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PCT/ 1 B96/ 00410 : TRANSM SSI ON SYSTEM AND METHOD FOR ENCODI NG
SPEECH W TH | MPROVED Pl TCH
DETECTI ON : The invention relates to a

transm ssion s déstem conprising a transmtter w th an encoder for
deriving a cod¥89%B¢hl from a quasi-periodic signal, the traPSHIBIHN0410

bei ng arranged for transmtting the coded silgnal to a receiver via a
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I nvention |ikew se relates to an enco er, etector for detecting the
period of a quasi-periodic signal and a nethod of pitch detection.

A pitch detector to be used in a transm ssion systen1as defined in the
openi ng paragraph is known fromthe journal article "Automatic and Reliable

Esti nati on of dottal, Closure | ant and Period' by Y.M, Cheng and
D. 0. Shaughnessy, |EEE 10 &Y§%@QWG§§“&H airansmyssion sy%@ewpgﬂagg.wmer

Processing, ¥gth an/tnobdet Jor Bétividg 8 vdded sigidl from a quasi-periodic signal, the transmifeh

transm ssi on systems are used, tor exanmple, for ‘transmtting speech
signals by a ?m&ml@hﬂmmm mhm@rmm@namvaaxmmeme

or a glass fihhsris 5&%&5&%&% g%&n&dfaﬁgrﬁgm Sucﬁﬁngﬁﬁ erfB wsed

for storing speech signals on a storag I'c tape
or disc. Applications areThe inventiombikesvisenelatesdo ian encader; lodetect® fondetoting the

rach nes 3N of 4 B RERRE Rgun s 8 metod of pih deten  SPOCh SOl
a speech signal occurs whérpitcbrdetectonso bemsed iaractransmission systemrad défined incthe
show anY, P°r el btagpl Y 55 SORIPE il el omic e RS Bty o
al so terned Qe Qhesureoltistant diid Period” by Y.M. Cheng and D.O. Shaughnessy, IEEE

10 Transactions on Acoustics, Speech and Signal Processing, Vol. ASSP-23, pp. 418-423, 1976..

Such transmission systems are used, for example, for transmitting speech

signals by a transmission medium such as a radio channel, a coaxiat cable or a glass fibre.
~Alternatively, such transmission systems may be used for storing speech signals on a storage
medium such as a magnetic tape or disc. Applications are, for exaniple, automatic telephone
15 answer machines and dictating machines.

A speech signal consists of voiceless and voiced components. A voiceless
component of a speech signal occurs when some consonants are pronounced and does not
show any periodicity. A voiced component of a speech signal occurs when vowels are
pronounced and is more or less periodic. Such a signal is also termed quasi-periodic. An

20 important parameter of such a signal is the period, usually called pitch. For various types of
speech encoders it is of great importance to calculate accurately the pitch of the voiced
components of the speech signal.

A first method of determining the pitch is calculating the autocorrelation
function of the quasi-periodic signal, the pitch information being represented by the

25 difference of the delay between two peaks of the autocorrelation function. A problem is then
that a single pitch value is calculated over a signal segment that has a given time duration.
Any variations of the pitch in the given time duration cannot be measured, but lead only to
an (undesired) widening of the peaks of the autocorrelation function. '
_ In the pitch detector known from said journal article, the pitch
30 information is derived from a cross-correlation function between the speech signal anda -



20 |rrportant parameter of such a signal is the period, usually called

pitch. For various types of speech encoders it is of great inportance
to gal cul ate accurately the pitch of the voiced conponents of the
speech'si gnal . - A first nmethod of determning the.
pitch i s cal clW®96368d1t he aut ocorrel ation function of thdCI/IBI6D0410

quasi - periodi c S|gnal the pitch i nformati o’ being represented by the 25
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that indi cat eedubed relighilict ofcthe pitcht detecsionThe 5 aver age val ue of this signal
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reliability of the pitch Herthistpudpose,lfhe invention is characterized inthdttthépucmdawtact'

of the invention_.to provide a ansni,ssi on system as imed.in the
openi ng par a§PEPHSES %?f EF“% ?P@ﬁwmmf auxiliary signal, |

for a rel lﬁb Whidh! duxlliaf\P§ig6d! i Fepresentative of the quasi-periodic signal, search means for
searching for at least a further signal portion of the auxiliary sxgnal that- sufficnently _
corresponds to the characteristic auxiliary signal portion, and means for deriving the pitch

information from the instants at which the characteristic auxiliary signal portion and the =

further signal portion occur.

20 By selecting a characteristic auxiliary signal portion from the auxiliary
signal, and searching for at least a further auxiliary signal portion of the auxiliary signal that
sufficiently corresponds to the characteristic auxiliary signal portion, it is possible to obtain
pitch information without the need for utilizing the stationarity of the quasi-periodic signal.

An additional advantage of the invention is that no linear prediction

25 parameters need be calculated, so that the pitch detector according to the invention will be
simpler than the state of the art pitch detector. A further additional advantage is that
erroneous pitch detection, which occurs if two excitation pulses are present in one pitch
period, is avoided. For that matter, it has appeared that two excitation instants regularly
occur in one pitch period in speech signals. In such sitation the state of the art pitch

30 detector, in which excitation instants are searched for, will calculate the pitch period
erroneously. Since the pitch detector according to the invention does not search for excitation
instants, but the repeated occurrence of a characteristic auxiliary signal portion, this
erroneous calculation of the pitch period will not occur. |

An embodiment of the invention is characterized in that the characteristic
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For this purpose, the invention is characterized in that the pitch detector
conpri ses selecting neans for selecting a characteristic signal portion of
an .auxiliary signal 15 which auxiliary signal is representative of the
guasi - peri odi c signal, search neans for searching for at least.a
further signal portion of the auxiltay signal. that sufficiently
corresponds t VQ ¥eB6edtar act eri stic auxiliary signal portion, aRCT/RISH&410Or

deriving the pitch i nformation fromth@ instants at which the
charactel StIC xilia nal portion and the further signal portlon
occur . aﬂary signal portid com TIPS &y P?fé“’%%&?%\%‘?%‘ﬂ“ﬁ?’?’ Qysriagpgeific
si gnal port | gﬂ,efsemﬂ;he auxi | | ary si gnal , and searchl ng for at |least a
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avoi ded. Fo\rl\g{ﬁffstcwt{og'r %iﬁg}éﬁ%g%gare WO exc?x%h oL ﬂﬁgégj?ng
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search for excitatian I nst ant s but ‘the repeated occurrence of a
charact eri stmpﬁ £ apitiary (ﬁ‘&a? BOROPoN, this erroneous cal cul ation of
the pitch period will not AGGfthér embodiment of the mvenuonxscharacm?&e@'iﬂ)ﬁﬂtfﬁmmé)f

the invention is characterized in that the characterjstic
VO 96/ 36041 duration of the characteristic auxiliary signal pomon is smaller than or equal to the briefest

PCT/ 1 B96/ l@043&urrmg pitch period. ' - 3
A suitable characteristic auxlhary signal portion is a pitch period or a
significant part thereof, By taking a characteristic auxiliary signal portion of about the
briefest pitch period in length, a suitable characteristic auxiliary signal portion can be found
for most situations. It is conceivable that the length of the auxiliary signal portion is selected
20 in dependence on the occurring pitch period, so that an adaptive system is obtained.
| A further embodiment of the invention is characterized in that the search
means comprise correlation means for calculating the correlation between the characteristic
auxiliary signal portion and the auxiliary signal, the pitch information being represented by
the position of the peaks in the correlation function.
25 A simple manner of searching for a further auxiliary signal portion that
corresponds to the characteristic auxiliary signal portion is calculating the cross-correlation
function between the characteristic auxiliary signal portion and the auxiliary signal. The pitch

information is then represented by the position of the maxima of the cross-correlation
function. The pitch period may be calculated from the time difference between two
30 consecutive maxima of the cross-correlation function. |
A farther embodiment of the invention is characterized in that the pitch
detector comprises means for calculating the surface of the peaks in the correlation function,
the pitch detector being arranged for deriving the pitch information from the surfaee of the
peaks of the correlation function plotted against time.
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auxi'liary signal portion conprises a signal portion that has naxi num ener gy
over a specific ti me. segnent. A suitable
characteristic auxiliary signal portion is an auxiliary signal portion
whose energy is maxim zed over a specific time segnent. Such a signal
portion may Swbaessoapl y found by searching for a maxi mum r un®CugBsNed1gy
function val ue. The running energy fundtion val ue may be cal cul at ed by
performng a non-linear operation of the - .auxiliary signal

operation is described byEXPFriments Jayp shovwym tha the cross-camelesion) fung B"'F%é@Ft
of this oper Wraumlﬁﬁﬁﬁgﬁan ?oﬁioﬁfanﬂ Mecdukdtlary Slghdl 3Rows Soteunly uémteutpe&s

are f(x)=x2 and An_ alternative manner of finding_ a
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auxiliary si gﬁ I b&% seﬂ?\f?fr%tﬁn?gﬁﬁ#uumﬁastrengﬁﬁﬂare sul tgb e to act as

char act er i%t wfmmflth:amp@dmg peak tin the autocorrelation function, it becomes simplaritoher

enbodi nment o rat i on
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characteristi uxi |l i .t C aor_a

significant Bg M@Bhﬁﬁ%@@%ﬁﬁ@?% #]'Fg% qf aa?'ﬁk??'gfh%mm“m
portion of akalué of &2 respectiverpeakest pitch period in Iength, a suitable
character StIC auxiliary nal portion can. be found . .
si tuation¥ i s conceiv ?&F"Fﬂ m‘gwpﬁgﬁlﬁ?&mm

portion is sséeeénﬁéna@ butrmdmﬁﬁyiﬂeeaeaﬁpueaeoemws Wher® ial delfay tsdtwéd, twdlor

that an adaptive systemis obtained A further

enbodi ment ofOre,&ighal\cOMpoRANtS, is QH&#&@MM@W&M HEF the separation of apans

conpri se cor iRy m{} foQh F‘r;_sg,
characteri st ?ﬁﬂhﬁﬁ auxi ?egrytglﬁg portlg;gg and the aUXI I I ar y*@ gn nfl‘?ax% e
pi tch i nf or mheam mdlnaynchanapp tig i mayokappen that

the corref Q’ﬁbd{u‘:‘ ngéfmn A sinple manner of
sear chi ng fo? urﬁ%r auxi lrary si gn?aﬁr portion that corresponds to
the characteristic auxili%heseandother pspects ofi thesinveation will be gppanent from and
cross-correl e c auxiliary signal
portion and %%W‘?aﬁ%ﬁgp& %ﬁ%ﬂé&%ﬁ%&%ﬁ on is then
represented by the position of the maxi ma of the cross-correl ation
function. The pitch period may be cal culated fromthe tinme difference
bet ween two 30 consecutive maxi ma of the cross-correlation function.
A further20enbodi ment of tincthe upmhg's@n I's characterized in that the pitch
det ect ' i | at h f f t k 1
detector comprises means Lor QR ey Hanlihsidie sybiid A05nidh ol ovBieak s bpikl®
Fig. 2 shows an embodiment of the pitch detector according to the
invention; ' :
Fig. 3 shows various signal shapes as they may occur in the pitch detector
25 shown in Fig. 2; and
Fig. 4 shows a flow chart of a program for a programmable processor for
determining the pitch according to the invention.
In the transmission system shown in Fig. 1, a digital speech signal S’[n] is
applied to a transmitter 2. In this transmitter 2 the speech signal S’[n] is applied to an
30 encoder in which it is applied to a pitch detector 12 and to pitch-synchronous coding means
10. An output of the pitch detector 12, which carries the pitch information as its output
signal, is connected to an input of a multiplexer 14 and to a first input of the pitch-
synchronous coding means 10. An output of the pitch-synchronous coding means 10 is

connected to a second input of the multiplexer 14. The output of the multiplexer 14 is



the':pitch detector being arranged for deriving the pitch information from

the surface of the peaks of the correlation function plotted against
tine. WD 96/ 36041 '
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Experinments have shown that the cross-correlation function of the
characteristi cWOIP#¥hry signal portion and ihe auxi liary si griFTBAUR41% ot -
only desired peaks, but al so undesired Secondary peaks which have a

smal | er wi dt M‘@G‘?“‘m’%& 1 Ii’?q'mﬁﬁ?fé that'r epresenting the pitch

i nformati on by ses having an anp I's proportional to the 5
surface of the correspondiThg optak of thettransmirnep 2ds connerted byftheichanoel 4 tof the input

peaks. - The Gic8eTefTyes 6 e Tpptt o B B Colfecill B G ifigrer 16. A
expanded sur ffirstoutpdt of thenddmuitipletertih eommecttd ces first it tofilal pitchaymohronous decatier
00" oh ! 10§ GRS Sl PGE G Bk el bl 68 & RSl
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" del ay Dot wilFG-HSBEtous decoris 8, which Ririss A AEMETRE] Spped SRS Bt

Exanpl es of tsiingi 3 BorinB@ed B the Fukpt of thedreceiver Ul tiplicity of sources as
this may occur in systens for background noi se suppression and beam

formation in radar systemdd thenransevssion syppmi sbawpdn g lrdhe pisghpiaformatien ishe
These ana' Dt Rerved frol &6 st Bl sbiel sigtl hy' O plR Eor 12. This pitch informarion
el uci dat ed wiis hseddfycthe pitch-synchtegousensadercidl to raduce the) peressary:fransmigsion capacity
for the coded signal. Examples of the pitch-synchronous encoder 10 are described in the
journal articles "A glottal LPC-vocoder® by P. Hedelin in Proceedings of the International
Conference of the IEEE, ASSP ’84, San Diego, 1984 and "Encoding Speech Using Prototype
15 Waveforms" by W.B. Kleyr in IEEE Transactions on Speech and Audio processing, Vol. 1,
" No. 4, October 1993, '- . = - . -
The coded speech signal and the pitch information are combined toa
single coded output signal by the multiplexer 14. This coded output signal is transmitted to
the receiver 6 by the transmission channel 4. - o
20 In the receiver 6 the received signal is detected and converted into a
dfgital signal. This digital signal is demultiplexed by the demultiplexer 16 into a coded signal
-and a signal representing pitch information. The pitch-synchronous decoder 18 derives the
reconstructed speech signal from the coded signal and the pitch information. This
reconstructed speech signal is available on the output of the receiver 6.
25 In the pitch detector shown in Fig. 2, the quasi-periodic signal S$’[n] is
applied to a low-pass filter 20. The output of the low-pass filter 20, which carries the

auxiliary signal S[n] as its output signal, is connected to an input of energy measuring means
22, to a first input of selecting means 24 and to an input of an envelope detector 30.
" The output of the energy measuring means 22, which carries output signal
30 E[n], is connected to a second input of the selecting means 24. The output of the selecting
means 24, which carries the characteristic auxiliary signal portion f[n] as its output signal, is
connected to a first input of the search means formed here by a correlator 28. The output of
the controllable amplifier 26, which carries output signal S..[n], is connected to a second
" input of the correlator 28. An output of the envelope detector 30, which carries a control



20 7 In the draw ngs: Fig. 1

shows a transm ssion systemin which the invention is applied,

Fig- 2 shows an enbodi nent of the pitch detector according to the

i nvention; Fig. 3 shows various signal shapes as
t hey nmay occukve vsdsbg pi tch detector 25 shown in Fig. 2; and PCTIB96/00410

Fig. 4 shows a flow chart of a programfor & programmabl e processor for

determ ning the pitch according to the invention.

In the transsigeaicdl.siy sonnected 304 contrel igputof the epngrolighle amplifier 26. Jhg comrglisble

i s . appl ifgifid 5 {ddhs BhveldPe détecton 3Dltbgetticr ForadTite ladriplitude RBn@HloREdRs ST gnal
S [n] is applied to an 30_ encoder_in which it is applied to a pitc

h
detector 12 and to pitch-Eymewtpesafibe eormiatgr 4% which carries) 2n oututsignsl R dn). isne
pitch detect nné&? ' Hﬁrﬁé | | ﬂ'é‘ﬁ:&g%ri n i&m% :
signal, is C%Hrmec degg]%lg a |t{r,11:og? 0 e%%ﬁ’?i pl exer 1432én to a ﬁ'@#&isf%ﬁlt
of the pi chAln], is coppentéd wrrnuipputeofi expansionrraeans 34, while ths wutpyt of the expansion
pi t ch-synchr s i : . i n;
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96/ 36041 output of the detector 36 is available the pitch information in the form of the signal P’[n].
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signal, is connected to a second I nput of the pitch-synchronous decoder 8.
An out put of bavead the highast possible.p: nGYe dovalye that hasitarned gnt toche ysghle in.

reconstruct eﬁ.aémqglmgimr)al as its output _
The energy measuring means 22 calculate a running energy function of an
15 M-sample-long auxiliary signal portion for a segment that has a length of N samples. A
segment duration proved suitable is, for exainple, 40 ms, while a duration of 2 ms is suitable
for the running epergy function. With an 8 kHz sampling frequency, N is equal. b 320 and.
M is equal to 16. For the signal E[n] there may be written:
M

Eln] = ¥ s?[n+kl 0snsN-M . | (1
k=0 .

The characteristic auxiliary signal portion is now the auxiliary signal portion whose running
20 énergy function E[n] is maximum. If assuming that E[n] is maximum for n = n,,, the
characteristic auxiliary signal portion f[n] is equal to:

0, n<n, .
£(n] =4SIn} ,apsnsn, +M _ : (2)
0O, n>ny +M ) )
This auxiliary signal portion f[n] is derived from the signal S[n] by the selecting means 24
while the value n,,, calculated from Efn] is utilized. The correlator 28 calculates the cross-
correlation function Rg{n] of the amplitude control signal S_.[n} which is available on the
'25 output of the controllable amplifier 26. For this correlation function R.{n] then holds:
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sighal, is connected to the output of the receiver 6.

In the transm ssion systemshown in Fig. 1, the pitch information is 10
derd-ved fromthe quasi-periodic speech signal by the pitch detector 12.
This pitch information is used by the pitch-synchronous encoder 10 to
reduce the necessary transm ssion capacity for the coded signal.
Exanpl es of th&OMW synchronous encoder. 10 are descri bed i n RCTgB96/00410
journal articles "A glottal LPC-vocoder' by . Hedelin in Pr oceedi ngs of

t he I nternational Conference of the | EEE, ASSP '84, San Diego, 1984
and "Encodi ng Speech Wdi ng Prototype 15 V\avef O”TE by WB Kleyn in | EEE

Transactions ®g &nbeclEanmq\Lﬂ(ld ps,gc{asskhgp Yol =ns N 4 October(3)
1993. : The coded speech Si (fnal and the pitch
information are conbi ned to a si ngl e coded out put signal by the

‘nul tiplexer 3. m%?‘§°?6&€8‘°8&?put signal is transnmitted to t he
receiver 6 by the transm ssion channel 4. 20 In the

receiver 6 the receiv SAI& is detected and convenged into g
digital signaRs W & dgi q%"gmélkll §ed€‘hul1°t]|'p(ﬁexed $\* Phe 1f]’eg'ul tipl exek4?.

16 into a coded signak and a signal representing pitch information.
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out put of & héorl ow pass filter 20, which carries the auxi liary signal
S[n] as its output signal ecied.to an in of ener neasyr i
means 22, to a fi rstﬁﬁ‘lﬂ’&f% M&?mﬁg&f @*ﬁﬁ%ﬁ‘atgﬁ?nfan

envel ope det Qﬁﬁférre%enve value of n in the cross-correlation' fulic@ei Ryfn] & dérRRdDYQREY

nmeasuring means 22, which &arrles out put signal 30_E[n], is conneCted to-a
second i nput Iegrane 33 Tha k' crogs-corFrdation: fugetions may, be desceibed ay

means 24, which carries the characterlstlc auxiliary signal portion f[n] as
its output signal, is 5 dtoaflrst i nput of the search neans
formed here b orr £Odt put. _of ~the controllable (5)
anplifier 26, %z@h C r [85 %“g S|ghal “S[err][n], is connected to a
‘second i nput of he cor‘re ato‘F 28. An out put of t he envel ope detector

30, whi ch capr | g5 3450 8 beginning and end of the kb peak of the autocorrelation function. For
10 the surface A, of the k® peak now holds:
o o
ay = ¥ Ly [4) (6)
imby
The value of ny that belongs to a, is the value of n that belongs to the maximum my of the
peak Ly[n]. For my then holds:

my = MAX {Ly(n] } (7)

The surface A is scaled by utilizing the largest value of ay, so that the value A[n] is smaller
than or equal to one. For the function A[n] may then be found:

' A[n] = MAx(al' " v e caq)

'n-nk (“_

15 In(8), q is the number of peaks in a signal segment. The transformation of the function
R{n] into the function A[n] resuits in a relative attenuation of undesired secondary peaks of
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signal e[err][n], is connected to a control input of the controllable
anplifier 26. The controll able -anplifier 26 and the envel ope detector
30 toget her fowemosberspnplitude control neans. PCT/IBIs/00d10e

output of the correlator 28, which carries aB output signal Rlerr][n], is

connected to an integratoy  32. The output of the inte or 32, i.ch
carries out puthednegtion Rygn], begaus ‘l‘ff?é‘ﬁdeﬂﬂi% aé%“‘i"r?g‘iﬁ W’%éﬁ‘g 1633 Widefo
34, whil e t hegRuthe\shrfide 6ﬁtﬂe€e@amﬁ'y®ﬁaks will beccvnsiderdbly whiallér hiak tiecsurfacd Ofiihe
signal P[n], is connected to an input of a detector 36. On the out put

of the detect @gsired avail able the pitch information in the formof the

signal P [n]. Tofunhcr mcrw?@ theSdiffsrefcetetiebn debirdd peakslamt tivieived
represented by the signal S [n] filtered by the | owpass filter 20

with the pérpsesondsty pmpmmm@n@mmmew A don-ipear opsragiag in whichdargray e

a relatively fi,gh fe é c#@ ﬁ]ﬂ*ﬁ*wl 8. AhiSinhy 82 H‘Q&:d £
pitch detection. eE@E?& Pﬂd uency oW #e[ss fil ter 20 o
,SA el elct edd\s/\? L txampile, Hy multiplying the ion Adnhby;thesesppativei valug ofi ”?3’8 (f)Fm'HZ rthﬁqmtmiy

val ue ! ds: practi.ce is
The energy m%@ﬁgﬁ%@%g@s [n%%ﬁg%hﬁna runni ng energy function of an 15
M sanpl e-1ong auxiliary signal portion for a segnent that has a length of N
sanples. A segngnt duagtipn proved sgltabl e is, for exanple, 40 ns,

e'

while a duratiepppf= m lFor the running energy functi orf9)
Wth an 8 klz sanplirg frequency, to 320 and Mis equal to
16. For the signal E[%W there may be vvrltten M E[ n]
= S[err] [ ngks conce&asle&%%im of (9) a different non-linear opu‘atxon ofA[n is performed.

(D) The characteri st | ¢ .auxi Si gng{ porti on S
now the adfiliary si gnal p'BhQﬂm{iﬁs@W% wﬁ?{ﬁﬂéyl’\ﬂiﬁﬂ quy thesignal Pin].

maxi mum | f ag G0 bulst€p
characteristic aux%ry na?é&owgﬁf?éflgﬂgaum k [n] which are
mutuallylessthaansapart.Mmeasmembasedonthefactthatapltchpemdofless

than 2 ms is highly unlikely. A final selection is obtained by removing pulses that have an
amplitude smaller than a certain fraction of the amplitude of a preceding puise. The pitch
15 information may be represented by the signal P’[n], while for the values of n when a pitch
pulse occurs the signal P’[n] has a first logic value ("1") and for the other values of n has a
second logic value ("0"). |
In Fig. 3 graph 38 shows the quasi-periodic speech signat S’[n] plotted
. against n. Graph 38 distinctly shows the (quasi-)periodic characteristic of the speech signal.
20 Graph 40 shows the auxiliary signal S[n] plotted against time. This signal is stripped of the
high-frequency components which complicate the pitch detection. Graph 42 shows the value
of the running energy function Efn] plotted against n. The maximum value of E[n] is found
for ny,,. In graph 44 the characteristic auxiliary signal portion f[n] is shown. This
characteristic auxiliary signal portion f[n] is extracted from Sfn] in the neighbourhood of n =
25 Do -
' Graph 46 shows the cross-correlation signal R qn] plotted against n. In
this graph both the desired peaks and the undesired secondary peaks are visible. In graph 48
is plotted the surface measure A[n] against n. Graph 48 cleaﬂy shows that the distinction
between desired peaks and undesired peaks has increased.
30 In graph .50 the signal P[n] obtained via a non-linear operation from the



[ert] This auxiliary signal portion f[n] is derived fromthe signal
S[n] by the selecting neans 24 whil e the value n[err} calculated from
E[n} is utilized. The correlator 28 cal cul ates the cross- correlation
function Rlerr][n] of the anplitude control signal S[err][n] which is
avail able on t out put of the controllable amplifier 26

correlation f ‘ﬂ@?f%g??‘h[ err][n] then holds: g é;%g:aé@»@m
PCT/ 1 B96100410 7 [err]

(3) may also iagnam:h} #1héwn plotted Q5dibst n. Here the distinction betweeh e \lstreld
Is used in ( e occurrence of negati ve val ues of

3 t dt
Rerr][n]. hrins 3@3&% pylses has eroms rrateR| HIBally Erap S%MSéhymbpmrmen in
when si gnal pﬂétféx‘ﬂf‘éf £ M6giC SipRe ditich A thE'Qal%é@l* foréwiiek iofthYar WHEKKAY didRted gﬂﬂ?
are searched 5 nal Mi] which is measur
the surface cnccsrfse_'l‘peandqsm pwmgﬂgsemwe&ssgu@lm@mmwmm. ain
the cross-gorrelation funghidaGlchire'showid ¥zt 4de bldCks have the following

i connotations.
No.Designation Connotation
10 60 START | The procedure is started.
- 62 INIT The variables used are initialized.
64 TAKE SEGM {S[n]} A segment of samples of the auxiliary signal is
stored.
66 VOICED A check is made whether the auxiliary signal is
15 | still voiced.
68 CALC E[n] The running energy function of the stored segment
_ is calculated.
70 EXTR f[n] ' The characteristic auxiliary signal portion is
extracted from the auxiliary signal.
20 72 CORR ENV. ' An amplitude-controlied auxiliary signal is derived
' ) from the auxiliary signal.
.74 CALC Rsf[n] The cross-correlation function R fn] is calculated.
76 CALC A[n] The surface of the peaks in R,{n] is calculated.
78 EXPAND The signal P[n] is calculated from Afn] via a non-
25 - linear operation.
80 DEL PEAKS The undesired secondary peaks are deleted.
82 CALC n,;,n, The positions n; and n, of the first two pitch
puises in the segment are calculated.
84 FIRST VOICED SEGMENT A check is made whether the respective segment is
30 the first voiced segment in a part of the speech
| . signal, )
86 PITCHMARK AT n,, n, For n = ny and n = n, the logic value of P[n] is
made equal to "1".

88 LPM: = n, : The position of the last asslgned pitch marker is



1nt égrator 32. The kth peak in the cross-correlation function may be

‘descri bed as: O n c bk LKA n] 1 Rf11n]) bkc
ns-  -ek - ( Dn > Sk bk and ek denote the

begi nning and end of the klc peak of the autocorrelation fiction. For 10
the surface AWQ963sndt kil h peak now hol ds: ak = Lk [PFT/IBI6/00410

(6) , i - bk The val ue of nk that Bel ongs to ak is the value of n
t hat belongs to the maxi mumink of the eak Lkjn]. For nk then holds: °
mk - MAX {Lk(nl }() The surface A i%‘g@@al ed by utilizing the |argest

val ue of ak, SQdPMai= LEM+¥nj-ne Al nJ is snEhd position for theanewopitchouarker i3 calcelated
For the fincion Atn] may then be found: . - AEn] = RVAX(a....a) a
n - Ogn-fla“r‘h(s ido“ In (8), q is the nunber

of peaks in aPITCHMARKRTILPMhe transf oFerai =OLPM the llegié vilae of P’[n] is rtkden]
into the function AlnJ results in a relative atfenuation of undeired
secondary deaks of equal to "1°.

94 TAKE SEGM{S[n]+n,-n,} The next segment of samples of the auxiliary signal
is taken,

In the blocks 60 and 62 the program is started if there is a voiced speech

10 signal and the variables used are set to a desired initial value. In block 64 a segment of the
signal S[n] is stored. The length of that segment may have a value from 20-40 mS.

In block 66 there is checked whether the segment of S|n] is still voiced. If
the signal is no longer voiced, the program is stopped in block 96. The information whether
the speech signal is voiced is generated by a procedure (not shown).

15 In block 68 the running energy function Efn] is calculated. This may be
effected according to (1). Subsequently, in block 70 the characteristic auxiliary signal portion
is extracted, which may be effected according to (2). In step 72 the amplitude-controlled
auxiliary signal S, [n] is calculated. For this purpose, a measure S,[n] for the envelope of the
auxiliary signal is caiculated first, This may be performed according to:

L .
Seln] =Y, [SIn-1]{ -h(i] - (10)
1=0

.20 ‘In (10}, i is a running variable, L is the length of the impulsé response of the filter simulated
by (10), and h[i] is the impuise response of the filter simulated by (10). A cut-off frequency
value proven suitable of the filter simulated by (10) is 25 Hz. A suitable value of L is 121.
An amplitude correction signal 1.[n] is calculated from the signal S {n]
according to: ' '

MAX{S, nl}

= (11)
ec{n]‘TrH— 0sne<N

25 With the aid of (11) an amplitude-controlled auxiliary signal S,.[n] is derived according to:

Sec [n] = Sin] -e; [n] : (12)

There is observed that in the event of a low amplitude of the auxiliary
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PCT/ 1 B96/ 00410 8 t he
finetion Rlerr][n], because these undesired pul ses are not only |ower, but
al so l ess wde, so that the surface of the secondary peaks w Il be

consi derably sygblsfd han the surface of the desired pea
To further increase the difference between gesired peaks and un TBRY° 5
secondary peaks, the expansion neans 34 performa non-linear operation in

\A?In]Ch !I'ﬁrgerr;l eﬁ!;ai?cmg%e 0 ﬁfﬁnﬂgﬁéasllf Emrzr)ult ninlstuﬁ%hf n l?itotﬁe
| X | | u |
A[n] by the %&ﬁ%‘{ﬁé Irédp @i‘sn{ﬂé?f#ff %P mﬁ:&ém?g%mpﬁﬁ] of

the expansi ogwitBiRasoft {fahe 9eMEe) amplithd éfl the auxili [si?apd&%ﬁﬁbﬂaw aeﬁieaflg

lieu of (9) a different non-li1near operation of i's perforne
The det ect or thaesheld AR undesired secondary pul ses fromthe signal P[n].

A first-sg ection may be aecpmwmoh%n&ﬁal Y is @hichRdPTh %e&%&ﬂld

whi ch are nmut ual I(% | ess art 'S asure IS base on

fact that a pecordingty (3)erde). |’l&g,s, in blockt 7£rth¢2slwl .Adnhxsgmoylam acrending to, (8) and
e e neg 08k D8 g P B SR bt on s YA S orang b
pitch 15 inf @oati on may be represented by the signal P [n], Whl I e for the
val ves of 1 When @ PLECR 1 oo Bh TR GEHED ik il Sl Mol o
val ue (" (U). Aln]. This may be effected in a mahtierfasglesctibed alréadyhesdrens t he
i a1 netl y shows: tho. ( quath Pipge 2 Suf ROSklegs a s P (e 3 e Ruples i i igna)
20 Graph 40Ppd)@fhé h&rmugm@t kwmphcﬁlém&%mﬂt ist e wff&m& the
The i tch de PR Sagment b fhe fEStIREET: COBEARE, Yoiced $pocsD. 110, & FIRA TR EHcB gy
function E[ ninsgh&d ini5lodo86 fitd tid sighla® PAAK A ME pesHiotR s coiradpond b qpaﬁh n. In
15 block 88 the position of the pitch marker inserted last into the signal P’[n] is stored in
variable LPM for later use. o
If the current segment is not the first segment oontammg voiced speech,
the position of the last pitch mark is calculated in block 90 by adding the value ;-1 to the
 old value of LPM. Then, in block 92, a pitch marker is placed on the position LPM in the
20 signal P’[n].
' In block 94 the next segment is taken. This segment is not contiguous to
the previous segment, but overlaps same. The beginning of the next segment is shifted by n,-
n, samples. The reason for this is that in the case of a transition between two contiguous
segments, discontinuous changes in the established pitch value may occur in the event of
25 varying characteristic signal portions. By rendering the segments largely overlapping, this is
largely avoided.
' After block 94, block 66 is returned to for the processing of the new
segment.



for' n[err]. In graph 44 the characteristic auxiliary signal portion f[n] is
shown. This characteristic auxiliary signal portion f[n] IS extracted
from S[n] in the nei ghbourhood of n = 25 nf[err].

G aph 46 shows the cross-correlation signal R err][n] plotted against n. In.
thi s graph botWOP¢s0dlesi red peaks and the uq&§5|red secondar y PEaARA/04418
visible. In graph 48 Is plotted the surf®ace neasure A[ n] agai nst n.
Graph 48 clegétxﬂgg?ms that the distinction bet ween desired peaks and
undesi red pe i ncreased. 30 In graph 50 the
signal P[n] obtained via a non-linear operation fr6h1the

PCT/ | B96/ 00410 IR

signal Aln] is shown plotted against n. Here t di st¥ncti on et ween
desired pul ses and t he undesired pul ses has becone greater. FlnaIIy,
graph 52 shows the pitch information in the formof a | ogic signal

whi ch has thepvalue "1" f CrraiviMiskisn §stefh eompiibinga frasbasittérowitlp ih efcoder for
occurs. The undesired pul ses farre renmoved, .as has§ﬁl ready, been di scussed
above. 5 rwmsawﬁd o & guasi-pesipdic signal, the, fATSTH UG, being, ks

have the fol | gfiting the CoABA Sfgfdl 18 ASreceiver via a Middida®, te 84do@Er comprising a pitch
Connot at i on 10 60 START S The 1)procgedgre S

start ed. deggetqrnjprrderiving pitch information from the qml'PmWWaﬁmM%@m

are initiaki zgd pich detector comprises selecting means for selecting a characteristic signal portion of an
auxiliary signal which auxiliary signal is representative of the quasi-periodic signal, search
means for searching for at least a further signal portion of the auxiliary signal that
sufficiently corresponds to the characteristic auxiliary signal portion, and means for deriving
the pitch information from the instants at which the characteristic anxiliary signal portion and

10 the further signal portion occur.

2 Transmission system as claimed in Claim 1, dMumnuumdlnﬂmxﬂm
characteristic auxiliary signal portion comprises a signal poruon that has maxlmum energy
over a certain time segment.

3. " Transmission system as claimed in Claim 1 or 2, characterized in that the

15 duration of the characteristic auxiliary signal portion is smaller than or equal to the briefest
occurring pitch period. '

4, Transmission system as claimed in Claim 1, 2 or 3, characterized in that
“the search means comprise correlation means for calculating the correlation between the
characteristic auxiliary signal portion and the auxiliary signal, the pitch information being

20 represented by the position of the peaks in the correlation function.

S. Transmission system as claimed in Claim 4, characterized in that the pnch
detector comprises means for calculating the surface of the peaks in the correlation function,
the pitch detector being arranged for deriving the pitch information from the surface of the
peaks of the correlation function plotted against time.

25 6. Transmission system as claimed in Claim 5, characterized in that the pitch
detector comprises expansion means for converting the surface of the peaks of the correlation
function into expanded surface values of the peaks of the correlation function.

7. Encoder for deriving a coded sxgnal from a quasi-periodic signal, the
encoder comprising a pitch detector for deriving pitch information from the quasi-periodic




64 TAKE SEGM {S[n]} ' A segnent of sanples of the
i's

auxi liary signal st or ed.
66 -VO CED A check is made whet her the
auxiliary signal is-15 still
voi ced. 68 CALC E[ n] ) The runni ng ener gy
function of tHhWOEBHAYH segnent 13 PCT/1B96/00410
i s cal cul at ed. 70 EXTR f[n] The

characteristi el . Si ' ' . . .,

oxtr act od 1 r S ERSabSpa B e B8 phbEBebor cqmprisefplecing means for seecting &

An anpl i t ude-characrecistice signal pottionr of ani apxiliary signkd whiehdauxiliary signal is representative of
fromthe auxiliary.signal .. 74 .CALC Rsfln].,. . . Th
cross-correl a'k’? BHXSI"BF{??‘{}% fispgl . peAToh eqns l%’é#‘é{ﬁhﬁ’?e@? at least 3 fupther signal portion of
The surface ohe bi¢iligryaignal thab¥ufficibity corresponids s SecsharacteristicSauxiiaNsignal portion,
e 00 & Pl shdend P s et matlof e 8 ins at which the gracteisic

undesiTed Se@ﬁﬂﬁfﬂsi@ﬂ?@nﬁn&n@&h@ﬁﬁﬁa signal poetida’bcdcur)[ err], n2

The positions n[err] an er of . the fipst two, pitch . L
pul ses in t héd-segnent are |aat°é1¢mdméfaga7m§#°%=éea%@mwmmﬂc

A check is maglQiiahelibedl poftfon’ RHPRRES ¥ SighA PSRN thit B maximum energy over a certain
the first voiced segiment in a part of the speech

si gnal . tgee segMeAARK AT n[err], n2 For n = n[err] and n =

Tade squaletargr. O 71 gimigement for calculaing the period of a quasi-periodic sigoal
posi tion of taharactgsizedsinsthatthel aprangement: equaprises; selecting means for sglecting & elguacteristic
PCT/ 1 B96/ 004]s§’gnal portion of an auxiliary signal which auxiliary signal is represexﬁzgive of the quasi-
periodic signal, search means for searching for at least a further signal portion of the
auxiliary signal that sufficiently corresponds to the characteristic auxiliary signal portion, and
15 means for deriving the pitch information from the instants at which the characteristic
auxiliary signal portion and the further signal portion occur. | | _
10. Coding method for deriving a coded signal from a quasi-periodic signal,
the coding method comprising deriving pitch information from the quasi-periodic signal,
characterized in that the method comprises selecting a characteristic sigﬁal portion of an
20 auxiliary signal which auxiliary signal is represenutivg. of the quasi-periodic signal, searching
at least for a further signal portion of the auxiliary signal that sufficiently corresponds to the
.characteristic auxiliary signal portion, and deriviﬁg pitch information from the instants at
' ivhich the characteristic auxiliary signal portion and the further signal portion occur.
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st or ed. 90 LPM LPMtn2-nf[err] The position for the new

pitch marker is cal cul ated - and

st or ed. 92 PI TCHVARK AT LPM For n = LPMthe | ogic val ue
of P[n] is nmade 5 equal to "1"

94 TAKE SEGM wig¥stesg’ r1-nlerr]} The next segmnent ﬁr@mﬁs of -
the auxiliary signal is taken.

In the blocks 60 and 62 the programis stagt
10 signal and the variables used are set t
bl ock 64 a segnent of the signal S[n] is stored. The length of that
segnent may have a val ue fron120-402v8. _ I n bl ock 66
there is checked whether the segnent® of S[n] is still voiced. Lf t he

if there is a voiced speech
desired initial value. In

signal is no |onger QLced__Ihe_pLQdLanLLs_ptopped in block 96Y The
i nf orfat i on whet her '__Lheﬁp_eg,cn,sg gnal ig voi ceq___ggr_lgr_gt_éd by_a
procedure (not shomn}.,i , fn bl oc

h
functjon E[ n] effec? accofd

i s§

Subsequently, i teris il auxi | Laty éig al

I's extracted, which & accorpi to (i) P& s ep

anpl i tude-control |l ed 5 i dda s callul g : hi s
purpose, a measure Sebp[r envel th MUXaukxi | ifa€ODsjghal is
calculated first. Thisljm med . apclotding 1o |
[err] 20 1In (10), ilik| a| Ivhriablle,d L is the Iength13¢—the i mbul se
response of the filtkrllsin * d), and h[ 4 t he

by (1d%. A cut- off-+r’-eq-uene-y—-—v-a-l-ue
'nmlated by I(10) is 25 Hz. A suitable value

response of the filtkri si
proven suitable of thel fil

of L is 121. | Com e e <4 An anplitfude correction signal, ' rrln]
[err

is calculated from the-si ghal —~Skosrd-[-A]— -~ 4 according to:
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25*Wth the aid of (11) an anplitude-controlled auxiliary signal S[err][n]

is derived according to: [err] There is observed
that in the event of a | ow anplitude of the auxiliary ' WO

96/ 36041

PCT/ | B96/ 00419‘,096,3604,S| gnal, the anplitude correction anplifi perseeid d
secondary peaks 1 n such a way that they are detected as desired peaks.
In order to avoid this, the anplitude corr on may be swi t ched of f
if the (average) anplitude of the auxiliari/éignal drops bel ow a specific

t hreshold value. 5 I n" bl ock 74 the correl ation
function Rlerr][n] is calculated. This is effected according to (3) or

is calculated according to (8) and
)y the non-1inear .

In bl ock 80 the

]. This may be

the signal A[n]

(4). Then, in bl ock,
in block 78 the si £

>

undesired secondary p
effected in a mangg+T7 . ; ]
In block 82 the positiions n[err] anhd n rst two pulses in the

si gnal P[n] of the current segnent are calculated Then, in block 84,

a check is made mhq%!: t hg flrst segment
2 _
g _tq nferr] and n2.

cont ai ni ng voi ced q A
86 into the signal P 4500

_ _ dft & | ast into the
signal P [n] is s i _ : use.

In 15 block 88 t
I f the current seggf?t is not the flrst segnent contai ning voi ced speech,
n
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theé position of the last pitch mark is calculated in block 90 by adding the
value n[err]-n[ferr] to the old value of LPM Then, in block 92, a
piteh marker is placed on the position LPMin the 20 signal P [n].

In block 94 the next segment is taken. This segnent is not contiguous to
the previous eawesedsy but overl aps sane. The begi nni ng of thepcEmsBEHENT.

Is shifted by n[err]- nferr] sanples. The reason for this is that in
the case of a transition between two conti S segnents, -

di sconti nuous changes in the established val ue may occur in the event
of 25 varying characteristic signal portions. By rendering the segnents

| argely overlapping, this is | ar gel y avoi deg

After block 94, block 66 is returned to for th'ﬁQg of the new

segnent . WO 96/ 36041

PCT/ | 896/ 00410 : 62 12
fem conprising a
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transwitter-with an encoder for derivirqgﬁsgﬁ ' nags from a
qguasi -periodic signal, the transmtter beind & transmtting
the coded signal to a receiver via a mediumyt rsTTga pitch
detector for deriving pitch infonmeatTo O odi ¢ signal,
characterized in that ' Y
Coo )™ CAC Eln] }-68
I
EXR f[n] 470
|
CORR. ENV 172
1
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(S7) Abstract

In a transmission system in which a speech coder which includes a pitch detector (12) is used, selecting means (22) selecting a
chmmucwxﬂiaryﬁmalporﬂonmmslgnalmbecodedmuaedforimmving:hemmnyofuwpimhdemon The pitch is now

byumwmgmﬂquthpﬂﬁnngnummmnmuamupmdmdwdnnmuMkmuﬂmyﬂmﬂpmmmmwbyammhmm
the time difference between the respective signal portions.
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signal, characterized in that the pitch detector conprises selecting neans
for selecting a - characteristic-signal portion of an auxiliary signal
which auxiliary signal is representative of t he quasi - periodic signal,

search nmeans for searching for at least a further signal portion of

the auxiliary signal that sufficiently corresponds to the characteristic
auxiliary signal portion, S and neans for deriving the pitch information
fromthe instants at which the characteristic auxiliary signal portion
and the further signal portion occur. 8. Encoder as
claimed in daim?7, characterized in that the characteristic auxi liary
signal portion conprises a signal portion that has naxi mum energy over a
certain time segnent. 10 9. Arrangenent for

cal cul ating the period of a quasi-periodic signal, ‘characterized in
that the arrangenent conprises selecting neans for selecting a
characteristic signal portion of an auxiliary signal which auxiliary
signal is representative of the quasi- peri odi ¢ signal, search neans
for searching for at least a further signal portion of the auxiliary
signal that sufficiently corresponds to the characteristic auxiliary signal
portion, and 15 neans for deriving the pitch information fromthe instants

at which the characteristic auxiliary signal portion and the further
signal portion occur. 10. Codi ng nethod for deriving a
coded signal from a quasi-periodic signal, t he codi ng net hod

conprising deriving pitch information fromthe quasi-periodic signal
‘characterized in that the method conprises selecting a characteristic
signal portion of an 20 auxiliary signal which auxiliary signal is

representative of the quasi-periodic signal, searching at least for a
further signal portion of the auxiliary signal that sufficiently
corresponds to t.he characteristic auxiliary signal portion, and
deriving pitch information fromthe instants at - which the

characterlstlc aUX|I|ary si gnal portlon and the further signal portion
occur. -
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