; e3egd$: 6>TFO- 1 Description ** Method for defining a se m nd
nodul es for synthesis of a speech signal in a tonal Iangﬂ mmﬁmmmmf
invention relates to a nethod for defining a sequence of sour@es@dul es for

synt hesis of a speech signal in a tonal |anguage, corresponding to a
predet erm ned sequence of speech nodutes.-10 Autonmatic rnﬁmhods carried out

by computers, for synthesis of tonal |anguages, such as l"m,ﬂmw’umlm"

particul ar Mandarid 4, Thai, normally use sound nodul es
represent one syﬁlgkbﬁ en,' since tonal 15 | anguages generally ftaepe«rel atively

few syl |l abl es. These sound nodul es are concatenated to forma speech

signal, in WwitghPreeessattihsnfecessanecheet ake igthd@chBEAL eEherdact that
the significance of, the syllables is dependent on hf lﬁltch. 20 Since these
known net hod¥HRRS e Qf HISRIRFRY T est Wit chORaSt 1PRSIEER al | the
syllables in various variants and contexts, a considerabl e anount of

conputation _power, is required.in a c uter tg.carry.25 out_this process
aut omat i cal I'y*® THiY' Y at‘?%]r‘?rﬁ)%%e?tr?s %f tné%t}h%ci a5 | BT H Yot | e
t el ephone apEduzatdeonsf |soapdl ircatuiles fibtrh syhilgdsievelf ol copgediat i on

power, 30 t Wn t hqds ynt I f to have the
di sadvant ag%%#la%q t hgggi \%en tté(tga)lga]gf sleﬁi%g%]gt%é doé;(g{%%?&g#?ggvﬁco?roecta

synt hesi s oforssedidnni e reswiemse whi cspeorit anpdgyebabl es that are not
stored §p this set, even though sufficient conputation power may be 35

avai | abl e. These known net hods have been proven in practice. However, they
are not ver WRIamEle snakbBogRey carried r jifent PY c&oFB s sadapied to

appl i cati ongwhelss tdersr | ssdddl | e Hrugad | onspeyeraancetheysdo npt fully
utilize capabiliti esqlﬁrow ed, by hi gh con}ﬁ)lut atiign parallels, 5 A nethod for
| anguage symAFEsiV1athi Nenqar iR eQT t dP8Ynt RESTE 13 RS HPY dRYHRS, is
expl ai ned i RyHilvh t heaich " Koskakeeati veorpr achdynidiese nstingeobetonal

Dat enbanken”, [ Concat enat ed s ch nt hesi sing. large 10 d nks],
Var £ BBl 2 dSFCEORS Dy Rttt S500RA PR | RedatatRaY IRl vi e Sehteis  ar e
stored i n tEeasespeecuhdc mogiul-e=o-arghtovoatexatasl sounfdormndd esped®zlsed on

" The HTK bo '&n‘é‘?{fif?ﬁ %‘h%"chSt%ﬁeYé)émgt g%g et shake, Jub fé}_@%%opam

Al ason) Valt al tchev and 15 Woodl and, Entropic L ridge
1999, t hese assimthodhe eEa@k ethafefbed stendd icansiforids. the $Hhi sakbese,

tri phones arig spgshdmdul &s ©he apita@i vi dual phon, although it is necessary
;t(; Eﬁikgzgccount of the context of a preceding phon and of a subsequent phon
Since these known methods have a set of sound modules
which must include all the syllables 1in various
variants and contexts, a considerable amount of
computation power is required in a computer to carry
25 out this process automatically. This computation power
is often not available in mobile telephone

applications.

In applications with a high level of computation power,
30 the known methods for synthesis 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 computation power may be

35 avallable.

These known methods have been proven in practice.

However, they are not very flexible since they



20 case. In this known nethod, a group of sound nodules (triphones) is
stored in a databank for each speech nodul e, which generally conprises one
| etter. A 25 suitability functions are used to determne suitability

di stances for sound nodules in the respective speech nodules, with the
suitability distances quantitatively de%cTibing the suitability of the
respective sound nodul e for representation of the speech nodule, or of 30
t he sequencéretuthelgpeeehnobdubes. afhetwd t ahi | iappldicsttaneas @areden this
case be deteyrm ned_usi.ng.the followng criteria; - resentati ess of

t he sound ng ﬁng?S-a%gﬁﬁﬁhﬁﬁﬁéﬁF%)l%%épé%gﬁdgaﬁrgbggns%nggzg%ﬁﬁﬁﬁlation
of the soundtéhérgy; capednilptiizs onpobvibHedf uddanehigh f cegquart@acion- 3 5
10 15 20 25,30.3%.\Yen determining the representativeness of the sound
nodul es, a Pyplcal spectral centroid of the group of sound nodules is
defined 3and a value which is indirectly proportional to the spectral

di stance bepwegnihBe r espect h¥guagend sHREHeR iand e Gentidifkds dgfined as
t he SU|tab|I|téad|stance. When sound nbdul es are concat enated, the

f undament al SYPEHEEASY PhsEVREOPREH plfBLEATICEs ol F eSoladMSkhi &R 1 sound

duration andhseurd enxdhkadehalisae i nfEpeaerdyntheseor r gspondigithren
suitability func%io S qrg used to ehirnine nea%Hre.of t he discrﬁgancy
from the or PGERAPA L2 ERHF L TP FBRN aSYFERESEFt USE hd 3t g

mani pullad i odatAbaaksdspoaditig redhaobfeal , dEUeDresidrg, a 2900nd MO dHies whi ch
is representative of, t speech e r nt at i . 1 s, known from DE
197 36 465.5‘?Hnr?gt’hilsné(;1§{:lunean ,S ggéuﬁtggbiﬁcgrggfu%@t itgl%rjars ercgvglrcr ed to
as associ at Llefiti-tiectiighy, contene Ssi tedindt podiudesnceBased ebarrétha o as
the selecti apggg%ﬁw,e-ve%wén f3 om t@tévetﬁ‘bﬁ%%zt BRd GUVEIRANGR, i he

net hod descr in the thesis cited above. invention 1s based on the

obj ect of pPE¢ildi-ng Bawet h& ¥aiorlef i Madd B eqiiédEehsy sowmd modiilles for
15 Woodland, Entropic Ltd., Cambridge 1999, these sound

modules are referred to as triphones. In this 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 subsegquent phon in this

20 case.

In this known method, a group of sound modules
(triphones) 1is stored in a databank for each speech
module, which generally 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
30 the sequence 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.



synthesis of a speech signal in corresponding to a predeterm ned nodul es,
with this nmethod having flexibility. a tonal |anguage, sequence of speech a
hi gh I evel of The object is achieved by a nethod having the features of
claim1. Advantageous refinenents are specified in the dependent clains.
Using the met hod according to the invenBion, a sequence of sound nodules is
defined for synthesis of a speech - 4 signal in a tonal |anguage,

correspondi Rghdrp BcREpREhenH NEde SeENGR A SRRt SOdH eshel NsdAEh - a

group with sound sections, which contains the sound sections which can be
associ at ed WA g% s%eéé’ﬁ’@%dﬁpﬁ?t?fggcﬁﬁbtﬁ r 85porif n§* P8 Pea’h of the
speech nodulssuridy thedpredet esm resk sesfienaad - aa Seabdenvddliel s 14 each

case sel ected fromthe respective oups_of _sound_npdul es for. each speech
nmodul e in tﬁﬁgﬁf%ﬁﬁ¥%biPF59°5%§P3%@e frOm t 5’1088?855?§rn1%%%t%%%%ch
nmodul e i 5 défdtmebrf otheacdspéc it iree ssonddnonddliés anda tgreougemrrethd basi s of
at | east on itapiljt AN el " i ndividual suitability distances
in a predet§¥%¥ﬁ5%P§§%J%ﬁ%gﬂ%fkggﬁ%gﬂﬂﬁ%ﬁﬁggag%é concat enated with one
another to forma global 15 suitability distance, with the gl obal

sui tabi lity @5t 2a0p@nguanbad es Velse dedabhRicng e suhbabilhdynehcdie
respecti ve sequence of sound nodul es_for representation of the respective
sequence of HRBENGDAMHEs, PR PRI2ReIseffeRc& S Lo WidHE e8RRi t h 20

the besfosuidahid i brdisbanchdebandsseséayed add hatte piedetenstaed
sequence of eech nodul es,, i n whi,ch cag th% so%%? nodul es congrlse
tri phones, & h COXTR SPERCE TGt SHHERES; é%ﬁho g OFYF t RESr e¥pEEL I 1R

contexts, antkddienisid | abl eseuBurbe tofhal tRd | dhgoageaarcy canpmsedtlaé one or
nore triphones. .The inventio us provy des .a nethod_in i.Gh e | I abl es
of a tonal Ioat"rf‘gqlld’b% At b %gn‘%g‘see&%&mi T phongs. 2T n H‘fie\ghcl;tsecgptﬁlég

princi pl e wmegtipwslatsiesh 30 for synthesis of tonal |anguages in conventional
met hodsy i n which the speech signal is regarded as being conposed only of
sound nnaules whi ch describe conplete syllables, is not used, and syll abl es

are al so codposedrespPeRfpRgn&ethnd stankdetarnigsaa| @ Eowsl sPadnisi ze
syl I abl es vejyi dH exi bl yrByraBans a@h veOUNE NDEé eSspeech module (=

representative) is known from DE 197 36 465.9. In this
document, the suitability functions are referred to as
20 association functions, and the suitability distance is
referred to as the selection measure. Apart from this,
this method corresponds to the method described in the

thesis cited above.

25 The invention is based on the object of providing 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 this method having a high level of

30 flexibility.

The object is achieved by a method having the features
of claim 1. Advantageous refinements are specified in
the dependent claims.

35
Using the method according to the invention, a sequence

of sound modules is defined for synthesis of a speech



- 5 5 10 15 20 25 30 35 According to one preferred enbodinent, a function
whi ch describes the capability to concatenate two adjacent sound nodules is
used as the suitability function, with the value of this suitability
function at syll able boundaries being reduced in conparison to the regions
wi'thin syllables. This nmeans that the'c%pability to concatenate triphones
has a | ower weighting at syllable boundaries, so that triphones with a
relatively kagmeancatrenasi ortaraiabi lahguaga, be coonosdmaiiath Wi tb one

anot her at syl l.abl e dar. ccording o rther. preferred exenpl ary
enbodi ment , ¥ eﬁﬁ%gfﬁgﬁg%hggﬁﬁgggér%%6§Fi €¥n§§§#¥é§kw&§:§hﬁf itch level at
t he transit rorgdaum eheh s semtdnoid el ews anwhdijchc ermntsoumel bbeulsoursl used as

t he suitabi Lj : ct ~WTNi e ts.d iat ch:level_,hei hed.
The inventi%%k&ﬁFPQbehgggﬁaiﬁ%ﬁ{iﬁﬂ%hea%% %gﬁfﬁg tgi%ﬁusfﬁ% t%gmgggﬁjngs,

by way of erafple, iif whleRen FiCeuIresPosivty ataeRed fof BRI oRech

sequence of psaufdsmMdukee PestRiREHey FequsR@ech signal, Figure 2 shows,
schematically, a relationship, between partial suitability functions and

sound and “sPeeERURBAUNESULE glf eslB- ;agleh o SPertied rambithay
function inraspeetdieat greypkenvtFi guied 7 mb@WBes hef P ofdden ofsgdwepi t ch
| evel of two gﬂhually adhﬁcent sound.sections, and Fugure shows,h
schemat i cal PPt fe d&si gh"8F aft apparheBsitoY sﬁ%&‘ﬁi St hesPE. theg A
text talbe pyertleesrmideds sparedl |yodul ¢ hesf dlabiofedanf @t eebchniodaldhe | egi bl e
file. This file.contains wjitte har act e i .t.on | anguage, such as
Mandarin. | ﬁoél% i Fnﬁéﬁlls eesp 1 Fit&gfg’ru 1‘31-E %%gsg)a\%wlist tcg%n %?agggggr St e

suitability function, and the individual suitability

distances in a predetermined sequence of sound 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

predetermined sequence of speech modules,

in which case the sound modules comprise triphones,

which each represent only one phoneme with the

respective contexts, and the syllables in the tonal

25 language are composed.-of one or more 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 i1is 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.



5 converted to the spoken sounds associated with the witten characters,

wi th each character in the spoken sounds representing a phonene or the
like. In a second step S2, a group of sound nodules is 10 associated with
each phonene. These sound nodul es are produced and stored in advance,
during a training phase, by segnentatioh of a sanple of speech. Such a
sanpling of speech can be segnented, for exanple, by neans of fast Viterb
alignment. ERcR HiHBNARe s UldSed il anbulbREne! SUIHARIA oYM dpdul es,
whi ch are each conbrned in a“group. ese groups are then associated with

t he respect PgscribgiioneBe AaraRickicey oftsuFPEBRECHASEPSLBP FBliRFeRfdul es is

thus 20 det gbhredddn 18R sShsddese spunduipdulias cheimmasisnr afathwith
the respective phonenes, with their, |l eft-hand and right-hand caontext. These

phonenes wi the hE2Leet - Ahndthd rFyhteAahiteont BREE5PR rat erfed aRt &is
triphones, adtncepriescbeimy spdeckdoiiul esmphrtikent exé 2Zhet ardifions

synt hesi zed. .Parti al itability functiaons, i,ch_each result.in

sui tabi | i ty"ai 5hc§¥?5§$ eﬁaldﬁ?%?edm%HHEtg a§3.t$ﬁe %ﬁ??gb#fk¥y % st ances
quantit ati vebycdesnritiee tirhigplthesuihabi &1 Lywot ke ghedpertatv esygldlatel erodul e
for represe i .Qf, the f i : Le, _or q e of
speech nndu?%@&' |§%Fé 258h§§§?¥2p éﬁ%ﬁﬁ%%??gaﬂi rée E%%%%Esﬁggu#§55881,
SB2, SB3 t ochacamsneremredcapabt hi by puusi bee gt enaks@swiBh, B2, 35
LB3. Theysound chRdulg BY 11318 BRIRRIaLfed he group which is associated with
t he speech nodul e SBI. correspondi ng situation applies to the pairs SB2,
LB2 and SB3, LBS3. The suitability of a sound nodule for representing a

speci fic spaeehrndld oy depend onpekféereat ekbinbehiry: dnbddinedd) e,

t hese crlterlgvgﬁﬁ:be 5 subdi |ded,bgto WO classeg. The criteria in the
first class®y 9 Wit tRpArFEY L SaéﬂﬁxW??%hs GRYSRBd e BB ng
able to reprnesent atspée f teaspeéedbnnofitbre SBRE petnde.md@iuice aosefpuence of
speech dul nust_ in _each cas copvert tg.a r r espondi sequence
of 10 s%%nda?ﬂﬁﬁleélst, and -sounc rrlll)PuI e%gcalnlﬁ%g b%sco(ri:glft ena l&oég\?ﬁ‘gjl%t%ne
anot her in dmngtcdom.r olTieids nenasnltsi nde undesi rabkehar tlefvadt s eaimaccur at
the correspgpdipad ransitions fromone sound nodule to the other sound

nodul e, the second class of criteria represents the 15 suitability of the
i ndi vi dual sound nodul es for concatenation. In this sense, a distinction is

dr gwnhbet weq'hhea ﬂg«%&hﬁé@& get 1disd aaep1hehwaen d _h?hé n@g}lil@klﬁhgsgé@@t rmdulhes
and the_ speech nodul es, and a concatenation capabilit stance between the
20 i ndi %‘?duéﬂswuﬁg‘%lﬂwéﬁg%hgoypéﬁ}f a‘?gs‘%ﬁ‘?rg%af‘?i t&xf’ﬁht‘fﬁbns are
explained in nore detail further below 25 In step S4, the suitability

di stances far. equence _of so e e, ld tQ f | abal
suitability%gisr%hgé. InS?ﬁg%eﬁgg%ggﬁgbe%%%gf%%%gkgg_ogdfég %%C%hégﬁ
invention, 30 the val ue sange ohcgdrlephefeui tsithesis umdt i enssres@rs the
value fromO to 1, with kigepnesponding to optimumsuitability and 0 to

m nimum suitability. The partial suitability functions can therefore be

li nked £® one anot her by multiplication using the follow ng fornmul a:

Egl obal ~ ~midmpar to al Metwkwes O ideiématically, 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.



_ g _ According tothis fornmula, all the partial suitabilitydistances
Epartial of the individual suitability functions(criteria)for each nodul e
are-multiplied by oneanother, and the products which are obtained in theb
process foreach nodule are in turn nultiplied to fornthe globalsuitability
di stance Egl obal. The gl obal suitabilityd stance Egl obal thus describes
thesuitabilityof a sequence of sound nodul es forrepresentinga sequence of

speci fic spegc dule -@_% ] rang l.qbal, suptability
function ise&;nggggaik’% i%r?ther ané/%l#l?%mfg ﬁggi\%ﬁ\iijy?ﬁrbq:c}beﬁr QHBnafng™
t oni ni num sUFteBFTPRycaihy legdbhexifmlm.siitizbifily. contsinp &%itthkat

sequence of &Sarg-redyl es iaS 8lLct g, i chyulkg t itable for
representing.the predeterm ned sequencggeyé‘—fl)%f@'spelelcl?fﬁfl r?oggu: es&aflﬂnt h npf—’lesent
exenpl ary enbodt refitePt Fils {FEqUER Sbqusheseofmidiirn noatast ehesergl obal

sui t abi | Bty athstenced Egt@balhdasdderdr eaiesis V%'s‘é%ci%Q:eg‘C%ittExe thguence
of sound mqulfgtMi CE IS tsthe nost, suitable for representing the
predet er mi ned sequenCe3FACSFESeh bdul E8CRaCHRERCHRY edmi it SRekepeech
can be produwseahdy sepressnvehy auphohbimBgotrhehsoungenodul es, 25 in which
case the sound nodul es can, of course, be mani pulated and nodified in a
manner known per se. A nunber of partial suitability functions are
described i ntthoee @ecard i atehe $21 1 v mrdwxt ofandcuhesemednllke 39sused
i ndi vi dugl | Ya Mo d ik Coibinati [ sh e_profile of the partial
Gim bv\%ih bt gﬂgﬁeﬁgul e 53¢ F’BHPgt RBLes sﬂg

suitability function ES which give Mo ar ge fn in

Figure 2, amtFedredestnd bestadrd r et esedivant¢oenedsrongt he respenihye sound
nmodul e for ghysset ByMQISReachBSc M| Eambl & h a for the
mat ching of a saund nodule as a reprgsent at ?{/nie), et ﬁoa% :géeggﬁgaf/éqcﬁjataa sound
nodul e to besaélgfﬁejﬁf%do' s SPESAI cSPR PR BETBYENSEhal £9T aexiasu lat,edogound
nodul e and imeeans of 9fasui el biepi Esgmhaht Ve rhoh the (idLespasdi pg speech
nmodul e. 1 dhe ﬁ)uiglaﬁiuhl?teyr fouglcti 0 %%f i's a%sgténed tf be | near 5 between the
sound section wit & " Wor sf’ulg e foungomednles; | Wiyl simhceaahd t he
"best" (ES =ombigifd abnl| iat yorbgd anThes0 gioRfs are then associated .
with the respective triphones.

A sequence of suitable groups of sound modules is thus
20 determined in step S2, 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 synthesized.

Partial suitability functions, which each result in
suitability distances, are calculated in step S3. The
suitability distances quantitatively 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 SB1, SB2, SB3 to be
implemented and three possible sound modules LB1l, LB2,
35 1LB3. The sound module LBl is a member of the group
which is associated with the speech module SBl1. A

corresponding situation applies to the pairs SB2, LB2
and SB3, LB3,.



25 Figure 4 shows, in the formof a suitability function, a neasure which
descri bes the |l ength mani pul ati on of the respective sound section by the
adaptation of a specific fundanental frequency. It is thus a neasure of the
original duration of the sound section relative to the synthesized duration
of* the sound section. Discrepancies within the range between a | ower

t hreshol d val ue | UG and an upper threshold value | og are regarded as not
bei ng problematic. Beyond these threshold values, that is to say bel ow the
| ower threshold value | UG or above the upper threshold value | og, the

]parti al SléiltTg‘b’i |s:§1ii/ta$blﬂﬁ_%§ag oEl_aSy%ofufrﬁ |1$9@1XD]?I’163H11 ai:é#rel_?_h&iﬁgi taalbi i t%
unction yn.i.s described by t ol L.ow ng .for a: he. nean | engt

i s normal i ZBESWH S esPREEEo d?ﬁcf‘]@er’n Seder fispﬁﬁn}ée t fe dldslgfe%%ﬂ&/
relative. Thirdteariti.al 3nitabrintyplencti ohek& Syeriseaiso noayml ilzed with
- 10 respect.to 1 ty,. resulting,li nogyl e . di stance., Fiqure 5
shows aebf)ar iug lé’&irateé%ﬁqttoy ?‘%’J‘#}c %8%8\%5i'c% déelg:f(::tfg?%:é% ?%}e t%‘:%scérzle]%%ltncy

bet ween t he cpiasseh dasiesin dfhe heustaintdl Hodubé andprectidrigetsfundtiamedtnle
frequency. Tae mbdfly! axtle disCLepaamed:e! 81 idedi® ik PLbeBcheRlgassoci at ed

e
wi th that sound nodufe In the nonitani pul ated State should in this case be
as smal | asSB3.p&sY e, SHHIe partealresoet abi sPegchumMoGudiesEMuSh Has t he

fol l owi ng f@ueh Idhddi BeCasras ot | tot Be déememsyainds seofRldezess Wi t h
respect_to the md-frequency f~. The suitability function syn is
nor mal i ¥@d ®PURS A0 AR tSPUR TBPELSFr EGUBREY NRarcARIE SR&t*ff i ned
as fog, andwathowehef r egogmey pamanerer wkordollledariddesui tafdaty
functions shgl\gn i.I} %I %re E gesgri beathe dc_j scregan&)r( which results from
the adapt at FORSSFTASEUNAT58EEFER (PR RAfdHeftal 7P ediEmS P BN the
energy in theaseind gect f oomawhe25saunBamadilie. tFhithearthalr ssovmdbility
function i Smro%ﬂrl%s,en{:ﬁg bé/eé&?df cHllé)sVA n%ff OEH‘:@ria 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 S4, the suitability distances for a sequence 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:

Egobal = 1 [T Eperta (1)
Modules Criteria



- 11 In this case, Eo is the nean value (expected value) of the energy E,
is-a |lower energy threshold, Eon is an upper enérgy threshold, and 6~, is
the energy variance. The suitability function EEal is normalized with
respect 5 to unity. The length 1 of the sound section can be used as the
criterion instead of the energy. Anal-ogously to Figure 5, this results in a
partial suitability function Elal 10 for assessnent of the relative

di screpancy, | epgt a he u S ' ] b

adapt a? i ony}}éo@?%%erf%nggng&qgl n%%enggjleén’cyﬁ%nlegpggé%tﬁ?aegﬁ%ﬁgt%géﬂgyl ower

t hr eshol d aticsttances dheeiboroft Hée ey sdual esohtebagaty prsdéetiensi ned, so
that the 15 ] j 1yt NCL.l E e e | ow n

f or mul a: (éﬁhééﬁiéﬁigf$gui%ggﬁli%@b#gﬁgtggﬁi gﬁg?gﬁéggegﬁo%g egg% 20 )

result in @nekife t anget LEPSIRIMEICThes @il t aBF i ehtaimedi dis Kag be
consi desed g ki Lubly cBEh MR Natd odnf e assessemMti i tHersennd

sections. The partial_suitability function Ef Syn, explained above_25 is

used to assE¥® tHEORRScr EPaREP I betiee i@ hddimeeal  f FRGueHe§Prlof the

sound nodul g teb ol 1@y get df yadaaent alE fraquersiyud m Goscsypebesi shef a
tonal | ang IS exg%dient to use a par{ial suitabiléﬁgkjtnltion t hat

uage, I
i s nodifi eds"?]r%?ﬁ”t%%@’ andT30 Shi ERIBEEESset he SaFFer &2 T wesfiTt he
frequenci esreresenisireg e ssequenurd cfecipanistiat $ipeechj modtiien. pThet .

Flgur616 SNR¥PueSEQSSBtb%aMﬁ@ éi@%éiegﬂggg%ility function is once
again in the range from 0 to 1, with 0 corresponding to

minimum suitability, and 1 to maximum suitability.

In step S5, that sequence of sound modules is selected
15 which is the most suitable for representing the
predetermined sequence of speech modules. In the
present exemplary embodiment, this is that sequence of
sound modules whose global suitability distance Egiobal
has the greatest wvalue.
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 in 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 1is 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



- 12 profile for two successive sound sections LBa and LBb. The sound
section LBa ends, and the sound section LBb starts, at tine t0. There is a
frequency difference ~f at this tine, since the sound section LBa at the 5
frequency fa ends at the tine t0, at which the sound section LBb at the
frequency fb starts. In tonal |anguagesy the pitch level is associated with
meani ng content. The pitch |evel or frequency of the individual sound

sections is thus f fundanment al . . nportance, r an he

synt hesi zed Sélﬁg&? Fﬁ??ﬁ%?%?%?l?gr g}eoﬂ e%%ée)ncc)]/D eé%%ceij ar}%et% f
transiti on fmodmlene sound section to anot her sound section result in the
formation of artefacts. It is therefore worthwhile assessing the frequency
di fference between two 15 successive sound sections, with a small frequency
di fference fagr esehtabilyond Bmatinn i By, ¥ pasSEIES uLPabPei thiFeAEt i on

such as ¢ hi $¢aRPe he B AEbed oo X@Ph echas fekkews (g Lnithi g case as
well, it is once a%al n necessary to, provide an ug‘&e} paramet er for t he
nc

fr equency f Sug takd 14 troRes tpacametst H% RSt T e Yt St 5 §i%¢e this
partial suigakitlahice .function is used to determine a suitability distance
bet ween two successive sound nodules, this suitability di stance represents
a concatenation capability distance in the sense of Figure 2. 30 Further
partial sui Falulret Vi fskm‘x&si onsnf ehedezom bhhgat baicabdatieyatiwrnctciapabi ity

of succ sive sound R f th hesi s
%nkée‘t enattve Spr a%h S?§%gé8}§n@t %}?%nbén@?le agl&é §'gﬁgcmca éenat ed

speech synt lés srespﬁgti‘aegesqimdabalelc§]lonl\/ab1/| rtiol 2dpbdlat ity Dpésden,

2000). The pajdli;al; Suy n{érfealf %&@éﬁcyﬁyzpelgseﬂuenacmﬂﬁté W th 5

t he above SU|tab|I|ty unction Ev, I se individually, in the nethod
accor di ng t@htehemraﬂe?ﬁlu o@prmenepf ftéae tHRUYr PBSESOBf HeHe Giveertt? on, it

I's expedi enteHeo \Aeyﬁlahegbeeew tcﬁme&tianfumpﬂl oRfeEV, s¥hthgh dkdessti be the
concat enati on suitabil.i unction of the r% ion in whic he

concat ehat i & %&P@éﬁq IU&SﬁéH ForCexhfftee t RET¥ERCat eflat i
sui tability thetesgend walsaurdseati ams Wqiper syiitadtheldsvabnei des adxtey nore

i nportant than at t I 1 abl € 5_boundar. t. t he r t ence
boundary. Si r?(,g@ th%gpresent ]%xer’r%l a&jrydbr%be atlé %%gg\r}gl uZt%pange of

the partial témetsaulmﬂd t waflyest i ortélats b@tm Csaeznd bLele isheoskivr®re to
obtain a weid %gte%@#o%ﬂht@ﬂ&étx unet LeBvEIG HY GppLy| @ﬂr@s‘ﬂ%‘lgihtx}éﬂlé act or

to the gower e unwei ght ed suitability function Ev: In this case,

g" is the wdicghti hBef ad@éitiathe $inyRePilhBY chdddr bd@yht Fngrf aci®d¥ls t he
rmre i nmpor t a¥pdrernthelly.

This suitability function E; sn 1is described by the
following formula:
25

(3¢ [

1(é~b,+€,, 1Y 2-1,
e"I{ 2[ ‘o 7 for =€, > 7

-1 -
Ee_m( “J=< 1 for —4«zl,a<‘e te <l {2)
{ Ly

2
1 (E=ty~ly 1 -1
exXp| — — | e X 2
p[ 2[ {p Em)Jfor oo < £

The mean length lp is normalized with respect to unity

in order to make the discrepancy relative. This partial

suitability function E; &n 1s also normalized with



25 concatenation suitability between two successive sound sections.
Suitabl e values for weighting factors are, for exanple, gl = 0 at sentence
boundaries, g2 =2, 5] at word boundaries, g3 =[5, 100] at syllable
boundaries and g9 1000 within a syllable. The value of the 30

concat enation function Ev thus has a-wdi0ghti ng factor gn applied to its
power, for which reason small values of Ev with a high weighting factor
result in a ggbggEedt§y|tgghkyty1¥ég&yg¥h | osg tq O0.5@1Ehe Bl ing
factor values Stated above, only an unwei ghted 35 suitability distance
which is onPysS§BNERt|Iy | ess than - 14 unity can be assessed as being
suitable for selection of the correspondi ng sound sections The use of such
a weighting_results_in the 5 concatenation, of_ o pse spund sections

Wi thi s SYFREBFS vhi CHIOT: G BORE Aot Mo COBYL b6l | oy thus
in this svaydpsedided byhe&earisafegambwi ﬁaa@eaun@ee@tutms vevéli pones. At
syl | abl e boundaries, .on th other han welk ght atenation 10
suitabili ty%ﬁﬁy B! I?:%r F“é’%‘ di 7 ?y | og/éfggs ﬂf‘%@%‘f‘ to?LIft he SDW Vet 1'ghti ng.
The wei ghti Mhei pidnde agueh dowrgregdedsonebhningt tworal povrtarliesel The
use of the weighting faqtgghglthaQ at 8EALeNGE, Qoygdargps gﬁ nsI&H?t no
concat enati on SUItabI I's necessary at 15 sentence boundari es hat is
to say two @enﬁ@uéé@ﬁdor%tmséh@eﬁé’at@’hat:heﬁ stAIabbEi tas deBeahcas s equal
to 0 meyy foblbawigne .anphher HirSiont €86 tARYNdaL esunEtgyhe B ghows d he
schematic design of a conputer for 20 carrying out the net hod® accordlng to
the inventi &he frd lowipet &OHHEs a data bus B, to which a CPU and a data
menory SP are connected. Furthernore, the bus B is connected to an

i nput/output unit 1/0, to mhlch a Ioudspeaker L, a screen B and a keyboard
T are 25 connected. A progr iy_g%rryl out the nethod according to the
invention is stored in th ”E't J; mbse, a text file which
contai ns the spe onv d to sound nodul es can be entered
in the data ;C thod accordlng to the 30 invention is (8hen
carried out by nea \M} e\ speech nodul es being converted to
sound nodul es and belng o %TP { e_t utidrogtpit yunit on the | oudspeaker
L. In this case, of coursé, {t2iksfposdibl ¢ for the Concatenated sound
modul es to pe nodified and 35 to be altered using normal processing

met hods. The essential feature for the invention is that the tonal |anguage
is conposed of sound nodul es which - 15 describe triphones, thus

resul ti¥y i Anmaiihsimcklsexi a8 iwadl Fothehef prapenres & iL8e daweatizedit is,

of course, ghise Passpdle ker ewnglané%esee@o £9. degeridhs ol ate
syl | abl es |% t he .t onal Ian%ua%e

unction Ef syn ormal:tzed with respect to unity. An
upper frequency parameter is defined as fos, and a lower
frequency parameter as fyg.
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 1is

represented by the following formula:

2 \Ey-0p
Er si(E~Eg )=+ (4)

{exp(-l-(E—E@ )~] for O>E-E,




5 essential feature is that sound nodul es which describe triphones may al so

be.present, and nay be concatenated in an appropriate manner. Particul ar

account is preferably taken of the specific characteristics of a tonal

| anguage by the assessnent of frequency 10 differences at transitions from

one sound section to a further sound secti-on. The structures of the tonal

| anguage are taken into account in an appropriate manner in the

synt hesi zati_gn rocess t he i or,di the |nvent of

t he suitabi IIiOri yt usgccfa% %l &R &ggcrl al{lg%aef‘g%négkgggit%on c Hct'® |st| CS.

- 16 Patentthd amerdy. B\ riaichod Borl adesiy ety @y selgueateldi Eeturnds nul es

for synthesi h n atonl oslen uzégl%f e wth a
ug)ﬁg B RERE N §LO0A 1&1 %n ﬁ gflgzo aﬁﬂét @S

predet er m ned sequence of speec in whic ound
sections, whiiheh scmﬂaéiuislttyhétgmmcprse%tm@ mwk%ﬁ%@h@%ww%@tw th
t he speegh AWty s chosen corresponding to each 10 of the speech nodul es
in the predeterm néd sequence, - a sound nodule is in each case sel ected
fromthe respective groups of sound nodul es for each speech nodule in that
? sui talﬁi | }tﬂléjiﬁé@@@ﬁd 13 dl‘ﬂ oméh@o@hadeé@cﬁm%@dgaa_e&@ apdal ed scwlef i ned
or each o saund nodu i roup on t Sis 0 st one
Sul i1ty FHESGT HRETHE PRoEPRIBIESEY | aBnPLOgOHE W atcea TIREE
pr edet er m neq steiqmanx:esoitsound ampad:ESaar eud@abinkey tHunmei@anothgl to
forma gjob ui t t n ilit ance
quant i tgél ve oyrsdess%% éln%l h%fgu eb|| %léaf%etghe(?%l’e%lséeg%r?g sel)c[]uen%éé of
sound nodul derfaith r egraaxeent @@ f ontloé theuaé r@@p@(;tme Eqeencee of tlspeech
modul es, - anddpddy dib seayenog, of r3auBdorRdll e dfa-dle best Sybiabi ity
se of speec

di stance bei ng associated with the predeterm ne uence

nodul es, chafr&a@ddlfedl@o 2n LIwar t Heresinddmidul @3¢ are e igistifestonhi ch
each conpri SchéJFILéhng}E @hmﬂ@é haghenr psReckieraieelt, exdcs, crand yhd h

syl | abl in the.t ge bei ng conposed of one or nore trlphones 35
> The. f8t how ettt itved TEHCE G B e nardi: G Ssgoresepsed by

following formula

(1 (e-2, V)
mm(——-( £ ) for o>£-1¢,

2 \ Ly 0, J
Ezd_ar (£=£4)=+ (3)
2
expl ——- for o<f-¢
{ 2 (‘euc'a't J °

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 Ef gy explained above
25 is used to assess the discrepancy between the
fundamental frequency £ of the sound module and a
target fundamental frequency fp. For synthesis of a
tonal language, it is expedient to use a partial
suitability function that 1is modified from this and
30 which assesses the difference between the frequencies
of two successive sound sections at their junction

point. Figure 7 shows, schematically, the frequency



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 5 predeterm ned sequence of sound
nodul es are nultiplied by one another to formthe global suitability

di stance. 3. The nethod as clainmed in @lzaiim 1 or 2, 10 characterized in
that a function mhich descri bes the capability to concatenate two adj acent

sound nodul es | as t he sy ity f t he v of this
sui tabil i typfrt? ﬁtd ei RE° welgh %@gkkg dgct"’ltj{EE eén%?tléglI VEPaBi™e Eﬁ%dar. es
t han wit hi nThd Isatalret séctThe riﬁdwo%h@ws caadnenhe nsohadmﬁctclwar deBleri zed
20 in that it I f ugct i ch descp qa%._ tien
capability Isg%afl%lséo \;\aagdl ‘lh'IL g@ wor sent enckelg%gﬁkdarl es ecrg]i'hAePnet hod
as clai med it cichilm 3t@me4 S8NERar ‘ab?er $9ead nseakionhelRei ghti nghes

carried out f%uRARRIN Ng. a-MeEIRld Ngnédactigle (80, t &t hgnpeMernef ddieng
respective suitabilit functions. 30 6. The method as claimed in claimb5,

char act eri z&@GtHFhatiBthe afei gHiS ngflteaif}t‘%ﬂcx g | Sttt er PharFa®dd wi t hi n

syl | abl es, aradxgtuta@e@el gbhé nguft@cht OIe\(eB) ilsS éo@éweatédamtho%@énﬁﬂél abl e
boundari es. net hod as ajs i.n claimB®, eHactr&E jze

"n-That ¢ he SRR n TR Er oL3 Vb Bot BEH 2 aHd % & it es

and the wei @hiurrm i;actdmnégla)slShaquacbft(itﬁtdatmem:rat]endmpb@uadarel efor 5 8.
The net hed i n. on f / h teriz in that a
functi 028\/\,{1%0 i e%st(r:gr%:anmg t Pn% Qt}t gtt\lfr\%estr}%teﬁe %P?c EI evae F&e rrtl%e'adj acent
sound nodul dsxige ufsteema@m}}'leds@lfeabnbesy aftunthhé o rah@igionhe nomt mmieas

claimed in queff chebinl db Bnoffiaradeidedabl shat  the i ndivi dha

suitability distances 1n a predeterm ne sequence are t o one anot her
15 by nul ti plarEabion Wk h ateiaatsbi Tty Jeﬁsttatrenéef%engmmtltwt@ﬂ«w ue

range from QdsdskimNd kHeO! r SSREAMMY, t 0 DRt # A S&li t abéifddn andePot 0

m ni nu uitabilit
nlg 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:

( \
1 fo~1,
cxx{ E(U AT )J 0> 1.~ 1,
Ef sy L fo= 1, )—1 (6)

U+ 70, )
S e R

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

20

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

lower parameter for the frequency f'ys.

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
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ca] ca] ca] calPta] T} caf€aPta] ta] ¥atEa] caftal A T Bt ¥Y():50% & ()
- 0% () 1bXa¥RA%®' Fpr! ackbfiile, the concatenation suitability
& ()-110% & () -, w3  F"10%:&.()-M . F:10% : & £)-M F"109& ()-g't, F"109& (
)-g!~‘F"109£g%y?§PtF"E88&f(796§d Q%cglons o% a sy f%gie is
considerably more important than at the syllable
15 Dboundary, or at the word or sentence boundary. Since,
in the present exemplary embodiment, the wvalue range of
the partial suitability functions is between 0 and 1,
it 1is ©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, gz = [5, 100] at syllable boundaries
and g4 >> 1000 within a syllable. The wvalue of the
30 concatenation function Ey thus has a weighting factor g,
applied to its power, for which reason small values of
Ey with a high weighting factor result in a weighted
suitability distance close to 0. For the weighting
factor wvalues stated above, only an unweighted
35 suitability distance which is only slightly less than
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unity can bé asséessed as being suitable for selection

of the corresponding sound sections.

The use of such a weighting results in the
5 concatenation of only those sound sections within a
syllable which "match" one another very well. Syllables
are thus in this way produced by means of individual
sound sections or triphones. At syllable boundaries, on
the other hand, the unweighted concatenation
10 suitability may be correspondingly lower as a result of
the low weighting. The weighting is once again
downgraded somewhat at word boundaries. The use of the
weighting factor g; = 0 at sentence boundaries means
that no concatenation suitability 1is 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 keyboard T are
25 connected. A program for carrying out 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 to sound modules can be entered
in the data memory. The method according to the
30 invention is then carried out by means of the CPU, with
the speech modules being converted to sound modules and
being output wvia 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.

The essential feature for the invention 1s that the

tonal language is composed of sound modules which
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& ()- @z 19r1£§og)- ng a so be present, and may be concatenated
in an appropriate manner. Particular account 1is
preferably taken of the specific characteristics of a
tonal language by the assessment of frequency

10 differences at transitions from one sound section to a

further sound section.

The structures of the tonal language are taken into
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.
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respective groups of sound modules for each
speech module in that a suitability distance
15 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 of sound modules are
20 linked to one another to form a global
suitability distance, with the global
suitability distance quantitatively describing
the suitability of the respective sequence of
sound modules for representation of the
25 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
30 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.
35
2. The method as claimed in claim 1,

characterized
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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 suitability function, with the wvalue of

this suitability function being weighted
15 differeritly at syllable Dboundaries 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 applying 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 (gs) is greater than
1000 within syllables, and the weighting factor
(g3) is between 5 and 100 at syllable boundaries.
35
7. The method as claimed in claim 6,

characterized
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5 8. The method as claimed in one of claims 1 to 7,

characterized
in that a function which describes the match
between the pitch 1levels 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 value range from 0 to 1, and 1
corresponding to optimum suitability and 0 to

minimum suitability.



