a2 United States Patent

Niedermeier et al.

US009799345B2

10) Patent No.: US 9,799,345 B2

(54) APPARATUS AND METHOD FOR
DECODING AN ENCODED AUDIO SIGNAL
WITH LOW COMPUTATIONAL RESOURCES

(71) Applicant: Fraunhofer-Gesellschaft zur

Foerderung der angewandten
Forschung e.V., Munich (DE)

(72) Inventors: Andreas Niedermeier, Munich (DE);

Stephan Wilde, Nuremberg (DE);

Daniel Fischer, Fuerth (DE); Matthias

Hildenbrand, Erlangen (DE); Mare

Gayer, Erlangen (DE); Max

Neuendorf, Nuremberg (DE)

(73) Fraunhofer-Gesellschaft zur

Foerderung der angewandten

Forschung e.V., Munich (DE)

Assignee:

(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35

U.S.C. 154(b) by 0 days.

@
(22)

Appl. No.: 15/177,265

Filed: Jun. 8, 2016

(65) Prior Publication Data

US 2016/0284359 Al Sep. 29, 2016

Related U.S. Application Data

(63) Continuation of application No. PCT/EP2014/

076000, filed on Nov. 28, 2014.

(30) Foreign Application Priority Data

Dec. 9, 2013  (EP) 13196305

(51) Int. CL
GI0L 19/22
GI10L 1920

(2013.01)
(2013.01)

(Continued)

45) Date of Patent: Oct. 24, 2017
(52) US.CL
CPC ... GIOL 19/22 (2013.01); GI0L 19/022

(2013.01); GI0L 19/167 (2013.01); GIOL
1920 (2013.01); GIOL 19/24 (2013.01); GI0L
21/038 (2013.01)
(58) Field of Classification Search
CPC combination set(s) only.
See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

2002/0143527 Al* 10/2002 Gao ... G10L 19/18
704/223
2011/0216918 A1* 9/2011 Nagel ............... G10L 21/038
381/98

(Continued)

FOREIGN PATENT DOCUMENTS

EP
RU

2169670 A2
2011109670 A

3/2010
9/2012

OTHER PUBLICATIONS

Nagel et al.; A continous modulated single sideband bandwidth
extension; 2010 IEEE International Conference on Acoustics,
Speech and signal Processing, Year 2010, pp. 257-360.*

(Continued)

Primary Examiner — Abul Azad

(74) Attorney, Agent, or Firm — Michael A. Glenn;
Perkins Coie LLP

(57) ABSTRACT

An apparatus for decoding an encoded audio signal includ-
ing bandwidth extension control data indicating either a first
harmonic bandwidth extension mode or a second non-
harmonic bandwidth extension mode, includes: an input
interface for receiving the encoded audio signal including
the bandwidth extension control data indicating either the
first harmonic bandwidth extension mode or the second
non-harmonic bandwidth extension mode; a processor for
decoding the audio signal using the second non-harmonic
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bandwidth extension mode; and a controller for controlling
the processor to decode the audio signal using the second
non-harmonic bandwidth extension mode, even when the
bandwidth extension control data indicates the first har-
monic bandwidth extension mode for the encoded signal.
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syntax of sbr_single_channel_element()

No. :
Syntax of bifs Mnemonic

sbr_single channel element(bs_amp res, bs pvc _mode, indepFlag)
{

if (harmoni¢SBR) {

if (sbrPatchingMode[0] = =0}
T { sbrOversamplmgFiag[O]

uimsbf
gimshf
gimshf
uimshf

602—
soa—t—"

if (sbrPitchinBinsHag[0})
shrPitchinBins[0];

[ SO RN

Else
shrPitchinBins{0] = 0;
+else {
shrOversamplingFlag[0] = 0;
shrPitchinBins{0] = 0;
i

]if(ipHBE)sbrPatchingMode[O] =1,
600—//}_>

[br grid(0, bs_pvc_mode);
sbr dtdf(0, bs pve mode, indepFlag);
sbr mvf(())

%br»_envelope\o 0, bsmanm_»_res);
}eise {
_/_< “ pvc_envelope(indepklag);
606 }
sbr_noise(0, 0);

=y

if (bs_add_harmonic_flag[0]) { uimsbf

k shr_sinusoidal coding(0, bs_pvc_mode);
s

}

FIG 6
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syntax of sbr_channel pair_element()

Syntax No. of bits Mnemonic
sbr_channel pair_element(bs_amp _res, indepHag)
{
it {bs_coupling) { 1 uimsbf
if (harmonicSBR) {
if (sbrPatchingMode[0,1] == 0) { 1 timsbf
sbrOversamplingFlag{0,1]; 1 uimsbf
if (sbrPitchinBinsFag|0,1]) 1 uimsbf
sbrPitchinBins{0,1]; 7 uimsbf
else
shrPitchinBins{0,1] = 0;
+else {
sbrOversamplingFlag[0,1] = 0;
sbrPitchinBins[0,11 = 0;
I
/———»{ if(lpHBE)sbrPatchingMode[0,1] = 1;\
700—+— }
sbr gria(0, 0);
sbr_didf(0, 0, indepFlag);
shr_didf(1, 0, indepFiag);
sbr_invi(0);
sbr_envelope(0,1, bs_amp_res);
shr_noise(0,1);
shr_envelope(1,1, bs_amp res),
sbr noise(1,1);
+else {
if (harmonicSBR) {
if (sbrPatchingMode[0] == 0) { 1 timsbf
sbrOversamplingFag|0]; 1 uimsbf
if (sbrPitchinBinsHag[0]) 1 uimsbf
shrPitchinBins|0]; 7 uimsbf
Else
shrPitchinBins[0] = C;
+else {
shrOversamplingFlag[0} = 0;
shrPitchinBins[0] = O;
} i A

v CONTINUED IN HIG 7B
FIG 7A
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702

704—

A
¥

/—>| if IpHBE sbrPatchingMode[0] = 1;]

if (shrPatchingMode[1] == 0) {
sbrOversamplingFlag{1];
if (sbrPitchinBinsFlag{1])
shrPitchinBins[1];
Else
sbrFitchinBins[1] = 0
+else {
sbrOversamplingFlag[i] = 0;
sbriitchinBins{1] = 0;

/‘-—ﬂff(ipHBE)sbrPatchingMode[1] =

t

shr_grid(0, 0);
sbr_grid(1, 0);
sbr_dtdf(0,0, indepFiag);
shr_didf(1,0, indepFlag),

sbr_ invi(0);
sbr invi(1);

shr_envelope(0,0, bs_amp res);
shr_envelope(1,0, bs_amp_res);
sbr_noise(0,0);
sbr_noise(1,0);

h

if (bs_add_harmonic_flag{0]) {
sbr sinusoidal coding(0, 0);
¥
if (bs_add_harmonic_flag[1]) {
sbr_sinusoidal _coding(1, 0);
¥
¥

[ ST TR}

-

anndh

uimsbf
uimsbf
uimsbf
uimsbf

uimshf

uimsbf

FIG 7B
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Calculate harmonic

grid (hg) according to (1) 800

no_—"

" source_band "~~~
~_ even? "

p_mod_x = source_band mod hg
> k_mod_x = dest_band mod hg —~— 810

Shift = p_mod x-k mod x

for(time = start; time < stop, time++){ 814
shiftBuffer(shift)

—




U.S. Patent Oct. 24,2017 Sheet 13 of 15 US 9,799,345 B2

harmonicGrid (hg) harmonic grid according to (1)

source band QMF patch source band

dest _band QMF patch destination band

p_mod x source_band mod hg

k_mod x dest_band mod hg

mod modulo operation

NINT round to nearest integer

sbrRatio SBR rafio, 1. €. —Jéf _g_ or —21—

pitchinBins pitch information transmitted in the bitstream

harmonicGrid = NINT <( 04 SbFPHGTgE?S sbrRatio D

Formula (1)

FIG 8B



U.S. Patent Oct. 24, 2017 Sheet 14 of 15

US 9,799,345 B2

Exiract sbrPitchinBins from the bitstream

—~—820

i

Calculate harmonic grid

822

i

Calculate distance of start
and stop path to harmonic grid

824

i

Shift AMF buffer

FG 8C

N8

febs

: A
se— 0 | 1 E2iE 3

’
e 3
832087 0 | 1 KR25ES38E 4885
5 RIS, = SRl W <2 SRR
SRS SRS

co

<o

ég
{gﬁjg
SR
X .
0008

oo
SRR

S

X

>
frequency

FIG 8D

original buffer

shifted (shift = -2)

shifteg (shift = 2)



US 9,799,345 B2

Sheet 15 of 15

Oct. 24, 2017

U.S. Patent

o 6 9l
pantasald st pub siuowley ay) 716 -
LOITRI0! Yaled UOHUBALL UM ™\ % = S e = xl,coglx
S s . =X pow d
_ _ onelo! yaed P
pub oluoweY 9S8} Yim yoled Qo O @w%_g ! m\,wh@ﬁ £¢ = pueq Jsep
suesul Buiyoied Hgs Aoebe) //v e _ . ¥ = pUeq 90In0S
“0 N ST o m,?,m
016~ _, ¢ =0y
Oi ¢ OX
b3 !
P 506
(° - %) puib owowiey Ugm_:umg\k /\w 1
806 906
UoIRUISeD Ox
b4 yoled Gl ¢t 0
Buiyoied ai0j80 h A\xmom
wnnoads papooap
im\/ © )
921n0S yoed
Egem%m DuB 18podus Ag pajoslap si Y
by %N L2 Gt 6 9 ¢=% 0
wnnosds jeuibuo ﬁw ﬂw AW AW ﬂw 006
0 ~
1

N =X 5 L% pub siuowiry uo saul mm_sa%_.




US 9,799,345 B2

1
APPARATUS AND METHOD FOR
DECODING AN ENCODED AUDIO SIGNAL
WITH LOW COMPUTATIONAL RESOURCES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of copending Interna-
tional Application No. PCT/EP2014/076000, filed Nov. 28,
2014, which claims priority from European Application No.
EP 13196305.0, filed Dec. 9, 2013, which are each incor-
porated herein in its entirety by this reference thereto.

BACKGROUND OF THE INVENTION

The present invention is related to audio processing and in
particular to a concept for decoding an encoded audio signal
using reduced computational resources.

The “Unified speech and audio coding” (USAC) standard
[1], standardizes a harmonic bandwidth extension tool,
HBE, employing a harmonic transposer, and which is an
extension of the spectral band replication (SBR) system,
standardized in [1] and [2], respectively.

SBR synthesizes high frequency content of bandwidth
limited audio signals by using the given low frequency part
together with given side information. The SBR tool is
described in [2], enhanced SBR, eSBR, is described in [1].
The harmonic bandwidth extension HBE which employs
phase vocoders is part of eSBR and has been developed to
avoid the auditory roughness which is often observed in
signals subjected to copy-up patching, as it is carried out in
the regular SBR processing. The main scope of HBE is to
preserve harmonic structures in the synthesized high fre-
quency region of the given audio signal while applying
eSBR.

Whereas an encoder can select the usage of the HBE tool,
a decoder which is conform to [1] shall provide decoding
and applying HBE related data.

Listening tests [3] have shown that using HBE will
improve perceptual audio quality of decoded bitstreams
according to [1].

The HBE tool replaces the simple copy-up patching of the
legacy SBR system by advanced signal processing routines.
These necessitate a considerable amount of processing
power and memory for filter states and delay lines. On the
contrary the complexity of the copy-up patching is negli-
gible.

The observed complexity increase with HBE is not a
problem for personal computer devices. However, chip
manufactures designing decoder chips are demanding rigid
and low complexity constraints regarding computational
workload and memory consumption. Otherwise, HBE pro-
cessing is desired in order to avoid auditory roughness.

USAC-bitstreams are decoded as described in [1]. This
implies necessarily the implementation of a HBE decoder
tool, as described in [1], 7.5.3. The tool can be signaled in
all codec operating points which contain eSBR processing.
For decoder devices which fulfill profile and conformance
criteria of [1] this means that the overall worst case of
computational workload and memory consumption
increases significantly.

The actual increase in computational complexity is imple-
mentation and platform dependent. The increase in memory
consumption per audio channel is, in the current memory
optimized implementation, at least 15 kWords for the actual
HBE processing.

15

40

45

50

2
SUMMARY

According to an embodiment, an apparatus for decoding
an encoded audio signal having bandwidth extension control
data indicating either a first harmonic bandwidth extension
mode or a second non-harmonic bandwidth extension mode
may have: an input interface for receiving the encoded audio
signal having the bandwidth extension control data indicat-
ing either the first harmonic bandwidth extension mode or
the second non-harmonic bandwidth extension mode; a
processor for decoding the audio signal using the second
non-harmonic bandwidth extension mode; and a controller
for controlling the processor to decode the audio signal
using the second non-harmonic bandwidth extension mode,
even when the bandwidth extension control data indicates
the first harmonic bandwidth extension mode for the
encoded signal.

According to an embodiment, a method of decoding an
encoded audio signal having bandwidth extension control
data indicating either a first harmonic bandwidth extension
mode or a second non-harmonic bandwidth extension mode
may have the steps of: receiving the encoded audio signal
having the bandwidth extension control data indicating
either the first harmonic bandwidth extension mode or the
second non-harmonic bandwidth extension mode; decoding
the audio signal using the second non-harmonic bandwidth
extension mode; controlling the decoding of the audio signal
so that the second non-harmonic bandwidth extension mode
is used in the decoding, even when the bandwidth extension
control data indicates the first harmonic bandwidth exten-
sion mode for the encoded signal.

An embodiment may have a non-transitory digital storage
medium having a computer program stored thereon to
perform the method of decoding an encoded audio signal
having bandwidth extension control data indicating either a
first harmonic bandwidth extension mode or a second non-
harmonic bandwidth extension mode, having the steps of:
receiving the encoded audio signal having the bandwidth
extension control data indicating either the first harmonic
bandwidth extension mode or the second non-harmonic
bandwidth extension mode; decoding the audio signal using
the second non-harmonic bandwidth extension mode; and
controlling the decoding of the audio signal so that the
second non-harmonic bandwidth extension mode is used in
the decoding, even when the bandwidth extension control
data indicates the first harmonic bandwidth extension mode
for the encoded signal, when said computer program is run
by a computer.

The present invention is based on the finding that an audio
decoding concept necessitating reduced memory resources
is achieved when an audio signal consisting of portions to be
decoded using an harmonic bandwidth extension mode and
additionally containing portions to be decoded using a
non-harmonic bandwidth extension mode is decoded,
throughout the whole signal, with the non-harmonic band-
width extension mode only. In other words, even when a
signal comprises portions or frames which are signaled to be
decoded using a harmonic bandwidth extension mode, these
portions or frames are nevertheless decoded using the non-
harmonic bandwidth extension mode. To this end, a proces-
sor for decoding the audio signal using the non-harmonic
bandwidth extension mode is provided and additionally a
controller is implemented within the apparatus or a control-
ling step is implemented within a method for decoding for
controlling the processor to decode the audio signal using
the second non-harmonic bandwidth extension mode even
when the bandwidth extension control data included in the
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encoded audio signal indicates the first—i.e. harmonic—
bandwidth extension mode for the audio signal. Thus, the
processor only has to be implemented with corresponding
hardware resources such as memory and processing power
to only cope with the computationally very efficient non-
harmonic bandwidth extension mode. On the other hand, the
audio decoder is nevertheless in the position to accept and
decode an encoded audio signal necessitating a harmonic
bandwidth extension mode with an acceptable quality.
Stated differently, for low computational resource demand-
ing applications, the controller is configured for controlling
the processor to decode the whole audio signal with the
non-harmonic bandwidth extension mode, even though the
encoded audio signal itself necessitates, due to the included
bandwidth extension control data, that at least several por-
tions of this signal are decoded using the harmonic band-
width extension mode. Thus, a good compromise between
computational resources on the one hand and audio quality
on the other hand is obtained, while the full backward
compatibility is maintained to encoded audio signals neces-
sitating both bandwidth extension modes. The present
invention is advantageous due to the fact that it lowers the
computational complexity and memory demand of particu-
larly a USAC decoder. Furthermore, in embodiments, the
predetermined or standardized non-harmonic bandwidth
extension mode is modified using harmonic bandwidth
extension mode data transmitted in the bitstream in order to
reuse bandwidth extension mode data which are basically
not necessary for the non-harmonic bandwidth extension
mode as far as possible in order to even improve the audio
quality of the non-harmonic bandwidth extension mode.
Thus, an alternative decoding scheme is provided in this
embodiment, in order to mitigate the impairment of percep-
tual quality caused by omitting the harmonic bandwidth
extension mode which is typically based on phase-vocoder
processing as discussed in the USAC standard [1].

In an embodiment, the processor has memory and pro-
cessing resources being sufficient for decoding the encoded
audio signal using the second non-harmonic bandwidth
extension mode, wherein the memory or processing
resources are not sufficient for decoding the encoded audio
signal using the first harmonic bandwidth extension mode,
when the encoded audio signal is an encoded stereo or
multichannel audio signal. Contrary thereto the processor
has memory and processing resources being sufficient for
decoding the encoded audio signal using the second non-
harmonic bandwidth extension mode and using the first
harmonic bandwidth extension mode, when the encoded
audio signal is an encoded mono signal, since the resources
for mono decoding are reduced compared to the resources
for stereo or multichannel decoding. Hence, the available
resources depend on the bit-stream configuration, i.e. com-
bination of tools, sampling rate etc. For example it may be
possible that resources are sufficient to decode a mono
bit-stream using harmonic BWE but the processor lacks
resources to decode a stereo bit-stream using harmonic
BWE.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will be detailed
subsequently referring to the appended drawings, in which:

FIG. 1a illustrates an embodiment of an apparatus for
decoding an encoded audio signal using a limited resources
processor;

FIG. 154 illustrates an example of an encoded audio signal
data for both bandwidth extension modes;
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FIG. 1¢ illustrates a table illustrating the USAC standard
decoder and the novel decoder;

FIG. 2 illustrates a flowchart of an embodiment for
implementing the controller of FIG. 1a;

FIG. 3aq illustrates a further structure of an encoded audio
signal having common bandwidth extension payload data
and additional harmonic bandwidth extension data;

FIG. 34 illustrates an implementation of the controller for
modifying the standard non-harmonic bandwidth extension
mode;

FIG. 3¢ illustrates a further implementation of the con-
troller;

FIG. 4 illustrates an implementation of the improved
non-harmonic bandwidth extension mode;

FIG. 5 illustrates an implementation of the processor;

FIG. 6 illustrates a syntax of the decoding procedure for
a single-channel element;

FIGS. 7a and 76 illustrate a syntax of the decoding
procedure for a channel-pair element;

FIG. 8a illustrates a further implementation of the
improvement non-harmonic bandwidth extension mode;

FIG. 85 illustrates a summary of the data indicated in FIG.
8a;

FIG. 8¢ illustrates a further implementation of the
improvement of the non-harmonic bandwidth extension
mode as performed by the controller;

FIG. 8d illustrates a patching buffer and the shifting of the
content of the patching buffer; and

FIG. 9 illustrates an explanation of the modification of the
non-harmonic bandwidth extension mode.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1a illustrates an embodiment of an apparatus for
decoding an encoded audio signal. The encoded audio signal
comprises bandwidth extension control data indicating
either a first harmonic bandwidth extension mode or a
second non-harmonic bandwidth extension mode. The
encoded audio signal is input on a line 101 into an input
interface 100. The input interface is connected via line 108
to a limited resources processor 102. Furthermore, a con-
troller 104 is provided which is at least optionally connected
to the input interface 100 via line 106 and which is addi-
tionally connected to the processor 102 via line 110. The
output of the processor 102 is a decoded audio signal as
indicated at 112. The input interface 100 is configured for
receiving the encoded audio signal comprising the band-
width extension control data indicating either a first har-
monic bandwidth extension mode or a second non-harmonic
bandwidth extension mode for an encoded portion such as a
frame of the encoded audio signal. The processor 102 is
configured for decoding the audio signal using the second
non-harmonic bandwidth extension mode only as indicated
close to line 110 in FIG. 1a. This is made sure by the
controller 104. The controller 104 is configured for control-
ling the processor 102 to decode the audio signal using the
second non-harmonic bandwidth extension mode, even
when the bandwidth extension control data indicate the first
harmonic bandwidth extension mode for the encoded audio
signal.

FIG. 16 illustrates an implementation of the encoded
audio signal within a data stream or a bitstream. The
encoded audio signal comprises a header 114 for the whole
audio item, and the whole audio item is organized into serial
frames such as frame 1 116, frame 2 118 and frame 3 120.
Each frame additionally has an associated header, such as
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header 1 116a for frame 1 and payload data 1165 for frame
1. Furthermore, the second frame 118 again has header data
1184 and payload data 11854. Analogously, the third frame
120 again has a header 120a and a payload data block 1205.
In the USAC standard, the header 114 has a flag “harmon-
icSBR”. If this flag harmonicSBR is zero, then the whole
audio item is decoded using a non-harmonic bandwidth
extension mode as defined in the USAC standard, which in
this context refers back to the High Efficiency—AAC stan-
dard (HE-AAC), which is ISO/IEC 1449-3:2009, audio part.
However, if the harmonicSBR flag has a value of one, then
the harmonic bandwidth extension mode is enabled, but can
then be signaled, for each frame, by an individual flag
sbrPatchingMode which can be zero or one. In this context,
reference is made to FIG. 1¢ indicating the different values
of the two flags. Thus, when the flag harmonicSBR is one
and the flag sbrPatchingMode is zero, then the USAC
standard decoder performs a harmonic bandwidth extension
mode. In this case, which is indicated at 130 in FIG. 1c,
however, the controller 104 of FIG. la is operative to
nevertheless control the processor 102 to perform a non-
harmonic bandwidth extension mode.

FIG. 2 illustrates an implementation of the inventive
procedure. In step 200, the input interface 100 or any other
entity within the apparatus for decoding reads the bandwidth
extension control data from the encoded audio signal, and
this bandwidth extension control data can be one indication
per frame or, if provided, an additional indication per item
as discussed in the context of FIG. 15 with respect to the
USAC standard. In step 202, the processor 102 receives the
bandwidth extension control data and stores the bandwidth
extension control data in a specific control register imple-
mented within the processor 102 of FIG. 1a. Then, in step
204, the controller 104 accesses this processor control
register and, as indicated at 206, overwrites the control
register with a value indicating the non-harmonic bandwidth
extension. This is exemplarily illustrated within the USAC
syntax for the single-channel element at 600 in FIG. 6 or for
the sbr_channel_pair_element indicated at step 700 in FIGS.
7a and 702, 704 in FIG. 7b respectively. In particular, the
“overwriting” as illustrated in block 206 of FIG. 2 can be
implemented by inserting the lines 600, 700, 702, 704 into
the USAC syntax. In particular, the remainder of FIG. 6
corresponds to table 41 of ISO/IEC DIS 23003-3 and FIGS.
7a, 7b correspond to table 42 of ISO/IEC DIS 23003-3. This
international standard is incorporated herewith in its entirety
by reference. In the standard, a detailed definition of all the
parameters/values in FIG. 6 and FIGS. 7a, 7b are a given.

In particular, the additional line in the high level syntax
indicated at 600, 700, 702, 704 indicates that irrespective of
the value sbrPatchingMode as read from the bitstream in
602, the sbrPatchingMode flag is nevertheless set to one, i.e.
signaling, to the further process in the decoder, that a
non-harmonic bandwidth extension mode is to be per-
formed. Importantly, the syntax line 600 is placed subse-
quent to the decoder-side reading in of the specific harmonic
bandwidth extension data consisting of sbrOversamplling-
Flag, sbrPitchInBinsFlag and sbrPitchInBins indicated at
604. Thus, as illustrated in FIG. 6, and analogously in FIG.
7a, the encoded audio signal comprises common bandwidth
extension payload data 606 for both bandwidth extension
modes, ie. the non-harmonic bandwidth extension mode
and the harmonic bandwidth extension mode, and addition-
ally data specific for the harmonic bandwidth extension
mode illustrated at 604. This will be discussed later in the
context of FIG. 3a. The variable “IpHBE” illustrates the
inventive procedure, i.e. the “low power harmonic band-
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width extension” mode which is a non-harmonic bandwidth
extension mode, but with an additional modification which
will be discussed later with respect to “the harmonic band-
width extension”.

As indicated in FIG. la, the processor 102 may be a
limited resources processor. Specifically, the limited
resources processor 102 has processing resources and
memory resources being sufficient for decoding the audio
signal using the second non-harmonic bandwidth extension
mode. However, specifically the memory or the processing
resources are not sufficient for decoding the encoded audio
signal using the first harmonic bandwidth extension mode.
As indicated in FIG. 3a, a frame comprises a header 300, a
common bandwidth extension payload data 302, additional
harmonic bandwidth extension data 304 such as information
on a pitch, a harmonic grid or so, and additionally, encoded
core data 306. The order of the data items can, however, be
different from FIG. 3a. In a different embodiment, the
encoded core data are first. Then, the header 300 having the
sbrPatchingMode flag/bit comes followed by the additional
HBE data 304 and finally the common BW extension data
302.

The additional harmonic bandwidth extension data is, in
the USAC example, as discussed in the context of FIG. 6,
item 604, the sbrPitchInBins information consisting of 7
bits. Specifically, as indicated in the USAC standard, the
data sbrPitchInBins controls the addition of cross-product
terms in the SBR harmonic transposer. sbrPitchInBins is an
integer value in the range between 0 and 127 and represents
the distance measured in frequency bins for a 1536-DFT
acting on the sampling frequency of the core coder. In
particular, it has been found that using the sbrPitchInBins
information, the pitch or harmonic grid can be determined.
This is illustrated in the formula (1) in FIG. 8. In order to
calculate the harmonic grid, the values of sbrPitchInBins
and sbrRatio are calculated where the SBR ratio can be as
indicated in FIG. 85 above.

Naturally, other indications of the harmonic grid, the pitch
or the fundamental tone defining the harmonic grid can be
included in the bitstream. This data is used for controlling
the first harmonic bandwidth extension mode and can, in one
embodiment of the present invention, be discarded so that
the non-harmonic bandwidth extension mode without any
modifications is performed. In other embodiments, however,
the straightforward non-harmonic bandwidth extension
mode is modified using the control data for the harmonic
bandwidth extension mode as illustrated in FIG. 36 and
other figures. In other words, the encoded audio signal
comprises the common bandwidth extension payload data
302 for the first harmonic bandwidth extension and the
second non-harmonic bandwidth extension mode and addi-
tional payload data 304 for the first harmonic bandwidth
extension mode. In this context, the controller 104 illustrated
in FIG. 1 is configured to use the additional payload data for
controlling the processor 102 to modify a patching operation
performed by the processor compared to a patching opera-
tion in the second non-harmonic bandwidth extension mode
without any modification. To this end, it is advantageous that
the processor 102 comprises a patching buffer as illustrated
in FIG. 35, and the specific implementation of the buffer is
exemplarily explained with respect to FIG. 84.

In the further embodiment, the additional payload data
304 for the first harmonic bandwidth extension mode com-
prises information on a harmonic characteristic of the
encoded audio signal, and this harmonic characteristic can
be sbrPitchInBins data, other harmonic grid data, fundamen-
tal tone data or any other data, from which a harmonic grid
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or a fundamental tone or a pitch of the corresponding portion
of the encoded audio signal can be derived. The controller
104 is configured for modifying a patching buffer content of
a patching buffer used by the processor 102 to perform a
patching operation in decoding the encoded audio signal so
that a harmonic characteristic of a patch signal is closer to
the harmonic characteristic than a signal patched without
modifying the patching buffer.

To this end, reference is made to FIG. 9 illustrating, at
900, an original spectrum having spectral lines on a har-
monic grid k-f;, and the harmonic lines extend from 1 to N.
Furthermore, the fundamental tone f, is, in this example,
equal to 3 so that the harmonic grid comprises all multiples
of 3. Furthermore, item 902 indicates a decoded core spec-
trum before patching. In particular, the crossover frequency
x0 is indicated at 16 and a patch source is indicated to extend
from frequency line 4 to frequency line 10. The patch source
start and/or stop frequency may be signaled within the
encoded audio signal typically as data within the common
bandwidth extension payload data 302 of FIG. 3a. Item 904
indicates the same situation as in item 902, but with an
additionally calculated harmonic grid k-f, at 906. Further-
more, a patch destination 908 is indicated. This patch
destination may additionally be included in the common
bandwidth extension payload data 302 of FIG. 3a. Thus, the
patch source indicates the lower frequency of the source
range as indicated at 903 and the patch destination indicates
the lower border of the patch destination. If the typically
non-harmonic patching would be applied as indicated 910,
then it would be seen that there would be a mismatch
between the tonal lines or harmonic lines of the patched data
and the calculated harmonic grid 906. Thus, the legacy SBR
patching or the straightforward USAC or High Efficiency
AAC non-harmonic patching mode inserts a patch with a
false harmonic grid. In order to address this issue, the
modification of this straightforward non-harmonic patch is
performed by the processor. One way to modify is to rotate
the content of the patching buffer or, stated differently, to
move the harmonic lines within the patching band, but
without changing the distance in frequency of the harmonic
lines. Other ways to match the harmonic grid of the patch to
the calculated harmonic grid of the decoded spectrum before
patching are clear for those skilled in the art. In this
embodiment of the present invention, the additional har-
monic bandwidth extension data included in the encoded
audio signal together with the common bandwidth extension
payload data are not simply discarded, but are reused to even
improve the audio quality by moditying the non-harmonic
bandwidth extension mode typically signaled within the
bitstream. Nevertheless, due to the fact that the modified
non-harmonic bandwidth extension mode is still a non-
harmonic bandwidth extension mode relying on a copy-up
operation of a set of adjacent frequency bins into a set of
adjacent frequency bins, this procedure does not result in an
additional amount of memory resources compared to per-
forming the straightforward non-harmonic bandwidth exten-
sion mode but significantly enhances audio quality of the
reconstructed signal due to the matching harmonic grids as
indicating in FIG. 9 at 912.

FIG. 3c illustrates an implementation performed by the
controller 104 of FIG. 35. In a step 310, the controller 104
calculates a harmonic grid from the additional harmonic
bandwidth extension data and to this end, any calculation
can be performed, but in the context of USAC the formula
(1) in FIG. 8b is performed. Furthermore, in step 312, a
patching source band and a patching target band are deter-
mined, i.e. this may comprise basically reading the patch
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source data 903 and the patch destination data 908 from the
common bandwidth extension data. In other embodiments,
however, this data can be predefined and therefore can
already be known to the decoder and does not necessarily
have to be transmitted.

In step 314, the patching source band is modified within
the frequency borders, i.e. the patch borders of the patch
source are not changed compared to the transmitted data.
This can be done either before patching, i.e. when the patch
data is with respect to the core or decoded spectrum before
patching indicated at 902 or when the patch content has
already been transposed into the higher frequency range, i.e.
as illustrated in FIG. 9 at 910 and 912, where the rotation is
performed subsequent to patching, where patching is sym-
bolized by arrow 914.

This patching 914 or “copy-up”, is a non-harmonic patch-
ing which can be seen in FIG. 9 by comparing the broadness
of the patch source comprising six frequency increments,
and the same six frequency increments in the target range,
ie. at 910 or 912.

The modification is performed in such a way that a
frequency portion in the patching source band coinciding
with the harmonic grid is located, after patching, in a target
frequency portion coinciding with the harmonic grid.

Preferably, as illustrated in FIG. 84, the patching buffer
indicated at three different states 828, 830, 832 is provided
within the processor 102. The processor is configured to load
the patching buffer as indicated at 400 in FIG. 4. Then, the
controller is configured to calculate 402 a buffer shift value
using the additional bandwidth extension data and the com-
mon bandwidth extension data. Then, in step 404, the buffer
content is shifted by the calculated buffer shift value. Item
830 indicates when the shift value has been calculated to be
“~2” and item 832 indicates a buffer state in which a shift
value of 2 has been calculated in step 404 and a shift by +2
has been performed in step 404. Then, as illustrated in 406
of FIG. 4, a patching is performed using the shifted patching
buffer content and the patch is nevertheless performed in a
non-harmonic way. Then, in step 408, the patch result is
modified using common bandwidth extension data. Such
additionally used common extension bandwidth data can be,
as known from High Efficiency AAC or from USAC,
spectral envelope data, noise data, data on specific harmonic
lines, inverse filtering data, etc.

To this end, reference is made to FIG. 5 illustrating a more
detailed implementation of the processor 102 of FIG. 1a.
The processor typically comprises a core decoder 500, a
patcher 502 with the patching buffer, a patch modifier 504
and a combiner 506. The core decoder is configured to
decode the encoded audio signal to obtain a decoded spec-
trum before patching as illustrated in 902 in FIG. 9. Then,
the patcher with the patching buffer 502 performs the
operation 914 in FIG. 9. The patcher 502 performs the
modification of the patching buffer either before or after
patching as discussed in the context of FIG. 9. The patch
modifier 504 finally uses additional bandwidth extension
data to modify the patch result as outlined at 408 in FIG. 4.
Then, the combiner 506, which can be, for example, a
frequency domain combiner in the form of a synthesis
filterbank, combines the output of the patch modifier 504
and the output of the core decoder 500, i.e. the low band
signal, in order to finally obtain the bandwidth extended
audio signal as output at line 112 in FIG. 1a.

As already discussed in the context of FIG. 15, the
bandwidth extension control data may comprise a first
control data entity for an audio item, such as harmonicSBR
illustrated in FIG. 15, where this audio item comprises a



US 9,799,345 B2

9

plurality of audio frames 116, 118, 120. The first control data
entity indicates whether the first harmonic bandwidth exten-
sion mode is active or not for the plurality of frames.
Furthermore, a second control data entity is provided cor-
responded to SBR patching mode exemplarily in the USAC
standard which is provided in each of the headers 116a,
118a, 1204 for the individual frames.

The input interface 100 of FIG. 1a is configured to read
the first control data for the audio item and the second
control data entity for each frame of the plurality of frames,
and the controller 104 of FIG. 1a is configured for control-
ling the processor 102 to decode the audio signal using the
second non-harmonic bandwidth extension mode irrespec-
tive of a value of the first control data entity and irrespective
of a value of the second control data entity.

In an embodiment of the present invention, and as illus-
trated by the syntax changes in FIG. 6 and FIGS. 7a, 7b, the
USAC decoder is forced to skip the relatively high complex
harmonic bandwidth extension calculation. Thus, bandwidth
extension or “low power HBE” is engaged, if the flag [pHBE
indicated at 600 and 700, 702, 704 is set to a non-zero value.
The IpHBE flag may be set by a decoder individually,
depending on the available hardware resources. A zero value
means the decoder will act fully standard compliant, i.e. as
instructed by the first and second control data entities of
FIG. 1. However, if the value is one, then the non-harmonic
bandwidth extension mode will be performed by the pro-
cessor even when the harmonic bandwidth extension mode
is signaled.

Thus, the present invention provides a lower computa-
tional complexity and lower memory consumption necessi-
tating processor together with a new decoding procedure.
The bitstream syntax of eSBR as defined in [1] shares a
common base for both HBE [1] and legacy SBR decoding
[2]. In case of HBE, however, additional information is
encoded into the bitstream. The “low complexity HBE”
decoder in an embodiment of the present invention decodes
the USAC encoded data according to [1] and discards all
HBE specific information. Remaining eSBR data is then fed
to and interpreted by the legacy SBR [2] algorithm, i.e. the
data is used to apply copy-up patching [2] instead of
harmonic transposition. The modification of the eSBR
decoding mechanics is, with respect to the syntax changes,
illustrated in FIGS. 6 and 7a, 75. Furthermore, in an embodi-
ment, the specific HBE information such as sbrPitchInBins
information carried by the bitstream is reused.

With legacy USAC encoded bitstream data the
sbrPitchInBins value might be transmitted within a USAC
frame. This value reflects a frequency value which was
determined by an encoder to transmit information describing
the harmonic structure of the current USAC frame. In order
to exploit this value without using the standard HBE func-
tionality, the following inventive method should be applied
step by step:

1. Extract sbrPitchInBins from the bitstream

See Table 44 and Table 45 respectively for information
how to extract the bitstream element sbrPitchInBins
from the USAC bitstream [1].

2. Calculate the harmonic grid according to Formula (1)

. . 64 = sbrPitchinBins« sbrRatio Formula (1)
harmoincGrid = NINT(( ]]

1536

3. Calculate distance of both source patch start sub-band
and destination patch start sub-band to harmonic grid
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The flowchart in FIG. 8a gives a detailed description of
the inventive algorithm how to calculate the distance of start
and stop patch to the harmonic grid

harmonicGrid (hg)
source_band

Harmonic grid according to (1)
QMEF patch source band 903 of FIG. 9

dest_band QMEF patch destination band 908 of FIG. 9
p_mod_x source_band mod hg
k_mod_x dest_band mod hg
mod Modulo operation
NINT Round to nearest integer
sbrRatio SBR ratio. i 13 1
18 € =, = -

ratio, i 5, 2 or 3

pitchInBins Pitch information transmitted in the bitstream

Subsequently, FIG. 8a is discussed in more detail. This
control, i.e. the whole calculation may be performed in the
controller 104 of FIG. 1a. In step 800, the harmonic grid is
calculated according to formula (1) as illustrated in FIG. 85.
Then, it is determined whether the harmonic grid hg is lower
than 2. If this is not the case, then the control proceeds to
step 810. When, however, it is determined that the harmonic
grid is lower than 2, then step 804 determines whether the
source-band value is even. If this is the case, then the
harmonic grid is determined to be 2, but if this is not the
case, then the harmonic grid is determined to be equal to 3.
Then, in step 810, the modulo calculations are performed. In
step 812, it is determined whether both modulo-calculation
differ. If the results are identical, the procedure ends, and if
the results differ, the shift value is calculated as indicated in
block 814 as the difference between both mod-calculation
results. Then, as also illustrated in step 814, the buffer shift
with wraparound is performed. It is worth noting that phase
relations may be considered when applying the shift. The
control stops in block 816.

To summarize, as illustrated in FIG. 8¢, the whole pro-
cedure comprises the step of extracting the sbrPitchInBins
information from the bitstream as indicated at 820. Then, the
controller calculates the harmonic grid as indicated at 822.
Then, in step 824, both the distance of the source start
sub-band and the destination start sub-band to the harmonic
grid is calculated which corresponds, in the embodiment, to
step 810. Finally, as indicated in block 826, the QMF buffer
shift, i.e. the wraparound shift within the QMF domain of
the High Efficiency AAC non-harmonic bandwidth exten-
sion is performed.

In the QMF buffer shift, the harmonic structure of the
signal is reconstructed according to the transmitted
sbrPitchInBins information even though a non-harmonic
bandwidth extension procedure has been performed.

Although some aspects have been described in the context
of an apparatus for encoding or decoding, it is clear that
these aspects also represent a description of the correspond-
ing method, where a block or device corresponds to a
method step or a feature of a method step. Analogously,
aspects described in the context of a method step also
represent a description of a corresponding block or item or
feature of a corresponding apparatus. Some or all of the
method steps may be executed by (or using) a hardware
apparatus, like for example, a microprocessor, a program-
mable computer or an electronic circuit. In some embodi-
ments, some one or more of the most important method steps
may be executed by such an apparatus.

Depending on certain implementation requirements,
embodiments of the invention can be implemented in hard-
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ware or in software. The implementation can be performed
using a non-transitory storage medium such as a digital
storage medium, for example a floppy disc, a Hard Disk
Drive (HDD), a DVD, a Blu-Ray, a CD, a ROM, a PROM,
and EPROM, an EEPROM or a FLASH memory, having
electronically readable control signals stored thereon, which
cooperate (or are capable of cooperating) with a program-
mable computer system such that the respective method is
performed. Therefore, the digital storage medium may be
computer readable.

Some embodiments according to the invention comprise
a data carrier having electronically readable control signals,
which are capable of cooperating with a programmable
computer system, such that one of the methods described
herein is performed.

Generally, embodiments of the present invention can be
implemented as a computer program product with a program
code, the program code being operative for performing one
of the methods when the computer program product runs on
a computer. The program code may, for example, be stored
on a machine readable carrier.

Other embodiments comprise the computer program for
performing one of the methods described herein, stored on
a machine readable carrier.

In other words, an embodiment of the inventive method
is, therefore, a computer program having a program code for
performing one of the methods described herein, when the
computer program runs on a computer.

A further embodiment of the inventive method is, there-
fore, a data carrier (or a digital storage medium, or a
computer-readable medium) comprising, recorded thereon,
the computer program for performing one of the methods
described herein. The data carrier, the digital storage
medium or the recorded medium are typically tangible
and/or non-transitory.

A further embodiment of the invention method is, there-
fore, a data stream or a sequence of signals representing the
computer program for performing one of the methods
described herein. The data stream or the sequence of signals
may, for example, be configured to be transferred via a data
communication connection, for example, via the internet.

A further embodiment comprises a processing means, for
example, a computer or a programmable logic device,
configured to, or adapted to, perform one of the methods
described herein.

A further embodiment comprises a computer having
installed thereon the computer program for performing one
of the methods described herein.

A further embodiment according to the invention com-
prises an apparatus or a system configured to transfer (for
example, electronically or optically) a computer program for
performing one of the methods described herein to a
receiver. The receiver may, for example, be a computer, a
mobile device, a memory device or the like. The apparatus
or system may, for example, comprise a file server for
transferring the computer program to the receiver.

In some embodiments, a programmable logic device (for
example, a field programmable gate array) may be used to
perform some or all of the functionalities of the methods
described herein. In some embodiments, a field program-
mable gate array may cooperate with a microprocessor in
order to perform one of the methods described herein.
Generally, the methods may be performed by any hardware
apparatus.

While this invention has been described in terms of
several advantageous embodiments, there are alterations,
permutations, and equivalents which fall within the scope of
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this invention. It should also be noted that there are many
alternative ways of implementing the methods and compo-
sitions of the present invention. It is therefore intended that
the following appended claims be interpreted as including
all such alterations, permutations, and equivalents as fall
within the true spirit and scope of the present invention.

REFERENCES

[1] ISO/IEC 23003-3:2012: “Unified speech and audio cod-
ing”

[2] ISO/IEC 14496-3:2009: “Audio”

[3] ISO/IEC JTCI/SC29/WG11
“USAC Verification Test Report”

MPEG2011/N12232:

The invention claimed is:

1. An apparatus for decoding an encoded audio signal
comprising bandwidth extension control data indicating
either a first harmonic bandwidth extension mode or a
second non-harmonic bandwidth extension mode, compris-
ing:

an input interface for receiving the encoded audio signal

comprising the bandwidth extension control data indi-
cating either the first harmonic bandwidth extension
mode or the second non-harmonic bandwidth extension
mode;

a processor for decoding the audio signal using the second

non-harmonic bandwidth extension mode; and

a controller for controlling the processor to decode the

audio signal using the second non-harmonic bandwidth
extension mode, even when the bandwidth extension
control data indicates the first harmonic bandwidth
extension mode for the encoded signal,

wherein the encoded audio signal comprises common

bandwidth extension payload data for the first harmonic
bandwidth extension mode and the second non-har-
monic bandwidth extension mode and additional pay-
load data for the first harmonic bandwidth extension
mode only, and

wherein the controller is configured to use the additional

payload data for controlling the processor to modify a
patching operation performed by the processor com-
pared to a patching operation in the second non-
harmonic bandwidth extension mode, wherein the
modified patching operation is a non-harmonic patch-
ing operation,

wherein the processor comprises a patching buffer,

wherein the processor is configured to load the patching

buffer using the common bandwidth extension payload
data,

wherein the controller is configured to calculate a buffer

shift value using the additional bandwidth extension
data indicating a harmonic grid of the encoded audio
signal using a patch source band information and a
patch destination band information,

wherein the controller is configured to cause a buffer shift

operation to the buffer content; and

wherein the processor is configured to generate patched

data using the buffer content shifted by the buffer shift
value.

2. The apparatus of claim 1, wherein the processor com-
prises memory and processing resources being sufficient for
decoding the encoded audio signal using the second non-
harmonic bandwidth extension mode, wherein the memory
or processing resources are not sufficient for decoding the
encoded audio signal using the first harmonic bandwidth
extension mode.
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3. The apparatus of claim 1,

wherein the input interface is configured for reading the
bandwidth extension control data to determine, whether
the encoded audio signal is to be decoded using either
the first harmonic bandwidth extension mode or the
second non-harmonic bandwidth extension mode and
to store the bandwidth extension control data in a
processor control register, and

wherein the controller is configured to access the proces-

sor control register and to overwrite a value in the
processor control register by a value indicating the
second non-harmonic bandwidth extension mode,
when the input interface has stored a value indicating
the first harmonic bandwidth extension mode.

4. The apparatus in accordance with claim 1, wherein the
controller is configured to cause the buffer shift operation
with a wraparound.

5. The apparatus in accordance with claim 1,

wherein the processor comprises:

a core decoder for decoding a core encoded audio signal;

a patcher for patching a source frequency region of the

core encoded audio signal to a target frequency region
using bandwidth extension data from the encoded audio
signal in accordance with the non-harmonic bandwidth
extension mode; and

a patch modifier for modifying a patched signal in the

target frequency region using bandwidth extension data
from the encoded audio signal.

6. The apparatus in accordance with claim 1,

wherein the encoded audio signal is a bitstream as defined

by the USAC standard,

wherein the processor is configured to perform the second

non-harmonic bandwidth extension mode as defined by
the USAC standard, and

wherein the input interface is configured to parse the

bitstream comprising the encoded audio signal in
accordance with the USAC standard.
7. The apparatus in accordance with claim 1,
wherein the processor comprises memory and processing
resources being sufficient for decoding the encoded
audio signal using the second non-harmonic bandwidth
extension mode, wherein the memory or processing
resources are not sufficient for decoding the encoded
audio signal using the first harmonic bandwidth exten-
sion mode, when the encoded audio signal is an
encoded stereo or multichannel audio signal, and

wherein the processor comprises memory and processing
resources being sufficient for decoding the encoded
audio signal using the second non-harmonic bandwidth
extension mode and using the first harmonic bandwidth
extension mode, when the encoded audio signal is an
encoded mono signal.

8. A method of decoding an encoded audio signal com-
prising bandwidth extension control data indicating either a
first harmonic bandwidth extension mode or a second non-
harmonic bandwidth extension mode, comprising:

receiving the encoded audio signal comprising the band-

width extension control data indicating either the first
harmonic bandwidth extension mode or the second
non-harmonic bandwidth extension mode;

decoding the audio signal using the second non-harmonic

bandwidth extension mode; and

controlling the decoding of the audio signal so that the

second non-harmonic bandwidth extension mode is
used in the decoding, even when the bandwidth exten-
sion control data indicates the first harmonic bandwidth
extension mode for the encoded signal,
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wherein the encoded audio signal comprises common
bandwidth extension payload data for the first harmonic
bandwidth extension mode and the second non-har-
monic bandwidth extension mode and additional pay-
load data for the first harmonic bandwidth extension
mode only, and

wherein the controlling comprises using the additional

payload data for controlling the decoding to modify a
patching operation performed by the decoding com-
pared to a patching operation in the second non-
harmonic bandwidth extension mode, wherein the
modified patching operation is a non-harmonic patch-
ing operation,

wherein the decoding comprises using a patching buffer,

wherein the decoding comprises loading the patching

buffer using the common bandwidth extension payload
data,

wherein the controlling comprises calculating a buffer

shift value using the additional bandwidth extension
data indicating a harmonic grid of the encoded audio
signal using a patch source band information and a
patch destination band information,

wherein the controlling comprises causing a buffer shift

operation to the buffer content; and

wherein the decoding comprises generating patched data

using the buffer content shifted by the buffer shift
value.

9. A non-transitory digital storage medium having a
computer program stored thereon to perform the method of
decoding an encoded audio comprising bandwidth extension
control data indicating either a first harmonic bandwidth
extension mode or a second non-harmonic bandwidth exten-
sion mode, comprising:

receiving the encoded audio signal comprising the band-

width extension control data indicating either the first
harmonic bandwidth extension mode or the second
non-harmonic bandwidth extension mode;

decoding the audio signal using the second non-harmonic

bandwidth extension mode; and

controlling the decoding of the audio signal so that the

second non-harmonic bandwidth extension mode is
used in the decoding, even when the bandwidth exten-
sion control data indicates the first harmonic bandwidth
extension mode for the encoded signal,

wherein the encoded audio signal comprises common

bandwidth extension payload data for the first harmonic
bandwidth extension mode and the second non-har-
monic bandwidth extension mode and additional pay-
load data for the first harmonic bandwidth extension
mode only, and

wherein the controlling comprises using the additional

payload data for controlling the decoding to modify a
patching operation performed by the decoding com-
pared to a patching operation in the second non-
harmonic bandwidth extension mode, wherein the
modified patching operation is a non-harmonic patch-
ing operation,

wherein the decoding comprises using a patching buffer,

wherein the decoding comprises loading the patching

buffer using the common bandwidth extension payload
data,

wherein the controlling comprises calculating a buffer

shift value using the additional bandwidth extension
data indicating a harmonic grid of the encoded audio
signal using a patch source band information and a
patch destination band information,
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wherein the controlling comprises causing a buffer shift

operation to the buffer content; and

wherein the decoding comprises generating patched data

using the buffer content shifted by the buffer shift value
when said computer program is run by a computer.

10. An apparatus for decoding an encoded audio signal
comprising bandwidth extension control data indicating
either a first harmonic bandwidth extension mode or a
second non-harmonic bandwidth extension mode, compris-
ing:

an input interface for receiving the encoded audio signal

comprising the bandwidth extension control data indi-
cating either the first harmonic bandwidth extension
mode or the second non-harmonic bandwidth extension
mode;

aprocessor for decoding the audio signal using the second

non-harmonic bandwidth extension mode; and

a controller for controlling the processor to decode the

audio signal using the second non-harmonic bandwidth
extension mode, even when the bandwidth extension
control data indicates the first harmonic bandwidth
extension mode for the encoded signal,

wherein the encoded audio signal comprises common

bandwidth extension payload data for the first harmonic
bandwidth extension mode and the second non-har-
monic bandwidth extension mode and additional pay-
load data for the first harmonic bandwidth extension
mode only, and

wherein the controller is configured to use the additional

payload data for controlling the processor to modify a
patching operation performed by the processor com-
pared to a patching operation in the second non-
harmonic bandwidth extension mode, wherein the
modified patching operation is a non-harmonic patch-
ing operation,

wherein the additional payload data comprises an infor-

mation on a harmonic characteristic of the encoded
audio signal, and

wherein the controller is configured for modifying a

patching buffer content of a patching buffer used by the
processor to perform a patching operation in decoding
the encoded audio signal so that a harmonic character-
istic of a patched signal is closer to the harmonic
characteristic than a harmonic characteristic of a
patched signal without modifying the patching buffer
content.

11. An apparatus for decoding an encoded audio signal
comprising bandwidth extension control data indicating
either a first harmonic bandwidth extension mode or a
second non-harmonic bandwidth extension mode, compris-
ing:

an input interface for receiving the encoded audio signal

comprising the bandwidth extension control data indi-
cating either the first harmonic bandwidth extension
mode or the second non-harmonic bandwidth extension
mode;

aprocessor for decoding the audio signal using the second

non-harmonic bandwidth extension mode; and

a controller for controlling the processor to decode the

audio signal using the second non-harmonic bandwidth
extension mode, even when the bandwidth extension
control data indicates the first harmonic bandwidth
extension mode for the encoded signal,

wherein the encoded audio signal comprises common

bandwidth extension payload data for the first harmonic
bandwidth extension mode and the second non-har-
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monic bandwidth extension mode and additional pay-
load data for the first harmonic bandwidth extension
mode only, and

wherein the controller is configured to use the additional

payload data for controlling the processor to modify a
patching operation performed by the processor com-
pared to a patching operation in the second non-
harmonic bandwidth extension mode, wherein the
modified patching operation is a non-harmonic patch-
ing operation,

wherein the controller is configured:

to calculate a harmonic grid indicating a pitch frequency

from the additional payload data,

to determine a patching source information and a patching

target information for a patching source band compris-
ing frequency borders and a patching target band com-
prising frequency borders; and

to modify the data within the patching source band within

the frequency borders before or after a patching opera-
tion, so that the frequency portion in the patching
source band coinciding with the harmonic grid is
located, after patching, in a target frequency portion
coinciding with the harmonic grid.

12. An apparatus for decoding an encoded audio signal
comprising bandwidth extension control data indicating
either a first harmonic bandwidth extension mode or a
second non-harmonic bandwidth extension mode, compris-
ing:

an input interface for receiving the encoded audio signal

comprising the bandwidth extension control data indi-
cating either the first harmonic bandwidth extension
mode or the second non-harmonic bandwidth extension
mode;

a processor for decoding the audio signal using the second

non-harmonic bandwidth extension mode; and
a controller for controlling the processor to decode the
audio signal using the second non-harmonic bandwidth
extension mode, even when the bandwidth extension
control data indicates the first harmonic bandwidth
extension mode for the encoded signal,
wherein the bandwidth extension control data comprises
a first control data entity for an audio item comprising
a plurality of audio frames, the first control data entity
indicating, whether the first harmonic bandwidth exten-
sion mode is active or not for the plurality of frames, a
second control data entity for each frame of the
encoded audio signal indicating, whether the first har-
monic bandwidth extension mode is active or not for
each individual frame of the encoded audio signal,

wherein the input interface is configured to read the first
control data entity for the audio item and the second
control data entity for each frame of the plurality of
frames, and

wherein the controller is configured for controlling the

processor to decode the audio signal using the second
non-harmonic bandwidth extension mode irrespective
of a value of a first control data entity and irrespective
of a value of the second control data entity.

13. A method of decoding an encoded audio signal
comprising bandwidth extension control data indicating
either a first harmonic bandwidth extension mode or a
second non-harmonic bandwidth extension mode, compris-
ing:

receiving the encoded audio signal comprising the band-

width extension control data indicating either the first
harmonic bandwidth extension mode or the second
non-harmonic bandwidth extension mode;
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decoding the audio signal using the second non-harmonic
bandwidth extension mode; and
controlling the decoding of the audio signal so that the
second non-harmonic bandwidth extension mode is
used in the decoding, even when the bandwidth exten-
sion control data indicates the first harmonic bandwidth
extension mode for the encoded signal,
wherein the encoded audio signal comprises common
bandwidth extension payload data for the first harmonic
bandwidth extension mode and the second non-har-
monic bandwidth extension mode and additional pay-
load data for the first harmonic bandwidth extension
mode only, and
wherein the controlling comprises using the additional
payload data for controlling the decoding to modify a
patching operation performed by the decoding com-
pared to a patching operation in the second non-
harmonic bandwidth extension mode, wherein the
modified patching operation is a non-harmonic patch-
ing operation,
wherein the additional payload data comprises an infor-
mation on a harmonic characteristic of the encoded
audio signal, and
wherein the controlling comprises modifying a patching
buffer content of a patching buffer used by the decoding
to perform a patching operation in decoding the
encoded audio signal so that a harmonic characteristic
of a patched signal is closer to the harmonic charac-
teristic than a harmonic characteristic of a patched
signal without modifying the patching buffer content.
14. A method of decoding an encoded audio signal
comprising bandwidth extension control data indicating
either a first harmonic bandwidth extension mode or a
second non-harmonic bandwidth extension mode, compris-
ing:
receiving the encoded audio signal comprising the band-
width extension control data indicating either the first
harmonic bandwidth extension mode or the second
non-harmonic bandwidth extension mode;
decoding the audio signal using the second non-harmonic
bandwidth extension mode; and
controlling the decoding of the audio signal so that the
second non-harmonic bandwidth extension mode is
used in the decoding, even when the bandwidth exten-
sion control data indicates the first harmonic bandwidth
extension mode for the encoded signal,
wherein the encoded audio signal comprises common
bandwidth extension payload data for the first harmonic
bandwidth extension mode and the second non-har-
monic bandwidth extension mode and additional pay-
load data for the first harmonic bandwidth extension
mode only, and
wherein the controlling comprises using the additional
payload data for controlling the decoding to modify a
patching operation performed by the decoding com-
pared to a patching operation in the second non-
harmonic bandwidth extension mode, wherein the
modified patching operation is a non-harmonic patch-
ing operation,
wherein the controlling comprises:
calculating a harmonic grid indicating a pitch frequency
from the additional payload data,
determining a patching source information and a patching
target information for a patching source band compris-
ing frequency borders and a patching target band com-
prising frequency borders; and
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modifying the data within the patching source band within
the frequency borders before or after a patching opera-
tion, so that the frequency portion in the patching
source band coinciding with the harmonic grid is
located, after patching, in a target frequency portion
coinciding with the harmonic grid.

15. A method of decoding an encoded audio signal
comprising bandwidth extension control data indicating
either a first harmonic bandwidth extension mode or a
second non-harmonic bandwidth extension mode, compris-
ing:

receiving the encoded audio signal comprising the band-

width extension control data indicating either the first
harmonic bandwidth extension mode or the second
non-harmonic bandwidth extension mode;

decoding the audio signal using the second non-harmonic

bandwidth extension mode; and
controlling the decoding of the audio signal so that the
second non-harmonic bandwidth extension mode is
used in the decoding, even when the bandwidth exten-
sion control data indicates the first harmonic bandwidth
extension mode for the encoded signal,
wherein the bandwidth extension control data comprises
a first control data entity for an audio item comprising
a plurality of audio frames, the first control data entity
indicating, whether the first harmonic bandwidth exten-
sion mode is active or not for the plurality of frames, a
second control data entity for each frame of the
encoded audio signal indicating, whether the first har-
monic bandwidth extension mode is active or not for
each individual frame of the encoded audio signal,

wherein the receiving comprises reading the first control
data entity for the audio item and the second control
data entity for each frame of the plurality of frames, and

wherein the controlling comprises controlling the decod-
ing to decode the audio signal using the second non-
harmonic bandwidth extension mode irrespective of a
value of a first control data entity and irrespective of a
value of the second control data entity.

16. A non-transitory digital storage medium having a
computer program stored thereon to perform the method of
decoding an encoded audio comprising bandwidth extension
control data indicating either a first harmonic bandwidth
extension mode or a second non-harmonic bandwidth exten-
sion mode, comprising:

receiving the encoded audio signal comprising the band-

width extension control data indicating either the first
harmonic bandwidth extension mode or the second
non-harmonic bandwidth extension mode;

decoding the audio signal using the second non-harmonic

bandwidth extension mode; and

controlling the decoding of the audio signal so that the

second non-harmonic bandwidth extension mode is
used in the decoding, even when the bandwidth exten-
sion control data indicates the first harmonic bandwidth
extension mode for the encoded signal,

wherein the encoded audio signal comprises common

bandwidth extension payload data for the first harmonic
bandwidth extension mode and the second non-har-
monic bandwidth extension mode and additional pay-
load data for the first harmonic bandwidth extension
mode only, and

wherein the controlling comprises using the additional

payload data for controlling the decoding to modify a
patching operation performed by the decoding com-
pared to a patching operation in the second non-
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harmonic bandwidth extension mode, wherein the
modified patching operation is a non-harmonic patch-
ing operation,

wherein the additional payload data comprises an infor-

mation on a harmonic characteristic of the encoded
audio signal, and

wherein the controlling comprises modifying a patching

buffer content of a patching buffer used by the decoding
to perform a patching operation in decoding the
encoded audio signal so that a harmonic characteristic
of a patched signal is closer to the harmonic charac-
teristic than a harmonic characteristic of a patched
signal without modifying the patching buffer content,
when said computer program is run by a computer.

17. A non-transitory digital storage medium having a
computer program stored thereon to perform the method of
decoding an encoded audio comprising bandwidth extension
control data indicating either a first harmonic bandwidth
extension mode or a second non-harmonic bandwidth exten-
sion mode, comprising:

receiving the encoded audio signal comprising the band-

width extension control data indicating either the first
harmonic bandwidth extension mode or the second
non-harmonic bandwidth extension mode;

decoding the audio signal using the second non-harmonic

bandwidth extension mode; and

controlling the decoding of the audio signal so that the

second non-harmonic bandwidth extension mode is
used in the decoding, even when the bandwidth exten-
sion control data indicates the first harmonic bandwidth
extension mode for the encoded signal,

wherein the encoded audio signal comprises common

bandwidth extension payload data for the first harmonic
bandwidth extension mode and the second non-har-
monic bandwidth extension mode and additional pay-
load data for the first harmonic bandwidth extension
mode only, and

wherein the controlling comprises using the additional

payload data for controlling the decoding to modify a
patching operation performed by the decoding com-
pared to a patching operation in the second non-
harmonic bandwidth extension mode, wherein the
modified patching operation is a non-harmonic patch-
ing operation,

wherein the controlling comprises:

calculating a harmonic grid indicating a pitch frequency

from the additional payload data,
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determining a patching source information and a patching
target information for a patching source band compris-
ing frequency borders and a patching target band com-
prising frequency borders; and

modifying the data within the patching source band within

the frequency borders before or after a patching opera-
tion, so that the frequency portion in the patching
source band coinciding with the harmonic grid is
located, after patching, in a target frequency portion
coinciding with the harmonic grid,

when said computer program is run by a computer.

18. A non-transitory digital storage medium having a
computer program stored thereon to perform the method of
decoding an encoded audio comprising bandwidth extension
control data indicating either a first harmonic bandwidth
extension mode or a second non-harmonic bandwidth exten-
sion mode, comprising:

receiving the encoded audio signal comprising the band-

width extension control data indicating either the first
harmonic bandwidth extension mode or the second
non-harmonic bandwidth extension mode;

decoding the audio signal using the second non-harmonic

bandwidth extension mode; and
controlling the decoding of the audio signal so that the
second non-harmonic bandwidth extension mode is
used in the decoding, even when the bandwidth exten-
sion control data indicates the first harmonic bandwidth
extension mode for the encoded signal,
wherein the bandwidth extension control data comprises
a first control data entity for an audio item comprising
a plurality of audio frames, the first control data entity
indicating, whether the first harmonic bandwidth exten-
sion mode is active or not for the plurality of frames, a
second control data entity for each frame of the
encoded audio signal indicating, whether the first har-
monic bandwidth extension mode is active or not for
each individual frame of the encoded audio signal,

wherein the receiving comprises reading the first control
data entity for the audio item and the second control
data entity for each frame of the plurality of frames, and

wherein the controlling comprises controlling the decod-
ing to decode the audio signal using the second non-
harmonic bandwidth extension mode irrespective of a
value of a first control data entity and irrespective of a
value of the second control data entity,

when said computer program is run by a computer.
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