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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 anplitudes, 

stress patterns, and formant frequencies and arcplitudes etc, is a useful 

t.cx:>l in testing and calibration of various sensory aids for the hearing 

impaired. One such synthesizer, the Klatt synthesizer, uses an all-pole 

roodel to approximate the vcx:al tract: vowels are synthesized by 

enploying a cascade roodel, where as fricatives are synthesized by using 

a parallel roodel. Here the anti-resonances in the spectra of fricatives 

are approximated by adjusting the anplitude controls of the resonators 

connected in parallel. 

In this thesis, a software based speech synthesizer which uses a 

pole-zero cascade roodel for the vocal tract has been developed. The 

cascade roodel should provide a nore natural representation of the vocal 

tract, and should be better for synthesis in Indian languages, where 

aspiration is a phonemic contrast feature anong many stop and affricate 

consonants. 

A program SPSYNI'H has been developed, irrplementing the scheme of 

the all-pole cascade/parallel synthesis (of Klatt synthesizer), as well 

as the new scheme of pole-zero cascade synthesis. Pararreter tracks can 

be specified graphically. The program also offers an in-built set of 

corrroc>nly occurring phonemes, for synthesizing longer speech sequences. 

This phoneme set can be af:Pended by specifying pararreter tracks for 

user-defined phonemes. This feature would be useful in synthesizing 

speech of different accents, or pathological disorders. 

The program has been tested by generating sanple speech segnents 

extending up to three seconds, under infonnal listening tests. 
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1.1 INTRODUCTION 

CHAPTER 1 

IN'rnODUCTION 

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 norroal 

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 errploying techniques like dynamic range corrpre­

ssion, frequency selective amplification and a variety of other corrplex 

signal processing techniques (Watson & Knudsen, 1940; Vilchur, 1973; 

Johansson, 1966; Kinnan, 1974; I.evitt, 1973; Pandey, 1987). Characteri­

zation and testing of these devices by the magnitude and phase response 

rceasurements using sinusoidal excitation may not be very relevant. 

Natural speech segments are used for the overall device perforroance 

rceasurement, but m::>st of these results usually do not provide an insight 

J 



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 fundam=ntal 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 POOJECT OBJECTIVES 

This project is aimed at developing a flexible software based 

speech synthesizer for the above ~ntioned 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 rocxiel of the 

vocal tract. The vowels are simulated through a cascade rocxiel, while the 

fricatives and stops through a parallel rocxiel. The parallel rocxiel 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 rocxiel represents the vocal tract rrore 

precisely, and if the locations of zeros are found out fairly accura­

tely, it should be able to rocxiel fricative spectra rrore accurately. This 



is particularly i.rrp:>rtant for synthesis in Indian languages, where aspi­

ration fonns one of the najor contrast feature for stops. This scherce 

would also be suitable for hardware realization for real-tine a,H?lica­

tions. By combining pairs of poles and zeros the total number of delays 

needed can be reduced. 

1. 3 OUTLINE OF THE RER:>RT 

The second chapter provides an overview of speech synthesis. The 

Klatt synthesizer and its inplercentation in the general cascade/parallel 

and the special all-parallel rrodes are described in the third chapter. 

Chapter 4 describes the pole-zero cascade synthesizer and its inplemen­

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 nay be found in Chapter 6. Chapter 7 provides 

a surrrnary of the work outlined in this dissertation, and suggestions for 

further work. AH?endix A contains the listings of the programs 

described in this thesis, and AH?endix B describes the power anplifier 

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 hUIDC:ln vocal tract, which were activa-

ted with vibrating reeds which represented the vocal cords (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 CIASSIFICATION 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, employing a bank of filters which estimate th~ 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; O'Shaughnessy, 1987). 

The electrical speech synthesizers can be classified as articulatory 

and formant synthesjzers. Articulatory synthesis is based on describing 

the vocal tract 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-secti~­

nal areas and equal length, as shown in Fig. 2.1, or, they employ an 

articulatory IOC>del. Formant synthesizers represent the vocal tract as 

seen from its input and output and are also known 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 IOC>del the dynamic behaviour and I"OCJvements of various articu­

lators and try to approximate the resulting vocal tract shapes. The 

constraints on such a IOC>del are that it should represent the vocal tract 

shape accurately, and that it should IOC>del fairly well the co~tinuities 

of the articulator surfaces and the discontinuities at articulator 

boundaries (Flanagan et al, 1970). A typical articulatory IOC>del 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 ro::xlels the vocal tract resonances or "for­

mants". For different speech sounds the vocal tract assurres different 

shapes. Thus its resonances occur at different sets of frequencies. 

Formant synthesizers use the speech production ro::xlel shown in Fig. 2.3. 

This ro::xlel assurres the so called source-tract independence, 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 volurre velocity is given as 

u(t) = e(t) * h(t) 

Or, in frequen~ domain representation we have 

U(j0) = E(j..ri.. ) H(j..ri-J 

The speech spectrum is further ro::xlified by radiation characteri­

stics of the lips, R(jf.1). Hence the net output speech is given by 

S ( jf.).) = E ( j ft. ) H ( j .. n.) R ( J ..fl.) 

The vocal tract transfer function can be represented by a 

(2.1) 

(2.2) 

( 2. 3) 



linear time varying filter as shown in Fig. 2.4. 

Generally the vocal tract is represented either by an all-pole 

cascade m:xlel or an all-pole parallel m:xlel (Klatt, 1980). The cascade 

configuration m:xlels the vocal tract roc>re accurately. Here the relative 

amplitudes of the forma.nts will be correct. But it is inadequate to 

represent the spectral zeros in fricative spectra. For this a parallel 

roc>del must be used. locations of spectral zeros are adjusted by care­

fully changing the forma.nt amplitudes. Since an all-pole cascade m:xlel 

is appropriate for vowels and an all-pole parallel roc>del is needed for 

fricatives, it becomes imperative to use a cascade/parallel roc>del for 

speech segments involving both vocalization and fricative excitations 

(Klatt, 1980) • 

2.2.3 Articulatory vs Forma.nt Synthesizers 

Articulatory synthesizers are roc>re suited to roc>del the finer, 

controlled roc>vements of the tongue, especially during vowel-stop-vowel 

sequences. But it is difficult to obtain complete data for articulator 

roc>vements inside the vocal tract. The only technique available is X-ray 

ima.ging (O'Shaughnessy, 1987; Flanagan et al, 1970; Flanagan, 1972). 

Further the articulatory synthesis is roc>re difficult than the ·forma.nt 

synthesis, which is based on a simpler set of rules. The data needed for 

forma.nt synthesis can be readily obtained by speech analysis. 

·; 



2.3 HA.RrnARE VS SOF'IWARE SYNTHESIZERS 

A number of integrated circuits are currently available for real-

time speech synthesis applications (O'Shaughnessy, 1987). But rrost 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 

fle~ibility for controlling the parameters as needed for generating test 
; 

stimuli. 

Although the software simulation can not offer real-ti.me 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 SOF'IWARE BASED SPEECH SYNTHESIZER FDR INDIAN LANGUAGES 

The rocxlel which has been developed in this project is a cascade 

pole-zero rocxlel. This would represent the vocal tract rrore accurately 

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

cascade rocxlel would be appropriate for Indian languages is th~t in all 

Indian languages aspiration plays an important role as a contrast fea-

ture. Aspiration is an 'h'-like sound that .causes rrore airflow through 

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



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 the same articulatory conf igu­

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. 



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. W = unvoiced, VO = voiced, UA = unaspirated, 
AS = aspirated. Adapted from Pandey (1987), Table 2.1. 
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Fig· 2 .1. Acoustic tube analog of the vocal tract. Adafited from 
Ofpenheim (1978) , Fig. 3. 7. 
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Fig. 2 .2. Articulatory rrodel of the voc:al tract. Adapted from 
Flanagan et al (1970), Fig. 21. 
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· FORMANT PARAMETERS 

Fig • . 2.4·. Vocal ·tract transfer function in a typical fonnant 
synthesizer. Adapted from Oppenheim (1978) , Fig. 3. Sb. 
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CHAPTER 3 

THE KIATI' SYNI'HESIZER 

3.1 INTRODUcrION 

The Klatt Synthesizer (Klatt, 1980) is a software based formant 

synthesizer developed by Dennis Klatt at MIT. The source code is 

available in EDRTRAN. 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 constant 

parameters are stored in a file. The parameters can be up:lated every 

2-20 milliseconds. 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 

-C = -exp ( 2rr.BWI') 

B = 2 exp(rr.BWI') cos(2'ff.FT) (3.2) 

A=l-B-C 

In :Eqn. 3.2, F and BW are the centre frequency and bandwidth of the 



14 
resonator respectively, and Tis the sampling interval. The magnitude 

res:ponse of this resonator is shown in Fig. 3.1, where, 

T(z) = 
A (3.3) 
-1 -2 

1-Bz -Cz 

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

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

3.2 IMPLEMENTATION 

The Klatt synthesizer can be used in two ways: either in the 

general cascade/parallel m:xle, or in a special all-parallel IOC>de as 

shown in Fig. 3.2. The figure also indicates the sources of excitation. 

In the all-parallel m:xle, 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 the user. 

The following sections describe the various aspects of the iruple-

mentation of the Klatt synthesizer. 



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 m:Xlulate the 

output of the noise source during the production of voiced fricatives 

and stops. 

Sometimes during the production of voiced fricatives a snoothed 

quasi-sinusoidal voicing is needed. Resonator RGS further filters the 

glottal pulse to yield such an excitation. 

The frication source is typically slinulated 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 m:Xlulated 

pitch synchronously. 

3.2.2 Control of Sources Anplitudes 

The amplitudes of voiced and unvoiced sources are controlled by 

parameters AV and AF respectively. The amplitude of aspiration is con-

trolled by AH. Changes in these parameters take place pitch synchro-

nously when voicing is present. It is also possible to specify sudden 

I 
I 
I 
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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 represented either as a cascade or pa.rallel combination 

of resonators, each tuned to a different fonnant frequency. Each resona-

tor can be represented by 

T(z) 
A(n) 

(3.4) 
~ ~ 

1 - B(n) z - C(n) z 

th 
Where A(n), B(n), and C(n) are calculated from then fonnant frequency 

as in Eq. 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 unifonn tube and for the vowels Iii, la/, 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 pa.rallel m:rle individual fonnant controls Al thro4gh A6, a 

nasal pole amplitude control AN, and a bypa.ss pa.th amplitude control are 

provided.The bypa.ss pa.th is needed for sounds like Iv/, /f/, Isl, and 

/sh/ etc, which show an almJst unifonn frequency response and no 



prominent peaks. 

During the production of voiced obstruents two sources excite the 

vocal tract. The glottal pulses are sent through the cascade ITOdel and 

the noise through the parallel ITOdel. In the special all-parallel node, 

both the sources excite the parallel ITOdel. During the production of 

vowels the all-parallel rrodel ar:proaches the cascade ITOdel if all 

formant amplitude controls are set to 60 dB. 

3.2.4 Foment Bandwidths 

The formant bandwidths represent losses in the vocal tract like 

yielding walls, thermal and friction losses etc. ·M::>re irrportantly, the 

bandwidth of Fl is directly proportional to the interaction of the 

supraglottal cavity with the subglottal space. For exanple, during the 

production of unvoiced stops the bandwidth of the first formant is 

usually greater than that for the corresponding voiced 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 rrodel computationally rrore efficient, the radiation 

characteristics is rroved into the source shaping filters. Thus for 

fricatives, the lowpass characteristics to convert noise pressure into 

1 ( 



equivalent vol~ velocity and the radiation characteristics and the 

radiation characteristics cancel each other. 

3 .3 ~ OF THE KIATT SYN.l'HESIZER 

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 AH:Jendix A. 



Table 3.1. Control parameters for the all-pole cascade/parallel 
synthesizer. The list also shows the pennitted ranges of values 
for each parameter, and a typical value. V/C indicates whether the 
parameter is norm3.lly variable (V), or constant (C). 
Adapted from Klatt (1980), Table I. 

N V/C Sym Name Min Max Typ 

1 c 
2 c 
3 v 
4 v 
5 v 
6 v 
7 v 
8 v 
9 v 

SW 

NF 
FO 
AV 
AF 

AS 

AH 

Fl 
F2 
F3 
BWl 

Cascade/parallel switch 
Number of f orm3.nts 

O(Cas) 
4 

l(Par) 
6 

0 
4 

0 
0 
0 
0 
0 

Fundamental freq. of voicing (Hz) 0 
Ampl. of voicing (dB) 0 
Ampl. of frication (dB) 0 
Ampl • . of sinusoidal voicing (dB) 0 
Ampl. of aspiration (dB) 0 
First form3.nt freq. (Hz) 
Second form3.nt freq. (Hz) 
Third form3.nt freq. (Hz) 
First form3.nt bandwidth (Hz) 

BW2 Second form3.nt bandwidth (Hz) 
BW3 Third form3.nt bandwidth (Hz) 
Al First form3.nt amplitude (dB) 
A2 Second form3.nt amplitude (dB) 
A3 Third form3.nt amplitude (dB) 
A4 Fourth form3.nt amplitude (dB) 
AS Fifth form3.nt amplitude (dB) 
A6 Sixth form3.nt amplitude (dB) 
AB Bypass path amplitude (dB) 
AN Nasal form3.nt amplitude (dB) 
FNZ Nasal zero freq. (Hz) 
FNP Nasal pole freq. (Hz) 

150 
500 

1300 
40 
40 
40 

0 
0 

0 
0 
0 
0 

0 

0 
200 
200 

500 
80 
80 
80 
80 

900 
2500 
3500 

500 
500 
500 
80 
80 
80 
80 
80 
80 
80 
80 

700 
500 

450 
1450 
2400 

50 
70 

110 
0 

0 
0 
0 
0 

0 
0 
0 

250 
250 

10 v 
11 v 
12 v 
13 v 
14 c 
15 v 
16 v 
17 v 
18 v 
19 v 
20 v 
21 c 
22 v 
23 v 
24 c 
25 c 
26 c 
27 c 
28 c 

UPIJI' Parameter update int. (ms) 2 20 5 
SR Sampling rate (Hz) 5000 20000 10000 
GO Overall gain control (dB) 0 80 0 
F4 Fourth form3.nt frequency (Hz) 2500 4500 3300 
FS Fifth formant frequency (Hz) 3500 4900 3750 

29 C F6 Sixth form3.nt frequency (Hz) 4000 
30 C BW4 Fourth formant bandwidth (Hz) 100 
31 C BWS Fifth form3.nt bandwidth (Hz) 150 
32 C BW6 Sixth form3.nt frequency (Hz) 200 
33 C BWNZ Nasal zero bandwidth (Hz) 50 
34 C BWNP Nasal pole bandwidth (Hz) 50 
35 C FGP Glottal res. 1 freq. (Hz) 0 
36 C sw:;p Glottal res. 1 bandwidth (Hz) 
37 C FGZ Glottal zero freq. (Hz) 
38 C sw:;z Glottal zero bandwidth (Hz) 
39 C sw:;s Glottal res. 2 bandwidth (Hz) 

100 
0 

100 
100 

4999 
500 
700 

2000 
500 
500 
600 

2000 
5000 
9000 
1000 

4900 
250 
200 . 

1000 
100 
100 

0 
100 

1500 
6000 

200 
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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 natural representation to the vocal 

tract, as the inter-relationship between various fonnant amplitudes is 

represented properly. During the production of vowel-stop-vowel sequen-

ces, if a cascade/parallel model is employed, one would 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 sroc>0ther. 

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 us~ng the data pro-



vided by Klatt for the synthesis of phonen€s in the speech of a typical 

American 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 fonnants 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) 
A B 

+ (4.1) 
-1 -1 

1 - az 1 - bz 

This will have one first order zero at 
Ab+ a B 

A+ B 
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 largy 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 rrore towards the first pole a. If 

the two amplitudes are comparable then it lies approximately midway 



between the two p::iles. 

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 amplitudes 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 p::ilynomial 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 p::ile 

(or zero) pair. The number of zeros is a variable parameter, as diffe-

rent fricatives and slop~ nc-.·.J d 1ffererd rnu.1 
• ,, r /<'rr, 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/p:!.rallel 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 

solirce for voiced sounds, and the other for unvoiced sounds. 

The impulse generator outputs an impulse train, whose period is 

determined by the value of FO. For voiced obstruents, the noise is 

modulated pitch synchronously, by a pulse train, whose period is also 

determined by FO. 

The glottal pole-zero p:!.lr 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 ?ource, 

hence, the noise is lowpass filtered to obtain the equivalent volume 

velocity. 

The vocal tract is represented by a cascade of nasal pole-zero p:!.ir 



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

The nasal p::ile and zero are set to the ~ 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 SOUt"ce 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-p::ile cascade/parallel and p::ile-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 norma.lly variable (V), or constant (C). 

N V/C Sym Name Min Max Typ 

1 c NF Number of f orma.nts 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 AH Ampl. of aspiration (dB) 0 80 0 
8 v Fl First forma.nt freq. (Hz) 150 900 450 
9 v F2 Second forma.nt freq. (Hz) 500 2500 1450 

10 v F3 Third forma.nt freq. (Hz) 1300 3500 2400 
11 v BWl First formant bandwidth (Hz) 40 500 50 
12 v BW2 Second forma.nt bandwidth (Hz) 40 500 70 
13 v BW3 Third forma.nt bandwidth (Hz) 40 500 110 
14 v FZl First zero frequency (Hz) 150 5000 
15 v FZ2 Second zero frequency (Hz) 150 5000 
16 v FZ3 Third zero frequency (Hz) 150 5000 
17 v FZ4 Fourth zero frequency (Hz) 150 5000 
18 v BZl First zero bandwidth (Hz) 
19 v BZ2 Second zero bandwidth (Hz) 
20 v BZ3 Third zero bandwidth (Hz) 
21 v BZ4 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 forma.nt frequency (Hz) 2500 4500 3300 
28 c F5 Fifth forma.nt frequency (Hz) 3500 4900 3750 
29 c F6 Sixth forma.nt frequency (Hz) 4000 4999 4900 
30 c BW4 Fourth forma.nt bandwidth (Hz) 100 500 250 
31 c BW5 Fifth forma.nt bandwidth (Hz) 150 700 ·200 
32 c BW6 Sixth forma.nt 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 sw:;p Glottal res. 1 bandwidth (Hz) 100 2000 100 
37 c FGZ Glottal zero freq. (Hz) 0 5000 1500 
38 c sw:;z Glottal zero bandwidth (Hz) 100 9000 6000 
39 c B\GS Glottal res. 2 bandwidth (Hz) 100 1000 200 

• ,I . J 
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CHAPTER 5 

SPEECH SYNTHESIZER PR<:X;RAM 

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 IEM 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 phon~ set. It 

is also possible to augment the phoneme set by specifying the parameter 

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

Under the start synthesis option there are two alternatives: if 
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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 JX)S) when in the first 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 SE'ITING 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 phoneme 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, their minimum, maximum and default values, 

and, variable/constant indication. When in the setting up rocxie the V/C 

(variable/constant) and default value entries of the parameters can be 

changed. These two entries are highlighted. 



The four curser keys can be used to m::ive the curser to the appro­

priate pa.rameter entry. The V/C entry and default values can then be 

changed. If the default value of a pa.rameter is outside the allowed 

range then a beep is emitted. The four pa.rameters, namely, number of 

fonna.nts, pa.rameter update interval, sampling rate, and, overall gain 

should be kept constant during synthesis. Hence the program does not 

allow them to be ma.de variables. 

After the setting up operation is over it can be indicated by 

pressing the function key FlO. The program responds by asking whether 

the user wishes to make m::>re rrodifications. If so he can go back to the 

setting up rrode. otherwise the user is prompted for the duration of 

utterance. But if the initial configuration has been read from a file 

·Lhen 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 pa.rameter update interval. 

5.3 PARAMETER TRACK GENERATION 

The pa.rameter tracks can be generated in two ways. When either the 

"Start with default configuration" or "Modify existing tracks" option is 

selected from the second screen, the pa.rameter 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 pa.rameter 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 pa.rameter tracks graphically, the horizontal 

axis represents time in milliseconds and the vertical axis represents 

the pa.rameter chosen in proper units. The value of the pa.rameter at any 

given point in time can be specified. It is also possible to specify two 

points and interpolate the pa.rameter values between those two points. 

The curser keys are used for rroving around the "+" sign 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 pa.rameter 

tracks for the previous variable, the "PgDn" key should be pressed. 

An exit from the graphical editing mxle is provided through the 

function key FlO. But if the pa.rameter tracks for all variables have not 

been accessed at least once then the program automatically presents the 

untouched tracks. This safety precaution is pa.rticularly useful when the 

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



screen. 

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 phonemes are to be 

generated. In between two phonemes the program generates 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 control 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 merrory and reading the parameter 

Lracks 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 IN'IRODUcrION 

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_LOC, also written 

in PASCAL, may be used for finding anti-resonance 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 converter with 32 multiplexed inputs, a 12-bit D/A ~onverter, 

8-bit digital output, 8-bit digital input, and on-board 8253 counter for 

I:MA. 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, DAOur 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/, le/, IE/, 

/=..-./ 1 /ae/ 1 /u/ I /U! I r I I etc with pronunciation keys in Table 6 .1, 

were synthesized. The first three formants and bandwidths were given the 

appropriate values (Klatt, 1980; O'Shaughnessy, 1987). The last three 

formants and bandwidths were assigned the default values. Table 6.2 

shows the first three formant frequencies and bandwidths for these 

vowels. During synthesis, the pitch was maintained constant, at 100 Hz. 

The amplitude of voicing, AV, was linearly raised from 0 dB to 60 dB 

over the initial 100 ms segment. It was maintained constant, and then 

linearly reduced from 60 dB to 0 dB over the last 100 ms of the 

utterance, as shown in Fig. 6.1. 

6.2.2 V-C-V Sequences I 

To specify parameter tracks for V-C-V sequences, IDJstly the in-built 

parameter set was used. Tests were carried out with many V-C-V sequen­

ces, which included the sequences like /apa/, !aha/, /ata/, /asa/, 

!aka/, !aga/, etc. Vowel-semivowel-vowel sequences like /awa/, . /aya/, 

/ala/, and Iara/ 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 

v J 



changed to those for the vowel once again. 

For the pole-zero cascade synthesizer, the antiresonance zero fre-

guencies 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/, Ill, 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 lists 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 
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should contain the number of phonerres defined in the file and the type 

of synthesizer; i.e., whether all-p:Jle cascade/parallel or p:Jle-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 p:Jle-zero cascade 

synthesizer the four zeros and their bandwidths replace the Al-A6, and 

AB, AN entries of the all-p:Jle cascade/parallel synthesizer. Each line 

shoul d 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 segments, as the parameter tracks can be specified easily. 

It was found that voiced f ricatives and stops were more clear than their 

unvoiced counterparts. Also the f ricatives and stops synthesized with 

the p:Jle- zero cascade synthesizer were sharper than those synthesized 

using the all -p:Jl e cascade/parallel synthesizer. 
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Table 6.1. Pronounciation keys for some vowels. Adapted from 

O'Shaughnessy (1987), Table 3.1. 

l beat (£ bat u book but 

I bit a cot u boot 3 curt 

e bait ei about 

E bet o coat 

Table 6.2. First three forma.nt frequencies and bandwidths for some 
vowels. Adapted from Klatt (~980), Table II; O'Shaughnessy (1987), 
Table 3.2. 

Vowel Fl F2 F3 BWl BW2 BW3 

l 270 2290 3010 60 200 400 
I 390 1990 2550 50 100 140 
e 330 2020 2600 55 100 200 
E 530 1840 2480 60 90 200 
(£ 660 1720 2410 70 150 320 
a 700 1220 2600 130 70 160 
'.:) 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 
~ 490 1350 1690 100 60 110 



Table 6.3. First three forma.nt frequencies and bandwidths, and 
forma.nt amplitudes for S()f(e fricatives, stops, and affricaties 
before front vowels. Source: Klatt (1980), Table III. 

Conso-
nant Fl F2 F3 ml BW2 BW3 A2 A3 A4 AS A6 AB 

j' 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 
g 320 1290 2540 200 90 200 0 0 0 0 28 48 
6 270 1290 2540 60 80 170 0 0 0 0 28 48 
f 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 
t 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 

tj' 350 1800 2820 200 90 300 0 44 60 53 53 0 
d~ 

t:l 260 1800 2820 60 80 220 0 44 60 53 53 0 



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

Phoneme FZl FZ2 FZ3 BZl BZ2 BZ3 

k 3180 3673 4465 274 216 929 
g 3180 3673 4464 260 214 927 
t 2627 3363 3975 256 267 487 
d 2693 3497 4232 185 249 755 

f' 3153 3652 4473 267 218 929 

tf 2882 3673 4420 295 215 896 

d~ 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 II. 

Phoneme Fl F2 F3 BWl BW2 BW3 

y 260 2070 3020 40 250 500 
w 290 610 2150 50 80 60 
r 310 1060 1380 70 100 120 
l 310 1050 2880 50 100 280 

m 480 1270 2130 40 200 200 
n 480 1340 2470 40 300 300 
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Table 6.6 Control par~ters for some vowel-semivowel-vowel 
sequences synthesized with the all-pole cascade/parallel m:xiel. 
The sequence duration is 500 ms. All the other par~ters are 
given default values as given in Table 3.1. 

Syllable Tine AV FO Fl F2 F3 BWl BW2 BW3 

0 0 100 700 1220 2600 130 70 160 
100 60 
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 
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 
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Table 6.7. control par<ilreters for some V-C-V sequences synthesized 
with the i::ole-zero cascade synthesizer. The duration of utterence 
is 500 ms. Only values for NF, zero frequencies and bandwidths, 
FO, AV, AF, and AVS are shown. The values for Fl-F3, and BW1-BW3 

are as given in table 6.3. All the other pararceters are given 
default values as given in Table 4.1. The values for NF, the 
number of zeros, are changed abruptly, and not interi::olated 
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 Time FO AV AVS AF NZ FZl FZ2 FZ3 BZl BZ2 BZ3 

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 

aka 220 0 0 60 3 3180 3673 4465 274 . 216 929 
280 0 0 • 60 3 3180 3673 4465 274 216 929 
330 100 60 0 x x, x x x x x 
395 60 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 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 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 

( a. f 0- ) 
280 0 0 • 60 3 3153 3652 4474 267 218 928 
330 100 60 0 x x x x x x x 
395 60 x x x x x x x 
495 100 0 0 0 x x x x x x x 

(Continued on next page) 
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4; 

Table 6.7. (Continued from the previous page) 

0 100 0 0 0 x x x x x x 
100 60 . x x x x x x 
195 100 60 0 x x x x x x 

ata 220 0 0 • 60 3 2627 3363 3975 256 267 487 
280 0 0 • 60 3 2627 3363 3975 256 267 487 
330 100 60 0 x x x x x x 
395 . 60 . x x x x x x 
495 100 0 0 0 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 . 60 0 0 x x x x x x x 

ad.a 220 . 47 47 60 3 2693 3497 4232 185 249 755 
280 . 47 47 60 3 2693 3497 4232 185 . 249 755 
330 60 0 0 x x x x x x x 
395 60 . x 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. Vari.'.iLion of the aropliLu<lt~ of voic ing, .4V, dw·ing th< ! 

synthesis of isolated vowels. 
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CHAPI'ER 7 

SlM-fARY AND OONCLUSIONS 

This thesis has described the develo:pTent of a cascade pole-zero 

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 

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 parart€ters 

We have conducted informal listening tests with the program. The 

program performance can be improved as described below. 

The program could be made fOC)re user-friendly. The program could be 

tested by ca~rying out extensive listening tests. The synthesizer can 

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



obtained through speech analysis. The synthesizer would be I'OC)re versa­

tile if, while using the phoneme set option, one could also independen­

Lly specify parameter trajectories for some of the parameters, espe­

cially, FO, AV, etc. This would enable the user to specify intonation, 

and stress patterns for synthesized segments. 
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APPENDIX A 

PRCGRAM LISTINGS 

A.1 The SPSYNTH Program 

A.2 The ZERO_LOC Program 

A.3 The DAOUT Program 
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The SPSYNTH Program 



unit g 1bvars~ 

(~'This unit d!!.clar,e.s the global v~1riables *) 

inte1--face 

cons t 
pa1--·3::39; 
lfllaxdur ::2000 , 

tvpe 
strg=string[80J; 
arr·v=an-;:1v[O .. 500] of integer~ 

tr·ac"'ari·av[0 .. 20000] of intr~cier; 
speech=arrav[0 .. 20000] of integer; 

1JiH' 

pa i-t n~: ·"tr ac ·; 
1.i.1at.); -speech·; 
arv: ~ff n.1 ~ 

i , j ,k,p , m, 11,cons,vars , vari ,posn , update,pend,number ,code,uptime,dur, 
totup , samprate ,samperup, samperpitch , modcount ,p itd1c:ount: integer; 

fnund , over,accept , finish,extfi le ,ended it,unchg , 
initcoeff,zero,start,pitchpd, 
s v n t ht v p e , op t i on s , q u i t , c as .... P a 1-- , c as , g en IT c , p h n s e t , r· '~ m tr a c ks; , 

st_svnth ,useram:boolean, 

kev , di~J:char; 

num,pt:string[SJ; 
1--e:;p:st1-- ing[l]; 
msg , fi lerldme:strg~ 

nam:arrav [1 .. pars] of string[4]; 
conf:arrav[l .. pars] of char; 
rn in, ma>:: , clrd , pa1-- , n•,J;H· , 1 \Jal": arra\,{1... pdr::,] u f in tew:r·; 

ti" ack , tJa 1Je f i le: te>~ t; 

f0 ,av , af ,avs ,ah , f1 ,f2,f3 ,f4 , f5 , f6 , bwl , bw2 , bw3 , bw4 , bw5,bw6, 
fnp , fnz,bwnp,bwnz , fgp,fgz,fgs,bwgp,bwgz , bwgs ,gO , nf:integer; 

sampint,a1,b1 , c1 ,a2 , b2 ,c2,a3 ,b3,c3 ,a4 , b4 ,c4,a5 ,b5,c5,a6 , b6 ,c6, 
anp , bnp , cnp , anz , bnz , cnz,agp,bgp , cgp,agz , bgz , cgz , ags , bgs,cgs:real; 

imp 1 se , s in amp , asp , fr ic , a tp rev, p 1 re 1 , p 1st ep: r ea 1 ; 

vlc , v11c,y12c , y2c , y2lc,y22c,y3c,y31c ,y32c,y4c,v41c,v42c, 
y5c,y51c ,y52c,v6c , y61c,y62c,ynpc,ynplc,ynp2c ,ynzc , vnzlc , ynz2c , 



ygp,ygpl,ygp2,ygz,ygz1,ygz2,ygs,ygsl,ygs2,yg~3,ygs4, 

g lot ve l Al., g lot ve 1l. 1 a asp, afr i c, da sp , d fr ic , g lo tv e 1 , 11 o i se, tr i eve 1 , 
g 1ot 1Je 11, v e 1 : r ea l 7 
~111 p, >Jl1 pl. , y np 2, in p, ins in, 1 i pv e 1 , g 1otve1 A, as pv e 1 , m x: re a 1 ~ 
voiced,aspi,frc,vfrc:boolean, . . 

imp1€'mentation 

end . (*unit glbvars *) 
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(* Written by Shaile~dra A. Chafekar; 1989-90 *) 

unit bas kfns; 

(*This unit contains some commonly used procedures*) 

intedace 

uses 

var 
t1--c: a1--ray[1. .. 40] of intf:cier; 
header,choicel,choice2.strg; 

procedure f i ncipos; 
procedure error; 
procedure trcread; 
procedure trcwrite; 
procedure readcons; 
procedure readvars; 
p I" o c e d u r e g e tr f~ s p ( an s : s t r !J ; c h 1 , c 1·12 , c h 3 , c I 14 ; c ha r ) ; 
procedu1--e f i lc:oe·f( f, bld :rea 1; •J.:11- a, b, c: rea 1); 
'function 1 inamp(amp;real):real; 
procedure pres_type; 
procedure type_of_synth; 
pr oc eel ur e pl" e'.; _op; 
procedure operation; 
procedure conf set; 
procedure preparetrack; 

imp 1 r~men tat: ion 

er t, eel it, g1--c.ipl1; 

procedure findpos; 
begin 

1Jdl"S ;:,0·; 
p: :=0; 
'for' i; ::1. to pa1--s do 

be!.J"i n 
if conf[ i]::' ~1 • then 

begin, 
•J <:H'S: ::1Ja rs+ 1 ; 
p;::p+l; 

nvar[ i ]: "'P; 
1var[p] >=i; 

end; 
end_; 
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end; {* procedure f indpos *) 

procecltwe er1-or; 
begin 

souncl(500); 
clelay(50); 
nosouncl; 

end; {* procedure error *} 

procedure trcreacl; 
IJ() r 

y, z: integer; 
be!~ in 

•::: 1 rsc:r; 
go to>~Y,00, 4); 
write~'Parameter tracks to be read from disk.'); 
gotoxy(10, 6); 
lttr ite( 'Ente1- file name ; '); 
readln(f ilename); 
assign(track,f ilename); 
goto>~Y (1., 24); 

{$1··} 

reset( track); 
{$b} 
if i or es u 1 t= 0 th en 

begin 
for· i:=l to length(filename) clo filename[i]:=upc:ase(i'ilename['i]); 
1.wite('f~eading from ',filename,' ... '); 
i:::1.1 
for z:=1 to 13 do 

beqin 
' I 

for !.-1;=1. to 3 do 

tend; 

beg i I~ 
read(t1-ack ,pt); 
r~ad(track,conf[i]); 

i"f v=3 then 
readln(trac:k,def[i]) 

else 
be~~in . 

read(track,def[i])1 
read(track,dig); 

'1 end; 
i:=H-1.3; 

end; 
i:=i-38·; 

readln(track,msg); 
readln(track,vars , uptime,dur); 
readln(track,msg); 



"f i ndpos·; 
"for j:=O to round(totup-1) do 

be[.J in 
for i: :~1. to pa1--s do 

begin 

en cl; 

posn :-~ ( i -.\.) t ( j *pa1-s); 
partrc-[posn]:=min[i]; 

enr:i·; 

tor j:=O to (totup-.l.) do 
begin 

reacl(tr·ack ,m); 
-f o r i ; "' l t o 1,! a r· s r:i o 

bP~1 j rl 

1J a r· i ="' 11,J a r· [ i }; 
po s n : ~ ( 1,J a r· i - .\.) + ( j ~ par· s ) ; 

reacl(track,partrc-[posn]); 
end; 

1--e .::id 1 n ( t.r· a ck , cl i [J); 

r:::nd; 
c 1 ose( tr·ac:k); 

en cl 
else 

begin 

found: "'f .:i l se ·; 
1.wite('File not found ... '); 
cle1av(2~,o); 

en cl; 
de 11 in r-~; 

end; {* procedure trcrear:i *) 

procedure trcwrite; 
~!'JI"' 

v, 1..: integer·, 
t1--c1.i.1r: boo 1 e<rn; 

· IJarlst:string[.l.32]; 
be(~ in 

goto>~>J(10, 8); 
1..ir--ite( 'Enter· file name ~ 

n~ ad 1 n ( f i 1 en am e) ; 

.::issign(track,f ilen.::ime); 
fo1- i:~l to l en!JU1(filename) do 

fi lename [i]: ":upcase(fi 1ename[i]) ; 
goto:x:v (l, 2 1-~); 

write( 'S ~iv ing p.ar·ameter tr·ac:ks in ',-fl lename,' •.. '); 
1--e1.~r ite( track); 

i: o:l ; 
for z:=l to 13 do 



for 1-1:.-1. to 3 do 
begin 

str(def[i]:S ,m sg); 
pt:=nafil[i]; 
k:=4-length(pt); 
if k=l then 

pt:=concat(pt_,' ') 
else if k=2 then 

· pt::=conc:at(pt,' '); 
\ . 

msg::=concat(pt,' ',conf[i],' ',msg,' '); 
if· y~3 then 

writeln(track,msg) 
else write(track,msg); 
i::::i+l3; 

end; 
i:::i-38; 

encl ; 

1Air it e ( track, 'Var i ab 1 es/ ' ) , 
t.lr' ite( track , 'Par· am updated at (ms)/'); 
writeln(track, 'Dur ation '); 
writeln(track,vars:2,' 
1Ja r 1st:= ' T i me' ; 
for vari:=l. to pars do 
v. be~J in 

if cowf[vari]='~.I' then 
begin 

pt:=nam[variJ; 
1<:=4-length(pt); 
if k=l then 

pt:=concat(' ',pt) 
else if k:::2 then 

I I uptime . 2 I I 

pt:=concat(' ',p t); 
varlst:=concat(var1st,pt); 

·end; 
encl; 

writeln(track,varlst), 
for j:=O to (totup-l) do 

1.g begin 
trc:lff: ::ta 1 se; 
str(j*uptime:4 ,m sg); 
write(track,msg); 
msg:=' '7 

.for vari:~l. to pars do 
begin 

it conf[1Jari]-" 1 ~1' then 
begin 1 

posn:=(vari-l)+(j*pars); 
write(track,partrc-[posn]:6); 
trcwr: =true; 

end; 
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il end 7 
dig:= 1 /'1 
if trcwr then 

wr it e 1 n (track, ' I' ) 1 

1.t end1 
c 1 ose( track) 1 
de 11 ine, 

en cl; {* procedure trcwrite *} 

procedure readcons1 
begin 

tor i.= 1 to pars do 
be~~ in 

if cont[i]~'C'then 

par[ iJ:=dd[ i]I 
end: 

end1 {* procedure readcons *} 

procedure readvars: 
be tl in 

for i::~ 1 to pars do 
begin 

if conf[i]='V' tlwn 
begin 

posn:=(update *pars) t (i-1); 
par[i].=partrc-[posn], 

end: 

{* procedure readvars *} 

procedure getresp(ans:strg:chl,ch2,ch3,ch4:char), 
be~~in 

m: =t~herex, 
j: :: where)JI 
accept:=fa lse: 
over :=fa lse: 
1,.1h i 1 e not over do 

begin 
dig: =r ea dk e!J , 

if cl ig<>#-0 then 
begin 

if ans=' choice' then 
begin 

if (clig=chl) or (dig=ch2) or (clig=ch3) or (dig=ch4) then 
begin 



i"f accept then 
error; 

if lengtl1(1·esp)<l then 
begin 

~witr:~(dig), 

dig:=upcase(dig); 
1·esp: ::cone at (1·1~sp, di rJ); 

dee~?. pt :=:true; 
en rJ ~ 

en cl 

else if (len~ith(resp)<l) or (onl(clig))32) then 
e1--ro1 .. ~ 

en cl; 

H ans"'number' then. 
be-gin 

i f ( cir- cl ( cl i g) > :: 4 8 ) an cl ( o nl ( cl i g ) <::: r:_, "/ ) t I w n 
begin 

num:=c:oncat(num,dig); 
1.<irite(r:lig); 

encl; 

end; 

if d ig=:#8 then 
begin 

it wherex>m then 

en cl; 

beo in 

i: "vJhen?.x-·l; 
l<I ind f)(~ ( j 

1 
j 

1 
j 

1 
j ) 1 

c 1 l"'S er~ ; 

t,1inclot~(l ,l ,80, 2~"J); 
9oto:x:v(i,j); 
if ..:in·~·::'choic~~ · then 

be rJ in 
cl 1! let e ( r- e '.> p , Jr: na l h (re'., p) , 1 ) ; 
accept •. :: fa ls8, 

en cl ; 
if .::ins::'number-' then 

delete(num, len(llh(num),l); 

if cl ig::::JtJ.3 tlir?.n 
begin 

end 

CflJ er:::: t1· ue; 

H (ans:::' choice') and (r-esp='') then 

lWE'I" ::= f.::i l sr~, 

Hans=' number' then 

1Ja 1 ( num, number, code); 

else dig:=readkev~ 
end; 1 
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end; {,\: procedure getresp *} 

procedure ti 1coef(f,bw : rea1;var a,b,c:real), 
•Jar 

comn :n~a 1; 
begin 

comn: =-pi*bw*sampint; 
comn::~exp(comn), 

c: "'-· comn*comn; 
b: =2*comn*cos(2*pi*f*s ampint); 
a: ::1. -.. b -· c; 
if zero then 

begin 
a: =L0/.::1; 
b: ::- b*a; 

end; 

(* procedure f ilcoef *} 

function 1 inamp(amp:1Aeal):real; 
var 

ampl,amp2 , s,d:rea1; 
stab:array[l .. 28] of real; 
dtab:array[l .. 11] of real; 

be~i in 
stab[l] :=65536.0; 
for i:=2 to 28 do 

stab[i]:=stab[i-1]/2, 
dtab[l]: =1..8 ;dtab[2] : =l.. G; cllab[3]: :1..43; cltab[4 ] : =l . 2G; 
dtab[5].=l.12;dtab[6] : =1.0;dtab[7].=0.89;dtab[8] := 0. 792; 
dtab[9]: =0.702;dLab[lOJ:=O.G23;dtab[ll.]: =0.555; 
if amp>96 then 

amp: =9G; 
linamp::::O O; 
if amp>- 72 then 

encl; 

begin 
amp1.: =:amp / G; 
amp2:=amp-(6*(trunc(ampl))); 
s:=stab[li'-trunc(ampl)]; 
d:=dtab[6-trunc(amp2)]; 
linamp:=s*d; 

end; 

{* procedure 1 inamp *} 

procedure pres_type; 
be!~ in 

c 1 rs er; 
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textbackground(white); 
textcolor(black); 
gotoxy(l0,8); 
i.irite(' 1. ' ); 
gotoxy(l0, 10); 
i.trite(' 2 '); 
gotoxy(l.0, 12); 
wr it e ( ' Q ' ) ; 

te~tbackground(black); 

textcolor(white); 
gotoxy(l ,4); 

i.tr ite( header); 
gotoxy(13 , 8); 
write( cho i eel); 
goto>~y(13, 10); 
i.tr it e ( c:h o i c e 2) ; 

go to>~~' ( 13, 12); 
i.ir it e ( ' b: it to DOS' ) ; 
gotoxy(l0 , 15); 
w r i t e ( ' Ent er· ~J our di o i c e : ' ) ·; 

end; {* procedure pres_type *} 

procedure type_of_synth; 
begin 

synthtype:=fa l se; 
cas __ pa1~:,,,f.:ilse; 
c:as:=false; 
options::= fa 1 se; 
qu it:::.:i'a lse; 
ramtracks:,,,false; 
header:::.:'Select Synthesizer Type'; 
choicel:=' Cascade/Par·a l le 1 Synthesis'; 
c:hoice2:::.:' Cascade Pole-Zero Synthesis'; 
pres_type; 
while not (options or quit) do 

begin 

end; 

key: =n:~aclkey; 

case ke>J of 
I 1. I I I 2 I : be ~l in 

options:=true, 

I Q I I I q I 

#0 
end; 

end; 

if ke~1=' l ' then cas_par: =tn1e; 
if key=:'2' then cas:= 
true; 

end; 
qu it:::.:true·; 
key:=readkev; 

{* procedure type_of_synth *} 
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procedure pres_op7 
beg ·in 

ctrsc1~7 

goto:x:\,1(7 ,2)7 
~wite('S>mthesizer selected: ')7 
if cas .. _par then 

i...tr it e ( 'C as ca de - Par a 1 t e t ' ) 7 
ii' cas then 

write( 'Cascade Pole - Zero'); 
!~OtOX\J (7, 4) 7 
t,1r ite( 1 P arametP1~ track generation'), 
noto:x:v(U, 6); 
t11rite(' Stan t~iU1 in-built configuration'): 
go to X\J ( l3, 8) 7 
write(' Modifv existing tracks '); 
!JOtoxy(l3, 1.0)7 
tffite( ' Use in-built phoneme set '); 
goto:x:y(i' ,1.3) 7 

tff ite( 'Star·t Synthes is') 7 
~Joto:x:y(l.3, 15)7 
t~rite(' Read parameter tracks from ·f·ile ')7 
go to >-;\J ( l3, l7 ) 7 
1i.1r ite(' Use the trdcks present in f'-At1' )7 
!JOtoxy (1.0, 20) 7 
write(' Previous screen' )7 

r~otoxv (33, 20) 7 
write(' E>~ it to DOS' )7 
textbackground(white)7 
text co tor ( b tack) 7 
j: ::Q ; 

fo ,~ i. :::1 to 5 do 
begin 

i'f i<4 then 
gotoxy(1.0,5+i+j) 

e l se gotoxy(lO ,8 +i+j )7 
i...wite(' ',i,' ')7 
j:::j+l7 

end; 
!JOtoxy(l ,20), 
1i.1r it e ( 'E sc ' ) 7 
gotOX\J (30, 20) 7 
wr it e ( ' 0 ' ) 7 

textbackground(black)7 
textcolor(white)7 
go tOX\J (7, 22) 7 
i...irite( ' Enter your choice: ')7 

end; {" procedure pres_op "} 



procedure operation; 
begin 

pres_op; 
gentr·c;=:i'a lse; 

e>:tf' i le: =false; 
phnset ;:::i'a lse; . 

st_synth:=false; 
user·am;=:fa lse; 
1,.1h i le not (gentrc Oi" st .... svnth 01- ·;;vnthtvpe 01" quit) do ? 

beq in 
k[·:v: =: 1 .. ear:lkey ·; 

case kr~v uf 

I 1. I I I? I I I 3 I ; be~~ ·j n 

I 4 I I 15 I 

#27 
RO 

r-;n d; 
end; 

q 811 ti" c • ·= t r· u r·; ; 

ii' l'ev:::'?' then 
e>:tf i lr·:~:=l:r-ue; 

if l((~~r:'3' then 
phnset: :::tnJe; 

l~ ncl ; 
- beg in 

s t ... :>vnth: ::t 1 .. ue; 

if k8V" '4' · thr-:~n 
e>::ti' i le :=:u·ue ·; 

if key::'5' then 
u s 8 r .01 m ; "' t r u e ; 

enr:I , 
quit; 0:trul"; 

svnthtype::true; 

en cl; {* procedure operation *} 

procedure conf set; 

beqin 

finish:·:: fa 1 s e; 

while not finish do 

begin 

menu; 
goto>:!>J(l ,20); 
iJ.lf' ite( I Enr:I edit·ing ? 
resp::::''; 
ge t1- esp ( 'c: ho ice' ' ' V' , ' '1,' ' ' n' , ' Ii' ) ·; 

i'f resp:=''r''then 
finish;::: true·; 

end; 
if not e>c:tf i le then 

begin 

I 't ·• 
'' 
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.accept :-=false; 
gotoxy(l,22);. 
write(' Duration of utterence in ms < ' , def[24],' .. ', ma)<:dur,' > • 

k. :::wherex; 
while not accept do 

begin 
num.::::", 
getn~sp( 'number·' I I j I I I j I I I j I I I j I); 

if (numbeP"'def[24]) .:rncl (number<=maxdu1") then 
accept:::true 

else 

en cl; 

ber~ in 
window(k,22,80,22); 
c 1 rs c1-- ; 
window(l,1 ,80,25)7 
gotoxy(k ,22); 
8l"l"Or7 

en cl; 

dur: ::number; 
en cl 7 

dur:::::round(dur/def[24])*clef[24]; 
uptime:=def[24]; 
totup:=dur div uptime; 
samperup:= def[24] * (def[25] div 1000); 

en cl; {* procedure confset *} 

procedure preparetrack; 
ber;i in 

if vars >:::: 1 then 
begin 

if. nqt ext file then 

be\1 in 
for j:=O to rouncl(totup-1) clo 

begin 

end; 

for· i: ::1. . to 1• 1ars do 
, begin 

end; 

v<:H' i ::::: 1•,;ar[ iJ; 
posn:=(vari-l)+(j*pars); 
partrc-[posn]:=min[uari]; 

end; 

if extf i 1e then 
begin 

gotoxy(36 , 20); 
write( 'Change parameter tracks? 
resp:= ' ' ; 
ge tr es P ( ' c ho ice' ' ' >'' ' ' 't' ' ' n' ' ' N' ) 7 

<'t/l'I> I ) ; 

bu 



encl; 

end. 

en d7 
if not((e>::tf'ile) and (resp= 1 N1

)) then 
begin . 

end; 

ended it: :::fa 1 se; 
for i:=l to vars do trc[i]:=07 
le ~:1; 
while not endedit do 

begin 
trc[k]::::l, 

end; 

var i :"' lvar[k]; 
for j::::O to round(totup)~l do 

begin 

' . 

posn.=(uari-l)+(j*pars); 
ar~[j]:=partrc-[posn]; 

end; 
p: "' 1Jar i; 
g1A ed it; 
for j:= 0 to round(totup)-1 do 
partrc-[(uari-l)+(j*pars)]:=ar~[j]; 

sound(500); 
de la~( 125) , 
no so un cl; 
if endedit=true then 

end; 

begin 
i: --1 , 
und1g: ~'t<:1 I :;e; 
while (not unchg) and (i<:::uars) do 

be9 in 

end; 

if t1Ac[iJ:::O then 
be[J in 

unchg::=trne; 
ended it: :::i'a I se ·; 
k: = i; 
sound( 500); 
delav(200); 
nosouncl; 

end 

e I se i : "' H· 1. ; 
end; 

{* procedure preparetrack *} 

(*unit basicfns *) 

I • 



("' I.Jr i tten b>' Si·1a i lendra A. Chafekar; 1989 -...9 0 "') 

un it edit·; 

in ted' ace 

uses 
g 1 twars; 

p1 .. uc eel Lirt?. me nu ; 
procedure gredit; 

{*tor setting up the svnthesizer *} 
{*for graphical prep of parameter tracks *} 

imp I em en tat ion 

uses 
crt , £iraph·; 

procedure menu; 
const 

I ~, ·• 

'I 

grpl=l; 
grp2=21'; 
g1~p3 :~ 53; 

i' I ell. :::1.; 
·f 1 d2 =6; 
flcl3:::9; 
f 1 d4:~14; 

-flcl~· -"2 0; 
1J.::1r 

x, v, cir p, f I cl , •Ja I u e, re 1 x , pf , :x:p, IJ p ~ in te ge r ·; 
kevl, c: f: ch.::~1~; 
val0,val1.:string[5]; 
cH:str ing[l]; 

procedure screen; 
begin 

1,.1r i te 1 n; 

textbackground(white); 
textcolor(black); 
wr iteln( ' Svntl1es izer Control Parameters'); 
write l n( ' Format is Parameter , ~1 /C, Min, Max & Default Values. ' ); 
\Jr it e In; 
goto xv (1. , 24); 
write( ' ', chr(24), ' ', chr(25) ,' ' ,chr(26 }.' ' , c:hr(2l) , ': ' ); 
wr i te( ' Curser Control Back Sp, De l : Delete char FlO : End edit 

textbac:kground (black); 
textcolor(white); 
i"f extfile then 

begin 
goto xv (1. , 22); 

b) 



write(' 
en cl; 

Duration of utterence 

en cl; · { screen } 

procedure startup~ 
•,!a,~ 

v , 1.· : i n t e g e r· ; 

begin 

i: ::l ; 
j : "~) ; 

tor z:~l to 13 do 
begin 

le ::0; 
for y:=l to 3 do 

be~i in 
textbackground(white); 
textcolor(black); 

goto>'.!>! (k+f lr.12, j); 
lff it e ( con f [ i]) ; 
go to >'.V ( k tf' 1 rl S , j ) ; 

l<H"' ite( clef[ i]); 
t~xtbackgrounrJ(black); 

te :x:t co h:ir· ( 1i.1h it e) ; 
goto>::y (k+t lcll, j); 
lff ite(nam[ i]); 
go to>=:v (k tf ldJ, .i); 
1,ir ite( mi 11[ iJ); 
gotonJ (k d 1r:l4, j); 

lff it e( m.:1>::[ i]); 

i:•"itl3; 

le "k+2G·; 
en cl; 

j;::i--38; 

j:"jtl; 
end; 

procedure chkval~ 
begin 

{startup} 

i'f (pt<>p) or (f1d=:2) then 
begin 

va 10 : =:iJa 11 ; 
val(valO,value,code); 
accept:=:tr·ue·; 

' 'd ur' ' ms' ) ; 

if (value>=min[pf]) and (value<~max[pt]) then 
begin 

det[pf]: =1Ja 1 ue ·; 
str(def[p] ,vall); 

bo 

.· 



en cl; 

end 
else 

begin 

en cl; 

accept:=fa 1se7 
if kev1=168 then 

x:=(grp-1)*26+fld5 

else 
begin 

>( .-xp 7 
v:::vp; 

enr:I 7 
c1oto:x:v (:x:, v) 7 
rel>:::--1; 
p:o:pf; 
sound( 500); 
delav(250)7 
no sound; 

end7 

{chkval} 

procedure moiJ; 

be9in 
x: =tJherex; 
v; o:wherev7 
xp.=(grp-1)*26+f 1d5; 

vr:i:=v; 
if kev1=#77 then 

beqin 

if 

if x=6 then 
x: :::20 

else i f >::" ?4 
x ::32 

else d >('· 3? 
:x:: =4 6 

else if ><"" 50 
x;:::,g 

f~ 1 se if X'"58 
:x:; :: 7 2 

else X:'"X+l7 

encl; 
kev1:::#75 then 

be9in 
if x:::.72 then 

x: ::::18 
e l se i"f x:: 58 

x:::46 
e lse if x:::46 

x: :::32 
else H x:::32 

t r1e n 

then 

then 

then 

then 

then 

then 



x: =20 
else if x-20 then 

x::::6 
else x;:::x-1; 

en cl; 

if kevl:::f!-72 then 
v::=y-1; 

it keyl=l80 then 
y::::y+l, 

if x<6 then 
>'.: =72; 

if x>?f. then 
x: :: 6 1 

if y<r5 then 

>1:=1i'; 

if pl/' then 
y:.::5; 

goto xv (x , y) 7 

if' (>'.>=l) and (>'.<grp2) then 

rJrp:::.:1.; 
if (>'.>:=grp2) and (x<grp3) tr1en 

~1rp::::2; 

if (x>=grp3) and (x<73) then 
grp:::.:37 

p·f :=p; 
p: "' ( ( g r·p -- 1. )'" 1.3) + ( >J -- 4 ) ; 
case (x-((grp-1)*26)) of 

6 fld;=2; 
20 , 21 , 22,23,24 begin 

end; 

c:l1 l<',J a 1 ; 

encl; ( l]lfJ IJ} 

procedure chconf; 
begin 

ct::::key; 
d:=upcase(cf); 
if c:as:_par then 

i + ::::2; 
if c:as then 

i. ::::1 7 

·f l cl +::: :;, ; 

relx:=x-((grp-1)*2G)-fld5+1; 

end; 

if ((p>i) and (p<24)) or (p>26) t hen 
begin 

if (c:f::'~' ' ) en~ (c:f::: ' C') then 
be~Jin 

textbac:kground(white); 



end 

textcolor(b lack), 
wr i t e ( c:t ) 7 
textbackground(black)7 
textcolor(white); 
conf [p ]: =d7 
go to xy ( x , Y ) .7 

end, 

else i'f cf='V ' then 
begin 

sound( 500); 
clelay(50); 
no sound; 

en cl; 

{chconf} 

procedure defch; 
ber~ in 

cl f ~ "' I I ; 

if ((ord(key) >=48) and (orcl(key) <=57)) then 

end; 

begin 
df:=concat(df , key); 
delete(uall , relx ,1); 
insert(clf , uall , re l x) ; 
re lx::=re lx+l; 
textbackground(white); 
textcolor(black); 
twile(key); 
H re l ><:-"6 then 

be[,1 in 
1~eJ>~:=~)7 

goto:><:y (:><:, v); 
end , 

textbackground(b lack); 
textcolor(white); 

end; 

{defch} 

pn1c:edure clel; 
begin 

x: =i.1 he r ex; 
y. =~Jherey; 

window(x ,y ,x ,v); 
c lrscr; 
window(l ,1 ,80 , 25); 
goto>~y(x . ~1); 

i'f f 1d=5 t hen 
re 1x:=x-((grp-1)*26)-f 1d5+1; 

if re1x~ 1 ength (va11) then 
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delete(va11,re1x,1); 

encl; {de 1} 

procedure bksp; 
begin 

x:"-t~herex-1; 

y: "vJherev; 
n? lx :q:-( ( grp-1) *:2~6) - f 1d5tl; 
(11 ind OW ( X 1 Y 1 >o: I Y); 
clrscr, 
window(l ,1 ,80,25); 
go to >~I) ( x , v); 
if rel><::~ length(vall) then 

de 1 e te ( 'J a 11 , 1-e 1>'. , 1 ) , 

en cl; {bk sp} 

procedure exodus; 
begin 

pt:::: p; 
p:=:ptl.; 

chk'Jal; 
H accept then 

0 1Jer :::: true; 

end; {ex ocl us} 

be9in 
c 1 rsc:r; 
screen; 
stanup; 

. g1-p. ~1;f1d::=2; 
><:: =:f ld2; 1,.1; ::5; 
gotox1,.1(>: 1 1,.1); 

relx:=l; 
p: <l; 
pf :::1.; 

str(clef[p] ,v all); 
value: ::de-f[l]; 
over :=·false; 
L11hile not over do 

begin 
key: :::reaclkel); 
if key=#O then 

begin 

{* procedure menu *} 

ke >Jl:::: 1-e ad ke ~1; 
case orcl(keyl) of 

77 ,75,72 ,80 mov, 
83 de 1; 



end; 

end7 

if key<>#O then 

begin 

68 

if ·fld=2 then 

chconf; 

if t 1d=5 then 

begin 

exodus; 

it key<>#8 1·hen 

cle fc h 

end; 

end; 

else if (n~l>:>l) then 

bk sp ; 

end; 

{* procedure menu *} 

procedure gredit; 

•Jar 
gd , gm, st x , sty, en dx , end y , st p:<: , s tp ~-·, st PY p, st p, :<:p ls , v pt s: in te qe r'; 
x, in ex , inc ~·P , >: p, yp , t i m , •J a 1 ue , o 1 d ti me , n et,1 ti me , o 1d 1Ja 1 , ne 1.i.1iJ a 1 , i nn!<.i 1: in te ge r; 

y, ·inc:y,minyslp,scx,scy:real; 

stg:string[15J; 

axis.char; 

bu f, f 1 g: a1- r~·; 

bm :pointer , 

size : wo1-d; 

procedure plotaxis; 

:<: , ~J : i"n le ~~er ·; 
clone :boo lean; 

be ~J in 
>=:: ,~o; 

v: "'o ; 
1ine(stx,sty,enclx+8,sty); 

outtexn:v( enclx--340 , sty i-30, 'Tim e (ms)'); 

line(stx,sty,stx,endy-7); 

tor i: ::Q to xp ts do 

begin 

outte>::t:i<:y( i*stp* incx-J·stx··2, sty ,' T'); 
str( i*stp"'round(uptime), stg); 

settextjustity(l,2); 

outtextxy( i*stp*incx+stx,sty+10,stg); 

settextjustity(0,2); 

end7 

ypts:=trunc((max[p]-min[p])/stpyp); 

sett ex tj us ti f y ( 2 , 1 ) ; 
... 



for i.-0 to ypb do 
begin 

outtextxv(stx , stv-i*incvp,' '); 
str(min[p]+i*stpvp,stg); 
outtextxy(stx-8 , stv-i*incyp,stg); 

end; 
settextjustify(0,2); 
strUound(du1") ,•;tg); 
st !J": ::: c: on cat ( 'Dur ' , st !J , ' ms' ) ; 
outte>=:txy(encl;x:-2 ,st\J, 'T'); 
outtextxy(endx-100 ,sty+30,stg); 
s~~ttextj us ti fy(2 ,l), 

str(max[p] ,stg); 
outtext>~v(st>~, end~• . ' .. ' ); 
outtextxv(stx-8 , endy ,stg); 
settextjustify(0 ,2); 

en cl ; {p 1 ota)<: is} 

procedure $ave im g; 
beci in 

s i2:e:"' images i:z:e(:x:p--1.0 , vp--1.2, >=:p+lO , vpd?.); 
getmem(bm,size); 
getimage(xp- l~ 1 yp-1.2 , xp+l0 , yp+l2 , bm-); 

end; 

procedure p1ottrack; 
i,.J .:ir 

xi , v i , xn , v n, i: i 11 te ge r·; 
begin 

xi:"'stx;vi:=stv; 
for i:=O to (round(dur) div stpx)-1 do 

bq1in 
:x:n : 0,st:x:~· i*n:iund( stp:>;~'sc>::); 
vn:=stv-round((ary[i]-min[p])*scv); 
1 ine(x i , vi , :x:n, yn); 
xi .->m , \J J.:::yn; 

. end; 

end; 

procedure in it; 
'J<.11" 

i: integer; 
begin 

stpv:"'stpyp·; 

{p1ottrack} 

for i::::O to round(dur/stpx)-1 Clo 
bu"f[ iJ:=arv[ 1]; 

for i::::O to round(dur/stpx)-1 do 
flg[i ] :=O; 

· t 

l 

.. 



x::::stx; 
>J:=stv; 
tim::::O; 
'Ja Jue: :::m in[p]; 
outte>!.tX\.1(getmax>!.-1.00,0, ' T=O ms'); 

. str(min[p],stg); 
stg.:::concat(nam[p], '=' ,stq); 
outtextxy(getmaxx-100,10,slg); 
plottl'ack; 
xp:=x;yp:=round(y); 
saveimrJ; 
ou tt ex tx y ( x-i· l, round ( y) --6 , ' +' ) ; 

end, { ln it} 

procedure grscreen; 
begin 

detectgraph(gd,gm); 
in it graph ( gd , gm, ' ' ) , 

. stpx:=round(uptime); 
stp.=trunc(dur/10); 
if stp>stpx then 

stp:=trunc(stp/stpx) 
else 

stp:=1; 
if stp=l then 

xpts:=round(dur/stpx) 
e l se 

xpts:=trunc(dur/(stp*stpx)); 
if frac((max[p]-min[p])/10)=0 then 

stpyp: ::1.0.; 
if frac((max[p]-min[p])/20)=0 then 

stpyp: ::2.0; 
if frac((max[p]-min[p])/50)=0 Lhen 

stP>JP: "'~·O; 
if frac((max[p] min[p])/100)=0 then 

stpyp:=lOO; 
H frac((ma>!.[p}-min[p])/150):::0 tllen 

stp>Jp:::l.50; 
if frac((max[p]-min[p])/1000)=0 then 

stpyp: :::1000; 
va lue:=m in[p]; 
stpy :=stpyp; 
stx: :::60; 
sty:=getmaxy--70; 
endx:=getmaxx-40 , 
encly ::.: GO; 
scx:=(endx-stx)/dur; 
scy::::(sty-endy)/(max[p]-min[p]), 
incx:=round(scx*stpx); 
inc:v :=sq1*stpy; 

~.... -
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incyp:=round(scy•stpyp), 
endx:=stx+incx•round(dur/stpx); 
endy:=sty-incyp•round((max[p]-min[p])/stpyp); 
plotaxis; 
in it; 
msg:='Fl-Store pt F3-Uert step size F5 - Erase F7-Store 1 ine '· 
outtextxy(60,sty+50,msg); 
msg: :: 'f'!~ up-·Pre•,i tr'.:1ck Pg dn ··Next li'ack FlO-·Encl eel it'; 
outtextxy(60,sty+60,msg); 

encl; {grscreen} 

procedure readaxs; 
be9in 

it x=stx then x:=x+4, 
ou tt e:x: t)c: v ( :x:- 3, 1--0 un cl ( >J) -·G , ' ~-' ) ; 
>!..'">~p; 

str(tim,st~i); 

outtextxy(get111a)c:x-·1.00 , 0, cone at(' T"'' , stq,' ms')); 

str( 'J·~~ lue, stg), 
str~:=:concat(nain[p] , 1 

""
1 , st[J); 

outtextxy(getmaxx-100,10 ,stg); 

en cl , {reaclaxs} 

procedure movcurser; 
•Jar 

buf:..:1rry; 
i , ma xx: i ntege1- ·; 

begin 
maxx:=endx-incx; 
setviewport(getmaxx-110 , 0, getmaxx , 20,true); 
i::learv iett1port; 
s e t 1J i e w po n ( >: , 1- o u n d ( ~· ) , >~ ~- 8 , i-c11.rn d ( y ) t l 2 , t rn e ) ; 

c 1 earv iewport; 
setviewport(0 , 0,getmaxx,getmaxy,truP); 
case ord(key) of 

72 begin 

80 

>J:=y-incv; 
value:=value+stpy; 
ii' y<endy then 

y :=end~•; 
encl; 
begin 

y:=:y1· incy; 
value:=value-stpy; 
if y>sty then 

end; 
77 beg in 

/ 
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x.=>1.+incx; 
tim:-tim+stp:x:: 

end; 
begin 

x::::x-incx; 

t im:=tim-stpx: 
end; 

1.16 bec1in 
7;: ~ x + 1.0 ''inc x; 

tim:-tim+lO*stpx; 
end, 

US beci in 
>:: = >: -- 10 ~·inc x; 
tim:=tim-lO*stpx; 

encl; 
1111 begin 

>::=>:+20~'incx; 

tim:=tim+20*stpx; 
end; 

U.9 begin 
>::::: x-20"' i no:; 
tim:=tim 20*stpx; 

end; 

end; 
if x>m.oi>:>: then 

:x:: :::maxx; 
H >:<st>: tr1en 

x:=:st:x:; 

if tim<O then 
ti m: "o; 

if tim>round(clur-uptime) then 
tim:=rouncl(clur-uptime); 

if ualue<min[p] then 
1Ja 1ue: "'nl in[pJ; 

if ualue>max[p] then 
•Ja 1ue: ::max[p]; 

putimage(xp-10 ,vp-12 ,bm-,0), 
freemem(bm,size); 
>:p ::=x; 
~Jp;=round(~J): 

sa'Je img; 
readaxs; 

end; {mo 1Jcurser} 

procedure storept; 
ua r 

i: integer; 
begin 



tor i:=O to (round(dur) div stpx)-1 do 
bu f [ i] : = ar y[ i] 7 

flg[tim div stpx]:=l, 
ary[tim div stpx]:=valuer 
oldtime.=tim, 
oldval:=value; 
setviewport(stx+l , endy 8,endx+6,sty , true); 
clear1J ie1.t1port; 
setviewport(0 , 0,getmaxx , getmaxy,true); 
plot ax is; 
p1ottrack; 
:x:p;::x; 

VP :::-:round( y); 

saveimg , 
re ad ax s; 

end; {~;tor ep t} 

procedure erasept; 
IJ,'.l r· 

·i:integer; 
be!J in 

tlg[tim div stpx]:=O , 
for i:=O to (round(dur) div stpx)-1 do 

<:1rv[ iJ :=bu f[ i]; 
se tv ·i e i.1p cwt ( ~; t x+ 1, en dv •· 8 , encl ;x;i· 4, st!.! , true); 
c 1 ea r 1J i e lJP or t; 
setviewport(0 , 0 , getmaxx , getmaxy , tr ue); 
p1ota>(is; 
p1ottrack; 
>qJ ::~ x; 
y~t·:::round( y); 
sa 1Je i rn g; 
1~edd<:1xs; 

end; 

procedure chstpy; 
var 

done:boo lean; 
be!J in 

accept:::fa lse; 
1.11hi le not accept do 

begin 
str(max[p] ,m sg ) ; 

' 

msg; ::c:oncat ( '< 1. •• ' , msg , ' > ' ); 

outtextxy ( 60 ,0 , ' Mew step for y-axis= ' ); 
outtextxy(60 ,10 , msg); 
rwm:= " ; 
m:=230; 
.i : =O; 

~ .... 
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move to ( m , j ) 7 
over :"'fa 1se; 
wt1ile not over do 

begin 
dig: -=readkey, 
if d ig<>tfO then 

begin 
if (ord(diO) >"' 48) ond (or'd(dig) <.:: ~.7) then 

begin 
num:"'concat(num , dig); 
outte>'.t(dig); 

en cl ; 

if dig 118 thrn 
beg in 

if get>'.·· m t.r1en 

end , 

begin 
n:=getx 8 , 
sPtv iet,1port( n, j , n+20 , 10, 1:rue); 
clr~anJ iet,1port, 
setviewport(0 , 0 , getmaxx,getmaxy , true); 
mo veto (n , j); 

delete(num , length(num) ,l); 
rnd; 

if dig=#U then 
begin 

over:-"true; 
1Ja 1 ( num , n , code); 

end; 
l?.n cl 

else dig:=readkey; 
end; 

if (n>.::l) ·"lnd (n·-'llld>!.[p]) then 

begin 
stpy ::::n; 
incy:=scy*stpy; 
accept:=true; 

end 

begin 
setviewport(230 , 0 , 340 , 10 , true); 
c 1earv iewport, 
setviewport(O , O, getmaxx , gelmaxy , true) ; 

end; 
end; 

delay(300); 
setv iell1port( 50 , 0 , 340 , 20 , true); 
c 1 earv iewport; 
setviewport(stx+l , endy-8 , endx+4 , ~ty , true); 
c 1 earv iewpor t; 
setviewport(O , O, getmaxx , getmaxy , true) , 



p 1 ot.~n: is 7 
plottrack; 

xp:::: x: 

VP ;=round( v): 
save irng: 

readaxs; 

o•J er : " fa 1 s e: 

{chstp).J} 

procedure f irstpt: 

bf:'[Jil1 
oldtime.:::tim: 

olcl\Jal :=•,Ja lue: 

end: 

pi-- oc eel Lff e en clp t; 

pts; inte[:ier; 

be9in 

{fir';tpt} 

fo1- i:=O to (rouncl(dur) div stpx)-l do 

bu f[ i] ::::arvC i]: 
arv[tim div stpx]:=value: 

nett11: ime. ::::t im: 

nel\ival := •J a lu e: 

if newtime<oldtime then 

begin 

newtime:=oldtime: 

o 1 cit irne; =:t im; 

11e1,wa 1::::o1d•Ja1: 

olckJal := 1Ja lue; 

end, 
pts. "'( nev.1t irne--o 1 cit ime) cl ii-J 1·ound (upt irne); 

H pts>O then 

incval:=round((newval-oldval)/pts): 

for j:=l to pts-1 do 

arv[ ( ( o 1 cit ime) cl i•,J s tp:x:) -J·j ]: ::-:o lcl\Ja 1+ j '1 inc•,Ja 1, 

oldtime:-newtime: 

o 1dv a1:::net,1va 1: 

setviewp ort( stx+1 ,endy -8 , endx+6,sty,true), 

clear•J iev.1port; 

setviewport(0 ,0,getmaxx,getmaxy ,true): 

plotax·is: 

plott1Aack7 

xp ::::: x; 
yp:=round(y). , 

save img: 

readaxs; 

end: {en dpt} 

Bu 

.. 



t) begin {* procedure gredit} 

end. 

c 1 rs'cr; 
r~rscreen; 

O'Jer ::::false.; 
while not over do 

begin 

ke>1: :::readke).J; 
if ke.v.::tlO then 

2 begin 

kev; :::readkev, 
~case ord(key) of 

12,80,77,JS,115,116,117,119 
S9 

mo •,Jc ur se 1-; 
storept; 

o end; 

2- end; 
en cl; 

I 

{*procedure gredit *} 

(*unit edit'') 

G3 • erasept; 
Gl chstpy, 
G~. ··en dpt; 

68 · be9in 

n.>storecrtmocle; 
ended i L ::true; 

CPJer:::true; 
encl; 
begin 

re st or ec n mo de; 

if k<l then 
k: ""J<il"S; 

CP,J er:·= tr ur::~·, 
end; 

81 begin 
re~;torec:rtmode; 

k: :::lul; 
if lc>va1-s then 

k. ·-l; 
c11,.1er ::::true; 

3 end, 

• 

Bl 

.. 



(* Written by Shailendra A. Chafekar; 1989-90 *) 

unit trac:kgen; 

(*This unit specifies the in-built phoneme set*) 

intedace 

uses 

glbvars,basictns; 

cons t 
maxphn:::50; 

var 
/ 

phns , segst, segen , cle 1t,cle1 1,J , i ncv, 1Ja lue: integer; 
st ,en , locphn.~1rray[0 .. 40] of integer; 
cl , di:arTav[l .. pars] of intege1A; 
phn:a1Aray[L .40] of stri11!J[20]; 
lstphn:array[l .. maxphn] of string[20]; 

procedure tracks; (*parameter tracks tor in-built phonemes *) 

implementation 

uses . 
er t; 

procedure tracks; 

procedure getphn; 
begin 

k: "'v.1herev; 
if k > 0" 23 1:1'18 n 

begin 
k. "4 7 
window(l,k ,80,25); 
c 1 rs c1A , 
winclow(l,1 ,80 , 25); 
gotoxy(l ,k); 

end; 
write( ' Enter phoneme number' i , ' '); 
j: "'l>.1 ~ierex; 

k:-"'lJhere1r; 
whi le not accept do 

begin 
readln(phn[i]); 
p: :::1; 
if phn[i]<>' ' then 

begin 
whi le (p<:::maxphn) and (not accept) do 



• 

end; 

begin 
if phn[i]-lstphn[p] then 

begin 
accept:"' true; 

end: 
p::::pi·l; 

en cl: 
encl; . 

if not accept then 
begin 

windot~(j ,k, 80,I<); 
clr·scr; 
winclow(l,1,80,25), 
goto:x:v (j , k); 

eri-or, 

end; 
en cl: 

{qetphn} 

procedure gettim; 

begin 
tdr ite( 'Ent er the st<:irt and encl pts in ms '); 

j:=t,1he1-ex, 

k: :::1.i.1here1J; 
while not accept do 

begin 

end; 

1-e dd 1 n (st[ i J , en[ i J); 
if (st[i]<clur-·uptirne) dnd (en[i]<:=clur--uptirne) then 

be~Jin 
if (st[i]>pencl) and (st[i]<en[i]) then 

begin 
<:iccept:=true; 
pend:::::en[i]; 

end; 
en cl: 

if not accept then 

end; 

begin 
J,,J i ndOltl (j 1 k 1 80 1 ki-2); 

c 1 r·s er, 
winclow(l,1,80,25); 
go to xv (j , k); 
err·o r; 

end; 

{gettim} 

procedure plztracks; 

{parameter tracks for all-pole cascade/parallel synthesizer} I 

BJ 



procedure bit; 84 
begin 

d[3]:=100;d[4]:=60;d[5]:=0;d[6]:=0,d[7].-0, 
d[8]:=390;d[9]:=1990;d[10]:=2550;d[11J.=50,d[12]:=100,d[13]: 7 140; 
d[14]·=0;d[15]:=0;d[16]·=0;d[17]:=0;d[l8]:=0,d[l9]:-0,d[20]:=0; 
d[22]:=250;d[21]:=0;d[21]:=250; 

end; 
procedure beet; 

begin 
d~3].=100;d[4]:=60;d[5]:=0;d[6]:=0;d[7]:-0; 
d[8] =270;d[9]:=2290;d[10]:=3010;d[ll].=GO,d[12J.-200;d[13].~400, 
d[l4]:=0;d[l5]:=0;d[16J:=O;d[17]:=0;d[18]:=0;d[19]:=0;d[20]:=0; 
d[22].=250 ,d[21]:=0;d[23]:=250, 

end; 
p1Aocedure br:>t; 

be9in 
d[3]:=100;d[4]:=60 ,d[S]:=O;d[6]:=0;d[7]:=0; 
d[8]:=530;d[9]:=1840;d[l0].=2480;d[ll].-GO;d[12]:=90,d[13].=200; 
d[14]:=0;d[l5J·=O;d[16]:=0;d[17]:=0,d[18J:~O;d[19]:=0;d[20]:=0; 

d[ ·)·2 ·J ">so '[21··1 c· d[- 2· ·:i ·1 2 r.:c· .< •. .,:='.:.- ;o .. _:=J; ........ :=' .. )), 
end; 

procedure bait; 
begin 

d[3]:=100;d[4]:=60;d[5]:=0;d[6]:=0;d[7]:=0; 
d[SJ.=330,d[9J:-202o;d[lOJ:=2Goo;d[11J:=5S;d[12J:~1oo;c1[1JJ.=200; 

d[l4]:=0;d[l5]:=0;d[l6]:=0;d[l7]:=0;d[18]:=0;d[l9]:=0;d[20].=0; 
d[22']·=2SO·d["2l"J :7.r- ·i["2i'J·=:2rrn ··-• ·•• t· .. ··,,• J,£.. '.* ···I 

en cl; 
proceclu1Ae bat; 

be~~ i n 

cl[3]:=100;d[4]:=60;d[5J:=O;d[6J:=O;d[7]:=0, 
d[8J.=660;d[9]:=1720;d[10]:=2410;d[11]:=70;d[12J:-150;d[13]:=320, 
d[14]:=0;d[15]:=0;d[l6]:=0;d[17]:=0;d[18J:=O;d[19]:=0;d[20]:=0; 
d[22].=250,d[21]:=0;d[23]:=250 , 

end; 
pn1ceclure cot; 

begin 
d[3]:=100;d[4]:=60;d[5]:=0;d[6]:=0;d[7]:=0; 
d[8].=700;d[9].=1220;d[10]:=2600;d[ll]:=l30;d[12]:=70;cl[l3].=160, 
d[14]:=0;d[15]:=0;d[16]:=0;d[17]:=0;d[18]:=0;d[19]:=0;d[20]:=0; 
d[22].=250;d[21].=0,d[23]:=250; 

end; 
procedure caught; 

beq in 

d[3]:=100;d[4]:=60;d[5]:=0;d[6]:=0;d[7]:=0; 
d[8]:=570;d[9]:=840;d[10]:=2410;d[11]:=90;d[12].=100;d[13]:=80; 
d[l4J:=O;d[15]:=0;d[l6]:=0;d[l7]:=0;d[18]:=0;d[19]:=0;d[20]:=0; 
d[22]:=250;d[21]:=0 , d[23]:=250; 

end, 
p1Aocedure book; 



begin 

d[3]:=100, d[4]•::;60;d[5J:=O;d[6].=0;d[i']. --o I 

d[BJ:~440,d[9]:=1020,d[10].=2240,d[11]:-80,d[12]:=100;d[13]:=80; 

d[l4J:=O;d[15J:=O;d[l6J:=O;d[17]:=0;d[l8].~0;d[l9].=0;d[20]:=0; 

d[22]:=2507d[21].=0,d[23]:=250; 
en cl; 

p1~oc:edure boot 7 
begin 

cl[3]:=1.00 , d[4J:=GO·;cl[~1]. ·O ;d[GJ. "07cl[I']. ::Q; 

d[8]:=300;d[9]:=870;d[10]:=2240,d[ll]:=GO;d[l2].-80,d[l1].=60; 
d[l4]:=0;d[15]:=0;d[l.6]:=0,d[17]:=0;d[l8]:=0;d[19]:=0;d[20]:=0; 
~c· 22] ?. r·o I[-··> ·1] C dl·- ··>··{] 2 i:.;c c.1 := .. ) ;c_r.. .. :=:J;._r. .. .,>' ~.J; 

end; 

procedure but; 
beqin 

cl[3]:=1007d[4]:=60;d[5J·=O;d[6].=0;d[7J·=O; 
d[8]:=640;d[9]:=1.1907d[10]:=2390,d[11]. 80;d[12].•SO,d[13].-140; 
d[l4]:=0,d[15]:=0;d[l6J:=O;cl[l7]:=0;d[18]:..:0;d[19].=0;d[20]:=0; 
d[22]:=250,d[2l]:=O;d[23]:~250; 

encl; 
procedure bird; 

be9 in 
d[3]:=100;d[4]:=60;d[5J:=O;d[6]:=0;d[7]:=0; 
cl[8J.~490;d[9]:=1350;d[10]:=1690;d[ll].=100;d[12]:=60;d[13]:=110; 

d[l4]:=0;d[15]:=0;d[16J:=O;d[17]:=0;d[18]:=0;d[l9]:=0;d[20]:=0; 
d[22].=250;d[21]:=0;d[23].=250; 

end; 

procedun~ tiJ; 

beq in 

cl[ 3]: "' 10 0; d[ 4]: = '.:'10; r:l [r:,]: ::Q ; cl [6]: :0; d [7]: =O ; 
cl[ 8]. :: 29 0 1 d[ 9].::: 610; d[ 10]: ::215 0; d[ l l J: ..: I) 0; cl[ .1.2]: =~~ 0 1 cl[ 13]. ' 6 0 1 
d[l4]:=0;d[1.S]:=O;d[16].=0;d[l7J:=O;cl[18]:=0;d[19]:=0;d[20].~0; 
d[22]:=250;d[21].=0;d[23].=250, 

end; 

procedu1Ae y: 
beg in 

cl[-3]:=100·d['4-]:=50·d[5-]:=0 d['6"].~0·d[7J.=O· .. I - .,., I .. ,.,. I .. ,.,. I ..... I 

d[8]:=260;d[9]:=2070;d[lOJ:-3020;d[llJ:~40;d[12]:~250,rl[13].r500, 

d[14J:=O;d[15J:=O;d[l6]:=0;d[l7]:=0;d[18]:~0:d[l9]:=0;cl[20]:=0; 

d[22]:=250;d[2l]:=O:d[23].=250: 
end 7 

p1Aocedure r7 
begin 

d[3]:=1.00;d[4]:=50;d[5]:=0;d[6]:=07d[7].=0; 
d[8]:=310,d[9]:=1060,cl[10]:=1380;d[11]:=70;d[12]:=1007d[l3J.=1207 
d[14J:=O;d[15]:=07d[16]:=0;d[l7]:=07d[l8]:=0;cl[l9]:=0;d[20]:=0; 
d[22]:=2507d[21]:=07d[23]:=2507 

end 7 
procedure 1, 

begin 

86 



d[3J:=100;d[4]:=50;d[5]:=07d[6].=0,d[7]:=0; 
d[8]:-310,d[9]:=1050;~[10]:=2880;d[l1]:=50;d[12]:=100;d[13]. 280; 8~ 
d[14].=0,d[15]:=07d[16]:=0,d[17].=0,d[l8].=0;d[19]:=0;d[20]:-0; 
d[22]: -250 ;d[21.J :=O; d[23]: --250 I 

end; 

procedure ma; 
begin 

d["3]·=100 d["4"]:=GO·ci[5-]:=0·d[6l =O·cl[7J:=O· ,.. I ,.. - I ,.. ,. I ,., ,.... I .. l 

d[8].=480,d[9]:=1270,ci[10J.:2110,rl[11J.~40;d[12].=200,cl[l3] =200; 
d[14] =O ,d[l S] O;cl[1G]:=O;d[l7]:-0;d[18]:=0;d[l9]:~0;d[20]:-0, 

cl[22J.=450,d[21]:=0,d[23].=270; 
en cl; 

pr oc ed LW e na; 
bP£l in 

d[JJ:~1oo;c1[4J:-Go;c1[sJ:=o;c1[GJ.~o;c1[1J:~o, 

d[8J.=480;d[9]:=1340;d[10]:=2470;d[11]. 40;d[l2J.~300,d[11J.~300; 

d[l4].=0;cl[l5]:=0;d[16]:=0;ci[17]:=0;d[l8]:=0;d[l9]:=0;cl[20]:=0; 
d[22J.-450;d[21]:=0,d[23]:=270; 

end; 

procedure f'; 
bc-!g in 

d[3]:=0,d[4]:=0;d[5]:=60;d[6]:=0,d[7]:-0; 
d[8]:=340;d[9]:=1100;d[10]~=2080;d[11]:=200;d[12]:=120,d[13].~150; 

d[l4]:=0;d[15J:=O;d[16]:=0;d[l7J:=O;d[l8J:=O;d[19J:=O;d[20]:=S7; 
d[22]:=250;d[21]:=0;d[23]:=250; 

en cl; 
procedLwe 1J; 

beqin 
d[ T] : "'1. 0 0 · d[ 4 "] : = 4 7 ·cl r· 5 "]: :: G 0 · cl[" G "1 ::: 4 7 ·cl c· 7]: =O ·· ...... 1 •. - ! ...... l ... u, I . I 

d[8]:=220;d[9]:=1100;d[10]:=2080;d[ll].:60;d[l2]:=90;d[13J.=120; 
d[14]:=0;d[1.5]:=07cl[l6]:=07cl[1.7]:=07cl[l8]:=0;d[l9]:=0;d[20]:=57, 
d[22]:=250;d[21]:=0;cl[23]:=?50, 

·end; 
procedure th in 7 

begin 
d[3]:=0;d[4].=0;d[5]:=60;d[6]:=0;cl[7]:=0; 
d[8]:=320,d[9].=1290;d[10]:=25407d[ll]:=200;d[12J.=90,d[13J.=200; 
c1[14]:=0;cl[15]:=0;d[16]:=07cl[1.7]:=0;d[l8]:=0;d[l9]:=28;tj[20]:=48, 
d[22]:=250,d[21].=0;d[23]:=250 , 
end; 

procedure that; 
be9in 

d[3]:=100;d[4]:=47;cl[5]:=60;cl[6]:=47;d[7]:=0; 
d[8]:=270;d[9]:=1290;d[10]:=2540;d[11]:=60;d[12]:=80;d[1.3]:=170; 
d[ l4]: ::Q 7 d [1. 5]: = 0; d[ 1.6]: =O; d [17]: = 0; d[ 18]: =O ; d [l 9] :.:: 28; d [2 OJ:-- 4 8 7 
d[22]:=250;d[21]:=0 , d[23]:=250; 

end, 



procedu1~e sass; 
begin 
d[3J:=O,d[4J.=O;d[5J·~so;d[6J:=O;d[7J:~o; 

d[8].=320;d[9]:=1390;d[l0]. 2530,d[l1J.=200;d[l2]:-80,d[l3]: 200, 
d[14]:=0;d[15]:=0,d[16J:=O;d[17]:=0,d[18]:=0;d[19]:=52;d[20J:~O; 

d[22].=250;d[21]:=0;d[23].=250; 

pr·ocedure zoos; 
begin 

d[3].=100;d[4]:=47;d[5]:=60,d[6]:=47;d[7]:=0; 
d[8]:=240,d[9]:=1390;d[10]:=2530;d[11]:=70,d[12].=60;d[13]:=180; 
d[l4]· =O;d[1S]:=O;d[l6]:=0;d[17].=0;d[l8]:=0;d[19]:=52,d[20]:=0; 
1(-22· J· -2· so •t-2· 1·J ·:::o· d!··z· iJ :~2· r.-r· c ....... , Cl_ •.• • I --··. ,).J, 

en cl; 
procedure sl1oe; 

be9in 

d[3]:=0;d[4]:=0,d[5].=60;d[GJ:=O,d[7].=0;d[8]:-300 , 
d[9]:=1840;d[l0]:=2750;d[l1]:=200;d[12]::::1000;d[13J.=300; 
d[14]:=0;d[l5J:=O;d[l6]:=57;d[17]~=48;d[18]:=48;d[19]:=46; 

l·t-z· C "] 0 '[2. ·2·1 zq) d[" 2' l] 0 , .... 2 T'J 2'7 (' c .... J. := ,c1 ...... ::~ .. ).; ..... :=: ;aL .... := .::i.J, 

end; 

procedure pa; 
begin 

d[3]:=0;d[4]:=0;d[§]:=GO;d[G]:=O;d[7]:=0;d[8]:=400;d 
[9]:=1100 , d[10]:=2150,d[ll].=300;d[l2]:=150;d[13J:=220; 
d[l4]:=0;d[15J:=O;d[l6J:=O;d[17J:=O;d[18]:=0;cl[19]:~0; 

d[20] =fJ·d[-2·2··1 =2SO d[21"J·=O·rl["2'1"]·=25f· .··. ),, .. ··.· ... , . ···· .. • 1 ·.--.· .,J, 
encl; 

p1~ocedure bd; 

d[3]:=100;d[4].=47;d[5]·:60;cl[G]:=47;cl[7]:=0; 
d[8].~2oo;d[9]:=1100;d[10J:-21SO;d[11J.~GO;d[12J.=110 , d[11].=130; 

d[14J:=O;d[15]:=0;d[l6]:?0;d[17]::0;d[l8]:=0;d[19]:=0;cl[20]:=G3; 
d[22].=250;d[?l]::O;d[23]:=250; 

procedure ta; 
beg in 

d[3]:=0;d[4]:=0;cl[5]:=GO;cl[6]:=0;d[7]:=0; 
d[8].=400;d[9]:=1600;d[10].=2600;cl[l1]:=300;d[12]:=120,d[11]:=250; 
d[14]:=0;d[15]:=0;d[16]:=30;d[ 17]:=45;d[18]:=57 , d[l9]:=63; 
d[20]:=0;d[22]:=250;d[21]:=0;d[23]:=250; 

end·; 

procedure da; 
ber~ in 

d[3]:=100;d[4]:=47;d[5]:=60;d[GJ:=47;d[7]:=0; 
d[8]:=200;d[9]:=1600;d[10]:=2600 ,d[11]:=60;d[12]:=100,d[13].=170; 
d[14]:=0;d[15]:=0;d[16]:=47;d[17]:=60;d[18]:=62;d[19]:=60; 
d[20]:=0 ,d[22]:=250;d[21].=0;d[23]:=250; 

end; 

procedure ka; 

8'/ 



begin 
d[3]:=07d[4]:=0:d[5]:=60:d[6]:=0;d[7]:=0;d[8]:=300; 
d[9]:=1990,d[10]:=2850;d[11]:=250;d[l2]:=160;d[13]:=330, 
d[l4].=0:d[15]:=0;d[1G]:=53;d[17]:=43 ,d[18]:=45;d[19]:=45; 
d[20].=0;d[22].=250;d[21]:=0,d[23]:=250; 
if (locphn[i+l]>S) then d[15]:=60; 

end, 
p1~ocedure ga; 

bc~g in 
d[3]:=100;d[4]:=47;d[5J:~GO;d[6]:-47;d[7]:=0;d[8]:=200; 

d[9J.=1990,d[10].-2850;d[11]:=60;d[12]:=150;d[13]:-280, 
d[14].=0;d[15J:=O;d[16].=53 ,d[17] .=43;d[l8]:=45;d[19].-45; 
d[20].=0;d[22].=250;d[21]:=0,d[23]:=250, 
H ( locphn[ i +1]>5) then d[l~·]: "'60·; 

end~ 

pn1cedure c:h; 
begin 

d[3]:=0;d[4]:=0;d[5]:=60;d[6]:=D,d[7]:=0;d[8]:~350; 

d[9].=1800;d[10J:=2820,d[11]:=200,d[12]:=90;d[13].=300, 
d[14].=0;d[l5]:=0;d[lGJ:=44;d[l7]:=60;d[18]:=53;d[l9]:=53; 
d[20]:=0;d[22].=250,d[21]:=0;d[23]:=250, 

end; 
procedure judge; 

begin 
dl-3]:~100 d[-4]:=47·d[5"]:=60·d[-6]:=47·d["7"]:=0·ci[-8"1:=260· .. I ,. I .. ,, I .. .., I .. .., I •. ,.... I 

d[9J.=1800;d[10]:=2820;d[11J.=60,d[12]:-80;d[13J:=.270, 
ci[14]:=0;d[15J:=O;d[16]:=44;d[17]:=60;d[18]:-53;d[l9]:-53; 
d[20J.=O;d[22J.=250;d[21J~~o,d[23J:~2so, 

en cl; 

begin (procedure plztracks} 
case locphn[i] of 

1.: bi l, 2. be et ; 3: bet ; 4: bait; 
5.bat,6 cot , 7:caught;8.book; 
9: boot; 10. but; 11 : b i r cl; 12. lJ ; 

13:y,14:r;1S.1;16.ma; 
1.1' : n a , 18: f ; 19: •,i; 20: th in; 
21:that;22:sass,23:zoos;24:shoe; 
25:pa;26:ba;27:ta;28:da; 
29.ka;30:ga;31:ch;32:judge; 

end; 

end; {procedure plztracks} 

procedure ~ricstracks; 

( parameter tracks for pole-zero cascade synthesizer } 

procedure bit; 

80 



begin 

ci[2J:-o; 
d[3]:=100,d[4]:=60;d[S]:=O;d[6]:=0,d[7]:=0; 
d[8]_=390;d[9]:=1990,d[10J.-2550;d[11J.-50;d[12]:=100;d[13].-140; 
d[14].=0;d[15]:=0;d[16J:=O;d[17]:=0,d[18].=0,d[19]:=0,d[20].-0; 
d[22]:=250;d[21]:-0,d[23]:=250; 

encl, 
p1~ocedLwe beet; 

begin 
d[2]:=0; 
cl[3]:-100,d[4].=60,cl[S]:=O;d[6]:=0;d[7]:-0, 
d[8].=270;d[9].=2290;d[10J:=3010;d[11]:=60,cl[12]:=200;d[l3J.-400, 
d[14]:=0;d[15]:=0;d[l6J.~O;cl[17]:=0;d[18]:=0;d[19]:~0;d[20]:=0; 

d[22]:=250;d[21].=0;d[23]:=250; 
en cl; 

procedure be.t; 
begin 

cl[2J: ::Q; 

c1[3]:=100;d[4].=60;cl[5]:=0;cl[6].=0;cl[7].=0; 
d[8]:=530;dG9J:=1840;cl[10]:=2480,d[ll]:=GO;d[12]:=90;d[l3]:=200; 
d[14]:=0;d[15]:=0;cl[16]:=0;cl[17]:=0;cl[18]::0;cl[19]:=0;cl[20]:=0; 
d[22]:=250;cl[21]:-0;rl[23]:=250, 

end; 
pn1cedure bait; 

begin 
d[2] :=O; 
d[3]:=100;cl[4]:=60;cl[SJ:=O;d[6]:=0;d[7]:~0; 

d[8].=330,d[9J.~2020;d[10]:-2600,d[l1]:=55;d[l2J.=100;d[13].=200, 

d[14J:=O;d[15].=0;cl[l6J:=O;d[l7]:~0;d[18J:=O;d[l9J:=O;cl[20]:=0, 

cl[22].=250;d[21J.~O;d[23]:=250; 

end; 
procedLwe bat; 

br:,g in 
d[2] ::::0; 
d[3]:=100;c1[4]:=60;d[5].=0;d[6].-0;cl[7]:-0; 
d[8]:-660,d[9].-1720;d[10]. 2410 ,d[ll] .=70,d[l2J.=150;d[13].=320; 
d[l4J:=O;d[15J:=O;cl[16J:=O;d[l7J:=O;cl[18]:=0,d[19]:=0;d[20]:=0; 
d[22]:=250,cl[21]:=0,d[23]:-250; 

end: 
procedtwe cot; 

begin 
d[2] :=O; 
d[3]:=100;d[4]:=60;d[5]:=07cl[6]:=0;d[7]:=0, 
d[8]:=700,d[9]:=1220;d[l0].=26007d[11]:=130,d[12].=70,d[l3J:~160, 

d[14]:=07d[15]:=0;cl[l6]:=0;cl[17]:=07cl[l8]:=0;d[l9]:=0;d[20]:~0; 

d[22]:=250;d[21]:=0,cl[23]:=2507 
end ; 

procedure caught; 
begin 

d[2]:=07 
d[3]·=100;cl[4]:=60;d[5]·=0,cl[6]:=07d[7]:=0; 



d[8]:=5707ci[9J.-8407d[19J:~24107d[11]:=90,d[12].=100,d[13]:=80; 

d[l4J:=o:dc1sJ:=o:dc1sJ:=o,dc11J:=o;d[1aJ·-o;d[19J:=o;d[20J:=o: su 
d[22]·=250;d[21].:0;d[23]:=250; 

end; 
procedLwe book; 

begin · 

d[2] .=O; 
d[3]:=100;d[4].=GO;d[SJ:-O,d[6]:=0,d[7]. O; 
d[ 8]: = 44 0; cl[ 9] . ;; 10 20 Id [l O] .. 22 40 I d [1.l.J .. ; 30; cl[.\ 2]. ;: 10 0; d[ lJ J: =~~ 0; 
d[ 14 J: :;: 0 ·;de l ~I J : "0; cl[ 16 J: ;: 0 ; cl [ 1. 7 J : :: 0 t cl[ 1. 8 J: -0 ; cl [ 19] ; :: 0 t cl[ 20 J: :: 0 ; 

d[22]: ::250;cl[21.]:::0, d[23]. ::250 t 

end; 
procedure boot; 

begin 

cl[2]:=0; 
cl[3J :"'100, d[4J >'Go ;ci[SJ: =O ;d[GJ: .::o ;cl[7]. ··o; 
d[8]: ::JOO 1 cl[9] ::8JO; rl[lOJ: ~2240 1 rJ[l\.]. ::6() 1 cl[12]. -80 t cl[l3]. -60 1 

c1r:. 1. 4 J: ~,o , d c1 s J . ""o i d[ .1. G J: .. o ; c1L111 J : ·" o , c1c 1.8 J: "'o ; c1c19J : -o; d[ 20 J · ·· o ; 
d[-,·z·J·=z·~c c1r-~1·1·=o·dt-z·1J·=2·~r-.·-··. • • .)) I .f. .... • I .... • .• .1), 

en cl; 
p oceclure but; 

begin 
d[2]:=0, 
d[3].=100;cl[4]:-60,cl[5]:.::0;cl[6]:=0;cl[7]:=0; 
d[8]:=640;d[9]:=11.90;d[10]:=2390;d[11J:=80;d[l2]:=50;d[13]:=1.40, 
c1[14]:=0;d[15J:=O;cl[16J:=O;cl[ll']:=O;d[18]:=0;cl[l9]:=0;cl[20]:=0; 
·c z· 2· ··1 · =2so·c1 1-·") 1·J = o ;r·· ·z ·{ J :=2 sr1 • Ci . •. •• • - ., I L (. . • • I Ci •. .. • • • .) I 

en cl; 
procecl1.we bi rd; 

be[;i in 
d[2] :=O; 
d[3]:=100;d[4]:~GO;d[5]:=0;d[G]:=O;d[7]:=0; 

d[8]:=490;d[9J:=l350,d[l0]:=1690;cl[ll]:=1.00;d[l2]:=60;d[11J:=l10, 
d[14]:=0;d[l5].=0;cl[16]:-0;d[1/']:=0;d[1.8]:=0;d[1.9]:=0;cl[20]:=0; 
~[22··] 2~0 c1r-2·t] ·O d[-·21·] zro (I • . . . : ::: • .) ; • ·· · · : : ; • •· .. , : "'.": · .) I 

end; 

procedure w; 
beg.in 

d[2].=0; 
d[3].=100;d[4]:=50,d[5]:=0;d[G]:=O;d[7]:=0; 
d[8].=290;d[9]:=610;d[10]:=2150;d[11].=SO;d[12]:=80;d[13]:=60; 
c1[14]:=0;d[15J:=O;d[16]:=0;d[1.7]:=0;d[18]:=0;d[1.9]:=0;dt20]:=0; 
d[22]:"'.":250;d[21]:=0,d[23]:=250; 

end; 
procedure v; 

begin 
d[2]:=0; 
d[3]:=100;cl[4]:=50;d[5]:=0;d[6]:=0;d[7]:=0; 
d[SJ :=260; d[ QJ ;.:: 2070 I d[l OJ ·=3020; d[11] :=40; d[l2]. = 25 0 Id[ u ]: =5 00; 
d[l4J:=O;d[15]:=0;d[l6]:=0;d[17]:=0;d[18]:=0;cl[l9]:=0;d[20]:=0; 



d[ 2?.]. -=2 so; d [2 l]: "0; d[ 23 J. ·2 50 ; 

procedure r, 
begin 

d[2] :=O; 
d[3J:=lOO,d[4J:=SO;d[5J -O,d[6J:=O;d[7J:~o; 

d[8J.=310;d[9]:=1060;d[10].=1380,d[l1].=70;d[12J.=100;d[13]:=120; 
d[14]:=0;d[15]:=0;d[l6J:~O,d[l7].=0,d[18]:-0;d[l9]:•0 , d[20].-0, 

d[22]:=2SO;d[21].=0;d[23].=250; 
encl; 

pr oc eel ur e 1 ; 
begin 

d[2J:-O; 
cl[3]:=100;cl[4]:=SO;d[5J:=O;cl[G].=O;d[7]:=0; 
j[-··1 . .,10 d[···sJ Jrr.::c c1t··10·1 28RO ,·-·111 q· ;r-·1··r1·100 't-·1·-,··1 ··)RrJ c .8. ::::.). ; .. =·= .J-:iJ; . • ·· •. ·"' l. ,UL .... :=.).),Ci _ .. r. .. ~::. ;ci .... .l .• =r. .. I 

d[14]:=0,d[15]:=0;d[16]:=0 , d[17]:=0;d[l8]:=0;d[19]:=0,d[20]:~0, 

d[22]:=250,d[21]:=0,d[23]:=250; 
end; 

procedure ma, 
begin 

d[2].:::0; 
d[3]:=100;d[4]:=60;d[5].:::0;d[6]:=0;d[7]:=0; 
d[8].=480;d[9]::::1270;d[10].=2130;d[11]:~40;d[12].=200,d[l3].-200; 

d[14]:=0;d[15]:=0,d[16]:=0;d[17]:=0,d[18]:=0;d[19]:=0,d[20]:=0, 
cl[22]:=450;d[21].=0;d[23]:=270; 

en cl; 
procedure na; 

d[2] :::0; 
.d[3] :=1-00; d[ 4] :=60 ;cl[~·]: :::Q ;d[G]: ::0 ;d[l]: ::Q; 

d[8]:=480,d[9].=1340 ,d[l0]:=2470,d[11]:=40,d[l2].=300;d[13].=300, 
cl[14]·=0;d[15J:=O;d[16]:=0;cl[17]:-0;cl[l8] -O;cl[19]:=0;d[?O]:-O; 
d[22].=450;d[21]:=0;cl[23]:=270; 

en cl; 

procedure f; 
begin 

d[2] :<l , 
d[3]:=0;d[4]:=0;d[5]:=60;d[6J:=O;d[7]:=0;d[8]:=340; 
cl[9] := 1100 ;d[lO] :=2080 ;d[ll.] :=200; d[l2]: =120 ;cl[.l.3] ::::150 ,. 
d[14]:=5000;d[l5]:=0;d[16]:=0;d[17]:=0;d[18]:=9952;d[1.9]:=0; 
d[20].=57;d[22].=250;d[21.]:=0;d[23]:=250; 

end·; 
procedure v; 

begin 
d[2J.=1.. • • I 

d[3]:=100·d[4]:=47·d[5]:=60·d["6]:=47·d[7]:=0·d[8"]·=220· .. I ,.. I .. I .. I ... - I - I 

d[9]:=11.00;d[10]:=2080;d[11].:::60;d[1.2]:=9G;d[13]::::1.20; 



d[14].=5000;d[15].=0,d[16].·0;d[17]:=0;d[18]:=9952;d[19]:=0; 
d[20]:=57;d[22]:=250,d[21]:=0;d(23]:=250; 9~ 

procedure thih7 
begin 

d[2].=1; 
d[3]:=0;d[4]:=0;d[5]:=60;d[6].=0;d[7] =O ,d[8] -120; 
d[9]:=1290,d[10]:=2540;d[ll].=200;d[l2]:=90,d[11]:=200; 
d[l4]: 4420;d[15].=0;d[l6]:=0;d[l7]:=0;d[18]: 1210;d[19]:=28; 
d[20].=48;d[22]:=250;d[21]:=0,d[23].=250; 

end; 
procedure that; 

begin 
d[2]:=1, 
d[3]:=100;d[4]: 47;d[5]:=60;d[6]:=47;d[7]:=0;d[8]:=270; 
d[9].-1290 ,d[10].=2540,d[11J.-60,d[12]:=80;d[13]. 170; 
d[14]:=4502;d[l5]:=0,d[16]:=0;d[17]:-0;d[l8]:=1152,d[19]:=28 , 
d[20].=48 , d[22J.-250;d[21].=0;rl[23].-250~ 

end; 
procedure sass, 

begin 
d[2].=1, 
d[3]:=0;d[4]:=0;d[5]:=60;d[6]:-0;d[7]·=0;d[8]:=320~ 
d[9]:=1390;d[10]:=2530;d[11]:=200;rl[12].=BO;d[l3].=200; 
d[14]:=5000;d[l5]:=0;d[16]:=0;d[17]:=0;d[l8]:=10170;d[19]:=52; 
·1r-20·1·~o·d[-22·1 =z·rrJ d[-2·11· =O-d[-2·~-1-=·zrrJ. C •.• • , ........ _.)I,. , .···• I _ .. J .• ,,) 1,., 

end; 
procedure ! zoos; 

begin 
d[2]:=1; 
d[3]:=100;d[4]:=47;d[5]:=60;d[6]:=47;d[7]: O~d[8]:=240; 
d[9]:=1390;d[10].=2530,d[ll]:=70;d[l2]:=60 ,d[13]:=180; 
d[l4]:=5000;d[15]:=0;d[l6]:=0;d[l7]:=0;d[l8]:=12000;d[l9]·=52; 
d[20]:~0;d[22]:=250;d[21]:=0;d[23]:=250 , 

end , 
procedure shoe; 

begin 
d[2J:~l; 
d[3]:=0;d[4]:=0;d[5].~60;d [6J:=O;d[7]:=0;d[8]:=300; 
d[9]:=1840;d[10]:=2750;d[ll]. 200,d[l2]:=1000 , d[l3].=300; 
d[14]:=4473 , d[15]:=3652;d[16]:=3153:d[17]:=48:d[l8]:=928;d[19]:=218: 
d[20]:=267,d[22]:=250,d[21]:=0,d[23]:~250 , 

end; 

procedure pa; 
begin 

d[2]:=1; 
d[3]:=0;d[4]:=0;d[5]:=60;d[6]:=0;d[7J:=O:d[8] =400: 
d[9].=1100;d[10].=21507d[ll]:~100,d[l2]:=150;d[13]:=220, 
d[14]:=5000;d[15]:=0:d[l6]:=0:d[17]·=0;d[18]:=7745;d[l9]·rQ; 



d[20]:=63,d[22]:=250;d[21].=07d[23]:=2507 
end; 

procedure ba, 
begin 

cl[2]::::1; 
d[3]:=100;d[4]:=47;d[5]:=60;d[6]:=47;d[7J:~O;d[8]:~200; 

d[9]:=1100,d[10]:=2150;d[ll].~60;d[12]:~110,d[l3];~130; 

d[14]:=5000;d[l5]:=0;d[16]:=0;d[17]:=0;d[l8]:=7745;d[l9]:-0; 
L[" 2' O "] h.., ~r-- 22· "] ? r·o I c·) ·1 ·1 r ![" Y{ "] _, 'H)(J' I Ct " . • : :: ) .J 7 Ct • . • : = ~ .. ) I (I r.. '.. • .~ J I c . (, .. . . ' 

en cl·; 
proced1.we t<.17 

beqin 
d[2]. <J, 
dl .. 31 :-- 0 · cl[' 4] : '0 · d[ .. r;, .. ] : = 60 · cl[' 6 "): ,, 0 ·cl [ F] · = 0 d [ 8] :-- 4 00 · .. ..... I .. I •. .. I •. • I .. ,,.. I .. I 

d[9]. 1600,d[l0].=2600;d[ll].-300;d[l2]: 120;d[13J.-250; 
d[14].=3975,d[l5]:-3363;d[l6]:=2627;cl[17]:=45;d[18J.~487;d[19]:=267; 

d[-'/0] "zr.;f-rl["'/2"J·:::2i:;r· !["21")·=,0· l["23J·::·~'Sr-.. '" • " " ) I ·· .. "· ·· , ' · ' .) I ( .. .. · · , ' I ( .. " • .._ " .) I 

end; 
rwocer:lure da; 

be9in 
d[2]:=3; 
d[3]:=100;d[4]:=47;d[5]:=60;d[6]:=47;d[7]:=0;d[8]:=200, 
d[9]:=1600,d[l0]:=2600;d[11]:=60;d[12J.=100,d[l3J:~l70; 

d [ 14 J: :: 4 23 2; cl[ 1.5 J: :: 3 4 9 7 ; cl[ 1.6 J: = 2 69 3; cl[ 1. i' J: :: 6 0 ·; cl[ 1. 8 J: = 7 ~,r:, ; cl [ 19] : = 2 4 9 7 · 
d[ 20 -] :::18S - j [22") -= ':>l) (J l[" 21 ·J- "() · d ["2 "{] ::: "'11 () - . • · .. I (. . · ··• • i.;...." . I f.. ..... · •• .. • I •. "· ., • (.. . . , . I 

en cl; 
pr-ctc ed ur e kd; 

d[2]:=3; 
d[3]:=0;d[4]:=0;d[S]:=60;d[G]:=O;d[7J:~O;d[8]:=300; 

d[9J.=1990;d[l0]:=2850;d[11]:=250,d[12].=160,d[11]:=330; 
d[1.4]:=4465;d[1.5]:=3673;cl[16]:=3180,d[l7]:=43;d[18J:~929;d[l9]:=267, 

d["?C") =~74 d[-22·1 :::'/ro ci[21J·=O d[21"] :-:>rr .. ' J, 0 (. I ' .. , " > .. ) ' I · . ·' · • I ··" .. " " .) .) I 

i'f ( 1ocphn[ i +l]>S) then 
be!~ in 

cl[2]: ,4; 
cl[l4]:=4S20,d[15]:=3687;cl[16]:~31.99;d[17].=2343;cl[18]:~950; 

ci[19J.=21l;d[20]:=266;d[21]:=?24; 

eri d; 
p1~ocedure ga; 

begin 
d[2]:=3; 
cl[3]:=1.00;d[4]:=47;d[5]:=60;d[6]:=47;d[7]:=0;d[8]::200; 
d[9].=1990,d[l0]:=2850;cl[ll].=60;d[12]:=150;d[l3]:=280; 
d[14]:=4464;cl[1.5]:=3673;d[16]:=3180;d[l7]:=43;d[l8J.=927;cl[l9]:=21.4; 
d[20]:=260,d[22].=250,d[2l]:=O;d[23].=250; 

if ( 1ocphn[i+1.]>5) then 
begin 



cl[2] . .:4; 
d[14J.~45ZO;d[1.5] -3687;d[1.6] =31997d[17]:=2343;d[l8]:=950; 8 4 
d[19]:=21l;d[20]:=256;d[21]:-201; 

end; 

end; 

pn1cedure i.::h; 
begin 

d[2J :=3; 
d[3]:=0;d[4J·~O;d[5]:=60;d[6]:=0;d[7].=0;d[8]:=350; 

d[9]:=1800 1d[l0]:=2820;rl[11]:=2001d[l2].=90 1d[13].=300; 
cl[ 14 J: ::4 42 0; cl[ 1.!:1 J: :-3 67 3; d[ lG]: "' 2 88 2 ; cl[ l l J: 6 0 I cl[ 18 J: =8 96; cl [1. 9]: . 21 !:1; 
cl[20]:=295 1d[?2].=2501cl[21].•0;d[23]: 2501 

en cl 1 

procedure judge; 
begin 

d[2]:":31 
d[3]:=100 1d[4]:=47;d[5]:=60 1d[6]:=4l;d[l]:=O;d[8]:-2GO; 
d[9J:=l800;d[10]:=28201d[11]:=60;d[12].~80;d[l3].=2701 
d[14]:=4420;d[15J.-3673;d[1.6]:=2882;cl[1.7].=60;d[18]:=896;d[19]:=215; 
d[20]:=295 1d[22].=250;d[21]:=0;cl[23]:=250 1 

en cl·; 

begin (procedure fricstracks} 
case locphn[i] of 

1.:bit;2:beet 13:bel ;4:bdit; 
S:bat 16:cot 1?.caught 18.book; 
9:boot;lO:but 11.1.:bircl;l2:w; 
13: v; 14: r; P:>. 1 1 16. ma 1 

1.7:na;1.8:f ;1.9:u;20:thin; 
21:that;~2:sass;23.zoos;24:shoe; 

25:pa;26:ba;27:ta;28:da; 
29:ka 130:gJ;3l:ch 132.judge 1 

en r:l; 

end~ ( procedure fricstracks} 

, begin (* procedure tracks *} 

c 1 rs er·; 

1stphn[1.]:= ' bit' ;1stphn[2J:= ' beet 1 ; 1stphn[3]:= 1bet'; 
1stphn[4 ]. = 1 bait 1; 1stphn[5]: ,, 1 bat ' ; 1 stphn[6] .""'cot ' ; 
1stphn[7]: =' caught ' ; lstpl1n[8]: ,, ' book'; 1stphn[9]: =' boot ' ; 
1 s tp hn [l OJ:= ' but ' ; ls tp l'ln [11]: = ' b i rd' ; 1st ph n[l2]:::: ' tJ ' ; 

1 s tp hn [13]:::: I \,! I ; 1 s tp hn [1.4 J: = Ir I ~ 1 s tp hn [15]:::: I 1 I ~ 

1stphn[16]:= ' ma'; lstphn[.\.l]:::: ' na ' ; 1stphn[18]:::: ' f ' ~ 

1stphn[l9]:= 'v ' ~ 1stphn[20]:= ' thin'; 1stphn[21.]~"' ' ti"1at ' ·; 
1stphn[22]:= ' sass'; 1stphn[23].= ' zo~s'; 1stphn[24]."' ' shoe'~ 
1stphn[25]·= ' pa'; 1stphn[26]:::: ' ba'; 1stphn[27]:= 'ta'; 



1stphn[28J:='da', 1stphn[29]:='1<a'~ 1stphn[30J:='ga' ~ 
1stphn[31.J:=='ch', 1stphn["12]:= 1 judge', 

accept :::fa 1se; 

write( 'Number of phonemes 

k. ·~1.\1 he re>'.~ 

while not accept do 
begin 

num::: ' '; 

< l..' , m~i:i-;phn, ' > 

getresp('number' ,' .i' ,'j' , 'j' , '.i')~ 

end~ 

if (number>=!) and (number<=40) then 

acc:ept:"tr-ue 

else 
be~1 in 

window(l<,1,80,1) , 

(: 1 i"SCr ~ 

window(l,1,80 , 25)~ 

goto>::v (k, 1.) 7 
error~ 

encl; 

phns: ::number~ 

tJrite1n~ 

1..iriteln; 
pend :=07 
for i:=l to pl·1ns do 

begin 
l.triteln; 
accept::: false~ 
getphn7 
1.Jr iteln, 

.:1ccept:=fa 1se7 

gett im~ 
l<ll" it e 1n7 

~,nd~ 

for i: =1. to phns do 

be9in 
for j:"1. to maxphn do 

end~ 

beqin 
if phn[i]::1stphn[j] then 

locphn[i]:~j ~ 

end 7 

en[OJ: ::0; 
st[phns+l]:=round(dur-uptime)~ 

locphn[phns+1.]:=0; 

tor i:=l to phns+l do 

begin 

if cas_par then 

p I ztrac:l<s·; 

if cas then 



fr icstracks; 
if ( i<phns~·l) then 

begin 
for j:=round(st[i]/uptime) to round(en[i]/uptime) do 

f~nd I 

begin 
for k:=l to vars do 

bf~ gin 
vdri :::: lvar[k]; 
posn:::( 1Jar i··l) ~round(j ''pars); 
partrc-[posn]:=d[vari]; 

end·; 
end; 

it ( i=1.) then 
begin 

it c as ... P ~)I" t lien 
for j:=3 to 23 do 

cli[j ]>'d[j ]; 
if c:as then 

for j:=2 to 23 do 
di[j]:::d[j], 

cli[4]·::-0; 

I . [ .. S '] • ::0 • ( J •. " • • I 

di[G]:=O·; 
cl i [l]: =O; 
if cas_par then 

en r:!; 

for j:=14 to 21 do 
cli[.j]:::O; 

if ( j::phnstl) then 
beiJ in 

"ii' c as __ p .zir· then 
tor j:=3 to 23 clo 

cl[j]:=di[j]7 
if c:as then 

for j:~2 to 23 do 
d[j ] : = d i Li J; 

d[4].=0; 

d[~5] .=O I 

d[G]::::O·; 
d[7] :::0; 
it cas_par then 

for j:=14 to 21 do 
d[j]:-O; 

end; 
segst:=round(en[i-1]/uptime); 
segen:=round(st[i]/uptime); 
delt:=segen-segst; 
for k:=l to vars do 

begin 
1Ja1-i := ]1Jar[k]; 



end; 

en cl. 

delv:=d[vari]-di[vari]~ 

if de 1 t<>O then 

end; 

begin 
incv:=round(delu/delt); 
for j:=segst to segen do 

begin 
posn: =(vari - l)+round(j*pars); 
value:=di[uari]+(j segst)*incv; 
if clelv>O then ii' 1,1alue>cl[ 1,u:ir-i] then 

1Jci lue: "'d[•Jar i]; 
if delv<O then if value<d[uari] then 

1Ja Jue: "d[ 1Jdl" i]; · 
partrc-[posn] . . , ,J.:i 1 ue; 
if (eds) and (vari"'2) and (j>segst) thr:.n 

begin 

encl; 
end; 

if locphn[ i] < 18 then 
partrc-[posn]: =d[vari]; 

end; 

H cas_pai~ then 
for j:~3 to 23 do 

di [j ]: ".d[j J; 
ii' cas then 

for j:=2 to 23 do 
di[j J>:d[j ]; 

{* procedure tracks *} 

(*unit trackgen *) 



( ,.. Written by Shailendra A. Chafekar; 1989-90 
I 

,,, ) 

unit p1z; 

(*This unit implements the a11-po1e· cascacle/para11e1 svnthesi;.;er· *) 

interf-:ice 

uses 
glbvars , basicfns; 

•Jar-
Sl>J: i ntege1-; 
alp,a2p , a3p , a4p,a5p,a6p,an ,ab , ylp,yllp ,y12p,y2p,y2lp,y22p, 
y1p,y31p,y32p,y4p , y4lp,y42p,y5p , y51p,y52p,y~p,y61p,y62p, 
ve1cas,yab,ve1par:r-eal; 

procedure plzinit; 
procedure plzpars; 
procedure plzcoeff icients; 
procedure plzwaveform; 

imp 1 em en tat ion 

procedure plzinit; 

{* forms parameter array *} 

(*calculates coeficients *} 

{* outputs speech sequence *} 

begin 
m1m[1.]: = 'SW ' ; n am [2]: =' !'IF ' ; na m[ 3]: ~ 'F 0' ; n am [ 4]: "'' r·l\) ' ; na m[ SJ::: 'AF' ; 
n.::i m[ 6].::: ' fl ~!S ' ; na m[ 7]:::: ' fl H' ; n am [8 J: =' n ' ; n<-1m[9] . ~ 'F 2' ; 
na m[ 1.0 J:::: ' F3' ; na m[ 1J. J: =' B~l l ' ; n am [1. 2]: "' ' B l(l2 ' ; na m[ n J: ""' Bl(l 3 ' , 

rwm[l4 ]. ·~' Rl' , n,'1m[l~1]. =' fl2'; nam[16]. ·~ ' fl3 ' ; n.::im[l7]. •~ ' fH '; 
nam[1.8]: "' ' A::,'; nam[1.9]: =' f-16 ' ; nam[20]: "'' 1·1B'; nam[22];:::' Fl'll ' ; 

[-2·1··1 · ' Ahl' t-·'.nJ 'B1Jhl./ ' t--:i 1·1. 'u1··r··1·' t·2···1 '<::R' n am . . .... ~ 1 ; n am . .. .. : -= . v 11 . , n am ... 11 • ='' ... J , n am ... ) .. "· .. , , 
nam[26J:='GO ' ;nam[27]:='F4';nam[28J:='FS';nam[29J;: ' f6'; 
na m[ 30 J: :: ' BlJ 4' ; n am [31]:::: ' B l(15 ' ; na 111[ 32]: :: ' BW 6' , n am [23]. 'F iW ' ; 

n.::i m[ 34 J: =' Bl(l liP ' ; na m[ 3~·]: =' F GP ' ; 11 ~lfn [3 6]:"' 'B ~I G P' ; 
na rn[ 37]: =' FG l ' , n am [3 8]:-= 'B WG Z' ; n am [3 9]." ' B WG S' ; 

conf[l]: =' C' ;conf[2] ;= ' C' ; cont[ 3]: =' C' ·;cont[ 4] := 'C'; conf[~·J: :: ' C'; 
con f [6]: = ' C' ; con f[ 7].::: ' C ' ; co nf [8]: =' C' 7 con f [ '.~]: = 'C ' ; con f [l OJ::: ' C ' ; 
conf[11.]:= ' C';conf[12]:= ' C';conf[13]:= ' C' ;conf[14]:= ' C'; 
conf[1.SJ:= ' C' 7conf[16]:= ' C' ;conf[17]:::: ' C' 7conf[l8].='C ' , 
conf[19]:::: ' C';cont[20]:= ' C';conf[21.J:= ' C';conf[22J:='C'; 
conf[23].= ' C' 7conf[24J:='C ' ;conf[25].='C ' ;conf[26]:='C ' ; 
conf[27]:= ' C' ;conf[28]:='C';conf[29]:= ' C';conf[30].= ' C' ; 
conf[31]:::: 'C ' ;conf[32]:= ' C' ;con-f[33]:= ' C', conf[34]::= 'C'; 
conf[3~·] := 'C'; conf[.36] := 'C ', coni'[37] := ' C' ; 

min[l].=0,min[2]:=4 , min[3]:=0;min[4]:=0, 
min[5J:=O;min[6J:=O;min[7J:~o;min[8]:=150; 



min[9]:=500,min[l0].=1300;min[11]:=40;min[12]:=40; 
min[13]:=40,min[14]:=0;min[15] =O;min[16J:=O; 
min[17].=0,min[18]:=0,min[l9]:=0,min[20].=0; 
min[22]:=200,min[21]:=0;min[31].=50,min[24]:=2; 
min[25]:=5000,min[26].=0,min[27].=2500,min[28J =3500, 
min[29]:=4000;min[30]:=100,min[31J:-150;min[12].=200, 
min[23]:r200,min[34].=50,min[15]:=0,min[3GJ =100, 
min[37]:=0,min[38].=100;min[39J.~100, 

max[l].=l;max[2].=6;max[3]:=500;max[4]:-80; 
max[5]:=80;max[6]:=80;max[7]:=80;max[8]:-900; 
max[9J.=2500;max[lOJ.~3500;max[11]: 500,max[l2].=SOO, 
max[13]:=500;max[14]:=80;max[15]:=80;max[16].·80, 
max[17]:=80,max[18]:=80;max[19J.=80;max[20]:=80, 
max[22]:=700;max[21]:=80;max[33]:=500;max[24].=50; 
max[25]:=20000,max[26J.-80;max[27]:=4500,mdx[28]:=4900; 
max[29]:=4999;max[30]:=500;max[31]:=700;max[32]:=2000, 
max[23].=500,max[34J:=SOO;max[35]:=600;max[36].=2000; 
max[37] :=5000;max[38 ] :=9000;max[39]:~1000; 

def[l]:=O;def[2]:=4;def[3]:=0;def[4]:=0, 
def[5]:=0;def[6]:=0;det[7]:=0;def[8]~=450; 

def[9].=1450;def[10]:=2400;def[11]:=50,def[12]:=70; 
def[13J:=llO;def[14J:=O;def[l5J:=O;def[lGJ:~o, 

def[l7J:=O;def[18].=0,def[19J:=O;def[20]:=0; 
def[22]:=250;def[21]:~0;def[33]:=100;def[2~]:=5; 

def[25]:=10000;def[26]:=47,def[27J:~3300,def[28].=3750, 

def[29]:=4900;def[30]:=250;def[31]:=200;def[32]:=1000; 
def[23].=250;def[34]:=100;def[35]:=0;def[36]:~100; 

def[37]:=1500;def[38]:=6000;def[39J.=200; 

end; (* procedure plzinit *} 

procedure plzpars; 
begin 

sw:=par[l];nf:=par[2];fO:=par[3];au:=par[4];af:=par[5J; 
dUs:=par[6];ah:=par[7],fl:=par[8J;f2:=par[9J;f3:=par[10]; 
bwl:=par[11J;bw2:=par[12];bw3:=par[13J;alp:=par[14];a2p:~par[15]; 

a3p:=par[16J; a4p.=par[17],a5p.=par[l8J;a6p:=par[19J;ab:=par[20J, 
fnz:=par[22];an:=par[21J;bwnz:=par[33];uptime:=par[24]; 
samprate:=par[25J;gO:=par[26];f4:=par[27];f5.=par[28], 
t6:=par[29];bw4:=par[30J;bw5:=par[31];bw6:=par[32]; 
fnp:=par[23J;bwnp:=par[34];fgp:=par[35J;bwgp.=par[36J, 
fgz:=par[37];bwgz:=par[38];bwgs:=par[39]; 

end; {* procedure plzpars *} 

procedure plzcoeff icients; 
const 

{SCALE FACTORS} 



alsca:::-58; 
a2sca:::-657 
a3sca=-737 
a4sca=--78·; 
<:1~)sca:::--79, 

ar·; sc a::: --8 O 7 
ansca:::-587 
ab sc a:::: --8 4 7 
<1vsca:::--72, 
ahsca:::--102; 
af sca:::-727 
assca::::-44; 

'Jd( 

\ . 

pr·oxcor:.::wrav[L .10] of integer-; 
cor: int(~ger; 
pi , p i 2: 1~ ea l; 
fldev,f2dev,f3dev , a2cor , a3cor:real7 
t12cor ,f23cor , f34cor , f21 ,f32 , f43:real; 

• 
begin 

pi:::::4.0*an:tan(1..0); 
(COR FOR FMT PROXIMITY} 
for i::: 1. to 10 do 
proxcor[i].~11-i; 

{INITIALIZE IF BEGINNING OF UTT} 
it initcoeH then 

begin 
afprev:::::07sampint:~l/samprate; 

pi2:-pi*samprate; 
pi2::::2*pi7 
initcoeff.=false7 

end; 

•Jo iced :":-fa lse7 
aspi::::false; 
frc:::false, 
'Jfn: :::::·false; 

(AHPL OF VOICING} 
"ii' av>O then 

'JO iced::::true7 
av:=gO+av+avsca; 
implse:= 1 inamp(a 1J); 

{Al'IP l. OF ASP} 
if ah>O then 

<1spi::::true; 
ah:=gO+ah+ahsca; 
asp:=l inamp(ah); 
{AriP L OF F RIC} 
ii' af>O then 

-frc: =true; 

l uu 
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af .=gO+af+afsca, 
{tn all par mode, af=max(ah,af).} 
if (af<ah) and (SlJ=l) then 

'd': "' al1; 
fr ic:" 1 inamp(a-f); 
if voiced and frc then 

•Jfrc:=true, 
(PLOSIVE BURST MARKER} 
plrel.:::0, 
if((ai'-·<:dpre1,1)<50) tl·1en plre1:=:1 inamp(g0<afsca+44); 
atpre•J .::::af, 
(QU SIN VOICING FOR VOICED OBSTRUENTS} 
avs.=gO+avs+assca; 
sinamp:::::1inamp(avs); 

{COR FOR FMT DEV} 
fl de IJ: :::fl./ !:10 0; 
a2cor:=fldev*tldev; 
f2de 1,1: =i'2/ 1.5 00; 
a3cor:=a2cor*f2dev*f2dev; 
(FIRST DIFF FOR F2} 
a2cor:=a2cor/f2dev; 
(COR FOR FHT PROX} 
fl2cor::::O; 
t23c:or:=:O; 
f34co1- .:::0, 
121.: =f 2-n; 
'f32: :::fJ-f2-50' 
·f43:::f4-f3-·1!:10; 
cor:=round(f21/ 50); 
if cor<l then 

cor.=l; 
if c:or >10 t:heil 

cor: =10, 
f1.2cor:=proxcor[cor]; 
cor:=round(f32/ 50); 
if cor<l then cor:~l; 
if cor >10 then cor.=10; 
f23c:or:=proxcor[cor]; 
cor:=round(f43/ 50); 
if cor<l then 

co1-: =1; 
if c:or >10 then 

cor:=lO; 
f34cor::::proxc:or[cor]; 

{PAR FMT AMP LS} 
a1.p:=a1.p+f12c:or+a1.~ca; 

alp:"' 1 inamp( alp); 
a2p:=a2p+f1.2cor+f12cor+f23cor+a2sca; 
a2p:=a2cor''1 inamp(a2p); 

• 

l u1 

.. 



a3p:=a3p+f23cor+f23cor+f34cor+a3sca; 
a3p:-::a3cor''l inamp(a3p)7 
a4p:=a4p+f34cor+f34cor+a4sca; 
<:14p: =a3cor'' 1 fr1amp( a4p) 7 
a5p.=a5p+a5sca, 

aSp: --a3c:or"·1 inamp(a5p); 

a6p: =a6p+a6sca, 

a6p: =a3ccli'"' 1 inamp( .:16p) 7 
u) rrn l'I n s H L F M T} 

an :=an 1·.:1nsca 7 
an::: linamp(an), 

{BYPASS FRJC PATH} 
Jb. ::,:;b+absca 7 
ab:-" 1 i narnp (ab);· 

(RES COEFFICIENTS} 
zero : ·'f<:1 lse; 

f i lcoef('fl ,bLJl. , al, bl ,cl), 

·f i lcoei'( 'f2 , b1.<12 , a2 , b2 , c2); 
fi lcoef( f3 ,b1.<13 ,~j3 , b3 ,d), 
f' i lcoe'f'( i'4 , bw.f , a4, b4 , c:4) 7 
f i lcoef( i'5 I bL\i~) I a5 I b~) I c~)) I 

ti 1 c: oe f ( f6 , b w6 , a 6 , b6 , c G) ; 
f i lcoef ( tnp, b1.H1p, anp, bnp, cnp), 

zero:=true7 

f i l coe f ( f'n;;: , bwnz, anz , bnz , cnz); 
s.:imperpitch;::l; 

• 

{Ii tO,av , as are 0 ,no glottal pulse} 
ii' ((voiced) or (.::i•,is>O)) and (fO>O) then 

end; 

be~.J in 

{ii" (fO> 0) and ( a•,P.0) then beg in} 

{Glottal w.::ive more sinusoidal .::it high fO} 
bwgp:=round((bwgp"'lOO) I fO); 
1ero.:::fa lse, 

·f i lc:oef( fgp I bLJgp I cigp I b~JP I cgp) 7 
fgs:=O, 

f ·i lc:oef( fgs , bwgs , ags , bgs, c:qs); 
zero.·::true, 

f i lcoef'( fgz , bv.1ciz ,ag2: , bg:r.: , c~p)7 

samperpitch::::1~ouncl(samprate I f0)7 {per pitch period} 
{Set agp constant in· its m idbancl} 

<19 p. =O. 0 Ol 7 

{fO not to go below 40 Hz} 

if f0<40 then f0:=40; 

{Impulse stren~th prop to fO} 
implse:=implse*f07 

end7 

("' procedure plzcoeff icients "'} 

procedure plzwavetorm 1 

lu ~ 



begin 
1Je 1cas:::07 
{INITIALIZE AT THE START OF UTT} 
if start tl1en 

I 

begin 
{initia1 ize fi 1ter outputs} • 
yllc:=O;yl2c:=07 {**cascade mode1**} 
y21c:=O;y22c:-O; 
v31c O,~.iJ2c:·07 

y41c·-O;y42c:-O; 
y51c."O,y52c:=07 
y61c. "O;yG2c:=O; 
ynplc. ,0 ,ynp2c:=-O; 
v n z1. c: "0 ; v n z 2 c : =' 0 ; 
yllp.=O;yl2p:=O; 
y2lp.=O;v22p;.;:0; 
y31µ.=0;y32p.-0 , 
y41p:~O;y42p:=O; 

y51p::O,y52p:~O, 

y61p:•O,y62p:=O; 
ynpl:=O,ynp2~"0; 

ygp1.:=0;ygp2:=0; 
ygzl: O,ygz2:=0; 

{**source shaping**} 

ygs1.:=0;ygs2:~0; 

vgs3.=0,ygs4:-0, 
g 1 ot ve 1 AL. "'O ; g 1 o t 1,J el l.: =O; 
1 i P'•' e l >' 0; 
aasp:"O;afric:=O; 
pitchcount:<l; 
mo de ou nt::: 0; 
p1step:":O; 

(mod noise tor voiced obstruents} 

st<.irt:=ta1se; 
pitchpd. -true; 

en cl; 
clasp:=(asp -aasp)/samperup, 
dfr i c: ::(fr ic -a fr ic. )/·~amperup; 
{'' ''11 AHi LO OP''*} 
for i::1. to round(samperup) do 

be ~:ii n 

{noise 1eve1 1 a i ·;r-..d 1inedr1y } 
{ -0 1Je( samples per update time} 

if (pit.c:hpcl"'true) and (sampe1-p itclY>l) then 
be!~ in 

inp:"' imp 1se; ins in: "'S inamp; 
modcount.:round(samperpitch / 2); {set voicing and asp.} 
pitchcount:=rouncl(samperpitch); 
pitchpd.=fa1se; 

end 
else 

beci in 
inp:"'O; 
insin:=O; 

end; 
{set input to zero bet impu 1ses} 

l uJ 



{Resonator RGP} 
ygp:=agp*inp+bgp*ygpl+cgp*ygp2; 
ygp2: ygpl;ygpl.=ygp, 
{G1otta1 zen1} 
ygz. -agz*ygp+bgz*ygzl+cgz*ygz2, 
ygz2.=ygzl;ygzl:=ygp, 
{quasi sin. 'JOicing} 
ygs: ags*insin+bgs*ygsl+cgs*ygs2; 
ygs2.-ygsl,ygsl:=ygs; 
ygs:=agp*ygs+bgp*ygs3+cgp*ygs4; 
ygs4: ygs37ygs3:=ygs, 
{Tot.:11 g1otui1 1Jo1 i,ie1} 
g1otve1A::ygz+ygs, 
{I 111 p o s e 1 i p r a cl i al i o n ; h i - p as s} 
g 1 o t 1,1 e 1 : :. g 1ot 1•1 e 1 fl·· g 1 o t •Jc 1 A L; 
g1otve1AL:=g1otve1A; 
[Turbulen~e for asp and frication} 
no·ise:=O; 
tor j:= 1 to 16 do 

begin 
nrndom ize; 
noise:=noise+random; 

end; 
noise:=noise-8.; 
if modcount<= 0 then noise =noise/2.; 
modcount:=modcount-1; 
aasp:=aasp+dasp; 
aspve1:=aasp*noise; 
if asp i then 

glotve1:=g1otvel+aspve1; 
afric:=africidfric, 
{p 1os i ve burst} 
H plre1>50 then 

begin 
plstep:::-p1re1; 
p 1 re 1: =O; 

end; 
fricve1:=atric*noise; 

(**CASCADE SIM**} 
if (sw=O) and (voiced or aspi) then 

begin 
y6c::::::g1otvel; 
d' nf=6 then 

begin 
y6c:=a6*g1otve1+b6*y61c+c:6*y62c; 
y62c:=y61c;y61c:=y6c; 

en cl; 
y5c:=y6c; 
if nf>=~· then 

1u4 



beg in 
y5c:=a5*y6c+b5*y51c*y52c; 
y52c:=y51c;y51c:=y5c; 

end, 
y4c:=a4*y5c+b4*y41c+c4*y42c; 
y42c:=v41c;y41c:=y4c; 
y3c.=a3*y4c+b3*y31c+c3*y32c; 
y32c:=y31c;y31c:~y3c; 

y2c.=a2*y3c+b2*y21c+c2*y22c, 
y22c:=y21c;y21c:=y2c; 
ylc:=al*y2c+bl*yllc+cl*y12c; 
y12c:=yllc;yllc:=y1c; 
{NdS.:.l 1 zero} 
ynzc:=anz*ylc+bnz*ynzlc+cnz*ynz2c; 

• ynz2c.=yn,lc,ynzlc.=y1c; 
{l'lasa 1 po 1 P} 
ynpc:=anp*ynzc+bnp*ynplc~cnp*ynp2c; 

ynp2c:=ynplc;ynplc:=ynpc; 
ve lc.:.ls:"'~mpc; 
1ip1Je1 ·:=ve leas; 
g1ot 1Je 1.=0, 
g 1ot 1Je1 l. :=O·; 

end; 

it (sw=l) or frc or vfrc then 
begin 

{**PARAL.l.El. SIM**} 
{voiced excitn tor Fl} 
ylp:=al*alp*g 1otve1+bl*ytlp+cl*y12p; 
y12p:=ytlp,yllp:=ylp; 
{nasal pole excitn by first diff} 
~) 1ot 1Je11:=91otve1--~J 1otve1 L; 
£Jlot 1,1e Jl:::glot 1Je 1; 
ynp:~anp*g1otve11+bnp*ynpl+cnp*ynµ2; 

vn p2: = yn pl ; v np 1: "'Y np ; 
{F2-F4 excitn fric noise ~nd first diff} 
vel:=fricvel+g lotvell; 
y2p:=a2*a2p*ve 1+b2*y21p+c2*y22p; 
v22p:=v21p;y21p:=y2p; 
y3p:=a3*a3p*vel+b3*y31p+c3*y32p; 
y32p:=y31p;y31p:=y3p; 
y4p:=a4*a4p*ve1+b4*y41p+c4*y42p; 
y42p:=y4lp;y41p:=y4p; 
{F5,F6 excitn fric noise} 
y5p:=a5*a5p*fricve1+b5*y51p+c5*y52p; 
y52p:=y51p;y51p:=y5p; 
y6p:=a6*a6p*fricve1+b6*y61p+c6*y62p; 
y62p:=y61p;y61p:=y6p, 
{Bypass patl1} 

yab:=ab*fricvel; 
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encl7 

end. 

ve1par:=ylp-y2p+y3p-y4p+y5p-y6p+ynp-yab~ 

lipvel:=velcas+velpar+plstep7 
plstep:=plstep*0.995, 

en cl7 
if (ndt voiced) and (not frc) and (not aspi) then 

lip 1Jel.=07 
1 i p•J e. 1 : = ( 1 i p ve 1/32 00 0) *2 04 8~' l7 0; 
if samperpitch<>l then 

pitchcount.=pitchcount-1; 
if pitchcount:O then 

pitc:hpd:=-true7 
if 1ip'Jf~1>32767 0 then 

lipvel:-:::.32/'G"i'.07 
H 1ip•,n~1<-32767 .0 then 

1ip•Je 1 :":-321G7 .0; 
if 1 ipve l>m>!. t:~1en 

mx:"" 1 i p•~i e 1 ·; 
if -1.ipvel>mx then 

lilX >'-· 1 ip•Je 1, 
vJ a 1J' [ i + p ] ::" r o u n d ( 1 i p 1J e 1 ) 7 

· end7 

{* procedure plzwaveform *} 

(*unit plz ".) 
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(* Written by Shailendra A. Chafekar: 1989 90 *) 

unit fries: 

{* This unit imp 1eillents the po le ·zero c:.=:iscacle svnthes i 2.e1· '} 

intei"face 

use.s 
g1bvars , basicfns: 

l.),jj" 

nz:integer: 
ve 11.;oiced , ve 1f1· ic , Ld., ti:2 , tz.3, tz4, fz5, f2:G , tzl' , tz:8, t2.9, f1.:0, bzl , bt:2, bz3 , 
bz4 , bz5,bz6,bz7 , bz8,bz9,bz0,rl,sl , tl , r2 , s2 , t2,r3 , s3,t3,r~ 1 s4,t4, 
rS , s5 , t5 , r6,s6 , t6 , i"7 , s7 , t7 , i"8 , s8 , t8 , r9 , s9,L9 , r0,sO,tO , 
yzl , yz2,yz3 , yz4 , yz5,yz6 , yz7,yz8 , yz9,yz0,vR1pole , yzll,yzl2, 
vz21 , yz22 , yz31 , yz32 , yz41 , yz42 , yz51 1 yz52 , vz61,yz62 , yz71 1 yz72, 
yz81,yz82 , yz91 ,yz92,yz01 ,yz02 .real: 

procedure fricsinit: 
procedure fr icspd1-s: 
procedure fr' icscoe ft ic ients: 
procedure fricswaveform , 

i111plernentdt ion 

procedure tricsinit: 
beqin 

{'' initialization*} 
{''forms par·amete1- array'''} 
{*ca lculates coefficients*} 
(* outputs speech sequence *} 

na ill[ 2]: "' 1 N 7 1 
·; n <:w1 [1 J: "' ' i'IF ' ·, na m[ 3]: ~ ' F O' ; 11 am [ 4 J: .. ' nv ' ; nd m[ ~·]: "' 'AF ' ; 

na 111[ G] . = In vs I I na n1[J.J." I AH I : n am [8 J. "' I r· 1 I : na ill[ 9]. "' IF 2 I In dill [l OJ.-:: IF 3 I ; 
nam[1.1.J: "'' Bln' ;nam[12] :- ' 8~.12 1

; nam[l3]·:: ' l%13 ' ;narn[1.4J :- ' FZl'; 
nam[15]:- ' FZ2' :noJm[lf-iJ .= ' FZJ', nam[l7]: " ' FZ4 ' :nam[ln]. - 'BZl': 
nam[l.9]: ,, ' "BZ2'; nam[20] >' '873'; nam[2l]: "'' 874 ' ;narn[2?] := ' Fl'IZ ' ; 
n a ill [ B ] : ""· 1 B ~I ti Z ' 7 n d m [ 2 ·~ ] : "' ' LIP D T ' : 11 Ol lll [ 2 5 ] : "' ' 'SR ' ; n d m [ 2 6 ] • - ' G 0 ' , 

lui 

na m[ 27]: = ' F 4 ' , llct m[ 28]: = 1 F~· ' ; na m[ 29] ~ .. ' F6 ' ; na m[ 30 J: '" ' Bl\14 ' ; n am [ 31]:"' 1 B l\15 ' ; 
na ill[ 32] :- ' BW 6 1 

: n am [2 3]: = ' F IW ' , rvi m[34]: ~' l%1 i'lP ' , n.:i m[35 J ... ' FG P' , 
na ill[ 36]: ~· ' Bt.J GP ' , na m[ 37]: ~= ' F G Z' , n am [3 8]: = 1 l%1G Z' ; n ain [19]: "' 'B ~I G S' ·; 

c 011f[1.]: = I c I I con f [ 2] . = I c I I c 0 n f [3]. := I c I : c 0 n f [ 4 J : :: I c I : c 0 n f [ r:.]. :· I c I I 
cont [6 J: ;: I c I ; (:on i'[ 7]: = I c I ; co nf [ 8 J: :: I c I : (:on f [ 9] ="' I c I : 
conf[ l OJ .::. I c I I conf[ll] :==I c I : conf[l2] ;::: I c I I COirf[l3] :-- I c I I 

(:Ct nf [ 14 J . I c I I c 0 n f [ 1. 5 J : = I c I : C0 11 f[lG J . ' I c I : co i1 f [17 J : = I c I ·; cont [l 8 J • = I c I I 
co nf[l 9] . = I c I : co rrf [2 0]:"' I c I I con f[21 J: = I c I I co n·f [2 2]: .. I c I I con f [2 3] . ::: I c I ; 

co nf[24].= ' C' ;conf[25]:='C '; conf[26]:= ' C' ;conf[27].= ' C' ;conf[28J:='C ' ; 
conf[29].::: ' C':conf[30]:= 1 C' 7conf[31.].= 1 C' ;cont[32]:= 1 C1 :conf[33J:= ' C', 
conf [ 34]:= 1 C' ;co nf [ 35]:= ' C' ;cont[36].= ' C1 7co nf[37]:= 1 C' : 
conf[38J.- ' C' , conf[39J:= ' C', 



min[2]:=0;min[1]:=4,min[3]:=0,min[4].=0; 
min[5]:=0;min[6J:=O;min[7J:=O;min[8]:=150; 
min[9]:=500,min[10].=1300,min[ll].=40,min[12]:=40; 
min[ 13 J: =40;min[1.4 J: ::Q; m in [1. ~.]: = 0; min[ 1.6 J: ·O ; 
min[17J:=O;min[18].=0;min[19]:=0;min[20]:=0, 
min[22]:=200;min[2l]:=O;min[33].=50;min[24]:=2; 
min[25]:=5000,min[26]:=0,min[27].=2500,min[28]:=3500; 
min[29]:=4000;min[30]:=100;min[31]:=150;min[32]:=200; 
min[23] =200;min[14].=50;min[35J:=O;min[36]:=100; 
mi n[37J: ::Q ;m in[38J :::1.00; mi n[39]: ·:1.00; 

max[2]:=4,max[1]:-6;max[3]:=500;max[4]:=80; 
max[5]:=80;max[6]:=80;max[7]:=80;max[8].=900; 
max[9]:=2500,max[10].=3500;max[11].=SOO;max[l2].=500, 
max[13]:=500;max[14]:=80;max[1.5]:=80;max[16].=80; 
max[l7]:=80;max[18].=800;max[19]:=80;max[20]:=80; 
max[22]:=700;max[21]:=80;max[33]:=500;max[24]:=50; 
max[25]:=20000;max[2GJ:=80,max[27]:=4500,max[28]:=4900; 
max[29]:=4999;max[30]:=500;max[31.]:=700;max[32]:=2000; 
max[23]:=500;max[34].=500,max[35]:=600;max[36]:=2000; 
max[37]:=5000;max[38]:=9000;max[39].=1000; 

def[2].=0;def[1]:=4;def[3J:=O;def[4]:=0; 
def[S]:=O;def[6]:=0;def[7]:=0;def[8J:-450; 

. def[9]:=1.450;def[10]:=2400;def[11]:=50;def[12]:=70, 
def[13]:=1.10;det[l4]:=0;def[15J:=O;def[16J:~O; 
def[17J:=O;def[l8]:=0,def[19]:=0 ,def[20]:=0; 
def[22]:=250;def[21]:=0;def[33]:~1.00;def[24]:=5; 
det[25]:=10000,def[26]:=47;def[27]:=1300;def[28]:=3750; 
def[29]:=4900;det[30]:=250;def[31]:=200;def[12].=1000~ 

def[23].=250;def[34]:=100;def[35]:=0,def[36]:=100; 
det[37]: =1.~100; clef[3f(j: ·6000; r:ie f[39]. --200; 

(*procedure fricsinit *} 

p1--ocedure fr icspars·; 
begin 

nz:=par[2J;nt:=par[l];tO:=par[3];av:=par[4];af:=par[5]; 
avs:=par[G];ah:=par[7J;fl:=par[8];f2.=par[9],f3:=par[1.0]; 
bwl:=par[ll];bw~:=par[12];bw3:=par[13];fzl:=par[14]; 
fz2: =par[lS] ;f z3 :=par[l6]; fz.4: =par[17J ;bzl .=par[lB], 
bz2:=par[19];bz3:=par[20];bz4:=par[21];tnz:=par[22]; 
tnp:=par[23];uptime:=par[24];samprate.=par[25]; 
g0:=par[26];f4:=par[27];t5:=par[28];t6:=par[29]; 
bw4:=par[30];bw5:=par[31J;bw6:=par[32];bwnz:=par[33], 
bwnp:=par[34];fgp~=par[35J;bwgp:=par[36];fgz:=par[37]; 

bwgz:=par[38J;bwgs:=par[39]; 

end; {* procedure fricspars ~} 

100 
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procedure fricscoeff icients~ 
cons t 
{SCfll..E FACTORS} 

a1Jsca=··72; 
ahsca"-102; 
afsca=··72; 
assca"-44; 

1.;ar 
proxcor·arral)[l .. 10] of inteqe1A; 

co1A. integer; 

pi , p i 2: r ea 1 ; 

begin 
pi ;::4. O'"a1Actan (l .0); 

{INITIALIZE IF BEGINNING OF UTT} 
if initcoeff' then 

begin 
afprev:=O;sampint:=l/samprate; 

pi2:=pi*samprate; 
pi2:::2''pi; 

initcoeff:=false; 
encl; 

'Joice d: :=f d 1 se; 
frc:=i'a 1se; 

iJ fr c: '"fa 1 se; 

asp i:=false; 

{AMPI.. OF VOICING} 
if a1,1>0 then 

1Joiced.:::true; 
av: "'gO+av+avsca; 

imp 1 s e. = 1 in amp ( a1J) , 

{flMPL OF ASP} 
if ah>O then 

aspi:=true; 
ah:=gO+ah+ahsca; 
asp::::linamp(ah); 
{AMPL OF FRIC} 
ii' af >O then 

·frc:=true; 
if (frc=true) and (voiced=true) then 

vfrc: =ti-ue; 
af:=gO+af+afsca; 
fric::=l inamp(a'f); 
(PLOSIVE BURST MARKER} 
plrel.=0; 
if((af-afprev)<50) then 

p lre 1:=1 i namp (~.JO+crfsca+44); 
afpre 1J: :::af; 
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• 
{QU SIN VOICING FOR VOICED OBSTRUENTS} 
avs·=gO+avs+assca; 
s inamp . .-.1 inamp( avs); 

{RES COEFFICIENTS} 
zero: :::·fa 1 se, 

f ilcoef(fl ,bwl, al ,bl , cl); 
fi lcoef(f2 ,bw 2, a2 ,b 2,c2), 
f i1coef(f3,bw3,a3,b3,c3); 
f ilcoef(f4,bw4,a4,b4,c4); 
f ilcoef(f5,bw5,~5,b5,c5); 

f ilcoef(f6,bw6,a6,b6,c6), 
f ilcoef(fnp,bwnp,anp , bnp,cnp); 
zero::=true , 
f ilcoef(fnz,bwnz,anz,bnz,cnz); 
sam.pe1Ap itch.:::-1., 
{If fO , av ,as are 0, no glottal pulse} 
if ((voiced or (avs>O)) and (fO>O) then 

begin 
{Glottal wave more sinusoidal at high fO} 
bwgp:=round((bwgp*lOO) I fO); 
zero:::false; 
f i 1 coef ("fgp I bt,1gp I a!JP I bgp I cgp) I 

fgs:=O; 
tilcoef(fgs,bwgs,ags,bgs,cgs); 
zen1: =tnie; 
f i 1CO8f ( f gi;. 1 b l\!Q Z 1 (i(J l I bg l 1 C(J Z) 1 

{Set agp c:onslanl in its midband} 
agp::::0.007; 
{fO not to go below 40 Hz} 
if f0<-4(J'then 
to:~:40; 

~ampefpitch:=round(samprale I tO); {per pitch period} 
{Impulse strength prop to fO} 
implse:=implse*fO; 

end; 

ii' (f'rc=tnJe) or (•,Ji'r'c=tnw) then 
br~g in 

1:.ero: =tnrn; 
tilcoef(tzl,bzl,rl,sl,tl), 
f i1coet(fz2 ,bz2,r2 , s2 , t2); 
f i 1coef ("f'z3 ,b z3 ,r3, s3, t3); 
ti1coef(fz4 , bz~ ,r4,s4,t4); 
("' fi1coef(fz5,bz5 , r5,s5,t5); 
f i1coef(fz6 ,bz6,r6 , s6 , t6); 
·f i 1co8f (fz7 ,bz? ,r?, s? , tl); 
f i1coef(fz8,bz8 ,r8 , s8 ,l8); *) 

end; 

en cl; {* procedure fricscoefficients *} 

-----
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procedure fricswaueform; 
1Jar 

i, j: integer; 
be!J in 

•Je lvoiced:-0; 
{INITIALIZE AT THE START OF UTT} 
if start U1en 

br~ ~Jin 

{initialize f·i lter' outputs} 
1Jl1c:=0;1J12c.~o, c·"'cdscade model*''} 
1J21c:=O;y22c:=O; 
1J31c.=0;1J32c:=O; 
1J4lc:=0;1J42c:=O; 
1J51c:=O;y52c.=O; 
1J61c:=O;y62c:=O, 
1Jnplc:=O;ynp2c:=O, 
ynzlc:=O;yn~2c:=O; 

yzll:=O,yz12:=0; 
yz2l:=O;yz22:=0; 

{"'~'parallel model"'''} 

yz31:=071Jz32:=07 
IJZ41:=0,l)Z42:=0; 
1JZ51:=0;yz52:=0; 
yz6l:=O;yz62:=0; 
IJZ71:=071JZ72.=07 
yz81:-0;yz82:=0; 
vz9l:=O;vz92:-0, 
yz01:-0;yz01:=0; 
ygpl:=O;ygp2:=0; 
ygzl:=O;ygz2:=0; 

{**source shaping**} 

ygs1.=0;ygs2:~o; 

ygs3:=0;ygs4:=0; 
1 i P'J c~ 1 : = 0; 
nlotve 1Al.:=O·, 
aasp.=O;afric:-0; 
pitchcount :=1; 
illO de OU nt ; :: 0; 
plstep::~o; 

{mod noise for voiced obstruents} 

start: "'ta 1 se ; 
pi tchpd: :~true; 

en cl; 
clasp:= (asp-aasp) /sarnperup; 
dfric:=(fric-afric)/samperup; 
{**MflHI LOOP**} 

tor i:=l to round(sarnperup) do 
begin 

{noise 1e1Je1 raised 1 i nearly ····} 
{-- -CPJer sd mp les per upda·te time} · 

if (pi td1pcl:~ ti"'ue) and (samperp itc:h<>l) thr::-n 
begin 

inp:=implse; 
insin:=s in amp; 
modcount:=round(samperpitch I 2); {set voicing and asp.} 
pi tchcount ::::round( sampe1--p itch); 
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pi tc hp d: =·fa 1 se ; 
end 

else 
begin 

inp::::O; 
·insin:=O; 

end; 
{set input to zero bet impulses} 

{Resonator f{GP} 

ygp;~agp*inp+bgp*ygpl+cgp*ygp2; 

ygp2:=ygpl;ygpl:=ygp; 
{Glottal x.ero} 
ygz:=agz*ygp+bgz*ygzl+cgz*ygz2; 
vgz2:==ygz1 ;ygzl. "V9P7 
{quasi sin. 'JO icing} 
ygs:=ags*insin+bgs*vgsl+cg~*ygs2; 

ygs2:=ygsl;ygsl:=ygs; 
vgs:=agp*ygs+bgp*ygs3+cgp*ygs4; 
ygs4:=ygs3;ygs3.=ygs; 
{Total glottal 1Jol 1Jel} 
glotvelA:~ygz+ygs; 

{Impose lip radiation;hi··p~1ss} 
glotvel:=glotvelA-glotvelAL

1 

glotvelAL:=glotvelA, 
{Turbulence for asp and frication} 
noise:,,,O; 
for j:= 1 to 16 do 

b8(~ in 
r·<H1d 0111 i z e; 

noise.=noise+random; 
enrl; 

noise.=noise-8.; 
if modcount< .. 0 y:ien noise:"'110 ise/?.; 

mo de ou n t: "mo clc oL.\'.O.v-17 
aasp:=aasp+dasp; 
aspvel:=aasp*noise; 
if (aspi~true) then 

glotvel:=glotvel+aspvel; 
afric:=atric+dfric; 
{p los i 1,Je burst} 
it plre1>50 then 

begin 
plstep:=-·p lre l ; 
plrel:=O; 

encl; 
tricvel:=afric*noise; 
it (vtrc=true) then 
glotvel:=glotvel+tricvel; 

{**CASCADE SIM**} 
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if n f=6 then 
(, begin 

y6c:=a6*g1otve1+b6*y61c+c6*y62c; 
y62c: ~ y61c7y6lc.=y6c7 

c, encl; 
v5c. "'!>!6c 7 
if n f> =!:· then 

1 begin 
!>}5c.=a5*y6c•b5*y51c*v52c; 
!>}52c::::y51c7y51c:=y5c7 

· l en cl; 
v4c:=a4*y5c+b4*y4lc+c4*y42c7 
y42c:=v4lc;v41c:=v4c; 
v3c.=a3*y4c+b3*y31c+c3*y32c, 
y32c:=v31c;y31c:=y3c; 
v2c.=a2*y3c+b2*v21c+c2*y22c, 
y22c·=v21c;y21c:~y2c; . 
ylc:=al*v2c+bl*y11c+cl*vl2c; 
y12c:=yllc;y11c:=vlc; 
{~la·;al zero} 
vnzc:=anz*ylc+bnz*vnzlc+cnz*ynz2c; 
ynz2c:=ynzlc7ynzlc:=ylc7 
{Nasal pole} 
ynpc:=anp*ynzc+bnp*!>Jnplc+cnp*ynp2c; 
ynp2c:=vnplc;ynplc:=ynpc; 
1Je lpo 1 e: =ynpc; 
1 i pv e 1 : :: ve 1po1 e; 
if ((frc) or (vfrc)) and (nz>O) then 

be~~ in 

C"''PAHALLEL. SIM''''} 

yzl:=rl*velpo1e+sl*yzll+tl*yz12, 
yz12:=yzll; 
v2:1.1.: ::ve 1 po le; 

yz2 :·~vz\.; 
ii' nz >·:: 2 th en 

" beg in 
yz2:=r2*yz1.+s2*yz21+t2*yz22; 
yz22:=yz21;yz21:=yzl; 

q end·; 

yz3.>"YZ27 
if nz>::::3 then 

beg in 
yz3:=r3*yz2+s3*yz3l+t3*yz327 
yz32:=yz31;yz31:=yz2; 

( 0 encl; 

l JJ 
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i'f nz>=4 then 
beg' in 

yz4:=r4*yz3+s4*vz41+t4*yz42; 
yz42:=yz41;yz41:=yz3; 

end; 

~1z5 :=yz4, 
H nz>=~· then 

begin 
yz5:=r5*yz4+s5*yz51+t5*yz52; 

· yz52.=yz51;yz51.=yz4; 
end : 

\J z6 ::= ))?.: r5; 
ii' nz>=G then 

beg in 
yz6:-rG*yz5+sG*yz61+tG*yz62; 
vz62:=yz61;yz6l:=vz5, 

end : 

yz7 ::::yz6; 
if nz >= 1 th en 

begin 
yz7:=r7*yzG+s5*yz71+t7*yz72; 
vz72:=yz71;yz71:=yz6; 

end , 

yz8 ::=yzl; 
if nz >"' 8 th en 

be9 in 
yz8:=r8*yz7+s8*yz81+t8*yz82; 
yz82:=yz81;yz81:=vz7; 

e nci ·: 

1 ipve l:=vzB+p 1step; 
p1step:=plslep*0.995; 

~ encl; 

if (not voiced) and (not frc) and (not aspi) then 
1 i P'J e 1 : = 0; 

1ipve1 :"' ( 1ip1,1 e1 /32000) *2048*1.70; 
if samperp itch<>l then 

pitchcount:=pitchcount-1; 
if pitchcount:::O then 

pitchpd:=true; 
if lip1,1e1>32l67.0 

then 1ipve1:":3276l.O; 
i.f 1ipve1<--32167 .0 t~1en 

1ipve1 :=··321'67 .0; 
if 1ipve1>mx then 
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'2.- end~ 

en cl~ 

0 end. 

mx:=lipvel~ 

if -lipvel>mx then 
mx::::-JipiJel~ 

wav~[ i ~·p]: =round ( 1ipve1) ~ 

{* procedure tricswaveform *} 

(*unit fries") 
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program sps1Jnth7 

(* Main program; needs a suitable graphics driver 
CGA.BGI/ EGAVGA.BGI/ HERC.BG!/ anv other *.bg i driver 
specified blJ Borland *) 

us r·:.s 

crt,glbvars,basictns,plz,frics,trackgen, 

procedure svnth_rtn; 
begin 

c 1 rs er; 
gotOXIJ(l0,2)·; 
lJriteln( 'P a1-ameter t1-acks notJ in f\AM.' ); 
gotOX)J(l0, 3); 

writeln( 'Svnth esis stai-t~;. '); 
goto:x:>J(l0, 4); 
w1--ite('Press Eriter. '); 
readln; 
Ill>:: . ::: 1.; 
in itcoeff::::tnie; 
start.:~true; 

p:::O; 

p::::round((dur/1000)*def[25]); 
gotOX>J(lO, 6); 

ltlr' ite( 'Dur at ion:::', clur, ' 
p: :;::Q; 

w1toxv(1.0, ·'/); 

Total samples:::',p); 

t.i1-ite('Samples ~Jenerated: ',p); 

samperup::::round((def[24]/l000)*clef[2S]); 
for update:= 0 to round(totup-1) clo 

begin 
reac! 1Ja1-s; 
if cas.:.Par· then 

begin 
pl2.pars·; 
plzcoeff icients; 
pl 2:wavef or in; 

end; 
if c:as then 

begin 
fr icspars; 
fricscoeff icients; 
fr ics1.J.::iveform; 

end; 
p:=p~round(samperup); 

gotOX)J(lO, 7); 
lJr it e ( 'Sam p 1 es ~1ene1-ated: ',p); 
write(' M<:i>( : ',(20'"1n(m>())/ln(10):l :3, ' dB I ) ; 
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end; 
mx:=(20*1n(mx))/1n(10); 
gotoxy(10,7); 11 '/ 
L<1r ite( 'S .:1mp 1 es generated : ', p), 

wr it e ( ' Max Va 1 ue ' , ni>~: .l: 3 , ' dB ' ) ; 
gotoxy (10, 10), 
t,11- ite( ' Save speech f i 1 e '? <Y/N> : '); 
resp:::", 
getresp( 1d1oice' 111-1' 1

111'' ,'n' ,'N'); 

if resp= 'Y' then 
. begin 

gotoxv(1.0, 12); 
t.irite('Name of the speech file~,'); 

read1n(f i1ename); 
ass i gn ( tJ dV e f i 1 e, f i 1 e name); 
gotoxv(l ,24); 
t.ir ite( ' Sa1J ing speech file .•• '), 
ret,irite(t,1a1,iei'i le); 
fo 1- i. =1 to p do 

L<ir it e 111 (' L.1a ve Ii 1 e , L<I a1J ~[ i]); 

close(L<1avefi le); 
cle11ine; 

end; 
gotoxv(lO, lG); 
write('Press Ente1-. '); 
re.z1dln; 

en cl; {" procedtH'e svnth _ _rtn *} 

begin 
new(par-trc:); 

(* main program spsynth ~) 

neL<1(w<HJ); 
textbackground(black); 
textcolor(white); 
c 1 rscr ·; 
quit::::fdlse; 
svnthq.1pe : ::true; 
options:=false; 
ramtracks:=false; 
w~il e not quit do 

begin 
if svnthtype then 

tvpe_of ... svnth; 
if opt ions then 
) be[;ti n 

op er at ion; 
if not (ramtrack~) then 

be9 in 
if 1:'.: as_par tl·1en 

pl;dnit; 
if cas then 

' ' 



fricsinit~ 

end; 

found: ::::true7 
if extfi le then 
trcread7 
if found then 

begin 

end; 

if ~1entrc then 
begin 

c:onf.:;et; 
findpos7 

if not phnset then 
p1-eparetrack 7 

if pl1nse t then 
tracks 7 

ramtracks:=true7 
c lr scr7 
gotox~i( 1.0, 4); 
lffit e( 'Pa1-ameter tracks prepai-r~d. '); 
[~otoxv( 10, G); 
write('Save parameter tracks? 
, .. esp::::' ' ·; 
get1-esp( I choice I I·~·· I 'n I I 'YI I'M I) I 

if resp='Y' then 
trctJr ite; 

end; 

H st ... svnth thr-n 
begin 

end7 

if e>c:ti i le or- 1·amtr·ack s tl1en 
beq in 

read cons; 

svnth_rtn , 
ramtracks:~ta.lse; 

end 
else 

end; 

be9in 

go to><:v (1. , 24); 
1.Jr it e ( ' Tracks no l vet in R fll'I. .. ' ) 7 

cle lav( 2~·0); 

error; 
de 11 ine; 

end; 

end; 
dispose(partrc:); 

dispose( tJ~w); 

goto xv (1. , 24); 
1..irite('Quitting to DOS .•• '); 
delav(GOO); 

llo 

I ) ; 

" 



11 ,J 
end. (* main program sps~nth *) 



The ZERO_UX Program 



(* Written by Shai lendra A. Chafekar7 1989-90 *) 

program zero_loc7 

(* This program finds out the zeros in the fricative spectra *) 

uses 
er t 7 

cons t 
m-"12 7 

type 
complex - record 

re , i m: 1Ac~ a 1 , 

end~ 

arraym = arrav[O .. m] of real, 
cArraym = array[l .. m] of complex7 

•Jar 
deg: integer7 
f ,btJ :ariA.w[l. .. 6] of integer, 
af , bf, cf, db: arrav[l.. 7J of 1Aea 1 ~ 

x:arravm, 
pk: cflr ra vrn 7 

procedure f 1 t7 
cons t 

T:.0.00017 
al.s=-:.8 , 
a2s:::-65: 
a3s=-73: 
a4s=·-787 
a:.s=-797 
a6s=-807 
abs:::-84: 

•Jar 
i , j , k, cor, i'21. , 1'32, ft\ 3 , i'1.2co1A, f 23cor, 1'34cor : inleger: 
ab, cc, dbl , db2, flde 1J, -f2de 1J, a2cor , a3co1A: rea 1, 
1:ir-oxcor: arra)J[L .1.0] of integer , 
s.arrav[l .. 28] of rea17 
cl. arrav[l. .1.1.J of rea 1: 

begin 
c:lrscr: 
writeln('This procedure returns the fi 1ter coefficients' )7 
writeln('of par~111e1 second order resonators.'): 

i.iriteln: 
for i:=l to 1.0 do 

proxcor[i]:=1.l-i: 
for i:=l to 6 do 

begin 
write('Ente1A F',i,' ')7 
re ad 1 n ( f [ i J ). 7 
writeln: 
write('Enter BW', i ,' ')7 



read ln(bw[ i]); 
write 1 n; 
i.1rite('Enter gain in dB, A',i,' 
read ln (db[ i]); 
wr it e 1 n, 

end; 
i.ir ite( 'Enter· b!,Jpass path gain AB 
readln(ab); 

I ~ 
'I 

s[l] :'"6%36. O; 
for k:=2 to 28 do 

s[k]:=s[k··l]/2; 
d[l];=l.B;d[2]:=1.6,d[3]:=1.43;d[4].=l.26; 
d[5]:=1.l2;d[6]:=1.0,d[7]:=0.89;d[8]:=0.792; 
d[9].=0.702;d[10J.=0.623,d[11].=0.555; 
f21.=0;f32:=0;f43:=0; 
fldev:=f[1J/500 , t2dev.=f[2J/1500; 
a2cor:=fldev*fldev; 
a3cor:=a2cor*f2dev*f2dev; 
if t2de1,i,>O then 

a2cor:=a2cor/f2dev; 
t21.: ::i'[2]-f[l]; 
f32:=t[3]-f[2]-50; 
f43:=t[4]-f[3]-1.50; 
cor: =round ( f 21/50), 
if c:or>·lO then 

cor .:::JO; 
if cor<l then 

cor: :::1; 
fl2cor:=proxcor[cor]; 
cor:=1--ound(f32/50), 
if cor>lO then 

cor ."10; 
if co1--<l then 

cor: :::1.; 
f23cor:=proxcor[cor]; 
cor.=round(f43/501, 
if cor>lO then 

COi" ::::10; 
if co1--<.l then 

cor::=l; 
f34cor:=prox~orL~o ], 
db[l]:=db[l]+t12cor+als; 
db[2J:=db[2]+f12cor+tl2cor+f23cor+a2s; 
db[3J:=db[3]+f23cor+f23cor+f34cor+a3s; 
db[4J:=db[4]+t34cor+f34cor+a4s; 
db[5J:=db[S]+a5s; 
db[GJ:=db[GJ+a6s; 
ab.:=ab+abs; 
for i:=l to 6 do 

begin 
if db[i]<-72 then 



db[i]:=-72~ 

if db[ i]>96 tl1e11 
db[i]:=96, 

end; 
if ab<-72 then 

ab:=--72; 
if ab:>96 tllen 

ab:::::%; 
fo1- i::,,l to f:i do 

begin 
cc:=-pi*bw[i]*T; 
cc:=exp(cl.). 

cf[ i J:=-cc"cc; 
bf[i]:~2*cc*Cos(2*pi*f[i]*T); 

af[i]:=l-bf[ i]-cf[i], 
dbl.=inl(db[1]/6); 

db2.=db[i]-6.dbl; 
dbl:=s[17-round(db1)]; 
db2:=d[f:i-round(db2)], 

db[ i ]: =dbl *db2; 
af[i]:~db[i]*af[i]; 

end; 
af[2].=a2cor*af[2], 

for i:::3 to 6 do 
af[i].=a3cor*af[i]; 

db 1: = int (ab/ 6) ; 

db2.=ab-f:i*dbl, 

dbl:=s[ll-round(dbl)J; 
db2:=d[6-round(db2)]; 
ab:=dbl"db2; 
af [7]: :::ab; 

t:l'f [/']: ::0; 
d[7].=0; 
tor i:::1. lo i' du 

begin 
if af[i]<=0.001 lllen 

end; 

begin 

af[ i]: =O; 
bf[i]. O; 

cf[i]:--0; 

end, 

c 1 rs er; 

write1n(' 
write 1 n ( ' 

write In; 

write 1 n( ' 

*''*'' The filter coefficients are "'*;'*'); 
*The A co~ff icient includes dB gain*'), 

Freq BW A B 

~Jrite1n; 

for j:=l to 6 do 

c I); 

. write1n(f[j]:8,' 
writeln; · 

',bw[j] :4 , af[j]:12:3 ,bf[j]:10:5,cf[j]:10:5); 



. - ~ -------~ -· 

tJriteln('The bypass path amplitude is 
Ii.Ir' ite 1117 
write(' Press ENTER.'), 
1--eaclln7 

{*procedure flt~} 

µrocedure zeros; 
1Jar 

y,u,v,n,d:array[0 .. 12] of real; 
t,r:1"eal7 
i , j , k, p: in te ge r 7 

begin 
c 11--s er·; 

',ab:2.3). 
I 

wr·iteln('This procedure finds the coefficients of the numerator'); 
tJriteln('polynomial arising from the addition of d '), 

write 1 n( 'max imurn of se 1Jen second order· po 1 ynom ia ls.'); 
~witeln7 

for i::::O to 12 do 
begin 

x[ i] :=O; y[ i] ::::07 
u[" i J : ::: r1 

• 'JI- i] : ::: 0 · .. ,. .) I .. • I 

n[ i]::::07d[ i]:=07 
end7 

x[O] :=:af[l]7 

v[OJ:=l; 
V[lJ::::-bf[lJ; 

~i[2] .=--cf[1.] 7 
p: :::2; 

for k.=2 to l do 
begin 

u[OJ:=af[k], 
IJ[ OJ . :: 1.; 

v[l] • "-b t[ k] I 

1J[2] :=··C:f[kJ 7 

for j.=O top do 
begin 

tor i.:::Q top do 

begin 

t. --x[ i Yv[j J 7 

r:=u[iJ*y[jJ; 
n[i+j]:=n[i+j]+t+r7 
t:=y[i]* 1J[j]7 
d[itjJ:=d[i+jJ+t7 

en cl 7 
end; 

p:=p~·2; 

for i:=O to 12 do 
begin 

xi" i] :=n[" i"] • .. .. ; t ,. 

~J[ i J : ::: d[ i J ; 

'l 



end; 
tor i:=O to.12 do 

begin 

end, 

n[i]·=O; 
d[ i] ... O; 

en cl; 

I 

lffit e ln('The coeti'icients of the numer.:itor polynomial'); 
writeln('Fo1- power of z r·anging from 0 to -:1.2 dre .'); 
lffiteln; 
WI"' ite hi(' z .. index Coeti' ic ient'); 
tffiteln, 
for i:=O to 12 do 

tvriteln(' 
wr· it e 1 n; 

I I··• i. 3 I I 

write( 'Press ENTEfL'), 
re;:iclln; 

Cprocedure zerns"'} 

>{ i] :10: 5); 

procedure rootspoly(ak:arraym;var ck:cArraym); 
var 

j: inte£Jer; 
nocon 1J :boo learl; 

procedure root(n:integer,J.Jl rJvm;var p:cArraym); 

("' This p-rocedure implements the L in-Bairstotv fllgoriU1m '') 

cons t 
er roi.:.rn == lE- 5; 
maxiter "' 1.00; 

'hff 

i, iter , sign: integer·; 
det,discr,ql,q2,dql,dq2,q1.i,q2i:rea1; 
exit:boolean; 
b,c:drral)m, 

begin {prcedure root} 
e>~ i t : "' fa 1 s e; 

wh i 1 e (n>2) and (abs (a[O]) < eiTllla)<:) do 
begin 

p[nJ.1-e:=O; 
p[n]. i 111:--=0; 
tor i::::O to (n-1) do 

a[i]:=a[i-<1.]; 
n::::n-1.; 

end; 
if 11>2 then 

begin 

if abs(a[2])<errmax then - ............... ____________________ ~~---



begin 
ql :=1 j 
q2:.::1; 

en cl 
else 

begin 
for· i: ::0 to n do 

d[ i] :::-:1[ i]/a[nJ; 
q1 •· a[O]/a[2]; 
q2 :::a[1]/a[2] , 
qli.:::0,q2i.=O, 

en cl; 
it er :::0; 
b[n]:zl.; 
c[nJ :::1; 
repeat 

b[n-1]:=a[n-1]-q2; 
c[n-l]:=b[n-1]-q2; 
fo1" i::::(n-2) do1.11nto 0 do 

begin 
b[i]::::a[i]-q2*b[i+1]-ql*b[i+2]; 
c[i].=b[i]-q2*c[i+1]-ql*c[i+2], 

end; 
det::::c[2]*c[2J+c[3]*b[1]-c[3]*c[l]; 
if det=O then det:=errmax, 
clql:=(b[O]*c[2]+b[l]*(b[1]-c[1]))/det; 
dq2.~(b[l]*c[2J-b[OJ*c[3J)/det; 

ql i: :.:q 1.; q2 j. =q 2 j 
ql.=ql+dql; 
q2:=q2~·clq2; 

iter :::: iter+l, 
until (iter~:maxiter) or 

((ab~{ql-qli)<errmax)and(ab~(q2-q2i)<errmax)); 

(*unti 1 (iter=mdxiter) or ((abs(dq1.)+abs(clq2))<errmax);*) 
if iter::maxiter then 

end 
else 

begin 
clrscr; 
1;.ir it e 1 n, t,ir it e l n; 1;.1r it e 1 n; 1;.ir it e 1 n; 
wt ite(' ''~'~'' Root Procedure '); 
WI" iteln( 'Does ~lot Converge ~'**"'' ); 
noc:on'J::::true; 
ex it :=true; 

end , 

case n o-f 
0 ex it:= true; 
1. : begin 

p[l].im:=O; 
p[l].re:=-a[O]; 
e>~ it:= true; 



I ) I 

2 

en cl; 

end7 
begin 

ql:=a[OJ/a[2]7 
q2::::.a[1.J/a[2], 

end; 

if exit=false then 
begin 

discr.~q2*q2-4*q1.; 

si~m:=l; 

for i: ~'n downto (n-1.) do 
w i t11 p [ i J do 

,begin 
if' cl iscr<O then 

begin 
im:-sign*sqrt(-cliscr)/2; 
re.=-q2/2; 

en cl 

else 
begin 

- - - - --- -- - - -- -- -

i Ill.= 0; 
re:=(-q2+sign*sqrt(discr))/2; 

end, 

end7 

begin 

sign:=-·1.; 
end; 

11: "11 ··2; 
for i::~o to n do 

a[ i] ::::b[ i+2] t 

r o.o t ( n , a , p ) ; 

end; 

{procedure root} 

{*procedure rootspolv*} 
c I rs ci~; 
writeln('This procedur·e returns the roots of a pol .vnomial of the form 

t.ffiteln; 
1..ir' ite 1 n(' a[O] + a[l]*x + •••• + a[n-1.]*x**(n-l) + a[n-2]*x**n '); 
write In; 
writeln('The maximum number of coei'ficients is' ,mi·l,'.'); 
write In; 
cleg:=l; 
for j :=1. to m do 

if abs(ak[j])>O then 
deg: :::j I 

noc:onv >'false; 
root(deg ,ak, ck), 
if not noconv then 

begin 
writeln('***** Roots of the polynomial are*****'); 



write In; 
writeln(' Root Re Par·t 
for j:=l to deg do 

begin 
tJith ck[j] do 

I.ff it e 1 n ( j : 6, l"e: 15: 5 , i m: E;,: 5) ; 

end; 
write In; 
1.i.1r ite( I P1'8~'.:. rnHR . I); 
readln; 

{*rootspo lv*} 

proce~ure zerofreq(dk:cArravm); 
var 

i , j:integer; 
r , sn ,cs , tn:real; 
a , b , bcof ,ccof , fz , bw:array[l .. m] of real; 

begin 
c 1 r·s er; 

Im Part'); 

write l n( ' This procedur-e calcu lates the antiresonance frequency'); 
writeln('and bandtJidth of a second order· anti1"esonator.'), 
WI" i te 1 n; 
with dk[l] do 

begin 
a[l]:"re; 
b[l]:= im·; 

end; 
j:::2; 

f cw i: :::2 to deg do 
be£J in 

lJ i th elk[ i] do 

end; 

begin 
a[j]. =n~; 
b[j].=im; 

if (a[j]=a[j--1]) and (b[j]=-b[.i--1]) then 
j:~j-1., 

j:::j+l ; 
end; 

for i:=l to j-1. do 
beg i n 

be of[ i]: "a [ ·i J; 
c~of[i]:=sqr(a[i])+sqr(b[i]); 
r:=sqrt(ccof[i]); 
btJ[ i ]: =(abs( ln (l/r)) )/ (p i*lE-4); 
cs.=a[i]; 
sn :=abs( b[ i]); 
tn:=arctan(sn/cs); 
if (cs<O) then 

1 . J 
i:~o 



tn::::: tn +pi; 
fz[i]:=tn*SOOO/pi; 

end, 
1.<1r i te 1 n( ' 
writeln; 
1.<ir iteln(' 

**The antir'esonance frequencies and bandwidths are'"');· 

Sect ·ion B IJ I ) ; 

tffiteln; 
for i: ::l to (j -·l) do 

tJIA it e 1 n ( i: 8 , r·o 1.rn d (f z [ i]) : 13, r-o tm d (abs ( bw [ i]) ) . 7) ; 

1.<iriteln; 
tff it e ( 'Press El'! T rn. ' ) ; 
readln; 

end; (*procedure zerotreq*} 

begin (" main program zero loc: '') 
flt; 

zeros; 
rootspoly(x , pk); 
zerofr'eq(pk), 

end. (* program zero_ l oc *) 



1:;u 

The DAOUT Program 



(~ Written by Shai lendra A. Chafekar7 1989 90 *) 

program daout7 

(* This program is the driver for the 12-bit D/A converter 
of the MCR-4 card *) 

uses 
c:1- t ; 

tvre 
arr::array[L .20000] of integer7 
bytarr=array[l •. 20000] of byte7 

var 
i , m, min, max, sm s: in te cie r ; 

x:arr7 
v, 2:: ~bvta1-r7 • 
finis , over:boolean; 

p: char; 
n.:1me.str ing[20], 
fil:text; 

br~g in 
f; n i $:::fa rse 7 

while not finis do 

be9in 
c 11-s c1-; 
POl"t[J.108] :::0; 
nel~( y) , 

ne1.i.1(z); 
write( 'Fi l e i'lame ··~ '); 

read 1n (name); 
assign(f i J ,name); 
min:::O; 
max.=07 
sms.=07 
reset(fil); 
wh i 1 e not eo H f i 1) do 

begin 
sm$: - sms~·l; 
redd ln(f i l , x[s1w;]) 7 
if x[sms]<min then 

min. ·->:.[sms]; 
if x[sms]>max then 

ma>~ •. ---x[sms]; 

encl; 
close(f'i 1)7 
for i·::l to o::.ms do 

begin 
x[ i] .-•x[ i]-m in; 
x[ i]."trunc( (x[i]/(max-m in))*4095), 

end , 

101 



• 

end. 

for i:=l to sms do 
begin 

v-[i]:=trunc(x[i]/16); 
z-[i]:=16*(x[i]-(16*y-[i])); 

end; 
l1.triteln; 
write('Hit .JIW key to stan the plavbac:k.'); 

p: -::readkev , 
0 1J er : :: ta 1 s e; 
while not over do 

begin 
for i:·=l t:o sms do 

be~~ in 
port[$30e].=z-[i]; 
port[$30e]:=v-[iJ; 
for m:=l to 3 do 

be9in 
end; 

en cl; 
cl1A'Scr, 
1.1w ite( 'Hit anv key to p 1 ay b.;ic:k , "n" 
l~rite('"." to encl the session. '); 
p::::reaclkev; 
if (p='n') or (p:='li') or(p='.') then 

0 1Je1A: "'tnie; 
i·f p='.' then 

fin is: .:true; 
end; 

clispose(v)·; 
dispose(z); 

en c:I; 

(* program daout *) 

for ne>::t f i 1e I., 

I } ~ 

.. 



APPENDIX B 

THE AUDIO "PaVER 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 IM386. 

IM386 is a low voltage audio power amplifier, and is capable of 

supplying up to 325 rrW of power at the output. It can be operated with a 

wide range of supply voltages, typically 4-12 V. The voltage gain can be 

varied from 20 to 200. The inputs are ground referenced, and the input 

resistance is about 501<{2. 

The circuit diagram of the amplifier (National Semiconductor Linear 

Data Book, 1980) is shown in Fig. B.1. 

The output from the D/A converter (range: -5 to +5 V), is lowpass 

filtered by the first order filter (Rl, Cl) with cutoff frequency of 

5kHz, and then it is amplified by the IM386 stage. Output is 

capacitively coupled to the 8 Ci speaker. 
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Fig. B.1. Circuit diagram of the audio power amplifier. 
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