SYNTHETI C SPEECH This invention relates to synthetic speech%’ﬁﬁ“nﬁr‘gm/

particularly.to a nethod of synthesising a digital wav f-£-0M-St- :

representing phonemes. 5 There are nmany circunBHEnBES T HigyBEEY (1

t el ephone syst ens, Wheret—s—conveni ent to use synt helsi sed REBEM | n

sone applications tiues shbafld Bign é},iantd is an electronic representation of
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conventional typogra produced by 4 word processor. Mny
stages of processing H

|
'!HH:ME({ 0 produce synthesised speech from such
a starting $oint but M hary paWssi ng, it is usual

to convert the conventional text into a phonetic text. In this

specification the signals representing such a phonetic text will be called
"phonenes”. Thus this invention 15 addresses the problem of converting the
signal s representing This invention relates to synthetic speech and more

particularly to a method of synthesising a digital waveform
from signals representing phonemes.
5 There are many circumstances, eg{ in telephone
systems, where it is convenient to use synthesised speech.
In some applications the starting point is an electronic
represehtation of conventional typography, eg. . a disk
produced by a word processor. Many stages of processing are
10 needed to produce synthesised speech from such a starting
point but, as a preliminary part of the processing, it is
usual to convert the conventional text into a phonetic text.
In this specification the signals representing such a
phonetic text will be called "phonemes®. Thus this invention
15 addresses the problem of converting the signals representing
phonemes into a digital waveform. It will be appreciated
that the digital waveforms are commonplace in audio
technology and digital-to-~analogue converters and 'loud
speakers are well known devices which enable digital
20 waveforms to be converted into acoustic waveforms.

Many processes for converting phonemes into digital
waveforms have been proposed and it is conventional to do
this by means of a ligked database comprising a large number
of entries, each having an access portion defined in phonemes

25 and an output portion containing the digital waveform
corresponding to the access phonemes. Clearly all the
phonemes should be represented in the access portions but it
is also known to incorporate strings of phonemes in addition.
However, existing systems only take into account the phoneme

30 strings contained in the access portions and do not further
take into ‘account the context of the strings.

'This invention, which is defined in the claims, uses a
linked database to convert strings of phonemes into digital
waveform but it alsd takes into account the context of the

35 selected phoneme strings. The invention also comprises a



phonenmes into a digital waveform It will be appreciated that the
digital waveforns are commonplace in audio technol ogy and
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and do not further 5 . A preferred embodiment of the invention will now be

described by way of example.
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This general description is intended to identify some
of the important integers of a preferred embodiment of the

10 invention. Each of these integers will be described in
greater detail aiter this general description. '

The method of the invention converts input slgnals
representing a text expressed in phonemes into a digital
waveform which is ultimately converted into an acoustic wave.

15 Before its conversion, the initial digital waveform may be
further processed in accordance with methods which will be

" familiar to persons skilled in the art.
- The phoneme set used in the preferred embodiment

' conform to the SAMP-PA (Speech Assessment Methologies -~

20 Phonetic Alphabet) simple set number 6. It is to be
understood that the method of the invention is carried out in
electronic equipment and the phonemes are provided in the
form of signals so that the method corresponds to the
converting of an input waveform into an output waveform.

25 The preferred embodiment of the invention converts
waveform representing strings of one, two or three phonemes
into digital waveform but it always operates on strings of
five phonemes so that at least one preceding and at least one
following phoneme is taken into account. This has the effect

30 that, when alternative strings of five phonemes are
available, the "best" context is selected.

It has just been explained that this invention makes
particular use of a string of five phonemes and this string
will hereinafter be called a "context window" and the five

35 phonemes which constitute the "context window" will be
identified as P1, P2, P3, P4 and PS5 in sequence.
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take into account the

defined in the clains,

phonenes into digital

of the 35 sel ected phonene strings. The invention al so fonpriRBPEAGED - 2-

context of the strings. This invention, which is
uses a |linked database to convert strings of R
wavef orm but it al so takes into accpumtis bhEETTHOAS BEEN

novel form of database which facilitates the taking intoaccount of tnhe
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It is a key feature of this invention that "a "data context
window" being five consecutive phonemes from the input signal
is matched with an "access context window" being a sequence
of five consecutive phonemes contained in the database.

The prior art includes techniques in which variable
length strings are converted into digita} waveform. However,
the context of the selected strings is not taken into
account. Each phoneme comprised in a selected string is, of
course, in context with all the other phonemes of the string
but the cbntext of the string as a whole is not taken into .
account. This invention not only takes into account the
contexts within the selected string but it also selects a
best matching string from the strings available in the
database. This specification will now describe important
integers of preferred embodiment namely: -

(1) the definition of "best" as "used in the

selections;

(ii) the configuration of the database which stores
the signal representations of the data context
windows together with their corresponding
digital wave forms;

(iii) the method of selection for (ii) using (i);
and

(iv) picking one of the various alternatives

provided by (iii).

mT n "

This invention selects from alternative context
windows on the basis of a *"best" match between the input
context window and the various stored context windows. Since
there are many, e.g. 10% or 10'" possible contexts windows (of
S phonemes each) it is not possible to store all of then,
i.e. the database will lack some of the possible context
windows. If all possibie context windows were stored it
would not be necessary to define a "best" match since an
exact correspondence would always be available. However,

each individual phoneme should be included in the database
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(VO llll




14 T

GENERAL DESCRI PTI ON This general description is intended to identify sone

of the inportant integers of a preferred enbodi nent of tmi:-‘u Hvent-l.an. .
Each of these integers will be described in greater det i M2 I'@ETHM%BEEN

gener al - descri pti on.

The net hod of the inventi on conver tis— IS

representing a text expressed in phonenmes into a digital waveformwhich 15
ultimately converted into an acoustic wave. 15-Before its conversion, the
initial digital waveform may be further processed i n accordance with
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P3 of the stored context window but, in general, further
exact matches may not be possible.

This invention defines a correlation parameter between
two phonemes as follows. Corresponding to each phoneme there
is a type-vector which consists of an ordered list of co-
efficients. Each of these co-efficients represents a feature
of its phoneme, e.g. whether its phoneme is voiced or
unvoiced or whether or not its phoneme is a silibant, a
plosive or a labil. It is also desirable to include
locational features, eg whether or not the phoneme is in a
stressed or unstressed syllable. Thus the type vector
upiquely characterises its phoneme and two phonemes can be
compared by comparing their type-vectors co-efficient by co-
efficient; e.g. by using an exclusive-or gate (which is
sometimes called an equivalence gate). The number of
matchings is one way of defining the correlation parameter.
If desired this can be converted to a percentage by dividing
by the maximum possible value of the parameter and
multiplying by 100. |

(As an alternative, a mis-match parameter can be
defined e.g. by counting the nﬁmber of discrepancies in the
two type vectors. It will be appreciated that selecting an
"best" match is equivalent to selecting a lowest mis-match. )

The primary definition relates to the correlation
parameter of a pair of phonemes. The correlation parameter
of a string is obtained by summing or averaging the
parameters of the corresponding pairs in the two strings.
Weighted averages can be utilised where appropriate.

RATABASE

In the preferred embodiment, the database is based on

an extended passage of the selected language, eg English

(although the information content of the passage is not

important). A suitable passage lasts about two or three
Sheet Has Been Repla\,ed
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el ectroni c equi pnent and t he phonenes are provided in the formof signals
so that .the nethod corresponds to the converting of an input waveforminto

an out put waveform 25 The preferred enbodi nment .ﬂﬁg:' &pnt:cn
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mmaneora&tthw@le {benus€0RbAYKALn Wevéloy phoidre 1R it
J%%uld ch aln ever?eﬁﬁgiéﬂ% in a variety of contexts.

The extended passage can be stored in two different
formats. First the extended passage can be.expressed in
phonemes to provide the access section of a linked database.
More specifically, the phonemes representing the extended
passage are divided into context windows each of which
contains 5 phonemes. The method ¢f the invention comprises
obtaining best matches for the data context windows with the
stored context windows just identified.

The extended passage can also be provided in the form
of a digitised wave form. As would be expected, this is
achieved by having a reader or reciter speak the extended
passage into a microphone so as to make a digital recording
using well established technology. Any point in the digital
recording can be defined by a parameter, e.g. by the time

. from the start. Analysing the recording establishes values

for the time-parameter corresponding to the break between
each pair of phonemes in the equivalent text. This
arrangement permits phoneme-to-waveform conversion for any
included string by establishing the starting value of the
time-parameter corresponding to the first phoneme of the
string and the finishing value for the time-parameter
corresponding to the last phoneme of the string and
retrieving the equivalent portion of database, ie the
specified digital waveform. Specifically a conversion for
any string of one, two or three phonemes can be achieved.

The important requirement is to select the best
portion of the extended text for the conversion.

It has already been mentioned that the phoneme version
of the extended text is stored in the form of context windows
each of five phonemes. This is most suitably achieved by
storing the phonemes in a tree which has three hierarchical
levels.

The first level of thelhierarchy is defined by phoneme

Repla aﬂ
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-3- It is a key fgg;uL£L4#—44ﬁﬂ§“TﬁV€ﬁtion that a "data context w ndow'
being five consecutlvesghgﬁﬁgﬁgﬂﬁﬁmaﬂthe I nput signal is matched with an

"access context w nd ¥ 1R A« ehce of five consecutive phonenes
\RL188{ The prior art include
nverted into digital

contained in the dataf

whi ch variable [ engthl

t he context of the selected strings is not takenéi-nto account: 5

Fﬂonenﬁ conﬁrised_infa ﬁelected string is, of course, in context with al
e ot her phonenes of _the _string ,1Q but e context _of, the string as a .

whol e is ndt taken inf3 QECSEﬁHFLiA%?Hrs %ﬂ%éﬂ%ﬁﬁﬁ ﬁ%té%ﬁlyfﬁﬁggegg??ﬁ?? grves

account the direct access to a subset of the contéxt windows ie. the

totality of context windows is divided into subsets and each

subset has the same value of P3.

S . The next level of the tree is defined by phonemes P2
and P4 and, since this selection is made from the subsets
defined above, the effect is that the totality of contexé
windows is further divided into smaller subsets each of which
is defined by having phonemes P2, P3 and P4 in common.

10 (There are approximately half a million subsets but most of
them will be empty because the relevant sequence P2, P3, P4
does not occur in the extended text). Empty subsets are not
recorded at all so that the database remains of manageable
size. Nevertheless it is true that for each triple sequence

15 P2, P3, P4 which occurs in the extended text there will be a
subset recorded in the second level of the database under P2,
P4 which level will also have been indexed at the first level
under P3. ,

- Finally the second level gives access to a third level

20 which contains subsets having F2, P3.and P4 as exact matches
and it contains all the values of Pl and PS5 corresponding to
these triples. Best matches for data Pl and P5 are selected.
This selection completely identifies one of the context
windows contained in the extended text and it provides access

25 to time-parameters of said window. Specifically it provides
start and finish time-parameters for up to four different

strings as follows: -

(a) P3 by itself;
(b) the pair of phonemes P2 + P3;
30 (c) the pair of phonemes P3 + P4; and
(4) the triple consisting of the phonemes P2 + P3
- P4.

In the first instance, the database provides beginning

and ending values of the time—parameﬁer corresponding to each

35 one of the selected strings (a) - (d). As explained above,

the time-parameter defines the relevant portion of a digital
wave form so that the equivalent wave form is selected.



It also selects a best matching

contexts within the selected string but
This specification

string fromthe strings available in the database.

wi ll
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the data context 20

correspondi ng digital

“using (i); and (1v)
provided by ‘(iii).
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definition of t he sel lons
configuration of the database which stores the signal reEr’LF‘élé%mm BAS BEEN
h

now describe inportant 15 integers of preferred enbodi nent nanely: -

(i)

t he

"best" as used in

w ndows together wi t REPLACED

wave forns; (iii) the method of selection Tor
picking one of the various alternatives 25

in this case items (a),

S

DEFI NI TI Qe GhotuBEHE noted that item (d) will be offered if it

(b),

is contained in the database;
embedded in the selected (d)} and they are,
If item (d) is not
this option cannot

and (c¢) are all
available as alternatives.
clearly,

therefore,
contained in the database then,
be offered.

Even if item (d) is missing from the database,
items (b) and/or (c) may still be present in the database.
When both of these options are offered they will usually
arise from different parts of the database because item (d)
depending on the content of the
or (c) alone,

then

is missing. Therefore,
database, the selection will ocffer (b) alone,
or both (b) and (c). Thus the selection may provide a choice
and in any case item (a) is available because it is embedded

in the pair.

Finally, even if (b),
the database, item (a) will always be present and thus "best
match" will be offered for the single phoneme and this will
be the only possibility which is offered.

It will be apparent that items (b),
Thus whenever item

(c) and (d) are ail absent from

(¢) and (d) imply
that strings will overlap. (e} 1is
selected for any phoneme then item (b) must be available for
the next phoneme. If nothing better offered, then the same
part of the database will meet the requirements of (c¢) for
the earlier phoneme and (b) . for the later but because
different correlations are involved better choices may be
selected. It will also be apparent that whenever item (d) is
available item (c) will be available for the previous phoneme
and, item (b) will be available for the
following phoneme. In other words, some of the strings will
overlap, ie there will be alternatives for some phonemes such
that the same phoneme occurs in different places in different
This aspect of the invention is described in

in addition,

strings.
greater detail below.
It has been emphasised that the preferred embodiment

is based on a context window which is five phonemes long.
However the full string of five phonemes is never selected.

//ll/l///lll/////l/i}/’ii?"
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This invention selects from alternative context w ndows on the basis
of a "best" match between the input context w ndow and the various stored
context windows. Since 30 there are many, e.g. 10[err] or 10[err] possible

contexts wi ndows (of 5 phonenes each) it is not possible tp are al |l - of
them i. e. the database will |ack sone of the possible c dnt B8 SHE

If all possible context wi ndows were stored it waul d not B

define a "best" match since an 35 exact correspondence woul d al wa

avai |l abl e. However, each individual phonenme should be included in the

"dat abase  i-4- and it Ebenal faytortassots ey, t @hachhpye twextexaatansd ch Storingt of
' five found in the database only the triple string P2, P3, P4
will be used. This emphasises that the important feature of
the invention is the selection of a string from a context
5 and, -therefore, the invention selects the "best" context
window of five phonemes and only uses a portion thereof in
order to ensure that all selected strings are based upon a

context.
=T ] "
10 The analysis of the text into phonemes contained in

the database is carried out phoneme by phoneme, but each
phoneme is utilised in its context window. The next part of
the description will be based upon the selection procedure
for one of the data phonemes it being understood that the

15 same procedure is used for each of the data phonemes.

The selected data phoneme is not utilised in isolation
but as part of its context window. More precisely the
Selected data phoneme becomes phoneme P3 of a data window
with its two predecessors and two successors being selected

20 to provide the five phonemes of the relevant context window.
The database described above is searched for this context
window; since it is unlikely that the exact window will be
located, the search is for the best fitting of the stored
context windows.

25 The first step of the search involves accessing the
tree described above using phoneme P3 as the indexing
element. As explained above this gives immediate access to
a subset of the stored context windows. More specifically,
accessing level one by phoneme P3 gives access to a list of

30 phoneme pairs which correspond to possible values of P2 and
P4 of the data context-window. The best pair is selected
according to the following four criteria.

First criterion Fortuitously , it may happen that one
pair in the sub-set gives an exact match for data P2 and P4.

35 When this happens that pair is selected and the search
immediately proceeds to level 3. This outcome is unlikely

“This Sheet Has Been Replaced
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| east one phonene, in the preferred enbodinent it is always possible to
mat ch exactly P3 of the data context wi ndow with P3 of the stored context
wi ndow but, in general, further 5 exact matches nay not be possible. This

i nvention defines a correlation paraneter between two .
Correspondi ng to each phonene there is a type-vector | TRISCHEST $145 BEEN )
ordered list of co- efficients. Each of these co-efficilents REPsAIENt S

feature 10 of its phonene, e.g. whether its phonéne is Vorced or unvoi ced
or whet her or. not its phonerre is a silibant, a plosive or a labil. It

s also desirable toJagludea aaihonal . Fne%fégt%§- a@%&gﬁ%ﬁ% e Writier2,

phonene is in a stresse Unst ressed pe vector
15 uni quel y char act er i ks B4 825ehe &ﬂé‘:i’v&?dpﬁﬁn%‘?fe?"(?&ﬁ B %&Fed by

conparing their type-vector sSexondf £rtterionpy Tw-the absence of a triple match a
left pair will be selected if it occurs. The left-hand match

5 is selected when an exact match for P2 is found and, if
alternacives offer, the P4 which has the highest correlation
parameter will be selected to give access to level 3 of the

tree.
The third criterion is similar to the second except

10 that it is a right-hand pair depending upon an exact match
being discovered for P4. In this case access to level 3 is
given by the P2 value which provides the highest correlation
parameter. '

Criterion four occurs when there is no match for

15 either P2 or P3 in which the case the pair P2, P4 with the
highest average correlation parameter is selected as the
basis of access to level 3.

- It will be noted that if criterion 1 succeeds, then it
will be possible to take as alternatives a left-hand pair, a

20 right-hand pair and a single value in accordance with
criterion 2, 3 and 4.

Zven if criterion 1 fails, it is still possible that
a left-hand pair will be found by criterion 2 and it is even
possible that, simultaneously, a right-hand pair will be

25 found by criterion 3. However because criterion 1 has failed
they will be selected from different parts of the database
and they will give access to different parts of the tree at
level 3.

Finally criterion 4 will only be accepted when

30 criterion 1, 2 and 3 have all failed and it follows that the
phoneme P3 cannot be found in triples or pairings when used
in other context windows.

Thu;, when criterion 1 or 4 are utilised there will
only be access to one portion of the tree at the third level

35 but it is possible, when criterion 2 and 3 are used that
there will be access to two different parts of the third

level.
This S Shee
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efficient; e.g. by using an exclusive-or gate (which is sonmetines called
an equi val ence gate). The_rngnber_-of mat chi ngs is one way of defining

the correlation paranet I=”.J}- this can be conuerted to-a
per cent age by d|V|d|ng b ! lossi bl e val ue of |t FEISPSHEEREHAS BERY
mul ti plying by 100. | 2 nmis-match pargnet er REBAGD

defined e.g. by countlng t he nunbe of "discrepancjes in the 25 two type

vect ors. It will be appreciated that selectlng1 1 "best" match is

equi valent to selecting a | owest ms-match.) The prinary definitioen rel ates

to the correlation paraneterydfnavrePably @ésdi@RANREWw thE@elOEtLIRAIJOR context

paraneter of a string isS btalneg byégL%gnéylher axgasglgubtgy%ago Qaggge&gr;a
e

of the correspondi ng palrsw qt he d averages. ca
utilised where appropr leped of the tree. 1In each case the third 1evel may contain

several pairings for phonemes 1 and 5 of the data context
5 window. The pair with the best average correlation parameter
is selected as the context window in the access portion of
the database. As explained above this context window is
converted to digital wave form using the time-parameter.
To re-emphasise; where criterion 1 is used only one
10 context window is selected but it gives rise to four
possibilities, namely time-parameter ranges for: -
(i) the triple P2 + P3 + PY4;
(ii) the left-hand pair P2 + P3;
(iii) the right-hand pair P3 + P4, and;
15 (iv) the single P3 by itself. -
When criterion 2 ©operates, this provides time-
‘parameter ranges only for the left-hand pair P2 + P3 and for
a_single P3 by itself. When criterion 3 operates similar
considerations apply but the parameter ranges are for the
20 right-hand pair P2 + P3 and for the single P4. If both
criterion operate this offers two choices for the single P3
and only the one with the higher correlation parameter for Pl

+ P5 is selected.
Finally when criterion 4 operates there only one
25 possibility namely the phoneme P3 by itself.

The description given above eiplains how conversions
are provided for each phoneme of an input text. Sometimes
the method provides a conversion for only a single phoneme
and, in this case, no alternatives are offered. In some

30 cases the method provides conversion for strings of two or
three adjacent phonemes and, in these circumstances, the
conversion provides alternatives for at least one phoneme.
In order to complete the selection, it is necessary to reduce
the number of alternatives to one. The preferred method of

35 achieving this reduction will now be explained.

The preferred method of making the reduction is
carried out by processing a short segment of input text, egq.

if
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DATABASE In the preferred enbodi nent, the database is based on an extended
passage of the selected Ianguage——egEngl I sh 35 (al though the information

content of the passage is n@t OL4 tant) A sui tabl e passage | asts about
two or three - 5Thisghael éﬁﬁi dOI’lt ains about

The precise -.nature ‘passage is not partrT }%mplmﬁﬁﬂ ant

al though it nust co nenle and it shaquld [ hdnenme
in avariety of contexts. 5 The ext ended YPassk & Stored in
t wo dlfferent formats. First the extended passage can be expressed in

a segment which begins and ends with a silence. Provided it
is not too long a sentence constitutes a suitable segment.
If a sentence is very long, e.g. more than thirty words, it
usually contains one or more embedded silences, eg between
5 clauses or other sub-units. In the case of long sentences
such'sub-units are suitable for use as the segments.

The processing of a segment to reduce each set of
alternatives to one will now be described. As mentioned, no
alternative will be offered for some of the phonemes and,

10 therefore, no selection is required for these phonemes.
Alternatives will be available for the other phonemes and the
‘selection is made so as to produce a "best" result for the
segment as a whole. This may invol&e making a locally "less
good" selection at one point in the segment in order to

15 obtain "better" selection elsewhere in the segment. The
criteria of "better" include: - '
_ (1) taking longer strings rather' than shorter
strings, and
- (ii) selecting from strings which overlap rather
20 than from strings which merely abut.

The rejection of unwanted alternatives produces a
position in which each phoneme has one, and only one,
conversion. In other words the input text will have been
divided into sub-strings of 1, 2 or 3 phonemes matching the

25 database and the beginning and ending values for the selected
streams will therefore be established. The output portion
of the database takes the form of a digitised waveform and
the parameters which have been established define segments of

this -waveform. Therefore the designated segments are
30 selected and abutted to produce the digital waveform
corresponding to the input text. This completes the

requirement of the invention.
Having obtained a digital waveform this can be

provided as audible output using conventional digital to
35 analogue conversion techniques and conventional loudspeakers.
If desired, the primary digital waveform can be enhanced
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which: -
° Figure 1 illustrates diagrammatically a speech engine
in accordance with the invention; and
Figure 2 shows a speech engine as illustrated in

Figure 1 attached to a telephone network.

As shown in Figure 1 the speech eﬁgine according to
the invention comprises primary processor 11 which is adapted
to accept text in graphemes and to produce therefrom an
equivalent text in phonemes. This text 1is passed to
converter 12 which is operatively associated with a database
13 in accordance with the invention. Converter 12 matches
segments ' of the phoneme text with segments stored in the
access portion of database 13. Thus segments of digital
waveform are retrieved and these are assembled into extended
pditions of digital waveform corresponding to extended
portions of the original input.

These extended portions of digital waveform are passed
to waveform processor 14 where they are subjected to further
processing in order to produce a smooth output. Finally the
digital output is converted into an analogue waveform which
is provided at output port 15 for onward transmission.

As shown in Figure 1 the speech engine is connected to
receive its input from an external database 16 which holds
texts in conventional orthography. External database 16 is
conveniently operated by keyboard 17 to select a text stored
a%?g§si£§se 16. This text is provided into the primary

11 and it appears at the output port 15 as an
analogue waveform.

Figure 2 shows a speech engine as illustrated in
Figure 1 attached to a public access telephone network. As
shown in Figure 2, a conventional speech telephone 20 is
connected to a station 22 via a switched access network 21.
Station 22 includes a speech engine as shown in Figure 1 and
the output port 15 is connected to the network so that the

ill



arrangenment permts phonerre t o- wavef orm conversion for any included string
by establishingthe starting val ug of the timne- paramet er corresponding to

the first phonenvﬁ.ssﬂee:tmeBé’eERsﬁlichg and the finishing value for the

time-parameter | _ the | ast phonene of the s[Tf
retrieving the. e mm&r on of database, ie the spetl #ﬂ%gﬂﬁr Hggs BEEN
wavef or m Speci ersion for any string of o -
phonenes-can be achi eved. 30 | The inportard requi rement is to sel ect

t he best poption of the extended text for the conversion. It has already
been nentiohed t hat ”l%gBQQQ@f@hvﬂaileBle Lh%hsx%ﬁ{?gﬁ‘ygaf eaQtabisét %e‘lagl be

the form of context w ndows eac nost suita
achi eved by 35 stori n@*CHEpfroRSna8 ?‘??légf‘?e%"%’?f"éﬁ %‘?fPﬁPeet%té‘FaF%'rﬁR‘?‘éi

| evel s. 20.

If desired the keypad (used for dialling) of the

5 telephone 20 can be used as the keyboard 17 of the external

database 16 (in which case the external database 16

preferably contains instructions which can be read by the

speech engine). A simpler technical arrangement provides a

human operator at the station 20 and the human operator

10 actuates the Xkeyboard 17 in accordance with instructions

received over the network 21. When the operator has selected

a portion of text this is read by the speech engine and

further participation by the operatbr is unnecessary. Thus

the operator is freed to assist with further enquiries and

15 the use of a speech engine enhances the efficiency of the
operation. '

It will be appreciated that there are many other

appl:.catlons for a speech engine according to the invention,

- e.g. it is suitable for connection to a public address

20 system.
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The first level of the hierarchy is defined by phonene -6- P3 of each
wi ndow. The effect is that every phonene gives direct access to a subset
of the context wi ndows—ie—the totality of context wi ndows is divided into

subsets and each subse Iue of P3. 5
of the tree-is defined mﬂ g Mﬁﬁ'ﬁnd P4 and, since thi %Sﬁggggéﬁle%m
made fromthe subsets defime oV e effect 14s-t hat t hé—t+etatt+ty—of
context windows is further divided into.snmaller subsets each of which is

defined by ihavi ng phonenmes P2, P3 and P4 in cq 10 (There are -
approximately half a mllion subsets but nost mﬁ

1. A method of converting an input signal into an output
signal, wherein said input signal represents a text in
phonemes and said output signal is a digital waveform
5 convertible into an acoustic waveform corresponding to the
input text, wherein said method comprises: - __—
{a) dividing said input signal into.ébuttiné}segments
each of which is stored in the access section of a
linked database,
10 (b) for each segment identified in step (a) retrieving
. a segment of digital waveform from the output section
of the database, said output segment being that which
is linked to the input segment, and
(F) concatefizigg the digital segments retrieved in
15 step (b), said segments being kept in the same order

as the equivalent input segments,
wﬁéreby the concatenated digital signal is a waveform
Corresponding to the input signal, characterised in that the
output section of the database contains an extended digital
20 waveform having a location parameter for iéentifying any
point therein whereby the establishment of beginning and
ending location parameters defines a portion of said extended
digital waveform, and step (a) comprises establishing
beginning and ending location parameters for segments of the
25 input signal and step (c) comprises utilising the parameters
established in (a) for retrieving a portion of stored digital

waveform.

2. A method according to claim I, wherein step (a)
comprises comparing windows of input signal with windows of
30 the input section of the database to establish a closest

match for the input signal.

3. A method according to claim 2, wherein each window has

a length equivalent to 5 phonemes.

e R TR
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themw [l be enpty because the relevant sequence P2, P3, P4 does not occur
in the extended text). ets are not recorded at all so that the

dat abase remains (fAgge. Nevertheless it is true that—fer—rag
triple sequence’ }Emﬂmﬁmﬂmﬂmﬁh occurs in the extend-dr‘ﬁéfstar%‘

be a subset reco cinLtne second; | evel of the database|under REELA

|l evel wll al so have been indexed at the first |evel und ' Finally the
second | evel gives access to . a third | evel 20 wiiSch contai ns subsets having
P2, P3 ang_ P4 as e>r<]act matches and it contains all the values of Pl and P5

.correspondifng to these triples. Best _matches for t.a R

sel ected. This sel ect ?On cor%pl"ﬁtgf’g F&gﬁfllfrfgestoonéeﬁol% t%eaicr}gn{)}gx‘?{\?ﬁhﬁdoiv%put
contained in the extemagetien,af she databreei v orgertsed intpothrem hisF '

of said wi ndow. Specifie¢alsy ridmepyovi des

(1) a top level «containing single phonemes

S corresponding to the central phoneme of a window;
(ii) a second level which contains the equivalents of
the second and fourth phonemes of a window; and
(iii) a lowest level which contains the equivalents of
the first and fifth phonemes of the window, whereby
10 identification of a portion of the lowest level identifies a
stored window of phonemes;
and the matching comprises selecting an exact match
for the central phoneme of the input window from the first
level of the hierarchy, selecting a best match for phonemes
15 2 and 4 from the second level of the hierarchy corresponding
to the selected portion of the top level of the hierarchy
gnd, finally, selecting from the bottom level of the
hierarchy the best match for phonemes 1 and 5 from that
portion of the bottom level which corresponds to the
20 selection in the second level of the hierarchy.

S. A database for use as a component of a speech engine
said database having an output section containing an extended
and an access section containing signals representing said
extended digital waveform in phonemes, said database having
25 a common address parameter identifying common points in both
sections whereby the identification of a segment in the
access section establishes beginning and ending values for
the parameter and hence identifies the corresponding segment

of the digital waveform.

30 6. A datadbase according to Claim 5 in which the access
portion céntains windows of 5 phoneme length said access
section having a hierarchical higher level accessed by the
centre phoneme of a window to identify the second and fourth
bhonemes of a winaow whereby entries in the higher

'35 hierarchical level are equivalent to strings of 3 phonemes

hect Has Been Replaced - /-

i



start and finish tine- paraneters for up to four different sfrings as

follows:- (a)

(c) the pair
t he phonenes P2 +
begi nni ng and end

P3 by itself;

S
\ﬂmmmmMquauﬁxﬁ;wmisz%ﬂﬁﬁﬁ

the pair of phonenes P2 + P3; 30
@$+ P4: and (d) t he tripijﬁﬁgggt§fhgggggﬂ

one of the selected sfrlhgs (a (d). As explained above, the
ti me-paraneter defines the reIevant portion of ~al®igital wave form so that

t he equival ent wave formis sel ected. =

¢

n

10

15

and said access portion also comprises a lower hierarchical
level accessed by a string of 3 phonemes to identify the

-first and fifth phonemes whereby entries in the lower

hierarchical level are -equivalent to strings of 5 phonemes.
7. A speech engine which comprises a primary processor
(11) for converting a text in graphemes into an equivalent
text in phonemes and a converter (12) for converting said

text in phonemes into a digital waveform, characterised in

that the converter (12) includes a database (13) according to
either Claim 5 or Claim 6.

8. A telephone network which includes a speech engine
according to Claim 7, said speech engine being connected to
the network for the transmission of the output of the speech

engine to a remote location.

This Sheet Has Been Replaced
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-7- It should be noted that item (d) will be offered if it is contained in

the database; in this case itens (a);*{(b), .and (c) are all enbedded in the
sel ect ed (d) and they are, therefore, available as alternalt TUBSSHEET fias BEBN

(d) is .not 5 contained in the database then, clearly, this jopti OREPBROED be
of f er ed. Even if item (d) is m ssing fron1the dat abase, them TTens (D)

and/or (c) may still be present in the database. Wien both of these options
are offered they will usually 10 arise fromdiffldrent parts of the database
because item (d) is m ssing. Therefore, depending on the content of the

dat abase, tfhe selection will offer (b) aloneﬂé%P§@& al one, or both (b) and
(c). Thus the selection may provide a choice and L n any case item(a) is

avai |l abl e because it is enbedded
. ° n - N4

This invention relates to the generation of synthetic speech
5 and specifically to the production of a digital waveform from

a text in phonemes. The invention uses a linked database
which comprises an extended text in phonemes and its
equivalent in the form of a digital waveform. The two

portions of the database are linked by a parameter which
10 establishes equivalent points in both the phoneme text and
the digital waveform. The input text (in phonemes) is
analyzed to locate matching portion in the phoneme portion of
the database. This matching utilises exact equivalence of
phonemes where this is possible; otherwise relation between
15 phonemes is utilised. The selection process identifies input
phonemes in context whereby improved conversions are
‘obtained. Having analyzed the input text into matching
strings in the input form of the database beginning and
ending parameters for the sections are established. The
20 outpur text is produced by abutting sections of the digital
waveform and defined by the beginning and ending parameters.

l

I‘hls Sheet Has Be

HHIIFII Wil Ill‘



15 in+the pair. Finally, even if (b), (c) and (d) are all absent fromthe
database, item (a) will always be present and thus "best match" wll be
offered for the single phonene and this will be the only possibility which
is offered. 20 It will be apparent that itenms (b), (c) and (d) inply
that strings w.l "~-overlap. Thus whenever item (c) is selected for
any phonene then item (b) nust be availapye for the next phonene. If
not hi ng better offered, then the sane part of the database will neet the
requi renents of (c¢) for 25 the earlier phoneme and (b) for the later
but because different correlations are involved better choices may be

selected. It wll also be apparent that whenever item (d) is available item
(c) will be available for the previous phonenme and, in_ addition, item
(b) wll be availabpfre Tof the
- 16 » 11
17 | 12 13

14

Fig.1.

20 1———»_21'4——'->_ 20
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30 foll owi ng phonene. In other words, sone of the strings'vWQGéwé "‘S‘“Té“\\\
"there will” be @ ternatives for some phonenes such that the Aﬁ‘”’jg“f
~occurs in different places in different strings. This appRRRLAGEMENE SHEET
invention is described in greater detail below 35 . I} phas peen
enphasi sed that the preferred enbodi nent 4 3 based on a contgx} w@gﬁg ﬁy’sch
Is five phonenes | ong. However the full string of five phonenes’i’s %
i a-stri I"Ig.Of _
4 will be used.

sel ect ed. -8- Even if, fortuitously, the input text cont

five found in the database only t heSYNTRERIGtSPRECH?, P3,

Thi s enphasi ses that the inportant feature of

This inventioh relates to synthetic speech and more
particularly to a method of synthesising a digital waveform
from signals representing phonemes.

5 There are many circumstances, eg. in telephone
systems, where it is convenient to use synthesised speech.
In some applications the starting point is an electronic
representation of conventional typography, eg. a disk
“produced by a word prgcessor. Many stages of processing are
10 needed to produce synthesised speech from such a starting
point but, as a preliminary part of the processing, it is
usual to convert the conventional text into a phonetic text.
In this specificatioﬁ the signals representing such a
phonetic text will be called "phonemes“. Thﬁs this invention
15 addresses the problem of converting the signals representing
phonemes into a digital waveform. It will be appreciated
that the digital waveforms are commonplace in audio
technology and digital-to-analogue converters and loud
speakers are well known devices which -enable digital

20 waveforms to be converted into acoustic waveforms.

Many processes for converting phonemes into digital
waveforms have been proposed and it is conventional to do
this by means of a linked database comprising a large number
of entries, each having an access portion defined in phonemes

25 and an output portion confaining ‘the digital. waveform
corresponding to the access phonemes. Clearly all the
phonemes should be represented in the access portions but it
is also known to incorporate strings of phonemes in addition.
However, existing systems only take intc account the phoneme

30 stfings contained in the access portions and do not further
take into ‘account the context of the strings.

This invention,'which is defined in the claims, uses a
linked database to convert strings of phonemes into digital
waveform but it also takes into account the context of the

35 selected phoneme strings. The invention also comprises a

ili
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IR | REPLACEME
the invention is the selection of a string froma context {5 rare; L.ETCS%EE“'

the i nVention=selects the "best" context w ndow of five pHore g onl y
uses a portion thereof in order to ensure that all sel ectgd sﬁsaﬁgg 4986

based upon a context. SELECTION OF "BESTZ ¥V NDOW 10 lhe anal ysi s _of
the text into phonenes contained in the database is carridgd out phonene by
phonene, but each phonene is utilised in its context w ndow——Fhe—Rext—part

- TITC " TTORT

?L et ggt geSﬁ {) |n lgéﬁgpl \gblzlm bss Bﬁgggbtaaen vtxtm:rs teis@%imaﬁéecm etakingne.mtfo
for each 8f 't?'FéC%‘é‘P’é B%o g‘ﬁe§°nﬁs?é‘ d’gﬁ‘éerb‘fs‘t’g?l’éngigg)e%{c Cﬂasel | gtgg
i sol ation butmésh@ar whekeblys mmt;mdfemm&matamsree ptetngsl y.neheseslamded
data phonene peconep, PhoneTteESs ehrga ghardlfdow
5 . A preferred embodiment of the invention will now be
described by way of example. '

GENERAL DESCRIPTION

This general description is intended to identify some

of the important integers of a preferred embodiment of the
10 invention. Each of these integers will be described in
greater detail after this general- description.

The method of the invention converts input signals
representing a text expressed in phonemes into a digital
waveform which is ultimately converted into an acoustic wave.

15 Before its conversion, the initial digital.waveform may be
further proceésed in accordance with methods which will be
familiar to persons skilled in the art.

- The phoneme set used in the preferred embodiment
~ conform to the SAMP-PA (Speech Assessment Methologies -

20 Phonetic Alphabet) simple set number 6. It is to be
understood that the method of the invention is carried out in
electronic equipment and the phonemes are provided in the
form of signals so that the method corresponds to the
converting of an input waveform into an output waveform.

25 | The preferred embodiment of the invention converts
waveform representing strings of one, two or three phonemes

- into digital waveform but it always operates on strings of
five phonemes so that at least one preceding and at least one
following phoneme is taken into account. This has the éffect

30 that, when alternative strings of five phonemes are
available, the "best" context is selected.

It has just been explained that this invention makes
particular use of a string of five phonemes and this sﬁring
will hereinafter be called a "context window" and thé five

35 phonemes which constitute the "context window" will be
identified as P1, P2, P3, P4 and P5 in sequence.



W th |ts two predecessors and two successors being sel ected J2 mm, r
tHe five phonenmes of the rel evant context w ndow. gThe dat ab smEl:Eéw t ufSH ET
above is searched for this context window, since it is unlilRelly b a

exact window will be located, the search is for the best fitjtin gféghemﬁ
stored context w ndows. 25 The fitsl step of the searc invol ves

- accessing the tree described above using phonene P3 as the i ndexing
el enent. As expl ai ned above this gives inmmedi ate access
stored contextt wisidavkey Kertuzpeoiff itddis| ynventdes rﬁ’la}*’evél " gatapgopkEFEne
P3 gi ves acc%ddcgwa He&?{«}; @ v%oceﬁgaéaﬁlpélﬁﬁome £ QRO Thput RGPl e

val ues of P2 an dat a cont ext - wi ndow. is sel ected

accor di ng to khengterheshitigth AR FFEFTF COETFRL "Erri“%]‘é‘f'l oﬁeffgﬁt & E6FZFPCS it

may happen ths¢ ©nfR consecutive phonemes contained in the database.
5 The prior art includes techniques in which variable

length strings are converted into digital waveform. However,
the context of the selected strings 1is not taken into
account. Each phoneme comprised in a selected string is, of
course, in context with all the other phonemes of the string
10 but the c.ontext of the string as a whole is not taken into '
" account. This invention not only takes into account. the
contexts within the selected si:ring but it also selects a
best matching string from the strings available in the
. database. This specification will now describe important

15 'integers of preferred embodiment namely: -

(i) the definition of - "best" as 'used in -the

selections;
- (ii) the configuration of the database which stores
_ the signal representations of the data context
20 windows together with their corresponding

digital wave forms;
(iii) the method of selection for (ii) using (i);

and
(iv) picking one of the various alternatives
25 - provided by (iii).
TNITTT LR -3-3-1) 1]

This invention selects from alternative context
windows on the basis of a "best" match between the input
context window and the various stored context windows. Since

30 there are many, e.g. 10° or 10!* possible contexts windows (of
5 phonemes each) it is not possible to store all of then,
i.e. the database will lack some of the possible context
windows. If all possible context windows were stored it
would not be necessary to define a "best" match since an

35 exact correspondence would always be available. However,
each individual phoneme should be included in the database
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pair-in the sub-set gives ‘an exact match for data P2 an BPL@EW«%&%E{ETS |

happens that pair .is selected and the search i nmedi ately proceeds to [e}e
3. This outconme is unlikely . -9- because, as explaingd|i rOQrgEp qooglel a

above, the string P2, P3, P4 may not be coptained in th¢ éxtended passa;e'

Second criterion. - In the absence of a triple match a | ¢f " parT w1
selected if it occurs. The left-hand match 5. is sel ect ef_when an exact

mat ch for P2 dg3 foungds anwagE 8ok gk Bakl ok Wifi%ve 418 Edadbi GALRAS fUSEe at
hi ghest correl ati on paranet || be selected to give access tq |evel
the tree. least one phoneme, in the preferred embodiment it.is always
. possible to match exactly P3 of the data context window with
P3 of the stored context window but, in general, further
5 exact matches may not be possible. '
This invention defines“ a correlation parameter between
- two phonemes as follows. Corresponding to - each phoneme there
is a type-vector which consists of an ordered list of co-
efficients. Each of these co-efficients represents a feature
10 of its phoneme, e.g. whether its phoneme is wvoiced or
unvoiced or whether or not its phoneme is a silibant, a
plosive or a labil. It is also desirable to include
locational features, eg whether or not the phoneme is in a
stressed or unstressed syllable. Thus the type vector
15 uniquely characterises its phoneme and two phonemes can be
compared by comparing their type-vectors co-efficient by co-
efficient; . g. by using an exclusive-or gate (which is
sometimes called an equivalence gate). The number of-
matchings is one way of defining the correlation parameter.
20 If desired this can be converted to a 'percentage by dividing
by the maximum possible value of the parameter and
multiplying by 100. |
(As an alternative, a mis-match parameter can be
defined e.g. by counting the number of discrepancies in the
25 two type vectors. It will be appreciated that- selecting an
"best" match is equivalent to selectihg a lowest mis-match. )
The primary definition relates to the correlation
parameter of a pair of phonémes. The correlation parameter
of a string is obtained by summing or ‘averaging the
30 parameters of the corresponding pairs in the two strings.
Weighted averages can be utilised where appropriate.
'DATABASE
In the preferréd embodiment, the database is based on
an extended passage of the selected language, eg English
35 (although the information content of the passage is not
important). ‘A suitable passage lasts about two or three

3 of
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The third criterion is sinilar to the second except 1P REPLACEMENT, SHEET
right-Hana pai ¥ dependi ng upon an exact match being dis
this case access to |evel 3-is given by the P2 value phic
hi ghest correlation parameter. Criterion four occurs Whan there i's no|l nptch
for 15 -either P2 or P3 in which the casé the pair P2, |P
aver age corLeIatiog pﬁraneger IS selected as the baS| of access to |evpl
e.noted t if_criterion 1 ceee 0S

%&Fu v%% a Ylf & %ﬁ&nﬁal algga‘c'zop"r900 h{@ﬁ La"ﬁ%ru"“j')s‘e PosEhE ¥

palr and a Single

3_: It will

to take as aft&P

*overed for P4} |'In

DPISER 49  he|

A—with—tthre—hrghept

val ue in accoreaise wattuner id®rile €xténded passagn|nscn¢tepa§ﬁ~qu$arl§

it is still
it is even

w

10

20

25

30

35

Q?n%%l:r@agtt hﬁtﬁoﬁglfxt shang,pgl rcd’ﬂ'ﬂélrpeetlgﬁlﬁd Poféhé erdfn 2tand

should contain every phoneme in a variety of contexts.
The extended passage can be stored in two different

formats. First the extended passage can be expressed 1in

‘phonemes to provide the access section of a linked database.

More specifically, the'phonemeS.representing the extended
passage are divided into context windows each of which
contains 5 phonemes. The method of the invention comprises
obtaining best matches for the data context windows with the
stored context windows just identified.

The extended passage can also be provided in the form
of a digitised wave form. As would be expected, this is
achieved by having a reader or reciter speak the extended
passage into a microphone so as to make a digital recording
using well established technology. Any point.in the digital
recording can be defined by a parameter, e.g. by the time
from the start. Analysing the recording establishes values
for the time-parameter corresponding to the break between

‘each pair of phonemes in the equivalent text. This

arrangement permits phoneme-to-waveform conversion for any
included string by establishing the starting value of the
time-parameter correspoﬁding to the first phoneme of the
string and the finishing value for the time-parameter
corresponding to the last phoneme of the string and
retrieving the equivalent portion of database, ie the
specified digital waveform. Specifically a conversion for
any string of one, two or three phonemes can be achieved.

The important requirement is to select the best
portion of the extended text for the conversion.

It has already-been mentioned that the phoneme version
of the extended text is stored in the form of context windows
each of five phonemes. - This is most suitably achieved by
storing the phonemes in a tree which has three hierarchical
levels.

The first level of the hierarchy is defined by phoneme
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possi bl e that, sinultaneously, a right-hand pair will bd ﬂfPtbGMNTySHEET

criterion™3.

parts of the

fromdifferent parts of the database and they will give |a ce§§ gggd,*?bgerert

when 30 criterion 1, 2 and 3 have all failged-and it folljo

However because criterion 1 has failed they

Ue bCI ect

tree at level 3. Finally criterion 4 wll gnlly

phonenme P3 cannot be found in triples or pairings when ysed in other

cont ext wi ndows. Thus,

be access to
possi bl e, whe
different pa

10

15

20

25

30

35

when criterion 1 or 4 are utilisettiefre—nt+i—orty-
Bﬂ“bﬁxgééwnwﬂﬁdbhe t The atffebe tilsi rwhdtevevedp bbonemei gives

rdggcegzlf ! ?%%ggﬁ?zr ggldea\/ ﬁugs Seed st Nale tOShEaYt! iR ARE eSS, tRnkWo

totality of context windows is divided lnto subsets and each
subset has the same value of P3. '

. The next level of the tree is defined by phonemes P2
and P4 and, since this selection is made from the subsets
defined above, the effect is that the totality of contexf
windows is further divided into smaller subsets each of which
is defined by having phonemes P2, P3 and P4 in common.
(There are approximately half a million subsets but most of
them will be empty because the relevant sequence P2, P3, P4
does not occur in the extended text). Empty subsets are not
recorded at all so that the database remains of manageable
size. Nevertheless it is true that for each triple sequence
P2, P3, B4 which occurs in the extended text there will be a
subset recorded in the second level of the database under P2,
P4 which level will also have been indexed at the first level
under P3. '

- Finally the second level gives access to a third level -
which contains subsets having P2, P3 and P4 as exact matches
and it contains all the values of Pl and PS5 corresponding to
these triples. Best matches for data Pl and PS5 are selected.
This selection completely identifies one of the context
windows contained in the extended text and it provides access
to time-parameters of said window. Specifically it provides
start and finish time-parameters for up to four different

strings as follows: -

(a) P3 by itself;

(b) the ﬁair of phonemes P2 + P3;

(e) the pair of phonemes P3 + P4; and

(d) the triple consisting of the phonemes P2 + P3
~ P4.

In the first instance, the database provides beginning
and ending values of the time-parameter correspcnding to each
one of the selected strings (a) - (d). As explained above,
the time-parameter defines the relevant portion of a digital
wave form so that the equivalent wave form is selected.




- 10 - W& have now described how the sel'ection of a c nRERIIAC«WENBvS"{ﬁEJe
rise to efther-one or two areas of the third | evel of |t e TTee. I'n eqc

case the third level nmay contain several pairings for {pHo n§ 12?61
the data context 5 window. The pair with the best avgrgge ??gel I 0
paraneter is selected as the context w ndoW in the acdes '

dat abase. As expl ai ned above this context w ndow is jconverted to digi taI
wave formusing the _tinme-paraneter. To re-enphasjse; where Trile€rion |

used only one 10 coRttef$houldn@8wnofed shebchirm Ui} Wikl hp wffengddf P-G
fogg po;zlmlléléﬁmtiiﬁ@dylhlenepaa@abhe@,ramg%mﬂanbasélitemstma);rubhe P2
¥ ¥ ’ and (c) are all embedded in the selected (d) and they are,

therefore, available as alternatives. If item (d) is not

f

5 :contained in the database then, clearly, this option cannot
.be offered.

Even if item (d) is missing from the database, then
items (b) and/or (c) may still be present in the database.
when both of these options are'offered they will usually

10 arise from different parts of the database because item (d4d)
is missing. Therefore, depending on the content of the
database, the selection will offer (b) alone, or (c) alone,
or both (b) and (c). Thus the'selecfion may provide a choice
and in any case item (a) is available because it is embedded

15 in the paif.

Finally, even if (b), (c) and (d) are ail absent from
the database, item (a) will always be present and thus "best
match" will be offered for the single phoﬁeme and this will

- be the only possibility which is offered.

20 : It will be apparent that items (b), (c) and (d) imply
that strings will overlap. Thus whenever item (c) is
selected for any phoneme then item (b) must be available for
the next phoneme. If nothing better offered, then the same
part of the database will meet the requirements of (¢) for

25 the ‘earlier phoneme and (b) for the later but because
different correlations are involved better choices may be
selected. It will also be apparent that whenever item (d) is
available item (c¢) will be available for the previous phoneme
and, in addition, item (b) will be available for the

30 following phoneme. In other words, some of the strings will
overlap, ie there will be alternatives for some phonemes such
that the same phoneme occurs in different places in different
strings. This aspect of the invention is described in
greater detail below. _

35 It has been emphasised that the preferred embodiment
is based on a context window which is five phonemes long.

However the full string of five phonemes is never selected.
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the invention is the selection of a string from a context

(8]

and, -therefore, the invention selects the "best" context
window of five phonemes and only uses a portion thereof in
order to ensure that all selected strings are based upon a

context.

mr " n v

10 The analysis of the text into phonemes contained in
the database is carried out phoneme by phoneme, but each
phoneme is utilised in its context window. The next part of
the description will be based upon the selection procedure
for one of the data phonemes it being understood‘that the

15 same procedure is used for each of the data phonemes.

The selected data phoneme is not utilised in isolation
but as part of its context window. More precisely the
selected data phoneme becomes phoneme P3 of a data window
with its two predecessors and two successors being selected

20 to provide the five phonemes of the relevant context window.
The database described above is searched for this context
window; since it is unlikely that the exact window will be
located, the search is for the best fitting of the stored
context windows. .

25 The first step of the search involves accessing the
tree described above using phoneme P3 as the indexing
element. As explained above this gives immediate access to
a subsef of the stored conteit'window-. More specifically,
accessing level .one by phoneme P3 gives access to a list of

30 phoneme pairs which correspond to possible values of P2 and
P4 of the data context-window. The best pair is selected
according to the following four criteria.

rion Fortuitously , it may happen that one
pair in the sub-set gives an exact match for data P2 and P4.

35 When this happens that pair is selected and the search
immediately proceeds to level 3. This outcome is unlikely
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Second criterion. 1In the absence of a triple match a
left pair will be selected if it occurs. The left-hand match
is selected when an exact match for P2 is found and, if
alternatives offer, the P4 which has the highest correlation
parameter will be selected to give access to level 3 of the
tree.

The third criterion is similar to the second except
that it is a right-hand pair depending upon an exact match
being discovered for P4. 1In this case access to level 3 is
given by the P2 value which provides the highest correlation
parameter. '

Criterion four occurs when there is no match for
either P2 or P3 in which the case the pair P2, P4 with the
highest average correlation parametei is selected as the
basis of access to level 3.

' It will be noted that if criterion 1 succeeds, then it

will be possible to take as alternatives a left-hand pair, a

right-hand pair and a single value in accordance with
criterion 2, 3 and 4.

" Even if criterion 1 fails, it is still possible that
a left-hand pair will be found by criterion 2 and it is even
possible that, simultaneously, a right-hand pair will be
found by criterion 3. However because criterion 1 has failed
they will be selected from different parts of the database
and they will give access to different parts of the tree at
level 3. _

Finally criterion 4 will only Dbe accepted when
criterion 1, 2 and 3 have all failed and it follows that the
phoneme P3 cannot be found in tiiples or pairings when used
in other context windows. _

Thu;, when criterion 1 or 4 are utilised there will
only be access to one portion of the tree at the third level
but it is possible, when criterion 2 and@d 3 are used that
there will be access to two different parts of the third

level.
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Criteria Of'é@%éfﬁf bQELEgSé'for phonemes 1 and 5 of the data context

S window. The pair with the best average correlation parameter

(7))

is selected as the context window in the access portion of
the database. As explained above this context window is
converted to digital wave form using the time-parameter.
' To re-emphasise; where criterion 1 is used only one
10 context window is selected but it gives rise to £four
possibilities, namely time-parameter ranges for: -
(1) the triple P2 + P3 + P4; -
(idi) the left-hand pair P2 + P3;
(iii) the right-hand pair P3 + P4, and;
15 (iv) the single P3 by itself. _

When criterion 2 operates, this provides time-
.parameter ranges only for the left-hand pair P2 + P3 and for
a-single P3 by itself. When criterion 3 operates similar
considerations apply but the parameter ranges are for the

20 right-hand pair P2 + P3 and for the single P4. If both
criterion operate this offers two choices for the single P3
and only the one with the higher correlation parameter for Pl
+ PS5 is selected.

' Finally when criterion 4 operates there only one

25 possibility namely the phoneme P3 by itself.

The description given above explains how conversions
are provided for each phoneme of an input text. Sometimes
the method provides a conversion for only a single phoneme
and, in this case, no alternatives are offered. In some

30 cases the method provides conversion for strings of two or
three adjacent phonemes and, in these circumstances, the
conversion provides alternatives for at least one phoneme.
In order to complete the selection, it is necessary to reduce
the number of alternatives to one. The preferred method of

35 achieving this reduction will now be explained.

The preferred method of making the reduction is
carried out by processing a short segment of input text, egq.
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sel ectingcfrom strings which overlap rather 20

strings which nerely abut. The rejection of unwanted altgrratives producgs
a position in which each phonene has one, and only ore,} OBVSERI 1996

In other words the input text will have -badan -di vided intqQ gub-strings of |1,
2 or 3 phonenes matching the 25 database and the begi nni g and €endi ng
val ues for the selected streanms will therefore be establilshed The outpu

portion of the sdaimrasevtiake bddinsf amd @ends diidgiht iased lwenmd.or rAand ddde it

par anet ers iC V. e stalld d ﬂgﬁfsﬁgﬂﬁpt '
Therefore rﬂé qﬂgglg%gtfgngség%eﬁﬁﬂﬁggigi sel ected g Qhékgb%ut te é%Eﬁ
produce the Ifligisentenes etdryeepriespondi g mese than tﬁé@ﬁY’ﬁ@%@s: it
This conpl et £5,a1tiAf contains one or more embedded silences, eg between

5 clauses or other sub-units. In the case of long sentences

such sub-units are suitable for use as the segments.

The processing of a segment to reduce each set of

alternatives to one will now be described. As mentioned, no
alternative will be offered for some of the phonemes and,
10 therefore, no selection is required for these phonemes.
Alternatives will be available for the other phonemes and the

selection is made so as to produce a "best" result for the

segment as a whole. This may involve making a locally "less
‘good" selection at one point in the segment in order to
15 obtain "better" selection elsewhere in the segment. The

criteria of "betterﬁ include: -

_ (1) taking longer strings rather than shorter
strings, and
- (ii) selecting from strlngs which overlap rather
20 than from strings which merely abut.

The rejection of unwanted alternatives produces a
position in which each phoneme has one, and only one,
conversion. In other words the input text will have been
divided into sub-strings of 1, 2 or 3 phonemes matching the

25 database and the beginning and ending values for the selected
streams will therefore be established. The output portion
of the database takes the form of a digitised waveform and
the parameters which have been established define segments of

this waveform. Therefore the designated segments are
30 selected and abutted to produce the digital waveform
corresponding to the input text. This completes the

requirement of the invention.
Having obtained a digital waveform this can be
provided as audible output using conventional digital to
35 analogue conversion techniques and conventional loudspeakers.
If desired, the primary digital waveform can be enhanced



requi rement pf the invention. Having ‘obtained a digitdl RERLAGEMENT, SHEETS
be provi ded This SkeetHabBeenBegtlgset  usi ng conventional diditlal to 35

can

anal ogue conver si nd conventional | oudspealfers.Qof oL d
the primary digi tjﬂlmmm)mma be enhanced 12 us!ong t chel?qsuEegslggg
to those skilled in the art. e inventiroh2wrl| be furthgr i

of exanple with reference to the acconpanying drawi ngs ib which:- Figure 1
i{lustrates diagrammatically a speech engine in accordance wth the :
invention; aik§iRggieehrishefs knoipedn WRgienskidled 4t r"‘g’teec?ritn Figure 1

attached to a The invention will be further described by way of

example with reference to the accompanying drawings in
which: - '
5 : - Figure 1 illustrates diagfammaticélly a speech engine
in accordance with the invention; and
Figure 2 shows a speech engine as illustrated in
Figure 1 attached to a telephone network.
' As shown in Figure 1 the speech eﬁgine according to

10 the invention comprises primary processor 11 which is adapted

| to accept text in graphemes and to produce therefrom an
equivalent text in phonemes. This text is passed. td
converter 12 which is operatively associated with a database
13 in accordance with the invention. Converter 12 matches

15 segments " of the phoneme text with segments stored in the
access portion of database 13. Thus segments of digital
waveform are retrieved and these are assembled into extended
p&ktions of digital waveform corresponding to extended
portions of the original input.

20 These extended portions of digital waveform are passed
to waveform processor 14 where they are subjected to further
processing in order to produce a smooth.output. Finally the
‘digital output is converted into an analogue waveform which
is provided at output port 15 for onward transmission.

25 _' As shown in Figure 1 the speech ‘engine is connected to
receive its input from an external database 16 which holds
texts in conventional orthography. External database 16 is
conveniently operated by keyboard 17 to select a text stored
i%?gggigﬁse 16. This text is provided into the primary

30 eenmvewter 11 and it appears at the output port 15 as an
analogue waveiorm.

Figure 2. shows a speech engine as illustrated in
Figure 1 attached to a public access telephone network. As
shown in Figure 2, a conventional speech telephone 20 is

35 connected to a station 22 via a switched access network 21.
Station 22 includes a speech engine as shown in Figure 1 and
the output port 15 is connected to the network so that the
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t el ephone network. As shown in Figure 1 the speech enging

i nventi‘on® conprises primary processor 11 which is adapte m@@@%#&i
graphenmes and to produce therefrom an equival ent text in}phonenes. This
text is passed to converter 12 which is operatively assogijt 8% $EPh1994
dat abase 13 in accordance with the invention. Converter [12 matches segmgnt(s
of the phonene text with segnments stored il the access porfion of databdse
13. Thus segnents of digital waveformare retrieved and hese are assenbl 4d
I it o extended portions of digital wavef ormcorreaaﬁ_ ng #Jo ext ded
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texts in c
database 16 (in which case the external database 16

preferably contains instructions which can be_ read by the

speech engine). . A simpler technical arrangement provides a

human operator at the stétion 20 and the human operator

10 actuates the Xkeyboard 17 in accordance with instructions

received over the network 21. When the operator has selected

a portion of text this is read by the speech engine and

further participation by the operat-or is unnecessary. Thus

the operator is freed to assist with further enquiries and

15 the use of a speech engine. enhances the efficiency of the
operation. -

) it will be appreciated that there are many other

applications for a speech engine according to the invention,

— e.g. it is suitable for connection to a public address

20 system.



External database 16 is conveniently operated by keyboard 17
text stored in database 16. This text is provided into the pr
processor 11 and it appears at the output port 15 as an anal

Figure 2 shows“ﬂ,ﬂ l'ﬁMMas illustrated in Figure 1 attjadhe

publ i c access Mgl . As shownlén-Figure 2, a conye tigEEPEP 9%
speech tel ephone 20 i's Confected to a station 22 via a switcled access w
network 21. Station 22 includes a speech engine as shown in gLgure 1 and
the output port 15 is connected to the RBARYMEk so that the -13-
information available in the external database 16 can be provi ded, as an

anal ogue acoustic waveform_ to the tel ephone 20. . )
1. A method of converting an input signal into an output

signal, wherein said input signal represents a text in
phonemes and said output signal is a digital waveform
5 convertible into an acoustic waveform corresponding to the
input text, wherein said method comprises: - .
- (a) dividing said input signal into.ébuttiné3segments
each of which is stored in the access section of a
linked database,

10 (b) for each segment identified in step (a) retrieving
a segment of digital waveform from the output section
of the database, said output segment being that which
is linked to the input segment, and
Qf) concatefizigg the digital segments retrieved in

15 step (b), said segments being kept in the same order

as the equivalent input segments,
'wﬁéreby the éoncatenated digital signal is a waveform
Eorresponding to the input signal, characterised in that the
output section of the database contains an extended digital
20 waveform having a location parameter for identifying any
point therein whereby the establishment of beginning and
ending location parameters defines a portion of said extended
digital waveform, and step (a) comprises establishing
beginning and ending location parémeters for segments of the
25 input signal and step (c¢) comprises utilising the parameters
established in (a) for retrieving a portion of stored digital

waveform.

2. A method according to claim 1, wherein step (a)
comprises comparing windows of input signal with windows of

- 30 the input section of the database to establish a closest
match for the input signal.

3. A method according to claim 2, wherein each window has

a length equivalent to 5 phonemes. T TTT———

T

T~ .




. " N . ) e X . o - .
., ) / . .
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as the ‘keyboard—17 crhis Sheet Has Bes ;“a‘d_atl abase 16 (in whichjcdse the external
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speech engine). A .Si arrangenment provides}ajhuman operato
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at the station 20 an e human operator~ 1¥° att uates the keyboar a7
accordance with instructions received over the network 21.__\Wen_the

operator has selected a r.éi on of text this_.is read by the speech engine
and further partici g’at WSEQB AFE BFEnE of 0 Slare ssé%l’.y.wq‘*lfﬂgstf‘ﬁe irput
operator is fseetion afstls¢ datdbdss ticromyapiigd@d nvad thrddhdisardhiacal

speech engin nece efficiency of the operation. It will be
appr eci at ed ?Jh%?gfﬁ’eréaéggynany ot her applications for a speech engi ne

according to the invgnti om top level <containing single phonemes
5 corresponding to the central phoneme of a window;
(ii) a second level which contains the equivalents of
the second and fourth phonemes of a window; énd
(iii) a lowest level which contains the equivalents of
the first and fifth phonemes of the window, whereby
10 identification of a portion of the lowest level identifies a
stored window of phonemes;
and the métching comprises selecting an exact match
for the central phoneme of the input window from the first
level of the hierarchy, selecting a best match for phonemes
15 2 and 4 from the second level of the hierafchy corresponding
to the selected portion of the top level of the hierarchy
gnd, finally, selecting from the bottom level of the
hierarchy the best match for phonemes 1 and 5 from that
portion of the bottom 1level which corresponds to the
20 selection in the second level of the hierarchy. '

5. A database for use as a component of a speech engine
said database having an output section containing an extended
and an access section containing signals representing said
extended digital waveform in phonemes, said database having

25 a common address parameter identifying common points in both
sections whereby the identification of a segment in the
access section establishes beginning and ending values for
the parameter and hence i'dentifies the corresponding segment
of the digital waveform.

30 6. A database accordihg to Claim 5 in which the access
portion céntains'windows of 5 phoneme length said access
s'e_ction having a hierarchical higher level accessed by the
centre phoneme of a window to identify the second and fourth
bhonemes of a window whereby entries in the higher

35 hierarchical level are equivalent to strings of 3 phonemes

Iy LTI
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wherein said input. lwmml ﬂntmma text in phonemes farjd said output
signal is a digital i'ble to an acoustic |Wqved OrgEP 1996
corresponding to sai d té&xtt vherfein sai d-net6hed nmakes ugejof a two-part
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conprises conparing w ndows o si gnal” the access
irst and fifth phonemes whereby entrles in the lower

hierarchical level are equivalent to strings of 5 phonemes.
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7. A speech éngine which comprises a primary processor
(11) for converting a text in graphemes into an equivalent
‘text in phonemes and a converter (12) for converting said
text in phonemes into a digital WaVeform, characterised in
10 that the converter (12) includes a database (13) according to

either Claim 5 or Claim 6.

8. A telephone network which includes a speech engine

according to Claim 7, said speech engine being connected to

the network for the transmission of the output of the speech
15 engine to a remote location.
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w ndows to select, in each case, the access MnndOM/MhICh provi des the best
match hcFudi ng an exact match for at |east one interna
discarding at least the first and |ast phonenes of saig (REBLAGEMENT SKEET
identify a shorter strlng of phonenes whi qly i-s an exact} fatrciTfor—=

of said input signal, ‘retrieving fromthe output sectid tqg d%eﬁtﬁ%ﬁ
wavef orm corresponding to the sel ected exact” match and er gf r nifn
together the selected portions of the @dpgmracmwaveform
out put signal. 2. A et hod accordlng toclaim1l, i
section is based on an extended te
corresponds to a string of phong
out put section contains an exte ncorresponding to the
ext ended phonenme text of the access the portion retrieved from
t he out put seﬂnusnn.m&rtﬁwrsmyiarttesoﬂ:q Meegeaﬁ@e@lehgptfaﬁywﬁl@ftéms\mﬁ%w
corresponds t nc{ r%%eec)i érctége h?O?roé\zE@{gﬁdo@%ca&%&%ﬂ YRl f¥¥m E M 1

or claim 2] WHTCR rretho mng a best match for a w_ndow of five
phonenes of sai tdexnpin pnhgnalmes The invention uses a linked database

which comprises an extended text in phonemes and its

equivalent in the form of a digital waveform. The two
portions of the database are linked by a parameter which
10 establishes equivalent points in both the phoneme text and
the digital waveform. The input text (in phonemes) is
analyzed to locate matching portion in the phoneme portion of
the data.base. This matching utilises exact equivalence of
phonemes where this is possible; otherwise relation between
15 phonemes is utilised. The selection process identifies input
phonemes in context whereby improved conversions are
‘obtained. Having analyzed the input text into matching
strings in the input form of the database beginning and
ending parameters for the sections are established. The -
20 output text is produced by abutting sections of the digital
waveform and defined by the beginning and ending parameters.
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the i n;iut wi ndow fromthe first level_ of the hierarchy, sel EWW

mat ch for phonenmes 2 and 4 fromthe second | evel of the o
corresponding to the selected portion of the top | evel of migé%\ﬂ%{\”cﬁwg
rkhy the best 1

and, finally, selecting fromthe bottomlevel of the hier ‘

mat ch for phonemes 1 and 5 fromthe portigh of 'the bottonp | evelo pECC99? |
ef'archy. 5. _j A
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corresponds to the selection in the secontFlevel of the hj
nmet hod accordi ng anyone of the preceding clainms, in which
output is converted into an anal ogue signal. 6. A dat _
conponent of a speech engi ne, said database having an access section
contai ning signals representing phonenes |inked to an output section
cont ai ni ng dHsiig tgrhniaves knayyn thilioseskilled idtherart-hat said access section is

based on an extend t: RV ' ?ﬁ’i | i
contains five phongﬂggﬁﬁ\négbh%ﬁe%ar‘g&%ﬁ?’% sgms{qgﬁ\qﬁ%ﬁ al gé gﬁﬁe%?%rﬁﬂ%ed
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section, wherein t access sectign-is or i sed i : [ [
level s; narely r11:‘uegure Cl ﬁlustrates é)lagrammatﬂg]ﬂ/ a spe'ec% %ntg{r‘,’é%ﬁ aTCSF aE&E‘ Ivgi'cI

the invention; and

Figure 2 shows a speech engine as illustrated in Figure 1 attached to a
telephone network. | |

‘As shown in Figure 1 the speech engine according to the invention
B, . comprises primary processor 11 which is adapted to accept text in graphemes and
- to produce therefrom an equivalent text in phonemes. This text is passed to
| co‘nVerter 12 which is operatively associated with a database 13 in accordance with
the invention. Converter 12 matches segments of the phoneme text with segments
stored in the access portion of database 13. Thus segments of digital waveform are
retrieved and these are assembled | into extended portions of digital waveform

corresponding to extended portions of the original input. _

These extended portions of digital waveform are passed to waveform
processor 14 where they are subjected to further processing in order to produce a
smooth output. Finally the digital output is converted into -an analogue waveform
which is provided at output port 15 for onward transmission.

As shown in Figure 1 the spe_ech'engine is connected to receive ifs input
from an external datébase 16 which holds texts in conventional orthography.
External database 16 is "éﬁh\ieniériﬂy'dbél;'afédm Byuk'eyb.oar.d.ﬁ fo sélect a.text stored
ir.1 database 16. This text is provided into the primary processor 11 and it appears at
the output port 15 as an analogue waveform.” '

.Figure 2 shows a speech engine as illustrated in Figure 1 attached to a
public access telephone network.. As shown. in Figure 2, a conventional speech
{elephone' 20 is con::\éc-:ted ‘to” @ station "22 Via a switched access network 21.
Station 22 includes a speech engine as shown in Figure 1 and the output port 15 is

‘connected to the network so that the
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1. A method of converting an input signal into an output sxgnal whereln sald
input signal represents a text. m phonemes and said output srgnal is a dlgttal
waveform convertible to an acoustic waveform correspondmg to said text, wherein
said method makes use of a two-part database having an access section linked to
an output sectron, characterlsed in that said access section defines access
windows each of which corresponds to a string of phonemes and said output-
section contains digital waveforms corresponding to the access windows; wherein
said method comprises comparing windows of said input signal with the access
_ windows to select, in each case, the access window which provides the best
| match including,, an exact match for at least one internal phoneme and discarding at
least the first and last phonemes of said best match to identify a shorter string of
phonemes which is an exact match for a portion of said input signal, retrieving
from the output section the digital waveform corresponding to the selected exact
match and thereafter joining together the selected portions of the digital waveform

to produce the output signal.

2. A method according to claim 1, in which the access section is based on an
extended text in phonemes and each access window corresponds to a string of
phonemes contained in said extended text; the output section contains an
extended digital waveform corresponding to the extended phoneme text of the
access sectlon, and the portron retrieved from the output section is the segment of

the extended dlgrtal waveform which corresponds to the exact matoh

3. A method according to either claim 1 or claim 2, which method includes
formmg a best match for a_window of five. phonemes of said mput szgnal
_discarding ‘at leéast the first and last phonemes of ‘said best match to identify an

exact match for a string of one, two or three phonemes. -

4, A method according to  claim 3, in which the input section of the

database is organised into three hierarchical levels; namely
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i) a tob. le\)e_l cbﬁtaining Single phonemes corres
phoneme of a window; |
(il asecond level whlch contams the equnval_eqt__s_ of the second and
. fourth phonemes lf a wmeW° and
(iiiy a lowest level which contains the equivalents of the first and fifth
phonemes of a window; o
and tﬁe m'atching comprises s_eleéting an exact match for the central phoneme of
the input window from the first level of the hierarchy, selecting a best match for
phohemes 2 and 4 from the second level of the hierarchy corresponding to the
selected portion of the top level of the hierarchy and, finally, selecting from the
bottom level of the hierarchy the best match for phonemes 1 and 5 from the
portion of the bottom level which corresponds to the selection in the second level

of the hierarchy.

.5. A method according anyone of the preceding claims, in which the digital

output is converted into an analogue signal.

6. A database_ for use as a component of a speech engine, said database
having an access section containing signals representing p'honemes_linked to an
output section contai_ning digital waveform, characterised in that said 'acéess
section is based on an extended text divided into access windows each of which
N\ ‘ contains five phonemes and that said output section contains an extended digital
waveform corresponding to the extended phoneme text of the access section,
wherein the access section is organised into three hierarchical levels; namely
(i) a top level containing single phonemes corresponding to the central
phonemes of an access window;
iy a second level which contains the equivalents of the second and
fourth phonemes of an access window identified in the top level; and
{ili) a lowest level which contain the equivalents of the first and fifth
phonemes of an access window identified in the second level.
whereiﬁ the linkage between the access and output sections is such that the
identification of an access window from levels (i), (ii} and (iii) also identifies the

corresponding window of digital waveform.
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7. A sbe-eé'hléng.ine' Whicﬁncbmprises a pri'm'ary processor (11) for converting

a text in graphemes into an equivalent text in phonemes and a converter (12) for
converting said text in phonemes into a digital waveform, characterised in that the

converter(12) mcll.Jdes adatab_ase(1 3)'a-c<-:6rdihg to claim 6. _

8. A telephone network which includes a speech engine according to claim 7,
said speech engine being connected to the network for the transmission of the

output of the speéch engine-to a remote location.



