The development of a waveform synthesis
system based on phonetic rules
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Abstract

it is well known that speech synthesis technology is devided into four types, waveform synthesis,
parametric analysis synthesis, rule based synthesis and text-to-speech synthesis. Waveform
synthesis generates the speech-sound with the best quality ,but the largest memory capacity is
required. Then rule based synthesis needs the smallest memory capacity but the quality is not
satisfactory so far.

The aim of this paper is to establish a proper performance-cost ratio system, which can be
used in PDA as the speech output system, such as a checking system or a teaching system like
tutor or speech out of a machinery interpretation system. As the first author is currently working
on a rule-based TTS, she drew a great deal of inspiration from her experience and presented a
waveform synthesis based on phonetic rules which adopt initial unit C(V) and final unit V(N) as
the synthetic unit. The transitional information within the syllable is contained in C(V). When a
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syllable is synthesized, the corresponding C(V) and V(N) are concatenated via phonetic rules.

It is an important process to get the synthetic inventories by segmenting the syllables using
phonetic rules. This is carried on KAY SONOGRAPH MODEL 5500 and ALS. Finally we get 352
inventories containing 89 initials C(V) and 148 finals V(N) and other special symbols.
Total memory capacity is 500kB which is 10 percent of that of the waveform synthesis in which
syllable is used as the synthetic unit.

The first section will decribe how to segment the syllables prerecorded in Beijing Mandarin.
The second part will illustrate the software and hardware. The last section will give an overview
of the evaluation of the system.

1. Getting the synihetic inventories

1.1. Recording

Our informants selected here is a male who can speak Beijing Mandarin fairly fluently. The
speech materials are 1275 syllables (CV(N)) and some special letters and alphabets. The
recording is done in the recording room in our laboratory.

1.2. Segmenting using phonetic knowledges and getting phonetic rules

Here segmentation is meant to segment a syllable into initial part C(V) and finial part V(N). First
all the utterances are analyzed by SONOGRAPH 5500 with 10KHz sample rate and 16bit
precision. From the wideband spectrum on 5500 screen, the initial and final of a syllable are
clearly presented. Any part of the spectrum between cursors can be heard and also can be
stored and analyzed by ASL.

Take as an example the syllable whose initial is /p/ to illustrate this processing. First it is
hypothesized that all of the finial V(N) inventories have been got. The next step is to solve the
problem of obtaining initial inventories. As /a,i,u/ are three extreme articulatory positions,the
transition from /p/ to /a-,i-,u-/ are quite different, so /p(a)/ /p(u)/ /p(i)/ are three inventories we
must get.But for syliable /pe-/ or /po-/, is it necessary to segment another two initial inventories
/p(e)/ and /p(0)/? From the phonetic point of view, when you speak /po/, the lip's movement is

/p/--> lu/ --> /o, so the transitional information in /p(u)/ is enough for /p(0)/, and therefore /p(o)/
is omitted. After observing the spectrum of the syllables /pe-/ and making a synthetic test, we
think /p(e)/ can also be omitted by using /p(a)/ instead.

Then a phonetic concatenation rule is formed : .

if syllable /po-/ or /pu-/ is to be synthesized , then /p(u)/ is used as the initial;

if syllable /pa-/ or /pe-/ is to be synthesized , then /p(a)/ is used as the initial;

if syllable /pi-/ is to be synthesized ,the /p(i)/ is used as the initial.

As for the initial /p(a)/ ,whether it is got from the syllable /pa/ or from the syllable /pa-/, it can
only be decided by synthesis test and resegmenting of the syliables. So we say it is a very
sophisticated work. The waveform of the special symbols, e.g. English letters, Chinese
punctuation marks are stored directly by ASL.

Finaly 352 inventories are obtained containing 89 initials, 149 finals and other special symbols.
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When a neutral tone syllable is synthesized the phonetic rule is to half of the final duration and
the amplitude.

2. Software and hardware
2.1. Creating index database and speech database
The record structures of the index and speech database are given in Fig.2, in which vO0.idxs,

v1i.idx, v2.idx and pwidx1.idx are four index files, voice.dat and pw.dat are speech database and
word database for polytonal syllables respectively.

V2.IDX V1IDX V0.IDX VOICE.DAT
............ dal .=
/tadly] tone | addl[] da3 ST vorcs wave
X add? __] da4 pinitiallp-finat |} |-
............ a4
PWIDX1.IDX PW.DAT
utterancel position]
word-length1 r word-num
p-pwl word]
word-length2 | | 777
p-pw2 ~ wordL
atterance2 position2
p-pw word-num
word-length | [

Fig.2 The structure of the index and speech database

B 2. RIIEMIBTHEERSH

B0, B1, B2 and dyc.dat given in Fig.3 are four ASCII files to create the index files and database
files. BO is a table containing all the 352 inventories. There are 1273 tonal monosyllables of
Beijing Mandarin listed in B1 with the first column being the Chinese PINYIN and the 2nd and the
3rd column being the corresponding synthetic inventory code number of the initial and final
respectively. B2 is a table containing 6763+89+15 records which has four items. The 1st item is
the Chinese characters exchanged code (GB2312-80) from the 16th zone Jif to the 87th zone B,
and the special symbols are arranged from the 88 zone to the 89 zone. The 2nd item is the tone
number(0-4,0 for neutral tone). If the syllable is polytone, the tone number is the most often used
one. The 3rd item is the number of polytone, and the last item is the corresponding utterance
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number in B1. For a polytonal syllable this item is corresponding the most often used utterance.
Other utterances are listed in DYC.DAT. The organization of DYC.DAT is illustrated in Fig 3(d).
The number stands for the number of utterances of the polytonal syllable next to this number
except in B2. The utterance of the syllable next to * is the alternative utterance of this polytonal
syllable. For exampile there are 3 utterances of & in SC, the most often used utterance is /t§’a1/
which is listed in the B2, and the other two utterances /t§'a4/ and /t5ail/ are listed in dyc.dat.

When using this strategy, we can reduce the capacity of DYC.DAT and retrieve it faster.

After these four files having been established, the index file and the database can be created
easily then. VO0.IDX and VOICE.DAT are created from B0 and the waveform data. V1.IDX is
produced from B1. V2.IDX is formed from B2 and modified as we establish PWIDX1.IDX by
DYC.DAT. Word database for polytonal syllable PW.DAT is produced from DYC.DAT.

code number lytone-number
[ L
11 /pa) 0 |al | initial| final Mol § O m * ey
2| Gy | 1}a2 1y 4 0 o
3] /pu)| 2| a3 S
3]ad % 2E
n m nl | n2 i€
al =
....... k ] ]..]. B8
352 2 71
tone- *$X
B0 Bl B2 number HE
0-4) F—
(a) (b) (c) (d) DYC. DAT

Fig.3 The structure of B0, B1, B2 and DYC.DAT
3. 3T1480,81,82 F1DYC. DAT Kyt

2.2. Programming main program

Fig.4 is the flowchart of the retrieve program which has an internal code of a Chinese character as its
input and the waveform speech as its output. The word parsing method does not describe here, because
it adopts the most ordinary one as often use in TTS.

open.txt file to be synthesized
v
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Fig.4 The flowchart of the main control program
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2.3. Designing Speech output board(D/A)

interrupt D/A transformer filter & analogue
signal source & data keep amplify signal

gata (ransiorm

gate

interrupt  A0-A1S DO-D7
request

Fig. 5 The principle of D/A board

A 5. D/AARKIFEEHEE

The principle of D/A print board is given in Fig. 5, which contains three main part:
(a) setting-up the board. The interrupting signal is setup through the specific address and data from
* computer and make an interrupting request of 10KHz to the computer.

(b) working process of D/A board. The data transform gate is opened by the working address code
from computer. And then the data is transferred through D/A and filtered and amplified before being
outputted. '

(c)closing D/A board. 1t is the computer that controls the closing of the interrupting signal source
and D/A working.

The main parameters used in programming the D/A control module are
here ? stands for the DIP switch value which can be set by the user on D/A board. ?=1 if it is ON; 7=0
if it is OFF.

e.g. address of data port 3B2 corresponds the DIP state: 0000 0011 1011 0010

(b) sample rate:10Khz

(c) D/A presion:8 bit

(d) output voltage: +-0.6v

3. Evaluating three systems

Speech synthesis system can be evaluated on different levers ranging from segmental intelligibility to
sentence acceptability and naturalness. The evaluation can be carried on between different synthesis
systems to obtain a comparative scoring of the system. It can also be carried on in an individual system
to evaluate a change.

We have three systems with different synthetic methods i.e. half-waveform synthesis, waveform
synthesis and rule based formant synthesis. So the evaluation given here is belong to the latter one.
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The test materials cover three tables for testing syllabic articulation, three tables for testing word
intelligibility, and a short story in CORPUS FABULARUM AESOPICARM called “Northwind and

the Sun” is used to test the sentence naturalness. The intervals between syllables and words are 3
seconds.

Table 1 Error rate and standard deviation(SD) of the three systems(%),s1 s2 s3 stand for half-waveform synthesis,
waveform synthesis and rule based synthesis respectively.

% 1. SARGHESBRRIBREE, s1,s2, 53 2RREGBRE. 2HBRLURAMERRE.

monosyllable word

mean SD mean SD
S1 4 18 2 i 14
S2 0.7 ;43 1.8 15
S3 142 : 87 41 | 15

Four subjects listened to the speech sounds generated by the three systems in a soundproof cubicle,
each containing three sessions: monosyllable test(225 syllables), word test(300 words) and a story test.
The subjects are requested to write down what they heard on the answer sheet. The error rate and the
standard deviation were given in table 1. The naturalness of S3 is the best, and the others are almost
the same. From this preliminary test it can be seen that the coarticulation of the half-waveform system
is better than the rule based one and is very closer to the waveform one. So we have come closer to the
goal of the smaller memory capacity and higher syllable and word intelligibility.
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