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Autlio Encoders, Auslic Decoders, Syeterms, BMethods and Computer Programs
Using an Increased Temporal Reselution in Temporal Proximity of Onsets or

Citsets of Fricatives or Affrcntes

scription

Technical Fleld

&3,

Smbodiments according to the invention are related to an audio encoder for providing an

ancoded audio information on the basis of an input audio information

Further smbodiments according to the nvention are related o an audin decoder for

providing a decoded gudio information on the basls of an encoded audio Information,

Further embouiments according 1o the fhvention ars relaled v 2 svstem comprising an
sudio engoder and an audio decoder.

Further embodimants acoording to the invention are related 1o a method for providing

encoded audio information on the basis of an input sudio information.

Further embodiments according lo the Invention are related to a method for providing e

decoded sudio information on the basis of an ancoded audia information,

Further ambodiments according to the invention are related o a computer program for
serforming one of said methods.

Further embodiments according to the invention are related to an onset snd offset

' £

muodeling of ficaiives or affricates In audio bandwidth extension for speech,

Backaround of the Inverdion
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in the recent years, there 5 an increasing damand for digital storage and fransmission of

3
o
1,
g
fa
o

signals, and, i partioular, speech &%g;;ma%at; i some casaes, bke, for example, n

mobile commurication applications, s desirable to oblain & comparatively low bitrate,

Howevar, in order to obiain 2 good compromiss belween bitrale and audie guality {(or
spaach quallly), there are approaches (o encods & low frequanoy portion of an audio
signal (for example, 2 frequency portion up 1o approximately 8 kHz) using a comparatively

high precision, and to rely on a bandwidih extansion to reconstruct & high frequency

portion of the audio content Hor exemple, shove aporoximalely 8

.1'

v 7 kL For sxambla
i

)
the bandwidih exiension may be based on a reconsiruction of the high frequency g}ﬁféiﬁﬁ

n

of the audio cordent using a comparatively small number of paramelers, whereln the

paramelers may, for example, describe § speciral enveloDs in 2 coarss manner,

Acwel-known implementation of the bandwidth extension is spectral bandwidth raplication

(GEBR), which has bean stendardized within the MPEG (moving plolures expart group).

For exampls, some detalls regarding the spectral hancdwidih raplication are desaribad In
».;’J

seciions 4,818 angd 4819 of the Indemationsl Standard IBOAEC 1440632004 (8),

subpart 4.

Moreover, reference is alse made to US 20110088018 A1, which describes an aoparatus
and 2 mathod for caiculating bandwidih exiension daia using s speciral it controlled

framing. Said patent application describes an apperatus for caleuating  bandwidth
gxiension data of an audio signal in & bandwidih exiension system, In which a first
spectral band is encoded with 2 first number of bits and 2 second speciral band different
from the first ﬂ‘mciwi band is encoded with a second number of bils, the second number
of bits being smalisr than the first number of bite. The spparsius has 2 controliable
bandwidih extension pararmeter calculator for caloulating bandwidih extension parameters
for the second freguency band in g framé-wise manner for & first sequence of frames of
the audio signal Each frame hss 2 conirollsble start 9me insient. The apparatus

addiionally Includes & speciral Bl detector for detecling 2 spaciral 8t in a Ume portlon of
the gudio signal and for signaling a =tarl time Instant for the individua! frames of the audio

signal depending on a spectral Gt

However, it has been found thal many of the conventional aoproachas for bandwidth

extansion substantially degrade an suditory impression which is abisined in the presence
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of fricatives or affricates. For example, pre-schoss and post-achoas may ba caused by
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andwidth extension techniques. Moreover, fricatives or sffricates may
solined oo sha

"13

whan using conventional bandwidth exdension lechniguss,

in view of this situation, there s a desire lo creafe a concapt for a bandwidih extension

which allows for an mproved audio quality,

i

sSummary of the invaniion

A embodiment according o the invention crestes an audio encoder for providing an
encoted audio information on the basis of an nput audio information. The audio encoder
comprises g bandwidth extension information provider configurad to provide bandwidth

exlension information using 2 varisble temporsl reselution. The audio encoder also

€

somorises a detecior configured to detect an onset of g fricative or affricate. The audio
ancoder is configurad to adjus! a temporal resclution used by the bandwidih extension
information orovider such thet bandwidih exdension information s provided with an
ncreased femporal resolution at lsast for a pradetermined period of time before a time at
which an onset of a fricative or affricate s detacted and for a predetermined patiod of time
following the time at which the onset of the fricative or affricals is detecterd,

This ambodiment according to the invention is based on the finding that 2 good auditory
quaiily can be achieved If bandwidth extension information is provided with high temporal

L

rasolution for an entire environmaent of a tme 2t which an onsat of the fricative or affricate

s detected. Accordingly, & whole onsat of g fricative or affricate, which typically comprises

a certain temporal extension before a time st which the onsst of the fricative or effricate is

detsciad and a certain period (temporal exiension) after the time at which the onset of the
fricative or affricate is actuslly detected, Is encoded with high temporal resclution (2t least
with respect to the bandwidih extension information), which halps to avoid pre-schoss and

which also heips to avoid an unnatural hearing impression. Typically, the onset of the
fricative or affricate cannot be detected very pracisely, since the detection of the onset of
the fricative or aifricate is often based on a detection of a threshold crossing, which
naturally does not appear gt the very baginning of the onset of the fricative or affficate.
According ‘y, the time at which the onset of the fricative or affricats s (actually) deiscted is
temporally after the very beginning (or onset) of the fricative or affricate. Accordingly, by

ensuring that the bandwidth extension Information is provided with an increased lemporsl

$
resolution (when compared 10 & "normal” temporal resolution) gt least for g predetermined
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peried of time before the time al which the onset of the fricalive or affricate is (actually)

detected, it can be reachad thet the details at the very mgéﬁmmgg of the onset of the

iy

rieative o affricate can also be reproduced with good resclution, wherain i has been
found that even such details at the very beginning of the onset of the fricative or affricals
re imporiant for a good hearing Impression. Thus, by providing bandwidth exiension

nformation with an increased 'ia«:amg}m'gé resolution at east for g predelermined period of

>

time befors the fime gt which the onset of the Toative or affricate 15 detectad does not
y help fo avold ore-schoes bul also aliows o reproduce detalis of the onsat of the
fricative or affricate, Sihmilarly, by ensuring that the bandwidih extension information is
provided with an increased temporal resolution for a oredetermined period of me

x

following the Hme al which the onset of the fricative or affricate & delected sllows o

raproduce details of the onset of the fricative or affricate which ara important for the
hearing impression,

fricative or affricate with o high temporal resolution, which helps (o avoit a degradation of
& hearing impression, which would be caused, Tor sxample, by a8 oo coarse emooral
resolution (of the bandwidth extension information) at a very beginning of the onset of the
fricative or affricate or al g transition from the onsel of the fricative or é;?’“%f“msi o oa
stationary signal part,

in a preferred embodiment, the audio encoder s conflourad to swilch from a first termporal
regoiution for the provision of the bandwidth extension information to a second temporal
resofution for the provision of the bandwidth axtension information I responss o the
detaction of the onsel of the fricative or affricate, wherein the second temporal resalution
iz higher than the first temporal resolution. Accordingly, a switching between two different
temporal resolutions for the provision of the bandwidth exdension information is performad,
wherasin ssid swiiching is controlled by the detection of the onset of the fricative or
giiricate. Accordingly, 2 simple contrelling scheme s created, which can saslly be

irmplemented i an audio sncoder or an audio decoder.

i a preferred embodiment, the bandwidth extension information provider is configured to
orovide  the bandwidin edension information such that the bandwidth sxiension
information is associated with temporally regular fime intervals of sgual temporal length
fwhich may form & fundaments! — bot sub-dividable - time grid for the provision of the

bandwadih extension Information). The badwidith exension information provider is
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configurad o provide a single set of bandwidth extension Information for a time interval of
a given lemporal length when a Tirst temporal resolution (for example, a comparatively low
temporat resciution) is used. Morsover, the bandwidth sxdension information provider

e configured o provide a plurality of sets of bandwidih extension nformation a%m%@“@d
withy time sub-intervals for a fime interval of the given temporal length when a second

Lt

ternporal resolution Jor example, a comoaratively higher lemporal resolution) is used.

By using temporally reqular time intervals of equal temporal length oy example, frames)
as a {fundamental} time grid for the provision of the bandwidth extension information, an
adio encoder can be implemenied easily, For example, the bandwidth axtension
iformation ‘mmviégg only needs fo be switched between two discrete tamporal resclutions

which can be implemented without excessive effort. For example, the bandwidih

gxtansion nformation provider may mearely need fo be Implemented o provice & single sat
of bandwidth extension information on the basis of & time inferval of the given temporal

lengih, and to orovide multinle sats of bandwidth extansion information on the basis of &
;’mcﬁm%ew‘ﬁ;g ad {and fixed) number of (egual length) sub-ntervals of the time Inferval of the
s temporal length, Accordingly, It may, for example, be sufficlent that the bandwidin
extension information provider is configurad o alternatively provide efther A single set of
pandwidih extension informstion on the basis of a8 tme interval of the given lemporal
snath or o pmwéde four sets of bandwidih extension information on ths basie of four tme
sub-intervals, each of the time sub-intervals having a length which is equal to 8 quarier of
the given ée‘sm;}@r'ai lenath, Moreover, by using such a concepl, a signaling efort, which
may be requirsd Tor signaling for which fme intervals the bandwidih exlension information
s provided, may be keot small, since there is only the choios betwaen "coarse resolution”
ffor example, a single set of bandwidin extension information for & time interval of the

¥

givan temporal lengthy and Yine resolution” (for example, n sete of bandwidth axdension

information assoialad with n dme sub-intervels of soual lenpthy, Thus, a paerticularty

efficient concept for the proviston of the pandwidlh exdension information i provided,

In a preferred embodiment, the audio encoder is configured fo adiust g lemporal

resolution used by the bandwidth extension information provider suc it least one

a3
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time sub-nterval, fo which 2 set of bandwidgth exlension information is assccisted,

immediately precades anothar time sub-infetval, to which another set of bandwidth

axiension information is associnied and during which another time sub-interval the onsel

¥

oy

!,‘3.}

fricative or affricate s dalected, such that the ncreased temporsl resolution is used in

2t least one time sub-interval preceding the time sub-inferval In which the onsed of
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fricative or affricate is detected. Accordinglv, it is possible o provids the bandwidth
extension information with & high temporal rescivtion sven at the very beginning of the
enset of the Tricative or affficate, Le., even before the onsel of the Foative or sffricale is

actusily deteciable,

i a preferred embodiment, the audio encoder is configured o subdivide o given time

-

irtmryal of §

he given femporal length intoe four fime sub-intervales of sgusl length, § an
increasad temporal resclution is used o provide bandwidth exiension information Tor the
given time interval of the given ‘z@mm}raé tengih, such that four sats of bandwidth extension
information for example, four sets of bandwidth extension paremeters, each of which |

aasociated with one of the tme sup-intervais) are provided for the given time intervael of

I

o

4t
-

giver temporal lengih. Accordingly, a high fsmporal resciution of the bancwidt

-~

axtension information can be schieved, since the four sels of bandwidih exsnsio
information may, for example, separately describe envelopes of a high frequency signal
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portion of the audio content for the 5, differencas of the specira
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%"f:ﬁ\fﬁé}?ﬁp@ﬂ of the high frequency signal portion of the Tour time sub-intervals can be
considersd sincg sach of the sels of bandwidth extension information may represent the
fraquency envalope (or spectral envelope) of the high frequency portion of one of the time
sub-iriervals.

i oa preferred embodiment, the audio encoder s configured o soleclively use an
increased temporal resolution to provide bandwidth extension information for 2 first time
interval of a glven i{ammf‘al lengtn praceding g second time ntareat of the given smporad
length, if an onset of a fricative or affricate is detectad within the segond time inferval and
if a temporal distance between a time at which the onset of the ficative or affricals s
detected and & border betwsen the first fime interval and the second time nterval is
smaller than a predetarmined ’i:@m;:;ctsrfsj distance. Accordingly, the bendwidih sxtension
information of & Tirst ime interval (for example, a first frame) is provided with incressad
temporal resolution {when compared 1o a “normal’ temporal resclution) even if the time
which the onset of the fricative or affricals is detecled lies within a subsequent second
fime interval for example, a ﬁ%ﬁfﬁ%%igu&ﬂ’? second frame), s sssumed that the very
beainning of the onset of the fricative or affricste {Wi" ch typleally lies betore the tims at
which the onset of the fricative or sffricale is actuslly detected) lies within the first fim

intarval, Accordingly, the enfire onsetl of the fricative or affricate, incliding the very
beginning of the onset of the fricative or affricate and possibly even & cerlain amount of

£

ime betors the onset of

‘{

ne fricative. or affricate,

o

iz evalualsd with high lemporal
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resolution when providing the bendwidih estension information, which brings along & good

it

speach reproduction, ?%ai%‘zw than meraly avoiding pre-echoes, the onset of the Tricstive or

affricate can be reproduced precisely, without an excessive sharpness o other substantial
atifacts,

i a preferred ambodiment, the audio encoder s configurad to parform a temporal look-
ahead, such that an increased femporal resclution is used fo provide bandwidth axension
information for a first time interval of a given temporal length preceding 8 second time
interval of the given temporal length in response o a detection of an onset of a fricative or
sffricats in the sscond fime interval, Accordingly, i is possible to provide the bandwidih
extension information with increased temporal resolution for an entire onset of the Feative

or affricats (and possibly even for a short period of tims before the onset of the fricative or

affricate), which contributes to an improved sudio gualily,

in @ preferred embodiment, the audio encoder iz configured to adiust a temporal

rasoiution used by the bandwidih extensfon information pmxfiﬁaz%r such thet bancwidih
axtension information is provided with & same increased temporal resolution af lsast for a
oredatarmined period of ime before & time at which an onsel of & Tricative or affricals is
detectad and for a predetermined parod of time following the tme at which he onset of
the fricative or affricate is delecled. By using equal femporal resolution, the provision of
e banowidth extension information s simplifisd when compared {o cases in which
differant temporal resolutions are usad bafore and after the time at which the onset of the
frigative or affricate s detected, Morsover, 8 signeling effort is reduced by using a same
incressed emporal resolution for the predetenmined period of time before & ime at which
the onset of a fricative or affricate is detected and for 3 predetermined pericd of time

following the fime gt which the onset of the Fricative or affricate is defscted,

e preferred smbodiment, the audin encoder s configured o adjust s termporal
rasolution used by the bandwidth extension informalion provider such that sets of

T

handwidth extension information are provided with same incressed temporal resplutions
at least for o first time sub-interval, & second time subdpierval and 8 third dime sub-
interval, wherein the first fime sub-interval immedialely precedes the sscond time sub-
intarval, whersin an onset of a fricative or affricale is detected In the second time sub-
interval, and whearein the third fime sub-dntarval immediately foliows the second me sub-
interval, Accordingly, the first time subdinterval and the third tme sub-interval, which
‘amped” the second tme sub-interval during which the onset of the Ticative or alfricats is
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imtected, are processed with a same temporgl resclution when providing the sels of
pandwidih extension information. Accordingly, 2 substantial part of an onset of 2 fricalive
or affricate, or even an enlire onset of a Wricstive or affiicate, s handled with 2 high
temnporst resciudion when providing the bandwddih exdenzsion information. Morsover, by
using the same {Increased, or "high” tempora! resolution for the first time sub-interval, the
seoond tHme sub-interval and the third time sub-intarval, the sncading and decoding s
sirnple and a sionaling overhead (for signaling & temporal rasolution) is small,
It a preferred embodiment, the detector is configured to detect an offset of a fricative or
atfricate. In this case, the audio encoder is conflgurad 10 adiust a temporal resolulion used
by the bandwidlh extension information provider such that bandwidth  sxtension
information is provided with an incressad temporal resolution st least for a predetermined

nerod of me befors g time 2t wihich an offset of o Floative or affricate Is detactad and for

g pradetermined pariod of time following the tme &t which the offset of the fricative or
affripate s detected. This embodiment acoording {o the Invention is based on the finding
that the bandwidth exension should aiso be performed willy high temporal resciution for

an offest of a fricative or affricate. It h

’"‘;}

15 beernt found that the human hearing B aciually

plzo sensitive o the offsats of fostives or sfivicetes, such that i s worth the bilrat

L

3

overhead o encode the offssl of the Ficative or afiricats with high femporsl resoution

{with respsct to the handwidth extension information). Morsover, it has been Tound thatl

m‘wéﬂiz}ﬂ of bandwidth extension information with low tsmporal resolution during an offset
of & fricative or affricate typically results in an éraagrmmg;rréz—z%a&?v sharp hearing mprassion of

the offsel of the fricative or affricats, which is percelved as an ariifact,

Moreover, it should be noted that any of the concepts mentioned before with respect io
the adiustment of the temporsl resclution used by the bandwidth extension information
provider In responss o an onsel of a Tiealive or sffricale can also be applied

Fl 4

advantapecusly in response 10 a detection of an offset of a ficalive or sffricate. In other

’é

i

words, the concept describad above can be applied In an analogous manner, wherain the
¥

"onsel of a fricative or effricate” s replaced b
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Iry & preferred smbodiment, the delector is configured (o evaluate a zero crogsing rate,
andior an energy ratio and/or a spectral il in order to detect an onsel of a fricative o
affricate, It has been found that the evalualion of one or more of the above-mentionad

uantities (zero crossing rale, energy ratio, spechral i) allows for & reasonably accurate

g
detestion of the onset of & frealive or affricete. For examele, one or more of the sbove-
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9
mertionsd valdes, of 8 valye derbed Trom g combingtion of {he above-mentionsd
guantities, can be compared to g threshold value to delect the presence of g fricstive or
affricate,

i 2 preferred embodiment the encoder s configursd o selectively adiust g temporal
rasolution used by the bandwidth sxiension information provider such that bandwidih
extension information s provided with an increased temporal résclution in response 1o 2
detection of an onget of & ficative or atfricate only {or a seeach signal portion but not for a

musgic signa! portion. This concepl is baged on the finding that Foatives or affricates are

h

mara mportart for the perception of speech than for the perception of music signal
portions. Accordingly, & bitrate overhead, which may be caused by the usage of an
incressed femporal resciution for the provision of bandwidth exignsion information can be
avoided for music signal porfions, which helps o reduce an overall bitrate, or which heips

o focus on an enceding of percebtually more important features for music signal portions.

In g prefersd embodiment, the suwdio encoder s configured o selectivaly use an
increased femporal reseliution o srovids bendwidth extension information for a plurality of
subsequent Hims intervals that fully encompass an onsat of a detected fricative or affricate.
Accordingly, the onsel of a ficative or affricats s encoded with high orecision svan when
using a bandwidth sxiension, such that the usage of the bendwidth extension doss not

substaniially degrade & hearing imoression,

Another embodiment according 1o the nwention creales an audio encoder for providing an
ancoded sudio information on the basis of an input audio information. The audio encoder
somprises 2 bandwidlh extension nformation provider configured fo provide bandwicth
extension information using a3 variable temporal resoiution. The audio encoder also
comprises a detector configured to detect an offsel of a fricative or afiricate. The audio
sncoder B configured o adiust & temporal resolution used by the bandwidih exansion
information provider such that bandwidih exiension information & provided with an
increased emporal resolution in response o a detection of an offsst of & Ficative or
affricats.

This embadiment according o the wention is base oiffeets of
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fricatives or affricates are also important for a perception of an audic
therefore be encoded wilhy nigh temporal resolution. In particular, thiz embodiment

aueording to the inveniion is based on the finding that an offset of & fricative or affricate s
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‘éy;‘}észgééy perceived as “too sharp” i the offset of the fricative or affricals s encoded with

nsufficient temporal resolution of a bandwidth extension information. Thus, by increasing
a temporal resclution used by g bendwidth axtension information provider, an sudio

quatity, for example of speach signals, can be substantially improved.

in g preferred embodiment, the audio encoder s configursd fo adiust 2 lemporal
resclution used by the bandwidih extension information provider such that p bandwidth
gxiznsion information 15 provided with an Increased femporal resolution 2t least for 2
predetermined period of time before a time at which an offset of 3 ricative or affricate s
f

the fricative or affricate is detecied. Aczz:m:%img%y, it is possible o engode an ontire offsst of

detecied and for g predeternmined perdod of time following the ime at which the offse
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resclution, aven though a delector s

of an offset of a Fricstive or effricate, or the ke,

Another smbodiment according 1o the invention creates an gudio decoder for providing a
decoded audio information on the basis of an encodad audio information, The audio
decnder is configured o perform 2 bandwidlh extension on the basis of a bandwidth
extension information providged by an audio encoder, such that the bandwidih exdansion is
performed with an increased temporad resolution at least for a pi-*ea%ei@s"mimﬁ period of
e before g time at which an onset of a fricative or affricate s delectad snd fo
g{@d@mrm%ﬂ ed pencd of tims following the time st which the onset of the fricative or
fricate & detected. Accordingly, the audio decoder is capable o reproduce g substantial
porion of an onset of a fricative or affricate, or even an entire onset of a fricalive or
afificats, with high temporal resolution. Accordingly, the bandwidih exension, which is
performed by the audio decoder, can be well-adapled o the vresence of the fricative or
aifricate, such that the chenges of the spectral envelope of the high-frequancy portion of
the sudic content, which ocour during the onsst of the fricative or affricate, can be
reproduced with good pereeptual quality. Accordingly, & good hearing impression s
achiavead
in & preferred embodiment, the sudio decoder may comprise g datector which
f*fm%gu%d to defecl an onset of a fricative or affficate on the basis of a decoded audio
nformation, which represents a low frequency portlion of an audio content and by iself
decide about an adiusiment of the femporal resolution used for the bandwidth extension.

I

Any of the criferia for detecting an onsst of a feative or affricate discussed herein with
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raspect o an audio encocer may also be applisd in the audic decoder {provided the

recuired information is avaliable at the slde of the audio decoder),

Alternatively, however, the audio decodsr may be configured o adjust the lemporal
solution used for the bandwidth extension on the basis of 2 side information of the

ancoded audio information

Another embodiment gocording to the invention creates an audio decoder for providing o

decodad audio irformstion on th

B

basis of an sncoded sudio information. The audio
decoder is configured o periorm a bandwidth extension on the basis of a bandwidih
aextension information provided by an audio encoder, such that the bandwidth exdension is
performed with an inoreased temporal reschution st least for a predetermined period of
iime before a thne al which an offset of a ficative or affricate s detected and for 5
predeterminad pericd of time following the time at which the offset of the fricative or

ffricate s detectad

This embodiment according to the invention is based on the ides that 3 good audio qualily
can bs aohievad by performing 2 bandwidth exiension with an increased lamporal
resolution during an offset of a fcative or affricate. Moreover, the embodiment s based
o the ides that the offsel of the fiealive or affricste tvolcally extends over & cerlain ;::“;%—riad
of time, whaerein the time sl which the offset of the fricalive or allricate is detected typloally

fias within zaid certain period of time,

Another embodiment according 1o the nvention crestes s systerm comprising an audio
codar, as described ¢ bmw and an audio decoder configured 10 receive the sncoded
audio information provided by the audio encoder, and 1o provids, on the basis thereol a
decoded audio information. The sudio decedsr s configured o perform a bandwidih
axtension on the basle of the bandwidlh extension information provided by the sudio
encoder, such that the bandwidih exiension is parformed with an incressed lemporal
resuiution at least for 2 predetermined perod of time befors a time ot which an onset of &
fricative or affricate s detected and for a predeterminad period of time faiéew%r‘eg the fme
at which the onset of the fricative or affricate is detected, and/or such that the bandwidth
axtension is performed with an increased temporal resolution at least for & pradeterminad
perigd of ime bafore a time at which an offsat 0f a fricative or alfricate s detected and for
g predetarmined period of time following the time al which the offsst of the Tricative or
affricate is detectad,
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The system allows for an encoding and decoding of an asudio content, wherein a
cornparaiively iow bitrate is achieved by using a bendwidth extension, and wherein a good
reproduciion of fricalives or affricates is ensured by using an increased lempors
resolution in an environment of an onset of g fricative or affricate and/or In an environment

&

of an offsel of & fricetive or affricate

Another embodimant according to the invention oreates a method for providing an
gncoded sudio information on the basis of an inpul audio Information. The maethoed
comptises providing bandwidih extension information using g variable temporal resolution
and detecting an onset of g fricelive or effticate. The lemporal resolution used for
oroviding e banowidih extension informalion & adiusted such thal bandwidth extension
information s provided with an increased temporat resclution gt least for g pradetermined
atiod of ime before a time at which an onset of & frinative or affricate is detected and for
a pradetermined perod of time following the time at which the onset of the Tricative or
affricate is detecied. This method is based on the same considerations as the above-

desoribed audio encodsar

Another embodiment according to the mvenllon creates & method for providing an
ancoded audio informalion on the basis of an input sudic information. The method
comprises oroviding bandwidth exdension information using o variable temporal resolution

and detecting an offset of a fricative or affricate. The temporal resclition used for
providing the bandwidih exdension information is adiustad such that bandwidth exdension
irformation s provided with an Increased tamporal resolution in response 1o a detection of
an offset of 2 fricative or affricale. This method s based on the same considerstions as

tha above-described audio encoder,

Ancther embodiment according to the invention creates 8 method for providing a descded
audio information on the basis of an encoded audlo information. The method comprises
;f;@?‘s”‘mm%rzg;g g bhandwidih exiension on the basis of a bandwidth exlension Information
provided by an audio enceder, such that the bandwidth extension Is performed with an
increased femporal resolution al least for a predetermined period of time before & time at
which an onset of & fricative or affricate is detected and for g predetermingd period of time
stowing the ima at which the onset of the fricative or affticate i detected. This method is

fr
based on the same considarations a3 the above descriped audio decoder,
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Another smbodiment sccording o the invention creatas & meihod for providing & decoded
audio Information on the basls of an encoeded sudic information. The method comprises
performing & bandwidih extension on the basls of 5 bandwidth exiension information
provided by an audio encoder, such thal the bandwidih extension is performed with an
increasad temporal resclution at least for 2 predetermined period of time befors & time at
which an offset of a fricative or affricate s detected and for a predetermined perlod of time
following the time at which the offsst of the Fricalive or affricels is detected. This method s

bazed on the same considarations as the above-desoribed audio decodar,

Another embodiment acoording fo the invention creales & compuler program for

nerforming one of the sbove described methods.

An embodiment according to the invantion creates an sncoded audio signal comprising an
encodsd representation of a low frequency porlion of an audio content and a plurality of
seis of bandwidth extension parameters. The bandwidth exiension parameiers are
provided with an increased temporsl resciution at isas! for a predeferminad period of dme
before a time al which an onset of a Tricative or affricate s presant in the asudio content
and for a pradetermined period of time following the Bime at which the onset of the fricative

o affricale is present in the audio content,

Another embodiment according 1 the nvention creates an encoded audic signsl
comprising an encoded represantation of a low frequency portion of arvaudio content and

a plurality of sels of bandwkith exlsnsion parsmeters. The bandwidth exiension

&

nararnaiers are provided with an increased temporal resclution at least for a portion of the
Iy

audio content in which an offset of g fricative or affricate s present,

These sncoded sudio signals are based on the same considerations as he above

desoribed sudio encoder and the above desoribed audin denoder,

Brief Descorintion of the Floures

Embodiments according o the present invention will subsequantly be descrbed taking
referance to the enclosed figures in which:
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Fig. 1 shows & block schemglic diagram of an sudio encoder, according to an
embodiment of the present invention;
Fig. 2 shows 2 spechrogram of an original speech signal with conventional
5 bandwidin extension (BWE) framing and detected fricative or affricais
bordars,
Fig. 3 shows a spectrogram of an original speech signal with Inventive bandwidth
extension (BWE) framing;
10
Fig. 4 shows 2 specirogram of ooded speech with conventiona! bandwidih
axtansion (BWE) framing,
Fig. 5 shows & specirogram of coded spesch with an inventive bandwidih
15 extension (BWE) framing;
Fig, & shows a schematio representation of lme intervels and time sub-intervals
for which selzs of bandwidth exdension information are provided in an
mbodiment according o the invention,
20
i 7

Fig. 8

30
Fig. 10
Fig, 11

shows &

snows & schameatle reprezentation of ime Infervals and fime sub-interyals
b
for which sets of bandwi

angdwidin exiension information are provided In an
snbodimant according {0 the invention;
shows a block schematic diagram of an auw

aucio encoder, according o
ancther embodimeant of the oresent inve
shows a block schematic diagram of an audio decoder, according to
ancther ambodiment of the present nvention
shows & block schemalle disgram of an audio decoder, according to
another embodiment of the present inver

block sk gram of & sys
audio de

- oaudio s
ding, a

ié‘.
M.‘g

coding and
apd iwvention:
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g, 12 shows g fowchart of & method Tor providing an encoded audio information
on the basis of en input audio information, according to an embodiment of

the present invention; and
Fig, 13 shows a flowchart of a method for providing a decoded audio information
on the basis of an input audio information, according to an embodimeant of

e present invention,

Datalled Description of the Embodiments

1. Avdio Enooder According fo Fig, 1

Fig. 1 shows a hioek schemalic disgram of an audio encoder gocording to an embodiment

of the invention.

The sudie enceder 100 i configured o recelve an input audio information 110 and

e

provids, on the hasls thereof an encoded sudio information 112,

A

The audio encodsr 100 comprises a detector 120, which may, for example, recsive the
input audio information 110, The detector 120 is configured fo detect an onset of a
fricative or afiricate, for sxample, on the basis of the input asudio information 110, The

4

detecior 120 may provide 2 temporal resclution adiustment information 122,

The audio encoder 100 also comprises a bantwidth exisnsion information provider 130
which 18 configured fo provide a bandwidih exiension information 132 using 2 veriable
temporal resolufion. For example, the bandwidth extension information provider 130 may

A

ba configured to receive the input audio Information (and possibly additional gﬁ?‘@;}?@ﬂ%@&%?ﬁ
1

asudio informeation), Moreover, the bandwitlth axtension information provider 13
be configured o recsive the femporal resolution adiusiment information 122 from the

daetector 120

The audie encoder 100 may further comprise a low frequency encoding 140, which may,
for example, encode a low frequency pertion of an audio content represented by the inpul
audio information 110, o thereby provide an encoded representation 142 of a low
fraqueancy portion of the audio content g‘wp“%er‘% ¢ by the input audio information 110,

] g

Accordingly, the encodad sudio information 112 may compnse the bandwidih extensio

g
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information 132 and the encoded representation 142 of the low frequency portion of the
audio contend. However, detslls regarding the fow frequency encoding sre not essential

for the oresent inveniion,

i

In the following, the functionality of the audio encodar 100 will be described in more detail.

The low frequency sncoding 140 may encode a low frequency portion of the audio content
represerted by the nput sudio nformation 1100 For example, 5 portion of the audlo
content having frequencias below approximately 8 KMz or below approximately 7 kHz {or
10 below any other gfzredeizewm ned frequency limity may be encoded using the low fregusncy
encoding 140, The low freguency @m;mmg 140 may, for examele, use any of the wall-
knowrr audio sncoding technigues, ke ransform-domain encoding or linear-prediction-
domain encoding. In other words, the low frequency encoding 140 may, for sxample, use

an audio encoding concept which may be basad on the welbknown “advanced audio

ifr

coding” (AAGY or which may be based on the well-know “insar-prediction coding”. For
example, the low frequsncy :a%m:;ae:fmgg 140 may comprise {or usa) a modified "advanced
audio coding” as described In the Internationst Slandard [SOAED 23003-3. Allematively,
or in addition, the low frequency encoding 140 may comprise {or use) 2 linearprediction
coding as describad, for example, in the Intemetional Standsrd 1S0AED 230033
0 However, the low frequency encoding 140 may also comprise a swilching balween a

H

{rmodified or urmndifled) "advanced audio coding” and 2 lnsarprediction domeain sudio
coding. However, it should be noted that, in principls, any concepts kKnown for the

sncoding of an audio sighal may be used in the low frequency encoding 140, to provide

e

et

he encoded representation 142 of the low frequencgy portion of the audio contend

25 represented by the input audio information

However, the pandwidth exisnsion information providsr 130 may orovide bandwidth

axtension information (for example, in the form of bandwidin exdension paramedsrs), which

affows to reconstruct a high frequency portion of the awdioc content represented by the
30 inpul audio ormation 110, which high frecuency portion s not represenited by the

sncoded representation 142 provided oy the low frequency encading 140, For exampls
the bandwidth extension information provider 130 may be configured to provide some or
alt of the spectral band replication parameters which gre described in the internationsl

Standard ISOAEC 14496-3 (or any other standards referring o ISOAED 14488.-3).
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For exampls, the bandwidih extension information provider may be configursd fo provide

i
some or gl of the parameters described i & section "SER tool” andior low delay BBR”

the intemational Standard IBOAEC 14486-3. For sxample, the bandwidih axension
information provider 130 may be configured to provide soms or all of the parameters of
the syniax slament “shir_extansion_datal)”, "shy headar()’, ‘sor_datal}”,
sbr_single_channel_slement(y”, "sbr_channel_pair_slement()” or any of the other
Gitstream slements referanced therein, as defined, Tor sxample, in ihe inlemational
Standard 180OMEC 14486-3. In other words, the bandwidth extension information provider

130 may provide speciral bandwidth repiication paramsters, which may, for asxample

H

coarsely describe a speciral envelope of a high frequency portion of the sudio content

o]
T3

reprasentsd by the inpul audio information 110, Howsver, the bandwidth sxtension
information provider 130 may further comprise parameders desoribing 8 noiss in 3 high
frequsncy portion of the sudic content represerded by the inpul audie information 110,
ancior may comprise parameters describing ohe or more sinuscidal signals included in
the high fraquency portion of the audio content represented by the input audic infermation
140

H1O. In addition, the bandwidth exdension information provider 130 may, for example,

provide a number of r::.mf%ga.zraiém pararmeters, as also describad in the Intemational

Standard 1BOAEC 14486-3 with respect to the speciral bandwidih replication tool. For
gxarmpie, the bandwidih sxtension informetion provider 130 may provide ons of more

parameters rapresenting & temporal resoiution which is used for the provision of sals of
bandwidin exignsion information, for example a temporal resolution using which updated
zats of parameters representing a soeciral envalope of the high freguency portion of the
audio content represented by the inpul sudio information are provided, For ams’z’;gﬁe&z; the

bandwidth extension provider 130 may provide a conirol pasramster which indicates

whether ong of four ssls of soediral envelops parameters are providsd per audio frama,

For example, the control parameters provided by the bandwidth extension information
provider 130 may be similar {o, or evaen equal o, the paramelsrs provided for the cose

S0 in the syntax element “ahs‘;wgé"éd{,-”j as described in the Infamational Standard

However, the bandwidih sxisnsion provider 130 may, allernatively, be ﬁ‘;ﬁﬁ?’%gga,sz"e{é to

provide & control information which is similar o, or even equal o, the control information

included in the bilstream element st ld_ar rf(“’ which s desoribed, for example, in
section 4.68.18.3.7 of the international Standard ISOAEC 14498-3.
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For example, a 2-bit value may be used {o encode how many sats of envelops shape
parameters are provided by the bandwidih extension information provider 130 per audio
frame (cf the bitstream slement "bs_num ey as describad in saclion 4861832 of
ISOAED 14486-3),

Praferably, the signeling may be performad as indicated for the case "FIKFDC, which s

[y

desoribed in section 4,618 "low delay BB of I804EC 14486-3.

To conclude, the bandwidth extension information g:.ss“‘m%aﬁe:af 130 provides bandwidin
sxtension information 132, whereln the temporal resolution (for example, the period of

& nigh fracuency

R

tims betwsen updates of ms’amemm represanting & :a‘g:;azetra% anvelops o
portion of the sudio content reprasentad by the input audio Information 110} Is adiustad in
depandence on the temporal resolution adiustment information 122, which Is provided by

the detector 120, Thus, the temporal resolilion used by e bandwidih exension

[
=

information provider 130 {(for exarmple, for providing updated seis paramelsrs
describing 2 spactral envelope of a high frequency podion of an audic content
rapravented by the nput audio information 110} s adapted o the input audio information

110,

For example, the audio encoder 100 is configured such that the temporal resolution used
by the bandwidih exdension information provider 130 s increased (wheh compared (o a
narmal tarnporal resolution) in response 1o g delection of an onsel of 5 fricative or affricats

1l

by the detector 120, However, the temporal resclution used by the bandwidth axtension
information provider s increased such thet the bandwidth esdension information {for
sxample, the speciral envelope paramsters therecf) iz provided with an increaseo
temporal resolufion at least for a predetermined ;J‘wi{ﬁwé of time hefora a time at which an
onsat of o fricative or affricate s detected and for g predetermined period of time Tollowing
the time at which the onset of a ficative or affficale (s detecied. Actordingly, an “entire”
onget of @ fricative or affrvicate {or st least o sulllclently large portion of an onsst of &
fricative or affricate) s encoded with an increased temporal resolution of the bandwidih
extension information. Consegquantly, onselz of a fricative or afiricate can be encodad
{ared deondad) with sufficient accuracy, such that sudible arifacls ars avolded and &

degradation of the audio quslity is glso avoided.

Congsequently, the encoded audic information 112, which comprises the bandwidih

extension information 132 and which typically also comprises the encoded reprasentation
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142 of the low frequency porton of the audio content represented by the input audio
information 110, allows for a decoding of the audio cortent represented by the input audio

information 110 with good quality while & reguired bitrate can be kept reasonably small.

Moreover, it should be noted that any of the other festures and functionalities describad
herein can be implemenied inlo the zudio encoder 100 as well, In pardicular, the audio
encoder 100 may addiionally be configurad to adiust the temporal resolution used by the
bandwidth extension information provider such that bandwidth extension information s
provided with an increased temporal resclution In response to g deteclion of an offsel of &
fricative or affricate (wherein the detector 110 may alsoe be configured to detect an offset
of o fricative or affricats).

in the following, some additional detalls regarding the functionatit

v of the audio sncoder

o

100 will be described taking referancs o Figs. 2-7.

Fig, Z shows a specitogram of an crigingl speech signal with conventional bandwidth

axtansion framing and detected fricative or affricele borders,

An abscissa 210 describes a time (n terms of fme blocks) and an ordinale 212
designales OMF subbands, Accordingly, the representation 200 according to Fig. 2

reprasents a distribution of an audio sigrat energy o different QMF subbands over thime

As can be seen, magenia dashed vartical linss designate tempors! borders 220a, 220h,

- of & conventional bandwidih exiension framing. Moreover, dlack dashed vertical lines

designate detacted fricstive or affricete borders 230g, 280b, 2300, 230d, .. The delacied
frivative or affricate borders Z30s, 230b, 2300, 2304, ... may be detected using s it

hased detector. As can be saan, time intervals of egual length, which may ba congidered
gs bandwidih extansion frames or generally as frames, are defined by the borders 2203,

2200 of the (conventional) bandwidth exension framing. o olher words, in the
conventional concept aceording 1o document D) bandwidth exdension information may be
sssociated with temporally regular fime intervals (separgted by the borders of the
conventional bandwidih extension framing) of squal temporal length.

A
4

ifi
o
A
it
)
i

gen, the detectad fricative or alricate borders may s somewhers within a
time interval defined by two subseqguent borders of the conventional bandwidih exdension
framing.
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However, the conventional bandwidih exisnsion frame scheme as shown in Fig. 2 does
nat altow for a particularly good repraduction of a high frequency portion of an audio
cordant, 5 will be desoribed later,

Fig. 3 shows a spectrogram of the origing! spesech signal with the ventive bandwidih
extension framing (whereln the inventive bandwidth exiension framing s indicated by

=

ack solid vertical ines). An absclssz 210 desorbes g tme, I 3rms of time blooks, and
an ordinate 312 describes & frequancy in terms of GMF subbands, The spectrogram 300
of Fig, 3 shows a distribution of energles {or gensrally, intensities) of an audio content {or
audio signal) over frequency (or over OMF subbands) and over time, As can be saen,
there s still a regular (basic, or fundarmental) framing, which is indicaied by vertical lines
F30a-330u, wherein frames Detwsen wo subsequent frams borders (for exampls,

i

between frame borders 330a and 3300, or betwaen frame borders 3300 and 3300 can be

considersd as tme intervals of equal ength, However, it should ba noted tha

b

& lemporal
resciution 5 inoraassd In response 1o g detection of an onsat of & ficative or affticate and
also in response o the detsction of an offeet of 3 fricative or sffricate. For sxample, a

i,

detection of an onset of a ficstive or affricate n a iime interval bebween frame borders

3300 and 330¢ has the affect that the frame (or time interval) betwesn frame borders 3300
and 330c i subdivided into four sub-frames {or Hme sub-intarvals) 340a, 340h, 340c¢,
340d. Moreover, i should be noted thal, In response o the detection of an onset of a
fricative or affrcate between frame borders 330b and 330c, a2 femporal resclution is
inoreased not only in the frame betwesn frame borders 3300 and 330¢, but also i two
subsequent frames bounded by frame borders 330¢ and 3304, and by frame borders
330d and 230s. Thus, in rasponss 1o the detection of an onzel of a ‘?ﬁ{:ﬁﬁ‘fﬁ‘ of affricats In
a single frame (o7 fime inferval, if'sz%mf:z‘a-iy the time Interval boundead by frame borders 3800
and 330c, an increasad temporal resolution is applied for two additional frames (hamely
frames boundad by frame borders 330¢ and 330d and by dme borders 330d and 330s).

Accorgingly, it can be ensured that an increased lemporal resolution (when compared o 2

e

standard temporal resolution) 8 usaed for the provision of bandwidih sxtension information

5.

{oF bﬁndw%ﬁf& extension parametsars) over the duration of an enfive onset of & fricalive or

affricate {or al least over & large portion of the onset of the fricative or affricate). Thug, the

decoder-sided bandwidin extension can be performed with an incressed tempora
resolution over the entire onset of the Ficative or affricate, since ndividuzl seils of
bandwidth extension parameters (for example, parameters describing an envelope of 2

Bign frequency portion of an audio content) may be provided for aach of the time sub-
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rparvale (for example, for esch of the Sme sub-intervals 340834001, 6 Jote ovear, § can be

ssen thal, in responss o the deischion of an offset of & fricalive or affricate v a frame

batween frame borders 3308 and 3301 an increased temporal raselulion is applied o

thras subsequent frames, namely the frames bounded by frame borders 330s and 3301,
oy frame borders 330F and 343g, and by frame borders 330g and 330h, In other words,
the frames bebween frame borders 250e and 3300 zre all subdivided into four sub-frames
(or time sub-intervals) sach, whereln an individual set of bandwidih extension parameiers

is provided for sach of the sub-frames (or time sub-intervals), Thus, bandwidth extansion

parameters can be provided with an increased temporal resciution for an ertire offset of
the fricative or affricate delacled In the time inferval bounded by frame borders 330e and
3305,

Mowever, betwesn frame borders 3300 and 330p, a2 "normal” femporal resolution {rather

than an “incressed” temporg! resolution) s used. Moreogver, an increased lampboral
resolition is used for the provision of the bandwidth extension informatlion for frames
batwesen frame borders 330p and 330s, in response o g delsction of gn onsel of a

fricative or affricate In a frame {or Hms interval) bounded by frame bordars 330n and 3300,

Similarly, an increased temporal resolttion is used for the provision of bandwidih
asxtansion information for frames (or me intervals) between frame borders 3306 and 330w
i response 10 a detection of an offsel of 8 Teslive or affricste In a frame (of time interval)

hetwean framea borders 32010 and 3300,

To conclude, a uniform (basic) framing & usad o provide bandwidih exiension information

pord

i the audio encodar 100, whereln the bhandwigth sxtension information g associated with

temporally regular frames (me intervals) of equal temporal length.

However, the bandwidth extension information provider is configured o provide a single

sat of bandwidth exdension information for g frame (e, @ time Intarval of a given lamporal
yif & first (nommal™) fernporal resolution s used, For éexample, & single set of
sancwidih extension information s orovided for & frame between frame borders 3508 and

330b, and a single set of bandwidth axdension infermation is provided for sach of the eigh

ol

r-v\a

framas hetween Hme borders 3300 and 3300 Howsver, the banowidth exansion

[

information orovider is also configured fo orovide a plurality of sets of bandwidth extension
information associated with lime sub-intervals for a frame (Ume interval) of the given
tamporat lengtho if 2 second (increasedy tamporal resclution is used. For sxample, four

e
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sate of bandwidth extension information are provided for sach of the six frames belween
frame border 3300 and frame border 330h, for each of the three frames between frame
borders 330p and 330s, and for esch of the three frames between frame borders 330¢ and
30w, As can be seen, each of the frames for which he bandwidih exgension information
is provided with high temporal resolution is subdivided into four sub-frames {or time sub-
irtervals) (for example, time sub-intervals 340a to 340d) of squal length, wherein one set

of bandwidth exiension parameters s provided for each of the time sub-intervals,

Moraover, It should be noted that there s typleally &t least one tima sub-frame, for which g
set of bandwidih extension parameters is ;ﬁmvémﬁedi immediately before g tme sub-frame
during which an onset of & fricative or affricete is detectad or befors a time sub-frame

during which an offsst of a fricative or aflfricate s detected, For example, if it is assumed
that a fricative or affricate is delecied in a second half of the frame batwsen frame bordars
F300 and 330c, there are s leas! wo fime sub-frames Lwhich lie In 2 firgl half of the frame
between frame borders 330b and 3300) nmedistely preceding a time sub-frame during
which the fricative or affricale g detected, Accordingly, an increased temporsl resolution is
used for the provision of the bandwidih exension parameters evan beforg the tims at
which the onset of the Ticgtive or affricate s actually deladied or bafore the lime al which
ine offset of the fricative or affricate is actually detected. Accordingly, o “full” onsst of g
fricative or afiricate or & “Tull” offset of a fricative or affricate can be processed with high
termporal resolution (in that the bandwidth extension paramsiers are provided with high
temporal resolution). Consequently, s good reproduciion s possible at the side of an
audio decoder, which receives the sudio encoded audio information provided by
gricoder 100,

el
&
5
Fne
&,
&

Taking reference now o F 4 and B, some advantages of the audio encoder 100 ove
conventional audio encoders will be described

o

Fig. 4 shows a speclrogram of coded speech with a conventional bandwidih axtension

framing. An abscisss 410 describes g Hms, and an ordinats 4
Morgover, yellow eliipses indicate typical arlifacts caused by the conventional bandwidth
sxtension framing. The spectrogram 400 of Fig. 4 thus describes an energy of a speech

signal over frequency and over time,

A first ellipse 430 describes 2 pre-echo which woul
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bandwidth exiension framing, Mover, the conventional bandwidth exiension framing has

the effect that the onset shown in the sllipss 430 is percelved a3 g very hard onge



(4

iR

20

wor bt

L2
8]

WO 2014118179 PUT/EPZOIA/O51635
23

Moreover, a second eliipge 440 points oul a post acho, which would also be caused by 2

onventionsl bandwidth extension framing. Moraover, the offset in the region indicated by
ihe ellipse 440 would typically be percsived as a very hard offeetl, which would sound
ynnatural,

An ellipse 450 shows a vows! lsakage from a base band, which would algo be caused by

a conventional bandwidth exension framing.

Aovordingly, It ocan be sesn thed a number of artifacts arlse Trom the oonventions
bandwicth extension framing for sxample, the bandwidth extension framing shown in Fig,

23,

Fig, 5 shows a spaclrogram of coded speech with an nventive bandwidth extansion

framing (or comparison with the spectrogram of Fig.

! # 4). Again, an absoissa 5
a time and an ordinale 512 dJdescribes & frequency, such that the spectrogram 500
reprasents an energy of the coded speesch signal {or of & decoded speech signat derved

i

from the coded speach signal) as a function of frequency and as a Junction of time. As can
be seen, the problematic areas highlighted by ellipses 430, 440, 450, as indicated in Fig.
4, are substantially Improved. in other words, the usage of 2 high temporal resclution for

the provision of the pandwidih extension information helps fo reduce, or even avold, pre-

v

achoes, an inappropriately hard perception of an onget of a fricative or affricate, post-
echoes at the offset of 2 fricative or affricate and an fnappropriately hard gssﬁmsagﬂém of an
offset of 8 Ficative or afiricale. Moreover, the inventive usags of an increased tamporal

solution also helps to avold & vowel leskage Trom 2 base band, as shown ai slliipes 450

i the following, some detalls regarding the provision of the bandwidih exdension
information will be explalned taking reference {0 Figs, 6 and 7.
Fig. 6 shows a schematic representation of tme intervals and Sime sub-intervals which are

used for a provision of 2 bandwidih exiension information.

Atime axis i ,wegm%{é with 810, Ag can be seen, the time (represented by the Ume axis
610} s divided into time Intervals 620a, 820b, 820c, 620d, 620e, 820f which ma

example, comprise squal length, The thve Intervals may be considersd as f;"amfafs(
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Morsover, 2 fime at which an onset {or offsel) of a fricative or affricats v detected |

designated with {, The time & lies within the time interval {fm’ f&"azme;s} B20e, it should be
nofed that the time al which the onsel {or offsel) of the fricative or affricate s delecied
may, for example, be determinad by the detector 120, and that ths time at which the onset
{or oifset) of the fricative or affricate is detected may typlcally le somewhat after an actual
beginning of an onset of the fricative or affricate or after 2n actua! beginning of the offsst

of the fricstive or afivicate,

As can be seen in Fig. §, the bandwidth extension information s provided with a2 "normal”

5

{pomparatively low) reselution for the time intervals 8208 to 520d

4 and 6208 For evample,
one st of bandwidth exdension information s provided for each of he time intervals 5208
to B20d and 8201 For exsmple, a common S;%‘C}E%'i‘;?(?ﬁi shape (or specirel shaping) s

representsd by a set of bandwidth exiension parametsrs for sach of the time intervals

520a to 820d and 6201, such that the bandwidth extension information does not repressnt
a change of a spaciral shape {or spectral shaping) within a sk ‘ig%@ one of the ime Infervals
820 to B20d and 8201 In contrast, the azudio decoder 100 is configured to adiust the

temporal resclution used by the bandwidth extension information provider such that the
bandwidth exiension information s provided with an ingreased femporal resolution in the
time interval {or frame) 620e. Accordingly, the bandwidth exdension information g}z“f}w%dﬁr
130 may subdivide the time inferval 820e into four Yme sub-intervals 530a o 830
response o the detection of the onset (or offsel) of a fricative or affricate tme & within the
fime interval 820e. Accordingly, the bandwidth exdension information provides may provide

p

pne sel of bandwidih extension informadion for sach of the fme sub-infervals 850 ¢

W;K

7

B30d, Accordingly, a first set of bandwidth extension information {e.g. paramsters)
provided for lme sub-interval 830z may daesoribe a seeciral shape {or o spaciral shaoing)
o be anplied In the bandwidth extension of the fime sub-interval 830a, a second sst of
bandwidih extension information my describe 2 specirel shape or spectral shaping 1o be
applied in 8 bandwidih extension of the tme sub-interval 830b, a third set of bandwidih
entiasnsion information may desoribe a speciral shape or 2 spectral shaping to be soplied
it the bancwidth exiension of the Hme sub-interval 830c, and a fourth set of bandwidih
endiension information may describe a spectral shape or & s@m@%m% & *‘ama} o be anplied
inn 2 bandwidih extension of the time sub-interval 8304, Acco "hf"tgij s irdividual sels of
bandwidth exdension information (or bandwidth sxtension params m} arg provided by e
randwidin extension information provider 130, such thel the spectral shape oF speciral
shaping to be applled in 2 bandwidin exiension of the time-ntervals 820a lo 530d i

signated indepandently. Accordingly, & spectral shape or spectral shaping I8 encoded with
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3

increased temporal resolution (which is higher than the "mormal” or low
resoiution) for the fime interval 8208 In response (o the detection of the onsel or oifset of &
fricative or affricats within the time Inferval 820, However, it shouid be noted thet the Hime
interval 830 to 830d may be of equal length (for example Interms of ime orinterms of a
rasmber of samples), Moreover, It should be noted that the inoressed temporal resoldion
for the provision of the bandwidth exiension nformation o alresdy uset! in the me sub-

interval 8308, Le., befors tha time G at which the orset or aoffset of the Ticative or affticsals
s delected. Moreover, the increased temporal resoldion g alse used In the time sub-
intarval 830, Le., after the time interval 8300 c%ufi;ﬁg; which the onest oF offsel of the
fricative or affricate s delscled. Accordingly, the onset or offsst of the Fricallve or affricate
can be encodad with good audio gquality.

Fig. 7 shows ancther schematic represenistion of temporal resolution used for the

¥

orovision of bandwidih exiension information. A time axis is Léﬁwf;rwﬁ%u with 7140, Az o

be sesn, there are tme indervals 720s to 7200 As can be further ssen, & time gl which an
o i

onset (or offsel) of a fricative or affricate s detected s .rj%z‘g;maiefi with §; and Hes within &

-‘_,ﬂ..-

first qguarter of time interval 7208, As can be seen, & bandwidih exiension information is
orovided with “normal” or “low” tempors! resolltion (for example, one set of bandwidin
axtension information or one set of bandwidth extension paramsters per time inlerval) for

23

time intervals 7208, 7200, 7200 and 7200 However, In response o the detsction thal there

im oan onsel of & fricative or affricats at time i, e audio encoder 100 adiusis ihe iemporal

resolution used by the bandwidih extension information provider such that an “increased”
it

By ,;. ey

{or "high"y temporal resclution is used during tme intervals 720d and 720s, Accordingly,

individual ssts of bandwidth axtension information {or bandwidih exignsion parameters)

are provided for four tme sub-intarvals of time inferval 720 and for four time sub-intervals

of fime intarval 720e. Thus, a speciral anvelope or spectral envelops shaping, 1o be ussd
¢

for & bandwidth extension (gt the side of an audio decodern), is represanied (or encoded)

with an incressed spaciral resolution during time interyais 720d end 720

For example, ons Individual set of bandwidih extension paramestars may be provided for

aach tme sub-nterval of the times intervals 772040 and 720e.

However, i should be noted that the increased femporal resolution iz also used for the
time interval 720d which precades (immadiately precedes) the time interval 7202, In which
the time at which the onsat {or offsel) of the Fricative or affricate is detecied les. However,
5 it i desired, according to the present invention, that at lsast ancther time interval (or

?,‘i!
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tima sub-interval), nreceding {or immediately preceding) the time Interval (or time sub-
interval) in which the onset {or offse) of the fricative or affricale is detecied, is encodec

with an increassd temporal resciution, the awdio enceder 100 chooses the increased
ternporal resolution for the provision (and encoding) of the bandwidth sxiension
information of the tme interval 7204, Thus, sinee the time at which the onget of the

Est

fricative or affric 5 tetectad Hes within a first time sub-inderval of the tme interval 7T2de,

AL, 4

= decides that also the (wreceding) Hme interval 7204 should be

e

the audio deood
processed with high temporsl resolution, such that the high temooral resclulion 8 already

:oplied inoa Hme imterval {or me sub-interval) before the time sub-interval in which the

orset (o offael) of the fricative or aifricate s detectad,

i contrast, if the onset (or ofsal) of the fricative or affricate was only detectad in a satond
sub-irmterval of the time interval 720s, the audio encader would {(possibly) sslect 2 low

ternporal resolution for the provision of the bandwidth extension information for the time

b
P
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e
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iiation shown in Fig. 85, Accordingly, it s apparent from Fig.

7 that a ceriain "‘%;em;mmé sok-shead” s performed in that an incressed ummmi

t

Acoordingly, even a beginning of an onsel of a Fcative or affricate Is processed wilh high
temporal resciution, whereih the beginning of the onset of the fricative or affricals typically
Has beforg a Bme at which the onsat of a fricative or affricate s actually detected by the
datector 120, Congequently, audio reproduction with good perceplual quality without

maior artifacts can be schisved,

To summarize, Figs, 3, 5, § and 7 show operating concepts which may be appied in the
audio encoder 100 scoording to the present invention Mowever, different é"mmémg

conceots can actually be used as long as i s ensured that the bandwidth extension
information is providad with an increased temporal resolution (when compared to g normad

tamporal resolution) at lsast for g predetermined pariod of time bafore a time al which an

ffaat of g fricative or affricate) Is detected and for

e

1}

pradetermined pericd of tme following the time st which the onset of the fticative or

afiricate {or tha offset of the fricative or affricate) is detecisd,
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i should be noted that Figs, 6 and 7 represent, for sxe: “z,fﬁ a strusture of an ancoded

audio signal. For example, the encoded audio signal may comprise an encoded

represantation of a low frequency portion of an audio content. Moreovar, the encoded

audio representation may comprisa a plurality of sels of bandwidth extensgion parameters,

For example, one sat of bandwidih exiension paramstiers may be @Fi&\f%d%d for gach of the
frames 820a to 820d and 8201 Marsover, one set of bandwidih extension | nation may
pa nrovided for esch of the frames 720a, 720b, 7200, 7201 However, sets of bandwidin
axtension parametars may te provided with an increased tempotel resolution st jeast for &

efore g ime a2t which an onsset of s fricative or affricate is

o

sredetermined perlod of tme
detected and for g predetermined perod of time following the time af which the onset of
the fricative of affticats s detected. For example, seis of bandwidth exiension paramsisrs
are orovided with increased temporal resoiution for the frame 620s. For sxample, a total

of four sste of bandwidth extension parameters may be provided for the frame B20e such

that the temporal resolution is Increased In the sub-frame 8302 preceding the subframs
830k in which the onset or offset of the fricative or affricate & detected. Moreover, two

more sets of bandwidth extension parameters may be provided for sub-frames 6300 and

A sirniter concept is apparent from Fig, 7, whersin sels of bandwidih extension parametsrs

are provided with an increased temporal resclution Tor frare 820d and 820e.

To conciude bandwidth exension peramelers may be provided with an horeased
temporal reseolution at least Tor a predefermined period of time before a time at which an
anset of a fricative or affricate s detected and for 5 predetermined period of time following
the time at which the onset of the fricative or affricate is detected. Morsover, the
bandwidih extension parameters may also be provided with increased temporal resclution

for @ porton of the audio content in which an offsel of a fricetive or affricate is detectad,

Ao Ereoder Acoording to Pl 8

Fig. 8 shows a block schematic diagram of an audio encoder acoording to an embodiment

of the present invention
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The audio encoder 800 is configured to receive an inpul audio information 810 and fo

provide, on the basis thereof, an encoded audio information 812,

The audio encoder 800 comnprises g detector 820 cordigured io detect an offset of 2
fricative or affricate. The delector 820 provides, for example, & temporal resolution
adivstment information B22. Moreover, the audio encoder BOD comprise barndwidth
extension information provider 830 which s configured 1o @r@véﬁ@ bandwidth extension
information 832 using a veriable ternpors! resolution, The ancodar s configured 1o
adiust the temporal resolution used by the bandwidth sexension nformation provider 830

such that the bandwidih extension information B32 i provided with an increased temporal

i

resolution (whan compired to g normal” temporal resolution) n response to a detection

of an offsel of a fricative or sffricate. In other words, the temporal resolution which is used

by the bandwidih extension information provider 830 s increased i the detecior 820
dstects an offset of & fricative or affricates, such that the offset of the fricative or affricalie ia

x

encoded with comparatively  high  (higher than normal) temporal resolution of the
bandwidlh extension information {or | @mmmh ewtension parametars) 832, Moreover, the
audio encoder 800 comprises a low frequency encoding 840 which may provide an
sncoded reprasentation 842 of a low frequsncy portion of an audio condent represented by

e inoul audio Information 81

Moreover, it should be neted thal the detector 820 may be aimilar fo the delector 120
described sbove, and that the bandwidth sxtension information provider 130 may be
gimblar {or even egual t0) the bandwidth extension informeation provider 130 described

above., Moreover, the low freguenay encoding 840 may be similar, or even equal o, the

e fregusncy encoding 140 desoribad above,

Maoraover, the audio sncoder 880 s configured to adjust the tamporal resolution used by
e bandwidih sxlension information provider B30 such thet the bandwidth exiension

information 832 s provided with an increased temporal resolution in responss ©

e

detection of an offsel of a fricative or affricate. Accordingly, an offset of a fricative or
affrioate s encoded with high temporal rasolulion (8! least of the bandwidth extansion
information) which helps 10 avoid artifacts and brings along a natural haaring impression,

Fowaver, i should be noted that the audio encoder 800 may, optionally, be provided with
any of the other features described above with respect to the gudic encoder 100, and aiso

with respect to Figs, 3, 5, § and 7. Moreover, advaniages which arise from usage of an
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incraased temporal resolution In responss o the detection of an offset of 2 fricative or

P

affricata can be seen, for example, In Fig. 5.

Moreover, it should be notad that the concepls according to Figs. § and 7 are applicable
both in response (0 g detection of an onsel of a Tricative or affricate and In responss 1o the
detsciion of an offset of a Feslive or affticate, and therefore aiso zpply o the sudio

encoder acoording io Fig, 8

a4 Audio Dacoder Avoording to Flg, 9

Fig, 9 shows a block schemeatic diagram of an asudio decoder, according to an

i

embodiment of the invention. The sudio decodar 900 is configured 1o recelve an encoded
audio nformation 810 and is 1o provide, on the basis thersof, a decoded audio information
912, The audic decoder comprises g low freguancy decoding 920, which may be
configurad 1o provide a decoded representation of a low frequency portion of an audio

cortent represented by the encoded audic information 810, For sxample, low freguency

decoding 920 may comprise 2 general audio decoding, for exgimple, as desoribad in the

international Standard 1ISOAEC 14498-3. In other words, the low freguency decoding 820
may, for axample, comprise a enown MPEG-Z "advanced sudio coding” (MDY and
t

may, for example, decods g low ?*rsaw iy poriion of an audio content up o 2 Frequency

of approximately 8 kHz or 7 kMz. However, the low frequency x:%madiﬁg 920 may use any

ather decoding concept, such as, for example, the weall known CELP decoding concept
the weli-known transform-coded-excitation (TOX) decoding, Gensr 325; stpted, ihe lfow

frequancy decoding 920 may use any gensral sudio decoding concept or any spesch
dacoding concept, The audio decoder 800 further comprises o bandwidth extension 830
which is configured to perform a bandwidth exdension on the basis of a banchwidih
gutension information 932 whick iz provided by an audio eneoder, and which is bypically
inchudsd in the encoded audio information 810 The bandwidih extension 830 may
typivally use information provided by the low frequency decoding 820, For example, the

3

handwidth extansion 230 may be configured o perform a speclral bandwidth ?'i’"ﬁ?ﬁ’ziif}i":ﬁ‘ii{}ﬁ

{SBR) on the basis of @ decoded low frequency porlion of the audio content (wherein the

decoded ow freguency portion of the audio content is provided by the low f%”@q{i%?ﬁi}f
cecoding 820) For {W“rf"apig», the bandwidih extension 930 may perform the functionality
of the so-calied "SBERE or of the so-called “low delay SBR” which & described, for

examio, inihs International Standard 1ISOAEC 144863,
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However, the audic decoder BOD may be configured to perform the bandwidth exiension
with an increased lemporal resolution at lsast for 8 predetermined perled of time before g
fime at which an onset of a fricative or affricate is detected and for a predetermined period
of time following the time at which the onset of the fricative or afircate is detecled,

o

Accordingly, 2 good audio guality may be achieved sven for the onset of 5 Fricative oy

affricate or for the offsst of a fricative or affricate.

i sheuld be noted that he temporal resolution, which is used for the bandwidih sxtension,

f‘ﬁay be signaled using g side information which s included in the bandwidih exdension
information 932, For example, the signaling may be performed as described In Section

e signaling of the

<l w

P

4,819 of International Btondard SOAEC 144868-2. In particular, ¢
temporal resclution may be performad as described In Section 4.6.19.5.2 of IBOAEC
14486-3, subpart 4. Thus, the bandwidth exlension 830 may evaluaie sald signaling fo

dacide which temporal resolufion should be used for the bandwidth extension,

o delact an onset of &

5

However, sitermnatively, the audio decodsr may be configur
frivative or affricatie or an offsat of a fricgtive or afvicete on the basls of the decodsd low
fragquancy portion of the sudio content, which may be provided by the low frequancy
decoding 920, Accordingly, the audio decoder 300 may decids about the lemporgl
resolution o be used Tor the bandwidih exension in a similar manner as the audio

sncoder described above. in such g cass, it may nol even be nscessary o use any

Cadditional side information for signaling the lemporsl resolution to be used for the

bancwidih axtension which helos to reduce the bt rate.

Regarding the functionality of the sudio decodsr 200, # should be nolsd that the
functionality corresponds to the functionality of the audio encoder 100 aoconding to Fig, 1
and of the audio encoder 800 scoording to Fig. & In other words, the bandwiith exiension

s preformed with "normal” or comparatively “ow” tamporal resolution in the absance of an

onset of a ostive or aflfrcate or of an offset of 2 Testive or affricals, and the bandwidth
extension is performed with g “noregsed” or comparatively “high” temporal resolution in
the presence of an onset of a fricative or affricate or an offset of a fricative or affricale,

Howevaer, the increased temporal resolution is also used for the bandwidth exlension at

ﬁﬂ

sast for g predetermined period bafore a ime al which an onset of a fricative or affricate

&l

N

is deteciad and for & predeterminad period of time following the me at which the onset of

the fricative or alfticale i detectad, such that an entire onset of a fricative or affricgie s
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processed with high femporal resoiution of the bandwidih extension. Accordingly, artifacts

carn be avolded,

4 Aucio Decoder According | i Fig, 190

Fig. 10 shows a block schemstic diagram of an audio decoder, according 1o ancthe

ambocimeant of e present invention,

The audio decoder 1000 i3 sonflgured to receive an encoded audio Information 1010 and

7
(e

i provide, on the basis thereof, a decoded asudio Information 1012, The audio deooder
comprises a low freguency decoding 1020, which may be substaniially sgusl 1o the low
afres:gum‘w:;y deceding 920 described above. Moreover, the audio decoder 1000 comprises a
bandwidth extension 1030, which miay be substantizlly equal {0 the bandwidth exiension
930 described above. Howsver, the audio decodsr 1000 is configured to perform ¢

he
bandwidth extension on the basis of a bandwidth extension information 1032 provided by

an audio encoder, such that the bandwidth extension is performed with an Increased

Q

temporal resoiution at leas! for 2 predetermined nariod of fi“iﬁ”’z@?: before 2 Hme st which an
uifset of a fricative or affricaie is detected and for a pradeterminad period of ime following
the fime at which the offset of the fricative or affricale s detected. Accordingly

o A

decoder 1000 provides s decoded zudio information In which offsets of Ficatives or

the audio

afficates are represented with good accuracy. Accordingly, artifacts are svoided.

Moreover, it should be noted that the explanations provided above with respect fo the
audio decoder 800 also apply fo the audio decoder 1000, In addition, It should ba noted

that the audio decoder 1000 can be supplementsd by any of the fastures and
functionalities described with respect {0 the audio encoder 800, Moraover, the sudio
encoder 1000 (as wall as the asudio encoder S0 can be supplemenisd by any of the
features and funclionalities described hersin with respect to the audio decoder sincs the

audio d

"?3

oding corresoonds o the audio encoding described above,

o

5. Bystem Acoording to Claim 11

Fig. 17 shows & block schematic diagram of g svstem, according o an embodiment of the
present invention, The svsterm 1100 comprsss an audio encoder 1120, which is
configurad to recelve an input audio information 1110 and to provide, on the basls thereof,
an encoded audio information 1130 1o an sudio decoder 1140, The audio decoder 1140 is
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corfigured o provide a decoded audio information 1150 on the basis of the encoded

avdio information 1130,

Howeaver, I should be noted that the audio sncoder 1120 may be equal to the audio
enceder 100 described with respect to Fig, 1 or {0 the audio encoder 800 described with
respact o s’"‘“; 2. Moreover, the audio decoder 1140 may be equal to the audio decoder

SO0 describad with resoect o Fig, 9 or the sudio decoder 1000 dascoribed with respect tn

Flg. 10 ;%s;e.,c“r*:amc;‘v the audio decoder may be configured 1o receive the encoded audio
imformation provided by the audio sncoder, and o provide, on the basis thersol, the

L

decoded audio information 1150, auch that the bandwidth extension s performed with an

increased temporal resolution &t least for a predstenmined period of tme before a fime &t
which an onset of 3 fricative or affricats s detacted and for g predetermined period of me
following the Ume at which the onsst of the fricative or affricate is detected andior such

that the bandwidih extansion is performed with an increased temporal resolution &t least

i

for g oredsterminad period of time hefore a time at which an offast of g fricative of affricste
s detectad and for a predetermined period of fime following the time st which the offsst of

the frivative or affricate s detected. Accordingly, a good guality reproduction of fricatives

ar affricates can be achinved,

It should be noled that the system can e supplemented by any of the features and

functionaliies described above with respect o ihe audio encoders and audio deoonders.

8. Method for Broviding. an Brepded Audie Infommation an the Besis of an inpul Audio

information According fo Fig, 12

Fig. 17 shows a flow chart of 8 methad for providing an enceded audio Information on the

- y . E o ge o peae

basis of an inpw audio information. The methed 1200 sccording to Fig. 12 comprises

detecting an onset of a fricative or affricate andior an offset of & fricative or affvicats [zle

12101 The methed further comprises providing 1220 bandwidlh axtension information

using = varlable lemporal resolution. The temporal resoiution used for providing the

bandwidth axiension information may, for exampele, be adiusted such that the bandwidih

axiansion informeation s provided with an increased femporal resolution af least for a

predatermined period of ime before g time at which an onset of a fricative or affricale s
t

detactad and for a predsiermined period of

¥

e following the time gt which the onsef of
the fricatlve of affricats is detected. Allernatively, the temporsal resclution for providing the

bandwidth extension information may be adjusted such that the bandwidth exdension
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information is provided with an incregsed temporal resolution in responss 10 & detection of

arn offsel of & roative or affricate,

The method 1200 acoording o Fig, 12 is based on the same considergtions as the above

e

described audie encoders, Moreover, the method 1200 can be supplemented by any of

.

the features and functionalities described herein with respect to the sudio encoder {an
also with respact to the audio decoder),

L. Methed for Providing s Degoded Audio Infermation Acsording fo.Clalm 18

Fig. 13 shows a flow chart of g method for providing & decoded audio informatio
aocording to an embodirent oF the invention, The method 1300 comprises decoding 1210
a low Traquancy portion of an sudio information which, howavar, ig not an essantial step of

the rnethod,

The method 1300 further comprises performing 1320 a bandwidth extension on the basis

of a bandwidih extension formation provided by an asudio encodsr, such that a

bandwidth exiension s performed with an increased lemporsl resolution st least for a
predetermingd period of tme before a time al which an onget of 2 oetive or affricsis i

detactad and j‘:m" a prodetermined period of me following the time gt which the onset of
o &

v, by

the frivative or affricate is detected andfor such that the bandwidth extension iz performed

s

with an increased femporal rasclution at least for a predatermined perod of time before o
thme al which an offsel of a fricative or affricate & detegied and for g predetermined perlod

of firne following the time sl which the offest of the fricstive or affricats s detactad,

The maetnod 1300 s based on the same considerations as the above described audio

ancoder and the above described audio decoder, Moreovar, it should be noted that the

method 1300 can be supplementsd by any of the features and functionalities described

o the gudio decoder. Moreover, e method 1300 can slso be
e

ures and functionaliies described with the respect to the

gt taking inte consideration that the decoding process s substantially an
inverse of the encoding process

3. Conclusions
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To concluds the above explanations, 1 should be roted thal embodiments according o
tha inverdion relale {o speech coding and particuiarly 1o spesch coding weing bandwidth
exiagnsion (BWE) techniques, Embodiments according o the invention aim to enfiancs the
parcaptual guality of the decoded signal by deleciing fricatives or affricales within ths
speech signal and adapting the temporal resclution of the bandwidth extension parametsr
difvan post processing scoordingly (for sxample, by adanting & Aemmw% resoiution which
is used for providing sets of bandwidih exdension information). Embodiments according o
the invention comprise detecting onsels and offsets of fricative or atfricats signal portions

of & speech signal and providing for & famporally fine-grain bandwidth extension post-

b

]

orogessing during the entire onsst and offset period of these Tricalive or affricals signal
portions (wherein the bandwidih exiension processing may, for example, comprise a
orovigion of said bandwidih exiens information &t he side of an audio encoder and
may comprise performing 2 bendwidih extension at the side of the sudio decodear),
Hersby, the occurrence of pre- and post-echo artifacts is reduced and a sufficiently gentle
on- ang offsal of ficative or affricate signal pordions can be modeled by the fing grain
bandwidth exdiension parameters, Hereby, unpleasant suditory sharpress of fricatives or
affricates and the osourrence of annoving pre-and post-echoes within the coded signal is

f%‘ﬂf@[dfﬁij,

Embodiments acoording lo the invention outperform conventionsl solutions. For exarmple
ir {17 1 is proposed o align 2 start time Instant of o Dandwidth extension parameter frame
with the point in Hme of 2 speclral B change. A spaotral B change might denots an onsst

or @ sudden offsst of 2 fricative or aflricate signal gortion. The alignment technigue

pronosed in m prevents the oocurrence of wre-schoss of fricatives or affricales within
pandwidth extension methods. However, only fricative or affricats onsets are detected and

oisais are missed. Addiionally, the above mentionad iea%‘méqua does not aecount for fing-

grain raodeling of the on- and ofizset spactral-lemporal charscteristics of the individual

fricatives or affricates. Hence, the sound of these can be harsh and mueh too sharmp,

i the following, some ambodiments and aspects according to the invention will be

grsoribed,

For example, an invenlive bendwidih exension encoder comprises a fricatives or

afiricates delector and 8 bandwidth exiension spectro-temporal resclution switcher.
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The fricatives or aifricates deteclor is preferably capable to detect bolh fricetives or

affricates onssts and offsets. A suilable low computationsl mmgﬁexifw realization of such a

detector can be, Tor example, based on the evaluation of a zero crossing rate (ZCR) and
ar energy ratio (for detalls, confer for example, referances (27 and [31). The datector may

be additionally cornectad to a speschimusic discriminator in order to restrict the

subseguent inventive processing to spesch signals only.
In same embodiments, 2 cerlain temporal look-shead of the delecior iz desirad or sven

ecuired, fo he able o Hime éy switch bandwidth sxtension resolution such that during the
entire onsel and offsel signal porlion length, fine grain temporal resolution s employed
within the bandwidth exiension parameter estimationfsynthesls, The duration of the onset
ar offset sional portions can be either measured signg! adagtively or assumed 10 be fix
to an empirically determined vaelue, For example, g number of Hims inlarvals or time-sub

i

intervals, which are precassad with high femporsl resolution in response o a delection of

a fricative or affricate onset or fricative or sffricate offssl can be predstermined

e
, i

5o

adiusted in dependence on signal characteriglics. For exar npi a detectad fricative or
affricate might aclivete a four tmes higher temporal resolution during a group of several
consecutive signal framas (e.g., two or thres frames) that fully encompass the detectsd
fricative or aflrcate onset or offset. Preferably, but not necessarlly, the group of high
temporal resoiution signal frames s asproximately centerad with respect o the defected
fricative or affrioate on- or offsed, thereby covering the entire duration of the on- or offsst
I case of a fransient adapiive bandwidh extension framing, the activation of & higher
temporal resolution during an endire group of signal frames riggerad by the fricatives o

~

afiricates detsction supersades the transient adaptive framing.

i the foilowing, some details regarding figures will be discussed.

Fig. Z shows a spectrogram of an originel speech signal with dashed  magenta verlical
barg depicling 2 conventional bandwidih extension framing. Black dashed bars denole

fricative or affricate borders.

Fig, 3 shows a spectrogram of an orgingl spesch signal with an inventive bandwidlh

extension framing adaptad to Ficative or affricats borders that is denoted by the solid
plack vertical ines. Al g point In time where 2 Tricative or affricate border {onsset or offsel)
has been detecied, the resoiution of bandwidih sxtension postprocessing is refined by

switching to & four times higher resolution during a group of thres consecutive frames.
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Ef«;g 4 depicts a resulting spectrogram of the same spsech signal coded using

oriventional bandwidth extensian framing. The vellow eilipses indisate arlifacts caused by
the conventional bandwidih extension framing (from et to right); A pre-echo and hard
onsel; B post-ache and hard offset; C energy leakage from preceding vowel into the

mudsied fricative or afiricate dus o too coarse "‘é":‘:ammg.

Fig, 5 depicts the resulting spechrogram of the same speech asignal ooded using the
b hv b

inventive bandwidth extension framing. The problemstic areas as indicated in Flg. 4 are

substaniially improved,

1

To conclude, the spectrogrs

]

ms discussed hers indicate that an sudio quality can be

pi]

auibstaniially improved by applying the concept &

Cﬁ

courding o the present invention,

To further conclude, smbodiments according 1o the invendion create an sudio encoder or a

melhod of audic encoding or o refated computer program, as described asbove,

Further embodiments according to the invention create an audio decoder or 8 method of

audio decoding or a related computer program as desciibed above,

Morsover, embodiments according to the Invenfion create an encoded audio signal or

slorage medium having stored the encoded audio signal as described above,

g, Implementation Alternatives

Although some aspacts have been described In the context of an apparatus, i s clear that
these sspects siso vepresent 8 description of the corresponding method, where 3 blook or

o

evice corresponds o a method sftep or a feature of a method sten. Analogously, aspects
desciibed in the context of a method step also represent a description of 2 coresponding
block or item or fealure of a corrgsponding apparatus, Some or all of the mathod stens
may be exgcuted by (or using) a hardware apparatus, fike for example, 8 microprocessor,

2 programmable compiter or an slectronio circuit. In some embodiments, some ong or

more of the most important method staps may be exeoutad by such an appargius.

§
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The inventive encoded audio signal can be sfored on a digital starags medium or van be

transmiiied on a ransmission medium such as 2 wireigss ransmission medium of & wired

£

trenasmission medivm such as the ntemst,

Depending on certaln immamaﬂmﬁmz requiraments, embodimeants of the invention can be
implemented in hardware or In software. The implemaentation can be performed using a
digital storsge medium, for example o floppy disk, a DVD, a Blu-Ray, a CD, a ROM, =
PROM, an EPROM, an EEPROM or a FLABH mermory, having slechronioally resdeble

control signals stored thereon, which cooperate (or are capable of cooperating) with a

kS

ny

: i

programmable computer svstem such that the respective metnod is performed. Therefore,

the digital storags madium may be compuler readable,

Some embodiments according fo the fwenillon comgrise s data camder having
slectronically readable control signats, which are capable of cooperating with &
crogrammable computer system, such that one of the methods described harein is
oerformedd,

Generally, embodiments of the presert invention can be implemented as & computer
program product with @ program code, the program code baing operative for performing
one of the methods when the compulsr program pmﬁw% rung on s compiisr, The

program code may for example be stored on a machine readable carrisr,

Other embodimants comprise the computer program for performing one of the methods

dasoribad herain, sforsd on o machine readable carriar,

in other words, an embodimant of the hwerntlve method s, thersfore, a computer program
having @ program oode Tor performing ohe of the msthods desoribed herein, when the

@mmu“ S0 DPOGEAIT TUNS 0N & compuiar,

A further embodiment of the Inventive methods is, therelfore, @ deta camier (or & digitel
storape medium, or a ﬁmr‘swm‘imwmaéabi@ medium) comprising, recordad thereon, the
computer program for performing one of the methods described herein, The data carrier

the digital storage medium or the recorded medium are typleally fangible and/or non—
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A further ambodimeant of the inventive method s, therefora, 2 dale strasm or 8 ssquance

P

signals representing the computer program for performing one of the methods
described herein, The data stresm or the seouence of signaiz may for exsmple be
configured (o be ransferred via s data communication connection, Tor example via the

Internst,

jor

A further embodiment comprises g processing means, for exampls a compuler, or

programmable logic device, configured to or adapted to pardorm ong of the methods

d}

desoribed herein,

A further embodiment comprises o computer having nstelisd theraon the oomoulsy
14 % 4 !

program for parforming one of the methods descrbed herain

A further embodimeant according to the invention comprises an apbaratus or & system

-~

configurad 1o transfer (for example, electronically or aptically} s computer program for
parforming one of the methods desoribed hersin o a8 receiver. The recalver may, for
example, be a computer, a mobile device, a mamory device or the ke, The asoperatus or

systam may, for example, comprise g file sarver for transfering the computar program o

b

&

the recaiver |

in some embodirmants, & programmable logle device (for exemple a fisld programmable

ate aray) may be usad o mi‘&sw sorne of all of the funcionglities of the methods

*C.ziZ?

wacribed herain, In some embodiments, a fisld progremmable gate avay may coopsrate
with a microprocessor in order to perform ong of the methods describad hergin, Generally,

the methods are preferably performed by any hardwars apparaius,

The apparaius describsd hareln may be implemenisd using 2 hardware apparatus, or
using a compuier, or using a combination of 2 hardware sppargtus and a compulsr,
The methods described herein may be performed using a hardware apoaratus, or using 2

computer, or using 2 combination of a hardware apparatus snd 2 computer

The above described embodiments are marely illustrative Tor the principles of the present

1

rwventior, s understood that modifications and variations of the arrangements and the
be apparent o others siclled in the it i is the infent,

detally desoribed harein will

therafore, o be imited only by the scope of the impending patent claims and not by the

¥
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snecific details presented by way of descriplion and explanation of the embodiments

herein,
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Claims

An audio encoder for providing an encoded audio information on the basis of an

input audio information, the audio encoder comprising:

a bandwidth extension information provider configured fo provide bandwidih

extension information using a variable temporal resolution;
a detector configured io detect an onset of a fricative or affricate;

wherein the audio encoder is configurad to adjust & temporé! resolution usad by
the bandwidih extension information provider such that bandwidih extension
information is provided with an increased femporal resolution at least for a
pradetermined period of time before a time at which an onset of a fricaiive or
affricals is detected and for a predetermined period of time following the time at

which the onset of the fricative or aflticate is detected:

wherein the bandwidth extension information provider is configured to provide the
Handwidth extension information such that the bandwidth exiension information is

associated with temporally regular time intervals of equal termporal lengihs,

wherein the bandwidth extension information provider is configured to provide a
single set of bandwidth extension information for a time interval of a given ternporal

length if a first femporal resoiution is ussd, and

wherein the bandwidth extension information provider is configured to provide a
piurality of sels of bandwidith extension information associated with time sub-
intervals for a time interval of the given temporal length i a second temporal

resolution is used;

wherein the audio encoder is configurad to adiust a temporal resofution used by
the bandwidih extension information provider such that at lzast one time sub-
interval, fo which a set of bandwidth extension information is associated,
immediately precedes another time sub-interval, to which anocther set of bandwidih

extension information is associaied and during which
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4.2

another time sub-interval an onset of a fricative or affricate is detecied,

such that the increased temporal resolulion is usad in at least one time sub-inierval
praceding the time sub-interval in which an onset of & fricative or affricate is
detected.

The audio encoder according to claim 1, wherein the audio encoder is configurad
o switch from a first temporal resolution for the provision of the bandwidth
exiension information to a second temporal resolution for the provision of the
bandwidth extension information in response o the detection of the onset of a

fricative or affricate,

wherein the second temporal resolution is higher than the first tamporal resolution.

Tha audio ancodsr according fo claim 1 or 2, wherein the audic encoder is
configured to sub-divide a given time interval of the given temporal length into four
sub-intervals of equal lengths, ¥ an increased temporal resolution is used fo
provide the bandwidih extension information for the given time interval of the given

temporal length,

such that four sets of bandwidth extension information are provided for the given

time interval of the given temporal length.
The audic encoder according to one of claims 110 3,

wherein the audio encoder is configured o seleclivaely use an increased temporal
resolition fo provide bandwidth extension information for a first time interval of a
given temporal length preceding a second fime interval of the given temporal

langth,

if an onset of a fricative or affricale is detected within the second time interval and

it a tamporal distance between a fime at which the onset of the fricative
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or afiricate is detected and & border betwaen the first time interval and the second

fime interval is smaller than a predetermined temporal distance.

The audio encoder according fo one of claims 1 o 4,

wherein the audio encoder is configured to perform & teamporal look-ahead, such
that an increzsed femporal resclufion is used to provide bandwidth exiension
information for a first time interval of a given temporal length preceding a second
time interval of the given temporal length in response o a delection of an onsat of

a fricative or affricate in the second time inferval.

The audic encoder according to one of claims 1 o §,

wherein the audio encoder is configured to adjust a temporal resolution used by
the bandwidth extension information provider such ithat bandwidth extension
information is provided with a same increased temporal resolufion at least for a
predatermined pericd of time before a time at which an onset of a fricative or
affricate is delected and for a predetermined pericd of tme following the tme at
which the cnset of the fricative or affricate is detected.

The audio encoder according to one of claims 110 §,

wherein the audio encoder s configured to adjust a temporal resolution used by
the bandwidih extension information provider such that sefs of bandwidih
exiension information are provided with same increased temporal resclutions at
least for a first time sub-inferval, a second time sub-interval ang a third time sub-

interval,

whersin the first fime sub-interval immediately precedes the second iime sub-

interval;

wharsin an onset of a fricative or affricale is dstected in the second time sub-

intarval; and
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wherein the ihird time sub-interval immediately foliows the sscond time sub-
interval.

The audio encoder according to one of claims 1 to 7,
wherein the detector is configured to detect an offset of a fricative or affricate; and

wherein the audio encoder is configured to adjust a temporal resolution used by
the bandwidth extension information provider such that bandwidih extension
information is provided with an increased femporal resolution at least for a
predetermined period of time before a time at which an offsel of & fricative or
affricate is detected and for a predetermined period of time Tollowing the time at
which the offset of the fricative or affricate is detected.

The audio encoder according to one of claims 1 1o 8, wheraein the dstecior is
configured fo evaluate a zero crossing rate, and/or an snergy ratio, andior a

spectral lilt in order to detect an onset of a fricative or affricate.

The audio encoder according to one of claims 1 to 9, whersin the detector is
configured fo evaluate a zero crossing rate, and/or an energy ratio, and/or a

spectral {ilt in order o detect an offset of a fricative or affricate.

The audio encoder according to one of claims 1 o 10, wherein the audio encoder
is configured to selectively adjust a temporal resolution used by the bandwidih
exiension information provider such that bandwidth axtension information is
provided with an increased temporal resolution  in response to a detection of an
onset of a Tricative or affricate only for a spesch signal portion but not for a music

signal portion,

The audio encoder according to one of claims 1 to 11, wherein the audio encoder
is configured to selectively use an increased temporal resolufion to provide
bandwidth extension information for a plurality of subsequent time intervals that

ancompass g time at which an onset of a fricative or affricate is datectsd in
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response to a detection of an onset of a fricative or affricate or in response to a

detection of an offsét of a fricative or affricate.

The audic encoder according to claim 12, wherein the audio encoder is configured
to selectively use an increased temporal resoclution to provide bandwidth extension
information for a plurality of subsequent time intervals that fully encompass an

onseli of a datected fricative or affricale.

An audio encoder for providing an encoded audio information on the basis of an

input audio information, the audio encoder comprising:

a bandwidth extension information provider configured to provide bandwidth

extension information using a variable femporal resolution;
a detector configured to detect an offssi of a fricative or affricate:

wherein the audio encoder is configured to adjust a temporal resolution used by
the bandwidth exiension information provider such thal bandwidih extension
information is provided with an increased temporal resolution in response o a

detection of an offset of 2 fricative or affricate.

The audio encoder according io claim 14,

wherein the audio encoder is configured to adjust a temporal resolution used by
the bandwidth extension information provider such thai bandwidth extension
information is provided with an increasad temporal resolution at least for a
pradetermined pericd of time before a time at which an offsat of a fricative or
affricate is detected and for & predstermined peried of time following the time at

which the offset of the fricative or affricate is detectsed.
An audio deceder for providing a decoded audio information on-the basis of an
encodad audio informalion,

wherein the audio decoder is configured to perform a bandwidth extension on the

basis of a bandwidth extension information provided by an audio encodear,
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such that the bandwidih extension ig performed with an increased temporal
resolufion at least for a predetermined period of time before a tirme at which an
offset of a fricative or affricale is detecied and for a predeiermined period of fime

following the time at which the offset of the fricative or aflricate is detectad.

A system, comprising:
an audio encoder according to one of claims 1 to 15; and

an audio decoder configured to receive the encoded audio information provided by
the audio encoder, and io provide, on the basis thereol, a decocded audic

irformation,

wherein the audio decoder is configured fo perform a handwidth extension on the

basis of the bandwidth extension information provided by the audio encoder,

such that the bandwiath exiension is performed with an increased femporal
resolution at least for a predetermined pericd of {ime before a time af which an
onset of a fricative or affricate is detected and for a predetermined period of tme

following the time at which the onset of the fricative or affricate is delected, or

such that the bandwidth extension is performed with an increased femporal
resolution at least for a predetermined period of time before a time at which an
offset of a fricative or affricale is detecled and for a predetermined pariod of time
following the tme at which the offset of the fricative or affricate is detected.
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A method for providing an encoded audic information on the basis of an input

audio information, the method comprising:

providing bandwidth extension information using a variable temporal resolution;
and

detecting an onset of a fricative or affricate;
g

wharain g temporal resolution used for providing the bandwidih extension
information Is adjusted such that bandwidih extension information is provided with
an increased temporal resolution at least for a predetermined period of time before
a fme at which an onset of a fricative or affricats is detected and for a
nredetermined period of fime following the time at which the onset of the fricalive

or affricate is detected;

wherein the bandwidih extension information is provided such that the bandwidth
exiension information is associated with femporaily regular time intervals of eqgual

tarnporal lengths,

wherein a single set of bandwidih exiension infermation is provided for a time

interval of a given temporal tength if a first temporal resolution is used, and

wharein a plurality of sets of bandwidth extension information associated with time
sub-intervals is provided for a time interval of the given temporal length if a second

iemporal resolution is used;

whearein a temporal resolution used is adjusied such that at least one time sub-
interval, to which a set of bandwidth extension information is associated,
immediately precedes another lime sub-interval, 1o which another setl of bandwidth
extension information is associated and during which another thme sub-interval an

onsat of a fricative or affricate is detected,

such that the increzsed temporal resalution is used in at least one time sub-interval
preceding the time sub-interval in which an onset of a fricative or afiricate is

detectad,



19,

=
[0s]

A method for providing an encoded audic information on the basis of an input

audio information, the method comprising:

providing bandwidth extension information using a variable temporal resclution;

and

detecting anoffset of & fricalive or affricate;
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wherein a temporal resoiufion used for providing the bandwidih extension
information is adjusted such that bandwidih extension information is provided with
an increased temporal resolution- in response to a delection of an offset of a

fricative or affricate.

A method for providing a decoded audio information on the basis of an encoded

audio information,

wherein the method comprises performing a bandwidih exiension on the basis of a

bandwidth extension information provided by an audio encoder,

such that the bandwidih exiension is performed with an increased temporal
resciution at least for a predetermined psriod of fime before a fims at which an
offset of a fricative or affricate is detected and for a predetermined period of time
following the time at which the offset of the fricative or affricats is detected.

A computer program for performing a method according to one of claims 18 o 20

when the computer program runs on a computer.



