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The Maltese Text to Speech
Synthesiser

°  Crimsonwing (Malta) p.l.c. awarded
tender to develop the Maltese Text to
Speech Synthesiser by the Foundation
for Information Technology Accessibility
(FITA)
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Better people : better business

° Projectco -f i nanced (85 %)
ERDF (European Regional Development
Fund), and national funds (15%)

° Operational Programme | I Cohesion
Policy 2007 -2013 Investing in EGH) Deveic
Competitiveness for a Better Quality of BRSEENERES
Life




Neutral discourse

Windows SAPI compliant (Speech Application Programming
Interface)

Inter -operability with any application that is SAPI compliant
(e.g. Window -Eyes, etc.)

Freely available for download
Available in 2012
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Concatenative synthesis

Single instance of each recorded unit

Heavy DSP (digital signal processing)

Can suffer from audible glitches at concatenation points
1st work in Maltese TTS falls here (P. Micallef, PhD 1998)

3 generation(mid -19906s onwar ds)
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Concatenative Synthesis with Unit Selection

Multiple instances of each recorded unit

Choosing the best 6chaindé of
Less DSP
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* Concatenative Speech Synthesis

don m a o EOFD mo jrédb e

© Given some utterance to be synthesisede
° A phonemic transcription is generated

°  The required prosodic model is generated

°©  Database with recorded speech, segmented into audio segments (units)

°  The given utterance is divided into segments (units) and the best matching units
from the database are selected

°©  The units are concatenated together
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© Given some utterance to be synthesisede
° A phonemic transcription is generated

°  The required prosodic model is generated

°©  Database with recorded speech, segmented into audio segments (units)

°  The given utterance is divided into segments (units) and the best matching units
from the database are selected

°©  The units are concatenated together
°©  Some DSP is applied to smooth the joins between the units



* Concatenative Speech Synthesis
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© Given some utterance to be synthesisede

° A phonemic transcription is generated
©  The required prosodic model is generated
°©  Database with recorded speech, segmented into audio segments (units)

°  The given utterance is divided into segments (units) and the best matching units
from the database are selected

°©  The units are concatenated together
°©  Some DSP is applied to smooth the joins between the units
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Diphones chosen for the Maltese TTS engine. :
© Compromise between number of units, co -articulation effects 7=

© Easier to do concatenation at the stationary parts of speech signals
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Diphone Database
database
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recorded speech corpus

° Quality of synthesised speech is highly dependent on
the corpus of recorded speech used to create the
diphone database

° Large database required for sufficiently natural -
sounding speech (spanning several to tens of hours)

° Large number of diphones needed for unit selection TTS
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" Diphone Database Creation

Diphone
database
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recorded speech corpus

° Diphone cutting:

© Manual process

° Performance of automatic diphone
segmentation methods is currently
limited

°  Semi -automatic methods still require
manual intervention

° Labour and time intensive

© Also recording constraints
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~ Diphone Database Creation -
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recorded speech corpus

° Diphone Coverage
°  How many of the potential diphones occur in Maltese?

° Which are the most frequent diphones?

° Need statistics on diphone frequency and variation

° Therefore scope for this work



Free Text and Rainbow Text

°  Often, the text used for the speech recordings is randomly
sampled from a large corpus

° Call ed nfree texto

© Consisting of a free -running text sample, made up of sentences
of regular structure and reasonable length

° Enables the speaker to read the text easily and with the
expected prosodic patterns, so that naturalness is preserved

° No optimisations applied towards the extraction of an optimal

sample
° Or, a Arainbow texto I s manually pre
© Consists of diphones embedded in carefully constructed
sentences (many times, non -sensical )
o E.g.: RN il-kliew ifix -xtiew i hu kliem s iew i

° Covers at least one instance of each diphone

°  Unnatural



Automatic Generation of a Free =
Running Text Corpus Q

/\ °  The aim of this work is:

(0)

Main text
corpus

To develop an automated search function (search process)
that maximises diphone coverage when choosing the free
text needed for  utterance recording

The selected free text will be a small manageable portion  of
the full text corpus, and that is as representative  of the
main corpus as much as  possible

Statistical Diphone
E— Analysis B  statistics

Search -

1 ) 1 111 s 41 14,414 w10 il i
F u n Ctl 0 n T v a2 4 441 e
utterance recording




© Get more instances of the most frequent diphone
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Diphone position distribution

°  We attempt to capture prosodic variations on each diphone, by
using the diphone position distributions in phrases and words

° For the position in phrases, we use unit position
° For the position in words, we use syllable number

° By capturing phrase positions of diphones, we try to
approximate variations due to intonation

° By capturing syllable positions of diphones, we try to
approximate stress in words




Main Text Corpus Preparation

° A number of text sources:

° Online newspapers, websites, official documents, and Maltese
books.

° Diverse nature of texts
© Textcleaning and n ormalisation into a homogenous corpus

Text Source Words Normalised Size as
% of corpus

Maltese Books A 144,549 140,968
Il -Bibbja (The Bible) 633,373 633,305

Maltese Wikipedia 1,051,510 955,275
Atdenso newspaper 1,293,505 1,238,752

Al-Nazzjond newspaplep8972 1,191,008

AiOr i zzont 0 newspapkoBL676 9,783,125

Parliament Debates 20,094,864 19,166,440
Totals: 34,528,449 33,108,873 100

ASome of the books courtesy of Merlin Library Bookshop and Publishers Ltd.



Text Cleaning and Normalisation

©  Character conversion to Unicode (UTF -8) standard
° Legacy encodings, HTML codes for extended graphemes
°  Filtering of semiotic elements like numbers, dates, emails, etc.

°© Semiotic class analyser and verbalisation not availble at this stage

Examples:

38.79 , MMXI, 7/4/2011 , 11:45, 7.5m2 , 720x576, A320
HINI1,
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Text Cleaning and Normalisation

©  Character conversion to Unicode (UTF -8) standard

° Legacy encodings, HTML codes for extended graphemes
°  Filtering of semiotic elements like numbers, dates, emails,

°© Semiotic class analyser and verbalisation not availble at this
° Filtering of known abbreviations and acronyms

°  Via lookup into exception structure

Examples:

UHM, GWU, SCUBA , Dr, i |I-GDPs,

etc.

stage
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Text Cleaning and Normalisation

©  Character conversion to Unicode (UTF -8) standard

° Legacy encodings, HTML codes for extended graphemes
°  Filtering of semiotic elements like numbers, dates, emails,

°© Semiotic class analyser and verbalisation not availble at this
°  Filtering of known abbreviations and acronyms

°  Via lookup into exception structure
°  Detection and filtering of unknown abbreviations and initials

°  Via regular expression matching

Examples:

L. N. Abela, U.N., Q.K,, U.S., USA, i.e,

etc.

stage



Text Cleaning and Normalisation
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Character conversion  to Unicode (UTF -8) standard
° Legacy encodings, HTML codes for extended graphemes
°  Filtering of semiotic elements like numbers, dates, emails, etc.
°© Semiotic class analyser and verbalisation not availble at this stage
°  Filtering of known abbreviations and acronyms
°  Via lookup into exception structure
°  Detection and filtering of unknown abbreviations and initials
°  Via regular expression matching
©  Detection and filtering of foreign text

°  Filtering of elements like surnames which are written using Latin
characters

Examples:

Chetcuti, Camenzul i, Muscat, BOBugi




Text Cleaning and Normalisation

©  Character conversion to Unicode (UTF -8) standard
° Legacy encodings, HTML codes for extended graphemes
°  Filtering of semiotic elements like numbers, dates, emails, etc.
°© Semiotic class analyser and verbalisation not availble at this stage
°  Filtering of known abbreviations and acronyms
°  Via lookup into exception structure
°  Detection and filtering of unknown abbreviations and initials
° Via regular expression matching
°  Detection and filtering of foreign text

°  Filtering of elements like surnames which are written using Latin
characters

© Segmentation of text into phrases and phrase classification
(statement, question, exclamative )

After text cleaning and normalisation, the final text corpus

size is of just over 33 million words.




sounds (phonemes) is relatively straight forward

°© Asetof context -sensitive rewrite rules is generally
sufficient for phonemic transcription of Maltese text
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Most rules define a straightforward mapping E&\Neen (Q
graphemes and phonemes ()

Other rules incorporate  vowel lengthening,  devoicing ,
and voicing assimilation

Approximately 110 rewrite rules for Maltese G2P




G2P rules Q608 OO GHE E Q0O
-

gt u tiegt
ej L')(I) fejn
r r ras
c,f,t,k,p,q,s,p, x, z, libsa
b borma
gt ar
fiera

mbagt a

Mo

consonant 1-syllable ra

vowel gt ads

vowel word -list gazzetta
zalza
tbajja

ratx

£ S o _:E"l £: O O =T

gt at s

Q
0
0
0
0
0
0
0
0
0
0
Q
0
0
0
0

—

torta




G2P Conversion
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°  Phonemic transcription of corpus yielded 153.5 million diphones
© G2P rules give very good results for Maltese

° A few exceptions:

° E.g. Word Asur o can be pronounced as:
° /sar/ (AMr.o), or as
° Isulr/ (Afortified wall od)



° Diphone frequency counts
° Distribution of positions of diphones in word syllables

© Distribution of positions of diphones in phrases

Phonemic S Statistical Dip_ho_ne
transcription Analysis statistics

of main text
corpus




Statistical Results

°  Phoneme Frequency Counts:

18292597 Fricatives 6347603 Affricates » 1700828
15448552 3034957 ; 1141271
7778560 2162600 X 951329
7618576 A 1658811 F 8632
5096767 1048078

3195630 989300 9752059
2226554 A 5502 6645891
756956

173623 Plosives 1225383 Liquids 12560881
171468 4470418 7656107
95733 4148424

74202 3242782 j 4629206
7051 2512670 1076580
3897 1702567

3403 821119 5311123
304




Diphone Statistics

9  The potential number of distinct diphones is 1681

° (1681=41x41 possible phoneme combinations)
A total of 1450 distinct diphones were found in the corpus

Diphones ranked by their frequency counts:
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Diphone Statistics

9  The potential number of distinct diphones is 1681

° (1681=41x41 possible phoneme combinations)
A total of 1450 distinct diphones were found in the corpus

Diphones ranked by their frequency counts:
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Diphone Statistics

9 Manual check on last few hundred diphones

(0)

Last 101 diphones are a result of transcription errors, unfiltered
foreign words, etc.

°  Final number of distinct Maltese diphones stands at 1349
(80% of the potential phoneme combinations )
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Diphone Statistics

° Diphones ranked by frequency
count

°©  The statistics show:

° The top 71 diphones from the
1349 distinct diphones account
for 50% of all diphones in the
Corpus

° The top 322 diphones account
for 90% of all diphones in the
corpus

diphone
141
t+e
1+1
1+n
e+l
n—+1
I+s
t+1
1+t
e+r
1+1
v+t

n-+e
2+n
e+n
e+n
e4r

d+e
t4e:
m-+e
jte

count
3435162
2791679
2707466
2619469
2538302
1998740
1918389
1907160
1793403
1762632
1698126
1614533
1537180
1454783
1353185
1328681
1319982
1301130
1264935
1242290
1218616
1206091
1149137
1146904
1106694
1092714
1059509
1055206

Y
2.24
1.82
1.76
1.71
1.65
1.30
1.25
1.24
1.1
1.15
1}
1.05
1.00
0.95
0.88
0.87
0.86
0.85
0.82
0.81
0.79
0.79
0.75
0.75
0.72
0.71
0.69
0.69

Cumulative %
2.24
4.06
5.82
753
9.18
10.49
11.74
12.98
14.15
15.30
16.40
17.46
18.46
19.41
20.29
21.15
22.01
22.86
23.69
24.50
25.29
26.08
26.82
20007
28.29
29.01
29.70
30.38

Table 6: Most frequent diphones in Maltese
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1st phoneme
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Diphone Statistics

peroveeElouraeioubifdf&ghjklmnp?2rstvw/ zztsdz#
2nd phoneme

ct
mxﬁ‘m NUWSEdt R ITOEE RFRU Q@A oo HELOEMN Ty Hno

diphone

1+1
t+e
1+1
1+n
e+l
n—+1
I+s
t+1
1+t
e+r
141
e+t
m-1
S+t
t+4t
n—+t
r+e
1+
r+1
n-+e
2+n
e+n
£+n
e4r
d+e
t4er
m-e
j+e

count
3435162
2791679
2707466
2619469
2538302
1998740
1918389
1907160
1793403
1762632
1698126
1614533
1537180
1454783
1353185
1328681
1319982
1301130
1264935
1242290
1218616
1206091
1149137
1146904
1106694
1092714
1059509
1055206
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Cumulative %
2.24
4.06
5.82
753
9.18
10.49
11.74
12.98
14.15
15.30
16.40
17.46
18.46
19.41
20.29
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R
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: Most frequent diphones in Maltese
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1st phoneme

SO G- oo HE DR Oan qmno

Diphone Statistics
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2nd phoneme

ct
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diphone

141
t+e

1+n
e+l
n—+1
I+s
t+1
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e+t
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S+t
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2+n
e+n
£+n
e4r
d+e
t4er
m-e
j+e

count
3435162
2791679
2707466
2619469
2538302
1998740
1918389
1907160
1793403
1762632
1698126
1614533
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1454783
1353185
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1301130
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Diphone Statistics

° Distribution of positions of diphones in word syllables :

° Distribution of positions of diphones in phrases :

t+Hr




Statistica | Diphone
Main Analysis statistics
text

corpus

Search -
Function m

identifying features of this global text

° Feature vectors: ( ;;q

(Q QN "THEET QA "QERQIQQN 6 VO HWQ
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Statistica | Diphone
Main Analysis statistics
text

corpus

Search D
Function m e Ty —
e

The text blocks are analysed , their feature vecta P
compiled , and their scores are  ranked &/

The text block with highest score corresponds to that text
block which has features most similar to the features of the
full text corpus

The top entryis composited into a selection which contains
all the top entries from previous iterations

Text block size gets shorter during subsequent iterations
Process finishes when the desired free text size is reached



where:

% hI  are weights for the position and frequency
components respectively

)



P

%o = %0 (Q
o %e(Q)
where:
| g = diphone count in global corpus
) O  set of diphones occurring in the text block Y

%0(Q) = diphone position score for individual diphone Q



phrase position score (and weight

syllable position score (and weight




Y ()

where:

"Oh™Qv {_H } are the histograms for the

lobal syllable and phrase positions
or diphone Q

~

O h " {_i } are the histograms for the

|l ocal (i.e. text blo
and phrase positions for diphone 'Q o




Free Text Selection Results

Compiled a free text of
approx. 10,000 words

50 iterations

Initial text block size: 500
words

At around the 6,500 -word
mark, the varying block size
goes down to 1 sentence in
sSize
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Final ranking score:
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(max Y p& P
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5000 6000
Number of words in Free Text



Evaluation of Free Text Selection

© Evaluation of our free text
selection method against:

1. Random free text selection
method

2. Weighted random free text
selection method

3. Manually -generated text (by

an expert) ¢
. Our SeIeCtlon methOd . : giil;rjgtdsice;;egd‘?:::i‘:paper
outperforms all the others @ Free Text prepared manually

(® Randomly-selected Free Text

+ Randomly-selected Free Text with
different weights for the corpus
text sources

° Note that 10,000 words
L 33 million words ( & 0.03%)

0.80 0.85 0.90
Diphone Frequency Score




Evaluation of Free Text Selection

Difference in diphone frequency between the selected free text and the full text corpus
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Difference in diphone frequency between the best randomly—selected free text and the full text corpus
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Diphone frequency count error

Diphone rank







