Apparatus and Method for Generating a Synthesis Audio Signal and for

Encodi ng an Audi o Signal Description The present invention relates to audio
si gnal prwoessingsssand in particular, to an apparatus apdtaproEbhsdsf or
generating a synthesis audio signal, an apparatus and a nethod for encodi ng
an audi o signal and an encoded audi o signal. Storage or transm ssion of
audio signals is often subject to strict bit rate constraints. These
constraints are usually overcone by an internedi ate codi ng of the signal.
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Lutzky, “Enhancing mp3 with SBR: Features and Capabilities of the new mp3PRO
Algorithm,” in 1 12™ AES Convention, Munich, May 2002; International Standard ISO/IEC
14496-3:2001/FPDAM 1, “Bandwidth Extension,” ISO/IEC, 2002. Speech bandwidth
extension method and apparatus Vasu Iyengar et al. US Patent 5,455,888; E. Larsen, R. M.

25  Aarts, and M. Danessis. Efficient high-frequency bandwidth extension of music and
speech. In AES 112™ Convention, Munich, Germany, May 2002; R.M. Aarts, E. Larsen,
and O. Ouweltjes. A unified approach to low-and high frequency bandwidth extension. In
AES 115™ Convention, New York, USA, October 2003; K. Kéyhko. A Robust Wideband
Enhancement for Narrowband Speech Signal. Research Report, Helsinki University of

30  Technology, Laboratory of Acoustics and Audio Signal Processing, 2001; E. Larsen and
R.M. Aarts. Audio Bandwidth Extension — Application to psychoacoustics, Signal
Processing and Loudspeaker Design. John Wiley & Sons, Ltd, 2004; E. Larsen, R.M.
Aarts, and M. Danessis. Efficient high-frequency bandwidth extension of music and
speech. In AES 112% Convention, Munich, Germany, May 2002; J. Makhoul. Spectral

35 Analysis of Speech by Linear Prediction. IEEE Transactions of Audio and
Electroacoustics, AU-21(3), June 1973; United States Patent Application 08/951,029,
Ohmori, et al. Audio band width extending system and method; United States Patent
6895375, Malah, D & Cox, R.V.: System for bandwidth extension of Narrow-band speech,
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In SBR, as standardized in HE-AAC, all operations, which include the patching by means
of simply copying, are always carried out inside the QMF-domain. However, other
different patching methods can be carried out in different domains such as the FFT domain

25  or the time domain. One might imagine to enabling SBR to alternatively choose a patching
algorithm which operates either in the FFT domain or in the time domain, and needs an
additional transformation for feeding the QMF analysis step.

In plain SBR, only one patching algorithm is available that takes into account neither needs
30  of special hard-or software nor signal characteristics. Hence, SBR is not able to adapt the
patching algorithm. One might imagine to simply choose between two distinct patching
algorithms. Since the two patching methods work in different domains, the transition areas
are prone to produce blocking artifacts, which makes fine-grain switching between both
methods practically impossible.
35
WO 98/57436 discloses transposition methods used in spectral band replication, which are
combined with spectral envelope adjustment.
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13, an encoded audi o signal according to claim14 or a conputer program
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encoded audio signal according to claim 14 or a computer program according to claim 15.
25
The present invention is based on the basic idea that the just-mentioned improved quality
and/or efficient implementation may be achieved when a time portion of an audio signal is
converted into a spectral representation before performing a plurality of different spectral
domain patching algorithms, wherein each patching algorithm generates a modified
30  spectral representation comprising spectral components in an upper frequency band
derived from corresponding spectral components in a core frequency band of the audio
signal, and selecting a first spectral domain patching algorithm from the plurality of
patching algorithms for a first time portion and a second spectral domain patching
algorithm from the plurality of patching algorithms for a second different time portion in
35  accordance with a patching control signal to obtain the modified spectral representation.
By this measure, a reduced quality and/or flexibility due to a switching between two
patching algorithms in different domains may be prevented and therefore the processing
may be less complex while maintaining the perceptual quality.
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audio signal comprises a core encoder, a parameter extractor and a parameter calculator.

The audio signal comprises a core frequency band and an upper frequency band. The core

25  encoder is configured for encoding the audio signal within the core frequency band. The
parameter extractor is configured for extracting a patching control signal from the audio
signal, the patching control signal indicating a selected patching algorithm from a plurality
of different spectral domain patching algorithm, the selected patching algorithm to be
performed in a spectral domain for generating a synthesis audio signal in a bandwidth

30 extension decoder. The parameter calculator is configured for calculating the spectral band
replication parameter from the upper frequency band.

According to another embodiment, an encoded audio signal data stream comprises and
encoded audio signal encoded within a core frequency band, a patching control signal, the
35 patching control signal indicating a selected patching algorithm from a plurality of
different spectral domain patching algorithms, the selected patching algorithm to be

performed in the spectral domain for generating a synthesis audio signal in a bandwidth
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anal ysi s)time/frequency transformer for transforming a time domain signal derived from the

modified spectral representation into the spectral domain. Therefore, embodiments allow
that the high frequency reconstruction manipulator may be operative on the modified
spectral representation directly without requiring a further transform (e.g. a QMF analysis)
25 from the time domain to the spectral domain such as in case of a combined

patching/further processing approach being operative in different domains.

Further embodiments of the present invention relate to a parameter extractor which is
configured for determining from the plurality of different spectral domain patching
30  algorithms a selected patching algorithm. Here, the selected patching algorithm is based on
a comparison of the audio signal or a signal derived from the audio signal with a plurality
of bandwidth extended signals having been obtained by performing the plurality of
patching algorithms in the spectral domain and manipulating a modified spectral
representation of a time portion of the audio signal. Therefore, embodiments provide a
35 method of selecting the optimal patching algorithm for generating a synthesis audio signal

in a bandwidth extension decoder.



fromthe tinme domain to the spectral domain such as in case of a conbi ned
pat chi ng/ further processing approach bebng operative in different domains.
Furt her ewbadiomapgss of the present invention relate to aCpaPan®iesd34
extractor which is configured for determining fromthe plurality of
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signal; Fig. 1lb shows a bl ock diagram of an inplenentation of a spectral
domai n pdiighlagener ashows afblgikgdiagram ¢ an erBhodimemsofaarbampakatali fog iganerafinga

further enbodi ment s%th@ﬂs M@E@h&%sﬁ%a&?&ﬁﬁﬁdn%l ?igﬁé’l,nt hesi s audi o signal;

20

Fig. 1b shows a block diagram of an implementation of a spectral domain patch

generator of Fig. la;

Fig. 2a shows a block diagram of a further embodiment of an apparatus for
25 generating a synthesis audio signal;

Fig. 2b shows a schematic illustration of a bandwidth extension scheme;

Fig. 3 shows a schematic illustration of an exemplary first patching algorithm;
30

Fig. 4 shows a schematic illustration of an exemplary second patching algorithm;

Fig. 5 shows a schematic illustration of an exemplary third patching algorithm;
35 Fig. 6 shows a schematic illustration of an exemplary fourth patching algorithm;

Fig. 7 shows a block diagram of an embodiment of Fig. 1a without a

time/frequency transformer placed after the spectral domain patch generator;



Fig. 2b shows a schematic illustration of a bandw dth extension schene;

Fig. 3 shows a schematic illustration of an exenplary first patching

al gorit hmyvoRogy11d84shows a schematic illustration of an exemphaoywssecond
patching algorithm Fig. 5 shows a schematic illustration of an exenplary
third patching algorithm Fig. 6 shows a schematic illustration of an
exenpl ary fourth patching algorithm Fig. 7 shows a bl ock di agram of an
enbodi ment of Fig. la without a tine/frequency transformer placed after the

spectral ggngi n patgiwg e Rigriin®dr af RSt BF PEK 1843820 Qfd @Rverter
enbodi nent "of Fig. r,dffa with a second converter (fredquency/tinme converter);

Fig. 9 shows a bl odkeareisy Aot %hodi ment of an apparatus for encodi ng
an audio signal; Fig. 10 shows a bl ock diagram of a further enbodi ment of

an appar at.us, for engcadi ng.an audi o sikgnal; and Fig. 11 sho an ov.ervi ew of
o onBoa Fine ' o °H8Hac8d; i45ief, B8N RoboBRital b pPBA Tor Re§iRk thohove
a bl ock di agram of aadieagigealat us 100 for generating a synthesis audio signal

145 using a patching control signal 119 according to an enbodi ment of the
present invention. The apparatus 100 conprises a first converter 110, a
spectral K8nHi n patsélﬁwgéﬁ’i‘?céft%@gﬁfz@,f ajunkheyenybodigerah ofan amsrsesiget i on

mani pul ator 130 andmo&iaphh Bedio bibdal; 2@ first converter 110 is configured
for cognverting a tine portion of an audio signal 105 into a spectral
representation 115. The spectral domain patch generator 120 is configured
for perfodfig hig a plshvakiahpvddiewlofdn anbddementtfospsdiemalof gawhing ipat chi ng

al gorithns, wherei Ne& %Hc}p&;tlﬁﬁhng al gorithm generates a nodified spectral
representation 125 coqa#lprl si ng Spectral conponents in an upper frequency

band derived from corresponding spectral components in a core frequency
b, o PTI98 i O R fr Ly SRSty o
al gorlidt hnd4P1 wsipg f3 patching gantiodsigngl 119 -apcedingate BN rignladisentt piiher Bresepts i r st
time portinoentibd/ The aRtBEPIN orfiPeset akirsd QBB dHeP All 0N b Nghe @) AoniahMpdkii - 3
fromthe Iur?lrlt 117-1_of atcrél n aﬁ orithu fo3 a econdbidif{ rent tine
por 11 on 1P 2008 Gl iieReRrY FrepRerSAPR manp Rk 139 2 g pelmb o 40, T8 o
t he nodi ffistdcayener HIO is epufesred fricomvelt2dg a fitve portgin dfrapcpudivcsignab ¢ OM &tto act i on
mani pul at éf)rect}glorebr%s&ﬁﬁwngPffdrﬂeogpcmi Mzﬁhiﬂ&%ht Qeeﬁerator 120 is configured for
20  performing a plurality 117-1 of different spectral domain patching algorithms, wherein
each patching algorithm generates a modified spectral representation 125 comprising
spectral components in an upper frequency band derived from corresponding spectral
components in a core frequency band of the audio signal 105. As shown in Fig. 1b the
spectral domain patch generator 120 may be configured to select a first spectral domain
25  patching algorithm 117-2 from the plurality 117-1 of patching algorithms for a first time
portion 107-1 and a second spectral domain patching algorithm 117-3 from the plurality
117-1 of patching algorithms for a second different time portion 107-2 in accordance with
the patching control signal 119 to obtain the modified spectral representation 125.

30 The high frequency reconstruction manipulator 130 is configured for manipulating the
modified spectral representation 125 or a signal derived from the modified spectral
representation 125 in accordance with a spectral band replication parameter 127 to obtain a
bandwidth extended signal 135. The signal derived from the modified spectral
representation 125 may, for example, be a signal in a QMF domain having been obtained

35 after applying a QMF analysis to a modified time domain signal being based on the
modified spectral representation 125. The combiner 140 is configured for combining the
audio signal 105 having spectral components in the core frequency band or a signal derived
from the audio signal 105 with the bandwidth extended signal 135 to obtain the synthesis



nodi fied spectral representation 125 or a signal derived fromthe nodified
spectral representation 125 in accordan8e with a spectral band replication
par amet erwd2é10asabt ai n a bandw dt h ext ended signal 135pcThe2siogeabs deri ved
fromthe nodified spectral representation 125 may, for exanple, be a signal
in a QW domai n having been obtained after applying a QW analysis to a
modi fied tinme domain signal being based on the nodified spectral

r epr esent @diosignat g 45 Herecthasignal detived froncibaridjasisnak KIS manfomixagplhade audi o

signal 10fchaed Nev TRRYGEAF siﬁﬂﬂﬂ?ﬁ‘?ﬂ%‘ Bed) obfafe8 UfRr [dcBEUBAGYH BRBAeP budio.
signal deriv %%o%t e audio Sllba%ga 105 with the bandw dth extended signal

135 to ob& FPFr ST B i gnal 145. Here, the signal derived from
the audi o signal 105 nay, for exanple, be a decoded | ow frequency signal

havi ng be I fter cQdi.n n_encoded audi i | within the core
Fr equency bsAnbe 3R dn i da, BESBRRAR AN FRRIEn BB O et L
gener at orimpggnesfted tpebepseatiat isa $P@trakddmaih endneted attiondxdomgier ati ve in a
spectral domain and not in a time donmain. Fig. 2a shows a bl ock di agram of
a further_enbodi nent of an apparatus 200 for generating the synthesis audio
si gnal 1452 Heshowsinlogodiseiaheica Brthenembodiment ofsanppaigius20§ fopgenergingh ar e

the sane s syfthbdle aa@RAsiAAISI 45001ead, the Gompdnerdd 6f @ Ezqs 8N domQF [§HoYY) or
e enbodi nent a he spectral domain

descr.i bed in. In th S own.in Fig. 2a,
ot orone R e 13D sPE af an g, AprareS 208 S oFiloi G Eaied Ang GIoF GROH T ot
| east twodederifedr egein.se dier ambddimeint apashotvinniy Blgy@aj ttherspdotramdanmairoppicR03  of

pat chi ng gl it oyt l. i e 0 203, of, patchin

al gorit hnge ng%%r%@gf gh % gfpéf’?aq%g?g ilsng&aaﬁ%gerx} }(ﬂn‘? %ﬁ%ﬁn%% lePftsﬁogﬁgfeﬁ%F noni ¢
t r ansposi speetral bdeeain qratching algodthyhm Srony ecgrdup 203 dofh patchiag nadgirchme pyi thg- up
SBR functd I 4,85 e i i 055 (=Ml .
har noni ¢ %p?g%p%grﬁfl?b?}%agﬁgo%@a%ﬁ flg%l ,O%%(ggg?n\%o%gfferr Qé’fgj ttﬁ%tr gatg}zlil{l %hi ng
al gorlidt hralgeyghm 2050k eoraprging a haraemie HARSPEFH)R hased pnsprogle pheseomsardariaad and
a fourth patikdindgicalcgpfihgif 8BR- FusivhslittdsN G defd- lphitBidy digdtigrh i 2052 AS

h in Fiqgq..2b h t .20 b t f .
bandwi i 1R HHATER RREPOTHER Darrdarut Arodne ae chien & 19 Befliee ses
t he upperalgorgue?@ys3 samprizdg trawhangoaicneopymgmf SBRuBmcioRlfieohndt foedst
four ti tgﬂg}?g %EMR t%v%S_j' E&Hgﬁqﬁ\ﬁ/%fi%é'ﬁ D8 %ghe frequency band 210. In

t he cont ext e typic ue of the crossover frequency 215
defi #dd as the hi ghest frequency of the core frequency band 210 may, for

exanpl e, ke shéwa ih age2beieWpakiiizs 260 itdy B abaptdd forCRAsRAMENE! Bandivitih
raxt mum extension such that the bandwidth extended signal 135 comprises the upper frequency band
220 having a maximum frequency 225 of at least four times the crossover frequency 215 in

the core frequency band 210. In the context of SBR, the typical value of the crossover

25  frequency 215 defined as the highest frequency of the core frequency band 210 may, for
example, be in a range below 4 kHz, 5 kHz or 6 kHz. Consequently, the maximum

frequency 225 of the upper frequency band 220 may, for example, be about 16 kHz, 20

kHz or 24 kHz.

30 Fig. 3 shows a schematic illustration of an exemplary first patching algorithm 205-1. In
particular, the spectral domain patch generator 120 is configured for performing a selected
patching algorithm from the at least two different spectral domain patching algorithms, the
selected patching algorithm comprising the first patching algorithm 205-1. The first
patching algorithm 205-1 comprises a harmonic transposition based on a single phase

35  vocoder 305 comprising a bandwidth extension factor (c) of two controlling a transform
from a source frequency band 310 extracted from the core frequency band 210 into a first
target frequency band 310°. Here, phases of the spectral components in the source
frequency band 310 are multiplied by the bandwidth extension factor (o) such that the first



frequency 225 of the upper frequency band 220 may, for exanple, be about 16
kHz, 20 kHz or 24 kHz. Fig. 3 shows a s€éhematic illustration of an

exenpl ar ywoizos1ip@schi ng al gorithm 205-1. | n particul ar pcrhr2sipesissal
domai n patch generator 120 is configured for performng a sel ected patching
algorithmfromthe at |least two different spectral domain patching
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f r equencySqRBYsef $he Yppert ireREneh & goesrated dene s, cprexdrequepp g 2H0ot he

upper freghewriy thaappe 2Requehey bpid 20T eRue Rsykidamd ragne gl fost Andshehef i 1 st
310 ,lssecond 320fr and t(&j rd 330" target frequency band. In particular, as
shown ™ n gf)@g.ovgf THE"HA f}vm dt h extended signal 135 conprises the upper
frequency band 220 generated fromthe core frequency band 210, wherein the

upper freguenc, d | f =t :
P besover F; dchoRRFchentalié Bt B WL ARMERCN.Gha bilthing JRhihiicaos
exenpl ar yHeedamartisadas hihg gpedtgh Aompim pabd- generaiar d 20 ds pereiguesd for perforanispect r al

donai n paﬁ&&t@ﬁ?%ﬁhgr alde@thhs feanfthour echst @wo REFERMTIspEttal W8hARE PatcRREChi Ng
al goréthmfrom he a

al gor44 hn%lgorthl?glssgqeée]plgg ,Sb’taﬂﬂ\?i%ﬂgglogﬂg%%B%lﬁﬁ?@gfﬁ%ﬁeg‘?%g%ﬂagg@égﬁ%%%m ng
al gori t hnp 20ke setond patchingodlgomtiinCPONY cah@eikéd & hn2ikini@ transpokitis s basedna aoNi C
transposi ;[niuﬂﬂ)lel? %%gsde Weler 405 comprising a first bandwidth extension factor (c;) of 2
controlling a transform from a first source frequency band 410 extracted from the core

frequency band 210 into a first target frequency band 410°. Here, phases of the spectral

25  components in the first source frequency band 410 are multiplied by the first bandwidth
extension factor (o) such that the first target frequency band 410° has frequencies ranging

from the crossover frequency (fy) to twice the crossover frequency (fy). The second

patching algorithm 205-2 further comprises a second bandwidth extension factor (o) of 3

controlling a transform from a second source frequency band 420-1, 420-2 extracted from

30 the core frequency band 210 into a second target frequency band 420°, 420°°. Here, phases

of the spectral components in the second source frequency band 420-1, 420-2 are

multiplied by the second bandwidth extension factor (o;) such that the second target

frequency band 420°, 420°° has frequencies ranging from twice the crossover frequency

(fy) to three times the crossover frequency (fy) or ranging from the crossover frequency (fy)

35 to three times the crossover frequency (fy), respectively. Finally, the second patching
algorithm 205-2 further comprises a third bandwidth extension factor (c3) of 4 controlling

a transform from a third source frequency band 430-1, 430-2 extracted from the core

frequency band 210 into a third target frequency band 430°, 430°°. Here, phases of the



mul ti pl e phase vocoder 405 conprising a first bandw dth extension factor (s
of 2 controlling a transformfroma fir8 source frequency band 410

extract edwororwtiksscore frequency band 210 into a first pcampediofosaguency
band 410'. Here, phases of the spectral conponents in the first source
frequency band 410 are nultiplied by the first bandw dth extension factor (
1) such that the first target frequency band 410' has frequenci es ranging

fromthe shestalmpmponertyieheythird syuree frequeney bard ¢3bsstie? afermayltiphied/by the) .
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conprlseSﬁgq&giigkpandmﬁdth extension factor (s3) of 4 controlling a
transﬁfrn1fron1a third source frequency band 430-1, 430-2 extracted from
the cote frequency band 210 into a third target frequency band 430", 430".
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O s B b en o et o 70
f r equencycddyxjg-up Faah. that thébivss tagadhegetdycbant 15061 hatfraypendiesaranging ipiathy
o, P ERBSLALL PASSRc A I SPIRILIB0Y 1L kB
al gor3¢ hnﬁfsﬁ éafg@mﬁe@tenme@gnd DWW alief fuetheih transfierst eﬂalmt(dérﬁﬂ¢%dp@1fg,ehl uency
al gori t hngandt figy @%&&ﬂd%ﬁﬁﬂgﬂ@ s%lchQﬁeltttHénsé&HH rt!n%bt“ﬂecﬁdéﬁc} BhfiH sP@t i ng
al gorl thm. 20 ome: If L9 Rat Ct e crossover e uenc ?f ) to t%reertllggssthgoc?osgg{rerrmnI ¢
copyi ng- ugequenmes rangmg rom twice q y
frequency (fy). Finally, spectral components in the second target frequency band 520’ are
further transformed into a third target frequency band 530’ by a third copying-up such that
25  the third target frequency band 530° has frequencies ranging from three times the crossover
frequency (fy) to four times the crossover frequency (fy) included in the upper frequency
band 220. Again, the upper frequency band 220 of the bandwidth extended signal 135
comprises the first 510°, second 520’ and third 530° target frequency band having a
maximum frequency of four times the crossover frequency (fx).
30
Fig. 6 shows a schematic illustration of an exemplary fourth patching algorithm 205-4. In
the embodiment of Fig. 6, the spectral domain patch generator 120 is configured for
performing a selected patching algorithm from the at least two different spectral domain
patching algorithms, the selected patching algorithm comprising the fourth patching
35  algorithm 205-4. Here, the fourth patching algorithm 205-4 comprises a non-linear
distortion for generating the spectral components in the upper frequency band 220 having
frequencies ranging from the crossover frequency (fy) to four times the crossover
frequency (fy).



SBR functionalities 505 for transform ng spectral conponents in a source
frequency band 510 being the core frequéhcy band 210 into a target
frequencywbanr/faidds by a first copying-up such that thepCrmpRomasgst
frequency band 510" has frequencies ranging fromthe crossover frequency
(fx) to twice the crossover frequency (fx) . Spectral conponents in the
first target frequency band 510" are further transforned into a second
target frequency band 520" by a second copyi ng-up such that the second
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spectrally spread by an even multiple (e.g. 61 = 2, 6, = 3, 03 = 4), and because spectral

components in the base band are combined with the additional generated spectral

25  components.

A phase vocoder based patching algorithm may be advantageous if the base band is already
strongly limited in bandwidth, for example, by using only a very low bit rate. Hence, the
reconstruction of the upper frequency components already starts at a relatively low
30 frequency. The typical crossover frequency is, in this case, less than about 5 KHz (or even
less than 4 KHz). In this region, the human ear is very sensitive to dissonances due to
incorrectly positioned harmonics. This can result in the impression of “unnatural” tones. In
addition, spectrally closely spaced tones (with the spectral dissonance of about 30 Hz to
300 Hz) are perceived as rough tones. The harmonic continuation of the frequency
35  structure of the base band avoids these incorrect and unpleasant hearing impressions.

Furthermore, by employing non-harmonic copying-up SBR functionalities as shown, for

example in Fig. 5, spectral regions may be sub-band wise copied to a higher frequency



220, wherein a band pass characteristic of the band pass filter may be

sel ected such that the initial band will2 be transformed into a

corr esponstongiovasgst frequency band 310', 320", 330'; 4»0T/EPIR0/0544420",

430", 430"; 510", 520', 530" as shown in Figs. 3-6. The different spectral

domai n patching algorithms 205-1; 205-2; 205-3; 205-4 may be performed in

accordance with a reqw red perfornance such as within the bandw dth
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705 derived from the modified spectral representation 125 into the spectral domain. This

means that in this case, the high frequency reconstruction manipulator 130 will receive as

25  its input the modified spectral representation 125 and not a frequency domain signal 715,

present at the output of such a time/frequency transformer 710.

The described configuration may be advantageous, because in the this case the further
processing of the modified spectral representation 125 performed by the high frequency
30  reconstruction manipulator 130 can readily take place in the same domain (e.g. the FFT or
QMF domain) as the patching algorithm performed by the spectral domain patch generator
120 is operative in. Therefore, a further transform between different domains such as a
transform from the time domain to the spectral domain (e.g. a QMF analysis) will not be
required, leading to an easier implementation.
35
In the embodiment of Fig. 8, an apparatus 800 is shown further comprising a second-
converter 810 for converting the modified spectral representation 125 into the time

domain. Again, the components of the apparatus 800 of Fig. 8, which may correspond to
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25  Fig. 9 shows a block diagram of an embodiment of an apparatus 900 for encoding an audio
signal 105. The audio signal 105 comprises a core frequency band 210 and an upper
frequency band 220. In particular, the apparatus 900 for encoding comprises a core
encoder 910, a parameter extractor 920 and a parameter calculator 930. The core encoder
910 is configured for encoding the audio signal 105 within the core frequency band 210 to

30  obtain an encoded audio signal 915 encoded within the core frequency band 210.
Furthermore, the parameter extractor 920 is configured for extracting a patching control
signal 119 from the audio signal 105, the patching control signal 119 indicating a selected
patching algorithm from a plurality 117-1 of different spectral domain patching algorithms.
Specifically, the selected patching algorithm may be performed in a spectral domain for

35  generating the synthesis audio signal in a bandwidth extension decoder. Finally, the
parameter calculator 930 is configured for calculating a SBR parameter 127 from the upper
frequency band 220. The SBR parameter 127 calculated from the upper frequency band
220, the patching control signal 119 indicating the selected patching algorithm and the



frequency (Fmax) in the upper frequency band 220 and the crossover
frequency (fx) in the core frequency bah®l 210 and the first conver si on
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The above procedure corresponding to an open loop is based on a direct analysis of the
audio signal 105 or a signal derived from the audio signal 105 with respect to its signal
25  characteristic. Alternatively, the parameter extractor 920 may also be operative in a closed

loop corresponding to an “analysis-by-synthesis™ implementation.

In the embodiment of Fig. 10, an apparatus 1000 for encoding an audio signal 105 within
such an analysis-by-synthesis implementation is illustrated. Specifically, the parameter
30  extractor 920 of the apparatus 1000 for encoding may be configured for determining from
the plurality 117-1 of different spectral domain patching algorithm the selected patching
algorithm. Here, the selected patching algorithm may be based on a comparison of the
audio signal 105 or a signal derived from the audio signal 105 with the plurality 1005 of
bandwidth extended signals having been obtained by performing the plurality 117-1 of
35  patching algorithms in the spectral domain and manipulating a modified spectral
representation 125 of a time portion of the audio signal 105. The comparison may, for
example, be carried out by a patching algorithm selection unit 1010 by calculating spectral
flatness measure (SFM) parameters (SFMgs) from the plurality 1005 of bandwidth
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pat chi ng addjoomn,tafirss éihecdistanceubrittvecdhDtd tonsealtive lbidcknof apdio tshmbles may, for
example, be adjusted to correspond to 64 samples as denoted by “Inc = 64”. The overlap of

the consecutive blocks of audio samples may furthermore be controlled by selecting a
suitable (optimum) analysis window function from a plurality of different analysis window
25  functions applied by the analysis windower 1120. A time portion 1125 of the audio signal
105, which may correspond to a consecutive block from the plurality of consecutive blocks
of audio samples, is further supplied to the first converter 110 which may be implemented
as, for example, an FFT processor 1130 having the first conversion length 111 of N = 512,
The FFT processor 1130 may be configured to convert the time portion 1125 into the
30  spectral representation 115 which may, for example, be implemented in a polar form 1135-
1. In particular, this spectral representation 1135-1 comprises magnitude information 1135-
2 and phase information 1135-3 which is further processed by a spectral domain patch
generator 1141, which may correspond to the spectral domain patch generator 120 of Fig.
2a. The spectral domain patch generator 1141 of Fig. 11 may comprise a first patching
35 algorithm 1141-1 denoted by “phase vocoder plus copying” corresponding to the first
patching algorithm 205-1, a second patching algorithm 1143-1 denoted by “phase vocoder”
corresponding to the second patching algorithm 205-2, a third patching algorithm denoted
by “SBR like function” corresponding to the third patching algorithm 205-3, and a fourth
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the group 1141-1, 1143-1, 1145-1, 1147-1 of patching algorithms will be performed,
leading to a modified spectral representation 1149 corresponding to the modified spectral
25  representation 125.

The modified spectral representation 1149 may (optionally) be processed by a subsequent
interpolator 1160 to obtain an interpolated modified spectral representation 1165. The
interpolated modified spectral representation 1165 may then be supplied to the second
30  converter 810, which may, for example, be implemented as an iFFT processor 1170 having
a second conversion length of N = 2048. Here, as described correspondingly in Fig. 8, the
second conversion length of N = 2048 is adjusted to be exactly four times higher than the
first conversion length of N = 512. Thus, the bandwidth extension characteristic of the
bandwidth extension scheme as performed with the different spectral domain patching
35  algorithms may be accounted for, which has been explained in detail before.

The iFFT processor 1170 may be configured for converting the interpolated modified
spectral representation 1165 into a modified time domain signal 1175 corresponding to the
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It is to be noted that in the embodiment of Fig. 11, all different patching algorithms are

carried out in the same domain, for instance in the frequency domain. The domain can be
QMF domain as it is done in SBR or any other domain, such as Fourier transposed. The
actual patch data generation can be carried out in a different domain. In that case, the entire

25  patching, is however, always carried out in the same domain.

Additionally different source models can be associated to the patching considered in the
selection. For instance, a speech source model as used in speech bandwidth extension, as
described in Frederik Nagel, Sascha Disch, “A harmonic bandwidth extension method for
30 audio codecs,” ICASSP International Conference on Acoustics, Speech and Signal
Processing, IEEE CNF, Taipei, Taiwan, April 2009, can be chosen for speech signals,
while a stationary source model can be adopted for stationary music. In the same way, as

described before, transients may have their own model for the patching.

35  Furthermore, by means of overlapping analysis and synthesis windows for time-frequency
transposition, smooth transitions between different patching schemes are guaranteed.
Alternatively, special windows for analysis and synthesis can be used in order to make
lower overlap possible. |
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starting fromthe high frequenhcy reconstruction ni pul ator
Fig. la t&“??ﬂally obtain a replicated signal extended in bandwidth. It is
to be noted that in the enmbodi ment of Fig. 11, all different patching

or instance in _the
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can be cargeBnod bsing Adigldi’ G580¢ oL n Jdtidl8a GAR® DVS &% ChPhaving
electronically, readable control signals stored thereon, which cooperate with programmable
computer systems, such that the inventive methods are performed. Generally, the present
25 invention can therefore be implemented as a computer program product, with a program
stored on a machine-readable carrier, the program code being operated for performing the
inventive methods when the computer program product runs on a computer. In other
words, the inventive methods are, therefore, a computer program having a program code
for performing at least one of the inventive methods when the computer program runs on a
30 computer. The inventive encoded audio signal can be stored on any machine-readable
storage medium, such as a digital storage medium.

Embodiments of the present invention allow the bandwidth extension to take into account
sound, hardware, and signal characteristics for the patching process. The decision for the

35  best suited patching can be done within an open or a closed loops. Therefore, the
restitution quality can be controlled and enhanced.
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al gor hms for

a high frequency reconstruction manipulator (130) for manipulating the modified

spectral representation (125; 1149) or a signal derived from the modified spectral

representation (125; 1195) in accordance with a spectral band replication parameter
25 (127) to obtain a bandwidth extended signal (135); and

a combiner (140) for combining the audio signal (105; 1101) having spectral

components in the core frequency band (210) or a signal derived from the audio

signal (105; 1101) with the bandwidth extended signal (135) to obtain the synthesis
30 audio signal (145).

2. The apparatus (100; 200; 700; 800; 1100) in accordance with claim 1, in which the
spectral domain patch generator (120; 1141) is implemented to be operative in a
spectral domain and not in a time domain.

35

3. The apparatus (200) in accordance with claim 1 or 2, wherein the spectral domain
patch generator (120) is configured for performing at least two different spectral
domain patching algorithms from a group (203) of patching algorithms in the
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(205-2) conpri SOFyTeUsaFR IOt transposition based on a nultiple phase
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first Jgat ching band (210) into a first target frequency band (310°), wherein phases of the spectral

components in the source frequency band (310) are multiplied by the bandwidth

extension factor (o) such that the first target frequency band (310) has frequencies
ranging from the crossover frequency (fy) to twice the crossover frequency (f,), the
first patching algorithm (205-1) further comprising non-harmonic copying-up
25 spectral band replication functionalities (315) for transforming spectral components
in the first target frequency band (310°) into a second target frequency band (320°)
by a first copying-up such that the second target frequency band (320”) has
frequencies ranging from twice the crossover frequency (fy) to three times the
crossover frequency (fy) and for further transforming spectral components in the
30 second target frequency band (320°) into a third target frequency band (330°) by a
second copying-up such that the third target frequency band (330°) has frequencies
ranging from three times the crossover frequency (fy) to four times the crossover
frequency (fx) included in the upper frequency band (220), the upper frequency
band (220) comprising the first (310°), second (320°) and third (330°) target
35 frequency band.

5. The apparatus in accordance with claim 3, wherein the spectral domain patch
generator (120) is configured for performing a selected patching algorithm from the
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core frequency band (210) into a third target frequency band (430°, 430°”), wherein

phases of the spectral components in the third source frequency band (430°, 430°°)
are multiplied by the third bandwidth extension factor (o3) such that the third target
frequency band (430°, 430°°) has frequencies ranging from three times the

25 crossover frequency (f;) to four times the crossover frequency (fy) or ranging from
the crossover frequency (fx) to four times the crossover frequency (fy) included in
the upper frequency band (220), the upper frequency (220) comprising the first
(410”), second (420°, 420°") and third (430°, 430°") target frequency band.

30 6. The apparatus in accordance with claim 3, wherein the spectral domain patch
generator (120) is configured for performing a selected patching algorithm from the
at least two different spectral domain patching algorithms, the selected patching
algorithm comprising the third patching algorithm (205-3), the third patching
algorithm (205-3) comprising non-harmonic copying-up spectral band replication

35 functionalities (505) for transforming spectral components in a source frequency
band (510) being the core frequency band (210) into a first target frequency band
(510%) by a first copying-up such that the first target frequency band (510°) has
frequencies ranging from the crossover frequency (fy) to twice the crossover
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three tinmes thdwotcompEsiag a t1me/frequency transformer (710) for transforming a time domain
signal (705) derived from the modified spectral representation (125) into the
spectral domain.

25 9. The apparatus (800) according to one of the preceding claims, the apparatus (800)
further comprising a second converter (810) for converting the modified spectral
representation (125) into the time domain, wherein the second converter (810) is
adapted to apply a synthesis matched to an analysis applied by the first converter
(110), wherein the first converter (110) is configured to perform a conversion

30 having a first conversion length (111), and wherein the second converter (810) is
configured to perform a conversion having a second conversion length, the second
conversion length depending on a bandwidth extension characteristic in that a ratio
of the maximum frequency (fme) in the upper frequency band (220) and the
crossover frequency (fy) in the core frequency band (210) and the first conversion

35 length (111) is accounted for.



frequency (fx) and for further transfor?4ng spectral conponents in the
second target freciuency band (520') intd’a third target frequency band

(530" ) byW W WP opyi ngup such that the third target FFE é‘h‘@@g‘ﬁ‘é‘hd

(530") has frequencies ranging fromthree tinmes the crossover frequency
(fx) to four times the crossover frequency (fx) included in the upper

f d b 22 i si.ng.the fijcrst
(510" 2 eltBng AEBeyat QopRRRD FEGAHSAGE oF A0S, biERN B Bl atbhicnp fds) °
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generat or (120),ph8rafRO0MYDEE) doRiprREdsf Or M ng a sel ected patching al gorithm
fromthe at least two different spectral domain patching algorithns, the

sel ected patching algorithm conprising the fourth patching al gorithm

(205-4F, the fouddrd efa@ldeN(I0) Bdr@atoddiEtHe2RAdioAig e TP09) Shiftn the@Re trbQRALY
distortion for e(rilﬁlg)é]j ng the spectral conponents in the upper frequency
band (220) havib%B uenci es ranging fromthe crossover frequency (fx) to
four times the crossover frequency (fx) . 8. The apparatus (700) according
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(705) derived faudin signal ()1 the datspingt qoatrol dpnaldehd)dndionting12gledtert patelting
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claims, the apparatus (80Q) f r conprising a second conve j for
converting the tﬁ%ﬁﬁﬁ?qt GRS %&P“&%V’e%“eﬁ*ﬁrgl“ingﬁln I 3 spectral gamain forigeperatingrai n,
wher ei n the secaydthesinvedidb 8ignbiSihQ)bandwhlliapttenkidrodapidryal synt hesi s nmat ched
to an analysis applied by the first converter (110), wherein the first
converter (110) is configured to performa conversion having a first

conver si on | engt pargmgtey calgpletom@i®ifar cileulgbnn adpeural dand repligdiin pgameter

configyred to Res HQfdm dhe XFfrécilEHC}h@éﬂd 2@ second conversion |ength, the
second conversion |l engt pendi ng 'on a baridwi dt h extension characteristic

inthat a ratio of the maxinum frequency (frmax) in the upper frequency band
(220) and fiihe crHesgspeettud (EODOPTOY chéoding fn tdREo@MR WitRoUSAE 0bandrdi 4R and
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a core frequenoyf differdnt Sitoiraladvangn paphery dlpedhmsaie belaced 2@hingtddgorithm,

appar ghus (900:y,d 040 £ B%Eﬁ@ia'i'&'rithm being based on a comparison of the audio signal
(105) or a signal derived from the audio signal (105) with a plurality (1005) of
bandwidth extended signals having been obtained by performing the plurality (117-
1) of patching algorithms in the spectral domain and manipulating a modified
spectral representation (125) of a time portion of the audio signal (105).

25
12. A method (100; 200; 700; 800; 1100) for generating a synthesis audio signal (145)

using a patching control signal (190; 1155), the method (100; 200; 700; 800; 1100)
comprising:

30 converting (110; 1130) a time portion (107-1; 107-2; 1125) of an audio signal (105;
1101) into a spectral representation (115; 1135-1);

performing (120; 1141) a plurality (117-1) of different spectral domain patching
algorithms, wherein each patching algorithm generates a modified spectral
35 representation (125; 1149) comprising spectral components in an upper frequency
band (220) derived from corresponding spectral components in a core frequency
band (210) of the audio signal (105; 1101), and selecting (120; 1141) a first spectral
domain patching algorithm (117-2) from the plurality (117-1) of patching



a core encoder (910) for encoding the aégi o signal (105) within the core
frequency band (210); a paraneter extractor (920) for extracti n% a fatchi ng
control sV@RE10/1158439) from the audio signal (105), the B&TEREHY8YAL r ol
signal ( 119) indicating a selected patching algorithmfroma plurality
(117-1) of different spectral domain patching algorithnms, the selected
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spectrdl domain patching algorithnms the sel ected patching algorithm the
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(1005) of bandwiedved rmethe atbdsfiggnspiestrdl aepragentation (H2f; dil HBdnbyc@dafeerwiing t he
plurality (117- f ' j NS SP . 1donRj

mani pul ating a > é%fa? ibggég%gig%@b%g%{re{eeggg%gﬁooﬁﬁ?@zi)g%&lg igptrré\:,‘rmﬁgrrg(tij %nc% of
the audio signdl31®8). 12. A nethod (100; 200; 700; 800; 1100) for

gener gpi ng a synthesis audi o signal (145) using a patching control signal

190; 1155), the npetho 00; 2Q0; .700; . 800; 00) conprising: converting
EllO; 1130) a €PRETBS 2}‘@ tgﬂéﬁ(ﬁﬁgﬂ%gﬂé)%; %iﬁé)]]‘%%ngaﬁ’eﬁﬁﬂli ePraiQpeals ip £bs;
110|1) i In_to a(S[EGﬁ’I? ﬁidluenlepbefcfe(alm ioBra :(igﬂal@lierigécﬁﬁ‘pﬂa) thegaﬁfoogigmelth1«)$l;t2ﬂ;01jll4l)
a plurality . : rent spec in patchi.n or i
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representation (125; 1149) conprising spectral conponents in an upper
frequgRcy {hand hv r i g S PE, I indy a
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(120; 1141) a FPPPFISEEcEers|fregypmaynbandt @R nendain yPParHFsauency- bands (23M), tthe
plurality ( 11'méthodfo0patavn) sgapgangt hms for a first tine portion (107-1)
and a second spectral domain patching algorithm( 1 17-3) fromthe

plurality ( 117-1) of patching algorithnms for a second different tine
portion (107-2knceding (Qd0)tecadini signat (léSpaithin the care iteqoéncyibgndi(210119;

20
extracting (920) a patching control signal (119) from the audio signal (105), the
patching control signal (119) indicating a selected patching algorithm from a
plurality (117-1) of different spectral domain patching algorithms, the selected
patching algorithm to be performed in a spectral domain for generating a synthesis
25 audio signal in a bandwidth extension decoder; and

calculating (930) a spectral band replication parameter (127) from the upper
frequency band (220).

30 14. A encoded audio signal (935) comprising:
and encoded audio signal (915) encoded within a core frequency band (210);

a patching control signal (119), the patching control signal (119) indicating a

35 selected patching algorithm from a plurality (117-1) of different spectral domain
patching algorithms, the selected patching algorithm to be performed in a spectral
domain for generating a synthesis audio signal (145) in a bandwidth extension
decoder; and



1155) to obtain the nodified spectral representation (125; 1149);
mani pul ating (130) the nodified spectral6representation (125; 1149) or a

si gnal dewowvedyfissas t he nodi fi ed spectral representati orCTAEP201003053) in
accordance with a spectral band replication paranmeter (127) to obtain a
bandw dt h extended signal (135); and conbining (140) the audio signal (105;
1101) havi ng spectral conponents in the core frequency band (210) or a
signal derived fromthe audio signal (105; 1101) with the bandw dth
extended si gnala §#86)! bandotephicatidnhparsyible€5iD @liRed iﬁgﬂﬁlan(u%)gér) fre?r@éncj{b‘
met hod (900; 1qgﬁa(iﬁéo?ﬂﬁgﬂhﬁ%i §%§50 signal (105), the audio srgna
(105) conprising a core requené%ﬁb nd’’(210) and an upper frequency band
(220), the nmethod (900; 1000) conprising: encoding (910) the audio signal
(105) i thisn t hecemperet pRAHBAGHVIRAADr6ZIN ¢ | Fé Q at chi.n
control signal téﬁllllg Ergl%%thﬁqagdfgoq)éi&gnalcogﬁgg,ﬁ&%@% &‘(%:ﬁll)ler@mg%%ﬂddﬁ’gg
signal ( 119) i"hEPEALP 9F 1% whandhe comPRELPIORRIRIS §Eeeuiethort 2 computed. ur al i ty (
117-1) of different spectral domain patching algorithns, the sel ected

pat ching algorithmto be perforned in a spectral domain for generating a
synt hesis audi o signal in a bandw dth extensi on decoder; and cal cul ating
(930) a spectral band replication paraneter (127) fromthe upper frequency
band (220). 14. A encoded audi o signal (935) conprising: and encoded audio
signal (915) encoded within a core frequency band (210); a patching control
signal (119), the patching control signal (119) indicating a selected
patching algorithmfroma plurality ( 1 17-1) of different spectral donmain
pat ching al gorithnms, the selected patching algorithmto be perfornmed in a
spectral domain for generating a synthesis audio signal (145) in a
bandw dt h ext ensi on decoder; anda spectral band replication paranmeter (127)
cal cul ated from an upper frequency band (220) of the audio signal (105).
15. A conmputer program having a program code for perform ng the nethod
according to claim 13 or 14, when the conmputer programis executed on a
conput er.



