WD 96/ 32711
PCT5GB96/ 00817 WAVEFSRM-SREECH-S'
speéech synthesis, and is particularly 5 concerned with speech synthesis in
whi ch stored segnments of digitisg q'Hy@gﬁggfm aéﬁr: trieved and conbi ned.
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According to the present invention there is provided a method of speech

synthesis comprising the steps of:
' retrieving a first sequence of digital samples corresponding to a first

10 desired speech waveform and first pitch data defining excitation instants of the
waveform; _ _

retrieving a second se_quencé of digital samples corresponding to a second
desired speech waveform and second.pitch data defining excitation instants of the
~ second waveform;

18 forming ad overiap region by synthesising from at least one sequence an
extension sequence, the extension sequence being pitch adjusted to be
synchronous with the excitation instants of the respective other sequence;

| forming for the overlap region weighted sums of samples of the original
sequence(s) and samples of the extension sequenca(s).
20 In another aspect of the invention provides an apparatus for speech -
synthesis comprising the steps of:
means storing sequences of digital samples corresponding to portions of
speech waveform and pitch data defining excitation instants of those waveforms;
control means controllable to retrieve from the store means 1 sequences
25 of digital samples corresponding to desired portions of speech waveform and the
corresponding pitch data defining excitation instants of the waveform;
means for joining the retrieved seguences, the joining means being
arranged in operation {a) to synthesise from at least the first of a pair of retrieved
| sequences an extension sequence to extend that sequence into an overlap'region
30 with the other sequence of the pair, the extension sequence being pitch adjusted
to be synchronous with the excitation instants of that other sequence and (b) to
form for the overlap region weighted sum of sampies of the original sequence(s)

and samples of the extension sequence{s).
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| & corlibhrica wg&gqmﬁﬁ&p t he acconpanyi ng draw ngs, in which:

Figure 2 is a flowchart illustrating the operation of the joining unit 5 of the
apparatus of Figure 1; and | S |

Figure 3 to 9 are waveform diagrams illustrating the operation of the joining
unit 5. ' '

In the speech synthesiser of Figd_ré 1,a étoré 1 contains speéch waveform
sections generated from a digitised passage of speech, originally recorded by a
human speaker reading a passage {of perhaps 200 sentences) selected to contain all
possible {or at least, a wide selection of] different sounds. Thus each entry in the
waveform store 1 comprises digital sampies of a portion of speech corresbonding ‘10
one-or more phonemes, with marker .infomati_on indicating the boundaries between
the phonemes. Accompanying each section is stored data defining "pitéﬁi'harks"
indicative of points of glottal closure in the slgnal genefated in conventnonal manner
during the original recording. o

An input signal representing speech to be synthesised, in the form of a

phonetic representation, is supplied to an input 2. This input may if wished be

generated from a text input by conventional means (not shown). This input is
processed in known manner by a selection unit 3 which determines, for éach unit of
the input, the addresses in the store 1 of a stored waveform section corresponding
to the sound represented by the unit. The unit may, as mentioned above, be a
phoneme, diphone, triphone or other sub-word unit, and in general the length of a
unit may vary according to the availablility in the waveform store of a corresponding
waveform section.. Where possible, it is preferred to select a unit which overlaps a
preceding unit by one phoneme. Techniques for achieving this are described in our
CO-pending International patent application no. PCT/GB/9401688 and US patent
application no. 166,988 of 16 December 1993, -

The units, once read out, are each individually subjected to an amplitude
normalisation process in an amplitude adjustment unit 4 whose operation is
described in our co-pending European patent application no. 95301478.4.

i
i
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Figure 1 is a block diagramof one form of speech synthesiser in 5

_;acc?r_da.ace wi-t-h—tHae—vert-onr—H-gur e 2—rs—a—ffTowcthart— T Tustratli ng tne
operation of the joining unit 5 of the apparatus of Figure 1; and Figure 3
to 9 are waveformdiagrams illustrating the operation of the joining unit

5. 10 In the speech synthesiser of Figure 1, a store pcRCBIcROEET
speech wavef oW 88211 s generated froma digitised passage of speech,
originally recorded by a human speaker readj ng a passage (of perhaps 200
sentences) selected to contai'n all possiblé (or at |east, a w de selection
of) different sounds. Thus each entry in the waveformstore 1 conprises
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h , With | Bf i.on.indi ' t | t
Phonemes. AccoRBarbhel il B skt Bpluics RERUASRCRS Bt i ihe iR
i ndi cative of mhiak ®liowvs it aretreferreti ae ascthe feft heit sndjright unjtrespedttvelyi. "Where

conventi onal Wghngggv'gngp L hi?%g&hgllé g’ﬁL.lgﬁcﬁiéo | (F)#rl.moo?h% rl‘%tuaﬁti)ggcﬂtge first

representing spee € 'syn SI int
r epr esent at i ®n phonensaiphtheaight amnitrare e nepr@sent ihes sarmg saundeandi formi onlyeal single

O oo T Rl R i 0L A58 o 8, i
each unit of t pdor wonsking hdmadpk”aypejpin; wthdwisstapr abdt”aypajoirt israpgroptiatef or m
_SGCt ion correspondi ngi step 1(_) of Figure 2, the units are received, and according to the type of
E merge (step 11) truncation is or is not necessary. In step 12, the corresponding
10 pitch arrays are truncated; in the array corresponding to the left unit, the array is
cut after the first pitchmark to the right of the mid-point of the last phoneme so
that all but one of the pitchmarks after the mid-point are deleted whilst in the array
for the right unit, the array is cut before the last pitchmark to the left of the mid-
point of the first p_h_onemg so_that all but. one of the pitchmarks before the mid-
15 'point are deleted. This is i.l.lu_strate_d in Figure 2. . . '

" Before proceeding further, the phonemes on each side of the join need to
be classified as voiced or non-voiced, based on.the presence 'and position of the
pitchmarks in each phoneme. Note that this takes place (in step 13} after the
“pitch éutting” stage, so the voicing decision reflects the status of each phoneme

20 after the possibie removal of some pitchmarks. A phoneme is classified as voiced
if:
1. the corresponding part of the pitch array contains two or more
pitchmarks; and _
2. the time differance between the two pitchmarks nearest the join is
25 less than a threshold value; and |
3a.. for a merge type join, the time difference between the pitchmark
| nearest the join and the midpoint of the phoneme is less than a threshold
i value; |
3b. for an abut type join, the time difference between the pitchmark
30 nearest the join and the end of the left unit (or the beginning of the right
unit) is less than a threshold vaiue.
i Otherwise it is classified as unvoiced.



to the sound represented by the unit. The unit may, as nentioned above,. be

a 25 phonene, diphone, triphone or other_sub-word unit, and in_general

|l ength of a unit may vary according to the availability in the waveform
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a correspondi ng waveform section. Were possible, it is preferred
to select a unit which overlaps a preceding unit by one phonene. Techni ques
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Left unit, last phoneme - discard all samples following the last bitchmark :

Right unit, first phoneme - disca_rd all éamples before the first pitchmark;
and from unvoiced phonemes by discarding ail samples to t_he right or left of the
midpoint of the phoneme (for left and right units respectively). |

In the case of an abut type join {steps 16, 15}, the unvoiced phonemes
have no samples removed whilst the voiced phonemes'are usually treated in the

same way as for the merge caéfe, thbugh fewer samples will be lost as no

.pitchmarks will have been deleted. In the event that this would caﬁse loss of an

excessive number of samples (e.g. more than 20 ms) then no samples are removed

-and the phoneme is marked to be treated as unvoiced in further proces'sing_-.

The removal of samples from voiced phonemes is illustrated in Figurs 3.

The pitchmark positions are represented by arrows. Note that the waveforms

shown are for illustration only and are not typical of real speech waveforms.

The procedure to be used for joining two phonemes is an overlap-add

process. However a different procedurs is uséd according to whether (step 17).

both phonemes are voiced {a vo'iced.jo'in) or one or both are unvoiced {unvoiced
join). _
The voiced join (step 18) will be described first. This entails the following
basic steps: the synthesis of an extension of the phoneme by copying portions of
its existing waveform but with a pitch period corresponding to the gther phoneme
to which it is to be joined. This creates (or,'in the case of 2 merge type join,
recreates) an overlap region with, however, matching pitchmarks. The samples are
then subjected to a weighted addition (step 19) to create a smooth transition
across the join. The overlap may be created by extension of the left 'phoneme, or
of the right phoneme, but the preferred method is to extend both the left and the
right phonemes, as described below. In more detail:
1. a segment of the existing waveform is selected for the synthesis,
using a Hanning window. The window length is chosen by iooking at the
last two pitch periods in the left unit and the first two pitch periods in the

the _



_5 phonerre of the right unit are to represent 'the sane sound and formonly a

: | e phonene i n_-thefihal—output- ~H—-s—réeessary—to—drscard—the
'redundant i nformation, prior to maki ng a "nmerge" type join; otherw se an
"abut" type join is appropriate. In step 10 of Figure 2, the units are
recei ved, and according to the type of nmerge (step 11) trunch S
not necessarywqwlép 12, the corresponding 10 pitch arrays are truncated;
in the array corresponding to the left uni % the array is cut after the
first pitchmark to the right of the m d-poPnt of the |ast phonene so that
all but one of the pitchmarks after the md-point are deleted whilst in the

array for the right right tmuttbehnmr theYsmdlleSiudf these® rmrtmebasmemmb«amtho t he
|l eft of the m d- point of t ponnesotkha':] hut one of the
pi t chmarks before t Her yieen het p‘b‘{‘ﬁt“é @ IoH '8t “'!“’? i | ustrated in
Figure 2. Before praneedh@gsduitd hﬁmplwefoahﬂieemaadm aamh: Sicetetretf drhethe0i N
need to be classified s VOI Ce&?ﬁ! Vﬁt’é ced, ba]? tog g ence and
position of the pit ®FH 'EE’“? R d’(r% dhe it URi L T ehafco[nﬁ tha figt ypit,are
step 13) aftger the "mehdcau‘dtmaﬁ lisd B\Pthe Sshningewindb@i mgcﬁbm iasiifustrateddl iact s
t he status of each E&;gneng Zgg ? ter §he gosm bl e renpval of &'s
pi t chmarks. A phonerfidyre 4 5 Shifteds Nersions,, at Agsitipns synchrpnoys, with, the, ather
part of the pitch arghonement sitdhinarki) ore m&e tpigreduzertie ,syﬁﬂhdsn's’ed wiabeformne
difference between te%er&s% pJntug ?s Lé(t?ate |3|t.|ret eﬂ'l I|ast pitch period of the left
unit is muitiplied by half the window function and then the shifted,
10 _ v_vindo_wed segments are overlap added at the last original pitchmark:
position, and successive pitchmark positions of the right unit. A similar
Pprocess takes place for the right unit.
3. the resulting overlapping phonemes are then merged; each is
. multiplied by a half Hanning widow of length equal to the total length of
15 the two synthesised sections as depicted in Figure 6, and.the two are
added together {with the last pitchmark of the left unit aligned with the
first pitchmark of the right); the resulting. waveform should then show a
. smooth transition from the left phoneme’s waveform to that of the right,
as illustrated in Figure 7. S
20 4. the number of pitch periods of overiap for the synthesis and merge.
process is determined as follows. The overlap extends into the time of the
other phoneme until one of the following conditions occurs -
(a} the phoneme boundary is reached;
(b} the pitch period exceeds a defined maximum;
25 (c) the overlap reaches a defined maximum {e.g. 5 pitch periods).
If however condition (a) would result in the number of pitch periods falling
_ below a defined minimum {e.g. 3) it may be relaxed to allow one extra
' pitch period.
An unvoiced join is performed, at step 20, simply by shifting the two
30 units temporally to create an overlap, and using a Hanning weighted
overlap-add, as shown in step 21 and in Figure 8. The overlap duration
chosen is, if one of the phonemes is vaiced, the duration of the voiced
pitch period at the join, or if they are both unvoiced, a fixed vaiue



25 | ess than a threshold value; and 3a. for a nerge type join, the
~time difference between the pitchmark nearest the join and the m dpoint ofy
t he phonenme is |less than a threshold value; 3b. for an abut type join, the’
time difference between the pitchmark 30 nearest the join and the
end of the left unit (or the beginning of the right unit) is less than a

t hr eshol dypakseay O herwise it is classified as unvoi ced. PCT/GBENOEBI6/ 00817
WO 96/ 32711 4 Rules 3a and 3b are designed to prevent excessive |oss of
speech sanples in the next stage. In B8he case of a nerge type join Istep
14), speech sanples are discarded (step 15) from voiced phonenes as

follows: 5 | n - discard all fol |l ow ng
the | ast pi tchn[a’m(éﬁ&lts"ﬁ{i unletg'sé% PEP' gﬁl{ﬁhsm%d-shod"eveépgf %ﬁcF cLﬁﬁ{)l es befor e
the first pitchimedéngth of the shorter of the two phonemes. It should not exceed half

the remaining length if they have been cut for merging. Pitchmarks in the

overlap region are discarded. For an abut type join, the boundary between
5 the two phonemes is conéidared, for the purposes of later processing, to
lie at the mid-point of the overlap region.

Of course, this method of shifting to create the ov'erlab shortens the
duration of the speech. In the case of the merge join, this can be avoided
by “cutting” when discarding samples not at the midpoint but slightly to

10 one side so that when the phonemes have their {original} mid-points
aligned an overlap results. "

The method described produces good results; however the phasing
between the pitchmarks and the stored speech waveforms may -
depending on how the former were generated - vary. Thus, although pitch

18 - ' marks are synchronised at the join this does not gu’aiantee a continuous
waveform across the join. Thus it is preferred that the sa'rhp!es of the
right unit are shifted (if necessary) relative to its pitchmarks' by an-amount

* chosen so as to maximise the cross-correlation between the two units in
the overlap region.  This may be performed by computing the cross-

20 correlation between the two waveforms in the overlap region with
different trial shifts (e.g. * 3 ms in steps of 125 us}. Once this has been
done, the synthesis for the extension of the right unit should be repeated.

After joining, an overall pitch adjustment may be made, in
conventional manner, as shown at 6 in Figure 1.

25 The joining unit 5 may be realised in practice by a digital processing
unit and a store containing a sequence of program instructions to
implement the above-described steps.



and frem unvoi ced phonenes by discarding all sanples to the right or left
of the ni dpoi-nt—of—tte—phomene (for t+eft—ard™T T i :
the case of an abut type join (steps 16, 15), the unvoi ced phonenes 10
have no sanpl es renoved whil st the voiced phonenes are usually treated in

the sane way as for the nerge case, though fewer sanples wll chSdosS NO
pi t chmar ks wi WO heen deleted. In the event that this would cause | oss
of an excessive nunber of sanples (e.g. nore than 20 ns)_then no sanpl es

are renoved and the phonene is marked to bd treated as unvoiced in further

processing. 15 The renoval of sanples from voiced u '

illustrated in Fi gur@&MShe pitchmark positions are repri nmmﬂmﬂumu)lw
Note that the waveforns shown are for illustration only and afe hot"typi c¢al
of real speech waveforns. The procedure to be used for joining two phonenes

i s an-overl ap-add prbcesa methodutspeaciil syrithésisitomprisirgotive atéps afsed accor di ng

to whether (step 17) 20 hoth.phopepes are Vvpi.Cl a voiced join) or one or
both“are unvoiced (unvoi'Ceqd | J'"(%i’h '(5%30‘_67 ﬁfe)‘&gﬁg%isame'ﬁ @B"ﬁdmw"%lmﬂef_'m
descri bed fi&st. Thidesirad apéechiviresetarir and fivgt pitch dats tefiring exvitasipninseants of
an extension of the ne copying portions of its existing waveform
but with a pitch per%}g (%nﬁfg%ﬁ'mm ng to the other phonene 25 to which it

is to be joined. This cresnieaving®second séequence st dighalzamplesotrggmondingto a

recreat es) an over! aggguael doBect WHSuHEHn R b BiEh bl Ty The

excitation instants of the second waveform; _

10 forming an overlap region by synthesising from at least one
sequence an extension sequence, the extension sequence being pitch
adjusted to be synchronous with the excitation instants of the respective
other sequence;

forming for the overlap region weighted sums of samples of the
15 originat sequence(s) and sa_rhples of the extension sequencs(s).

2. A method of speech synthesis comprising the steps of:
retrieving a first sequence of digital samples corresponding to a first
desired speech waveform and first pitch data defining excitation instants
20 of the waveform; _
retrieving a second sequence of digital samples corresponding to a second
desired speech waveform and second pitch data defining excitation
instants of the second waveform;
synthesising from the first sequence an extension sequence at the end of
25 the first sequence, the extension sequence being pitch adjusted to be
synchronous with the excitation instants of the second sequence;
synthesising from the second sequence an extension sequence at the
beginning of the second sequence, the extension sequence being pitch
adjusted to be synchronous with the excitation instants of the first
30 sequence;
whereby the first and second extension sequences define an overiap
region;



t hen subjected to d addition (step 19) to create a snooth .
transition across th |o The ove may be created by extension of the.

| eft phonene, or u, but the preferred method is to
@ phonenes, as described below. In nore

ext end both t he Ieft
detail:. 1. . a.segnent of° t He &xi st waveformis selected for the

synt hesi swog@;z@g a Hanni ng wi ndow. The wi ndow | ength i s »tRGCR600817| 0OKi ng
at the last two pitch periods in the left unit and the first two pitch '
periods in the WO 96/ 32711 8

PCT/ GB96/ 00817 5 right unit to find the smallest of these four values. The

i nd idth - bot h d t be t this.
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tract n | e e Han ndow func s illustrated in
I?(glrJ?g éel ghl f[%c'i" v%rssaf'@rlle °“F ° 5899 |s8ﬁge'§: ﬁlfg B'ﬁ§°ﬁﬂ1°rfafhe ot her i

phonemne' s pi tcknmeﬂ@naqaemtded to produce t he synt hesi sed waveform
exten3|é)n This is illustrated in Figure 5. The last pitch period of the
| ef t |

3. A method according to claim 2 in which the first sequence has a
portion at the end thereof corresponding to a partiéular sound and the
second sequence has a portion at the beginning thereof corresponding to
the same sound, and including the step of, prior to the synthesis.

10 removing samples from the end of the said portion of the first waveform

and from the beginning of the said portion of the second waveform.

4. A method according to claim 1, 2 or 3 in which sach syhthesis step
comprises extractlng ‘from the relevant sequence a subsequence of '
15 samples, multaplymg the subsequenee by a window function and
repeatedly adding the subsequences with shifts corresponding to tl'ié
excitation instants of the other one of the first and second sequences..

5. A method according to claim 4 in which the window function is

20 centred on the penultimate excitation instant of the first sequence and on
the second excitation instant of the second sequence and has a width
equal to twice the minimum of selected pitch periods of the first and
second sequences, where a pitch period is defined as the interval
between excitation instants.

25
6. A methad according to any one of the preceding claims including the
steps of , prior to forming the weighted sums, comparing, over the overlap
region, the first sequence' and its extension with the second sequence and
its extension to derive a shift value which maximises the correlation

30 therebetween, adjusting the second pitch data by the determined shift

amount and repeating the synthesis of the second extension sequence.



unlt i.s multiplied by half the wi ndow function and then the shifted, 10

d segmnt—s—%e—ev—?f‘&p‘addedWasr ortgrnar —prtchmar K

p05|t|on and successive s of the right unit. A simlar
process takes place for t mﬂmlnmﬂ lly [ the resulting overl appi ng
phonenes are th rged; d by a half Hanniperesssusiof

| ength equal otal | ength of 15 the two synt hesi sed sections
as depicted in Figure 6, and the two are gdded together (with the |ast
pitchmark of the left unit aligned with the first pitchmark of the right);
the resulting waveform should then show a snooth transition fromthe |eft

phoneme' s wavef or mT-0 tAmepraratup forrspgegh synthesis| gemnrisingdhe steps@fire 7. 20
4. the nunmber of pItCh,,p%{s (W&oﬂﬁqﬁ&ﬁfehé’é} dtQfigitalSard d;?@&@&?és%oﬁdl fer ge

process is determ ned as e overl exten into the tine of the
ot her phonere unt i | pastiensgyf speects wavdmmgn%em data definjpg gxajtation jfstanty f
phonerre boundary | Sy ".(‘p.') the pitch period exceeds a defined
maxi:nun 25 C the overlap reaches a defined naxi mum (e.g. 5
pitch peridds). If howesantrobmeans (2 sontsgliable e etrigva fremithe stoge MeARR! of

pitch periods falli % Dﬁée%f%.diiﬁf LdifsledTtieTpoRdirty @ dedired portiBis BEspestinxed to
all ow one extra pitc
' waveform and the corresponding pitch data defining excitation instants of
the waveform;
means {5) for joining the retrieved sequences, the joining means
10 being arranged in operation {a) to synthesise from at least the first of a
pair of retrieved sequences an extension sequence to extend that
sequence into an overlap region with the other sequence of the pair, the
extension sequence being pitch adjusted to be synchronous with the
excitation instants of that other sequence and (b} to form for the overlap
15 region weighted sum of samplés of the original sequence(s) and samples

of the extension sequence(s).



An unvoiced join is performed, at step 20, sinply by shifting the two 30
units tenporally to create an overlap, and using a Hanning weighted

ovérl ap-add, a5 Shown in step 21 and in Flgure 8. The overlap duration
chosen is, i f one of the phonenes is voiced, the duration of the voiced
pitch period at the join, or if they are bot h unvoi ced, a fixed val ue WO
96/ 32711 PCT/ CEgé1/GRssioés1a
[typically SnB] Tﬁ% overlap (for abut) should however not exceed half the
| ength of the shorter of the two phonenes.1/8t shoul d not exceed half the
remaining length if they have been cut for nmerging. Pitchmarks in the
overlap region are discarded. For an abut type join, the boundary between 5
the two phonenes is considered, for the purposes of |ater processing, to
lie at the m d-point of the overlap region. O course, this nethod of
shifting to create the overlap shortess G£S1durat|on of the speech. In the
case of the nerge join, this can be a ' cutting"” when discarding

sanpl es not at the m dpoint butéfllghtly to 10 one side_,so that when
t he phonermes have N\heir (origi ndl \mi d- poi nt s 5‘\ 5‘\
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allgned an overlap results The nethod descrlbed produces good results;

S\ E ; aama 1 rorea speecn Wavelr ors
: nay - depend| ng on how the former were generat ed - vary. Thus, although
' pitch 15 mar ks are synchroni sed at the join this does not guarantee
a conti nuousvy@yﬂzﬁ{m across the join. Thus it is preferred B*}a&m
sanples of the Tig unit are shifted (|f necessary) relative to Its
pitchmarks by an anpunt chosen so as to2ffaxi mi se the cross-correl ation
between the two units in the overlap region. This may be perfornmed by
conputing the cross- 20 correl ati on between the two waveforns in the
.overlap region with different trial shifts (e.g. [err] 3 nms in steps of 125
‘[err]s). Once this has been done, the synthesis for A#0 extension of the
‘right unit should be repeatfed. ATter jorntng, an ovejall pitch adjustnent
. may be made, in conventiongl manneReceiseleftamit at 6 ip Figure 1. 25
The joining unit 5 may be rleal i sedReceiverrightmsie by a (i gi t afp-ppoce@sing unit
.and'a store containing a sdquence of programinstrucions to inplenment the
- above-descri bed steps. 1 /11
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‘Truncate left pitch array
Truncate right pitch array
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WO 96/ 32711 PCT/ GB96/ 00817 7 '

CGAM 1. A nethad of speech synthesis conprising the steps of: retrieving,
a first sequence of digital sanples corresponding to a first 5 _ ’
desired speech waveformand first pitch data defining excitation instants

of the waveform retrieving a second sequence of digital sanples

corr esporomg3zm a second desired speech waveform and sepovéBgionglr dat a
defining excitation instants of the second waveform 10 form ng
an overlap region by synthesising fromat |east one sequence an extension
sequence, the extension sequence being pi fh adj usted to be synchronous
wth the excitation instants of the resp I ve ot her sequence; formng for
the overl ap regi on wei ghted suns -of sanples of the 15 ori gi nal
sequences and sanpl es of the extension sequence(s). 2. A nethod of speech:
synt hesis conprising the steps o'_-_.--. et+reving a first sequence of digital
sanpl es corresggqq}EN@Eto a first d%’ Z:I speech waveformand first pitch
data defini |nstants 2 of the waveform

L T,

MERGE REGION . ————come

- '
-
——

—

INCOMING UNIT

Fig. 2

VUV /]

RESULTING WAVEFORM

SENTENCE Fig . q

-~
; N,
AT ARHARAN

OVERLAP

INCOMING UNIT ——



retrleV|ng a second sequence of digital sanples corresponding to a second

destr-ee—spe nd ;
of the second waveform synt hesi si ng fromthe first sequence an extension
sequence at the end of 25 the first sequence, the extension

sequence bei nﬁ@oi tch adjusted to be synchronous with the exci | .

I nstants of t 2B d sequence; synthesising fromthe seconc#@f&gﬂ%' an
extension sequence at the beginning of tipssecond sequence, the extension
sequence being pitch adjusted to be synchronous with the excitation

I nstants of the first 30 sequence; whereby the first and second

ext ensi on sequences define an overlap region; WO 96/ 32711

PCT/ GB96/ 00817 8 forni ng f ogaMPeEPVEST mompggm’npmmg ed sugs g %anpl es of
the first sequence and sanpl es of =-re~secomt—exTensi on sequ t! d

wei ghted suns of and sanples of the first

INCOMING UNIT e
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SOURCE FOR SYNTHESIS FROM LEFT
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Fig. 5
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exten5| on seguence. 5 3. Anethod according to claim2 in whiq4qR-pUEhi
sequerice has ' '

sound and the second sequence has a portion at the beginning thereof RTNP
corresponding to the sanme sound, and including the step of, pri ol ¢ 7
synt hesi s, 10 renovi ng sarrpl es fromthe end of the said [ of

the first wavefor G from t hEORBETRARCIVALEROPERTK ORGANEATIN { | on Of W4 ¢ second

wavef or m 4 W&ﬁ%&k&%ﬁ

oy
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step co
sanpl es, (mmmmm@quence by a (i) Mufle@utirial Pablicanton Wndbert epeatWa@ sz
addi ng the sibssmgences with shifts ccrAle;Pondi ng to the excitation
i nstants] of the other one of the first] an QMMW‘S. 17 Qe {976 €7.1096) |
accordi n( to claim4 in which the w ndow function is_20 centred _on BY
the penuf @ Frtprrations! Apticytion Npmbers ¢ o (PCHFBBRIHL |%WW€E€%%% AL
excit,at | (o) inikhdnfidiii Fithg BaBe S €C OhpfMashd ABasANd hap, K, K6, LROLS| LT, LB, LV, MD;
t he m nijum of selected pitch periodS of tHe fi rM§ Wééﬂdﬂﬂ@e%@ngé%g RU, SD,
where ‘a 50; Sa?d i's defined as the intgrval N sD OB, VG), Berasin, e
I nst ant sj 95302474.2 12 April 1995 (1 EP (AM, AZ, BY, KG, KZ, MD, RU, T, TM), European patent
{34) Jor which the regional (AT, BE, CH, DE, DK, ES; FI, FR, GB; GR, [E, IT, LU,
mmbmlappmm WM: AT et al. MC’NLnFrl SE)- OAPI patent (BF, m' CF’ CG) Cl, CMp
GA, GN, ML, MR, NE, SN, TD, TG).
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}’éxnl\;Y [GB/GB); 81 Newgate London EC1A 7A) With international search report.
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(75) Inventos/Applicant (for US only: LOWRY, Andrew
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('M)Agult LLOYD, Banry, George, William; BT Group Legal
Services, Intellectual Dept., 8th floor, 120 Holbom,
London ECIN 2TE (GB).
(54) Title: WAVEFORM SPEECH SYNTHESIS
ENTE ' SECTION SYNTHESISED FROM
§ ...N;c..E LEFT PHONEME -
- e \
SECTION SYNTHESISED FROM INCOMING UNIT
RIGHT PHONEME
(57) Abstract

Portions of speech waveform are joined by forming extrapolations at the end of one and the beginning of the next portion to create
anaveﬂapngnonwxﬂ:synchrmonspmhmarks.andmfomingnwelglmdmmsﬂneomluptopwvxdeasmooﬂ:mmon.
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6. A pethod according to any one of the preceding clainms including the
steps .of, prior to form ng the weighted suns, conparing, over the overlap
region, the first sequence and its extension with the second sequence and
its extension to derive a shift value which maxi m ses the correl7ation 30
t her ebet ween, adjusting the second pitch data by the determ ned shift
anount and repeating the synthesis of the second extension sequéence. .9
7. An apparatus for speech synthesis conprising the steps of: nmeans (1)
storing sequences of digital sanples corresponding to portions of speech

wavef orm and pitch data defini ng WAMEFORNDSPEECH SYNTHESIS hose waveforns; 5
control neans (2) controllable to retrieve fromthe store nmeans 1 sequences

of digital sanples corresponding to desired portions of speech waveform and
the corresponding pi tdfhedpieaalﬁieidvhh‘l‘mg'l eslaiesatd opedas semthesiaf atdids vviwﬁél.darm

T () o) e i e KB EBRER bl B Ph o Dayrame,
are ratriaved and combmed '

An example of é speech synthesiser in which stored segments of digitised
waveforms are retrieved and combined is described in a paper by Tomohisa
Mirokawa et al entitled “High Quality Speech Synthesis System 8ased on

10 Waveform Concalenation of Phuneime Segmant” in the IEICE Transactions on
Fundamentals of Electronics, Communications and Computer Sciences 78a({1893)
November, No.11, Tokya, Japan.

According to the present iﬁvention there is provided a method of spesch

synthesis comprising the steps of: '

15 ~ retrieving a first sequence of digital samples carresponding to a first
desired speach wavefarm and first pitch data defihing excitation instants of the
waveform; '

retriaving a second sequence of digital samples corresponding to a second
desired speech waveform and second pitch data deiining excitation instants of the

20 second waveform; . | |
forming an overlap region by synthesising from at Jeast cne sequence an
extension sequence, the extension sequence being pitch adjusted to be .
synchronous with the excitation instants of the respective other sequence;
- forming for the overtap region weighted sums of samples of the original
25 sequence{s). and samples of the extension sequence(s).

in another aspect of the invention provides an apparatus for speech
syntha_sis comprising the steps of: '

means storing sequénces of digital samples corresponding to portions of
-speech waveform and pitch. data defining excitation instants of those waveforms;

30 contro} means comrolléb_le to retrieve from the store maans 1 sequences
of digital samples corresponding to &esired portioﬁs of speech waveform and the

corresponding pitch data defining excitation instants of the waveform;
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pair of retrieved sequences an extension sequence to extend that sequence
intog 'an overlap region with the other sequence of the pair, the extension
sequence being pitch adjusted to be synchronous with the excitation
instants of that other sequence and (b) to formfor the overlap 15

. region weighted sumof sanples of the original sequence(s) and sanples of
. the extension sequence(s). | 1a :

means for joining the retrieved sequences, the joining means being

arranged in operation {a) to synthesise from at least the first of a pair of retrieved
sequences an extension sequence to extend that sequence into an overlap region
with the other sequence of the pair, the extension saquence being pitch adjusted

§ to be synchronous with the excitation instants of that other sequence and (b} to
form for the overlap region weighted sum of samples of the original sequence(s)

and samples of the extension sequencels).
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