10

15

20

25

30

M XED- LI NGUAL TEXT TO SPEECH

FI ELD OF THE | NVENTI ON

The present invention relates generally to Text-
To- Speech (TTS) synt hesi s. The i nvention IS
particularly useful for letter to sound conversion for
synt hesi zed pronunci ati on of m xed-1ingual text.

BACKGROUND OF THE | NVENTI ON

Text to Speech (TTS) conversion, often referred to
as concatenated text to speech synthesis, allows
el ectronic devices to receive an input text string and
provi de a converted representation of the string in the
form of synthesized speech. However, a device that nmay
be required to synthesize speech originating from a
non-determ ni stic nunber of received text strings wll
have difficulty in providing high quality realistic
synt hesi zed speech. One difficulty is based on letter
to sound conversion in which identical Iletters or
groups of letters may have different sounds and vowel
stress/ enphasi s dependi ng on other adjacent letters and
position in a text segnent to be synthesized.

M xed-1lingual TTS synthesis is energing to find
its applications in nunmerous domains such as cal
centre and handhel d device etc. Hereafter m xed-Iingual
TTS neans a speech synthesis technique for two or nore
| anguages that can be identified and detected from
analysis of strings of text. Wen considering m xed-
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lingual TTS for text strings of two |anguages, one
dom nant | anguage, conprising the majority of the text,
is usually termed as a primary |anguage and the other
is a secondary |anguage. Typically, the primry
| anguage such as an Asian |anguage (Mandarin,
Cant onese, Japanese, Korean, Thai etc.) is mxed wth
Engl i sh.

In a TTS system based on concatenati on synthesis,
an utterance is synthesized by concatenating several
speech fragnents together. Al t hough concatenative
speech synthesis has been identified as a promsing
approach to realize ©practical m xed- | i ngual TTS
systens, identifying phonetic units, phonenes and their
correspondi ng acoustic units is problematic. Also, the
audi bl e discontinuity at each concatenating points or
between two successive units affects the synthesized
speech quality. Further, both speech snpothing at each
concatenating point and the snoothing of transitions
bet ween synthesized speech segnents of two |anguages
affects quality.

In this specification, including the clainms, the
terms ‘conprises’, ‘conprising’ or simlar terns are
intended to nmean a non-excl usive inclusion, such that a
met hod or apparatus that conprises a list of elenents
does not include those elenents solely, but my well
i nclude other elenments not |isted.
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SUMVARY OF THE | NVENTI ON

According to one aspect of the invention
there is provided a nethod for m xed-lingual text
to speech synthesis, the nmethod including:

Receiving a mxed-lingual text string of at
| east two | anguages;

Separating text in the text string into
ei t her: (i) at least one character string of
syl l abl e based characters each of the characters
representing a single syllable; (ii) or at |east
one word string conprising one or nore words
formed by letters of the al phabet, at |east sone
of the words representing nore than one syl abl e;

assigning phonetic wunits for each of the
syl | abl e based characters;

assi gni ng phonenes for each of the words, one
or nore of the phonemes formng individua
syl | abl es;

selecting individual acoustics units for both
t he phonetic units and phonenes; and

concatenating the individual acoustics units
into concatenated ordered acoustics units having
an order corresponding to the mxed-Iingual text
string; and

perform ng speech synt hesi s usi ng t he
concat enated ordered acoustics units.

Suitably, the separating text also identifies

which of the two |anguages is the primary |anguage in
the text string and which is the secondary | anguage.
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Preferably, the text conprising the primry
| anguage includes one or nore dummy spacers indicating
the position of text fromthe secondary | anguage.

Suitably, the assigning phonetic units includes
segnentation by maximum matching so that words in a
l exicon match with the maxi num nunber of consecutive
Characters matching segnments of the text of syllable
based characters, the segnmentation providing maxinmm
mat ched wor ds.

Preferably, the assigning phonetic units includes
determ ning phrase boundaries for the maxi num matched
words to identify natural speech pauses that are not
explicitly identified by punctuation.

Suitably, the assigning phonetic units includes
identifying the phonetic wunits for each character
having regard for which of the maxi num nmatched words
the character conprises. Suitably, there is prosodic
i nformati on associated with each of the phonetic units.

Preferably, the assigning phonenes includes
identifying one or nore natural boundaries that are not
explicitly identified by punctuation. Suitably, the
natural boundaries are identified by predictive word
bundl i ng based on part of speech patterns. Preferably,
the part of speech patterns are identified using rules,
the rul es conpri sing:

Adj ective + Noun -> npatural boundary;
Nunber + quantity -> npatural boundary;
Verb + Noun -> npatural boundary;
Adverb + Verb -> patural boundary;
Noun + Noun -> npatural boundary;
Nunber + Noun -> patural boundary;
Verb + Verb -> patural boundary; and

Noun + Conjunction + Noun -> natural boundary.
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Sui t abl y, the assigning phonenes includes
segnenting words into sub-words formng a sub-word
sequence, and identifying syllable boundaries to
thereby assign the one or phonenes to individual
syl | abl es.

The identifying syllable boundaries preferably
includes identifying each sub word as Consonant (C); a
Vowel (V); and a Consonant group(CG .

Sui t abl y, identifying syllable boundaries
i ncludes the follow ng rules:
VCV -> V|CV; W->V|V; VCCV-> VC|CV when CC is not in
CG VCCVv->v|CCv when CC is in CG VCCCV->V(C CCV,
VCCCCV- > V(| CCcV
Where “|” represents a syll able boundary.

Preferably, during concatenating, the acoustic
units are inserted into the respective dummy spacers
indicating the position of text from the secondary
| anguage.

Sui tably, the concatenated ordered acoustic units
undergo enhanci ng conprising nmerging excitation signals
associated with the acoustic units at a concatenating
boundary.
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BRI EF DESCRI PTI ON OF THE DRAW NGS

In order that the invention may be readily
understood and put into practical effect, reference
Wil now be nade to a preferred enbodinent as
illustrated with reference to the acconpanyi ng draw ngs
i n which:

Fig. 1 is a schematic block diagram of an
el ectronic device in accordance with the present
i nvention;

Fig. 2 is flow diagram illustrating a nethod
for mxed-lingual text to speech synthesis that
can be performed on the electronic device of Fig.
1; and

Fig. 3 illustrates an exanple of a Direct
Acyclic Gap (DAG.

DETAI LED DESCRI PTI ON OF A PREFERRED EMBODI MENT OF THE

I NVENTI ON
Referring to Fig. 1, there is illustrated an
el ectronic device 100, in the form of a radio-
t el ephone, conpri sing a devi ce processor 102

operatively coupled by a bus 103 to a user interface
104 that is typically a touch screen or alternatively a
di splay screen and keypad. The electronic device 100
al so has an utterance corpus 106, a speech synthesizer
110, Non Volatile nenory 120, Read Only Menory 118 and
Radi o communi cati ons nodul e 116 all operatively coupl ed
to the processor 102 by the bus 103. The speech
synt hesi zer 110 has an output coupled to drive a
speaker 112. The corpus 106 includes representations
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of words or phonenes and associ ated sanpled, digitized
and processed utterance wavefornms PUW. |In other words,
and as described below, the Non Volatile menory 120
(menory nodule) in use provides for mxed-lingual Text-
To- Speech (TTS) synthesis. Also the waveform utterance
corpus 106 conprises sanpled and digitized utterance
waveforms in the form of phonenes and stress/enphasis
of prosodic features.

As will be apparent to a person skilled in the
art, the radio frequency conmmunications unit 116 is
typically a conbined receiver and transmtter having a
common antenna. The radi o frequency conmuni cations unit
116 has a transceiver coupled to antenna via a radio
frequency anplifier. The transceiver is also coupled
to a conbined nodul ator/denodul ator that couples the
communi cations unit 116 to the processor 102. Also, in
this enbodiment the non-volatile nmenory 120 (menory
nodul e) stores a user programabl e phonebook database
Db and Read Only Menory 118 stores operating code (OC)
for device processor 102

Referring to Fig. 2, there is illustrated a nethod
200 for mxed-lingual text to speech synthesis. After
a start step 210, a step 220 of receiving a m xed-
[ingual text string TS from the nmenory 120 is
per f or med. The m xed-lingual text string TS may have
originated from a text nessage received by nodule 116
or by any other neans. Also, the mxed-Iingual text
string TS as described in this specification 1is
typically fornmed from at |east two |anguages, and by
way of exanple a conbination of Chinese Characters and
al phabetical characters is described below, also the
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text string TS may include digits 0 to 9 and/or
punct uati on marks.

A separating text step 230 then provides for
Separating text in the text string into either: (i) at
| east one character string of syllable based characters
(SBC) each of the characters representing a single
syllable; (ii) or at least one word string conprising
one or nore words hereafter also referred to as string
of words (SOW fornmed by letters of the al phabet, at
| east sone of the words representing nore than one
syl l able. The separating text step 230 is perfornmed by
unicoding that is known in the art. The wunicode is
structured such that English Characters (letters) are
encoded so that each character is represented by a
nunber from 0000-007f and Chinese Characters are
encoded so that each character is stored by a nunber
from 4e00- 9f a5.

The separating text step also identifies which of
the two languages is the primary |anguage in the text
string and which is the secondary |anguage. This is
achieved in this enbodinent (English & Chinese m xed-
lingual text) by counting Chinese characters and
English words. If there are nore Chinese Characters
than English words then the primary |anguage wll be
Chi nese and t he secondary | anguage Engl i sh.
Alternatively, if there are nore English words than
Chi nese Characters then the primary |anguage wll be
English and the secondary | anguage Chi nese.

To further explain the nethod 200 consider the
following four text strings in the form of four
sent ences.
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Text string 1: “HEICHE mention nIHHEERCH SCHHR &7
Text string 2: “Watson J&—fiRINKE AN

Text string 3: “ KJLFHHMESE Chi cago’

Text string 4: “HEBUFHRESMN APEC &3L” .

After the separating text step 230 for above four
text strings, there are four strings of syllable based
characters (SBC) from the primary |anguage, these are
as foll ows:
syl | abl e based character stringl (SBCl):

“ PESC I BLANKL 1] BT R SO A7
syl | abl e based character string2 (SBC2):

“BLANK2 &7l N7
syl | abl e based character string3 (SBC2):

“ KILT HETEAE BLANK3”
syl | abl e based character string4 (SBC2):

“HEBUFREZS N BLANKA 21

There are also four strings of words (SOWN, from
the secondary |anguage, each conprising one or nore
words, and these are identified as follows:

string of wordsl (SOM) —-> Bl ankl: “nention”

string of words2 (SOA2) —> Bl ank2: “Watson”

string of words3 (SOMB) —> Bl ank3: *“Chi cago”

string of words3 (SOM) —> Bl ank4: “APEC'.

From the above, since there are nore Chinese
Characters than English words then the primary | anguage
will be Chinese and the secondary |anguage English.
This is apparent since the English words are
represented as blanks in the strings of syllable based
characters (SBO). Thus, the text conprising the
primary |anguage includes one or nore dunmy spacers
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(the blanks BLANK1 TO BLANK4) indicating the position
of text fromthe secondary | anguage.

Considering the Chinese characters that are the
strings of syllable based characters (SBCL - SBC 4),
the nethod 200 perforns a step of assigning (240) for
assigning phonetic units for each of the syllable based
characters (SBC). The step of assigning (240) can
essentially be broken down into three sub-steps these
are: (a) text analysing; (b) Determning phrase
boundaries; and (c) identifying phonetic units.

Sub-step (a) text analyzing essentially perforns
segnentation and normalization of Chinese Characters by
using a word | exicon. This |exicon conprises over

80, 000 words part of which is shown in listing 1 bel ow
#
o
HPFK
I
o
T
LS
T
(LK

RN

X
Listing 1. Wrd Lexicon

The segnentation selects segnents (words) by
maxi mum nmatching so that words in the |exicon (stored
in menory 120) match wth the maxi num nunber of
consecutive Characters matching segnents of the text of
syllable based characters (SBC). For exanpl e,
considering the syllable based character stringl
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(SBC1): “ge3CHiin] BLANKL RIRHPERCSCHIER &7 . Segnent ation
proceeds from the first to last character (sentence
initial to sentence final). Hence, segnentation
proceed in the follow ng sequence: & is found in the
lexicon, % is found in the lexicon, &L ¥ is not
found in the lexicon. So the first segnent or word is
G, Simlarly, ¥ is found in the lexicon , ¥ is
found in the | exicon and since the next word is a blank
then the second segnent or word is #H . The bl ank
“BLANK1” i s skipped (not analysed for segmentation). Next, HJ
is found in the lexicon, " # 1is not found in the
| exi con, so the third segment or word is 1. Simlarly,
the rest of the segnents or words are B, W, I,

] and #& & . The sane process of segnentation is
performed on the syllable based character strings (SBC2
— SBC4) and provides for Maxi num Matched Wrds (MWY as
wi ||l be apparent to a person skilled in the art.

Normal i zation, is wuseful for special characters
such as digits and punctuation marks. Nor mal i zat i on
uses rules to identify these special characters that
have a special nmeaning or their correspondi ng phonetic
units can differ depending on the context of these
speci al characters. Hence, normal i zation provides
normal i zed characters from the special characters.
Al so, normalization is effected by a rule base, part of
which is as foll ows:

Dot Rul es:

Full stop — is an end of sentence such as -> [ifERdEA
KR Z —.

Decimal point — is normalized to have the sound “point”

such as ->
1.234 - > —4H =
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Dot ina URL is normalized to have the sound ”"dot”
such as -> www.mot.com(www £i mot £i com, www dot mot dot com)

Col on Rul es:
Sent ence break, XH

Rati o: tb4rJ& 2: 2, (should be converted into Lt)
Time: 10: 05

Sl ash Rul es:
Fraction flag: 2/3 (=92 7)
Date flag: 97/10 (Jut41 /I, October, 1997)

Comma_Rul es:
Nunber identifier: 123,456 (+—JJ=TWH i/, one
hundred twenty three thousand three hundred fifty six)

Digit string rules:
Digit: 123456 (——_—=Pyfis5,one two three four five six)

Sub step (Db) Determining phrase boundaries
performs predictive word bundling (phrasing) using
maxi mum matching as wll be apparent to a person
skilled in the art. The purpose of determning the
phrase boundaries is to identify natural boundaries
(natural speech pauses) that are not explicitly
identified by punctuation in strings of the Maxinmm
Mat ched Wrds (MWY. The predictive word bundling is
based on part of speech patterns and uses the follow ng
rul es:

Adj ective + Noun -> natural boundary;
Nunmber + quantity -> natural boundary;
Verb + Noun -> patural boundary;
Adverb + Verb -> natural boundary;
Noun + Noun -> natural boundary;
Nunmber + Noun -> natural boundary;
Verb + Verb -> natural boundary; and

Noun + Conjunction + Noun -> natural boundary.
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The Noun + Noun rule is recursive so nore than two
Nouns in sequence also provides a natural boundary
(e.g. Noun + Noun + Noun; Noun + Noun + Noun + Noun
etc.). Al so, the Verb + Verb rule is recursive.

The natural boundaries identify enphasis and pauses.
Hence, for the segnented syllable based character
stringl (SBCl), the natural boundaries are identified
as foll ows:

/'8 Hiji: noun + noun
n ®¥ R verb + verb + verb
1 ) #&/%: noun + conjunction + noun

So the natural boundaries (phrasing) is:

s FuAl | BLANKL| A #RE ml  har o R
Were, “|” represents a phrase boundary.

Furthernore, the natural boundaries (phrasing) for
SBC2 to SBC4 are:

For SBC2 after segnenting ->
BLANK2, &, —A7, Jh, H, BA
After phrasing ->
BLANK2 | & |—f7 BeZh 1 ’A

For SBC3 after segnenting ->
K, JL¥, Huy, fE £, BLANK3

After phrasing ->
K JL¥| Hur 4E 76| BLANK3
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For SBC4 after segnenting ->
T, BUR, . HRGE, . B0, BLANKA, i)
After phrasing ->
HE B PRaE | 200 BLANKA 231X

Sub step (c) identifying phonetic units uses the
results from Sub step (a) and sub step (b) to identify
the phonetic units for each of the syllable based
characters having regard for which of the maxinum
mat ched words the character conprises. This sub step
also identifies phonetic units for the natural breaks
and normalized characters.

If a unit in the speech inventory stored in the
non volatile nenmory 120 is matched with the target
phonetic wunit in prosodic position and contextua
information, this unit is selected. For instance, for
the exanple Text Stringl TS1 that has undergone
predictive word bundling (phrasing) to have the natural
boundaries identified as:

g& 3 LR | BLANKL] m R | B SC R 8 K, then the
phonetic units selected are showmn in table 1. 1In table
1, the nunber associated with the prosodic position
affects the pitch duration and energy (e.g. RVS power)
with the associated phonetic unit. In this regard,
nunber O neans the phonetic unit is at the begi nning of
a sentence; unber 1 neans the phonetic unit is at the
end of a sentence; nunber 2 neans the phonetic unit is
at the beginning of a phrase; nunber 3 neans the
phonetic unit is in the mddl e of a phrase; and nunber
4 means the phonetic unit is in the end of a phrase.
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Character Phonetic Unit Prosodic Position
L ying1 0
b wen2 3
A dan1 3
3] ci2 4
G ke3 2
FH fan1 3
2 yi4 3
5% cheng2 4
i zhong1 2
B wen2 3
i3] deb5 3
b ti2 3
N ji2 1

Tabl e 1, exanpl es of phonetic units and associ ated
prosodi ¢ positions for Chinese characters

After the step of assigning (240) the nethod
performs a selecting step (250) for sel ecting
i ndi vi dual acoustics units for the phonetic units. (For
syl | abl e- based | anguage such as Chi nese, phonetic units
with prosodic position and contextual information to
performunit selection is identified.

The unit selection procedure for a syllabl e-based
| anguage can be described as follows. A syllable wth
tone and prosodic position is searched in an inventory
stored in the menory 120 and the acoustic unit sel ected.
If not found, the nmethod will relax the condition for
prosodic position and will select a syllable with the
sane tone and a different prosodic position.
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Now returning to the separating text step 230 and
considering the English strings of words (SON, these
words are processed at an assigning step (260) that
provi des for assigning phonenes for each of the words,
where one or nore of the phonenes form individual
syl l ables. The step of assigning (260) can essentially
be broken down into four sub-steps these are: (a)
normalizing; (b) Determning phrase boundaries; (c)
letter to sound conversion; and (d) determning
syl | abl e boundari es.

Sub- st ep (a) per f or ms normal i zing that is
essentially the sanme nornmalizing as described above but
using English text in the rule base.

Sub-step (b) Determning phrase boundaries is
performed by a process described in Chinese Patent
application filed wunder nunber 03132708.7 ¢that s
incorporated into this specification by reference. In
summary, the phrase boundaries are determned by
statistical analysis and heuristics selected from a
| arge training set of over 90,000 transcriptions. These
heuristics are stored in the non-volatile nenory 120.
The purpose of the phrase boundaries is to identify
nat ural boundaries (natural speech pauses) that are not
explicitly identified by punctuation.

Sub-step (c) letter to sound conversion addresses
the fact that identical letters or groups of letters
may have different sounds and vowel stress/enphasis
depending on other adjacent letters and position in a
text segnment to be synthesized. Sub-step (c) letter to
sound conversion is perfornmed by a process described in
Chi nese Pat ent appl i cation filed under nunber
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03132709.5 that is incorporated into this specification
by reference. However, in summary letter to sound
conversion involves segnenting words into sub-words,
the sub-words formng a sub-word sequence with one or
nore of the sub-words conprising at |least two letters.
The sub-word sequence is determ ned by analysis of all
possi bl e sub-words that could conprise a sel ected word.
This analysis is performed by use by construction of a
Direct Acyclic G aph (DAG .

Consi der, for exanpl e, | f a selected word
“mention” was being processed by step 260, then the
Direct Acyclic Gaph DAG of Fig. 3 is constructed with
all possible sub-words that could conprise the sel ected
word “nmention”. Wth each sub-word a pre-defined weight
W is provided, for exanple the sub-word “nment”, “nen”
and “tion” have respective weights 88, 86 and 204.
Accordingly, the DAG is traversed and the sub-words
wi th the maxi mum conmbi ned (sunmed) weights WI that form
the selected word are selected to be identified as
phonemes as described in Chinese Patent application
filed under nunber 03132709.5. In the case for the
word “mention” the sub-words “nmen” and “tion” would be
sel ected. and thereafter phonenes can be identified for
t hese sub- wor ds once syl | abl e boundari es are
i dentifi ed.

The sub-step (d) identifying syllable boundaries is
performed using the follow ng rul es:

A Consonant (C) conprise any of the foll ow ng sub-
words: TS, b, ch,d, dh,f, g, hh, k,I,mn,ng, ,p,r,s,
sh,t,th, v,wy,z, zh;

A Vowel (V) conprise any of the foll ow ng sub-words:
aa, ae, ao, aw, ax, ay, eh,er, ey,ih,iy,ow oy, uh, uw
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A Consonant group (CG conprise any of the follow ng
sub-wor ds:

bl , br, by, dr,dy,fl,fr,fy,gl,gr, gw gy, kl, kr, kw, ky, |y, ny
, ny, pl, pr, py, sk, sl,smsn, sp,st, tr.

Boundary Rul e
Boundary Rul e
Boundary Rul e
Boundary Rul e
Boundary Rul e
Boundary Rul e

VCV -> V| CV,

W->V| V,

:VCCV-> VC| CV when CCis not in the CG
:VCCV->V| CCV when CCis in the CG

: VCCCV- > V(| CCV,

: VCCCCV- > V(| CCCV.

oOUAWNE

Were “|” represents a syll able boundary.

After the sub-step (d) identifying syllable
boundaries, the sub-words such as “nmen” and “tion”,
phonenes are identified for these sub-words. Hence,
the identifying step identifies phonenmes for each word
conprising sub-words and, as wll be apparent to a
person skilled in the art, nore than one phonene can
form an individual syllable. For instance, for the
exanples of the text string 1 to text string 3, the
phonenes and associated prosodic information would be
selected. based on identification of the natura
boundari es. Such phonenes and prosodic information
(prosodic position) are shown in table 2 where M has
the neaning that the word is at the beginning or mddle
of a sentence (i.e. not the sentence’'s end); F neans
that the word is at the end (Final Position) of a
sentence; O neans that the syllable is at the beginning
or mddle of a word (i.e. not the word s end); and F
means that the syllable is at the end (Final Position)
of a word.
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Wor d Phonene Prosodi c position
Menti on n ehn MO
Menti on shaxn VF
WAt son wat MO
WAt son son MO
Chi cago ch FO
Chi cago kar FO
Chi cago gow FF

Tabl e 2, exanples of phonenes and associ ated prosodic
positions for English text

After the assigning step 260 a step of selecting
270 provides for selecting individual acoustic units
based on a Variable Length Unit (VLU nodel that
conprises one or nore phonenes, whereas the acoustic
units for the Chinese are not variable in length as
each acoustic unit conprises a syllable.

For the VLUs thare are 5 possible classes:
Cass 1: regular consonant + vowel, sem-vowel +
vowel , nasal + vowel. Regul ar consonant i ncl udes
stop, fricative and dental etc.
Cass 2: Cass 1 + nasal/sem -vowel .
Class 3: sub-Cv. It is a part of Class 1 or Cass 2.
Class 4: consonant initial and consonant initial
group. Consonant initial is a consonant acting as
syllable initial while consonant initial group mainly
refers to a stop followed by a dental. (For exanple,
s+ t)

G ass 5. consonant final and consonant final group.
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From t he above, if a word has two consecutive vowels or
a semvowel preceded and followed by a vowel, nmaxinmum
matching is conducted in the speech inventory stored in

menory 120. If there is no match, the nethod w Il search
syllable by syllable and assign acoustic wunits. In this
enbodi nent, nmaximum mnmatching is always perforned. The

purpose of this acoustic wunit selection is to reduce
concatenation points and sel ect acoustic units with the sane
or simlar prosodic constraints.

After the steps of selecting 250 and 270 the
resulting acoustic units are nerged at a concatenating
step 275, where i ndividual acoustic units are
concatenated into ordered acoustic units in an order
corresponding to the mxed lingual text processed by
t he nethod 200. In the process of concatenating, and
using the exanples of text strings 1 to 4, the acoustic
units fornmed by the VLU (the phonenes) are inserted
into the respective dummy spacers (BLANKL to BLANK4) in
t he correspondi ng text string.

During the process of concatenating, a paranetric
bit-stream identified by the acoustic units is firstly
decoded into franmes conprising two nmajor conponents:
vocal tract paranmeters LSP (Line Spectral Pairs) that
includes an LSP[i] vectors for each frang; and an
excitation signal represented by an excitation stream
Exc[i][j] (i is index of frame and j is the index of
sanple in a frane). A rough pitch estimation OI[i] of
each frame i is also obtained form an adaptive |ag
paraneter of the bit-stream As will be apparent to a
person skilled in the art, one acoustic unit my
conprise several frames. The above three paraneters are
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presented frane by frame for each acoustic unit. AlSso,
for each frame, the paraneter LSP[i] is a vector and
includes 10 elenents exanples of which are: [1227,
2027, 3884, 9108, 12892, 16454, 19866, 23019,
26304, 29553] . Further, the paraneter Exc[i][]] is
vector including 240 elenents exanples of which are:
[0, O -1, -3, O, 2, 4, 10, 6, -1, .]; and the
paraneter OT[i] is a integer within the range [40, 150]
such as 78.

Next, enhancing is perfornmed at an enhancing step
280 where the concatenated ordered acoustic wunits
under go enhanci ng whi ch invol ves:

(a) Snmoothing a pitch estimation OT[i] of each frane
at a concat enating boundary of two adj acent
acoustic units. The pitch values of two units at
a boundary are linearly interpolated to obtain
snoot hi ng new values OI[T] (for an end frane of a
front or preceding unit) and OI[H ] (for the
start frame of the next unit);

(b) Merging the excitation signal at concatenating
boundary of two adjacent acoustic units. The first
sub-frame excitation signal of the successive
unit is nerged into a new sub-frane with the | ast
one sub-frame of the front wunit by triangular
wi ndow,

(O Interpolating t he LSP[i ] vectors at t he
concat enati ng boundary of adjacent acoustic units
Each LSP[i] vector corresponding to the nerged
excitation signal is obtained by interpolating
the last LSP[i] vector of the front unit and the
first LSP[i] vector of the succeeding unit. A
concatenated LSP[i] vector series is therefore
construct ed.
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At a performng speech synthesis step 285, the
concatenated LSP[i] vect or series of successi ve
acoustic units are converted to predictive coefficients
a[i][j] (i is the index of frames and j is the order of
prediction). Snmpothing is reconstructed by feeding the
concatenated snoothing excitation series conprising
Or[T], OI[H] etc to the Speech Synthesizer 110 thereby
the nulti-lingual text string TS is synthesized as
speech by transformng the predictive coefficients
a[i][j] and associ ated snpothing excitation series into
a waveform synthesizing speech. Also, the as wll be
apparent to a person skilled in the art, stress
(primary, secondary or no stress as appropriate) on
vowel s may al so used to provide an inproved synthesized
speech quality by appropriate stress enphasis.

After the performng speech synthesis 285 the
met hod 200 term nates at an end step 290. It will be
apparent that although Chinese was identified as the
primary |anguage for the purpose of exanple and
expl anat i on, English could also be the primry
| anguage. When English is the primary |anguage, the
dumy word spacers are included in the English text
indicating the position of text from the secondary
| anguage (e.q. Chi nese). Fur t her nor e, duri ng
concatenating the acoustic units are inserted into the
respective dunmy spacers indicating the position of
text from the secondary | anguage. It wll also be
apparent that although steps 240 and 250 were descri bed
before steps 260 and 270, steps 260 and 270 could be
effected before or concurrently with steps 240 and 250.
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Advant ageously, the present invention provides for
m xed-lingual TTS synthesis that can be wused on
el ectroni c devices such as handhel d or portable devices
such as |aptop conputers, Personal Digital Assistants,
Cel l ul ar tel ephones plus many ot her devi ces.

The detailed description provides a preferred
exenpl ary enbodi nent only, and is not intended to limt
the scope, applicability, or configuration of the
i nvention. Rat her, the detailed description of the
preferred exenplary enbodinent provides those skilled
in the art with an enabling description for
inpl ementing preferred exenplary enbodinent of the
invention. It should be understood that various changes
may be made in the function and arrangenment of elenents
wi thout departing from the spirit and scope of the
invention as set forth in the appended clains.
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WE CLAI M

1. A nmethod for mxed-lingual text to speech
synthesi s, the nethod incl uding:

Receiving a mxed-lingual text string of at
| east two | anguages;

Separating text in the text string into
ei t her: (i) at least one character string of
syl l abl e based characters each of the characters
representing a single syllable; (ii) or at |east
one word string conprising one or nore words
formed by letters of the al phabet, at |east sone
of the words representing nore than one syl abl e;

assigning phonetic wunits for each of the
syl | abl e based characters;

assi gni ng phonenes for each of the words, one
or nore of the phonemes formng individua
syl | abl es;

sel ecting individual acoustics units for both
t he phonetic units and phonenes; and

concatenating the individual acoustics units
into concatenated ordered acoustics units having
an order corresponding to the mxed-Iingual text
string; and

perform ng speech synt hesi s usi ng t he
concat enated ordered acoustics units.

2. A nmethod as clained in claim 1, wherein the
separating text identifies which of the two |anguages
is the primary | anguage in the text string and which is
t he secondary | anguage.
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3. A nethod as clained in claim 1, wherein the
text conprising the primary |anguage includes one or
nore dummy spacers indicating the position of text from
t he secondary | anguage.

4. A nethod as clained in claim 1, wherein the
assigning phonetic wunits includes segnentation by
maxi mum mat ching so that words in a |lexicon match with
t he maxi mum nunber of consecutive Characters matching
segnents of the text of syllable based characters, the
segnent ati on providi ng maxi nrum mat ched words.

5. A nmethod as clained in claim 4, wherein the
assigning phonetic units includes determ ning phrase
boundaries for the maxi mum matched words to identify
nat ur al speech pauses that are not explicitly
identified by punctuation.

6. A nmethod as clainmed in claim5, wherein, the
assigning phonetic units includes identifying the
phonetic wunits for each character having regard for
which of the nmaxinmum matched words the character
conpri ses.

7. A nethod as clained in claim®6, wherein there
is prosodic information associated wth each of the
phonetic units.

8. A nethod as clained in claim 6, wherein the
assigning phonenmes includes identifying one or nore
natural boundaries that are not explicitly identified
by punctuati on.
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9. A nmethod as clained in claim 8, wherein the
natural boundaries are identified by predictive word
bundl i ng based on part of speech patterns.

10. A nethod as clainmed in claim 9, wherein the
part of speech patterns are identified using rules, the
rul es conpri sing:

Adj ective + Noun -> patural boundary;
Nunber + quantity -> npatural boundary;
Verb + Noun -> natural boundary;
Adverb + Verb -> patural boundary;
Noun + Noun -> npatural boundary;
Nunber + Noun -> patural boundary;
Verb + Verb -> natural boundary; and
Noun + Conjunction + Noun -> natural boundary.

11. A nethod as clainmed in claim 8, wherein the
assi gning phonenes includes segnenting words into sub-
words formng a sub-word sequence, and identifying
syl l able boundaries to thereby assign the one or
phonenmes to individual syllables.

12. A method as clained in claim 11, wherein
the identifying syllable boundaries preferably includes
identifying each sub word as Consonant (C); a Vowel
(V); and a Consonant group(CG .

13. A nethod as clainmed in claim 11, wherein
identifying syllable boundaries includes the follow ng
rul es:

VCV -> V|CV, W->V|V, VCCV-> VC|CV when CC is not in
CG VCCVv->v|CCv when CC is in CG VCCCV->V(C CCV,
VCCCCV- > V(| CCcV

Were “|” represents a syll able boundary.
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14. A nmethod as clained in claim 1, wherein
during concatenating the acoustic units are inserted
into the respective dumry spacers indicating the
position of text fromthe secondary | anguage.

15. A nethod as clainmed in claim 11, wherein the
concatenated ordered acoustic units undergo enhancing
conprising nmerging excitation signals associated wth
t he acoustic units at a concatenating boundary.





