WO 2010/115845PCT/EP2010/054434 Apparatus and Method for Generating a Synthesis Audio
Signal and for Encoding an Audio Signal 5Description The present invention relates to audio signal
processing, and in particular, to an apparatus and a method for generating a synthesis audio signal, an
apparatus antf QIH&tHo&*for 10 encoding an audio signal and an encoded éfﬂ%@b‘ﬁ?ﬂf‘@fmage or
transmission of audio signals is often subject to strict bit rate constraints. These constraints are usually
overcome by an intermediate coding of the signal. In the past, coders were forced to drastically reduce
the transmitted audio bandwidth when only a very 15 low bit rate was available. Modem audio codecs
are able to cobippatdtuband XigHd fyr dstnerbting witlyn thesindindi¢Sigel metfod Emediegenbed in M
Dietz, L. Lilieryd, K. Kjtirling and 0. Kunz, "Speciigdid@aehREplication, a novel approach in audio
coding" in 112th AES Convention, Munich, May 2002; S. Meltzer, R. Bohm and F. Henn, "SBR
enhanced audio codecs for digital broadcasting such as "Digital Radio Mondiale" (DRM)," 20 in 112th
AES Convention, Munich, May 2002; T. Ziegler, AESEH0P “Fkstrand and M. Lutzky, "Enhancing mp3
with SBR: Features and Capabilities of the new mp3PRO Algorithm,"” in 112th AES Convention,
Munich, May 2002; International Standard ISO/IEC 14496-3:2001/FPDAM 1, "Bandwidth Extension,"

ISO/IEC, 20 ' sjon: r Vasu lyengar.et.al, US Patent
5,455,888; E%B%ggﬁ%%%Q%%%lt%&;%dé%ﬂal%]%%%gﬁgg?gg?g%%%%%I}f%%%ce&;\cyq@andaVEPcfﬁ%%?(tension
of music and®eBRCHPAEE BEBREShFeRIBRSFILMER Bty RSB0 RAVAE BT Larsen,

and 0. Obwekrgsdingimfadiapigoaomdoomcadeliptidriguancy bandwidth extension. In ABS 115th
Convention, New York, USA, October 2003; K. Kayhke. A Robust Wideband Enhancement for

Narrowband Sgeeeh, Sianal, Rse gt EIRI YRk, Wby ef 30T sernaloo, kabgralory of
Acoustics and Audip Signal Processing, 2001; E. Larsen and R.M. Aaéft: Audio angm th Extension -
Application t& PEVETABESHTE ié’ﬁg‘fcﬁ%ecggsﬁ?glﬁﬁﬁnﬁé%ﬁgpcé)% 515 VRS B%ons, Ltd,
2004; E. LarsedeR Weratmesdivdimstvaie selucethicismmsmigtedragdie hepdyaddvvidite extersiory of music
and spaech. 1ovABIS rhi2tha C eralbmliombisaichudae ooy, ddaybROR2: i Maidaah Spgslial 35 Analysis

O Speech DYLRPARIRAA UG "RURFIOIAR AR AR HISHTORTAUGS, AljerS) June
1973; United Stafes Patent Sg%lﬁcg ggg%%/% 1,029, Chmori, et al.. Audio band width éx ending system
t )

and method; TRINE SRS PARFPHR B, 1RV 2EPRH B PBEA KRS eltension of
Narrow-bandlégge@ﬁﬁ f-onvention, Munich, May 2002; S. Meltzer, R. Bohm and F. Henn, “SBR

enhanced audio codecs for digital broadcasting such as “Digital Radio Mondiale” (DRM),”
20 in 112" AES Convention, Munich, May 2002; T. Ziegler, A. Ehret, P. Ekstrand and M.
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. K#yhks. 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,



WO 2010/115845PCT/EP2010/054434 and Frederik Nagel, Sascha Disch, "A harmonic bandwidth
extension method for audio codecs," ICASSP International Conference on Acoustics, Speech and
Signal Processing, IEEE CNF, Taipei, Taiwan, April 5009. 5These algorithms rely on a parametric
representatioh @ FtHE gt frequency content (HF). This representation is é’gﬁé‘i‘%{w/ﬂ%ﬁﬁhe
low-frequency part (LF) of the decoded signal by means of transposition into the HF spectral region
("patching") and application of a parameter driven post processing. 10 In the art, methods of
bandwidth extehditdatiiciNagebpiawhd Bisdy éplidationniS PR)dvdhsedasion effibiehfonetiod to
generate higbdaecs ency Sk aiscinantF BAiTigbite aHensyEeonshaetionibenas aadessThe spectral
band replicatipp (SRR Ag 4 szg{ ed i éM Qgﬁg L. Liljeryd, K. Kjorling and 15 0. Kunz, "Spectral Band
Replication, a nove aﬁprogc’ in audio oéllng' in 112th AES Convention, Munich, May 2002, uses a
guadrature minor filterbank (QMF) for generating the HF-information. With the so-called "patching”,
lower QMIF baheisigjaetihane tdpied drperivigiiie @MEspurde; lbdingih dreqptivatiomaith@iiformation
of the LF partishgidfepation Regenasatedd bhoarvisafiemardstadaptadis dha uoinalarby part with
the help of 2Qpara ad] r I nel. alit .In SB s stapdardized in
HE-AAC, all o era:%q{nq{%lv%%%ﬁggggg%%p p%ef?tlch r%&t/?;f/ ?n%%%s%@%ﬁ%%% égﬁn%pgcg%\?vfyf;acarried
out inside thd STHERTHYR RISWEOESGiker 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 shegsera paihingtigendhiamhickeperaies ekhgedriheml TgonaimasBrheime
domain, and ﬁ% 9191 I{ﬁ%@%o %}i&gﬁ? g%%ﬁ%gl%; . analysis,step. In plain SBR, only
one patching%l%gorilt m.a?éﬂ vailable that takes Into %cco ntn iﬁlg}%%@%@p@%@ ard-or software
nor signal chifiRARMSH BREEO8ER 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 domaiaspthe-dldasiiepreeasmasBRIOBE despibauge Ml osking antifipgis, WhikhsAiakesdine-grain
SWitChir}% bet&eﬁwg)tbsmg@(ﬁ) Cﬁaﬂ?ﬁ@ﬁﬁﬂ%ﬂ&ﬁf’gsﬁ&ﬁ-a%?»roach in audio coding” in 112™ AES
Convention, Munich, May 2002, uses a quadrature mirror filterbank (QMF) for generating
the HF-information. With the so-called “patching”, lower QMF band signals are copied
into higher QMF bands, leading to a replication of the information of the LF part in the HF
part. The generated HF part is afterwards adapted to the original HF part with the help of
20  parameters that adjust the spectral envelope and the tonality.

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 distinet 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,
33
WO 98/57436 discloses transposition methods used in spectral band replication, which are
combined with spectral envelope adjustment.



3 WO 2010/115845PCT/EP2010/054434 WO 02/052545 teaches that signals can be classified either
in pulse-train-like or non-pulsetrain-like and based on this classification an adaptive switch transposer
is proposed. The switch transposer performs two pat%hing algorithms in parallel and the mixing unit
combines botMiEé&ignals dependent on the classification (pulse-traifrHFAipiidd 5 train). The
actual switching between or mixing of the transposers is performed in an envelope-adjusting filterbank
in response to envelope and control data. Furthermore, for pulse-train-like signals, the base signal is
transformed WO efiltezbante stdiratin aiffedquencyectchrsiftiogiope iatonpadprmechansmamevelope

adjustment o&arrerrﬁéléﬁép&%%frﬁﬂrr@q%%mﬁ@aﬂ% Iﬂ%%@tcﬂh&%ﬂ%@s%?r@%%%%@t 'ngfurthef
processmg proce e. For n se-train es als, aire nc ransposer

transposer) i& pFS\,.éTa&SgH&ﬂ%hgeg r%?o?’{ﬁe}}?eé‘u% IEaB R, lga EB/’(E{? %r?&ﬁ ﬁ&ﬁ%rﬁ?étd into the
filterbank dorRmbinssisithrefehsd il dapssdaemste slesmbeptipRuSussprainent atomalset flexibility
of this procedtzie). Vitiehatiaslinwinchalietrative; acariingedipaiching/iochenprasassiBg approach, and

which has in the.oiher %ﬂgtﬁﬁerﬂ}%ﬁrﬁﬂ%BGMsQQWéW&@ﬁ@&%PQ&&%WE&?Q ispasitinnedigutside of
the filterbank miwhlch enveop a%ustme takes lace |s r%f '%%glth resp ctto erX|b|I|ty and
implementatiBi 05si e S8Rs |s’a JECFlgP ¥ 5ras rfnﬁ%rh Bnr;? 81336%610 P8 denerating

a synthesis m&@e&&ww&iﬁﬁﬂ@fﬁﬁqﬁ?ﬁr%mﬁ&?wwm%ﬂ’ﬁﬁ@fﬂ%@?ﬂlﬁrfﬁﬁemmatlon 20
This object ismackmiedibypafoappdrdius forgenebaitdgratshhifiésihaupiocsigngl peceddisgrerclaim 1,
an appaptusforaneoding AR algiRIS aNakace NGRS s Oscd mﬁ%gg@ﬁn&@mﬁswdmg to
claim 12, a me@&d for L&ne ?%!1” %c%(e)rdln to cla{m 1365%? ﬁn&ﬁgd%d a d|o %lcc{cﬂ %ggﬁ% claim 14
ora computer program according ﬁ) ehaim Tg% he? présenti Aventio ﬁﬂgebaéle% S the idea that
the just- menﬁ@ﬁealmardr)@ahq@émtwﬁw SfiERRENh pehfaivmivth MByshdnpisRaRigiAned time
portion of anZexdtdlsignhkisscprvediad, imntbich dpacirabne prbeantation kefobenpd nfarthing faHarality of
ggferenttsr?eg&@egg%gilabpﬁrmnguﬁigwiarbmawfierere eRsh pﬁ%&%ﬁz@'&ﬁé‘t% &waﬁ&?ﬁmzd;ﬂed
specttal representati omprising s compo an upper nd derived from
corresr():iogndm%glgS 2ctal (c:}(l)lrcrcrEl orBen s#rleéP corsélaéfere i[l:lé)%g i rtgmg( RP% qﬁ,aﬁ SR &ing a first

spectral dom@ﬁw@ﬁh@wg@mﬁﬁ? ff@)‘ili*rfﬂﬁéeﬁl}?aﬁiﬁﬂ@ﬂﬁﬁt@rﬂh@@@%ﬁ}mm%w&%ﬁne portion and

a second spectral domain patching algorithm from the plurality of patching algorithms for a second
different tlmem@reup@byac%%ﬁﬁ@%@@&ﬁ%\w&m@m@tgmm&%m ! g&a%@ dRgnmedifiegigpectral

representatlon By this. measure, a re I| and/o flexi e toa sw hing between two
Y IBITE an Ihatraved Gual CLB% ko ryien pren a%o
patchlng algorﬁﬁms i ditfeT et Homains may reve ed and ere orethe processing may be less

comple Qvhile maintaining the perceptual quality.
This object is achieved by an apparatus for generating a synthesis audio signal according to

claim 1, an apparatus for encoding an audio signal according to claim 10, a method for
generating according to claim 12, a method for encoding according to claim 13, an
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 medified
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 paiching
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.



4 WO 2010/115845PCT/EP2010/054434 According to an embodiment of the present invention, an
apparatus for generating a synthesis audio signal using a patching control signal comprises a first
converter, a spectral domain patch generator, a high frequency reconstruction manipulator and a
combiner. THE¥ &L E8#Vverter is configured for converting a time portionTf ERFatIAIBS&dhal into a
spectral representation. The spectral domain patch generator is configured for performing a plurality of
different spectral domain patching algorithms, wherein each patching algorithm generates a modified
spectral representation comprising spectral components in an upper frequency band derived from
corresponding,speatal GOMPeRRAEHLA c&r%héqnfsgém%@m%ﬁd of %ﬁ%& fignalThe, paectfa'
domain patchsﬁsﬂgf@t&%%gqrth rmore. c%@fﬁure% 1.:[1% (ﬁesueCtaP first sp ectr doma %gatchln gorlthm
from the plurality o patc ing algorithma for a Tirst time porion ar e%@cérﬁ'dcgﬂé At 4R patching

algorithm frofAYREIP RASH S SEFEH Y S GBI TcansBusirn dmeiavetimeng ordembinerddwlance
with the PatcHirg coneotsignatfigobtafortbevediifiect speptraiorepf esentdticiyndlGnihe &pahr&iequency

reconstructiopepiasdipaiaer immeoficwaddonmanpdating dhesmedifisdrspeciralrepiasentatiop or a
signal denve%%}h imgcfl}i %spectraallre resentatlo .in a ordtgmce Wlégr%gf ‘?%gﬁﬁ}#? replication
0

parameter to obtaln a exten ded SI gnal: The Cof%bl ris cohflvg‘]’ure &he audio

signal having™pstha) %ﬁfﬁ‘ﬁ?ﬁ?éﬁfg"i e Wﬁeﬁﬁﬁ?@tmcﬁwﬁwm%ﬁ%wm@ sudio
20signal withahesppardivdtisextdradddignal thabtamtispayirtbesiectatliocsigoatnicaorgliogdo another

em b%dnment abihensesan mﬁi&t@m;@@zgﬁﬂarﬁw?s)f@@ﬁtﬁfi%#ﬂﬂ%@H %ilgf@l iSORRIERS,A core
encoder, a p r a arameter, calcula e audiq sigpal co a cofe
frequency ba%ﬁfpglcsigadr?ﬁop%%%re%l%ﬁp ba 3f s cor@ e cag (ﬂu-% %?@UFE] f’f‘ra‘l%’oa ng the
audio signal WitH® e esrErey fenhg %&Wﬁé’ﬁﬁ?@i‘né‘?@r éxﬁ?ﬁ@’t’é‘r R glivedifopatelriagting a

patching contlgosigmaffooniitbelavdity sifj patichine p@mth@mﬁoﬂmta:gmﬁﬁuﬁiét@ﬁtiﬁgxa@ﬁ{&fmd patching
algorithm frOlﬁb@oFHHﬁ@éltMﬂf ﬁiﬁ%ﬁ%&ﬁ?%&?ﬂ%ﬂﬁ n&%&%@kﬁ%fﬁ@a Hesalegrdpaiching

38 oxobion L R A A RS S AR, e g
replication pglrmgﬁé}r ff‘Sﬁ‘itfPl]e W@q@ﬁ@&@én% Hangenal derived from the modified spectral
representation in accordance with a spectral band replication parameter to obtain a
bandwidih extended signal. The combiner is configured for combining the audio signal
having spectral components in the core frequency band or a signal derived from the audio
20 signal with the bandwidth extended signal to obtain the synthesis audio signal.

According to another embodiment of the present invention, an apparatus for encoding an
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 sclected 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
diiferent spectral domain patching algorithms, the selected patching algorithm to be
performed in the spectral domain for generating a synthesis audio signal in a bandwidth



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 & plurality of different spectral domain patching
algorithms, thvédsglegtegs4ratching algorithm to be performed in the spectraP@dEREH fIcHSherating a
synthesis audio signal in a bandwidth 5 WO 20101115845PCT1EP20101054434 extension decoder
and a spectral band replication parameter calculated from an upper frequency band of the audio
signal. Therefgtensesnb@divaents @fdhp pregepiiaveplionitelaleimadongentied switchingpetween 5 at

least two diff@{gdge%g?g% gf)@éa&@xﬁ@tﬁ@jt}g algorithms from a group of patching algorithms in the

spectral domain. The group of patching algorithms may comprise a first patching algorithm comprising
a harmonic transposition based on a single phase vocoder and non-harmonic copying-up SBR
functionalitied harséuentatbhisreid dhirrescotriprisiigiartlarmionicaransposisiichaseeebreenmultiple
Dhgse VGC%d@K , [eabinghpaliintnentl GpalaaiitdpmeempiishiceneRdaRme & SO RY HEuBPoB B dhmgtionalities
and a fourt ¥, ' Isi =i IStQEti jdth
atension ma o etency
band having FPHERSRIRTHERUENRDTEIRE o AR AP L S RSt Ha GRS P IASthECERIE frequency
band. 15 As andsnimdypowichirgiéngaeen HFRat feagicondidifierenseranhimptalgogittmgeniththe spectral
domain, a redugegdaampiriboaictnespmeipe captl ah GUalilyimiayHaceagtieyad Suehd assiibin a

bandwidh eXtENsia SRR, QNS SNdIMENS A ERsALINCION (SIAtE Ig.ap aoparatus

not comprising-a time/frequency transtormer fo rming a time domayn signal detived from the

modified speBtParapSSBREtBR %Iﬁ?ﬂ%ﬁ’e@ﬁ%ﬂrﬂ%ﬂﬁ%‘%@&%ﬂﬁ%ﬁ@aﬁ%% the high

frequency rebemsiioctiod snetntbel sho baralyvisihopeended sianeheompdifte dhspaorniraprase tradon directly

without requitinei:g furtheritanstrlgidecg. & @MEaaralisinh b dhe b a«pein i thecpectral

gpmaln suchfgéqu&?&sgag&a combined patching/further processing approach being operative in
|fferen}§joma|ns.

As a result, by switching between the at least two different patching algorithms in the
spectral domain, a reduced complexity at the same perceptual quality may be achieved
such as within a bandwidth extension scenario.

20  Further embodiments of the present invention relate to an apparafus not comprising a
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 1o 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 a2 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.



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 b&sed on a comparison of the audio signal or a
signal derivetvramahesedsdio signal with a plurality of bandwidth extendedPSigiaRs HWadidbeen
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 35method @&%@%&m@@pmﬁl&a@ew%@%@m@h%ﬁmﬁﬁ%n@ meyResisRydia:signal in a
bandwidth exteﬁsmnﬂgecoder 6. WO 2010/115845PCT/EP2010/054434 I?ontro arameters, may be
Ak ?_Ive 15 a%méi?fs%by—s%n esis stage (ian used: 1.e. .gatc °3 A R }géﬁ{ﬁi ;

used to decidé Which patching is the’ mos; approp%a e. To achieve this; an n%‘ﬁl.s : esis stage
can be used:; P& BSHFERHERE N He APl dhahersbdst hedsrfirgdonadopfebniavsntitosdhs. In the
preferred modbjaftihe invegtiothethesolpotiveds doaljet tifalestsperdentlmladpaliyef dhelsgsiitution. In
alternative: mggRes ) faabivatie tuntignihasdto be: RIS dnEgrEXMBRIBythE Shiaglive may be to
preserve the ssé)e% g?hgt%'[ng%? gtgg %{é 5@%'5 Iaéli Ogesa(élogg %?epossmle. On t?;e one hand, the patching
selection can be'done or?lsy at the ercoder y con&deri%g the original signal, the synthesized signal or
the both of them. The decision (patching control 10 signal) is then transmitted to the decoder. On the
other hand, tlh#nsbéemtiomndayhbegeriog et 8ynchnonodsly atlthat éncadedaris deagdetisides
considering asfyithe ﬁgﬁal,baﬁ%ﬂislas%mﬁ%mtb@ﬁié%tﬁi%%&hm@%&m@ﬁh@q@mﬁg BaiRged to
generatﬁoaddil;q;ion I sidﬁl-inf rmatiqp. 1?Int ed‘oll%win% e bodilgner}lts 8f tttple pr?sent mvent{}on are

. . Is then ?F]ansml ¢d to' the “decoder. ¥n  the “other hand, thé 'seléclion may be
explained wit % rence to the

performed synchronously at the encoder and decoder sides considering only the core

bandwidth of the synthesized signal. The latter method does not need to generate additional
side-information.

15 In the following, embodiments of the present invention are explained with reference to the
accompanying drawings, in which:

Fig. la shows a block diagram of an embodiment of an apparatus for generating a
synthesis audio signal using a patching control signal;
20
Fig. 1b shows a block diagram of an implementation of a spectral domain patch
generator of Fig. 1a;
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 ilustration 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;



accompanying drawings, in which: Fig. lashows a block diagram of an embodiment of an apparatus for
generating a synthesis audio signal using a patching control signal; 20 Fig. Ibshows a block diagram of
an implementation of a spectral domain patch generdtor of Fig. la; Fig. 2ashows a block diagram of a
further embo®ifantaf #apparatus for 25generating a synthesis audio si§RAEFIGLZE<SkHBwWS a
schematic illustration of a bandwidth extension scheme; Fig. 3shows a schematic illustration of an
exemplary first patching algorithm; 30 Fig. 4shows a schematic illustration of an exemplary second
patching algorithm; Fig. 5shows a schematic illustration of an exemplary third patching algorithm;

35Fig. 68h0V\{l§ chematl |IIustr Pon %h an exe{naglgn}gf%urth pa%g}&nqgl%%llthm Fig. 7shows a block

iment o a sedon converter
diagram of an &mbodimen of’ﬁ
(fr equency/tlme converter)

5 Fig. 9 shows a block diagram of an embodiment of an apparatus for encoding an
audio signal;
Fig. 10 shows a block diagram of a further embodiment of an apparatus for

encoding an audio signal; and
10
Fig. 11 shows an overview of an embodiment for a scheme of patching ina
frequency domain.

Fig. 1a shows a block diagram of an apparatus 100 for generating a synthesis audio signal

15 145 using a patching control signal 119 according to an embodiment of the present
invention. The apparatus 100 comprises a first converter 110, a spectral domain patch
generator 120, a high frequency reconstruction manipulator 130 and a combiner 140. The
first converter 110 is configured for converting a time portion of an audio signal 105 into a
spectral representation 115. The spectral domain patch generator 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 io 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 2 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



time/frequency transformer placed after the spectral domain patch generator; 7 WO
2010/115845PCT/EP2010/054434 Fig. 8shows a block diagram of an embodiment of Fig. la with a
second converter (frequency/time converter); 5 Fig. $shows a block diagram of an embodiment of an
apparatus foRghtoding#h audio signal; Fig. 10shows a block diagram of BG#itketiéfidétiment of an
apparatus for encoding an audio signal; and 10 Fig. 11shows an overview of an embodiment for a
scheme of patching in a frequency domain. Fig. la shows a block diagram of an apparatus 100 for

generating asgesiaiausioc Rignalcdlhdbusing &aatehiageo MERkISionahdl Joacaarding e an
embodimen il PeseRs AusRon e shReals L GAMANER A et SRV eridd Qygspectral

domain patch generator : equen@/ econstruction manipulator 130 and a combiner 140.
The first conv&tel Wb RRGUred 8F £ 5A%rting a time portion of an audio signal 105 into a spectral
representation 115. The spectral domain patch generator 120 is configured for

5  As can be seen in Fig. 1a, the spectral domain patch generator 120 of the apparatus 100 is
implemented to be operative in a spectral domain and not in a ime domain.

Fig. 2a shows a block diagram of a further embodiment of an apparatus 200 for generating
the synthesis audio signal 145, Here, the components of the apparatus 200 of Fig. 2a,
10 which are the same as in the apparatus 100 of Fig. la, are omitted and not shown or
described again. In the embodiment as shown in Fig. 2a, the spectral domain patch
generator 120 of the apparatus 200 is configured for performing at least two different
spectral domain patching algorithms from a group 203 of patching algorithms in the
spectral domain. The group 203 of patching algorithms comprises a first patching
15 algorithm 205-1 comprising a harmonic transposition based on a single phase vocoder and
non-harmonic copying-up SBR functionalities, a second patching algorithm 205-2
comprising a harmonic transposition based on a multiple phase vocoder, a third patching
algorithm 205-3 comprising non-harmonic copying-up SBR functionalities and a fourth
patching aigorithm 205-4 comprising a non-linear distortion.
20
As shown in Fig. 2b, the apparatus 200 may be adapted for performing a bandwidth
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 (o) 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



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 sp%ctral components in a core frequency band of
the audio sigh&l 1@8/1A4hown in Fig. Ib the spectral domain patch gener&@y/ERDWig443d 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 1h¥edt equa&iamaai@@rjmm @e@aﬁﬁwmﬁgﬁ@@mﬁmmﬁmﬁﬁﬂm@q@mwce with
the patching ¢RUakSIGRRLIA el %%)% rﬂ%@l@ﬁg FRREHA LERRRER'GHOD 2; A

frequency reconstruction manl ctra

0.1S conf | gjgr manipylating the m
representatiofi° Oé”éﬁﬂ%?’ §rRPe Wéo’?ﬁ AT e pPEs PR A i%p?PS‘&téd’Fdance
with a spectrdhd et fetsit sty gmahiad s 1@71M@WQ%MMﬁmmhbw§@ﬁabIBBﬁTFShe signal

derived from tapyingdifesispent dly eprese niaio i ddkioaatar BEXanp didaacadignahiimg @MF domain
having been ghiging( %%955%@@3%@90? %{\ﬂanaﬁaésmg@tﬂaosyé@gJémﬁg%%mcomgolm fipg based

on the modified ectral epresentatio he combiner 14&) is configure e audio
il 100 AU A RO BREIL SErORGAELTS ot P DA B GRS HEvatn e the audic
signal 105 withitAetiraatlWriteaste haed Signdhy 36 terotlamoimeyimtiasis tBajvibe third target
2010/115845ReqT4nB2 0N 034484 dnediesignakiding Here, tHhe: sigralitletiveshiram-dhe-audig, signal
105 may gfor gxaipianbe fIaeesRe: e freste Rt YiRignaldaving bese ﬁl@@ﬂ?x@? BiiRf #85ofling an
encoded audio SI I within f fr%%lkje %/ g%nd 5A§ @an be s % ém? ﬁpectral domain
patch genera&lé’lp o%ut?%y%’ % ¢ SOORESHRIdE {3 b&% 88% ei %%E AV d&H&En and not
in a time dom&RYUEAGY Mdnspar%@%d?ég?mﬂa ighér &ﬁﬁ@@#ﬁéﬁb&)ﬁ%ﬁ%é@t@b 30 for
generating thecaynthasidaudiesigaplehdd braet e e amnpanéota didherppedatusy2bhafHig. 2a, 10

which are theva?e%ﬁla&w iBs.ARAANS, 100,91 59 1ias are.pmilied andnakbshomner descriped again.
In the eg;{gjodlment as hown mézg 2a, the spectral domain patch generator 120 of the apparatus 200
ast

is configutred TOrPerfd ‘?wueré‘ﬁ two different spectral domain patching algorithms from a group
203 of patching algorithms in the spectral domain. The group 203 of patching algorithms comprises a
first patching By adggritvma2@henadmilisingiaohall mo pie tiphspasiia bashdg)lalgosingztemls%e
vocoder and %&thﬂfﬁﬁﬂ{?}&l&omét%é&h‘ﬁ@ﬁnﬁﬂ%@c@f@&?&ﬁ%ﬁﬁf@mﬁg thg aiGRg Alog t&qr?,% 52 .
comprising a harmo ition ba ulti aseaocoder, a third patchin orithm
205-3 comprlg?i é1 %’ﬁ‘é) fj og% %%p S%PRm[urllc onR’Y |ed§fgenr%na 180 %‘hal &j ?ﬁng %"Tlgcorl Am 205-4
compristty a ﬁéﬁmh@ér hptelecsed patchlng algorithm comprising the second patchmg algorithm 205-

2. The second patching algorithm 205-2 comprises a harmonic transposition based on a
multiple phase vocoder 405 comprising a first bandwidth extension factor (o)) 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 (f;) to twice the crossover frequency (f). The second
patching algorithm 205-2 further comprises a second bandwidth extension factor {(o3) 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°, 4207, 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
(£,) to three times the crossover frequency (fy) or ranging from the crossover frequency (£
35 1o three times the crossover frequency (fy), respectively. Finaily, the second patching
algorithm 205-2 further comprises a third bandwidth extension factor (o3) of 4 controlling
a fransform 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



20 As shown in Fig. 2b, the apparatus 200 may be adapted for performing a bandwidth 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 fré§uency 215 in the core frequency band 210, In
the context oWSBRMHEMpical value of the crossover 25 frequency 215 dEFTEEF Y His4highest
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,
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20 first target frequency band 310° are further transformed into a second target frequency

spectral compon

band 520° by a second copying-up such that the second target frequency band 520’ has
frequencies ranging from twice the crossover frequency (f,) to three times the crossover
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 (f) to four times the crossover frequency (f;) included in the upper frequency
band 220. Again, the upper frequency band 220 of the bandwidth extended signal 135
comprises the first 5107, second 520’ and third 530° target frequency band having a
maximum frequency of four times the crossover frequency (fy).

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 (fi) to four times the crossover
frequency ().



selected patching algorithm from the at least two different spectral domain patching 20 algorithms, the
selected patching algorithm comprising the second patching algorithm 205- 2. The second patching
algorithm 205-2 comprises a harmonic transposition based on a multiple phase vocoder 405
comprising a¥ifseantwidth extension factor (al) of 2 controlling a transfoRaFEFRIAMIESbUrce
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 (al) such that the first target frequency band 410' has
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spectral domaj &%ESQ &%Q%Taé?nfil@%s configured for performing a select patching algorithm from the
at least two d erent spectral domain patching algorithms, the selected patching algorithm comprising

the third patching 15 algorithm 205-3. The third patching algorithm 205-3 comprises non-harmonic
copyingp SBRefifiwstibndiitiesBloBifer arsingio wningispecphisorapoirris shawsowrcesiragisency band
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three tinpss theogipssaer frequency (ft). 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

equency (1) foRS TATGSTEFeFb BB HEEAEY T REAGE FHE e REER S DA 20,
Again, the up sty disnitsdlinriarodhiier @am@mlmthyexsémdysﬁgmﬂw dimpastsnre st 510",
second 520" apddhiteh&a0 @raat figgueneygbans having:aimaxiney freatseacy okiaivdiyasathe
Crossov%r(}fre%eedﬁ%}ﬂcgp'fhe 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



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 spé@tral domain patching algorithms, the selected
patching algd¥fhmedtiptising the fourth patching 35 algorithm 205-4. HeRC THEIB Y détching
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 (ft) to four times the
crossover fregugencyr(fio tAd WEIe203 0kIhB4IR ChlicR201010bde34nG esliersadly thia sheepmthadiments of

Figs. 36 as desiltied by e AREUALIARARPHCNRAORRZ0Pd: RORZ HRe3: 2054 are
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from the coreZfgaknt Wﬁéﬁﬁj *Z‘lé’%?‘ﬁ‘fghpf) BEgh trg %%%taﬁog%hé?efﬁ Saﬁ‘ér?ﬁl%afl
characteristiciwpibmddnthisapeishiag alagrisens alee tee §d€-ﬁhﬁ%ﬁhélmﬁaﬂb&ﬁﬁeﬁﬂﬂoﬁéﬁtr}@m§ﬁ§?m ed into
a corresponditgiargeihiraguene)opd3d0h SsdctBat indd O 4aBorh20'5t430'sulB3Bindbord&20', 530" as
shown i@OFigs 3-6. 15 The different spectral domain patching algorithms 205-1; 205-2; 205-3; 205-4
may be performed |n acco ance Wlth uire erfo mance such as vgthlnéhe bandwidth extension

scheme of Fig W8P P S1:"f’rrtllﬁul ipie e ey SASRE STEBA for

example in generauon of harmonics by clipping, hnntmg, squaring, etc If for example, a Spread signal
is spectrally very thinly occupied (e.g. after applying the above mentioned phase vocoder
patching algorithm), it is possible that the spread spectrum can optionally be additively

15  supplemented by a distorted signal in order to avoid unwanted frequency holes.

It is to be noted that besides the above mentioned patching algorithms from the group 203
of patching algorithms (see Fig, 2a), other patching algorithms within the spectral domain
such as a spectral mirroring, may be performed.
20
- In the embodiment of Fig. 7, an apparatus 700 is shown not comprising a time/frequency
transformer, as indicated by the dashed block 710 for transforming a time domain signal
705 derived from the modified spectral representation 125 into the speciral 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 FI'T 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



Fig. 3 or Fig. 4, respectively, the frequency structure is harmonically correctly extended to the high
frequency domain, because the base band (e.g. the core frequency band 210) is spectrally spread by
an even multiple (e.g. al = 2, az = 3, az = 4), and beca#se spectral components in the base band are
combined withi@riaddiiehal generated spectral 25 components. A phaseRBHEY §g&dét 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
ar:readxt/) starts @ioaersiaﬂyaﬂlaé@m@mtr@ﬂﬂ@g?% Ihehical £Eensavan regueney dsdnithissase, less
than about 5 n z). iS.1reqi e, n.earis ve nsitive 1o
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tones. In additfSAVEbchishy Eresthy Lphcenviired (it amdieyetiapeiesnaservsrsipninieesz to 300
Hz) are perceified esnnsogpntdenash ThHé, helnifotlic seriduetionmtdrtiéfrequerdigpd8stoustifiernfithe base
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sensitive at high frequency (typically starting at about 5 KHz), especially with respect to a non-precise

spectral APPIRBJRGHIISIP 1 KRXIIOR LIRS SRECHAL DT eR T RHOR.D deneral, oning In
particular, comprises the advantage that it is easy and fast to Implement. 'I,lﬁlgpa&c,hlng BlGorthm also
has a high fleIBHGGTJERE o B ASHE {FEHANER (Eide trbee, £i#0h may be
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spread signa g8AGCtiallinerse i aaR RIS AlLAPAYING NG phUE T SRlongdlAse
vocoder rﬁtchﬁng Qogr? 4 i%éis poygﬁ?gfet at the spreag‘ﬂsp%ctruni’ can op'f%)naﬁi]/ !ge adfgll%gﬁy
15suppl ent%“fi?’ﬁnt&% AT AT BHE o avoid unwanted frequency holes.

Specifically, the second conversion length may be chosen such that it will be equal to the

ratio foa/fx multiplied by the first conversion length 111. In this way, the second

conversion length or frequency resolution applied by the second converter 810 will readily

20 be adapted to the bandwidth extension characteristic of the bandwidth extension scheme as
shown in Fig. 2b. This is because the bandwidth extension characteristic is essentially

governed by the above ration (fmax/fx) corresponding to a higher effective sampling rate
according to Nyquist’s principle.

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



It is to be noted that besides the above mentioned patching algorithms from the group 203 of patching
algorithms (see Fig. 2a), other patching algorithms within the spectral domain such as a spectral
mirroring, may be perfolined. 20 In the embodiment oif‘;Fig. 7, an apparatus 700 is shown not
comprising aWmeetpsesicy transformer, as indicated by the dashed blockR7EBHaritrafefdrming a time
domain signal 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 speotied repiesentatidit Eabodad within fleguerdysdomainbaighal § Hapeesantat dhe output
of such a timedfiaaeancit ansirmeny 30shha deaarladconiguationmaybe advantageous,
because in the this case the further processing of the modified spectral representation 125 perfoinied
by the high frequency 30 reconstruction manipulator 130 can readily take place in the same domain
(e.g. the FFT Bt BRAAeHREmY 85 K Ddhnmismgsrerrepondihewnpakensineedfaamaliripatch
generatob120hs apdiatsigni. ierefarsigadlithdrddafistarmhdendieesigifferent domainssdchas a

transform fromdigiAmedemaiiia thespeelalarain( i GMEApRMEIShilLae LG equred
a0 0 SUUREDAIRITN 4 s UL g s
urther comprising-“a second converter or converting ‘ t 125 into
the time domaifeARPIHE T rmp dhreArelsted Sigpphbsing suuasicrisdsas isissanagndorresodd to 13

WO 2010/115848PET AR2010/0b4484¢hask ditbepapparalds-200foiikigalalyaed ampiitedbdseshown in

Fig. 8, the secpRghGenysitar6dn bgadapted to apply a synthesis matched to an analysis applied
by the first converter 110. Here, the first converter 110 is configured to perform a conversion having a

first conversion length 111, while the second converter 810 is configured to perform a
Accordingly, in case of a speech signal, a processing based on a speech source model or an

information generation model such as within a LPC (linear predictive coding) domain may
be used, while in case of stationary music, a stationary source model or an information sink

15 model may be used. While in the former case, the human speech/sound generation system
generating sound is described, in the latter case, the human auditory system receiving
sound is described.

In addition, a signal dependent processing scheme may be implemented by switching
20 between a harmonic transposition for a time portion comprising a transient event and a
non-harmonic copying-up operation for a time portion not comprising a transient event.

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 andio 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 (SFMygos) from the plurality 1005 of bandwidth



5 conversion having a second conversion length. In particular, the second conversion length may
depend on a bandwidth extension characteristic in that a ratio of the maximum frequency (F.) in the
upper frequency band 220 and the crossover frequenléy (fx) in the core frequency band 210 and the
first conversigitlesigthi 3kt is accounted for. 10In embodiments of the preJ&if/ERzeHteHiihe first
converter 110 may, for example, be implemented to perform a fast Fourier transform (FFT), a
short-time Fourier transform (STFT), a discrete Fourier transform (DFT) or a QMF analysis, while the
second convegte&ita migyaforedampleudie isiplgmerite@ R ey fekm pariigy ehse dastadriskifansform

(LFFT), an inverse, short-gime, Gouriar SRosfomu(l STE Rk Rinyense gféﬁms? rppiepAiransiorm
(IDFT) or a Qa Fosx%réegls.ea ecgglctallﬁgpegﬁgonglcon%%skon I?ﬁ%ih ?g%abe chasen such that it will
be equal to thé& ¥atio THax/iX mutiphed by the Tirstconversion lengti 111 0 WY, tRELEEdNnd
conversion leng grefrseieicly raksmEo BsBie dhsysaiResdconiinasn nateading olgatithoadigy2bebe
adapted tb théndamwlitithiexternding charactarislic Of theshanddidtheredsiepachene agashawn in Fig.
2b. This is begayse the bandwidth extension characteristic is essentially governed by the above ration
(fmax/fx) corresponding to a higher effective sampling rate according to Nyquist's principle. 25 Fig. 9
shows a block diagram of an embodiment of an apparatus 900 for encoding an audio signal 105. The
audio signal 10%8-cbinfeges ap éﬁ@%ﬁ@érﬁy@ﬁmfm@hﬁa arsehsper tlepriehieg basdizaoeney
particular, thedappdnatuspafid-dbir enceghagine M &s goriatRcobaidd dhvepririnitmaxtiattor 920
i e sore e O et oo Qe A B e
fecuency barkd 200 RAAbIL e GETT AL S ST PR bt patching
control signal 2 framolergib elutidisigmalesdtrame phitehihglbe REH siggadl #1 oopiditatmgranielbeted
patching algotithieaddediavpliweglind/] fchaf differanis paeisabdaimdstivedtthimnotiadgsidtans aspecifically,
the selected patehings algaeittHRmaYRePSIEaRIeS N A SReslAl (omAIRIOHAR 98RpalnghE
synthe3|§aaud|e(gl g,lgnal |g1ughban ‘Q"QtQ ﬁxte%?ogl.d%cod r |_n%%/, theI P@rameﬁr cal u}gtcg 930 is
configured forCarcutatinga SBRatameter 127 fond the Upp HE e cy'bart 276, ThEBBR
parameter 12 PaEantingida oM wrtaupHYr MeguiBatsy 9Ard oM atéhitf BB ritrép Srysemeied
indicating the sigtextteti paithintpatgeritipindasidriiie] 114 W Gu2Ba04t AH8ASR Gl / ERARBOMAbd<k34 encoded

audio signal 9B ensedadaritnin thRICAEBJIanUS e RARG: 240 MaY s astiHin AR £RF geed.Audio signal

935 to be Storgldurg{i raor}s(mgr a%p\ﬁvrlzfgh\l;\rflmadg&e & hstcutive blocks of audio sampies. Here, each block

20  from the plurality of consecutive blocks may, for example, comprise 512 audio samples. In

addition, a first time distance between two consecutive blocks of audio samples 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 & 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



In the embodiment of Fig. 9, the parameter extractor 920 may be configured for analyzing 5 the audio
signal 105 or a signal derived from the audio signal 105 to determine the patching control signal 119
based on a signal characteristic of the analyzed signdf For example, the patching control signal 119
may indicatewdiestipeitetamg algorithm for a first time portion 107-1 of the &G6alyPeelsigasidbeing
characterized as 'speech’ and a second patching algorithm for a second time portion 107-2 of the
analyzed signal being 10characterized as 'stationary music'. Accordingly, in case of a speech signal, a
processing basachiny aztgaabhsouicel madetar ay intarmationgene@iionsodatsuchsaswyihin a LPC
(inear precictiyg:cqaifghgdomal mavibe s WG aasesof SIBIORRNGIBNS'503 siafignagy source
model or an mflorm tion Slrﬁ( 15.model may be used. While in the former'case, the human
speech/sounoa&’é’ﬁlgf‘%ﬁoaﬁ 3yRtehl geRetéiting sound is described, in the latter case, the human auditory
system receiving sound is described. In addition, a signal dependent processing scheme may be
implementied By switehinD26Epondiigia hatmonitdtantpasilandrre tnEROHRMERMRIsingha
event, The abpye ero o o e B ) o
e : , .

Cignal 105 or SXCRTEFULFY Sh o B bl LSl OE TFPSopURE 5 ECIE JEH rdthiitic
Alternatively, IR&¥58fa0RcteREifrsbrT 20 MES ARTdSeDperarissR dvlaguddospadsrrésfbAding to an
"analysis-by-systhesitiximplenratations mdhetembesisdent of Fig Flghamapnanatis:d0a@ farzencoding
an audio;5igngl LR 4ch-An ANR R RYSMNIn st HIRlsIRARR Sl At Bigg Tlcall. the
parameter 30 gxtractor 920 of thea tus 1000, for ericoding may be configured for determining
from the pluralty COPYLBY CRREFETR, S axtial SRR SREFR GRS e SEIE el B Algorithm.
Here, the seletpeatchingr4idormHtin thayjmetbasthisn alsoniparbbiydf compristio sigprllibes or a
signal deriveddfsesritheraudionaignal 105 with the plurality 1005 of bandwidth extended signals having
been obtained by performing the plurality 117-1 of

15  Particularly, in the embodiment of Fig. 11, the sub-components of the patching algorithm
blocks 1141-1, 1143-1, 1145-1, 1147-1 may correspond to those of the blocks 205-1, 205-
2, 205-3, 205-4 of Fig. 2a. In addition, the symbol £ {*xover band”) may correspond to the
crossover frequency (fy).

20 Moreover, a patch selector 1150 may be used to provide a patching control signal 1155
corresponding to the patching control signal 119 for controlling the spectral domain patch
generator 1141 such that at least two different spectral domain patching algorithms from
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 speciral

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



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 calculatinglgpectral flatness measure (SFM) parameters
(SFM1005) fretnzthephsddlity 1005 of bandwidth 15 WO 2010/115845P CTEE #054484 extended
signals and the audio signal 105 (SFMref), comparing the calculated SFM parameters SFMilms and
SFMref and selecting from the plurality 117-1 of patching algorithms a specific (optimum) patching
algorithm, for mindéfied deatiamin HmaoRifaredis RV aramdifed sowidmalinFipaty 14 seigcted
optimum patchingrRlgariihon MakRtnaipdicAtaeby e BRIEHIRGANFARIGNaIIdANIeReBhE 3 the
output of the %?%Wf%é%%%&r 2305510 11,3h9we,an gver Fist of an cmpodiment for a scheme of
i p i £81065¢ BREWIH extended

S e modifie £
patching in a fréquency domain. artictilar, an appara or generating a

signal such 1083 Atsn thee DaHRRRIMRSeEh BBpHeEns eGP elgioofssaeisrtetrindoti dwieiisdiment of
Fig. 11, the awdib signahd CHfixtrefrapphyiad idy PGAY fpulserdodefmodataiionddatasitdlawnng a

frame length %ﬂ@g_%mmegg%@p%gﬁme PCM data 1101 may, for example, be a decoded
low frequency sighal comprising a base band derived from the encoded audio signal 935, the encoded

audio signal 935 having been transmitted from an apparatus for 15 encoding, such as the encoder

900. Next, a dows-sagriprdifiad ovindgitsd (iserl doraswiisapliy e P Om Batalad et dfigheictor of 2,
for example, teffobiizin ardpliny-sampted SByFAED14dScdhpacaivo-gamplethdigaalplitd Fat fiahed supplied
toan a??d)vsi;sml_ eﬁwolé}%%mmﬁi&de%ﬁsmc&@mf iPWiMB}QQ&é{iQH@MﬁYS eﬁomgt;]rf)? tc;(
generate a plurality ot.overia n inaawedad .co Ve DIOCKS P audlo SaAMpLes. Here, eac oC
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a first time disthAcEBERjERn divansiieSRrRCBIRIEKS dFatBles saFApd ajndar SarmpricBdndjusted
to correspondilie Bhdarni!ésaad denditsd thye'ldistan6el 01T ter exarmbeof4harophrse eptilfedbbyciks: of audio
samples may Myﬁgm@ﬁ%eepqmg@ ted Dyreleaingia suitahle ORIMUNY) sngly sigvindavfunction
from a p!téralit 0 gifgegg%gt %r&a{xﬁs:igrwind w 2? Igur}%%orig %Bgli%j bXntkcl)%taQtal sisiwfi wer %20. A
time portion 1 oFhe audio signaft , Which ay 'correspong’to a consectitive bIOCK from. the

plurality of coﬁ%@é%ﬁﬂléfb‘l%ﬁé%‘fgﬁ&%es%ﬁ%?@sﬁ%%ﬁﬁé%aﬁHPF‘eBTt@%ﬁé(ﬁPé’f‘%fé?Wél’fé? §igBAlvhich
may be impleiidAtethasyiguexmmdlé | 2 prhiidebbgsberabpdthaVingdthedilstdenbersionckadth 111 of
N =512. The &y eces58E hl30 maydpeycrRrligurastiio Ganypkithe tinte Rotiael2bintothe 30
spectral repregen ation 115 Wtflicc:fjl](?rg% for ee%géalleﬂ Qa%gyvpdﬁlmented in a polar form 1135- 1. In
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particular, this spe%tﬂr?a)ﬁaruelparree en n gt comprises magnitude information 1135- 2 and phase

informatfh 1135-3 which is further processed by a spectral domain patch generator 1141, which may
correspond toithe spectratedotimeiim patctngederatorof Z00f IRigal P diffthens petchralgddgraithpatete

gene (;ator |1 143 ofbiguilih Ma%EAMRIISSR fiistRakhing @@q&gﬁ@m&éﬁ:ﬁﬂ@ @@gﬁﬂrbya}pb@s]e )
vocoder plus ing" correspanding to irst patchin orithm 205-1, a second patching algorithm
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patching algoAtHi BaiBedaseeBRoRET I IsAL O &2 gelitifmerts omeimila Patiigttgsiiiim 205-3,

and a fobfth 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, S'ésch'_d fDi:S_.Ch,_“:A harmonic bandwidth extension method for

30 audio cc')decs,”. ICASSP International Q@nference’ on Acoustics, Speech and Signal
ProéesSihg,?IEEiE :CN“F, 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.



16 WO 21)10/115845PCT/EP2010/054434 patching algorithm 1147-1 denoted by "other function, e.g.
non linear distortion" corresponding to the fourth patching algorithm 205-4 from the group 203 of
patching algorithms as shown in Fig. 2a. 5As describéd correspondingly in the context of Fig. 2a
before, the fimopatehisgialgorithm 1141-1 comprises a single phase vocoBeT/ER R (3
non-harmonic copying-up functionalities 1141-3, 1141-4. Furthermore, the second patching algorithm
1143-1, which is based on a multiple phase vocoder operation comprises a first phase vocoder
1143-2, a second phase vocoder 1143-3 and a third vocoder 1143-4. Furthemiore, the third patching

10 algortm LidSusamspisea IeruRRCR I SR enAlies oI A iy

copy-up operatlon 145-2, a second ration a
Finally, the fouriﬁl%atc%ﬁgb%?gont%ronf %bﬂg g&ﬁ'ﬁﬁﬁ%ﬁ%sﬁﬁoﬁﬁeﬁpﬁﬁ?&%ﬁjﬁﬁ?&?ﬁg dfgnonic
15Particularly, TR UHeBotAsEIR: GRig. PheseHeerdschipgsbhameedt thenspeshioy sdyariehwhislocks
1141-1, 143- IndddB-dopvidg/of maphrareipanado sharmaf the blocks 205-1, 205- 2, 205-3, 205-4 of
Fig. 2a. In addition, the symbol (5:over band’) may correspond to the crossover frequency (fx).
20Moreover, a ector 1150 ma d to,provid atching control signal 1155
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representation 1165 may then be supplied to the second 30 converter 810, which may, for example,
be implementethasdasciftied probeiisenil 2 havisly abeteindcapyansiosiengit ofNi Z{%&dﬁere, as

described corr n CONER ted t
exactly f%r tlréﬁg]%?gae?dﬁ;ﬁg %gésﬁ,r(s&?%?versmng{eiﬁ&{%%? @ﬁg% %F?gﬂ)%g‘%n tzﬁlex ension

characteridtic Of ebfﬁcv&%‘% gxefgln% %haé’%aéegg e A8 t‘ﬁ’et fHaFenk S8 bg Antinain

patching therefore, to be limited only by the scope of the impending patent claims, and not by the
specific details presented by way of description and explanation of the embodiments
herein.

20 Dependent on certain implementation requirements of the inventive method, the inventive
method can be implemented in hardware or in software. The implementation can be
performed using a digital storage medium, in particular a disk, a DVD or a CD having
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 andio 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.



35algorithms may be accounted for, which has been explained in detail before. 17 WO
2010/115845PCT/EP2010/054434 modified time domain signal 815 of Fig. 8. The modified time
domain signal 1175 may then be supplied to a synthekfs windower 1180 for applying a synthesis
window functi®f to1thie sdified time domain signal 1175 to obtain a modifeed AEmeowesime domain
signal 1185. Here, the synthesis window function is matched to the analysis window function 5 such
that the effect of applying the analysis window function is compensated for by applying the synthesis

window functicFheSimesetirel onified vindtswedhéi raevdﬂagei Ftlﬁig %ahﬁl%%%h%@tﬁﬁ SRERled @t a higher

effective samplisrgHentec8inda mpl rat KHz) due to
the bandwidth %Beéﬁep n% ﬂéﬁ?ﬁﬁé@g{%%%@h% kg a% ﬁyebaé)aphon

Si dified win owed S|gnarﬂglal may i
overlap-added’in a%’ﬁf‘%""i‘@ﬁ §e rﬁ%?@&’%s)? 8@8% eé?ﬁ’jl d" in that a ratio of a second time distance
of, for example 256 samples, denoted by "Inc = 256" applied by the block 1190 and the first time

distance df, foMasampleifehsappplesioaspliedinydhiz @dalySiTHERGaWSHdnl 2Rtk FRHQGT Ayl be
equal to the ragigadheRighemeliestive.bn §Q§B¥é‘1‘ Qsaie g_\(}gﬂﬁbe original sampling rate. In this way, an
0

output signal 1195 may be obtained which has the same ap characteristic as the original
(down-sampled) signal 1115. The output signal 1195 provided by the apparatus 1100 may further be
processed starting from the high frequency reconstruction manipulator 130 as shown in Fig. la to
finally obtain a replicated signal extended in bandwidth. 20 It is to be noted that in the embodiment of
Fig. 11, aly different patching algorithms are carried out in the same domain, for instance in the
frequency domain. The domain can be QNIF 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 25patching, 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 Disci', "A harmonic bandwidth extension method for 30 audio
codecs," ICASSP International Conference on Acou?é)tics, 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-frequanp iregssposition, 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. 18 WO 2010/H5845PCT/EP2010/054434 In summary, in the Fig. 11 embodiment, the
patching méthods earPharsere e dasishisasimplescopidspeson vh eiptsbieg deatiobrigpaections,
a phase-vocoder Hasgspharireais pisposition scheme, and a phase-vocoder based harmonic
transposition scheme which 5includes copying of neighbored frequency sections. Although the present
invention has been described in the context of block diagrams where the blocks represent actual or
logical hardware CofHBbREREI Il COBNETHIE M SHNCAPCAISS 1B ifpfesientisigyiato a spectral
computer-implememntedantetivad. In the latter case, the blocks 10represent corresponding method steps
where these steps stand for the functionalities performed by corresponding logical or physical

hardware blocks. ) . . .
a spectral domain patch generator for performing a plurality of different spectral

domain patching algorithms, wherein each patching algorithm generates a modified
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 wherein the spectral domain patch generatbr is configured to
select 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
accordance with the patching control signal to obtain the modified spectral

representation;

a high frequency reconstruction manipulator for manipulating the modified spectral
representation or a signal derived from the modified spectral representation in
accordance with a spectral band replication parameter to obtain a bandwidth
extended signal; and

a combiner for combining the audio signal having spectral components in the core
frequency band or a signal derived from the audio signal with the bandwidth
extended signal to obtain the synthesis audio signal.

2. The apparatus in accordance with claim 1, in which the spectral domain patch
generator 15 implemented to be operative in a spectral domain and not in a time
domain.

3. The apparatus in accordance with claim 1 or 2, wherein the spectral domain patch

generator 1s configured for performing at least two different spectral domain
patching algorithms from a group of patching algorithms in the



The described embodiments are merely illustrative for the principles of the present invention. It is
understood that modifications and variations of the afrangements and the 15 details described herein
will be apparent to others skilled in the art. It is the intent, therefore, to be limited only by the scope of
the impending patent claims, and not by the specific details presented by way of description and
explanation of the embodiments herein. 20 Dependent on certain implementation requirements of the

inventive method. e AYEISNEeHIOd AR B IRIBENEE MIAIORS S5 SPINGIG it

implementation can be performed using a digital storage medium, in particular a disk, a DVD or a CD
v f i
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methods when theisempiseriyaataragpnaton k3@ aamprian: Deerinventivierensadrd audirisignal can
be stored on any hipe-raadable; starag lym, sugh igital storage medium. Embadiments
of the present invgﬁ%%n%fow the h%énd%v%/%dt% {Eﬁ%&#;loa t%(i té%zn ﬁ?ggg?élguﬁ?&h?&%ﬁ?&%a%@and

signal characterisHE¥Sr 1BTFERHIN G eAbEss O Ablerti&un ForehdSoBREISERAEPHUIBRANG 4B be

done within an opemrotragiasgd loops. Therefore, the restitution quality can be controlled and
enhanced. 19 WO 2010/115845PCT/EP2010/054434 The presented concept has also the advantage

that a smoath trangjtion between the different patching algorithms can be reached easily, permitting a
fast and aceurate LB B e AFRITAN ExteHsToH Based BB AN SiGRSH 8 MBS BFo Aent

applications are agetigraweddere; fihicid dee pftdnrinipie meeiraded phtohithe ld geitoesfand thasioperate

on a battery powelegstPBh6 different spectral domain patching algorithms, the selected patching
algorithm comprising the first patching algorithm, the first patching algorithm
comprising a harmonic transposition based on a single phase vocoder comprising a
bandwidth extension factor of two controlling a transform from a source frequency
band extracted from the core frequency band into a first target frequency band,
wherein phases of the spectral components in the source frequency band are
multiplied by the bandwidth extension factor such that the first target frequency
band has frequencies ranging from the crossover frequency to twice the crossover
frequency, the first patching algorithm further comprising non-harmonic copying-
up spectral band replication functionalities for transforming spectral components in
the first target frequency band into a second target frequency band by a first
copying-up such that the second target frequency band has frequencies ranging
from twice the crossover frequency to three times the crossover frequency and for
further transforming spectral components in the second target frequency band into a
third target frequency band by a second copying-up such that the third farget
frequency band has frequencies ranging from three times the crossover frequency to
four times the crossover frequency included in the upper frequency band, the upper

frequency band comprising the first, second and third target frequency band.

5. The apparatus in accordance with claim 3, wherein the spectral domain patch

generator is configured for performing a selected patching algorithm from the



I0 20 CLAIMS 1. An apparatus for generating a synthesis audio signal using a patching control signal,
the apparatus comprising: a first converter for conv@iting a time portion of an audio signal into a
spectral representation; a spectral domain patch generator for performing a plurality of different
spectral domain patching algorithms, wherein each patching algorithm generates a modified spectral
representation comprising spectral components in an upper frequency band derived from

corresponding spegt o} i f nd.o .audio si in the
spectral domain p%aﬁgﬁa!s%%%?a%fﬁ_%éggn%gﬁr{éﬁtj é@%ﬁgg@/ aapcﬁlrrs&?gség%ﬁ é’m%a%%%?g?% g’/ %%Eogéghm from
the plurality of pat®s EPMRRSIRS, haitetenfe piohinn Hsariup s eudnRatanmmigatEing
algorithm from theqiussikiygi patching algontvine fdsacsecondmdiffaieniltinrevpostien dorapigrgance
with the patching goptrolsigaghig,oPiaindiba mediied SRRCRLIRRIERSAaHAR I oA ME ARGy

reconstruction mapipulator the modified spectralé%?r_esent tion or agignal derived

B Eatson
from the modified SFRPEY RHI SIHALEh F B bS BT ESHHA S s UM B A s e Bt BRSSP Sheter to
obtain a bandwidtheestteridadisighaicanttbecpetiinbedopcombsinimghthEraushorsigfralienipdapectral

components in thegopg,figanensy hrndiak asignatderiveshiiom fsrudisignalidtxthehapdwidth

extended signal t?.robtain t sw}heﬁis audio siganal. 2. The :ﬁ% aratus in %ccordancte \{vith C %im 1,in
which the spectra d Wgﬂpéﬁ: gaésne?g%lg}lféﬁsmpw& ed'to ecgff)Sngﬁ{,e ﬁwq%egﬁ&?ra%%en% in and

not in a time dom&MsSVERdTaRpICKuthin stcenr aptdngraldathm oluthwheesintiie s sestradomain
patch generator issgaafigiifeexiengierfasming tleastina slifierentapsetial domaingachingalgorithms

from a group of p%&%ﬂ?%ﬁ@”&&%&% %Jol%p‘f‘%rac'oﬂégr_@?ég‘géﬁg f9uR of.pat h%@&%l?‘%f@é‘e’gs
comprising a first patching algorithm comprising a harmonic transposition based on asmg?e phase
vocoder and non-HEAWOIRE BaRATERERS SpRRirsF 14 spReaab s ImoaGREItR $he SEeBASPhing
algorithm comprisingyachayrbamicaransgdsitiah adedsecoadiuliifta gihaseeveradéistartbinch phiching

algorithm comprising nephamanisLoRKIRgHRSRACHEL Rand enlication unelionalilies.and @ fourth

patching algorithm comprising a nonlinear distortion, the apparatus being adapted for performing a
bandwidth extensiSFBERA At THEORIRENItHH SRS SRINEPESMPrgRs i TP fréfRsA band
having a maximurfrdaequendy izt dast fhar thorssthe Trossover fheqemnoy ipatiebicprel fegvancy. 4.
The apparatus in ageREFanGepMih laimdraviareinihe spasiiabgomaih PeichgenesaiRiimgonfigured
for performing a selectfed 1E)%ching t?lligggrithm fr%{n the at Igas twcgrdi f%r?pt sptg[ctral d%nain IPatc:hing
algorithms, the se%aé’tséa%atc Fﬁg algorit Orﬁrg%mﬁﬂgﬁ?ﬁ}fhea IS }f)a & elng 3 gofi i the irst pcé’tching
algorithm comprishaghintrm8nie teespbsitisndatatlonkesimyipisase Yoceristrebryprizingnss
bandwidth extensianiaciarioidwecasyialliog Ratianstormifpra@soteenirapeandansextiasted from

the core frequenc into,a first t tir ncy band, wherein phases of the. tral components
in the source freqﬁ%gr%%%ghé%ﬁeﬁrﬁlﬁ{%%é%%%t %aé%_l}]c vsqgl%]#zl)%%e%g un?%&%?%@é%%%%tt 1:grfeirrgs.t target
frequency band hHEfeHlFeiess FnGHg Mmoo & S8V B frERferes T ie e ersibliem

frequency, the firsthpatchiog aldietta juihencdmpyigiagnesehar fiieniercgpyitigdep speeitgideand
replication functiogaliigs orAnsiRcieSRegal couRGRSIS IR IS LM fiRtuERCKARRd into a

second target frequency band by a first copying-upsuch that the second target frequency band has
frequencies ranging #STHVIEethe crossover frequency to three times the crossover frequency and for
further transforriling spectral components in the second target frequency band into a

6. The apparatus in accordance with claim 3, wherein the spectral domain patch
generator 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, the third patching algorithm
comprising non-harmonic copying-up spectral band replication functionalities for
transforming spectral components in a source frequency band being the core
frequency band into a first target frequency band by a first copying-up such that the
first target frequency band has frequencies ranging from the crossover frequency to

twice the crossover



third target frequency band by a second copying-up such that the third target frequency band has
frequencies ranging from three times the crossover4dequency to four times the crossover frequency
included in the upper frequency band, the upper frequency band comprising the first, second and third
target frequency band. 5. The apparatus in accordance with claim 3, wherein the spectral domain
patch generator is configured for performing a selected patching algorithm from the 22 at least two
different spectral domain patching algorithms, the selected patching algorithm comprising the second
patching algorithm, the secaond patching algorithm comprising a hainionic transposition based on a
multiple phase vo@S@%%nfﬁFigﬁ@%F Fﬁ%‘i%%l‘f‘?&l%ﬁﬁﬁ%ﬁ(@ﬁéﬁ??&&%? Br Qe Edtsnh g SRR ¥form
from a first frequebmydband xtrastéddrgen thepcoreyfiegquiehgyabsmdridto fitst-targetcfrafateticy band,

wherein phases ofdhe, $neriER! RBRAEBIIN fhe WshRoKtce fagupnanbandiarampulipnlisdby the
first bandwidth extension factor such that the first tar%e_tf%a{gn%c%&%?g has frequencies ranging from
i

the crossover fredlENEIS tRidB e ERSEs BV IS QichRgdigsi Rer
comprising a secéhecbahdwidneestsnsionhiactercaidthireest ofiratiingya bandsfonm frothisdseseeid source

frequency band exitgstaehitamdtihe eare-reapanewbandinia.apeaond iatetirgguancyhanthswherein
phases of the speggrale%%gggc%nents [ tohr% second sgsurtfle f&e%ue‘r;cly fEgand are {hu}liﬁ)ll%d %‘é tttﬁe second
bandwidth extensiOmactor suctrthat the secon Pallrge reqaesr(l)cf/3 barfiauf‘?élt(s:yfreoqu(()an]‘rciérél rang?ng from
twice the crossovEIOREY§E eSS hste @ Gindadtie Eresuoner fieyisantberdatlnupremitaeuersEsover
frequency to thrediideshartirdssdvefifieGuency atldeised endpatehingaigandhm further comprising a
third bandwidth extension factor of four controlling a transform from a third source frequency band
extracted from the _core frequency band into a third target frequency band, wherein phases of the

spectral componehts iARPRE AT 18 oRrer draGe etl B are MERTe By SHRSHRIrdDRABWRISD
extension factor sgrtethtat tisecthifitaed efofreguionoyrivand diasdieqeiehtig satamging fiom thireattimes the

crossover {Lequeneys%ot@r&i@&%ﬁb%ﬂ%%%%ggaﬁg YRR fggeingﬁf%m%l%‘%&&%&?%éﬁwency to
our times the crossovey frequengy. inc in the upper frequency band, the upper frequency
comprising the firgﬁg%g{fﬂo&éﬁﬁ’%}% ttﬁf’g%i‘ﬁ%’qﬁ%tlﬁ%%é{%”rg etgf)g%‘? DA YRS R Dith claim
3, wherein the speetrardoraainopatbhegerbstiroias donfigueedify ferfareair acsetecdspatching
algorithm from thegideasiivwadiffarrnt spastalArmai palchingslgarithmssthe selgaiespatehing
algorithm comprisfi&grt[kilnelépié% patchingr%}gorithm, the third patching algorithm comprising
non-harmonic copying-up spec%g?sl?gnd re%ﬂ%%‘f?&n functionalities for transforming spectral
components in a source frequency band being the core frequency band into a first target frequency
band by a first copyiagappasaial thaididentirsitasget frequengiebantichasffequeanciesyanginirom the
crossover freque twice. t ver yefor sforming spectral
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components in the fir ardet frequenc INto a second target ncy by a setond
copying-up such TR 1Ee0hs Brddisfetsenal rprisachtdine frie b aldiNg oM twice the
crossover frequency to three times the crossover frequency and for further transforming spectral

componentig in the-gecond targel SLeANRRGY hand dptena thiddagetiraguency band-hyadird,
copying-up such that the third tar%%e frequen%yﬁand has _frecgencu—:(firﬁ?#e%:ang from three times the
e

crossover frequerf& 8 808 friS e O et S§UEHE G JBE EYGERE9End, the
upper frequency befedleomprisiogaire filstrgecbadanddivied target fratpentiobmply 7. sPhthegpparatus
in accordance with glaigd 3o Wheeiihe.ppredr sl damai Ralch-aenaratosis seniigues ferperforming a
selected patchingcglr%?ritherg {(r)ongrttkg%natale%s% g{_vo gi e(;ent sp ct{al domain qatchiiln li;\%{g‘g?rﬁithms, the
selected patching a gd?lﬁ'um coPnprlsmg tie fourth paflcﬁ]illggaa lgrcs)riﬁ%’%‘fetﬁleo?ofﬁﬁtpa ching ﬁa%lrithm
comprising a nonfifescaido AN TERIgéh SRS PR EBNIpEPRYRESIPRtNEVITISe £ frisgaRtcy band
having frequencies:tasgiog flenpile trossevad freguenaysto fauntimrpdhessossoveiiggreiigy. 8. The
apparatus according. o ane g g aistedingslaimahe apparalis nohcaTIRG 4 Umelliggency
transformer for transtrorming a time domain signal derived from the modified specttral representation
into the spectral dB7A4AR<YH.PrAd bt s iR B Ohe raserpreeatsngy dandsrthdafstratus
further comprisingensecomd leopererdonaeodferting the modified spectral representation into the time
domain, wherein the second converter is adapted to apply a synthesis matched to an analysis applied
by the first converter, wherein the first converter is configured to perfoini a conversion having a first
conversion length, and wherein the second converter 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 in the upper frequency band and the crossover
frequency in the core frequency band and the first conversion length is accounted for. 24



10.An apparatus for encoding an audio signal, the audio signal comprising a core frequency band and
an upper frequency band, the apparatus comprising:da core encoder for encoding the audio signal
within the core frequency band; a parameter extractor 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 algorithms, the selected patching algorithm to be performed in a

spectral dofgain fal,0gRsHANNY ARt NI slanaLine RRndwisth eensign.iaeder.pnd a
parameter calculator for calculating a specgtra band repfication paramest ﬁom% upﬁer frequency
band. 11.The appEFaHsE 3 PaRd GathguNBREJFeaHEE VhERdidlia APARITET SRMPESFameter extractor is

configured for determining from the plurality of different spectral domain patching algorithms the

selected patchingaaégfy%H@ad@m%ﬁsmg%%@G&@@gﬁghmmﬂé%@%reg}w@%%g@Q{fﬁison of the

audio signal or a signal derived from the audio signal with a plurality of ban extended signals
having been obtained by performing the plurality of patching algorithms in the spectral domain and
manipulating a medifieghspeciéladprdseptatiotingf amebipertionof thenauffiorstnabdia. Agmethod for
generating a synthgsinpAie Signal Yaing MRRENRG el signalidpainsibed somprisingisenverting
a time portion of an 3#%0 s#'%nal intlo S ectra%l é%%re;efnt%ion; erfoginéq a ?}P rality o %gé%rent
spectral domain pAtehing Algeritirs. WhEFeRTSHLE futch B’%Ié%ﬁ?ﬁ e SEBSAREHIREY Cpectral
representation cob§pPgifgrapécitat confithanminafPugeaeiiogaheyhherdsdariiedsfenal in a
corresponding spaetdl BNBaBents ifcacderedigquency 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 pIuraIitg of patching 25 algorithms for a second

different time porfidiPiAMAEES ANt tRel paicmng Tl Sraicp)ispiamramasenfeanspectral

representation; upper frequency band.

11.  The apparatus for encoding in accordance with claim 10, wherein the parameter
extractor is configured for determining from the plurality of different spectral
domain patching algorithms the selected patching algorithm, the selected patching
algorithm being 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. '

12, A method for generating a synthesis audio signal using a patching control signal,
the method comprising:

converting a time portion of an audio signal into a spectral representation;

performing a plurality of different spectral domain patching algorithms, wherein
cach patching algorithm generates a modified 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



manipulating the modified spectral representation or a signal derived from the modified spectral
representation in accordance with a spectral band réplication parameter to obtain a bandwidth
extended signal; and combining the audio signal having spectral components in the core frequency
band or a signal derived from the audio signal with the bandwidth extended signal to obtain the
synthesis audio signal. 13. A method for encoding an audio signal, the audio signal comprising a core

frequency band agg 4ePREH,[reaueNGY Qﬁﬂgre%eﬁﬂmeetg;;b%&mﬂ§U?:%'rc%%8d%ﬁ%ﬂ?ﬁea Qé%hﬁig”a'

within the core frequiency band; extracting a patching control signal from the audio signal, the"patching
control signal indi€aBe! A18RHL &eerP iRt Al BrAISRE S TaPBRIFRIIY different spectral domain

patching algorithms, the selected patching algorithm to be performed in a spectral domain for
generating a synthesis abidin-sigoakinuaRandiisth exsosiangscader ad galgalinga spagiral band
replication parameter, from the upper frequency band. 14. An encc{&ed audio fl%nal comprising: and
encoded audio sigh léﬁaqoﬁ%e& ' ﬁ?&eﬁ%?@?%hﬁ%rﬂfﬁ%gﬁﬁf% B APt o BignHiP a1 %kching
control signal indipatimeetestleblathpaiehilvg dilyoxtdneftsraralphidlity of different spectral domain
patching algorithms, the selected patching algorithm to be performed in a spectral domain for

generating a syntheggigudl sga% in.a b?rﬁgwldth extgfﬂsmn decoder:; ?}%g c.(Z)I(VSGaﬁsBectral aanrgfi

replication paramg?er caichlate man u perrﬂgescﬁfgnc Bandof the'addio S|gna?. E%‘?ﬂycomputer

program having a¥rédighicdedviet Feroiifing e sewlowidedbedhigdydBinexigdetianstd Bomputer
program is execuistelHm thcComidies andio signal.

13, A method for encoding an audio signal, the audio signal comprising a core

frequency band and an upper frequency band, the method comprising:
encoding the audio signal within the core frequency band;

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 algorithms, the selected patching algorithm to be performed in a
spectral domain for generating a synthesis audio signal in a bandwidth extension

decoder; and
calculating a spectral band replication parameter from the upper frequency band.
14.  An encoded audio signal comprising:
and encoded audio signal encoded within a core frequency band;
a patching control signal, the 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 a spectral domain for generating a

synthesis audio signal in a bandwidth extension decoder; and



15.

26

a spectral band replication parameter calculated from an upper frequency band of

the audio signal.

A computer program having a program code for performing the method according

to claim 13, when the computer program is executed on a computer.



