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ABSTRACT

There are two representations for Higher Order Ambisonics denoted
HOA: spatial domain and coefficient domain. The invention
generates from a coefficient domain representation a mixed
spatial/coefficient domain representation, wherein the number of
said HOA signals can be variable. A vector of coefficient domain
signals 1s separated into a vector of coefficient domain signals
having a constant number of HOA coefficients and a vector of
coefficient domain signals having a variable number of HOA
coefficients. The constant-number HOA coefficients wvector 1is
transformed to a corresponding spatial domain signal wvector. In
order to facilitate high-quality coding, without creating signal
discontinuities the variable-number HOA coefficients vector of
coefficient domain signals 1is adaptively normalised and

multiplexed with the vector of spatial domain signals.
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Method and Apparatus for generating from a coefficient
domain representation of HOA signals a mixed spatial/

coefficient domain representation of said HOA signals

Tachnical field

The invention relates to a method and to an apparatus for
generating from a coefficient domain representation of HOA
signals a mixed spatial/coefficient domain representation of
said HOA signals, wherein the number of the HOA signals can

be variable.

Background

Higher Order Ambisonics denoted HOA is a mathematical de-
scription of a two- or three-dimensional scund field. The
sound field may be captured by a microphone array, designed
from synthetic sound socurces, or it is a combination of
both. HOA can be usad as a transport format for two- or
three-dimensicnal surround sound. In contrast to loudspeak-
er-based surround sound representations, an advantage of HOA
is the reproduction of the sound field on different loud-
speaker arrangements. Therefore, HOA is suited for a univer-
sal audio format.

The spatial resolution of HOA is determined by the HOA or-
der. This order defines the number of HOA signals that are
describing the sound field. There are two representations
for HOA, which are called the spatial domain and the coeffi-
cient domain, respectively. In most cases HOA is originally
represented in the coefficient domain, and such representa-
tion can be ceonverted to the spatial demain by a matrix mul-
tiplication (or transform) as described in EP 2469742 A2.

The spatial domain consists of the same number of signals as
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the coefficient domain. However, in spatial domain each sig-
nal is related to a direction, where the directions are uni-
formly distributed on the unit sphere. This facilitates ana-
lysing of the spatial distribution of the HOA representa-
tion. Coefficient domain representations as well as spatial

domain representations are time domain representations.

Summary of invention

In the following, basically, the aim is to use for PCM
transmission of HOA representations as far as possible the
spatial domain in order to provide an identical dynamic
range for each direction. This means that the PCM samples of
the HOA signals in the spatial domain have to be normalised
to a pre-defined value range. However, a drawback of such
normalisation is that the dynamic range of the HOA signals
in the spatial domain is smaller than in the coefficient do-
main. This is caused by the transform matrix that generates
the spatial domain signal from the coefficient domain sig-
nals.

In some applications HOA signals are transmitted in the co-
efficient domain, for example in the processing described in
EP 13305558.2 in which all signals are transmitted in the
coefficient domain because a constant number of HOA signals
and a variable number of extra HOA signals are to be trans-
mitted. But, as menticned above and shown EP 2469742 A2, a
transmission in the coefficient domain is not beneficial.

As a solution, the constant number of HOA signals can be
transmitted in the spatial domain and only the extra HOA
signals with variable number are transmitted in the coeffi-
clent domain. A transmission of the extra HOA signals in the
spatial domain is not possible since a time-variant number

of HOA signals would result in time-variant coefficient-to-
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spatial domain transform matrices, and discontinuities,
which are suboptimal for a subseguent perceptual coding of

the PCM signals, could occur in all spatial domain signals.

To ensure the transmigssion of these extra HOA signals with-
out exceeding a pre-defined value range, an invertible nor-
malisation processing can be used that is designed to pre-

vent such signal discontinuities, and that also achieves an

efficient transmission of the inversion parameters.

Regarding the dynamic range of the two HOA representations
and normalisation of HOA signals for PCM coding, it is de-
rived in the following whether such normalisation should

take place in coefficient domain or in spatial domain.

In the coefficient time domain, the HOA representation con-
sists of successive frames of N coefficient signals
d,(k),n=0,..,N—1, where k denotes the sample index and n de-
notes the signal index.

These coefficient signals are collected in a vectoxr d(k) =
[do(k), ..., dy_1(K)]" in order to obtain a compact representa-
tion.

Transformation to spatial domain is performed by the NxN

transform matrix

¢mo - wmw—1
W= : ™ i
ww—LO - ¢N—LN-1

as defined in EP 12306569.0, see the definition of Zggp in
connection with equations (21) and (22).

The spatial domain vector w(k) = [wo(k)..wy_1(k)]T is obtained
from w(k) = ¥id(k) , (1)
where W1 is the inverse of matrix W.

The inverse transformation from spatial to coefficient do-

main is performed by d(k) =¥ w(k) . (2)
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If the value range of the samples is defined in one domain,
then the transform matriz Y automatically defines the value
range of the other domain. The term (k) for the k-th sample
is omitted in the following.
Because the HOA representation is actually reproduced in
spatial domain, the value range, the lcudness and the dynam-
ic range are defined in this domain. The dynamic range is
defined by the bit resolution of the PCM coding. In this ap-
plication, 'PCM coding' means a conversion of floating point
representation samples into integer representation samples
in fix-point notation.
For the PCM coding of the HOA representation, the N spatial
domain signals have to be normalised to the value range of
—1<w, <1 so that they can be up-scaled to the maximum PCM
value Wy, and rounded to the fix-point integer PCM notation
wp = [WoWhax] - (3)
Remark: this is a generalised PCM coding representation.
The value range for the samples of the coefficient domain
can be computed by the infinity norm of matrix ¥, which is
defined by [[Wlle = maxy e ltbuml (4)
and the maximum absolute value in the spatial domain wpy,, =1
o ~[PleWnx < dn < |PlloWmax- Since the value of [P, is
greater than 'l' for the used definition of matrix ¥, the
value range of d, increases.
The reverse means that normalisation by |[¥|l. is required for

a PCM‘coding of the signals in the coefficient domain since

—15““/”,4," < 1. However, this normalisation reduces the dy-

namic range of the signals in coefficient domain, which
would result in a lower signal-to-quantisation-npise ratio,
Therefore a PCM coding of the spatial domain signals should

be preferred.
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A problem to be solved by the invention is how to transmit part
of spatial domain desired HOA signals in coefficient domain
using normalisation, without reducing the dynamic range in the
coefficient domain. Further, the normalised signals shall not
contain signal level jumps such that they can be perceptually

coded without jump-caused loss of quality.

In principle, the inventive generating method is suited for
generating from a coefficient domain representation of HOA
signals a mixed spatial/coefficient domain representation of
said HOA signals, wherein the number of said HOA signals can be
variable over time in successive coefficient frames, said
method including the steps:

- separating a vector of HOA coefficient domain signals into
a first vector of coefficient domain signals having a constant
number of HOA coefficients and a second vector of coefficient
domain signals having over time a variable number of HOA
coefficients;

- transforming said first vector of coefficient domain
signals to a corresponding vector of spatial domain signals by
multiplying said vector of coefficient domain signals with the
inverse of a transform matrix;

- PCM encoding said vector of spatial domain signals so as
to get a vector of PCM encoded spatial domain signals;

- normalising said second vector of coefficient domain
signals by a normalisation factor, wherein said normalising is
an adaptive normalisation with respect to a current value range
of the HOA coefficients of said second vector of coefficient
domain signals and in said normalising the available value
range for the HOA coefficients of the vector is not exceeded,

and in which normalisation a uniformly continuous
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transition function is applied to the coefficients of a cur-
rent second vector in arder to continuously change the gain
within that wector from the gain in a previous second vector
to the gain in a following second vector, and which normali-
sation provides side information for a corresponding decod-
er-side de-normalisation;

- PCM encoding sailid vector of normalised coefficient domain
signals so as to get a vector of PCM encoded and normalised
coefficient domain signals;

- multiplexing said vector of PCM encoded spatial domain
signals and said vector of PCM encoded and normalised coef-

ficient domain signals.

In principle the inventive generating apparatus is suited
for generating from a coefficient domain representation of
HOA signals a mixed spatial/coefficient domain representa-
tion of said HOA signals, wherein the number of said HOA
signals can be variable over time in successive coefficient
frameg, said apparatus including:

- means being adapted for separating a vector of HOA coef-
ficient domain signals into a first vector of ceoefficient
domain signals having a constant number of HOA coefficients
and a second vector of coefficient domain signals having
over time a variable number of HOA coefficients;

- means being adapted for transforming said first wvector of
coefficient domain signals to a correspeonding vector of spa-
tial domain signals by multiplying said vector of coeffi-
cient domain signals with the inverse of a transform matrix;
-~ means being adapted for PCM enceoding said vector of spa-
tial domain signals sc as to get a vector of PCM encoded
spatial domain signals;

- means being adapted for normalising said second vector of
coefficient domain signals by a normalisation factor, where-

in said normalising is an adaptive normalisation with re-
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spect to a current value range of the HOA ceoefficients of
said second vector of coefficient domain signals and in said
neormalising the available value range for the HOA coeffi-
cients of the vector is not exceeded, and in which normali-
sation a uniformly continuous transition function is applied
to the coefficients of a current second vector in order to
continuously change the gain within that vector from the
gain in a previous second vector to the gain in a following
second vector, and which normalisation provides side infor-
mation for a corresponding decoder-side de-normalisation;

-~ means being adapted for PCM encoding said vector of nor-
malised coefficient domain signals sc as to get a vector of
PCM encoded and normalised coefficient domain signals:

- means being adapted for multiplexing said vector of PCM
encoded spatial domain signals and said wvector of PCM encod-

ed and normalised coefficient domain signals,

In principle, the inventive deccding method is suited for
decoding a mixed spatial/coefficient domain representation
of coded HOA signals, wherein the number of said HOA signals
can be variable over time in successive coefficient frames
and wherein said mixed spatial/coefficient domain represen-
tation of coded HOA sicnals was generated according to the
above inventive generating method, said decocding including
the steps:

- de-multiplexing said multiplexed wvectors of PCM encoded
spatial domain signals and PCM encoded and normalised coef-
ficient domain signals;

- transforming said vector of PCM enceoded spatial domain
signals to a corresponding vector of coefficient domain sig-
nals by multiplying said vector of PCM encoded spatial do-
main signals with said transform matrix;

- de-normalising said vector of PCM encoded and normalised

coefficient domain signals, wherein said de-normalising in-
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cludes:

-- computing, using a corresponding exponent e,(j—1) of the
side information received and a recursively computed gain
value g,(j—2), a transition vector h,(j—1), wherein the
gain value g,(j—1) for the corresponding processing of a
following vector of the PCM encoded and normalised coef-
ficient domain signals to be processed is kept, j being a
running index of an input matrix of HOA signal vectors;

-- applying the corresponding inverse gain value to a cur-
rent vector of the PCM-coded and normalised signal so as
to get a corresponding vector of the PCM-coded and de-
normalised signal;

-~ combining said vector of coefficient domain signals and

the vector of de-normalised coefficient domain signals so as

to get a combined vector of HOAR coefficient domain signals

that can have a variable number of HOA coefficients.

In principle the inventive decoding apparatus is suited for
decoding a mixed spatial/coefficient domain representation
of coded HOA signals, wherein the number of said HOA signals
can be variable over time in successive coefficient frames
and wherein said mixed spatial/coefficient domain represen-
tation of coded HOA signals was generated according to the
above inventive generating method, said decoding apparatus
including:

- means being adapted for de-multiplexing said multiplexed
vectors of PCM encoded spatial domain signals and PCM encod-
ed and normalised coefficient domain signals;

- means being adapted for transforming said vector of PCM
encoded spatial domain signals to a corresponding vector of
coefficient domain signals by multiplying said vector of PCM
encoded spatial domain signals with said transform matrix;

- means being adapted for de-normalising said vector of PCM

encoded and normalised coefficient domain signals, wherein
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said de-normalising includes:

-- computing, using a corresponding exponent e,(j—1) of the
side information received and a recursively computed gain
value g,(j—2), a transition vector h,(j —1), wherein the gain
value g,(j —1) for the corresponding processing of a
following vector of the PCM encoded and normalised
coefficient domain signals to be processed is kept, j being
a running index of an input matrix of HOA signal vectors;

-— applying the corresponding inverse gain value to a current
vector of the PCM-coded and normalised signal so as to get a
corresponding vector of the PCM-coded and de-normalised
signal;

- means being adapted for combining said vector of

coefficient domain signals and the vector of de-normalised

coefficient domain signals so as to get a combined vector of

HOA coefficient domain signals that can have a variable number

of HOA coefficients.

In accordance with another aspect, a method for decoding a
Higher Order Ambisonics (“HOA”) representation is provided,
said decoding comprising:

— de-multiplexing a multiplexed vector of Pulse Code
Modulation (“PCM”) encoded spatial domain signals and a
vector of PCM encoded and normalized coefficient domain
signals;

— transforming the vector of PCM encoded spatial domain
signals to a corresponding vector of coefficient domain
signals by multiplying the vector of PCM encoded

spatial domain signals with a transform matrix;
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— de-normalizing the vector of PCM encoded and normalized
coefficient domain signals, wherein said de-normalizing
comprises:

o determining a transition vector based on a
corresponding exponent of side information and a
recursively computed gain value, wherein the
corresponding exponent and the gain value are
based on a running index of an input matrix of HOA
signal vectors;

o applyving a corresponding inverse gain value to the
vector of PCM encoded and normalized coefficient
domain signals in order to determine a
corresponding vector of PCM-coded and de-

normalized signals;

— combining the vector of coefficient domain signals and
a vector of de-normalized coefficient domain signals to
determine a combined vector of HOA coefficient domain
signals that can have a variable number of HOA

coefficients.

In accordance with another aspect, an apparatus for decoding a
Higher Order Ambisonics (“HOA”) representation is provided,
said decoding apparatus comprising:

— a processor for de-multiplexing a multiplexed vector of
Pulse Code Modulation (“PCM”) encoded spatial domain
signals and a vector of PCM encoded and normalized

coefficient domain signals;

— wherein the processor is further configured to transform
the vector of PCM encoded spatial domain signals to a

corresponding vector of coefficient domain signals by
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multiplying the vector of PCM encoded spatial domain

signals with a transform matrix;

— wherein the processor is further configured to de-
normalize the vector of PCM encoded and normalized
coefficient domain signals, including:

o wherein the processor is further configured to
determine a transition vector based on a
corresponding exponent of side information and a
recursively computed gain value, wherein the
corresponding exponent and the gain value are based
on a running index of an input matrix of HOA signal
vectors;

o wherein the processor is further configured to apply
a corresponding inverse gain value to the vector of
PCM encoded and normalized coefficient domain signals
in order to determine a corresponding vector of PCM-
coded and de-normalized signals; and

— wherein the processor is further configured to combine the
vector of coefficient domain signals and a vector of de-
normalized coefficient domain signals to determine a
combined vector of HOA coefficient domain signals that can

have a variable number of HOA coefficients.

Brief description of drawings

Exemplary embodiments of the invention are described with

reference to the accompanying drawings, which show in:

Fig. 1 PCM transmission of an original coefficient domain HOA
representation in spatial domain;

Fig. 2 Combined transmission of the HOA representation in
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coefficient and spatial domains;
Fig. 3 Combined transmission of the HOA representation in
coefficient and spatial domains using block-wise

adaptive normalisation for the signals in coefficient

domain;
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Fig. 4 Adaptive normalisation processing for an HOA signal
x,(j) represented in coefficient domain;

Fig. 5 A transition function used for a smooth transition
between two different gain values;

5 Fig. 6 Adaptive de-normalisation processing;

Fig. 7 FFT frequency spectrum of the transition functions
h,() using different exponents &,, wherein the maxi-
mum amplitude of each function is normalised to 0dB;

Fig. 8 Example transition functions for three successive

10 signal vectors.

Description of embodiments

15 Regarding the PCM coding of an HOA representation in the
spatial domain, it is assumed that (in floating point repre-
sentation) —1<w, <1 is fulfilled so that the PCM transmis-
sion of an HOA representation can be performed as shown in
Fig. 1. A converter step or stage 11 at the input of an HOA

20 encoder transforms the coefficient domain signal d of a cur-
rent input signal frame to the spatial domain signal w using
equation (1). The PCM coding step or stage 12 converts the
floating point samples w to the PCM coded integer samples w'
in fix-point notation using equation (3). In multiplexer

25 step or stage 13 the samples W are multiplexed into an HOA
transmission format.

The HOA decoder de-multiplexes the signals w’' from the re-
ceived transmission HOA format in de-multiplexer step or
stage 14, and re-transforms them in step or stage 15 to the

30 coefficient domain signals d' using equation (2). This in-
verse transform increases the dynamic range of d' so that the
transform from spatial domain to coefficient domain always

includes a format conversion from integer (PCM) to fleating
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point.

The standard HOA transmission of Fig. 1 will fail if matrix
W igs time-variant, which is the case if the number or the
index of the HOA signals is time=-variant for successive HOA
coefficient sequences, l.e. successive input signal frames.
As mentioned above, one example for such case is the HOA
compression processing described in EP 13305558.2: a con-
stant number of HOA signals is transmitted continuously and
a variable number of HOA signals with changing signal indi-
ces n is transmitted in parallel. All signals are transmit-
ted in the coefficient domain, which is suboptimal as ex-

plained above.

According to the invention, the processing described in con-
nection with Fig. 1 is extended as shown in Fig. 2.

In step or stage 20, the HOA encoder separates the HOA vec-
tor d into two vectors d; and d,, where the number M of HOA
coefficients for the vector d; is constant and the vector d,
contains a variable number K of HOA coefficients. Because
the signal indices n are time-invaxiant for the vector dy,
the PCM coding is performed in spatial domain in steps ox
stages 21, 22, 23, 24 and 25 with signals corresponding wy
and w; shown in the lower signal path of Fig. 2, correspond-
ing to steps/stages 11 to 15 of FPig. 1. However, multiplexer
step/stage 23 gets an additional input signal dj and de-
multiplexer step/stage 24 in the HOA decoder provides a dif-
ferent output signal dj.

The number of HOA coefficients, or the size, K of the vectox
d, is time-variant and the indices of the transmitted HOA
signals n can change over time. This prevents a transmission
in spatial domain because a time-variant transform matrix

would be required, which would result in signal discontinui-
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ties in all perceptually encoded HOA signals {(a perceptual
coding step or stage is not depicted). But such signal dis-
continuities should be avoided because they would reduce the
quality of the perceptual coding of the transmitted signals.
Thus, d, is to be transmitted in coefficient domain. Due to
the greater value range of the signals in coefficient do-
main, the signals are to be scaled in step or stage 26 by
factor 1/||¥]le before PCM coding can be applied in step or
stage 27. However, a drawback of such scaling is that the
maximum absolute value of ||W]l, is a worst-case estimate,
which maximum absolute sample wvalue will not occur very fre-
gquently because a normally to be expected value range is
smaller. As a result, the available resolution for the PCM
coding is not used efficiently and the signal-to-
quantisation-ncise ratio is low.

The output signal dj of de-multiplexer step/stage 24 is in-
versely scaled in step or stage 28 using factor [Pl . The
resulting signal d)' is combined in step or stage 29 with
signal d;, resulting in decoded coefficient domain HOA sig-

nal d&'.

According to the invention, the efficiency of the PCM coding
in coefficient domain can be increased by using a signal-
adaptive normalisation of the signals. However, such normal-
isation has to be invertible and uniformly continuous from
sample to sample. The required block-wise adaptive pro-
cessing is shown in Fig. 3. The j-th input matrix D(j) =
[d(jL+ 0)--d(jL+ L —1)] comprises L HOA signal vectors d (index
J is not depicted in Fig. 3). Matrix D is separated into the
two matrixes D; and D, like in the processing in Fig. 2. The
processing of D, in steps or stages 31 to 35 corresponds to
the processing in the spatial domain described in connection

with Fig. 2 and Fig. 1, But the coding of the coefficient
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domain signal includes a block-wise adaptive normalisation
step or stage 36 that automatically adapts to the current
value range of the signal, followed by the PCM coding step

or stage 37. The required side informaticn for the de-

normalisation of each PCM coded signal in matrix Dj is

stored and transferred in a vector e. Vector e==[mh."emJT
contains one value per signal. The corresponding adaptive
de-normalisation step or stage 38 of the decoder at receiv-
ing side inverts the normalisation of the signals D7 to Dy’
using information from the transmitted vector e. The result-
ing signal D3’ is combined in step or stage 39 with signal

D), resulting in decoded coefficient domain HOA signal D’.

In the adaptive normalisation in step/stage 36, a uniformly
continuous transition function is applied to the samples of
the current input coefficient block in order to continuously
change the gain from a last input coefficient block to the
gain of the next input coefficient block. This kind of pro-
cessing requires a delay of one block because a change of
the normalisation gain has to be detected one input coeffi-
cient block ahead. The advantage is that the introduced am-
plitude modulation is small, so that a perceptual coding of
the modulated signal has nearly no impact on the de-norma-

lised signal.

Regarding implementation of the adaptive normalisation, it
is performed independently for each HOA signal of D;(j). The

signals are represented by the row vectors x,T of the matrix
x11t(]')
D) = [d;GL+0) = da(iL + L~ D] = [%7() |
0D

wherein n denotes the indices of the transmitted HOA sig-
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nals. x, is transposed because it originally is a column

vector but here a row vector is required.

Fig. 4 depicts this adaptive normalisation in step/stage 36

in more detail. The input values of the processing are:

- the temporally smoothed maximum value Xpmaxsm(—2),

- the gain value g,{(j—2), i.e. the gain that has been ap-
plied to the last coefficient of the corresponding signal
vector block x,{(j—2),

- the signal vector of the current block x,(j),

- the signal vector of the previous block x,(j—1).

When starting the processing of the first block x,(0) the re-

cursive input values are initialised by pre-defined values:

the coefficients of vector x,(—1) can be set to zero, gain
value g,(—2) should be set to 'l', and X,maxsm(—2) should be
set to a pre-defined average amplitude value.

Thereafter, the gain value of the last block g,(j —1), the

corresponding value e,(j—1) of the side information vector

e(j—1), the temporally smoothed maximum value XpmaxsmU —1)

and  the normalised signal vector xp(j—1) are the outputs of

the processing.

The aim of this processing is to continuously change the

gain values applied to signal vector x,(j—1) from g,(j —2) to

gn — 1) such that the gain value g,(j —1) normalises the sig-
nal vector x,(j) to the appropriate value range.

In the first processing step or stage 41, each cdefficient

of signal vector X,(j) = [Xpo(f) wXpi-1(f)] is multiplied by gain

value gn(j—2), wherein g,(j—2) was kept from the signal vec-
tor x,(j —1) normalisation processing as basis for a new nor-
malisation gain., From the resulting normalised signal vector

x,(j) the maximum x,m.c of the absolute values is obtained in

step or stage 42 using equation (5):
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Xnpmax = maxos!<b|9n(j - z)xn.l(j)l (5)
In step or stage 43, a temporal smoothing is applied to Xumax
using a recursive filter receiving a previous value
XnmaxsmJ —2) of said smoothed maximum, and resulting in a
current temporally smoothed maximum Xpmaxsm(/ —1). The purpose
of such smoothing is to attenuate the adaptation of the nor-
malisation gain over time, which reduces the number of gain
changes and therefore the amplitude modulation of the sig-
nal. The temporal smoothing is only applied if the value
Xpmax 15 within a pre-defined value range. Otherwise
Xnmaxsm —1) is set to Xpmax (i.e. the value of Xpmax is kept
as it is) because the subsequent processing has to attenuate
the actual value of X,max to the pre-defined value range.

Therefore, the temporal smoothing is only active when the

‘normalisation gain is constant or when the signal x,(f) can

be amplified without leaving the value range.

Ypmaxsm{ —1) is calculated in step/stage 43 as follows:

X for x =1
, - namax nmax =
xn,max,sm(’ -D= { '

(1-a) Xy maxsm —1) +@Xpmay  Otherwise ' (6)

wherein 0<a<1 is the attenuation constant.

In order to reduce the bit rate for the transmission of vec-
tor e, the normalisation gain is computed from the current
temporally smoothed maximum value Xpmaxsm{—1) and is trans-
mitted as an exponent to the base of '2'. Thus

Xnmaxsm( —1) 207D <1 (7)
has to be fulfilled and the guantised exponent e,(j—1) is ob-

(8)

tained from en03—1)==b0g2£;;;izﬁqd
in step or stage 44,

In periods, where the signal is re-amplified (i.e. the value
of the total gain is increased over time) in order to ex-

ploit the available resolution for efficient PCM coding, the
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exponent e,(j) can be limited, (and thus the gain difference
between successive blocks,) to a small mazximum value, e.g.
'1'. This operation has two advantageous effects. On one
hand, small gain differences between successive blocks lead
to only small amplitude modulations through the transition
function, resulting in reduced cross-talk between adjacent
sub-bands of the FFT spectrum (see the related description
of the impact of the transition function on perceptual cod-
ing in connection with Fig, 7). On the other hand, the bit
rate for coding the exponent is reduced by constraining its
value range.
The value of the total maximum amplification

9 — 1) = ga(f — 2)250~1 (9)
can be limited e.g. to '1l'. The reason is that, if one of
the coefficient signals exhibits a great amplitude change
between two successive blocks, of which the first one has
very small amplitudes and the second one has the highest
possible amplitude (assuming the ncrmalisation of the HOA
representation in the spatial domain), wvery large gain dif-
ferences between these two blocks will lead to large ampli-
tude modulations through the transition function, resulting
in severe cross-talk between adjacent sub-bands of the FFT
spectrum. This might be suboptimal for a subseguent percep-

tual coding a discussed below.

In step or stage 45, the exponent value e,(j—1) is applied to
a transition function so as to get a current gain value
gn(j—1). For a continucus transition from gain value g,(j —2)
to gain value g,(j —1) the function depicted in Fig. 5 is

used. The computational rule for that function is

f(z)—025cos( )+075 , (10)

(-1

where [ =0,1,2,..,L—1. The actual transition function vector

hG = 1) = [ (0) o By (L= DT with  ha(D) = go( —2) F(DU~D (11)
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is used for the continuous fade from g,(f—2) to g,(j—1). For
each value of ey,(j—1) the value of hy(0) is equal to g,(j—2)
since f(0)=1. The last value of f(L—1) is equal to 0.5, so
that h,(L—1) = g,(G—2)0.57U-1) will result in the required am-
plification gn(j —1) for the normalisation of x,(j) from equa-

tion (9).

In step or stage 46, the samples of the signal vector
x,(j—1) are weighted by the gain values of the transition
vector h,(j—1) in order to obtain

(- 1) =x.( - DOk - 1) , (12)
where the '®' operator represents a vector element-wise mul-
tiplication of two vectors. This multiplication can also be
considered as representing an amplitude modulation of the

signal x,(j—1).

In more detail, the ccoefficients of the transition vector
h,(j—1) =[A,(0) .. (L —1)]T are multiplied by the corresponding
coefficients of the signal vector x,(j—1), where the value
of h,(0) is h,(0) =g,(j —2) and the value of h,(L—1) is
hp(L—1)=g,(j—1). Therefore the transition function continu-
ously fades from the gain value g,(j —2) to the gain value
g.(j—1) as depicted in the example of Fig. 8, which shows
gain values from the transition functions h,(j),h,(j—1) and
h,(j—2) that are applied to the corresponding signal vectors
2, (D,xn(—1) and x,(j —2) for three successive blocks. The ad-
vantage with respect to a downstream perceptual encoding is

that at the block borders the applied gains are continucus:
The transition function h,(f—1) continuously fades the gains

for the coefficients of x,(j —1) from g,(j—2) to g,(j—1).

The adaptive de~normalisation processing at decoder or re-
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ceiver side is shown in Fig. 6. Input wvalues are the PCM-
coded and normalised signal x,(j —1), the appropriate expo-
nent e,(j—1), and the gain value of the last block g,(j—2).
The gain value of the last block gp{(/ —2) is computed recur-
sively, where g,(j —2) has to be initialised by a pre-defined
value that has also been used in the encoder. The outputs
are the gain value g,(j—1) from step/stage 61 and the de-

e

normalised signal x/'(j—1) from step/stage 62.

In step or stage 61 the exponent is applied to the transi-
tion function. To recover the value range of x,(j—1), equa-
tion (l1) computes the transition vecter h,(j—1) from the
received exponent e,(j—1), and the recursively computed gain
gn(j—2). The gain g,(j —1) for the processing of the next
block is set equal to h,(L-—1).

In step or stage 62 the inverse gain is applied. The applied

amplitude modulation of the normalisation processing is in-
verted by x'(G—1) =x4( - DQh, (-1 , (13)

where h,(j—1)"1= and '®' is the vector element-

s - )
hn(0) " hp(L-1)
wise multiplication that has been used at encoder or trans-
mitter side. The samples of x,(j —1) cannot be represented by
the input PCM format of xn(j—1) so that the de-normalisation
requires a conversion to a format of a greater value range,

like for example the floating point format.

Regarding side information transmission, for the transmis-
sion of the exponents e,(j—1) it cannot be assumed that their
probability is uniform because the applied normalisation
gain would be constant for consecutive blocks of the same
value range. Thus entropy coding, like for example Huffman
coding, can be applied to the exponent values in ordexr to
reduce the required data rate.

One drawback of the described processing could be the recur-
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sive computation of the gain wvalue g,(j—2). Consequently,
the de-normalisation processing can only start from the be-
ginning of the HOA stream.

A solution for this problem is to add access units into the
HOA format in order to provide the information for computing
gn(j —2) regularly. In this case the access unit has to pro-
vide the exponents e;gecess = 108289, —2) (14)
for every t-th block so that g,(j— 2) = 2%raccess can be computed

and the de-normalisation can start at every t-th block.

The impact on a perceptual coding of the ncormalised signal

x,(j—1) is analysed by the absolute value of the frequency

response Hy() = Sied hn() e o5 (15)

of the function h,{{). The frequency response is defined by
the Fast Fourier Transform (FFT) of h,(I) as shown in equa-
tion (15).

Fig. 7 shows the normalised {(to (0dB) magnitude FFT spectrum
H,(u) in order to clarify the spectral distortion introduced
by the amplitude modulation. The decay of |H,(u)| is relative-
ly steep for small exponents and gets flat for greater expo-
nents.,

Since the amplitude modulation of x,(j—1) by hy(]) in time
domain is equivalent teo a convolution by H,(u) in frequency
domain, a steep decay of the frequency response H,(u) reduces
the cross-talk between adjacent sub-bands of the FFT spec-
trum of xp(j—1). This is highly relevant for a subsequent
perceptual coding of ap(j—1) because the sub-band cross~talk
has an influence on the estimated perceptual characteristics
of the signal. Thus, for a steep decay of H,(u), the percep-
tual encoding assumptions for xh(j—1) are also valid for the
un-normalised signal x,(—1).

This shows that for small exponents a percepiual coding of
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x,(j —1) is nearly equivalent to the perceptual coding of
xn(j—1) and that a perceptual coding of the normalised sig-
nal has nearly no effects on the de-normalised signal as

long as the magnitude of the exponent is small.

The inventive processing can be carried out by a single pro-
cessor or electronic circuit at transmitting side and at re-
ceiving side, or by several processors or electronic cir-
cuits operating in parallel and/or cperating on different

10 parts of the inventive processing.
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CLAIMS:

1. A method for decoding a Higher Order Ambisonics (“HOA”)

representation, said decoding comprising:

— de-multiplexing a multiplexed vector of Pulse Code
Modulation (“PCM”) encoded spatial domain signals and a
vector of PCM encoded and normalized coefficient domain
signals;

—~ transforming the vector of PCM encoded spatial domain
signals to a corresponding vector of coefficient domain
signals by multiplying the vector of PCM encoded

spatial domain signals with a transform matrix;

— de-normalizing the vector of PCM encoded and normalized
coefficient domain signals, wherein said de-normalizing
comprises:

o determining a transition vector based on a
corresponding exponent of side information and a
recursively computed gain value, wherein the
corresponding exponent and the gain value are
based on a running index of an input matrix of HOA
signal vectors;

o applying a corresponding inverse gain value to the
vector of PCM encoded and normalized coefficient
domain signals in order to determine a
corresponding vector of PCM-coded and de-

normalized signals;

— combining the vector of coefficient domain signals and
a vector of de-normalized coefficient domain signals to

determine a combined wvector of HOA coefficient domain
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signals that can have a variable number of HOA

coefficients.

2. An apparatus for decoding a Higher Order Ambisonics (“HOA")

representation, said decoding apparatus comprising:

a processor for de-multiplexing a multiplexed vector of
Pulse Code Modulation (“PCM”) encoded spatial domain
signals and a vector of PCM encoded and normalized
coefficient domain signals;

wherein the processor is further configured to
transform the vector of PCM encoded spatial domain
signals to a corresponding vector of coefficient domain
signals by multiplying the vector of PCM encoded
spatial domain signals with a transform matrix;

wherein the processor is further configured to de-
normalize the vector of PCM encoded and normalized
coefficient domain signals, including:

o wherein the processor is further configured to
determine a transition vector based on a
corresponding exponent of side information and a
recursively computed gain value, wherein the
corresponding exponent and the gain value are
based on a running index of an input matrix of HOA
signal vectors;

o wherein the processor is further configured to
apply a corresponding inverse gain value to the
vector of PCM encoded and normalized coefficient
domain signals in order to determine a
corresponding vector of PCM-coded and de-

normalized signals; and
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— wherein the processor is further configured to combine
the vector of coefficient domain signals and a vector
of de-normalized coefficient domain signals to
determine a combined vector of HOA coefficient domain
signals that can have a variable number of HOA

coefficients.
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