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ABSTRACT

A software based speech synthesizer with the flexibility for
introducing controlled changes in the characteristics of the speech
signal, e.g., fundamental frequency, voicing and frication amplitudes,
stress patterns, and formant frequencieé and amplitudes etc, is a useful
tool in testing and calibration of various sensory aids for the hearing
impaired. One such synthesizer, the Klatt synthesizer, uses an all-pole
model to approximate the vocal tract: vowels are synthesized by
employing a cascade model, where as fricatives are synthesized by using
a parallel model. Here the anti-resonances in the spectra of fricatives
are approximated by adjusting the amplitude controls of the resonators
connected in parallel.

In this thesis, a software based speech synthesizer which uses a
pole-zero cascade model for the vocal tract has been developed. The
cascade model should provide a more natural representation of the vocal
tract, and should be better for synthesis in Indian languages, where
aspiration is a phonemic contrast feature among many stop and affricate
consonants.

A program SPSYNTH has been developed, implementing the scheme of
the all-pole cascade/parallel synthesis (of Klatt synthesizer), as well
as the new scheme of pole-zero cascade synthesis. Parameter tracks can
be specified graphically. The program also offers an in-built set of
commonly occurring phonemes, for synthesizing longer speech sequences.
This phoneme set can be appended by specifying parameter tracks for
user—defined phbnemes. This feature would be useful in synthesizing
speech of different accents, or pathological disorders.

The program has been tested by generating sample speech segments

extending up to three seconds, under informal listening tests.
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CHAPTER 1

INTRODUCTION

1.1 INTRODUCTION

In the areas of psychoacoustic studies and speech sciences there
is often a need for a flexible generator of speech and speech-like
stimuli. The speech perception experiments need a source capable of
producing the same stimuli repeatedly. Such a source should be flexible
enough to allow the experimenter to alter its various parameters in a
variety of ways, and to produce sounds which may even defy the normal
relationships between the various parameters.

Such a flexible synthesizer would be useful in the testing and
calibration of various sensory aids for the hearing impaired like
hearing aids, vibro-tactile aids, visual aids, and cochlear prostheses.
These devices may be employing techniques like dynamic range compre-
ssion, frequency selective amplification and a variety of other complex
signal processing techniques (Watson & Knudsen, 1940; vilchur, 1973;
Johansson, 1966; Kirman, 1974; Levitt, 1973; Pandey, 1987). Characteri-
zation and testing of these devices by the magnitude and phasg response
measurements using sinusoidal excitation may not be very relevant.
Natural speech segments are used for the overall device performance

measurement, but most of these results usually do not provide an insight
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into the causes for the relative success or failure of the devices
(Klatt, 1980; Pandey, 1987). Instead if a synthesized speech stimuli is
used, it would be possible to get a detailed assessment of the device
performance with respect to the various features of speech signals: the
pitch or fundamental frequency, formant frequencies, the shape of the
source or glottal spectrum, relative formant amplitudes, etc. The
ability to produce sounds with very subtle differences as regards these

parameters would be very useful in these applications.

1.2 PROJECT OBJECTIVES

This project is aimed at developing a flexible software based
speech synthesizer for the above mentioned applications. The synthesizer
will be based on the one developed by Dennis Klatt at MIT (Klatt, 1980).
The Klatt synthesizer uses an all pole cascade/ parallel model of the
vocal tract. The vowels are simulated through a cascade model, while the
fricatives and stops through a parallel model. The parallel model needs
careful adjustments to mimic the presence of zeros in the spectra of
fricatives.

This work is directed toward developing and testing a "pole-zero
cascade" synthesizer. A cascade model represents the vocal tract more
precisely, and if the locations of zeros are found out fairly accura-

tely, it should be able to model fricative spectra more accurately. This
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is particularly important for synthesis in Indian languages, where aspi-
ration forms one of the major contrast feature for stops. This scheme
would also be suitable for hardware realization for real-time applica-
tions. By combining pairs of poles and zeros the total number of delays

needed can be reduced.

1.3 OUTLINE OF THE REPORT

The second chapter provides an overview of speech synthesis. The
Klatt synthesizer and its implementation in the general cascade/parallel
and the special all-parallel modes are described in the third chapter.
Chapter 4 describes the pole-zero cascade synthesizer and its implemen—
tation. It also describes how to find zero locations from the data used
on the general Klatt synthesizer. Chapter 5 contains a description of
the program. Testing of both the all-pole cascade/parallel and the
pole-zero cascade programs may be found in Chapter 6. Chapter 7 provides
a summary of the work outlined in this dissertation, and suggestions for
further work. Appendix A contains the listings of the programs
described in this thesis, and Appendix B describes the power amplifier

which was used for listening to the synthesized speech segments.
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CHAPTER 2

OVERVIEW OF SPEECH SYNTHESIS

2.1 INTRODUCTION

Speech synthesis is the machine generation of speech. Since long
man has been taking an interest in trying out different methods of
producing artificial speech. One of the earliest recorded efforts was a
mechanical device built by Kratzenstein in 1779. He constructed acoustic
resonators similar in shape to the human vocal tract, which were activa-
ted with vibrating reeds which represented the vocal coras (Flanagan,
1972).

The developnents in electrical technology led to the evolution of
techniques for electrical methods of speech synthesis. In this chapter,

an overview of electrical speech synthesizers will be provided.

2.2 CLASSIFICATION OF SPEECH SYNTHESIZERS

The first electrical speech synthesizer reported by Dudley in 1939
at the Bell Laboratories (Flanagan, 1972), used a "vocoder" or voice
coder approach,'eméloying a bank of filters which estimate the energy of
speech signals in different frequency bands. Since then a large number
of speech synthesizers for software as well as hardware implementation

have been reported (Flanagan et al, 1970; Gold & Rabiner, 1968;




Flanagan, 1972; Rabiner & Gold, 1975; Klatt, 1980; Rabiner & Schafer,

1978; 0O'Shaughnessy, 1987).

The electrical speech synthesizers can be classified as articulatory
and formant synthesizers. Articulatory synthesis is based on describing
the vocal traét behaviour in terms of its detailed distributed proper-—
ties. These synthesizers either employ an approximation of the vocal
tract as a set of interconnected tube sections of varying cross-sectig-
nal areas and equal length, as shown in Fig. 2.1, or, they employ an
articulatory model. Formant synthesizers represent the vocal tract as
seen from its input and output and are also knowﬁ as terminal analog
synthesizers. Their approach is to implement a system whose transfer
function approximates that of the vocal tract, but which does not

necessarily bear any structural similarity with the vocal tract

(Oppenheim, 1978; O'Shaughnessy, 1987).

2.2.1 Articulatory Synthesizers

These model the dynamic behaviour and movements of various articu-
lators and try to approximate the resulting vocal tract shapes. The
constraints on such a model are that it should represent the vocal tract
shape accurately, and that it should model fairly well the continuities
of the articulator surfaces and the discontinuities at articulator
boundaries (Flanagan et al, 1970). A typical articulatory model is shown

in Fig. 2.2. It uses seven parameters to describe the area of the vocal



tract as a function of the distance from the glottis: two coordinates

each for position of the lips (W,L), position of the tongue tip (R,B),
position of the tongue body (X,Y), and one coordinate for the position

of the velum (N).

2.2.2 Formant Synthesizers
A formant synthesizer models the vocal tract resonances or "for- i
mants". For different speech sounds the vocal tract assumes different
shapes. Thus its resonances occur at different sets of frequencies.
Formant synthesizers use the speech production model shown in Fig. 2.3.
This model assumes the so called source-tract independeﬁce, i.e., it is
assumed that the properties of the vocal tract can be specified indepen-—
dently to those of the excitation source, which is typically either a
periodic pulse excitation or a noise excitation.
In Fig. 2.3, if the source excitation be e(t), the vocal tract
impulse response be h(t), then the lip volume velocity is given as
u(t) = e(t) * h(t) (2.1)
Or, in frequency domain representation we have
U(x3) = E(jn) H(jn) (2:2)
The speech spectrum is further modified by radiation characteri-
stics of the lips, R(F31). Hence the net output speech is given by
S(#3) = E(jn.) H(jan) R(jn) (2:3)

The vocal tract transfer function can be represented by a




linear time varying filter as shown in Fig. 2.4.

Generally the vocal tract is represented either by an all-pole
cascade model or an all-pole parallel model (Klatt, 1980). The cascade
configuration models the vocal tract more accurately. Here the relative
anmplitudes of the formants will be correct. But it is inadequate to
represent the spectral zeros in fricative spectra. For this a parallel
model must be used. Locations of spectral zeros are adjusted by care-
fully changing the formant amplitudes. Since an all-pole cascade model
is appropriate for vowels and an all-pole parallel model is needed for
fricatives, it becomes imperative to uée a cascade/parallel model for
speech segments involving both vocalization and fricative excitations

(Klatt, 1980).

2.2.3 Articulatory vs Formant Synthesizers

Articulatory synthesizers are more suited to model the finer,
controlled movements of the tongue, especially during vowel-stop-vowel
sequences. But it is difficult to obtain complete data for articulator
movements inside the vocal tract. The only technique available is X-ray
imaging (O'Shaughnessy, 1987; Flanagan et al, 1970; Flanagan, 1972).
Further the articulatory synthesis is more difficult than the-formant
synthesis, which is based on a simpler set of rules. The data needed for

formant synthesis can be readily obtained by speech analysis.




2.3 HARDWARE VS SOFTWARE SYNTHESIZERS

A number of integrated circuits are currently available for real-
time speech synthesis applications (O'Shaughnessy, 1987). But most of
these chips lack in flexibility. Usually they have an in-built set of
formant frequencies. Hence for psychoacoustic and speech perception
studies they lack the flexibility, which is very useful in these
applications. A software based speech synthesizer can provide all the
fl¢§ibility for controlling thevparameters as needed for generating test
stimuli.

Although the software simulation can not offer real-time speech
synthesis, it is not a handicap for applications such as testing of
sensory aids for the hearing impaired (hearing aids, vibro-tactile aids,

visual aids, cochlear prostheses, etc), and for psychoacoustic studies.

2.4 A SOFTWARE BASED SPEECH SYNTHESIZER FOR INDIAN LANGUAGES
The model which has been developed in this project is a cascade
pole-zero model. This would represent the vocal tract more accurately

for both vowels as well as fricatives. One more reason why a pole-zero

cascade model would be appropriate for Indian languages is that in all
Indian languages aspiration plays an important role as a contrast fea-
ture. Aspiration is an 'h'-like sound that.causes more airflow through

the vocal tract. The source of aspiration is at the glottis. Aspiration

e —————————



occurs after the plosive release in a stop or an affricate. Aspiration
can be both voiced or unvoiced. Thus we find both unaspirated and aspi-
rated versions of affricate and stops for thg same articulatory configu-
ration. In addition all the Indian languages contain a whole repertoire
of retroflex sounds, both stops and fricatives. Table 2.1 shows the
stop, affricate, fricative and nasal consonants of Hindi and English,

along with the place of articulation.
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Table 2.1. Stop, affricate, fricative, and nasal consonants of
Hindi and English, along with the place of articulation. Hindi
consonants are shown in Devanagari letters and English consonants
; are shown in IPA (International Phonetic Alphabet) symbols.

‘ Pronunciation key to some English consonants is given at the
bottom of the table. UV = unvoiced, VO = voiced, UA = unaspirated,
AS = aspirated. Adapted from Pandey (1987), Table 2.1.

Place of Stop Fricative Affricate Nasal

i ; . ov VO uv VO o VO VO
| articulation

UA AS UA AS UA UA A AS UA AS 1A

5, ® B I =H 3
| .
? Velar k g 1
;‘ 3 g & Jda FH A
i Palatal I 3 tf dz
Alveolar/ < 3, § ) G(\ Ui
i Retroflex
‘z‘.\
Alveolar t d s z n
a W & A
Dental a8
1’;
j Labio-dental £ v
i
i
R a.l‘ ﬁ»T\ H
Bi-labial P b m

Pronounciation Key

tS chain g  shin s sin e thin f fin
dg jail z vision z zap & this v  vision
n rang

L————
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Fig. 2.1. Acoustic tube analog of the vocal tract. Adapted from
Oppenheim (1978), Fig. 3.7.

Fig. 2.2. Articulatory model of the vocal tract. Adapted from
Flanagan et al (1970), Fig. 21.
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)
- VOICED |——> Tt > —> s
H(3) R(33)
Fig. 2.3. Model of speech production. Adapted from Oppenheinm
(1978), Fig. 3.5a. '
FORMANT FORMANT FORMANT —
— _____a 5
1 2 3 4
N \

FORMANT PARAMETERS

Fig. 2.4. Vocal tract transfer function in a typical formant
synthesizer. Adapted from Oppenheim (1978), Fig. 3.5b.
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CHAPTER 3

THE KLATT SYNTHESIZER

3.1 INTRODUCTION

The Klatt Synthesizer (Klatt, 1980) is a software based formant
synthesizer developed by Dennis Klatt at MIT. The source code is
available in FORTRAN. It is a flexible synthesizer: as many as 39
control parameters can be specified of which about 20 can be varied as
functions of time. Information about‘the manner in which the parameters
are varied (the "parameter tracks"”) and values of the cénstant
parameters are stored in a file. The parameters can be updated every
2-20 mil;iseconds. The output of the program is a file that contains a
sequence of speech sample values.

The building block of the synthesizer is a digital resonator as
shown Fig. 3.1. The output sequence y{n) is related to the input
sequence x(n) as

y(n) = A x(n) + B y(n-1) + C y(n-2) (3.1)
The difference equation coefficients are given by

Cis —exp;BQBWT)

B = 2 exp(riBWI) cos(24FT) (3.2)

A=1-B-¢C

In Egqn. 3.2, F and BW are the centre frequency and bandwidth of the
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resonator respectively, and T is the sampling interval. The magnitude

response of this resonator is shown in Fig. 3.1, where,

T(z) = ; (3.3)

A digital antiresonator can be implemented similarly. It is done by

replacing A, B, and C by 1/4, -1/B, and -1/C respectively.

3.2 IMPLEMENTATION

The Klatt synthesizer can be used in two ways: either in the
general cascade/parallel mode, or in a special all-parallel mode as
shown in Fig. 3.2. The figure also indicates the sources of excitation.
In the all-parallel mode, vowels are also synthesized with a parallel
bank of resonators.

The detailed block diagram of the Klatt Synthesizer is shown in
Fig. 3.3. The 39 control parameters of the synthesizers are listed in
Table 3.1. The table also shows the minimum and maximum values of the
parameters, and their type; whether variable or constant. As can be seen
as many as six formants can be employed by &he user.

The following sections describe the various aspects of the imple-

mentation of the Klatt synthesizer.
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3.2.1 Sources of excitation

There are two types of excitation sources. One is a periodic
impulse train, which is lowpass filtered by the resonator RGP to produce
a typical glottal excitation pulse. The second is a noise source, which
represents the noise produced by turbulent air flow through a constri-
ction during the production of fricatives. The same source can be used
to produce aspiration. The periodic pulse train is used to modulate the
output of the noise source during the production of voiced fricatives
and stops.

Sometimes during the production of voiced fricatives a smoothed
quasi-sinusoidal voicing is needed. Resonator RGS further filters the
glottal pulse to yield such an excitation.

The frication source is typically simulated by a pseudo-random
generator. The noise source is an ideal pressure source, and hence its
output must be lowpass filtered to give its equivalent volume velocity.

During the production of voiced fricatives the noise is modulated

pitch synchronously.

3.2.2 Control of Sources Amplitudes

The amplitudes of voiced and unvoiced sources are controlled by
parameters AV and AF respectively. The amplitude of aspiration is con-
troiled by AH. Changes in these parameters take place pitch synchro-

nously when voicing is present. It is also possible to specify sudden
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bursts for plosive releases. A value of 60 dB for AV produces strong

voicing. Similarly a value of 60 dB for AF and AH gives rise to strong

frication and aspiration respectively.

3.2.3 Vocal Tract Transfer Function

This can be represehted either as a cascade or parallel combination
of resonators, each tuned to a different formant frequency. Each resona-
tor can be represented by

T(z) = sl (3.4)

-1 -2
1 -~ B{(n) z - C(n) z

Where A(n), B(n), and C(n) are calculated from the nth formant frequency
as in Eg. 3.2. The transfer function is scaled in such a way that there
is a free flow at zero frequency. Fig. 3.4 shows the typical transfer
functions for a uniform tube and for the vowels /i/, /a/, and /u/
respectively.

The nasals are simulated by a nasal antiresonator RNZ. During the
production of non-nasals its action ‘is nullified by a resonator RNP
which is set to the same frequency as RNZ.

In the parallel mode individual formant controls Al through A6, a
nasal pole amplitude control AN, and a bypass path amplitude control are
provided.The bypass path is needed for sounds like /v/, /£/, /s/, and

/sh/ etc, which show an almost uniform frequency response and no
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prominent peaks.

During the production of voiced obstruents two sources excite the
vocal tract. The glottal pulses are sent through the cascade model and
the noise through the parallel model. In the special all-parallel mode,
both the sources excite the parallel model. During the production of
vowels the all-parallel model approaches the cascade model if all

formant amplitude controls are set to 60 dB.

3.2.4 Formant Bandwidths

The formant bandwidths represent losses in the vocal tract like
yielding walls, thermal and friction losses etc. More importantly, the
bandwidth of F1 is directly proportional to the interaction of the
supraglottal cavity with the subglottal space. For example, during the
production of unvoiced stops the bandwidth of the first formant is
usually greater than that for the corresponding voiceé stops which

have the same articulatory configuration.

3.2.5 Radiation Characteristics

The radiation load at the lips acts as a first order highpass
filter. Hence the radiation characteristics is a first differnce equa-
tion. To make the model computationally more efficient, the radiation
characteristics is moved into the source shaping filters. Thus for

fricatives, the lowpass characteristics to convert noise pressure into
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equivalent volume velocity and the radiation characteristics and the

radiation characteristics cancel each other.

3.3 TESTING OF THE KIATT SYNTHESIZER

The Klatt Synthesizer program has been re-written in PASCAL as it
was decided to write the program for the pole-zero cascade synthesizer,
to be described in the next chapter, also in PASCAL. Both the synthe-
sizer implementations have been integrated. Thus both the synthesizers
are accessible through a single program. This would help in comparing
the results produced by the two implementations. Different methods of

specifying parameter tracks have been provided. The description and

‘testing of this integrated program will be covered in Chapters 5 and 6.

The listing of the synthesizer program may be found in Appendix A.



Table 3.1. Control parameters for the all-pole cascade/parallel
synthesizer. The list also shows the permitted ranges of values
for each parameter, and a typical value. V/C indicates whether the
parameter is normally variable (V), or constant (C).
Adapted from Klatt (1980), Table I.
N V/C Sym Name Min Max Typ
1 ¢ SwW Cascade/parallel switch 0(Cas) 1(par) O
2 C NF Number of formants 4 6 4
3 VvV FO Fundamental freq. of voicing (Hz) 0 500 0
4 V AV Ampl. of voicing (dB) 0 80 0
5 V AF Ampl. of frication (dB) 0 80 0
6 V AS Ampl. of sinusoidal voicing (dB) O 80 0
7 V BAH Ampl. of aspiration (dB) 0 80 0
8 V Fl First formant freq. (Hz) 150 900 450
9 V F2 Second formant freq. (Hz) 500 2500 1450
10 v F3 Third formant freq. (Hz) 1300 3500 2400
11 v BWlL First formant bandwidth (Hz) 40 500 50
12 VvV BW2 Second formant bandwidth (Hz) 40 500 70
13 v BwW3 Third formant bandwidth (Hz) 40 500 110
14 ¢ Al First formant amplitude (dB) 0 80 0
15 v A2 Second formant amplitude (dB) 0 80 0
16 Vv A3 Third formant amplitude (dB) 0 80 0
17 VvV 24 Fourth formant amplitude (dB) 0 80 0
18 Vv A5 Fifth formant amplitude (dB) 0 80 0
19 Vv A6 Sixth formant amplitude (dB) 0 80 0
20 vV AB Bypass path amplitude (dB) 0 80 0
21 C AN Nasal formant amplitude (dB) 0 80 0
22 V FNZ Nasal zero freq. (Hz) 200 700 250
| 23 'V FNP Nasal pole freq. (Hz) 200 500 250
24 C UPDT Parameter update int. (ms) 2 20 5
25 € B8R Sampling rate (Hz) 5000 20000 10000
26 CcC GO Overall gain control (dB) 0 80 0
27 C F4 Fourth formant frequency (Hz) 2500 4500 3300
28 C F5 Fifth formant frequency (Hz) 3500 4900 3750
29 C F6 Sixth formant frequency (Hz) 4000 4999 4900
30 ¢ BW4 Fourth formant bandwidth (Hz) 100 500 250
31 ¢ BWS5 Fifth formant bandwidth (Hz) 150 700 200
32 ¢ BW6 Sixth formant frequency (Hz) 200 2000 1000
33 C BWNZ Nasal zero bandwidth (Hz) 50 500 100
34 ¢ BWNP Nasal pole bandwidth (Hz) 50 500 100
35 ¢ FGP Glottal res. 1 freq. (Hz) 0 600 0
36 C BWGP Glottal res. 1 bandwidth (Hz) 100 2000 100
37 C FGZ Glottal zero freq. (Hz) 0 5000 1500
38 ¢ BWGZ Glottal zero bandwidth (Hz) 100 9000 6000
39 ¢ BWGS Glottal res. 2 bandwidth (Hz) 100 1000 200

--iiill----------------IIIIlllllllllIIIlIlIIIlIIllIlllllIlIlIIIiIII.II....IIIIIIIIl-
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Fig. 3.1. A digital resonator. adapted from Klatt (1980), Fig. 5.
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CHAPTER 4

THE CASCADE POLE-ZERO SYNTHESIZER

4.1 INTRODUCTION

In Chapter 2, we have suggested the pole-zero cascade synthesizer
as - a possible improvement over the conventional all-pole cascade/para-
llel synthesizer. It would be a more nafural representation to the vocal
tract, as the inter-relationship between various formant amplitudes is
represented properly. During the production of vowel-stop-vowel sequen-
ces, if a cascade/parallel model is employed, one wouid'have to switch
from the cascade to the parallel configuration and vice versa. On the
other hand, if a cascade configuration is used throughout and zeros are
employed in the production of fricatives and stops there would be no
switching, and the resulting speech output therefore would be smoother.
Such a synthesizer would also be more relevant in the case of Indian
languages, where one can find a whole range of fricatives, stops, and
affricates, and where aspiration is one of the phonemic contrast feature
among the stops, and affricates. Keeping these things in mind it was
decided to develop a pole-zero cascade synthesizer.

The Klatt synthesizer, as already described in the previous cha-
pter, was used as a basis for developing this synthesizer. The locations

of zeros in the fricative spectra were calculated using the data pro-



vided by Klatt for the synthesis of phonemes in the speech of a typical

Anmerican speaker, as described in the following sections.

4.2 CALCULATION OF ZERO LOCATIONS

The zero locations in the spectra of fricatives and stops are
calculated by taking into account the amplitudes of the formants of the
parallel configuration. The proximity of the formants should also be
taken in consideration.

When any system function is realized using a parallel combination
of filter sections, zeros are introduced at various points in the system
frequency response. The locations, number, and order of these zeros
depend on the relative gains of the individual filter sections, their
relative locations, and number (Kuc, 1987, pp 218, 219). Consider the

following simple example. H(z) is a system function given by

H(z) = i ® Q- - (4.1)

This will have one first order zero at —éf§~;§;}iw~The location
of the zero will depend on the two gains A and B, and on the location of
the poles, a and b. It can be seen that if the gain A is large compared
to the gain B, then the zero will be closer to the second pole b. If the

reverse is true, then the zero lies more towards the first pole a. If

the two amplitudes are comparable then it lies approximately midway




between the two poles.

The procedure for finding the zero frequencies will now be descri-
bed. The filter coefficients for the second order sections which would
otherwise be combined in parallel are calculated from the values of the
formant frequencies and bandwidths. The formant anplitudes are properly
scaled to take into consideration the proximity of formants. Thus the
transfer function of the second order sections which are to be combined
in parallel is obtained. These transfer functions are then added. The
resulting numerator polynomial is solved for its roots which yield the
zero locations and their bandwidths.

A program which accepts the formant frequencies and their
bandwidths, and the formant amplitudes, and calculates the zero
frequencies and bandwidths has been written in PASCAL, listing of which
may be found in Appendix B. The program implements the Lin-Bairstow

technique to solve the numerator for its roots (Huelsman, 1986).

4.3 IMPLEMENTATION |

The synthesizer block diagram is shown in Fig. 4.1. The model
allows up to six resonances and four antiresonances to to be specified.
Each resonance (or antiresonance) is in effect a complex conjugate pole
(or zero) pair. The number of zeros is a variable parameter, as diffe-
rent fricatives and stops necd differenl nuot f zevosi. Table 4.1

lists the control parameters for the synthesizer.




The program for the pole-zero cascade SyntheSiZer has also been

written in PASCAL and integrated with the one written for the all-pole
cascade/parallel synthesizer. This allows any one of the two types of
synthesizers to be chosen. The integrated program will be described in
the next chapter.

There are two sources of excitation, one a periodic impulse genera-
tor, and the other, a random number generator. The first serves as a
source for voiced sounds, and the other for unvoiced sounds.

The impulse generator outputs an impulse train, whose period is
determined by the value of F0. For voiced obstruents, the hoise is
modulated pitch synchronously, by a pulse train, whose period is also
determined by FO.

The glottal pole-zero pair of RGP and RGZ provide a normal glottal
pulse. Additional lowpass filtering for quasi-sinusoidal voicing is
achieved by the lowpass filter RGS. Amplitudes of normal and quasi-
sinusoidal voicing are controlled by AV and AVS respectively.

The random number generator acts as the source of both frication
and aspiration, the amplitudes of which are controlled by AF and AH
respectively. In this implementation, only one of the two (AF and AH)
should be non-zero at a time. The noise source is a pressure source,
hence, the noise is lowpass filtered to obtain the equivalent volume
velocity.

The vocal tract is represented by a cascade of nasal pole-zero pair




(RNP and RNZ), six formants (R1-R6), and four antiresonators (RZ1-RZ4).

The nasal pole and zero are set to the same frequency during non-nasal
sounds, and hence cancel each other's effect. During non-nasal sounds
however, RNZ is tuned to a appropriate frequency to simulate
nasalization. |

The cascade of antiresonators is used only when AF is greater than
zero. Thus it is bypassed when non-obstruent sounds are produced. The
obstruent/non-obstruent switch is employed to achieve this.

At the output, radiation load is simulated by a first difference
equation (a highpass filter). This can be moved into the source shaping
filters themselves. Thus in the case of the noise source, the effects of
the lowpass and highpass filters cancel out.

The parameter tracks for this synthesizer are also generated in
two ways, as will be discussed in Chapter 5. The output of the program,
a sequence of speech samples, is stored as 12-bit integer values in a
sequential file, which can be later used with a D/A converter. The
testing of both the all-pole cascade/parallel and pole-zero cascade
synthesizers will be covered in Chapter 6. The listings of the synthesi-
zer program, the program for finding antiresonance locations, and the

D/A converter driver program have been provided in Appendix A.




Table 4.1. Control parameters for the pole-zero cascade synthe-

sizer. The list also shows the permitted ranges of values for each

parameter, and a typical value. V/C indicates whether the parameter
is normally variable (V), or constant (C).
N V/C Sym Name Min Max Typ
1 C NF Number of formants 4 6 4
2 V Nz Number of zeros 0 4 0
3 V FO Fundamental freq. of voicing (Hz) 0 500 0
4 V AV Ampl . of voicing (dB) 0 80 0
5 V AF Ampl. of frication (dB) 0 80 0
6 V AS Ampl. of sinusoidal voicing (dB) 0 80 0
7 V BAH Ampl. of aspiration (dB) 0 80 0
8 Vv Fl First formant freq. (Hz) 150 900 450
9 VvV F2 Second formant freq. (Hz) 500 2500 1450
10 v F3 Third formant freq. (Hz) 1300 3500 2400
11 Vv BWl First formant bandwidth (Hz) 40 500 50
12 VvV BW2 Second formant bandwidth (Hz) 40 500 70
13 Vv BW3 Third formant bandwidth (Hz) 40 500 110
14 Vv FZ1 First zero frequency (Hz) 150 5000 -
15 V FZ2 Second zero frequency (Hz) 150 5000 -
16 = Vv FZ3 Third zero frequency (Hz) 150 5000 -
17 V FZ4 Fourth zero frequency (Hz) 150 5000 -
18 V BZl First zero bandwidth (Hz) - - -
19 Vv BZ2 Second zero bandwidth (Hz) = = =
20 v BZ3 Third zero bandwidth (Hz) ~ - -
21 V BzZ4 Fourth zero bandwidth (Hz) = = -
22 'V FNZ Nasal zero freq. (Hz) 200 700 250
23 'V FNP Nasal pole freq. (Hz) 200 500 250
24 C UPDT Parameter update int. (ms) 2 20 5
25 C. SR Sampling rate (Hz) 5000 20000 10000
26 C GO Overall gain control (dB) 0 80 0
27 C F4 Fourth formant frequency (Hz) 2500 4500 3300
28 C F5 Fifth formant frequency (Hz) 3500 4900 3750
29 ¢ F6 Sixth formant frequency (Hz) 4000 4999 4900
30 ¢ BW4 Fourth formant bandwidth (Hz) 100 500 250
31 ¢ BW5 Fifth formant bandwidth (Hz) 150 700 200
32 ¢ BW6 Sixth formant frequency (Hz) 200 2000 1000
33 C BWNZ Nasal zero bandwidth (Hz) 50 500 100
34 C BWNP Nasal pole bandwidth (Hz) 50 500 100
35 C FGP Glottal res. 1 freq. (Hz) 0 600 0
36 C BWGP Glottal res. 1 bandwidth (Hz) 100 2000 100
37 C FGZ Glottal zero freq. (Hz) 0 5000 1500
38 C BWGZ Glottal zero bandwidth (Hz) 100 9000 6000
39 ¢ BWGS Glottal res. 2 bandwidth (Hz) 100 1000 200
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CHAPTER 5

SPEECH SYNTHESIZER PROGRAM

5.1 INTRODUCTION

A program, SPSYNTH, was written in PASCAL, implementing both the
all-pole cascade/parallel, and pole-zero cascade implementations, as
described in the two preceding chapters. It runs on an IBM PC/ XT/AT or
compatible machine. For listening to the speech output, a D/A converter
card is>needed. |

The operations carried out by the program can be divided into two
parts: generation of the parameter tracks, and secondly, synthesis and
storing of the speech utterance. The program first asks the user to
specify the type of synthesizer he wants to implement; i.e., the all-
pole cascade/parallel type, or the pole-zero cascade type. The next
screen presents a list of choices which have been put under two main
headings: (i) Parameter Track Generation, and (ii) Synthesis.

The parameter tracks can be generated in one of three ways:
starting from a default setting of the synthesizer, reading from an
existing parameter track file, or, by using an in-built phoneme set. It
is also possible to augment the phoneme set by specifying the parémeter

values for user defined phonemes in a specified format in a disk file.

Under the start synthesis option there are two alternatives: if




parameter track generation option has already been used, it is possible

to use the generated tracks for synthesis once, otherwise, it is
possible to read parameter tracks from a file and start the synthesis.

After the completion of every operation, the control is returned to
the second screen. Also if the type of synthesizer is to be changed, it
is possible to go back to the first screen.

The program can be terminated (Exit to DOS) when in the firgt and’
second screens.

The description of the program will be provided in the following
sections: setting up the synthesizer, parameter track generation, and

synthesis.

5.2 SETTING UP THE SYNTHESIZER

The synthesizer can be set up in two ways. It is possible to start
from a default configuration, or, to read from an existing file. When
generating the parameter tracks using the in-built phonene set, always
the default setting is used.

The list of parameters is presented in a tabular fashion on the
screen. The parameters are presented in three groups. The display
includes the parameter names, ﬁheir minimum, maximum and defaqlt values,
and, variable/constant indication. When in the setting up mode the V/C
(variable/constant) and default value entries of the parameters can be

changed. These two entries are highlighted.

iﬁ’



The four curser keys can be used to move the curser to the appro-

priate parameter entry. The V/C entry and default values can then be
changed. If the default value of a parameter is outside the allowed
range then a beep is emitted. The four parameters, namely, number of
formants, parameter update interval, sampling rate, and, overall gain
should be kept constant during synthesis. Hence the program does not
allow them to be made variables.

After the setting up operation is over it can be indicated by
pressing the function key F10. The program responds by asking whether
the user wishes to make more modifications. If so he can go back to fhe
setting up mode. Otherwise the user is prompted for the duration of
utterance. But if the initial configuration has been read from a file
{then the duration would already have been read from the same file. The
duration of utterance can be up to three seconds and should not be less

than the parameter update interval.

5.3 PARAMETER TRACK GENERATION

The parameter tracks can be generated in two ways. When either the
"Start with default configuration" or "Modify existing tracks" option is
selected from the second écreen, the parameter tracks can be specified
graphically. If "Use the in-built phoneme set" option has been selected,

then the program asks for individual phonemes, and their starting and




ending points in milliseconds. The program then inserts proper values in

the parameter tracks. When using this option it is also possible to

augment the phoneme set by specifying user defined phonemes.

5.3.1 Graphical Generation of Parameter Tracks

While specifying the parameter tracks graphically, the horizontal
Aaxis represents time in milliseconds and the vertical axis represents
the parameter chosen in proper units. The value of the parameter at any
given point in time can be specified. It is also possible to specify two
points and interpolate the parameter values between those two points.

The curser keys are used for moving around the "+" éign that
appears on the screen to the desired location that represents the proper
time-value combination. If desired the previous store point/join line
segment operation can be cancelled.

All the store/erase operations are performed using the
function keys. Parameter tracks for the next variable can be accessed by
pressing the "PgDn" key. If corrections are to be made to the parameter
tracks for the previous variable, the "PgDn" key should be pressed.

An exit from the graphical editing mode is provided through the
function key F10. But if the parameter tracks for all variables have not
been accessed at least once then the program automatically presents the
untouched tracks. This safety precaution is particularly useful when the

"Start from default configuration" option is selected from the options




sCcreen.

5.3.2 Using the In-built Phoneme Set

If this option is selected, the program first asks for the number
of phonemes to be generated. Then one by one the program prompts for the
phonemes and their starting and ending points in milliseconds. The
values input are checked so that they fall in the correct range. The
program inserts predefined values into the parameter tracks for all the
parameters during the time period in which the phonenes are to be
generated. In between two phonemes the program generatgs the parameter
tracks by linear interpolation.

It is possible to augment the phoneme set by specifying user
defined phonemes. The parameter values for all the contrél parameters
should be supplied in a specified format through a disk file. Thus it is
possible to generate speech of any accent or physiological disorder by
supplying proper parameter values to the program. This would be very

useful in speech science studies.

5.4 SYNTHESIS
The start synthesis heading offers two options: use of the .
parameter tracks already in computer memory and reading the parameter

tracks from a file. If parameter tracks have already been generated,

they can be used once to generate the speech sequence. The parameter




tracks can also be read from disk. The "Start Synthesis" option turns

control over to the appropriate synthesis routines depending on the
synthesizer type selected by the user.

There are two synthesizer routines: one for the all-pole cascade-
parallel and the other for the pole-zero cascade synthesizer. Both these
routines have their own routines for generating filter coefficients. The
filter coefficients are calculated by using the appropriate control
parameter values after every parameter update interval. After the
synthesis is finished the speech file can be stored on disk. The speech
output can be listened to using a D/A converter. Testing of the program,
along with sample parameter tracks, will be discussed in the next

chapter.




CHAPTER 6

TESTING OF THE SPEECH SYNTHESIZER

6.1 INTRODUCTION

The synthesizer program, SPSYNTH, written in PASCAL, is available
as the compiled executable file SPSYNTH.EXE and it runs on an IBM
PC/XT/AT or compatible machine. Another program, ZERO IOC, also written
in PASCAL, may be used for finding anti—reéonance zero—-locations from
the corresponding formant frequency and amplitude parameters for the
Klatt synthesizer.

The program can be used for speech synthesis in accordance with the
method given in the preceding chapter. The speech samples generated by
the program are stored in a sequential file as 12-bit integer values
(range: -2048 to 2047).

The speech data generated can be output as an analog signal by
making use of a D/A converter. In our test setup, we used a D/A conver-
ter which is part of MCR-4 data acquisition card from Microcreation.
This card fits in one of the PC slots and has the following options: a
12-bit A/D convgrter with 32 multiplexed inputs, a 12-bit D/A converter,
8-bit digital output, 8-bit digital input, and on-board 8253 counter for
DMA timing control of A/D AND D/A converters. The card has both unipolar

(0 to +5V), and, bipolar (-5 to +5V) outputs.




A driver for this card, DAOUT was written in PASCAL, listing for

which can be found in Appendix A. To be able to listen to the speech
output properly, an audio power amplifier was built, details of which

may be found in Appendix B.

Both the all-pole cascade/parallel and pole-zero cascade synthe-
sizers were tested. Isolated vowels, simple V-C-V sequences, and senten—
ces up to 3 seconds long were synthesized. The synthesizer program runs
slowly; it needs about 300 seconds to generate 1 second of speech. But
for the applications for which this program is intended, the speed
of synthesis is not a major problem.

This chapter will deal with the preparation of parameter tracks,
some sample parameter tracks for isolated vowels and simple V-C-V
sequences, and the method for generating parameter tracks for synthesis

of longer speech sequences using the in-built phoneme set.

6.2 PREPARATION OF PARAMETER TRACKS

The parameter tracks were prepared using both the graphical method,
and by using the in-built phoneme set, as outlined earlier in Section
5.3. The in-built phoneme set is the easier option when the sequence

duration is long.




6.2.1 Isolated Vowels

The parameter tracks for this were specified using the graphical
method. When synthesizing vowels, the variable parameters in both the
synthesizer implementations are the same. Vowels /i/, /I/, /e/, /E/,
/=/, /lae/, /u/, /U/; /~/, etc with pronunciation keys in Table 6.1,
were synthesized. The first three formants and bandwidths were given the
appropriate values (Klatt, 1980; 0O'Shaughnessy, 1987). The last three
formants and bandwidths were assigned the default values. Table 6.2
shows the first three formant frecquencies and bandwidths for these
vowels. During synthesis, the pitch was maintained constant, at 100 Hz.
The amplitude of voicing, AV, was linearly raised from OldB to 60 dB
over the initial 100 ms segment. It was maintained constant, and then
linearly reduced from 60 dﬁ to 0 dB over the last 100 ms of the

utterance, as shown in Fig. 6.1.

6.2.2 V-C-V Sequences

To specify parameter tracks for V-C-V sequences, mostly the in-built
parameter sét was used. Tests were carried out with many V-C-V sequen-
ces, which included the sequences like /apa/, /aba/, /ata/, /asa/,
/aka/, /aga/, etc. Vowel-semivowel-vowel sequences like /awa/,./aya/,
/ala/, and /ara/ were also generated. During the synthesis of these

segments the formant values were varied from those for the vowels to the

target values for the middle phoneme of the sequence, and then gradually




changed to those for the vowel once again.

For the pole-zero cascade synthesizer, the antiresonance zero fre-
quencies and their bandwidths were first calculated by the program
ZERO LOC. Table 6.3 shows the formant amplitudes and first three formant
bandwidths for some fricatives, stops, and affricates. Table 6.4 shows
the zero locations for these phonemes. Table 6.5 shows the formant data
for the semi-vowels /y/, /w/, /1/, and /r/, and the nasals /m/, and /n/.

Sample parameter tracks for a few sequences are listed in Tables
6.6, and 6.7. Table 6.6 lists the parameter tracks for the all-pole
cascade/parallel synthesizer, and Table 6.7 iists those for the

pole-zero cascade synthesizer.

6.2.3 Longer Speech Sequences

Synthesis of longer speech sequences was carried out using parame-
ter tracks of the built-in phoneme set. Using this set, it was possible
to generate sequences involving as many as 15 phonemes and up to three
seconds in duration. It is possible to specify the gap between two
adjacent phonemes. Hence after a few trials, satisfactory performance
can be obtained. Both the synthesizers were tested, by generating
sequences like isolated words, and small sentences.

The in-built phoneme set can be augmented as pointed out earlier,
by specifying in a file values for various parameters which are normally

varied. These values have to be in a specific format. The first line




should contain the number of phonemes defined in the file and the type

of synthesizer; i.e., whether all-pole cascade/parallel or pole-zero
cascade. Thereafter the entry for each new phoneme should indicate the
symbol to be used for the phoneme in one line. On the subsequent lines,
values for variable parameters starting with parameter number 3 (AV) up
to parameter number 23 (FNP) should be specified. The parameters have
been deliberately numbered so that in the case of the pole-zero cascade
synthesizer the four zeros and their bandwidths replace the A1-36, and
AB, AN entries of the all-pole cascade/parallel synthesizer. Each line
should contain values of exactly five parameters, so that it would take

five lines to specify 23 parameters.

6.3 INFORMAL LISTENING TESTS

The synthesizer was tested by listening to synthesized speech seg-
ments, which consisted of isolated vowels, vowel-consonant-vowel and
vowel -semivowel -vowel sequences, and longer speech segments up to three
seconds in duration, as has already been described earlier in this -
chapter. The synthesizer is definitely well suited for the synthesis of
longer speech segmeﬁts, as the parameter tracks can be specified easily.
It was found that voiced fricatives and stops were more clear‘than their
unvoiced counterparts. Also the fricatives and stops synthesized with

the pole-zero cascade synthesizer were sharper than those synthesized

using the all-pole cascade/parallel synthesizer.




Table 6.1. Pronounciation keys for some vowels. Adapted from

0'Shaughnessy (1987), Table 3.1.

i beat
I Dbit
e Dbait
= bet

e

cot

caught

coat

book

boot

but

about

Table 6.2. First three formant frequencies and bandwidths for some
vowels. Adapted from Klatt (1980), Table II; O'Shaughnessy (1987),

Table 3.2.
Vowel F1 F2 F3 BWl BW2 BW3
i 270 2290 3010 60 200 400
I 390 1990 2550 50 100 140
e 330 2020 2600 H5 100 200
= 530 1840 2480 60 90 200
=) 660 1720 2410 70 150 320
o 700 1220 2600 130 70 160
o 570 840 2410 90 100 80
U 440 1020 2240 80 100 80
u 300 870 2240 60 80 60
- 640 1190 2390 80 50 140
5] 490 1350 1690 100 60 110




Table 6.3. First three formant frequencies and bandwidths, and
formant amplitudes for some fricatives, stops, and affricaties
before front vowels. Source: Klatt (1980), Table III.

Conso-—
nant F1 F2 F3 Bwl BW2 BW3 A2 A3 A4 A5 A6 AB
g 300 1840 2750 200 100 300 0 0 0 0 28 48
s 320 1390 2530 200 80 200 0 0 0 0 52 0
Z 240 1390 2530 70 60 180 0 0 0 0 52 0
= 320 1290 2540 200 90 200 0 0 0 0 28 48
& 270 1290 2540 60 80 170 0 0 0 0 28 48
£ 340 1100 2080 200 120 150 0 0 0 0 0 57
v 220 1100 2080 60 90 120 0 0 0 0 0 57
k 300 1990 2850 250 160 330 0 53 43 45 45 0
g 200 1990 2850 60 150 280 0 53 43 45 45 0
i 400 1600 2600 300 120 250 0 30 45 57 63 0
d 200 1600 2600 60 100 170 0 47 60 62 60 0
P 400 1100 2150 300 150 220 0 0 0 0 0 63
b 200 1100 2150 60 110 130 0 0 0 0 0 63
ts 350 1800 2820 200 90 300 0 44 60 53 53 0
260 1800 2820 60 80 220 0 44 60 53 53 0




Table 6.4. Antiresonance frequencies and bandwidths for some
stops, fricatives, and affricates.

Phoneme FZ1 FZ2 FZ3 BZ1 Bz2  BZ3
k 3180 3673 4465 274 216 929
g 3180 3673 4464 260 214 927
5 2627 3363 3975 256 267 487
d 2693 3497 4232 185 249 755
5 3153 3652 4473 267 218 929
tr 2882 3673 4420 295 215 896
d5 2882 3673 4420 269 215 896

Table 6.5. First three formant frequencies and bandwidths for
the semi-vowels, and nasals. Source: Klatt (1980), Table TII.

Phonemne F1 F2 F3 BwW1 BW2  BW3
y 260 2070 3020 40 250 500
w 290 610 2150 50 80 60
r 310 1060 1380 70 100 120
1 310 1050 2880 50 100 280
m 480 1270 2130 40 200 200
n 480 1340 2470 40 300 300




Table 6.6 Control parameters for some vowel-semivowel-vowel
sequences synthesized with the all-pole cascade/parallel model.
The sequence duration is 500 ms. All the other parameters are
given default values as given in Table 3.1.

Syllable Time AV FO F1 F2 F3 BWl BW2 BW3

0 0 100 700 1220 2600 130 70 160

100 60 . . s . . . .
195 . . 700 1220 2600 130 70 160
aya 245 . . 260 2070 3020 40 250 500
255 . . 260 2070 3020 40 250 500
305 . . 700 1220 2600 130 70 160
395 60 . . . .

495 0 100 700 1220 2600 130 70 160

0 0 100 700 1220 2600 130 70 160

100 60 . . . . . . .
195 . . 700 1220 2600 130 70 160
awa 245 . . 290 610 2050 50 80 60
255 . . 290 610 2050 50 80 60
305 . . 700 1220 2600 130 70 160
u 395 60 . . . . . . .
495 0 100 700 1220 2600 130 70 160

0 0 100 700 1220 2600 130 70 160

100 60 . . . . . . .
230 60 . 700 1220 2600 130 70 160
ara 240 50 . 310 1060 1380 70 100 120
270 50 . 310 1060 1380 70 100 120
305 60 . 700 1220 2600 130 70 160
395 60 . . . . .

495 0 100 700 1220 2600 130 70 120

0 0 100 700 1220 2600 130 70 120

100 . . . . . . . .
195 .60 . 700 1220 2600 130 70 120
ala 210 50 . 310 1050 2880 50 100 280
290 50 . 310 1050 2880 50 100 280
305 60 . 700 1220 2600 130 70 120
395 . . . . . .

495 0 100 700 1220 2600 130 70 120




Table 6.7. control parameters for some V-C-V sequences synthesized
with the pole-zero cascade synthesizer. The duration of utterence

is 500 ms. Only values for NF, zero frequencies and bandwidths,

F0, AV, AF, and AVS are shown. The values for Fl1-F3, and BWIl-BW3

are as given in table 6.3. All the other parameters are given

default values as given in Table 4.1. The values for NF, the
number of zeros, are changed abruptly, and not interpolated
linearly. The zero frequency values are used only during the

production of stop/affricate/fricative sounds. Hence an 'X' (do
not care) sign is shown in place of NF, and zero frequency and
bandwidth values for vowels.

Sylla-
ble Tine F0 AV AVS AF NZ FZ1 FzZ2 FZ3 BZ1 BZ2  Bz3
0 100 0 0 0 X X X X X X X
100 . 60 . o X ° X X X X X X
195 100 60 . 0 X X X X X X X
aka 220 0 0 .60 3 3180 3673 4465 274 .216 929
280 0 O . 60 3 3180 3673 4465 274 216 929
330 100 60 0 X X X X X X X
395 . 60 s ~u X X X X X X X
495 100 0 O 0 X X X X X X X
0 100 0 O 0 X X X X . X X
100 . 60 .« X X X X X X X
195 60 0 0 X X X X X X X
aga 220 . 47 47 60 3 3180 3673 4464 260 214 927
280 47 47 60 3 3180 3673 4464 260 214 927
330 60 0 0 X X X X X X X
395 . 60 « .o X X X X X X X
495 100 0 0 0 X X X X X X X
0 100 0 0 0 X X X X X X X
100 . 60 .« X X X X X X X
195 100 60 . 0 X X X X X X X
asha 220 0 0 . 60 3 3153 3652 4473 267 218 928
Cafo) 280 0 0 . 60 3 3153 3652 4474 267 218 928
330 100 60 0 X X X X X X X
395 . 60 « o+ X X X X X X X
495 100 0 O 0 X X X X X X X

(Continued on

next page)




Table 6.7. (Continued from the previous page)

O1 >4 X X

6, 200 o % X X X X X
100 S (1 A X X X X X
195 100 60 . 0 X X 5 % X %
ata 2200 0 0 .60 3 2627 3363 3975 256 267 487
280 0 0 .60 3 2627 3363 3975 256 267 487
330 100 60 6% X X X X X
395 e e R X X X % %
495 100 0 0 0 X X X X X X
N a00; 08 0 X X X X X X
100 6O R R X X X > SR X
195 B o N 1 X X X X X
ada 220 47 47 60 3 2693 3497 4232 185 249 75
280 47 47 60 3 2693 3497 4232 185 249 755
330 ained 0P DX X % X X X X
395 PRI 1 R RN X X X X X X
495 100 0 0 0 X X X X X X X
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Fig. 6.1. Variation of the amplitude of volcing, AV, during the
synthesis of isolated vowels.
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CHAPTER 7

SUMMARY AND CONCLUSIONS

This thesis has described the development of a cascade pole-zero
i synthesis scheme. This scheme yields a natural representation for the

vocal tract, and particularly so for the Indian languages, where aspira-

tion is a major phonemic contrast feature. Especially, in the case of

aspirated stops and affricates, as the source of aspiration is situated

at the glottis, the uniform use of a cascade model yields better speech

quality.

| In this work we have tested the cascade pole-zero synthesis scheme
l by finding out the zero locations from the formant amplitude data given
' by Klatt. The program has a set of in-built phonemes, which make the
preparation of tracks for longer speech segments easier. This set can be
appended by specifying user defined phonemes. Hence it is possible to
synthesize speech of any accent, or pathological disorder by specifying
appropriate values for the control parameters

We have conducted informal listening tests with the program. The
program performance can be improved as described below.

The program could be made more user-friendly. The program could be
! tested by carrying out extensive listening tests. The synthesizer can

also be fine tuned by providing accurate values of different parameters,

l: . . e )



obtained through speech analysis. The synthesizer would be more versa-

tile if, while using the phoneme set option, one could also independen-—
tly specify parameter trajectories for some of the parameters, espe-
cially, F0, AV, etc. This would enable the user to specify intonation,

and stress patterns for synthesized segments.
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PROGRAM LISTINGS

A.1 The SPSYNTH Program
A.2 The ZERO_LOC Program

A.3 The DAOUT Program
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i[?ﬂj,alﬂﬁ,d[? Jr=2505d[21]: <2505

edure ka

hegin

< (7 d[ 4 ] 151:

|
Az
9721990 -d[ 710 ] 2850 III'L:.i .
5 3180; d[ 177 =43: d[ 1872 =929 - d[197: = 267

:¢4ﬁmld[iﬁ];.:ﬁf?-d[1h; .
hl

274 1d[22]:=250; d[ 217 <0;d[23]: 250

ﬂnwjlktg'

if (lacphn[i+17>%) then '

begin

Jr=d 5205 dl 1577223687 d[ 167231995 d[ 17 )2 =234 3; d[[187): =950

end;
hegin
)

J,
30 :=1007d[4 1-«4?;@[&3;:
91:=1980:d[ 107 :=2850 1d[
: e o ‘

if (logphn[i+1]>%) then
begin




210

b

i

1




while not aooept do
3.”‘&Tsin
- m 1.
fums ;

getiresp( "number' 'yt N

if I:i!t!(sii‘ii-i 1) and ':‘!‘!isl;}:,‘u‘

3 ,
nedgi1n

Wi Hf,z il 1: ke .] , Q ‘,' 19

S C
window{l 1,80, 25,
gotoxy (k115
error;
end;
end;
phns z=number
weiteln;
writeln
[t n (l(
far i:=1 to phns do
begin
Wi A"v;"hg‘
weepti=false;
getphng
writeln;
4 O {\'l ~i'.g|‘ ,
gethimy
writeln;
"x!'i‘
far iz=l ta phns do
hegin
for j:=1 to m xphn dao

st phns+1]:=sround( dur-upt ime

lacphn[phns+1] =07
fore ds=l Lo ,’.’i’li’l“."'} do

hegin

i) Istphnlj] then




(var i-1)+round(j *pars);

H‘ (_i[:l,_‘-'zf‘ '] i

if o as _par then

'ixll’ r J y ] 4

st =round(en] i-1]/uptime};

(st 1]/ upt ime
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a1

(* Written by Shailendra

Chafekar: 19839-80 . %)

i

unit plz;
(* This unit implements the all-pale cascade/parallel synthesizer
interface

uses

glbvars, basicfng;

abp, abp, an,ab, vlp wllp,

<v fig . ' I
o SR wslp uhap

zinit: ' {* initialization ™}

Slaks

o

a1

procedurs plipar: " forms paramneter array
| |
12

" - ok 4 N 109 R -
procedure p ,ﬂuwrtlﬂuﬁniﬁ. * caleulates coeficients

procedure plzuaveforn {* cutputs speech sequence )

implenentation

procedure plzinit;
hwmin

<AV s nan[ 5= AR

x’ﬂM';numfngz‘Hr' naml 37 :="FO' jnan[ 4
b’ 3 > 3

“nan[87:="F1 jnam[9]:="F2"y
RUL' snam[12]:= "RU2" wmfifﬁj'f‘UMﬁ'

12 'y ahum11f|15~’ﬂﬁ'¢nl1m

= 'BUS 1
nan( 347z = BUNP 'y nam 350 =" FGRY in nn13h1:~’HMGP’
377 =" F62 inan[ 387 = "BUGZ" jnanf 39,

"];*'C‘;cuni[?
'anlﬁ] <! ¢l eondl
lnnsLl1]‘f‘E"|unf[ ]
conf[15]:='C' seonf[16]:=
canf[19]: 1'C"lunf[,f’f]] J

[237:='C';conf[24]: 'C Prgonf[2
ﬂﬂﬂft??j"x'ﬁ’;moniLd?jta'ﬁ‘,lunii‘(faw

[31]:='C'sconf[32]:="'C" canf[3
L3R E G s canfl 36 Ccanfl3 ;);;lgvi

"'f,,"llu]f[ ]
;ﬂnniim]“’ 8]
‘*’f"Fanflﬁltw C';Luni
fL ‘ﬁ'ﬁ"runf"

= 'Cyeonf[B]):
:’C';umﬂ{ﬂlﬂj.ﬂ'f',
«I‘f;‘;

Tez0min(2] =47 min[3]:=0;min[4] =0
Te=0min[ 6] =0 min[ 7] :=0;min[8] <1505

minl

minlh

(7T




ninl8:=500 nin107]::

msn[ Ie=d0min1d7]::

min1# z=0min[18]:=0;
2]z

m:n[ E:=50007nin[26]
l2=4000;min[ 307:

(ﬁj‘rﬁﬂﬂ min{347]:=
]

“oU‘mnﬁL

moa{,"“

=200 min[217]:= 3]
le=0min[277]:
<100 min[[31]) =
S0;min[357:
Te=0min[ 387 1UU|an39j;

<[]+ m|nll'}
rmin{ 187
U‘m;uL

‘nhU,muan

:‘\

<1.00;

xM'“GUU]md%W‘w'
?jzﬁﬁﬂ;md

03[ 220:=700 nax[21]: 80,

def[ 1] :=0;def] 2] 1=d; de

':"illf,uwf[ 4
= rdef[ 18] :=0;
T,WU'H”1171]
=1 0000 def[ 26

=4 9007 de f[ 307 -

” o IIH(J (1[ fl],U]
14]::

un(?rmwdpgrqij*“

]‘GU thijF]

Ty

end; ™ pr

procedure plzpars;
hegin
swr=par] 1 nTtr=par2])
aus:=par[67];ah=par[ ¥
hMl =par 117 e s par
spar

f =par |

,_..r——-,___

( (,.

gdmﬂldiﬁ zpar] 25
fez=par( 297 bud:=par3
fapz=par[23]hunp:=par

fozr=par[ 3] hugz:

b
end; 5 proge

procedure plzeoefficients;

const

{SCHLE FACTORS)

117 fl?j.
(167 adp=par[17]; aSp
j

ran:=par|?
"qﬂ“z

2400 drf{
<) drfllr
def[ 187
<0 u‘fL3

i

A1

Jr=d¥ def[:
R0 def[ 3

100;def[ 3
<G00 de

;fUt:par[

4773
Tiflo=par[87]; f2:x hi|l@j"‘
b [ 13 ;alpes
Mnxatl‘
ar 3370 upt ine:
pwllfﬂj fe s Hﬂil(?j fh 2

b3 =

1 bunz

: T“nUm M a

le f[37]:<0; de
:a“[ﬁj~xﬂ-dpffﬁ1;<u dvflf]

<)

37

]

4

i

fl

it

“f

Unn

:l 4

4
2 f[ 8]

7~uau,d¢rL123;:?U

<2500 -min[287:+
1507 uiu{‘?j.
<0rmin[ 367 x

<1300 min R e =40 min[ 1277 =403
~0“uinfﬁﬁ1:ﬂ‘
<eminf207] s+

ol -

100;

!

300

:?UU;

1:=49007

>EUUU,

<2000

<) de |r‘ﬁ1“'iw

- def[207:

{

1
aj U i} e f[
397 =200

ocedure plzinit ™)

t

U] hwl'm“ﬁ|l§]J hMul“f

(347 fgp

wpdeiﬁl bugs: =

< A l xln j‘tllglf[
frar l )‘l)l]l

edure plzpars )

1

100; ”“”f?4]:xﬁi
T1:=3300 def[28
] ,«)UU ”,.:[: 4{7]

31 abpr=par[ 1t
3

w“[f

«par(

t

<3750
<1000

67:100;

'vwxrﬂl

a1

ceparf 20];

SRS




integer

aldcorired

1 £y £ 39
Lo "«)1"{'

hegin

piz=d.0%arctan(l.0};

} ) :
i [COR FOR FHT PROXIMITY}
f‘ far jz= 1 to 10 do

! proxeor] i]:=11~1;
{(INITTALTZE IF BEGINNING OF UTTH
it initooeff then
hegin

.

APl OF VOTCING}
if av>0 then

Yo iced:=true;
awr=glravtavsca;

plses=linamplav]);

ghi=gO+ahtahsca;
inamp(ahl;

OF FRIC)

s 1

>0 then

1

Q=

afprev:=07sanpint:=l/sanprate;

i



af:xgfrafratsoa;

T

(in-abl par made, af= ]
if {af<ah) and [sw=l)

if((af-afprev)<5i] L}uw|thwfﬁi‘iinmmp{uﬁ%dfmu41¢4ﬁ;
1

afprevi=at;
(U STH VOICING FOR WOICED ORSTRUENTS)

aVS =g 4 gus+as

sinamp:=linanp{avs )]

i

43 =fd-13-1507

e e et ettt

corz=round({f21/ B0)

if wor<l then

cor: =l
if car >10 then
|
onp s =] {) ;
f12car s=proxcorcor];

car:=raund{ 324

if cor<l then wcor:s=l;
if cor >10 then cor:=10;

f23car s=proxcarcar];

cor:s=round{(f43/ 507 '
-

if car >10 then
cor;=10;

f3dcor s=proxcorcar];

alp:=alpyfl2eortalsca;

£




a3pr=adp+f23coryT23cor+f3dcorsadsea;
a3pi=a3oor® Vinanp(adp) ; l(Jtﬁ

adpr=adptf3deor+fldoor+ad

@ adpr=alcar™linamp(adp);
i .
[

abipz=alcor*linamp(abp);
AR MASAL FHUT}
gni=antansca;
ans= Pinampfan);
158 FRIC PATHY

filooef{f1 bwl al bl ol);
coef(f2 hw2 a2 h2,c2)
3,03 ,03

]
PR S Pt L, o “
LUK{L{]‘HMJ‘UJI”J!hv)(

it lcoef( 5 bwh , ab, bs

coaef( f6 hub

coef{ fnp, bwnp ,anp bnp,enpl;

1

ab, h6 o6

1
|
1
ileoef(fd bwd,ad, bd,cd);
1
]
1

zeros=true
'

fnz, buwny anz bnz,cnzl;
1-

| (If f0,av,as are 0,no glottal pulse)

Tilooef]

samperpitohs: =

if ({voiced) or (aus>03) and (f0>01 then
hegin
{if (f0>0) and (auv>0) then hegin}
Glottal wave more sinusoidal at high 00
bugp=round( (hugp*100) & f0);

zerot=false;

fogss=0;
fileoef(fgs, bugs , ags bys , cgs?
iern=tirue; 1

filcoef(fyz, bugz agz hoz ezl

samperpiteh:=round{sanprate / f0); {per pitch period)

agp oconstant in its midband}
<(.007;

it f0<40 then
{Impulse strength prop to O}
implser=inplse™fo;

o
end;
end: {* procedure plzooefficients *)

procedure plzuaveforn;




ye 1ogss "J' l (/’ 15

L el 1 p s !
] 1 Y
: L (033 ] 0l noce | i
{
;
i
1
16 1o Uy ut " f\‘
Ui f ()2 uUn 1}
Wi Ui :
el 0rng 2 0;
(1 i ! patrallel mode !
o HI Yy ,_i‘ I!I
(- u3dp f’x"
0 !sz’ ,l‘g'( 3] ‘
( W1 T, (1
('.1_11 035
“| . :,1‘
0;ynp2:=0;
yopl H‘fq!:r‘ 0 f SOLUIT Nap ing
f 1 H'l.\l!_"‘ s
07y s 0
Ll ] Hl!_\!‘[‘,-[ '7‘
r:]wi":']“' 1§ lg}ui_n,‘, i1 l,il
lipvel (-
{ “Ii |“'y|.‘i| |1 ~”I
{l
[} [m 111 y S 1ot !
\ ‘xvl:”“" 1a 15t Ui e | ettt {
)
plsceps III
: 1 1
L gl | Ird |1 S€
! ] g y
pitonpa true;
.
f‘\]l.l
} ( « ’ v, ittt 1 1 ( 1
ta s [ jr ] [ull & ‘_!wlz-xl_ﬁpl it 1 Vo | (S | 1t i
g [ ¢ g | ¥
dfiris (fric-~atr i ’l,' M erup { ouei v le el update Uime;
COSYATN LOOP™T Y
¢ 3 | )
il 1 | 0 Foundl samperup ) do
"
f1f [.[(<\
if (nitchpd=tiruel ( pern itoh ' then ]
I L LT LGt | e L HERE { ol L) el .
g ;
begin
inpz=inplse; insini=sinanp;
3 § K . s ks ¥ T R Ny ¥ ) 1
HH.H'U,HHHI . l‘l'l.hl&i-,'_ samperpttaen S o«)q I__ e U Vot Ing and dasp. g
: 4 1 J/ » 3 o P B
proencoaunc Sx] aunadl samperproocn)
3 1 1 £
pitehpd: false;
\
ena
y |
gt
negin
nps =
: NSIn Uy st input Co Zero pet !nx;lHl 235
S
ena;
I




{
|
L

fResonator RE

Uq

Y

(6

vy

b R sy R 5 N,
Ugss=agprydstngpoygs o

|.\'i { ‘J.

{(Total glattal

glotve Az

pe =y

lott

ags ™ ins

et
3f +

sl
54

Cinthgs

QQ‘I|UHBI

ygs3iugsd

i

<2 ¥4t 8]

agpinprhgp*voaplregptuap? |

glotve l:=glotvelB-glotve 180L

glotve 1AL:

Turbulence for

o

fo

SO0 Ay & o R 0
naiser=naisg-a

if

nadaaunt r=podoount -

as

it

ise:

i J i

hieg

b |

< lotvel

<05
1 to 16 do

n

randomize;

noise:=noisesdr

end;

puel s

ST
ol
) B

count<= 0 th

i then

ceg jotve

{plosive hurst)

E
Hl

[**CASCADE

if

plr

herd i

1

hegi

uh

i 4[:

el>50 then

1
i

STH**)

N

co=glutvel;

then

gasprnoise;

I

3
V

N - 1 £
aspoand 1

andaom;

g nois

L3

rication}

gIsnnises s,

aspue 1]

(sw=0) and (voiced o

gspi) t

il

e

G =abtglotye v pElor o™

uhZ2ei=yhlaubl

lua




e ——— RS TEEEESSS e i

i f

begin

unzlos=wle;

yape s=anpynzethnpynplot

gnpZ e =ynple;unplessynpe

ve leas t=ynpe;
lipvel:=ve ltas;
glotve 1:=0;
glotve 1L r=0e

end;

(ew=l1 ar fro or ufre th

W A

begin

{voiced excitn for Fl

-

glotye
glotve 1li=glotve l;
ynps=anp g lotve 1l+bnp™®unp
gnpz c=yunpl punpls =ynpg

naise

L 4 ,7“ eV .§g, 1 [ 4 1 o: =y ‘\h:l |

sitn fric noise)
G =ab=abip* fr jove 1rhE* Y
U520 2=y 1p:y5lps<y5p;

"'fl pe=g {.}"‘ ah {‘,I"‘ fricue 14 6 * u 6

s
U Rt
,'-*",l;,l »

bz tunzlotonzTunz 2

nn e
cnp R AT

rentunng s
Lroip g

and first

1

1ot

{




w x 1 o 2 <
2p+ U3 p-ud prubip- U6 prunp-yab’

=l
&

]ipup]"Uu]ﬁdﬁ#ﬂr%ﬂdf%plutﬁﬁ,

plstep p]ﬁpr {
efna’
%

(ndit voiced) and (nat fre) and (not aspi) then

lipwel:=0

i

lipyel:=(1ipve 1/320001*2048%170;
if samperpitch<»1l then
pitoheount s=pitcheount-17
if pitchoount=0 then
pitochpd: =ty
if lipwel 67.0 then
lipwe 1 :=22767.0;
i f I2TET .0 then
2 ded .0y
i f my then
nﬂ‘
if my then
Vipwe 15
wav [ivplo=round( Lipve 1)1
end;
ends (* procedure plauavefarm ™}

end. (* upit plz ™)




(*  Written by Shailendra R. Chafekar; 1989-30
J
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unit frics
1

(W - 84 g . + o ) 1 % » 5 ) o * L ~ g A
{" This unit implements the pole-zero cascade synthesizer ™)

H 3 PR & ~
intertace

procedure  fricsinit; {* initialization *)
procedure fricspars [* forms parameter array ™}
procedure fricscoefficients; {* valculates coefficients ™)

pi goedure fricswave o M { autputs speech sequence ™)

implemnentation
|
i i ocedure fricsinit .
b begin
nan 2 :="NZ" snam[1 ] ="NF " YAV s nam 9= AR
nam 67 :="AVS snan[ 7] ="AR" rnam[[8] "F2' snan[107:="F3"
- nam 117 ="BUL snam[ 127 = rnam 14} = "FEL"
i nan[157:='FZ2' ;nan[16]:="'F 73" 'FZ4'snan[187]:= 'B71"
nam[197: ="B22" snam[207]:="BZ3 - nan[ 217 =<' B7 4" snam[227 = "FNzZ "
namf 3 "BUNZ s nam 24 15 ="UPDT " s nam[257] "GO~
¢ namf ="' Fd ' snan[ 28] ="F& " s nan[29%: =" F Venam{[ 31 = RIS ]

BUG snam[ 23 = "FHP ' s nan[ 347

i nam[ 367 =" BUGP ' s nam[[ 377z« ' F62' snan[38]: 7' -nam[397:= BUGS' ;

" 'l ) o 1
<'C'rennfl
= Cdneanf[35] 1L

x40 - conf[39] 800




=t

— e e e e eSS

e

i R AT e TP W L T

T e

SIS

<O minl Flosdsmin( 3] =05 min[47]:=07
nf.mlniﬁ} “ cmin[ 7] =0 min[8]:=1507
500 min[107]:=1300;min[ 117 =407 min[127]: =407
<40 n|u1111> Oimin[157]:=0;min[167]: =0

Geminl 187 m|={l@;.vf‘ i N §=
>wﬂ minl 21 ji Drminl 337 yrminf 24 ) =23
'rUUI'MIHI ) vﬂ,u1h|t?fj.iw“h”” min{287]:=35007
4000 nlnL|f] A00:min[31]:=150;min[[327]: =200,
dUL‘M|H{q¢].> S0 min[ 3505 min( 367100

127
min{ 17 ]:=
min[ 227 =

|
]

=

win[ 257

minf

minl 23’

]
min[ 377} =0 min[387]:=1007 cminl 397 =100

B30
9110

: i
1o =80 ma w[yij,~i“
‘IU,m« 217
<2000 6]
“4@3%.m» {Jt":
<500 smax
<5000 m

% o oy
LS I 11 £

=g (00
<2000

A U
”:~nuﬂ‘nam
1 =000

'»9U&U;mqm

de (s def[[1]:=4;def[ 3] *U,d@i[4j (-

de 0> def[ 6]:=0;def[7]):=0;def[&]:=450;

de 1450 de ".U].~44Uﬂ Lti[]?j 50 cdef{12] =707
110 de 5 =0 def[16]:=0

[ :
1472+ n~i11 y-def[16]:

(137 ,dwi{?ﬂj,:m~
1337 1un,n;|('r§ B
‘Vi[??]-‘1iﬂﬂ {ef[287]:=3750;
31 =200 de f[[327]: <1000,
» “*3»*U.=h;f[3(.1 100:
'flnjﬁ uUuu,.h f[ 397z =200

= vyt (AT Sicx 3 s § g B3 Y
Vnd( { procedure frics init f

procedure fricspars;

be

Jlﬂ
ng'<pﬂrrf
avs:=par
hm} “par|

']Ifﬁ:j‘ﬂ“”w'i“”“

1 (3177 bwbs =par[32] jhunzi=par(33]
hunp;xpar{ﬂd];fmp*=parL;a] brug s = ua:[iﬁl foz
par[387;bugs :=par[39];

buwgsz ;=

& P B TN PARASE N o e gt
end; {* procedure fricspars 7}
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1

nen

§

e

l

gt

|

ab

i

b

B 1 e

< sampint:

',,xgmiu‘,:! &7

plral+ya

linam

W A

el




SIN WOLCTNG FOR NOICED DBSTRUENTS}

usixgl¥austasscas

sinampi=linamnpfavs);

fi1unw”(fnm,bmnz‘&nx,hn;,unzﬁ;

COEFFICIENTS)
zfﬂ]ﬂﬂ;
Coe f ( ] " b 1 |

’ HM

L hMH \u Hﬂluﬂ?‘

g bunp anp b enpd s

s

samperpitchi=l;

fO,av as are 0, no glottal pulse)
ffwoiced or [avs>0)) and (f0>0) then

heeg in

{Glotta) wave mare :inusmidal at high {0}
bugp: =round{{bugp™1l00) ¢/ f07;
zero:=fglse; .

F{fap buwap, agp, bap, cap);

>f (fgs  bwgs, ags, bas, cas);
=Lrues;

e
fileo
{Set agp constant in its midhand}
agp:=0.007;

{f0 not to go helow 40 Hz}

(T f0<40 then

fOz=d 0y

samperpitchi=round(sanprate S 05, {per

o o s T i R T
-[hfyﬂuUNU¢|”Uﬂ.UUﬂ«%U£Jl

{Impulse strength prop to 0}
imp lser<inp lse™f0;

end;

(froe=true) or (vfrostruegl then

hegin

rzerar=trues

ilooef(fzl bzl 1, sl ,tl);
ilcoef(f22 h22 r2,s2,t2
ilocoefifz3 hag,rﬁ,sﬁ(tﬁj;
ileoef(fzd bhzd rd,sd,t4);
* filcoef{fzh,
filecoef(Tz6 hzb r&, st &),
Tilcoef(fz? b2? o sT 7))
filooef(f28 h2@ r&, s8, 817 ™)

hiu'lhlkhltb)‘

f
f
f
f
{

end;

{*  procedure fricscoefficients

e e A . e —— A S A e e - Sy A

e
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el

pitchpds=false:

end %
JAJJﬁ

se

begin

insin:=0- {set input to zero het impulses})

[
K

R —
Resonator REP)

1o

_ B et g oo g o5
vapz=agp”inprhgpTugpleegp®ugp?

wap2 c=ygplygpl: =ugp;

{Glottal zera}

rgprbge Cugr Ty og e ug 2

LYoy
quast sin. YooTc ing}
vgs:=ags®ins intbgs*ygslvegs*ygsi;

3

vgsdr=ygslivgslixugs;

1
ugss=agpiugsthantuas3tenn®unsd
vast=agprugsHhgptugs 3regptugsd

o o g} e o s % w0
vgsd r=yns3iugs3icugs;

{Total glottal vol wel}

<

glotue 1A

ZYYgs;
{Impose 1ip radiation;hi-pass)
glotwe 1:=g lotvelf-glatve 1AL;

glotve IAL:=g latve IR

{Turbulence for asp and frication)

noises:=[;
for j:= 1 to 16 do
begin
randamize;
noise: =noiserrandon;
end;
0
8]

noises=noise-9.;

iT modcount<= 0 then noaise:xnoise

mmdumunh;«muduuunt/ff

agspr=gasprdasp;
aspwe !l zaasno™noise
aspueli=aaspnoise;

if (aspi=tr

12

glatve 1: =g

afric:=gfr

{plosive burst)
if plrel>50 then
begin
plst
plrel:=0;

ends

plrel:

fricve lz=afric*naise; |
if (vfre=true) then §
glotvel:=glotvel+fricvel; i

ASCADE" STH™*}

e

yber=glotuel; !




e

T ————

§
t-
i

£ %

P Tals
£ ]!t.:l

p2ovbl fullovel ™y
WlZ2es=yulloswllor=gle;

o}

3;.11 or=al®y

(Hasal ze

Wi L= an 2

Yz <y |

{Nasal pole}

cr=anprunzerhnp *ynplorenpyng

> =ynple;

el =ynpey

cxye lpole;

~—
fan]

c)oor (W

oh U




begin

0 e
U2BIEPE

I . s Jgo Fe I R - - .
Uz A Uz j ; Uz b i SRR

Vipwe l:=uz Bp Istep;
plstep:=pistep™0, 99%;

end;
if (not voiced) and (not fre) and (not I
Hpuwel:=0;
lipvel:=(1ipve1/32000)"20487170;
1
pitchoount i=pitcheount -1
if pitcheount=0 then
pitchpd: =true;
if lipvel>32767.0
then lipvel:=32767.0;
if lipve1<-32767.0 then
lipuel:=-32767.0

if lipvel>nx then

if sam perp iteh<» then

1




b S
ernuy

|
e,

mw= Lipuel;

if -lipue

1>m¥% then

my s==1ipuel;

et i l i ;,“;J:

(™ unit

proce dure

frics™)

<paund{ Vipuell;

fricswavefarn

e e — e
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Uritten by Shailendra A. Chafekar; 138¢

program spsynth;

—

Main program; needs graphics driver

COR.BGI/ EGRAVGA.BGT/

1 -~ S ~ H ~ g 3
any - othey bgi driver

o e - ) 1., g ' - » J sk
upwuxilud oy Bor land |

us e

et glbwars, basictns  plz, frics, trackgen;

procedure sunth _rtn;

begin

gotowy
itelnl ‘Paraneter tracks poaw i
welte ln, varameter Tracks now o i

gotoxy (10,37

wriitelnf 'Sunthesis starts.');

gotox

Wi itef

readin;

my =1y

initcoeff=true;
startistrue;

pz=ls
pr=roaund{ (durd 10007  de f[ 257

gotoxy (10,67

T

1 i

writel 'Duratiaon=", dur,

pro=s
gatoxy (10,771

T
P B

[247/1000) *def[[257)+

for update:= 0 to roundf totup-1) do

weitel 'Samples generated

samperup=round( {(de

begin

i rmﬂdu&rﬁ(

i ; t}

E it cas:par then
,

f

i

i

begin

plzpars;
| plzooefficients;
i plzuwaveform;

i Pt o
2y

fricspars:

e e

preptround(samperupl I
gotoxu (10,77 i
writel 'Samples generated : ' p); _ i

writel ' Mag o3 20 Indme Y JAIALE0N2 123, dBY)s X?
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! |Hi§':1‘
oy
|
|
‘
X [
: )i
[
|
P
g
end;
gato l«lZHII.h\'I.
18 { & 1
weitel 'Press tnter. )7
] .
readlin;

. & ok vy %Y
end (* procedure synth _rtn =}
e ol S -

¢ g o ‘o et i) oy
heagin i main progeran spsyntn )
new( partrel;

newl wav ) ;
texthackground (b lack ]

rextoo larfuhite)

s
x‘L(}(' G5
auits=false
supthtupe: =true
¥ 1 : i

aptions:=false;

rantracks:=fals

3 2 < |
while not gquit do

gin

LB a4 s Mhe
it sunthtype tnen
tupe_af_synth;

wions then

s i e ke & ol
if not (ramtracks) ti

g7




Tt
&
A,Q!U'

found: =true;

P o T

crorean;

iT found then
= 3
beain

if gentr then
begin

canfset;

findpos;

if not phnset then

(10 .47

X s

B B i Seenpnt A s ks " PO I 5.
Parameter tracks prepared.’)

i

guiuﬁg
wiritef

gotosu( 10,679
e Ll - S o P4 .~ 8 ~ ~ . "
writef'Save paramete; tracks?

respo='ty

T AL 3 IR TS N R A S T N B NI
UULIH*UK cholce (U ¢ I (R R I
S g is FUA T fedas

it resp='Y' then

trowrite;

Uwgiﬂ
reagdoans;
synth_rtn

ramtracks:=fal:

not vet in RAH...

¥

\

;

| 12

; end;

E end;

i dispose{partrol;
i

i disposefwauv);

£%

gotaxy (1,247
b

we itel PQuitting Lo DOS L 6y

de lau( 600

. !(I'I.:‘ H >

1 1 6)
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The ZERO ILOC Program




Fero o

program

UM

finds out

~ . o ol 11 2N
i aoedure

!

zLurns

k] -
secona of

C

tl

er

integer

g filter coeffic

3 - 1
resanacoafrs . !

1

()

b



g 3

peadinibwl i]);
uriteln; B8,
write( 'Enter gain an dB AN i T
read Infdb 1]}

writeln;

ny oo d s
end;

write('Enter bupass path gain AL

%

[ |

readlnfab);

5 i 1 »1 0 3] (‘i'l ‘( 3 & L0 .

<f[171/500; f2dev: =F[27/1500;

cxfldev™fldey;

A

ay N oy o 1A W PRGOS X IR N N ‘ |
a3cor:=aleor™f2den™f2dev; 4

if fedew<>0 then

v w AR A -
=g2cor/fidey;

2 =f[7
F32:=f[3]-1]
f43z=f[d]-F[ 3

A1l

P
1

cors=roundf
if cor>10 then

cor =10 |
if cor<l then

corz=ly

fl2ears=proaxcor] wor]; |
COrI=r oLt 1 l: f32 .-"' 5 0 ,' ( i

if cor>10 then

cor =107

f23cor s=progeor cor;

509 - It

cors=round f43/

it cor>10 then
cor =107

‘ ‘
) i
‘ y
i
il

e

ab:=ab+abs;
foriizsl.tede de
begin

if dblli]<~¥2 then

sexaTas:




I ; 1 ¥
16 £ 21 il | ! {
frdb[i7]>96 then |
A:HL | ":n‘
o
6 i
: | y
[ { { e
3] s
it ab>96 thei
b 2= Q6
0 | | to & do
SR
o1 bwl \
! '
o ploc);
i 1'/! £y s e
{ "} i Lasi ft ‘;L\%"‘l
S S ¢ I O e o M B
dhl int(dbl i}76);
dbg s =db| 1; 6 dpl
dhl l 1/ ")KQ,HH‘!I’L "
ol [H‘A}:r |3|‘l“i.!|:.]}!'f]:’\)}.’il
i
R 3. 0017 then
| R R PRI nen
neagin X
¢ ot
P a=03
ot 112=Uq
et 1=l
end;
:;n\l]l
clirser;
. ok ¢ 4 = %
writelnd ! [he filter coefficients ar g
3 A t Y > & 31 $ { e 1 i 4
write lni *The R coefficient includes db gain " J)j
writeln;
>4 ¢ \ i o] 0 1
Wit 1T }”i'I rregd BUW 4 2 J
writeln;
far ) =1 “ta b da
Wi }S‘ilulﬁl';‘,lll' "obhuwl )4 atly 1243 bt B8 g o1 1 s ) b 8 ol e
writelng
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writel

S .
readgln;

| I Ty
ena;y 1 procedldre

RSP STy W .
pracedure Zeras)

War

[TV
N

rrreda

L 9 4
D

clrscr;

I’

writelnl 'This procedure

(R

finds

duilis
Vi ¥

I'S

weiteln{ 'polunomial arising from the

wiriteln "max inum of

writeln;

for i:=0 to 12 do
begin

begin

ul 0] z=atk];

hegin
for i:=0 to p

hegin

te=x 11" 1;
rr=ul i v

n it z=nl i+ t+r
L1l
i

(EIVI I j * 1

dF i+§7:=d

g ¥ia%

{

coefficients
additian

seven second order polunomials

numerator')




4
erndy

far: iz
begin
nLi}:=0;

¢ o1

n('The coefficients of the numeratar

“iteln( 'For power of 2 ranging from 0 to -12 are

]

|
riteln

ite}

|

Coefficient');

for i:=0 ta 17
iteln(' 133, B N

writeln;

we 10:87;

PPN A TN oo
wrritel 'Mress
: 2 ;
PR v -
read in;

"
ol |

end; {fprocedure zeros™}

,,,,,, sarvaymyvar ckiclrraun s

var
jrinteger;
noconv:boo lear;

avmyvar picfirragm);

procedure root(n: integer

o
A e il

¢ s

5

const

errmax = 1E-5;

100

! mayiter
War

I iter sign: integer:

i
F dﬁt‘dincr,ql.qz,Mql,duH‘qli,uZi.rawl.

ex it:hoolean;

boocsarravm;

begin  {preedure root)

exiti=false;

while (n>2% and (abs{al0]) < errnax) do

begin
pLnl).re:=0;
plnl.im:=0;
for i:=0 ta (n-
al i]:=al i-%];

n:=n-1:

1

da

end;
if n>2
begin
it abs(al2])<errmax then

then

potunomial

1

(" This procedure implements the Lin-Bairstouw flgor

1525

Vo
5

st

ithm ™)

I e ez
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Hedin

£t
roy

P

bLo-17]z=al n-17-
] n-170-q2s
for i:={n-2) downto 0 do
begin
bLide=alli]-q2"h]
e[l idz=hli]-q2%c[ i

(bLO] :
<( bl 1]"

sl vdgl

s=q2+dg?

<iter+l

t

until (iter=maxiter) or

[ﬂdha{ul~qli)<wrrm4x)dud{dbbyqi'uHi)~urrmdxj);

("until (iter=maxiter) or f(dh;(dqij+dha{dq2}]uurrquj"“

it iter=maxiter then
begin
i o] ol
weitelnjur iteln;ur iteln;wr iteln;
o . T ; ,

Root Procedure ')

wirtel :

weiteln('Does Mot Converge ****' ).
nocony=true;
exitiztrue;
end;
end
else
case n oof
0z exiti=true;
1 2 begin
p[l],fm;vU;
AL dilires ==al 07+

exiti=true;

1«6

e tr——

{
4
1
hy

|



27 |

1o
ends;

. og

; if exit=false then
i hegin
discr:=q2™gl-4"ql;

sign:=l;

T R

>, p ;o i £ S
for 1:=n downto {n-l) 4o

with pli] do

hegin
i if diser<0 then
b bhegin

imzesign®sqrt(~diser ) ey

retE-af e

end '

else

hegin

resx(-g2+sign®sqri(discr )] 2,

for i:=0 to n do
all i]:=hl 1+2]3

i o, 3o oF 5 Tk
I roociin A i g,l /I 1

ot |
end; |
end; {pruguﬁUiP run?}

hegin procedure i”unﬂ,ﬂpfllp*}

clrser

writeln('This procedure returns the roots of a poalunomial of the form : i

1
writelin(! a0 + all]*% +....v aln-20"*(n-13 + a[n-271"%""n");

writeln('The maximum number of coefficients is ',m+l,'." )3 |

eln; ‘
| e f
A {

jr=l to m do it
it abs(ak[j])>0 then i

degi=j; !
nocanv:=false; |

AR W et o TR o i DO
root{deg,ak, ck);

| begin

sk o ok sk Sk )G

f

[}

f if nat nocony then |
|

|

£ 3 sk ok ok

writeln( '’ Roats of the polunamial are i




writeln;

writeln(! Koot Re Part [mPart' ) l & it
y i s i i LD
for j:=1l to deg do

P
pegin

with o M j 1 oo

writeln(j:6,re:1%:%, im:15:%)

oo
2oy
(g (P
end; |
writeln;
Write [:' "Press ENT ER.Y :‘ : {

- .
readlin;

end; {Mrootspo ly*)

procedure zerofreq(dk: clrraun) ;

var

i, jrinteger;
rosnes, tnireal;
a b beof ceof fz buarrayl. .n7] of real;

begin

elrsers

writeln('This procedure calculates the antiresonance frequency ')

writeln{ 'and bandwidth of a second order antiresonator.'); !
1

7 o

=

hegin

aljl:zsre; ﬁ

BLid:=1m: il
if (aljl=alj-11) and (B[ jJ=-b[j-17) then !
[ J"l»l i

boaf[i]:=alli];
cof[i1:=sar (ali1)+sar (b[ i1}

S

rissqréfecaf[i]); ,
bl i)e=(abs{ In(lsr ) 3d (pi*1E-47; i

snz=abs(bli]):
tni=arctan(sn/es);
if (es&0) then




writeln( ** The antiresonance

writelng
writelnd! Sectian Fireg
writeln;

for 1:=]1 ¥a lJ 17 do

end: L proceduire zeirod

begin (Y omain progran zero loo

- = s o £
Foobspolyl s

zerofreq(pk);

~ ¥ 4 f s A
end. (" program

l;;tf

3, roundfabsibul i])):7);

(
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The DAOUT Program



Written by Shailendra AL Chafekar; 1889-30 7]
agram daoul;
(* This program is the driver for th {1
of the MCR-4 card ™)
Ust
i ii
L
arr=array[1..200007] of integer;
byt : Ul 00007 of byte;
VAl
x.ii:i:}iilx(i‘l ;S inceger,
alri
iII‘ h!?” ai "y
finis,over boolean;
a char !
hegin
finis:=false;
wyhile not finis do
hegin
clirscry
port l 'i\ 087 s
newi vy,
new( 27
write('File Nane ? ' )3

In(name};

real

il namel;

b o
assignf
min: =07

ma s =]

if %[ sms)<min then

min:=xlsms ];

S T may e % YA
1/ (max-min}) 4085},

Convel
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T ——

faris=] “tal sns’ da

hegin

pr=readkey;
ayerIi=Ta lse]
while not over do
hegin
for i:=1 to sas o

henin

port[$30e]
proit [ '(j e’
for m:=l to 3 do
begin
end;
end;
clrser;
writel "THit any key to

to end the

aver i=tirue

if p='."' Then

end;

dispose(y];

LY
disposef2);
o i .
ena "
end, (* program daout

play hack "n" far next file [ '};
arfp=".") then
-
* Y
J




APPENDIX B

THE AUDIO POWER AMPLIFIER

The D/A converter used to output speech sequences under program
control is part of a data acquisition system, MCR-4. To obtain a
properly audible speech output a simple audio power amplifier was built
using IC 1IM386.

IM386 is a low voltage audio power amplifier, and is capable of
supplying up to 325 mW of power at the output. It can be operated with a
wide range of supply voltages, typically 4-12 V. The Voltége gain can be
varied from 20 to 200. The inputs are ground referenced, and the input
resistance is about 50ki:.

The circuit diagram of the amplifier (National Semiconductor Linear
Data Book, 1980) is shown in Fig. B.l.

The output from the D/A converter (range: -5 to +5 V), is lowpass
filtered by the first order filter (R1, Cl) with cutoff frequency of
5kHz, and then it is amplified by the IM386 stage. Output is

capacitively coupled to the 8 (i speaker.

L «‘-i‘—zrr—f S R A S PRy




FRoM
/A

& L

Ry =

2.2k,

Rz:: 100 KK -
Cl = o1 JiF

,2]_' = 2k

c3= 10 uF Cs5 = 250 MF
R3= 1o <d = 0-L MF
Iéif: LM32%6 CZ = 220 pF

Fig. B.l. Circuit diagram of the audio

power amplifier.
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