WD 99/ 07132 *159159* PCT/ GB98 2299 1 GENERATI ON OF VO CE MESSAGES The
present invention relates MM“HMM nﬂMW‘ for and a nethod of generating voice
nmessages. . It has particul a relation to voi ce nessage generators
.which 5Swyeraerste one or noreupypes of nmessage, each tyoa/aEvsRIEage
havi ng an invariable portion which is common to all such nessages and a
vari able portion -which nornally différs fromone such nessage to the
next. I n many exanples of such voice nessage apparatus it is undesirable to
record, in 10 their entirggMer@hbh®sToRIEMEESAGESS that mi ght be out put
by the apparatus. Instead, benefits are gained by storing only one

I nstance of the invariable portion (sonetinmes known as a carri.er phrase)
and usi ng thatprésant hﬂe@ﬁiﬂﬁﬂ’e&ké.@fb @ppardtls fOESRIOEPTetRdd bNgénetting- voidee

vari abl e portion of nes message-specific information can
then be ouf5Gt29%Ft 0t ﬁ% pﬁ'é'rcf’"agf""%ﬁ "éé%a‘t'%‘ t%’fqb"eﬁ‘éF%?PE agngpts Mhichressage.

| n sone %agesera@amiedethapegel ocefeswapé\shhrtgpé of ma&bgwﬁaﬁmgbd:relnvanable

nmessage- sp%ghflc hmnfgrgg%%gp cal bg us% agel 4 d a? Né? etter to
synt hesi sePSpeech "Corr EEPoRdi Rg® %8 ?hgwﬁeékégg sﬁé@F? qWW?ﬁ 9%n. 20 To
gi ve an exanphalyclifféerhérofroemeesucbassssagentoithe oextat | on appar atus f.or use in a
nmetropolitan railway network m ght be operable to output a chosen nessage
for each of around 200 stations in the network. A carrier phrase for one

type of iR awGE expryples ohEuchEoica essageaAPRanatusibig wsiesicabishtonrgeord, in . . ' Any
one of §he RGO egﬁreﬁ aBII %sﬂ@i@‘%eééa@@s RS Atfht SREGUIuE By BBbdr@gs. M ght be
i nserted into the generating a specific nmessage. Those skilled in

the art w wst?a@mbieg%f'tf H‘é& gf'n%d By §toring (palvc efifpinetenes, obhe iRgariahie rofkan on

appar at us WedrhetlgesSkiiWd ias antchiier @HtEEdand udingitRst B tHeegdHerkitidl d¥f all he
carrier phrase is used for all % the 2 0 possi bl e ssg%es. 30, To give an
exanpl e of 982985 (Br BYsdYPY voil 82 WLl Lot rdt & %298 n 9M"hor t ant

conponent |mnesamgeamamat nsorofativabdad tienebabbpdthevithetiepleamiec phedsei tval of

i nfor rratllson stog | n.a database. |f, say, the database contains the names
enerate a ECIfIC essa

and - elepﬁ%ne nu JPePPT ons of people, it is inpractical to store a
recordlng of
In some cases recorded speech corresponding to each possible message-specific
information can be used. In other cases; it is better to synthesise speech
corresponding to the messége—specific information.
20
To give an example of the former case, an information apparatus for use in a
metropolitan railway network might be operable to output a chosen message for
each of around 200 stations in the network. A carrier phrase for one type of
rﬁessage might then be ‘This train is now approachihg ......... " Any one of the 200
25 station names (the message specific information) might be inserted into the gap in
generating a specific message. Those skilled in the art will realise that the cost
and complexity of the information apparatus will be significantly reduced if a single

recording of the carrier phrase is used for all of the 200 possible messages.

30 To give an example of the latter case, a voice message generator forms an
important component in an apparatus operable to enable the tellephonic retrieval of
information stored in a database. |f, say, the database contains the names and
telephone numbers of millions of people, it is impractical to store a recording of

every one of those names and corresponding numbers. Hence, voice messages

NI
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every one of those nanes and correspondi ng nunbers. Hence, voice nessages
*000001 * WD 99/07132 PCT/ GB98/ 02299 2 out put by such apparatuses include
vari-abl e portions synthesised froma text signal representing the nane:

and/ or theydeyiaer, concerned. Again, a single recording etr/gaesidhdel €r phrase
such as 'The nunber you require is......... ' can be used in generating any
possi bl e nessage of that type. 5 However, a drawback of conventional voice
nmessage generators is that the' carrier phrase may have characteristic
gualities which are different ,from-t,hgse of the massa}%e specific part. ’
These qual i UTRYE BY $i5h aPPREPIYERS IRFIYHs B EbIgPofigng syntesiseditioaya tegsignak onat i on,
speed of delepre@bntingl tAEGERS andldel tidGurhibdf @ondeliedl. | Sgairs REsihgé tetofding &F 10
nmessages cont aini glg_gboth recor,&gd and synt heti.c speech, Si nce, gwj ng to the
const rai nt s? GEMESERATS SHEDY 28 pd 8 HMUSASE hOYi LWEC ot ogy 521 % 4o Ieel'y that -
t he synt hegdneemding@ing @ossitié measage lobvert tyyiet ch and dull er i ntonation than the
recorded, voice. 15 Another situation in which such a di:sturbing ehange of
quality mght present a problemarises where a recorded word is inserted

t o t he syntHeweswdadiavhack of conventionak voice mepsage lgengiatarsds dkat the carright be

necessary t S C t £X ks e Oy hi FRPRRI ShhS: hi f unabl e
to say the %rg% \%\rgyl h%o%ﬁ%t%g‘meﬁﬁ%éﬁawhgg%ﬁfilabn to ﬂ]ﬁs.tg%%vgf B’?dobl ens is
to pl ace a TRevagespecific pat.oridesqniges afghdindude higypsshpleveies: tiveliness t he
nmessage. ACSOfHbAMiohOshdel & ESi0BYy, IdUMREdsI MMy tHaenke. IThisPis Casbel@slyasdmht hod of
generating a voice nessage signal representing all or part of a nmessage
conpri sitfy Me§AgeaIfioRtainng By feGH’dSﬁoJ) nSYMERFYF i SREFE FH1%ei OWINgs R dheret hod
CoNpri si NQ: colEkintd NG ebnveandiedpdirh I éyekhesgenehnddggnal is dipélgswat ithg at

| east a mmj or part of .t he,j Bvar' abl e.tﬁgrti ter igpotng'igli g%nathréer%ggge& specific
speech si gnaYMPesitedswics 1Y Beva ©xer ARR VY rqule) B8R MER: TGREY R ng a
transition seigmal on the basis of the carrier and nessage- specific speech
signals; form ng the voice nessage signal by concatenating all or 30 part

of one of the carrier speech signal and the nessage-specific speech signal,
' 15 Another situation in which such a disturbing change of quality might present a

problem arises where a recorded word is inserted to the synthesised output of the
text-to-speech apparatus. It might be necessary to do this because the text-to-

‘speech apparatus is itself unable to say the word well.

20 The conventional solution to the above problems is to place a short pause before

and/or after the variable portion of the message.

According to the present invention there is provided a method of generating a
voice message signal representing all or part of a message comprising a variable
25 portion and an invariable .portion, said method comprising: obtaining a recorded
carrier speech signal representing at least a major part of the invariable portion;
obtaining a message-specific speech signal representing at least the variable
portion; generating a transition signal on the basis of the carrier and message-
specific speech signals; forming the voice message signal by concatenating all or
30 part of one of the _carrier' speech signal and the message-spscific speech signal,
said transition signal and all or part of the other of said carrier speech signal and

the message-specific speech signal.



*said transition signal and all or part of the other of said carrier speech
signal and the nessage-specific speech signal. WO 99/07132 PCT/ GB98/ 02299
3 Because.the carries and nmessage-specific signals are nmerged rather than
bei ng sep¥@ ¥y a pause, the output of an apparatus BPEGBISIORIYIi N
accordance with the above nethod is nore fluent than has hitherto been
achieved. 5 The word 'signal' is intendad in this specification to include
el ectrical, electromagnetic (including optical) or like types of signal.

It is to be t e nal s may
derive fr omBlE'I@%gE :ﬁa}?rquggezgatngr R@T:s%raé é&%flﬁag‘angﬁzﬁﬁgﬁr@ &%r atgén %ﬁ

obt ai ned di qutydpmﬁa&se Tthe etryt af nrga@naraugpwkm i avcﬂré@cewntﬂma the
nessage- speghdielmPRbl id SofeOiuBRetHah Ak hiRerfPReRteRREdON of phoneme: |
segnent -representing signals taken froma recording of the sane speaker's
voi ce. Also, a speaker's voice may vary between recording sessions or even

during a 5 egas divded S%ﬁg&iapnas libteRa@f eihabin}s! spatiifitatioraN® tihéNideS | détdfical,
generating step involves th enera ition signal which

ns
represents §°f 3’??@?'?‘3"84'”3'&81"8 pEra Y '?‘G\ﬁb%eé °f)F'98‘?ai varies from having an

initial 'pitch simlar to the end of the Iead| ng one of the carri‘er speech

si gnal and ssa i fi e S eech si t o having a fipal pitch
simlar to t é %g‘;‘i‘nm‘ﬁggg at the Ce 319 on%e %?F"'f'ﬁé'gegﬁﬂaér“gsb"egew si gnal

and t he nessizgsan@dssaken. fhioe espeeje.hthsmgrr&k phrabe map s obtaneddivactiyafg@ntahat t he
resence,@f k: I i i e.nessage
p 107 ¢ %rog#.gé gﬁ?;?&}kﬁpé LS.@ %ur téhﬂgést%e E&cﬁfﬂep ﬁjg?&sl[ne}é%& the” 9

i's avoi ded. _ e metf _ es ncating
one or bot hcencatepatiop Hf rphemersq)e@mnsf @ﬁ@ﬂenmmsmms ke Hgm%mmd’mgcofs peech

signal to thee e%e%egmg Jolte. ARo! Qtsahadeee%nerrﬁgmvgq BetwadHRicBfdidg?! | ¥

equal to the length of the transition signal. This has the advantage that

t he dur at i ofetfionsHs eysf dwingea eeqgeingsseqypn-a| tered by the insertion of the
transition audi o portion represented by the transition signal. Preferably,
t he tranﬂstl o nal .generati step conprises; generati n'? a plurality of
30 trans] A SoTHE SR SESPI TR VR iR ST BLIR of
transition ta:ndumon igrial Gvhidhe pipesentsedl thipsisian chutlib optstidri ihosé @htalh ;valésndowi ng

the carrier fﬁ,%%sb.nasangmﬂla. bR sl §o GRE "dn8 T of SRE G64UiIrANSNd of Shd Lshignal s

-wi ndowi ng th
. speech signal and the message-specific speech signal to having a final pitch similar

to the beginning of the trailing one of the carrier speéch signal and the méSsage-
20 specific speech signal. This has the advantage that the presence of a disfurbihg

pitch discontinuity in the output voice message is avoided.

Preferably, the method further comprises the step of truncating one or both of the
carrier speech signal and the message-specific speech signal to the extent that the
25 total length removed is substantially equal to the length of the transition signal.
This has the advantage that the duration of the voice message is not altered by the

insertion of the transition audio portion represented by the transition signal. -

Preferably, the transition signal generating step comprises: generating a plurality of
30 transition pitchmarks, the spacing of which represents the pitch of a transition
audio portion represented by said transition signal; windowing the carrier speech
signal to provide carrier speech short-term signals; windowing the message-

specific speech signal to provide message-specific speech short-term signals; and



specific speech signal to provide nessage-specific speech short-term
signals; and WD 99/07132 PCT/ GB98/ 02299 4 mappi ng. the carrier speech
short-term signals and the nessage-specific short-term signals onto sai'd
transiti ow@edwarar ks to generate the transition signal pciBesasieesst hi s

met hod i nvol ves | ow conputation its use leads to a | ower cost voice 5
nmessage generator. In a preferred enbodi nent the transition pitchmark
providing step involves a linear interpolation between values of the pitch

of the VOI G JBRESAELaRir @,setetaﬁrshéh@&npé.?naﬁ41§ndttrhaws£+]g%§p@uﬁé Qh&}PEewnO” It is

found that the use of a linear interpolation represents a good
conpr oni se SEPRRE E?ﬁ‘étrﬁéﬂmq@%ﬁta"ﬁo‘t" QBBWatectbﬁﬁat‘%t'beﬂgfmhd the requirenent
for a fluent output. In-.a further refinenment, the mapping conprises nmappi ng
a conbination of a mnessage-specific speech short termsignal and a carrier
speech shorBeCpUseNS Berapd fnyolves '%@°’6P”%?’é'tbf‘s%'§i"lf 191 loxfer egst vsfce

transiti en nedsedergenieratorThi s has the advantage of providing a .sAooth change
inthe tinbre of the voice nmessage at the join between the two voice
nmessage portions. Preferably, the transition audio porti-on is ‘|Focated
around t he lgandreierred embpdioreentne Rdhsofontritehmark prévidihesteplinvionies avtmessh phonene

I's closest utit% Ia%oR%"éwanyvgl% V\ﬁfe{?\et;?gch c!fr‘%gr erﬁesggret <|Jr9gltr?‘er|]’dsu} he Varl able
portion of 't Vol ce nmessage. SThe effectof t'h 379%°" RCTéase
fluency of thaeransitioe andis agmionAcBoisdiongd ttbatathse@@nd adpeart m@ﬁfrpttlhveprpr esent

I nventi qg LH&REd ! RepRlsB¥isd8d oBBRAEGHhMBmIse® bbWeeA SRR FbiNI@nRnt Yof euowessage

signal representing a message conprising a variable portion and

i nvari abl e GFIRAIEN 20¢ithe HEPEPBIUIOCHAYAT SHRY!: means arranged in operatl on
to receive a carrier speech signal representing at |least a major part of
t he |nvar|ablefport|on means arranged in operation to receive a

message- spdBi i UrEfe IR QERnalne @Gp’?"é&)rcég‘éﬂ §SnEaRRINg @, SPMPIRRNISM Of bl e
portion; MEABSsags- &mmpleébrowtaﬁerrﬁrmgh@l Ganedanice spedch aRG-téraTsigiagral on t he

gié.sr} &géfgamgl d orcr%grre ) sal glu;nla'?y g’ptera tleo%l gl{c%markgnallhd hasV\Dthgga/dgantgge of
providing a smooth change in the timbre of the voice message at the join between

the two voice message portions.

Preferably, the transition audio portion is located around the centre of a phoneme
20 of the invariable portion, which phoneme is closest to the boundary between the
invariable portion and the variable portion of the voice message. The effect of this

is to increase the fiuency of the voice meésage.

According to a second aspect of the present invention there is provided apparatus
25 for generating a voice message signal representing a message comprising a

variable portion and an invariable portion, said apparatus comprising:

means arranged in operation to receive a carrier speech signal representing at least

a major part of the invariable portion;

means arranged in operation to receive a message-specific speech signal
30 representing at least the variable portion;

means arranged in operation to generate a transition signal on the basis of said

carrier and message-specific signals;



5 nmeans arranged in operation to formsaid voi ce nessage signal by
concatenating one of said carrier signal and said nessage-specific signal,
said transition signal and the other of said carrier and said

nmessage- swe@pd07¢32si gnal . 5 There now fol |l ows, by way of recgskeonly, 'a
description -of a' specific enbodinent of the present invention. The
description is given with reference to5 the acconpanyi ng drawi ngs, in
which: Figure 1 is a block diagramillustrating the conponents of an

aut onmat ed . eRALI I 1,.0Q. e _gener at or
of the pr esré%{n@aééﬁggﬂ?Hﬁﬁ%&:&%ﬁgﬁ%‘rﬁ%ld{‘ﬁo@{eﬁﬁé %Fsab?%gtn P'g%g??%%g%\a g%e j oi ns
bet ween t heonoyeft $ridicgwigr aigaal anskerid) arpsprnetsperitic ianaln sadesansifionvdigreh i ght

be out put byndtihe offR§ SRR carmie SIS Rkssabe-SpHcRickigfapWs the structure of two
data files set up within the RAM of the nmessage generator 6; 20 Figure 4A "

illustrates the pitchmarks corresponding to the abutting’voicé ' nmessage
porti ons st OTH¥ge NRYvE Ebllows, J by whB of | dxainpRt BRIyl he dekséfpiidR! kb sapesiAt ed for
the transition signal,; 25 Fiqure 5A shows how the short-term signals
derived fr o?ﬁ“?%’é!“?'&a%fi g %Fbﬁ%él'“"ea?@-t‘r'&}ﬁp%"a”f%'°f‘ H& 9fveRn¥ith refarenre fa

pi t chmar ks; theiagtsrapdirghiawingo\vin Whichshor t -t er m si'gnal s: -deri-vedxfrom t he
trailing signal are mapped to the transition signal pitchmarks; 30 Figure

S5Cillustrates the conbination of the processes of Fi gures 5A and 5B;
Figure 6 ill usthiaires! ihe bipeciddiegiese diustatiigt thencaorgpdnastss bbb -duesrmated gnal s;

and YO 99 07132, o6, CERRIA260m RcEloBHio G, IRAEL LiAkhir f bsiadg the

effect of the ne d carried out e present e I men gure 1
illustrates an emhagiraedd di rectory enquiry apparatus which nay-be 5 -
inserted at any convenient point in a conmunications network. The apparatus

Figure 2 illustrates the location of the joins between the synthesised and
‘recorded portions of one message which might be output by the message

15 generator;

Figure 3 shows the structure of two data files set up within the RAM of the

message generator 6;

20 Figure 4A illustrates the pitchmarks corresponding to the abutting voice

message portions to be merged;
Figure 4B illustrates the pitchmarks generated for the transition signal; "

25 Figure 5A shows how the short-term signals derived from the leading signal -

are mapped to the transition signal pitchmarks;

Figure 5B shows how the short-term signals derived from the trailing signal
are mapped to the transition signal pitchmarks;
30

Figure 5C illustrates the combination of the processes of Figures 5A and 5B;

Figure 6 illustrates the window used in obtaining the short-term signals; and



conprises a dedicated conputer which itself conprises a central processor
1, which is connected via data and address buses .to: a speech recogni ser
2; a ROM3 for storing recordings of phrases commonly used in nessages”

out put bywidwpr@pparatus; a text to speech converter 4 péncesoanpl e, BT s
‘Laureate' text to 10 speech synthesiser) which has a di phone dictionary
for use in the conversion; a  databases5; and a nessage generator 6 for
mergi ng the outputs of the ROM 3 and the text to speech converter 4. The

whi ch
Cpecch daa carone ot Be BRI abhied daFRTLy FEAROTEIL oleB e r ana

ore be stored on a ROM and
i ncl udes t he nenseent embgdieests and t el ephone nunbers 15 of persons who are
connected to the network. The nessage generator 6 is arranged to receive -
recorded speech signals fromthe ROM 3 and al so synt hesi sed speech signal s
fromthe té&gure J dysetss symeHosased directorye eagyr aRRatIH Whielhednainbei nt er f ace

7 to thestﬂlseﬁb@rae aaetdmwfmermmr&psae@i&oﬁme@ﬁgm.&ernezwoiks Thé APP&ELUEO
recei ve speech f rom‘%gtel ephone n the network via the interface 7 and

the 20 mesSAGBIYRSNR 9EC5A S ?%“%F?'aﬁ’ i 'ﬁ?nt FUPRIIPY asPEBEh PEYSERSA s!r- vi a- t he
i nterface" whichiis@dgndcted \ﬂaﬂetatae.heaabasebd;seaeo d speasten;ecang 208 ROMBI Ng to

know t he tﬁ(léreg Ang nco”ﬁn&galo\;e r}%t_les con[i)mon hd.ls thrﬁessa ﬂt%uggﬂ%l ‘ﬁ\ a

pr edet er m hane a P 58567 person whose
nunber t heyapaarauseektetxg to rspeectp oorserteo 4q (fers exame, 0BT pu’!-atbyateheemmgar at us.

The appapa péec{ahﬁ;aﬂpers%%sﬁ' b Yol e pHBERS ﬁﬁaﬁsﬂ ragehhe EDSHelRn; 120

confirm correct y recog |se ane an dress %I ven by the
enqui rer. Oatabasébrantha msszageasnératomddfor MEQ"NBW'E oytRYtH ethe ROM l?’Igrvvarded

to the datpbase tw’ebgé&htclaﬁvrbrfeehurﬂ,% Meageegénerae& murﬁ?w.aedTJoeﬁ PaHdbA |

message is 30 generated by the apparatus which informs the enquirer of
that numberaccssraemervt (RAMI e Bhishssrefeh el &R Pei storgdy dhe FeHgast® MAYonat ed
directory efatiiblei®® a @@WEH@m@l%ﬂe@ﬂﬁelrlahidsté’cﬂl?@desbéhd(k@laﬁlhdiﬁrduﬁ@e&n exanpl e

of a nmessage which m be out put the atus, that nessage bein
1"t he VAl PERATS B wp-Sorneedp gOF Mot PC P BB SR o b
appreci at ecariahgéd tdhecappascatdes spegint sigrals' fegrithe HOM3 pndulsdeysthesisal nessage
in order to conf LERL Ral H2SeROPsRRRK SheRo%istS. SARUNDE R AARcIBER BT T eCt 1y

interface 7 to the telephone network. The speech recogniser 2.is arranged to
receive speech from a telephone line in the network via the interface 7 and the
20 message generator 6 is arranged to transmit speech signals.via-the interface'7 . -

along the same telephone line.

In use, a person wishing to know the telephone number of another person on the
network dials a predetermined number and gives the name and address of the
25 person whose number they are seeking in response to questions output by the
apparatus. The apparatus then produces further messages asking the enquirer to
confirm that it has comrectly recognised the name and address given by the
enquirer. Once fhis has been confirmed, the name and address is forwarded to the
database which then returns the required number. Thereafter, a message is

30 generated by the apparatus which informs the enquirer of that number.

Some of the problems encountered in developing an automated directory enquiries
apparatus can be illustrated by considering an example of a message which might

be output by the apparatus, that message being: “Is the name David Bailey?”. It



recogni sed. Cearly, the invariable portion of this nessage consists of the
words 'is the nane" and.the variable portion of this nessage consists of
the nane 5 'David Bailey". Again, because such a | arge nunber of nanes are
stored.in WR8HIstem it is not practical to have a recpcTieBoswerssi on of
each one. In practice, it is found that the change in the characteristic
qualities of the voice between the end” of the word "name" and the

begi nning of the word "David" is 10 disturbing. As is known in relation to

a known di renliey sppestsiutid HRS 5y SIrRMLOMRNE Bb thuﬁéu tooprt,hse s@JhOJJJn%QQ g to
record the in rsrlable ort on on its own and then to Iinsert a 96

bet ween t he'™i R78F *AHCE M Ed P Ie f‘a’f’ﬁespﬁﬁ%aée‘h&rﬁﬂ‘qt"rﬂ& Rasr beed| eOfpa@tlw on.

However, 15etbgriseziol Qlebdy) the lmhal’ﬁla‘beﬂroﬁcbfhﬂﬁ&h‘&s@aée‘"‘@orﬂ%‘t&s61 H3Swérds
signifi cant d&5L] rrental &f ect . the fl ug{lch?of t he nmessa Ret ur ni ng

name he” yaria pg'a' Bi ¢f s%ﬁ?ﬁu‘?"}"?'@? 8‘8&? 88M8, in

now to the operatlon of"
gener at i 9%y ZPaviss Bailpy " hAdany ecewe ashe [atyet muorbeaE names RV EtoAd iR tﬂ@rti on,
the 20 enqws;égnpﬁpscr@&%?;cn%alftlorht sends the text of an entire sentence of

the nmessage "to the te §'§/°nfc?$gsvlerssé°rn%°a‘f*l’18 fext to speech

synt hesi ser 4 then converts the text into a. series of diphones and

concat enat ef, WausdORE thGRI BRERMd Eﬂans@qnm%hat%%%ng RORAES,(LRISLREr 1N

order to forma synthesised speec correspon s o PIf& text of
t he sent encRetWPRR thegpd 1of thp avasth “sgmehard the be-'B"H‘I"EﬂoO"ZQ!epWW| thayiddnisot at i on
dat a whitoh éisdirsiag.es the occurrences of phonene boundaries wthin.the

synt hesi sed speech signal. The text to speech synthesiser 4 al so prOV|des
data representing the |ocation of 'pitchmarks' wthin the synthesised
speech si gnas is Ksovirsinkieaien liy atkhoea cﬁrkbtlohedwdumes 3Qstta:|ﬂeoﬁé Solutidh %0theed

speech, in V\/nuch |ts Iott S.is.r ened and c osed, the pitch of

speech can Dbe reg‘presenforg b "bvafalﬂgﬁf’?é LhowRaRr then 1 s ’Eﬂﬂsﬁt

w thin a cybdteeeh tlbmenvarmeacb\omlarvef ﬂfermes%agomememhamepar&noho HoW@Q8E IS the
i nt t j I hi

porn alg V‘ﬂt.&&n&% '3t E‘Av%ur% %%(3?\.{3%%% Blausste al 4 (la%ﬁ,bcta Hd%ﬂ' V‘g%tﬁgéfgengénqw ries

| ar yngograph neasur enen I'n S€ he~au
appar at us tﬁe@f@ fwenoY pHTEINeBaTY. GBOS/ 02299 8 neasurenents are nade and the
resulting pitchmarks are stored both with the

Returning now to the operation of the automated directory enquiries apparatus, in
generating a message having a variable portion and an_invariable portion, the
20 enquiry processor 1 first sends the text of an entire sentence of the message to
the text to speech synthesiser 4. The text to speech synthesiser 4 then converts
the text into a series of diphones and concatenates waveforms representing each
of these diphones together in order to form a synthesised speech signal which
corresponds to the text of the sentence. The text to speech synthesiser 4 also
25 provides annotation data which indicates the occurrences of phoneme boundaries

within the synthesised speech signal.

The text to speech synthesiser 4 also provides data representing the location of
‘pitchmarks’ within the synthesised speech signal. As is known by those skilled in
30 the art, in voiced speech, in which the glottis is rapidly opened and closed, the
pitch of speech can be represented by pitchmarks which occur at a given point
within a cycle of the speech waveform. A convenient point to choose is the point
at which the glottis closes as this can be established from laryngograph

measurements. In setting up the automated directory enquiries apparatus these -



digital data representing the di phone waveforns used in the text to speech
synthesiser 4 and with the digital data representi.ng recorded nmessages
stored in the ROM 3. For those parts of the speech signal which represéent
unvoi ced epmesk, pitchmarks are placed at regul ar int ecyasssio2dde digital
data stored in the ROM 3 also includes annotation data which indicates the
occurrences of phonene boundaries witéin the synthesised speech signal.
The reason that an entire sentence of the nessage is synthesised is to

ensur e Nateaklolrlfics BEORAI s Gho TABKAANGRNAAAS ol TRGRAUE Sydoyat U2l oo

possi bl e. above nessage as an exa fon"1s the
nanme Davi d dmﬂal @at' répgedenting the (ﬂlnH@eet‘e&Yefois p@@ch\ slymttb)Gstcsepeabht hen the

synt hesi serg Cwémgérhﬁghéeﬁmt e mfafﬂ%ata",@s%s&tﬁg rL&x damq?ssggogfé,?éu hhemwi th-

a rising p|t t owar of the word wever, only the
text "Davi Ah8diQMy3. Wby these rPéSth‘éd"Byqu?éh t%ﬁ‘?' M%f&?p@e&husmwem ser 4,

t hen t heg p'sb@&h%ﬂkﬂnﬂ’k?@ret puedddst feh@acineerdis.t ke thl datBadr8y i in tHef the
nane "David iley" were then to be concatenated with the reminder of the

message the‘iPMr?ealf%gﬁluérﬁgm?%%taﬂ'faﬂ%w%umcaiés HWrP&FH’I’%ﬂ“F qf pPReteme; ¢ woul d
not i ndi catwuh@arlebvithirsiraghthekisdd spedtiesighaehn was "bei ng asked. 20 Once the
synt hesi sed speech signal has been created, the nmessage generator 6
selects a portion of the synthesised speech signal which represents the
vari abl e Rhetreasonahat dreenies sergencard the messhgp s omthdsizkd isofo dnserertbaghbouri ng

phonermre 1bn tﬁg){moﬁg{o%l &I hd coﬁgaqgﬁaqpcl fries %Sr{s gg%aﬁ% tagepoqgggag@sm Tl&ﬁ‘é’ eafter,

t he nmessage genera S a sec recor spee h si gnal
whi ch repreﬂb@nemelsmelasmrqxab\b@ #3he auestion “sfthe namenPoxidfaileySds imabf of any

phoneme m'tshhggeﬁm%@&ht%tﬁaa\éa{ i AR thePQhie@Ber 4 Q?nthé‘@sdgq\é hidigs of the

nessage sel ecte his way are then concatenated formthe required
nessage. |t “Ravid Bailey aad proxides thiam wifd Htsing Pisgh toyardsnthe is8d fshriord ons of
the messagessapse . | 10 HiRekvid, lohiyl the télt “DReidERdy” mays@thdahemewhe &t By way of
exanple, in relation to t he automated di rector uiry a ratus
descri bd® aIREGEN syRthesiger fhntben 1B KAk Meididrop; °§" fﬂfp F LRQld rer do

not speci f ¥Banewi. NG ehéansrhy Amal/idi Railefie vikaé abas &g bbhﬁfhcbﬂ&ﬁata@pﬁllﬂatttié; will

g)ene{ tat \?\/I Ial regmealr}daggf Gmesasgge jthenemg ré[sn lng ;%“F.J:Io% 319& bL ﬁ&atﬂ?am?\ th(al(:i gure

it would not indicate to the listener that a question was being asked.

20 Once the synthesised speech signal has been created, the message generator 6
selects a portion of the synthesised speech signal which represents the variable
portion of the message and, in addition, half of the neighbouring phoneme in any
adjoining invariable port.ion of the messagé. Thereafter, the message generator 6
selects a section of the recorded speech signal which represents the invariable

25 portion of the message less half of any phoneme which neighbours the invariable
portion. The two portions of the message selected in this way are then
concatenated to form the required message. It will be realised that the point at
which the two bortions of the messages are joined will lie at the centre of a
phoneme.

30
By way of example, in reiation to the automated directory enquiry apparatus
described above, if the name and address details given by the enquirer do not
specify a single entry within the database, then the apparatus will generate a

message such as “| have three entries for that name” (Figure 2). It will be realised



WO 99/ 07132 PCT/ GB98/ 02299 9 that the variable portion V of this nessage

is the nunber, in this case "three". . The portion Ul "I have' is invariable
as is the.portion U2 "entries for that nane'. As the invariable portions
Ul, U2 of Wo®/ait8sage are often used, and in order to rReReBIE220®COr di ng
sound as natural as possible, a nessage such as "I have seven 5 entries

for that name" i's stored in the ROM 3. ®Referring to Figure 2, in generating
t he nessage, the enquiry processor 1 sends the text "1 have three entries

for that namm tme mﬁbteepemarovsaea@n&ygggb%itseehu,ﬂberand 19 P bfhrdd~, L O
synt hesi se.lt he text Jgitised waveform Thereafter, the 10 enquiry

s, i
processor W?PCVS 1 ﬁg"er eﬁé?vd‘é!%"g ga & e RertonaUZ Senting;far faat nams’ ded
speech si gn%d tha, inwdiiable mmtiensati 1t b2 offritbld nes abe ttheoRE0 0SS ahd W brdeF esedi ng

t he word : sa ner at 6. Referri gure 3, this
part of the rresgéeééﬁ)?'égg?ucﬁﬁ '%%Hggass%"esé'g[? g"beﬁﬁﬁgeasé'fggfl F'éa"fzfetf?’éat ed in
t he RAM &f entries fneﬂ@agsngétsenabann hedBaM @i ght, for -exanpl e, occupy fields O
to 9000 of that file. 15 The enquiry processor 1 then selects a.portion (B:
Figure 2) of the synthesised speech signal which extends fromthe mddle

of the phorftaterripg ¢¢ Figwe2edn agnearating thermessagr. ¢be enauityhpropesdondisehdof t he
first phonele tbtB)hadd kb teh?ne‘é@ﬁldthart %r%@ to tl;g.‘faexfj't 'sﬁé%lch %gaﬁ\eg ?egrfsent I ng

this portion B of the nessage m e, sa yt es ng an
t hen be | o¥deqnticls e qvpg]ea§eg E)Ie’ftoasl t'-‘@f’ Wﬁ‘@f@ﬁbed'ﬁe'zeft@’b ghal data

file 1410Thewem tphécesidier Er¥ictsy tHAT REERIS@ spdechnNSdit HCloSsdratteelsdes  Speech
unit 3 to send.to the ngb%{a e generator 6 the recorded speech si gnal

C
repr esent i N BHES'A Ay tipe 'ded{ekfé the:RRANaRE (YU eepdingithe Woikech

signal C eseesd ng the Oﬁéstsb@e Geerpor 4. Hefdrhgg ftd Fgurd BORAIBEPAr! bf thaf t er the
word "seven' to the eeéjm o

: ] hj h
o be 10000"5PE "DEFEAL & HEvwel iyl ca Bonik e o e PeBbehdle spocch
signal Ci smbssadedememat@r ﬁmd rhiged, dor éxBODE, bocPPOBEs AT td 9HBOG petahfirl gnal
data fil 18 1t4-h é’iquﬁroeprét.aé;?o II n&ﬁer]i Q@ect&haema?ﬁ%{ﬁ&?ﬁgargti)O&sthteaé(%ﬂf%s%%?B gat a

i ndi cating e position tchmar ech’si
passed to aSRgkett BigR2lkwbiah aX'fan!e frogQthesmiddieanfetie @hs@qm'ﬁet/e/) iprecetiog R\ of t he

message gengbait Qhre@" 14 [tRe 8 SRER ARSI PhoRRBE/ER NBTkr AHE Midrd Hifed-0r MEd
message by ?hengug?/alpc%%as Irt?(‘?esen'ang this portion B of the message might be, say, 2000
bytes long and would then be loaded into the fields 9001 to 11000 of the speech
20 signal data file 14. Thereafter, the enquiry processor 1 instructs the recorded
speech unit 3 to send to the message generator 6 the recorded speech signal C
representing the second portion U2 of the recorded message, the speech signal C
extending from the mid point of the first phonéme {/E]) after the word “seven” to
the end of the message. Assuming this part of the message to be 19000 bytes
25 long, the digital data making up the recorded speech signal C is loaded into the
fields 11001 to 30000 of the speech signal data file 14,

At the same time that the above operations take place, data indicating the position
of pitchmarks within the speech signals A,B,C is passed to a pitchmark data file

30 15 located elsewhere in the RAM of the message generator 6.

The message generator might then output the formed message by simply passing
the speech signal data file 14 to the telephone line of the enquirer. However, this

would result in the quality of the message output by the apparatus being poor.



t he speech signal data file 14 to the tel ephone |ine of the enquirer.
However, this would result in the quality of the .nmessage output by the
appar at us_bei ng poor. WO 99/07132 PCT/ GB98/ 02299 10 Hence, the nmessage’
gener at orwo dlomszls the signals at any join 8,9 betweenpcugnismempvsed speech
B and recorded speech A, Cin a way which will be described in detail

below. 5 Figure 4A illustrates a discd@tinuity in pitch which narks the

| ocation of the join 8 between the |eading recorded speech signal A and

the trailipgh&ynhberesagt 59@&&'& SbAA 1R sighAE i S ?%fnnb"gt Xetwa-ekhe
characteristic qualities of the voice occurs even | he sane speaker

provi des t REMtpestissereaedytanhreserdpeapaesh Raivirsa aifl wiieh will hardnseribashief or s for
the text tgeapeewiy.synthesiser 4. This is because nany 10 conventi onal
speech synt hesi sers cannot provide intonation as lively as that of natural
speech. It will be seen that the spacing between the pitchmarKs is

rel ati vesd y FighaseA iilustrhes Taej’ﬁoﬁﬁrllunﬁeﬁfpltaﬂwﬁcﬁfmirhﬁtl‘l’e&ﬁﬁd’tdﬁd}f&ﬁ@ﬁﬁhSSI gnal A
and t hen ﬁhan |ve

the initia |t8?1t?"=iald 'X(fcﬁéedt ?Pﬁf%h g "aq(f‘ grf)e ch"aglf e "¥r§s'sﬂ$§ £§ﬁ|0\r/]\n% : 2

Figure 4A lstgnal Bi t 8dme @iscontinuRQ id 3hevicharhctegpiceg@tities bﬁ@heplvb'ch ocgtushe speech

signals. The, équg'&a%Q's'peégé Pheﬁﬁs the hielgrdeh %gﬂ:ﬁﬂi) g n RO 3l arldth

di st ur bi ng di'scontinurt recor speec synthe5|sed speech
B wer e out giphone V‘@Vﬁ@r@'ﬁ yorchacaxteivasredctt synihesises howhhis iRBeCAUA MpYo Fi gure

3, 1n bkendbRgbntibfal " e srhtRARRAN cohrbb bibvidieintonalibe ok SRely 2 sRResh B, a
transition signal 1s created which is stored in the RAM my t he nessage

gener at or Gaturdlesreeshhsi iti Wil 8¢ gReM tha Hej spasingr Befwepp the Ritghmarks| i§ 100, 000

of the spegsiivety 8B4 indb aerfﬂ.d.ﬁsa&.onﬁow @}sp@mlwgsﬁzb&rc b.gaam dad éhens Created
at a corresgondl ng location in the | r k data § To cf eate the
transition “BPRfATaI2 R‘Hﬂﬂf’@ﬁﬁ%ﬁ"ﬁ”" fQe g té"e n Pﬁa‘ﬁ?%@e@gd'?mi SEFYUY! Yet i nes

both the t ehénsmthessmts;machTsugiﬁalZB abke smewondeabuspeedh asmtgha:lontbuarzo t he

initial geCt &%ntsgg tg;[\ %?%hegcefgaﬁslfelega S. %’Ihg S den ftaﬁ ﬁ\{gh gt é\o

m |1 seddnd el aetp" net Rat T &cor
synt hesi sedois powduidB ressguint a fdistubmangisdongnsiyeécthe alecr8h¢dt samhe&céndm gnhal
sanple is &9@&%@5& g:sieay BV ol .ndﬁ&\epeuy%ﬁbataﬁ&aa fdm Tas! shBiwhl- -be.

represente bytes. The term nal section T extends fromfield 8601
to field 9000 of the

Returning to Figure 3, in blending the recorded speech A into the synthesised
20 speech B, a transition signal is created which is stored in the RAM of the message -
generator 6. The transition signal data is stored from, say, field 100,000 of the
speech signal data file 14. Corresponding pitchmark data is created at a
corresponding location in the pitchmark data file 15. To create the transition signal
pitchmark data, the enquiry processor 1 first defines both the terminal section T of
25 the recorded speech signal A and the initial section | of the synthesised speech
signal B to have a 50 millisecond duration. Given that both the recorded speech A
and synthesised speech B resultlfrom sampling speech at 8kHz and each signal
sample is represénted by a byté of data, each section T,I will be represented by
400 bytes. The terminal section T extends from field 8601 to field 9000 of the
30 speech signal data _file 14 and the initial section | extends from field 9001 to 9400.
Thereafter, the pitch of the recorded speech signal A at the beginning of the
terminal section T is found by reading the pitchmark data file 15 around that
location and calculating the duration of the pitch period 11 (Figure 4A) which

surrounds the beginning of the terminal section T and also that of the previous



30 speech signal data file 14 and the initial section | extends fromfield
9001 to 9400. Thereafter, the pitch of the recorded speech signal A at the
begi nning of the termnal section T is found by reading the pitchmark data
file 15 arBW@P&%tARt | ocation and cal cul ati ng the durati BEI/GB&H9pi t ch
period 11 (Figure 4A) which surrounds the begi nning of the term nal
section T and al so that of the previ oud "WD 99/ 07132 PCT/ GB98/ 02299 11
pitch period 10. The pitch of the recorded speech A is then cal cul ated by
taki ng t hepite@cpgicdctd. Ghe pheh ofikitaiteabrddd Bpéeth A Y ihed TalcliBRJIBOtaRIngChes are
t hen averag [ 2 value for. the pitch of the recorded speech A at

t he begi nni ﬁ% rngQ,{%ngg[ g‘re mona atese'(’:'fcltho'ﬁer%js'l 19 he fwp PitehRsRfe thel averaaedi ¢ ch

cal cul at ed tmaiveea alwe Sootheppiectobf Bhet hesogpiet cipeqev Acatsthdi Heghmgf dfotet hat

cal cul at ed Qmidag s@ashsr.of: it he ol L b re than 20ns then
adj acent £i tcﬁ.pe??‘g s dre 'ulis}etfglkﬁqﬁaat%%ﬁ’éf ?%S‘cﬁﬁgdp%t%o.baﬂss%ﬁnf

cal cul at i®nthespitchererieds difiets e thar dalouthtachen et krsisaff théethey pitdresdrmdd speech
B at the engy afor Bfani Jtnld fbn 38aLRPitkh pbilfis GAl Gblidh | ' ed on the
pitch peri ody 106 12nwhi ch sﬁr rjoundsramt hg ené of the Fﬁﬁl?ﬁgqgggﬁﬁdn and the
subsequent pitch period 13. Once that has been done, a set’ P.of "transition
Si gna! pi t Ch!"@dhk& da_ﬁ:u!‘a@ibﬁliﬂ ﬁlfeﬁ@arrfe_bl(bht 1i&"ﬁf‘\d tHAG IR R 26 it s RN AAREH sB&ﬁ:h
transition EI qngl gl tf mar ks, st eadi | F i ncreases . or decreases fromthe
initial pitBHFRF FEYCT e'RTk1acHPn bithe FRIpWRTBWPYM Rased cashe Piteh Paried present
exanpl e the 1dwisith sarr@indt hiee ERdBS tHel iBiabscgfiah al@tie subsedueptipitdh gérRat er 15
than the coghin ngths, of the termnal section T and the initial section
|. - The trliﬁg'nsl8 f%ﬁag{hasng enpé n@h?’rﬁ?‘{? -8@%’5"%—‘5% LHe! PIFDmarks 13 cleWatsd i el ds
100000 to $GUBBOGt dfie spreingi bhesiveenm khedtamsitianl sgrib pitéhncarka sweadilyohcrleagassi t i on
signal pitcy en. escr.d L. abov 20 t

characteri st \I"’Eé&g?@? Eg&“wa?@ee?] (')tir:a'rin%\e\,{: fﬁ?r?\o%t eﬁ‘g g‘rnlr%‘lﬁﬁlé% é’%r&u i(S'HULF Xcﬁ' t'ﬁe

recor ded s ffeeepresentgenample gheddyration of theatraswiian gigndl data ishelightnormsérsed
speech sj Qn%anah@rc%mbﬁgqqglg'ﬂm & %QQGMi@ﬂ%béﬁognr §,l,c9{]-_@| in@QIE%ICIiéA B Yhe The way

in which the transition signal is derived Is describe ow In relation
to Fi gures HAPSHE %ahfﬂﬁcg“."a'ZSdWePf Mgt Heeeferei earupy fidds JOARPQAttoon of
the transitil00850 ghtle pichinarksedt@tile f3or each of the | eading transition
signal pitchmarks 80-85 the nost closely corresponding termnal section
pitchmark 40, 41, 43, 44, 47 - ignoring the | ast |eading signal

Once a set of transition signal pitchmarks P has been created as described above,

20 the characteristics of the waveform within the terminal section T of the recorded"
speech signal A and the initial section | of the synthesised speech signa! B are
added into the transition signal data file 14. The way in which the transition signal

is derived is described below in relation to Figures 5A, 5B, 5C and 6.

25 The first operation in the generation of the transition signal is to select for each of
the leading transition signal pitchmarks 80-85 the most closely corresponding
terminal section pitchmark 40, 41, 43, 44, 47 - ignoring the last leading signal
pitchmark 48. The correspondence is shown by the solid arrows in Figure 5A.
Once this has been done, a short-term signal is obtained for each selected signal

30 by windowing the leading signal'around the appropriate terminal section pitchmark,
the short-term signal thus obtained thereafter being multiplied by a smoothing
function S before being added into the transition signal data file 16 located

between fields 100,000 and 100,850 of the speech signal data file 14.



pitchmark 48. The correspondence is shown by the solid arrows in Figure 5A
Once this has been done, a short-termsignal.is obtained for each sel ected
signal 30 by w ndowi ng the | eading signal around the appropriate term nal
section pmadwoarsk, the short-term signal thus obtai nedprChveBesaRe®r bei ng
multiplied by a smoothing function S before being added into the
transition signal data file 16 | ocated?2 between fields 100,000 and 100, 850
of the speech signal data file 14. WO 99/07132 PCT/ GB98/ 02299 12 In nore

detail, foip tldfe athi,Stor afe ftrbteofttrherﬁn&.haﬁ sghambhrnsrkgbaafﬂésn&cnésbﬁ nost
cl osel y correspondi ng | ead I'?ﬁ% pitchmark is selected to be the first

t er m nal séef'?ﬁﬂ?"d'ﬂﬂt'??ﬁ’fﬂﬁr’r{g p"Sh'P?fkd? gelpcted, 1 ke ahgfirsk terminal sedtionon of the
wi ndow f ungitceadkad)e used, the length of each of the pitch periods
surrounding the first terrri nal section pitchmark 40 and also _each of the
pitch periods surrounding the first- leading transition signal” " pitchmark
80 is cabcuh atd%dto aéternduéﬂteid]mmnfn dfh&e Wiiritid aubdtiin tbe;iengeds,&he tength &f ti mes

t he duratiaon of .E(Q‘orte ﬁg‘ove i tch per ation to the

]
| eading 10 PPARLN BRCFCrRar Sl Roabetlet P Roie Barvk 3o be
shortest piasohepar |0(bdth|espltd1naipendd,s| mgrduptingethet firet |dadingt treesitamaignslect i on

pi t chrmar k cﬁ!'%grkt .s%:%ﬂ:%‘i’eci "{’M‘M} ion §fetme OW {hQ 58 to ilhet &ape of
15 °

the resultant w ndow function i s shown in ure e wWn owhas
t hree sect itbaigluratine of jthes shasteish gf H\eriﬂsa\'ﬁgﬂtgieeenqs'ﬁ \Amr@w@ow@sﬂﬁm to the

first habf thns%ohl@(riaabmm\Mm@woqt Wit b8 BtenthaNthe 3ngMEA iR pefidthis thex 0. 8
tinmes the selecte itch period. In other words, the duration of the

ri sing sect'YiB® t?eéwé?ﬂjél?e f'ES(S teTming); $eCHOM PPk %aﬁ%éh%éE‘E‘?“ﬂn‘eﬂB!"wa ng the

rising sectde@fion pitehnSAR 410N TAY @haptbiCthet fasultah davdoRd funktir€ id sHowram a
constant v qual to the height H of the rising section.- The duration
of this co é?‘ﬁﬁ% val ue section is 0.6 times the duration of the pitch
period select ed 25 The final section of the w ndow has the shape of t he

falling,hal dow,,of .. h ht H_and al bl Q&8
r .
peri ods. 1% 1th |"%8e raéatF%Ses c{]?'n"ast trfehf"sgh%rgaf ."S‘HQSFQF"H‘ ’f"l nar S&Pl on i's
t herefore (I_ozthpmtsc thalh @f iedtiening window of height H and a duration equal to 0.8 times *

the selected pitch period. In other words, the duration of the rising section is equal

to 0.4 pitch periods.

20 The section following the rising section is a section over whi(_:h the windowing
function has a constant value equal to the height H of the rising section.” The
. duration of this constant value section is 0.6 times the duration of the pitch period

selected.

25 The final section of the window has the shape of the falling half of a Hanning
window of height H and duration 0.8 pitch periods. It will be realised that the

duration of the final section is therefore 0.4 pitch periods.

The centre of the windowing function is offset from the pitchmark such that the

30 rising section and the constant section lie on either side of that pitchmark 40.

It will be appreciated that in the particular case shown, because the duration-

determining period is that lying between the first terminal section pitchmark 40



The centre of the wi ndow ng function is offset fromthe pitchmark such that
the 30 rising section and the constant section lie on either side of that
pitchmark.40. It will be appreciated that in the particular case shown,
because t iveoem7a32i on- determ ning period is that |ying RETERIORPE fir st
terminal section pitchmark 40 WO 99/ 07132 PCT/ CB98/ 02299 13 and t he  second
termnal section pitchmark 41, the end'®f the falling section of the

wi ndow is coincident with the second term nal section pitchmark 41. Each of

the sanpl esarfff thk R8cdriRP@imigalSdedtic pitdhntdi &8 the \Whil BF thd 1ARiInYIsBARDN ATtRe t hen 5
mul tiplied by the w ndow function to obtain a shgort-termsignal. Once this
short - t er m WINGRY! is CRAFIGEN, W Bigieronst BEMBY sacen Pitghmadidles) i s  obt ai ned,
the sanples are further multiplied by a snobothing function S. This

snoot hi ng unctjon S has uration.equal .to, the duration of th
ransit1on St P8 aampee ) 5F S BB iR 55 WReRh pitgBaR ndow of
uni t hei ght mahigliedibyatieominggw dbindtion t¢ v 4 sfercwrmaisigoal. of the transition
signal. Once the short-term signal sanple val ues have been nmultiplied by
the smoothing function they are added to the appropriate fields in the
transition Ongnthis ehrirtefin| signall GvHieh isSjonstitaredtiynaiskti af gamplesbisiabrajnedad

addi tion prgeessasedhfy fitiet Silidifed Iy sesh%tlm%smﬁ&a% T8 ShodthRg Ot her

sel ected termnal section pitchmarks 40, _ .47, the sanple
val ues bei nfpnatiere S Wiser @ dufsiosapgiab 3o dbe | dusetiony 8intes fiFagFigRr LHBH aNY0 term

si gnal s fiyegb@prises thé FhifigHalfi 1 HrRiInGVARAoW Bt LNPREibhtPan@RAsAtion dlialltBe
characteristic gual ities of the leading signal into the trailing half of
the transit Foigedhfuption pfethe g3peitioR A gnal’  derived from the penul timate

termnal section pitchmark 47 is, for each of the 25 remaining transition

signal pitchmarks 86-90, snoothed and added to the transition signal data
i e 16" Thomee 1Ge ShuRET PR IPEP B Fs ot bR R Bl ol Prafh g nal

pi t chmar ks &mclionithey bieeaddeditb ithe) abgropriaaé fielde in tizenvbsition sipgplalata filke nost
cl osely Qr r1%spondi ng initial 30 section pitchmark 61, 62, 63 is sel ected.
The first initial section pitchmark 60 is left out of account in this

process. Thereafter, short-termsignals are derived for
- Similar windowing, smoothing and addition processes are carried out in relation to

‘each one of the other selected terminal section pitchmarks 40, 41, 43, 44, 40, 47,
the sample values being added where the samples derived from different short-

20 term signals overlap.

In addition, in order to import a measure of the characteristic qualities of the
leading signal into the trailing haif of the transition signal, the short-term signal
derived from the penultimate terminal section pitchmark 47 is, for each of the
25 remaining transition signal pitchmarks 86-90, smoothed and added to the transition

signal data file 16.

Then, as shown in Figure 5B, for each of the transition signal pitchmarks 86-90 in
the trailing half of the transition signal, the most closely corresponding initial
30 section pitchmark 61, 682, 63 is selected. The first initial section pitchmark 60 is
left out of account in this process. Thereafter, short-term signals are derived for
each one of the trailing transition signal pitchmarks 86-90 in a similar way to the
derivation of the short-term signalis for the leading transition signal pitchmarks 80-

85. However, the smoothing function used S’ rises from a zero value at the



each one of the trailing transition signal pitchmarks 86-90 in a simlar
way to the derivation of the short-termsignals for the |eading transition
signal pitchmarks 80- 85. However, the snoothing function used S rises’
froma zewpswahie at the WO 99/ 07132 PCT/ GB98102299 14pbregsssvaiyg of the
transition signal duration to a unit value at the end of the transition
signal duration. Anal ogously to the smaot hing function S used in relation
to the |eading signal pitchmarks 80-85, the snoothing function is the

rising halg, ﬂfunﬁ ra! ﬂgn%”!.&ﬂg}ﬂgg ditatib 34 1 Oﬂ?l‘?%ﬁu'e %10 nﬁ L68 Jeg duration

of thetranstlo 5 si ef ore, each 0 term5|gnaIS|s
mul ti pli ed tppsitine %Qn?btfhlmg"f ureelogeussy to 1h¢ cmoohing JuradidedS i used inhe

transition ghgsifdo mgtl@admglsegn%ﬁp.tcm,ameaose%riﬁé srﬂbatﬂina%at.enrseéh@ws& to the -

second of the initial section pitchmarks ror each ransition
si gnal pi t ¢AHRf _HBOINgsVipdow I‘?éaldéb?é!P'r‘lgqll'?éFcf twgee thgeduration o ﬂlei WSStIOgnaI

snoot hedsanggdahen added to the transition signal data file 16.- The net
additions to the transition signal data file 16 are |IIustrated in Figure
5C. 15 It will be realised that the effect of the two snoothing functions
S, S is thedbdfbe, eddh dfitAt skditteatits®jnastis e‘sn@ﬁed&yethbrs&ms{md‘gommibgml | ar gel y

equatetoth characterjsti t he si.gn |vedfromarou__ndthefirst
termnal s c??rSr?e'fj'?tagﬁ?éa'r"ic’%"ﬂ"ﬁ'é'o PRy s gaff'l he | eadi ng si gnal
characteristics thereafter decreasing unt|I the signal about the |[|ast of

the | ea%” rfblsﬁ’]ﬂfah Bbt%]gé rﬂ&%oﬁ't& HYBCK Sy §f5th|e .{1&2 Q&ﬁ':gtl%! cﬁ‘n’ﬂa& g79x! mately

20 equal 6 short-termsi gnal s rrve romt e penul timate
trailing sfeuqaelm qfi thehwensitian7 signal Ritsbmarks 0BR8P rint thg| leadieg ihelh ¢fi thehnar k 61,

the influencgsfon sidh@, IsRREINAE afid 9%'adh&?¥o%£§r%hsﬂ&?§n§&$h£ﬂ fi¢/féher until
the termnal part of the transition signal around t final transition

signal pitchmark 90. largely has the characteristic qualities of the

trailing sigqahet #fditlohs Wb hhe BEnHN ﬁgriaahed fibas atrbanuabme iWPRLAL soNs Wil |
have fill d fields 100000 to 100850 of the transition nal data file 16

with dat 5’ It i BR&pAPPhENat flee ARt hdhe Fyve GRPPRINGJUDNGHIPRE e '52““‘5 Hur t her

transition isitignédaradtérstibe of trRatfdition sigahldérgen ehoatt he thesemedetteristsioO. Thi s
m ght, for 1 )éas%lapderf\)/gg !f|r8¥| aerSAddt%e %QSJ:QQr%i%a?sé'ch%ﬁ Egcl'ln[;'ark Iz%,'the effect of
the leading signal characteristics thereafter decreasing until the signal about the
last of the leading transition signal pitchmarks 85 is formed by an approximately
20 equal combination of the short-term signals _dérived from the penuitimate ‘trailing
section pitchmark 47 and the second initial section pitchmark 61, the influence of
the leading signal thereafter decreasing further until the terminal part of the
transition signal around the final transition signal pitchmark 90 largely has the
characteristic qualities of the trailing signal.
25
It will be appreciated that the above operations will have filled fields 100000 to
100850 of the transition signal data file 16 with data. In generating the message
illustrated in Figdre 2, a further transition signal will be created in relation to the
second join 9. This might, for example, occupy fields 101000 to 101850 in the
30 speech signal data file 14. The complete message is then generated by outputting
fields O to 8600, 100000 to 100850, 9401 to 10600, 101000 to 101850, 11401

to 30000 of the speech signal data file in sequence.



30 speech signal data file 14. The conplete nmessage is then generated by
outputting fields O to 8600, 100000 to 100850, 9401 to 10600, 101000 to
101850, 11401 to 30000 of the speech signal data file in sequence. WO
99/ 07132 PYIPMBIY 02299 15 The effect of the nmethod of RCRGEAsHTMONt

enbodi nent can be seen in relation to Figure 7. A schematic illustration
of the waveformformed by the straightf®rward concatenation of the
recorded A and synt hesi sed B speech signals is shown at Line 1 and can be

seen to hava\gaef_swidaﬂmahaag' e? iof thé &&bﬁraﬁs&m\&tﬁi &a’ﬁf@et séen) iﬁir@Ia%Qn t% Olf a S
nmessage conpri sing,t signals were qutput jn this form the join
bet ween t hgEg g?rgc%r éestfﬁﬁmg cdﬁlgﬁtﬁ"ttﬁgsqfsfﬁﬁe"évggﬁ%é?f"!"ldgl?{aﬂhﬁ S\"/&BEP{PW“&er y
not i ceabl e ecumdatehatiorcefathe recoodedt A endraygaibagaewBUdpde dhesigriapsis kRélwn A6Lig¥ p! ai ned
in detail ' t resent .enbodi nent .. a _transiti. 10 '
signal Y i §p§¥§§ ,ggg%g# {?)%sa‘t'\'gfaogrb%d%bgianggtmb crb?'?%ﬁrhﬁé'l‘:ﬁg P oy lzhe'q{]? ansition
si gnal , 5 heassage domprigng b signald wate @wptt ionhisfforimighd jpird 20 gesveapnahet o
obtai n | eadeRgqgah Hahd s§m,@£i§$oe§rgp%la&p§i%§as NRiLBE LEF m’“cte%tﬁ%yl A4nkhose .

h d S and ng sanpl ed

si gnal s' by the snoot hi ng w ndow | constrtuti ng the
resul tant pRusbticef the massagerweud be dnpaitfegnal data file 16 (Line 3). 15
Thereafter, an anal ogous process using an oppositely biased snoothing
function S is carried out on the trailing signal to add further values to
the transitfof*BiRgRdIin dtalehovpeacgerding o die rregent embodiuentna tiansitient i on

_s: Ignal Yid gugna‘lﬁf Mecrebtedidiefilst 36viriing @Msed o PREnAAKS tdri the trahitibh &fynafs
illustrated,in

ine 6, has characteristic ich vary snmoothly fromthose
of the |eath®Ag” F@‘ﬁ'ﬁp tF% TSI sagtion +F 3?%895'%38%9*?‘3%%3 ¥an3lessage
t 0 be out pushometerd siyhagetreraifed mujtipbdmncabsnsighagby e sndothieg ahkeey Speech
signal Ale rmmnal section, T the transitign sigpal Y, and the
synt hesi sedgrgdpéé;og# g?"@fr’{gﬁ ccg'ﬁ%gust g’g'?t Re ’r?sHP?r?taﬂmés]u&k:{t? g’r? ﬁ'?rgﬁ'émfsbdr"ﬁf d¥Ressage
si gnal forfileisséipeeNt conversion to the voice nessage. It can be seen that’
the abrugy change in the characteristics, including tinbre, of 30 the

Voi ce rressa%:]e is avoided. It can also be seen fromthe above exanpl e how
hereafter, an analogous process using an oppositely biased smoothing function S '

is carried out on the trailing signal to add further values to the transition signal
data file 16. (Lines 4 and 5). -

20 The transition signal Y thus formed in the transition signal data file 16 then, as
illustrated in Line 6, has characteristics which vary smoothly from those of the

leading signal to those of the trailing signal.

The voice message to be output would be generated by concatenating the
25 recorded speech signal A less the terminal section T, the transition signal Y, and
the synthesised speech signal B less the initial section |, to form a message signal

for subsequent conversion to the voice message.

It can be seen that the abrupt change in the characteristics, including timbre, of
30 the voice message is avoided. It can aiso be seen from the above example how
the apparatus of the present embodiment outputs a voice message which sounds
more natural to the listener than voice messages output by known message

generators.



the apparatus of the present enbodi ment outputs a voice nessage which
sounds nore natural to the listener than voice nessages output by known
nmessage generators. WO 99/07132 PCT/ GB98/ 02299 16 In the above

descri pti swpowhsa generating a signal representing a serCeoses/azzming both
recorded and synt hesi sed speech, a synthesised signal representing the
entire sentence is generated before 46l ecting a portion of that signal for
use in generating the conplete sentence. The sel ected portion is chosen so

that it ov r T ferred
rat her t haﬁ{ {ehs%gior???glegcﬁrgae&\?e‘?ﬁg‘ g%&mlnﬁbys.ﬁm rgé?%s}ﬂg?g ta h%ht?glﬁ%g%é whi ch

are not repP@sestrdes pyA %V“F'?L?étﬁF‘éiéEF%l‘gﬁaYthdEQ"QVHP'I‘?E-@F@@GM enfirehi s case,

al t hough t Bénte®seOk erkrated betord betsdting @ por@imadiShatdigridl Jor aBelin g¥MRratAGL her, the
t echni ques descri bed above ipn relation to Figures 4A tqg 7 can still be

appl i ed t o' UTBECTEEHSP OV B fﬂ?ﬁ%é‘f’ﬁé’@d%%@%"eﬁ%?'&f’édt &Mereps Went hesi sed

speech. Fhescotd@ signat by BeAbhdHEr20t Thi$ RepreRadd Rgherntah eadentifthowegbl S 1S,
of course,

| t
Tescage < AACTVARF BABREI NG HITSOPTER GoEer RRREHR o ACPUaT AR |
i nvari abl e mayritd syntidsispd.anal tiis wasd, aktheughotht irecprded\hnd syntieSisgesignalsed. The

gener at | on ol uilsopnd NBuRP! AL TLIRRE: BeLAERY HAsle P EERNNL AR od AL VI o1

represents a ast onene of an invarra Ion (Ul) of
the messagée 72¢em hilldist aaptiechdo pfovidesgmirhrseyed isjpelativesi ghmfece@)ad\m#ch

represengs shifeddd SHebh. PRid 48P of BlinddtiRg BESSRE feading anb Gralifg siihik phonerres
i mredi ately on either side; the generation of a transition signal (16) on

the basis 6f cPyEeMIBPIFEHEEIEXYN signal (A) and synthetic speech signal
(B); and 25 after the truncation of the recorded speech signal -(A) and the
synt hetic irﬁeech si gnal éB the formati on of the voice rressa?e si gnal

the concat &h3ig Bbpvsrdcsbet Eipodimegt ae! Qe RS ARSI AP e HMRPAT 8 Pes O to

8600 in Fi gidlce mpssabéendudigs bit iirdarisblgmattiop oyt Eand JaOOﬂQBletmarﬁ&O&B\‘&Ol)s and the

doubly tlgurglg%ﬁttarggeds te%%%tlar(a:tlosrpgglgge signal (bytes

the obtaining of a recorded speech signal (A} which represents all but the last

half-phoneme of an invariable portion (U1) of the message; -

20 the obtaining of a synthetic speech signal {B) which represents the variable portion

of the message and the two half-phonemes immediately on either side;

the generation of a transition signal (16) on the basis of the recorded speech signal
{A) and synthetic speech signal (B); and

25
after the truncation of the recorded speech signal (A) and the synthetic speech

signal (B),

the formation of the voice message signal by the concatenation of the truncated

30 recorded speech signal (bytes O to 8600 in Figure 3), the transition signal (bytes
100000 to 100850}, and the doubly truncated synthetic speech signal (bytes
9400 to 10600).



9400 to 10600). WD 99/07132 PCT/ (GB98/ 02299 17 Were the nessage tb consi st
only of the words 'l have three' then the synthetic speech signal would
only be truncated at its beginning and the voice nessage signal would
represent WQ99/08f32t he voi ce nessage. 5 It is possible th&CTiases2eysm nal and
initial sections could be retained in,- the -generated voice nessage
signal, the duration of the output rres1s7age therefore being | engthened by
the duration of the audio transition portion. The concatenation would then

i nvol ve al wéth théends84de’ BEsbrsRESAR o?ltq@%r@snd hal,é titbe t fR€n n%/&\{rn dilcC Speech
signal. 10 It wll be realised that were the above describ ep one

nunber enqdPFSFPsEPRAl Mould Gniyebs itrinpaigd 13 itseReginniignands the vejpe MesArEeed
peopl e, thampna weaeréReseve bIs bPtheQloice@@dsBageer son’ s -nanme :coul d be; used
instead of enploying a text-to-speech synthesiser. WO 99/07132 '
PCT/ GB98/ 02299 18 CLAIMS 1. A nethod of generati ng ‘a’‘vol'ce fre$sage signal
repr esen$i g islpossible puvat tbé teemingis aed) énidampectisn GoaldVv be irafaindd piar theon and an
i nvari abl e n i h co obt ing a recorded carrier
speech si gr’i;Q ﬁérrg{eegr veos'eé;l‘t"'lqar?ggagtat Q'gnal e wrr{g{ ?)Ar o ah ﬁ’" F?ﬂ/g}ﬁrgﬂf %
portion; olbpmgnﬂﬂ'g_ﬂz@nnésb‘agmespu:atfqnc @pé@chugmgmahsmepr potod.i ngTiad | east
the vari ablegncherdoRwoud kY Abe B of vhd ARSIk Qﬂee?hg{hq\lal Oy bings BRst > Of
the carrier nmessage- specil speech signa € Vol Ce nessage
signal by cYRbatiesesscAgiaRPt or part of one of the carrier ‘speech signal
and thejgessage-specific speech signal, said transition signal and all or
part of the other of said carrier speech si gnal and the message- specific
speech It will be realised that were the above described telephone number enquiry service

to be limited to less than, say, one hundred people, then a recorded version of

each person’s name could be used instead of employing a text-to-speech

synthesiser.



15 signal. 2. A nmethod according—+to—clai-m-1,further conprising the step of
truncating one or both of the carrier speech signal and the
nmessage-specific speech signal to the extent that the total |ength renoved
i S subst afig ®lobig2 equal to the length of the 20 transitpeficissgpib. 3. A

met hod according to claim1l or claim2 wherein said transition signal
generating step involves the generatioa of a transition signal which
represents a transition audio portion whose pitch varies from having an
initial pi EEPll\ﬁém lar to0*25 the end of the | eading one of said.carrier
speech signal and said nessage-specific speech signal to having a final
pitch simlar to the beginning of the trailing one of the carrier speech

signal andqthe NnRSSARGs 5@&&4etdtﬁg%Wm§§s§&@LPn§ re&em&.hmn%%%%kflg to any

precedi ng cI ai mwherein said transition si generating step

conpri ses: 2JBAEPEAR ICAGPASIHA arreply Roftian a'?f’sPt‘l'@f?"B'i"F drortank Saidt 'nethsﬁam ng of
whi ch r@pee,g,g,rg.@ t he pitch of a transition audio portian. represented by
said transition ghal ;; WD 99/07132 PCT/ GB98/ 02299 19 wi ndowi ng the
carrier sp@BEMing @h%?P’dFS %F&vf&?cbéfq“?'eﬁep@ﬁ%@ﬁ a8 IRt 2 eAI%h PaEY YriRe s

w ndowi ng tdwenmesagen,spem f| C speech signal to provide nessage- speci fic
speech shor -term signal s; the carrier eec sho.r&l-gterm

si gnal s an8 1aNINg s TE 53798 SRET g‘f CSDG%%’EPPQT' [eRIeSPIINg) &t i%sb 8% YFeP'Snsi ti on

pi t chmar ks pbaiogenerate the transition signal. 5. A nmethod according to

I 4, [ i L. i hehpar k t I
nt er pol St PoieBURRR A RAR B o b BRI oPRR Gl and RSS2 oot
t he transi sspesshaigmals: portion. 6. A nmethod according to claim4 or 5 wherein

sai d mappi @&nﬁr@g{rﬁ{ '\ﬁa‘?c% mEBRGE BGnd bGUSREREIARG aftfor %a&%‘? 8ot SHREESfer

short-term signal and a nessage- specific speech short - ter m si gnal td one
or nore of SBeAcH ANt and thg regssegentPeFific SReechsigsil SpiFdFapsition signal and all

or part of the other of said carrier speech signal and the message-specific speech

15 signal.

2. A method according to claim 1, further comprising the step of truncating -
one or both of the carrier speech signal and the message-specific speech signal to
the extent that the total length removed is substantially equal to the length of the

20 transition signal.

3. A method according to claim 1 or claim 2 wherein said transition signal
generating step involves the generation of a transition signal which represents a
transition audio portion whose piteh varies from having an initial pitch similar to
25 the end of the leading one of said carrier speech signal and said message-specific
speech signal to having a final pitch similar to the beginning of the trailing one of

the carrier speech signal and the message-specific speech signal.

4. A method according to any preceding claim wherein said transition signal

30 generating step comprises:
generating a plurality of transition pitchmarks, the spacing of which
represents the pitch of a transftion audio portion represented by said transition

signal;



7. A method according to any preceding clai mwherein the transition audio
portion is |located around the centre of a phonene of the invariable
portion, which phonene is closest to the boundary between the invariable
portion artOPH®13ari able 20 portion of the voi ce nessageCT/@sssdzzset hod of
generating a voi ce nessage-representing signal froma text- representing
signal ; said nethod conprising: obtaini®g a | eading signal corresponding to
a leading portion of said text- 25 representing signal; obtaining a
trailing signal eanRdRGRERRE BErikOseckh Bidnalth PRYIdE Warrfdt sp@ict dhekltarm _
representin sa!‘%nal ; Wwherein: said |eading signal represents a first voice
and said trE g signal 30 represents a second voice, said first voice
and sai d second wahdmvid f fher imtgsdge-speeifpesieet - anal ERShrovwd GiRbidey; at

| east a rrajst%reciﬂgrst jaé)rr'\\,%; _Sari d | eqo[i ng signal represents a first voice
message poriron: Bng VO 697 Ty 182 BEIF GRo8/ 02299 20 at 1 east a nmj or
portion &f said tmawipingntpescayrieal spee@ sbEnteamasigetoand s GfessdgRSpa&R: POr ti on;
sai d met ho r L: i SI.F .St e f: .generati on.the basis of
sai d | eadi %g?fo?i%ﬁﬁls'ggﬁggég’i W‘r’%ﬁfﬁg""%ﬁ@%h tgengsate e transting i95hal
representing a transition audi o portion, which audio portion varies from
having an igitiala Ry s =Y ; : . i irst .voice
nmessage portion At gieﬁ%\?iaﬁgﬁln?itﬁtg_&%?f%ngglinn% ﬁatfﬂ.tggg[ﬁﬁzt? hrg?r t%%w%"é%i nni ng
of the seccofitP J¥olves 3nlinessdatemotationrbetypen esneisthenbithenyoisaimessagel emst maj or
portion10f &edsibeattHedris@idAlaudid PortionlO0 transition signal and said at

| east nmmjor portion of said trailing signal in providing said voice
message-representing signal. 9. Apparatus-for generating a voice nessage

si gnal repr@&sent ingnahse a6againg QONPEIMSUNG 8 WAsreMbESAd PRipbingNcdMhistisad
I nvariabl e rR%&irl'ngO%’ cgr?ilaigatlacpnp%; aét lc.'-.lgrrigros ééc Isr"%rt-term signal and a message-

specific speech short-term signal to one or more of said plurality of transition

15 pitchmarks.

7. A method according to any preceding claim wherein the transition audio
portion is located around the centre of a phoneme of the invariable portion, which
phoneme is closest to the boundary between the invariable portion and the variable

20 portion of the voice message.

8. A method of generating a voice message-representing signal from a text-
representing signal; said method comprising:
obtaining a leading signal corresponding to a leading portion of said text-
25 representing signal;
obtaining a trailing signal corresponding to a trailing portion of said text-
representing signal;
wherein:
said leading signal represents a first voice and said trailing signal
30 represents a second voice, said first voice and said second voice differing in
respect of at least one quality;
at least a major portion of said leading signal represents a first voice

message portion; and



15 nmeans arranged in operation to recei ve a-tartter speech signal
representing at. least a mgjor part of the invariable portion; neans-
arranged in operation . to receive a nessage-specific speech :signal
repr esent hWwgoodbrizh€ast the variabl e portion; neans arrangegceds/@psrati on to
generate a transition signal on the basis of said 20 carrier and
nmessage- specific signals; neans arranged in operation to form said voice
message signal by concatenating one of said carrier signal and said -

109 QLARE \Qfc.sal d

message- speci fi ¢ sj.gnal m“azogi &r#i&naQFLéi& g{l_niﬁé%'ib%l_ reipeggxf 2ocond yojee

carrier and said nmessage-Specific sign
conver si on regspagespagson;ncl udi ng a voi ce nessage signal generator according

to claim9. 11. &yRetodoRRhat&thpddhghRsgesgiui ry apparatuys including a
text to speech conversion apparatus according to claim10. 30 12.

Appar atus for geB#ratiNgg °0dhe Lapie i 5K ldading pigp? pdmaichiyaling sioral. anessage
havi ng asVafanaidbs sRALI deprdsérifhg A raiiuahi ARl PRI, MMNbh SRkdlpSHRBRALEdES

i ncludi ng: WO 99/07132 PCT/ GB98/ 02299 21 a storage, nedi um havi ng recorded
therein prdta8 &aying @9daifiplepitchfimilas tg dhatsefpihe end o saldy sk vaise Me3s?tee nessage
data, sai d pofEhh ROEINGSA figkl pittRSBAPL IS RC bf the IsfaemiHg ¢Frtae dedmanioiceode
processabl e to procure ssage-specific data representing said yariable
portion; 5 "é%ﬁs?si?ee’?mg%%eag‘ﬁ retrieval code processable to retrieve carrier
speech data fropbrcatanating rsagipetddnsstnodjar; pomiamsift sadh leadirg gignelr astaldng code

pr .Ocessqgl %ratngiti;g%&%%ﬁgﬁd saQt?: a‘ rl‘le[%sp%gif QJtionsoaisgidCt@gilriri el r?a??r??“wgﬁr} a and
sai d nessage-Specifilc speech data, t afsitlon data rgep?esen I'ng a

transiti on saifdvaicepoessaoereptésesiingcigr@hat i on code processable to formsaid
voi ce nessage data by concatenating one of said carrier speech,data and

sai d nessage-specific speech data, said transition data, and the other of
said carri € Speé’@ﬁa'@&tsaf%ﬂdnﬁaﬁ‘@ a voice message signal representing a message

comprising a variable portion and an invariable porti'on, said apparatus comprising:
15 means arranged in operation to receive a carrier speech sigr_\al representing at least

a major part of the invariable portion;

means arranged in operation .to receive a message-specific speech -signal

representing at least the variable portion;

means arranged in operation to generate a transition signal on the basis of said
20 carrier and message-specific signals;

means arranged in operati'on to form said voice message signal by concatenating

one of said carrier signal and said message-specific signal, said transition signal

and the other of said carrier and said message-specific signal.

25 10. A text to speech conversion apparatus including a voice message signal

generator according to claim 9.

11. A voice 'operated database enquiry apparatus including a text to speech
conversion apparatus according to claim 10.

30
12. Apparatus for generating voice message data representing -a voice
message having a variable portion and an invariable portion, said apparatus

including:



message- speci fi c speech data to formsai-d-voice nessage-representing data.
15 13. A program storage device readable by a processing apparatus, said
device tangibly enbodying a program of instructions executable by the
processor wo9ypasX orm met hod steps for: obtaining a carrrercBpaenh signal
representing at least a major part of the invariable portion; 20 obtaining
a nmessage-specific speech signal repredenting at |east the variable
portion; generating a transition signal on the basis of said carrier and

nmessage- speci fi c, $idgaial $nediuth MhdVshgS b brakQl Qﬁ'erémsﬁr%g s} gQ?AabQV code
concatenating one of said carrier signal and sal ds nmessag speC|f|c

si gnal , saiRIo%&ssdRis 19 eANeEty ARd vaisa Maseaastdaes Sé’F’ °§ﬁ? GO'BaferSér and said
message- speci fi ¢ ntdsgdialspecific speech procurement code processable to procure

message-specific data representing said variable portion;'

5 carrier speech retrieval code processable 10 retrieve carrier speech data
from a carrier speech store;

transition data generating code processablé to ‘generate, on the basis of

said carrier speech data and said message-specific speech data, transition data
representing a transition audio portion;

10 concatenation code processable to form said voice message data by
concatenating one of said carrier speech data and said message-specific speech
data, said transition data, and the other of said carrier speech data and said

message-specific speech data to form said voice message-representing data.

156 13. A program storage device readable by a'processing apparatus, said device
taﬁgibly embodying a program of instructions executable by the processor to
perform method steps for:

_obtaining a carrier speech signal representing at least a major part of the invariable
portion; _ _ _

20 obtaining a message-specific speech signal representing at least the variable
portion; '
generating a transition signal on the basis of said carrier and message-specific
signals; |
forming said voice message signal by concatenating one of said carrier signal and

25 said message-specific signal, said transition signal and the other of said carrier and

said message-specific signal.



