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signal. The invention relates to an encoding system,   SUMMARY OF THE
INVENTION comprising a subband coder for subband coding of a wideband
digital signal, for example, a digital audio   5  The invention
specifically relates to the bit alloca- signal, at a specific sampling
frequency [err], the sub-  tion means allocating the bits to the various
signal band coder including signal splitting means for gen-  blocks on the
basis of the bit needs [err] for corre- erating, In response to the
wideband digital signal, a  sponding signal blocks in the subbands [err]
plurality of P subband signals with sampling frequen-  and on the basis of
a certain initial number of bits B cy reduction, for which purpose the
splitting means  10  to be allocated. The number of bits used in each sub-
split up the wideband digital signal into successive  band for quantizing
the samples in the signal blocks subbands which augment with frequency,
which en-   Is to be variable with time in order to realise a highest
coding system further comprises quantizing means   possible perceptual
quality. for quantizing block-by-block the respective subband  The
invention provides a method of allocating the signals, a quantized subband
signal m being com-  15  available bits to the quantizers according to a
specific posed of successive signal blocks, each signal block  criterion.
comprising q samples, the q samples In a signal block  For this purpose,
the encoding system according of the subband signal m being represented
each by [err]  to the invention is characterized in that on the basis bits,
the quantizing means including bit need deter-  of the bit needs, for
corresponding signal blocks In the mining means for determining a bit need
[err] per signal  20  subband signals in the subbands determined in the bit
block for corresponding signal blocks in the subband  need determining
means, the bit allocation means is signals, which bit need is related to
the number of bits  arranged for the following operations in a specific by
which samples in a signal block in the subband sig-  step [err]: nal m
should be represented, and the quantizing       (a) determining [err],
which is the largest of the bit means including a bit allocation means for
allocating   25  needs, an available quantity of bits B to the
corresponding  (b) establishing whether bits have previously signal blocks
of the various subband signals in re-   been allocated to the signal block
belonging to sponse to the bit need determined by the bit need de-  the bit
need [err] and if they have not, then termining means so as to obtain the
values [err], where  (c) m ranges from 1 to P, and which encoding system
fur-  30  - allocating a value [err]; ther comprises accommodating means
foraccommo-           - subtracting a value a2 from [err]; dating the
samples quantized with a certain number       - subtracting the value [err]
from B, of bits in a signal block In a frame of a second digital  and if
they have, then signal having successive frames, the accommodat-      (d)
ing means further being arranged foraccommodating   35   - adding the value
[err]; the scale factor information in a frame, which scale     -
subtracting the value [err] from [err]; factor information comprises x-bit
words, an x-bit       - subtracting the value [err] from B, word
representing a scale factor associated to the  and for performing the step
[err] at leasta second time, samples in a signal block, and the invention
further  In that q and x are integers greater than unity, in that relates
to a transmitter comprising the encoding sys-  40  [err]are variables where
[err] is greater than or tem.
equal to zero, [err] are numbers greater than zero and B is an integer
greater than zero, m is BACKGROUND OF THE INVENTION                       a
variable integer, [err] is greater than [err] and [err] is great- er than
or equal to e[rr]. The encoding system of the type mentioned in  45  From
prior-art document (4) a method is known the preamble is known from
European Patent Appli-  which is very similar to the method proposed in
this cation No. 289.080, prior-art document (1) in the list  application,
compare especially, chapter 4.2 "Adap- of documents stated at the end of
the descriptions of  tive bit allocation in this document However, after
the drawing Figures.                               the maximum bit need
[err] is determined, the value [err] Subband encoding of a single signal,
such as a   50  is raised by unity in all cases. Contrary to this known
mono audio signal or a left or right signal portion of a  method, a
distinction is made according to the inven- stereo signal, may be concerned
here. In that case P  tion for the situation in which bits are allocated
for the equals M. In each subband the splitting means then  first time to a
signal blockj (err). In thatcase [err] Is as- generate one subband signal.
However, this may also  sumed to be equal to [err] whereas if bits have
already relate to a stereo signal which is to be subband encod-  55  been
allocated to the signal blockj at an earlier instant ed. In that ease it
holds that P equals 2M. The sub-  (err), [err] is raised by [err] where
[err]. Forexample, a, band splitting means then generate two subband sig-
is equal to 2 and [err] for example, is equal to 1. In afirst nals in each
subband, i.e. a left and a right subband  bit allocation to a signal block,
more bits are allocated 2    3                   EP 0 457 390 B1
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to each sample than with a second or subsequent bit   rier, allocation.
Figs. 11, 12 and 13show the different allocation Research has shown that a
bit allocation as pro-  stages In dependence on the power value [err] and
posed by the present invention leads to a better en-  Fig. 14 shows a
diagram of the un it for generating coding of the digital signal, so that
the reconstructed   5  the control signals featuring the different alloca-
digital signal has a better quality after decoding.  tion stages. The
encoding system may further be character- ized in that the bit allocation
means is arranged for  DESCRIPTION OF (PREFERRED) EMBODIMENTS carrying out
the following operations in a step [err] prior to the steps [err] for a
signal block k in a subband:  10  The description of the drawings will in
essence - allocating a value [err]              relate to the description
of the subband encoding of - subtracting the value [err] from [err]
a single digital signal. That is to say, the subband en- - subtracting the
value[err]from B, and in  coding of a mono audio signal, or the subband
encod- that[err] and [err] are numbers greater than zero.  ing of only the
right or rather the left signal portion of In this step, preceding the
steps [err], bits are ailo-  15  a stereo audio signal. As already observed
above, cated to signal blocks In subbands which are notto be  this implies
that P equals M and that In each subband quantized by zero bits whatever
their bit need. The  signal there is only one subband signal present.
reason for this is that sometimes subbands cannot     At the end of this
description it will be explained readily be switched off. This could then
produce au-  how the bit need may be determined in case of sub- dible
effects.                                20  band encoding of a stereo
signal, it being understood The encoding system may further be character-
that P equals 2M. There are two subband signals in ized in that the bit
allocation means is arranged for al-  each subband. locating a flag value
in the step [err] to a signal block in  Fig. 1 shows the encoding system
according to one or more subbands, which flag value indicates that  the
invention. A wideband digital signal is applied to no bits are to be
allocated to the signal block con-  25  input terminal 1. An audio signal
having a bandwidth cerned. In this respect it thus holds that some sub-  of
approximately 20 kHz may be considered in this re- bands must not be
switched on also because this   spect. could produce audible effects.
Input 1 receives, for example, 16-bit samples of the audio signal at a
sampling frequency of 44 kHz. BRIEF DESCRIPTION OF THE DRAWINGS
30  The audio signal Is applied to a subband coder 2 which comprises signal
splitting means. The subband The Invention will be further explained In the
fol-  coder 2 distributes the audio signal over M subbands lowing
descriptions with reference to a number of ex-  by means of M filters, that
Is to say, a low-pass filter emplary embodiments, In which:
LP, M-2 band-pass filters BP and a high-pass filter Fig. 1 shows an
encoding system according to the   35   HP. M is, for example, equal to 32.
The sampling fre- invention;                                     quency of
the M subband signals is reduced in the Fig. 1a shows the corresponding
signal blocks in  blocks referenced 9. In these blocks the sampling fre-
the subband signals [err] each signal    quency is reduced by a factor M.
The signals thus ob- block comprising q samples;                    tained
are available at the outputs 3.1, 3.2, ..., 3.M. At Fig. 2 shows the
quantization to a three-bit binary  40  the output 3.1 the signal is
available in the lowest sub- representation;
band SB[err]. At the output 3.2 the signal is available in Fig. 3 shows the
positions of the bit needs [err],  the lowestbutonesubband SB2.
Attheoutput3.Mthe [err], along the value axis;                 signal Is
available In the highest subband [err]. The Fig. 4 shows the method of
determining the bit  signals at the outputs 3.1 to 3.M have the structure
needs [err]                        45  of successive samples expressed in
numbers of 16 Fig. 5 shows the method of allocating bits to the  bits
orover, forexample 24. In the exemplary embodi- signal blocks in the
subbands;                 ment of the invention under discussion the
subbands Fig. 6 shows the Initial bit allocation;       [err] all have the
same width. This is not a nec- Fig. 7 shows the correction Table to be used
for  essity, however. number additions utilizing a logarithmic repre-   50
In the prior-art publication (5), by Krasner, a sub- sentation of the
numbers;                      division into a plurality of subbands is
provided whose Fig. 8 shows a hardware design of the bit need  bandwidths
approximately correspond to the band- determining means;
widths of the critical bands of the human auditory sys- Fig. 9 shows a
hardware design of the bit alloca-  tem in the respective frequency areas.
The operation tion means;                               55   of the subband
coder 2 will not further be explained Fig. 10 shows the use in a
transmitter in the form  since the operation of a subband coder has already
of a recording arrangement for recording quan-  been described extensively
hereinbefore. For this tized subband signals on a magnetic record car-
purpose, reference is made to the prior-art docu- 3    5
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ments (1), (5) and (7) which are assumed to be incor-  nals [err] are
quantized. Control signals corre- porated in this application where
necessary.     sponding to the numbers [err] are applied to the The subband
signals are combined to successive  respective quantizers [err] through
lines 8.1 to signal blocks of q successive samples, of. Fig. la, and  8.M,
so that the quantizers can quantize thesamples are applied to corresponding
quantizers [err]. In   5   with the correct number of bits. a quantizer
[err] the samples are quantized to quan-   The following will provide an
explanation of the tized samples having a numberof bits [err] smallerthan
operation of the bit need determining means 6 and the 16.
bit allocation means 7. The bit needs for the time- Fig. 2 shows a
quantization with a 3-bit binary  equivalent signal blocks of q samples in
the subband representation. During the process of quantization  10  signals
[err] are derived from estimatesforthe the signal blocks (groups) of q
successive samples of  power [err] and the scale factor [err] in a signal
block In the subband signals are each time quantized with a  a subband
signal SBm. number of bits (3) In the example of Fig. 2. For exam-  The
power [err]may, for example, be obtained by ple, q is equal to 12. In
addition, the q samples in a  means of the following formula: signal block
are normalized first. This normalization is  15 performed by dividing the
amplitudes of the q sam- ples bytheamplitudeof thesample having thelargest
absolute value in the signal block. The amplitude of the sample having the
largest amplitude in the signal         [err] block of subband SBm yields
the scale factor [err]of.  20 documents (2a), (2b). Subsequently, the
amplitudes  where [err] is the amplitude of the [err] sample In the q- of
the normalized samples, which are now situated in  sample signal block In
the subband SBm. The scale an amplitude range from -1 to +1, are quantized
ac-  factor SF[err] was equal to the amplitude of the sample cording to
Fig. 2.                               In the signal block having the
largest absolute value, This implies that samples in the amplitude range
25  as has already been observed hereinbefore. between -1 and -0.71 are
quantized with the 3-bit   It should be observed In this context that the
es- number 000,                                      timate for the power
[err] in a signal block in the sub- samples in the amplitude range from
-0.71 to 0.42 are  band SB[err] also might have been obtained by assum-
quantized with 001,                              Ing that [err] was equal
to the squared scale factor [err]. samples in the amplitude range from 0.42
to 0.14 are  30  For all corresponding signal blocks in the sub- quantized
with 010,                              band signals [err]the power [err]
and the scale samples in the amplitude range from -0.14 to 0.14 are
factor[err] are determined in this fashion. The powers quantized with 001,
are ordered in a vector {v). By multiplying the vector samples in the
amplitude range from 0.14 to 0.42 are  {v) by an M x M matrix [D], one will
obtain a vector {w} quantized with 100,                          35
utilizing the following formula: samples in the amplitude range from 0.42
to 0.71 are          {w) = [D] {v) + [err] quantized with 101 and
In this formula [D] Is a matrix whose coefficients [err] samples in the
amplitude range from 0.71 to 1.00 are  denote the coefficient by which the
power [err] of the q- quantized with 110.
sample signal block in the subband signal [err] is to be In the prior-art
document (2b) this three-bit quan-  40  multiplied to calculate the masked
power in the sub- tization is extensively discussed, of. Figs. 24, 25 and
band SB, due to the signal in the q-sample signal 26 and the relevant
descriptions in that document.  block In the subband signal SB[err] and
[err] is the coeffi- The quantized samples in the subbands [err] to  cient
in the vector [err] which denotes the masking SB[err] are thereafter
available atthe respective outputs  threshold in the subband [err] Thus,
[err] bears a re- 4.1 to 4.M.                                  45  lation
to the maximum signal power of the signal in a Furthermore, the outputs 3.1
to 3.M are coupled  subband SB[err] which signal is not audible. to the
respective inputs 5.1 to 5.M of bit need deter-  The vector {w) now has the
coefficients w, which mining means 6. The bit need determining means 6  are
estimates forthe masked quantizing noise in each determine the bit need
[err] for the time equivalent sig-  subband SB[err]. Quantizing-noise in
subband SB[err] which nal blocks of q samples in the subbands[err].  so
has a power of less than [err] Is thus inaudible. The The bit need b[err]
Is a number related to the number of  coefficients [err] of the matrix ID]
are to be calculated bits with which the q samples in a q-sample signal
according to the literature, of. prior-art document (4). block in a subband
signal should be quantized.   The bit need [err] can be calculated with the
aid The bit needs [err] derived by the bit need de-  of the following
formula: termining means 6, are applied to bit allocation means  55  [err]
7. The bit allocation means 7 determines the actual  or more generally:
number of bits [err] with which the q samples of the corresponding signal
blocks in the subband sig-      [err] 4    7                   EP0457390B1
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The former formula can simply be derived from the  (block 24). latter
formula by assuming: [err]    Subsequently, m is again set to 1 (block 26)
and [err]are constants, for which it holds that [err] Is  the bit need (bm)
Is determined (block 28) for all sub- preferably equal to approximately 1
and [err] is prefer-  bands via the loop through the blocks 30 and 32 after
ably equal to approximately [err].  has a wider range   5   which the
operation is terminated (block 34). The bit of possibilities. It may be
assumed that [err] will be less  needs [err] are determined in block 28
according to the than 10, where [err]will, forexample, preferably be tak-
formula given hereinbefore, while the constants [err] en to be equal to 1
or may be neglected. In addition,  [err] and [err] have become equal to
[err] and 0 respec- in the latter case there will be a simpler implementa-
tively. tion of the calculation.                      10       The method
of Fig. 4 shows the time-consecutive The coefficients (bit needs) [err]
obtained in  calculations of the coefficients [err] In the vector {v} this
fashion, are situated In a specific amplitude  compare the loop through
block 22 in the program, range. The coefficients may be negative and
non-in-  and the method shows the time-consecutive calcula-
tegers.Acoefficientb bears a relation tothe number  tions of the bit needs
[err], compare the loop of bits with which the samples in the q-sample
signal  15  through block 32. This is a very suitable method, more block of
a subband signal SBm should be quantized,  specifically, if the
corresponding signal blocks having so that it holds that if [err] for
subband signal [err] Is  the samples [err]for the successive subbands
greater than [err] for the subband signal [err] the   [err] are applied
serially. number of bits with which the q samples in a signal   If the
signal blocks are applied in parallel, the cal- block in the subband signal
SBe[rr]should be quantized   20  culation of the coefficients [err] could
be performed in will have to be greater than the number of bits with
parallel for all subbands and thus the loop through which the q samples of
a time-equivalent signal block  block 22 is avoided. Likewise, the bit
needs [err] in the subband signal [err] should be quantized.    may be
calculated in parallel and this will render the This is shown in
qualitative terms with reference  loop through block 32 redundant. to Fig.
3. In Fig. 3 seven bit needs [err]and   25  The operation of the bit
allocation means 7 will [err] are plotted along the value axis. [err] is
the bit  nowbeexplained. Theflowchartof Fig. 5will be used need having the
maximum value and [err] is the bit   for this purpose. The program
determines for time- need having the minimum value. Itwill be noticed that
equivalent q-sample signal blocks in the subband sig- [err]are negative and
that furthermore, the  nals [err] the values [err] from the bit needs
following holds: [err]terms   30  [err]. Here too it isa matterof asingle
signal block of quality it may now be assumed that the subband  having q
samples in a subband signal. For a directly signal [err] with
[err]should/could be quantized   successive q-sample signal block In the
subband sig- with the minimum number of bits and the subband sig-  nal and
the time-equivalent signal blocks in the other nal [err] with [err] with
the maximum number of   subband signals, the method of Fig. 5 will be
carried bits.                                         35  out again. Fig. 4
shows a flow chart of the operation of the  It Is now assumed that, after
quantization, Bo bits bit need determining means 6.
are available for transmitting the overall information Fig. 4 shows the
program for determining the bit  connected with the M signal blocks of q
samples of, needs [err] to [err] for time-equivalent q-sample signal  for
example, 24 bits each. Assuming that after quan- blocks In the subband
signals [err]. In this case   40  tization, R bits are available per
sample, averaged only a single q-sample signal block in a subband sig-
over the subbands, it holds that [err] is equal to the larg- nal is
concerned. For a successive q-sample signal  est integer smaller than
M.q.R. block in the subband signal, and the signal blocks of  In the
prior-art documents (2a) and (2b) it Is the other subband signals
corresponding with the sig-  shown that not only the quantized samples are
trans- nal block (in case of a time-parallel subband signal  45   mitted,
but also the scale factors [err] (scale supply), the operation represented
in Fig. 4 will be  factor information) and the bit allocation information
performed once again.                              (that is to say,
information which bears a relation to The operation starts at block 10.
First, the run-  the number of bits with which the samples in a signal ning
variablem Is set to 1 (block 12). Then, the q sam-  block in asubband
signal are quantized i.e. the values pies Si, ..., Sq of a signal block in
a subband signal  50   [err]. The bit allocation information is then repre-
SB[err] are inputted (block 14) and the power [err] is cal-  sented by y=4
bitsforeach [err]. Thus, this implies that, culated (block 16). Also the
scale factor SF[err] (block  actually, only [err]M bits are available for
the 18) is determined.                                 transmission of M
signal blocks of quantized subband The blocks 14, 16 and 18 are repeated
for all sub-  signals and the scale factor information. band signals via
the loop through blocks 20 and 22.  55  The documents (2a) and (2b) further
describe If the values [err]and [err] have been determined for all  that
the y-bit number (y=4) 0000 in the bit allocation corresponding signal
blocks, the matrix calculation  information denotes that no samples are
transmitted will be performed in order to obtain the vector {w)  in the
relevant subband. In that case no scale factor    9                   EP 0
457 390 B1                 10 Information forthis subband will be
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The scale factor information for a subband Is repre-  of one or more
subsequent allocations (block 56) (err), sented by means of an x-bit number
(x=6).          worded differently [err]. Furthermore, it holds that [err]
The method of bit allocation is now as follows.  is greaterthan orequal to
unity. Preferably, [err] is equal The method starts at block 40, Fig. 5.
Subsequently,   5   to [err]and [err] equal to [err] are numbers all
numbers [err] are first set to zero. Then an Initial bit  greater than
zero. [err] and  are preferably Integers. allocation is performed at block
44. This initial bit al-  But, this is nota necessity. An example may be
shown location will be explained in the following with refer-  for this
purpose. ence to Fig. 5. Thereafter, the maximum bit need is   It is
assumed that one wishes to quantize the q determined. This is the bit need
[err]. In the example of  10  samples in a signal block in five levels. For
this pur- Fig. 3 this would be [err] Then It is considered wheth-  pose, 3
bits are needed per sample. However, this is er [err] is greater than or
equal to a certain value [err]  not an efficient encoding because a
subdivision into (block 48). In the present example [err] is equal to 16.
seven levels of 3 bits is possible. This means that the quantized samples
can only be      If, however, three samples are combined, these represented
by binary numbers with a maximum of 16   15  three samples with five signal
level will present 125 bits.
options. These 125 options may be represented by If [err] is greater than
or equal to n,,, the q-sample  means of a 7-bit binary number. Thus, no
more than signal block in the subbandi will be excluded from the  7/3 bits
per sample. [err] would in that case be equal to allocation of further
bits. For this purpose, the bit  7/3. This will provide a more efficient
encoding. need [err] is made equal to a so-called "flag value"  20  It has
been indicated hereinbefore that when the (block 66). The flag value is
represented in Fig. 3 and  quantized samples are transmitted, both scale
factor is a value smaller than the minimum bit need [err]. If  information
and bit allocation information are co- [err] In the block 56 to be
discussed hereinbelow Is  transmitted. The scale factor information then
has the greaterthan unity, [err] might be greaterthan [err]. In ad-  form
of x-bit words, of which each x-bit word denotes dition, [err] will then be
assumed to be equal to [err] at  25   a scale factor [err] that belongs to
the q samples in a block 66.
signal block in the subband SB[err]. The bit allocation in- If [err] is
equal to zero (block 50), the program will  formation then has the form of
y-bit words, of which proceed through the blocks 52 and 54. At block 54,
[err]  each y-bit word denotes a number of bits [err] by which bits are
initially allocated to the subband SB[err]. This  each sample in a signal
block in the subband SBm is means [err] The total number B of available
bits  30  represented. Previously, the prior-art documents (2a) now
decreases by [err]. The q quantized samples   and (2b) have already been
referred to. of the signal block in the subband signal SB[err] are rep-  If
in the bit need determining means 6 only the resented each by [err] bits
and, in addition, an x-bit-long  scale factors SF[err] are used for
calculating the powers scale factor SF[err] Is to be added. Furthermore, in
block  [err], that is to say, because vm is assumed to be equal 54 the bit
need [err] is decreased by a value [err]. If [err] is  35  to the square of
[err], the bit allocation information unequal to zero, the program will
proceed through  need not be co-transmitted. block 56. The number of bits
[err] is now increased by    On the receiver side the bit needs [err] to
[err] can be [err]. The total number B of available bits now decreas-
derived from the transmitted scale factors [err] and es by [err]q, due to
the fact that the q quantized sam-  on the basis of these needs the
magnitudes [err] pies of a signal block are now represented by an ad-  40
while implementing the calculation method as dis- ditional number of [err]
bits.                        cussed hereinbefore. Thus, the receiver
likewise Naturally, bit allocation only takes place if there  comprises bit
need determining means which derive are still sufficient bits available.
Therefore, block 52  the powers [err]from the scale factors SFm and derive
is present. Because, if there are insufficient bits avail-  from these
powers the bit needs [err] and also includes able the program will proceed
through block 66 at  45  bit allocation means which is capable of
calculating which the relevant bit need [err] is again made equal to  the
magnitudes [err] on the basis of the bit needs the flag value. The signal
block in the subband con-  [err] and the available bit quantity which in
this case Is cerned is then excluded from further bit allocation.  equal to
[err]. Since, as observed hereinbefore, [err] As long as there are bit
needs that have values  y.M, the latter method is advantageous In that more
greater than the flag value (block 58) and as long as   50  bits can be
allocated to the subbands. there are still sufficient bits available (block
60), the  It may sometimes be necessary to pre-allocate a program will
return through circuit 62 to block 46 for  number of bits to a signal block
in a subband [err], for a next calculation of the maximum bit need. If all
bit  example, in the case where there are signal blocks needs bm are
smaller than or equal to the flag value,  which must not be quantized with
zero bits irrespec the program will stop. The program will also stop if  55
tive of their bit need. The reason for this is that signal there are
insufficient bits to be allocated (block 60).  blocks must not be switched
on or off in an unquali- The method is characterised In that when a first
fied manner. This would produce audible effects. bit allocation is
performed (block 54), the number of  The above also shows that it may
sometimes be 6    11                  EP 0 457 390 B1                 12
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vance from bit allocation. For this purpose, block 44  so that the Initial
bit allocation is maintained. in the program of Fig. 5 Is inserted. Fig. 6
shows an  One time Interval later, v;(t) is again larger than elaboration
of block 44. Two signal blocks are repre-  [err]. The output 144 of the
comparator 143 becomes sented there, that is to say, the signal blocks in
the   5   "high" again which implies that the rising edge is fed subbands
SBk and SB[err] to which have been pre-allo-  to the set input of the
counter 142 through the OR-ga- cated a number of bits [err] or [err]. This
implies that nk  te 152. The count of counter 142 is reset to 5 (deci-
[err]. From the bit needs bk and [err] the  mal). At the Instant [err] of.
Fig. 11, [err] again becomes respective values [err]are subtracted and the
smallerthan [err]. Now, [err] remains smallerthan w(t) remaining number of
bits B Is reduced by [err]q-x and   10  for a sufficiently long period of
time to make it possi- [err]q-x respectively. Actually, for [err]  the  ble
forthe counter 142 to count back until the 0 count same holds as for [err].
Preferably, [err]For  (decimal) is reached. This is reached at the instant
\e[err]the same holds as for a2. Preferably, [err]Fig. 11. Atthat momentthe
output of the coun- [err]                                        ter 142
becomes "high". The flip-flop 140 is reset. To the signal blocks In the
subbands SBk and [err]  15  Through inverter 150 and AND-gate 149 the
counting may naturally be allocated more bits, as required, at  operation
of counter 142 is blocked so that it retains block 56 of the method
presented In Fig. 5.        the 0 count. Furthermore, at block 44 of Fig. 6
it is shown that  Initial bits are no longer allocated to this subband. the
signal block In the subband SB[err] is excluded from  At the instant [err]
again becomes larger than bit allocation. Forthis purpose, the bit need bf
for this  20  [err] The counter 142 Is reset to the count 5 and, in ad-
signal block is made equal to the flag value.      dition, the flip-flop
140 Is set in a mannerso that initial Figs. 11, 12 and 13 represent the
situations in  bits are again allocated. which there is initial bit
allocation or no initial bit allo-  Fig. 12a represents a situation in
which [err] prior cation to the subbands. The Figures show the con-  to the
instantat which the counter 142 is resettozero, secutive time intervals
[err] in which a group of M cor-  25  already becomes smaller than a
specific threshold responding signal blocks of the M subbands are proc-
value [err].Atthe instant[err]the output 145 of the com- essed. In each
time interval the power [err] and the  parator 143 becomes "low" again and
the output 146 magnitude [err] aredetermined foreach subband [err] "high".
Since the inverter 153 applies a "high" signal If [err] is greater than
[err] there will be initial bit allo-  to one input of the AND-gate 154,
the "high" signal is cation tothe subband SB. Aswill be evidentfrom Fig.
30  conveyed to the AND-gate 148 through the AND-gate 11, this holds for
periods of time situated before [err]  154 and the OR-gate 147. The counter
142 continues Fig. 14 shows a circuit by means of which, on the ba-  to
count. The phase of initial bit allocation Is thus sis of the magnitudes
[err] and [err], control signals may  maintained until the count 0
(decimal) is reached. The be derived which denote whether initial bit
allocation  output of the counter 142 now briefly rises. This en- is totake
place, In which case the outputof the SR flip-  35  tails that flip-flop
141 is set through the AND-gate flop 140 Is "high" or "logic 1", or whether
no bit allo-  155. ThroughtheAND-gate 156 and the OR-gate 152 cation is to
take place, in which case the output of the  the high output signal of the
flip-flop 141 1 applied to SR flip-flop 141 is "high", or whether no
Initial bit al-  the set input of the counter 142, which immediately af-
location takes place, in which case the output of a  terwards jumps to
count 5 (decimal). In addition, the counter 142 is "high". In the latter
case bits may still  40  further down-counting of the counter 142 is
blocked be allocated to the subband in question, but the allo-  because the
inverter 153 applies a "low" signal to the cation then takes place at block
54 and may also take  one input of the AND-gate 154. From instant [err] on-
place at block 56 according to the method of Fig. 5.  wards there is no bit
allocation whatsoever to the rel- These control signals may thus be applied
to block 44  evant subband. in Fig. 6 and denote what functions are to be
per-  45  Fig. 12b represents the situation in which [err] has formed in
this block.                              remained In the range between
[err] and [err]t) suffi- Atthe instant[err] becomes smallerthan [err]
ciently long so that the phase of "no initial bit alloca- The output 144 of
the comparator 143 now becomes   tion" has commenced. At the instant[err]
will be small- 'low' whereas the output 145 of this comparator be-  er than
[err] At that moment the output 145 will be- comes "high". Through the
OR-gate 147 this "high"  so  come "low" and the output 146 "high". signal
is applied to the AND-gate 148 so that clock     Atthatmomenttheflip-flop
141 is setthroughthe pulses are passed to the AND-gate 149 at a rate f
AND-gate 155 and the counter 142 is reset to the equal to 1[err]. Since a
"high" signal is applied to the  count 5 through the AND-gate 156 and the
OR-gate other input of the AND-gate 149 through the inverter  152. The
output of the counter 142 thus becomes 150, the clock pulses are passed to
the input 151. The   55   "low" and the output of the flip-flop 141 "high".
There counter 142 now counts down from the initial position  Is no bit
allocation. 5 (decimal) under the influence of the clock pulses, of.  Fig.
13 shows a situation In which [err] increases Fig. 11. Since the output of
the counter 142 remains  again. At the instant [err] becomes larger than
[err] 7    13                 EP 0 457 390 B1                 14 The output
145 becomes "high" so that the counter  name of Zech logarithm and
described in document 



142 may count down. One time Interval later [err]is  (6), compare, more
specifically, chapter 3, section 4, again smaller than [err] The output 146
becomes     page 191. "high" again so that the counter is reset to the
count  The bit need determining means 6 and the bit al- of 5 through the
AND-gate 156 and the OR-gate 152.   5   location means 7 may be arranged in
software. How- If [err] is greater than [err] for a sufficiently long
period  ever, hardware designs are also possible. For exam- of time, the
counter 142 can count down to zero. At  ple, Fig. 8 shows a hardware design
of the bit need [err] the output of counter 142 becomes "high".
determining means 6. Through the AND-gate 159, to which a "high" signal
Fig. 8 shows the corresponding signal blocks in is applied through the
inverter 158, the flip-flop 141   10  thesubbandsignals [err], whichare
seriallyap- Is reset, so that at this moment the phase of no bit al-  plied
to input 70. The first sample [err] of the subband location Is terminated
and changed into the phase of  [err] is applied first and the last sample
[err] of the sub- "no initial bit allocation".                      band
SB[err] Is applied last. In the following a simplified calculation of the
bit  In the largest sample determining means 71 the need [err] will be
explained. In this calculation a loga-  15  largest sample SFm is
determined for each signal rithmic representation is used for the various
magni-  block, which value is then stored in a memory 72. In tudes which
play a part In the calculation. This Is pos-  a squaring unit 73 the
samples are squared and there- sible because not absolute but relative
precision of  after applied to an input of an adder 74. The output of the
bit needs is concerned with respect to the calcu-  the adder 74 is coupled
to an input of a memory 75. lation of the bit needs [err].             20
The output ofthatmemory 75 is coupled both to asec- In logarithmic
representation a number g is ap-  ond input of the adder 74 and an inputof
a divider 76. proximated by [err], where r is a fixed base greater  The
elements referenced 74,75 and 76 determine the than unity and the powerk is
selected to bean integer.  magnitude [err]foreach signal block, compare
block 16 The number g is approximated in the best possible  in Fig. 4. To
this end, the first sample [err] of a signal way by a right choice of k.
The integer k Is used as a   25  block 3 is squared Into the subband signal
SB[err]in the representation of g. In the calculation for the bit need
squaring unit 73 and, in adder 74, added to the value [err] there are both
multiplications of two numbers and  stored in memory 75, which value is
momentarily additions of two numbers. Multiplications in the loga-  zero,
and thereafter stored in the memory 75. Subse- rithmic representation
correspond with the addition of  quently, the second sample [err] is
squared, added to the powers. That is to say, if [err], the   30  the value
stored in memory 75 and then stored in that logarithmic representation of
[err] will be equal to  memory. This is continued until the last sample
[err] Is [err].                                            squared and
added to the value stored in memory 75. For the logarithmic representation
of additions of  The sum thus obtained in the memory 75 is equal to these
two numbers [err], the following holds. As- suming that [err], it holds
that [err]  35 The logarithmic representation for [err]is thus equal to
[err]is a correction factor in the             [err] form of an integer
which may be derived from a Table. Fig. 7 shows a Table of this
typeforr[err] . The value for r equalling [err] can be obtained from an
accuracy   40 analysis of the bit needs [err].                     which
then, after a division by q in the divider 76, is It may further be
inferred that the calculation of  stored as a coefficient [err] In memory
77. Similar cal- the needs [err] in a logarithmic representation with a
culations are made for the corresponding signal properly selected base r,
in lieu of the customary cal-  blocks of the furthersubbands until all
coefficients of culations in a linear fixed-point representation, con-  45
the vector {v) have been stored in the memory 77. The siderably reduces the
word widths of the numbers. In  bit need determining means 6 further
include a mem- addition, no multiplier-accumulator is necessary for  ory 78
for storing the matrix coefficient [err] of the ma- calculating the vector
{w}, but only a simple accumu-  trix [D) and a memory 79 for storing the
coefficients lator and a Table having a restricted number of en-  [err]of
the vector [err]. Outputs of the memories 77 tries. The Table of Fig. 7,
for example, narrows down   so  and 78 are coupled to Inputs of the
multiplier 80. An to a ROM having contents smaller than 0.5 kbit. The
output of the multiplier 80 is coupled to a first input of series of
numbers stored In the ROM is relatively  an adder 81 whose one output is
coupled to the input small. In addition, these numbers are arranged in a
of a memory 82. The output of the memory 82 is cou- specific order.
Therefore, it is possible to reduce the  pled both to a second input of the
adder 81 and to a look-up Table even more at the cost of some logic.   55
first input of an adder 83. It should be observed in this context that the
log-  The elements referenced 80, 81 and 82 are in- arithmic representation
for the addition of two num-  tended to perform the matrix multiplication
[err]. bers as described hereinbefore is known per by the  During this
operation the value [err] from memory    15                 EP 0 457 390 B1
16 78 is multiplied by the value [err] from memory 77 for a  index j is
used as an address for addressing through specific subband m and the result
is added by adder  line 100 the locations in the memories 91 and 92 In 



81 to the value present in memory 82 at that moment,  which the values are
stored for [err] respectively, so which is zero, and then stored in memory
82. After  that these values are available at the respective out- this,
[err]is multiplied by v2 and the result is added to   5   puts 101 and 96.
Output 101 is coupled to an input of the value stored in memory 82. This is
continued until  an [err] detector 102. If the detector 102 detects [err],
[err]is multiplied by [err] and the result is added to the  it provides at
output 103 a control signal which is ap- value stored in memory 82. At that
moment the value  plied to control signal inputs of controllable switches
[err]. These switches then assume different 11  positions from the ones
shown in the drawing Figure. M                               This implies
that in a subtractor 105 the value [err]q+k Is subtracted from the value B
available at output 108 [err]                       of memory 90, and this
new value is again applied to Input 107 of this memory through line 104 so
that the 15  new value is stored In memory 90. Furthermore, is stored in
memory 82. In adder 83, the value [err]  through lines 108 and 109 the
value [err] which is avail- stored in memory 79 is added to this result.
The value  able at terminal 110, is applied to the Input 111 of Wm thus
obtained is stored in memory 84. This proce-  memory 91. Switch [err] then
has the position shown in dure is reiterated for the corresponding signal
blocks  the drawing Figure. This value [err]is stored in memory in the
further subbands until all coefficients of the  20  91 as a new value for
[err]. In the subtractor 112 the val- vector {w} are stored in memory 84.
ue a2 is subtracted from the value [err] available at the Subsequently, for
each subband SB[err] the mag-  output 96 of memory 92. The value thus
obtained is nitudes [err] are read from the memories 72  applied to input
115 through lines 113 and 114, while and 84 and applied tothe calculation
unit which even-  the switch [err] has the position shown in the drawing
tually determines the bit need [err]. This bit need is stor-  25  Figure,
so that the new value for b1 can be stored in ed in a memory 86. This
calculation is also performed  the memory location [err] in memory 92. for
the further subbands until all bit needs [err] are  The method described
hereinbefore is the meth- stored in the memory 86.
od as denoted in block 54 in Fig. 5. The procedure may be reiterated
forasuccessive   If the detector 102 detects that [err] Is unequal to
series of M signal blocks. Also the arrangement  30  zero, no (or a
different) control signal is generated. shown In Fig. 8 utilises the fact
that there is serial in-  Switches [err]then have the positions shown
formation supply. If the signal blocks were supplied in  In the Figure. The
value [err] is now subtracted from parallel, the calculation could largely
be performed in  the value B stored In memory 90 and the result thus
parallel. This means, forexample, thatthe circuitcom-  obtained is stored
again In memory 90. In the adder prising the elements 71,73,74,75 and 76
could occur  35  117 the value [err] is added to the value [err] which is
read M times in the arrangement. The circuit comprising  from the memory 91
through output 101. Again elements 80,81, 82 and 83 could then likewise
occur  through lines 108 and 109 the new value for [err] is ap- M times.
plied to input 111 of memory 91 to be stored in the Fig.
9showsahardwareembodimentof thebital-    memory 91. location means 7. The
bit allocation means comprises  40  Furthermore, in subtractor 112 the
value c2 is a memory 90 in which the number of bits B still to be
subtracted from the value [err] present at the output 91, allocated have
been stored, a memory 91 in which the  and the value thus obtained is
applied to input 115 values [err] are stored and a memory 92 in which
through lines 113 and 114 in order to be stored In the bit needs [err] have
been stored. This memory  memory 92. The method described actually corre-
92 could correspond with memory 86 of Fig. 8. At the  45  sponds with block
56 of the method shown in Fig. 5. beginning of an allocation cycle the
initial value for B  In the method of Fig. 5 there Is further shown that is
stored in memory 90, which value is available atter-  the decision block
48, [err]provides that [err] is minal 94. Furthermore, the initial values
for the bit  made equal to the flag value (block 66 in Fig. 5), and needs
[err] have been stored in memory 92 whereas   [err] equal to [err] (should
it turn out to be necessary). memory 91 stores all zeros fed to terminal 93
by  50  In the circuitof Fig. 9 this has been taken into account means of
reset signals.                          by means of the [err] detector 118.
If detector 118 Subsequently, detector 95 determines the maxi-  detects a
situation in which [err] it generates at mum value of the bit needs stored
in memory 92. This  its output 119 a control signal which is applied to the
may, for example, be realised by successively read-  control input of the
controllable switch S4 and, ing out all bit needs [err] at the output 96
and ap-  55  through an OR-gate 120, to the control Input of the plying
these bit needs through line 97 to the input 98  controllable switch [err]
which switches then assumes of the detector 95. At the output 99, the
detector 95  the positions differentfrom the ones shown in the Fig-
provides the index of the maximum bit need [err]. This  ure. The value
[err] applied to the terminal 121, is 9    17                  EP 0 457 390
B1                 18 now applied to the input 111 of memory 91. [err] is
134. The recording means 135 thereto comprise one then stored in the memory
location for [err] in memory  or more recording heads 136. 



91. Accordingly, the flag value, block 122, is applied  For a further
explanation of the arrangement of to input 115so that the flag value is
stored in the mem-  Fig. 10, the prior-art document (8) be referred to, ory
location for [err] in memory 92.              5   which Is also assumed to
be incorporated where nec- Itwill be evident that there is a central
control unit  essary In this Patent Application. (not shown) which detects
the output signal of detec-  It should further be observed that the
invention is tor 118 and, on detection of this signal, applies only  not
restricted to the depicted exemplary embodi- load pulses to the memories 91
and 92 for storing  ments only. Various modifications of the embodi- there
[err] and the flag value. No load pulse is then ap-  10   ments described
are feasible without leaving the plied to memory 90, since the value B in
the memory  scope of the invention as defined in the claims. is to remain
unchanged.                                In the foregoing the bit need
determination and bit Furthermore, the flag value is allocated to [err] If
allocation have been described for a number of M both [err] is equal to
zero and [err] compare the  subband signals, whiletherewas alwaysa
singlesub- blocks 50, 52 and 66 in Fig. 5. Thereto the circuit of  15  band
signal (for example, a mono signal) in each sub- Fig. 9 includes the
detector 123 and the AND-gate  band. 124. At theoccurrenceofdetection
signals of both de-   However, the invention may also be applied to a
tector 103 and detector 123, switch [err] is again set to  subband coder
for subband encoding of a stereo sig- the other position than the position
shown and the  nal. This implies that there are two subband signals flag
value [err] Is stored in memory 92 in location j. In  20  in each subband,
that is to say, a left and a right sub- this case the central processor
will generate a load  band signal. pulse only formemory92 and no load
pulsesformem-        Two optional ways of subband encoding of a ster- ories
90 and 91.                                   eo signal will be briefly
discussed hereinbelow. It will be self-evident that the initial bit
allocation  A first option is to process the left and right subband as
described with reference to Fig. 6 may also be im-  25  signals separately
in the manner described above. plemented here, for example, controlled by
the nec-  The M subband signals [err] as discussed essary control and
address signals from the central  above are then, for example, the M left
subband sig- controller. This will not be explained any further be-  nals.
The procedure discussed hereinbefore is then cause after the above
explanation it may be assumed  carried out for these left subband signals.
In the bit to be within the grasp of those skilled in the art.  30   need
determining means 6 first the bit needs [err] to Fig. 10 shows the use of
the subband coder as  [err] are determined. Thereafter, the numbers of bits
described hereinbefore, In a transmitter, especially a  to be allocated,
I.e. [err], are determined in the transmitter in the form of a recording
arrangement for  bit allocation means 7. In the procedure discussed
recording the quantized subband signals In one or  above and explained with
reference to Fig. 5, the val- more tracks on a magnetic record carrier.
35  us B was used for the bit allocation. B was then equal The section
referenced 130 is the subband coder  to the number of available bits. It
may be obvious that discussed hereinbefore, which produces the quan-   in
the present case just half this number of available tized subband signals
at the outputs 4.1 to 4.M.   bits B is used fordetermining [err]. The other
half The section referenced 131 converts these sig-  of the number of
available bits will then be used for nals into a second digital signal
which is available at  40  bit allocation to the right subband signals.
output 132. This second digital signal comprises suc-  The arrangement for
the stereo signal subband cessive frames of which the format is extensively
dis-  encoding according to the first option actually com- cussed in the
prior-art documents (2a) and (2b). Also  prises twice the arrangement shown
In Fig. 1. The the structure of the block 131 is explained in these  second
section of the arrangement thus comprises a documents.
45  subband splitter, such as the splitter 2, for generating The section
referenced 133 renders the second  the M right subband signals.
Furthermore, a bit need digital signal suitable for recording on a record
carrier,  determining means is present, such as unit 6, which for example,
a magnetic record carrier 134. The unit  determines the bit needs [err] and
a bitallocation 133 thereto comprises an 8-to-I 0 converter. In a con-
means, such as unit 7, which derives therefrom the verter of this type
8-bit data words in the serial infor-  50  numbers of allocated bits [err].
Also for this pur- mation stream are converted to 10-bit code words.  pose,
half the actual number of available bits is avail- Furthermore,
interleaving may take place. All this has  able. for Its object to enable
error correction of the received  According to a second option for subband
encod- information on the receiver side (when reproducing  ing of a stereo
signal the bit needs [err] the record carrier).                          55
to [err] are derived in the same manner as In the first The output signal
of block 133 is applied to re-  option. In contradistinction to the first
option, In which cording means 135 by which the signal is recorded in  the
bitallocation forthe left and rightsubband signals one or more longitudinal
tracks on the record carrier  was performed separately, in the second
option the 10    19                 EP 0 457 390 B1                 20 2M
bit needs [err] are applied to a  posed of successive signal blocks, each
signal bit allocation unit such as unit 7, which then naturally  block
comprising q samples, the q samples in a 



has 2M inputs. In this unit the 2M numbers [err]  signal block of the
subband signal m being repre- and [err] are derived In a manner similar to
the  sented each by [err] bits, the quantizing means in- manner described
with reference to Fig. 5 on the ba-   5  cluding bit need determining means
(6) for deter- sis of the actually available number of bits. For this
mining a bit need [err] per signal block for corre- purpose the bit
allocation means have 2M outputs.     sponding signal blocks in the subband
signals, It should further be observed that when a stereo  which bit need
is related to the number of bits by signal is encoded, 2M values for the
bit allocation in-  which samples in a signal block in the subband
formation are concerned, represented each by y bits.  10  signal m should
be represented, and the quantiz- This means that for the bit allocation
procedure for a  ing means [err] including a bit allocation stereo signal
no more than [err].y.M bits are avail-  means (7) for allocating an
available quantity of able.
bits B to corresponding signals blocks of the va- rious subband signals in
response to the bit need PRIORART:                                     15
determined by the bit need determining means (6) so as to obtain the values
[err], where m ranges (1) European Patent Application No. 289.080
from 1 to P and which encoding system further (PHN 12.108)
comprises accommodating means for accommo- (2a) Dutch Patent Application
No. 89.01.401       dating the samples quantized with a certain num- (PHN
12.967)                              20      ber of bits in a signal block
in a frame of a second (2b) Dutch Patent Application No. 90.00.338
digital signal having successive frames, the ac- (PHN 13.241)
commodating means further being arranged for (3) EBU Techn. Review, No.
230, August 1988 G.    accommodating the scale factor information in a
Theile et al. "Low bit rate coding of high-quality  frame, which scale
factor information comprises audio signal. An Introduction to the MASCAM
25  x-bit words, an x-bit word representing a scale system".
factor associated to the samples in a signal block, (4) Philips Journal of
Research 44,329-343,1989   characterised In that on the basis of the bit
needs, R.N.J. Veldhuis et al. "Subband coding of digital  for corresponding
signal blocks in the subband audio signals".
signals in the subbands determined in the bit (5) IEEE ICASSP 80, Vol.1,
pp. 327-331, April 9-  30  need determining means, the bit allocation 11,
1980 MA. Krasner "The critical band coder -   means (7) is arranged forthe
following operations - Digital encoding of speech signals based on the  in
a specific step [err]: perceptual requirements of the auditory system".
(a) determining [err], which is the largest of the (6) F.J. MacWilliams et
al., "The theory of error    bit needs, correcting codes", North Holland
publishing   35     (b) establishing whether bits have previously comp.
1983                                           been allocated to the signal
block belonging to (7) European Patent Application No. 89201408.5       the
bit need [err] and if they have not, then (PHQ 89.018)
(c) (8) Dutch Patent Application No.90.00.635 (PHN          - allocating a
value [err]; 13.281)                                   40            -
subtracting a value a2 from [err]; - subtracting the value [err]q+x from B,
and if they have, then Claims
(d) - adding the value [err]; 1. Encoding system, comprising a subband
coder  45         - subtracting the value  from [err]; for subband coding
of a wideband digital signal,        - subtracting the value [err] from B,
for example, a digital audio signal, at a specific  and for performing the
step [err] at least a second sampling frequency [err], the subband coder
In-      time, in that q and x are integers greater than uni- cluding
signal splitting means for generating, in  ty, in that nm and [err] are
variables where [err] is response to the wideband digital signal, a plural-
50  greater than or equal to zero, [err] are ityofPsubband signals
withsampling frequency       numbers greater than zero and B is an integer
reduction, for which purpose the splitting means  greater than zero, m is a
variable Integer, [err]is split up the wideband digital signal into M
succes-  greater than [err] is greater than or equal to sive subbands [err]
which augment with    [err]. frequency, which encoding system further com-
55 prises quantizing means (err, 6, 7) forquan-  2. Encoding system as
claimed in Claim 1, charao- tizing block-by-block the respective subband
sig-  terized in thatthe bitallocation means is arranged nals, a quantized
subband signal m being com-    for carrying out the following operations in
a step    19                  EP 0 457 390 B1                 20 2M bit
needs [err] are applied to a  posed of successive signal blocks, each
signal bit allocation unit such as unit 7, which then naturally  block
comprising q samples, the q samples in a has 2M Inputs. In this unitthe 2M
numbers [err],  signal block of the subband signal m being repre- 



and [err] are derived in a manner similar to the  sented each by [err]
bits, the quantizing means in- manner described with reference to Fig. 5 on
the ba-   5  eluding bit need determining means (6) for deter- sis of the
actually available number of bits. For this  mining a bit need [err] per
signal block for corre- purpose the bit allocation means have 2M outputs.
sponding signal blocks in the subband. signals, It should further be
observed that when a stereo   which bit need is related to the number of
bits by signal is encoded, 2M values for the bit allocation in-  which
samples in a signal block in the subband formation are concerned,
represented each by y bits.  10  signal m should be represented, and the
quantiz- This means that for the bit allocation procedure for a  Ing means
[err], 6,7) including a bit allocation stereo signal no more than
B=[err]2.y.M bits are avail-  means (7) for allocating an available
quantity of able.                                                  bits B
to corresponding signals blocks of the va- rious subband signals in
response to the bit need PRIORART:                                      15
determined by the bit need determining means (6) so as to obtain the values
[err] where m ranges (1) European Patent Application No. 289.080
from 1 to P, and which encoding system further (PHN 12.108)
comprises accommodating means for accommo- (2a) Dutch Patent Application
No. 89.01.401        dating the samples quantized with a certain num- (PHN
12.967)                               20      ber of bits in a signal block
in a frame of a second (2b) Dutch Patent Application No. 90.00.338
digital signal having successive frames, the ac- (PHN 13.241)
commodating means further being arranged for (3) EBU Techn. Review, No.
230, August 1988 G.     accommodating the scale factor information in a
Theile et al. "Low bit rate coding of high-quality  frame, which scale
factor information comprises audio signal. An introduction to the MASCAM
25  x-bit words, an x-bit word representing a scale system".
factorassociated to the samples in asignal block, (4) Philips Journal of
Research 4,329-343,1989     characterised in that on the basis of the bit
needs, R.N.J. Veldhuis et al. "Subband coding of digital  for corresponding
signal blocks in the subband audio signals".
signals in the subbands determined in the bit (5) IEEE ICASSP 80, Vol. 1,
pp. 327-331, April 9-  30  need determining means, the bit allocation 11,
1980 MA Krasner The critical band coder -      means (7 is arranged
forthefollowing operations - Digital encoding of speech signals based on
the  In a specific step [err]: perceptual requirements of the auditory
system".      (a) determining [err], which Is the largest of the (6) F.J.
MacWilliams et al., "The theory of error     bit needs, correcting codes",
North Holland publishing   35      (b) establishing whether bits have
previously comp. 1983                                            been
allocated to the signal block belonging to (7) European Patent Application
No. 89201408.5        the bit need [err], and if they have not, then (PHQ
89.018)                                          (c) (8) Dutch Patent
Application No.90.00.635 (PHN           - allocating a value [err] 13.281)
40            - subtracting a value a2 from [err] - subtracting the value
[err].q x from B, and if they have, then Claims
(d) - adding the value [err]; 1. Encoding system, comprising a subband
coder  45          - subtracting the value [err]from [err]; for subband
coding of a wideband digital signal,         - subtracting the value [err]
from B, for example, a digital audio signal, at a specific  and for
performing the step [err] at least a second sampling frequency F, the
subband coder in-        time, in thatq and xare integers greaterthan uni-
cluding signal splitting means for generating, in  ty, in that [err]are
variables where [err] is response to the wideband digital signal, a plural-
so  greater than or equal to zero, [err] are ity of P subband signals with
sampling frequency   numbers greater than zero and B is an Integer
reduction, for which purpose the splitting means   greater than zero, m is
a variable integer, [err] is split up the wideband digital signal into M
succes-  greater than [err] is greater than or equal to sive subbands (err)
which augment with       . frequency, which encoding system further com-
55 prises quantizing means (err) for quan-  2. Encoding system as claimed
in Claim 1, charac- tizing block-by-block the respective subband sig-
terized in that the bit allocation means is arranged nals, a quantized
subband signal m being com-     for carrying out the following operations
in a step 11 1111111 111111 11111 *   C  *L  M   S  *    21
EP O 457 390 B1                22 So prior to the steps [err], for a signal
block k in a  aufeinanderfolgenden Unterbander (SBi...SBm) 



subband                                           mit Bandnummern m
auftilen, die mit der Fre- - allocating a value Ako to nk;
quenz zunehmen, wobel die Codieranordnung - subtracting the value Ak from
bk;             weiterhin Quantisiermittel (Q1, ...QM, 6, 7) auf- -
subtracting thevalueAk.q+x from B, and In   5  weist zum blockweisen
Quantisieren der betref- that Ak, and Ak1 are numbers greater than
fenden Unterbandsignale, wobei ein quantiser- zero.
tes Unterbandsignal m aus aufeinanderfolgen- den Signalbiocken aufgebaut
ist, wobei jeder Si- 3. Encoding system as claimed In Claim 2, charac-
gnalblock In elnem Unterband q Abtastwerte auf- terized in that the bit
allocation means Is arranged   10  weist, wobei die q Abtastwerte in elnem
Signal- forallocating a flag value In the step So to a signal  block mit je
n, Bits dargestellt sind, wobei die block In one or more of the subbands,
which flag  Quantisermittel Bitbedarfbestimmungsmittel auf- value indicates
that no bits are to be allocated to  welsen zumffOrentsprechende
Signalblacke In den the signal block concerned.
Unterbandern je Signalblock Bestimmen eines Bit- 16      bedarfe bi, der In
einem Verhaltnis zu der Anzahl 4. Encoding system as claimed In Claim 2 or
3, char-  Bits steht, mitderAbtastwerte In einem Signalblock acterized in
thatAk Is equal to a1 and AkM is equal  In dem Unterband SBm dargestelft
werden mWlten to a2.                                            und mit
Bitzuoridnungsmitteln zum Zuordnen der verfagbaren Bitmenge B zu den
jeweiligen Unter- 5. Encoding system as claimed in one ofthe preced-  20
bandern, je nach dem Bitbedarf, wie dieser durch ing Claims, characterized
In that a, is equal to a2  die Bitbedarfbestimmungsmittel bestimmt wor- and
c1 is equal to c2.                            den Ist zum Erhalten der
Werte n,, wobei m von I bis einschliellich P geht, wobel die Codieran- 6.
Encoding system as claimed in one of the preced-   ordnung welterhin Mittel
aufweistzum Unterbrin- ing Claims for subband encoding of a single dig-  25
gen der mit einer bestimmten Menge Bits quan- ital signal, such as a mono
signal or a left or right  tislerten Abtastwerte In elnem Signalblock in
ei- signal portion of a stereo signal, characterized in  nem Rahmen elnes
zwelten digitalen Signals mit that P = M.
aufeinanderfolgenden Rahmen, wobei die Mittel welterhin dazu elngerichtet
sind, in einem Rah- 7. Encoding system as claimed In one of the Claims   90
men Unterbringen von Skalenfaktorinformation, I to 5 for subband encoding
of a stereo signal,   wobel die Skalenfaktorinformation x-Bits-Worte
comprising a left and a right signal portion, char-  aufwelsen, wobel eln
x-Blt-Wort ehnen den Ab- acterized in that P = 2M.
tastwerten in elnem Signalblock zugeordneten Skalenfaktor darstelit,
dadurch gekennzeichnet, 8. Transmitter comprising the encoding system as
35  daB ausgehend von dem Bitbedarf, far entspre- claimed in one of the
preceding Claims I to 7.     chende Signalblocke in den Unterbandsignalen
In den Unterbindern, ermittelt In den 0. Transmitter as claimed in Claim 8,
characterized   Bitbedarfbestimmungsmitteln,  die  Bitzuord- in that the
transmitter has the form of an arrange-  nungamittel (7) fOr die
nachfolgenden Vorgange ment for recording the quantized subband signals  40
in elnem bestimnten Verfahrensschritt S, singe- in a track on a record
carrier.                   richtet sind: (a) Bestimmung von bj, d.h. dem
grO8ten Bit- 10. Transmitter as claimed in Claim 9, characterized
bedarf, In that the record carrier is a magnetic record car-  (b)
Ermittlung, ob dem dem Bitbedarf bj zuge- rier.
45         ordneten Signalblock berelts Bits zugeordnet worden sind, und
wenn nicht, dann: (c) PatentansprOche
- Zuordnung eines Werte a1 bis nj; - Subtraktbon eines Wertes a2 von bj; 1.
Codieranordnung mit elnem  Unterbandcoder  5o           - Sbtraktion
desWertesaj.q+xvon B, und zum Unterbandcodieren elnes digitalen Brelt-
wenn ja, dann: bandsIgnals, beisplelawelse eines digitalen Au-      (d)
diosignals, mit einer bestimmten Abtastrate F.,         - Addlerung des
Wertes cr zu nj, wobei der Unterbandcoder mit Signalspaltmitteln         -
Subtraktion des Wertes c2 von bj; versehen Ist zum In Antwort auf das
digitale Breit-  cs  - Subtraktbon des Wertes c,.q von B, und bandsignal
Erzeugen elner Anzahl von P Unter-             zum wenigatens einmal
Wiederholen des bandsignalen mitAbtastratenverringerung, wozu
Verfahrensschrittes S1, wobei dann q die Spaltmittel das digitale
Breftbandsignal In M  und x ganze Zahlen Ober eins sind, daM nm und 12 t~
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bm verinderliche Zahlen sindi wobel n. gr5Ber  Revendleatlons ale oder
gleich Null let, a,, a2, c0 und c2 Zahlon gr68erals Null sind und B sine
ganze Zahl gr6aer  1. Systbme do codage comprenant un codeur de- als Null
ist, m sine verfinderliche ganze Zahl lst,  sous-bandes pour codage en
sous-bandes d'un a, groBer ist als cl und a2 grolor ate oder gleich   s
signal numerique a large bande, par exemple un C2 Ist.
signal audionum6rique, A  une frequence d'6chantillonnage specifique F., Is
codeur de 2. Codieranordnung nach Anspruch 1, dadurch go-      sous-bandes
comprenant des moyens de divi- kenrnzeichnet, daB die Bitzuordnungsmittet
dazu   sion de signaux pour ghnhrer, en reaction au si- elngerichtet sind,
in oinem Schritt SO vor den  io  gnal numerique A large bonds, une
pluratiNt de P Schritten *i fOr oinen Signalblock sines oder
signauxdesous-bandesavecunerhductionde la mehrerer Unterbander SBk
foigendes durchzu-       frequence d'echantillonnage, les moyens de divi-
fuhren:                                           son divisant A cot effot
le signal numerique A lar- - Zuordnung eines Wertes Ako bis njb
ge bands en M sous-bandes successives - Subtraktion der Warts Ak von bk;
f5      (SB1, ..., SBS qui augmententavec la frhquence, - Subtraktlion des
Wertes Ako.q+x von B, und   ledit systemo de codage comprenant, en outre,
dagAkO und Ak Zahlen groler als Null sind.   des moyens de quantification
(Q1, ..., QM, 6, 7) pour quantifier bloc par bloc les signaux de sous- 3.
Codleranordnung nach Anspruch 2, dadurch go-      bandes respectifs, un
signal de sous-bande kennzeichnet, daB die Bitzuordnungsmittel dazu   20
quantIfi6 m etant constitue de blocs de signaux elngerichtot sind, in dem
Schritt SO fOr eonen Si-  successifs, chaque bloc de signal comprenant q
gnalblock einer odor mehrerer der Unterbander     echantillons, les q
echantillons d'un bloc do si- olnen Flaggenwert zuzuordnen, der angtbt, daB
gnal du signal de sous-bande m etant represen- dem betreffenden Signalblock
keine Bits zuge-     tes chacun par n, bits, les moyens de quantifica-
ordnet werden mifissen.                   25     tion comprenant des moyens
de dhtermination des bosoins on bits (6) pour dhterminer un besomn 4.
Codleranordnung nach Anspruch 2 oder 3, da-       en bits bm par bloc de
signal pour des blocs de si- durch gekennzeichnet, daB Ak& glelch a, und
Ak1   gnaux correspondants dons les signaux de sous- gleich a2 1et
bandes, ledit boson en bits otant en rapport avec 30     le nornbre de bits
par lequel des ochantillons 5. Codleranordnung nach einem der vorstshenden
dans un bloc de signal du signal de sous-bande Ansprflche, dadurch
gelennzelchnet, daB a,        m dolvent etre representes, et les moyens de
glelch a2 und c1 gleich c2 ist.                   quantification (Qj, ...,
QM, 6, 7) comprenant des moyens d'affectation de bits (7) destines a affeo-
6. Codleranordnung nach elnem der vorstehenden   35  ter une quantit6
disponible de bits B aux blocs de Ansprilche zur Unterbandcodlerung sines
sinfa-    signaux correspondants des divers signaux de chen digitalen
Signalen, wie sines Mono-Signals   sous-bandes en reaction au besoin en
bits deter- odor eines linken oder rechtbn Signaltbisi sines  min6 par les
moyens de dtebrmination des be- Stereo-Signals, dadurch gekennzeichnet, daB
P     sons en bits (6) de manlere A obtenir des valeur = M ist.
40      nm, ob m so situe dans une plage de 1 A P. ledit systeme de codage
comprenant. en outre, des 7. Codieranordnung nach sinem der Ansprflche I
moyens d'accusil pour recevoir les echantillons bis 5 zur
Unterbandcodierung sines Stereo-Si-     quantifies avoc un certain nombre
de bits dons gnals mit elnem linken und einem rechten Signal-  un bloc de
signal dans une trame d'un deuxibme toil, dadurch gekennzeichnet, daB P =
2M lot.    45  signal numerique ayant des trames successives, lee moyens
daccueil leant, en outre, A meme de re- 8. SendermitderCodieranordnung nach
einem vor-       cevoir les lnlbrmatlons de facteur d'6chelle dons
stehenden Anspr~che 1 bis 7.                      une tramne, ces
informations de factour d'echelle oomprenant des mots de x bits, un mot de
x bits re- 9. Sender nach Anspruch 8, dadurch gekennzeich-  so  presentant
un facbur d'echolle assocle aux net, daB der Sender die Form ehner
Anordnung      echantillons dons un bloc de signal, caracterise zum
Aufzeichnon der quantisierten Untorbandsl-    on ce quo, surla base des
besohs en bits, pour des gnale In einer Spur auf einem Aufzeichnungstri-
blocs de signaux correspondants dans les signaux ger hat.
de sous-bandes dons les sous-bandes dtebrmi- s5      ness dons les moyene
de dhtermination des be- 10. Sender nach Anspruch 9, dadurch gekennzelch-
soins en bits, les moyens d'affectation de bits (7) net, daB der
Aufzeichnungstrager sin magneti-     sont agences pour executer les
operations su!- scherAufzeichnungstrager Ist                      vantes
dans une Atape splcifique S: 13 *   C   L  14  S    



25                  EP 0 457 390 B1                28 (a) dhterminer b1,
quI est le plus grand des be-  7. Systme de codagesulvantl'une quelconque
des soins en bits;                                  revendications I A 5,
pour le codage en sous- (b) etablir sl des bits ont 6te pr6c6demment
bandes d'un signal st6r6o comprenant une partle affectes au bloc de signal
appartenant au be-   de signal gauche et une partle droite, caracterise
soin en bits b1 et, dans la negative,   5       on ce quo P = 2M. (C) -
affecter une valeur a, A nj;            8. Emettour comprenant le systeme
de codage sui- - soustraire une valeur a2 de bj;            vant l'une
quelconque des revendications I a 7. - soustralre la valour al.q+x de B, et
dans l'affirmative,                     10  9. Emetteur suivant Ia
revendication 8, caract6rise (d)
en ce qu'll so prasente sous la forme d'un dispo- - ajouter la valour ci A
nr,                 sitif pour l'enregistrement des signaux de sous- -
soustra-ue la valeur c2 de b4;             bandes quantifl6s dans une piste
sur un support - soustraire la valeur ci.q de B, et
d'enregistrement. pour executer I'etape S, au mons une seconde  i1 fois,
ence que q etx sontdes nombres entiers su-  10. Emetteur sulvant la
revendication 9, caracteris6 perieurs A I'unit6, on ce quo nm et bm sont
des va-  on ce quo le support d'enregistroment est un sup- riables obi n,
est sup6rieure ou egal A zero, a,, a2,  port d'enregistrement magnetique.
c, et c2 sont des nombres sup6rieurs a z6ro et B est un nombre entier
superieur A z6ro, m eat un   20 nombre entlor variable, al esat sup6rieur A
c1 et a2 eat superieur ou 6gal a c2. 2. Systeme de codage sulvant la
revendicatbon 1, caracterise en ce que les moyens d'affectation   25 des
bits sont agencos pour executer les opera- tions sulvantes dans une etape
SO pr6c6dant lea 6tapes SI, pour un bloc de signal k dans une sous-bande: -
affecter une valeurAko A nk;         30 - soustraire la valeur AiM de bk. -
soustralre la valour Ak.q+x de B, et en ce quo Ako etAkI sont des nombres
sup6deurs A zero. 35 3. Systeme de codage sulvant la revendicatlon 2,
caracterise en ce quo les moyens d'affectation de bits sont pr6vus pour
affecter une valeur Indica- trice dans 1'6tape SO A un bloc de signal dans
une ou plusiours des sous-bandes, cette valeur indi-  40 catrice Indlquant
qu'aucun bit ne dolt etre affecte au bloc de signal en questIon. 4. Systeme
de codage suivant la revendlcation 2 ou 3, caractbrise en ce quo Ako eat
egal A a, et Ai,  45 eat egal a a2. 5. Systeme de codage suivant l'une
quelconque des revendications prdcdentes caractdrise en ce que al est 6gal
A a2 et cl est 6gal A c.  so 6. Systbme de codage suivant l'une quelconque
des revendications pr6c6dentes pour lo codage en sous-bandes d'un signal
numerique simple tel qu'un signal mono ou une partle de signal gauche  65
ou droit d'un signal ster6o, caracteidse en ce quo P=M. 14 I   1111111111
III S111    


