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ABSTRACT

The speaking module (Seriptovox) of the
automatic Hungarian Reading Machine(RM)
was developed in the years 1983-~86 by a
four-member research team of electrical
engineers of the University of Technology,
the Institute of Linguistics and the Re-
search Institute of the Hungarian Post
and Telecomumnication, Scriptovox --using
the MEA 8000 type integrated circuit for
speech generation -- was developed for
the fully automatic conversion of any
Hungarian text into good quality speech
in real time,

INTRODUCTION

The primary requirement a text to speech
(TTS) converter system has to meet is that
it should convert every character of a
text in a given language (including not
only letters but other characters as well)
into control codes with the aid of which
intelligible speech can be generated by a
speech synthesizer, At the same time an
important requirement is that it should
recognise the different types of sentences
(statements, questions, etc), This recog-
nition is the basis of the automatic gen-
eration of melody and rhythm, Last but not
least, a fundamental requirement is the
real time operation of conversion and
Speech generation,

The conversion of ASCII characters of the
text into synthesizer control codes 1is
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realised in the Seriptovox system in 3
steps.

1. Conversion of ASCII characters into
"phoneme codes",

MEA
control codes (speech frames) and their

2, Conversion of phoneme codes into

concatenation,

3, Realisation of melody patterns by re-
writing the pitch control bits of some
speech frames of the group of frames con=-
catenated in step 2.

LETTER TO PHONEME CODE CONVERSION
Thirty-three phonemes are used for gener-
ating Tungarian speech., Only the short
versions of speech sounds are included
among these thirty-three phonemes, the
long versions are represented by doubling
the phoneme code of the short counterpart.
When processing the graphemes of the text
into phoneme codes we distinguish three
types of ASCII characters,

The first -- and simplest-- type comprises
those characters with which a phoneme code
can be associated directly in one step,
e.g. A,0,V,F, H etc.

The second type of characters cannot be
converted directly into code numbers: their
conversion requires an examination of the
neighbouring characters. Examples for such
characters are S,Z,C,T, etc, For instancs,
the letter S occurs in the combinations
sz, 7S, SSZ, zzs, CS, CCS, denoting dif=-
ferent sounds in each case,

The third group of ASCII characters includes
numbers,abbreviations, and other symbols,
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This algorithm works as follows :

1. Setting of initial values .

2, Accepting ASCII codes into buffer=1
(Bl)which is 1 kbyte large .

3. Identification of ASCII characters by
scanning the text left to right.

4, If it is a special type of a letter
then going to the rules for setting
the appropriate phoneme code, Writing
the phoneme code into buffer-2 (B2)
which is 1 kbyte large.

5. If it is a number then going to the
number routine where phoneme codes of
the numberwill be inserted into B2,

6. If some other symbol then going to the
lexicon and set the appropriate codes
into B2,

7. Settingall other characters into B2,

8., Identifications of ASCIT characters
representing punctuation marks and
setting the appropriate codes in B2,

Finally in B2 we find the original text

in a formas¥everything in it had been

written using only letters, For example,

the sentence MOST 12 ORA VAN, ’'It’s 12

o’clock now’ takes the form MUST TIZEN-

KETTO0 OORA VAN,

PHONEME CODE -~ MEA CONTROL CODE CONVERSI(N

In the next step the Program converts the
content of B2 into a series of speech
frames which are stored in a 4 kbyte buff-
er (B3), For the conversion, a collection
of speech frames (225 different types) anad
a 33x33x6 element concatenation matrix
(rule system) is used, The initial content
of the speech frames of the data base and
the rules were defined in 1983 and have
continuously been refined thereafter, The
rule system includes rules for the concat-
enation of frames ricked from the data
base when converting the phoneme codes of
B2 into a series of frames, C(oosing the
appropriate elements of the 225-element

data base every Hungarian sound and sound

combination (vv,cv,vc,cc), as well as all

the assimilations can be realised,

The rule system

In order to get speech from the group of
phoneme codes stored in Bl these codes mng
be converted into very many speech frames
to be stored in the buffer B3. This buffer
size (4 kbyte) is enough for 40 s of speet
in on conversion process. The rule systen
works as follows., In the rule matrix every
row and column represents a phoneme code,
The program -- before turning to the rule
matrix-- makes a diad-like interpretation
of the phoneme codes in B2 scanning it from
left to right, So by the interpretation of
consecutive phoneme codes a row and a col-
umn of the rule matrix are determined,
This row and columm pair points at a ma-
trix entry, the contents of which are six
bytes. These bytes represent the identi~-
fiers of speech frames that must be picked
from the data base and Placed into B3 one
after the other, If the desired sound ef-
fect of a step during the conversion re-
quires less then six speech frames f’s are
inserted in the superfluous bytes. If dur-
Ing execution the program finds $r8 it goes
on to the next step. It should be noted
that one complete sound combination is re-
alised by the pProgram totally after per-
forming three steps: the step before the
sound combination concerned in B2, the step
of its own, and the next one, Whenthe step
by step conversion of Phoneme codes is com
pPleted, B3 contains a series of speech
frames of the text to be uttered, Sending
these frames to the synthesizer a monoto-
nous, robot-like speech will be produced,
Thus the realisation of TTS conversion has

been acomplished at the segmental level
only, '

Automatic generation of melody

To make speech more natural melody patterms
must be superimpesed on the segmental.real‘
isation. In Seriptovox system a fully auto-
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matic melody generation of the mostly used

types of patterns is working, What are the

elements of this melody generation?

1., Building microintonation patterns into
appropriate sound combinations,

2, Recognising the articles and some con-
junctions in the text and making them
unstressed,

3., Recognising comma(s) in the text and
changing the intonation (and rhythm) be-
fore the corma(s),

4, Superimposing the intonation of dec-
larative sentences characterised by a
full stop at the end.

5. Superimposing the appropriate melody
patterns on the various types of ques-
tions (question mark at the end). The
types of questions distinguished for
Hungarian are as follows:

a) Questions beginning with Q-word.
b) Questions without Q-word -- further
divided into three subcases(see below).

Microintonation

Quick variations in fundamental frequency
independent of context and of the speakers
will are called microintonation. The va-
riation ranges between 10--15 Hz inside a
sound, It is built in the speech frames,
Articles and conjunctions

The system identifies the articles a,az
’the’ and conjunctions ¢és ’and’, hogy’that’,
To make these words less stressed the pitch
is decreased by 8 Hz in them, In the arti-
cle being at the very beginning of a sen-
tence the pitch is decreased 16 Hz.

The interpretation of comma(s)

A comma in a written text corresponds to a
change in the melody and rhythm of live
speech, To implement these changes the prop-
er place of comma(s) in B3 has to be marked.
For this purpose a special frame with short
duration and zero amplitude is inserted
wherever there is a comma in the text.Thsn
by scanning right to left the earliest 32ms
long frame of the vowel immediately preced-

ing the comma is searched for and itspitch
is increased by 8 Hz, The search goes on to
the left up to the next vowel and in its
first 32ms long frame the pitch is increased
by 4 Hz, In the frame following the comma
the pitch is then restored to the former
value,

The intonation of statements

The automatic generation of this type of
pattern begins with the calculation of the
length of the sentence, Three types of mod
ifications are used in the algorithm, i,e.
reducing the pich by 4 Ilz,or by 8 Hz or re-
ducing it in the last word of the sentence
by an additional 4 Hz(see Table 1.) ,
Table 1,

Sentence [Minimuml Number] Reduction

length [AUDRET | o Tn the3n
L parts Eig %%
gg?%es frames Xa?¥ 1338.“ g§§
very shat| 10 3 8Hz = -
short 20 4 ZHZ zgz -
normal 30 5 Hz -
long L5 6 4Hz, 41z 417

The intonation of questions
The punctuation of questions is character-
ised by the use of question mark. In Hunga-

rian several types of questions are used,
To make an automatic realisation of ques-

tions, a multi-level algorithm has to be
designed, Regularities lending themselves
for algorithmic procedure, as well as un-
ambiguous orthographic forms have been ford
for the following types of Hungarian ques-

tions,

Question beginning with Q word., The system
recognises twenty-one Q words and imple=s.
menfs the intonation pattern of Fig., la.

a) HzFo v 4 by HzFq i
RS B 1

wol i\t <1t/

! 1 ] | i

1 1o ! 1

! bt I

too{ I 1 by to ' l

M1 K O 407

In the next step the algorithm of declara-
tive sentences is applied in the rest of
these questions,
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Questions having no Q word are as follows:
One syllable question,where the intonation
peak must be at the very end of the vowel
(Fig.1b).

Two syllable questions have the peak also
in the last vowel but the pattern differs
from the earlier one, The peak must beplaed
at the beginning of the vowel and the peak
must be reduced towards the end of the same
vowel, The duration of the peak must not
exceed 30 ms. By this type of questions
three types of word endings are distin-
guished (Fig.2), The intonation patterns dif-

[
Hz Fo 1 y ! I Yoor ) 1
153/1::*b/l|;'6/'l
A G P B e
CUNT TN Ty
|Il17"'l !
'||l4lllp 1
100 ln:lleljll
"A'SZ T A L? AP A2 H A J & 7

Fig, 2
fer radically in the way the pitch decreases

at the end of the wovel,

Three or more syllable questions have the
intonation peak in the last but one vowel
followed by a decrease of pitch in the last
one,The quality ot the resulting pattern is

8./|
/’
i

] 2 !
"ABZ T A L OS2 H A J 6 v AL?

Fig, 3

further improved by distinguishing two sub~

cases (Fig.3a,b), If the last but one vowel

is long then the decrease of pitch has to

commenge already in the long vowel,
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THE PERCEPTUAL EXAMINATION OF SPEECH QUALITY

The complete process of designing and cons
structing a TTS system has to end in a sci-
entifically based perceptual examination of
the speech quality, The pPhonetically bal-
anced speech material for the test consisted
of four groups of sound Sequences: 30 sylla
bles, 30 meaningless bhisyllabic sequences,
30 one or polysyllabic words and 10 sentences,
This material was recorded by a male an -

nouncer and by the Scriptovox, The natural

speech material was given for two groups of
18 students (18 year old) and one week later
they listened to the synthesized material,
They had to put down what they thought they
heard. The score for words was 84% for loth
the natural and synthesized items, asto the
sentences, 99% for the natural and 98% for

the synthesized was obtained,

CONCLUSIONS
The Scriptoveox TTS system displays several
differences when compared with conventiona
unlimited vocabulary speech synthesis sys-
tems, Its data base comprises only 225
speech frames (1 kbyte). The rule systenm
converting letters and other symbols of the
text into a concatenation of speech frames
uses, at one point, a novel diad-like rep-
resentation. Extensive experimentation was
involved in formulating the fully automatic
generation of rules of intonation for the
various classes and subclasses of sentences
The Scriptovox system seems to accomplisha
good compronmise among low cost, high speech
quality, fully automatic TTS(no need ford-
acritics or auxiliary symbols in the text),
small wmemory requirement (12 kbyte) and very
low bitrate (approx. 100 bytes/second).
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