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FIELD OF THE INVENTION 5 The invention relates to the
‘" estimation of pitch lags in audio signals. BACKGROUND
WOROIBHEHFNVENTI ON 10 Pitch is the fundanent aPCT/IB2007/053986
frequency of a speech signal. It is one of the key
paraneters in speech coding and processing.
ApBitehtlameshdatdonse of pitch detection include
speech enhancenent, automatic speech recognition and
under st andi ng, anaIyS|s and nodel i ng of prosody, as
15FRBLD GRS BiFeddWENBAPNg, in particular lowbit-rate .
speech coding. The reliability of the pitch detection
is often a decisive factor for the output quality of
5 t hBhevErantispsredntes Typtlal¢stimpdechofodedsh lags in
Procgss SRReAk .in segnents of 10-30 ms. These
segments are referred to as franmes. Franes are often
further divided into segnents having a | ength of 5-10
‘mepgekdestngl el maRe s Rerahff erent purposes. The
pitch is directly related to the pitch lag, which is
the cycle duration of a signal at the fundanental
10 f reauencys tHee rhinbighehg) C@fbc%?erﬂ:%} OEMLNeHedOl signal. 1t
exanple by %%pl%lng aut ocorr tion conpu atlonsS¥B a
setfretht 3 RREARERES .11 FOSseBecoding and
aL@ﬂﬁ@isﬁﬁr@I QRS QBRYL BhE OfSli rRAMRELS 0 ﬁ.éﬁ Q&4 Sy
audi o, sj gnal gment are multiplied with aligned
S ol B FPERE BS BRBSAERMES: GHHOTEEd e APSOTR | EFCamR tion
bemu dﬁim@.&ahyllagr ESRETYS Ve aa{mlwdeﬂhg §H r@;ﬂyﬁdﬁ hes
15 cts resul ngAth a §§E§I delay 35 1s
co‘?' & FREFEPUEPLTRS: hiYy AE| éPT”oF”&a‘FaJee spgech
20@@1{1@1%@0}@1&3&3@71@5%@&1@@1&@ detlcthén ded @ften a

eciéxnr nds tg % |tc 14 Ehe EItCh | ag i.s
al so Te err 95 f8 ?%h q“ ity of the overall
system.,

20 Typically, speech codeds process speech in segments of
10-30 ms. These segments are referred to as frames.
.Frames are often further divided into segments having a
length of 5-10 ms called sub frames for different
purposes.

25 |
The pitch ié ﬁirectly related to the pitch lag, which ig
the cycle duration of a signal at the fundamental
frequency. The pitch lag can be determined for example by
applyving autocorrelation computations to a segment of an

30 audio signal. In these autocorrelation computations,
samples of the original audioc signal segment are
multiplied with aligned samples of the same audio signal
segment, which has been delayed by a respective amount.
The sum over the products resulting with a specific delay

35 is a correlation value. The highest correlation value



Bef ore the highest correlation value is determ ned,

the S correlation values may be pre-processed to

i ncrease the accuracy of the result. A range of

WwePhsidesed del ays may al so be divided into geagkb@Hessess

and correl ation values may be deternmined for del ays
in all or sone of t hese sections. The autocorrel ation

Cogegtftt. 'W% g4, 10, pat %‘i@e%@?ﬁ%?& e (9%ken

i nstance | of sanplest

' coﬁtggdeﬂe@.pzmm Iieg, lSht‘el%@dIQf@nrﬁQ beyah @iy defed.

in a pre-processing that is applied to the
correlation values before the highest correlation
vaPgéore Wtha dvighesd. cabrel 3 kazh veduekis sletesmdnedecethe

50 cd8L&1 4R Nd vf&'ltu%E }ué‘ﬂsbé %Sré'ip%%%%‘&& o 1%%9@%%31:119.

of an audi o si framewor k an enplo
auﬁF@uﬁ‘é}éé%fsﬁ%@ §§§t1le¥n FetERIHF Pﬁe%%‘iqlﬂqréfl@eﬁﬁéai’érmay

thgy pbt6d HeLeeld 9AroESOEE Bld Y ahar cSPfoi%[t%%h' Qfa@hes may
speech coding sol utions, the conplexity and del ay
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t he $|tc track is an inportant issue in many audio

25PBFERYS Gy SEFEEERE . f%c’tﬂ%aélcﬁl tEhtlé%tftU%eifoﬁ is a

dl fséthﬁl’éé %K ar\éhbbﬁsﬂiﬁétih retRet| Ofhdfsdc@Woning may
IeX|t e able to rOV|de eneral ly very

‘%ﬁ%’x 185 AR eRE ‘?Etss&f“tgeg hatiis appligd to the

rraw:t:ae Tatfioi aalleedi befoid atle nYghyseféaaldlue ipht ¢Blue

esti i on .can be achi eved with conpl ex approaches,
but®t g%“ﬁ?%%h produce pitch tracks that are not

quite optinal in a used franemork and/ or that y -
-|n e too.mch del a for rsatlo
|?% q §ck3% S@MWK ce ermlne pltch lags for

a sequence of segments of an audlo signal.

The framework of an employed audio prédessing system sets
- the reguirements for the pitch detection. Especially for
conversational speech coding solutions, the complexity
and delay requirements are often quite strict. Moreover,
the accuracy of the pitch estimates and the stability of
the pitch track is an important issue in maﬁy audio |

processing systems,

. Accurate pitch estimation is a difficult task. While a
pitch detection of low-coﬁplexity may be able to provide
generally very reliable pitch estimates, it often fails
to maintain a stable pitch track. Very effective pitch
estimation can be achieved with complex appfoaches, but
these coften produce pitch tracks that are not quite
optimal in a used framework and/or that introduce too

much delay for conversational applications.

SUMMARY



10

Enbodi ments of the present invention is suited to
enhance conventional pitch estinmation approaches.
According to a first aspect of the present invention,
5 there is provided a nethod conprising dete/mning
first autocorrelation values for a seylilent of an
audi o signal. A first considered delay range is
chEMhﬂﬁimanuﬁzpﬁ|UhH rsetseoft sievtdronsn dnd e dd st
on V. s _are.determned for dela S |n a
MIﬁﬁﬁlq VSett ?3ﬁ§1§;§qﬂs;%. SEPTER
sections. The nethod further conpri ses determ ning
sggég) AYto orrel n val ues for the seyllient of
au

sal |§'S|gﬁallrﬁ ég%ﬁﬁr SHsitder BareFerdy 1rysge o8,

ditheded iisntproxrisedond meehodf @RgiHieIShgsWeebridhing first
secti ons ofé%pe fir t set and sections of the second

s &R TS 16V dPra B H&S TRE SeSETCRGt foPPePafiion signal.

Val&d&s&rexﬂ@hab&bﬂe@eﬂ@@'@%h%%51bndﬁvﬁbéﬁaﬁhE% of £irgt
sections of this second. set sections. The nethod

f§FhEr E6MprPRes provitlengitwé astecerredatipst values are

adlceeetiekadl for walues QﬁdaI@@uQﬁﬂgﬁglB?dséggggﬁs of this
autocorrelatlon values for an 20 estimation o

piteKtl S§ti ALt AECEdgREnt The fRéhaddiershgraromprises

Ageeedhnaihg %e@%ﬁ@ngu@§9%9EqutEBﬁ DLERERL £or the nEegment
I nvention, t here is rovid an appar at us conpri ng

aCEoPRérapBiioosigna coﬁréesp@d pgnsgdergdréalag range is

 dgtenpikRe;hibsh @gkeﬁergskagfo ¥k Ugs LegeregsgngnEtlons
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of an audi o signal, wherein a first consi
rﬁﬁg§h?sférﬁtdé@tlﬁﬂd aettionssef Oheseetondsgethare
fbgéglg QgQrrefat I rm ned for

del ays P% an urg é§§0%? ggg??gkggﬁgggﬁntﬁ? UFPrete
sdetefrmspedi bns. dﬁhQYEOLneaap@uraﬁltyrbﬁesecbﬂéﬁgUbedthis

L8:06hal HLocopecond; auL ocahE ehathon YalUgs, TatnlM Ses

segnent sard au nal 3
cbngv dérrg uhéa@etangeneé fivitedutotorfe 5£€ 068 ﬁ@lues and

o] ecl i : that .sections o t se

e Lo e B S P St S priges et e

secbhuaaivncof relpticn Vayues beéngegmeet essi figd f@8io

dglggg in a plurality of sections of this second set

0 ec%ions. The correlator is further configured to

provi de the determ ned first autocorrel ation val ues
det erm ned sqfond aut ocorrel ati on val ues for

ARG Gh b1 I P Rgt | (e SEREIE incaion,
attte is provided an apparatus comprising a correlator.
The correlator is configured to determine first
autocorrelation values for a segment of an audio signal,
wherein a first considered delay range is divided into a
first set of sections, the first autocorrelation values
being determined for delays in a plurality of sections
of this first set of sections. The correlator isg further
configured to determine second autocorrelation values

for this segment of said audio



5 signal. The apparatus could be for exanple a pitch
anal yzer |ike an open-loop pitch analyzer, an audio
encoder or an entity conprising an audi o encoder. 10
It is to be noted that the correlator and optiona

other conponents of the apparatus can be inpl enented

wa d/or |n sof War e. mented in
aci L‘%ne Appar atus c%tﬁoélsbldefr&dn%ﬁgfaéfnggngecﬁl ®p
oﬁmﬁn@akhuuisd|de£and|mmwgmatﬁﬁtabm@uthhrkhat sections

[ nt d |n s t he co onents could be
ngﬁiﬁggf §£§§5$3 g% %FnSFﬁ P89 56& afRe

appanﬂkm@um@uldh@ &@cbﬁxf@mnkﬁﬁkaﬁqataoﬁEWQEMe%t@éhﬁg

t he _.conput program code. 20 Nbreover a devic
5&? SEH P o SFoddl @ lappAkYuETdesEripBg of this

akm@mnmn@eltno&d@ebit%n@n awdi 0 i nput conponent. The
device could be for instance a wireless termnal or a
25 base station of a wireless conmuni cati on network,
but equally any other device that perforns an audio
processing for which a pitch estinmation is required.
The audi o i nput conponent of the-device could be for
exanpl e a m crophone or an interface to another

devi ce supplying 30 audio data. Mreover, a systemis
pr oposed, which conprises an audi o encoder including
t he apparatus described above, and an audi o decoder.
According to a third aspect of the present invention,
there is provided a conputer program product in which
a ,

3a



program code is stored in a conputer readable nmedi um
sai d program code realizing the foll ow ng when
executed 5 by a processor: determining first
autocorrel ati on values for a segnent of an audio
signal, wherein a first considered delay range is

- d@ﬁﬂ%&%@tﬁFolg furshegecopt igesedohe, PERVAJE] LhE

a@b@%@%&%&@tEQ%s%abﬁ%%cQ%&%ganb%f@bﬁ%@sfthd%h@ys 10
ina plurality of sections of said first set of

séetegRdned secogg: apyPrPAgedetdnd yatvesr £6lration .
V%%%%ﬁaEQEnSQEdasﬁgggﬂt1%& 3 ¢raud S.v.ggnak twggaﬁbﬁo

a second consi dered delay range-is

séé@ndlset of sections such that sections of said 15
first set and sections of said second set are
over | appi ng, said second autocorreilation Val ues being
d@hel popadatos debidgsbenferpkusapileyaopisebt bondyeer like

sai.d 0 e, - S boa yidin id
dareeBERoTtePr bk 31 2Rk a0 BhAYh Hao88k ey an
denhérnniynedmpetondgaathogudiel ancodeval ues for an
estimation of a pitch lag in said segnent of said
audi o signal. 25 The conputer -program product coul d

betf as EmabplﬂoaedephaatEhHEUDEyedevieandro@tﬂeﬁalyother
that is tg be igﬁ gr at ed %n an_el gctron Lg devi lge
'ERBBRPHEREE Of the pPRREAFUPnUER: Pon'TRItEeREed 1n
uhdedshpedadl/be taveofswehea mﬁnﬁmpﬁéméﬁﬁgﬂaﬂhCﬁdﬁdware,
|nde endent-ly _from.a conputer program product
SHRCeEBHREar TenidnPe Faa GHPCance haothaPrgr L Ghgpset,
f DUkEhanspeetgphtEbecpreaent mnv@mpn@menéeahﬁﬁesbﬁtware
prOV|ded an aggaratus conpri_sin
he componen could be moduled of a computer program
code. In this case, the apparatus could also'be for

instance a memory storing the computer program code.

Moreover, a device is proposed, which comprises the
apparatus described above and in addition an audio input

component.

The device could be for instance a wireless terminal or a
base étation of a wireless communication network, but
equally any other device that performs an audio
processing for which a pitch estimation is required. The
audio input component of the device could be for example
a microphone or an interface to another device supplying

audio data.

Moreover, a system 1is proposed, which comprises an audio
encoder including the apparatus desgcribed above, and an

audio decoder.



10

15

20

25

30

means for determning first autocorrel ation val ues
for a segnent of an audio signal, wherein a first
consi dered delay range is divided into a first set of
sections, said first autocorrel ation val ues being 10
deternined for delays in a plurality of sections of
S%‘c%ogri $et Jof; qﬁ%%t !a%g;%btn%%n%hfeo% detarm i ” tion,
secon ocorrela ion values d se grren an
a&@bmesugn@rovwmedeanc@m@ecemdpaog&amepedddetaynrahgeh a
S %|¥%9Fd iato a ecogd set of 15 sections §UCh dhat
sEEPISRE §P%5aiE FrPEfosdft anGOoTBEFFong SafekiFgmedim, .
seaddd prelyraie coder kappiadngsahed $etdbding when executed
tocorrelatlon val ues being determ ned for delays in
EIﬁrBFiF?Sgp Sections of said second. set of
sectloa@teamdn&aqnsl&@t ALeYdrRglaaiondehetBENEdr a
first 20 autocorrel.ati on values and said.detern ned

s BEENGTHuPSC 8P BUGEPoR 19BPLes "PEFCAR BstirEti sAneTagred

pakchyl agnbe sai diseasantnet sairdraddietsb@ndbetions, said
Enbodlnents of the present invention _proceeds from

t hersh EOREFREFRLPERCENER WA BedngeEEFBRAESE faT delays
dehay pangelivwy ek gécﬁeeﬁgd@Eega&arf@ygecgéﬁebﬁtg@@tlons
cal cul ations applied to _audi o signal segnments, can

benef i ER&PTRGR1PHe SEROERA §§FPﬁﬁFF6ﬁatFPHaV§éueS for
Iaa&adgegaeﬂtsegngaaalsua§oag gH§1bOHHQ§éhﬁS abet ween

the sections. It is therefore 30 proposed that two
SEesoBfl: §@@ﬁﬂ@ﬁ§e@fdﬁﬁéYdéﬁayeraﬁgélﬁiéeérévtﬁe@ in
pacabhgl s endet Bak auheCouER! Bhlensyaligasabe saiq
determ ne ays I n sections o set s.

t Rersbceebnandf senbicne afesavérsappnﬂgsapthreheverlapping,
SggiaogécgﬁdtQEtB%E%%e§%Elohh9aiﬁgéOBEQL ede%?r?%ned for

di scontinuit sections 1n o

,aﬁahysscmueaeglbyaéisEcofoaecnlohe of heaidesecondssat of

r n Lnproved accuracy of the pitch estinmation
Séggigﬁgrnpggved stability of the pitch track can be
achlevpﬂovIﬁengnpamdedepermmnaﬂnferst aheopottalatlon

eSLi0BL! 91a3L80a! BSL E2RERhNE QLA L AYBLLLY: O 1 8T atves
for an estimation of a pitch lag in said segment of said

audio signal.

The computer program product could be for example a
separate memory device, or a memcory that is to be

integrated in an electronic device.

Embodiments of the present invention is to be understood

to cover such a computer program code also
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overal | processing for which the pitch estimation is
enpl oyed. 10 Enbodi nents of the present invention can
be used in the scope of various pitch.estination
approaches. Wile nore correlation values have to be
determ ned than in existing pitch estimtiaon
a EREETEHT TPl Gy CRTRUNEraPTO8E B0 ARG It ARG 2
thﬁm@MQbEaQ@baghﬂ@t%@@iuﬁany comput ati ons can be
reused due to the overl appi ng nature of the sections
so that the increase of conplexity can be kept
MARICERAGA ey EEdeEE%E%§ abpkhe BEe§ﬁ@tpk@%%BE'Qﬁv%ﬁ%lon
be used for exanple in a new audi o codec or for an
eifig¥CeAEnProv 188 de Ri's BPRGLaldiso COBREé Singke a
conventandl reedacerchiiadnll 252k PLEALELLOAIETELR) values
codec. In CELP speech coders, it IS, common
cépﬁfyaoﬁtegmﬁétpptfcﬁnegudn@t SoEmRR , twbeyteepsa énrst :
0=l 8RANBLYSYS okl B4 LG ipedl ORcal of BY,60 LER! of

a clos gp analysis to se an opti mal’
a@aptn@eseoéebdoKLMﬁdenuapcamaeﬂhe1openaﬂuep being '

h t .
oL IR ened Eo e o0 Rl e L o BERR8cl Be saia
oﬁ153thsatCEEPsspEeohsgoder In an exenpl ary

d I ded.int
CHRRLTEDL; ok D udg S LanBhol 3y XL 050, HELB sgues ox

dsandedegméntaoflastahahb tEignelandharséaondsbkabhd

The .fi t half fra e afir
sS&H&ﬁFES?dtﬂ 3¥dF8H§99ﬁ8|d%8¥dﬁﬁ &ﬂgPl?S?eSﬁHd set of
seeondoant saehr ehati sacrabhesodr eadat €k fspegdetWahke
t he econd Ealf f.rame gay be a second_segnent of  the

aﬁSF IePgnaF FRLIWAFERDE| PEE gRg overlapbing, said second

autocorrelatiocn values being determined for delays in a
plurality of sections of said second set of sections; and
means for providing said determined first
autocorrelation values and said determined second
autocorrelation values for an estimation of a pitch lag

in said segment of said audio signal.

Embodiments of the présent invention proceeds from the
consideration that while a sectioning of a delay range,
which is considered for autocorrelation calculations
applied to audio signal segments, can be beneficial for
the pitch estimation, it also introduces discontinuities
at the boundaries between the sections. It is therefore
proposed that two sets of sections of the delay range are
provided in parallel, and that autocorrelation values are
determined for delays in sections of both sets. If the
sections of one set are overlapping with the sections of

the other set, the region of discontinuity between the

5a
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25 second autocorrelation values are determ ned. In
addition, a first half frame of a subsequent frane

may be a third segnent of the audio signal for which

first and second autocorrel ati on val ues may be

determ ned. The first half frame of the subsequent

f FEFE T it RSCasCd 36 Pdukalves@vRrafe Pvor sketion in the
cyhet Sframe.  The first set of sections and the

second set of -sections nmay conprise any suitable

nunber of sections. The nunmber of sections in both

S the_s i £.f u er., e . :
darag eeid o oter BTt pLBLRRey o EhIbi Lt egrimation
semeWaat idpfrfbsedntstakbdeédyent abeopdtrél atrbok wahubs
f%%h%%v%%t.e-‘r?ﬂe” ok Rre%agér_%ﬁ%'a%e%fat% toQtcnonty

f or sone sectrons~of 'a sét. I'n some Situations, for
exanpmetiver glboghntmedasenttale bueguenguedity of an
corresponding to.the_section with th owest del.ays,
YRR DBk R e b B ST ipa it

~aemedeppbary enbodi nent, 5 both sets conprise four

sections, and autocorrelation values are deternined
for delays in at |east three sections of each set of

sepbbaisentB af exenphacynenbadcieAbn 2ast BENQGESH in the
autocorrelation Ib value is selected in each section

off CEREN S el 3F LBHP aRo Gt RE LPFEVILEBd*BBEGBE6FPFEl alifdhe more
vabieslathenassockat advdekaysecantthfinbs €ansi daredisting
as selected pitch | ag candi dates. 15 Before a
sPLERGeSETalr6EBPrel ati on val ue i s sel ected i neach
section of each set of sections, autocorrelation

val ues coul d be reinforced based on pitch | ags

estimated for preceding franes. 20 After a strongest
autocorrel ati on val ue has been selected in each

section of each set of sections, the selected

autocorrel ati on 'val ues coul d be reinforced based on a

detection of pitch lag nultiples in a respective set
of sections. The delay range coul d be sectioned such
that a 25 section will not conprise pitch |ag
multiples. That is, the largest delay in a section is

~smaller than twice the smallest delay in this

section. This ensures that pitch lag nultiples have
only to be searched fromone section to the next. 30

5b
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-After a strongest autocorrelation value has been
sel ected in each section of each set of sections and
optionally before or after sone further processing of
the sel ected autocorrel ati on val ues, the sel ected
autocorrelation 35 values that are stable across

ST S sy Uiy SR e ene

c&nm%ﬂﬂappmegsegnﬂnks,tmﬂnyeﬂmmmdtpxﬁmmm5ﬁgmem§sr@@ﬁemgdue
0 r._nmore _Qther. se nts t tween- t.them Stabilit

iy St et PR ik AT e AN S Ak the

f riaereane: @f cokaiexd thr ase. & Awioacarihdhatli.on val ues
that are stable in the same section across segnents

of the audio signal may be reinforced stronger than
aEmbedrineratsi of \takugscishal dmneresitaline cam ®ief kantror
sections across se nts of the aydio signal. 10 Sudh

a S&E8E 6 §en§ﬁé%i 1PyCP§@ﬁf8FbgﬁEh@niﬁ@P€§§§§ePﬁeOf an
skadiisltiiny alidtibe codepyt 1Wkihauconfehedueiang cobleokkegked
pi.t.ch.lag candi dates to the track. 15 The stability .
adr8§8 s BEREACS 108N (FELERt PR ERed Tho FEbRafprEChy coders, it

dekerainiiond tbheageferarcenebieen astesResbhvenPalb steps,
of autocorrelation values in two segnents'. That is,
sERLPPPRYy 1RRY BRaA¥S§iiTedCi fife thal Gegiens pér theogprrect

epehcat Ban By cheseqthaBpaaphedetier vhned ameu 2 oégigﬁl
case the autocorrelation valués are determ ned base '
oAdaPti¥reAPdghealt $neE%sanplad the gbbheleap estimate.

SPBb! 9RTAL1BhNELVLAE LAl FLET ¢heRbndel axs, oliby Thahly
be appropriate to normalize the values’at the I ates
benbpacgmngnsfesnpheri spanofloapt eveirveliat bnguch a CELP

aéggggﬂ;ggﬁgggdifferent sections or del ays,
respectively, is perforned.

In an exemplary embodiment, the audio signal is divided
into a sequence of frames, and each_frame“is further
divided iqto a first half frame and a second half fraﬁe.
fhemfirst half frame may then be a fi;st ségment_of the
audioc signal for which first and second autocorrelation
values are determined, while the second half frame may be
a second segment of the audio signal for which first and
second autocorrelation values are determined. In
addition, a first half frame of a subsequent frame may be
a third segment of the audio signal for which first and
second autocorrelation values may be determined. The
first half frame of the subsegquent frame functions as a

lockahead frame for the current frame.

The first set of sections and the second set of sections
may comprise any suitable number of sections. The number

of sections in both sets may be the same or different.

6



It is to be understood that the features and steps of
al | present ed enbodi nents can be conbi ned in any
suitable .30 way. It has further to be noted that the
aspect of a section-wse reinforcenent could also be

i npl ement ed i ndependently of the use of two sets of

S ' f hd 35 autocorrelat ations.
T%ﬁisftg%%’d Irh:ea zed" 5y & e hgg%éfo% S5§S may be the
- detagravion r@nw»ﬂmrordjﬁﬂmm Valaresvier, autegiiiielafion
dIO si_gnal ,. wherein consi dered del ay range is
d|V|&%églﬁpg%§ec%t§ﬁ§u'eﬁgfgﬁi dirEFEFFGﬁy9§I€g§et or
bei ng determ ned for 5 delays in a plurality of these
sections; selecting fromthe resulting
autocorrel ati on values a strongest autocorrel ation
value in each section; reinforcing sel ected
-autocorrel ation values that are stable across
segnents of the audio signal, wherein autocorrel ation
10 values that are stable in the sane section across
segnents of the audio signal are reinforced stronger
than autocorrel ation values that are stable in
di fferent sections across segnents of the audio
signal; and providing the resulting autocorrel ation
-values for an 15 estimation of a pitch lag in the
segnent of the audio signal. A corresponding conputer
progran1product coul d store program code which
realizes this nethod when executed by 20 a processor.
A correspondi ng apparatus, device and system coul d
conprise a correlator configured to perform such
autocorrel ati on conputations or neans for perfornlng
such autocorrelation conputations;. a seleotion
conponent configured to perforn1such a selection or
. means for 25 perform ng such a selection; and a
rei nforcenent conponent configured to performsuch a
reinforcenent and to provide the resulting
autocorrel ation values or neans for perform ng such a
rei nforcenent and for providing the resulting
autocorrel ati on val ues.

6a
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30 Oxher objects and features of the present
invention will becone apparent fromthe foll ow ng
detailed description considered in conjunction with
t he acconpanying drawings. It is to be und%§§W§%§Wﬂgﬁm
purposes of illustration and not as a definition of '
the limts of the invention, for which reference ,
shonilyl frer saoe Bet:tm&awer&dé‘-@tcl T raome sispatiegnpe for
fur n t t Aglad-he rdra net, g FeN
scé%m%éﬁ% S%a ﬁgg% g?% neré%& F%?%ﬁ?éyfés Corfe8hbnd thg ,
cone eptaiaidoriph| with sthe thawestr del aye Srayh @osr Beeatitecal |
5 FESAHPeNOLE! iy BRURFR ESSR! B QRbieh FhSRES:t,

IS g ?é‘%qﬁ% gEng%ig I agr am of a@w¥steﬁ}gggordlng

t obairth eesiEp lcampr &t ot e MECHH ORe etogerredagion

%[Pé d &4 ag'éeﬁfnﬁgé@fﬁdﬂ |dé‘i‘§a15;§t i Ath AN RXeMRhaEY
-enco

in the system of ure 1, is a flow chart
i | $estiond vd gAcC p%@%uQﬁnﬁq ioH&-encoder of Figure 2:
is a diagramillustrating overlapping sections and a
section-w se pitch Iéghselectlon used by the enc

Ry G SRFPRGSSE ETgeT EEheEron

begyred fdhenertasnbnca@l sactiandar dbzed SRWBm among
"pitch estinmation and of__a pitch estl tion naklgg use
of th REOEHSTe AL LBFOT TR ARSI PdHeS n@’e associated

delays can then be considered as selected pitch lag

candidates.

Before a strongést autocorrelation value is selected in
each section of each set of sections, autocorrelation
values could be r61nforced based on pitch lags estlmated

for precedlng frames

After a strongest autocorfelation value has been selected -
in eaéh section of each set of sectibns, the selected .
autocorrelation values could be reinforced based on a
detection of pitch lag multiples in a respective set of
sections. The delay-range could be sectioned such that a
section will not comprise pitch lag multiples. That is,
the largest delay in a section is smaller than twice the
smallest delay in this section. This ensures thatrpitch
lag multiples have only to be searched from one section

to the next.

“Aftef a strongest autocorrelation value has been selected
in each section of each set of sections and optionally
before or after some further processing of the selected
autocorrelation values, the selected autocorrelatidn

. values that are stable across segments of the audio

signal may be reinforced. The segments considered for

7



is a schematic bl ock diagram of a device according to
an exenpl ary enbodi nent of the invention. DETAILED
DESCRI PTI ON OF THE | NVENTI ON Wil e the invention can
be enpl oyed with various 30 franeworks, a first ~
werbsat4teht of the invention will be  presentid&d/ B¢
of exanple as an enhancenent of the speech coding
defined in the 3GPP2 standard C. 50052-0, Version 1.0:
' Soalriddt@onbudfl ke Wer icablcecRal e MATIdGe PrtebatRllY

Speech ( : r\d ' : 5;
SPERY AR Lo I, o G PLRG: Sendos PbEaber
t eCtem .qBesbil i by zeely dee cragisagered t Hon asoRRdgr 8CHPSS

fu e.qr_h f nBdgled on the
Al %‘%%?%actés CE%LE? ?k@%%ﬁ%?%gﬁa%ﬁr e 1 %'s a ’
5 schemadreeBhotkndiabiie WRtaasgss R LIHHIc S 6A%BI es
o an. ced pi.L.C asikd nE tR-a58681 W Whytbe
fp?égﬂgﬁb%gfgéﬁtggéﬁthe ?ﬁbgﬁﬁigﬁgtﬁn t g con?ext of
t heerfeyesd S5E0REAT , Citt CHUPFAERP Y- YT ord URai RPgt 135 e

a f&ahgl% det g6t FePeAPPESAGRNsNEERoPSE Ve HRHUBBE the audio
rel1able pitch estimates by conbining the tenporal -

. pitmalnformation 10 over successive segnents of an
10 audi o signal. However, to facilitate certain coding
met hods and to avoid artifacts, a gelection_of

; itch
o ST4GT (e S SR R ESE 3 AT Lt WY SELREQRARIANT JPEEhRases the
t r gl duihNg £V eheedy SHEEGA thoudl sateedidall encddrdde
system conpri ses _a firstigggctro ic device 110 and a
seRbH diagc CRBATEAERY £ TP FT8f&: of the devices 110,

120 could be for exanple a wireless term nal and the

‘ her [ 12 11 I for | e .a .
15 g:‘lélfet? @%%\ézlrﬁg £y 'g’crosg s?ggl'}ne%tbse ca:01 beez X&é@er%nl%e%a§gr

example by determining the coherence between a‘respective
. pair ofrautocorrelation'values in two segments. That is,
-étability'may be assumed if the values differ from each
other by less than a predetermirmed amount. '
20 _
In case the autocorrelation values are determined based -
on different amounts of samples for different sections or
otherwise for different delays, it might be appropriate -
to normalize the values at the latest before amy '
25 compérison of autocorrelations associ&ted to different

sections or_delays,'respectively,‘is performed.

Tt is to be.understood that the features and steps of all
presented embodiments can be combined in any suitable

‘30 way.

It has further to be noted that the aspect of a section-
wise reinforcement could also be implemented _
independently of the use of two sets of sections for the

35 autocorrelation computations.



20 wirel ess comunicati on network that can be

accessed by the wireless termnal via the air

interface. Such a wirel ess conmunication network

coul d be for exanpl e a nobile communi cation network,
 WHU0s#dtlat |y a wirel ess |ocal area network (Wﬂﬁﬁ“mm"”%

etc. Correspondingly, such a 25 wireless term na

could be for exanple a nobile termnal, but equally,

arfghxte\noc:édsbet cealivet dwse mebRof carisingedetegpining

%ﬁ%ﬁ&%ﬁ@y fey Jk 0L G LiS 88 oAl UM %ndﬁh@1§0§{§r?al
ed via an encoder 112 t
trmﬁlssuaoﬁoe@h@%f%inde(lﬁm rgnge ig dlérﬂid@dbénto

rgé{& ad that aﬁb&éfwﬁ%@ﬁ 9@9@@@5&@@ aaeeaemea for

Vla vari ous other .el enents not shown, t he
5 { | dakme et popl eralbhie OF theFs aemqasesaeésctmg from

teiﬂ@'Eﬁsul%gﬁga&Qtédeﬂélé%&%hCeaidés(énﬂﬁiohgeéﬁr
exanpl e a m crophone enablln% a user to ut anal og

aAUBHPCOITgAESON | YRtuR 1k £86T ERECIRRN JFIRERTSHRT ce

1lde st Bacbbokes 410 dh@agneadenat ld-o/ isdapleceEso 1Y
conmponents i_ncl udin %Hgn analog to-djgital convirter

| tSqgmensy oF ERECRVIIT S igRFe e VRTEE TS ALTREOETEIAT M, |

10 t hea AL endat ard seabe ikl theoshsle heedtdiorexatpke an
interface to of her network ngonents of the wireles %1
a; than

c OTRATIRTCEL Pénthamwsﬁ}&a SqF gt T SadupGTonger

Si gndldorrelabobh ¢8bess tHae awdi stalsia ispdicEetddt

could al so be a menory stor tal .audi.o SI nal s.
(Fectlons across segmgh f t%e galo 51gna1 8

providing the resulting autoaorrelatlon values for an
15 estimation of a pitch lag in the segment of the audio

signal.

A corfesponding cbmpufer program produét could store
program code which realizes this method when executed by
20 a processor. A_corresponding apparatus, device and system
" could comprise a correlator configured-to perform such
autocorrelaticn'computations or means for performing such
autocorrelation computations; a selection component'
configured to perform such a selection or means for
25 performing such a selection; and a reinforcement
component configured to perform such a relnforcement and
to provide the resulting autocorrelation values or means
for pérforming euch a reinforcement and for providing the

resulting autocorrelation values.

Other objects aﬁd features of the present invention will
become apparent from the following detailed description
considargd.in conjunction with the accompanying drawings.
"It is to be understood, however, that the drawings are
- 35 designed sclely for purposes of illustration and not as a

definition of the limits of the invention, for which
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The encoder 112 may be a circuit that is inplenented
in an integrated circuit (1C 113. O her conponents,
i ke a decoder, an analog-to-digital converter or a
di gi tal -toanal og converter etc., could be inplenented.

wiorzossiia41isame 15 integrated circuit 113. The FHABMY7/053986

10

15

el ectronic device 120 conprises a receiving conponent
(RX) 121, which is linked via a decoder. 122 to an
augdi O3l shbk1d26e hdad £d enbeaphsitiest eodifbat Tthe

20 indi cated connections can be realized vyia various

ot MUl AreAbEtheY WiRIEtad £hat s‘g&ﬁid’a@'llggﬁr Bhfchot

dexi£eh k0 scala whd eess ﬂl—f%:lWhlﬁ& meﬁé’l@{ dudenqddat go
sink 123 ¢ uld ggufor exa oudsneaker

o R G LAl OVSLAA P G BF LS4 A0, REBCe e
degesierizbd? heodifl. be |inked to the audi o data sink
123-vi a processi ng conmponents including a

di gi tal t-o-analog converter. If the second electronic
despIaFr I2BCRIPAICASEr SIHE IFNGURERe audi o data sink 123
could be for 30 exanple an interface to other network
conponents. of the wirel ess conmuni cati on network, to
whirh, di gi tal aasmhmnasingma:ll@car éiagrdne offoewaysieem | n

bot h h dijo d 3 b
morory ot oPPROCHI (5 TuarorBiay aiole: e B8,

a schenat i énbéckornd; agran1present|ng details -of the
e er, 11 g0 t [
e 113" corpint Y HLoER PR 168 hind
surmarl zesexammbiusy oemmﬂmtlg thatsystemot Esmereeted
tajl h I s
| RS b 18 §PERof S s el o B6eE0ph bin che
conflguredeac@@¢ﬁ|¢ﬁgﬁkﬁuﬁ¢ 20 enbodi nent of the’

invgptipon. ;Ihe &E&ﬁkéﬁ“ﬂlﬂasEQQtﬁﬂ@hM%&&aﬁanbngéé@&%hs

a correl ator 221, a reinforcenment” and ection

- conponent 2p¢ aa$e¢%99ﬁ1WQ§@W§ﬁFC%dh%bﬁ@ﬂ?CEEBnaﬂ%ﬁélbY

20

25

pitch lag %ﬁéeéﬁ%ﬁezlzdof Figure 2;

Fig. 5§ is a diagram presenting a comparison between the
performaﬁce of a standardized VMR-WB pitch
estimation and of a pitch estimation making use
of an embodiment of the invention; and

Fig. 6 1is a schematic block diagram of a device
according to an exemplary embodiment of the

invention,
DETAILED DESCRIPTION OF THE INVENTION

While the invention can be employed with various
frameworks, a first embodiment of the invention will be
presented by way of example as an enhancement of the
speech coding defined in the 3GPP2 standard C.S0052-0,
Version 1.0: "Source-Controlled Variable—Réte Multimode
Wideband Speech Codec (VMR-WB), Service Option 62 for
Spread Spectrum Systems”, Juné 11, 2004. The encoding
teéhniques utilized according to this standard at full

1Q



15 The open-loop pitch anal yzer 220 i s noreover
linked to a further block 230, which sunmarizes again
vari ous conponents that are not considered in detai

wonodshikgsdocunment . 20 Conponents of the firstechmemnkrossoss

10

210 are also linked directly to conponents of the
further block 230. The encoder 112, the integrated

Ci¥&ud torl 33101 rhhe epshes | £0p WidRkaanal ¥Eer aPdbhraic
could be seen as _an exenplary 25 apparatus accordi ng

t CE¥R (ANFERY i GRYIRA e the first el ectronic device
110 coul d be seen as an exenplary device according to
t he, i nventi,on. operation i.n t.he systemof Figure 1
wil Jrg‘ﬂ%ﬁmqbésse 88@6&?5&8 }Q\f‘?‘ﬂ{ éﬁ‘c@ Lid 79 ghich
Fi giiel % a9 @nhbaveahpitch | ttisdkialy 18 hbeooR&fids Iwith the
in_the open- Ioo #é ?Fanal zer 220 _of hhe encoder

C

115L55%¢ ¢ OFHF@ BNt g% fRotPS sk of the
quassaetxﬂ:t mﬁuﬁehtngpascﬁ frastim eefeeni ma@heyj; ceo EHl@icch

es fromt SS CO ni cation
SRS S ABPEPEAE! 61 S ey SoseoberRubas Bfben
znﬂhU1mhﬂE& bgucombiﬁin@othérﬁﬂmpnnaiipmtth ﬂnﬂmrmﬂﬁﬁnh
teévnérnasu a%tslsn as_a sggg d ea ectroni c, dlcg_v;l.| e_120, it .
providés' THhe & §i FEPTSUET °5iBha'YS PAEEhe IR Lo
SlﬁﬂdkﬂﬂQgtewbentala mpdeh@smeuhudm eall aotamgi@saftifacts;

'L:éféefﬁé%&%hgBECp9E¥hCSs€£$£€é¥3 g&%ﬁ 8l HQ'O '”p ble

15

20

25

a ‘m crophone~ac as an audio data sou
f crvenadds m:-@s;ho nrackadsenw ce igragl isperchbr i oa?amt her

W eless termnal acting as a second el ectronic

device 12 it converts the analog 10 audi o signa
into a dlgltaL audi o signal and provides the digital

aufhd )cq2a cbRpE8eENS0feF sl I ectronic device 110 and a
second elect:Onic device 120. One of the devices 110, 120
‘cdould be for example a wireless terminal and the other
device 12¢, 110 could be for example a base station of a
wireless communication network that can be accessed by
the wireless terminal via the air interface. Such a
wireless communication network could be for example a

" mobile communication network, but egually a wireless
local area network (WLAN), etc. Correspondingly, such a
wireless terminal could be for<exampie a mobile terminal,

but equally any device suited to access a WLAN, etc.

The first electronic device 110 comprises an audio data
source 111, which is linked via an encoder 112 to a
transmission compoﬁent (TX) 114. Tt is to be understood
that the indicated connectlons can be reallzed via

various other elements not shown.

If the first electronic device 110 is a wireless
terminal, the audic data source 111l could be for example

a micropheomne enabling a user to input analog audio

11



The conponents of the first block 210 take care of a

preprocessing of the received digital audio signal,

15 including sanmpling conversion, high-pass filtering
wondosapaei ral pre-enphasis. The conponents obCT/iE007/053986

first block 210 further performa spectral analysis,

whi ch provides the energy per critical bands tw ce .

pesiddane,. Mmbreaeeraskheyhpenfdomidenceoattd Vily could be
detection (VAD), noi.se é? reducti on and an LP

an 1'%‘? TR ddiet FHSOPHIL %y‘ﬁ‘t%é%ﬁ%eF‘?FP%rCOmponents '
comémdﬁrg an bRaadghtoofigitdlercvaptrabr el ghithd ofirst

d fil.t the digital di l ..
LT S L AEEEE Bal et Bif (7T PEPEF OBer T URdifndaca
51 hmiﬁsmﬂhe@u&df bkt Eﬁrcmﬁﬁpm ent Snteesatd | g dther

MEI htechS e%%@ssh eg?% éTés%hggm%%glcatrﬁﬁ(?e§york

priocesEithg SPEpS EEn
st sunoizakying §0952a0. aﬁﬁeofs:xg;talksl o0k R&Ohpraseslesitchaudio
we ech ,si t her | b
tH%%%%en §%%big}tg%uana lﬁ%ﬁﬁggbgﬁgs, eg%%%ﬂ%$ lé%l
pi 2wl armsilgnads . 220 performs an open-1oop pitch S

40 @nalysis on the weighted signal decimated by two
(steps 301-310). In this open-loop pitch anal ysis,
t h’éhs?&mmie-n aap plﬁychea@aimxitzma(c;aﬁe udm bgnartiragk in

éfﬁr%{if%r%f eﬁh%lﬁ}l(-hﬁﬁ 88, for; eaghofr é&ﬁpmﬁ?&&é n ]hike a

rame present frame and one i n

fltﬂ@tOdﬁl A+ afy gmalot- tnedmttalf mwermrcﬁm@ disidagls- to-
a Lookahead . ofhe t&? m&ﬂ@fﬁ@ﬁt &riz‘?tstﬁgé‘%ame '

to a respective segment an audi 6 signal in

15 pr el ashisddicnaht 16f- the 5 invention. According to
standard C. S0052-0, a pitch delay range (decimated by
2) is divided_ into four sections [10, 16], [17, 31],
[ 3Bhe gRconsh@lpebronis1dewine Jal SPRPF&RES 4 (JRCaY ing

ar Eoedtd nestf anieaghioh ide tdueevhal i dcadmse atos to
| east for the dela%s in the latter three sections.

Fof™ (A IGh EREPoSETST L2 ahlal 13150 OF PRECEFERMtpL the
20 embedidRd doAneertbast cal Nee pidaah zdal @yar eagois other

dIVided
alements not shown.

If the second electronic device 120 is a wireless
terminal, the audic data sink 123 could be for example a

256 loudspeaker outputting analog audic signals. In this

~ case, the decoder 122 céuld be linked to the audio data

sink 123 via'processing components including a digital-
to-analog converter. If the second electronic device 120
is a base station, the audio data sink 123 could be for

30 example an interface to other network components of the
-wireless communication network,  to which digital audio
signals are to be forwarded. In both cases, the audio
data sink 123 could also be a memory storing digital
audio signals.

<
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15 twice into four sections, which are overl apping.
I'n this way, a region of discontinuity between the
sections in one set is always covered by a sebtion in

woha;smrme{ set. The first set of sections mapcTomIiE®ss

for exanple the sanme sections as defined in standard
C. 30052-0, nanely 20(10, 16], [17, 31], [32, 61], and

LkﬁilgmﬂrJé]z llghtghgeﬁ@;n?tﬁ@tbx[ﬁcf@%tlalg@aﬁzgﬁai%@m{g Ptails
or anpl e e CtLO '
"j}‘?d de{l%fze n%e ’%‘ &h&&[%%b‘a %?l‘é]tc%c}tlﬁ

sets coul d be based on a different segnentation as

wel l. 25 The fold sectioni f el

' Feoir SRSt Tt At mBRe fo i sed

f Qfuninizer ifzeiss vababhs f camBonenty asent adeoiot heodefdered in
ctioning used for the second first

‘?e?q:aflrlar%l rtg‘l§0 BrEiEhted in the mddle, and the

sectlonlng used for the | ookahead frame i s presented

10

15

20

25

30

35

franme b

h h [ i S. . d
Pt Fa b BERTL 20 CF, SR T SACHHOR, Mol pdlRe
fcimalsecan @ﬁ@ SﬂrhichSQs IcorBiguraghiacherdibastes on t he

S 5 f
7 IR S000En 0, Pl ERLES AL DLLAT 1686 b1 () Fanalyzer
ot 1m:13191e5nd setreﬁaﬁ@urz%‘lecta msnSQrQemﬁzt 2ndb3- 2

[ n f u I
R e s I
pupbsepitsht hagr %%b@@wx/e?%‘-’e«cond set 51-2, 52 2,

53-2 is slightly shifted to the right conpared to the
respective first set 51-1, 52-1, 53-1. The del ay

cohiR By loRp Békeh oﬁisalh’ﬁﬁléé’gé)s isr pRreoYEO M inkadhpe a

| teaahdie pigen Eﬁ‘é‘t &ﬁfcl%e&hﬁrﬁ}%z'eﬁ 8gh S8 PELEiNG

first set 51-1, -1, 53-1 and a 10 respectlve second
rse?c’*@fmfn'—sziéa%@f? Pl ST IEE 1BotnERET S did s

t hpdedn@itsecti ons are thus overlapping. In standard

C. S0052-0, the sections are sel ected such
Components of the first block 210 are alse linked
directly to components of the further block 230.

The encoder 112, the 1ntegrated,01rCu1t 113 or the open-
loop pitch analyzer 220 could be seen as an exemplary
apparatus according to the invention, while the first
electronic device 110'c0u1d be seen as an exemplary

device according to the invention.

An operation in the system of Figure 1 will now be
'described with. reference to Figqure 3. Figure 3 is a flow
chart illustrating the operatlon in the Openmloop pitch
analyzer 220 of the encoder 112 of the first electronic

device 110.

" When a base statlon acting as a first electronic device

110 receives from the wirelegs communication network a

13



that they cannot‘include pitch lag multiples. If this
15 principle of allowng no potential pitch |ag
multiples in any section is pursued for both sets of

wo66ikjopiss of the presented enbodi nent, the sSectambE 5586

one of the sets will not cover all the candidate
values of the pitch delay. Mre specifically, in one

ofdﬂﬁ%aieta%dlbhgléﬁﬁ i 20 iwickhrhhe §@@£ﬁ@84s da%l ARio

wi |l not cover those del ays, which. correspond t he
hi s tSPFEeh 1?-ile5%n%’faé§9“t3ﬁ§1€§t thaorirelest d%ﬁéﬁ”f“&

seﬁtclhlgf Qs al Bebbed aDyvE rageideQd cexenp| aly ;&s@ﬁﬁr&s the
se for. instance, the small est eIaXi%of 10. an

0 T UGt ST P Do STCROK 107 - <SR T 1vs  when

Teastwlﬁgel@@% depnnsil ad@ting heughfikbat el Bé6ronic device
artificial, l[imtation does not, af fect tgvﬁﬁerfornance

of Lh&FSERIrER 2RoFRGVR AMRYE VdaspsBEEES ? §-1ng as an
ovedianelaftal soliroetatl Oﬁ’bﬁJytra%ﬂﬁmgsdmﬁ S@C&Iﬁr\h@d he
second set of sectlggs t o, _cqver % SO. thg ghest

DR EF PEqHBNETREIST 1Vl SESs Eo0F PRE TP 2

: (:éﬁﬁﬁﬁﬂ:@1@ctany1esﬂ®vicﬁ xﬂmpraacbpnhemegethetdnalog

10
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35

ex section in.the ec n set ons: needs fo
R R alne A, P B IR cne

t hibi gsiterdt e&ﬂadesagnabcm drhe Ehckdetrh@l®dpen-1 oop pitch
anal yzer 220, the correl ator receives the weighted

si gnal - sanpl es and applies autocorrelation
ceﬂl‘hmlcailﬂp@mgns,'epaf atld yfigrste ddiocsf 26 0ot dlad: f cdrands aobre-

&hyies ; ach ?é? ranme g&' nﬁﬂ??aﬁfgzs%éég?
deiraaﬂenﬁlmla@pl@ﬁgt mwm-qmp@ngbrgﬁaﬁ Bhbcetiac and

e.ﬁ&ééﬂx%% ngdaﬁbgaﬁg spERd RneRtal Bt atﬁ?ff:?ésﬁ.f KAl ek
va e

el ayed sanples can be for exa
t et Os e et pﬁrﬁ*ﬁr@“ 3 repatre lpregilygss hawhnf#]fr aneviges

evigd thaRd! bekr éﬂ?tp@iprk?aﬁd@tmlgé EPMEPame. Moreover,
conmbi nation of these. In addition, the correlatjon

r Ay mfrfesRsvaeee 1@‘:%}%’6:3’363@5%‘:5&&?165‘»‘7%5{ g n
t heeduddion BaghahfLbraW@lysis resulting in LP synthesis

- filter coefficients. In addition, a perceptual weighting
is performed By filtering the digital audio signal
through a perceptual weighting filter derived from the LP
synithesis filter coefficients, resulting in a weighted
speech signal. Details of these processing steps can be
found in the above mentioned standard C.S0052-0.

The first block 210 provides the weighted speech signal
and other information to the open-loop pitch analyzer
220.

The open~logp pitch analyzer Ezﬂ'performs an open-loop
pitch anaiysis on the weighted signal decimated by two
{steps 301-310). In this open-loop pitch analysis, the
open—ibop pitch analyzer 220 calculates three estimates

of the pitch lag for each frame, one in each half frame

14



. The del ays for the autocorrelation calculations are
sel ected for each half franme on the one hand fromthe
second, third and fourth section of the first set of

wo20MR6d1koNs 81-1, 82-1, 83-1 (step 301). Thecededeaymszoss

10

15

20

25

3G

35

for the autocorrelation cal culations are selected for
each half franme on the other hand fromthe second,

t hb# dran gy feuanich f§sﬁél £d 0fnd g $8e0Rdrsetnofr 28 ame of
section 51-2, S2-2, 83-2 (step 302). Under speci al

ci Fheimssn dgemey hwhirhsis 6389 GiF §f leqkphead %W%cl e

betl&:ﬂéhﬁlmfiefiragésTB@rﬁ@éﬁﬁi@tﬂcD% vakpest ¢o8 @&;ment of
cal cul ted fo ach set of sections_far exa

actdrith etuabe &F?ﬁ%%&l‘ﬁbﬁd%’f“ﬁﬂﬁa % the

Cﬁﬁ%;a:l%n_kbre a correlation value is conmputed for
each delay in a respective section by 30 C(d)=
where swd(n) is the wei ghted, deci mated speech
Si gRadrndimiene érandaddfes@B2-del aypikaht Helsectdrafe

wher e | js t correl ation, elayd and e

satassidated o AT ERCASY Ried el EREYs el U r s

serli,orBljg i chelihe atel dg2belbhps.and correlatlon values
are determined for each of the three half frames at least

for the delays in the latter three sections,

For the open-loop pitch anal?sis of the presented
embodiment, in contrast, the pitch delay range is divided
twice into four sections, which are overlapping. In this
Way,ra region of discontinuity between the gsections in
one set is always‘covered by a section in the other set.
The first set of sections may comprise for example the
same sections as defined in standard C.S0052-0, namely
{10, 1631, [17., 311, [32, 611, and [62, 115]. The second
set of'sections may comprise’for example the sections
(12, 211, [22, 401, [41, 77], and [78, 1151, It is to be
understood that both sets could be based on a differént

segmentation as well.

The twofold sectioning of the pitch delav range is
illustrated in Figure 4. The sectioning uged for the
first half frame is presented on the left hand side, the

'.sectioniﬁg\used for the second first half frame is
presented in the middle, and the gectioning used for the
lookahead frame is presented on the right hand side. The
same sectioning is used for each of the three half

frames.

A first set of four sections §1-1, 82-1, 83-1, which is
baced on the standard C.S0052-0, is represented for each
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Since correlation values are determined in two sets
of 5 sections, the total nunber of resulting

correlation values C(d) is alnbost twi ce the nunber of

wo0osisekati on val ues C(d) resulting accordi ngptomB2007/053986
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standard C. S0052-0. Next, the reinforcement and

sel ection conponent 222 10 performs a first

I eidiffo rmmenbyoffoﬁﬁrf@&@dxmresv areasgbar 01@6\15(5\9 s&t fch
sections of each half fr . Inthis fir

-0 AEREOBENEOE o7F AA POrAPABSS hr o+ iR gt P o i

'emzéjﬂsﬂséettehe £eor egtat hamf ViRl aiiS biyh@bu g OF 6€5Re I 0

dela:l%%1 t he ne| bor o of pitch, fgs det er m ned
%Br EBEd =7 Re&i-ef 0% 4y LURELQRL 1q Purposes,
rramern::r@s@fectlﬂeemeegdxﬁ@ob@@rgjezat |san2yai:me$ i§ Sllghtly
sele for each.secti on of ch and t
S0 oy Lhay 1 E5E o 00 B8 refitaray fivst set
ceﬂﬂdﬂdam 1The3segl eThe d=lny elcaicred bal ties see-ions
or S0\ nornall I n_order conpgnsate far 2
dIJTrf e%ﬁ; saﬁﬁat [ 8gt?m nt‘f? StcEp &% _c:‘anﬁe sesn &at Q:he
- s ttikents myahaeepbemejs@d:stn seluesaul pcei+k| aii-dnand a

d%{e@f:le%tt' e85n8 %%@rﬁ]t S%%t |20n§ T an%at'ti%fferent

I ng, he selec
ndmmldazaesonnﬂoth@hetlsetseﬁtm@t puastias deet bganing -
from standard C. S0052-0. 26 The renaini ng processing
is performed using only the nornalized correlation
valluedandard gueefaz-e@i gmeaectdionst ade corledtrd cruch

valles e égnhbkumg%&@ ;faytcdptﬁg( mh%kpf@@' W £,8); ¢

at exerrp ary assocl at pOSI ti ons h one
c ATigcHplen ofap heovHnd e mczﬁerttﬁéls Bt bﬁhl lwﬁ il wrdes in

f %H{yt hieRRELhOBsT Pub@ldy SES:S versS gethkons é@étm Jrldhe

presented embodiment, the sections in omne of the sets
wili not cbvertall the candidate values of the pitch
delay. More specifically, in one of the sets, the section
with the shortest delays will not cdver those delays,'
which correspond-to the highest pitch frequencies the
estimator is allowed to search for. In the above
presented exemplary second set, for instance, the
smallest delays of 10 and 11 samples are not covered by
the first gsection. Testing has demonstrated;-though, that
this artificial limitation does not affect the
performance of the system. Moreover, it is also possible
to overcome this limitatioﬁ by adding one section to the
second set of sections to cover alsoc the highest pitch
frequencies. In the case of the standard C.S0052-0 or any
-gimilar approach, however, the extra section in the
second set of sections needs to adapt its range of delays

to the usage decision of the shortest-delay section.

In the open-locp pitch analyzer 220, the correlator

receives the weighted signal samples and applies
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For exanple, for the first set of the first half
frame, correlation value Cl-1-2 remains for the
second section, correlation value Cl-1-3 renmins for

wbheostold16g section and correl ati on val ue Cl- pe#iB2007/053986
remains for the fourth 5 section. For the second set
of the first half franme, correlation value Cl-2-2

r e@%d&ﬁma&h@ns @ﬁ%dlé@f&ﬁ@ BepR@htlft bRNed@ U two
%%g remains for the third section and correl ation
Graxes PEngi H5aPerath e furtRkeBerd obrang ¢ Thar is,

Th@h@ LHHIRY1 c@f osebaeheﬂasprfﬂr@t iz Wabueslisa twitge
th unber of corr aalon val ues rena|n£5%¥ﬁt this
SRt SRAIRAESt BEsEAR AT GR8y551gna

5T eff}ftfﬂf&l@fﬂﬁ@ﬁrodﬁthEEE?t$1Qﬂne§‘d)fﬂ@0;cbbﬁ&1ﬂ2]2 (Emd‘ﬁ-ﬁhéﬁfllon
performs _a-s nd r.ei nforcenment _.of correl a val u

P e SRt =TT ot B 0T dBTA LB GR The
S e and ih’a}ﬂaifbr@hel agroml thel mssyishephdDs) frame t H1S even
secon orce e sel ected correlation vaI es

rE b A e R b P e P e
arehdae t ITer addphashzethei fomreldttionl eande tiwrys dhﬂgnder

n th nei.ghbor hppd. of _a del S C|ate

10 se'?iec e éeor%'ra‘g1 9% oﬁﬁ%\l%eellr]fl a%% ;r? drbar‘ilofoafrtaﬁ‘?'
sane set of sections. Exenplary details for such a
r n 5 f C t ken
oo MR ok kg oo s RAC LU £ETAE dAEN .
228 Jrarfast foracebir Hat &i fifare ere vheopne hpand riminttihen

d r f
IR i e o e et R
15 degegtapnsh Sl -iLi H2cdrr8dal i BEamlBéé)in one half frane
has a coherent correlation value in any section of

another half frame, it is further enphasized. 35 The
cofheldalioor FaFusbeoputerpTEefatioansalar batians deied

cohierifed frokN@abal havk Ngr-&RNAUL it8B LensAlhald &om the
(Max value < 1.4 mn_value) AND ((nmax value - mn

vateronde fiird apdr EPRTFRLESAINE REdERE nSSeo L SfEnétfe
20 t heod@Rdn®Imang s2-2, $3-2 (step 302).

Under special circumstances, the first section of each

set may also be considered.

25 The correlation values can be calculated for each set of
sections for example according to the equation provided
in standard C.S0052-0. Here, a correlation value is

computed for each delay in a respective section by

30 C(d}=is“d(n)s“d(n—d)

where sug(n) is the weighted, decimated speech signal,
where d are different delays in the section, where C{d)

is the correlation at delay d, and where ILg.. is the

17



m ni mum of the two correlation val ues, respectively.
A problemresulting with this approach is potenti al
sel ection of the second best track for the current

whnhaiER4a1dP when the best track crosses a SsecpromB2007/053986

boundary. Since the crossing may introduce a
di scontinuity to one of the tracks, a wong

COfn@laAticRN 1YRh He GROCKSay Gidforced ahRd t&eF£ione Bich
sel ected. 15 Rei nforcenent conponent 223 of Figure 2,

i thsialayt bedppHasi zes the sel ected correl ation

val ue section-wise, in order to strengthen the pitch
del ay candi dates that_ produce the mpst stable pitch
tr § SOIEREAEHPR RIS RES SPtermenggndh dere gFets of
C ¥ dc idiisQn thal HetaD Rufeet i reisu0henfatdrfé B drs
coherent to, the maxi num correl ati on.val ue of the same
S TR TP PN e ShAPROF T aHE O ke FVRDREXP En i F T e Lot Lon
cordlrladt icom) Vv akyel behe ngscd a1 ime toaeatestd an, sEdhe,
26 consi dered correl ation Value, the considered
correlation value is enphasized strongly (steps 305,

- 3Qf9xt,| fthe eensFdecafer®raml ald1eriahuoiborderiecidzon
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of one half franme is,coherent to _the maxinum
CRTOoR TAFAE BRITHICSIRRT Of CPﬁrsﬁ%%m ghyes for
f resety sand ofhsectbsh§URE IEhaoialfattiraneyalneclid AigSt

A LG PRE ¢ o EF S Bie O 3P ovar pevrashed co

c chepteti zleo thbhecoaxehand @orvaliats ahavaboerafdpanbtter

set 4.n another half, frane tr%e GcQn i(j!ered correl ati

1% B

vaiheel 18 SRE e LanbbISoa al Fi3EN SR CadtiRyfRd Fox

308)e Eaudiddages$rahew sigema C0helemte the maximum mfmthe

C%éigih@édo%ﬁﬁle%s]:;@?e{réﬂ%s the SR 881 £OF N&lotion

set™ anot’her "ha rame are not reinforce st eps

305, 3@h s8@9) and the associated delay is identified as a
pitch delay candidate. The selected correlation values
are moreover normalized, in order to compensate for
different summation limits Lg.. that may have been used in
the autocorrelation calculations for different sections.
Exemplary details of the weighting, the selection and the
normalization for one set of sections can be taken from

standard C.80052-0.

The remaining processing is performed using only the

normalized correlation wvalues.

In Figure 4, eighteen selected correlation values are
illustrated by dots {black and white) at exemplary
aggociated delay positions, with one correlation value
for each of the second, third and fourth section in both

sets of secticrns for each half frame.
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5 The section-wi se stability nmeasure thus applies
nore reinforcenent to those nei ghboring candi dates
that lie in the same section as the best candi date of

weEanbohadd frane, while a nore nodest rei nf opCEIRNM7/5386

10

15

COILE L0 \é.%l:lfiﬁdf {:Q%%fsé@éﬂﬂ IS coprBPhPiGelfa1fes for

20

35

applied to those candidates that are in a different
section. This 10 way, all the nei ghboring candi dates

skow aganbabl Ifé:y e tfigdiesletcafidtbat i get 1f frame,
positive weight_ for_the final sel %ctlon while it is

O RCHTEASEhGR oM Vi g2 EEMGPEN EPBr LR o3 th FiSFA e
t l&@&r&uateesﬁegéra@b |(BJg-IIIIl E h.aamal flmahifbié pios eﬂiﬁxl;@i |s)ection
|ncorrect andi ile the dots i igure

o Sorre e i o Sergind o Seuthe HBlREY
d@tas:tmhk troe fhghestoreDraea] affi anevaimtumamdiraset
for each half f me_ af the.third. r nforce
t FETFOEERR Ya %\r@,f_%’reé STedng, &° Foghl ns ca':)r?f:l;rj“3 Yecr'iBn,
deieieahltdznnvahhee Gli 123 frematine Ebrsthsethidid Bemidon

correlatio 2-2 1 0 S -
\Naﬂﬁ%ﬁto Fﬁ’g e% |o?c1}% s%l s%)éllo 7 ?/'g%c 8|r gﬁl %u]rth
hlsgsln:e:sionZSemrrel ation value could be |n sorre cases a
correlation value that is associated to a subopti nal

delay in view of a stable pitch track, for exanpl e
cameelmrﬂa@m vél ael @3:¢@ darndiatiionsvasees 58 twifcea e

Gad f %ég‘felé(‘!‘féh tﬁlé&ctﬁjeg%évaﬂlggt at?ﬁié t

sc ems |s use i'n contrast pitc
assnmirdiod to sbenéand i OFEAEHAA .C3-1-3 in the fi rst
set 83-1 of the | ookahead frane is nore likely to be
sel ect ed. Finally, the pitch | ag sel ector 224

sditex treifgioregeRnhappd %ef AT [FOTRERFRENF22 moreover

sections (step he pitch | ag sel ector_ _WO

2%@@?&@@%@1 @331'7/@533%6”2234-' olP dR¥C RSt M ng

delave 1My h1ehe185Sestas eth4)0. tihe thiEesetbnal
correl ation val ues as_the final qﬁtch 1 a

HsEens30 thenset frie’d (SHAC LG R V%S%E? ot‘rl}ﬁft & e

plh é&ébé:{aﬁtgéﬁ lft@r ?t ggtljayr fend Towsre. seElneoﬂpap@namamgf
the secon Qc a .noi se.estimation an
pr RSz F-ésﬁoﬂ&ﬂ-ﬁbpi%e Aok S glellﬁg tFr&t vt%ck

210 i fHsdRyod OFeR a@phy @sascb@maiem@w hi ealéeted whi ch

nmodi fies the ori.gi nal ﬁalf‘ elOtEﬁ encodl%%

eaSPEreFri Qo ivaddee Ao T %e%e 208 Qhi EHe 3RS

ansa@daﬂsxemi Edefgdinfrvedetat 1| fmsiduchati mmnford:mamt for
ranes that.-are suitable for ate

25 rGBR A O CIIBReRES BY eenk Jo Bl shrBAgeq 4 s0052-.

further performa rate selection determ n| ng the

Otgﬁé ﬁ%&ﬁ%&réﬁm&nt component 223 performs a third
‘reinforcement of the correlation values, which differs

from a third reinforcement'defined in standard C.80052-0.

Standard C.S0052-0 defines that if a correlation value in
one half frame has a cocherent correlation value in any

secticn of another half frame, it - is further emphasirzed.

The correlation values of two half frames are considered

coherent if the following condition is satisfied:
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15 techni ques. Moreover, they process the active
speech in a sub-frame | oop using an appropriate
codi ng techni que. This processing conprises a

wohes@snkoop pitch analysis, which proceeds boomibasszess

pitch |lags determ ned in the above descri bed

open-loop pitch analysis. The conponents 20 of the
second bl ock 230 further take care of confort noise
generation. The results of the speech coding and of

-t hEEeHadE foilsé FéReYRitdh AL (JMev-d8duas  amn value)

.10

15

out pufy bit-stream of the encoder 112. 25 The out put
bit-streamcan be transmtted by the transm ssion
conmponent 114 via the air interface to the second

elgdran madeVhitella ANE FL0RI WG ceOrRONGRL: rkél 2

the second electronic device 120 receives the & .
bitEEs Pfak8epEH0i SRS 12 O™ Fe 1480 dERSROZE IVIHY -

decoder - 30 122 decodes the bitstream and provides

the resulting decoded audi @ signal to_ the audio data
siﬁﬂ??ﬂ?§eﬂbFeﬁPé§éﬁga¥+¥ﬁhtﬁ%ﬁaﬁ§ﬁF§§FBnl§rp%ﬁ%ﬁQ&ﬁ%
Caymaicad o0 cfhehappeoaed wés s trandal doe. BRESZnkedthErame,
us 35§§{ gyerLagglng sections in the correlation

TR i RES5n AEERR GROSRAS Sodioshon OuRiamy ifypce the
Ccalrdd=Anonsyl Anthedupes eseliikbraibodicyend ofe td® the

i nvention result in an i roved accurac
j laptaon %

di .
st Ty B FPRE FPELR, el Aeh: i MtREGe and

speealefaegnbet seldbitsd.in turn, is-suited to increase

t he out put speech quality. 5 Figure 5 presents a
conpari son between the VMR-WB pitch estimation of
SHBmhﬁﬂuiqémSﬁﬁSéeﬁpqﬁéﬁmnﬂz3iuf ﬁd@aﬁ&téd_ip coqtrast,
m ﬁﬁ%%&%%%n%h%ngef%tQ?%gg?%%ﬁ%ﬁﬂt dvﬁ?&éfééﬁ%iéjj%ise,

rst diagran1a? igure OWs an

 exenpirer itwpstrspetidn silgnalitwhedeflayecndidstesA that
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Sﬁﬁgnﬂ | agr.am.i 1, g ~0f. _Fi gu 5.4 IH§§;§; S
t he trf?k%g”fe Eﬁ%gp%?%?f%g‘gﬂ%é&ﬁ%?%g%%ﬂ ﬁh‘%he t\?\B
pifixeeast i mati on of standard C. S0052-0 when appli ed
to the depicted input :

If a considered correlation value in a seéction of one
half frame is coherent to the maximum correlation value
of the same set in another half frame, and this maximum
‘ correlatién value belongs to the same section as the
congidered correlatiom valﬁe, the considered correlation
value is emphasized strongly (steps 305, 306}, If &
considered correlation value in a section of one half
frame is coherent to the maximum correlation value of the
same set in aﬁother half frame, and this maximum
correlation value belongs to another section than the
considered correlation value, or the considered
correiation value is coherent teo the maximum correlation
value of ancother set in another half frame, the
considered cofrelation value is emphasized only weakly

fsteps 305, 307, 308). Candidates showing no ccherence to
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15 speech signal. Mst of the time, the VI'R-WB pitch
estimation has a very good performance. In sone
situations, however, the VMR- WB pitch track may be

wonsdsaliies |ike in the second half frame of fCaIE0@7/053986

and the first half frame of frame 3. A third diagram
at the 20 bottomof Figure 5 illustrates the track of

-t he mpitichin agreessbibMoratidd ihheiaheverns esemd ekt or

nodi fied VMR-WB pitch estinati on when applied o the
JEPIRET FREUPESBERERES AT £rARe, BReLaoEokRLa HCFhe
nocH fded 3YNR- ¥B7pi 8o estimation is suited to provide
a reliable and stable 25 pitch track also in many of
the cases, in which the VMRWB pitch estimation of
st avedt tCohORD240s E @bl Bi t A rslagiulrar tBhé egbpTias bore

i LRGN NN R T AR

| pitiieh satid ERbEOONOAS Sthndasst CaB0ABAte00f Toech half

10

fqgctionsthlustrated by the co%relator 221 caq:a%F%
be" Ve 44 SnBalie F JPOHet e ARIRITRG CFI'TRE 15 applicd to
autlerw rcelndti dehe85that uess fior sa diégreant ofeciniaudithis
LA 2 NBRE! RoRohhlStnd SRR IEhaY LANAEMS i ey co

S
di Vi int0o a €1 SEect 1 ons,

- autlor drasdel gandndaakuest beimg iddiver wehght f for ddianyfsinad
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a ality .$ectio first - ta
SRR, ShTRCLECDS el AT nafl HigR i Taven
edieat Ibhose vRedédanss nefaris dur eFpeetedniayhy Wevofdr the
a 5E§H -ehat,i it egnent of an audio

sﬁ%na fﬁ%ﬁgpggﬂcééggggﬁi é%ﬁ%ﬁﬁ%ﬁed delay range is
divided into a second set of sections such that

setinenef abbe &hfﬁl?ﬁﬁé And3eekhens: of st he-sgeond
set are overlapglng, e second autocorrel ation

vt lisdiing Yo lueter Hrpodriter dobpagarknthe grighast y

of . $8610A8n0kal e s8CONsh SRit GlorSREERORSLE THEume after
functions Jilluystrated by the correlator 221 can
norBEOEY T8e Tl BhRECE e eand & 5§ FdPRgt t feame, these
dedes MdrednkibbbcadbPEOTd 18l i Al ukatues-angot hethe first
det erni.ned second aftocorrelatloq ﬁalu%s faor an

set S1-1 and correlation Value Ci-2-2 for the second set

g2-1.

Without the section-wise stability scheme, the highest
correlation value could be in some cases-a correlation
value'that is associated to a suboptimal delay in view of
a stable piteh track, for example correlation value C3-1-
2 in the first set S3-1 of the lookahead frame. When the
section-wise stability scheme is used, in contrast, the
optimal pitch lag associated to correlation value C3-1-3
in the first set $3-1 of the lockahead frame is more
likely to be selected.

Finally, the pitch lag selector 224 selects for each half
frame the maximum correlation value from all sections in

both sets of sections (step 310). The pitch lag selector
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15 estimation of a pitch lag in the segnment of the
audi o signal. The functions illustrated by the
rei nforcenent and sel ecti on conmponent 222 can al so be

woizeosmesias neans for 20 sel ecting from provi detiis2007/053986
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autocorrel ati on values a -strongest autocorrel ation
val ue in each section of each set of sections. The
2 SUZMZZgﬁﬁﬁflidje{buﬁhsatﬂﬂe@y%éMEf eiv.'lhfi@%lCﬁﬁé n&smmwf tto
can so_be vi eywed, as ans for re|n orcj _

S oF i T SR RGBT BPEFE bRC Vol (B URar A8r BAQ 1 St Diech
acrgs tegmentsecehdt Beoaudi 3 SigralhrebefFehdl pitch lags
au ocorrelatlogsvaluEs that, are sta Ig in the sane

¥ i PIEENs EGREHt EOhr IR FUEEERS SFERS are
relnforced stronger than autocorrelation- 30 val ues

t are stabl fferent ctio acr oss segnents
e Fdmarattl nf thel Shioe PO Raperr ag o He st
di esgyriamtdfona addv pcevHa8 mommunbsm@nﬁdngnﬁee@back to the

Q f e Ln e 00 coul d

npjfrdétrrgji(larrp gtlgrr% ¥F1[el ('}%hey Iatm:J n'g %sé@af

rnmwdxﬂnma£i®h1 wwhthhmbélfleﬂuﬂhanoalgmnal signal to make

' 6@&%%%&1 (%I%Jessor gs){&‘{t&é %@ﬁ%ﬁégt@% ’gcaq'ﬁis%ic;h

di efintte inso ans iahelreygt cobaestibrey BAC) cbadsibication of

| gkers .6 T f | i nked

{ SR B RO Ehay [PPSO fobinbls HAbOSioddi(PS

i senepdaaundaes covgongats tofe Yhedisesrad bbmlecﬂ{brfsmther
C gl PP @l kzed %bi‘e&éibﬂuéeégﬁ%ﬁbeﬁﬁetétm ShM ng

technigues. Moreover,'they process the active speech in a
‘sub-frame loop using an appropriate coding technique.
Thisg processiﬁg comprises a closed-loop pitch-analysis,:
which proceeds from the piteh lags determined in the
-above described open-loop pitch analysis. The components
of the second block 230 further take care of comfort
noise generation. The resﬁlts of the speech coding and of
the comfort noise generation afe provided as an cutput

bit-stream of the encoder 112.

The output bit- stream can be transmitted by the
transmission component 114 via the air interface to the
second electronic device 120. The receiving component 121
of the secand_elebtronic device 120 receives the bit-
stream and provides it to the decoder 122. The decoder
122 decodes the bitstream and provides the resulting
decoded audiq signal to the audio data sink 123 for

presentation, transmission or storage.

Compared to the approach of standard €.S0052-0, the use
of overlapping secticons in the correlatlon computations

and the use of section-wise stability calculations in the
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10 The processor 631 is configured to execute
conput er program code. The nenory 633 includes a
portion 634 for conputer program code and a portion.

wbanosgaiizs The stored conputer program code pOCABIIER053986

encodi ng code and decodi ng 15 code. The processor 631
may retrieve for exanple conputer program code for

exgtatidrRd eARbENReRE®f ytrﬁa’sanw@ﬁwﬁr r8eeedin ldn i S
to, be understood that variouys oth uter pro ram

r p
C PR, APFIEREY | S i o 82 BRI D Fikeh
Opedada itg pREBYERAT £6 USpddth RFRficAREC Oﬂjﬁl§ AriGurn, is

' varlous appllcat ons.. The stored engodin hfrogram

GHE5F e 1BFEERES o PR AL TR L SREFAT TORT X h t he

nenory 633 coul d be seen as an exenpl ary appar at us

d h h | d
AT SoBARETER Sy B LR BPE pr e A b IEE™

‘acaritiatg ohoof hetandend i rE0082e0 aitheut seheqiresented

R L L i R

,prOV|d|ng thls functlon causes the processor 631 to
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ek Sue theaengodingue s, (OB DN O3 MShiary

t he user WO Aiputs an an I'0 signa

 spieusit, SmeaChhelgnalomWEmufﬂyhiframesanals@pqnﬁhdlagram in

I t it .
S'tgrféaml%lglgfopﬁf%ﬁ%ggrz bfll\.{keag%g%%ggrsl%gt (glgncgé- the pitch
pried degulbintewprbcebe JMRBEL PiThE pebERSIM 6&1

t f
t%{cﬁ%a beshg5sL 8%&1’?%&%% $8 5 r §ap e

tal Eeech si ghal e enco speec S|gna
| SRaadiesignatedpatt el tha £iswor 4e PERtWBPE3H of

t hes YRRy ysn6ﬁ§sfQrvéé%eéod@epé}rfémaﬁaasnﬁtﬁ&n@y the

transcei ver 632 to a base station of a npob

c dTANATd B onPAWEYBY k. the VMR-WE pitch track may be

uristable, like in the second half frame of frame 2 and
the first half frame of frame 3. A third diagram at the
hottom of Figure 5 illustrates the track of the pitch lag
resulting with the above presented modified VMR-WB pitch
estimation when appliéd to the deplicted input speach
gignal. It can be seen that the modified VMR-WB pitch
estimation is Suited,to provide a reliable and stable
pitch track also in many'of the cases, in which the VMR-
WB pitch estimation of standard C.S0052-0 fails.

A similar effect can be expected, when the invention ig
used in conjunction with some other type of pitch
estimation than the pitch estimation of standard C.s0052-
0. ' ‘

The functions illustrated by the correlator 221 can also
be viewed as means for determining first autocorrelation
values for a segment of an audio signal, wherein a first

considered delay range is divided into a first set of
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The encodi ng coul d be based again on the VMR-WB codec
of standard C. S0052-0 with simlar nodifications as
10 described with reference to the first enbodi nent.’

wbodghispisgase, the processing described w t hppreiEienzsoses

b

19

15,

20

to Figure 3 is just perforned by executed conputer
program code and not by circuitry. Alternatively, the

enSOSk h<£ 0t 78 rBRS 80t 8- S (Alhe k22068 dbdh,
approach that i s _enhanced by 15 using a correlation

badetrpmnad (foxs ded fws sih sa Pl WAdditappingesbienomt the

anglf P&t aSeCH QR S8l eThe Of eRIBRine TheuRFPLESS By the
631 may. further retrieve the decoding software_from

t heP Y1533 15 faneREERE BY | e t‘b‘ea’@@oéé BReD® EHeoded

speecdrmigng) sehehd suebtbereTRGRINVed1Mbd £H€ the segment
tragscelv 632 or _retrieved fromthe data_stora

SF-SPRE - nBRBT 7538, SeARC Ul ERBRLI TR ‘?eiiay

'spem&e sisgnElyiided haRocanyessmil dat biesections such that

o EHEro i etBnfeaesseEs A haschiras Ao né sétend se
| oaxd@hpﬁsécﬂr@;ﬁa@' Ahgeﬁéﬁ&m&eiwoddi&edaeﬂdﬁdvﬁllmé aleing
ec e store a stor
R e T URUER G, ettty bt e SfnBr L EERR of tne
ovesdt@ppigur ofctieanions. t'hlee pﬁtﬁﬂ:ﬁj’ltoaé 301 esbosi et iys the
gug&apé aecotlhat'th gtgﬁges}é%%)‘ggc Se rl%we a%.‘s I nCI uged in

sectron, “and

‘r a}mxoxd:e'@rtma dethempned efrtmt emw@tnmealatidsmmalues and

b'ﬁ?@ %da%éoﬁgeg 9&5‘ Iye].s&%ig %1%# ame@’e

been s omn and descri poin

noset infagitanr @f ef pi-hehi hwnim drh%geaplphtedftdle,audlo
preferred enbodi ments thereof, it will be understood
t hat™ vari ous om ssions and substltutlons and changes
in the formand details of the devices and nethods
depes | ﬁ&ftmsbmagermea m;ecﬁlﬂéﬁ@owe&l&& aldg
W t hout departing 5 fromthe spirit of the iInvention.
Fote ks@fite compongnex péesety 4lficeigeyienad as |means for
C o At irRN Eﬁewdsaea@mcﬁaﬁm/a%oﬁew%étaeps

whi ch perform substantially the sane function in

- sUBSTRHIGSH BPtORETESMBTIRY YRluR Hite@achhseghten of each

. 25

35

I asal tF @ tWichRi.N t he scope of the

The functions illustrated by the reinforcement component
223 can also be viewed as means for reinforcing selected
autocorrelation values that are stable across segments of
the audio sigmal, wherein autocorrelation values that are
stable in the same section across segments of the audio
signal are reinforced stronger than autocorrelation
values' that are stable in different sections across
segments of the audio signal.

Figure 6 is a schematic block diagram of a device 600

according to another embodiment of the invention.

24



10 invention. Mreover, it should be recognized that
structures and/or el enents and/ or nethod steps shown
and/ or described in connection with any discl osed

wbabdhefiscenbodi ment of the invention may be peyason7nssess
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I ncorporated in any other disclosed or described or
suggest ed forn1or 15 enbodi nent as a general nmatter

f t , f t
el A gerBpE cootla o AU | RLERLECR nbBPI L idhe | Qe
clfmmﬁsfléﬁﬁeﬁd@acmpm@e .t rw@rlﬁbr es 1anke wlaiars .
MEARS - ¥8-HURELL PN GhAUSES: An®ch NEeRded A%féy%s&xh%n

structures described herein as perforn1n

r S &F OFGREPT oh3hnts NBIT Ty 14rkeet vial 2 edia it leros,

b aAlo30 c%ﬁ’#lei‘éé? N{p&Ey uptu r&s 10u¥§5§éak§r§ | g JTeerHes:
1. A nethod HSlhjgl1 - determning first

adﬂﬁ%@ﬁﬁ@Fa@?%nl%af Iprlinksdghent bremsCkiRD (RX/TX)

SigHm andheprehNnambiyS§3ToNS der ed B8l aydésdba ithat the
divided into a first set of sections, said first

- ANVEEELE SOPBRCTAPRR BRIk rgeleFRinELR AT R her
I elennteahbtys@bwsections of ~said first set of
sections; determ ning second autocorrel ation val ues

for said 10segnent of said audio signal, wherein a
semeNgroeassder 8l ded ayodfiRAR-ads tdi ¥kdedt & ddhuter
second -set a% sections such .t hat sgctlons of, sai

f iHS9TE8: €8 Re i BHRODf & dOSEEORE {ehonriPn 'a tor
omﬁmmngxogﬁm setenshau eoatiehatop nda{taéuemd)@t@g:ed

d f 15sect
aRsEs A Sur i Sdde Thifeltiell frcbtify RIF Tl BegPasno
detegteni ke Prosésact o8 medyatrietrieakubsr ambme:l computer

IS AECPDS BULAROLL ! A0 LS 063 2 hnonover

|on 0] In Ssal segnen

- auteglegi.gAal is to be understood that various other

computer program code is available for execution as well,
like an operating program code and program code for

various applications.

The stored encoding program code or the processor 631 in
combination with the méﬁory 633 could be seen as an
exemplary apparatus according te the invention. The
memory 633 could also be seen as an exemplary computef

program product according to the invention.

When a user selects a function of the moblle phone 600,
which requires an encoding of an audio input, an
application providing this function causes the processor
631 to‘retrieve the enceding code from the memory 633.

When the user now inputs an analog audio signal, like
speech, via the microphone 611, the analog audio signal
is converted by the analog-to-digital converter 612 into

a digital speech signal and provided to the processor
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20 2. The nethod according to claim1, wherein said
audio signal is divided into a sequence of franes,
and wherein each frame is further divided into a

whizsiosh@l f frane and a second hal f frane, apdrad@6QisEbse

10

15

20

25

30

35

for each frame first and 25second autocorrel ation
val ues are determ ned separately for said first half

f reae, ofhespirdcbEase €51 aezféd'lﬁiesse,ﬁﬁeﬁétﬁiexﬁéﬂ Cerrlddi 10
signal, for said aecond hal f frane of said franme as
e%b%d’asféfg FenLUEPA. oF e AT &ﬁ’ﬁﬁcﬁnﬁl%ﬂ a g ﬁnmded

ggééeém(r%_g@?_lals }J@ﬁemwﬁl nétcfﬂeﬁmﬁh naﬁlr']l@d&ﬁé otaagfwd t

of sai i Q sjgna od according to

o 638 o b ey 63 dgt LA eE ISR O

Seetdrons taed B dhseﬁm@k;csﬁveﬁ 63€Ctb oS d:84%n of a

four ecti.ons and, wherein id autocorrel ati on val ues

@PWPHEHCFB?G%é?%Rﬂ?H at |east three sections

of each set of sections. 4. The method according to

f cl d -

e feriiodih Sohfahe M Banon SRS WA bt or
sa:ttamftasrdaﬂesg%éeﬂem@mmmhatr acdéfitonidoesmot - .
10& J.]:}Se(:fit QJJ.E:ﬁhrg?gr%Qfété 'tPA Q:[%e %:m% cgci' Qnent his
according to an arnms 1 er conpr|3|n§
setas@,i rgpef p@msasm@r@wmcbeahmcbr refa:tﬂartma v muare 3

ot SEY GRUCOERETP UG BohByPEE B ee Bt ana.
' ol s cifrgut by - chhpeimA igreded, ntbacem@odmg could be
autacol el abiat beiak u%é?(%?lzfgg a rBhEﬁhtﬂ:QQ%ﬁsérh{&tc%ﬁ by

for precedlng frames rongest
using a& correlation based on at least two sets of

overlapplng sections and/or a section-wise reinforcement.

The prdcesSDr 631 may further'retrieve tﬁe decoding
software from the memory 633 and execute it to decode'an
encoded speech gignal that is either received via the
‘transceiver 632 or retrieved from the data storage
portion 635 of the memory7633. The decoded digital speech
signal is then converted by the digital-to-analog
converter 621 into an analog audid signal and presented
to a user via the loudspeakers 622. Altermatively, the
decoded digital speech signal could be stored in the data
storage portion 635 of the memory £33,

On the whule, the overlapping sections in the presented
embodiments guarantee that the best tracks are always
included in one section, and the section-wise stability
reinforcement in the presented embodiments then biases

these tracks accordingly.

While there have been shown and described and pointed out

fundamental novel features of the invention as applied to
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20-autocorrel ation value is selected in each section
of each set of sections. 7. The nethod according to
claim5 or 6, further conprising reinforcing sel ected

woaubemaskel ati on val ues based on a 25det ecti eaTaB2007/053986

pitch lag nmultiples for a respective set of sections.

- 8. The nethod according to any of clains 5 to 7,

10

15

20

f yitdRrredmpibsfDfer €4 rﬁmﬁém sel estedbe understood that
aut ocorrel ati on val ue tha,t are st abI e acro

sefiteits Gsat e audid T BFefRd Changes in the
adenEne detanlyabiieshd hﬁvx’ﬂéﬁ shabhethédd Messaied may

e S ERORGOTEL bt ol adr P et ROWal IR e

arferost ahlee spirdtféerend iyvedritdns.afbosexamgentis dis

sai d _audi,o 35 e nmethod, accor di to any
of°® %resr%yllflg 'ggeé\h%}f*e ﬁ mﬁj ut tmnsl% i'orval ues

1 sai’d orre
areel atengsranddor nmétisod m;m)soﬁammhopenf boopEyldtentially

S Bheotubor 85 A R S A, B e R

atﬁc@n@weeitmal samaaremltfmraiae seEgient thé seomidio the

o e 180T RePeByet ! Sl GRULEE R rEEL B LA K

atlasotugiest fod/ gzl @k@namtmmgi/dm aetho@dsterrs ddicays

Iy ARG Y0 $2CLL NS on with any disclosed form or
embodiment of the invention may be incorporated in any
other disclosed or described or suggested form ox
embodiment as a generai'matter of design choice. It is
the intention, therefore, to be limited only as indicated
by the sCope'of‘;he claims appended hereto. Furthermore,
in the claims méans%plus«function clauses are intended to
cover the structures described herein as performing.the
recited function _an‘d not only structural equivalents, but

also eguivalent structures.

27



10

15

- 20

25

30-

said first set of sections; said correl ator
bei ng configured to determ ne second autocorrel ation
val ues for said segnent .of said audio signal, wherein
a second consi dered delay range is divided 15into a
second set of sections such that sections of said

whatf hESti1seheangdssections of said second set are

over |l appi ng, said second autocorrel ati on val ues bei ng
determined for delays in a plurality of sections of

fajd+86490REnSLet s Phigsections; and 20said correl ator

bei ng configured to provide said determned fjirst

aut odefrenanien Thrsieseahacehlr e et M hete Selondst segment
?EtQﬁOEﬁSEQtEQEngﬁ'Uﬁﬁeiéinaﬁ £sti Bt 00 o ra8d Pid Ly range
ag 1 n said segnent of said audio signal. 25 11, The
appdiatdsdatebe di ngirat char nploseqhires n Said BUEFH

?akgaéhrkélgh¥§ﬂegaiaég Be%ﬁ%?&%@@ﬁﬁinééaﬁ@§’d§fgys in a

erern each frane 1s furt Ivided into a first

pahfaﬂiameoandeatSQEQndfhaﬁidffaﬁ%? aid whe?efhl Qaf d
Cprrﬁégégrihfn OQ% gH&egu£8c9f£§I£%f§hf&ﬁl@@ghféfaQQid
first and second autocorrelation val ues separately
togmsatdofi ssichahflidr anenot, seheréiane secand¢gpsidered

egnent _of said,audjo.si I id.secen n
AFane 67 55 0° (P ane a8 b B8 s iht Tof fearg 1 one U
andtosstcghahsaod fetdafirestshal énfreeet ofna of said

subsequent frame as.a .third segnent of ' ' .
SPoRaH-Sok AEETEE) Bont bl CaR R TEM R SPGB farion
vheneknpbsahd fetstmsetcofosedctions andasaldrsetondof

set of sections _each c rises fouy.sections and
ﬁﬁ%FéPHSsﬁﬁdsébﬁrE?ﬁ?ﬁgnggkc8ﬁf?ﬁﬁﬁ%ﬂn?b %%éernine

- sai dpayi0gonEetat Hofevakuesefioridel aystotoatel @asdn values

three sections of each set of-sectioES..The aggarakus
aefoPdiAglebeaRyN8f EFGPRE 2BTPGOIBS - ahtrRi hAsAFg Lo an
seethensSohnNogsakdpf LEET 186t iAf sseet komseandof nssatidaudio
second set of sections are selected such that a

§é61Rdn does not conprise pitch lag multiples.

The method according to claim 1, wherein said audio signal
is divided into a seéuence of frames, and wherein each
frame is further divided into a first half frame and a
secoﬁd half frame, and wherein for each frame first and
second autocorrelation values are determined separately
for said first half frame of said frame as a first segment
of said audio signal, for said second half frame of said
frame as a second segment of said audio signal and for a
first half frame of a subsequent frame as & third segment

of said audio signal.
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3.
. conp
saldafii bebr PeFaffof®

fi=N

- conprising.

The apparatus according to any of clains 10 to 13,

further conprising a selection conponent configured

to select fromsaid provided autocorrel ation val ues a

strongest autocorrel ation value-in each section of

each Set of sections. The apparatus according to

ctaEMddhofustberdeagptbstbgim febnf Dy celrentin each of
onent configured to reinfarce selec

ted
BiGBE thdtcaid SEaBne acrogt

SEYMESM S QS £k Aubh 9O St ghal onhefi@ivherein said _
autocorrel ation val ues that are stable.in.thf sane.
3eEPrORrat? bseN SEYHERE s2bF SaFaTRUBFD SPHndpiave in at

18l 0f oFcRede SEEONYSHst banc auhogetr gkatiepivakues that

~are stable in different sections across segnents of

said audio signal. 16. The apparatus according to

ARY ﬁ%tﬁb§i§§céﬂgiﬁ 45, aMberel p1sakd 8pparal UshéSean said
open-lToop pitch analyser. ~17-: The apparatus . :
aecoidhaginosahy birgtasat 20 £6CLEPNRherdi insapgd second

QQPa5§t§§c£§oﬁQ audi 9. enceder s uch8tnh dgVEELLtion does not

e apparatus according to claim 10; and
armaodse phpot tegpownéniple$9. The device according
to claim18, wherein said audi o input 10conponent is
one of '‘a m crophone.and an interface to another

‘deyi veth20. adherdeng ceo agupr dinglaomel &i be18, ofugbher

SDRLEL 831 Fo |6y 10, L0 gL, b ok b

nelwos ka sRiondesystebvconpeisingn valucannagdchb section

T6:%50h s0arChudte akater. o Cooorang toelam

The method according to claim 5, further COmprising
reinforcing autocorrelation values based on pitch lags
estimated for preceding frames before a strongest
autocorrelation value is selected in each section of each

set of sections.

The method according to claim 5 or 6, further comprising
reinforcing selected autocorrelation values based on a

detection of pitch lag multiples for a respective set of

sections.

The method according to any of claims 5 to 7, further
comprising reinforcing selected autocorrelation values
that are stable across seéments of said audio signal,
wherein autccorrelation values that are stable in the same
section across segments of said audio signal are
reinforced stronger than autccorrelation values that are

stable in different sections across segments of said audio

signal.
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10.

11.

22 A conputer program product in which a program code
is stored in a conputer readable nmedium said program
code realizing the foll ow ng when executed by a
processor: 25determning first autocorrelation val ues
for a segnent of an audio signal, wherein a first

TRAShOEE S Het 3 iraNae, i £nylion ded it 4 ad ig,stesateiof said
sections, said first autocorrelatlon val ues bein
453 B8, e an

ST RENT FREE g det RS 137 % GRS o

Skl {45t 58th ofnS86ddons; 30determ ning second
autocorrelatlon val ues for said segnent of said audio

signal, wherein a second considered delay range is

first set and sections of
sai dsait oriel weta e kvierd appi Hguesk dicd descomgne first

M&g J_tgi%f YAl es feing deferm ned afrpraucﬁ% &gnal,

In a p ura of sections of sald second set of
sleet e onsy ﬁlnolstprm@ldﬂj:%fél@bat drafidfed s i¢igtided into a

autocorrel gﬁ' onval es ﬁ?@ﬂﬁﬂ sl g %}@dﬂﬂ@éﬂlaﬁ%@nﬁalues

au]focorrel i'on” val u€s or an estimation of a pl
bé@mgTﬁem&thngﬁnﬁﬁr(ﬁekﬁy@ audi @leigmality of Sectlons of

said first set of sections;

Zgljéct s {g%so &rg?&%%gseé Qf - 8ections such that

said correlator being configured to determine second

autocorrelation values for saild segment of said audio

signal, wherein a second considered delay range is divided
into a second set of sections such that sections of said
first set and gsections of said second set are overlapping,
said second autocorrelation values being determined for
delaYs in a plurality of sections of said second set of
sections; and 7

said correlator being configured to proﬁide said
determined first autocorrelation values and said
determined second autocorrelation values for an estimation

of a pitch lag in said segment of said audioc signal.

The apparatus according to claim 10, wherein said audio
signal is divided into a sequence of frames, and whesrein
each frame is further divided into a first half frame and
a second half frame, and wherein said correlator is
configured to determine for each frame first énd second
autocorrelation values separately for said first half
frame of séid.frame as a first segment of said audio
signal, for said second half frame of said frame as a

second segment of said
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1z.

13.

14.

15.

le.

23. The conputer program product according to claim
22, 10Owherein said audio signal is divided into a
sequence of franmes, and wherein each frame is further
divided into a first half frame and a second hal f
frame, and wherein for each frame first and second
autocorrel ati on values are deternined separately for
said first half frane of said 15frame as a first

Feghent lotakaard alel 0@ st ipal  habf Shite stbohdsHaFgauent
Erame of Said:franesAsng secendqsegaest s9fnsaid audio
signal and for a first half frame of a subsequent
frame as a third segment of said audio signal. 20 24.
The S8HRULELSPLAGLA REONYCL) 856016108 10 ChALALER Ohiq
, rern sai i rst “set of sections and sa
éécahdsset06fsseb@oonsae@chamdnﬁﬁc@@@ $@ur0§eﬁr¢bh@ns each
anfarhere! posal g eygggogﬁg BhEPDi NaLUes Bherelator is
Bri ned for defays in east three sections
eanﬁlgetedfteedeten$1n625a26 aﬁhecconpbaEIODr@@laaﬁ for
duct . according, t 2 2 reLn. .
g%?% %ec?loﬁsgfagga?%r?lrs%cg£ gsoéec%8%n§e5ﬁ§§i%égtlons'
sai d second set of sections are selected such that a

ection does not conprise pitch Ia nultl es. 26, .
iﬂ% %Bﬁﬁﬁ?EPSp?Sﬁ?ﬁﬁEB?ogﬁc?ngcgorgl ?gnéoofg’ wherein
§£§ﬁn§eéﬂlon§01ﬂ5sa$ﬂidlpsﬁgsaﬂ1Oﬁdeeéﬂibhsrand in said

m sai d provi ded on_val ues, a

sel ectin rrel‘t
S Ongeart alit oROLF 4PAT: She VAP IE-TRoeathhsbeTFon SFet on
836H g6t ebmpBbseet ponNsh lag multiples.

-The apparatus achrding to any of claims 10 to 13, further

comprising a selection component configured to select from
szid provided autocerrélation values a strongest
autocorrelation value in each section of ecach set of

sections.

The apparatus according to claim 14, further comprising a
reinforcement compdnent configured to reinforce selected
autocorrelation values that are stable across segments of
said audio signal, wherein autocorrelation values that are
stable.in the same section across segments of said audio
signal are reinforced stronger than autocorrelation values
that are stable in different sections across segments of

said audio signal.

The apparatus according to any of &laims 10 to 15, whezrein

said apparatus is an open-loop pitch analyser.
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17-

15.

19.

20.

21.

22.

second

27. The conputer program product according to claim
26, said program code further reinforcing selected
autocorrel ati on values that are stable across
segnents of said audio 5signal, wherein

autocorrel ation values that are stable in the sane
section across segnents of said audio signal are

rei nforced stronger than autocorgelatjon val ues éhaﬂl
The 2pRATELERH WFPEIEM SRATOM: derydes s]eﬁr?é%t]s pfvherein
sl d aydh Lashgnal . 210,280 Thecs@aput er program -
product  according to any of clains 22 to 27, wherein
said autocorrelation values are determned in the
scope; of an,openshoop pitch analysis. 15 29. An
apparatus conprising: means for determ ning
firsthaunrroraelatiorrvalvestd orlai®eghedf an

audi Q_ s ;W§Q§Ee'6b fdgst considered delay range

I's |vi%é§¥§rﬁ a F%rggjset of sections, said first
autocorrel ation val ues being determ ned for del ays

%}Qela nd@vf&é”&éé(gyd% Sife&téggﬁn 018 ,S.a!blgefé{ﬁt s$€4 Shdio input
sections;] “Cheans for eterm ning second

avtpoosnel bt | one vaf vesniorogabe segdent bttantaci &

si gnal erein a second considered delay range is
%?%?%%% %%Y%C%fsecond set of sections such that
sections of said first set and secti ons 25o0f said

econd set are overl appi ng, . saj cphd ST
T GROF 16T ot FOR G tiess bot hl " det e ni ned Yo 5HF a3 n
deplek al § tynofosestivonsl ©fs saednseebnainded nétwork element
sections;_. and neans rovidi@gggaid det er m ned

for
¢F 12t R R HEOT r GPRITR L] s A ERl d det er i ned

A system comprising:

an audio encoder including .the apparatus according to

claim 10; and

an audio decoder.

A computer program product in which a program code is

stored in & computer readable medium} said prdgram code

realizing the—followihg when"executed by a processor:
determining first autocorrelation values for a segment

of an audio signal, wherein a first considered delay range

ig divided into a first set of sectiocns, said first

autocorrelation values being determined for delays in a

plurality of sections of said first set of sections;
determining second autocorrelation values for

said segment of said audio signal, wherein a

second considered delay range is divided into a

second set of sections such that sections of said

first set and sections of said second sect are overlapping,

said second autocorrelation values being determined for
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23.

24,

25h.

26,

30aut ocorrel ati on values for an estimation of a pitch.
lag in said segnent of said audio signal. 30. The
apparatus according to claim?29, further conprising
means for selecting fromsaid provided
autocorrel ati on val ues a strongest aut ocorrel ati on
¥ﬁlue in each section of each set of sectlons 5 31.

e apparatus according_to claim30
COMBIT sHhgE Reahs ForY r&f ifarci il <8 eS& ij SEcond set of
ég@gggﬂgeléﬁdon val ues that are stable across
segnments of said audio signal,_ where

L OARTEOrT IR TN, Vi ST o e s (I 4T e gy 2L ues

SESLE 0N A ASSSegMEM Soiof Salshaudisignalalies for an.
rei nforced stronger than autocorrelation val ues, hat

esleimtlainte oh ajumwlénh%e@h%%da%%@%égﬁrﬁﬂ grudio
g@ﬁﬁg?udlo signal . 15

The computer program product according to claim 22,
wherein said audio signal is divided into a sequence .of
fﬁames, and wherein each frame is further divided into a
first hélf frame and a second half frame, and wherein for

each frame first and second autocorrelation values are

determined separately for said first half frame of said

frame as a first segment of said audio signal, for said
second half frame of said frame as a second segment of
said audio signal and for a first half frame of a

subsequent frame as a third segment of said audio signal.

The computer program product aécording to claim 22 or 23,
wherein said first set of sections and said second set of

sections each comprises four sections and wherein said

-autocorrelation values are determined for delays in at

least three sections of each set of sections..

‘The computer program product accoerding to any of claims 22

to 24, wherein said sections in said first set of sections
and in said sccond set of sections are selected such that

a section does not comprise pitch lag multiples.

The computer program product according to any of claims 22
to 25, said program code further selecting from said
provided autocorrelation values a strongest

autocorrelation value in each section of each set of

sections.
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27.

28.

29,

The computer program product according to elaim 26, said
program code further reinforcing selected autocorrelation
values that are stable across segments of said audio
signal, wherein autocorreiation values that are stable in
the same section across segmehts of said audio signal are
reinforced stronger than autocorrelation values that are
stable in different sections across segments of said audic

signal.

The computer program product accerding to any of claims 22
to 27, wherein said autocorrelation values are determined

in the scope of an open-loop pitch analysis.

An apparatus comprising:

means for determining first autocorrelation values for
a segment of an audio signal, wherein a first considered
delay renge is divided into a first set of sections, said
first autocorrelation values being determined for delays
in a plurality of sections of said first set of sections;

means for determining second autocorrelation values
for said segment of an audio signal, wherein a second
considered delay range is divided into a second set of _
sections such that sections of said first set and sections
of said second set are overlapping, said second '
autocorrelation values being determined for delays in a
plurality of sections of said second set of sections; and

means for providing said determined first
autocorrelation values and sald determined second
autocorrelation values for an estimation of a pitch lag in

said segment'of said audio signal.
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30.

31.

The apparatus according to claim 29, further
comprising means for selecting from said provided
autocorrelation values'a strongest gutocorrelation

value in each section of each set of sectiomns.

The apparatus according to claim 30, further
comprising means for reinforcing selected
autocorrelation values that are stable across
segments of said audic signal, wherein
autocorrelation values that are stable in the same
section across segments of said audio signal are
reinforced stronger than autocorrelation values that
are stable in different sections across segments of

said audio signal.
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