooks or codeword
tables a 16-dim symbol will be encoded. At step S100 (see
Fig. 1) L is set to 0, m is set to 0, and N 1s set to 16
and M 1is set to 1. The symbol presented at step S100,
namely symbol Y (0,0) includes 16 values 5¢..515. The codebook
dimension I 1is set also to 16, 1.e. the codeword table

shown 1n Fig. 2(a) 1s used.

At step S104 it is determined whether a codebook entry 1s
available for the 16-dim symbol. If this 1s the case, a
corresponding codeword is selected at step S106 and, for
example, transmitted so that the coding process 1s
finished. In this situation, the <c¢oding process 1s

completed.

In case 1t 1s determined at step S104 that no codebook

entry for the 16-dim symbol 1s available, the escape word
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is selected at step S108 and transmitted. Thus, the sub-
symbols not yet represented by the transmitted codeword are
all 16 sub-symbols, as 1s determined at step S110 and the
dimension of the new symbol remains at 16, 1.e. J=16 at
step S112. At step S114 a new codebook having a dimension
of 8 is selected. Since this dimension of the codebook 1is
smaller than the dimension of the new symbol J at step S1l1l6
the method branches to step S118 where the 16-dim symbol 1s
subdivided into two 8-dim symbols or sub-symbols, M 1s set
to the value of 2 indicating that now two sub-symbols

exist, and the level 1L is increased (level++) to level 1.

The steps S104-S118 are then repeated for all sub-symbols
of level 1, i.e. for the two sub-symbols 1nto which the
original symbol was split at step S118, namely the two 8-
dim symbols. At step S104 it is then again checked 1f both
8-dim symbols can be encoded directly, i.e. 1f for each of
then a corresponding codeword 1s contained within the
codeword table shown in Fig. 2(b). If this is the case, for
each of the 8-dim symbols the corresponding codeword 1S
selected and transmitted at step S108. The coding process
is then completed. Otherwise, i.e. in case the first and/or
the second 8-dim symbols cannot be represented Dby a
codeword from the 8-dim codebook, an appropriate escape

word is selected from the codebook and transmitted.

At step S114 a new codebook having the dimension 4 1s then
selected, and at step S118 the 8-dim symbol(s) not yet
encoded is split into two 4-dim symbols and steps S104-5S118
are repeated. Then, if applicable, it will be checked 1f
the 4-dim symbols can be encoded directly, 1.e. 1f the
corresponding 4-dim codeword 1is contained within the
codeword table shown in Fig. 2(c). If this 1s the case, the
corresponding codeword is selected and transmitted at step
S108. Otherwise, an escape word can be transmitted either
for the whole 4-dim symbol or for sub-symbols thereof.
Corresponding to the other cases, the 4-dim symbol can be

escaped as a whole symbol and then subdivided into four 1-
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dim symbols which are encoded in the next coding step using
a coding scheme as it 1is described by Henke, Robert,
“Simulation eines Audiocodierverfahrens flir professionelle
Anwendungen”, Diplomarbeit, Friedrich-Alexander Universitdat
Erlangen-Nirnberg, Erlangen 1992, Brandenburg, Karlheinz,
Henke, Robert, “Near-Lossless Coding of High Quality
Digital Audio: First Results”, ICASSP-93, IEEE
International Conference on Acoustics, Speech, and Signal
Processing, vol. 1, 27-30 Apr. 1993, pages 193 - 196, and
EP 0 393 526 A. Also escape codes on a sub-symbol base can
be sent, for example for the 1°% and 4" sub-symbol only,
whereas the 2" and 3@ sub-symbol can be encoded directly
with a 4-dim codeword. The coding process 1s completed as
soon as all sub-symbols can be represented by means of

escape and terminating sequences.

The above embodiment will now be described 1in further

detail on the basis of an example for encoding the 1l6-dim
symbol Y(0,0)=(0,0,0,-1,0,0,0,0,4,0,-1,-5,-4,4,7,9).

20

25

30

35

Level O:
At level 0 the dimensionality I of the codebook 1s set to

16 and the number of sub-symbols M is set to 1, the i1ndex m
accordingly to set to 0 so that Y(0,0) has the above form,
as it i1s also schematically in Fig. 3 at 100. At step S104
it is determined whether symbol Y(0,0) can be completely
represented by a codeword from the 16-dim codebook as it 1is
shown in Fig. 2(a). As can be seen from Fig. 2(a) there 1is
no corresponding codeword for the symbol Y(0,0), 1.e. the
range of available codewords 1is exceeded. Thus, the
codeword C(0,0) selected 1is the codeword for the escape
sequence ESC16. This codeword is selected and transmltted
at step S108. Thus, the remaining symbols which are not

represented by the codeword C(0,0) are Sp—-Sis.

Level 1:

In accordance with step S112 shown in Fig. 1 1t 1s now

determined that the dimension J of the new symbol remains
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16. Since 1in step S108 the codeword for ESCl6 was selected
1t is known that the symbol having the dimension J that
corresponds to the current dimension can not be encoded by
the current codebook so that at step S114 a new codebook is
selected having a dimension I=8. More specifically, the
codebook or codeword table as shown in Fig. 2(b) 1is
selected and, since it is determined at step S116 that the
dimension J exceeds the dimension I of the new codebook, at
step S118 the level is increased to level 1 (level++), the
symbol 100 shown in Fig. 3 is split into the first 8-dim
symbol Y (1,0) and the second 8-dim symbol Y(1,1) as 1is
shown at 102 and 104 in Fig. 3, and M is set to 2
indicating that two sub-symbols now exist. Thus, the symbol

was subdivided to fit the new codebook dimension I:

Y(1,0) S0...97¢ (0,0,0,-1,0,0,0,0)
Y(1,1) S8..S15: (4,0,-1,-5,-4,4,7,5)

Steps 104 onward are now repeated for the two symbols 102
and 104. For Y(1,0) it is determined that it can be
represented by a codeword from the 8-dim codebook so that
the respective codeword C(1,0) is selected and transmitted
at step S106 as 1s 1indicated in Fig. 3 at level 1. Thus,
the codeword CW8 for (0,0,0,-1,0,0,0,0) is selected, namely
the codeword “11 1 100”.

Since 1t 1s determined at step S107 that not for all
symbols for the current level a codeword was selected the
method returns to step S104 and also for the second 8-dim
sympbol Y(1,1) 1t is determined that (4,0,-1,-5,-4,4,7,5)
cannot be represented by an 8-dim codeword from the 8-dim
codebook shown 1in Fig. 2(b). Therefore, the codeword
indicating the escape sequence ESC8, namely codeword “0” is
selected as shown in Fig. 3 at level 1 and transmitted 1in
accordance with step S108. and the remaining symbols not

yet represented by a codeword are symbols Sg-Sis5, namely
(4101_]-'_5’"4!417: 5) :
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Level 2:

At step S112 the dimension of the new symbol is set to 8,
l.e. corresponds to the number of not yet encoded symbols
of the current level. Again, since 1n step S108 the
codeword for ESC8 was selected 1t 1s known that the symbol
having the dimension J that corresponds to the current
dimension can not be encoded by the current codebook so
that at step S114 a new codebook 1s selected having a
dimension I=4. Via step §S116 and S118 the 1level 1s
increased to level 2 (level++), the symbol 104 of level 1
not completely represented by a codeword from the 8-dim
codebook 1is split into two 4-dim symbols 106 and 108,
namely symbols Y(2,0) and Y(2,1), and M 1s set to Z
indicating that two sub-symbols for level 2 exist. Thus,

the symbol was subdivided to fit the new codebook dimension

N
|

-
|

= Sg..511: (4,0,-1,-5)
812...8151 (—'4, 4,7, 5)

-,
e
{

At step S104 1t 1s checked whether symbol Y (2,0) can be
completely represented by the 4-dim codebook of Fig. 2(c).
The symbol Y(2,0) cannot be completely represented by a
single codeword, however, since not all of the values of
the symbol Y(2,0) are different from 1, 0 or -1 the symbol
Y(2,0) 1s represented by the codeword C(2,0) which
corresponds to the codeword in which the symbols %47, ™“-5”
are represented by the escape sequence yielding the
codeword CW4=(ESC4,0,-1,ESC4). This codeword 1s selected
and transmitted at step S108.

At step S110 1t 1s determined that for the current level
L=2 sub-symbols remain for which no codeword was selected,
namely Si2..S15. The dimension J of this new symbol 1is 4,
1.e. corresponds to the current dimension (step 112) so
that at step S114 the dimension of the codebook 1is
maintained and the method proceeds via step S116 back to

step S104 without splitting the new codeword. Thus, for
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Y(2,1) it is determined at step S104 whether it can be
represented by a codeword from the table of Fig. 2(c).
Since the symbols (-4,4,7,5) cannot be represented by the
4-dim codebook and since none of the value of this symbol

is -1, 0, or 1, only the escape sequence 1is transmitted as
codeword C(2,1)=ESC4 at step S108.

At step S110 the sub-symbols from 1level 2 not yet
represented by a codeword are determined to be symbols Sg,
S11, Si2, Si13, S14, and Si5. At step S114 the next lower
dimensional codebook, the 1l-dim codebook, is selected. Via
steps S116 and S118 the remaining symbols from level 2 are
split into single symbols as 1s 1ndicated at reference
signs 110 to 120 in Fig. 3, i.e. the symbol was subdivided

to fit the new codebook dimension I:

Y(3,0) = Sg: (4)
Y(3,1) = Sn (=3)
Y(3,2) = S (—=4)
Y(3,3) = Si3 (4)
Y(3,4) = Sig (7)
Y(3,35) = Sis (5)

Each of the symbols Y(3,0) to Y(3,5) 1is encoded using one
of the above-described encoding scheme. Thus, the entire
symbol has now been encoded by respective codewords which
have been selected during the various levels of encoding
and these selected codewords can be combined to represent

the symbol in encoded form.

A further embodiment using the inventive coding scheme will
now be described on the basis of Figs. 4 and 5. Only 16-dim
codewords and 4-dim codewords are used, wherein the 1lo6-dim
codewords may represent either 16 neighboring “0”s sub-
symbols (values) or transmit information, which of the
underlying 4-dim symbols consists of “0”’s only or contains
symbols unequal to “0”. In case sub-symbols unequal to “0”

are present in the 16-dim codeword, these symbols are
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represented by a 4-dim codeword. As is shown in Fig. 4, at
level 0 at step S200 the symbol comprising the sub-symbols
0-15 1s presented for encoding (see also step S100 of Fig.
1). At step S202 it is checked whether 16 neighboring sub-
symbols of the entire symbol can be represented by a 16-dim
codeword, 1.e. whether these sub-symbols are all “0” (see
also step S104 of Fig. 1). If this 1s the case, a first
codeword CW1l wi1ill be selected and transmitted, and the
encoding procedure 1s completed (see also steps 5106 and
S107 of Fig. 1). In case step S202 indicates that not all
sub-symbols or values of the symbol provided at step S200
are "0” a second codeword CWZ2 1s output (see also step S108
of Fig. 1). It 1s determined that some of the symbols
remaln not encoded (see also step S110 of Fig. 1), the
dimension is of the new symbols 1s set to 4 (see also step
S112 of Fig. 1), and the 4-dim codebook 1s selected (see
also step S114 of Fig. 1). Since the codebook dimension and
the dimension of the new symbol 1s not the same, the symbol
1s split (see also steps Sllo and S118 of Fig. 1) into four
groups of sub-symbols as i1indicated at steps S204 to S210,

the level 1s increase to level 1 and M 1s set to 4.

The codeword CWZ2 which 1s selected and transmitted not only
indicates, for example by means of an escape mechanism,
that additional i1nformation has to be transmitted, but also
contains 1nformation which of the 4-dim symbols shown at
steps S204 to S210 consists of “0” sub-symbols/values only
and which of the 4-dim symbéls at steps S5204 to S210
contains sub-symbols not being equal to “0”. Codeword CW2
thereby 1indicates that additional codewords have to be
transmitted only for the 4-dim symbols that contain sub-
symbols wunequal to Y“0”. At steps S212 to 85218 1t 1is
determined whether the respective sub-symbols shown at
steps S204 to S210 include only “0” or not. In case 1t 1s
determined at step S212 that a sub-symbol only includes
"0”s no further action is required. Otherwise (see step
S104 of Fig. 1) one or more of codewords CW3, CW4, CW5, CW6
output (see steps S106 and S107 of Fig. 1).
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Thus, in case codeword CW2 signals that there are sub-
symbols left which contain values unequal to “0”, for each
of these 4-dim symbols a codeword CW3, CW4, CW5 and/or CW6
is transmitted as 1is shown at level 1 in Fig. 4. These
words can be terminating codewords or can contaln an escape
mechanism. Thus, by means of the codewords CW3-CWo6b, the
respective sub-symbols may be decoded. Alternatively, it
may be desired to encode the sub-symbols of level 1 1in a
similar manner as described above with regard to the first
embodiment, namely using the 4-dim codeword table and the

1-dim codeword table.

Fig. 5 shows an example of a codeword table that may be
used for encoding the symbol at level 0 shown in Fig. 4. A
first codeword CW1l having a specific value 1s used 1n case
all symbol values are “0”. Otherwise, codeword CWZ 1s used
indicﬁating that not all symbols are "“0” and 1including
additional information which of the four sub-symbols
includes “0”’s only which may be represented by providing a
"0” for the term X,. Otherwise, in case the sub-symbols
include values other than “0” the respective position xj

may be encoded by using a “17.

In the following an example for the coding process 1n
accordance with the above-described second embodiment of
the invention will be described on the basis of the symbol
of the first embodiment.

Level O:

The dimensionality of the symbol 1is 16 and the symbol
Yy(0,0)=(0,0,0,-1,0,0,0,0,4,0,-1,-5,-4,4,7,5) 1s provided at
step S200. At step S204 it is checked whether the symbol

Y(0,0) can be represented with a codeword from the codebook
shown in Fig. 5. It 1is determined that no codeword 1s
available and therefore the codeword CW2 1is transmitted
indicating that not all values of the symbol are “0”. In

addition, the information which of the sub-symbols 0-3, 4-
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7, 8-9 and 12-15 includes only “0”’s or includes values
different from ™0” 1is included. The first sub-symbols
provided at step S204 are symbols (0,0,0,-1), the second
sub-symbols are (0,0,0,0), the third sub-symbols are (4,0, -
1,-5) and the fourth sub-symbols are (-4,4,7,5). Thus, the
codeword CW2 1in accordance with Fig. 5 1is “11 1011”
1lndicating that the symbol as a whole does not include also
values unequal to “0” and that the sub-symbols 4-7 include

only “"0”’s.

Level 1:

The codeword dimension 1s now selected to be 4 and those
sub-symbols indicated by codeword 2 with a “1” require
further encoding. Thus, the first, third and fourth sub-
symbols are encoded by the codeword CW3, CW5 and CW6,
respectively as the output of step S212 indicates that the
sub-symbols provided at step S204 includes symbols being

not equal to “0”.

In the following, embodiments of the decoding scheme in
accordance with the invention will be described. Fig. 6 1is
a flow diagram representing an embodiment of the decoding
scheme of the invention. At a decoder, a bit stream is
recelved at step S300 and the level for decoding is set to
0. The decoder is aware of the dimension of the symbol
which 1s received in encoded form and sets at step S302 the
codebook dimension I to the symbol dimension N. It is
assumed that all codewords representing a symbol to be
decoded are present or are received at the decoder. At step
S304 the next codeword 1s decoded and it is determined at
step S306 whether a symbol is completely represented by the
decoded codeword C(L,m) and in case it does, at step S308
an entry 1s selected from the present codebook using the
codeword thereby yielding the symbol. At step S309 it 1is
determined whether all codeword for the current level were
decoded (what means that the entire symbol was decoded). If

this 1s true, the decoding process will be completed.
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Otherwise, the method returns to step S304 for decoding the

next codeword of the current level.

In case the entry assocliated with the codeword 1in the
codebook 1ndicates that same does not represent the entire
symbol the method proceeds to step S310. At step S310 the
symbol 1s decoded in accordance with the entry associated
with the codeword C(L,m) (e.g. an escape sequence 1s
decoded which indicates that additional codewords will
follow), and at step S312 it is determined how many sub-
symbols of the current level were not yet represented by a
codeword. The dimension of the new symbol 1s set between 1
and N at step S314. At step S316, a new codebook dimension
I 1is selected, 1f necessary, and the new dimension 1is
between 1 and the dimension of the new symbol. Thus, 1in
case a plurality of sub-symbols of a specific dimension
need to be decoded, the codebook remains the same dimension
at step S316 so that at step S318 it is determined that the
symbol does not exceed the codebook dimension so that for
the remaining sub-symbols of the same level decoding can be
executed. Otherwise, 1in case a new codebook with a smaller
dimension 1s selected 1t 1s determined at step S318 that
the remaining symbols exceed the codebook dimension so that
at step S320 the 1level and M 1s 1increased, and 1t 1s
determined that the original symbol Was split 1nto a
plurality of sub-symbols for which the next codewords would
then be received and decoded by repeating steps S5304-S316.

The above decoding scheme will now be described on the
basis of an example, more specifically on the basis of the
example given using the codeword tables of Fig. 2. In Fig.
7, 1t 1s assumed that a decoder comprises a decoder

register 130 which 1s provided for receilving respective

sub-symbols or values of the original symbol which was

encoded 1n accordance with the above embodiments.
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Level O:

At the decoder, at step S300 the level L is set to 0 and
the decoder knows that the dimensionality N of the symbol
to be decoded is 16 so that the dimensionality of the
codebook I is set at step S302 to be 16 as well. At step
S304 the codeword C(0,0) is received which 1ndicates an
escape mechanism ESC16 indicating that the symbol Y (0,0)
cannot be represented by a codeword from the 16-dim
codebook of Fig. 2(a). Therefore, all positions for S5Sp—Sis
in the register 130 remain empty as no decoded value 1is yet
available. Thus, the remaining symbols to be decoded are
all 16 symbols Sp-Sis5. The dimension of the codebook 1is
switched to 8 at step S314. Since the remaining symbols to
be decoded and the dimension of the next codebook are
different, at step S320 the level is increased to level 1
and it is determined that for the next level two codewords

are receilived.

Level 1:

At step S304 codeword C(1,0) is received and at step S306
it is determined that this <codeword completely represents
the first of the 8-dim sub-symbols for level 1 so that the
entry associated with CW8 1is selected from the table,
thereby populating the register positions for Sp-S; with
the respective values, in the above example with the values
(0,0,0,-1,0,0,0,0) as is indicated by the hatched fields 1in
Fig. 7 at level 1. It is then determined at step S309 that
not all codewords for level 1 were yet decoded so that the
method returns to step S304 for decoding the next codeword
C(1l,1) of level 1. Codeword C(l,1) 1indicates an escape
mechanism, namely ESC8 as shown in Fig. 7. Thus, 1t 1s
determined at step S308 that the symbol cannot be decoded
and that the remaining symbols are symbols Sg-Si5, so that
the corresponding register positions in register 130 remain
empty as 1s indicated by the non-hatched positions shown 1n
Fig. 7 at level 1.
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At step S312 1t 1s determined that 8 sub-symbols of level 1
cannot be represented and at step S316 the 4-dim codebook
1s selected the dimension of which 1is smaller than the
numpber of remaining symbols so that at step S318 the method

proceeds to step S320 where the level is increased.

Level 2:

At step S304 the next codeword C(2,0), the first codeword
for level 2 is received which can be partially decoded as
symbols Sy, Sjp are directly represented and for symbols Sg
and S;; escape codes are transmitted so that at step S310
register positions Sg and S;p are populated whereas register
positions Sg and Si;; remain empty. The 8-~dim symbol of level
1 was only partially decoded and the remaining symbols are
symbols Sg and S;;. However, the codeword dimension 1is
malntained at step S316 so that at step S304 the next
codeword C(2,1) 1s received and decoded and indicates that
none of the symbols Si1,-Si5 1s represented as only the
escape mechanism 1s transmitted. Therefore, at step S312 it

1s determined that symbols S;,~S;s remain.

Level 3:

Since no further codewords for the second level exist the

dimension of the codebook 1s switched to one and all those
symbols not yet decoded are decoded in level 3 by means of
the respective codewords received and decoded at step S304
which directly represent the respective symbols thereby
populating the entire decoder register 130 shown in Fig. 7

and thereby yielding the entire decoded symbol.

Decoded codeword C(3,0) represents Sg completely (in combi-
nation with info transmitted for Sg in level 2)

Decoded codeword C(3,1) represents S;; completely (in com-
bination with info transmitted for S;; in level 2)

Decoded codeword C(3,2) represents S12 completely
Decoded codeword C(3,3) represents S13 completely
Decoded codeword C(3,4) represents S1l4 completely

(3,95)

Decoded codeword C represents S15 completely
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With regard to the level 3 decoding 1t 1s noted that the
basic difference between the codewords C(3,0), C(3,1) and
the codewords C(3,2)-C(3,5) 1is that the first mentioned
codewords base the symbol reconstruction on the codeword
from the second level C(2,0), whereas the latter mentioned
codewords do not. In the above example codeword C(2,0)
signals that symbols Sg and S;; exceed +/-1. In codeword
C(2,1) it 1is signaled that none of the symbols S5S;2-Sis 18
resolved, 1.€e. all necessary information will be
transmitted via the codewords C(3,2)-C(3,95).

In the above-described encoder/decoder approach  the
codebook dimension for a certain number of remaining
symbols which 1is selected at step S316 1is fixed and
synchronous both at the encoder and at the decoder. For
example, in the above example in case at level 0 the number
of remaining, i.e. non-decoded symbols is 16, the codebook
dimension is switched to 8. In a similar manner when the
number of remaining, non-decoded symbols 1s 8, the
dimension is switched to 4. Further, the order 1n which the
codewords are provided by the encoder and by which they are
decoded is fixed at the encoder/decoder, 1i.e. either all
codewords per level are encoded/decoded or all levels per

codeword.

Fig. 8 illustrates the decoding scheme 1in accordance with
the invention on the basis decoding a symbol which was
encoded in accordance with the embodiment of Fig. 4. At
step S300 the level is set to 0 and the dimension of the
codebook 1is set to 16, i.e. the codebook of Fig. 5 1s
selected. At step S304 the first codeword C(0,0) 1s
received which i1s the codeword CW2(111011). This indicates
that not all symbols of the 16-dim symbol are "“0”, however
the second sub-symbol group, namely sub-symbols 4-7 are O
whereas all other sub-symbol groups 1include values not
being 0. Thus, at step S306 1t 1s determined that the

symbol Y(0,0) cannot be completely decoded, however, at
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step S310 it is determined that the symbol can be partially
decoded so that at decoder register positions S,~S; “0”’s
are 1ntroduced as 1is indicated in Fig. 8 by the hatched

portions of register 130.

The remaining sub-symbols, namely the symbols Sy,-S3 and Sg—
Si5 are determined and the codebook is switched at S316 to
a 4-dim codebook and the next three codewords received are
decoded and represent the respnective sympbols Sp-Si3, Sg—-S13
and Si12-S35 by means of the codewords CW3, CW5 and CWé6
thereby populating the remaining decoder register positions
as shown in Fig. 8 at level 1. Decoding at level 1 is done
using the additional information from the codeword C(0,0)
of level 0 from which it is known for which sub-symbol

groups the codewords received for level 1 are used.

In the following, reference is made to Figs. 9 and 10
l1llustrating exemplary encoder and decoder operating in
accordance with the encoder and decoder schemes of

embodiments of the invention.

In accordance with the exemplary encoder shown in Fig. 9 a
mono signal, a stereo signal or a multi-channel signal is
ilnput into ~a common preprocessing stage -200. The common
preprocessing stage 200 may have a jolint stereo
functionality, a surround functionality, and/or a bandwidth
extension functionality. At the output of stage 200 there
1s a mono channel, a stereo channel or multiple channels
which 1s input into one or more switches 202. The switch
202 may be provided for each output of stage 200, when
stage 200 has two or more outputs, i.e., when stage 200
outputs a stereo signal or a multi-channel signal.
Exemplarily, the first channel of a stereo signal may be a
speech channel and the second channel of the stereo signal
may be a music channel. In this case, the decision in a
decision stage 204 may be different between the two
channels at the same time instant. The switch 202 1is

controlled by the decision stage 204. The decision stage
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comprises a discriminator and receives, as an 1input, a
signal input into stage 200 or a signal output Dby stage
200. Alternatively, the decision stage 204 may also receive
a side information which 1s included in the mono signal,
the stereo signal or the multi-channel signal or 1s at
least associated with such a signal, where information 1s
existing, which was, for example, generated when originally
producing the mono signal, the stereo signal or the multi-

channel signal.

In one embodiment, the decision stage does not control the
preprocessing stage 200, and the arrow between stage 204
and 200 does not exist. In a further embodiment, the
processing in stage 200 is controlled to a certain degree
by the decision stage 204 in order to set one Or more para-
meters in stage 200 based on the decision. This will, how-
ever not influence the general algorithm in stage 200 so
that the main functionality in stage 200 is active 1rres-

pective of the decision in stage 204.

The decision stage 204 actuates the switch 202 in order to
feed the output of the common preprocessing stage either 1in
a frequency encoding portion 204 illustrated at an upper
branch of Fig. 9 or an LPC-domain encoding portion 206 11-

lustrated at a lower branch in Fig. 9.

In one embodiment, the switch 202 switches between the two
coding branches 206, 208. In a further embodiment, there
may be additional encoding branches such as a third encod-
ing branch or even a fourth encoding branch or even more
encoding branches. In an embodiment with three encoding
branches, the third encoding branch may be similar to the
second encoding branch, but includes an excitation encoder
different from the excitation encoder 210 in the second
branch 208. In such an embodiment, the second branch com-
prises the LPC stage 212 and a codebook based excitation

encoder 210 such as in ACELP, and the third branch compris-
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es an LPC stage and an excitation encoder operating on a

spectral representation of the LPC stage output signal.

The frequency domain encoding branch comprises a spectral
conversion block 214 which is operative to convert the com-
mon preprocessing stage output signal into a spectral do-
main. The spectral conversion block may include an MDCT al-
gorithm, a QMF, an FFT algorithm, Wavelet analysis or a
filterbank such as a critically sampled filterbank having a
certain number of filterbank channels, where the subband
signals in this filterbank may be real valued signals or
complex valued signals. The output of the spectral conver-
sion block 214 is encoded using a spectral audio encoder
216, which may operate in accordance with the encoding

scheme of embodiments of the invention.

The lower encoding branch 208 comprises a source model ana-
lyzer such as LPC 212, which outputs two kinds of signals.
One signal is an LPC information signal which is used for
controlling the filter characteristic of an LPC synthesis
filter. This LPC information is transmitted to a decoder.
The other LPC stage 212 output signal is an excitation sig-
nal or an LPC-domain signal, which is input into an excita-
tion encoder 210. The excitation encoder 210 may operate 1n
accordance with the encoding scheme of embodiments of the

invention.

The decision in the decision stage 204 may be signal-
adaptive so that the decision stage 204 performs a mu-
sic/speech discrimination and controls the switch 202 1in
such a way that music signals are input 1nto the upper
branch 206, and speech signals are input into the lower
branch 208. In one embodiment, the decision stage 202 feeds
its decision information into an output bit stream, so that
a decoder may use this decision information 1n order to

perform the correct decoding operations.
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Such a decoder 1is 1illustrated in Fig. 10. After transmis-
sion, the signal output by the spectral audio encoder 216
1s 1nput 1nto a spectral audio decoder 218. The output of
the spectral audio decoder 218 is input into a time-domain
converter 220. The output of the excitation encoder 210 of
Fig. 9 1s input 1nto an excitation decoder 222 which out-
puts an LPC-domain signal. The decoders 218 and 222 may op-
erate in accordance with the decoding scheme of embodiments
of the invention. The LPC-domain signal 1s 1nput 1nto an
LPC synthesis stage 224, which receives, as a further 1in-
put, the LPC information generated by the corresponding LPC
analysis stage 212. The output of the time-domain converter
220 and/or the output of the LPC synthesis stage 224 are
input into a switch 226. The switch 226 is controlled via a
switch control signal which was, for example, generated by
the decision stage 202, or which was externally provided
such as by a creator of the original mono signal, stereo

signal or multi-channel signal.

The output of the switch 226 1s a complete mono signal

which 1s subsequently input 1nto a common post-processing
stage 228, which may perform a jolnt stereo processing oOr a
bandwidth extension processing etc. Alternatively, the out-
put of the switch may also be a stereo signal or a multi-
channel signal. It 1s a stereo signal, when the preprocess-
1ng 1ncludes a channel reduction to two channels. It may
even be a multi-channel signal, when a channel reduction to
three channels or no channel reduction at all but only a

spectral band replication 1is performed.

Depending on the specific functionality of the common post-
processing stage, a mono signal, a stereo signal or a mul-
ti-channel signal 1s output which has, when the common
post-processing stage 228 performs a bandwidth extension

operation, a larger bandwidth than the signal input into
block 228.
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In one embodiment, the switch 226 switches between the two
decoding branches 218, 220 and 222, 224. In a further embo-
diment, there may be additional decoding branches such as a
third decoding branch or even a fourth decoding branch or
even more decoding branches. In an embodiment with three
decoding branches, the third decoding branch may be similar
to the second decoding branch, but includes an excitation
decoder different from the excitation decoder 222 1in the
second branch 222, 224. In such an embodiment, the second
branch comprises the LPC stage 224 and a codebook based ex-
citation decoder such as in ACELP, and the third branch
comprises an LPC stage and an excitation decoder operating
on a spectral representation of the LPC étage 224 output

signal.

In another embodiment, the common preprocessing stage com-
prises a surround/joint stereo block which generates, as an
output, joint stereo parameters and a mono output signal,
which is generated by downmixing the input signal which 1s
a signal having two or more channels. Generally, the signal
at the output of block 200 may also be a signal having more
channels, but due to the downmixing operation, the number
of channels at the output of block 200 will be smaller than
the number of channels input into block 200. In this embo-
diment, the frequency encoding branch comprises a spectral
conversion stage and a subsequently connected quantiz-
ing/coding stage. The quantizing/coding stage may 1nclude
any of the functionalities as known from modern frequency-
domain encoders such as the AAC encoder. Furthermore, the
quantization operation in the quantizing/coding stage may
be controlled via a psychoacoustic module which generates
psychoacoustic information such as a psychoacoustic masking
threshold over the frequency, where this information 1s 1in-
put into the stage. Preferably, the spectral conversion 1s
done using an MDCT operation which, even more preferably,
is the time-warped MDCT operation, where the strength or,
generally, the warping strength may be controlled between

zero and a high warping strength. In a zero warping
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strength, the MDCT operation 1s a straight-forward MDCT op-
eration known 1in the art. The LPC-domain encoder may 1in-
clude an ACELP core calculating a pitch gain, a pitch lag
and/or codebook information such as a codebook index and a

code gailn.

The present invention 1is not limited to the above scenario.
Rather, the 1inventive approach may also Dbe used 1in

conventional MP3 or AAC encoders and decoders.

Fig. 11 illustrates a system for transmitting a symbol from
a transmitter to a receiver. The system shown in Fig. 11
comprises a transmitter 300 including an encoder 302, for
example an encoder as it 1s shown in Fig. 9. In general,
the encoder 302 operates in accordance with the embodiments
described above, i.e. an input signal received at the 1nput
304 of the transmitter 300 includes a symbol S which 1s
encoded by the encoder 302 1in accordance with the
embodiments described above to provide at an output 306 of
the transmitter an output signal 1including one or more
codewords CW. The system comprises a communication 1link,
for example a network 308 wvia which the signal 1including
the codewords CW 1is transmitted to a receiver 310. The
receiver 310 comprises an input 312 for receiving an 1nput
signal including the plurality of codewords which are
provided to .a decoder 314. The decoder 314 may, for
example, be a decoder as shown in Fig. 10 or any other kind
of decoder which operates in accordance with embodiments of
the 1invention. As described above, the decoder 314 1s
operative to generate on the basis o0of the recelved
codewords CW the symbol S, which 1s output 1in an output
signal via an output 316 of the receiver 310. The decoded
symbol may be used for further processing, like generating

audio signal, a video signal or kinds of signals.

In the above embodiments specific codebook confiligurations

were described, however, the 1nvention 1s not 1limited to
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such embodiments. Rather, different codebook configurations

may be used.

In a further embodiment, such a configuration may comprise
codewords having a lower dimension, whereas the range of
values represented by the codewords of the second codebook
1s larger than the range of values represented by the first

codebook.

In another embodiment the subsequent codebook may comprise
codewords having lower dimensionality, wherein the range of
values represented by the codewords of the second codebook

and the first codebook 1s the same.

In yet another embodiment the second codebook may comprise
codewords having the same dimensionality as the codewords
of the first- codebook, wherein the range of values
represented by the second codebook 1s larger than the range

of values represented by the first codebook.

The above embodiments were described 1n the context of a
coding/decoding scheme for coding/decoding quantized
spectral wvalues. However, the present invention 1s not
limited to such an environment, rather any kind of
information signal may be encoded/decoded 1n accordance

with the principles of the present invention.

Although some aspects have been described 1n the context of
an apparatus, 1t 1s clear that these aspects also represent
a description of the corresponding method, where a block or
device corresponds to a method step or a feature of a me-
thod step. Analogously, aspects described i1n the context of
a method step also represent a description of a correspond-

ing block or i1tem or feature of a corresponding apparatus.

Depending on certain 1mplementation requirements, embodi-
ments of the invention can be implemented i1in hardware or in

software. The implementation can be performed using a digi-
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tal storage medium, for example a floppy disk, a DVD, a CD,
a ROM, a PROM, an EPROM, an EEPROM or a FLASH memory, hav-
1ng electronically readable control signals stored thereon,
which cooperate (or are capable of cooperating) with a pro-
grammable computer system such that the respective method
1s performed. Some embodiments according to the invention
comprise a data carrier having electronically readable con-
trol signals, which are capable of cooperating with a pro-
grammable computer system, such that one of the methods de-

scribed herein 1is performed.

Generally, embodiments of the present invention can be im-
plemented as a computer program product with a program
code, the program code being operative for performing one
of the methods when the computer program product runs on a
computer. The program code may for example be stored on a
machine readable carrier. Other embodiments comprise the
computer program for performing one of the methods de-
scribed herein, stored on a machine readable carrier. Thus,
an embodiment of the inventive method 1is, therefore, a com-
puter program having a program code for performing one of
the methods described herein, when the computer program
runs on a computer. A further embodiment of the inventive
methods 1s, therefore, a data carrier (or a digital storage
medium, or a computer-readable medium) comprising, recorded
thereon, the computer program for performing one of the me-
thods described herein. A further embodiment of the inven-
tive method 1s, therefore, a data stream or a sequence of
signals representing the computer program for performing
one of the methods described herein. The data stream or the
sequence of signals may for example be configured to be
transferred via a data communication connection, for exam-
ple wvia the Internet. A further embodiment comprises a
processing means, for example a computer, or a programmable
logic device, configured to or adapted to perform one of
the methods described herein. A further embodiment compris-
es a computer having installed thereon the computer program

for performing one of the methods described herein.
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In some embodiments, a programmable logic device (for exam-
ple a field programmable gate array) may be used to perform
some or all of the functionalities of the methods described
herein. In some embodiments, a field programmable gate ar-
ray may cooperate with a microprocessor in order to perform
one of the methods described herein. Generally, the methods

are preferably performed by any hardware apparatus.

The above described embodiments are merely illustrative for
the principles of the present invention. It is understood
that modifications and variations of the arrangements and
the details described herein will be apparent to others
skilled in the art. It is the intent, therefore, to be lim-
ited only by the scope of the impending patent claims and
not by the specific details presented by way of description

and explanation of the embodiments herein.
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Claims:

1. A method for encoding an original symbol comprising a

plurality of values (Sy-Sy), the method comprising:

(a) determining whether the symbol can be encoded by a

codeword of a first codebook;

(b) in case the symbol can be encoded by a codeword of

the first codebook, selecting the codeword

associated with  the symbol from the first

codebook;: and

(c) in case the symbol cannot be encoded by a codeword

of the first codebook:

(c.1l) selecting a  codeword from the first

codebook 1ndicating that the symbol cannot

be encoded by a codeword of the first

codebook,

(c.2) splitting the symbol 1nto a plurality of
first sub-symbols, each of the first sub-symbols
comprising a predefined number of wvalues of the

original symbol, and selecting a codeword for each

of the first sub-symbols from a second codebook,

wherein the encoded symbol 1s represented only by the
codeword selected in step (b) from the first codebook,
or by the codeword selected 1n step (c.1l) from the first

codebook and the plurality of codewords selected 1n step

(c.2) from the second codebook.
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The method of claim 1, further comprising 1in case for

one or more of the first sub-symbols a codeword was

S

N

clected from the second codebook 1indicating that the
respective first sub-symbol cannot be encoded by a

codeword of the second codebook:

(d) for each first sub-symbol that cannot be encoded

by a codeword from the second codebook:

splitting the first sub-symbol into a plurality of
second sub-symbols, each of the second sub-symbols

comprising a predefined number of wvalues of the

first sub-symbol, and

selecting a codeword for each of the second sub-

symbols from a third codebook.

The method of c¢laim 2, wherein

the second or third codebooks comprises a first codeword
indicating that a sub-symbol cannot be encoded by a

codeword of the second or third codebooks;

the sub-symbol 1s represented by a second codeword from
the second or third codebooks 1n case each value o0f the

sub-symbol 1s within a predefined range of values,

the sub-symbol 1s represented by a combination of one or
more values of the sub-symbol and the first codeword,

wherein those values of the sub-symbol which are not 1in
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the predefined range are represented by the first code-

word, and

the sub-symbol is represented by the first codeword only
in case none of the values of the sub-symbols is within

the predefined range.

The method of claim 3, further comprising:

in case the sub-symbol or one or more values of the sub-
symbol are represented by the specific codeword, select-
ing for each value of the sub-symbol represented by the

specific codeword a codeword from a further codebook.

The method of any one of claims 2 to 4, wherein at step
(d) a codeword is selected from the second codebook in-
dicating that a first sub-symbol cannot be encoded by a
codeword of the second codebook, and a codeword 1s se-
lected from the third codebook for each of the second

sub-symbols.

The method of any one of claims 1 to 4, whereiln

at step (c¢) the codeword selected from the first code-
book further indicates which of the first sub-symbols

comprises a predefined combination of values, and

at step (c) for those first sub-symbols not comprising
the predefined combination of values a codeword 1s se-

lected from the second codebook.
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A method for decoding an original symbol comprising a

plurality of values and being encoded by one or more

codewords, the method comprising:

(a) determining whether a first codeword can

completely represent the symbol wusing a first

codebook;

(b) in case the first codeword can completely
represent the symbol wusing the first codebook,
selecting the symbol from the first codebook using

the first codeword; and

(C) 1n case the first codeword cannot completely

represent the symbol using the first codebook,

selecting a second codebook for decoding first
sub-symbols of the symbol, wherein each of the

first sub-symbols comprises a predefined number of

values the original symbol, and

selecting an entry for each of the first sub-

symbols from the second codebook using a second

codeword,

wherein the symbol 1s represented by the values
associated only with the codeword from the first

codebook, OY associated with a combination of the

codeword selected from the first codebook and the

plurality of codewords selected from the  second

codebook.
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The method of c¢laim 7, further comprising:

(d) 1in case the second codebook cannot completely

represent one of the first sub-symbols:

selecting a third codebook for decoding second
sub-symbols of the one first sub-symbol, wherein
each of the second sub-symbols comprises a
predefined number of values of the first sub-

symbol, and

selecting an entry for each of the second sub-
symbols from the third codebook wusing a third

codeword.

The method of claim 8, wherein

at step (c) the first codebook indicates for the first
codeword that the symbol cannot be decoded from the
first codebook, and for each of the first sub-symbols an

entry 1s selected from the second codebook, and

at step (d) the second codebook indicates for a second
codeword of a first sub-symbol that the first sub-symbol
cannot be decoded by the second codebook, and for each
of the second sub-symbols an entry 1is selected from the

third codebook.

The method of c¢claim 7 or claim 8, wherein
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at step (c¢) the first codebook indicates for the first
codeword that the symbol cannot be decoded from the

first codebook and which of the first sub-symbols com-

prises a predefined combination of values, and

at step (c) for those sub-symbols not comprising the
predefined combination of wvalues an entry 1s selected

from the second codebook.

The method of any one of claims 1 to 10, wherein the se-
cond codebook comprises codewords having the same dimen-
sionality as the codewords in the first codebook, where-
in the range of values represented by the codewords of
the second codebook is larger than the range of wvalues

represented by the first codebook, or

wherein the second codebook comprises codewords being of
lower dimensionality than the codewords of the first
codebook, wherein the range of values represented by the
codewords of the second codebook and the first codebook

1s the same, or

wherein the second codebook comprises codewords being of

lower dimensionality than the codewords of the fairst
codebook, wherein the range of values represented by the
second codebook is larger than the range of values rep-

resented by the first codebook.

A method for transmitting a symbol from a transmitter to

a receiver, the method comprising:

encoding the symbol according to one of claims 1 to 6,



13.

14,

15.

CA 02730202 2013-06-19

41

transmitting the selected codewords from the transmitter

to the receiver,

decoding the received codewords according to any one of

claims 7 to 11 to obtain the symbol; and

providing the symbol for further processing.

A computer-readable medium having computer-readable in-
structions executable by a processor for performing the

method of any one of claims 1 to 12.

An encoder, comprlising:

an input for receiving an input signal comprising a sym-

bol;

an encoder circulit for encoding the symbol from the in-
put signal, wherein the encoder circuit 1is configured to

encode the symbol 1n accordance with the method of any

one of claims 1 to 6; and

an output for providing an output signal comprising the

selected codewords representing the symbol.

A decoder, comprising:

an input for receiving an 1input signal comprising a plu-

rality of codewords representing a symbol;
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a decoder circuit for decoding the codewords from the
input signal, wherein the decoder circult 1s configured
to decode the codewords 1n accordance with the method of

any one of claims 7 to 11; and

an output for providing an output signal comprising the

symbol.

16. A system for transmitting a symbol, from a transmitter

to a receiver, the system comprising:

an encoder of claim 14;

a transmitter coupled to the encoder;

a communication link coupled to the transmitter;

a receliver coupled to the communication 1link; and

a decoder of claim 15 coupled to the receilver.
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