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ABSTRACT

AN -UNRESTRICTED TEXT-TO-SPEECH ALGORITHM . .
FOR THE VOTRAX SYNTHESIZER

. Stephen Bradly Stein

‘¥
(

o s R
L A new text-to-speech algorithm for the  Votrax™

syothesizeér -based . on stress ‘is described. ' It converts a |
written word into speech in two stages; the assignment of
Y stress and the translation of the graphemes into phonemeé.

\

) .

Stress assignment” is based on internal affix?s and

~syllab1e'éounb. The external affixes, which do ,notwwaffeci;w;;¢»<iwsi
stress, are removed. Syllable count is determined from the - =
,pumber of vowel’s, dipthongs and silent "e'" detected.

L3 .

Fdl{gwing//this; the graphemes are translated into their

pﬁonetic :represényatioq via lgfter-io-sodnd rules., A

| dictionary. is.used for w&fds which do\ﬁotfobey these ruies,

This method gives 100% correct 'pronunciation to -the most
‘frequent'5,000 words\iﬁ éhé foﬁn corpus.

. , s \ * L .'t \‘

An\experiment was conducted to test the intelligibility

.
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"do better than a.’ much‘simpler system; fhe "Type !N Talk"

speech. . . o : L . :

“
a

hl €
f .
[P

‘of the system'against a human vaice and to see if it would

) , . . : o. . o
synthesizer,A;ncgnporating its own algorithm without 'stress

1

.assignment, produced by -the same°ﬁénﬁfécturgr of bun Votrax

synthesizer. Two different-éetgﬁqf'ﬁaterialiiﬁere used, a’

! . s

'pafagrapﬁ from Time 'magéziné"anq nire 1lists of ten

phonetically- balanced sentences. - f; {

+ Our new algorithm " scored 'mucb higher on ﬂhe

intqlligibilty ‘tést ;phén the "Tybe 'N Talk" synthesizer.ﬁ

The méxima of  words correctly’comgrehended wéreu 27$ for the
"Type 'N, Talk", 66% for the new algorithm and 96% for human

t

:

1

: 9, ) S . “
" Anh analysis of variance'indicated that the increase in

Y

“ifitelligibility observed’ for all systems over time was

‘s;gnificgnt to' the 0.01% _level. _The resultsi for * the .

'
o

.. ‘paragraph’ —were’ mudh” better “indicating the value of
contextual information. . ’ P Coe S
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Y -+ CHAPTER I

S , § " INTRODUCTION . ,

N 7 0 i .
Speech f’fgne of the-} fundamental modes of human

¢

communication.- Even in countries where a highrate of

illiteracy exists, the prime .mode of the inhabitants'

)
communication is via speech.-

In one study by Ochsman and Chapanis [14] sixty groups,

each cons?i&ting of two persons, - were given a problem . to

solve co-opei‘atively. They were allowed to communicate only

_in .~the manner of communication assigned  to themn.

Interestingly enough, those groups instructed’to communicate.
ohly by handwriting or typewriting took mqré_,than twice as

long to solve the problem as did the groups utilizi'ng only '

. vocal communica&ion. Furthermore, most of the time consumed

by the: sbeeéh communicating groups was Sspent in active

communication. S v

The researchers drew two general conclusions which I

believe everyone Knows intuitively. No matter as to whether

a person is sending or receiving a message, speech
‘communication allows other activities to be done
L'
-~ .
T b
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?
simultaneously.. Deeper concentration om 'the communication

task:rirs. required w/h.én using _hard/ copy methods, thereby

1
v .

increasing the mean time to selve a problen.
ne, \

. ’ : . '

It is therefore réasonable to conclude that adding the
b v +

capability of speech to machines would greatly improve the
man-machine interface. | w

+

'In, this t;hesis I examipe or?e aspect of this problen,

speech synthesis by machine. No doubt;, synthetic speech 'ha;

L . many applécatlons as seen presently with tbg proliferation
\of talklng\toys,,watc'hes, calcul ators, car instrument panels
~and yes; evlen microwave ovens. Speech adds a novel touch to

i these dev‘i\ces, although seldom altering their functional

.
¢

- . capabilities.
'Synthetic, speech unfolds at least one sal}ierg‘t

\ l o possibility.l . It allows the blind as well as various other‘
dlsabled 1ndlv1duals access to the written word via’ reading~

machlnes, . without transfosrmatlon or al terﬁtlon of thJ text.

. ‘ . Synthetlc speech” also shows promlse as a teachlng method for

N

. ‘our children.
: ‘The research 1in -this thesis has been to impiement a
synthetic speech system .using a commercially available
synthesizer that would  have an unlimi ted vocabuléry. Upon

completion, it could be used as part of a reading machine

A
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T + for the blind and obhezlipplications as cited. '

»

I ' a
Methods of Synthetic Speech Producfion
- ‘ 0

.
4 ' .
. b
. -

' . There exists numerous techniques to produce computer

a—

speech varying both, _in 'quality and complexity of

Y implementation.

be )
-t -
M \
v

~One of the first and easiest ways i8 to record the

speech, utterances on a device similar to an "audio tape

_ . . {

: recordér. The speech is Eaped on one track of thg tape and.
) N L=

start and stop marks, are placed oh anothet. When the

s ' computer wishes to verbalize a point it -simply reads the

4 :
, ¥ | tape %5 high speed until it finds the start mark of the
v v y s . N
' i k2
Vsentence or' phrase it wants. Once the phrase is.found, it
; ) N

. . places the tape recorder in play.mode and reads the other
B n‘ '

track fof .the stop mark., Once found, it stops the tape
\ ) recorder. — s '
) | ‘ ¥ ol
-Certainl;>this method is crude, but it can produce
"highly intelligible and natural séunding speech. The word
'; ' ’ "éan" is used because this is only true %f_the entire phrase
‘.-is recbrdgd as a whole, as opposed to the machine'stginging
togéther‘words recorded separately. In thé latter case, the °
¢

speech will sound lifeless and dull due to the lack of

control of the suprasegmental aspects of the spéech, such as

-
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%

' /f\EBybhm and intonation over the entire utterance.-

»
w s, ‘ 8

l ’ Q ‘ \

g

Other potential - problems of" tﬁisﬁnethéq include the

v

.lack of-electromééhanigél reliébility and-the degradation of

S
speech quality as the magnetic media wearsjbut:
‘ N C ) s ' .
e . ) ,
A variation of this system was the IBM 7770 Drum System

E4

which used a magnetic drum rather than a tape. *

a 1 4

LR

.
» v
t ' M
o
L . .
1) , i
>

Digital Speech

. i ] - o, . . ~

Aﬁopher relatively simple and much méré rediable method
involves digitizing the Speech and storiqg it”in'solid state
memory. This is adcomplished by}playing the speech, fhrqugﬁ
én analbgwto digital converter with the output directed to a
computer. When the compubér wishes to speak,‘ it simply
iﬁvokes | the reverse ‘process,.o ték;ng the ’Ldigital
representation of thefsgeechgfrom its memory énd playing it
béck through .a digiial to analog cqnver}er with the output

driving an ordinary audio speaker,

!

Such a technique 'produces high quality speech with a

high degree of  reliability. Unfortunately, due to a

[bf

required bit rate apprdximatéiy 30 to 100k bits per

second an immense  memory is meeded which proves practical
. M 3 i .

only for the smallest of vogabularies. A speech wave . heing

w3



composed of a few .basic 'repeating‘ waveforms is highl'

EY

redundant. Llnear predlcat1Ve codlng makes use of th;s fac

and eliminates thé‘superfluous and stores only the essentlal-'

’ data in the form of linear" predlcatlve.coefflclents.

4

-

$

This  method still produces ™~ high ' quality speech

- ’

v wtilizing much less memory than the preceding method . Ihé
s, bit rate used can be as low/as 1200, bits per second, but

2400 bits per second would /be the ‘norm.

I ]
Fa—— ' . LT
!

!
'

N " a All the above'mefhoﬁs discussed so far are restricted
. , . )

tg a.finite vocabulary. They. can, only')produce utterances

Al

that “have ‘been predetékmined. Additionally, each new

\utﬁerance added- to the computer's repértoire, would require

-~

)
' additional memoryjfspace.

: ;w, " "

In certain appllcatlons such as toys, test equ1pment

°

§ fllght simulators, weather. reports, talking clocks‘ and the

. like, whgre the vocabulary is fixed, and'.of a moderate

-

length, these limitations are not important. ' It -probably

- ° . . . . .
makes good sense to use.linear predicative coding for these

‘applications conéiderihg chips are véyailable from- Texas

;nétrumeht§ »especially for this puerse. (6né sueh chip 1is

A/"/the TMCO281NL, a dlgltal 31gnal processor con alnlng timing
-and decoding circuits, a 10 pole digital latz

a digital to- analog converter., Another 'chip is the

‘céntroller- chip TMCO2TINL Which does the matlematical

ice fllter “and

-~
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l~energyl

1

.calculations yequired in L;neaf‘pred&catiV% coding.)

L

One final word about the above methods is in order. If.:

it is décided to make additions to the. vocabdiary'ﬁhe new

- . oA
recording must bg done by the same individual who\griginally

recorded’ the words. If that individual is not ;Vaiyable,‘

then the entire vocabulary must be redone! o
4 8"

' There exists- many applications where’ an unlimited

speech vocabulary is needed, such as in reading machines for

“the ulind, large and varied data bases,. or for a truely

flexible man~-machine interfacé. (Of cdurse, one would also

need unlimited speech recognition.) e

The Human Vocal Tract

.

It "would seem reasonable' that one way to «oﬁtain

unlimited speech would be to produce a synthesizer based on

- the human vocal tract. .

'

Humans pfoduce sOQnds by creating periodié and random

-

acoustic excitation within the wvocal tract. As air from the

‘

% :
lungs is forced through, the vocal chords begin to vibrate

<
»

causing ‘periodic acoustic energy which is termed 'voiced'

Ahy sound which is produced with the vocal chords

~

vibrating 1is  termed voicéd, s’ in the long "V" sound. »



[} L

o

Conversely, any sound prodqggd with the vocal chords open is

referred to aé 'hnvoiced'; such as ‘the long "f" sound. This

N

air then passes over the artlculators (1 e. teeth tongue,

lips, eté) to produce random acoustlc excltatlon or as 1t is

more commonly called, frication. ~ §

' One must realize that theée entire vocal tract consists:

L]

of many resonant cavities whichc act as filters. As the

aco ustlc energy passes through peaks, commonly called

g T 9

formants will be formed at or near the resonant frequency of
v |

e

that part.of the vocal -tract, Of the series of formants
formed, only the three lowest in‘frequéncy need be varied to

. praduce intelligible speech..

~

For Yeach new soéund that one- wishes to utter the

.articulatdrg must be repositioned. . As this.repositioning

\\ °

oceurs the frequency response of.the vocal tract will change

'smdothly, Eather than abruptly, because of the articulators'

sméoth movement from one state to another. This means that
each sound produced is 1nf1uenced by what occurred before it

(dynamlc artlculatlon)

The Votrax Synthesizer o

l‘

From the above brief description of human sound ™

production we can view it &s nothing more than a series of -




8 - .

“filters and acoustic energy sources.

The Votrax synthesizer uses this- fact to become .an

electronic analog of the human vocal tractj
.two sound generator oircuits.w One‘ produces voiced sounds
and the otﬁef produces fricative sounds. These two outputs
are joined and passed through a'sgt of filters. to " simulate

the vocal tract's resonance. .

As it stands the parameters driving the above circuits.

would have to be updated every 5-25 milliseconds. However,

¢

the¥ Votrax has some additional circuitfy, the pdramétﬁic

. seontrol unit, that eliminated the need to wupdate these

parameﬁers: This circuit controls and updates all the

‘ parameters needed to produce any of ¢sixty-one phonemes.

(Votrax literature, for models 'VS-6.0 and SC-01, says

'sixty-three, but two of them are pauses.) e

. ‘Finally, there exists a dynamic articulation control

unit between the ﬁérametric control unit and the remainder

!

of the circuitry. It serves to modify -the parametric:

control output to account for the movement df the

articulators between phonemes.

The entire synthesizer is hardware controlled and all: .

that is required Ato run it 1s a stream of phonetic codes

represénted'in\six bit words. Certain Votrax models allow

It consists of

t



other “parameters to‘~b§:05ntrolled. Model VS-6.0, the one
which- is used for this regearch," has four set iﬁflection
levels ' which change the phonemes'  pitch and émplitude,
‘requiring an addiiional two bits.  Therefore, the entire
command word has eight bits. )

The bit rate needed to drive these synthesizers is only
{
about 70.bits per second and it uses muéh less memory than

any of the other methods. Co \ -

. ¢ ’
§ , (:' p N - S
One drawback of this synthésizer 1is that the sound
quallty is not nearly as good as the other methods, although
it 1is 1nte111g1b;e. The lack of software control of the
pitch, speech rate, and amplitude are serious shortcominés

wheﬁ trying to control the suprasegmental asbects of speech,

mainly because it is nearly impossible!

Nevertheless, the Votrax syntHesizer\ was chosen for
this research, because it requires a low b1t rate to operate

and with suitable programming it . , méﬁe to speak

unlimited English. Although it was nearly impossible

synthesize the prosodic ' elements of speech .using thi
s

synthesizer, it would hOnethéiess allow for the production

of a small unlimited speech synthesis system.

Generation of this set of rules is no easy task. I

well known that the orthographlc representatlon of En 1lsh
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10 oon
words QOes - not ‘aIQays coincide with its cor%ect_

pronunciation. One letter may map to many different sounds.

It is this problem that this tﬁésis addresses. (See chapter
o b . . ..

i

3 for theﬁaléorithm.)f

\
\
U

\

5
§

Although |the software was developed on a, 1arge\

mainframe, CDC's Cyber 172, .there is no reason why #t egannot

,be made to operate on some of today's newer microcomputers.
. ~ \

~

Although a Votrax VS-6.0 was bsedl.Voirax produces a ‘single \
; . - . » »

~“chip synthesizer, the SC-01, which is Virtually‘identical to

the VS-6.0, which can be useF instead. o

-

1

’

//—

T,
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microprocessor for this particular application.

. ‘ ,
B ' ' . b)
. L \

" CHAPTER II o .
\\ . . .

'EXISTING SYSTEMS

1

There exists -a, humber of speech by'ruie systems, some
i » ‘ .

*"of . them being simple, with others béihg far more

éomplicated.

Tne methods employed by humans to producé spéech from
its -orthographic representation are not fully understood.

Furthermore; a system that employed ail' these things, 1if

4

they were all known, would surely be of an incredibly large .

size. The partichlar problem that presents itself, fs ﬁhe

‘sélection of an algorithm of a suitable size to be run on a
© . osmall computer, without overtaxing its ‘proces§ing
capabilities. If this ¢riterion cannot be met’, then it is

most likely the resuitant system .would be far too exbensive

for the average person to acquire.

With , the availability of ' small ‘inexpensive

microprocessors it would be sufficient to haveran algorithm

that  could run  on’ one of' these, and dedicate the

11
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.‘the problem .rémains; to find an algorithm that 1is

(7,/ . suffiéiqptly compact to run onnéne of these microprocessors,

I yet ﬁ?oduce aéceﬁta51e~synthetic.speéch results using tﬂe
Votrax synthesizég: | X

Eldvitz et al [5], at the Naval‘ﬁégeanch Laboratory in
Wéshingﬁon DC, wr&te a very simple,progradvto‘run the Votrax
VS;G,O synthesizer. The entire method is bggéd@on 329
létterfto sound rules:exclusively. Iﬁ{ this approach,l the‘
text is scanned from left éo righb%’and for each character'
scanned; the rules are Sequehtially searchjz until“rules
vtﬁat.lére relevant to that character are found. Once a
re;evant rule is found the ﬁhonétic séund, in IPA, fqr- that
lepter _or letters: is seﬁt to a buffer. There tis no

provision for exqeptions§,a rule must be incorporated into

'the'lisf of rules for each %xception‘ ’ o

¢ N

. R . . N . , i \
e e -—-- —- " -Lastly, the. output of these rules-is Qasgéd<thrqugh',

another set of rules, similar to the letter to sound rules
that translate the IPA symbols to the Votrax phonetic codes.,

Such a systeﬁ is very compact and easily implemented on

practically any microdomputer. The’drawback is that it 1is

;1, _;_"not all ' that accurate and suffers -from a lack pf
'% ' intelligibiliﬁy. One particular problem with the system ' is.

, the lack of stress rules. Correct pronunciation of English

words necessitates stressing ~the correct . syllable of



A

/‘,

’ pdly#yllabic.'words.

13

Interestingly enough, the system on
o .

which Eloyitz first based his approach on, Ainsworth's"

(1,21, does’ have such’ rules.

parametfic synthesizer

actual frequency each

Elovitz used the Votrax

o7 ‘ .
this in the same manner.

the Votrax (see chapter
readily apparent.

Al

In any case,
simplistic and far from

the ‘following manner.

Ainsworth!s

However, Ainsworth used a
whi€h’® gave him control over the

phoneme was given and its duration.

synthesizer and could not accomplish
In part, streés can be realized on

3), but perhab;, the method 1is not

o

very

f

stress rules are

complete. Stress is determined 1in

Each word is checked to a list of

closed class words (articles,prepositions, conjunctions,

)
e

If not found; it is then checked.to see 1if it

ete), and if it is found in this list no stress is éssigned.
contains a
prefix, if so, its second syllable was stressed."ohherwise,

' [] . .

the first syllable is stressed.

' This is hardly an accurate method for polysyllabic
words, but is acceptable for mono and many biSyllabic words.

It should be noted that this method does- not hebessitaté

‘ d@ing syllabificétion, but merely iooking'for a vowel.

Ainsworth also included pauses .between breath

boundaries. Breath boundaries , were defined at: 1),

punctuation marks; 2) preceding'a'conjunctibn;\3)'betweenia
. ) : . R -
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. L. , D
noun phrase ‘and a verb phrase; . 4) before 'a preposgﬁlonal
phrase; 5) before a noun phrase; and 6) after 50 characters
have appéared in the input without meeting any of the other

. conditions, ,As  one._may have expected, Ainsworth"s system
i H v 1]

like Elovitz's, is not too  intelligible.

Al
«

. .

,Both‘o% the above ‘programs suffer ‘from a lack of
intonation control. Intonation is ‘an .essential part of the
-'English language and in some cases, it alaqne determihes the

meaning of a sentence, . :

'A' recent paper by Witﬁen [23] deseribes a‘system théb.
provideé fof intdnétion‘and rﬁythm of the senteﬁce. .\The'
rhythm is assigned by a. complicated set of rules and a
look-up table. Intonation must be ﬁérked‘ by the person
enter;ng the text.. That is, ‘bhék text must e input

pﬁ9nepically; syllable, word and ph;ase,/and all'boﬁndaries,
as well as .pitch (intonation), mugt be marked by hand
(1,1+,1-,2,ete). Clea?ly, phis is not‘autométic in that it
relies too heavily on the knowledge of the person typidg tpe
‘text; It 1is therefore ugglesé in the application of
automatic reading for the blin&. In fact, for tﬁe:progfam
' to be of any use, a program needs ﬁp be written that
berforﬁs the text to .phoneme conversion and assigns the -
Egjréct intonation.

-

There .is no doubt that if we' are aiming- for 'natural.
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so8nding  speech, we must ‘account for all the factoré
) , .

involved in a native speaker's linguistic competence. This

1

is an extraordinarily "difficult task because the
.phono{ogical level of 1language 1interacts ‘with' both the

/

syntactic 'and sémantic levels. The interaction of these
three systems oOccurs in such a Way that igno?ing'the hiéhér
level hierarchies would not produce anything. approximating
native—spéaker English. This involves complicated sets of
rules, mainly becauSe no s#mple'seﬁ of adequate rules fof
describing) either énglish synéax or semant&cé exist.
Consequentially, any system for spéech synthesis designed in
this way is going to Se more complicated than the systems
consideréed thus far. |

o

Furthermore, any. system attempting 'to approximéte
e

»

%ative—speaker English for one reason or the other, Eust
address broblems that = the other systems have'chbsen‘to

ignore. 'For example, there is the problem of cdmpound'words

=

which can  engender a medial silent "e": The word scarecrow

has a silent "e", as does "therefore", but most systems will

\

pronounce this .silent ﬁe"A because by virtue of the

compounding\'that has occurréd{ the "e" is no longer
considered final and 1is consequently no longer considered
silent. .

. It .would seem that this deficiency could only be

.avoided by employing a look-up table .of all possible

o

*
~
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_compbunds thagahave med#al silent "e"s. This defec? also
creates .another one for systems which deal with stress, for
it will have a significant effect on stress‘.plagement,
because stfess blagemént \is based on syllable\count. The
ﬁedialfsilent "e" will be seen as a syllable where it is
not, tbe subsequent incorrect syllable count may'céuse

iqcornect stress placement.

There is another unit ,of speech’ that researchers might

look at that will possibly yield better results. This is’

. . /
the morpheme. English words tend~” %o have "an internal

structure, and their constituent parts are called morphs,

o

~which includel .prefixes, derivational suffixes, rand

inflectional spffixes.’ They are not limited to ﬁmst these,

(\ .

but-can be free, that is, a base word .,such as "truck" and

"person". Or théyl can ‘'be a bound; words which must be
combined with another morpheme. All English words consist

of morphs, . -

This 1is the case because native speakers are much more -

attentive 'to Land conscious of " morphemes’ than phonemes.
; ; \ ' ,

© N

" Morphemes are\ more crfzial in maintaining the semantic
continuity of “an utter

nce; native speakers attend to

strings of phonqus only so far as they are necessary in

constructing these more meaningful morphemic units.,

Consequently, any system of rules which attempts to
. ,

synthesize.speech by considering the morphemic structutg of
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lexical items 1in .a sentence, has come one step closer to.

approximating native speaker cohpetence. In addition to
being a more accurate' model of the psychological reality of
. ,

'3speech perception, such a system based on morphemes can also

offer a certain facility and accuracy in stress assignment.

: ‘ produced.

A System Based on Morphemes

Setting, up a system that uses the morpheme is not a
simple matter. This is due to the fact that unlike

Elovitz's or Ainsworth's systems, a system based on

Y

/ . morphemés must necessarily involve many more complicated
| L

sets of rules. For this reason, it is natural that most

. .
researchers have steered away from such a task because they

. . . . £ ) -
want something that is easily implemented. However Jonathen
Allen [3] of M.I.T. has endeavored to produce such a
system. This 1is one of the most advanced and interesting

4

systems for synthesizing speech that exists.

i‘ ' Allen's rules fall into two main types: 'those. used for
the morpheme system and those comprising the lettar-po-sodnd

) system. If a word contains. a mor ph which, is not

. N & 1
recognizable, then it is transferred from the morph system

to the letter-to-sound 'system, where the word is sounded out

3
|
’

This 1in turh, in €ases the inteiligibility of .speech’

AW
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in the way that a native speaker would when he or she

]
-t

encounters a.new word.» ‘ R

I the morphemegpart of the system an atteémpt is made\\

to break up the word .intq its morphs. This is no simple

task as’can be seen by examining the word ‘"resting". It
« / N
could be broken -into "re-sting" or "rest-ing". Obviously
. & . . ' .
"rest-ing" would be the correct chgice (or at least, most

probable), and’ﬂllen's.system will chogﬁe'this-one, bécause
' » ( i

the. inflectional affix (as opposed to the derivational one)
. N , .
is preferred in this case,-as his rules realize. His system

will also ‘corfeétly pronouﬁ%é the ' word ‘"wouéd“ in the
following sentences: "I haye multiple wounds" and "I wound

up the string". The correct cho{ce is made because there is

a set"of rules which realizes that "woundgs" hés only an

.

inflectional affix whereas "wound" ‘has” “wo underlying
ihflections, that 1is, if is really "wind" and "ed"'givihg

the past tense "wound": ‘wae@er, one can observe that these

kinds of rules are very compIicated. N

v

N 4

. In the above example, ptoblems still -remain when

/

"wound" is a noun.

Once the pronunciation of the  constituent morpﬁs are
fohna, they must be combined to form the éémpletéd word,
Uhfortunately, 2 straight concatenation of the phonetic

tfanscriptidn of the words aslhroduced by morph anélysis or

.
v bed “
ey
2
i . o

b,

€
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letter to sound rules cénnot(be executed, because the moéphs‘
Y - ) ; ¢

are pronounced jaccording -to their' location in the word.
Thus, the systém‘incorparate§ a coﬁplete set of stress rules

. { . .
which are wused : to determine the accurate -pronunciation of

i - ~
mqrphemes'word—coﬁtextuallybe making use of facts s&éh as
that suffixes carfjhave a striong effect on the rooLs to which
they are atta;hed, (e.g. "felon/felonious" and
'"electric(electricity"}. This fine tuning of the phonemic
strings through morphophoném ¢ and lexical stress rules is a
very important djffer;nce ﬂ%

.. , ,
Qowever, notice that these rules can only be implemented

etween this;system and others.
once the words’ are broken up' into their morphs.
Accordingly, they cannot be easily: implemented. in either
Aimsworth's or Elovitz's programs. |

) {

This type of fine tuning is often done by humans.
Consider the first time you try £o'pronounce a word that 1is
being read which you have never.seen before: you tend to
sound it out by breaking it up into parts. ﬁThe sounding-out
is done either by recognizing the internal morphs or by
sounding-out the morphs which you have never‘seen beforé,zby
 means of 1étter-to-séund rules. Then, onte you havg sounded
out the parts4you quickly rebeat the word, attempting ‘to
corre&p- any soﬁnds thch originally were said incorrectly.
That is, you allow for changes in sound ;hat'take place due

to the modification of the affixes. This is most apparent

in young children when they dre learning to read.
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There are also rules that add the prosodic. element- to

the syrithesized speech. Naturally, there are also rules

.which calculate the parameters for the _parémetric'-

synthesizer Being used,

"~

Whilst. there can be nordoubt that Allen's systém 1is
certainly a good one, incorporating: all kriown aspects -of
speech producticn, it is'nqt all that practical -to implement

on a small microcomputer.

The morph ”aiqtionary' alone- contains’ over 12,000
entries! In . addition, there are all the other rules which

require to be taken into account. '

/

/. .
Therefore, this é§s;em cannot be implemented - on
equipment that the avérage individual could afford to buy,
unless there is a huge market for it.
*

Price becomes a prime consideration in most cases., In

particular, for a blind person‘ wishing to work with

- *
- computers, speech output would certainly make 1life. easier.

The present'alternative, a much slower procedure, is the use

of”expens}ve Bréille terminals. |
/-—-s

S

If a talking terminal is inexpensive then: a company. -

hiring a dblind individual would not object to buying one.

Conversely, a very expensive one diminishes the l@kelihood




of the company obtaining one. ‘

“ N 1

So fa}, the assumption has been that to be of agy uge
computer speech-must‘sound exactly the same as a n;tlve
.speaker. Tﬁis\is'not'necessarily true. If the applicatiqn
is not one of a life and death situation, mistakes 1in the
English pronunciation is ‘toléraﬂle. Humans poséess vggy
.versatile data gathering mechanisms gnd will readily cor;ect
many of the errors';hat‘thg machine may make, within limits.
‘ Néturall if most words are mispronounced then the systém
is udeless. Absolute monotone, of co&rse, shogld be avoided
fo; long passages, but it may be tolerated in certain
‘instances. o -

The . algdrithm fors devices 1incorporating unlimitea
ZSpeech ouﬁgut,‘sucﬁ ;é a réading machine fon.the blind, must
be compgct, ‘yet fairly accurate on the more common words.
Tbis is necessary to keep‘the overail price down Iand' make
this device readily accessibie to the general public.’ fﬁ
may require some training, but it should probablﬁ not take
more than® an hour or so to became reasonably prof1c1ent at

understanding the geneq?ted synthetlc speech : ‘-

‘In the next chapter I would like to discuss a -system
that attempts to meet the above critgfia. %}oyitz's system

is too simplistic. .Allen's system is much too complex for

practical purposes. The new algorithm presented,herein‘is
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considerably easier to implgment than that of Allen's, but

much more complex than that of_Elovitz's.

‘A special referral must be made.to a studf’which has
just come to hand (in the course of this writing) by-_Sdsan

A

Hertz [91], 'whqse aim it is to produce a speech system that

is.accurate and compact. It incorporates a three-level

stratagy. g ' !

First, the word'goesithrough‘a set of text modification
b : ' ’

rules that modiff the orthographic representation of the

word, For example, the "e" that is dropped when adding ~
"ing" to care is added back. Also a feature maé;ix is
associated -with each word containing information as to
whether each letter is voealic or a‘ consonant. This

modified ‘'text 1is . then passéd through the conversﬁon'rules

.which transform it into a string of phonemes and an

éssociated feature matrixf Information as to whether the
sound is frontal, velar{ alveolar, etc., is stored 1in the
feature matrix. The resultant‘ phonetic string is passed
ﬁhroﬁgh,the feature modification rules thét aéd and délete
segments and modificgtions to'thé‘feature matrix are made.

B ) N
It should be noted that these rules also marK the stress.

. . ’ ;o
"Finally, the string of phonemes and the feature matrix
is passed through a set of rules that drive a parametric

speech synthesizer,.

Y
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This is an interesting system, but does ' require " the

i

employ ~of .a parametric  synthesizer, othrrwise; the "

information in the feature matrix cannot be used Although
the systém may be adequate, it dogs not .easily lend itself

to running the Votrax synthesizer..

" Calculation of the parameters to drive the parémetric‘
synthesizer méy be too much for a microprocessor to haﬁdle.
It is interesting to note, that‘tHeAresult of passihg a word

through her text modification rules is simildr to the first

part’oﬁ the algorithm used in this thesis, even" though her

method is different:




- CHAPTER III -

THE ALGORITHM

Initial attempts to formulate a set of téxt-to—speeéh‘

rules discleosed that transcription of the vowels to Eheii

phonetic representation would poee problems. if done only on
the basis ef éraphemes. It eppeared that much of the.
voweis' lvariations in pronunciation actually depended more
en Fheir stress phan on‘i;s immediate segmental environment.
with fhis in mind, it is self-evident that if Fhe word
stress can be detet&ined, then itsl transcfiption should
beeoﬁe more eccurate wieh a reduced set of vowe} rules.
This is further reinforced with the knowledge phat"most
unstressed Qowels réduce t;‘schwa and are therEfore uniform
across words.

The eEility to <éssign stress éenotes two . aspects.

First, thei number of syllables cap, be determlned for each

«

‘word, second, that the capac1ty to as51gn the stress to ' the

correct syllable exists regardless of any affixes attached

-

to the. root word.

*

!

Once the stress is depermined a set of vowel rules must

¢
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employ these data and another set of rules must handle all

c0nsdnants and unstressad \towels.

These concepts are basic to , the ‘t“e»xt-t_e-speech

algerithm.

First +a.word is read in. A word being .defined as a
string of letters delimited by any non letter, éxcept "weroin
certain cases. The word is then checked t6 a prelexicon and

if found, its pronunciation is obtained from the prelexicon.

If not, the process continues.

Syllabification is -then performed, followed by external
4 ' ) . .

wo‘lrd affixes being removed. The prelexicon and the 1lexicon

are now consulted to see if the root word is éontained'. If

so, the root word's pronunciation is obtained from the

© =

lexicon. If not, stress is assigned. . . '

© The 'root word: is then ¢translated to a stream of

_ phonemes utilizing the text-to-speech rules for stressed and

unstressed vowels.and consonants.

Finally, any affixes that were removed are glued back,

“to the word in.their phonetlc representatlon. » The af fixes

are transcrlbed to thelr phonetic real1zatlon usmg the same

set of rules as the root word.
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Now-let us examine the process in more detail.

Syllabification

Analyzing a word int'o/i,t/f/corhponent syllables 1is an
. _/

easy task for ’t/he> trivial case of monosyllabic words and
lperhaps,‘ for bisyf;abic words. Beyond this, th/e. \pro’c‘ess
becomes more . difficult because of the inconsisltency' of tf’le’
Engliéh 1a'nguage. ‘However, since the .system needs to know
onl; the vowels that are in different syllables, for s\;ress
purposes, the process \beco'n;e_s much simpler. In whicﬁ . case,
v;e need- not be concerrj),ed about clustering the consonants
witil the corrrect véw_els. ~With' this: in ’ mina, it is’
sufficient to d'efin‘e opgrat“ionallj syllable numbér.as the
number of vowel clusters in a ;dord.' o - ) -

Accordingly, the number of sylllables in a word <c¢an be
determin\ed by breaking up the gz‘olrd'in'to voywel anq consonaﬁt '
clusters purely on th_é basis’ of their océurren,ce in-éhe\ word |
string. For example, the word "bookmart" would be -divided ‘
into: /b/oo/km/a/rt/. -There are éxac\tl’y two vowel ° e-lus"r,eré
obtained. -This is precisely the number of syllables in the-
wc;r'd. 'WOrds such as "ecreation™ .a;nd "coppute" would fail
usir;g- thfs method.' © "Creation" becomeé /cr/ea/i;/‘io/n'wi{:h
two"v‘c‘:wel‘clustser‘s,l bu‘q \has three ,syll'ab‘les.‘ "Computé"_

becomes /c/o/mp/u/t/e/ with three vowel ¢lusters, but only,




. 2) Break the word up into vowel and consonant groups.

27

has‘;wo syllables. To syllabify phe’se- wor"ds’ correctly
necessitates having Ssome. rules which can determine which .
. vowel groups are and w‘hich‘ are‘ not dipthorig;. Furthermore,

silent "e"s must be recognized.

1

\

To this end,. a. set of rules has been added which
”é‘ttempts to do ;t,his}. Ho'»'aever"; ‘these rules - will not be
correct for a medial silent "e" as in the ‘word shameful:
(Note: "Shaméfu'i" will st'il‘l be‘pronpunceq,cor‘rjec:tly beca‘use
it will be reduced to the\ root wo“r'a ;‘shame"'. Silent M"e™:
will then be found. See figure 3.1 at the end -of this
ch‘:‘apte‘r.) | Thus, "Shaméful" will ; be ’s'eeri as ha\}ihg three
syllabl-es ‘(men ‘in fact it Has only two. a

+ The actual algorithm used, is:as foliows:

~

1) Check for word final silent "e"

£

"‘e" is silefE>if 1) "e? is not preced>ed by a, é,‘i,
? o, uor Il . ’ :
¢ 2) "e" is prece@d by al, "el, il, ol;
' ul or yiI. ’

et
7

¢

(A vowel is ax:ly of a,"“e,'i, o, u, and y when y'is , \
preceded by a consonant, Note that.qu and .gu are ' \
considered as one consonant. All other letters ;

are consonants.)




© 3) ‘Break a.vowel group into two if the folldwing
gonditﬁohs hold. (The break\is\m\ade -immediate_l.y

after the

No te:

'

fi-v ) O

.vYy I

-Il#ll

N

N$"
ttyn

g 0

followed
followed

_fol 1l owed

- followed

followed
followed
in oui.’

f_o 11l owed

followed

followed

followed

followed

stands for a, e, i, o, uor y;

1 any lettér;

either a, e, i, o or u.)

by
by
by
by
by
by

by
by
by
by
by

28

~

first vowel -of the vowel group.

any consonant; -

/

0.

‘I. .

A a;nd not in persua, gué, jau or qua." (
E and. in tuent, r‘u‘en; 1u or 1 uen.

I and in uine, uit$, uiﬁg, lui or rui,

o] apc‘lm not found in quo ot .uor; . ‘\. /
E and" found” in oe'l‘, oém,\ oet ‘or oe& -

-I and found in oic.

u followed by I. -

U followed by M. . o

A and not found in liant, tian,’

tial, riage, sian, lian, cial, liam, gia, nia,

sia, cial, liar, cian, tia or lia.

followed,by 0 and not found in cious,

¥

xious, cion, shio, 1llio, vior, sion, tion,

tiou, nio or gio. B -

followed by E and not in tience, cient,

nience, tient, !'*cienc, nient, riend, dier,

3
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riez, r'ies, ‘tier, view; piec, iel, ief, m‘ie,
hie, gie, jev, fie, ie, ieu or,yie; |

vi). E followed by' A and founlxd\ in #*ea, creat, react or

‘ #ce'a'n.. \
E followed by O and found in eous, eol, eonl1, eod,
‘neo or reo. |

E followed. by U and found in eus, eum or freu.

g

Stress Rules

After determining the number of syllables in anyz word
the next s‘tep is to utilize this infotmation to determine
which syllable to stress.

- Chomsky and ‘Halle's [4]1 main stress rules figured

4

prominently in considering the approach to take in stress

determination. It could not, however, be applied directly

‘because it placed much weight on. the grémmatic_al class of

the word. '\ This is unknown to the algorithm,. Instead, a set
of rules Iwére formul ated . based on certain considerations
about stréss §etldown' by Axel Wijk [{21] in his book "Rules
of /Pronunc“iatio/n for' the English‘L;\anguage"; His ideas were

refined and formalized into a uniform set of rules.

*

i

However, before these rul-es are applied, all external

A

affites are removed. An external affix is defined to be an

\
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affix which does not affect the placement of stress "on the

»

word,
¥
This makes 7 the assignmment of stress easier because
these affixes need not be considered. ‘It also /has a furth‘ex;
advantage. It ‘actually corrects mistakes that would
normall;be made in the syllabification of some words. For
ex ample, "'basemen_t';\' is seen as having three syllabhles due to
the silent 'medidl "e" being counted as a syllable. However
"ness" 1is an external suffix so it wovuld be removed,
resulting ina "base™., "Base" would co\m"‘ectly‘be seen as a
one syllable word because its final "e" will be seen as
silent. Pronunciation of "basement" would now be correct
because the system views the V:IO!"d as "base" and "ment" and
will not pronounce the silent v"e'.'.. Not only does the

removal of external affixes make 3stress assignment simpler

~and more accurate, but helps detect silent medial "e".

Unfor tunately, a word such as "bumblebee" will have its
. . .
silent medial "e" pronounced, because "bee" is not removed.

‘However, this is more thé except ion than the rule.
The affixes.to be dealt with are thecse which are

internal, now that the external affixes have been removed.
, Internal affixes, unlike external ones, do indeed affect
stress. These affixes determine the word's stress depending

on the number of syllables in the word. These affixes are
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searched for in '.a systematic way and the word stress

assigned.

1

S

Of course, there are rules which act on words which ‘do
not contain these affixes. They 1look only at syllable

number to determine stress. The affix removal rules are as

follows: ‘KNote: If not otherwise stated, in rules which cut

off affixes it.is assumed that the entire affix is cut off.

1

.1f this is not the case, then the part which will not be cut-

off will be edcloéed in brackets. The rdleé are applied

linearly. "#" means a,.e, }i, o or u. "*" means any

consonant, "$" means a, e, i, o, u or . "|" means any
. . .

letter.) : . !

1) For all words beginning with:

Y

uﬁaer . ' para side . .
some micr? * north
east soﬁth . west’ ’
up . down over )
house sky ~ out
. .
' . air tele ;m after
., _there mid - head . v
where hydro | , ’ .

Treat the word as two different words o
provided that at least two letters follow

the prefix. - "

[} N <
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L]

ooy 5 .o

2)

3) For all words whose syllable tount is dreqterA‘

/7~

[

t 1

For all words ending in::
iably . ings ably

4 . ,
: thing ing : able - ’

Cut off the suffix, add."ed" and consider the

word like this for stress. Re-calculate the

©

number of syllables the word has.’

!

(Note: If after cugtinq.off the suffik there

remains no syllaBléé then ignore this rule.)

v Al

3

N ‘ {

"than 2 and ends in:
N i " Y

ful J ness (?)1y

t {

(e)ly \ _ T

l° Cut off the\iuffix, reéhcalculate the number

(?f syllables and change final "ie" to LEVAIN

S

": 3 . A » 4 1] '} (3
This rule is applied twice in succession.
' o

S

4y For all words énding in: o '
l \1“ credo vited gu$ *ed
ued ~ *uned *oted

‘ 'creaged uated | *§ded.
*eded vaded - Juided

. ’anged,'\, enged ., unged .

. F*ineé *ired *a;ed i k

Ctyred ' 'toréd» bored

: cored *atéé q iated

[
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. nited cited *oéed
*uted *iled oled
! uled #fmed rged
# ped dged #ged
. i I*#ked kbed pled
| zled #sed nged
" psed rsed dled
#bed bled tled:
fled vled aled
thed .zed - ved
ied ced

%¥ided

"Cut off éhe final "dn and‘re-calculate’the

number of syllables. Change finél "ie" to "y".

For all words ending in $ed, drop the final "ed"

from the word,, re-calculate the syllable count. If

it is less than ope, disregard this rule.

- . -

For all words ending in:

4 hes sses xes

4

take off the\final "es", Subtract one from

\\
the syllable cqgét. _

B ‘ ‘ V- B

For’ all words, e;:Q\E those which are

’

greater than three letters long or ehding

" in s8s,.ending in:

%3 eas . las

]
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I

e R o

., ras

oes

Remove the final "s" and change

34

%ag

ues

ees

ies 7

final "ie" to ."y". Re-calculate

1

the number of syllables.

8) For all words ending in:

time
teen

#by
$one

day

doy
less
thing

out

\ cast

room

¢ “ground

self
-

teenth

*eéy'
how
ism
*son

man

body

way
hood
wood

ball

more
towﬁ . “i, ) \\\\\\\\;\;
yhét ‘ . | \
where . f | _
ment ) ]
land | A L
ton |
ship

fare
#fover \
house

ever

Remove the suffix from the word and

change final "ie" to "y". Re-calculate the number

of qyliables in thg word. If the number of

-

s

syllables is iess than one, ignore this rule.

T

Of course, an assumption has been made about external
. L]

N3

and infernal affixes. ' That is, they can only be one or the

" other. This unfortunately,

is not always‘thgkcase.

r~——
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!

In the first stress rule, the‘auffix "able" is removed
withi th; aséumption\‘thaf it 1is an external suffix.
Natufally, in the word\"table" it is not.. This fortunately,"
presents no problem bec%use the algorithm wiil not drop the‘

affix,if it reduces a word to zero syllables.

Consider "admirable" and ‘"desirable". Both are four
syllable words and have the "able" suffix. The problem 1is
that the "able" suffix is internal to the word "admirable"

and external to "desirable". Undoubtedly, exception rules

- e
can be generated and of course, some were used.

; Some of these rules do . not necessarily reflect the
manner in which native speakers organize their words, but .
they seem to work. The idea is to be sure that more words

o e

fit the rule rather than the exception, otherwise the rule’

must not be retained.

It 1is unacceptable under any ciréumstance to havé a
rule which is applicable to only one case.

Actual realization of stress presehts‘ a particular
problem. ‘:Ideally, the stressed syllablesushould exhibit.
some rising and following of ﬁitch as mentioned by Hyman
[121. * In practice, this is not at all feasible using @hg/
Yotrax VS-6.0. Its four levels “of iQflegtion ’ aéé

distributed much too narrowly over the stressed vowel and."”

~

/
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the pitch change is far too great. To be done properly,

pitch' must be abie to be varied by software in very small

increments. This hardware limitation means that the stress

but, not all vowéls can have one of four durations that‘ afe

software sélectable.

-

can only be realized by changing the vowel duration. Moét,

Even  though the stress realization 1is crude, it

appreciably improves the speech producéd.

N The stresg rules are as follows: (Note:

a,e,i,o,u er y; Mn

either a,e,i or u. The stress rules

any

"$" stands for

letter; "*" any consonant; "#"

are applied in a linear

fashion wuntil the first rule that applies is found and the

3 z
process terminates.)

L]

- 1) For all three syllableswords ending in:

ster
' Ca
am
ize
ect
‘cle
inent

ident

Stress the first

ual
iée
ate |,
ute
ist

anent

syllab

v

y
yze
ite
ude
‘enue

quent

le of the word.
b}

ot

2) For all words of two or more syllables ending in:




e - o . N

. ’ ect, * - oy een ‘ . ,
eur eer ‘ooA o
ette esce aire b
— tine zine ~rine o ’ : s -
dine | . chine’ ina
. . N
) 'ona - ana ita
ever ota ‘ ‘

'Stress first syllable of suffix.

-

3) For all words of three or more syllables ending in:

go ma to
‘- do : ~ ho ", scent
dent E de ; }que
' ! -
ia © dion |, ¢ ogy
sive ‘iod,* ior
ity ~  ional ioner »

Stress the syllable before the suffix.
A Y
? 4) For all words beginning with "trané", stress

the the first syllable of the word.

1

5) For all words of four or more syllables ending in:

f J icacy imacy inacy
mony sy . . o ary , . -
tery ory ator A ;//;/;////
ize ' L . _-

Stress the fourth syllable from the end of the word.

<




/ff ‘ ;. ance
g ]
//i/////// ie el iemnt

L O T S T S ST DTy I S - e

6) For all wqﬁds of four of’more pyllaples epdiﬁg
in "al": If one vawel or two or more‘Fonsonants
iprecede the suffix, thép stress the s;Blable before
the additional vowel or before the two cgnsonantéu °
o ’ If ﬁotz then stress two syllables before the "al"..

-

7) For all words of two or more syllables ending in:

‘ence ency ous

fcent ant sis

on . an ar
£ us a

If 6ne vowel or two or more consonants precede,
’the suffix then‘stress the syllable before the
one vowel or two or more consonants. If not,
then stress two syllables before the suffix.
8).For all yordS'of.two or more syllables ending in:
#*]1e am or ‘
—~ tist ail | em o
///// . ext ex *le N
T ile - er |
en fort .ward -
y [but not for "ply"]

Stress the first syllable of the word:

cd



I A

39

9) For all words of two or more syllables

' having' the following prefixes:

1

super sus intro o
inter - mis " ero
.sufl en ' with ’
com con de
| dis dir div _
_@m_ ef ig
( ex | imp‘ in .
ﬂ . ob oc . ~ -opp \
; per' . pre “\(prq‘wi
- pur re ) sue
'_éhg ) ir‘ © sup
) sur m o )
.‘be ' forg |

. ‘ oL . ) .
. Applf this rule twice, to check for multiple prefixes,
and sfress the syllable after the last prgfix found'

10) For all words of-'three syllables ending in:

H

s ent /le

Stress the first syllable of the word .

11) For all .words of four or more ‘syllables
. ending in:
ture ible -

Stress the fourth syllable from the end.

e g o

TR P R
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n 12)|For all words of four gr more syllables

) ending in "E}ﬂ: If one'fowelioﬁAtwo or
ﬁore coﬁsonants precede "er" ghen stress
the syllable before the dne vowel or two
consonants. If not, stress two syllables
befbre the "er",

13) For all words of two syllables stress the
first syllable. - L

14) For all words of three syllables: stress
the second syllable if the second syllable
is heavy, else stress the,first syllable.
(Heavx means one or more vowels followéd

by two or more consonants.)

16) For all words of four or more syllables: stress the

third syllable from the end of the word.

17) For all words that contain at least one

syllable stress the first syllable.

* .
Text-to-Speech Rules . , 4

<

On?e stress has been determined, only ong final action

remains to be taken, that is, translation of “the text to é
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‘stream of phonetic symbols, which is’ achieved by wuse of

text-to-speech rules. The rules are 6rgqnized by letter and

operate on the grapheme translating,B it to a distinct

i

phoneme,

)

An attempt has been made to make tHe number of rules

associated with each grapheme correlate with the number of

phonemically different environments each letter possesses

That 1is, an 1indication of the grapheme's phonological

complexity can be obtained by the number of rules that is

A\
requizred to realize all its possible pronunciations. ..

‘The appendix contains an explanation of the grammer
used to describe a rule and some examples of the 448
letter-to-sound rules. There are 424 entries in the
lexicon. Let us work through a word. The word “cat" will
be translated in the following way; the "a" in cat will be
marked that it should be stressed. Next, the word will be
scanned letter by letter from left to right. First, it will
look at "c" and try to find a "c" rule. Looking linearly
through the "c¢" rules it will apply each rule until it finds
one that fits; In this case, the rule [{c]=/k/ is used. It
simply means that the letter "c" is pronounced "k" in this
environment. The letters to the right of the equals sign,
"k" in this case, represent the Votrax sounds as marked on

its keyboard and are not IRA symbols. The square brackets

~delimit the letter(s) that will be transcribed by the ruleﬂ

a
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Next a rule for the letter "a" must be found among tﬁe
stressed "a" \rules. {a) (cl)#=/ae/ 1s the one used. 1It.
implies that if "a" is followed by one or more consonants
and they are word final then "a", because it is the only
1étter enclosed in square brackets, 1is pronounced "ae".
Clearly this rule applies for "at; in cat.

-/

So far we havE translated "ca" as "k ae". The "t" rule

’ ~

used is [t]=/t/. Thus cat would be realized as "k.ae t".

v

A rule can be much more comblicaﬁg@ than the ones
ilidstrated. For " example, a rule Euch as /g;#be/“[g]/i;e/
‘/ll;fl/ /’(Vl)l;n;.m;l;r;c;,s;#/ = /4 ]/ is éer\tainly Yalid and
in fact one of the rules. It means thaé "g" or word initial
"be" cannot occur before Jg". However "g" must be followed
by an "i" or "e". They cannot be preceded by "11" or "r1l",
but must be followed by either: one or more  vowels; "n"
;ﬁ“; N IS "c";. "s",; or‘be word final. 'if‘tbe above
holds t%ue thea the fg“ is pronounced as "d j" as in
gesture., The .reédgr‘ should note that as there are "a"
stressed rules, also there are "a" non-stressed rules. _ Two
.sets of rules exist‘f for each vowel, ’a set when it is

stressed and anothér when it is not stressed. Actually, ~it-

is a bit more complicated than that.

The ‘fules that exist under "a" stressed rules would

more correctly be referred to as exception rules. (This
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applies to. the reﬁainihg vowels also), "In fact, there
exists a cafegory of rules called general st;ess rules that
apply to all stressed vowels. “In reality, the following
sequencé of events will take place wheh a stressed vowel |is
to be translated to its phonetic description. For purposes
of qonvenience, let us use the vowel "a", First, it 1is
checked to the "a" stressed rules, if no rule is found it is
éompa}ed to the general stress rules. If yet “no rhle is
found thén the vowel is given its short pronunciation. An
e%planationldf the structure of the general stress rules
will'\ servé - to comprehena what 1s meant by 'short
prqnunciatipn'.-

One of the general stress rules is [(v1,1)]#=1.
Simply, it means that if the stressed vaél ét which we are
looking is word final .then it is '~ given . 1its ' lbng
pronunciation. The definition of long and short
pronunciation is contajned in Table 3.1. . |

I \ R

The correct vowel sound 1is simply chosen from the

"table, Long "e" would Dbe prdnounced et és opposed ‘to "eht

for shdrt "e". This method allows one rule to cover all

, vowels and allows each to have a distinet sound.

¢

’

i . )
¢ .
A ) ‘. , ) , )

an :
. R L T L 4 B EE
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TABLE 3.1

<

The ordering of the letter-to-sound rules is very
important. If any rule is out ofl order it may never - be

realized. Notice, 1in the rules there exists.two rules:
.- \

{wrl=/r/ and [wl=/w/. ' The first one says "wr" -is bronoﬁnced

’ : \
as "r" and the second one says the "w" is pronounced as\vw".

Obviously if [wl=/w/ occurred first then [wrl=/r/ could
never be realized. Thus, the rules depart from. the specﬂfic
H ' !

' \ \
to the general. , o \

Lexicon and Prelexicon ‘ \

There are a numberfof words/ﬁﬂich are exceptions to the
fules. That is, a rule formulated to»cover'tﬁe word, w0ﬂld
only be applicable to that word. Now, because -:the ru eé
must be searched in a linear.fashion it would be a wasteLof

time to include exceptions in the rules. Because. of /he

-

T IR e st e 3 AL ) T D pd BN A Doy a bt [P @
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nature of the rules, these exceptions would generally have

to be the first entries in 'the particular letter rule, which

implies . that ﬁhis rule will be scanned every time a letter

o

is encountered which is the first letter of the -exception

-

word.

Siﬁce we know this rule can only be executed givenia

-~

particular word it makes more sense to place it in a

;
dictionary or lexicon. Then a binary search of words’

starting with the same letter as.the one in question, co¥ld

be done to see if the word is or is not an exception. This

method is more speedy than searching linearly through the
rules. Fér this reason a dictionar& has beeq'included: b

The woérd M"injury" 1is . in the lexicon. Note the word.

"injuries™ 1is not. This 1is so because ' the 1lexicon is
searched ‘after ‘external affixes are removed and "injuries"
would have become injury after removing the suffix "s".

"Injury's" . pronunciation would be ac%fs§ed from the lexicon

.

and the‘pronunéiation of "s" would have been obtained from
the letter-to-sound rules. ,
. Generally speaking, it‘éuffices then to pldce only the
- root word in the lexicon. ‘ ' . o ‘\

Ve

One particular problem ekist§ when a suffix ‘is both

external and internal as in the case of "land". Islands
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7 | e .
- ' ’

~

. ‘ . ' ¢ -
presents a problem. It will be broken into "is" and "land".

;Even if it is put 1in the lexicon it will never be found

because it will have:-become "is".. This means the. lexicon

» s [-Y .
must first . be searched. Howeve;, so few words fdll iAato
this category, less than forty, it makes more sense to

define a prelexicon so that there are less words for which

« ’ /’-

3

to search.

N o
4 £
, . S S

.

As mentioned before, the Votrax synthesizer being used .

"has very limited intonation control. Little can be done to

add the prosodic element to the outputed speech. The speech
< . . §
produced 1is very mondtonic and it is difficult to determine

f
a

where a sentence ends and the next one begins.
- ° A

»y

In a-bid to alleviate this problem the "following was

.added; any time a period, exclamgtion mark or comma is

" encountered, the pitch of the word preceding the punctuation

mark is 1lowered from the stressed vowel onwards. Pitch is

raised for a question mark. The punctuation marks mentioned

1

4
are transcribed as a pause.

T o

Naturally, the Ggrause generatéd for a comma is of a
‘shorter duration than for the other cases. These pauses are

in addition to the pause generated between'words, which are
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of. a.very. short duration. ‘ o -

Thié‘minor enhancement has dramatically improved the

overall duality of the speech for long messages. ’
. . . ’ . , - 5 -

Q; ’ , \ R . . . |
, This ends the explanation of the new ‘algorthm. Figures

3.1 and 3.2 show an example of passing a word through the

deseribed algorithm. Notice that figure 3.1 contains th§

s

example of the word "shameful" describved earlier in the

. S,
chapter. T . L

~ * s
.
]

In"thq..next chapter the performance of the- algorithm
presented here will be given. However, it should be noted

that it. is meaningless to discuss the accuracy of the

1

component parts because individually they do notﬂédd up to

the finai accuracy of the system. This is because each .part

takes into aécount the errors that the other pafts may make,

1
'

sy
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4 FIGURE 3.1
v EXAMPLE 1 (using the word "shameful")

] o

WORD% 'SHAMEFUL'

+C SH

THERE S/ARE 3 SYLLABLE(S) . -

PREFIX/SUFFIX RULE(S) NUMBER(S)-3
" 1 SYLLABLE(S) IS/ARE CONSIDERED IN RULE
AFTER STRESS RULE, WORD BECAME% SHAME

FIRST SYLLABLE OF THE WORD IS STRESSED% A
RULE 26 °

MAIN WORD

[SH]=/SH/ ’

[(v1,1)3(C1,1)/Y;AIL; IA I0;IU;EA;EOQ;EU; IE AL#;
OT# IVE ILE OR# OLAT E/=L ,

[M1=/M/ . .

(CVOLEY/#;54/2// |
SUFFIX - - .
% {FUL1#=/F UH3 L/ ° , .
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FIGURE 3.2

EXAMPLE 2 (using the word "corﬁputers")

WORD% 'COMPUTERS' 4

A< rg O <
MY CT0O00N
o

> RS KA
THERE IS/ARE 3 SYLLABLE(S)

PREFIX/SUFFIX RULE(S) NUMBER(S)-7 .
3 SYLLABLE(S) IS/ARE CONSIDPERED IN RULE
AFTER STRESS RULE, WORD BECAME%® COMPUTER
STRESS 1 AETER THE PREFIX %U
RULE 19.

MAIN WORD

(Cl=/K/ ° ! . J
[/0(S81);0/1=/UH3/ ‘
(M1=/M/

/E(V1);E/1=/EH3/
R1=/R/ ,
u

(C1)/T'/~[S1#=/Z/ o




CHAPTER IV

PERFORMANCE o
v
The first five thousand word . entries in the Bréwn
, Corpus [13] will be correctly pﬁbqéqnced by the system
presented in this thesis, within the hardware limitations Sf

£

the Votrax VS-6.0 synthesizer.
This was ascertained by listening to the synthesized
version of each word and by 1looking at the phonetic

transcription that was |, being produced to drive the

o
- k4

synthesizer.

A word was deemed <correctly pronounced if - 1its
pronunciation was_ similiar to that of most Canadians or

Webster's Dictionary.

It would have been desirable to have been able to check
the phohetic transeription of each "word ‘directly' to a
dictionary, thereby giving an undisputed measure of
'accurady. ‘This cannot be done, because there is not an
exact correspéndence'bétween Votrax phonetic s;mﬁols and IPA

.syhbols. In fact, " there is.an algorithm that affects the

50
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sound of the phoneme depending on its phonetic environment,

. 0 ~
which does not’éﬁlways do as you expect, built into the

!

synthesizer.
The problem of vowel ‘duration still remains. The
Votrax VS-6.0 generally has.at least three, sometimes four,

different vowel durations. Only one of them is most

suitéble for ady .given wdrd. Information as to vowel

duration is not genérally given in dictionaries.

e
1

The sum of the accuracy of the component parts of the
sysﬁem is not equal to the final accuracy of the systeM’dﬁe
to the’sysﬁem's désfgn, as mentioned earliéer in Chabter 3.
For this reason, it 1is heaﬁingless to give accuracies for
the component parts, espécially considering tha£ they were

not designed as stand alode units., (The accuracy of

syllabifiéation is approximately 90%, stress assignment i§

about 85% and the text-to-speech rulesfis‘ébgut 92% on the

first 5,000 words of the Brown Corpus.)

The accuracy of any synthetic speech system on the.

first five. thouéand» words in the. Brown Corpus 1is not
i

neccesarily a good indication of how it will be received by

the general public. . With this in mind, an experiment was

set up to get an indgcation'of the performance. of the system

\

as judged by naive users.

;-
¢

“/.
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The "Type 'N Talk" Synthesizer

N -

R3S

- Récently, another = synthesizer ’ was added -to Concordia

University's speech lab, the "Type ' Talk", This

'

synthesizer is based on. the SC-01 chip and its repertoire of

4 . )

phonemes is nearly'ident:.ical to the Votrax VS-6.0. Both

synthesizers are: made by the same company. Howevér, the’

“'I;Xpe 'N 'I;alk"‘ contains its own built-in algorithm ~+for
text-—to—sp;eech conversion. It is a very small inexpensive
unit and therefore contains a minimal\ text-to-speech
’ alzgogithr;l. Ifs low price would certainly make it a
‘cor{tende‘r for use in a réading machine for the blind. Since
it is uéing an almost identical synthesizer to the one used

[

in this research, it was decided to include synthesized

speech from this unit in the performance tests. Granted it

employs an algorithm smaller than ‘the one described in this

research " and therefore should ‘probably not do as well.

However, this is not the main concern.

The = idea in this thesis was to produce a small

algorithm that could/be implemented on a microcomputer. If

however, the new ai orithm does not fare much better in the .

per formance test than the "Type.\ 'N Talk"”, it would indicate
\‘\that\ a fairly simple algorithm is all that is needéed for

.r\e\asona\ble speech intelligiblity. , !

N

“
T

S




Design of the Performance Test

“complicated analysis to be performed at a later date, . .

- Harvard Senterices [24].

The aim of the performance test, in the éontext of this
thesis, was to obtain an indigation of the intelligiblity of
\thé speech generated by the system described in this.ﬁhesis.
From now on the system will be _referred to as C.S.P.
(Concor@ia Speech ‘Project),

{
' Since further wofk is planned §n C.S.P. an experiment

that genérated much more data than r'equi\f'ed for '‘the purposes

of this chapter was done. This would allow for more.

/
A

#
’

The experimgnt consisted of giving a dictation of nine
lists of ten individual, unrelated sentences. The sen_tenée‘s
have the property of not allowing prediction‘ of the first or
last part of the sentence based on the other part. Every
single English phonetlc sound was contained in each list in

the frequency that it would normally occur‘ These lists of

phonetically balanced sentencesare bften referred to as

=

The nine 1is€s of sentences were presented to three
seperate groups of subjects. Three lists were spoken by a
human, three by the " Type. ‘N Talk" _and three by C.S.P.

Table 4.1 shows the lists presented. The ordér of
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" two hljndrgd and' forty-five words. Group one listened to the

n 5 u A

\ -~ Lo . . !

"\

presentatip&m of the lists to - the  subjects was list one ‘
followed by 1list two and se on. From this table it can be
sSeen that‘the‘order‘,of‘ presentationq of the different systems -

is counter balanced and that each 1list is dictated once by

» 1

all three systems.

+

TABLE 4.1
-DISTRIBUTION OF LISTS AMONG GROL;PS ;

Group +-—--dmmmtomcbm e fema b m e —— et
T P3ou P 6 17T 1 819 |
——————— B e b T S S Sy AU S LR R S
! i C{ T IiHICITIHICI TIiH
------ il Dttt T T R SRS A .
2 P TP H T T HL CI T4V HIC
————— D T e A S S T YU Y
3 {HIiC i TI{HICI TItHY CHT

mm———— B N Ui ¥ Wy VP M S S S r

iR SRR SR

NOTE:.H=Hum,an; T="Type 'N Talk"; C=C.S.P.

After t.h)e dictation of nine 1lists of -:sentences, the
subjects listened to a section of a Time magazine article of
pdragraph .given by - C.S.P. and .group two was given the
version .produced ' by- the - "Type 'N Talk"_. Group three
listened to the, human version. g : ‘ -~

They were then asked to write, in one or two sentences,

what the paragraph was ahout. Following this, they were

i
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“expected to give a numerical rating of the presém:atioh of .

the paragraph.

The actual questioh asked was phrased as follows: "At

the' end of the paragraph you are about to hear would you

blease write one or twq sentences that would summarize what

the paragraph was about, Then, give a numerical ra\ting

!

between one and one hundred, which. reflects -how you felt -

about your own understanding of the paragraph and its

presentation.” : B N

The experiment was conducted at the Canadian Armed

Forces' Royal Military College of Saint-;Jeari. One hundred

and twelve cadets rangihg in age from seventeen to.

twenty~one were randomly divided up into tH\re.e equal groups.

.

\

2

Although the 'particip;ants of the experiment were

'suprSed to have been native English speakers, who had never

heard any synthetic speech before, some cadets not meeting

these criterias took part. sTheir papers were eliminated

leaving , ninety subjects; twenty-five in group one,’

thirty-sev&en'in group two, and twenty-eight in group three,

. Each group was presented the  dictation and the

paragraph’ from -a pre—recorded tape, in one of three

1

. identical rooms, at the same volume and speech rate of

approximately 160 words per minute.
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The dlctation test for each 1lst took approx1mately two

mlnutes. A thirty second break was given between tests,

meaning ‘that each voice would'be heard' again in about five

minutes. The entire dictation test took twenty-four minutes

1

to com p}ete ..

Resulté

Table 4.2 and figure 4.1 summarize the.-results of the
experiment. When viewing table 4.2 it is important to

remember that it is based on naive subjects having o,n'ly

listened to twelve minuteé of synthetic 5peech by the end of’

the complete dictation test. In light of this, the results

are encour'aging for C.S.P..

TABLE 4.2

"PERCENTAGE OF CORRECT WORDS. FOR EACH sys%

. Rt D b L o e +
| , ! Trial . !
i System B et Dt Sttt +
| i1 12 13 1 Mean !
B ke b metrm e et b ————— +
i Human 193 192 196.% 94 |
b e —————— e e mmetem et —————— +
| C.S.P. i 55 159 <1 66 { 60 |
P m e —————— tmm et e ————
! Type 'N Talk | 16 )18 } 271 20 |
ot ——————— R N it el +

L

Trlal one is composed of the percent correct words’ that

gach’ group obtalned on exposur‘e to- the f‘lr'st llst dictated

I
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by one of the three systems. Therefore, the percentage
obtained for the human speaker in trial one is the sum of
the percentage of correct words obtained in 1list one from
group three, 'list two from group two and list three from

group one. . /

. The sums are taken this way to cancel the effects that
the order of presentation of the lists may génerate.

v

'

The same holds true for trial two and three except that
trial two deals with the second exposure to a particular
system and trial three deals with the third exposure to. one

.

of the three particular systems.\

PN
~

Figuré 4.1 shows that the general trend was to improve
over time for each of the three voices. Improvement was

\

more pronounced for the synthetic voices than for the human.

A two way analysis, of varie'r.xce with factor trial(lst,
~ 2nd, 3rd) and systém(;‘T‘,'Ipe 'N Talk", C..‘ S. P., Human) with
' eated measure of both facto r,s' was done, -The main effect
the system is F(2,178)=4231, .001. The main effect for
e\ three trials is E:(é,178)=95, .001, while the interaction

between the system and the trials is F(4,356)=9.96, . 001,

In the case of the human-'it is most likely that the

1

improvement is due to adapting to the testing procedure and
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learning to write at the correct speed.

Whi‘lst this may -be a factor in the synthetic sp,eec}{

case, it is also most praobable that the cadets were adapting

(VAN
to the synthetic speech. ,
TABLE 4.3

PERFORMANCE ON THE PASSAGE
(scores'given as percentages)

pmm e e - - ——

| | Systen [

+ Sc%res From———— t—————- e ———— +

J ' |Human | C.S.P. | Type 'N Talk |

e prm———— pomm————e et +

| correct | 100 .97 .| 71 | ,

o ——— o ——— o —————— Fmm e —————————— +

| Rating | 91 | 64 | 32 I
e o pmm e ——————— +

Table 4.3 shows the results of the dictation of the

passage. ‘The passagé was deemed correctly understood if the
subject got the' general idea of what {t was abotit. The
table also contains the average rating given_to, the ‘systen.\
by the cad‘ets ,. which roughly c'o‘rresponds vto‘ their
‘intelligibility scoresl. |

§

_'fhese results wpuld tend to reinforce the feeling that

"the synthetic speech system would do better oni paragraph

material than on single, sentences containing little

contextual information.

P
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. . ources of Errors

3 . - » ¢

S|

)
<
\\

. L]
+Preliminary 1investigation' into the causes of errors

g

v, indicated that there are three main sources of errors;,

‘ ‘sémahtic, ph&netic environment and pronunciation.
[“? . ) ) :

Semantic errors océurred in a gre;tzﬁany cf the lists
given by C.S5.P. and to a.much‘iééser extent thdse given by
thél human. - This wds not fhat abpqrentvin the iists done by

/ the "Type 'N Talk" dbe to thé limited number of words tﬁat

the cadets actually cOmprehehded and wrote dowun.

J 1
. E]

These errors manifest themselves as changes in words
. B used: that still produce 5 correct sentence. In the

sentence, "The friendly gang‘léft the drug store'", "gang"

A

.

. ., 1+ 'was changed to M"man" by a great' many of the subjects

, ) @ L
‘ listening to the C.S.P. version. One generally does not

' %, i
;’ associate\a gang asy being "friendly. ‘and would be more
inclined to expect a man to be so. , ‘ , v
* . "Hop"- .was changed to "jump" in the sentence "Hop over

the fence and.plunge in." by the same group of Asub}ectg.

‘“"Hop" and "jump" are highly associatéd words and the .-meaning

— .

of the sentence is not changed in this case.

.
. A
AN \‘w 7 g

'

. ?robably what‘is\happening here, is that the suBjects
. " ; \

4

" are dhdérstanding mos@ of the sentence and attempting tou

;
. : vow .
3 L . ’

=

3
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ofill in ény missing words according to the semant;gs of the

"sentence. In these  sentences such a strategy will
in@vitably lead to error. .
, -

The phonetic environment alsSo played a role in creating
some transcription errors. If the sentence "The heart beat
;ﬁrongly aﬂd with firm strokes." is said quickly, it is

\ inevitable tﬁét' "beét"’hay be thought tp be “beats": This
occurs because Iphe "s" in. "strongly! that %mmegiately_
follows "beat" ﬁay souna as though it ié part of "beat" and
'"ét;ongly". In the human case .this is precisely an error
that was made. It is unlikely that such an érror would have
'.'Q been made if time adverbial had been g?pgént.

The. word "Wood"‘in "Wood is best for making toys and
blocks." was changed to "what" .in many instances wpen it/was
- presented by C.S.P.. This substitution is not all that odd."
In;-isolation the "t" and "aJ sounds would be pronohn;ed
differently. This is not the case in a sentence. When$ "tn
Jis followedﬁby a vowel, in this case the "i" from "is", the
"tf is gengrally pronounced as a "d" because of(intervoqalic

’ voicingw The word "butter" is a good example of this.

'

]

. > ' v
. .
’ v i4 . . ! v '

t ) - "Wood is Dbest: ..." is'a_stﬁénge way to formulate the
\k“beginning of a sentence, while "What is best ..." is not. and
is certain1§ more common.  Given that the two sound very .

similar, it is not surprising that .thé ‘substitg}ion' took

\




A

\

62

placé reﬁdering a different, but ﬁerfectly acceptable

- \\

sentence. - . ’ ™
s .

4 .

. . r

Pronunciatioq obviously makes a-difference. The ‘wora
"tiny" was ‘pronohnced as "teeny" by the "Type 'N Talk" and

not surpriéingly not a single person got it éorréct. This

is a case of 'straight ;ncor}ec; pronunc%ation. (At least as

far- as Webster's dictionary is concerned.) - -

£

N \

Tﬁeré‘exists a more subtle instance of this problem.

- "What" a%g "wood", from the above éxample, both contain lax

vowels. Although there is a definite difference between the
, , .

.two vowels itwis & subtle one, not that distinguishable 1in

/machine speech. In some dialects there 1is a distinction

: \ . .
made between a "w" and a "wh" sound, but none is made by

© C.3.P.. It would also seem that none‘iS\made by "Type 'N

LN . L]

Talk". - | T

0
N

Preposition substitution, more. specifically "a" for

"theﬁs took place in many instances in the human condition..

B}

In"geperal,‘ humans tend not to pay too much attention to
preposiiiops unless fhey are important. ' Errors of'this kind
are therefore to be expectéd. ' : .
o - v B

\

1

e
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'C.8.P. Versus "Type 'N Talk"

%
gThe large difference in words:correct for C.S.P. and
"Type :NﬂTalk“ was not eipécted. It would be convenient to
attribute all the difference between the two systems to the
fact that C.S.P; use§ a more sophist&icated algorithm.
Althoﬁgh this certainly makes a differenee it should not

)

account for all the difference.

4]

Spectrographs taken of the sentence "The tiny girl took
off he; hat.", spogen by ail three systems show soma
important differences between systems‘(figures 4,2, 4.3 and
b, uy, The spectroéraphs were made from the tapes actually

used in éhe performance test.

"

The formant transitions produced by the Votrax V5-6.0

synthesizer, wused in the C.S.P., tend to be sméother thén

those of the "Type 'N Talk". Much  more informatipn 1is

‘available from the speech produced by the Votrax VS-6.0.at

"the higher frequencies than that of the "Type 'N Talk":

This is probably not attributable to the SC-01 synthesizer

chip used, but rather to the amplifier used. It seems to

‘ have a sharp ‘cut off point of about 3,000 Hertz. The

3

amplifier is held suspect, because the 3C-01 chip in the

evaluation board supplied by Votrax sound§ almost identical
to the Votrék VS=6.0 -synthesizer. Unfortunately, a

épectrograph~of the SC-01 chip in the eValuation boafd could

/
)

v

L

~t.
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. not be made at this time to verify this suspicion.

The spectrograph of the human is  included for
illustrative purposes. There can be little ddubt that the

human Joice supplies much more information; although in this
. * *

. \ ,
case not all of it 1is important. Table ﬁ.u shows the
l '

percentage of words that were correctly recogniged by the

subjects fo; each pf the three systems. vLittle\problem was
encountered for the human or C:S.P. cases,but this was not
the case ﬁo; the "Type 'N Talk". The word "t&ny" was not
correctly recognized by any subject for the "Type 'N T?ik"

system, but it was probably due to the fact that it was

f

‘

pronounced "teeny".

° i

~Table .4 also shows the relative duration of each

.vowel for each’word in the example sentence -for the "Type 'N

#

Talk", C.S.P. and human. ‘The values in the table are only

" approximations, but the ratios between systems are correct.

, f
The duration of the vowels is different’for the three

systems. The Vowels in “girl" and "took" were given shorter

_durations by’ C.S.P. . than "Type 'N Talk". For all other
‘words the reverse is true. This could be due to the lack of

, stréss assignment‘of‘the "Typé 'N Tglk'sﬁJalgdrithmxand the

: . . - !
inclusion of stress assignment in C.S.P.. S
* o , ) . ) ) i B i
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The human vowel duratioﬁ is shorter thén either
.synthetic voice systems, ,AlthSugh the vowel duration in the
Mord "tiny" is the same for the human and tﬁe "Type 'N Talk"
qonéition! i ip' must be lremémbered. that they said two

different worqs.

TABLE 4.4

b

¢ . ‘ PERCENTAGE éF SUBJECTS CORRECTLY IDENTIFING EACH
- WORD IN THE SENTENCE AND THE WORD'S VOWEL DURATION
(in milliseconds).

\ e e e tom—— e ———— e —————————— +
' d o i Word g
1System T L R S VR WS N
| ’ itheitinyigirlitookioffiher|hat}
fmmm— e —————————————— B Sy Sy S S
I correct” ! 931 93} 100! 100!100}100}100!
1CeS.P,  mmmmmmmeee e i T T S S S,
. i duration 11171 U681 306 1671234118441 184!
o — - —————————— D R e e et
iType 'N correct | 64 i T76F 521 60} 68! 36!
1 U g S S e A O S
| |Talk duration 1100} 351} 401} 200{200{150!167!
e it T LTy TS S WP U SRS
' correct 1100} 92} 1007 1001100;100:100}.
. ‘Human = ~—eeeceooa--- T T T TN R S
I duration » '} 67] 351 3841 67} 8411171150}
b —— e ———— e ——— e L T S S Y RS S WY
i
n ’I

N e ,
T e B - bt s e W e adilhrs,

Q
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CONCLUDING REMARKS ‘\fff\\ Co
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 Synthetic speech has many diverse applications, many of

which require \an“uplimited vocabulary.. In the last few

-- -years---various attempts--have been— made — to - _formulate

{

_algorithms - which would "allow for an unresﬁricted vocabulary

witheut aqtually attempting to Stqre every word,

;Algorithmé ranging from very simple to extremely

- ‘eomplex have beenlgene?ated. The simple algorithms, or sets

of rules, do not produce adequately intélligible speech.

The most complex ones do produce fairly intelligible speech,

* such as MIT's MITalk system, but are too largel to be of

-

practidal use at the présent fTﬁe\

y

In, this thesis, a new algorithm has been presented

"which is fairly ‘accurate, but still compact enough to run on

very ~ small computers. It extends on the idea of

text-to-speech rules by adding the concept of stress

'realization. "This' also has the effect of alleviating some

) of the 'problems caused by silent medial "e".

Y
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Performance ;ests of ’@he .éystem‘ indicate that it

compares favourably to Susan Hertz's system [9]. Her system

gets the first one thousand five hundred words in the Brown

i

Corpus 'ninety. six percent correct; C.P.S. gets the first

five thousand words one hundred percént correct.

Although the percentage of ‘correct words recognized for

the. Harvard sentences was' not as high as one would have

liked, it must be noted that there was definitely an

— —improVvement over time.

) v

It is suspected that ° the score would improve
appfeciably.over a few more hours. Persons who have been
exposed to the syétem for a period of time tend to be &ble

to understand it fairly well.

Further Improvements and Research That Could be Done

C.3.P could be markedly improved by taking into account
L) *
the prosodic elements of speech. This would vastly ‘increase

the size of the algorithm and substantially increase its

. executation time. It wduld also necessitate the use of a

parametric synthesizer,

Unfortynately, not enough is known about 'the way in

which humans - produce épeech to formulate an 'aigofithm
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1

capable 6f gengrating perfect human %i?e ‘speech, with an'
uﬁlimited vocaﬁulary. Thereforej further‘regegrch must be
direptéd at obtaining a mére complete ‘picturé off human
speech production before macﬁine Speeéh will become almést
'indiitidguishable from human speech. (Althdugh this can be

dohe with linear brediétive coding, it 'does not allow for an

* unlimited vocabulary.) -

.In'the meantime, the algorithm presented herein -<could

be used in a low cost synthetic speech system. Aithough-the
) . . P 2 ' /
speech produced is not compietely natural, the mportant

[~ - ¢ opoint is, it is intelligible. Furthermore, the aigorithm is

. 1

. of 'a ‘reasonable complexity‘such that it can Be implemented:

.on a fairly shéll computer. - . o :

-~

‘
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GRAMMER OF THE TEXT-TO-SPEECH RULES. -

N

In, this abpendix some examples of the text-to-spgech

are used and this appendlx is to'be used in conjunction w1th
it.

4 s !

o3

Each rule consists of two parts. The firsf part of the-
rule, to the left of the equal >sign, i%dicates when the rule

is to be used. While \the right hand side of “the rule

¢

indicates what phonemes are to be used if the rule holds.,

i

. - . : : N
interpretation of ‘@ rule 1is done in the following

manner.‘ First, the characters within the square brackets

‘
&

- N ‘ ! s ’ -
are looked "at to see if they are contained-in a word., .1If

so, then scanning continlles in a 1left to right ,direction

from the .cldSing équare»~bracket unt11 the equal 51gn is

‘found 1n the rule, or a character 1s found in the w0fd that

“

does not ‘match the one "in the rule. 1f everythlng has

rules are given. Chapte* 3 contains an example of how they

matched so far, the scanning' continues’ from the opening

square bracket 1in gvright to left direction until no match

*

is found, or the end of the rule is found.

o

B VYV e
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In some. cases,llnstead of a letter, a symbol is used to,

1

C \%“ represent a class of letters or a condltlon. The following

list. will explain all the symbols used: ' . o

P

(e
R

. holds. .

% =\Qse this rule only for suffixes.

.= Any letter. - ' ’

# = Word final or initial. =~ * . N

o N . r

1}

Any one vowel

<

[j[ Dellmlts the letters to be skipped lf the rule o

== Seperates the'matchihg part of the rule from
’ e
the part which glves the .phonetic sound “ Y

\/a1¢a2,a3/ = Any one of the condltlons a1 a2, 9f\53

;o must hold.
There is no 1imitton the number of,
conditions that may be used, except .-

thet a‘rgle must fit on one line.

" =z, It is used to \c.ompliment ’e above expression.
/B/~[A)~/C//T/ means "A" not preceded by "B" or
followed by "C", but must be followed hy “T".

Remember the reversing scanning pattern when

read1ng rules with wte in them. IR o

‘ ’ (ZI,M) or (ZI) .
. | I = At least "I" Z's! _
" | M= Ne more .than "M" Z's, . "
) ‘ t Z can be: V = Any:vbmei.

‘ & T = Any cons%na t, ¢

e ' X o

o Do

i - . ‘,' B 3 . _.”L—:~;?; '
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~

b o D = Any vowel provided it‘is

- \¥~:‘ not 1in 'the same vowel cluster.” -
| ' -as .the vowel inmed iately
':/ ‘ ,‘l“'  préceﬁ}ng this co@mand;
.Slé'Aqy vowel‘proyidgd it is
in the ;amé vowel clustér
I -aé;the'vowel:immédﬁately‘
o - ,?pré;edipg this bomﬁand., ‘ *";i .
g>; IT'Z N =jAn§nyowe1 whigh{iqinot o 0
) { ‘ stressed. | | ST e
. . - ’ ‘ ‘ ‘ . '!71
| Some exaﬁﬁle rules foi;oﬁ:' S . .
*;gﬁiiiiiiA RULES \ N ;iﬂ,‘j ;’
i[ABLY]#:/pH3 B L E/ S IR
\ .

% [ABLE]#=/UH3 B UH3 L/. . SRR

[AIL1=/A1 L/ T T

~ [ATOR}#=/A1 T EH3 R/ |
ATEWs/A T/ T i
[AY1=/A Y/ N o i | ,‘:-_\ ;- -
. [AU)=/mw2/ & R R
[AJ#z/UHY/ - R |
L)Ak$1);5/]=/UH3/€ ' , T e | -
' il¥*§llll§g RULES o ”“: .
B(Bl=// - - | o L
b fﬁonY]#=/B AH1 D E1/ : ‘ ,
%(BALL1¢=/B AW L/ . .

© [BI10=/B AH1 AY/

' 2“, {:»!’ v:é E!‘ .

\;‘\.
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it
e o

Ax"\“‘.#[B]#:/B E/
: Y{Q - [BEEN)#=/B I N/ - : ]

s ot L A e

7

‘19

-

~

{BASIC]=/B A S EH3 K/ N ST L SN

™ . (BROAD)=/B'R AW D/ . . .~

| C(BUTLIs/B I L/ |

CEBlesB |
{****;**i*cﬁyangu STRESSED RULES o
.[(v1;1)]§c1,H);R(v1)Ls' ' S S g
lP(V1L1)]“/'LL//X;LL;ELIC;TRIQ;(C1;1)EQ¥#/:S - t
/[I](c1i1)/Iou;IAEIo;IU;EA;Eé;éu;ia/zs

LLOV1,D1(CT, DIT#=S .6
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