
Old Dominion University Old Dominion University 

ODU Digital Commons ODU Digital Commons 

Electrical & Computer Engineering Theses & 
Dissertations Electrical & Computer Engineering 

Summer 1985 

Color Display of Vowel Spectra as a Training Aid for the Deaf Color Display of Vowel Spectra as a Training Aid for the Deaf 

Amir Jalali Jagharghi 
Old Dominion University 

Follow this and additional works at: https://digitalcommons.odu.edu/ece_etds 

 Part of the Graphics and Human Computer Interfaces Commons, Signal Processing Commons, 

Software Engineering Commons, and the Speech and Hearing Science Commons 

Recommended Citation Recommended Citation 
Jagharghi, Amir J.. "Color Display of Vowel Spectra as a Training Aid for the Deaf" (1985). Master of 
Science (MS), Thesis, Electrical & Computer Engineering, Old Dominion University, DOI: 10.25777/
rszk-8x55 
https://digitalcommons.odu.edu/ece_etds/378 

This Thesis is brought to you for free and open access by the Electrical & Computer Engineering at ODU Digital 
Commons. It has been accepted for inclusion in Electrical & Computer Engineering Theses & Dissertations by an 
authorized administrator of ODU Digital Commons. For more information, please contact 
digitalcommons@odu.edu. 

https://digitalcommons.odu.edu/
https://digitalcommons.odu.edu/ece_etds
https://digitalcommons.odu.edu/ece_etds
https://digitalcommons.odu.edu/ece
https://digitalcommons.odu.edu/ece_etds?utm_source=digitalcommons.odu.edu%2Fece_etds%2F378&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/146?utm_source=digitalcommons.odu.edu%2Fece_etds%2F378&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/275?utm_source=digitalcommons.odu.edu%2Fece_etds%2F378&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/150?utm_source=digitalcommons.odu.edu%2Fece_etds%2F378&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1033?utm_source=digitalcommons.odu.edu%2Fece_etds%2F378&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.odu.edu/ece_etds/378?utm_source=digitalcommons.odu.edu%2Fece_etds%2F378&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@odu.edu


COLOR DISPLAY OF VOWEL SPECTRA
AS A TRAINING AID FOR THE DEAF

by

Amir Jalali Jagharghi
B.S.E.E. December 1982, West Virginia Institute of Technology

A Thesis Submitted to the Faculty of
Old Dcminion University in Partial Fulfillment of the

Requirements for the Degree of

~ OF ENGINEERING

ELECTRICAL ENGINEERING

OLD DOMINION UNIVERSITY
June 1985

Approved by:

StepHen A. Zahorian (Director)

Jack B. Stoughton

Sharad V. Kanetkar



VISUAL DISPLAY OF VCWH SPECTRA AS
A TRAINING AID FOR 'IHE DEAF

Amir Jalali Jagharghi
Old Dominion University

Director: Stephen A. Zahorian

The objective of this research was to develop a transformation

for mapping speech parameters to color parameters. &is
transformation is cbne in real-time and the resulting color parameters

are continuously displayed on a micr monitor. 'Ibis visual speech

display is to be used as a speech articulation training aid for the

deaf. 'Ihe conversion of sp.ech acoustic signals into speech

parameters was accomplished using special-purpose electronics. 'Ihe

real-time conversion of speech parameters to display Imrameters was

controlled by an 8086/8088 microprocessor operating in an S-100 bus

structure. 'Ihe mefficients of the Karhunen-Loeve series expansion of

speech power spectra were used to encode speech into a set of

parameters called principal-components. Each principal component is
obtained as a linear combination of 16 spectral band energies. The

focus of this research was to optimize the method for computing

principal components for use with the visual speech display and to

determine an optimal transformation fran principal comp&nents to color

parameters.



A series of experiments was completed to determine the
principal-components basis vectors for both non-normalized and

amplitude-normalized speech spectra. 'these basis vectors, determined

fran the statistical properties of the continuous speech of both male

and fenale speakers, were found to be relatively speaker independent.

In order to restrict the scope of the research to a specif ic

objective, the transformation of sp ech parameters to color parameters

was optimized for vowels. Clustering experiments of vcwel s in

principal-components spaces showed that vcwels are more clustered when

level-normalized spectral band energies are used to compute

principe-components parameters. However, implementation of a set of

level-normalized spectral band energies was not feasible with rhe

available hardware, because of the reluirenents for real-time

operation. Iherefore, the transformation fran vowels to colors was

based on the principal-components parameters obtained f ran

non-normalized spectral band energies, although better results are

expected if 1eve1-normalized spectral band energies are used to

calculate the principal components.

A linear transformation was determined such that the three

widely separated vowels /a/, as in hod, /i/, as in heed, and /u/, as

in who', result in the three widely separated colors red, green, and

blue respectively. A real-time flow-mode display of color patterns
derived f ran speech sounds was implenented. A preliminary evaluation

of the display indicates that many vowel sounds can be reliably
identif ied by their visual display. Although separate transformations

can be used for different sp akers, a single fixed transformation

appears adequate for males, females, and children.
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CBAETER 1

INTRGIJCI'ION

'Ihe general objective of this research was to develop and test a

real-time visual display of vowel information as an articulation
training aid for the deaf . 'Ihe method developed util iz es both

hardware and software to continuously transform speech into a color

pattern. 'Ihe display has been optimized for vcwels so that
perceptually similar vcwels result in similar colors, whereas vowels

which are perceptually far apart result in dissimilar colors. 'These

colors are displayed on a color monitor such that the color obtained

f rem the most recent sample of speech appears on one side of the

display and flows to the opposite side. This display can be used as a

highly effective aid for vowel articulation training. This

vowel-to-color conversion is one aspect of a larger objective, i.e., a

speech-to-color display which can be used as a complete articulation

training aid for the deaf.

1.1 Survev of Aids for the Deaf

'The process of teaching a deaf person to speak is complex, long,

and not yet well understood. The potential impact of feedback

provided by speech-training aids seems substantial. Thus there is a

long history of research devoted to the developnent of aids for the

deaf. These aids can be divided into two categories. 'Ihe first



category includes aids used to teach suprasegmental skills and the
second category includes aids used for articulation training of

particular speech sounds.

Suprasegmental aspects of speech are consi d red to be level,
nasality, and pitch. 'These are slowly-varying speech characteristics
and can easily be displayed and are relatively easy to measure using a

microphone or a vibration transducer attached to the nose or throat.
Voice activated toys, such as clown dolls with a nose that lights up

in response to sound (Harper, 1970), have been used to encourage young

children to produce sound. Holbrook, Baily, and Rolnick (1974) used a

wearable device to train normal-hearing persons with vocal nodules to
control the level of their voice. The level of the signal frau a

vibration transducer on the nose or fran a nasal air-flow representing
the amount of nasality was indicated by a meter or oscilloscope

display (Provonost, 1947; Hartony, 1970; Boothroyd, 1977) . Visual and

'actile displays of voice pitch have been used to lcwer average pitch
range. 'Ihe simplest displays include one or more lights as a feedback

used to inform the talker when pitch is above or below a given

frequency range (Martony, 1968; Risberg, 1968).

A more complete speech-training aid was developed as part of a

research program at Bolt, Beranek, and Newman, Inc. in Cambridge,

Hassachusetts. A detailed description of this system is given in
Nickerson and Stevens (1973) and Nickerson, Kal ikow, and Stevens

(1976) . It consisted of an analog processing section and a

minicomputer. 'Ihe analog section included a bank of 19 filters
ranging f ran 80-6500 Hz, followed by level detectors, processing to
extract pitch information f ran an acceleraneter on the throat, and

processing to extract average nasality. 'Ihe computer was used to



sample the speech information and produce a real-time ref reshed

display. 'Ihe display could be frozen and used in a split screen mode

with independent upper-lrwer teacher-student display regions.

Speech-training aids have been used to teach articulation of

vowels, consonants, diphthongs, and consonant clusters produced in

isolation, in nonsense syllables, and in words. 'Ihere are aids such

as S-indicators, instantaneous spectral displays, formant displays,

Lissaj ous f igure displays, vocal tract shape displays, and

spectrographic displays. S-indicators are simple and inexpensive

devices used to indicate the occurrence of an S sound. A light may be

used to indicate the presence of sound (Boothroyd a Decker, 1972) .

Instantaneous spectral displays provide a real-time display of the

short-term spectrum of speech. 'Ihe LUCIA display (Risberg) and the

KANPLEX display (Borrild) are examples of such displays which used

arrays of small lights to indicate the amount of speech energy in each

frequency

region at any time. Wo aids were developed to provide a

color display based on formants. One aid (Shigenaga a Sekiguchi,

1978) provided an Fl versus F2 display which uses colors to mark the

regions on the display that correspond to different vowels. 'Ihe other

aid (Watanabe, Kisu, Isayama, a Nasuno, 1978) displayed colored

patterns related to pitch and the f irst three formants. These

patterns could either flew fran the bottan to the top of the screen in
real-time or they could be frozen.

'The first real-time spectrographic display was produced by a

device developed at Bell Telephone Laboratories called the "Visible

Speech Translator" (Potter, Kopp, a Green, 1947) . Tbday'

spectrographic displays depict a two dimensional pattern of f ixed

length whose appearance depends on three variables. The X—axis



represents time, the Y-axis represents the frequency components of the

signal at the corresponding time, and the intensity of the black

color, at the corresponding time and f requency, represents the
loudness of the speech signal. Figure 1-1 depicts a sample of such

display. As can be seen, this display is complex and difficult to

comprehend.

All of the aids discussed above use one or more parameters of

speech spectral features (pitch, short-time spectrum, loudness) which

are indirectly related to articulation features rather than direct use

of articulation features themselves. A recent computer-based visual
aid has been developed at the University of Alabama (Fletcher, 1982) .

'Ihe computer, in conjunction with special sensors placed in the mouth,

detects and displays tongue and vocal tract movanents. Thus, in

contrast to the displays discussed above, this aid directly displays

articulation features. Although the articulation approach may have

scme advantages over the spectral approach, it is more complex and

expensive than scme of the aids that use the spectral approach.

Nore axnplete summaries of aids are given in Lass (1982) and

Levitt, Pickett, and Houde (1980) .

1.2 Fundamental Soeech Parameters

'Three of the most important information-bearing parameters for

speech are loudness, pitch, and short-time spectral envelope. The

pitch signal represents the rate at which the vocal folds vibrate and

can be obtained by extracting the fundamental

frequency

of a signal

which is directly derived f ran vocal fold movenent. Loudness, of

course, represents the perceptual amplitude of the speech signal and
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is the easiest to obtain. 'Ihe time-varying spectral envelope, which

represents the changing vocal tract shape, can be obtained f ran the

outputs of a bank of bandpass filters.
Since the perception of vowels depends primarily on their

short-time slmctrum, a paranetric model for vowels should be based on

the spectrum of vowels. Traditionally vowels have been characterized

in terms of the peaks in the envelope of the spectrum (Peterson and

Barney, 1952). However, reliable real-time extraction of formants, as

requi red for the speech training aid is very difficult. Linear

Predictive (LP) log-area ratios, which determine the shape and size of

an acoustic tube model of speech production, also do not seem to be a

suitable approach to the problem of real-time vowel-to-color

conversion because they are not directly related to the short-time

spectral envelope of speech. 'Ihus we chose to use principal
components (PC) as a way cf representing the speech spectrum. Ihe

principal components are primarily related to the overall shape of the
spectrum rather than to peaks in the spectrum. They are easy to
compute in real-time, contain much information with small number of

components, and are relatively speaker independent.

The principal-components analysis method can be used to obtain
an eff icient representation of a correlated data set, such that the
redundancy is removed and a set of uncorrelated data is obtained. The

results of statistical experiments, obtained by Zahorian (1978),

showed that speech spectral band energies are highly correlated. In

the principal-components analysis procedure, the spectral band

energies are represented as a function of frequency in terms of the
coeff icients of an orthogonal series expansion. 'Ihe basis vectors for
this series expansion depend on the statistical properties of the



original data and are referred to as principal-components basis
vectors. The uncorrelated coeff icients of the basis vectors are
referred to as principal axnponents. Ihe principal-components

analysis procedure, also called a Karhunen-Loeve (K-L) series
expansion, is a well known methcd in statistical theory.

The principal components, i.e. the coeff icients of the basis
vectors described above, have the following desirable properties:

l. 'Ihe principal components are uncorrelated.

2. 'Ihey are ordered such that the first one accounts for as

much as possible of the variance of the original data set,
the second one accounts for as much as possible of the

remaining variance of the original data set, and so on.

3. The original data set can be approximated by a linear
combination of principal components plus a constant additive
term which depends on the mean value of the data set.

4. For a given nunber of components, the expected value of the

mean-square error between the original and reconstituted
data sets is minimized.

1.3 Cb1 ectives and Overview

Despite the wide variety of research, most aids developed to
date have been relatively unsuccessful. 'Ihese speech training aids
can be divided into three categories depending on their complexity,

completeness, and cost. 'Ihere are aids such as spectrographic

displays that contain much information but are complex and difficult
to comprehend. 'Ihe systen itself is expensive. On the other hand



there are aids that are inexpensive and easy to interpret but only

display a single speech paraneter. An S-indicator and a pitch meter

are examples of such aids. 'Ihe vowel-to-color conversion aid,

however, belongs to a third category which displays an intermediate

amount of information with an easily understandable display format.

'ibis system is different fran all other articulation training
aids in the sense that it makes use of principal components which no

one has previously attenpted to use. It is informationally ccmplete,

yet easy to interpret because it makes extensive use of color. Use of

the latest lcw-cost technology, such as color CRT', GDC', and

microprocessors, makes it affordable and therefore potentially

available to a large number of individuals. In conj unction with a

personal computer and special software, this system can be an

effective articulation training aid for the deaf.

'lhe first step toward meeting the objectives of this research

was taken by developing various 1cw-level procedur es which were

necessary to make an interactive and flexible systan. Also many

intermediate experiments were conducted to optimize the

principal-components analysis procedure for use with the

vowel-to-color training aid. Clustering of vowels in various PC

spaces was investigated in order to determine whether or not it is
possible to distinguish vowels based on PC'. A method was devised

to determine a linear transformation for mapping vowels, as

represented by the f irst three principal components, to colors. 'Ihe

details of this transformation were optimized experimentally through

the course of the research.

Chapter 2 gives an overview of the system as a whole. It also

discusses the hardware and software used in the develognent of the



vowel-to-color convertor. Chapter 3 includes a discussion of PC

analysis of speech spectra. It also explains the experiments

conducted to obtain an optimum set of basis vectors for the system and

the experiments conducted to determine the clustering of vowels in
various PC spaces. Chapter 4 explains the derivation of the method

used to convert vowels into mlors. Also included in Chapter 4 is a

discussion of the implenentation of this method based on a linear
transformation which maps vowels into colors. Wo different types of

display formats are discussed. Results of two sets of experiments

conducted to determine the effectiveness of the color display of vcwel

spectrum as a training aid are presented in Chapter 5. The

conclusions of this research and suggestions for further research are

also presented in this chapter.



The transformation of vowels to a visual display for a speech

training aid for the deaf requires both special purpose hardware and

software. Software is utilized to make the processing of data as

flexible as possible and to autanate experiments for optimizing the
system. 'Ihe basic hardware for the system, depicted in Figure 2-1,

consists of a speech paraneter extractor, an S-100 based

microprocessor system controlled by an Intel 8088 microprocessor, a

color graphics display controller, and a color monitor. The speech

parameter extractor is used to represent important features of speech

with a set of uncorrelated paraneters. 'Ihese parameters are sampled

by analog to digital (A-D) converters attached to the microprocessor.

The microprocessor systen converts the speech parameters to display

parameters. 'Ihe graphics display controller is used to mntrol the

detailed aspects of the display on the color monitor.

An overview of both the hardware and software for this system is
presented in this chapter. R&st of the hardware was either purchased

or had been "custan" built prior to the start of the research reported

in this thesis. Much of the software was developed during the course

of the research. Since this particular project is one aspect of a

broader research objective, i.e. the development of a general purpose

speech training aid, some of the hardware and most of the software was

designed to accommodate these broader obj ectives. The intent of this
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chapter is to summarize the major components of the overall visual

speech display system, with particular emphasis on those components

which are most important to the specif ic research cbjectives of this
thesis.

2.1 Soeech Parameter Extractor

The speech parmoeter extractor, which extracts pitch, energy,

and spectral principal components from the acoustic speech signals, is
shown in the block diagran of Figure 2-2. 'Ihe analog electronics for
this real-time system were constructed with nine 4 1/2 " by 9" circuit
boards which are placed in a 19" rack-mountable cage and

interconnected with a backplane. In addition to various controls and

inputs and outputs on the face panel, a bank of bargraph LED's are
mounted on the faceplate so that the most important parameters

extracted by the electronics can be monitored directly.

2.1a Princirsl-Comronents Extraction

Specially-designed electronics were constructed to extract the
principal components in the manner depicted in Figure 2-3. 'Ihe

microphone signal is first ampl if ied and high-frmIuency preemphasized

at 6 dB/octave up to 3KHz (for spectral "flattening" ) with a

preamplifier board. The preamplifier board also has the capability
for expanding or compressing the dynamic range of speech signals, in
order to compensate for deaf speakers who have difficulty with

amplitude control. (Unfortunately, the compression scheme did not
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appear to be accurate enough to level normalize the signal to the

extent desired for some of the experiments reported in this thesis) .

'Ihe amplif ied speech signal is then analyzed by a bank of 16

fourth-order bandpass Butterworth filters. These filters are equally

spaced on the perceptual frequency scale of mels and span the

f rcquency range fran 240Hz to about 5.6KHz. Table 2-1 lists the

measured center frequencies, bandwidths, and Q's. As can be seen, the

filter Q's range from about 4 to 10. The frequency responses of the

5th and 13th filters are shown in Figure 2-4. Each filter was built
with two operational anplif iers as active components and precision

(1%) resistors and capacitors. Each filter output is full-wave

rectified and lcwpass filtered with a second-order Butterworth 1owp ss

fil ter at 30Hz. 'I he bandpass f il ters, rectif iers, and icwpass f il ters
perform a spectral analysis very similar to the analysis of a typical

channel vocoder (Gold, et al., 1981). 'Ihe 16 analysis channels occupy

three printed circuit boards.

The 16 1cw-frequency spectral signals are logarithmically

amplitude scaled, using a precision integrated circuit logarithmic

amplif ier (Intersil 8048) in order to approximate a Imrceptual

amplitude scale. 'Ihe 16 spectral signals are time multiplexed (at
about 1400 Hz rate) and passed through a single logarithmic

amplifier. The log amplifier outputs are demultiplexed and input to a

16-channel sample and hold bank to obtain the 16 logarithmically

scaled signals. Use of a single log ampl if ier insures that all
signals are scaled in precisely the same way.

Neasuranents were taken to determine the approximate dynamic

range and signal-to-noise ratio of the filter bank, logarithmic

amplif ier combination. 'Ihe maximum signal level at the input to the



Table 2-1. Center frequencies and bandwiths
of filter bank.

CENTER~CY
(Hz)

300

430

BANDWIDTH

(Hz)

120

139

2.5

3.1

568

716

900

1 089

7 1390

1636

1935

145

168

178

202

250

301

340

3.9

4.3

5.1

5.4

5.6

5.4

5.7

10 2258 305

12

13

15

16

2609

3059

3483

4049

4651

5248

339

404

443

504

699

617

7.7

7.6

7.9

8.0

6.7

8.5



Figure 2-4. Frequency response of 5th and 13th filters.
Vertical: 10 dB/division
Horizontal: 500 Hz/division
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filter bank, in order that there be no overload, is about 12 VPP which

results in 9.6 VDC at the lowpass filter outputs. 'Ihe average DC

level at the lcwpass f ilter outputs, with no input, is approximately

18 millivolts. 'Ihus the noise at the 1owpass filter outputs is about

54 dB below the maximum signal level. The gain of the log amplifier

was determined to be approximately 0.2 volt/dB, with a maximum output

of 9.2 volts DC for a DC input of 10.0 volts. 'Ihe minimum output for

no input is approximately 1.2 volts. 'Ihus the dynamic range at the

log amplif ier output is about 8 volts or approximately 40 dB between

the largest signal output and the output corresponding to no signal.

Hrwever, the effective signal-to-noise ratio for speech signals is
less than 40 dB since the average signal level at each bandpass filter
output would be much less than the peak signal for sinusoidal inputs.

'Ihe 16 logarithmically scaled bandpass filter outputs are scaled

with six operational amplifier suoming circuits to compute the first
six principal components. 'Ihe gain of each summer input was

determined by the appropriate coeff icient of a principal-components

basis vector. 'Ihe experiments conducted to determine the

principal-components basis vectors are reported in Chapter 3 of this
thesis. Since some of the princiEml-components basis vector

coefficients are negative, inverting amplifiers were also required for

the bandpass filter signals.

The six signals representing the principal components are also

amplitude scaled and DC shifted in order to match the 0 to +5VIX: range

of the A-D converters. In initial pilot experiments, the gains of the

individual principal-components signals were independently adjusted so

that the maxim'ignal level for each principal component would be

approximately the same (i. e. 5VPP) . However, in all the later
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experiments the gain for each PC, except for PCL, was adj usted

according to the corresponding PC basis vector. 'Ihe gain for PC1,

which would normally be the largest signal since PCL has the largest
variance, was set at 1/3 of the value indicated by the basis vector
for PCL. With these gain settings, PC1 and PC2 had the largest and

approximately equal variances. The variances for the ranaining PC'

were less, as indicated by the eigenvalues of the covariance matrix
(Chapter 3). Finally each PC signal is lowpass filtered by a second

order Hutterworth f ilter, with -3da frequency at 30Hz, in order to
renove any high-frequency noise due to the multiplexed log amplifier.

2.1b Pitch and Enerav Extractor

'Ihe short-term energy of the speech signal is detected as shown

in Figure 2-5. 'Ihe speech signal is first full-wave rectified, then

lowpass f iltered at 30Hz with a second-order Butterworth filter. 'Ihe

output of this 1rwpass filter is thus a low-frequency signal which

represents the approximate ampl itude or short-term energy of the

speech signal. Figure 2-5 also depicts the signal processing used to
determine if the speech signal is voiced or unvoiced. 'Ihe speech

signal is considered to be unvoiced if the energy above 4KHz exceeds

the energy of the original signal below 2KHz.

As shown in Figure 2-6, a signal proportional to pitch
(fundamental frequency of voicing) was also extracted with analog

electronics. Although the pitch information is not used as part of

the vowel display, the description of the pitch extraction circuitry
is included merely to complete the description of the speech parameter

extractor. The speech signal is first lowpass filtered at 1000Hz with
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INPUT
SPEECH FULL-WAVE 2 POLE ~WORTH

RECTIFIER — IOWPASS FILTER ~ ENERGY
(30 HZ)

2 POLE FULL-WAVE 2 POLE ~WORTH
LOWPASS FILTER — RECTIFIER — LOWPASS FILTER

(2 KHZ) (30 HZ)

+ VOICED/UNVOICED

DECISION

2 POLE FULL-WAVE 2 POLE EKJITERWORTH
HIGHPASS FILTER — REC1'IFIER — LOWPASS FILTER

(4 KHZ) (30 HZ)

Figure 2-5. Block diagram of energy detector and
voiced/unvoiced detector.

INPUT
SPEECH 4 POLE BESSEL VARIABLE 2 POLE BESSEL

AMPLIFIER LOWPASS FILTER LOWPASS FILTER
(900 HZ) (100 HZ, 200 HZ, 300 HZ)

PULSE SHAPING DIFFERENTIATOR— AND HALF-WAVE
RECTIFIER

SCHMITI'RIGGER

Voltage (X Time

!

RAMP mZWCm, L
~

I DIVIDER I

SAMPLE AND HOLD( I

J VOICED/UNVOICED
DECISION

Figure 2-6. Block diagram of the pitch extractor.
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a fourth-order Bessel filter. The signal is then lcwpass f iltered at
either 100 Hz, 200 Hz, or 300 Hz, depending on speaker type (male,

female, or Wild), with a second-order Bessel filter. 'Ihis second

f ilter is switch selectable on the front pmel. 'Ihis signal is then

passed through an automatic gain control circuit (AGC) to remove

amplitude variations in the signal. 'Ihe output of the PQC is thus a

nearly sinusoidal, almost constant amplitude, signal which is at the
fundamental frequency of voicing. 'Ihe zero crossings of this signal

are determined and a voltage proportional to the period is produced.

A divider circuit is used to convert the voltage to a signal which is
proportional to f requency.

2.2 Nicroprocessor Svstan

A block diagram of the microprocessor systen is given in Figure

2 7. As can be seen fran the figure, the microprocessor system is
centered around an 8-100 bus and controlled by an Intel 8088

microprocessor. 'The main functional components of this systen, which

will be briefly described in the following several paragraphs, are:

l. an 8088 CHJ card; 2. RAN and EPRON memory; 3. an 8-channel

8-bit analog to digital (A-D) converter; 4. a 4-channel 8-bit digital
to analog (D-A) converter; and 5. a graphics display controller

(GDC) . All these components were used in the real-time display. In

addition a 16-channel A-D converter card and an EPRON burner card,

both custcm built for the S-100 bus, were used in the course of the

research, although not for the real-time display.
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MI CROPROCESSOR SYSTEM

S-100
BUS

~ CHANNEL
MICROPROCESSOR

32K~ RAM

4

CHANNEL

32K

ROM

GRAPHICS

D I SPLAY

CONTROLLER

(NEC 7220)

R G B

128 K

~ GRAPHICS

MEMORY

Figure 2-7. Block diagram of microprocessor system.
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2.2a Microprocessor CPU card

The LDP88, built and marketed by Lanas Data Products Inc., was

used as the CPU card. This card implements most of the IEEE S-100 bus

signals, with an 8-bit data bus and 24-bit address bus. The primary

functional components on the card are an Intel 8/16 bit 8088

microprocessor operating at 5MHz, a single serial RS232 port based on

an Intel 8251 Universal Synchronous Asynchronous Receiver/Transmitter

(USART), an Intel 8259A Progr~le Interrupt Controller (PIC) for

controlling eight vectored interrupts, and an on board monitor in a

PRON. As discussed in a later section of this thesis, a special

program was written for downloading code over the serial link to the

LDP88. This program interacted with the monitor on the LDP88.

2.2b RAN and EPRON Memorv

Commercial RAN and EPRDN cards, marketed by Digital Research

Computers, were used for menory. 'Ihe 32 K static RAN card was

functional with no wait states. Standard 450 nanosecond 2732 (4 K

bytes) EPRDM memory integrated circuits were used in the EPRON memory

card for no wait state operation. Both cards were conf igured to

operate with an 8-bit data bus.

2.2c Analoc to Diaital Converters

Both an 8-channel and a 16-channel 8-bit analog to digital (A-D)

cards were built and interfaced to the S-100 bus. 'Ihe two cards are

quite similar in design. For the 8-channel case the design is based



on the National Seniconductor ADC0808; for the 16-channel case, the
design is based on the ADC0816. Each card contains enough on board

manory to store the results of one conversion for each channel. 'Ihe

cards can be programmed for the total number of channels to be sampled

for each start of conversion command. 'Ihe start of conversion is
controlled either by a programmable timer, by sof tware, or by an

external trigger. 'Ihe conversion time is about 70 microseconds for
each channe1, thus implying a maximum sampling rate of about 14KHz for

single channel operation, and correspondingly lower rates if more than

one channe1 is used. 'Ihe end of conversion signal is connected to an

interrupt on the microprocessor.

2.2d Diaital to analoa converter

A 4-.channel 8-bit digital to analog converter (D-A) was also

built and interfaced to the S-100 bus. A separate National

Seniconductor DAC0830 integrated circuit was used for each channel of

the D-A converter. 'Ihe D-A converter was used in experiments for

optimizing the display, and also initially as a simple graphics

display controller for the three channels of the color monitor. 'Ihe

D-A card also contains an Intel 8254 programable timer, which was used

for setting the desired sampling rates for most experiments.

2.2e ERKN card

In order to make the microprocessor systen independent of the

Intel Series II microcomputer, a special purp&se EPRON burner card was

designed and built for the system so that program codes could be
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burned into EPRONs. These EPRQNs would later be located in a

designated available memory space. Burning EPRONs was highly

advantageous because the downloading of program codes f ran the Intel
Series II microamputer to the target system was extrenely slow. This

EPROM burner card has the capability to burn hex formatted program

codes into 2716 and 2732 EPRONs or any other compatible EPRCN. It was

also designed to be capable of copying program codes f ran a master

EPRCN into a slave EPRON, with both ZXRCNs residing on the BEAN

burner card.

2.2 f Grarhics disolav controller

A commercial graphics display controller (GDC), built by I/O

Technology, was used to control the color display for most experiments

reported in this thesis. The GDC is centered around the NEC7220 GDC

integrated circuit and contains a total of 64 K words of memory. 'ibis

memory is arranged in 4 planes of 16 K words each. Each plane of

memory controls 1 of the input bits to a programmable color mapper.

The board is capable of supporting a 512 by 512 pixel display, with

each pixel 1 of 16 colors, selected fran a palette of 4096 possible
colors. Since the palette updating process is too slow for real-time

updates, the GDC supports up to 16 colors on the screen at any one

time. Because of the particular color monitor available (Amdek color

IVa), the monitor was arranged to be 1024 pixels horizontally and 240

pixels vertically (non-interlaced) .
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2.3 Software Development Process

As mentioned earlier, software is a tool utilized to make the

mapping f ran speech parameters to color parameters as flexible as

possible. 'Ihis is desired because the details of the transformation

must be determined experimentally. Sof tware can also autcmate the

measurement experiments needed to optimize the performance of the

system.

An Intel Series II 8080 based microcomputer developnent system

with a disk operating systen, was used to develop program codes for

the target 8088 microprocessor system. The 8088 microprocessor code

is the same as 8086 code. In order to use code developed on the Intel

development systen, this code has to be serially downloaded f ran the

Intel to the target systen. Therefore a program, capable of correctly

downloading the code, had to be developed. Also since the target
system does not have a terminal of its own, another program had to be

developed to make the Intel Series II microcomputer look like a

"dummy" terminal to the target systen. Both of these programs execute

on the Intel develognent systen. Since the Intel is an 8080 based

system, these programs were developed using PLNBO.

HP$6, a high level programming language which also enables good

control over hardware, is used to develop sof tulare for the target
system. ZLM86 programs must be compiled by Intel' KI compiler in

order to generate 8086 object code. 'Jhe object files can be linked

and located to a specif ic block of manory.
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2.3a LDP88 downloadina proaram

'The LDP88 program was written, in PLN80 language, to cbwnload

the hexadecimal formatted object file of any program written in KN86

language, through a serial RS232 communication port. Hexadecimal

object file format is a way of representing an object file in ASCII.

That is, an eight bit binary value is coded into two eight bit ASCII

characters, each representing the ASCII code for a single hex (4 bit)
digit. ')his type of representation, which rmIuires twice as many

bytes as a binary representation, is called ASCII hexadecimal.

There are four different types of records associated with an

8086 hexadecimal object file. ')hey are:

(1) . Extended Address Record;

(2) . Start Address Record;

(3) . Data Record;

(4). End of File Record.

Each record begins with a RECDRD NARK field containing the ASCII

code for colon(:), followed by a REC LEN field specifying the nunber

of bytes of information or data which follows the REC TYP f ield of

each record. Each record ends with CHECK SUN field.
'The LDP88 program reads one record of the hexadecimal formatted

object file at a time. If the record is of type Extended Address, it
contains the information which provides bits 4-.19 of the Segment Base

Address. Bits 4-19 are referred to as the Upper Segment Base

Address. If the record is of type DATA, it contains an offset in its
Load Address field which can be added to the Segment Base Address to

produce the absolute base address of the first data byte in that
record. It also contains a block of data which will be stored in a
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block of memory whose starting address is the absolute base address

calculated for the first byte of data in that block. If the record is
of type Start Address, it uses the information in that record to set
the IP and CS registers of the 8088 microprocessor. If the record is
of type End of File, it signifies the end of information and therefore

the end of downloading.

Therefore, briefly speaking, the LDPBB program converts the
ASCII formatted address of each record, if it has any, to its
hexadecimal representation in order to compute the absolute starting
address of the block of data in that record. Then it converts the
absolute starting address to its ASCII representation and places it,
along with all the data bytes in that record, in the format for the
monitor's "E" (Enter) command. Note that ASCII coded data bytes need

not be converted to hexadecimal numbers and can directly be included

in the output record.

'Ihe LDPBB program uses the "E" command of the monitor routine of

the LDPBB microprocessor systen to download a block of data into a

block of menory of the LDPBB target system whose starting address is
the absolute base address calculated for the f irst byte of data in
that block.

2.3b SDKBB proaram

A program was written in PLNBO language to make the Intel Series
II microcomputer look like the LDPBB' terminal. 'Ihis program makes

use of the Intel's systen routines to display the received data on the
screen and also to transmit the ASCII mde of a pressed key to the
LDPBB microprocessor systan and display its echoed value on the
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screen. The maxim'ommunication baud rate to properly receive and

display data was found to be 2400 bits/second.

2.3c Interrupt handling For the 8088

When a signal is placed on the interrupt pin of the 8088

microprocessor, it looks for the cause of this interrupt. 'The source

of the interrupt is conveyed to the processor by an external device

called the PIC (Programmable Interrupt Controller), through an eight

bit code. The PIC must be initialized so that the 8-bit codes will

correspond to desired pointers for particular devices. The processor

multiplies this code by four in order to locate the starting address

of a four byte pointer, which points to the start of the service

routine associated with that interrupt. Thus the first 2908 locations

of memory is a table of interrupt vectors.

When an interrupt occurs, the current contents of the IP and CS

registers are pushed on the stack. Then the first two bytes of the

four byte pointer is loaded into the IP register and the next two

bytes are loaded into the CS register. Thus the interrupt service

routine must be located in menory at the location corresponding to

these IP and CS values. Then the processor services that interrupt.

After the interrupt has been serviced, the contents of the stack are

popped back into the IP and CS registers, causing a program branch to

the next instruction following the last instruction executed prior to

the interrupt.

In KB86 language, interrupts are declared as local procedures

at the outer level of the program. An interrupt procedure is declared

with the statement "label: PROCEIIJRE INTEfUUIT n" where "label" can
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be any desired string of characters and n is any mnstant integer fran
0 to 255. Whenever the 8088 interrupt corresponding to n occurs, this
interrupt procedure is activated to service that interrupt. The last
line of the interrupt procedure must be the statement "END label;"
which denotes the end of the service routine. 'Iherefore the PIC must

be programmed to generate an interrupt mrresponding to the value of

the highest f ive signif icant bits of the number n. 'The lowest three
significant bits of n correspond to the priority level (0-8) of the
device causing the interrupt.

A list of devices, along with the level of interrupt assigned to
each one of than, is given in Table 2-2. For mmpleteness of this
report, a list of devices, along with the Input/Output addre ses

assigned to then, is given in Table 2-3.

2.3d Low-level procedures

In order to make the programs interactive, that is to have

programs capable of displaying messages and data in several different
formats, and also capable of decoding messages and data entered in
different formats from the keyboard, various low-level procedures had

to be developed. Ihere were also many other "arithmetic" procedures

developed, such as double precision integer addition, multiplication,

and division. Also developed was a procedure to determine the Ktuare

root of any positive word sized integer. 'Ihese procedures along with

a short description of their function are listed in Table A-1 in

appendix A.



Table 2-2. Device interrupt assignments

DEVICE

8-channel A-D

16-channel A-D

INTERHJPTS ASSIGNED

0 and2

Table 2-3. Input/Out~ addresses for peripherals

DEVICE

8-channe1
A-D

16channal
A-D

A|XXUSS VO DESCRIPTION

XX20-XX27 I Data buffers 0 through 7

0 Port A of 8255. Contains the number
of last analog channel to be sampled.

0 Port B of 8255. Contains the start
signal select.

0 Port C of 8255. Used for software
start.

0 Control register of 8255

XX30-XX3F I Data buffers 0 through 15

0 Port A of 8255. Contains the rober
of last analog channel to be sampled.

0 Port B of 8255. Gontains the start
signal se1ect.

0 Port C of 8255 . Used for software
start.

XX43 0 Gontrol register of 8255

XX40 0 Port A of 8255. Its least four
significant bits contains the highest
four significant bits of the EPRON
address

0 Port B of 8255. Contains the least
signif icant byte of the address for
EPRGN.

XX42 I a 0 Port C of 8255. Contains data to be
written to or read f ran the EPRON.

XX43 0 Control register of 8255
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DEVICZ

Table 2-3. (Continued)

ADDRSSS Vo DESCRIPTICN

XX10 0 Port A of 8254. Counter 0

0 Port B of 8254. Cbunter 1

0 Port C of 8254. Counter 2

0 Control register of 8254

0 D-A channel 41

0 D-A channel ()2

0 D-A channel 43

0 D-A channel 44

XXBO I & 0 Status register read and parameters
into FIFO

XX81 I & 0 FIFO read and command into FIFO

Serial port

Peripheral
Interface
Control

(PIC)

0 Color mapper address and data

0 Napper control logic

XX00 I a 0 Receive and transmit data

0 Mode or command byte for 8251

XX02 I 6 0 Write: IQR, IN2, and OGQ
Read: Status and Poll

XX03 I 6 0 Write: ICN2, IGQ, ICN4,
OCN1 (mask)

Read: OCNI (mask)
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2.4 Grarhics Software

In addition to programming the 8088 microprocessor, the NHC7220

GDC had to be programmed to implement the desired display format.

Fran the viewpoint of the 8088, the GDC consisted of four ~r ts
through which either commands and data could be either written or

read. The initialization consisted of programming the GDC to generate

the synchronization signals for the monitor, and assigning the colors

to the color table for the color mapper. Since the details of the

initialization, although quite complex, are described in manuals

published by NHC, this process will not be described. However, the

objectives of this research required the use of far more than the 16

available colors fran "standard" use of the GDC. Therefore this
important "nonstandard" procedure for obtaining more colors, in a

real-time display, will be described.

A technique called dithering (Foley and Van Dam, 1982) was used

to obtain additional colors by trading spatial resolution for

increased color resolution. In this particular implementation, pixels
were grouped in horizontal groups of four, thus reducing the effective
horizontal resolution fran 1024 pixels to 256 pixels. Based on limits
imposed by the color mapper, the brightness of red, green, and blue at
each original pixel location was considered to be either 0: (off), 0.5

(half intensity), or 1.0 (full intensity) . With this assanption, the

9 pattern dither table shown in Table 2-4 is obtained. Since this
same dither pattern is used for each of red, green, and blue, a total
of 949*9=729 colors is obtained. These dither patterns were used in

conjunction with the color mapper assignment shown in Table 2-5.
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Table 2-4. Nine pattern dither table.

RELATIVE INTENSITY
FOR EACH PIXEL

0
0.5
0.5
0.5
0.5

1

1

1

1

0 0 0
0 0 0
0 0.5 0

0.5 0.5 0
0.5 0.5 0.5
0.5 0.5 0.5
0.5 1 0.5

1 1 0.5
1 1 1

Table 2-5. Color mapper color assignments.

0
1

2
3
4
5
6
7
8
9
10
11
12
13
14
15

0 0 0
0 0 1

0 0.5 0.5
0 1 0
0 1 1

0.5 0 0.5
0.5 0.5 0
0.5 0.5 0.5
0.5 0.5 1

0.5 1 0.5
1 0 0
1 0 1

1 0.5 0.5
1 1 0
1 1 0.5
1 1 1
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An example is depicted in Table 2-6. Assane a value of red=2,

blue=5, and green=8 is desired at sane location (consisting of 4 pixel

menory locations, but one effective pixel location) . These values

correspond to the three dither patterns shown in Table 2-4. In turn,

these dither patterns require mlor 4, color 8, color 8, and color 1

fran the mlor table in the four pixel locations. In order to specify

these four colors, the bit codes which define the four mlors must be

written into the appropriate bit planes. In some cases the required

colors are not available f ran the mlor mapper—a 27 entry color

table rather than a 16 entry color table would have been required.

For these cases, the colors were "rounded" to the nearest available

color. This technique was tested and found to work well for

displaying a large range of colors on the monitor.

2.5 EPRON Burning Procedure

'Ihere are four types of menory segments associated with any

program written in PM86 language. 'Ihese four segments are the mde

segment, data segment, stack segment, and interrupt table segment.

'Ihe code segment mntains program instructions and its contents ranain

unchanged. Therefore the mde segment can be in RON space. 'Ihe data

segment contains the values of the variables of the program and these

values are allowed to change. 'Iherefore the data segment must be in

RAN space. The program mde writes variable information in the stack

segment and therefore the stack segment must also reside in RAN

space. The interrupt table segment, because of the LDP88's interrupt

handl ing procedure, must reside in the lowest block of manory. 'Ihe

length of this block is 2QOH. Since this block of the menory is
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Table 2-6. Color selection example.

DITHER PATTERN

RED= 2 0.5 0 0.5 0

1 0.5 0.5 0.5

1 1 1 1

PIXEL 1

PIXEL 2

PIXEL 3

PIXEL 4

COLOR NUMBERS FROM COLOR MAP

4 = (0,1,1)

8 = (0.5,0.5,1)

8 = (0.5,0.5,1)

1 = (0,0,1)

Since the color corresponding to (0.5,1,1) is not available
in the assigned color map, the next lower color, (0,1,1), is
selected. However the "missing" 0.5 from red is added to the red
component for the next pixel so that the next color chosen is
(0.5,0.5,1) rather than (0,0.5,1) as specified by the original dither
pattern.

Since (0,0.5,1) is not available, the next lower color,
(0,0,1) is selected. Within each group of four pixels, the algorithim
compensates for rounding down by adding to the next pixel, if
possible. However the rounding down is not carried over to the next
group of four pixels.
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restricted to be RAN by the LDP88's monitor routines, the interrupt
table segment has to reside in RAN space.

The bottom 32 K bytes of menory (0-32 K) is allocated for RAN

space and the next block which has a length of 24 K bytes is allocated

for EPRON space (32-56 K) . When burning EPRONs, this latter block of

menory is tanporarily filled with 24 K bytes of RAN which will contain

downloaded program code to be burned into the EHIONs.

Note that the code segment of the program, which is to be burned

into the EPRDNs, must be located such that it occupies a block of the

memory within the 24 K bytes of the EH(ON space. 'Ihe assigned address

must be the actual address in which the program will finally reside

after it has been burned into the EPRONs, since the code contains

absolute addresses.

All the fixed messages which will be displayed by the program,

have to become a part of the code segment. 'The compiler will put

these messages in the code segment if they are initialized with the

DATA initialization statenent.

When a program is downloaded, the interrupt table associated

with that program is also downloaded to the lcwest 200H locations of

menory. However, when using a program on the EPRON card, the

interrupt table associated with that program must be first "saved" in

the EPRON and then transferred to the lowest 200H locations prior to

using interrupts. 'Ignis can be achieved by using the fol lowing

procedure:

(1) . In the program, a dummy array of length 200H must be

dimensioned such that it occupies a block of the EPRON

space not conflicting with the program code. Also there

must be a code segment which copies the contents of that
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dummy array into the lowest 200H locations of the RAN

space prior to using interrupts.

(2) . The program should be downloaded after being linked and

located.

(3) . 'Jhe contents of the lowest 200H locations of the RAN space

should be burned into the part of the EPRON which is
designated to hold the contents of the dummy array.

(4) . The program code should be burned into the EPRONs.

Whenever the program is executed, it copies the interrupt table

into the lcwest 200H locations of the RAN space before it starts to

service any interrupts. Programs which do not use interrupts can be

burned without following steps 1 and 3 of the above procedure.
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MEASUREMENT OF VCR SPECTRA

'The varying spectral characteristics of vowels makes it possible

for vowels to be distinguished f ran one another. Sane vcwels have

fairly similar spectral characteristics and thus sound similar and are

relatively difficult to distinguish. 'Jhe following vowels in the hVd

context are examples: heed and hid, hod and haw'd, hood and who',

etc. 'Jhere are also vowels with widely different spectral

characteristics which do not sound similar and therefore are easy to

distinguish. 'Ihe following vowels in the hVd context can be used as

examples: heed, hod, who', and had.

As discussed in Chapter 1, the principal components are related

to the overall shape of the short-time spectrum rather than the peaks

in the speech spectrum. They are easy to axnpute in real-time and

contain much information with a small nunber of components. Therefore

the principal components were used to represent speech spectra.

However, it is important to determine if vowels are "well"

distributed in this principal-components space. 'Ihat is, vowels which

are perceptually similar should have similar parameter values and

vials which are perceptually far apart should be spaced far apart in

the parameter space. If vowels are appropriately distributed in a

principal-components space, then it should be possible to distinguish

each vowel based on a principal-components representation.
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'Ihis chapter will discuss the reasons for choosing the
principal-components space, and will explain the experimental

procedures for computing the principal-canponents basis vectors. An

investigation of the distribution of vowels in the

principal-components space will be reported.

ihe process of obtaining an optimum set of basis vectors for the

system included three sets of similar experimental procedures. Since

the first two sets of experiments were preliminary, they will not be

discussed in full detail and only the last sets of experiments will be

discussed in full detail.

3.1 Princirel-Comconents Analvsis of Sreech Srpectra

To compute the K-L basis vectors the covariance matrix

associated with the spectral band energies must be determined and its
eigenvalues and eigenvectors computed. ihese eigenvectors are the K-L

basis vectors. 'Ihe mean square error depends on the eigenvalues of

the covariance matrix and is defined as:

i~+1

In the equation above, the denominator represents the total

energy and the numerator represents the eigenvalues not considered. A

more detailed description is given in zahorian (1978) .



Figure 3-1 depicts a block diagram of the principal-components

analysis procedure. In this figure N original parameters correspond

to an N-dimensional data vector whose components are N amplitude-coded

speech spectral band energies. N (N ( N) K-L basis vectors are used

as a linear transformation of the N-data points to obtain an

H-dimensional data vector whose components are uncorrelated. 'Jhe

original data set can be obtained f rem this new data set by using the

inverse transformation shown.

Since, for a given nuober of terms, the principal-components

analysis "explains" a maximum anount of data variance, it is generally

assumed that the principal components also retain a maximum amount of

information for the data. 'Ihe principal components are also

straightforward to compute in real-time (once every 10-20 msec needed

to represent changing speech events), fairly robust in the presence of

noise, and relatively speaker independent. For all these reasons, a

principal-components representation of filter bank data was chosen as

a set of Imrameters for representing vowel data.

However, eren if this method does produce maximum information

about vcwel spectra, it is not necessarily true that vowel spectra

will be ~ly clustered. Nevertheless, even if vcwels are not

well clustered in a principal-components parameter space, it might be

possible to determine a rotated subspace such that the data does

cluster according to vcwel categories. If this is the case, the

principal-components analysis is useful as a data reduction step.

That is, instead of using 16 band energies, only three to f ive

principal components can be utilized in assigning different colors to

different vcwels.
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3.2 Comoutation of PC Basis Vectors

The first step in a PC analysis is to determine the PC basis

vectors based on the statistical analysis of a large amount of data.

'These basis vectors are the eigenvectors of the covariance matrix

obtained fran the original mltidimensional data. For this study, the

data are the signals fran the 16-channel filter bank.

3.2a Preliminarv set of basis vectors

Initially, due to equiPment limitations, it was impossible to

obtain any data. However, Zahorian (1978) had already computed a set

of principal-components basis vectors by using an FFZ simulated filter
bank. Figure 3-2 shows the first four principal components basis

vectors as computed by Zahorian. These were computed f ran

non-normalized spectral band energies with logarithmically coded

amplitudes. Since details of Zahorian's filter bank (simulated by an

FPT) were quite different fran the f ilter bank of the present

research, these basis vectors are not likely to be optimum for the

present work. It can be seen that these basis vectors resemble a set

of cosines. The work &ne by Gordy (1982) showed that a good spectral

model can be obtained by using a set of discrete cosine basis

vectors. 'Ihe principal components are referred to as discrete cosine

series coefficients when this type of modeling is used. 'Ihrough

speech synthesis experiments, the discrete cosine series coeff icients

were found to be nearly identical to principal components. 'Ihat is,
for a given unbar of terms, speech synthesized using cosine basis

vectors was almost identical to the speech synthesized using
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principal-components basis vectors. Since neither cosine basis

vectors nor the basis vectors obtained by Zahorian were likely to be

optimum, and the cosine basis vectors were easier to deal with (well

defined mathematical functions), cosine basis vectors were used in our

initial experiments.

The cosine basis vectors were tested by examining the

correlation characteristics of parameters based on these basis

vectors, and through preliminary vowel-to-color experiments. At the

time, a reel-to-reel tape with remrded speech was available fran

sane previous experiments in the speech laboratory. Six individuals

(three males and three fenales) were recorded on this tape. Prior to

recording, their speech was 1owIass f iltered with a cut-off frtaIuency

of 5000 IIz. Each individual had read two different ~ssages. The

first was called the "Rainbow Passage" which, on the average, lasted

approximately 90 seconds. 'Ihe other passage was called the "Orwell

Passage" and lasted around 270 seconds on the average. 'Ihe 8-channel

A-D converter, described in Chapter 2, was used to sample the

parameters.

The tape described above was used to obtain statistical data for

these parameters, including the covariance and correlation matrices.
'Ihe tape was played and various parameters including discrete cosine

coeff icients were computed in real time by the speech parameter

extractor. A sampling time of 20.0 milliseconds for the 8-channel A-D

converter was sufficient time to allow the processor to read in seven

of the eight channels and axnpute statistics during the ranaining

time. Six of these inputs were discrete cosine coefficients and the

seventh input was the energy level of the speech signal. 'Ihis

channe1 was used for detection of speech on the tape. Since this was
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an interrupt driven procedure, at the beginning of the service routine
the energy signal was compared with a threshold value of 32 (on a

scale of 0 to 255) . If the energy signal had a higher level than 32

then it was assigned that speech was present and all six parameters

were sampled and processed. Otherwise the service routine ended.

Through experimentation, it was found that sampling of the
"Rainbow Passage" would produce enough data points (1500 to 1900

points) to determine an accurate measure of the covariance and

correlation matrices. Therefore only the "Rainbow Passage" read by

each individual was used to obtain the correlation matrices. 'able
3-1 shows the correlation matrix computed for a male speaker. It can

be seen that, even though double precision arithmetic was used to
compute this matrix, there are still some round off errors.

If these parameters were optimum they should have been

uncorrelated, but a typical result of the experiment, as given in
Table 3-1 showed high correlation between some parameters. Also the
initial vowel-to-color experiments were unsatisfactory. 'Jhat is,
different vowels as spoken by a single person would not necessarily
produce different colors. Additionally, the same vcwel spoken by

different individuals would not always produce the same color.
This led to the conclusion that a set of cosine basis vectors

was not suitable for this systen and a new set of basis vectors was

needed

3.2b Second set of basis vectors

Since only an 8-channel A-D converter was available initially, a

covariance matrix could only be computed for 8-dimensional data rather
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Table 3-1. Correlation matrix of PC parameters computed based
on the statistical data of a single male speaker.
A set of cosine basis vectors was used in the system.

+0.995 +0.646 -0.421 -0.174 -0.201

+0.646 +0.977 +0.155 -0.469 -0.339

-0.421 +0.155 +0.937 +0.077 -0.062

-0.174 -0.469 +0.077 +1.041 +0.633

-0.201 -0.339 -0.062 +0.633 +1.011

Table 3-2. Correlation matrix of PC's canputed based on the
statistical data of all speakers. The set of basis
vectors, ccmputed using statistical data of only 8
band enrgies, was used in the system.

+0.994 +0.246 +0.082 -0.017 +0.190

+0.246 +0.998 +0.070 -0.259 -0.197

+0.082 +0.070 +0.988 +0.043 -0.069

-0.017 -0.259 +0.043 +0.999 +0.045

+0.190 -0.197 -0.069 +0.045 +0.982

Table 3-3. Correlation matrix of PC's computed based on thestatistical data of all speakers. The set of basis
vectors, computed using statistical data of all 16
band energies, was used in the system.

+0.979 +0.046 +0.027 +0.118 +0.111

+0.046 +1.017 -0.043 -0.105 -0.017

+0.027 -0.043 +0.959 -0.045 -0.097

+0.118 -0.105 -0.045 +1.027 -0.005

+0.111 -0.017 -0.097 -0.005 +0.933
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than 16. Therefore it was decided to sample every other band energy

since adjacent band energies are highly correlated. Bands 1, 3, 5, 7,

9, 11, 13, and 15 were connected to channels 1, 2, 3, 4, 5, 6, 7, and

8 of the A-D converter respectively.

Also because all eight channels of the A-D converter were used

for sampling band energies, both the third channel and the fifth
channel of the A-D converter were compared with a threshold value of

32 to determine the presence of speech.

The same tape used for the previous experiments was used again
to obtain statistical data for the spectral band energies. A

covariance matrix, based on eight spectral band energies, was

calculated and new 8-dimensional basis vectors were computed. Linear

interpolation between adjacent coeff icients for each basis vector was

used to determine a set of 16Mimensional basis vectors. In order to
test the speaker independency of these basis vectors, four categories
were chosen and the basis vectors were computed for each category.
These categories were:

(1) Individual speakers;

(2) All male speakers;

(3) All fanale speakers;

(4) All speakers.

In the first category, six covariance matrices were obtained
(each based on the data of a single speaker) and six sets of basis
vectors were computed (one from each covariance matrix) . In the
second category, only a single covariance matrix based on the data of

all male speech was obtained and f ran that a single set of basis
vectors was computed. The third category was the same as the second

category except that only fanale speech was used. In the fourth



49

category the nunber of male speakers was egual to the number of fenaie

speakers. A single oovariance matrix was obtained based on the data
of all speakers. 'Ibis matrix was then used to calculate a single set
of basis vectors. A logical choice for a general set of basis vectors
would be the basis vectors computed for all speakers because the basis
vectors appeared to be relatively speaker independent. Five of the
basis vectors, computed using data fran all speakers, are shown in
Figure 3-3. 'Ibis set of basis vectors was incorporated into the
system for further experiments.

The tape recorded speech was used again to determine the
correlation matrices for the new parameters. 'Ihe correlation matrices
showed that these parameters had lcwer correlations than the previous
case where cosine basis vectors were used. 'Ihe correlation matrix
calculated using data of the all-speaker group is given in Table 3-2.
'Ihe vowel-to-culor experiment was pranising with better results than
for the previous case.

'Ihe improvenent in results of the latter set of experiments over
the previous one, suggested that a more accurate set of basis vectors,
obtained by using all 16 spectral band energies, could further improve

the results. Therefore it was necessary to have a 16-channel A-D

converter. The design of the 8-channel A-D converter was modified to
a 16-channel A-D converter and a new 16-channel A-D converter was

built for this special purpose.

3.2c Final set of basis vectors

'Ibis final set of basis vectors was to be the option set of

16-dimensional basis vectors for the present system. Therefore the
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details of the experimental procedure were carefully controlled and

will be discussed here.

Since the speech used in previous experiments was lowpass

filtered, prior to recording, with a cut-off frequency of 5000 Hz, the
recorded speech signal had lost its high frequency content. Therefore

some new speech materials were recorded on a cassette without passing
the signal through any kind of fil ter. 'Ihe same passages (Rainbow

passage and Orwell passage) were read by nine individuals (five males
and four fenales) and their voices were recorded. A condenser

micro@one (Realistic low impedance back electret cardioid microphone)

was used. The speech was recorded with a Harmany'Kardon cassette deck

(an ultrawideband linear phase cassette deck, mxhl hk 300xm), w'h
Dolby noise reduction, in a quiet roan. In addition, some of these
individuals were asked to read a list of vowels in an hvd context
which would be used later on to determine the distribution of vcwels

in the principal-components sKace. The recording level was adj usted
so that the recorded voice of each individual would be at
approximately the same level. Dolby noise reduction was also used

during playback of the speech.

This cassette was used to obtain data frcm all 16 spectral band

energies, fran which the covariance matrix of spectral band energies
was calculatecL Using this mvariance matrix, a set of 16-dimensional

basis vectors was computed for the systen. To do this, the 16-'channel

A-D converter was used to sample all 16 spectral band energies. Also

one of the channels of the 8~channel A-D converter was used to sample

the energy of the input signal for the detection of speech. It was

experimentally verified that a threshold of 80 mv (i.e. a 4 on a scale
of 0 to 255) would assure that the input signal was sampled only when
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there was speech on the cassette. Ib maximize the range of the B-bit,
0-5 volt A-D converter channels, the gain of the speech signal was

adjusted so that the peak leve1s of the filter bank outputs were

approximate1y 5 volts. It was also necessary to add a bank of zener
diodes to the inputs of the A-D converter channels in order to prevent
interactions among the A-D converter channels when overloads did
occasionally occur.

Since the number af channels to be sampl ed was doubl ed, the
sampling time had to be increased to 53.0 milliseconds to allow the
processor to read in 17 channels and compute some partial statistics
whenever there was speech on the cassette. Because of the increase in
sampling time, the length of the playback had to be increased in order
to obtain a sufficient number of data points. 'therefore it was

decided to sample the spectral band energies during the playback of
both passages read by each individual. 1he program SZAT20, contained
in appendix B, was used to compute the covariance matrices.

'Ib compute a new general set of basis vectors, and to test the
speaker independency of the results, a set of experimental procedures
and categories, similar to the one used for computation of the second

set of basis vectors, was used. 5hat is four categories were chosen:

(1) Individual speakers;

(2) All male speakers;

(3) All fenale speakers;

(4) All speakers.

'Jhe basis vectors corresponding to each category were calculated
through a procedure identical to the one used for computation of the
second set of basis vectors as previously discussed. Although the
basis vectors computed for each individual were somewhat different



fran each other, they might still sgan the same space. In order to

determine if they were spanning the same space, a previously developed

Fortran program, called EIGEOT, was used to orthogonally rotate the

individual speaker basis vectors tcward three different group-averaged

basis vectors. The three group-averaged data sets were: all-fenale

data, all-male data, and all-speaker data. The basis vectors ccmputed

for each individual male were rotated toward the basis vectors

computed f rem the all-male speaker data. 'Jbe result of this rotation

is shown in Figure 3-4. This figure shows six of the basis vectors

computed f rom the data of all male speakers. 'The vertical lines

crossing each basis vector represent the standard deviation as

canputed f ran the individual speaker data af ter rotation toward the

group-averaged basis vectors, from the group-averaged basis vector.

Each vertical line extends one standard deviation above and below the

point where it crosses the basis vector.

Similarly the basis vectors computed for each individual female

were rotated toward the basis vectors computed for the grouped fanale
data and the result of this rotation is shown in Figure 3-5. Also the

basis vectors computed for each individual speaker were rotated toward

the basis vectors computed for the all-speaker data. The result of

this rotation is shown in Figure 3-6. As can be seen fran these

figures, the first few basis vectors are relatively speaker

independent and it would be logical to use the set of basis vectors

ccmputed for the all-speakers data for the system.

The computation of the previously shown basis vectors was

affected, at least to scane extent, by the input amplitude of the

signal. Since the effect of signal amplitude may not be important

perceptually, another set of 16-dimensional basis vectors was
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calculated by using samples of level-normalized spectral band

energies. Since it would have been difficult to level normalize the
spectral band energies by hardware, the STA&0 program was modified to
STM21 to subtract the mean value cf the 16-channel freguency spectrum

frcm all 16 sampled spectral band energies and therefore obtain 16

level-normalized band energies. The mean in this case refers to the
average of each group of 16 frmIuency samples, and was thus recomputed

for each sampling of the filter bank data.

The previously described experimental procedures were used to
compute new sets of basis vectors, based on level-normalized spectral
band energies, for all the above categories. Then the EIGROT program

was used again to rotate the new individual data sets toward the new

group-averaged data sets. Results of these rotations are shown in
Figures 3-7 through 3-9. Again it is seen that these new basis
vectors appear to be relatively speaker independent.

Figures 3-10 through 3-12 depict the mean and variance of both

non-normalized and level-normalized spectral band energies, based on

statistical data, for all male speakers, all female speakers, and all
speakers respectively. Unexpectedly, the data for all female speakers
did not mntain more high frequency content than the data for all male

speakers.

Figure 3-13 depicts the cumulative variance based on the number

of PC' used for both the non-normal iz ed and the level-normalized
cases. As can be seen, the relative amount of variance included in
PC's for the non-normalized case is a little higher than for the
level-normalized case. This difference is accounted for by the
exclusion of amplitude variations in the spectrum. As can be seen
fran these figures, the amount of variance included in the first three



58

I.C

EICENNCTTR IK . NL NDES
LBa NWllIEP

I.C

EICEIIECITR TTO NL NlES
LEVEL NRNLI2ED

I.C

I.C

EICEWECICR INTEE . Nl NlES
LBEL TOENI.TIED

6.6

EICETIECTCR TNR NL NLES
LBEL NRNLIIED

tt I6
I.S

6.6

EICEIINCTTR TIVE . Tll NlES
LBEL NRTN.IXI

6.6

EICEIINCTiR SII . NL NLE5
LEVG NRNLIIB

I.~

6.6 1.6
t

Figure 3-7. Average basis vectors for male speaker group (four
speakers) using 16 level-normalized band energies.
The vertical lines represent two standard deviations.



59

4.6
i

EIEOIVECIFN ON . NL FOVEES
LEVO. IVDDVETIED

4.6

EICOIVECTIN INI . NL FOVEES
LEVEL IEDDVLTIED

4.6
I 4.6

4.6

EIEOIVECTOI NNEE . NL FOVIES
LEVEL INIll224 ElullELTTN FDLD ~ DLI FElllLES

IEVEL IOFWLIND

4.6

16
.3

EIRIDECTQI FIVE - DLL FEIVlLES
LEVEL TODIVLIEED

4.6 1-

ENONECTQT SIX - NL II!RES
LEVEL NNWET2ED

4.4

Q/ IV

I IT I1
4.6

I

Figure 3-8. Average basis vectors for female speaker group (fourspeakers) using 16 level-normalized band energies.The vertical lines represent tvvo standard deviations.



60

D.S

ET(EWE(TI% IIW ~ tu. 5PEIDIEIW

IBEL IOIWUIED

D.S

EICEIIW(1(D IWI . Ill SPEWIU5
IBEL WWWlIIB

tt ll

S.S

EICEINEB(S IWEE . WL SPEWEDS

IBEL IOIWlIIED

S.S

ET(SINE(TSI FIDW . Ill SWWXR5
LBEL IOIWLIIED

ih ~
.D.S

t D.S

D.S

EICEIIIE(TOI FIIE . Wl SPEWIEO
LBEL IOIWl12O

D.S

EICEINECTO SII WL SPEISEIW

IBEL IOIWLTIED

S.S D.S
I

Figure 3-9. Average basis vectors for all speaker group (eight
speakers) using 16 level-normalised band energies.
The vertical lines represent two standard deviations.



2.5

IBN - IVRE SPEAKERS

LEVEL NORNIEIZED

2.5

VARIANCE - RALE SPEAKERS

LEVEL IKIRIVIIZED

.2. 5 -Z.5
16 !

2.5

IBN - INLE SPEAKERS

NN.NORINLIZED

2.5

VARIANCE - INLE SPEAKERS

ICI.NORIVI. IZED

.2.5

16

.2.5

Figure 3-10. Mean and variance of 16 band energies (ncn-normalized and
level-normalized) based on the data of male speaker group.
Vertical bars represent two standard deviations.



2.5

IRAN - FENILE SPEANERS

LEVEL NDRNAL 12ED

2.5

VARIANEE . FENALE SPEANERS

LEVEL NAIA. IZED

.2. 5

I
2,5

2.5

DEAN - FEINLE SPEAKERS

IOI-NDRNRIZED

2.5

VIVIIIKE . FENLE SPEANERSel.NNNN.12ED

-2. 5

I

-2.5
15 I

Figure 3-11. Mean and variance of 16 band energies (non-normalized and
level-normalized) based on the data of female speaker group.
Vertical lines represent two standard deviations.



2.5

IBN . ETAHT SPEAKERS

LEVEL NIDDYLTZED

2.5

YARIANEE - ETQIT SPEINERS
LEYEL N0RtYLTZED

16

C

I

2.5

NEAR - NINE SPEN(ERS
IEN-IERNALI TED

2.5

YARTQKE .
ATION SPEARERS

IEN ICu'iLTZED

.2.5
I

.2.5
I

Figure 3-12. Mean and variance of 16 band energies (ncn-normalized and
level-normalized) based on the data of all speaker group.
Vertical lines represent two standard deviations.



Iee I I I I

CUMULATIVE VARIAHCE

LEVEL HORMALIZED

se

1 11 1E

CUMULATIVE VARIAHCE

MeL,

e I I I I I t

1 5

Figure 3-13. Cumulative variance of PC's for both non-normalized andlevel-normalized cases.



65

parameters for the non-normalized case is about 80% whereas for the

level-normalized case it is about 74%,

'Ihe set of basis vectors, computed f ran the non-normalized

spectral band energies of the all-speaker group-averaged data set, was

incorporated into the systan for further experiments.

'The tape recorded speech was used to determine the correlation

matrices for the new parameters. The results showed that these new

parameters had, on the average, lower correlations than either cf the

previous cases. Table 3-3 shows the correlation matrix of PC' based

on the data of the all-speaker group. The vowel-to-color experiments

produced reasonable results. Howerer sane of the perceptually similar

vowe1s resulted in similar mlors. One reason for this might be that
these vowels overlap in the principal-canponents space and therefore

it would be impossible to distinguish one fran the other. 'Iherefore

we had to determine if vowels are well clustered in the

principe-components space.

3.3 Vowel Exoeriments

Since principal-components basis vectors computed f ran

non-normalized spectral band energies are different f ran

principQ.-components basis vectors mmputed f ran level-normal ized

spectral band energies, the distribution of vowels in both

principal-components spaces was investigated in order to comImre the

two approaches. Note that not only are the two sets of basis vectors

different, but also the relative signal level will affect the results
for the non-normal ized case whereas the results for the

level-normalized case should be independent of signal level. Since
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differences in amplitude would probably not be useful in determining

vowel identity, the level normalization would seem to be a better
approach.

The program VCR was written to eff iciently measure the

principal components values for vowels, beginning with the
non-normalized spectral band energies. ')his program has two modes of

operation which can be selected via keyboard. In the first mode,

25000 samples of the speech signal are acquired with a sampling

f requency of 10000 Hz (2.5 seconds) . Prior to sampling, the speech

signal is lowpass filtered with a cut-off frequency of 5000 Hz, and

then adjusted to vary between zero to four volts. It was also

possible to repeatedly output any desired block of data of length 1000

samples (100 ms), on one D-A channel, and a sync pulse on another D-A

channel. Thus the desired segment of data could be "f rozen" and

examined in detail using an oscilloscope. In the second mode, while

the desired block of data was played back once, five of the principal

components were measured at the end of this single play back. We

assigned that the total sampling time for all parameters (around 350

microseconds) was short mmpared to the decay time of the system

1cwpass filters. 'Ibis assanption and the program operation were

verif ied by checking the results with an oscilloscope. (See appendix

B for a listing of this program) .

Since the level normalization of spectral band energies through

the use of hardware was more difficult than with software, the VCNEL

program was modif ied to BAND16 to f irst level normalize the spectral

band energies and then compute all necessary principal components.

The set of basis vectors computed from level-normalized spectral band

energies were properly scaled for maximum accuracy and used in the
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program as constants. 'The operation of the BAND16 program is
identical to that of the VCNEL program except that in its second mode,

it measures the spectral band energies, rather than the principal
canponents, and then ccmputes all necessary principal components by

using the scaled constants. (See appendix B for a listing of the

V(ÃH program) .

'Ihe recorded vowels on the cassette were used to f ind the
distribution of vcwels in both principal-components spaces. 'Ihe VCR,

program, written for non-normalized spectral band energies, was used

to sample one to two vowels. Through experimentation, we found that
the vowel Inert of each word usually started about 100 milliseconds
after the word started and lasted between 2$0 to 300 milliseconds.
'Ihe studies by Pols (1973) suggested that the parameters should be

sampled around 100 milliseconds after the start of the vowel itself
(with a sampling f requency of 10000 Hz, it would be around the
1000 sample of the vowel) . Ihe program was directed to focus on

the block of data beginning with 100th sample of the vowel. 'That is,
the principal components were measured 110 milliseconds af ter the
start of the vowel itself. 'Ihe PC' were sampled at 20 milliseconds
intervals over a total of 100 to 140 milliseconds. 'The final values
were obtained by averaging the section of sampled values that had

minima variations. 'The output level of the cassette deck was set to
the same level for all the speakers. 'Ihe result of this experiment is
shown in Figure 3-14. 'The data points were obtained f ran four male

speakers and four fenale speakers. Depicted in this figure are the
clustering of the three vowels /a/, /i/, and /u/ in Pl-P2, Pl-P3, and

P2-P3 planes. Also depicted in the bottan right corner of this figure
are the projection of those vowels on an orthogonally rotated plane.
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Figure 3-14. Scatter plots of vowel data in various PC planes. 1be PC's
were ctxnputed frcm non-rxxmalized filter bank data. For
each plane, the ratio of the within class vowel variance to
between class vowel variance is given. 'Ihe plane in the
lower right of the figure is a P2-P3 plane after orthogotml
rotation of the P2 axis by 81 degrees away frcm the Pl axis.
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This plane was determined such that the ratio of the within vcwel

class variance to between vcwel class variance was minimized by

orthogonally rotating two of the three axes. Note that a measure of

clustering is also specified for each of the four planes in this
figure. For the data shcwn, the Pl-P3 plane had the minimum value for
that measurement. However the data appears to be somewhat better
clustered in the Pl-P2 plane.

The BAND16 program is identical to the VCNEL program except that
it measures the spectral band energies instead of the principal
componentsr and it mmputes the principal mmponents by using the
constants that represent the set of basis vectors which were mmputed

f ran the level-normalized band energies. The vcwel distribution in
this principal-components space was also found and the results are
shown in Figure 3-15. 'Ihe same data points as for the prerious
experiments were used in this experiment. The clustering of vcwels in
Pl-K, Pl-H, and P2-P3 planes are depicted in this figure as well as
the clustering of vcwels in an orthogonally rotated plane. The

measure of clustering is also specified for each of these planes. It
can be seen these three vcwels are clustered better when

level-normalized spectral band energies are used to compute the
principal components. This mnclusion also holds when more than three
vcwels are considered. Therefore the vcwel to color experiments are
expected to produce a better result if lerel-normalized band energies
are used.
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Pigure 3-15. Scatter plots of vowel data in various PC planes. 'Ibe PC's
were nmputed frcm level-normalized filter bank data. For
each plane, the ratio of the within class voFel variance to
between class vowel variance is given. 'Ihe plane in the
Lower right of the figure is a P2-P3 plane after orthogonal
rotation of the P2 axis by 63 degrees toward the PI axis.



CHAPZER 4

VISUAL DISKAY OF V(MEL SPECTRA

In this chapter, the details of the procedure used to convert
vowel spectra, as measured by principe. canponents, to visual display
parameters is presented. As discussed in the INTROIXCTION of the
thesis, information in the display will primarily be communicated

through color. The color space is considered to be a three
dimensional space, represented by either hue, luninance, and

saturation or the levels of the three primary colors red, green, and

blue. In addition the experimental results reIorted in CHAPTER 3

indicate that vowel data is well represented in a three dimensional

principal-components space. 'Ihus a linear transformation was

developed fran the 3-dimensional speech pxraneter space to the
3-dimensional micr space such that widely separated vowels produce

widely separated colors.

It should also be noted that speech spectra in normal speech,
and thus principe components vary slowly with time. 'Ihe approximate

bandwidth of the principal components is 30 Hz, implying that the
parameters should be sampled at a 60Hz or greater sampling rate. Thus

the transformation must also be performed at this rate in order to
update the visual display. Since the sense of vision is more suited
to spatial distinctions rather than rapidly varying temporal

variations, a "flow-mode" display was implenented. 'Ihat is, new

information continuously enters on one side of the screen and flows
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across the screen to the opposite side. 'Iherefore time is represented

by spatial position in the display.

Both the mathematical procedure for determining the

transformation and the implenentation of this transformation with a

real-time display format are presented in this chapter. TWo sanewhat

different display formats were developed. In one of these formats the

energy of the input speech is used to determine the height of a bar of

color which flows across the screen. Hence, for this particular

display, four rather than three speech parameters control the display.

4.1 Linear Transformation Fran Soeech Parameters to Color

Jhe mapping of vowels into colors can be described by matrix

equation 4.1. In this equation V is referred to as the vowel matrix

which is represented by principal components; C is the color matrix

represented by levels of the three primary colors red, green, and

blue, and the T matrix is a linear transformation which maps the vowel

space into the color space.

[C] = [T] [V] (4.1)

Therefore if T is known, equation 4.2 can be used to map a

particular vowel into its corresponding color in the color space. 'Ihe

T matrix must be chosen so that perceptually similar vowels result in

perceptually similar colors, while widely separated vials resul t in

widely separated colors.
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'Ihe choice of the linearity of the transformation is arbitrary.
'Ihe transformation was chosen to be linear since it is straightforward
to mmpute and is much easi er to work with. Although the
transformation could have been chosen to be nonl inear, it probably

would not have produced better results.

Pl

Green P2 (4.2)

Blue P3

p16

In the above equation, all of the principal components are used

to represent speech. However, as discussed in Chapter 3, the first
three principal components contain about 80% of the variance of the

speech spectral data and therefore it scans reasonable to represent

speech by the first three principal components. That is, only the

first three principal components are used to map vowels into mlors.
In this particular case, the dimensions of the C and V matrices are

compatible, thus implying that the T matrix will be a three by three

square matrix. 'Ihe T matrix is chosen so that the origin of the vowel

space maps to the origin of the color space. In addition three

arbitrarily specif ied points in the vowel space map to three

arbitrarily specif ied points in the color space. 'Ibis transformation
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is depicted in Figure 4-1. From a geanetric point of view, the
transformation is a translation, rotation (possibly not orthogonal),
and scaling of the mordinate systen.

Although the origin of the vowel space is sanewbat arbitrary, a

logical choice would appear to be silence. Similarly black, which

represents no color, is chosen to be the origin of the color space.
'Ihe selection of the origins is expected to play a significant role in
the final performance of the mapping of vcwels into mlors.

Since the transformation maps the vcwel origin into the color

origin, the deviation of meals from the vowel origin, will be mapped

into color deviations from the micr origin. ')he red, green, and blue

levels of the mlor origin can then be added to obtain the color which

represents that particular vowel. R(uations 4.3 and 4.4 describe this
process

CDLCR DEVIATION VCRFL DEVIATION

Pl-Pl
0

P2-P2
0

P3-P3
0

(4.3)

(4.4)



SPEECH
PARAMETERS

JIP1
~ ONE

COLOR

PARAMETERS

&IR

o ONE'

P 10 P20 P30)

P2

~R0 Go BQ~ Two'

G

TWO EE'-R

G-GQ

B-BQ

P1- P10

P2 P20

P3-P30

Figure 4-i . Linear transformation fram PC's to color parameters.
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Natrix equation 4.5 represents the general form of matrix
equation 4.3.

(4.5)

In order to determine the T matrix, the C'nd V'atrices were

first determined as follcws. Since the T matrix has to be a three by

three square matrix, matrix equation 4.5 can be solved for T if theV'atrixis a square matrix (in this case a three by three square

matrix) and if the C'atrix is also three by three. Equation 4.6

describes the solution for T in terms of the C'nd V'atrices.

[ T ] = [ C' [ V' (4 6)

Each mlunn of V's mmprised of parameter deviations fran the

origin for a particular vowel. Similarly each mlunn of C's
comprised of color deviations fran the origin for a particular mlor.
To determine the T matrix, three arbitrary vcwels are selected. Also

three arbitrary mlors are selected which will correspond to vcwels

selected. Equation 4.7 is the matrix equation describing these

assignments. Jhe T matrix, which can be determined by nquation 4.6,
forces the three vcwels to map into the three mlor deviations

specified on the left hand side of the 6quation.

Pll-Plo

P2l-P20

P3l-P3O

P12 Pl()

P22-P2O

P32-P3()

P13 Pl()

P23-P2O (4.7)

P33-P3()
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4.2 Procedure to Determine Transformation

A general mmputer program named "NINA" was written using PI.M86

to both determine the transformation and to implement the
vowel-to-color display based on the transformation in real-time. The

program allows any specified color to be observed on the color monitor

before it is assigned as one of the target colors. Tb determine the

vowel origin (the no sound values of the principal-comp&nents

parameters), the program samples the principal components when there
is silence and assigns the sampled values as the origin. 'Ihese are

the DC levels of the principQ. components. 'The gain and offset board

of the speech parameter extractor allows the DC levels of the

principal components to be adjusted so that maximum dynamic range can

be attained for the Imrameters.

Since the output level of the log amplifier may drift with time,

and thus affect the DC level of the principal components, the vowel

origin is determined every time the program is started. 'Ihe program

then takes a specified number of samples (up to 255) of the principal

components for three separate vowels produced by a single individual,

one vowel at a time. The data fran each vcwel arer the specified

interval is averaged in order to mmpute estimates of the parameter

deviation values for each vowel.

Matrix inversion is easiest to implenent in floating point

arithmetic. Since floating point mmputations could not readily be

accomplished with the microprocessor system, the matrix was inverted

on the H)pll minicomputer. A E)R'IRAN program called "INVERSE" was

written to calculate the transformation matrix. 'Ibis program uses the

matrix inversion and the matrix multiplication programs already
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available on the H)pll. 'The program allcws both target vcwels and

target colors, which def ine the transformation, to be specif ied as
input parameters. Thus the transformation can easily be "tuned" for
individual speakers. 'The paraneter deviation values, displayed by the
"NINA" program, are entered into the "INVERSE" program in order to
calculate the transformation matrix.

Even though this transformation is found by using only values of

the first three principal components, more than three principal
components can also be used to find a transformation which maps these
parameter values into the color sImce. 'Ihat is, if N IC's are used, N

target vcwels and N target mlors are selected. 'Ihen T is determined

so that target vowels map to target colors. Hcwever experiments

indicated that the mapping was more speaker dependent if more than
three PC's were used.

Table 4-1 shcws typical experimental data, including parameter

values for target vcwels. 'Three speakers were used to obtain the data

in this table (a 4 year old child, an adult male and a female). The

transformations computed based on the parameter values of Table 4 —1

are listed in Table 4-2. Also included in the table is a measure of

the orthogonality of the transformations. The orthogonality of these

transformations was investigated by multiplying each transformation

matrix by its transpose. 'The degree of orthogonal ity can be

determined by considering the closeness of the resulting matrices to
the identity matrix. If the diagonal elanents of the resulting matrix

are much larger than the rest of its eienents, then it can be said
that this transformation is almost orthogonal. By using the atove

procedure, these transformations were found to be non-orthogonal.
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Table 4-1. Typical values of PC's for target vowels /a/,/i/, and /u/. These values are the deviations
from the vowel origin(silence). Three speakers
were used. Also included in this table is a list
of target colors assigned to target vowels.

(P1,P2,P3) for silence=(24,111,173)

VOWEL P1 P2 P3

/a/ 138 18 66

/i/ 141 73 -57 (4 year old child)

/u/ 82 -14 -27

VOWEL P1 P2 P3

/a/ 110 21 40

/i/ 19 109 -39 (male speaker)

/U/ 48 -62 -57

VOWEL P1 P2 P3

/a/ 90 21 33

/i/ -17 92 -26 (female speaker)

/u/ 58 -61 -70

TARGET VOWEL TARGET COLOR

Green

/u/ Blue



Table 4-2. Typical transformations computed based on the
parameter values listed in Table 4-1. Coefficients
of three transformations are listed. All the
coefficients are scaled up by a factor of 20.

46

35

46

-23

-81

-28

(4 year old child)

2169 -3846 -997

(T)(T] -3846

-997

8693 1070

1070 2538

27

T= -6

18

4 28

33 -15 (male speaker )

-34 -42

1529 -450 -826

(Tl[T) -450

-826

1 350

-600

-600

3244

33

13

44

-39

25

-43

( female speaker)

1715

(T)(T) = 51

-685

51 -685

1977 -1449

-1449 3539
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4.3 Disolav tmnlanentation

After the transformation matrix is calculated by the "INVERSE"

program, it is entered into the "NINA" program. The program then

operates in a real-time mode and maps vowels to colors using the

specif ied transformation.

Since the "NINA" program uses f ixed point arithmetic, an

overflow at any stage of the calculation could produce unpredictable

results. Therefore both the data and the coefficient matrix had to be

scaled to give good resolution without danger of overflow.

Initially the graphics display controller card was not available

and the "NINA" program was written so that it would not only process

the data but also display the data and generate the vertical sync

pulses. This program has a flow mxh display, such that new data

ayers at the top of the display and flows cbwn the display. The

display can be frozen to be studied by flipping a switch which sets
the input to one of the A-D channels high. 'Ihe display starts to flow

when the same switch is flipped back to its original position. With

this implementation, only one display area is presented and the

displayed data has no information but col or. Also the sampl ing

frequency cannot be changed because it must renain at 60 Hz in order

for the interrupt pulse to drive the vertical sync of the color

monitor. The real-time processing is accomplished with an interrupt
routine. However a practical display should have two separate and

individually scrollable display areas so that the micr pattern
obtained f ran a teacher' voice can be f rozen in one display area

while the student tries to best match the frozen color pattern. The
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student's color patterns a~ar in the other display area and can be

frozen to be studied by the student or the teacher.

The NEC7220 graphics display controller card appeared to be the

solution to this problen. It generates all necessary sync pulses and

has two separate disp8.ay areas. Each display area can be scrolled or

panned independently. The display of data is relatively independent

of the systen microprocessor and manory. It has 128 Kbytes of

bit-mapped display memory which provides a very high resolution

display. Its only disadvantage is that it only allows a maximum of 16

colors to appear on the screen at any one time. As discussed in
Chapter 2& a method was devised to take advantage of the high spatial
resolution of the GDC and produce a large nunber of colors by

assigning proper colors to horizontally adjacent pixels. With the
method used, it is possible to specify a value fran zero to eight to
each of the three primary mlors, thus providing (9*9*9=729) total
possible colors on the screen at any ~int in time. (Actually, the

nunber of usable colors is less than 729, since sane of the
combinations are not possible) .

'Ihe program "NINA" was modified to include use of the GDC and

write information into the GDC menory for disI8.ay. In this new

version, called "HANID", all the calculations are exactly the same as

for the "NINA" program. 'Ihe only differences are that the information

is represented as vertical bars having a color that is mapped fran the

sampled values of the principal mmponents at the sampling instant
with a height proportional to the energy of the signal at that
sampling instant. These vertical bars first appear on the right side

of the screen and flow to the left with a speed proportional to the

sampling f rer(uency. 'Ihis new program also allows the sampling time to
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be specified. 'Ihe minima sampling time was experimentally determined
to be about 16 milliseconds. For this program the flew time is
128*(sampling time) . typically a sampling time of 25 milliseconds was

used, corresponding to a flow time of 3.2 seconds.

4.4 Distribution of Vcwels in the Color Space

In order to implenent the transformation described in this
chapter, a decision had to be made as to what colors should be

assigned to which vowels. At first these assignments were

arbitrary. Hcwever, limited experiments indicated that the assignment

of the three primary colors red, green, and blue to the three widely

separated vowels /a/, /i/, and /u/ respectively worked the best. That

is, vcwels became more separated in the color space. Figure 4-2

depicts four color bars, each with a different color and each

representing a different vowel, as produced by the "MINA" program. As

can be seen in this figure, color is the only variable of the display.
Figure 4-3 depicts color patterns representing different vowels

as produced and displayed by the "HANID" program. One can immediately

observe the advantage of this display which uses the GDC over the
previous display which did not use the GDC. Hcwever in both cases the
assignment of the three primary colors red, green, and blue to the
three vcwels /a/, /i/, and /u/ produced the best result. With these

assignments other vowel s generally produced other colors. For

example, the vcwel in the word "heard" produced a violet color, the
vcwel in word "had" produced an orangish yellow micr, and the vowel

in word "hid" produced a cayan color.
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Figure 4-2. Typical display formats as produced by "MINA" program. Eachpicture depicts four horizontal color bars (bottom to top)representing the vowel parts of the words hod, heed, who',
and heard respectively. Note that the program used a singletransformation for both the male speaker (top picture) andthe female speaker (bottom picture).
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Figure 4-3. Typical display formats as produced by "KelID" program. The
top picture depicts six color patterns, three in each display
area. The top display area represents the vowel part of the
words heed, hid, and had (left to right) respectively. The
bottom three color patterns represents the vcwel part of the
words hod, who', and heard respectively. A male speaker was
used for this picture. A 4 year old child was used in the
bottom picture. Top pattern: vowels in words heed and hcd.
bottom pattern: vcwels in words who'd and heard. Note that
a single transformation was used for both speakers.



CHAITER 5

EXPERIMENTAL TESTIQ OF OvERALL SySTEM AND RESUL'IS

Informal testing of the most recent display, described in

Chapter 4, indicated that with a single f ixed vcwel-to-color

transformation, the same vowel as spoken by a variety of speakers,

appears as a very similar Imttern, and different vowels generally

a~ar as different patterns. 'Jhe most recent display format appears

to communicate information more effectively than the previous display

format, which was tested during the develognent stages. It; also has

the capability of a split screen which is of absolute necessity for a

teacher/student mode of operation. Therefore it was decided to

utilize this recent display format in order to test the effectiveness

of a color display as a training aid. In this chapter, the

experimental procedures for this test of the display are presented.

Because of time constraints, only two pilot experiments were conducted

and their results are presented and analyzed.

5.1 Exoerimental Procedures and Results

Ten OIXJ students f ran a variety of ethnic backgrounds were

selected as experimental subj ects. Ihey were each given about ten

minutes of fanil iarization and practice with the visual speech

display. In these experiments the seven words heed, hid, had, head,

hod, heard, and who'd were used. Note that these words are all of the
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form hvd, and thus vary only in the vowel gart of the word. In the
first experiment the ability of subjects to discriminate vowels based

on the mlor pattern of the display was measured using an ABX

paradigm. 'Ihe patterns mrresponding to vowels A and B were displayed

on the display as well as the pattern mrresponding to vowel X, which

was either vowel A or vowel B. The speaker for vcwel X was always

different than the speaker for vcwels A and B. If a male speaker was

used for vowels A and B, a female speaker was used for vowel X.

Similarly, if a female speaker was used for vcwels A and B, a male

speaker was used for vowel X. Subjects had to identify, in real-time

as mlor patterns flowed across the screen, the third pattern (X) as
being either more similar to pattern A or pattern B. Results of this
experiment are shown in Table 5-1. 'Ihe results indicate that about

95% of the discriminations were mrrect.

In the second experiment, aQ.led the word identif ication test,
the same seven words as used in the first experiment, again varying

only in the vcwel part of the word, were recorded on a cassette tape

by each of two speakers (one male and one fanale) . 'Ihe cassette tape

was then played back through the visual display system and the pattern

corresponding to one of the words was frozen on one display area. A

hearing subj ect was asked to identify the word based on its mlor

pattern. Subjects were given a list of the seven possible words. 'Ihe

subjects used a microphone and attempted to duplicate the frozen color

pattern with their own voice on the other half of the screen. 'Ihey

were given as much time as needed to choose the word that best matched

the color pattern and that word was recorded. 'Ihe results of this
experiments are shown in Table 5-2. These results indicated that in

50% of the cases the words were matched correctly.
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Table 5-1.

ABX Word Comlmrison

Confusion matrix resulting frcm an ABX experiment for
identifying the visual representation of seven vowelstimuli. Ten "viewers" were used as subjects.

HAD HEAD HEARD HEED HID HOD WHO '

HAD 95% 20%

HEARD 10%

90% 30%

35% 88.6%

10%

10%

10% 98.3%

HID 10% 10% 96%

HOD 30%

WHO' 10% 10%

95.7%

96%

Word Identification

Table 5-2. Confusion matrix resulting from an open-ended
identification and matching experiment of seven vowel
stimuli based on the visual speech display. Two
speakers (one male, one female) were used to generate
the stimuli. Ten subjects were used.

HAD HEAD HEARD HEED HID HOD WHO'

25% 70%

15% 30% 35%

60%

5% 5%

5% 5%

10%

30%

HID 10%

60% 40%

15% 45% 30%

HOD 10% 20% 70%

WHO' 95%
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The pattern of errors indicates that "hod" was most frequently
confused with "had." "Head" was relatively difficult to identify, and

was most commonly confused with "heard." The most mmmon error for
"heed" was "hid." "Who'" was generally identif ied correctly, but
other words including "hid" and "heard" were sanetimes mistaken for
"who'." As expected, on the average "heed," "hod," and "who'" were

identif ied most accurately.

'the overwhelming differences which exist between results of

these two tests are simply because of the nature of these two tests.
'Ihat is the word identification test is a much harder test than the
PBX test. In addition, for the word identification test, one stimulus
was always prerecorded on a tape recorder while the second stimulus
was obtained directly from a microphone output. Although not

thoroughly verif ied, it appeared that there were sane systematic
differences between the microphone and tape recorder signals which

lowered the word identification accuracy.

5.2 Conclusions

Results of the sets of experiments conducted to determine an

optimum set of basis vectors for the system indicate that cosine basis
vectors are not best suited for this particular systen. However, the
set of PC basis vectors computed using all 16 spectral band energies
were found to be optimum as demonstrated by the correlation matrices
of the EC's computed using these basis vectors versus the correlation
matrices of the PC's computed using two other sets of basis vectors.
'Ibis f inal set of basis vectors appeared to be relatively speaker

independent.
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Results of the word identification test indicate that the color
display of vowel spectra is highly effective in identifying the
correct word, out of a list of seven. That is if guessing were used,
the results should have converged to 1 out of 7 or 14.3%—much less

'han the 50% obtained form the word identif ication test. Presumably

better word identif ication accuracy will be possible if the
vowel-to-color transformation process is further optimized.

Results of the PBX test, which correspond to the ability of

individuals to recognize vowels by just looking at a color ~ttern,
indicate that this display is a highly accurate way of distinguishing
vowels fran each other. Note that vowels were identified 95'4 of the
times.

All of the above results indicate that a linear transformation
is capable of mapping vowels, as represented by the first three PC's,
to colors such that widely separated vcwels map into widely separated
colors, and perceptually similar vowels map into p.rceptually similar
colors.

5.3 Suaaestions for Further Research

'This research has j ust opened the door to what might be a
revolution in the history of articulation training aids for the deaf.
This work was just the beginning. If this dispLay is regarded as an
effective training aid by speech therapists for the deaf, as it has by

results of our experiments, there will be much research needed to
fur ther optimize the transformation f ran vowels to micr. For

example, this transformation is expected to produce improved results
if the spectral band energies are first level-normalized in order to
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remove the effect of the amplitude variation on PC'. As seen f rem

the results of the vowel clustering experiments in Chapter 3, vowels

appear to be better clustered when level normalization of the band

energies is used.

Sane experiments with deaf speakers will also be needed to
determine the effectiveness of this display for then. Word

identif ication and ASX test are examples of such experiments. Also

anticipated for further research is optimizing the systen for a color
display of consonants.
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AH?KNDIX A

The following table is a list of various low level subroutines
that had to be developed in order to make the systen interactive and

flexible. Also included in this table is a list of subroutines
developed to enable the user to do double precision arithmetic.

Table A-1. Various lcw-level procedures

Description

DISH Y

Stores ASCII codes of characters trananitted fran a
keyboard in a buffer and returns this buffer along
with the number of characters when the return key is
pressed.

Displays the first N bytes of a buffer on thetennis. N is a variable passed to the procedure.

Similar to the DISHY routine except that this version
has more flexibility.
Converts the contents of a buffer whose length can
be a maximaa of five and contains ASCII code of a
hexadecimal number, into its corresponding hex
representation.

Converts a two digit hex nuober into two ASCII codesthat represent that number.

H)RAT Converts the hex representation of a signed integerinto ASCII codes of that signed integer in decimal
format.

Converts the hex representation of a word variable
into its decimal formated ASCII codes.

DIVIDE

Double precision integer addition.

Double precision integer multiplication.

Double precision integer division.

Caculates the square root of any positive word
variable.
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APPENDIX B

following pages list the main K886 routines used to develop

and implement a vowel-to-color transformation. 'Ihese programs are
listed in alphabetical order. A brief description of each program and

the corresponding page numbers follow.

Descriotion

Similar to the VCNK program except that it samples
the outputs of the filter bank, level normalizes
them, computes the first five PC's, and displays
them on the screen. 96

HANID Version 2 of the display implenentation. It uses
the GDC board and displays vertical bars of colors
on the color monitor. Input amplitude controls the
height of the color bars to be displayed on the color
monitor. A transformation matrix is used to map
vowels to colors. 101

Version 1 of the display implementation. It displays
horizontal bars of colors on the 1V monitor. A
transformation matrix is used to map vowels to colors
in real-time. 109

ST%20 Gathers statistical data about speech spectra and
computes the covariance matrix of the outputs of the
16-channel filter bank. 115

Gathers statistical data about speech spectra,
normalizes the amplitude of the speech sp.ctra, and
when the specified number of samples are gathered, it
computes the mvariance matrix of the level-
normalized outputs of the 16-channel filter bank. 121

'this program is used to sample the input speech
signal with a sampling frequency up to 10526 Hz.
1hen any specified block of data can be focused.
1his block is repeatedly played back and the program
can be directed to sample five parameters and display
them on the screen. 127
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BAND16:
/8 JAN 8 )98

THIS FROGRAH CAN SAMPLE THE INFUT UP TO A SAHPLIHG FREQUENCY
OF 10526 H . THEN IT CAN PLAYBACK THE D4T4 REPEATEDLY IH
RNY SFECIFIED LENGTH (HAY IMUH LENGTH IS 25000.). YOU CAN ADVANCE
THROUGH THE DATA OR GO BACK IN LENGTHS OF 10. 100. DR 1000. BY
FRESSING THE REDUIRED KEY OH THE KEY804RD.
YOU CAM ALSO GO INTO A MODE IN WHICH THE FOCUSED BLOCK OF DATA IS
PLAYED BACK ONCE AND IF THE 'P'EY IJAS HIT PRIOR TO THE PLATBACK
THEN 4T THE EMI& OF THE PL4YBRCK 4LL 16 BAt&ft ENERGIES ARE SAt&PLED AND
THE(i LEVEL NORNRLIZED. THE SPEECH PAR4t(ETERS 4RE THEN CALCUL4TED
USING THE LEVEL HORt(4LIZED BRND ENERGIES RND DISPLAYED ON
THE TERMIN4L. YOU CAN 4LSD ADVANCE THROUGH THE D4TR OR GO BACK
AS MENTIONED ABOVE

TIME= SAHF'LING TIME IN NICROSECONDS ~

LENGTH= NUt&BER OF SRIIPLES TO BE SENT OUT.

THIS PROGRAM RSSUHES THAT THE INPUT IS RT A/D PORT 20H RND THAT THE
OUTPUT IS AT 0/4 F'ORT 18H,
THIS PROGRAM ALSO OUTPUTS 4 SYNC SIGNAL TO 0/4 PORT 16H.

THE FOLLOIJING EXPLRINS THE FUNCTION OF EACH KEY WHEN THE
PROGR4H IS RUNNING.

F=
G=

4DVANCE BY 10 POINTS
ADVANCE BY 100 POINTS.
ADVANCE BY 1000 POINTS.
GO 84CK BY 10 FOINTS.
GO 84CK BY 100 POINTS.
GO BRCK BY 1000 PDINTS.
CHANGE THE LENGTH OF THE PLAYBACK.
STRRT THE PRDGR44 DVER AGAIN.
CH4NGE BETWEEN THE TIJO t(ODES.
TO CH4NGE THE FREQUENCY OF THE PL4YBRCK.
TO SAMPLE THE BAND ENERGIES LEVEL NORH4L IZE THEH COMPUTE
THE PC'S USING THE LE(/EL NORt(4LIZED 84ND ENERGIES 4HD THE
CONST4MTS IJHICH REPRESENT THE 84SIS VECTORS, 4ND DISPLAY
THE RESULT ON THE TERHINAL.

INIT4DI PROCEDURE(A 8 C D) EXTERN4LI
DECLARE 4 IJORfU
DECLARE&8 C&f&) BYTE)

END INIT41)l

IN1641&: F'ROCEDURE(R 8 C Di EXTERNAL)
DECLARE 4 IJORDI
f(ECL4RE(B,C,II) BYTE I

END IN16ADI

PRINT; PROCEDURE&4,B,C,I(,E,F,H) EXTERN4LI
DECLARE 4 POINTER&
DECL4RE (8 C.D E F H) BYTE)

END PRINT:

FQRHATI PROCEDURE&X HAX SC4LE.NUNDEC Wlf|TH LOC& EXTERN4LI
DECL4RE LOC POINTER X INTEG R (tl4X SC4LE& WORDI
I&ECLARE (NUMDEC,WIDTH) BYTEI

END FORMAT)

GET: PROCEDURE BYTE EXTERNAL'HD

GET)
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ENABLEDBINKEY: PROCEDURE BYTE EXTERNAL)
END EN48LED(IHKEY)

DECL4RE (I NUHBER 81 CI.DI Ol LENGTH START SUN AVER4GE FINISH& INTEGER)
DECLARE (J R4TE 82 C2 D 02 LEN 54)(PLING5R4TE) NORD)

DECL4RE &C KiCHAR CR UtlAX HHB HB LB& BYTEi
DECLARE DUNt(Y&7) BYTE)
DECL4RE P&5) INTEGER)
DECL4RE E&5)BTRUCTURE(F(16) INTEGER)i
f&ECL4RE X(16) INTEGER&

DECLARE HESSI(34& BYTE DATA ('HIT ANY KEY TO ST4RT'HE SAHPLING ')i
DECLARE tlES82(34& BYTE DAT4 ('HIT 4NY &EY TO ST4RT THE PLAYB4CK
DECLARE HESS3(34) BYTE DATA ('NTER THE T IHE IN HICROSECONDS ')i
DECLARE HES54(34) BYTE DATA ('NTER THE LENGTH OF THE PLAYB4CK ')i

DECL4RE BUFFERI( 16& INTEGER D4TA& 18 6 95 87 67i6 53 23 -7
-45 -55 -68 -88 -'?6 -81&i

DECLARE I&UFFER2(16& INTEGER DAT4&"91 -116 - 69 88t88 5 -29 -67
-56I-54 -18 5 '3 '6 67)i

DECLARE BUFFER3(16) INTEGER I&4TA(76,102,63,19,23,-7,-90,-1 7,-10
-65 -27 -F 11 36 '0 38)i

DECLARE BUFFER4(16) INTEGER D4TA&7 64 -43 -89r- 2 8 105 71 -9
-64 -83i — 77 '50 '1 47 71)i

DECL4RE BUFFER5& 16& INTEGER 04T*(-49 — 16 87.65 -1 .-88.-76 41 92,
30 -59 — 90 -71 21 77 58)i

DECLAI''E DATAFBUFFER(2500 1) BYTE)

READl PROCEDURE&HESS LENGTHl EXTERNAL)
DECL4RE (NESS LENGTH) POINTER)

END RE4D)

4SC2HEXl PROCEDURE(BUFF LEN HHB HB LBl EXTERH4L&
DECLARE (BUFF Ht&B HB)LB) POINTER'ECL4RE

LEH BYTE&
END ASC2HEXi

4DD: PROCEDURE&4 8 CrD E F) EXTERN4L&
DECLARE(4 C) INTEGER&
DECLARE(8 D& l)ORD (E F) POINTER)

END 4DD&

DIVIDEl PROCEDURE(4 8 C D E) EXTERNAL)
DECL4RE &4,C) INTEGER,B (40);0,(D,E& POINTERl

END DIVIDE&

DISABLE'
8

/9 THIS SECTION CDPIES THE BASIS VECTORS INTO A " DIHENSIONAL
4RRAY E( ).F( ) 1'/

DO K=O TO 15&
E&0).F(K& BUFFER((K)i
E(1).F(K)=BUFFER (K)i
E(2).F(K) BUFFER3&K)i
E&3).F&K)=BUFFER4(K&i
E&4).F(K)=BUFFER5(t)i

END)

CALL IN16AD(20 16 0 3)i
OUTPUT&4 H) Oi

BEGIN l

LOOP

1=0)
C=oi
J=O)
CALL PRINT(QNESS3 34 34 1 10 0 0)i
CALL READ(ODU&lHY I?UtlAX)i
CALL ASC2HEX&SDUtlHY U)IAX SHHB BHB GLB)i
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LOOP3l

RATE=25()BHBFLB)

IF C=l THEN GO TO LOOF'3&
CALL PRINT(LiHES51,34,34,1,10,0, );
CHAR=GET)
CALL INITAD(RATE I " 0&l
IF C=l THEN GO TO LOOP)

DO I= 0 TO 25000)
OVERl OUTPUT(2)=0000 1(008) /B POLL MODE

IF INPUT&2)(128 THEN GO TO OVER)
DATA(BUFFER(I)=INPUT&DON)l
OUTPUT& 2 ) =01 1000008 1 /i SPECIFIED COI 0 B/

END)

LOOP:
START=Q(

CALL PRINT(BMESSA 34 34 I 10 0 0)t
CALL RE4D&BDUtltlY,BUN4X)l
C4LL 4SC2HEX(BDUNt(Y UtlAX BHHB BHB BLB)l
LEN=256BDDUBLE(HB&tLB)
LENGTH= INT(LEH)l
CALL PRINT(LiHESS ,34,34,),10,0,2);
CH4R=GET)
CALL INITAD(RATE 1

" 0)t
FINISH=LENGTH%START&

DVER2:
AGAINl

DO I= ST4RT TO FINISH)
OUTPUT( )=00001)008; /i FOI.L l',DDE 8/
IF INPUT&2)&128 THEN GO TO AGAIN&

QUTFUT&IGH)=DAT4$ 8UFFER(I)t
OUTPUT(2)=011000008) /i SPECIFIEl!

END&

CHAR=ENABLEDBINKEY)

E0 I 0 1/

DECIDEl IF CHAR(4)H THEN GO TD HEXTYFRAt(E)

IF CHAR='F
IF CHAR='G
IF CHAR='H
IF CHAR='R
IF CHAR='T
IF CH4R='I
IF CHAR='L
IF CHAR='H
IF CH4R='0
IF CHAR 'C

IF TART&0
IF START&(2

THEN START=STARTt10)
THEN START ST4RT(100)
THEN START=STARTt1000)
THEN STAI''T ST4RT-10l
THEN ST4RT=START-100:
THEN START=START-1000)
THEN GQ TO LOOP(
THEN GO TQ LODP
THEN GO TQ BEGIN)
THEN DOl
C=l:
GO TO LOOPO)

CND)
THEN START=O)
5000-LENGTH) THEN START=D 000-LENGTH)

CALL FORMAT(S(4RT I I 0 7 BDUM&)Y)t
C4LL PRINT(BDUN(tlY 7 7 I 5 0 1)l

NEXTBFRAMEl
FINISH=START(LENGTH)
OUTPUT(IBH)=255)
CALL TIME&1)l
OUTPUT(IBH)=0)
GO TO OVER

LDOF'5 l
BAIT(

DO I=ST4RT TO F NISH)
OUTPUT(2l=000011008) /B POLL tlODE I/
IF INPUT(2)1)28 THEN GO I'0 84IT)
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OUTPUT(1SH) D414(BUFFER( I ) i
OUTPUT( )=011000000) /4 SPECIFIED EOI 0 4/

END)

OUTPUT&2&=13H)
OUTPUT(3)= 4)
OUTPUT(3)=15)
OUTF'UT&3)=OF7Hi /1 ENABLE INTERRUPT 3 4/

START OF THE CONVERSIDN 4/
OUTPUT(4 H)=255(

OUTPUT&4 H)=255)
OUTPUT&4 H&=255&
OUTF'UT&42H&=0)

N4ITS: OUTPUT & 2) =0000 11 00B 1 /4 F'OLL NODE
IF INPUT(2)&128 THEN GO TO )44IT2i

SUH=Oi
DO K 0 TO 15)

X(K& INT(INPUT(30H4K&)i
SUH=SUHBX(K)l

END)
OUTPUT(2&=01100011B) /4 SPECIFIED EOI 3

C4LL INITAD(RATE 1 0&:

CHAR=ENABLED(INKEY:

DECIDE2: IF CHAR(4)H THEN GO TO NEXTBFRAME2&
IF CH44='F'HEN START=START4 10)
IF CH4R='G'HEN ST4RT=STARTt100i
IF CHAR='H'HEM START=START( 1000
IF CHAR='R'HEN STARI'=START-101
IF CH4R='T'HEN ST4RT=START-100)
IF CH4R='Y'HEN START= TARI'-1000)
IF CHAR 'H'HEti GO TO OVER
IF CHAR='O'HEN GO TO BFG IN)
IF START10 THEN START=OI
IF START&&25000-LENGTH) THEN 3T/O'T= 000-LENGTH)
CALL FORH4T(START 1 1 0.7 SDUHttY)i
CALL PRINT&BOUN)lY 7 7 1 0 1&i
IF CHAR 'F'HEH GO TO PRINT')OUT(

HEXTBFRA(lE21
FINISH=STARTTLENGTH)

OUTPUT(IBH)=255&
CALL TIHE(1)i
OUTPUT(IAH&=oi
GO TO LOOP5i

PRIHTBOUTI
4VERAGE=SU(l/lhi

CR=O)
DO K 0 TO 15i

C4LL FORt(AT&X!K& I li0 5 SDUtlt&Y)l
IF K=15 THEN CA=2)

C4LL PRINT(BDU)IH'( 5 5 I 0 CR&i
X&K)=X&K)-4VERAOE)

EHDi
CR Ol

DO K=O TO 15)
IF K=15 THEN CR=3i
CALL FOR(&4T(X&K) 1 1 0 5 SDUtU(Y)i
C4LL PRINT&SDUHflY 5 5 I 0 CR)i

EHD)
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DO K= 0 TO 4&

BI 0&
82=0&

DO J=O TO 15l
NUHBER=E&K).F&J&KX&J)i
IF NUHBER'0 THEN C 1=-Ii

ELSE Cl=oi
C =UNS IGN(NU)IBER)i
C4LL 4DI)&81,B,CI,C ,GD1,882)
BI=DI i
I'2=D2i

END)
CCLL DIVIIiE&81 n- 25&»801.002&
P(K)=SIGNED(02&l

ENDi

DO J=D TO 3&

CALL FORN4T(P&J) I 1 0 5 GDUHNY)i
CALL F'RINT(GDU)ltlY 5 I 3 0 0&i

ENDi

END BANDI&ii

C4LL FORHAT&P(41 1 I 0 5 GDUHtlY&i
C4LL PRINT&GDUHt(Y I 3 0 )I
GO TO NEXTSFRAHE



HAMID: DO)
/S tlAR 15 1985 1/

/4 THIS PROGR4H IS SIMILAR TO THE 'HIHA''ROGRAH EXCEPT THAT IT USES THE
DDC *ND IJRITES INFORI&4TION INTO ITS )IEHORY. EACH 84T4 IS DISS'LAYED AS
4 VERTICAL BAR IJI TH 4 HEIGHT PROPORTIONAL TO THE ENERGY OF THE SIGNAL
AT THE SAtlPLIND INSTANT, TNE DISPLAY HAS TWO INDIVIDUALLY CONTROL4BLE
DISPL4Y 4REAS. THE GDC GENERATES THE REQUIRED HORIZONTAL AND VERTIC4L
SYNCS.

INITGIIPROCEDURE EXTERNAL(
END INITGll

COLIIP :PROCEDURE EXTERNRLI
EN(I COLHP

CHRHGIPRQCEDURE&R G 8 LOCII EXTERN4LI
DECLRRE (R GiB) BYTE)
DECL4RE LOC) F'OINTERI

END CHANG)

RECT5:FROCEDURE&X Y HEIGHT WIDTH COLORI& EXTERN4LI
DECL4RE &X Y HEIGHT IJIDTH) WORD'ECLARE

COLOR) POINTEF I

END RECT5)

SMARTIFROCEDURE(X,Y,HEIGHT,WIDTH, COLOR)& EXTERNAL;
DECL4RE (X.Y HEIGHT WIDTH) NOIR'DI

DECL4RE COLOR) POittTERI
END SMART)

/S ST4RT OF THE OLD Pl"OGRA&1 S/

PRINTI PROCEDURE(HESS HESSSLEM,GRPSLEN.NGRP LSF'C SPC CR) EXTERN4LI
DECL4RE NESS POINTER)
DECLARE &HESSSLEN GRF'SLEN NGRP,L5PC,SFC,CR) BYTE)

END PRINT)

EN4BLEDSINKEYI PROCEDURE BYTE EXTERN4LI
END ENABLEDSINKETI

RSC HEX: FROCEDURE(LQC,N,HHB,HB,LB) EXTERN4LI
DECLRRE N BYTE (LOC HHB HB LB& POINTER)

EMD ASC HEX)

IHIT4D: PROCEDURE(CNT HUtl.ST4RT INTR) EXTCRNALI
DECLARE CNT IJOI"D,(NUII,START, INTR) BYTE;

END INITADI

READ: PROCEDURE(IIESS4GE,LENGTH& EXTERNAL)
DECLARE (MESSAGE LENGTH& POINTER'ND

READ)

DECLARE
DECL4RE
DECL4RE
DECLRRE
DECLAFE
DECLARE
DECL4RE
DECLARE
DECLARE
DECL4RE
DECLRRE

R(4) BYTE)
CHANNEL(6)
BUFFER(13)
NESSO(18&
HESSI(58)
HESSO( 8&
HE553(Q9&
MESSJ( 3&
HE555(43)
ME556&34)
HE557(9) 8

BYTE
BYTE

BYTE
BYTE
BYTC
BYTE
BYTE
BYTE
BYTE
YTE D

DAT4 &'ENTER VOWEL 1')I
DAT4 ( ENERGY THRESHOLD& );
DATA ('HIT THE 'ENTER'EY AHD THEN')I
DAT4 ('OTAL I OF DEGIFED AHPLES'i 'll
DATA ('9 OF SAtlPLES TO BE AVCRAGEDY ')I
D4TA &'HE STARTING SAMPLE 9" ')I
DATA ('Et(TER THE TRANSFQRIIATION HRTRIX I&ON BY RDW:'&'ATA

&'IJHICH LH4NNELS ARE TO BE SAHPLEDY ')I
AT4 ('HANNEL 6'):

FORMAT: PROCEDURE&X MAX SC4LE NUHDEC WIDTH LOC) EXTERN4LI
DECLArE LOC

POINTER'ECL4RE

X INTEGER)
DECL4RE (HAX SCALE& IJORDI
DECLARE &NUHDEC WIDTH) BYTE'ND

FORH4TI



102

DECL4RE
DECLARE
DECLARE
DECLARE
DECLARE
DECL4RE
DECLARE
DECL4RE
DECL4RE
DECLARE
DECL4RE
DECLARE
DECL4RE
DECL4RE
DECL4RE
DECL4RE
DECL4RE
DECL4RE
DECL4RE
DECL4RE
DECLARE
DECLARE
DECLARE
DECLARE
DECLARE
DECLARE
DECL4RE
DECLARE
DECL4RE
DECLARE
DECLARE
DECL4RE
DECL4RE
DECLARE
DECL4RE
DECL4RE
DECLARE
DECL4RE
DECLARE
DECLARE
DECL4RE
DECLARE
DECLARE
DECLARE
DECL4RE
DECLARE

MESS&(29& BYTE D4TA ('HE TRANSFORHATION MATRIX ISl'&1
MES&9&23& BYTE DAT4 ('SAME FOR ALL VOWELS& ')l
MES&A(26) BYTE DATA &'HAT IS TME SCALE FACTOR?
HESSB&47& BYTE DATA &'URN Old THF SPEECH P4R4&&ETER EXTRACTOR AHD THEN')l
I&ESSC&27& BYTE DATA ('HE PAR&HETER ORIGIN IS 4Tl')l
HESSD(19& BYTE DATA &'NUt&RER OF VOWELS& ')1
HESSE(39& BYTE D4TA &'OULD YOU LIKE TO ST4RT FROH BEGINNING ')t
HESSI(30) BYTE D4?4 ('ENTER 4 NEW TRANSFORM4TIOk OR')l
MESSJ&43& BYTE DATA ( USE THE PREDEFINED TRANSFORH4TION (B,T,F)r );
HESSF(30) BYTE D4?4 ('LENGTH OF THF OUTPUT BUFFER?
REFRED& 14) BYTE D4T4 &'REFRENCE RED'r
REFBLUE(15) BYTE D4TA ('REFRENCE BLUE? ')1
FiEFGREEH(16) BYTE 04T4 ('REFRENCE GREEN5
TARREIr(3) BYTE D4TA &'R? ');
T4RGRH&3& BYTE D4TA ('G? ')l
TARBLU(3& BTTE DATA ('B?
HESSG&29) BYTE D4TA &'EVEL OF R THEN G 4HD THEk Bl'&1
MESSH&32& BYTE DATA ('NTER N FOR R TO EXIT THIS NODE ')l
MESSL (36 ) BYTE D4T4 & 'NTER S4HPLING T IHE IN NIL ISECONDS
t&ESSM(31& RYTE D4TA &'HIT THE 'F'EY TO COHTIkUE OR ')1
t&ESSN(4&& BYTE D4T4 ('HIT THE 'RETURN'EY TO CH4NGE THE DISPLAY 4REA.'&1
INVERSE(30) BYTE)
DUHHY(5) BYTE)
&UM4X HHB HB LB KEY I tl CR J K PORTrTHRESH) BYTE'PTR

BEG INrT N SGN NEW FINISH) BYTE'H&5&
STRUCTURE(SAHF'LE&256) INTEGER&l

ROW&4) STRUCTURE(COLUMN&6) INTEGER&l
SOUND&6) STRUCTURE&PAR&6) INTEGER&l
C(5) STRUCTURE(S(25&i) BYTE)l
FLAG(3& RYTE&
(SUM 4VER4GE REF) &Q) INTEGER)
RESULT(7) BYTE&
F4CTOR INTEGER)
(TOT4L5S4&IPLES HEEDED5SAMPLES ST4RT HP OUTPUT5LENGTH& BYTE&
(DAT4 I D4TA ~ DAT43) (256& BYTE&
P&6& INTEGER)
COLOR(4) RYTE&
&FLAG2 STA?USrCOMMAHD EM4X EMFRGY Etllk EtlAXO EHAX) Eklkl EMIHO& Bl'TE)
&RR GG RB& BYTE&
(TIME COUNTER X,tll START?ADDR ~ XCOMP) WORD)
&4&05COMP CO&REM?5X Cu?,RFN?5&TAFT& WORD
(HEIGH?rY) WORD&
ERASE( ) BYTE IIAT4 (0 0 0 0 0&l
&Y5ORIGIH Y5ER4SE) WDRD&
SRC(200H) BYTE AT &0&000H)l
DES&200H& BYTE 4T (OH)l

COLOR5REFRENCE: PROCEDURE)
CALL PRINT(QREFREIr,14,14,1,15,0,0);
C4LL RE4D&QDUI'l&IY QUH4X)'ALL

ASC2HEX(QDUt&MY UM4X QHHB QHB QL&)l
R&1)=LB& /5 R(1&=RED COLOR 5/
C4LL PRINT&QREFGREEN 16 16 I I 0 0&l
CALL RE4&(QDUM&&IYr&UNAX)l
C4LL 45C2HEX&QDUtk&Y UH4X QHH& QHB QLB&l
R(2)=LB) /5 R( &=GREEN COLOR 5/
04LL PRINT(QREFBLUEr I I I 15 0 0&l
C4I.L READ((?DUMMY QUMAX)l
C4LL ASC2HEX&QDU&IHY UMAX QHHRr&HB Cl&)l
R&3)=LB) /5 R(3)=BLUE COLOR 5/

END COLOR5REFREHCE)

PREDEFINE&5TRANSFORH4TIOk: FROCEDURE)

~W(,J'0 I URN ( I ) = 3 I '



ROW&1) COLUMN(2)=14&
ROll(11

COLUMN(3)=41'OW(2&.COLUHN(

1)=-27)
ROW&2).COLUt&N(2)=37&
ROW&2) COLUMN(3&=-Pl

ROW&3).COLUHN(i) 43&
ROW(3).COLUMN(2&=-31&
ROW(3).COLUNN(3)=-SS&

R(1) 34&
R(2)=34 1

R(3)=34)

CHANNEL&1)=20H&
CHANNEL( )= IH)
CHANNEL&3)=22H&
CHANNEL(4)= 3H&
CHANNEL&3)=24Hl

F4CTOR=20&
NP 3&

END PREDEFINEDQTR4NSFOR&&4TION&

TI&(ING: PROCEDURE&
C4LL PRINT (QHESSL 36 36 I 10 0 0)l
C4LL READ(QDUHHY QUM4X)l
CALL 4SC2HEX(QDUMNY UM4X QHHB&QHB QLB)l
TIME=IOOOBLB)

END TIHING&

WAIT! PROCEDURE&
CYCLElST4TUS=INPUT&SOH) AND 4&
IF STATUS=O THEN 00 TO CYCLE&

END W41T)

INT24;
PROCEDURE INTERRUPT 24)

PTR=PTRtlt
IF INPUT&26H&&THRESH THEN 1=16&i

DO .)=32 TO 36&
C(J-3 ).S(PTR) — It&FUT(J)l

END&
EHD INT24&

INT261 PROCEDURE INTERRUPT 26)

ENERGY = INPUT( 6H)l
HEIGHT= SHR&(60XEMERGY) 7) 9)l/&X THIS 4SSUtlES &UlXI&IUtl S-BIT R4NGE FOR EHERGY '1/

Y=YBORIGIN-HEIGHT/2&

DO I I TO NF'1

P(I & INT(INPUT&CH4NNEL& I) ) )-REF(CHANNEL(1)-20H) l
END&

DO J=l TO 3&
SUH(J)=01

DO I=1 TO NP)
SUH & J ) =SUH( J ) TROW( J ) CDLUMN( I) FP( I)

END&
SUM&J)=SUN&J)/FACTOR&INT&R(J)&l
IF SUH(J) 287 THEN SUH(J&=287&
IF SUH(J)(0 THEN SUH(J)=0&
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END&
Rl"=LOW &UNS IGH( SAR& SUtl& I) 5 ) & ) i
OS=LOW(UNS IGH(SAR(SUH(
BB=LOW(UNSIGH(SRR(SUtl(3& 5)))i

CRI.L CH4NG(RR GG BB QCOLOR&i
CALL SHART&X Y HEIGHT 8 CCOLDR)i

END INT26)

DISABLE(
C4LL t&OVB(QSRC QDES 200H)i

CALL COLHF
CALL WAIT&
CALL IHITGI&

AGAIN:

LOOP5(

COMMRND=70H;

DIS48LE&
FLAG2=0&

CALL RECTS(0 0 2 6 1024 QER4SE)i
PTR=ol

CALL FRINT(QMESSB 47 '7 \ 10 0 1)l
CALL PRINT&QMESSI 19 19 I 10 0.2)l
CALL INITAD(5000 8 " 0)'4LL

READ&QI(UHHY,QUH4X)l
ENABLE&

IF PTR&20 THEN GD To LOOP
DISABLE&

DO J=O TO
REF(J)=0&

DO 1=1 TO QO

REF&J)=INT(C(J).s(I)&&REF(J&i
END&

REF(J)=REF&J)/ Oi
END&

WRONG'OOPSI

CALL PRINT&QNESSC 27 7 I 13 0 2)i
CR oi
DO 1-0 TO 4&

IF 1=4 THEN CR-Si
CALL FORN4T(REF( I& I 10 I 6 QRESULT)i
C4LL PRINT(QRESULT 6 6 I 3 0 CR&i

END&
OUTPUTSLENI'TH=150&
C4LL FR IN?(QHESSE 39 39 I 10 0 I&'ALL

PRINT&QHESSI 30 30 I 10 0 1)i
C4LL F'R INT(QMESSJ 43 43 I 10 0 0)i
CALL READ(l?DUHt)Y QUMAX)i
IF DUIIHY(0)='I'HEN Go To GETSNP&
IF DU)INY&0)='P'HEM

Do'4LL

F'REDEF INEDSTRRHSFORHAT ION)
Go To CONTINUE&

EN()'FDUMMY(0)&&'8'HEN Go To WRONG(
THIS SECTION IS FOR DISPLRVINO TRIOET COLORS 4/

CALL PRINT&8&IESSG 9 29 I 10 0 1&i
CRLL PRINT(QMESSH 32 32 1 10 0 2)i
CALL PRINT&i?TARRED 3 3 I 10 0 0)i
C4LL READ(QDUMHY QUtlAX&i
IF DUMMY&0)='N'HEN 00 To MODE2&
CALL ASCSHEX(QDUHHY UM4X QHHB CHB QLB)i
RR=LB/3
C4LL PRINT(Q)4&'GRN 3 3 I 10 0 0&i

J:ALL EEEAD&QDUMIIY QUHAX)i
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CALL 45C2HEX&QDUMHY,UHAX,QHHB,QHB,QLB)f
GG=LB/32)
C4LL PRINT(QTARBLU 3 3 I 10 0 0)l
C4LL RE4D(l?DU&u&Y,QUN4X) 1

CALL 4SC2HEX(QDUMHY UtfaxiQHHB QHB QLB& l88=LB/32)
CALL CHANG(RR GG BB QCOLOR)l
CALL RECT5(0 0 256 10 9 QCOLOR)l
GO To LOOPS&

tlDDE2: CALL RECT5(0 0 25&» 10 4 QERASE)f
C4LL PRINT(Q&)ESSD 19 19 I I 0)l
CAI.L READ(QDUhtlY QU)l4X)f
CALL 4SC HEX&CIIUtulY Ui'AX QHHB QHB QflP)f

CAL
C4L
CAL
FLA
K=1

NEXTSSOUND: 1=0
M=K

CALL
IF F
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

4LL
EN4BLE)

SAHE

L PRINT(QHESSO IS 18 I 15 0 0) f

L REan(Bout)H)'uhax) '
ASC2HEX(QDUHHY,UHAX,QHHB,QHB,QTHRESH)l

G&0&-0

?30H&
INITAD&5000 8 2 0)f

LAO(0)='I'HEN Go To SAME)
PRINT(8)IESS2 28 28 I I. 0 0))
RE4D(QDUMH)T QUHAX)l
ASC2HEX(QDutl&IY UMAX QHHB QHB ~ QTDT4LSS4HPLES) l
PRINT&QHESS3 9 29 I 1 0 0) l
READ(QDUt)MY QUHAX)l
ASC2HEX&80UMNY,UH4X,QHHB,QHB,QHEEDED&SAHFLE5);
PRINT(QMESSA " 22 1. 15 0 0)f
RE4D(QDU)IMY QUH4X)l
4SC2HEX(QDUHMY UMAX i?HHB QHS QST4RT)l
PRINT(Qt(ESS9 3 23 I 15 0 0)f
RE4D(l?FLAG Qut)4X)f
PRINT(QHESS I 26 8 I 10 0 l&l
PRINT(QBUFFER. 13 13 I 15 0 0&l
F'RINT&QH 1 I I 1 0 )f
READ(QDUHHY QUt)4X)l

LOOP
IF 11 TOTAL5SA&)PLEB THFN 00 To SAVE'o

To LDOP)
SAVE:

DISABLE'EGIN=PTR-TOT4LSS4HPLEStST*RT-1&

FIN ISH=BEGINtNEEDEDSS4MPLES- ll
Do J 0 To 4'o1-0 To

CH( J ) SAHPLE & I) -TNT ( 0( J ) 5( I) & l
END&

END)

LOOP21

NEXT5SETl

no J=o To 4
SUH&J)=0)

I=BEGIN)
SUH(J)=SUM(J)tCH(J).SAHPLE(I)l
I= I?I&
IF I-.FINISHtl THE)l 00 To NEXT&SETl
Go To LOOP

AVERAGE(J)=&SU&l&J)/IHT&NFEDED58*f PLES))-REF&J)'ND&
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SOUND(K&.P4R&J&=AVER4GE&J- 1)i
END'

Ktli
IF K 'NPt I THEN GO TO MEXTSSOUHD(

DO J=l TO
CR=O(

DO K I TO NPI
IF K=NP THEN CR=I&
IF J-5 AND IE=NF'HEW SR=3

CALL FDF;HAT&SOUND&K&,PAR&J) I 10 1 6 QRESULT&i
C4&L PRINT(QRESULT 6 F 1 4 0 CR&i

END(
END(

LOOP:

NEXT'ALL

PRINT(QHESS5 43 43 I 15 0 2)i
DO J I TO

3'=Di

C4LL SEAIE(QINVERSE,QUN4X&;
DO I=1 TO MP)

T=OI
IF INVER5E&H)=' 'HEN DO'GN=

I &

N=Ntl I

GO TO LOOPI END'LSEIF INVERSE(N)='t'HEN IEOI
SGN=O(
H=Ntl I

GO TO LOOF'I END'LSE

SGN=DI

IF INVERSE&M)=' OR N-UH4X THEN GO TD NEXTI
DUt(NY(T)= IHVER E(N)i
T=Tili
N=Ntl I

GO TO LDOPI

CALL 4SC HEX(QDUHIIY T QHHB QH'B CLB)i
RO(i(J&.COLUHM( I)=INT(HB)S 56tINT(LB)i

IF SON=I THEN I Olt& J ),COLUM((( I&--ROU( J ), COLU&IN & I ) IN=Ntli
EMD(

EN(I(
CALL FRIMT(QIIESSB 29 29 1 15 0 2) I

DO K=1 TO 3i
CR=OI

DO J I TO &IF'I

IF J=tlP THEN CR=I (

IF K=3 AND J-NP THEN CR-Gi
C4LL FORt(AT(ROII(K).COLUHN(J) I 10 1 6 QRESULT&i
C4LL FRINT(QRESULT 6 6 I 4 0 CR)i

END(

EN(E'ALL

PRINT(QMESS4 6 26 I I 0 0&i
CALL READ(QDU&IMY QUH4X&l
C4LL PRINT(QDUMtlY UMAX UI(4X I I 0 )I
C4LL ASC HEX(QDUt(t&Y U&IAX QHHB QHB QLB)i
FACTOR=IMT&LB)i
CALL FRINT(Qt(ESS6 34 34 I 10 0 2)i

DD I-"I TO NP)
CALL PRINT&QHESS7 9 9 I 10 0 0&i
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REFREHCE:

CONTINUE:

CALL READ&PDUNHY I?UH4X&)
CALL 4SC2HEX&enuHNv uaax eHHB eHB PLB&I
CHANNEL(I)=LBF20HI

EN() I
DISABLE)
C4LL COLORSREFRENCEI
X ST4RT54DDR=O) CURRENTSST4RT=OI
YSQRIGIN=60) YSER4SE=OI RDDSCOHP-S&21

C

CRLL I IHINGI

COUNTER=IF

THERE I CALL INIT4(r(TIt)E 8
RUNI ENABLE)

OVER: HALT)
IF COUNTER THEN DOI

COUNTER=II
X=xtel
GO TO t)ISPL4Y5ITI

END)
COUNTER=

X=XSSI
GO TO

OVER'ISPLAY5IT:

IF &X&1024& THEN GO TO CHECK)

/St)OVE THE COLOR 84R 5/

XCONP=X"1024)
C4LL Stl*RT(XCOHP,YSERASE,120,16,8ERRSE)l /5 ERASE QLIrEST BAR lr/
Svat;TSannR=STRRTSatrnR)1;
CALL W4ITI

OUTPUT(BIH&=CO)&)&ANDI /5 UF DATE STARTING AtrDRESS FDR trISPLAY ARER 5/
OUTPUT(BQH)=LO&t&ST4RTSADDR)l /5 ONE USI&IG FR4tl GDC COHNAND 5/
OUTPUT&BOH&=HIGH(STARTSADfrR)l

IF (ST4RTSRDDR &RI)DSCQHP) THEN GQ TO CHECK)

DISRBLEI
X= Gl /5 REINITIALIZE X STARTSADDR 5/
ST4RT54DfrR=CURRENT5ST4RTI

/5 RESET POSITIDN TO LEFT SIDE OF SL'REENS/

QUTPUT&SIH)
OUTPUT(BDH&
OUTPUT&GOH&
CALL RECTS(

00 TO
KEY=E

IF
IF
IF
IF
GO

CHECK

GETSNP: DIS4BLE)
CALL Pl"INT&PHESSD 19 19,1 10 I 0)l
ca(.L READ(enuH&tv euaax);
CALL ASC2HEX(etruat&Y UNAX PHHB PHB el&P)l
00 TO

TRANS':HRNQE:

I)ISARLEI

=COMHANDI /5 IN IT 14L IZE ST4RTING RDDF;ESS FOR CURRENT 4RE4 5/
=LOW(STARTSA(rDR&l
-.HtGH&sva(TSanna&;
0 YSERASE I 8 10 4,PERASE)l /5 CI EAR CURRENT AREA 4/
RUN)
NRBLEDSINKEYI
KEY='F'HEN GO TO FREEZE)
KEY='Q'HEN GO TO AGAIN)
KEY='C'HEN 00 TO CHANGE)
l&EY='I'HEN GO TO GETSt&PI
TQ OVER'
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CALL TI HING I
00 TO

THERE'REEZE:

DIS4BLEI
C4LL PRINT&BHESSH 31 31 I 10 0 1)'ALLF'RINT(BHESSN 48 48 I 10 0 2)I

STAYSHEREI KEY=ENABLEDSINKEYI
IF KEY 'F'HEN GO TO RUNI
IF KEY FODH THEN GO TO ST4YSHEREI

IF FL402=1 THEN DOI
C 0 H II A N D -" 7 0 H 'SORIGIN=60) Y5ERASE=0 I

ADDSCOHF=012)
X,ST4RT5ADDR,CURRENTSST4RT=OI

FLAG =OI
END)

ELSE DOI
X=BI
COHH4ND=74HI

YSORIGIN= 188) YSER4SE=128)
ADDSCOHP-8704)
STARTSADDR,CURRENTSSTART-81921
FLAG =I )

END)
OUTF'UT(8 IH)=COHHANDI
OUTPUT&BOHI LOU&STARTSADDR)I
OUTFUT(BOH)=HIGH(ST4RTSADDR)I
C4LL RECTO&0 YSER4SE I 8 1024 BER4SEII

GO TO C

END HAHIDI
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DO&
PRINT: PROCEDURE(HESS t)ESS5LEN GRP5LEN NGRP I.SPC SPC CRI CXIERtl4LI

DECL4RE HESS POINTER:
DECL/RE (MESSKLEN,GT;PYLEN NGRP LSPC SPC,CR) &VIE'ND

PRINT&
EN4BLED&INKEYI FRQCEDURE BYTE EXTERN4LI
END EN4&LEDKIMKEYI

ASC2HEXI PROCEDURE&LOC N HHB HB L&& EXTERNAL&
DECLARE N BYTE (LOC HHB.HB LB) POINTER&

END RSC
HEX'NITADI

PROCEDURE&CNT NUtl T4RT ItlTR) EXTERNAL&
DECL4RE Ctt, IJQRD,(NUM,START INTR& BYTE;

END INITAD;
READ: PROCEDURE(HESS4GE LENGTH& EXTERNAL'ECLARE

&MESSAGE LENGTH) POINTEFI
END READ&

FOR&&4T: PROCEDURE(X H4X SCALE ~ NUtIDEC IJIDTH LOC) EXTERt(AL'ECLARE
LOC POINTER&

DECLARE X INTEGER&
DECLAI''E (MAX SCAI.E& WORD)
DECL4RE ( NUflDEC 8 I&TH I BYTE I

END FORH4T;

DECLARE
DECL4RE
DECLARE
DECL4RE
DECLARE
DECLARE
DECL4RE
DECLARE
DECL4RE
DECL4RE
DECLRRE
DECLRRE
DECLARE
DECL4?E
DECLARE
DECL4RE
DECLARE
DECLARE
DECL4RE
DECL4RE
DFCL4RE
DECL4RE
DECLARE
DECL4RE
DECLARE
DECLARE
DECL4RE
DECL4RE
DECLARE
DECLARE
DECL4RE
DECLARE
DECLARE
DECL4RE
DECLARE
DECLARE

R(4) BYTE&
CHANNEL&6) BYTE&
&OFFER(13) BYTE DRT4 ('NTER VOWEL 4')I
&IESSQ& 18) BYTE D4T4 ('NERGY THRESHOL(l& ')I
HESS(&28& BYTE DATA ('HIT THE 'ENTER'EY AND THEN')I
MESS"(28& BYTE DAT4 ('OTAL 5 OF DESIRED SAMPLE&5 ')I
HESS3(29& BYTE DATA &'4 OF 54HPLES TO BE AVERAGED~ ')I
HES&4( 3) BYTE D4TA ('HE STARTING 54tlPLE 55
HESS5(43& BYTE DAT4 &'NTER THE Tf'4NSFDI(MATIQN HATT&IX RDW BY RQW:')'ESS6(34)BYTE DATA ('HICH CM4NNELS 4RE TO BE SRHF'LED" ')I
HE&57(9) BYTE DATA ('C&IANNEL
tlESS&& 9) BYTE D4T4 &'HE TRAN5FOFHATIQN &IATRIX I
HES59& 3) BYTE DAT4 ('SANE FOR RLL I,'DWELS'? ')I
HES54( 6) BYTE &4TA &'IJH*T IS THE SC4LE FACTOR& ')I
tlESSB(47) BYTE D4?4 ('TURN ON THE SF'EECH PARAHETER EXT('ACTOR 4ND THEN')I
HESSC(27& BYTE DAT4 ('THE PARAHETER ORIGIN IS AT:') I
tlESSD(19) BYTE D4TA ('NUHBER OF VOIJELS~ ')I
HESSE(39& BYTE DATA &'WDULD YDU LIKE TO START FRDH BEGIIINING ')I
HESSI(30& BYTE DATA &'NTER 4 NEW TRRNSFOI'H4?IDN OR')I
HESSJ( 43 ) SITE D4TA ( 'SE THE FREDEF INCD TRANSFORtl4T IDN ( 8 T P ) 5 ' IMESSF(30) BYTE DATA ('ENGTH QF THE OUTFUT BUFFER&
REFRED( 14) BYTE D4T4 ('REf'RENCE RE(t5 ');
REFBLUE& I ) BYTE D4?4 &'REFRENCE BLUE~
REFGREEN(16) BYTE DATA ('REFRENCE GF(EERY
TARRCD(3& BYTE DATA ('R? ')I
T4RGRN&3l BYTE DAI'A ( Gt ');
TARBLU(3) BYTE O4TA ('8/ ')I
HESSG&29) BYTE D4TA &'EVEL OF R THEN G 4ND THEN Bl')I
HESSH(32) BYTE &4TA ('NTER N FOR R TQ EXIT THIS tlDDE.')I
INVERSE(30) BYTE:
DUHM'Y(5)

BYTE'UttAX

HHB HB LB KEY I H CF J I PORT THRESH) BYTCI
(F'TR BEGIN T ~ N SGN NEIJ ~ Fit(I H) BYTE&
CH&5) STRUCTURE(SAtlFLE(256) INTEGER)'OW&4)

STI"UCTURE(COLUMN(6& INTEGER)&
SOUND&6) STRUCTUPE(f'ARI/ I INTEGER):

NINA(
/5 THIS FROG("4tl IS WRITTEN TO IHPLEHENT THE VDWEL-TO"COLOR CDNVERSIOH.

4NY SPECIFIED COLOR C4tl BE SEEN BEFORE IT IS ASSIGNED 4S ONE OF THE
TARGET COLORS, THEN THE SPEECH PARAtlETERS CA(1 BE SAHPLED FOR 4SPECIFIED NUMBER OF VQIJELS (ONE VOWEL 4T 4 TIHE) . THE TRAN FOI&HATIOtf
HOST BE FOUND USING FLOATING F'OINT ARITHt(ETIC BY USING THE S4HF'LED
VALUES THE TRANSFORMATION IS THEN ENTERED INTO THE PROGRA,'I ALONG
WITH SOHE DTHER VARIABLES AND THE PROGRAM CONTIIIUES ITS OF'ER4TION INREAL-TIME 4ND CONVCRTS THE SF'EECH F'AR4HETERS INTO COLORS. THE STSTE&l
GENER4TES THE VERTICAL SYNC 4S WELL AS PROCESSING OF DATA. THFEE D-A
CHANNELS 4RE USE(I TO OUTFUT THE R,G, AND 8 V4LUES, THE fflTERRUPT PULI&1IS USED TO DRIVE THE VEf'T ICAL SYNC CIf CUI TRY OF THE TV HDNITQR. 5/



DECL4RE
DECL4RE
DECL4RE
DECLARE
DECLARE
DECLARE
DECLARE
DECL4RE
DECLARE

C(5) STRUCTURE&S&256) BYTE&'LAG(3&BYTE)
&SUH AVERAGE REF) &8) INTEGER&
RESULT&7) BYTE)
F4CTOR

INTEGER'TOTALSSAHPLESikEEDEDSSAHPLES START NP OUTPUTSLEkGTH) BYTE'D4T41D4TA2 DAT43) (256) BYTE&
P&6) INTEGER)
COLOR(4) BYI'EI

CDLOR5REFREHCE: PROCEDUREI
CALL PRINT(BREFRED 14 14 I 15 0 0)I
C4LL RE4D&BDUt(HY GUHAX)I
C4LL 4SC2HEX(BDUHHY UHAX GHHB GHB I?LB)I
R(l)=LB) /4 R&1&.-RED COLOR 5/
C4LL PRIHT&GREFGREEH 16 16 I 15 0 0) I
CALL READ(GDUH»Y BORAX&'4LL

ASC2HEX(BDUtltlY UH4X BHHB GHB BLB&I
R&2)=LB) /5 R&2&=GREEN COLOR 5/
C4LL PRINT(GREFBLUE 15 15 ' 15 0 0))
C4LL RE48(DDUHHY BUt(4X)I
C4LL ASC2HEX(GDUHHY UHAX DHHB GHB BLB&t
R&3l LBI /5 R&3)-BLUE CDLDR 5/

END COLORSREFRENCEI

PREDEFINED5TRANSFORt&4TIOkl F'ROCEDURF)

ROIJ&1& COLUMN&1)= 11
ROM&1).COLUtlk(2)=2)
ROll( I& COLUHk(3)=10)
ROIJ(1).COLUMN&4&=0)
ROW& 1).COLUHN(5)=ot

ROIJ&2) ~ COLU?lk(1) -Bt
ROM(2).COLUHH(2&= 5)
ROll( ) COLUHN(3)"--Si
ROM&2& COLUtlk(4)=0)
ROIJ(2& COLUMN( )=0)

ROM(3& COLUMN(l)=15)
ROW(3).COLUMN&2&=-28)
ROIJ&3&.COLUtlN&3)=-25)
ROIJ&3) COLU&IN&4)=0(
ROIJ&3&.COLUMN&5&=ot

R & I & =130 I

R&2)=130)
R(3&=130(

CH4NNEL(1)=20HI
CHANHEL&2)= IHI
CHANNEL(3)=22HI
CHANNEL&4)=23HI
CH4HNEL(5)= 4HI

F4CTOR=

0'B=3)

END PREDEFIkEDSTRANSFOR?(41 ION)

IHT24(
PROCEDURE INTERRUPT 24)

PTR=PTRtl)
IF INPUT(26H»THRESH THEN 1=141&

DO 9=32 TO 36)



C(J-32).S&PTR&=INPUT(J)
ENDi

END INT24&

INT26: PROCEDURE INTERRUPT 6i

DO 1=0 TO OUTPUT5LENGTHl
J=NEBTji
OUTPUT&15H)=DAT4i(J&i
OUTPUT(16H)=DAT42(J)i
DUTPUT(17H& DATA3&J)i
OUTPUT&15H)=DATAI&J)i
OUTPUT(16H)=DAT42(J)i
OUTPUT(17H&=DATA3(J)i

END&

IF INPUT&27H)&200 THEN NFI(=MEN-li

DO I=1 TO NP&
P(I) INT&IHPUT&CHAHNEL&I&)&-REF(CH4NMEL(I)-20H)i

ENDi

END IHT 6&

DO J I TO 3i
SUH&J&=0&

DO 1=1 TO NP)
SUH&J)=SUH(J)%ROW& '&,COLUMN&I)tP&I)

END'UH(J& SUN&3)/FACTORtINT&R(J»i
IF SUH(J&)2 5 THEN SUM(J)=255)
IF SUH(J&&120 THEN SUN(J& I 0&

COLOR(J)=Loll(UNSIGN(SUH(J))&i
ENDi

D4TAI&NEN)-"COLOR( 1)i
D4T42&NE(i&=COLDR( )i
D4T43&NE(i)=COLOR&3&i

4GAI H l

LOOP

DISABLE
'TR=01

CALL PRINT&BHESSB 47 47 I 10 0 1&i
CALL F RINT& LiHESSI, 19, 19, I, 10, 0,2 );
CALL INIT40&5000 B 2 0)i
C4LL READ&QDUHHY BUNA&&)i

ENABLE&
IF PIN&20 THEM GO TO LOOP5i

DISABLE)

DO J 0 TO
4'EF&J)=0)

DO I=l TO 20&
REF&J)=INT(C(J) 5&I))FREF(J)i

ENDi
REF&J)=REF(J)/ Ol

END)

WRONGl

CALL PRINT(BHESSC 7 27 1 13 0
CR=G&
DO 1=0 TO 4)

IF 1=4 THEN CR 2&
CALL FORMAT(REF& I& I 10 I 6 SRESULT)i
CALL PRINT(GRESULT 6 6 1 3 OiCR&i

ENDi
DUTPUTSLENGTH-.)50'ALL

PRINT&GHESSE 39 39 1 10 0 1&i
CALL PRINT(PHFSSI 30 30 (.)Oi0 )J )



CALL PRINT&et(ESSJ 43 43 I 10 0 0) i

LOOPBl

NODE21

CALL RE40(QDUHHY QUM4X&:
IF DUHHY(0) 'I'HEN Go TO GETTNP)
IF IiuHHY(0)= 1" THEN no

CALL PRE(&EF INEDYTRANSFORHATION;
Gn TO THEREi

ENDi
IF DUMMY(0&x&'8'HEN Go To URGNGi

CALL PRINT&CHESSG 29.29 I 10 0 1)i
C4LL PRINT( Qt)ESSH 3 3 . 1. 10 0 2 ) )
CALL PRINT&QTARRED 3 3 1 ~ 10 0 0&i
C4LL RE4D(QDUtlt&Y QUN4X&i
IF DUHHY(0) 'N'HEN GO TO HODE2i
CALL 4SC2HEX(l?DUHHY UN4X QHHB QHB QLB&i
OUTPUT&15H& Lni
C4LL PRINT(QT4RGRN 3 3 I 10 0 0)i
C4LL RE4D(QDU(&HY Gut&AX&i
CALL ASC2HEX(QDUMHY UH4X CHHB QHB QLB)i
OUTPUT(IAH) Lni
C4LL F'RINT&QTARBLU 3 3 I 10 0 0&i
C4LL RE4D(QDUHHY,QUt(4X);
C4LL 4SC2HEX&QDUMMY UMAX,QHHB QHB QLB)i
OUTPUT(1TH)=LB)
GO TD LOOPBi

CALL PRINT(QHESSD 19 19 1 I 0)i
caLL REan(eouHHv euHAx)'ALL

ASCDHEX(QDUNHY Ut&AX QHHB QMB L)NP&i

C4LL PRINT(QHESSO 18 18 1 15 0 0&i
CALL READ(QDUMMY QUt(AX)i
C4LL 4SC2HEX(QDUNtlY UHAX QHHB QHB QTHRESH)i
FLAG&0&=oi
K=1)

NEXT5SOUND: I=ni
H=K?30H?

C4LL INITAD(5000 8 2 0&i
IF FL40(0) 'Y'HEN GO TO SAMEi
C4LL PRINT(l?tlESS2 28 28 I 15 0 0&i
caLL REan&enuMHv QUHax&i
CALL 4SC2HEX&QDUNNY UHAX.QHHB QHB QTDTALTSAHPLES)i
CA) L PRINT(QMESS3 9 9 I 15 ~ 0 ~ 0)i
C4LL RE40(QDut(HY QUHAX)i
C4LL 4SCDHEX(QDUHMY Ut(AX QHHB QHB QNEEDED5S4&)PLED)i
04LL PRINT(et&ESSA 22 " I 15 0 0) i
CALL REan&enuHFv,euHax&
C4LL 4SC HEX(QDUM&&Y Ut(AX QHHB QHB QST4RT&i
04LL PRINT(QHESS9 23 3 I 1. 0 0&i
CALL READ(QFLAG I?V&&AX)l
CALL PRINT(QMESSI 8 28 1 10 0 1)i
CA( L F'RINT(QBUFFER 13i13 I 15 0 0)i
C4LL PRINT(QM 1 I I I 0 )i
C4LL READ(L?DUH&&Y QUN4X&i

EN4BLE'OOP:

SAVE!

IF I?=TOTAL?SAMPLES THFN GO TO 54VEi
GO TO LOOP)

DISABLEi

BEGIN=PTR-TOTALSS4&lPLEStSTART-Ii
FINISH=BEGIN?NEEDEDBSAHPLES-1)

DO J=G TO Ai



LOOP2:

NEXTiSET:

00 1=0 TD 55
CH( J) . SAHPLE & I& =IHT& 0( J ) . 5( I& ) i

ENDi
Ef)0)

DO J=G TO 4)
SUM(J)=01

I=BEGIN)
SUH(J)=SUM&J&tCH&J).BAFFLE(I&i
I Iili
IF I=FINISH(i THEN 00 TO HEXTiSET)
GO TO LOOP2)

AVERAGE&J)=&SUN(J)/I(&T(NEEDE0154HPLES))-REF(J)i
ENDi

DO J-"I TO 51
SOUND(K) P4R(J)=AVERAGE&J"1)i

END&

K=Kt1 'F

K&NPt( THEN GD TO NEXTiSDUND)

DO J=l TO 5)
CR=G&

DO K=1 TO NP)
IF K-'HP THEN CR.=)i
IF J-5 AND K=NB THEN CR=3)

C4LL FORN4T( SOUNIr(K ), P4R( J &, I, 10, 1, 6, BRESULT );
CALL PRINT(SRESULT 6r6rlrtrG CR&i

ENDi
ENDi

TR4HS) C4LL PRINT&BFES55 43 43 I 15 Or2)i

LOOP:

NEXT:

DO J=l TO 3)
N=O)

C4LL READ&SINVERSE SUHAX&i
00 I-"1 TO

HP'=oi

IF INVERSE(H&=' 'HEH 00i
SGN=I &

N=Ntl i
GO TO LODPi

ENDi
ELSE IF INVERSE(N)='t'HEN DO)

SGN-0&
N=Nili
GO TO LOOP) END'LSE

SGN=O)

IF INVERSE(H& ' OR N-UH4X THEN G(l TO NEXT)
DUNHY(T)=INVERSE&N&i
T=Ttli
N=Ntl i

GO TD LOOP&

C4LL ASC2HEX(GDUNHY,T,GHH!),BHB,GLB);
ROW( J ) . COLUHN( I) =INT( HB & 6256) INT( LB) i

IF SGN=I THEN ROW(J& ~ COLUHH(li=-ROW&J&.COLUHH(I&i
H=Ntli

END&
EHD&

C4LL PRINT(SHESSB 29 29 I 1 0 2&i
DO K=1 TO 3i

DR=0)



REFRENCEI

DO J I TD NF)
IF J=NP THEN DR=I)
IF K=3 4ND J-NP THEN CR.-.2l
CAI.L FORM4T(RDW(K).COLUt&H(J) 1 10 1 6 PRESULT&i
CALL PRINT(PRESULT 6 6 I 4 0 CR)i

ENDi
EHD)

C4LL PRINT&QMESSA 6 26 1 15 0 0&'4LL

READ&QDUHHY PUH4X&i
CALL PRINT&QDUHMY UMAX UI&AX 1 1 0 2)i
CALL ASC2HEX&PDUMMY Ut(4X PHHB I?HB QLB)l
FACTOR=INT&LB)i
C4LL PRINT(Pt(ESS6 34 34 1 10 Or2)i

DO 1=1 TO NP)
CALL PRINT&PMESS7 9 9 1 10 0 0)i
C4LL RE4D(PDU&IHY ~ PUI&4X&i
CALL 4SC2HEX(QDUHHYrUMAX,QHHB,QHB,PLB&l
CHANNEL(I) LB?20H)

END)
DIS4BLEI
CALL COLORBREFRENCE)

THERE: C4LL INITAD&16666 8 2 2)i
ENABLEI

OVER: KEY EHABLEDTINKEY)
IF KEY 'O'HEH GD TO 4G4INI
IF KEY='L'HEN GO TO CH4NGE)
IF KEY='T'HEN GO TD GETiNP)
GO TO OVER)

GET1NP: DIS4BLEI
CALL PRINT & Pt&ESSD r 19, 19, I 10 I 0 ) I
CALL READ(PDUN)tY PUt(AX)i
C4LL ASCDHEX(PDUHHY UM4X PHHB BHBrPHP&i
GO TO TR4NS)

CH4HGEI DISABLE)
CALL PRINT&PHESSF 30 30 I 10 3 0)i
C4LL READ(QDUHHTrQUN4X)i
C4LL ASC2HEX&QDUMMY UM4X QHHB BHB QOUTPUTILEI&GTH)i
GO TO THERE?

END MINAI



ST4T201
DOI

/9
/4

OCT 4 1984
NOV 8 1984

DECL4RE
DECLARE
DECLARE
DECL4(IE
DECL4RE
DECLARE
DECLARE
DECL4RE
DECLARE
DECL4RE
DECL4RE
DECL4RE
DECLARE
DECL4RE
DECL4RE
DECLARE
DECL4RE
DECLARE
DECL4RE
DECLARE
DECL4RE
DECLARE
DECLARE

MEAN(17) INTEGER)
SD(17& INTEGER)
NINIHA(17) INTEGER)
MAXIH4( 17) INTEGER)
XX(17) STRUCTURE (YYI
HE4NI(17& NORD)
XXI(17) STRUCTURE (YY
(NP TEMP) INTEGER)
(Y N TOTRL 8 8 Dl F)
(4 C Cl E& INTEGER)
PAR&17) INTEGER;
HESS)(27& BYTE DRT4 (

NESS ( 18) BYTE DATR
(IrJ NUkix FL4G CHECK
(IiiJJ& BYTE)
(HHBiHB LB& BYTE)
BUFFI&130) BYTE)
BUFF (17) INTEGER)
BUFF3& 17)

BYTE'IST(17& BYTE)
NMAX BYTE)
HESS3&18) BYTE DAT4 (
HESS4(66) BYTE DAT4
GAD'AXI&(A MINI
HESSS(31) BYTE DATA (
ItESS6(31) BYTE DAT4
t(ESS7(46& BYTE D474 (

P4R4tlETER ') I

HESS9&37& BYTE D4TA (

TO STOP.'&I
&POS NEG& BYTE)
DUMB(4& BYTEi
LEN NORD)
(FIRST SECOND&

BYTE'ECLARE

DECL4RE
DECLARE

DECLARE

DECL4RE
DECLARE
DECLARE
DECLARE

17) INTEGER)i

1(17) NORD)i

BORD)

ENTER kUN OF P4RAt(ETERS ')I
ENTER THRESHOLD

THRESH SION kk)

BYTE'HE

RF.SULTS 4RE ')I
tlE4N MERN SOU, V4RI4NCE

MA N

ENTER NUHBER OF 8414 POINTS ')I
THE COV4R 14NCE MATRIX IS ')I
ENTER A-D CH4HNEL kUNBER FOR

HIT ANY KEY TO STARTS HIT 8

PRINT) PROCEDURE &HES)LOC MESYLEN GRFYLEN NGRF LB&SF'C SFC HCRLF& EXTERNAL)
DECLARE HESYLOC POINTER)

DECLRRE (HESYLEN GRPYLEN ttGRP LDSPC SPC NCRLF& BYTE&
EHD PRINTI

READ: PROCEDURE (t)ESSAGE LENGTH) EXTERN4LI
DECL4RE (tlESS4GE LENGTH& POINTER'ND

RE4D)

4SC HEX: FROCEDURE &ASCII H HIGHEST HI LO)EXTERNAL)
DECL4RE &4SC II HIGHEST HI LO) POINTERI
DECLARE N BYTE)

END 4SC HEX)

HEX2ASC) PROCEDURE (NUMBER CHRI CHR & EXTERNAL)
DECLARE NUMBER BYTE &CHRI CHR & FOINTER)

END HEX24SC)

FORHATI PROCEDURE (X MRX SC4LE NU&IDEC IIIDTH LOC) EXTERH4L)
DECLARE X INTEGER&
DECLArE (HAX SCALE) Vor;nl
DECLARE (NUHD C,VIIITH& BYTEI
DECLARE LOC P(IINTER(



END FOR)IAT)

SQRTl PROCEDURE(NUMBER) INTEGER EXTERN4L)
I(ECL4RE NUt(BFR INTEGERl

EHD SORT)

ADD: Pli'OCEDURE (4 B,C,D E F) EXTERN4L)
DECLARE (A C) INTEGER)
1)ECLARE &B D& WORD)
DECLARE (E F) F'OINTERl

EHD

ADD'IVIDEl

PROCEDURE (4 5 C D E) EXTERNAL(
DECLARE (4 C& INTEGER)
I(ECLARE B WORD;
DECL4RE &D El PDINTER)

END DIVIDE)

MULTIPLY) PROCEDURE (A.B C D E.F) EXTERNAL)
DECLARE (A C&

INTEGER'ECLARE

(B D& WORD)
DECLARE (E F) PDINTER(

END HULTIPLYl

EN4BLED)INKEYl F'ROCEDURE BYT& EXTERNAL)
END ENABLED5(NKEY)

IN IT4D1
PROCEDURE(COUNT CHAHNELFNUNBER ST4RT(SELECT Il&TRYEH4BLE)EXTERN4L)

DECL4RE(CH4NHELNUHBER ST4RTSELECTr INTRFEN*BLE&BYTE'ECL4RE

COUNT WORD)
END INITAD)

IN164Dl
PROCEDURE(CNT CHSNO STRT5SEL It(TYEN4BLE) EXTERH4L)

DECL4RE (CH5NO STRT5 EL INT5ENABLE) BYTE)
I(ECLARE CNT WORD)

EHI( IN164Dl
/5-

/5 THIS PROGRAN IS USFD TO CDNPUTE VARIOUS ST4TISTICS OF A SET OF
INPUT PAR4HETERS, THE ST4TISTICS 4RE HE4I&S STAI&TIARD DEVI 4TIOl&S,
flI NINA ftAXIH4 AND CORRELATIONS THE NUMBER OF P4R4f(ETERS IS HUM
THE P4RAHETERS ARE ASSUMED TO BE IMFUT Olt 4-Il CHA)(NELS 0 TO NUH-I,
THE NAXINUH NUMBER DF P4RANETERS IB 16.

THE KEYBDARD IS USED TO START AN(r STOP THE DAT4 COLLECTIOH
PROCESS 4 RES( OHSE OF 0 FOR THE TOTAL NUMBER OF 4t(PLES WILL
NAKE THE PROGRAH TO CONTINUE SANPLIHG UMT ILL THE 'O'EY IB PRESSED.

INTRPT.'RDCEDUF&E INTERRUPT 27)
IF (Ii(F'UT(26H& & THRESH& THEN GOTD NEXT'L4G=I) /54T LEAST ONE IrAT4 POINTY/
N=N51l

/5CHECK FHERG&'5/

I(O I =0 TO (NUH I) BY I;
I= INPUT ( LIST ( I & 530H & 1

P4R(l)=& TNT(X&)-SOH) /YCODE COI&VERSIDN5/
END)

DO 1=0 TD (HUH-1)l
IF &PAR(I& &0) THEN 4 -ll

ELSE A-OOH)
B=UNSIGN&PAR(I))l

HGJJ



D=HEANI (I) I

CALL 4DD(A B C D QE QF)i
MEAN(I)=E)
NE4HI(1)=FI

IF(P4R&I& ( MINIMA&I&) THEN
MINIM4(I)=PAR(I) I

IF&PAR(I) & MAXIMA(I)) THEN
HRXI MA( I ) =FAR ( I & I

DO J=O TO Ii
TEt&P=PAR(I) YPAR& J& I

IF (TEMP 40) THEN A=-I&
ELSE 4=00H)

B=UNSIGN(TEt)P&l
Cl XXII) YY(J)i
Dl XXI(I) ~ YYI(J)i
CALL ADD(R Brcl Dl QE QF&i
XX(I) YY(J)=Ei
XXI(I) YY1(J&-Fi

END)
ENDI

NEXT:
FINISH:

END INTRPT(

/9 INITI4L IZE 4LL PARAHETERS BEFORE SAMPLING BEGINS 4/

/9 NEXT SECTION TO INPUT PRRRMETERSB/
START:

OUTPUT&02H&=13HI
OUTPUT(03H&= 4)
OUTPUT(03H) OFHI
OUTPUT&03H)=OFFH)/BINITIRLIZE THE 82 9 Tn MasX OFF RLL INTERRUPTSF/

CALL PRINT&QHESSI 24 26 1 10 0 0&i
C4LL READ&QBUFF I QNMAX&i
C4LL 4SCGHEX(QBUFFI Mt&AX QHHS QHB.QNUM)i
IF (NUH 4)& THEN MU)I=it
IF (NUH&14) THEN NUM=14)
caLL Hsxeasc&NUM QFIT'sT esEcOHD)
BUFFI&0)=FIRST)
BUFFI(1)=SECOND)
C4LL PRINT(QBUFF 1

" " I 0 2)i
DUMB&2)='4'I

DUMB(3&='O

1=1 TO NUt(i
CALL HEX ASC( I QF IRST ~ QSECDND) I

DUMB&0)=FIRST)
DUNS(l)=SECONDI

CALL PRINT(QMESS7 43 43 1 10 0 0&'ALL

PRINT(QDUHS 4 4 1 0 0)i
caLL READ(QBUFF) eMMax);

IF BUFFl(0)=ODH TMEN GOTO CONTI /ll(EEP OLD VALUE IF CARRIAGE RETURNF/
C4LL ASC HEX(QBUFFl NHAX QHHB QHB QLB)i
LIST( I-I ) =LB I

CONT: CALL HEX ASC(LIST(I-1) QFIRST.QSECOHD)i
BUFF1(0)=FIRST&
BUFF1(l&=SECOND)

CALL Pf(INT(QBUFF)» I 0 2)i
END)

C4LL PRINT(QI'ESS2 IB 1B 1 10 0 0)i
CALL RE4D(QBUFFI QNMAX)I
I HHAX'



C4LL 4 C2HEX«?BUFF) I QHHB QHB QTHRESH)i
C4LL PRINT(QHESS5 3 I 31 1 10 0 0)i
C4LL READ(&?BUFF) QNM4X)i
CALL 4SC HEX(QBUFF1 NHAX QHHB QHB QLB))
TOTAL=2568HB?LB;

TEHP=TNI'&TOTAL)i
C4LL FORtl4T(TEMF 1 I 0 7 QBUFF3)i
C4LL PRINT&QBUFFSi7 7 )i3 0 2)i

DO 1=0 TO (NUN-1&i
ME4N(I)=0?
MEAN1(I)=oi
SD(I)=0i
MINIMA& I&=255i
MAXIMA&I)=-255(
FLAG=Oi
N 0)
NP=Oi
FOG='?'i
NEO=' 'i

DO J=O TD &NUH-1)i
XX(I) YY(J)=0?
XX1(I) YYl& J&=0 i

END(
END)

CALL INIT4D(52000 8 2 3&i/i INITIALIZF THE 8 CH. A/0 BOARD. 8/
CALL IN&640& 52000, 16 2 3 & 1 /8 INITIALIZE THC la CN . 4/n 804('n .

C4LL PRINT&Qt&ESSV 37 37 ' 10 0 2&i
l)A IT&

IF ENABLED)INKEY 0 THEN GO TD WAIT& /1 WAIT Ui(TIL 4 KEY IS HIT 8/
EN48LEi

LOOPl
IF TOTAL=O THEN GO TO OVER&
IF (N?=TOTAL) 'THEN GO TO OUT)

OVERl IF EN4BLEDlINKEY 'S'HEN GO TO OUT?
GO TO LOOP'U

OUTPUT(13H&=101101108l
OUTPUT& I H)=OOH& /BSHUT OFF THE 8253 TIMERS/

OUTI:
C4LL PRINT&QMESS3i )8 18 1 10 0 ) i
C4LL PRINT«??&ESSA 66 66 1 0 0 l&i

00 1=0 TO (NUM-I ) 1 /TTNSERT SCALE FACTORSK/
04) L HULTIPLY(i&EAR&I) MEANI(I& 0 100 QE QF)i
HEAN&I)=Ei
HE AN I & I & =F 1

TEt&P SIGNED(N) i
C4LL DIVIDE(tlEAN& I & tlE4N)&I& TEHF'E QF) 1

MEAN(I& SIGNED&F&i /?RESULT IS 1006MEAN 8/
DO J 0 TO Ii

0=XX&I& YY&J)i
0=XXI(I&.YYI&J&i
C4LL DIVIDE(C D TEHP QE QF)i
XX(I&.YY&J&=SIGNED&F)i
IF (HE4N& I& &0) THEN 4=-li

ELSE A-Oi
IF (HEAN&J& 00) THEN C=-1&

ELSE C=O?
B=UNSIGN(HEAR(I))i
D=UNSIGN(t(EAN&J))i
C4LL HULT IPLY(4 8 C D QEiQF)i



C4LL DIVIDE(EiF 10000 QA QB)i
XXI(I).YYI&J&=Bi /4 RESULT IS THE SDU4RE OF THE tlEAN 4/

END)
ENDI

DO 1=0 TO 130i
BUFF I ( I I = 'NDI

DO 1-0 TO (NUtl-I ) BY 11
TEHP= ME AN & I &/100 I
CALL FORMAT(TEMP 120 250 2

DO 11=0 TO 4.
BUFF I & I I ) = BUFF 3 ( I I & I

ENDI

QIUFF3)i

BUFF2(1)=XX(I).YY(I)i
TE&IP=BUFFQ( I)/3
TEMP &494TE&IP&/4)
C4LL FORM4T(TENP 62 0 6 50 3

00 11=0 TO 51
BUFFI(10411)=BUFF3&II&i

ENDI

6 QBUFF3)i

BUFF2(2)=BUFFS( I)-SIGNED&XXI(
TEHP=BUFF (2&/32)
TEIIP=(494TEIIP)/4)
C4LL FORHAT&TEHPi62 0 6250 3

DO 11=0 TO Si
BUFFI&20411)=BUFF3(11&i

END&

BUFF2&3&=SORT(BUFFS&2))i
TEMP--BUFFS(3)i
CALL FORM4T(TENP I S 250 2

DO 11=0 TO 4i
BUFFI&304 II) BUFF3( 11)i

ENDI
TEMP=HAXINA(I)i
CALL FORMAT&TEViP 12B 250 2 5

DO 11=0 TO 4i
BUFF I & 40411 & =BUFF3& I I ) I

ENDI

1).YYI&I» I

6 QBUFF3)i

QBUFF3)i

QBUFF3&i

RUFF2(5) MININ4(I&i
TEMP=BUFFO&5&i
CALL FORMAT&TEMP I B 250

DO 11=0 TO 4&

BUFFI(50tII&:-BUFF3&II&i
END'BUFF3)i

TEHP SIGNED(N)i
CALL FDRHAT(TEMP 1000 1000 0 7 QBUFF3)i

DO 11=0 TO 6i
BUFFI&60tII)'-BUFF3&II)i

ENDI

CALL FRINT(QBUFFI 70 70 I 0 0 I
END)

CALL PRINT(QIIESS6 31 31 I ~ 10 0
DO 1=0 TO &HUN-1&i

DO J=O TO (NUM-I)'F

(J&I& THEN JJ=II
ELSE JJ=JI

IF (J&I) THEN II=JI
ELSE II=II

BUFF2(J&=IXX( II&,YY&JJ)& — (SIGHED& XXI & I I) .Y'&9 ( JJ) ) ) I



120

TEHP BUFF (J&/32;
TEHP=(494TEHP&/4&
CALL FORHAT(TEHP 6250i6250 3 6 CBUFF3&i

DO II 0 TO 5&
BUFFI(64J411)=BUFF3(II&i

END&
END&

J=ATNUH'ALL

PRINT(BBUFF1 J 6 HUH 0 1 2)i
END&

GOTO BTART)
END STAT20)



ST4TSI I

DO.
/5
/5

OCT 4I 1984
NOV 28r 1984

DECLARE
DECLARE
DECL4RE
DECL4RE
DECLARE
DECLARE
DECLARE
DECL4RE
DECLARE
DECLARE
DECL4RE
DECL4RE
DECL4RE
DECL4RE
DECLARE
DECL4RE
DECLARE
DECLARE
DECLARE
DECL4RE
DECL4RE
DECLARE
DECLARE

DECLARE
DECLARE
DECL4RE

DECL4RE

DECLARE
DECLARE
DECLARE
DECLARE

HEAR& 17)

INTEGER'D&17)

INTEGER)
HINIt&4(17) INTEOERi
M4XIM4( 17& INTEGERI
XX&17) STRUCTURE &YY(
MEAN&(17) I(OI''Di
XX1(17) STRUCTURE & YY
&NP TEt&P& INTEGERI
&I N TOT4L 8 8 Dl F&

(4 C Cl E) INTEGER)
P4R(17) INTEGER)
MESSI&27& BYTE DATA (

IIESS2&18) BYI'E DATA (
& IiJrNUM X FL4G CHECK
&IIiJJ) BYTE)
&HHD,HB,LB& BYTE;
BUFFI(130& BYTEI
BUFF2(l'7& INTEGER)
BUFF3& 17) BYTEI
LIST&17) BYTEI
HMAX BYTE&
HESS3(18) BYTE 84TA
HESS4(66) BYTE D4TA (
S.D. M4XItt4 HINI
NESSG(31) BYTE DAT4
NESS6&31) BYTE DATA
tfESS7(46) BYTE D4T* (

P4RAIIETER ')I
NESS9(37) BYTE DATA (

TO
STOP.')'POS

HEG) BYTE)
DUMB(4) BYTEI
LEH WORD)
&FIRST SECOND) BYTEI

17) INTEGER)i

1&17l WORD)i

WORft

'NTER
NUH OF PAR4MFTERS ')I

ENTER THRESHOLD
THRESH SIGN NH) BYTE&

THE RESULTS ARE
HEAR HEAN SOU. VARI4HCE

HA N

ENTER NUIIBER OF DAT4 POINTS ')I
THE COVARIAHCE HATT IX IS
ENTER 4-D CH4NNEL HUHBER FOR

HIT At& Y KEY TO START HIT S

PRINTI PROCEDURE (t(ES5LOC tlES5LEN GRP&LEN HGRP LD5SPC SPC.HCRLF) EXTERH4L)
DECLARE HES5LOC POINTER)

DECL4RE (HES&LEH.GRI"5LEH NGRP.LDSFC.SPC NCRLF) BYTE&
EHD PRINTI

READ: PROCEDURE (MESSAGE LENGTH) EXTERNALI
DECL4RE &HESS4GE LENGTH& POINTER)

END READ)

4SC2HEXI PROCEDURE &4SCII N HIGHEST HI LO)EXTERM4LI
DECLARE (ASCII HIGHEST HI LO) POIHTERI
DECL4RE H BYTEI

END ASC2HEXI

HEX2ASCI PROCEDURE (NUt(BER CHR& CHR2) EXTERH4Li
DECLARE NUMBER

BYTES 

(CHR1 CHRG) FOINTER)
EHB HEXSASCI

FORt&ATI PROCEDURE (X,HAX,SCALE,NUFDEC,WIDTH,LOC) EXTERH4L;
DECLARE X INTEGER)
DECL4RE (44X SCALE) WORDI
DECL4RE &NUHDEC WIDTtf) BYTE)
DEC(.4RE LOC POINTER&



122

END FORMAT)

SORTI FROCEDURE&NUHBER) INTEGER EXTERNAL
DECL4RE NUt(BER INTEGER'ND

SORT)

ADDI F'ROCEDURE (4 8 C.D E.F) EXTERN4LI
DECLARE (4 C) INTEGER)
DECL4RE &B,D& MORDI
DECLARE &E F) POINTERS

END 4DDI

DIVIDEI PROCEDURE &A,B,C,D,E) EXTERN4LI
DECL4RE (R C) INTEGER&
DECL4RE 8 MORO)
DECLARE (D E) POINTER)

END DIVIDE)

ttULTIPLYI PROCEDURE (4 8 C D E F) EXTERN4L'ECL4RE

&AiC) INTEGER)
DECL4RE &8 D) BORD)
DECLARE &E F& FOINTERI

END HULTIPLYI

EH48LED51t(KEY: PROCEDURE BYTE EXTERH4LI
END ENABLED5 INKEYI

INITADI
F'ROCEDURE(COUNT CH4NNELFHUt)BER START)SELECT IMTRFEN48LE&EXTERNAL)

DECL4RE(CHRNNELNUHBER ST4RTSELECT IHTR5ENABLE&BYTE)
DECL4RE COUNT IJORDI

END IMIT4DI

IN16ADI
PROCEDURE(CNT,CH(NO,STRTFSEL INTSEH48LE) EXTERNALI

DECLARE (CH'IHO STRT)SEL INT5ENABLE) BYTE)
DECL4RE CNT I(ORDI

EHD IN164DI
/5

/5 THIS PROGRAM IS USED TO COtlF'UTE V4RIOUS STATISTICS OF 4 SET OF
INPUT FRR4HETERS, THE ST4TISTICS 4RE MEANS,STANDRRD DEVI4TIONS
tlINIH4 HAXIHR AND CORRELATIONS. THE NUMBER OF P4RRNETERS IS NUtl.
THE P4R4HETERS 4RE ASSUMED TO BE INPUT ON A-8 CHANNELS 0 TO NUtl-l,
THE NAXIt(UN NUMBER OF PRRAHETERS IS 16.

THE KEYBORRD IS USED TD STRRT RND STDP THE DATA COLLECTION
PROCESS A RESPONSE OF 0 FOR THE TOTAL NUMBER OF S4HPLES BILL
N4KE THE PROGR4H TO CONTINUE SAt(PL IHG UNTIL). THE '8'EY IS PRESSED.

INTRPT:
PROCEDURE INTERRUPT 22)
IF (INPUT(26H) & THRESH& THEM GOTO NEXTI
FL4G=)l /54T LEAST ONE DATA POIMTF/
N=H51)

/5CHECK ENERGY'5/

SUH=OI
DO I 0 TO (NUH-1) BY ll

X=IMPUT(LIST( I) )30H) i
PAR&I)=(INT&X))-SOHI /FCODE COMVERSION5/
SUH=SUHFPAR&I&I

END)

SUH SUH/INT(NUN)I

ItO 1=0 TO t NUN-I) I



PAR(I) (PAR&I&-SUH)/
END)

DO 1=0 TO (NUN-1&l
IF (PAR& I) &0& THEN A=-1)

ELSE A=OOHI
B=UNSIGN(P4R( 1)&I
C=HFAH(I) I

0=HEAR(( I) I

C4LL 4DD&4 B C D QE QF&l
HEAR(I)=E)
HEAH1&I& Fl

IF(PAR(I) & ?(INIHA& I » THEN
H IN IH4 ( I & =P4R & I & I

IF(PRR(I» HAXINA(I)) THEN
H4X IN A & I & =PAR ( I & I

DO 1=0 TO &HUM-1&
'RR&1&=54R(PAR(I) I) I

END)

DO J=O TO I;
TEHP=P4R&I&XPRR(J)l
IF (TEMP &0) THEN 4=-1&

ELSE A=OOHI
B=UNSIGN(TEMP)l
CI=XX(I&.YY(J)l
DI=XXI(I) YYI&J&l
C4LL ADD(4 B Cl Dl QE QF)l
XXI I) ~ YY(J)=EI
XXI(I) YYI(J)=FI

END?
END?

NEXTI
FINISH:

EMD IHTRPTI

/4 INITIALIZE ALL PARA?IETERS BfFORE S4NPLING BEGINS 4/

/4 NEXT SECTION TO INPUT F'4RAHETERSB/
STARTI

OUTFUT&02H) 13HI
OUTPUT(03H&=24)
OUTPUT&03H) DFHI
OUTPUT&03H)=OFFHI/'4INITI*LIZE THE B2 9 TO HAS)( DFF RLL IHTERRUP'ISB/

CALL PRINT(QNESS1 4 24 1 10 0 0&

C4LL READ&QBUFFl QHHAX)l
CALL 4SC2HEX&QBUFF) NHAX QHHB QHB QNUN&l
IF (NUM &I) THEN NUH-1)
IF (NUH) 14& THEN HUH=IAI
C4LL HEXZASC&NUH QF IRST QSECOND)l
BUFFI(0)=FIRST&
flUFF 1(1&=SECONDI
C4LL PRINT(QBUFF( 2 I 0 2)l
DUMB( ) '?'I
DUMB(3)

DO I=1 TD NUM&

CALL HEX2ASC&l QFIRST QSECOND)l
DUNG(0) FIRST)
DUMB(1)=SECOND)

CALL F'AINT(QHESS2.43 43 1 10 0 0)l
C4LL PRINT(QDUHB 4 4 I " 0 0)l
CALL READ(GRUFF I QNHAX&l
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IF BUFF)&0)=ODH THEN GOTO CONT& /tKEEP OLD VALUE IF CARRI4GE RETURNS/
C4LL 4SC HEX(QBUFFI NM4X QHHB QHB QLB)i
LIST & I — I )-"Ls 1

CONTI C4LL HEX2ASC&LIST (1-1) QFIRST QSECOND) 1

BUFFI(0)=FIRST&
BUFF)&l)=SECDNDl

CALL PRINT(QBUFF) " 1 2 0 ) i

EHO'ALL

PRINT&QMESS2 18 18 I 10 0 0)i
C4LL READ(QBUFFI.QNHAX)i
I=NHAX&
C4LL ASC2HEX(QBUFF1 I QHHB QHB QTHRESH)l
CALL PRINT(el&ESS5 31 31 I 10 0 0)'4LL

READ(l?BUFFlieMMAX)'aLL

asceHEx&QBUF? I NMax QHHB QHI

eLB&'OTAL=256?HB?LB;

TEMP IMT(TOTAL)i
C4LL FORM4T&TEHP I I 0 7 QBUFF3)i
C4LL PRINT(QBUFF3 7 7 I 3 0 2)i

00 I 0 To (NUH-1)i
HEAR( I)=0&
NEAHI(I&=oi
SO&I&=O?
H I N I &i 4 ( I ) = 2 5 5 'AXI Mi& & I & =-255 i

FLAG=0&
H=O&
HP=oi
POS='?'i
NEG=' 'i

DO J=o To &HUM-1&i
Xx(I).YY(J)=0)
XXI(I) YYI&J)=0&

END'NDi

CALL TNITAD(55000 8 2 3)i/t INITIALIZE THF. 8 CH. 4/0 804RD ~ t/
C4LL INIAAD( 5000 16 2 3)i/t INITI4LIZE THE 16 CH ~ 4/D 804RD ~ 6/

CALL PRINT(I?NESS9 37 37 I )0 0 2)i
l)4 I T 1

IF ENABLED5INKEY=O THEN Go To NAIT& /t W4IT UNTIL A KEY IS HIT t/
EMABLEi

LOOP:
IF TOTAL=O THEN Go To OVERi
IF (N&=TOTAL& THEN GO To OUT)

OVER: IF EHABLEDIINKEY='5'HEN Go TO OUT&
Go To LOOP)

OUT:
OUTPUT(13H&-101101108)
OUTPUT& I H&=OOH) /?SHUT OFF THE 8 53 TIMERS/

OUT I:
caLL P(INT&eHEss3 18 18 I lo o.e)i
CALL PRINT(ei&ESS4 66 ~ 66 I 0 0 I) i

DO 1=0 TO (NUH-I ) i /tINSERT SC4LE FACTORSt/
CALL MULTIPLY(MEAN(I) i&EANI&I& ~ 0 00 QE I?F)i
MEAN&I)=Et
ME AM I & I ) =F t2 i

TEMP=SIGNED&N);
CALL DIVIDE(MEAN(I),HE4HI(I) TEMP QF,SF)i
MF4N& I&=SIGNED(F)i /tRESULT IS lootHEA)i t/
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DO J=O TO Il
0=XX(I).YY(J&i
D=XXI(I& ~ YYI(J)i

C4LL HULTIPLY(C 0 0 4 CE SF)i
C=Ei
D=F)

C4LL DIVIDC(C D TEMP SE GF)i
XX(I).YY(J)=SIGNED(F&84i
IF (MEAN&I& '0) THEN 4=-1)

ELSE A=0)
IF (HE48(J) (0) THEN C=-li

ELSE C=oi
B=UNSIGN(NEAR(I&)i
D=UNSIGN(tlE4N&J))i
CALL MULTIPLY(A,B,C 0 SE SF&i
C4LL DIVIDE&E Fr(0000 GA 88&l

XX(&1&.YY)&J&=Bi /9 RESULT IS THE SOU4RE OF THE MFAN 8/
END)

END)

DO 1=0 TO 130i
BUFF I ( I ) = 'NDi

DO 1=0 TO (NU(l-I& BY I(
I EHP= ME 4N ( I ) / I 00 '4LLFORHAT(TEtlP )28r2 0 5 SBUFFS)l

DO 11=0 TO 4)
BUFF)( II)=BUFF3& II)i

EHI) i

1)UFF2&1) XX(I).YY(I)i
TEMP-BUFF2( 1&/3
TENP &498TEMP)/4)
CALL FORtl4T&TEHP 62 0 6 0 3 6 81)UFF3)i

DO 11=0 TO 5)
BUFFI( 10?II&-BUFF3& II&i

END)

BUFF2(2)=BUFF2(1)-SIGHED(XXI(I).YYI(I))i
TEHP=BUFF2(2)/32)
TEHF'498TEHP&/4l
CALL FDRHAT(TEMP 6 0 6 50 3 6 EBUFF3)i

DO 11=0 TO 5i
BUFFI(20911)=BUFF3(II&i

ENDi
BUFF2&3)= ORT&BUFF &2))i
TEHP=BUFF &3)i
CALL FORH4T(TE&IP 128 50 "- 5 BBUFF3)i

DO II=0 TO 4)
BUFF)(30tII& BUFF3(II)i

END'EMP
MAXIM4(I&82)

CALL FORtl4T&TEMP I 8 250 " 5 GBUFF3&i
DO 11=0 TO

4'UFFI&40?II)=BUFF3(II)i

END)

RUFF2(5&=tlININA&I&92)
TE&li'=BUFF2(5)i

ALL FOR&)4T(TEMP 128.2 0 5 BBUFFS&i
DO 11=0 TO 4i

BUFFI&50?II)=BUFF3(II)i
ENDi

TEt(P SIGNED(N)i
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CALL FORt&AT&TEt&F 1000 1000 0 7 BBUFF3)i
DO 11-0 TO 6&

BUFF1&60tII)=BUFF3&IIl'ND)

CALL PRINT&SBUFFI 70 70 1 0 0 1)i
EHDi

CALL PRINT(BHESS6 31 3)il 10 0 1)'O

I 0 TO (NUH-1)i
DO J 0 TO (NU&l-1)i

IF (J'&I& THEN JJ=I)
ELSE JJ=Ji

IF (JPI) THEN II=J)
ELSE 11 Ii

BUFF2&J)=(XX(II).YY&JJ)) — (SIGNED(XX1(II& YY1&JJ)))i
TENP=BUFF2&J&/32&
TE&(P=&494TEHF'&/4&
CALL FORtlAT&TEHP 6250 62SO 3 6 SBUFF3)i

DO 11.=0 TO -;
BUFFI(64Jt11)=BUFF3(II&i

END)
EHD)
J 64NUMi
CALL PRINT&BBUFF1 J 6 HUN 0 1

END&
GOTO STARTi

END STAT21)
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VOIJEL 1

DO) /5 JRN 8 1985

THIS FROGR*tl CAN S4&)PLE THE INPUT UP TO A SAMPLING FREQUENCY
OF 10526 HX. THEN IT C4N PLAYI&4CK THE DAT4 REPEATEDLY IN
ANY SPECIFIED LENGTH (M4X IMUM LENGTH IS 5000.). THE SPEC IF ICD
FRAME OF FLAYB4CK C4N BE 4DVANCED THROUGH THE D4TA IN BOTH DIRECTIO))S
IN LENGTHS OF 10 100 OR 1000 WHEN THE CORRECT KEY IS HIT
YOU C4N ALSO GO INTO A t&O(rE IN IJH ICH WHEN THE 'P',EY IS HIT, THE
FOCUSED BLOCK OF DRT4 IS PLAYED BACK AND 4T THE END OF THIS PLAYBACK
THE FIRST FIVE PC'S 4RE SAMF'LED AND THE)l DISPLAYED ON THE SCREEN.
YOU C4N 4LSO ADV4NCE THROUGH THE DATR OR GO BACK AS t)ENT IONED 480r/E.

TIME 54HFLING TIME IN HICRDSECON(re
LENGTH= NUHBER OF SAMPLES TO BE SENT OUT ~

THIS F'ROGR4H ASSUtlES THAT THE INPUT IS AT 4/D PORT DQH 4ND TH4T THE
OUTPUT IS AT D/4 FORT ISH.
THIS PROGRAN RLSO OUTPUTS A SYNC. SIGNRL TQ 0/A PORT IAH.

THE FOLLO(JING EXPLAINS THE FUNCTION DF EACH KEY IJHEN THE
PROGR4tl IS RUNNING.

G=
H=
R=
1=
Y=
L=

tl=
0=

ADVANCE BY 10 F'OINTS
ADV4NCE BY 100 POINTS.
ADVRNCE BT 1000 POINTG.
GO BACK BY 10 POINTS.
GO BACK BY 100 FOINTS.
GO 84CK BY 1000 POINTS.
CHRNGE THE LENGTH DF THE PLAYBACK
ST4RT THE PROGR4tl OVER AG4IN.
CHANGE BETWEEN THE TWO HODES.
TO CHANGE THE FREQUENCY DF THE F'L4184CK.

TO S4tlFLE THE PARAHETERS AND PRINT Tt&Etl ON THE TEI"tlIN4L

INITAD: FROCEDURE&4 8 C D) EXTERNAL&
DECL4RE 4 WORD)
DECL4RE&B C D) BYTE)

END )NITRO

PRINT; F'ROCEDURE(A,B,C,I),E,F,H) EXTERNALl
DECLARE A POI&(TER)
DECL4RE (8 C D E F H) BYTE&

END PRINT)

FORM4T; FROCEDURE(X,t(AX, CALE.NUMDEC,&JIDTH,LOC) EXTERNAL;
DECLARE LOC POINTER X INTEGE(& (H4X SCALE& IJQRfrl
DECL4RE (NUMDEC WIDTH) BYTE:

El(D FORHAT&

GETl PROCEDURE BYTE EXTERN4L)
END GET&

EN4BLEI)5INKEY) F'ROCEDURE BYTE EXTERNAL)
END EHABLEfr5INKEY)

DECLARE & I NUHBER LENGTH START FINISH& INTEGER)
DECLARE (J RRTE LEN SRHPLING5RATE) WORD)
DECL4RE (C CHAR UMAX HHB HB LB) BYTE&
1)ECLARE DUMMY(7) 8'&TE;
DECL4RE F(5) BYTE)

DECL4RE MESSI(3'I& BYTE DRTA ('HIT ANY )EY TO ST4RT THE SA&)PLIMG ')1
IrECLARE MESS &34) BYTE DATA ('HIT ANY KEY TO START THE PL4YB4C&, ')1
1(ECLARE HESS3(34) BYTE DATA &'ENTER THE TlftE IN t&ICROSECONI)S 'll
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DECLARE MESS4(34) BYTE DAT4 ('ENTER THE LENGTH Ol- THE PLAY&4CK
DECL4RE HES85( I) BYTE DATA ('NTER THE PARAMETER SAMF'LING TIME IN NICROSECOHDS

DECL4RE &4TA5BUFFER(2 001) BYTE'EAD:

PROCEDURE(MESS LENGIH) EXTERNAL&
DECLARE &MESS LENGTH) POINTER)

END RE4ftl

4SC2HEXI PROCEDURE(BUFF LEN HHB HB LB) EXTERNAL)
DECL4RE &BUFF HHB tl& LB) POINTER)
DECLARE LEN BYTE)

EHD ASCBHEXI

BEG IN I

LOOPQI

LOOPS)

DISABLF.I
I=OF
C=ol
J=Oi
C4LL PRINT&&ME&55 5! 51 I 10 0 0&t
C4LL READ(QDUt&HY QUH4X&t
CALL ASC HEX(QGUHMV UHAX.QHH& QH& Qt.&&
SANFLING5RATE= 56&H&tLB)

CALL PRINT(QUES&3 34 34 1 10 0 0&l
C4LL READ(QDUMI(Y QUHAX):
CALL 4SC2HEXt&DUHI&Y UM4X QHHB QHB QLB)l
RATE=256&H&tL&l

IF C=I THEN GO TO LODP3&
CALL PRINT'&QUES&I 34 34 I 10 0
CH4R=GETI
CALL INITAD&RATE I " 0)'F

C=l THEN GO TD LOOP)

OVERI
DO I= 0 TO 25000l

OUTPUT&2)=0000110&8) /5 POLL HODE
IF INPUT(2) .128 THEN GO TO OVER)

D4TAFBUFFER(I)=INPUT(201&&l
OUTPUT(" & =0 I 100000& I /5 SPECIFIED

END)
EOI 5/

LOOP:

OVER
AGAIN:

&TART=OI
CALL PRINT(L)HE&&I,34,34, I, 10,0,0);
C4LL RE4D(QIIUMMY,QUMAX);
C4LL ASC HEX(QDUMt(Y UHAX QHHB QHB QLB&l
LEN=2565DOUBLE&HB)tLBI
LEHGTH=INT(LEN&'4LL

F'RINT(QHESS 34 34 I 10 0 2)'HAR=GET)

CALL INITAD(l''ATE I 0&l
FINISH=LENGTHt TART'O

I= ST4RT TO FINISH)
OUTPUT( &=00001100&) /5 POLL NODE 5/
IF INPUT&2)&I 8 THEN GO TO AGAIN)

OUTPUT( 1&H &=DATA5&UFFER & I& I

OUTPUT(2)=01100000&& /5'FECIFIED
END)

EOI 5/

CH4R=ENA&LEDtlt&KEY)

DECIDEI IF CH*R44 IH THEN GO TO NEXT(FRAtlEI

IF CHAR='F'HEN START=STARTt 10)
IF CHAR='G'l&EN START=STARTt)001
IF CHAR='H'HEN START=START&1000)
IF CHAR-"'R'HEN STAR)=START-10)
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IF CH4R"-'T'HEN START=ST4RT — 100&
IF CH4R 'I'HEN START=START-1000&
IF CHAR='L'HEN GO TO LOOF'i
IF CHAR='H'HEN GO TD LOOP''
IF CHAR='O'HEN GO TO BEGIN)
IF CHAR='C'HEN DO)

0=1 i

GO TO
LOOP"'ND&

IF START&0 THEN START=C)
IF START1(25000-LENGTH) THFN START= 5000-LENGTH&

CALL FDRH*T(ST4RT 1 I 0 7 SDUNI&Y&i
CALL FRINT(SDUNNY r 1 5 0 1)i

NEXTSFRAHEl
FINISH=STARTtLENGTH)
OUTPUT( 16H)=255)
04LL TIHE&1&i
OUTPUT& 16H&=oi
GO TO OVER2)

LOOP5:
I(417

'AIT21

DO I=START TO
FINISH'UTF'UT&2)=00001(GOB) /(r l'OLL MODE 6/

IF INPUT& )XI 8 THEN GD TO I(A IT)
OUTF'UT(ISH)=D4TA)BUFFER&I&i
OUTPUT&2)=01100000B) /K SPECIFIED EOI

END)

CALL INITAD(SAHFLING)RATE 5 0&i

OUTPUT&2)=000011005) /F i'OLL MODE 6/
IF INPUT&2&(I 8 THEN GO TO NAITG)
P(0& INPUT(20H&i
P(1& INPUT( IH)i
P( )=INPUT(22H)i
P&3&=INFUT(23H)i
P&4)= INPUT(2(H)i
OUTPUT(2&=01100000Bl /6 SFECIFIE(r EOI X/

C4LL INIT4D&RATE I " 0) i

CH4R=ENAI)LED(INKEY)

DECIDE l IF CHAR(AIH
IF CH4R='F'F

CHAR='G'F

CH4R 'H'F
CH4R='R'F

CH4R='I'F

CHAR='Y'F

CHAR='ll'F

CH4R='0'F

START&0 T

IF START&("
CALL FORHAT&
CALL PRINT(Q
IF

CH4R='F'EXTAFRAt(E2:

FINISH=START)LENGTH)
OUTPUT(16H)=255&
CALL TIME(1) i
OUTF'UT&16H)=0)
GO TO LOOP5)

THEN GO TO NEXTYFRAHE
THEN ST4&T-STAR('&10
THEN ST4RT=STA Tt)00)
THEN START=STARTtl000)
THEN START=START-10)
THEN STA)IT= TA)'T" 100)
THEM ST4RT=.START — 1000;
THEN GO TO OVER
THEN GO TO BEGIN)
HEN START=O
000-LENGT)I& THLN ST4RT= 5000-LENG Hi
STARTrl 1 0 7 GDUMH'&)i
DUMHY ~ 7 ~ 7 1 ~ 0 1)&
THEN GO TD FRINTYGUT)
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FRINTBOUTl
DO J=O TO

3'UBBER=INT(F(J)&l

CALL FORHAT(NUHBER I I 0 5 QDUHHY)l
CALL PRINT(BDUHHY,5,5,1,3,0,0);

END'ND

UONEL)

NUMBER=INT(F(4)&l
CALL FORNAT(NUNBER I I 0 5 GDUNNY&l
CALL PRINT(GDUHHY 5 5 I ' 2)l
00 TO NEXTAFRAME
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