30 Septenber 2005 -1 Description Method for defining a sequence of sound
nodul es for synthesis of a speech signal in a tonal |anguage. 5 The
invention relates to a nethod for defining a sequence of sound nodul es for
synthesis of a speech signal in a tonal |anguage, correspdf&inignies2e03
predet er mi ned sequence of speech nodul es. 10 Automatic methods, carried out
by conputers, for synthesis of tonal |apguages, such as Chinese, in
particular Mandarin or Thai, normally use sound nodul es which each
represent one syllable, since tonal |anguages generally have relatively
feM/syIIaﬁles.. These sound nodul es are concatenated to form a speech
signal, i SFET IR IR process it is necessary to take into account the fact
that the significance of the syllables is dependent on the pitch. Since

t hese previo ro ed net hods have et of nd _nodul es, whi ch nust
nol ude al'PCRF® SH FEBREL™E i IR TGSy RE BNYRS PAHIFCSfPeRVECherLS Of 3

consi der abpeectiininadf iaoaptsradl Qangowge. i s required in a conputer to
carry Sut this process automatically. This conputation power is often not
avail able in nobile tel ephone applications. 25 In applications with a high

| evel of cRapitwrtdBnPevRited o PmREhOUSEYr pionosed AekhgdendéOros Waklagsi s
of tonal IaTg&%Qeg have [ he, di sadvantage _that the géven set _of_syll abl es
does not %P ct?T eE¥YPEPRR HESPE G i eSRi Bn<EWiilc it HEHRIPn

syl | abl escothé@dpoid@ngoto Si Giedidte riihed Sedqueeien ok hopgbets uiddugiegnt 30,
conput ati on power may be avail able. These previously proposed nethods have
been proven in practice. However, they are not very flexible since they 35

30 SepbenketorkdQ% -m@chddgqueattiedaniot vye ashnitad-st,0 appl soathosss Waer e
there is little conmputation power_and they do not fglly utilize .
capabi | i t FeRLriGRRBIBy ﬁPﬁﬁ LIPS n 1 p RREFfERtar “Mandarin or Thai,

normally use sound modules which each represent one syllable,
since tonal languages generally have relatively few syllables.
These sound modules are concatenated to form a speech signal, in
15 which process it is necessary to take into account the fact that

the sighificance of the syllables is dependent on the pitch.

Since these previously proposed methods have a set of sound
modules which must include all the syllables in variocus variants
20 and contexts, a considerable amount of computation power is
required in a computer to carry out this process autométically.
This computation power is often not available in mobile telephone

applications.

25 In applications with a high 1level of computation power, the
previously proposed methods for synthesiz of tonal languages have
the disadvantage that the given set of syllables does not allow
correct synthesis of specific expressions which contain syllables
that are not stored in this set, even though sufficient

30 computation power may be available.

These previously proposed methods have been proven in practice.

However, they are not very flexible since they

35



5 A nethod for |anguage synthesis, which relates to synthesis of European
| anguages, is explained in the thesis "Konkatenative Sprachsynthese mt

grokEen Dat enbanken" [ Concatenated speech synthesis using |arge 10
dat abanks], Martin Hol zapfel, TU Dresden, 2000. In this mePReRICMPsidPRA dual

sounds are stored in their specific |ekt-to-right context as sound
nodul es. Based on "The HIK book, version 2.2" Steve Young, Dan Kershaw,

Julian Gdell, Dave O lason, Valtcho Valtchev and Phil 15 Wodl and,
Entropi ¢ LtFeIuSMblY dgeat998, tFesadarirl nblul 88Pddeatdiwrs edveras

triphones. dezdiss SERsele LomRRANES:Shepsadnd éﬂwutﬁéyotioa%dﬂ“déqigya“
phon, although it is necessary to take account of the context ©

precedi ng IR of2RASGHdddRsht BROViLGRS hi BY 2drkeRke. dornutiation
previ ousl y gpr@pasad net hod, a group of sound nmodules (triphones) is stored
I n a dat abank for each speech .nodule, which generally conprises one
letter.®> A 25 suit abi ity functions are used to determne suitability

di stances hor me@uad MEb esl.ér’i‘?ﬁﬁéer SRR SPCELR: cHDUYLG S M T kfc% he
suitability distances guantitativel escribing the suitability of the
respect i veS¥BEAGSLFodlfe FHTOPRBResEARGURERSe! He pRrbahnAddulr, tdre of 30

the sequengpegfist he speecicendeice TepsakhaPhthise di shapces geapdn this
case be determged using the following criteria: - represent atgl veness of

the sound RBEEMEENken HIGIRFAEEBALES (FREIGUNAYBENSSIdh; USERY Aaaigeul at i on
of theosouadtepenty;] ,- Man inl ableapFelt herd undagerhal Fd@sIUeRsY th3Q

Sept enber 2005 -3 \Wen de er{ri nin he_representativeness of the sound
modul es, &t 851Calmsd§evc’t G -cE  ¥Fet REFSUptBf Rtind FBagLEdci s

defined ahefe-vatutghiti chonsekndidecsbuner opeguileral Boséhe speeirnal
di stance hepyegnofhe JSeRes |8 $ouRd YL G andpthe Lenhioi d 181 i an
Odell, Dave Ollason, Valtcho Valtchev and Phi1l

15 Woodland, Entropic Ltd., Cambridge 1999, .- these sound
modules are referred to as triphones. Injﬁhis sense,
triphones are sound modules of an individual phon,
although it is necessary to take account of the context

of a preceding phon and of a subseguent phon in this

20 case.

In this previously proposéd method, a group of sound modules
(triphones)' is stored in a.da't:abank for each speech
module, which gerierally comprises one letter. A
25 suitability functions are used to determine suitability
distances for sound modules in the respective speech
modules, with the suitability distances quantitatively
describing the suitability of the respective sound
module for representation of the speech module, or of
3¢ the segquence of the speech modules. The suitability
distances can in this case be determined using the
following criteria:
- representativeness of the sound modules:
- manipulation of the sound duration:;
35 - manipulation of the sound energy;
- manipulation of the fundamental frequency.



5 defined as the suitability distance. Wien sound nodul es are concat enat ed,
t he fundanental frequency nust be nmani pul ated, as a result of which the
sound duration and sound energy are also influenced. The correspondi ng
suitability 10 functions are used to determine a neasure of0SaReHrEPEpancy
from the original state of the sound section as a result of the
mani pul ati on. A correspondi ng nethod for deternining a sound nodul e which
is 15 representative of the speech nodule is proposed in DE 197 36 465. 9.
In this document, the suitability functidns are referred to as association
functions, and the stability distance is referred to as the selection
nmeasure. Apart fromthis, this nethod corresponds to the nethod descri bed
in the thwhes detedmiRihqboe. rdpeedenteiniivencpsovifdanhed dWindathdRn def isni ng
a sequence_of sound  nodules for.synthesis of a_ speech signal in a tonal

| anguage, gmﬁ?%fﬁfﬁ&i”ﬁ FSn'ér?)’r%o‘}elfP & ﬁéaueeaﬁeﬁ%@%fm gehispdrfiaed
with 25 ahis avevabee hatiing aidi ghal eyet1yof pbbpaibidddly. cdsivha tfessmthod
accordingdto t he i.nvention, a seguence of sound npdules is defined for
synt hesi s20F "3 REHTeST S5t SF5EPCHHHE sownd grediate apdy thshafertanddade,
correspondefthdd az tpeedeti eiwilied gequgnse. of speech nodules, in which - a
group with sound sections, which contains the sound sections which can be
associated with the speech 5 nodule, is chosen corresponding to each of

the speechhendolirg mddullespradet esmbdtethaseqyent FuldfRRd 1M fidhsi N
each case_sel ected ﬁroqn%gg respective groups.of sound nodul es for eagh
rt

speech nBHth 5 MAHA 2 aBi Pi €80l 5t AhcEPiFBtEhesatndrdratdoni nad

speech’ moshig | ened@fyi N fOlsceacif1okntbe. sauad RGULESHATHA AIAUR:90(he
t least one suitability function, and the Individual suitability

basi s, of
distaﬁ@es§#9F5i°ﬁPe8EFePﬁ?ﬂeHos@ﬁ S S5aFYTRoatl EBe AT ransesvefaend
wi th one gt beigimeT Otadedl ®bakhdd salid@bbébt Yol akange oWt b tdye ghebal

SUItabllléghipulation,

A corresponding method for determining a sound module which is
15 representative of the speech module is proposed in DE 197 36

465.9. In this document, the suitability functions are referred

to as association functions, and the stability distance 1is

referred to as the selection measure. Apart from this, this.

method corresponds to the method described in the thesis cited
20 above.

The invention provides a method for defining a sequence of sound
modules for synthesis of a speech signal in a tonal language,
corresponding to a predetermined sequence of speech modules, with

25 this method having a high level of flexibility.

Using the method according to the invention, a sequence of sound

modules is defined for synthesis of a speech



di stance quantitatively describing the suitability of the respective
sequence of sound nodul es for representation of the respective sequence of
speech nodules, and with the sequence of sound nodules with 20 the best
suitability distance being associated with the predeterm Aef8emegheededd of
speech nodul es, 25 characterised in thaty the sound nodul es conprise
triphones, which each represent only one phonene with the respective

cont exts, and t e syllables in the tonal | anguage are conposed of one or
more tri pHorER2L ThéT nv@nt E8F & hus 1grevass. a ﬁ@ﬂﬂﬁﬁ@wn@@hght&w& a

syl | abl es’ @freddonahihadgsagesear be Cél:{)‘@@éﬁdmgfdulté'é P Or? B th' S case,
t he prlnC|pIe whi ch i,s used 3 for hesi s of tondl S
conventiond Ih@ERoIE th nSqkrEh %%t%@ééeh wWigeral Closntrsegm deekaasso@lqang

corrposed oBley: taforsoUNgh rEE Ul ean\/\h'w d&é%&b*ﬂ%te@%f hgfblsse;?sge' S not
e

used, \éé@@l es, are al so nposed of triphones SSI bl e
to 35 ntﬁl 'sy+$al§lh€ss%r9°FFé>$mT§dlb}9 nt@nseem‘.hsmmdthﬁochﬁgé;ch 30

Sept enber ROARIesd i AT B ST LPRG NYES odi mrent, a function which
descri bes the C\"Babl ity ?% concatengt é:?ts\e/gb&@ a%té)nt sound nmodul es i s used

as the stui fabFP fﬁ‘ﬁél-‘llén 1% t A0 t leackl u:easﬁ tdebestietabifiidny fupetion

at syll ablgeg beungari es isng o dlg‘cﬁfh n sop_to the,regions. within
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R o i it A
nd modules
are concatenated with one another to form a global
15 suitability distance, with the global suitability -
distance quantitatively describing the suitability of
the respective sequence of sound modules for
representation of the respective sequence of speech
. modules, and with the sequence of sound modules with
20 the best suitability distance being associated with the
predeterminad sequence of speech modules, '
characterised in that the. sound modules comprisé triphones, which
each represent only one phoneme with the réspectiva conktexts, and
the syllables in the tonal language are composed of one or more

25 triphones.

The .invention thus provides a method in which  the
syllables of a tonal language can be composed of
triphones. In this case, the principle which is used

30. for synthesis of tonal languages in conventional
methods, in which the speech signal is regarded as
being composed only of sound modules which describe
complete syllables, is not used, and syllables are also
composed of triphones. This makes it possible to

35 synthesize syllables very flexibly by means of sound
modules.



function. This results in the pitch | evel being matched. The invention
wi Il be explained in the follow ng text 20 using the draw ngs, by way of
exanple, in which: Figure 1 shows a nethod for defining a sequence of
sound nodul es for synthesis of a speech signal, 25 Figur e 39 Sepiemger 2005
schematically, a relationship between parti al sui tability functions and
sound and speech nodul es, 30 Figures 3-6 each show a partial suitability

function i ﬁcéo%a%gl ft%t gﬁéfsgslegfeﬁgarémﬁoahﬁl\é@ltt he prgfdd foRf whbenpi tch
| evel of two nutual acent sound sections, and 35 Figure_8 shows,

schenat i cal Fi?scﬁfﬁé’eées‘l'-]gﬁ stanaPl hbpYr &ius CPFCaSFIRGR s%WPhe%‘ii%acenB 30
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witten B:habaehaah&lse eV eeteddd ine csbn@la&rimunﬂs aﬁmocragfdnw th the
witten chara hers \A'fl.ihlafaCh character_in t E‘ sou .rgp gsentl ng
a phonene of'*tH&™ i Ré S5 secont® stEFE2, & “of 0383 rodul &8 is 10
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e
speech. Suc peech cdh De segnen I exa l‘gy nmeans
of fast Vi tepbcaabngrm@nt C@@hlll-tyhm rbeulqts1<1$t¢maaetﬂumbéqh obneui t abl e

sound mpdul g8, kcgtal;s 1988 e mcﬁﬂi“ég a group. These groups are then

associated wth there pectlve tri nes. A sequence of suitable groups of
sound nodul es is thus

According to a further preferred exemplary embodiment,
a function which describes the match between the pitch
level at the transition from one sound module to an
15 adjacent sound module 1is used as the suitability
function. This results in the pitch 1level being

matched.

The invention will be explained in the following text

20 using the drawings, by way of example, in which:

Figure 1 shows a method for defining a segquence of
sound modules for synthesis of a speech
signal,

25

Figure 2 shows, schematically, a relationship

between partial suitability functions and

sound and speech modules,

30 Figures 3-6 each show a partial suitability function

in a coordinate system,

Figure 7 shows the profile of the pitch level of
two mutually adjacent sound sections, and
35
Figure 8 shows, schematically, the design of an

apparatus for speech synthesis.



20 determned in step S2, these sound nodul es being associated with the
respective phonenes, with their |eft-hand and right-hand context. These
phonenes with the left-hand and right-hand context are referred to as
tri phones, and represent the speech nodul es of the text 230 fepteraber 2005
synt hesi zed. Partial suitability functi8ns, which each result in
suitability distances, are calculated in step S3. The suitability

di st ances qmarddsttattocby dgachiebe zede 130 wsathablyi iy ehet FomespRcihve

sound nodul e.faor._re tat of .the foll.ow speech modul e, or _of the
sequence of %éﬁgggﬁn#cﬂslggfﬁé%% ’czlgﬁc)mg%lssg%g‘ﬁaﬁoéﬁqjﬁs ¥ £ESPeech
nmodul es SB1ch8B2cteB® tin be tonpledemioechagnd siekeapodsinklas isnunth nedul es
LBi, LB2, 3%. : sS@UNQLE e LBl | f 0 pch is
associ at ed \%ll%r%%t hsg%oegghqﬁggggé g‘él’. %ée%%?gggg(%ﬁ i r%ﬁ%%taﬁsongg%pl i es
to the puirsosgertieR? tandtBB3, spBRen30sSeptenbassaodsted? wihk suheability
of a sound praylerf AtnirRLESLRL 99 Sbef! @ rSRARGN Jgilzdg&l% ff%e!oﬂ%qend on
t e subdi vi de

different criterra. In principle, ese criteria may dinto
two cl assesSOPRESc FEPESseNHNhe Mhanene | eEstiy@vbiethe suitability of a
specific sound nodule LBl being able to represent a specific speech nodul e
SB1, per se, Since a sequence of speech nodules nust in each_case be

converted tdéfa BorFEEPONdi FfReqifencé ofTPIRsofhd HBHTesIodRESSouh®

nmodul esl Canagkoke a¢edc ak ettat ed chwi ghbrodte AnNahkeke | sowid UReaRll@l | £6- manner,
since undesi r%bl e artefact Zoca ogccur ﬁ@tv t he cory esponding transitions

from one soBRAHSED e 20 t K r 2oufFVaASSul e, 'S e Ond- A HEDf
criteria rephesent oyt hsegbeatitdbinl i¢df af sdepladiofi dpdeciounduabduh es for
concat enat i hi s: s a distinction i r.a bet ween.a nodul e
target di stgﬁ@ghggp\/\e%fn %ﬁggﬁ}f‘di% u?ﬂe %% nﬁﬁﬁggﬂ\ll\gfsoran x?ﬁlglgpgg@ﬁ
nmodul es andmgans of fast Viterbi alignment. Each triphone results
15 in a number of suitable sound modules, which are each
combined in & group. These groups are then associated

with the respective triphones.

A sequence of suitable groups of sound modules is thus
20 determined in step 82, these sound modules being

associated with the respective phonemes, with their

left-hand and right-hand context. These phonemes with

the left-hand and right-hand context are referred to as

triphones, and represent the speech modules of the- text
25 to be synthesgized.

Partial suitability functions, which each result in
suitability distances, are calculated in step S3. The
suitability distances gquantitatively  describe the

30 suitability of the respective sound module for
representation of the following speech module, or of
the sequence of speech modules. Figure 2 shows,
schematically, three speech modules SBl, SB2, SB3 to be
implemented and three possible sound modules LBl, LB2,

35 LB3. The sound module LBl is a member of the group
which 1is associated with the speech module SBl. A
corresponding situation applies to the pairs SB2, LB2
and SB3, LB3.



concat enation capability distance between the 20 individual sound nodul es.
The partial suitability functions are explained in nore detail further
below. 25 In step S4, the suitability distances for a sequence of sound
modul es are linked to forma global suitability distance. 39 Aent¢rabea@pl ary
enbodi ment according to the invention;y- 736 the val ue range of all the
suitability functions covers the value fromO to 1, with 1 corresponding to
optimum suitability and O to mninumsuitability. The partial suitability
functions can therefore_be linked to one another_ by multiplication using
the fol | owi A& oFHuFaPIEEBLAL =21 BqYnEpBPAHAe (B9 KEBYSSSGin®rpa - 8
30 Sept embespHAF ACCOEGEBANt 0 hHES1E0r MHy, @dpdie pahnti adisskiahkl ity

di stances Epartial, of the individyal sui taﬁi lity functigns gn%{i teria) for
each nodul e SArESHAR pl F8d bPTSREIPAfFot heFNEERd t RELpFEdGct SR chPr e

obt ai neds i n stiel 15 iR eigst § Otweael sy e Hie thnitarhamild ighe editecform
the gl obal syi_tabili té’ di st ance. E%]%o]]}?ab Tlgeagl obal. . .sui tabiclli'i t‘ﬁ%dft ance
Egl obal t hu§ @88 dPEER He'e st BbriftyYof ta sgé)l%ﬁéfelcofs%% d"Bdafes for
representi nf.Bd segimgcebdfe specirfarr espec hanoheest idTheptealal meduaege of

t he gl obal hZtahility, f Lon_i agai n_i h f 0.to 1,
with 0 corr %g%dngglér#g S%/eo’ Lgn%%#f%u% %%&P%ﬁ?ﬁ tgg @'gr‘i:%c%l ?%Jcﬁ'{n%snurrﬁﬁ%i f‘ébi lity.
In step S5, ealtdt caspiehee cwhwsotratl nbduleescosrespentens Eeaquengde i ft he

most SUf § ablse el fdRRIRSENTd N9 é?&zggﬁgg_&%@ R RRAYRNCES O 2 S855€0

nodul es. In the present exenplary iment, this_ is that sequence of
sound nodul ¥4 tihosa8ey| apeithey t 45 | iy dintaHeellvd tprNReBat eSiNQal ue. 20

Egl obal undesirable artefacts can occur at the corresponding
transitions from one sound module to the other sound
module, the second class of criteria represents the

15 suitability of the individual sound modules for
concatenation. In this sense, a distinction is drawn
between a module target distance between the individual
sound modules and the speech modules and a
concatenation capability distance between the

20 individual sound modules.

The partial suitability functions are explained in more

detail further below.

25 In step $4, the suitability distances for a segquence of
sound modules are linked to form a global suitability

distance.

In the exemplary embodiment according to the invention,
30 the value range of all the suitability functions covers
the value from 0 to 1, with 1 corresponding to optimum
suitability and 0 to minimum suitability. The partial
suitability functions can therefore be linked to one
another by multiplication using the following formula:

Eglobal = I II E partial {1}
Modules Criteria



Once the sequence of sound nodules which is the nost suitable for
representing the predeterm ned sequence of speech nodul es has been

determ ned, the speech can be produced by successively outputti ng t he
sound nodul es, 25 in which case the sound nodul es can, of égﬁﬁ'%té‘}‘ 452005

mani pul ated and nodified in a manner K rfovin per se. A nunber of parti al
suitability functions are described in nore detail in the follow ng text,
and these cadcdeddfigused thidi victtakly, onliln wowbpaatiah. shiigéd 13 tshows t he

fil f th ti itability f tl whi_ch ., -gi dule t t
profil e of AlFegREALaL Su (o0 Y THgell a1 ES sy a9htes, AT aroe
of the respeciterisbunforndehehf omcaliydreededes mi metitspédéell 3bynodulee. It is
h i . tive,
thus a mas&ﬁ@t%% t%%ci{mﬁzﬁ%' %cgcﬁ%&%ss%ﬂl% %#Jee éétglfl)%gir gg:ﬁf‘%%é ve

that is to say that a soun 0 beseélected | .

char act &ri sp¥ecesy &pri cgicht etpdoimoanedahe tavrh imuhbt B0l Bept &pbdior2005 - 9
suitabl e represe Lye £oi+the1qerre (Elfjd spgech  nogyLe.

sui tabili tsﬁipncg}@%és %slassumag&[ oéﬁe |r%g%rp§ ot Weglrtlﬂet heg-ﬂsa%l?nld
section wi t$RitpRbI et " fEstange. SEhnieait abitWdy dfissanébesnd the "best”

(ES = 1) suliabidiiyeydi gifance. Ebguepcd shoms, sbrde foimes arfor _
suitability function,” 10 a nmeasure whi ch describes the | ength mani pul ati on
of the respcRRTSTLRGING 2ELANRNEE e SREMHELT oFPBRCH m@éégr?ﬁi-c'l’he

f undament alv{Tegueasye b ithd hyboBaleaaitabafl i thhefgidgi ol igubaideon of

t he sound sectjon, relative to _.the nt hesi zed_durati on of the sound

secti on. 1?%%r’e‘ba‘fft&?e§aﬁ??hﬁﬁof“h§yrté’ng]e' B’&%eﬁ ST OREPCIPAFEs A d val ue
| UG and an miopiavurh hewesthadb 1l ey ueahdGlate masdanehe duds aidtl ihsi ng

probl emati c. Beyond these threshold values, that is to say below the | ower
t hreshol d val ue Iug or above the upper threshold value 20 10e, the parti al
sui t abi | i t yITf upieeP oBSEL tdat fedduwence of sound modules is selected

15 which is the most suitable for representing ‘the
predetermined . sequence of sSpeech modules. In__the
present exemplary embodiment, this is that sequence of
sound modules whose global suitability distance Egiobal
has the greatest value.

20
Once the sequence of sound modules which is the most
suitable for representing the predetermined sequence of
speech modules has been determined, the speech can be
produced by successively outputting the sound modules,

25 1in which case the sound modules can, of course, be

manipulated and modified in a manner known per se.

A number of partial suitability functions are described
in more detail in the following text, and these can be
30 used individually or in combination. Figure 3 shows the
profile of the partial suitability function Eg which
gives a module target distance as shown in Figure 2,
and thus describes the representativeness of the
respective sound module for a predetermined speech
35 module. It is thus a measure for the matching of a
sound module as a representative, that is to say that a
sound module to be selected is a typical,

characteristically articulated sound module and is a




exponentially. This suitability function E
followng formula: 25 2 1 +t, --L)" | for
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suitability distance and the "best" (E; = 1) suitability

distance.

Figure 4 shows, in the form of a suitability function,
a measure which describes the length manipulation of
the respective sound section by the adaptation of a
specific fundamental frequency. It is thus a measure of
the original duration of the sound section relative to
the

range

duration of sound section.
the

threshold value 1y and an upper threshold value lgg are

the s?nthesized

Discrepancies within between a lower

being problematic. Beyond these
that is to the
threshold wvalue 1lye or above the upper threshold wvalue
log. the falls

exponentially.

regarded as not

threshold wvalues, say below lower

partial suitability function Ei g

This suitability function E; &n 1is described by the

following formula:

{-£
Ee_,yn[ ﬂJ-_-‘ 1 for

The mean length lg is normalized with respect to unity

in order to make the discrepancy relative. This partial

suitability function E; g»n 1is also normalized with



for o<f-fo 15 In this case as well, the frequency f is normalized wth
respect to the md-frequency fm The suitability function Ef _Sn, is

normal i zed with respect to unity. An upper frequency paraneter is defined
as foG and a |lower frequency paranet %hoeas fuG 20 The pap® Sentemsler 285 ity
functions shown in Figure 6 describe tte discrepancy, which results from
the adaptation of a sound section to a fundanental frequency, between the
energy in thesvegnd seeti onifyd 25reswhkhingal ue Thi smoshtlical saigebility
function isg;LeR g.lggented by the following fornmula: 1 ( E-Eos exp -2 (E Oo
o) ) EE 3t ?E— or OE-EE for O<E-Em (4) - 11 30 Septenber 2005 In this
case, Eo is the nean value (expected value) of the energy E, Eco is a

| over ener gy blik@Shel dsndefds iaS gartaaaersﬁmeagmahyesbehetlaﬂd @Elﬁﬁ the
energy vari ance The suitahility function EE al jS nornmalized wth respect

5 to unity. SPRETAERGE hthe ol RANRY sBEEMESTc afnBe Ride?h adevrd @fiteri on

instead of the eswigy. mﬁm@ﬂmoaﬁay 4 othirgete féndaﬁéﬁta@s%fé%méh@ypartl al
suitabili ty unct,i o ‘-’g’f Ei_ 10, .f or assessmenﬁ1 of the relati,ve_ discrepancy in
the |engthTfRakged ﬁée%owcéf@é"ﬁw ohfhEEEBSt I AdRICEN okPYR: t he

fundanent al akseqhaneyt. Anitipperchathr esbohd |Q@od@léOV\ﬁrnththéh0|lﬁbﬂUo and a
variance for__the.l th si,are.an agai predeter t the 15
sui t abi | i tym?ﬁﬁgflﬂ'gﬁe ar Y eBP&‘gﬁ[ e%’ b§hll Ef%? n‘%ff S'F“ﬁgi
10 possible. This partial suitability function E¢ 4y has
the following form:

[ 2
1 et
y Jexl’["é'(%fiaj] for o> f~f,
Bz svn ) = ;
A |
“‘{'E'P;:E'f;” o</ Je

15 In this case as well, the frequency f is normalized
with respect to the mid-fregquency £fz. The suitability
function E¢ gy 1is normalized with respect to unity. An
upper frequency parameter is defined as foa, and a lower
frequency parameter as fiyg.

20
The partial suitability functions shown in Figure 6
describe the discrepancy, which results from the
adaptation of a sound section to a fundamental
frequency, between the energy in the sound section and

25 a mean value. This partial suitability function is
represented by the following formula:

EE_aL(E-—-EQ)=1 ’(43




1r 1-1g 2 elZz7 Ezi_al (t-to)= for o>-em (T-7 1 1 2 arJ for ocl-kO0 (5)
The partial suitability functions explained above each 20 result in a
nodul e target distance. These suitability functions nmay be consi dered
individual [y or in conbination for assessnent of the sound® S&temtsadd0SThe
partial suitability function Ef _Sn, &xpflained above 25 is used to assess

t he di screpancy between the fundanental frequency f of the sound nodul e and
a target fbndahest aasikee@ency the kearnsywehesi serpeatetiomalluegngrfage, it

s expedient,to use a partial,_ suitability f t i s,modi fied from
this and SOEI\}vﬁi Sﬁeﬁggegée % he® diafﬁ'g?vgﬁce e&%eﬂr@%ééﬁﬁ%qﬁ%iless 2f two
successi ve sppad seerggnshateghreld, j andt idan ispdilme . eReggye vArsowss .

schemat i cal C¥..:z 3Q. Sept r Qfi.l

successi ve Jg%ﬁn%g?é%%?g%g?Légngﬁg OEB%F‘“T%%@%E%QE%?% 8’%’&1”68; ée)srrPcésa,/Pand t he
sound séctibd uBbtYstarts, at time t0. There is a frequency difference Af
at this tinme, since 5 frequency f8 ends at section LBb at the |anguages,

the pitch the sound section LBa at the _
The length 1 of the sound section can be used as the

criterion instead of the energy. Analogously to Figure
5, this results in a partial suitability function E;
10 for assessment of the relative discrepancy in the
length change of the sound section owing to the
adaptation to the fundamental frequency. An upper
threshold lo, a lower threshold lys and a wvariance for
the length s; are onc? again predetermined, so that the
15 suitability function E; .y can be represented by the

following formula:

FAY
£—f
exp —l[ 2 ] for o>t-¢,
[ 2 Lo O, )
Eol a1 (£—£,)=1 (5)
( 2
1( £-
exp| ~—- Yo for o<f-£,

The partial suitability functions explained above each
20 result in a module target distance. These suitability
functions may be considered individually or in

combination for assessment of the sound sections.

The partial suitability function E¢ syn explained above
25 is used to assess the discrepancy between the
fundamental frequency £ o©f the sound module and a
target fundamental frequency £fy. For synthesis of a
tonal language, it 1is expedient to wuse a partial
suitability function that is modified from this and
30 which assesses the difference between the freguencies
of two successive sound sections at their Jjunction

point. Figure 7 shows, schematically, the frequency



the tine t0, at which the sound frequency fb starts. In tonal |evel is
associ ated with neaning frequency of the individual fundanental

i nportance for content. The pitch level or sound sections_is thus 10
ugger standing of the large 15 20 sound sglnt hesi zed speech. 3&§Fﬂt?fgli‘ﬁ‘r§6(é,
frequency differences at the transitiont4rom section formation assessing
successive difference one to another sound section result in the of
artefacts. Idrdfiltdefef orrowsnichwlsisied heodidgeeney ofisf freg£neeq between two

parti al sul (O | F570 URBEEOR s U oBRGy o B EBS! GPHUCRLRRE L1 s LERApl .
as foll ows: sfEfarya, fat -€ibe t01 Therd s eat+fflreiefd) d&E fiet&dd¥ -Af Jo~fb
(~1J11 2 OE&p %%i% VEE%Eiorsgnéef’thefasound section LBa at the
5 frequency f, ends at the time t0, at which the sound
section LBb at the frequency f, starts. In tonal
languages, the pitch level is associated with meaning
content. The pitch level or frequency of the individual
sound sections is thus of fundamental importance for
10 understanding of the synthesized speech. Furthermore,
large frequency differences at the transition from one
sound section to another sound section result in the
formation of artefacts. It is therefore worthwhile
assessing the fregquency difference between two
15 successive sound sections, with a small frequency
difference representing good suitability. A partial
suitability function such as this can be formulated,

for example, as follows:

r ' PN
A famdy 1 -
”‘p( 2 [(fﬁf,)/g f'w) oerdnd

Ef eyn [_JLZZL_J=J (6)

(fa +j;:)12 1 j‘ f 2
e J» . 1 -
\exp["i'[(fn +f;)’z f'mJ ] for o <f¢ fb

20
In this case as well, it is once again necessary to

provide an upper parameter for the frequency f'yps and a

lower parameter for the frequency f'ue.

25 Since this partial suitability function is used to
determine a suitability distance between two successive
sound modules, this suitability distance represents a
concatenation capability distance in the sense of
Figure 2.

30
Further partial suitability functions for describing

the concatenation capability of successive  sound

sections are known from the prior art (see the thesis




for O<f -fb (6) In this case as well, it is once again necessary to
provide an upper parameter for the frequency f'cc and a |ower parameter
for the frequency floc. 25 Since this partial suitability function is used
to determine a suitability di stance between two successi va0 Sewembsr aeftful es,
this suitability distance represents-al3caoncatenation capability distance
in the sense of Figure 2. 30 Further partial suitability functions for
descri bi ng "Kbnkacanatenetiswgaraahaphthte;eofmﬁucapscs&eae ItEhbafedrions are

Kk f is.- 13..30 t enty OOﬁ

" Egmat ;g;?@gngéir;gé ggﬁt%sseeecgr#tes g%é%lﬁaﬁesﬁﬁ%kggggg[ é?‘:ﬁé? led speech
synt hesi s uMang}nar @?@ld:@l};étﬂnks]TU MBreisderol zad#@0) . TUTBrees e ti2000) . The
| Subhalhb 1 LS ANRIRY DS URP0,50aC AR 0ahLEHLMALR Sidie, above

SU|tab|I|ty unction se in accordlng to
the i nvénti©he Fb%@eEU1f3@b1ﬂ-h§Yplfﬂ1@@§G-§’mevb heri et iiowliviitduasl 1yexpedi ent

Lo wei ght the enbABLhbAYatuBEH:0RS tBY.chthlichyell dasoribe the concat enation

suitability, as a function of the region in whi the concatenation
boundary is |ocated. For exarrpl e, the concatenation suitability between

two sound sgeképas, off@rsy&ﬂ@blgﬁmﬁos@@n&mer@mylrmféqdlrmwtaﬂ tihan at
t he syIIabIe 15 boundary rd or_sentence boundary Since, in

t he present'%Q%ﬂb?%Pytﬁnﬁﬁagﬂﬁnth?h%u%E?%%IFEHgéuBFthﬁ@ Far t ¥ich
sui t abilloi t ydésioeibenshes behveeantadd lsuitdbiBipPPssial eat Euehitdioh a

bouar 20 ot {RECMRTLIR e SUr BaBRI 1T | GHBERGATEY: OBg SO @Ra Y™ a5 )

located For example, the concatenation suitability
between two sound sections of a syllable is
considerably more important than at the syllable

15 Dboundary, or at the word dr sentence boundary. Since,
in the present exemplary embodiment, the wvalue range of
the partial suitability functions is betwééﬁ 0 and 1,
it is possible to obtain a weighted suitability
function Egy by applying a weighting factor to the power

20 of the unweighted suitability function Ey:

Egy = (Ey)%" (7}

In this case, gn is the weighting factor. The higher the
chosen weighting factor, the more important is the
25 concatenation suitability between two successive sound
sections. Suitable values for weighting factors are,
for example, g; = 0 at sentence boundaries, g = [2, 5]
at word boundaries, g3 = [5, 100] at syllable boundaries
and g4 >> 1000 within a wsyllable. The value of the
30 concatenation function Ey thus has a weighting factor g,
applied to its power, for which reason small wvalues of
Ey with a high weighting factor result in a weighted
suitability distance close to (. For the weighting
factor wvalues stated above, only an unwelighted
35 suitability distance which is only slightly less than



In this case, g" is the weighting factor. The higher the chosen weighting
factor, the nore inportant is the 25 concatenation suitability between two
successive sound sections. Suitable values for weighting factors are, for
exanple, gi = 0 at sentence boundaries, g2 = [2, 5] at woBfSkwemdarf®s, g3
=[5, 100] at syllable boundaries and g4 >> 1000 within a syllable. The
val ue of the 30 concatenation function B4 thus has a weighting factor gn
applied to its power, for which reason small values of Ev with a high

wei ghting f SVl bl t uutabl e cl se to 0 For
t he melghtlﬁgaggééfor %Sl&i?%ﬁgggd%%b %lngnl EMF%% %§HE
SU|tab|||tyoﬂ|sh&ncenMaagmnd;ngnsoemdghebpnmms t han 30 Septenber 2005 -
14 unity can be assessed as being suitable for selection of the
correspondi ng sound sections. The use of such a weighting results inthe 5

concat enat iDmeof wsky tdbse ssmind sect ivmight ihgn areghillals e Wi chtheat ch”
one another yl | abl ar S I'S_wa roduced . hy neans of
|nd|V|d§aI‘:%%%%E$§é% §n3$gr fﬁl hoﬁ%égg é@?ﬁaab?%cgéﬁﬁﬁarlé h 3t he

ot her handﬁxlﬁahhaewbhchd”m@tﬁhbnaneoanukhﬂrtwa?iWﬁruw'Qﬁllables

correspondi y r:.as h o] hting. -The ting is
once agai n%mﬁg?l\aggel sg?}lé'\/\hatg%t cgroc%ug%%}ng ri e anﬁeogsel%%\e'fg‘g a?
meighting13ﬂnmﬂ gectionst ogerttmiproneandati ex/ Iesnte beMdurIEmpabﬁnation

suitabilit ne ry & sen eb that,is to say
sound sect%gﬁi mﬁggééboncatenatlo%ﬁgﬁltaﬁﬂﬁgg§lgﬁg%anc§955§§ﬁﬂi {?PO may
f ol | owt®ne saridiateil bty seay ehee cosrrrrordinglyulevsrs hasas at hesichenst i ¢
desi gn of anepnputgr f rryi ou od;according to the

i nventi on. The co t“%]has aﬁ%ataqgﬁ% &e&%%\ﬁkﬂ% J%PU éﬂ a 3 renory
SP are confA® {feravhat @fe wosdBhoyndmniest eGhe anei miuttiat put

unit 1/0 {v@l\gﬁtﬁhﬁ@ flaeudipegker b, &tSCs&8ReBcaNdpadckaihoald Tl
that no concatenation suitability is necessary at
15 sentence boundaries, that is to say two sound sections
whose concatenation suitability distance is equal to 0

may follow one another at sentence boundaries.

~ Figure 8 shows the schematic design of a computer for
20 carrying out the method according to the invention. The
computer has a data bus B, to which a CPU and a data
memory SP are connected. Furthermore, the bus B is
connected to an input/output unit I/0, to which a
loudspeaker L, a screen B and a keybocard T are
25 connected. A program for carrying outr the method
according to the invention is stored in the data memory
SP. Furthermore, a text file which contains the speech
modules to be converted teo sound modules can be entered
in the data memory. The method according to the
30 invention is then carried out by means of thé CPU, with
the speech modules being converted fo sound modules and
being output via the input/output unit on the
loudspeaker L. In this case, of course, it is possible
for the concatenated sound modules to be modified and

35 to be altered using normal processing methods.

A feature of the invention is that the tonal language is compoged

of sound modules which '



25 connected. A program for carrying out the nethod according to the
invention is stored in the data nenory SP. Furthernore, a text file which
contains the 'speech nodules to be converted to sound nodul es can be
entered in the data nenory. The nethod according to the 38YPFRIGHRCT &5 s
then carried out by neans of the CPU_wdé¢h. the speech nodul es being
converted to sound nodul es and being output via the input/output unit on
the | oudspgaker. L. In thils~l case, of course, it js possible for the
concat enat SEXONH® modGFEBRPESSe nodFRREd ak@SWEiF be ARt er SRRV

nor mal  progEsstilgi TBEPOdForA fleat wiamisédednvensi ehvshihat the fonal

| anguage i s conposed of _sound nod Iesngg ch 30 Septenper 2005 - 15

descri be tH%h&ﬁé@:sec'hué‘lﬁé’supfjisﬁg'}éilr? TuRPYNexiMRdstgs mpkseneo

pur poses oiddde i esthplett iss11435168UNSE, tigeSRoRAISI PhARghAKeSO

nodul es. al s?ﬁto describe conplete syllables in the tonal ?anguage. he 5

feature i s fRALVSHURI “HBAUPRIIIHIINIFES WP bR 49995 Rbnes may al so be
present, amegimledes GuaEastBat @b bPRe8RNRNPIANT ARG BEN8hncRREhatdar
account is, pref era%%{éaﬁlgen of the specific characteristics of a tonal,

| anguage by™t he*fss lt?ft?reﬂl?&%/rio FHFBHRE a@IFUNEF i dFs from
one sound geefegakly arakeit b shENGEEEIFOR. cH-SEFUst HERS 0Tt hg tonal
| anguage age tiken into_account in_an appropriate manner in the .

synt hesi zatPBAl15 prBEEETSHy PHe weithti ﬁ&,sg%%'%fa? ng @6 t hEreaveneron, of

t he sai0t abiii ffgrennes @ts whanbidesers bfrdheoneoERiedakiedtion to a
char acteriEt' Pat ent. Cl ains 30 Septenber 2005 1. A nethod for

iLcs, - .16
defining a ‘é’égﬁ%ﬁcé"b‘f‘dsgﬁﬁ&ﬁ%m es for synthesis of a speech signal in a

tonal 5 | anguage in accordance with a predeterm ned
The structures of the tonal language are taken intb
account in an appropriate manner in the synthesization
15 process by the weighting, according to the invention,
of the suitability functions which describe the
concatenation characteristics.



sequence of speech nodules, in which - a group with sound sections, which

contains the
nodul e, is chosen corresponding to each 10 of the speech nodules in the

pr edet er m ned

sequence,

sound sections which can be associated with the speec

respective groups of sound nodul es for Jdach speech nodule in that a
suitability distance 15 fromthe predeterm ned speech nodule is defined
for each of ghersoundimedul es in a group on the basis of at least o
suitability function, and the individual suitability distances in a
predet er mi ned sequence of sound nodul es are 20 |inked to one another to

sy tradbithdd yEdi stlaficaing th $dgughobabf Hodrabi hodlwldsst ance

forma gl obal.
guantitatively d

. sound nodul es f
nodul es,5and w t Hanigwmgeequénce adfcaodmtcaoduich wi &h tieedesérmsoetlabi ity

di stance bei ng aSSOCieg}ce%davi‘% Lgh%eg"t% tﬁ&ﬁﬁf&&W;{g%f@ﬂuence of speech

se
nodul es, char act &A% &

cribin t he su%;abilit of the.resgective seguen

I e pYAEARSS o of @ hEEAE TR spetdive stuefceoFe

€ sound no eSare triphones,

h

- a sound nodule is in each case 38Perteraler2PBm t he

ne

e of
peech

whi ch

each conpri se only aorerpwnebrthwisthndheseqispest | vbichntaxits irshdthet h

syllables in the
35 2. The nethod as ¢

17 5 3. 10
10
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35

2.

%@ﬁﬂ ! bghE hCQﬁﬁP%ﬁg 955008 aQed i fLn LERR
Eg.ai ne In C a\?m %, char act er erg %(? Sepli enber
speech module, is chosen corresponding to each
of the speech modules in the predetermined
sequence,

a sound module is in each case selected from the

‘respective groups of sound modules for each

speech module in that a suitability distance
from the predetermined speech module is defined
for each of the sound modules in a group on the
basis of at least one suitability function, and
the individual suitability distances in a

predetermined sequence o¢f sound modules are

‘linked to one another to form a global

suitability distance, with the global
suitability distance guantitatively describing
the suitability of the respective sedquence of

- sound modules for representation of the

respective sequence of speech modules, and with
the sequence of sound modules with the best
suitability distance being associated with the
predetermined sequence of speech modules,
characterized ]

in that the sound modules are triphones, which
each comprise only one phoneme with the
respective contexts, and with syllables in the
tonal language being composed of one or more

triphones.

The metheod as claimed in claim 1,

characterized

hones.
2005 -



15 4. 20 5. 25 306. 35 in that a partial suitability distance is in each
case cal cul ated using a nunber of suitability functions for each sound
nodul e, and the individual partial suitability distances for the

predet ermi ned sequence of sound nodul es are nultiplied by3®fertemist B t o
formthe global suitability distance. 1The nmethod as clained in claim1l or
2, characterized in that a function which describes the capability to

concatenate two adj @Rt -5y MRIULES thHiused @Ssédrecsuibabil idach
function, with the value of  this suitability function being weighted
differently at s§fP8blI €2bsuhakefes UEREN ' i t RUTPSYy| 1%l sV1tAR ethod as

clainmed in clai nt@nctebagact eprzededdht hadodi@ Ssuhda@abiéjty dnmct ite which
describes the concatenation capabjlity is ,al.so ighted at _word .and
sent ence boundar 88T V¥HEa et ’a%iclsé{%ﬁi}té‘f\gﬁﬁg%a&cef, ftehardt® eri zed
in that 2 he wei gbteagresmeaedi eds@plietye appfyi ngoandwei gbdubgsf acims (g) to
t he power of the spective suitabilit unctions.. The t hod .,a | ai ned
inclaims.  chaFAbERbised i RVt nare hé‘“&é?‘&ﬁti 5§ f &GS E%‘f} i9s1°3?a§ater
than 1000 wi thisusysbabieyg, dasdanke.wei ghting factor (g3) is between 5
and 100 at syl | abl e boundari es.
3, The method as claimed in claim 1 or 2,
10 characterized

in that a function which describes the capability

to concatenate two adjacent sound modules is used

as the suitabkility function, with the wvalue of

this suitability function being  weighted

15 differently at syllable boundaries than ‘within
syllables.
4, The method as claimed in claim 3,
characterized
20 in that the suitability function which describes

the concatenation capability is also weighted at

word and sentence boundaries.

5. The method as claimed in claim 3 or 4,
25 characterized
in that the weighting is carried out by applving a
weighting factor {g) to the power of the

respective suitability functions.

30 6. The method as claimed in claim 5,
characterized
in that the weighting factor (g4} is greater than
1000 within syllables, and the weighting factor
{g:) is between 5 and 100 at syllabkle boundaries.
35
7. The method as claimed in claim 6,

characterized



7. The nethod as clainmed in claim6, characterized - 18 30 Septenber 2005
in that the weighting factor (92) is between 2 and 5 at word boundaries
and the weighting factor (gl) 1is equal to O at sentence boundari es. 8.
The nethod as claimed in one of clains 1 to 7, characterli@§QﬂﬁnW%3W5a
function which describes the match bethfeen the pitch levels of two

adj acent sound nodules is used as the suitability function. 10 9. The

met hod as clainednimhameume(ﬂéﬂgﬁtﬂngofﬁctoehaganteeib%iwdbﬂfuﬂaﬂ@e

i ndi vi dual SUIta |I S S_i.n._a er.m ned se nked to
one anot her ku%??%|%§§?.8€l%ﬁ tﬁBFﬁq: iy df Eﬁ Z 9being in
t he val ue range isoaqﬁaﬂotm Oaadt Sennmnuﬁnhmuhdqriesoptlnun1SU|tab|I|ty
and O to mninumsuitability.

5 B. The method as claimed in one of claims 1 to 7,
characterized
in that a function which describes the match
between the pitch levels of two adjacent sound
modules is used as the suitability function.

10

9. The method as claimed in one of claims 1 to 8§,

characterized
in that the individual suitability distances in a
predetermined sequence are linked to one another

15 by multiplication, with the suitability distances
being in the wvalue range from 0 to 1, and 1
corresponding to optimum suitability and 0 to

minimum suitability.



