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Prufac

The purpose of this project was to design and implement

a graphics system for the display of sound spectrograms as a

research aid for the digital signal processing facility

located at the Air Force Institute of Technology WAIT). A

Data General ECLIPSE S/250 and NOVA 2/10 computer system

serves as the foundation for this facility. Peripheral

equipment includes a Cromenco S-100 bus system which is

interconnected to the NOVA, and through which the

spectrograms are ultimately displayed on a television

monitor.
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Abs tract

A graphics system for display of sound spectrograms was

designed and implemented on a Data General NOVA computer

which is interconnected with a S-100 bus system. The system

allows the user to interactively select a section of the

spectrogram. for further analysis through the use of a set of

cursors.

The computer systems used in the development of this

project are described. The theory involved in the

generation of digital sound spectrograms is detailed along

with the display methodology used. The user is provided the

choice of four spectral windows and the relative merits of

each window are described and compared. The six major

classifications of spectrogram patterns, called

sound-pattern groups # are described. Spectrograms that show

the characteristic pattern for each sound-pattern group are

presented along with spectrograms that show the differences

between narrow and wide-band spectral analysis. The

computer programs developed on both the NOVA and the S-100

system are described.

vii



DESIGN AND DEVELOPMENT OF A GRAPHICS SYSTEM
FOR DISPLAY OF SOUND SPECTROGRAMS

I. Introduction

Backg round

Under sponsorship of the United States Air Force

Electronic Systems Division and the United States Aerospace

Medical Research Laboratory, the Air Force Institute of

Technology (AFIT) Electrical Engineering (EE) department is

undertaking research in digital signal processing,

specifically digital speech processing and digital image

processing. A Data General Corporation (DGC) NOVA 2110

computer, a DGC ECLIPSE S/250 computer and associated

peripheral equipment are being integrated to form the

digital signal processing facility.

Problem Statement

A valuable aid in the analysis of speech is the sound

spectrogram. The sound spectrogram represents a

three-dimensional (time vs. frequency vs. intensity) display

of the frequency spectrum of a speech waveform (Ref 9:57).

The objective of this thesis is to develop a system for the

display of sound spectrograms. The system should be

intrinsically flexible, so that it may meet the needs of

unforseen future research. One requirement of the system is

the capability to generate cursors on the spectrogram

display so as to enable the user to interactively isolate,



or pick-out, a section of the spectrogram for further

analysis.

S c o e

An examination of this problem begins with a look at

sound spectrograms in general, and digitally generated

spectrograms in particular. The information that a

spectrogram provides will not be discussed in detail.

However, the six main clasifications of speech patterns

(called sound-pattern groups) vill be described to provide

the reader with a basic understanding of the spectrograms

shown in Chapter V. The hardware and software used in the

development of this project will be briefly described with

emphasis on how the spctrograms are to be displayed. The

remainder of this report describes the design, development

and validation of the sound spectrogram display system.

Sequence of Presentation

The introduction to this project is followed by a

description of the equipment, both hardware and software,

used in the development of the system. The theory involved

in the generation and display of spectrograms is described

next, followed by a brief look at the six sound-pattern

groups. The next section provides a look at the development

of and a description of the software, and is followed by a

section regarding the validation of the display system. The

project is then summarized, pointing out several

2



possibilities for follow-on work.



II. Detailed Analysis

The purpose of this analysis is to describe the

computer systems involved in generating the spectrograms. A

detailed discussion of the theory of digital spectrogram

displays follows in Chapter III. These spectrograms are

produced on the NOVA 2/10 computer. This machine is

interconnected with an S-100 bus system which produces the

display on a dedicated television monitor. A description of

the S-100 bus system follows the description of the NOVA

computer.

NOVA

The DGC NOVAL is a sixteen bit machine installed within

the digital signal processing facility of the AFIT EE

department. The NOVA shares a ten megabyte disk with an

ECLIPSE S/250 computer located in the same facility. An

Inter-Processor Buffer arbitrates simultaneous disk access.

Each computer operates under a Real-Time Disk Operating

System (RDOS), which is partially resident in core memory as

well as on the disk itself (Ref 5:15).

Programs developed on the NOVA were written in DG's

Fortran IV which is an implementation of the American

National Standards Institute (ANSI) Fortran Standard

X3.9-1966 plus extensions (Ref 4:iii). In addition, the

NOVA has a fortran callable Discrete Fourier Transform (DFT)

routine. The DG DFT allows for the calculation of the

4



Fourier coeffecients for either the forward or inverse

ttransform of a sequence of integer powers of two up to a

maximum of 1024 points (Ref 3:i).

S-100

The NOVA is interconnected with a Cromenco Z-2 S-100

bus system, which includes a' Z-80 Central Processor Unit

(CPU) card and a 21-card-slot shielded motherboard. The

major hardware conponets of the system are listed in Table

I. The programs devleloped on this system were written in

Fortran IV and run under the Cromenco Disk Operating System

(CDOS). Cromenco's Fortran IV is a partial implementation

of the ANSI Fortran Standard X3.9-1966 (Ref 2:7).

Table I

S-1O0 Hardware Components

COMPANY HARDWARE

Cromenco CPU (model ZPU-K)
floppy disk controller (model 4FDC)

Seattle CPU support card (model SCP300C)
Computer 8/16 RAM (model SCP-107)
Products

Tecmar 16 channel 12 bit A/D convertor board
4 channel 12 bit D/A convertor board
video digitizer board set

Siemens floppy disk drive (model FDDIOO-5B)

The S-100 system is used to digitize recorded speech

and the digitized speech can then be transferred to a disk

5



file, via the NOVA, where it can be analyzed on either the

NOVA or the ECLIPSE. Also, the system can receive disk

files from the NOVA and reconstruct an analog speech

waveform from the digitized speech for replay over a speaker

system. Of more importance to this project, however, is the

system's ability to display the contents of memory (each

byte representing two picture elements, or pixels) on a

television monitor.

The system can not only display the contents of memory

but also digitize video signals for storage and/or display

through the use of the Tecmar video digitizer board set.

This board set consists of an A/D board, Direct Hemory

Access (DMA) board and D/A board. These boards are combined

to provide digitization of video signals from standard (EIA

or NTSC) television cameras and storage of the digital image

in computer memory using the S-100 bus, to provide display

of the contents of memory on a television monitor, or both.

When activated by the computer, this set of boards takes

over control of the S-100 bus in a DMA mode. Picture

information is moved directly from the A/D board to memory,

or from memory to the D/A board (Ref 10:1).

The spectrograms are displayed on the television

monitor by using just the DMA and D/A boards. Together,

these boards are called the monitor interface boards, a

subset of the video digitizer board set. The spectrogram is

displayed in sixteen gray levels (two pixels per byte) from

S-100 memory via DNA (processor activity is suspended for

6



the duration of a field of video information). The pixel

pair is unpacked and each pixel, in turn, is sent to the D/A

converter to provide sixteen gray levels. The converter

also generates the required sync for the television monitor

(Ref 10:2).
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III. Theory

I

This chapter begins with a look at sound spectrograms

and continues with a discussion of the differenL factors

affecting the choice of the window function used in

generating the spectrograms. The display method chosen is

detailed next. Finally, for use in Chapter V, the six

sound-pattern (or phonetic) groups are described.

Sound Spectroarams

The sound spectrogram, which represents a

three-dimensional (time vs. frequency vs. intensity) display

of the frequency spectrum, is an important aid in the

analysis of speech. Many speech sounds can be considered to

be produced by exciting a resonant cavity, the vocal tract,

with either a quasi-periodic or a noiselike excitation. For

these applications the speech vaveform is characterized by

the frequencies of the vocal tract resonances and, for the

quasi-periodic excitation, the fundamental frequency of the

excitation, both of which are readily apparent on a

spectrogram. The spectrum resulting from a quasi-periodic

excitation (for voiced sounds such as vowels) is a line

spectrum with harmonics spaced in frequency by the

reciprocal of the pitch period (typically about 125 Hz for a

male speaker). The envelope of the line spectrum will

contain peaks corresponding to the resonant frequencies of

the vocal cavity. Noiselike excitation (for unvoiced,
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fricative mounds such am Ishi as in should), on the other

hand produces, as the name implies, a noiselike output and

has no line spectrum (Ref 8:57).

One method for obtaining the sound spectrogram im the

classic spectrograph analyzer. This machine processes the

speech through a bank, or series, of equal bandwidth

filters. The usual method consists of heterodyning (moving

the signal up or down in frequency) past a single fixed

filter. A wide-band filter would provide better time

resolution at the expense of spectral resolution; that is,

it would tend not to resolve individual pitch harmonics but

it would be better able to track the rapid changes of the

resonances of the vocal cavity that take place in continuous

speech. If a narrow-band filter is used, the frequency

resolution improves and the harmonic structure becomes more

evident, but the spectral analysis loses its ability to

follow the rapid changes of the vocal cavity resonances.

Therefore, it is common in spectral analysis to utilize both

narrow-band analysis, corresponding to good frequency

resolution, and wide-band analysis, corresponding to good

time resolution. For narrow-band analysis the filter

bandwidths are typically 45 Hz; for wide-band analysis they

are 300 Hz. The spectrograph analyzer records the

spectrogram on Teledeltos paper with frequency on the

vertical axis, time on the horizontal axis and intensity as

the darkness of the print (Ref 8:58).
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Sound spectrograms can also be generated digitally on a

computer (see Oppenheim, Mermelstein, and Strong and Palmer)

(Ref 7, 8 and 11). This is accomplished through the use of

the Discrete Fourier Transform (DFT). The DFT provides a

method for calculating the frequency spectrum for many

functions of time. Any time-domain waveform that can be

described as a sequence of discrete values can be

transformed into the frequency domain by the computer. The

rediscovery of the algorithm that exploits the various

symmetries inherent in the definition of the Fourier

transform was made by James W. Cooley and John W. Tukey.

This algorithm made the computation of the DFT practical in

that it reduced the number of computations required by a

factor of (log 2 N)/N where N is the length of the DFT (see

Eq. (M)) (Ref 1:48). This algorihm, and its successors, are

what are known today as fast Fourier transforms (FFTs).

The DFT is defined as:

N-I -j(2 Jr/N)nk
1(k) Z f(nT)e (1)

n0

where f(nT) corresponds to equally spaced samples of an

analog time function f(t). Mowever, the computation in Eq.

(1) provides only one spectral section, that is, the

transform of one section of the analog time function

starting at t a 0 and ending at t - (N-I)T. To obtain a

spectral analysis, we would like to preform this computation

at successive instants of time. Also, since a computation

10



of the DFT as given by Eq. (1) is necessarily restricted to

a computation of a finite length of data, there is implicit

in (1) a time window imposed on f(t); that is, f(t) is

multiplied by a rectangular window with a width equal to NT.

To determine a running spectrum, and provide flexibility in

terms of the time window used (and the resulting filter

shape), the expression in (1) can be modified as:

N-I -j(2T/N)nk
Fr(k) I w(nT)f(nT+rMT)e (2)

ninO

Equation (2) intoduces two changes. The first is to

include a window, w(nT), to allow the filter shape to be

changed from that of the filter shape imposed by the

rectangular window. The second modification incorporated in

Eq. (2) corresponds to implementing a spectral analysis of

successive sections of the waveform. In other words, the

set of numbers Fr.(k) represents a computation of the DFT of

a section of the analog time function starting at t - rMT

and ending at t - rHT+(N-I)T. Successive sections are

spaced in time by MT (Ref 8:59).

Windows

The problem of spectral leakage is one reason the

ability to change the window is desired. In general, the

spectrum of a window function consists of a main lobe

representing the middle of the spectrum and various side

lobes located on either side of the main lobe. Spectral

11



leakage occurs when a given spectral component, say at f-fl,

contributes output (or is observed) at another frequency,

say at f-f 2  according to the sidelobe level (or gain) of

the window centered at f, and measured at f2 . In other

words, the spectral component at f-f1 is not only detected

at f, but also is detected at f 2. This leakage causes a

bias in the amplitude and the position of the harmonic

estimate. This bias is most troublesome when trying to

detect small signals in the presence of nearby large

signals. To reduce the effects of this bias, the window

should exhibit low-amplitude sidelobes far from the central

main lobe, and the transition to the low amplitude sidelobes

should be as rapid as possible (Ref 6:57).

The other consideration involved in choosing a window

is that the main lobe should be as narrow as possible. This

is to enable the DFT to pick-out, or resolve, frequency

components that are close together in frequency. If, for

example, two equal amplitude frequency components, say at

f.fl and f-f 2 , are less than the 6.0-dB bandwidth of the

window apart, the DFT will not resolve the two individual

frequencies but will exhibit a single spectral line at

f-(fl+f 2 )/2. Therefore, the window function should have a

narrow 6.0-dB bandwidth (Ref 6:58).

This means the window selection must be measured

against two criteria: (a) The main lobe should be as narrow

as possible. (b) The maximum side lobe level should be as

small as possible. It turns out that both of these criteria

12



can not be simultaneously optimized, so that a compromise

between these two factors must be made in the choice of a

window function. As mentioned above the 6.0-dB bandwidth of

the window is a measure of how narrow the main lobe is.

Measures of how well a window suppresses leakage are the

peak sidelobe level (relative to the main lobe) and the

asymptotic rate of falloff of these sidelobes (Ref 6:57).

Table II lists these figures of merit, along with the

equivalent noise bandwidth, for the four windows zhosen for

use in this project. The first three windows, rectangular,

Hanning and Hamming, were chosen for use based on previous

research (Ref 7, 8, and 11). The 4-sample Faiser-Bessel

window was chosen based on its performance and on the fact

that its coefficients are easily generated (when compared to

other high performance windows). The window functions are

defined in Table III using normalized coordinates with T-1.0

(Ref 6:82).
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Table II

Windows and Figures of Merit (Ref 6:55)

HIGHEST SIDE-
SIDE- LOBE EQUIV. 6.O-dB

WINDOW LOBE FALL- NOISE BW
LEVEL OFF BW (BINS)
(dB) (dB/OCT) (BINS)

RECTANGULAR -13 -6 1.00 1.21

HANNING -32 -18 1.50 2.00

HAMMING -4~3 -6 1.36 1.81

~4-SAMPLE -69 -6 1.80 2.4)4

KAISER-BESSEL III -

Table III

Window Equations

WINDOW EQUATIONS

RECTANGULAR w(n)= 1.0, n=0,1,...N-1

10, elsewhere

HANNING w(n):J O.5(1.0-cos(27rn/(N-1))) , n=O,1 ....N-1

to, elsewhere

HAMMING w(n)= 0.5J4-0.46cos(2jT'n/(N-1)), n=O,1,...N-1

10, elsewhere

S-SAMPLE w(n)= 0O.402)43-O.4980J4cos(2lrn/(N-1))
KAISER-BESSEL j .. 09831cos(4 7n/(N-1))

10, el sewhere
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As previously discussed the filter bandwidths used for

3 spectral analysis are typically 45 and 300 Hz. In the

digital case the frequency resolution is given as:

A f - B(f IN) (3)

where f is the sampling frequency, N is the number of timeS

samples to be transformed, and B is the coefficient

reflecting the bandwidth increase (over a rectangular window

with the same peak power gain that would accumulate the same

noise power) due to the particular window selected. The

minimum resolution of the DFT is (f /N), which we denote asS

a DFT bin. The coefficient B is usually selected to be the

equivalent noise bandwith in bins as listed in Table II

(Ref 6:56).

The use of a window other than the rectangular window

does present one problem. The increase in performance in

terms of suppressing spectral leakage is gained by tapering

the windows to zero at the boundaries. If the window and

the DFT are applied to nonoverlapping sections of the

digitized speech, a significant part of the speech is

ignored due to the window's exhibiting small values near the

boundaries. To overcome this loss of data, the user has the

option to apply the window and the DFT to overlapped

sections of digitized speech and to pick the amount of

overlap. Typically, 50 or 75 percent overlap is used so

that each data sample is covered equally. Overlapping the

windows does increase the number of computations that have

15



to be made to cover a particular section of speech, but the

reward of suppressing spectral leakage while still covering

all the data samples equally warrants the extra effort

(Ref 6 :56) .

The capability to choose these various parameters, the

sequence length N, the window, and the amount of overlap,

adds flexibility to the system. Such flexibility is ideally

suited to computer implementation (Ref 8:57). The same

sample of speech can be analyzed in several different ways

with a minimum amount of effort. This added dimension of

flexibility is one of the main advantages of digitally

generated sound spectrograms over analog methods. The next

section details how the spectrograms are displayed.

Display Method

Thus far successive sections of digitized speech have

been multiplied by a window and transformed into the

frequency domain through the use of the FFT (see FIG 1).

The output of the FFT must now be prepared for display. The

log magnitude of the output of the FFT is taken in order to

compress its dynamic range. Each section of transformed

speech is normalized so that the maximum value of each

section is 0 dB. The results are linearly interpolated (if

necessary) to provide the desired number of frequency

components for the display (see FIG 2).

16



WINDOW

SPEECH ADC FFT

Figure 1. Partial Spectrogram Computation Block Diagram

The display system used is based on the display system

used by Strong and Palmer (Ref 11). The motivation behind

this method is the desire to display as much detail as

possible with the available CRT brightness levels. This is

accomplished through the use of simple level manipulation

and the addition of spectral shaping (Ref 11:900).

WINDOW

REAL , LOG

SPEECH 0- ACFT MG MAGNITUDE

Figure 2. Spectrogram Computation Block Diagram

The first specification provided to the user of the

spectrogram display system is the sound-intensity-level

threshold (in decibels). This is done in order to make the

best use of the available dynamic range of the display. The

threshold defines the level relative to which the dynamic

range begins and permits the elimination of background noise

without sacrificing part of the dynamic range of the display

(Ref 11:901).

17



The next specification provided to the user is the step

size (in decibels). The user assigns the number of decibels

per brightness level of the display. Strong and Palmer

(Ref 11 :900 ) provide this example: if 5 dB per brightness

level is the specification, then levels up to 4 dB above

threshold will be assigned brightness zero, levels from 5 dB

to 9 dB above threshold will be assigned brightness one, and

so on. This feature allows a greater or lesser amount of

the dynamic range of the speech signal to be included in the

available dynamic range of the display medium much as is

done with contour plots in modern analog spectrographs

(Ref 11:900).

4 The user is also provided with the option of inhibiting

some of the lower brightness levels of the display. As an

example, if the lover four brightness levels were inhibited,

spectral points that would normally be assigned brightness

levels one, two or three would be assigned brightness level

zero. This capability provides higher contrast. This makes

certain features stand out more strongly at the expense of

giving up some of the subtle details (Ref 11:901).

A spectral shaping method is also provided to enhance

high-frequency detail. The user inputs the amount of

emphasis desired (in unit3 of decibels per octave) and the

starting frequency (in Hz). The spectral shaping takes

place at the time of display and elimanates the need to

pre-emphasize, or filter, the input speech to boost the high

frequency components. (Ref 11:901).
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The display system generates a display array with

integers representing sixteen levels of intensity which is

transferred into S-100 memory. The array can then be

displayed on a standard television monitor through the use

of the monitor interface boards. As mentioned previously,

this board set consists of a DMA board and a D/A board and

it can display pictures in sixteen gray levels from computer

memory via DMA. Video data is brought from the memory after

proper synchronization occurs. The pixel pair is unpacked

and each pixel, in turn, is sent to the digital to analog

converter to provide sixteen gray levels. The converter

generates the required sync signals for the monitor

. 4 (Ref 10:2).

This completes the discussion of the spectrogram

display technique. The next section describes the six

sound-pattern groups for use in understanding the

spectrograms presented in Chapter V.

Sound-Pattern Groups

Since the sound spectrogram can be considered to be a

phonetic translation of speech sounds, the nature of the

spectrogram patterns is closely related to the manner in

which the speech sounds are produced. Consequently, when

sounds are classified either according to their spectrogam

patterns or to the manner of their production, they fall

naturally into the six groups that are used generally in

phonetic classifications (Ref 9:33). A description of these
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clasifications follows the description of the four types of

9 modulation in speech.

The term modulation is used to describe how speech is

produced because it expresses concisely what happens to the

air as it flows from the lungs. As used here, the term

modulate means to alter, vary or regulate the flow of air.

The first type of modulation is start-stop modulation, which

may be produced by either the vocal cords or the tongue,

lips, and the other articulators, and is evidenced as pauses

in the flow of speech. Vocal cord modulation is produced by

the vibrations of the vocal cords which periodically

interrupt the flow of air. This gives the characteristics

of voicing to speech. Frictional modulation is caused by

forcing the air through a small opening which produces a

turbulent air flow. The final type of modulation is cavity

modulation which occurs in the coupled cavities of the

throat, mouth and nose. This modulation can supress some of

the overtones produced by both vocal cord and frictional

modulation giving it the property of selective transmission

(Ref 9:30-31).

Voiceless iS.ik Sons These sounds are produced

primarily by a combination U stop and frictional

modulation. The sounds are made by stopping the breath flow

at some point in the articulatory tract, building up breath

pressure, and then rapidly releasing this pressure. The p

sound in up is an example (Ref 9:33).
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Voiced Stop Sounds. These sounds are produced primarily

9 by a combination of stop, vocal cord, and frictional

modulation. The sounds are made by stopping the voiced

breath stream at some point in the articulatory tract,

building up voiced breath pressure, and suddenly releasing

this pressure. The b sound in be is an example (Ref 9:34).

Voiceless Fricative Sounds. These sounds are produced

primarily by frictional modulation. The sounds are made by

forcing a continuous breath stream through a small or

restricted opening. The restricted opening may occur at one

of several places in the articulatory tract or at the vocal

cords. The f sound in five is an example (Ref 9:34).

Voiced Fricative Sounds. These sounds are produced

primarily by a combination of vocal cord, frictional, and

cavity modulation. The sounds are made by forcing a

continuous and voiced breath stream through a restricted

opening which may occur at one of several places in the

articulatory tract or at the vocal cords. The v sound in

five is an example (Ref 9:35).

Vowel and Vowel-like Sounds. The vowel and vowel-like

sounds are produced primarily by a combination of vocal cord

and cavity modulation. They are produced by the passage of

the voiced breath through different combinations of the

coupled vocal cavities. These cavities are modified and

combined, or coupled, by the action of the articulators.

The vowel i as in eve is an example of these sounds

(Ref 9:36).
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Combinations of Sounds, Sounds within a group, or

9sounds from different groups often are combined in words.

Such combined sounds as t (churcLh), and dz (judje) are used

together so frequently that they may be considered as

separate sound units. When two vowels are combined as in aU

(out) or aI (I), the combination is called a dipthong. The

dipthong aI (as in I, eye, or five) is an example of a

combination of two vowel sounds (Ref 9:36).

This completes the brief look at the six sound-pattern

groups. The spectrogram patterns characteristic of each

group will be detailed in Chapter V. The next chapter deals

with the development and description of the computer

programs used in the spectrogram display system.
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IV. Program Development/Description

The development of the programs to generate the

spectrograms started on the NOVA. As the intial program

grew in size it became obvious that the program would have

to be segmented. Eventually four main programs were

developed: TRANSFORM, PREPARE, SHAPE and EXAMINE. These

programs can be executed sequentially or separately.

Interacting with these programs are the programs DISPLAY and

CURSOR on the S-100 system. What follows is a description

of the above programs and their development.

TRANS FORM

This program inputs digitized speech from the disk file

DSPEECH. The speech is then multiplied by the chosen

window. The DFT of the windowed speech is taken, and the

results are stored in the disk file WINDOW. Before any of

this can take place, however, several choices have to be

made by the user.

The program was first developed with the following

choices to be made by the user: the window, N (the number

of points in the DFT), the percent overlap (of the windoved

sections) and the number of input samples to be transformed.

The choice of the window and N determines the filter

bandwidth of the transform. Therefore the user is provided

atable after the choice of the window which lists the

filter bandwidth for each choice of N.
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An option to pick the display size was added to allow

for more flexibility. The user can pick both the vertical

and horizontal resolution of the desired display. The

vertical resolution choice affects the amount of

interpolation required and the horizontal choice affects how

much digitized speech is transformed. The display size is

limited by the amount of memory available on the S-100

system. Therefore, after picking the desired vertical

resolution, the user is given a list of the allowable

horizontal resolutions before being asked to make a choice.

During development the capabilbity to pick the starting

block of speech to be transformed was added. The digitized

speech is organized on disk in blocks of 256 integers. This

specification allows the user to skip the initial blocks of

speech which may not contain any information of interest.

The user can also use this feature to zero in on a specific

section of speech.

There are more choices for the user to make before

program execution begins. The choices involve noise

threshold, linear interpolation and the type of display

desired. However, these choices do not affect the operation

of TRANSFORM. These choices will be discussed later during

the program in which they come into play. Information

required by later programs for operation, including the

above choices, is stored in the disk file CONSTANTS.
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When TRANSFORM comes to the end of its execution, all

disk files are closed. PREPARE is called via the Chain

command. PREPARE overwrites TRANSFORM in core memory and

execution of PREPARE begins.

PREPARE

This program reads in the variables it requires for

proper operation from the disk file CONSTANTS. Transformed

speech is read in from the disk file WINDOW one DFT section

at a time. The section is energy normalized if the

resulting number of frequency points does not equal the

desired vertical resolution (an N point DFT yields N/2

unique frequency points), interpolation is reqiured. The

results of these operations are stored in the disk file

INTRP. First, a look at the normalization routine.

The normalization routine begins by obtaining the

absolute value of every complex point in the array

representing the DFT section. The maximum value of this

array is determined, and all points in the array are divided

by this value. The resulting values in the array are

converted to decibels with a maximum value of zero dB. The

routine was changed when it was realized that background

noise received equal emphasis with speech. To suppress the

background noise the capability to enter a noise threshold

vas added. If the maximum value of the array was not above

the threshold, the array was not divided by the maximum

value of the array. Instead, the array was divided by one
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hundred times the noise threshold. This puts background

noise at a forty decibel disadvantage compared to speech

above the threshold. Considering the lowest threshold value

for the spectrograms, both narrow-band and wide-band,

presented in Chapter V is -20 dB, the noise which has a

maximum value of -40 dB will not be displayed.

To finish preparation for the final display, each DFT

section must yield the correct number of frequency points as

required by the desired vertical resolution. If the number

of frequency points (N/2) equals the desired resolution, no

manipuiation is required. When the number of frequency

points is greater than the resolution, the points are

combined together in a linear fashion. For example, if the

number of points is 4 times greater than the desired

resolution, points 1, 2, 3 and 4 are averaged together to

produce resolution point 1. Likewise, frequency points 5,

6, 7 and 8 yield resolution point 2, and so on. The linear

interpolation choice mentioned earlier comes into play when

the number of frequency points is less than the resolution.

If linear interpolation is desired, the frequency points

will be linearly expanded to fill the de~sired resolution.

The other option is to repeat the frequency points as

necessary. For example, if the desired resolution is twice

the number of frequency points, frequency point one will

become resolution points one and two. Frequency point two

will become resolution point. three and four, and so on. In

all the above cases, once the resolution points are
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determined the results are stored in the disk file INTRP.

Once all the sections have been stared in INTRP, all

disk files are closed. SHAPE is called via the Chain

command. SHAPE overwrites PREPARE in core memory and

execution of SHAPE begins.

SHAPE

This program reads in the variables it requires for

proper operation from the disk file CONSTANTS. The

transformed and interpolated speech is read in from the disk

file INTRP. The user inputs the desired threshold, step

size, number of skipped levels and spectral emphasis (if

desired). These values are used to set a grey level (0-15)

for each spectral point. These grey levels, or pixels, are

packed four to an integer. The integers that represent the

display are stored in the disk file DISPLAY. When DISPLAY

is filled, the file is transferred to S-100 memory for

display. If the user wants to modify the display, he can

enter new inputs and a new DISPLAY file is generated.

The process begins with the setting of the grey level

for each spectral point. Simple level manipulation is used.

A grey level of zero is assigned to spectral points with

values below threshold. Values above threshold yield grey

levels of up to fifteen. This produces a display with high

intensity as white and the background black.

The user has previously selected (during the initial

choices presented by the program TRANSFORM) either a white
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on black display or a black on white display. For the white

on black display the display values are passed as is, via

the subroutine PASCURS, to S-100 memory. To achieve a black

on white display, the subroutine PASSDAT is used. PASSDAT

differs from PASCURS only in that the integers are

complemented prior to transfer.

The sequence of integers passed to the S-100 represent

one vertical spectrogram slice after another. The first

integer contains the first four display levels starting from

the bottom left corner and then going up. The next integers

fill a vertical line up to the top of the screen. The

remaining integers fill up the rest of the screen with one

vertical line, from bottom to top, after another. However,

the monitor interface boards use the S-100 memory to fill

the screen from left to right, starting with the upper left

corner. To get around this problem, the yoke of a

conventional television monitor was rotated ninety degrees.

This made the upper left corner of the display appear in the

lover left corner. Also, the vertical resolution switches

on the monitor interface DMA board became the horizontal

resolution switches, and vice versa. Thus a displ~ay with

frequency as the vertical axis, time as the horizontal axis

and intensity as the gray scale was presented on the

television mon ito r.
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Once an adaquate display is attained, the user can end

program execution or can call the program EXAMINE via the

Chain command. If EXAMINE is called, SHAPE is overwritten

and execution of EXAMINE begins.

EXAMINE

This program reads in the variables it requires for

proper operation from the disk file CONSTANTS. The user

enters the desired cursor positions and the information is

transferred to the S-100 system for display. The user can

then either accept the cursor positions or enter new ones.

Once the cursor positions are accepted, the user can choose

from three different routines or terminate the program. The

first routine expands the section of the spectrogram

following the leftmost cursor. This routine provides a new

display with a horizontal resolution of sixty four lines in

the disk file BLOWUP. The other two routines store the

digitized speech from the display between the cursors in the

disk file DSPOUT. One routine obtains the digitized speech

from the original speech file DSPEECH. The other routine

reconstructs the digitized speech from the DFT sections

stored in WINDOW. Each DFT section is inverse transformed,

normalized, and if the original DFT sections were

overlapped, the overlapped sections are averaged together.

This routine resides in the program RECON and is called from

the program EXAMINE if desired.
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This ends the discussion of the four main programs on

the NOVA. Two other programs deserve note, however.

SENDISP can be used to transfer an already developed DISPLAY

file to S-100 memory for a black on white display.

Likewise, SENDWOB produces a white on black display. The

programs developed on the S-100 system will be discussed

next.

DISPLAY

This program accepts the packed integers from the NOVA

and stores them in S-100 memory. When all the integers have

been stored, the monitor interface DMA board is turned on to

display the contents of memory on the television monitor.

The program pauses while the monitor is on. A carriage

return turns off the DMA board and thus the display, and

generates another pause. At this point the program can be

terminated by entering a "T." On the other hand, a carriage

return allows the program to accept another set of packed

integers. Once an adaquate display is obtained, DISPLAY can

be terminated and the program CURSOR started.

CURSOR

This program receives the desired cursor position from

the NOVA. The contents of the memory representing the four

vertical lines of the display that are to be overwritten by

the cursor are stored in memory that is not being displayed.

The memory is then replaced by two black vertical lines
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followed by two white lines. This process is repeated for

the second cursor. The display is then restored to the

monitor. The Pause function is used again to control

whether the program is terminated or for the program to

return to accept new cursor positions.

One program not mentioned in the introduction to this

chapter is ONE. ONE is essentially the same program as

CURSOR. The only difference is that the cursors displayed

are one black line followed by one white line. The user can

use either program depending on his preference for cursor

size.
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V. Validation

The validation of this project will consist of

demonstrating the six sound-pattern groups. The expected

pattern will be described and the resulting spectrogram

shown with the cursors (indicated by a ) isolating the

pattern in question. The spectrograms were reproduced by a

Tektronix 4632 Video Hard Copy unit. In addition, this

section will show: the effect of different windows on the

same word, the effect of pitch on a vowel pattern, and the

effect of narrow-band and wide-band spectrograms. The stop

sounds will be described first.

The unvoiced stop sound is characterized by a blank

space, or gap, representing the stoppage of the breath flow.

This gap is followed by narrow irregular vertical

striations, called a spike fill. This is the result of the

frictional modulation produced by the sudden release of the

breath pressure. Figure 3 shows the word key. The voiced

stop sound has the same pattern except for a narrow bar on

the baseline prior to the spike fill. This bar is called

the voicing bar (Ref 9:33-34). Figure 4 shows the word d~ay.

Both spectrograms were generated using the 4-sample

Kaiser-Bessel window with N being 64. This resulted in

wide-band spectrograms with a filter bandwidth of 225 Hz.

The DFT sections were overlapped by 50 per cent. The

threshold for both displays is -10 dB with a step size of 2

dB. These spectrograms have a spectral emphasis of 6
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dB/octave starting at 500 Hz. The resolution of the display

9 is 64 vertical pixels by 256 horizontal pixels. Unless

otherwise mentioned, these specifications hold true for all

the spectrograms to follow.

(NOTE: The line that appears to the right of each

cursor and is visible even on the black edges of the print

is not part of the spectrogram. These lines are caused by

the Tektronix copier being overdriven by the white line of

the cursor).
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Figure 4. Voiced Stop Sound (A~ay)
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Voiceless fricative sounds produce irregular vertical

striatiuns called fills, which are generally wider than the

spike fills for the stop sounds. Figure 5 shows the word

thin. Voiced fricative sounds produce a similar pattern

with the addition of a voicing bar at the baseline of the

display (Ref 9:34-35). Figure 6 shows the word Zoo.
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Figure 6. Voiced Fricative Sound (zoo)
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The vowel and vowel-like sounds are characterized by

horizontal bars called resonance bars (Ref 9:36). Figure 7

shows the word eve. The only specifications that differ

from the preceding spectrograms are the threshold (now -14

dB) and the step size (now 3 dB).
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Combinations of sounds produce, as expected, a

combination of the other five sound-pattern groups. One

such combination is the t as in church. Together, the t

sound is characterized by a gap followed by a spike

(representing the t sound), followed by a unvoiced fill

(representing the sound) (Ref 9:36-37). The word rJhur_jh,

was transformed using all four windows with a N of 64. The

filter bandwidths for each window are listed below for

comparison with the typical analog wide-band spectrogram

filter bandwidth of 300 Hz.

Figure 8 shows the 4-sample Kaiser-Bessel window with a

filter bandwidth of 225 Hz. Figure 9 shows the Hamming

window with a filter bandwidth of 170 Hz. Figure 10 shows

the Hanning window with a filter bandwidth of of 188 Hz.

Figure 11 (note the time scale change) shows the rectangular

window with a filter bandwidth of 125 Hz. The DFT sections

were overlapped by 50 per cent in all cases except for the

rectangular window, where no overlapping was done. The

threshold for these displays was changed to -8 dB.

There appears to be little difference between the

spectrograms produced by using the Kaiser-Bessel, Hamming or

Hanning window. The spectrogram produced by the rectangular

window does show the basic pattern but it lacks the detail

of the other spectrograms.
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Figures 12 and 13 demonstrate the effect of pitch on a

vowel pattern. The vowel used is the vowel I (as in eve).

Figure 12 is the spectrogram of the low pitched vowel and

figure 13 is the high pitch. It can be seen that the

horizontal striations, corresponding to the individual pitch

harmonics, are slightly lower in frequency for the low pitch

spectrogram than the high pitch spectrogram.

Both spectrograms were generated using the Hamming

window with N being 256. This resulted in a narrow-band

spectrogram with a filter bandwidth of 43 Hz. The DFT

sections were overlapped by 75 per cent. The threshold for

both figures is -20 dB with a step size of 2.5 dB. The

resolution of both displays is 128 vertical pixels by 64

horizontal pixels.
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Thus far most of the spectrograms shown have been

wide-band. The wide-band spectrogram is characterized by

vertical striations, corresponding to the individual pitch

periods. This is the result of the good time resolution of

the wide-band spectrogram. The narrow-band spectrogram is

characterized by horizontal striations, corresponding to the

individual pitch harmonics. This is the result of the good

frequency resolution of the narrow-band spectrogram

(Ref 8:58). Figures 14 through 17 show the results of

narrow-band spectrograms with each of the four windows. The

filter bandwidths for each window are listed below for

comparison with the typical narrow-band spectrogram filter

bandwidth of 45 Hz.

The sentence used is "Ask her to stay." Figure 14 shows

the 4-sample Kaiser-Bessel window with a N of 256, and a

filter bandwidth of 56 Hz. Figure 15 shows the Hamming

window with a N of 256, and a filter bandwidth of 43 Hz.

Figure 16 shows the Hanning window with a N of 256, and a

filter bandwidth of 47 Hz. Figure 17 shows the rectangular

window with a N of 128, and a filter bandwidth of 63 Hz.

The DFT sections were overlapped 50 per cent in all cases

except for the rectangular window, where no overlapping was

done. The threshold for the first three displays is -15 dB

with a step size of 2 dB. The threshold for the last

display is -10 dB with a step size of 2 dB. The resolution

of the displays is 128 vertical pixels by 128 horizontal

pixels.
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There appears to be little difference between the

spectrograms produced by using the Kaiser-Bessel, Hamming or

Hanning window, though the Hamming spectrogram does seem to

have sharper detail. The spectrogram produced by using the

rectangular window does show the basic pattern but it lacks

the detail of the other spectrograms.
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Figure 14. Kaiser-Bessel Window (Ask her to stay.)
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The spectrograms in this chapter have shown the six

sound-pattern groups, the effects of different windows on

the same section of speech, the effect of pitch on a vowel

pattern and the differences between narrow and wide-band

spectrograms. These spectrograms illustrate the main

features of the display system in displaying both narrow and

wide-band spectrograms. The capabilities of the system are

summarized in the next chapter, along with some

recommendations on how the system can be improved.
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VI. Conclusions and Recommendations

A sound spectrogram display system has been designed,

developed, and implemented. The system can display both

wide-band and narrow-band spectrograms on a television

monitor. Sections of the spectrogram can be isolated

through the use of a pair of cursors for further analysis.

The system is flexible in that it gives the user control

over several options. These options include: the window

function, the length (N) of the DFT, the amount of overlap

of the DFT sections, the number of picture elements that

make up the display, and the type of display (black on

white, or white on black). The remainder of this chapter

will be devoted to the conclusions and recommendations

regarding this report.

Concl1us ions

The display system is capable of generating both

wide-band and narrow-band spectrograms on a television

monitor.

The time required to generate a spectrogram is

dependent on several factors. The major influence is the

length (N) of the DFT. The bigger N is, the longer it

takes. Increasing the amount of overlap, also increases the

time required. The amount of interpolation required to fill

the chosen display size has an effect: the less

interpolation, the better. The window function used plays a
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minor role in this regard. The 4-sample Kaiser-Bessel

window requires the most computation time. The Hamming and

Hanning windows are approximately equal in this regard,

while the rectangular window requires the least computation

time.

The wide-band spectrograms (with N equal to 64, 50 per

cent overlap, and a display size of 64 vertical pixels by

256 horizontal pixels) shown in Chapter V, required between

six and seven minutes for production depending on the window

used. The narrow-band spectrograms (with N equal to 256, 50

per cent overlap, and a display size of 128 vertical pixels

by 128 horizontal pixels) required between nine and eleven

minutes for production depending on the window used.

Based on the above time considerations and the figures

of merit for each window listed in Table II, the 4-sample

Kaiser-Bessel window should be used when a wide-band

spectrogram is desired and the Hamming window should be used

when generating a narrow-band spectrogram. The 4-sample

Kaiser-Bessel window is far superior in suppressing spectral

leakage but in the case of the narrow-band spectrogram the

extra time required to compute the window is not warranted.

In addition, the Hamming window has a narrower main lobe

resulting in better frequency resolution, which is more

important in the narrow-band case than the wide-band case.

The amount of overlap used in generating the

spectrograms should be 50 percent so as to adaquately cover

as much digitized speech as possible. Only when
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transforming a small section of digitized speech should the

overlap be increased to 75 percent.

Spectral emphasis should be used in generating the

spectrogram display. Without the emphasis too much of the

high frequency detail is lost. Lowering the threshold of

the display does help bring out some of this lost detail,

but at the cost of losing some of the detail at the lower

frequencies due to the dynamic range of the display being

exceeded.

Once a spectrogram has been generated, the display can

be reshaped in approximately two minutes.

A problem exists in the Tektronics 4632 Video Hard Copy

unit in that the copies it produces do not accuately depict

the display on the television monitor. The unit is not

capable of reproducing the sixteen shades of gray that make

up the spectrogram display. This is a problem because a

significant amount of detail is lost if copies are made of

spectrogram displays for future analysis.

Finally, two cursors can be displayed on the

spectrogram. The section of the display (64 vertical

slices) following the leftmost cursor can be expanded. A

new display with a horizontal resolution of 64 lines is

generated an~d stored in the disk file BLOWUP. Also, the

digitized speech that generated the display between the two

cursors, can be stored in the disk file, DSPOUT, for further

ana lys is.
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Recommendations

The following recommendations are presented to indicate

areas of possible improvement and/or expansion. Some of the

recommendations follow directly from the conclusions stated

above. Other recommendations deal with modifications that

might be required due to proposed expansion and development

of the speech processing lab.

The utility of the system would be greatly enhanced if

the time required to generate a spectrogram were reduced. A

prime area for improvement is the large number of disk

acceses required. A more efficient method of handling data

storage and data transfers would, most likely, lead to a

significant improvement in this area.

A related matter is the arrangement of the disk file

DISPLAY. The data is packed and stored one time (vertical)

slice after another. The monitor interface boards, however,

write the memory out one horizontal (frequency) slice after

another. This problem was corrected by rotating the yoke of

the monitor ninety degrees so that the monitor interface

boards wrote out vertically instead of horizontally. if

another television monitor is used where it is either

impossible or undesirable to rotate the yoke, an efficient

method must be developed to rearrange and repack the DISPLAY

f ile .

As currently implemented, the programs (DISPLAY, CURSOR

and ONE) that run on the S-100 system rely on operating
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through the use of a terminal. An operating system is being

developed f or the S-100 which will allow programs to be

called from the NOVA. This will elimanate the need for

connecting the S-100 to a terminal. The programs will have

to be modified to accept commands from the NOVA, in place of

using the Pause command to control operation of the

programs.

The placement of the cursors is another area for

possible improvement. Cursor placement is currently

controlled by values transferred from the NOVA to the S-100.

A method of controlling cursor placement through the S-100

would provide the user more direct control over the cursors.

Perhaps a set of switches could be implemented to provide

this function. One switch could move the cursor to the left

and another move the cursor to the right. Once the cursor

position is acceptable, the user could signify this by

setting another switch. The position of the cursor would

then be transferred to the NOVA for use in the cursor

routines. Each cursor would have its own set of switches.

The primary area for improvement in the display system

is in the time required to generate a spectrogram display.

However, if in a particular application some of the

flexibility of the system can be sacrificed, the system can

be tailored to that particular application and this should

result in a decrease in the display time. Therefore, the

display system should be used as is until tih, user becomes

familiar with all the capabilities of the system and then
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tailor the system to meet the needs of the research in

progress.
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I. Introduction

This user's manual is intended to provide the user with

enough information and background to utilize the system

effectively. In the next section the programs involved are

described in general. Following that, the user is taken

step-by-step through the operation of the system.

Particular attention is paid to possible problem areas. The

video digitizer board set is described with the emphasis on

the various switch settings. This manual concludes with a

discussion of the possible problem areas and how to avoid

them.
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II. Program Description

NOVA Programs

TRANSFORM. This program accepts your choices for the

various parameters that govern the computation of the

spectrogram. Digitized speech is input from the disk file

DSPEECH. The chosen window is applied to the speech and the

result is transformed into the frequency domain. The

transformed speech is then stored in the disk file WINDOW.

The program PREPARE is then called into execution.

PREPARE. This program input Is transformed speech from

the disk file WINDOW, one DFT section at a time. Each

section is normalized. The resulting spectral points are

interpolated (if necessary) to fill the desired vertical

resolution of the display. The product of this effort is

stored in the disk file INTRP. When program execution has

come to an end, the program SHAPE is called into execution.

SHAPE. This program accepts your choices for setting

the display levels. Each spectral point is assigned a

display level. These levels are packed together, four

levels to an integer, and then stored in the disk file

DISPLAY. When the DISPLAY file is complete, the file is

transferred to the S-100 for display. At this point you

have three options: the display can be reshaped, the

program EXAMINE can be called into execution, or the program

can be terminated.
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EXAMINE. This program accepts your inputs for the

desired cursor posicion. The inputs are transferred to the

S-100 for display. You can accept the cursor position or

re-enter new inputs. Once you accept the cursor positions,

you have four options. The first is a new display can be

generated representing the first 64 vertical lines following

the leftmost cursor. The display is stored in the file

BLOWUP. Second, the digitized speech representing the

spectrogram between the cursors is stored in the file

DSPOUT. The speech is obtained from the original speech

file DSPEECH. The third option is an alternative to the

second. The program RECON can be called and the transformed

speech in the file WINDOW is inverse transformed and stored

in DSPOUT. Finally, the user can choose to do none of the

above and terminate the program.

SENDISP and SENDWOB. These programs transfer already

developed display files to the S-100 for display. SENDISP

transfers a black on white display, while SENDWOB transfers

the opposite type of display.

S-100 Programs

DISPLAY. This program accepts the display file from

the NOVA and stores it in memory. The monitor interface DMA

board is turned on and thus the spectrogram is displayed.

The program pauses while the display is on. A carriage

return turns off the display and generates another pause.

At this point the user can either terminate the program or

can accept another display file from the NOVA.
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CURSOR and ONE. These programs accept the desired

cursor positions from the NOVA. The memory locations that

will be overwritten by the cursors are stored in memory that

is not being displayed. Program CURSOR displays cursors

that consist of two black vertical lines followed by two

white vertical lines, while program ONE generates one black

line followed by one white line. The display *is turned on

and the program pauses. A carriage return turns off the

display and causes another pause. At this point you can

either terminate the program or can accept new cursor

positions from the NOVA. If new cursor positions are

accepted, the memory orginally overwritten by the cursors is

restored. New cursors are then displayed in the same manner

as described above.

This completes the description of the developed

programs on both the NOVA and S-100 systems. Table IV lists

the subroutines and libraries that must be loaded along with

the programs if modifications are made. The next section

describes the generation of the spectrograms.
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Table IV

Program Loading Table

Program System Subroutines Libraries

TRANSFORM NOVA NONE NDFT.LB
FORT. LB

PREPARE NOVA NONE FORT.LB

SHAPE NOVA PASSDAT FORT.LB
PAS CURS

EXAMINE NOVA PASSDAT FORT.LB
PAS CURS

RECOIl NOVA NONE NDFT.LB
1 FORT. LB

SENDISP NOVA PASSDAT FORT.LB

SENDWOB NOVA PASCURS FORT.LB

DISPLAY S-100 NONE NONE

CURSOR S-100 NONE NONE

ONE S-100 NONE NE

The fortran library is automatically searched during
loading.
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III. Generating the Spectrogram

The digitized speech to be transformed must be loaded

into the disk file DSPEECH. Inputing speech through the

S-100 system automatically loads the DSPEECH file.

Additionally, you can generate your own DSPEECH file

(perhaps a prototype phoneme set) for analysis. Either way,

the spectrogram grenerating process begins with calling the

program TRANSFORM. This program will present a series of

choices. These choices will be looked at step-by-step. The

prompt that will appear on the NOVA terminal will be

presented followed by a discussion of the considerations

involved and the possible problem areas involved in each

choice.

1. PICK A WINDOW
ENTER I FOR A RECTANGULAR WINDOW
ENTER 2 FOR A HANNING WINDO

ENTER 3 FOR A HAMMING WINDOW

ENTER 4 FOR A 4-SAMPLE KAISER-BESSEL WINDOW

The default choice is the rectangular window. The

window chosen is reflected in the next prompt. For this

example a rectangular window is chosen.
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2. RECTANGULAR WINDOW
9N BANDWIDTH

16 500
32 250
64 125

128 63
256 31
512 16

1024 8

PICK A VALUE FOR N

if a wide-band spectrogram is desired (for good time

resolution) p ic k a value for N that results in a bandwidth

of approximately 300 Hz. For a narrow-band spectrogram (for

good frequency resolution), pick a value for N that results

in a bandwidth of approximately 45 Hz. (NOTE: the

bandwidths are different for each window).

If a mistake is made and the N chosen is not one of the

choices on the monitor, that is, if 46 was entered instead

of 64; the program should be halted by issueing a CTRL-A

command and restarted. The program should also be restarted

if the window choice displayed is not the one desired.

3. PICK PERCENT OVERLAP (REAL)

No overlap is necessary if a rectangular window is

used. At least fifty percent overlap should be used for the

other three windows. Suggested values for use are fifty

percent overlap for normal situations and seventy five

percent overlap when a small section of speech is to be

analyzed.
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If, by mistake, an overlap of greater than one hundred

percent is entered, the prompt:

PERCENT OVERLAP MUST BE LESS THAN 100 PERCENT

is displayed and the program asks for another input.

4. ENTER NUMBER OF INPUT SAMPLES (23040 IF
INPUT THRU S-100)

The number of input samples is the number of integers

s tored in the disk file DSPEECH. If speech is input through

the S-100 system the number of integers is 23040.

5. VERTICAL RESOLUTION CHOICES: 512,256,128 OR 64
PICK VERTICAL RESOLUTION

The best choice for the vertical resolution depends on

your choice for N. Table V presents the choices that result

in least interpolation for each choice of N. The less

interpolation required, the faster the spectrogram will be

generated. Of course, if time is not a consideration, the

choice can be made on the basis of the resulting display.

Table V

Recommended Vertical Resolution Choices

VERTICAL
N RESOLUTION

16 64
32 64
64 64

128 64
256 128
512 256

1024 512
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6. HORIZONTAL RESOLUTION CHOICES: 256,128 OR 64

PICK HORIZONTAL RESOLUTION

The horizontal resolution choices available depend on

your choice for the vertical resolution. The display size

is limited to 32768 pixels. (This number is found by

multiplying the vettical by the horizontal resolution). if

the vertical resolution is 256 the maximum horizontal

resolution available is 128 (256 X 128 = 32768). The prompt

will reflect this.

In most cases you will want to choose the maximum

available resolution to observe as much speech as possible.

However, you may also pick a smaller resolution if your

desire is to look at a small section of speech. A smaller

resolution will also require less tine to generate.

7. PICK STARTING BLOCK OF INPIU- SPEECH

The digitized speech in the file DSPEEC11 (if input

through the S-100 system) is organized in blocks of 256

integers. This feature allows you to skip the initial

blocks of speech. For wide-band spectrograms (small N)

twenty is a good pick for the starting block. This allows

the program to pass over the noise that usually precpdes

speech input through the S-100 system using the A2D) rou-ine.

(This is due to the time delay in starting the tape recorder

upon hearing the start tone). For narrow-band spectrograms

zero is a good pick because the spectrograms cover more time

samples (large 14) and there is less risk of missing the
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beginning of the speech. This number can also be adjusted

once a display is generated to zero in on a particular

section of speech. To do this a rough estimate is needed.

Each vertical line on the display represents N time samples.

Estimate the number of vertical lines prior to the beginning

of the speech to be analyzed. Multiply this number by N

times the amount of overlap and divide by 256. This number

gives you the number of additional blocks to skip. You can

then retransform the speech using this new value to isolate

the desired speech.

8. NOISE THRESHOLD IS 10000
TO CHANGE THE THRESHOLD ENTER 1 -

If the maximum value of any spectral section

(represented by an array containing the transformed speech)

is greater than the noise threshold, the array is normal. 4 ed

by dividing through the array by that maximum value. If the

maximum value is less than the threshold, the array is

normalized by diviiding through the array by 100 times the

thresho This puts puts spectral sections with maximum

values under the threshold at a forty decibel disadvantage.

The final result on the display is a blank vertical line.

If the digitized speech was input through the S-100

system, 10000 provides adequate noisa suppression. You may

want to change the noise threshold if either there appears

to be excessive noise on the display or sections of the

spectrogram appear to be missing. In the first case you

will want to increase the noise threshold. The disk file
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CONSTANTS contains the maximum values for each spectral

section. You can use either the TYPE or PRINT command to

get a listing of the maximum values. You can use this lirt

to obtain a new threshold. There should be an obvious break

between noise values and speech values. It is best to keep

the noise threshold as low as possible because it is better

to include some noise on the spectrogram than to elimanate

any speech.

The opposite case can occur if the digitized speech was

recorded at too low a level. The display can be regenerated

using a lower threshold but the best course of action is to

re-record the speech and start over. This is because the

speech and the background noise can not be sufficiently

separated by lowering the threshold to provide a good

display.

9. WHITE ON BLACK DISPLAY DESIRED? (YES~l)

A white on black display has the highest intensity

level as vhite and the lowest intensity as black. The more

common spectrogram display has the highest intensity level

as black and the lowest as white. A no answer will generate

this type of display. This choice is left to your personnal

preference.

10. LINEAR INTERPOLATION DESIRED? (YES=l)

This prompt occurs if the number of frequency points

(N/2) yielded by each DFT is less than the chosen vertical
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resolution. You have two choices on how to fill the desired

resolution. If linear interpolation is desired, a yes

answer, the frequency points will be linearly expanded to

fill the desired resolution. The other option, a nu answer,

is to repeat the frequency points as necessary. For

example, if the desired resolution is twice the number of

frequency points, frequency point one will become resolution

points one and two. Frequency point two will become

resolution points three and four, and so on. This choice,

like the one above, is left to your personnal preference.

This completes the discussion of the various choices

presented you by the program TRANSFORM. If a mistake is

made in entering your choices, the best course of action is

to stop the program (CTRL-A) and start the program over.

If no mistakes have been made, the program will then

display:

INPUT START TIME = XX XX XX.

This signifies the beginning of program exE.ution. When

program execution is complete, the following prompt:

TRANSFORM STOP TIME - XX XX XX

is displayed. The program PREPARE is then called into

execution via the Chain command.

The monitor will then display:

PREPARE START TIME - XX XX XX.

When the program comes to an end the prompt:

PREPARE STOP TIME - XX XX XX

occurs. These prompts are used to let you know which
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program is currently in execution so that if an error occurs

you know which program is at fault. When the PREPARE

program is finished, the program SHAPE is called into

execution via the Chain command. You are then presented

with a series of prompts.

1. PICK THE THRESHOLD IN DECIBELS (REAL)

2. PICK THE STEP SIZE IN DECIBELS (REAL)

Table VI lists the suggested choices for both the

threshold and the step size for each value of N. The

resulting display should contain a wide range of

intensities. If there is too much of a concentration of

high intensity values, the display can be reshaped with

either a higher threshold or a larger step size, or both, to

produce a wider range of intensities. If there is too much

of a concentration of low intensity values, the opposite

holds true. Either lowering the threshold or decreasing the

step size, or both, will result in a wider range of

intensities. You will have to use your own judgement in

making these decisions.
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Table VI

Recommended Display Level Settings

N THRESHOLD STEP SIZE

16 -3 1 .5
32 -5 1 .7
64 -10 2.0

128 -16 2.2
256 -20 2 .5
512 303 .0

1024 -54.0

3. ENTER THE NUMBER OF LOWER LEVELS TO BE

SUPPRESSED (INTEGER)

In most cases zero should be chosen here. This choice

is provided primarily for use when the spectrogram is being

reshaped to provide higher contrast. For example, if you

choose four levels to be suppressed, the spectral points

that would normally be assigned brightness levels one, two

or three will be assigned brightness level zero. This

feature can be used to make certain features stand out more

strongly at the expense of giving up some of the subtle

d et a ils .

4. IF SPECTRAL EMPHASIS IS DESIRED ENTER I

Spectral emphasis should be used and a yes answer

generates the following prompt.
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5. SPECTRAL EMPHASIS IS THE INCREASE OF SO MANY DB'S PER

OCTAVE FROM A STARTING FREQUENCY

ENTER DB'S PER OCTAVE (REAL)

ENTER STARTING FREQUENCY (REAL)

Spectral emphasis of 6 decibels per octave starting at

500 Hz should be used. The values suggested for use for the

threshold and the step size were bjased on six decibels of

spectral emphasis. You must remember to adjust the values

for the threshold and the step size if you choose to use a

different amount of spectral emphasis.

When the amount of spectral emphasis is chosen, the

prompt:

DISPLAY START TIME = XX XX XX

is displayed. When the display file is completely

generated, the prompt:

DISPLAY STOP TIME - XX XX XX

appears. When the NOVA is ready to transfer the display

file the prompt:

************* READY**************

appears. To receive the display file the program DISPLAY

must be brought up on the S-100 system.

Before DISPLAY will receive any data from the NOVA, the

program pauses. A ca-riage return (on the S-100 terminal)

will begin the data transfer process. While the process is

in operation, the prompt:

TRANSFERRING DATA

will appear several times on the NOVA terminal. When the

process is complete, the television monitor is turned on to
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display the spectrogram and the program DISPLAY pauses;

while on the NOVA the prompt:

TO RESHAPE THE SPECTRUM ENTER I

appears.

At this point you can either accept the spectrogram or

choose to reshape it. If you choose to reshape the display,

you will then enter your new choices for threshold, step

size, etc. When a new display is ready to be transferred,

the prompt:

********READY**************

will appear again.

The old spectrogram is still shown on the television

monitor. A carriage return will then turn off the monitor

and generate another pause. As before, a carriage return

will begin the transfer of data, and when the transfer is

complete, the new spectrogram will be displayed on the

monitor. Also, the NOVA will again display the prompt:

TO RESHAPE THE SPECTRUM ENTER 1.

This process, of reshaping and displaying spectrograms, can

be repeated as often as necessary.

To terminate this process on the S-100 system, input a

carriage return. This will turn off the display and result

in another pause. Enter a "T" followed by a carriage return

to terminate the program DISPLAY. If you by mistake,

terminate the program while the monitor is still on, you

will have to return to the RDOS mode. This is because while

the monitor is on, you will not be able to access another
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program form the disk. If you try to access a program, a

read error will occur because the monitor interface boards

(through the use of DMA) have almost total control of the

bus which prevents the proper operation of the floppy disk

system. Once back in RDOS, you can turn off the DMA by

entering the following command:

0 00 FF

You can now boot up CDOS again.

To terminate this process on the NOVA, enter a zero (or

any other number except one) when asked to reshape the

spectrum. (Table VII summarizes the spectrogram display

procedure commands). The following prompt:

CALL PROGRAM EXAMINE.SV? (YES-1)

will then appear. A yes answer begins execution on EXAMINE

which contains the cursor routines. A no answer terminates

the program SHAPE. The cursor routines will be described

following the next section on transferring already developed

display files.
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Table VII

Display ransfer Command Summary

NOVA S-100

***READY***

A.DISPLAY
PAUSE (MONITOR OFF)
(CR)

TRANSFERRING DATA
TO RESHAPE THE SPECTRUM ENTER... PAUSE (MONITOR ON)
(1)
PICK THE THRESHOLD IN...

***READY***

(CR)
PAUSE (MONITOR OFF)
(CR)

TRANSFERRING DATA
TO RESHAPE THE SPECTRUM ENTER... PAUSE (MONITOR ON)
(1)

TO RESHAPE THE SPECTRUM ENTER...
(0)
CALL PROGRAM EXAMINE.SV...

(CR)
PAUSE (MONITOR OFF)
(T CR)

A.
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IV. Transferring Display Files

There may be times when you desire to display

spectrograms that have been previously generated. The

programs SENDISP and SENDWOB allow you to do this. (The

only difference between the two programs is that SENDISP

produces a black on white display, while SENDWOB produces a

white on black display). The spectrogram to be displayed

must be stored in the disk file DISPLAY.

Call the program of your choice and the following

prompt:

ENTER VERTICAL RESOLUTION -

will appear. Enter the vertical resolution of the display

and the following prompt:

ENTER HORIZONTAL RESOLUTION -

will appear. When the resolution is entered, the prompt:

****** ******* READ********* *** **

appears and the program is ready to begin the transfer. To

receive the display file the program DISPLAY must be brought

up on the S-1O0 system.

Before DISPLAY will receive any data from the NOVA, the

program pauses. A carriage return (on the S-100 terminal)

will begin the data transfer process. While the process is

in operation, the prompt:

TRANSFERRING DATA

will appear several times on the NOVA terminal. When the

process is complete, the monitor is turned on to display the
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spectrogram and the program DISPLAY pauses; while the

program SENDISP (or SENDWOB) terminates and the following

message:

STOP, ** * *********N* E ********** *****

appears on the NOVA terminal. This procedure is ummarized

in Table VIII.

Table VIII

SENDISP Command Summary

NOVA S-100

R
SENDISP (OR SENDWOB)
ENTER VERTICAL RESOLUTION -
ENTER HORIZONTAL RESOLUTION

H***READY*** 
.IPAA.DISPLAY

PAUSE (MONITOR OFF)
(CR)

TRANSFERRING DATA
STOP, ***DONE*** PAUSE (MONITOR ON)
R

(CR)
PAUSE (MONITOR OFF)
(T CR)

A.
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V. Using the Cursor Routines

The cursor routines are contained in the program

EXAMINE. The program can be called from the program SHAPE

or started on its own. To start the program on its own, the

DISPLAY file must contain the spectrogram to be examined and

the file must be loaded into S-100 memory. To load a

DISPLAY file into memory you can use the program SENDISP (or

SENDWOB) as previously described in section IV. Once this

is accomplished, the program can be called into execution.

The first prompt to appear will be:

CURSOR WIDTH (SINGLE-I,DOUBLE=2)

This allows the program to compensate for cursor width.

Your choice of cursor width determines which cursor program

you use on the S-100 system. Program ONE produces single

width cursors and CURSOR produces double width cursors.

When the cursor width is entered, the prompts:

AVAILABLE CURSOR CHOICES: 0 TO 255
CURSOR POSITION ONE =
CURSOR POSITION TWO =

appear. The maximum available cursor choice depends on the

horizontal resolution of the display. A zero entry puts a

cursor on the leftmost edge of the display, while entering

the maximum value puts the cursor on the rightmost edge of

the screen. Enter your choices based on these limits.

Once these qalues are entered into the computei, the

prompt:
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signifies the NOVA is ready to transfer the cursor positions

to the S-100. To receive the cursor positions start

execution of either CURSOR, or ONE. Both programs operate

in the same manner. The program initially pauses and the

television monitor is turned on. A carriage return (on the

S-100 terminal) will begin the transfer and turn off the

monitor. When the data has been transferred the monitor is

turned on to display the spectrogram and the cursors, and

the program CURSOR (or ONE) pauses; while on the NOVA the

prompt:

********** DO NE ***** *****

appears.

The next prompt:

ACCEPT CURSOR POSITION? (YES=l)

allows you to either accept the cursor positions and to

continue on to the other routines, or to enter new choices

for the cursor positions. If you choose to enter new cursor

positions, the prompt:

* ** ** * ** **READY ** ** ** * **

will appear again. A carriage return (on the S-100

terminal) will turn off the monitor and generate a pause.

As before, a carriage return will begin the transfer of

data, and when the transfer is complete, the spectrogram

with the new cursor positions will be displayed on the

monitor. Also, the NOVA will again display the prompt:

ACCEPT CURSOR POSITION? (YES-1).
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This process (summarized in Table IX), of entering and

displaying new cursor positions, can be repeated as often as

necessary.

Table IX

Cursor Display Command Summary

NOVA S-00

CURSOR WIDTH (SINGLE=I,DOUBLE=2) =

(2)
AVAILABLE CURSOR CHOICES: 0 TO 255
CURSOR POSITION ONE =
CURSOR POSITION TWO =

***READY***

A.CURSOR (OR ONE)
PAUSE (MONITOR ON)
(CR)

***DONE**** PAUSE (MONITOR ON)

ACCEPT CURSOR POSITICtT? (YES=l)
(0
AVAILABLE CURSOR CHOICES: 0 TO 255
CUR3OR POSITION ONE =

CURSOR POSITION TWO =
***READY***

(CR)

PAUSE (ONITOR OFF)
(CR)

***DONE**** PAUSE (MONITOR ON)

ACCEPT CURSOR POSITION? (YES=l)
(1)
BLOWUP SECTION OF SPEECH...

(CR)
PAUSE (MONITOR OFF)

(T CR)
A.

To terminate this process on the S-100 system, input a

carriage return. This will turn off the monitor and result

in another pause. Enter a "T" followed by a c irriage return

Co ter-ainate the orogram CURSOR (or ONE). Remember, as
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mentioned previously, you do not want to terminate the

program while the monitor is on.

To terminate the process on the NOVA, accept the cursor

positions by entering a one. The following prompt:

BLOWUP SECTION OF SPEECH FOLLOWING THE

LEFTMOST CURSOR? (YES-i)

will then appear. This option allows you to display an

expanded spectrogram with a horizontal resolution of 64. Of

course this option should not be used if the original

horizontal resolution was 64. Also, the leftmost cursor

must be at least 64 short of the maximum available cursor

position or an error will result. If you desire to blowup

the bpectrogram, the horizontal resolution switches on the

monitor interface DMA board must be changed. (The monitor

inerface boards are described in the next section). The

expanded spectrogram is stored in the disk file BLOWUP, and

transferred into S100 memory in the same manner as the

DISPLAY file was originally transferred. This procedure is

summarized in Table X.
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Table X

BLOWUP Transfer Command Summary

NOVA S-100

BLOWUP SECTION OF SPEECH...
LEFTMOST CURSOR (YES-i)

(1)
***READY***

A.DISPLAY
PAUSE (MONITOR OFF)
(CR)

TRANSFERRING DATA
REPLAY ORIGINAL SPEECH? (YESl1) PAUSE (MONITOR ON)

(CR)
PAUSE (MONITOR OFF)
(T CR)

A.

When the transfer of the BLOWUP file is complete, or if

a no answer was originally given, the prompt:

REPLAY ORIGINAL SPEECH? (YES-i)

appears. A yes answer fills the disk file DSPOUT with the

digitized speech from the DSPEECH file that resulted in the

spectrogram section between the two cursors. When DSPOUT is

filled, or if a no answer was given to the last prompt, the

prompt:

RECONSTRUCT SPEECH FROM DFT SECTIONS (YES-i)

appears. A yes answer calls the program RECON into

execution and the file DSPOUT is filled with digitized

speech reconstructed from the file WINDOW through the use of

the inverse DFT. If you have just filled DSPOUT with speech
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from the file DSPEECH, do NOT choose this option. The

*DSPOUT file is deleted and recreated for this routine. When

DSPOUT is filled the program RECON terminates. If a no

answer was originally given, the program EXAMINE terminates.

At this point if you created a DSPOUT file, you can

convert the digitized speed to analog waveform by using the

system program D2AOUT. D2AOUT is a modification of the

system program D2A which inputs digitized speech from the

file DSPOUT instead of the file DSPEECH. The operation of

D2AOUT and D2A is identical. If you use D2AOUT you will be

asked to input the number of bytes o information to be

transfered. You can obtain this number by listing the

DSPOUT file (LIST DSPOUT) before you start the D2AOUT

program.

This concludes the description of the cursor routines.

The video digitizer boards will be the subject of the next

section.

90



VI. Video Digitizer Boards

The video digitizer board set consists of three boards:

an A/D board, a DMA board and a D/A board. The A/D board is

not used in this system but it can be used for other

purposes. This section will deal primarily with the DMA and

the D/A boards. These boards when used together are called

the monitor interface boards. This section will begin with

a brief look at the set up of the boards.

The boards are located in the Cromenco S-100 system.

Both the A/D and the D/A boards have video cable

connections. The video cable leading to the A/D board and

the cable connector on the board are both tagged "11". The

video cable that coanects the television monitor with the

D/A board and the cable connector on the board are tagged

"22". The switch settings of importance will be described

next.

The switches that control the vertical and horizontal

resolution are located near the top of the DMA board. The

four switches are labled BI through B4, with BI being the

uppermost switch. The on position is when the switch is

pushed in towards the S-1OO bus connections. Tables XI and

XII list the switch settings for both the vertical and

horizontal resolutions. The settings differ from those in

the video digitizer user's manual in that the vertical and

horizontal switches have been reversed. That is, in the
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manual switches BI and B2 control the horizontal resolution,

* while in this system switches BI and B2 control vertical

resolution. This is because the television monitor has been

rotated ninety degrees.

Table XI

Vertical Resolution Switch Settings

SWITCHES VERTICAL RESOLUTION
El B2 (LINES/FIELD)

OFF OFF 512
ON OFF 256
OFF ON 128
ON ON 64

Table XII

Horizontal Resolution Switch Settings

SWITCHES HORIZONTAL RESOLUTION
Bl B2 (PIXELS/LINE)

OFF OFF 256
ON OFF 128
OFF ON 85
ON ON 64

If the display on the monitor is curled at the left

edge of the screen, this can be corrected by adjusting the

potentiometer located near the bottom of the DMA board.

To check the boards, the following command:

0 84 FF

can be issued when the S-100 system is in the RDOS mode.

This turns the DMA board on to display the contents of

memory on the television monitor. The command:
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0 00 FF

viii turn the DMA board off.

The video digitizer user's manual should be consulted

if any problems arise. This completes the description of

how to operate the spectrogram display system. This user's

manual vill conclude vith a look at some of the problem

areas to avoid when using the system.

9
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VII. General Precautions

The most likely area for problems to arise is in making

mistakes in entering the various parameters that govern the

generation of the spectrogram. As previously mentioned, if

you realize a mistake has been made, the best course of

action is to terminate the program (CTRL-A) and start over.

If a prompt calls for an integer value and you enter a real

number, the number will automatically be truncated to an

integer value. So you need not terminate the program for

this type of error, provided the truncated value is

acceptable. The same holds true if the prompt calls for a

real number and you enter an integer.

The files WINDOW, INTRP, DISPLAY, and CONSTANTS, are

deleted and recreated when the program TRANSFORM begins

execution. Therefore, if you wish to save one of these

files for later use, you must rename it prior to analyzing

another sample of speech. The most likely file you will

want to save is DISPLAY but there may be other times when

the other files might be of some future use. The files,

BLOWUP and DSPOUT, are deleted and recreated when the

program EXAMINE begins execution. The same considerations

as above apply here. Also, the system program A2D deletes

and recreates the file DSPEECH when digitizing a new sample

of speech. Care should be exercised in using these programs

so that a disk file that you would like to save for future
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use is not deleted when analyzing a new sample of speech.

The programs on the NOVA are designed to operate in

sequence. This sequence normally begins with the program

TRANSFORM, however, you need not always start with TRANSFORM

to use the other programs. PREPARE, SHAPE and EXAMINE can

be started on their own, provided the required disk files

exist. Table XIII lists the programs, the required disk

files and the program called upon completion. The only

program that should not be used on its own is RECON.

Table XIII

Required Disk Files

REQUIRED

PROGRAM DISK FILES PROGRAM CALLED

TRANSFORM DSPEECH PREPARE

PREPARE CONSTANTS SHAPE

WINDOW

SHAPE CONSTANTS EXAMINE (OPTIONAL)

INTRP

EXAMINE CONSTANTS RECON (OPTIONAL)
DISPLAY
DS P RE C
WINDOW

The transfer of data, both display files and cursor

choices, from the NOVA to the S-100 system *is also a

potential problem area. If the S-100 system starts looking

for the data before the NOVA is ready to transfer it, the

S-100 may accept some extraneous values. When this occurs,

the television monitor will be turned on (indicating it has

received all the data it expects) but the program on the
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NOVA wili still be waiting to transfer more data. This

problem can be avoided if the carriage return on the S-100

terminal that starts the transfer process is not entered

until the prompt:

********READY *****

appears on the NOVA terminal. If the problem does occur,

the program on the NOVA will have to be terminated and

res tarted.

This concludes the discussion of the problem areas to

be avoided. In summary, care should be used in entering

values into the NOVA, disk files that need to be saved

should be renamed, and the transfer of data from the NOVA to

the S-100 should not be started until the NOVA is ready. In

addition to the above problems, the NOVA system itself can

produce errors when writing to, reading from, opening, or

closing a disk file. Such an error-will produce a prompt

that will tell you what kind of error took place and the

fortran error code. The error codes are listed in the

appendix of the Fortran IV users manual. Using the

information listed in the manual should allow you to

discover the problem and correct it. The most common error

of this type occurs when a program attempts to write to a

disk file and there is no room left on the disk. You will

then have to clear some files from the disk and restart the

program.

In spite of all the information just presented, you

should have little trouble in using the system. Provided,
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of course, that you observe all the necessary precautions.

As with most systems, the more you use it, the easier it

becomes to use and understand.

97



Appendix B

NOVA Programs

C TRANSFORM
C----------------------------------------------------------
C
C LIST OF VARIABLES
C
C----------------------------------------------------------
C
C
C JR - NUMBER OF INPUT SAMPLES
C JR1 - JR MINUS ONE
C N - NUMBER OF FREQUENCY SAMPLES DESIRED
C NI - N MINUS ONE
C N21 - N DIVIDED BY TWO, MINUS ONE
C N211 - N21 MINUS ONE
C IHOZ - HORIZONTAL RESOLUTION
C IHOZI - IHOZ MINUS ONE
C IVER- VERTICAL RESOLUTION
C IVERI - IVER MINUS ONE
C ICURSI - CURSOR POSITION ONE
C ICURS2 - CURSOR POSITION TWO
C PER - PERCENT OVERLAP DESIRED
C PC - PER TIMES N
C Ml - NUMBER OF SAMPLES OVERLAPPED (PC TRUNCATED)
C M - N MINUS M1
C R - (JR MINUS Ni PLUS M) DIVIDED BY M
C IR - NUMBER OF TIME SECTIONS (R TRUNCATED)
C IRI - IR MINUS ONE
C IW - WINDOW CHOICE
C 1. RECTANGULAR
C 2. HANNING (COSINE SQUARED)
C 3. HAMMING
C 4. 4-SAMPLE KAISER-BESSEL
C PI - 3.14.....
C ARG - (TWO TIMES PI) DIVIDED BY Ni
C ARG2 - TWO TIMES ARG
C ARG3 - THREE TIMES ARG
C IRECT - DATA ARRAY (N,BANDWIDTH)
C IHANN - DATA ARRAY (N,BANDWIDTH)
C IHAMM - DATA ARRAY (N,BANDWIDTH)
C IKAIS - DATA ARRAY (N,BANDWIDTH)
C INPUT - ARRAY CONTAINING INPUT SPEECH DATA
C INPUTI - ARRAY USED IN INPUTING SPEECH DATA
C OUTPUT - ARRAY CONTAINING THE DATA AFTER THE FFT
C IREC - RECORD LENGTH FOR 'WINDOW' FILE
C NBLK - NUMBER OF BLOCKS OF DATA TO BE INPUT
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C ISTBLK - STARTING BLOCK OF INPUT SPEECH
C THRNOISE - NOISE THRESHOLD
C IWOB - WHITE ON BLACK DISPLAY DESIRED?
C LININT - LINEAR INTERPOLATION DESIRED?
C
C----------------------------------------------------------
C
C DECLARATION STATEMENTS
C
C----------------------------------------------------------
C

DIMENSION OUTPUT(O:1023),INPUT(0:1023)
DIMENSION INPUT1(O:1279)
COMPLEX OUTPUT
COMMON /HERE/IRECT(7,2),IHANN(7,2),IHAMM(7,2),

* IKAIS(7,2)
DATA IRECT/16 ,32,64,128,256,512, 1024,500,250,125,

* 63,31-,16,8/
* IHANN/16,32,64,128,256,512,024,750,375,188,
* 94,47,23,12/
* IHAMI/16,32,64,128,256,512,1024,680,340,170,
* 85,43,21 ,11/
* IKAIS/16,32,64 ,128,256,512,1024,900,450,225,
* 113,56,28,14/

C
C OPEN FILES.
C

CALL DFILW("WINDOl",IER)
IF ((IER.NE.1).AND.(IER.NE.13)) GO TO 500
CALL DFIL,'U"INTRP",IER)
IF ((IER.NE.1).AND.(IER.NE.13)) GO TO 500
CALL DFILW("DISPLAY",IER)
IF ((IER.NE.1).AND.(IER.NE.13)) GO TO 500
CALL DFILW(',CONSTANTS,,,IER)
IF ((IER.NE.1).AND.(IER.NE.13)) GO TO 500
CALL CFILW("INTRP',,1,IER)
IF (IER.NE.1) GO TO 520
CALL CFILW("DISPLAY",2,IER)
IF (IER.NE.1) GO TO 520
CALL CFILW("CONSTANTS"I,1 ,IER)
IF (IER.NE.l) GO TO 520
CALL OPEN(4,"DSPEECH" ,2 ,IER,512)
IF (IER.NE.1) GO TO 540
CALL OPEN(5,"CONSTANTS",2,IER)
IF (IER.NE.1) GO TO 540
GO TO 600

C
C PRINT ERROR MESSAGE AND GO TO STOP
C
500 WRITE (10,510) IER
510 FORMAT (" FILE DELETING ERROR CODE - ,I3)

GO TO 1390
520 WRITE (10,530) IER
530 FORMAT (" FILE CREATING ERROR CODE - 1,13)
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GO TO 1390
540 WRITE (10,550) IER
550 FORMAT (" FILE OPENING ERROR CODE - ",13)

GO TO 1390
C
C----------------------------------------------------------
C
C PICK A WINDOW,N AND OVERLAP ROUTINE
C
C----------------------------------------------------------
C
C DUMMY VARIABLES:
C I,J
C
600 ACCEPT "PICK A WINDOW <15>", "ENTER 1 FOR A",

1 " RECTANGULAR WINDOW <15>" , "ENTER 2 FOR A HANNING",
2 " WINDOW <15>","ENTER 3 FOR A HAMMING WINDOW <15>",
3 "ENTER 4 FOR A 4-SAMPLE KAISER-BESSEL WINDOW",
4 "<15>",IW

IF (IW.EQ.4) GO TO 680
IF (IW.EQ.3) GO TO 650
IF (IW.EQ.2) GO TO 620

C
C A RECTANGULAR WINDOW HAS BEEN CHOOSEN. THE
C DIFFERENT CHOICES FOR N WILL BE DISPLAYED ALONG
C WITH THE RESULTING ,HALF POWER BANDWIDTHS.
C

TYPE "<15>"," RECTANGULAR WINDOW <15>"
TYPE " N BANDWIDTH <15>"
DO 610 I=1,7
TYPE (IRECT(I,J),J=1,2)

61. CONTINUE
GO TO 700

C
C A HANNING WINDOW HAS BEEN CHOOSEN. THE DIFFERENT
C CHOICES FOR N WILL BE DISPLAYED ALONG WITH THE RESULTING
C HALF POWER BANDWIDTHS.
C
620 TYPE "<15>"," HANNING WINDOW <15>"

TYPE " N BANDWIDTH <15>"
DO 630 I=1,7
TYPE (IHANN(I,J),J=1,2)

630 CONTINUE
GO TO 700

C
C A HAMMING WINDOW HAS BEEN CHOOSEN. THE DIFFERENT
C CHOICES FOR N WILL BE DISPLAYED ALONG WITH THE RESULTING
C HALF POWER BANDWIDTHS.
C
650 TYPE "<15>"," HAMMING WINDOW <15>"

TYPE " N BANDWIDTH <15>"
DO 660 I=1,7
TYPE (IHAMM(I,J),J=1,2)

660 CONTINUE
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GO TO 700
C A 4-SAMPLE KAISER-BESSEL WINDOW HAS BEEN CHOOSEN.

C THE DIFFERENT CHOICES FOR N WILL BE DISPLAYED ALONG
C WITH THE RESULTING HALF POWER BANDWIDTHS.
C

680 TYPE "<15>"," 4-SAMPLE KAISER-BESSEL WINDOW<15>"
TYPE " N BANDWIDTH <15>"
DO 690 I=1,7
TYPE (IKAIS(I,J),J=1,2)

690 CONTINUE
C
C PICK VALUES FOR N, THE DESIRED AMOUNT OF OVERLAP AND
C THE NUMBER OF INPUT SAMPLES.
C
700 ACCEPT "<15> PICK A VALUE FOR N <15>",N
705 ACCEPT "<15> PICK PERCENT OVERLAP (REAL) <15>",PER

IF (PER.LT.1.0) GO TO 710
TYPE "<15>","PERCENT OVERLAP MUST BE LESS THAN

* 100 PER CENT"

GO TO 705
710 PC:PER*N

Ml=PC
TYPE "<15>"," ENTER NUMBER OF INPUT SAMPLES

* (23040 IF"
ACCEPT " INPUT THRU S-100)<15>",JR
TYPE "<15>"," VERTICAL RESOLUTION CHOICES: 512,

* 256,128 OR 64"
ACCEPT " PICK VERTICAL RESOLUTION<15>",IVER
IF (IVER.LE.128) GO TO 720
IF (IVER.EQ.256) GO TO 715
TYPE "<15>"," HORIZONTAL RESOLUTION CHOICE: 64"
GO TO 725

715 TYPE "<15>"," HORIZONTAL RESOLUTION CHOICES: 128
* OR 64"

GO TO 725
720 TYPE "<15>"," HORIZONTAL RESOLUTION CHOICES: 256,128

* OR 64"
725 ACCEPT " PICK HORIZONTAL RESOLUTION<15>",IHOZ

ACCEPT "<15> PICK STARTING BLOCK OF INPUT SPEECH< <15 >" ISTBLK

THRNOISE= 10000
TYPE " NOISE THRESHOLD IS 10000"
ACCEPT " TO CHANGE THE THRESHOLD ENTER 1 ",I
IF (I.EQ.1) ACCEPT " NOISE THRESHOLD (REAL)

* THRNOISE
ACCEPT " WHITE ON BLACK DISPLAY DESIRED? (YES=I) ",

* IWOB
LININT=O
IF (N.GE.(IVER*2)) GO TO 730
ACCEPT " LINEAR INTERPOLATION DESIRED? (YES=I) "

* LININT
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C
C --- - - - - - - - - - - - - - - - - - - - - - - - - - -
C
C INITIALIZE VARIABLES
C
C----------------------------------------------------------
C
730 JR:JR-(ISTBLK*256)

JR1=JR-1
NI=N-1
N21=(N/2)-1
N211 =N21-1
IHOZI=IHOZ-1
IVERI=IVER-1
M=N-MI
R=(JR-NI +M)/M
IR:R
IRI:IR-1
IF (IRI.GT.IHOZ1) IR1=IHOZ1
NBLK=(N/256) +1
IF (N.LT.256) NBLK=2
PI=3.1415925
ARG=(2.0*PI)/NI
ARG2=2. O*ARG
ARG3=3.0*ARG
IREC=8*N

C
C OPEN 'WINDOW' FILE AND SAVE CONSTANTS.
C

CALL FOPEN(I,"WINDOW",IREC)
WRITE BINARY (5) ISTBLK,THRNOISE,N,N1,N21,N211,IR,
IR1,IREC,IVER,IVERI, OZ,IHOZI,M,IWOB,LINIfT

C
C- ---------------------------------------------------------
C
C INPUT SPEECH
C
C----------------------------------------------------------
C
C DUMMY VARIABLES:
C AJ,AJ1,AL,AL1,I,J,J1,LI,L2
C

CALL FGTIM(IHR,IMIN,ISEC)
WRITE (10,800) (IHR,IMIN,ISEC)

800 FORMAT(" INPUT START TIME = ",12,2X,I2,2X,I2)
DO 1370 J:O,IR1

C
C AL IS THE STARTING ADDRESS FOR EACH SECTION.
C

AL=M*J
C
C INIALIZE J1 WHICH IDENTIFIES THE FIRST BLOCK TO BE
C READ.
C
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JI=ISTBLK
C
C DETERMINE THE FIRST BLOCK

C
DO 810 I=O,NI
AJ=256 .*I
IF (AL.GT.AJ) J1=J1+1

810 CONTINUE
C
C READ IN NBLK BLOCKS OF SPEECH STARTING AT THE Ji
C BLOCK.
C

CALL RDBLK(4,JI,INPUT1,NBLK,IER)
IF ((IER.EQ.1).OR.(IER.EQ.9)) GO TO 820

C

C PRINT ERROR MESSAGE AND GO TO STOP.
C

WRITE(10,815) IER
815 FORMAT(" RDBLK ERROR CODE - 1,13)

GO TO 1390
C
C FILL INPUT ARRAY WITH THE PROPER VALUES FROM THE
C INPUTI ARRAY. Li IS THE SLIDING INDEX ADJUSTED BY THE
C STARTING BLOCK.
C
820 AJ1(JI-(ISTBLK+1))*256.

DO 830 I=O,Nl
ALl=AL+I-AJ1
LI=IFIX(ALl)
INPUT(I)=INPUT1(LI )

830 CONTINUE
IF (J.LT.IRI) GO TO 850

C

C J EQUALS IRI. CHECK IF NUMBER OF INPUT SAMPLES
C EXCEEDS JR. IF SO FILL INPUT WITH ZEROS.
C

DO 840 I:O,N1
L2=NI+M*(IR1-1 ).+I
IF (L2.GT.JR1) INPUT(I)=O

840 CONTINUE
C
C GO TO WINDOW ROUTINE ALREADY CHOOSEN.
C
C 4-SAMPLE KAISER-BESSEL?
850 IF (IW.EQ.4) GO TO 1300

C HAMMING?
IF (IW.EQ.3) GO TO 1200

C HANNING?
IF (IW.EQ.2) GO TO 1100

C RECTANGULAR ROUTINE FOLLOWS
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C
C --- - - - - - - - - - - - - - - - - - - - - - - - - - -
C
C WINDOWING AND DFT ROUTINES
C
C----------------------------------------------------------
C
C DUMMY VARIABLES:
C IJL
C
C
C RECTANGULAR WINDOW
C

DO 1050 I=O,NI
OUTPUT(I)=INPUT(I)

1050 CONTINUE
C
C THE WINDOW IS NOW COMPLETE. THE DFT IS TAKEN AND
C THE PROGRAM JUMPS TO THE OUTPUT STAGE.
C

CALL DFT4(OUTPUT(O),N,O)
GO TO 1360

C
C HANNING WINDOW
C

1100 DO 1150 I=O,NI
OUTPUT(I)=O.5*(1.0-COS(I*ARG))*(INPUT(I))

1150 CONTINUE

C THE WINDOW IS NOW COMPLETE. THE DFT IS TAKEN AND
C THE PROGRAM JUMPS TO THE OUTPUT STAGE.
C

CALL DFT4(OUTPUT(O),N,O)
GO TO 1360

C
C HAMMING WINDOW
C
1200 DO 1250 I=O,N1

OUTPUT(I)=(0.54-O.46*COS(I*ARG))*(INPUT(I))
1250 CONTINUE

C
C THE WINDOW IS NOW COMPLETE. THE DFT IS TAKEN AND
C THE PROGRAM JUMPS TO THE OUTPUT STAGE.
C

CALL DFT4(OUTPUT(0),N,O)
GO TO 1360

C
C 4-SAMPLE KAISER-BESSEL
C
1300 DO 1350 I=O,NI

OUTPUT(I)=(O.40243-O.49804*COS(I*ARG)+O.09831
* *COS(I*ARG2)-0.0O122*COS(I*ARG3))*(INPUT(I))

1350 CONTINUE
C
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C THE WINDOW IS NOW COMPLETE. THE DFT IS TAKEN AND
C PROGRAM CONTROL GOES TO THE OUTPUT STAGE.
C

CALL DFT4(OUTPUT(O),N,O)
C
C STORE OUTPUT IN 'WINDOW' FILE AND RETURN FOR THE
C NEXT INPUT SECTION.
C
1360 WRITE BINARY (1) (OUTPUT(I),I=O,N1)
1370 CONTINUE

CALL FGTIM(IHR,IMIN,ISEC)
WRITE(1O,1380) IHR,IMIN,ISEC

1380 FORMAT(" TRANSFORM FINISH TIME = ",12,2X,I2,2X,I2)
C
C CLOSE FILES.
C

CALL RESET
C
C TURN PROGRAM CONTROL OVER TO PREPARE.
C

CALL CHAIN("PREPARE.SV",IER)
1390 STOP

END

1
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C PREPARE
C------------------------------------------------------------• c
C
C LIST OF VARIABLES

C

C
C

C JR - NUMBER OF INPUT SAMPLES
C JR1 - JR MINUS ONE
C N - NUMBER OF FREQUENCY SAMPLES DESIRED
C N1 - N MINUS ONE
C N21 - N DIVIDED BY TWO, MINUS ONE
C N211 - N21 MINUS ONE
C IHOZ - HORIZONTAL RESOLUTION
C IHOZI - IHOZ MINUS ONE
C IVER - VERTICAL RESOLUTION
C IVERI - IVER MINUS ONE
C ICURSi - CURSOR POSITION ONE
C ICURS2 - CURSOR POSITION TWO
C PER - PERCENT OVERLAP DESIRED
C PC - PER TIMES N
C Ml - NUMBER OF SAMPLES OVERLAPPED (PC TRUNCATED)
C M - N MINUS Ml
C R - (JR MINUS Ni PLUS M) DIVIDED BY M
C IR - NUMBER OF TIME SECTIONS (R TRUNCATED)
C IRI - IR MINUS ONE
C IW - WINDOW CHOICE
C 1. RECTANGULAR
C 2. HANNING (COSINE SQUARED)
C 3. HAMMING
C 4. 4-SAMPLE KAISER-BESSEL

C PI - 3.14 .....
C ARG - (TWO TIMES PI) DIVIDED BY Ni
C ARG2 - TWO TIMES ARG
C ARG3 - THREE TIMES ARG
C OUTPUT - ARRAY CONTAINING THE DATA AFTER THE FFT
C ANORM - ARRAY CONTAINING THE DATA FROM OUTPUT NORMALIZED
C AINTRP - ARRAY CONTAINING THE DATA INTERPOLATED FROM NORM
C AMAX - ARRAY CONTAINING NORMALIZATION CONSTANTS
C ALGMAX - COMMON LOGARITHM OF AMAX
C IREC - RECORD LENGTH FOR 'WINDOW' FILE.
C ISTBLK - STARTING BLOCK FOR SPEECH DATA
C THRNOISE - NOISE THRESHOLD
C IWOB - WHITE ON BLACK DISPLAY DESIRED?
C LININT - LINEAR INTERPOLATION DESIRED?
C
C
C
C DECLARATION STATEMENTS
C
C----------------------------------------------------------
C
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DIMENSION OUTPUT(O:1023),ANORM(O:511),AINTRP(O:
2 5 5 )DIMENSION AMAX(O:255)

COMPLEX OUTPUT
C
C OPEN FILES.
C

CALL OPEN(2,"INTRP",2,IER)
IF (IER.NE.1) GO TO 1420
CALL OPEN(5,"CONSTANTS",2,IER)
IF (IER.NE.1) GO TO 1420
REWIND 5
READ BINARY (5) ISTBLK,THRNOISE,N,N1,N21,N211,IR,

C IR1,IREC,IVER,IVER1,IHOZ,IHOZ1,M,IWOBLININT
C
C OPEN 'WINDOW' FILE.
C

CALL OPEN(1I,"WINDOW",2,IER,IREC)
IF (IER.NE.1) GO TO 1420
GO TO 1430

C
C PRINT ERROR MESSAGE AND STOP.
C
1420 WRITE (10,1425) IER
1425 FORMAT (" FILE OPENING ERROR CODE - ",13)

GO TO 1635
C
C--------
C
C NORMALIZATION ROUTINE
C

C
C
C DUMMY VARIABLES:
C I,J,L
C
1430 CALL FGTIM(IHR,IMIN,ISEC)

WRITE(10,1435) IHR,IMIN,ISEC
1435 FORMAT (" PREPARE START TIME = -,12,2X,I2,2XI2)

REWIND 1 ' 'X'
DO 1620 J=O,IR1
READ BINARY (1) (OUTPUT(L),L=O,N1)

C
C SET AMAX.
C

AMAX(J)=CABS(OUTPUT(O))
C
C FIND AMAX AND FILL ANORM.
C

DO 1490 I=O,N21
ANORM(I)=CABS(OUTPUT(I))
IF (ANORM(I).GT.AMAX(J)) AMAX(J)=ANORM(I)

1490 CONTINUE
C
C USE AMAX TO NORMALIZE ANORM AND TAKE THE COMMON
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C LOGARITHM OF ANORM.
C

IF (AMAX(J).LT.THRNOISE) AMAX(J):THRNOISE*100.O
IF (AMAX(J).LE.O.) AMAX(J)=1.0
ALGMAX=ALOG1O(AMAX(J))

DO 1500 I=O,N21
IF (ANORM(I).LE.O.O) ANORM(I)=0.1**99
ANORM(I)=20.*(ALOG1O(ANORM(I))-ALGMAX)

1500 CONTINUE
C
C----------------------------------------------------------
C
C INTERPOLATION ROUTINE
C
C..........................................................
C
C DUMMY VARIABLES:
C I,J,I1,K,L,K1,LI,L2
C
C CHECK N AND JUMP ACCORDINGLY.
C

IF (N.GE.(IVER*4)) GO TO 1560
IF (N.EQ.(IVER*2)) GO TO 1590

C
C N IS LESS THAN (IVER*2) AND THEREFORE THE ARRAY MUST
C BE EXPANDED. L IS THE NUMBER OF TIMES THE ARRAY MUST BE
C EXPANDED.
C

L=IVER/(N21+1)
IF (LININT.NE.1) GO TO 1545

C
C EXPAND ARRAY BY LINEAR INTERPOLATION.
C

DO 1540 I=O,N21
C
C SET II AND K
C

II=I+I

K=I*L
AINTRP(K):ANORM(I)

C
C WHEN I EQUALS N21 THERE IS NO II TERM SO A
C SPECIAL ROUTINE MUST HANDLE IT.
C

IF (I.EQ.N21) GO TO 1520
C
C SET KI AND INCREMENT K.
C

Kl=l
1510 K=K+l

C
C IF Ki EQUALS L, RETURN TO GET ANOTHER ANORM TERM.
C

IF (K1.EQ.L) GO TO 1540
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C
C AINTRP EQUALS THE PRESENT ANORM TERM PLUS THE
C DIFFERENCE BETWEEN THE PRESENT TERM AND THE NEXT TERM
C MULTIPLIED BY THE FRACTION KI OVER L.
C

AINTRP(K)=ANORM(I)+KI*(ANORM(Il)-ANORM(I))/L
C
C INCREMENT KI AND RETURN TO DETERMINE THE NEXT AINTRP
C TERM.
C

K1:K1+
GO TO 1510

C
C THIS SECTION OF THE ROUTINE IS FOR THE SPECIAL CASE
C WHEN I EQUALS N21. THIS SECTION IS THE SAME AS THE
C PREVIOUS SECTION EXCEPT THE LAST TWO TERMS OF ANORM
C ARE USED.
C
1520 Kl=I
1530 K=K+I

IF (K1.EQ.L) GO TO 1540
AINTRP(K)=ANORM(N21)+K1*(ANORM(N21)-

• ANORM(N211))/L
KI=K1+1
GO TO 1530

1540 CONTINUE
C
C INTERPOLATION IS NOW COMPLETE. GO ON TO STORE
C AINTRP.
C

GO TO 1610
C
C EXPAND ARRAY BY REPEATING ANORM TERMS.
C

1545 DO 1555 I:O,N21
K=I*L

KI=K+L
DO 1550 II=K,KI
AINTRP(Il)=ANORM(I)

1550 CONTINUE
1555 CONTINUE

C
C EXPANSION IS NOW COMPLETE. GO ON TO STORE AINTRP.
C

GO TO 1610
C
C N IS GREATER THAN (OR EQUAL TO) IVER*4 AND THEREFORE
C MUST BE CONTRACTED TO MEET ARRAY SIZE REQUIREMENTS
C
1560 L=(N21+1)/IVER

DO 1570 I=O,IVERl
LI=I*L
AINTRP(I)=O

DO 1565 L2:1,L
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AINTRP(I):AINTRP(I)+(ANORM(Ll)/L)
Li:L1+1

1565 CONTINUE
1570 CONTINUE

C
C INTERPOLATION IS NOW COMPLETE. GO ON TO STORE
C AINTRP.
C

GO TO 1610
C
C N EQUALS IVER*2 SO NO INTERPOLATION IS NECESSARY.
C ANORM IS STORED DIRECTLY AS AINTRP.
C
1590 WRITE BINARY (2) (ANORM(I),I=O,IVERl)

GO TO 1620
1610 WRITE BINARY (2) (AINTRP(I),I=O,IVERl)
1620 CONTINUE

WRITE (5,1625) (AMAX(I),I=O,IR1)
1625 FORMAT (4(2X,E14.7))

CALL FGTIM(IHR,IMIN,ISEC)
WRITE(1O,1630) IHR,IMIN,ISEC

1630 FORMAT(" PREPARE STOP TIME = ",12,2X,I2,2X,I2)
C
C CLOSE ALL FILES.
C

CALL RESET
C
C TURN PROGRAM CONTROL OVER TO SHAPE.
C

CALL CHAIN("SHAPE.SV",IER)
1635 CALL RESET

STOP
END
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C SHAPE
C-----------------------------------------------------------
C
C LIST OF VARIABLES
C
C-------------------------------------------------~-------
C
C
C JR - NUMBER OF INPUT SAMPLES
C JR1 - JR MINUS ONE
C N - NUMBER OF FREQUENCY SAMPLES DESIRED
C Ni - N MINUS ONE
C N21 - N DIVIDED BY TWO, MINUS ONE
C N211 - N21 MINUS ONE
C IHOZ- HORIZONTAL RESOLUTION
C IHOZl - IHOZ MINUS ONE
C IVER - VERTICAL RESOLUTION
C IVERI - IVER MINUS ONE
C PER - PERCENT OVERLAP DESIRED
C PC - PER TIMES N
C Ml - NUMBER OF SAMPLES OVERLAPPED (PC TRUNCATED)
C M - N MINUS Ml
C R - (JR MINUS Ni PLUS M) DIVIDED BY M
C IR - NUMBER OF TIME SECTIONS (R TRUNCATED)
C IRI - IR MINUS ONE
C AINTRP - ARRAY CONTAINING THE DATA INTERPOLATED FROM NORM
C IDISPLAY - ARRAY CONTAINING FINAL SPECTROGRAM
C IPACKED - ARRAY CONTAINING PACKED DISPLAY
C ISGRM - ARRAY CONTAINING 4 IPACKED ARRAYS.
C THR - THRESHOLD VALUE IN DB'S
C STP - STEP SIZE IN DB'S
C ISE - SPECTRAL EMPHASIS DESIRED?
C ISS - CHANGE SPECTRAL SHAPING?
C ISUP - NUMBER OF LEVELS TO BE SUPPRESED
C ICOMP - COMPARISON MARK FOR LEVEL SETTING
C DBOC - DB'S PER OCTAVE (SPECTRAL EMPHASIS)
C SFREQ - STARTING FREQUENCY (SPECTRAL EMPHASIS)
C NPACK - THE NUMBER OF ARRAYS THAT CAN BE PACKED INTO
C ONE BLOCK
C NTOT - NUMBER OF INTEGERS TO BE TRANSFERED.
C ISTOP - NUMBER OF BLOCKS TO BE TRANSFERED(MINUS ONE).
C IWOB - WHITE ON BLACK DISPLAY DESIRED?
C IPROG - CALL PROGRAM EXAMINE.SV?
C
C----------------------------------------------------------
C
C DECLARATION STATEMENTS
C
C----------------------------------------------------------
C

DIMENSION AINTRP(O:255),IDISPLAY(O:255),IPASS(256)
DIMENSION ISGRM(O:255),IPACKED(0:63)

C
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C OPEN FILES.
C

CALL OPEN(2,"INTRP"12,IER)
IF (IER.NE.1) GO TO 1930
CALL OPENC3,"DISPLAY",2,IER)
IF (IER.NE.1) GO TO 1930
CALL OPEN(5,"CONSTANTS",2,IER)
IF (IER.NE.1) GO TO 1930

C

C READ IN CONSTANTS.
C

REWIND 5
READ BINARY (5) ISTBLK,THRNOISE,N,N1,N21,N211,IR,
IR1R,IREC,IVER,IVER1,IHOZ,IHOZ1,M,IWOB
NPACK=1O24/IVER

C
C----------------------------------------------------------
C
C SPECTROGRAM SHAPING ROUTINE
C
C----------------------------------------------------------
C
C DUMMY VARIABLES:
.C I,I1 ,I2,I3,I4,J,J2,K,K2,L,L2,MI
C
C PICK THE THRESHOLD.
L

TYPE "<7>"
1710 ACCEPT "PICK THE THRESHOLD IN DECIBELS (REAL)

<15>",THR
C
C PICK THE STEP SIZE.
C

ACCEPT "PICK THE STEP SIZE IN DECIBELS (REAL)
* <15>",STP

C
C PICK THE NUMBER OF LOWER LEVELS TO BE SUPPRESSED.
C

ACCEPT "ENTER THE NUMBER OF LOWER LEVELS TO BE ",

1 "SUPRESSED (INTEGER) <15>",ISUP
C
C SPECTRAL EMPHASIS DESIRED?
C

ACCEPT "IF SPECTRAL EMPHASIS IS DESIRED ENTER
* 1<15>",ISE

IF (ISE.NE.1) GO TO 1715
C
C SPECTRAL EMPHASIS IS DESIRED. ENTER DB'S PER
C OCTAVE AND STARTING FREQUENCY.
C

TYPE "SPECTRAL EMPHASIS IS THE INCREASE OF SO MANY
DB'S PER "
TYPE "OCTAVE FROM A STARTING FREQUENCY<15>"
ACCEPT "ENTER DB'S PER OCTAVE (REAL)<15>",DBOC
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ACCEPT "ENTER STARTING FREQUENCY (REAL)<15>",SFREQ
C

C REVIND INTERPOLATED SPECTROGRAM FILE.
C

REWIND 2
1715 CALL FGTIM(IHR, IMIN,ISEC)

WRITE(10,1718) IHR,IMIN,ISEC
1718 FORMAT(" DISPLAY START TIME = ",12,2XI2,2XI2)

C
C INITIALIZE K2 AND J2 FOR USE IN FILLING ISGRM WITH
C IPACKED.
C

K2=O
J2=O
DO 1860 J=O,IR1

C
C READ IN INTERPOLATED SPECTROGRAM DATA.
C

READ BINARY (2) (AINTRP(I),I=O,IVERI)
C
C INITIALIZE L,M1,IPACLED(O) AND IFLAG FOR USE IN
C FILLING IPACKED WITH IDISPLAY.
C

L=I
Ml = 0
IPACKED(O) =0
IFLAG=O

C
C SET 14 FOR USE IN ADDING SPECTRAL EMPHASIS
C

14=IFIX((SFREQ/8000.0)*N)
C
C ASSIGN LEVELS FOR DISPLAY.
C

DO 1830 I=O,IVER!
IF (I.LT.I4) GO TO 1725
IF (ISE.NE.1) GO TO 1725

C
C ADD SPECTRAL EMPHASIS
C

RI=(FLOAT(I) )/I4
AINTRP(I)=AINTRP(I)+DBOC*(ALOGIO(RI)/ALOG1O(2.))

C
C INITIALIZE K AND DETERMINE COMP.
C
1725 K=O
1730 COMP=THR+K*STP

C
C IF AINTRP IS GREATER THAN COMP THEN JUMP TO 1750
C AND DONT ASSIGN A LEVEL TO AINTRP.
C

IF (AINTRP(I).GT.COMP) GO TO 1750
C
C IF K IS LESS THAN ISUP AINTRP MUST BE ASSIGNED A
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C ZERO LEVEL.
C

IF (K.LT.ISUP) GO TO 1740
C
C ASSIGN THE PROPER LEVEL.
C

IDISPLAY(I)=K
C
C PROPER LEVEL HAS BEEN ASSIGNED THEREFORE RETURN TO
C GET ANOTHER AINTRP TERM.
C

GO TO 1755
C
C ASSIGN A ZERO LEVEL AND RETURN FOR NEXT AINTRP TERM.
C
1740 IDISPLAY(I)=O

GO TO 1755
C
C INCREMENT K AND IF K IS LESS THAN 15 RETURN TO USE
C NEW COMPARISON IMARK TO SET THE PROPER LEVEL.
C
1750 K=K+I

IF (K.LT.15) GO TO 1730
C
C K EQUALS 15. ASSIGN A LEVEL OF 15 AND RETURN TO GET
C NEW AINTRP TERM.
C

IDISPLAY(I)=15
C
C DISPLAY LEVEL HAS BEEN SET. IF L IS GREATER THAN
C 4 THEN M IS INCREMENTED, L RESET TO 1, IPACKED CLEARED
C AND IFLAG CLEARED.
C
1755 IF(L.LT.5) GO TO 1785

Ml=M1+1
IPACKED(Ml)=O
L=1
IFLAG=O

1785 IF (L.NE.1) GO TO 1790
C

C L=l. SET IFLAG IF IDISPLAY = 8.
C IDISPLAY < 8 ... IPACKED POSITIVE
C IDISPLAY > 8 ... IPACKED NEGATIVE
C IDISPLAY = 8 ... IPACKED = -32768 (ONE WILL BE
C SUBTRACTED LATER)
C

IF (IDISPLAY(I).EQ.8) IFLAG=I
IF (IDISPLAY(I).LT.8) IPACKED(tI.)=IDISPLAY(I)*

* 4096

IF (IDISPLAY(I).GT.8) IPACKED(M1)=(16-
* IDISPLAY(I))*(-4096)

IF (IDISPLAY(I).EQ.8) IPACKED(M1)=-32767
1790 IF (L.NE.2) GO TO 1795

C
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C L=2.
C ADD POSITIVE NUMBER.
C CHECK FLAG. IF SET SUBTRACT ONE AND CLEAR FLAG
C EXCEPT IF IDISPLAY = 0.
C

IPACKED(MI)=IPACKED(M1)+IDISPLAY(I)*256
IF (IDISPLAY(I).EQ.O) GO TO 1795
IF (IFLAG.EQ.1) IPACKED(Ml)=IPACKED(MI)-I
IFLAG=O

1795 IF (L.NE.3) GO TO 1800
C
C L=3.
C ADD POSITIVE NUMBER.
*C CHECK FLAG. IF SET SUBTRACT ONE AND CLEAR FLAG
C EXCEPT IF IDISPLAY = 0.
C

IPACKED(M1)=IPACKED(M1)+IDISPLAY(I)*16
IF (IDISPLAY(I).EQ.O) GO TO 1800
IF (IFLAG.EQ.1) IPACKED(MI)=IPACKED(M1)-I
IFLAG=O

1800 IF (L.NE.4) GO TO 1810
C
C L=4.
C ADD POSITIVE NUMBER.
C CHECK FLAG. IF SET SUBTRACT ONE AND CLEAR FLAG
C EXCEPT IF IDISPLAY = 0.
C

IPACKED(MI)=IPACKED(M1I)+IDISPLAY(I)
IF (IDISPLAY(I).EQ.O) GO TO 1805
IF (IFLAG.EQ.1) IPACKED(M1)=IPACKED(MI)-l
IFLAG=O

C
C CHECK FLAG. IF SET NUMBER TO BE STORED IS 8000H.
C CLEAR IPACKED AND SET MSB.
C
1805 IF (IFLAG.EQ.0) GO TO 1810

IPACKED(M1)=O
CALL BSET(IPACKED(M1),15)

C
C INCREMENT L
C
1810 L=L+I
1830 CONTINUE

C
C IF K2=NPACK THEN K2 IS RESET TO ZERO, THE FULL
C ARRAY, ISGRM, IS WRITTEN OUT TO DISK AND J1 IS
C INCREMENTED.
C

IF(K2.LT.NPACK) GO TO 1840
K2=O
CALL WRBLK(3,J2,ISGRM,1,IER)
IF (IER.NE.1) GO TO 1940
J2=J2+1

C
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C SET INDEX II AND 13.
C
1840 Il=K2*(IVER/4)

13:(IVER/4)-l
C
C FILL ARRAY ISGRAM WITH IPACKED USING INDEX 12.
C

DO 1850 L2=0,I3
12=11+L2
ISGRM(I2) =IPACKED(L2)

1850 CONTINUE
C
C INCREMENT K2.
C

K2-K2+1
1860 CONTINUE

CALL FGTIM(IHR,IMIN,ISEC)
WRITE0,1863) IHR,IMIN,ISEC

1863 FORMAT(" DISPLAY STOP TIME = "12,2X,I2,2X,I2)
C
C TILTING AND PACKING ROUTINE FINISHED.
C

IF (K2.EQ.NPACK) GO TO 1870
II=K2*(IVER/4)

C
C FILL LEFTOVER ISGRM WITH ZEROS USING INDEX
C 12. IF K2=NPACK THEN THERE IS NO LEFTOVER ISGRM.
C

DO 1865 L2=I1,255
ISGRM(L2) =0

1865 CONTINUE
1870 CALL WRBLK(3,J2,ISGRM,1,IER)

IF (IER.NE.1) GO TO 1940
C
C SET NTOT AND ISTOP.
C

NTOT=IVER*(IHOZ/4)
ISTOP= ( NTOT/256 ) -1

C

C IF J2 EQUALS ISTOP THEN NO MORE BLOCKS OF DATA
C NEED TO BE STORED IN 'DISPLAY'.
C

IF (J2.EQ.IbdJP) GO TO 1878
C
C IF J2 IS LESS THAN ISTOP THEN BLOCKS OF ZEROS
C NEED TO BE STORED UNTIL THERE ARE ISTOP+1 BLOCKS.
C

J2=J2+1
DO 1875 J=J2,ISTOP

C
C FILL ARRAY WITH ZEROS.
C

DO 1873 I=0,255
ISGRM(I)=0+
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1873 CONTINUE
C
C WRITE BLOCK.
C

CALL WRBLK(3,J,ISGRM,1,IER)
IF (IER.NE.1) GO TO 1940

1875 CONTINUE
C
C READY FOR TRANSFER
C
1878 TYPE "<7>"

TYPE " * READY ***** **
DO 1890 I=O,ISTOP

C
C READ IN BLOCK OF INTEGERS.
C

CALL RDBLK(3,I,IPASS,1,IER)
IF (IER.NE.1) GO.TO 1920
IF (IWOB.EQ.1) GO TO 1882

C
C TRANSFER INTEGER ARRAY ONE AT A TIME VIA PASSDAT
C FOR A BLACK ON WHITE DISPLAY.
C

DO 1880 J=1,256
K = IPASS(J)
CALL PASSDAT(K)
IF(J. EQ. 1 )TYPE"<33><133>A<33><133>2K<7>

+ TRANSFERRING DATA"
1880 CONTINUE

GO TO 1890
C
C TRANSFER INTEGER ARRAY ONE AT A TIME VIA PA.CURS
C FOR A WHITE ON BLACK DISPLAY.
C
1882 DO 1885 J=1,256

K=IPASS(J)
CALL PASCURS(K)
IF (J.EQ.1) TYPE"<33><133>A<33><133>2K<7>

+ TRANSFERRING DATA"
1885 CONTINUE
1890 CONTINUE

C
C 8192 INTEGERS ARE EXPECTED TO BE TRANSFERED.
C TRANSFER ZEROS UNTIL THE PROPER NUMBER HAS BEEN SENT.
C

IF (NTOT.EQ.8192) GO TO 1910
IF (IWOB.EQ.1) GO TO 1902
DO 1900 I=NTOT,8191
K=O
CALL PASSDAT(K)

1900 CONTINUE
GO TO 1910

1902 DO 1905 I=NTOT,8191
K=O
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CALL PASCURS(K)
1905 CONTINUE

C RETURN TO RESHAPE SPECTRUM?
C
1910 ACCEPT "TO RESHAPE THE SPECTRUM ENTER 1<15>",ISS

IF (ISS.EQ.1) GO TO 1710
ACCEPT "CALL PROGRAM EXAMINE.SV? (YES=I) ",IPROG
IF (IPROG.EQ.1) GO TO 1950
GO TO 1960

C
C PRINT ERROR MESSAGE.
C
1920 WRITE(1O,1925) IER
1925 FORMAT(" RDBLK ERROR CODE - ,",13)

GO TO 1960
1930 WRITE(10,1935) IER
1935 FORMAT(" FILE OPENING ERROR CODE - ",13)

GO TO 1960
1940 WRITE(10,1945) IER
1945 FORMAT(,, WRBLK ERROR CODE - ",13)

GO TO 1960
C
C CLOSE ALL FILES.
C
1950 CALL RESET

CALL CHAIN("EXAMINE.SV",IER)
1960 CALL RESET

STOP
END

* 1
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C EXAMINEC

C
C LIST OF VARIABLES
C

C
C
C JR - NUMBER OF INPUT SAMPLES
C JR1 - JR MINUS ONE
C N - NUMBER OF FREQUENCY SAMPLES DESIRED
C Ni - N MINUS ONE
C N21 - N DIVIDED BY TWO, MINUS ONE
C N211 - N21 MINUS ONE
C IHOZ - HORIZONTAL RESOLUTION
C IHOZ] - IHOZ MINUS ONE
C IVER- VERTICAL RESOLUTION
C IVERI - IVER MINUS ONE
C PER - PERCENT OVERLAP DESIRED
C PC - PER TIMES N
C M1 - NUMBER OF SAMPLES OVERLAPPED (PC TRUNCATED)
C M - N MINUS Ml
C R - (JR MINUS Ni PLUS M) DIVIDED BY M
C IR - NUMBER OF TIME SECTIONS (R TRUNCATED)
C IRI - IR MINUS ONE
C OUTPUT - ARRAY CONTAINING THE DATA AFTER THE FFT
C IREPLAY - ARRAY USED FOR OUTPUT AFTER INVERSE DFT
C IREC - RECORD LENGTH FOR 'WINDOW' FILE.
C ISTBLK - STARTING BLOCK FOR INPUT SPEECH
C THRNOISE - NOISE THRESHOLD
C ICURSI - CURSOR POSITION ONE
C ICURS2 - CURSOR POSITION TWO
C IWIDTH - CURSOR WIDTH
C IPOS - CURSOR POSITION ACCEPTED?
C IBLP - BLOWUP OF DISPLAY DESIRED?
C ISKIP - NUMBER OF PIXELS TO BE SKIPPED
C IBLK - NUMBER OF BLOCKS TO BE SKIPPED
C IBLK1 - IBLK PLUS ONE
C IPOINT - NUMBER OF INTEGERS TO BE SKIPPED IN FIRST
C BLOCK READ
C IVEC - NUMBER OF VECTORS PER BLOCK OF DISPLAY
C IREAD - NUMBER OF BLOCKS TO BE READ TO PRODUCE 6/4
C VECTORS
C IREP - REPLAY ORIGINAL SPEECH?
C MSKIP - NUMBER OF INTEGERS TO BE SKIPPED
C MBLK - NUMBER OF BLOCKS TO BE SKIPPED
C MBLK1 - MBLK PLUS ONE
C MPOINT - NUMBER OF INTEGERS TO BE SKIPPED IN FIRST BLOCK
C READ
C MREAD - NUMBER OF BLOCKS TO BE READ
C MTOT - TOTAL NUMBER OF INTEGERS TO BE READ
C MPOINT1 - NUMBER OF INTEGERS TO BE INCLUDED IN LAST BLOCK
C READ
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C IWOB - WHITE ON BLACK DISPLAY DESIRED?
C
C------------------------------------------------------------
C
C DECLARATION STATEMENTS
C
C------------------------------------------------------------
C

DIMENSION INPUT(O:255),OUTPUT(0:1023)
DIMENSION IREPLAY(0:1023)
DIMENSION IDISPLAY(O:255),IBLOWUP(0:255)
COMPLEX OUTPUT

C
C-----------------------------------------------------------
C
C OPEN FILES AND INITIALIZE VARIABLES
C
C----------------------------------------------------------
C

CALL DFILJ( "DSPOUT",IER)
IF ((IER.NE.1).AND.(IER.NE.13)) GO TO 900
CALL DFILW("BLOWUP",IER)
IF ((IER.NE.1).AND.(IER.NE.13)) GO TO 900
CALL OPEN(2,"CONSTANTS",2,IER)
IF (IER.NE.1) GO TO 920
CALL FOPEN(3,"DSPOUT",512)
CALL FOPEN(4,"BLOWUP",512)
CALL OPEN(5 ,"DISPLAY",2,IER,512)
IF (IER.NE.1) GO TO 920
CALL OPEN(7 ,"DSPEECH", , IER,512)
IF (IER.NE.1) GO TO 920
REWIND 2
READ BINARY (2) ISTBLK,THRNOISE,N,N1,N21,N211,IR,
IR1,IREC,IVER,IVER1,IHOZ,IHOZ1,M,IWOB
CALL FOPEN(I,"WINDOW",IREC)

C
C-----------------------------------------------------------
C
C CURSOR DISPLAY ROUTINE
C
C-----------------------------------------------------------
C

ACCEPT "CURSOR WIDTH(SINGLE=1,DOUBLE=2) = ",IWIDTH
C
C INPUT DESIRED CURSOR POSITION
C
100 TYPE "<15>"

WRITE (10,110) IHOZI
110 FORMAT (" AVAILABLE CURSOR CHOICES: 0 TO ",13)

ACCEPT "CURSOR POSITION ONE =" ,ICURS1
ACCEPT "CURSOR POSITION TWO = ",ICURS2

C
C READY FOR TRANSFER
C
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TYPE "<7>","**
C
C TRANSFER VALUES
C

K=ICURSI
CALL PASCURS(K)
K=ICURS2
CALL PASCURS(K)
K=IVER/64
CALL PASCURS(K)
TYPE "<7>","*

C
C RETURN IF CURSOR POSITION UNACCEPTABLE
C

ACCEPT "ACCEPT CURSOR POSITION? (YES:I) ",IPOS
IF (IPOS.NE.1) GO TO 100
IF (ICURS1.LT.ICURS2) GO TO 140
I=ICURS1
ICURSI=ICURS2
ICURS2=I

C
C----------------------------------------------------------
C
C BLOWUP ROUTINE
C
C ---------------------------------------------------------
C
C DUMMY VARIABLES:
C I,I1,I2,J,K,L,L1,L2,L3,MI,M2
C
C THIS ROUTINE PRODUCES A DISPLAY WITH A HORIZONTAL
C RESOLUTION OF 64 FOLLOWING THE FIRST CURSOR.
C
140 TYPE "BLOWUP SECTION OF SPEECH FOLLOWING THE"

ACCEPT " LEFTMOST CURSOR? (YES=1) "*,IBLP
IF (IBLP.NE.1) GO TO 500

C
C INITIALIZE THE VARIABLES

Il=ICURS1+1
IF (IWIDTH.EQ.2)Il=II+2
12=ICURS2-Il
ISKIP=I1*IVER
IBLK=ISKIP/1024
IBLK1=IBLK+l
IPOINT=(ISKIP-(1024*IBLK))/4
IVECz1O24/IVER
IREAD=64/IVEC
LI=IBLK+IREAD
L2=Ll-l
L3=IREAD-1
MI=IPOINT-I

C
C IF IPOINT EQUALS ZERO THAT MEANS THE DISPLAY CAN
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C BE TRANSFERRED DIRECTLY A BLOCK AT A TIME.

IF (IPOINT.EQ.O) GO TO 310
C
C INITIALIZE L AND K
C

L=O
K=O

C
C READ IN BLOCK OF 'DISPLAY'
C

CALL RDBLK(5,IBLK,IDISPLAY,1,IER)
IF (IER.NE.1) GO TO 940

C
C STORE APPROPRIATE VALUES OF IDISPLAY IN IBLOWUP
C

DO 150 I=IPOINT,255
IBLOW IP(L) =IDISPLAY(I)
L=L+l

150 CONTINUE
DO 300 J=IBLK1,L1

C
C READ IN NEXT BLOCK OF 'DISPLAY'
C

CALL RDBLK(5,J,IDISPLAY,1,IER)
IF (IER.NE.1) GO TO 940

C
C FILL THE REST OF THE ARRAY IBLOWUP WITH THE NEW
C IDISPLAY.
C

DO 200 I=0,M1
IBLOWUP(L) =IDISPLAY(I)
L=L+l

200 CONTINUE
C
C WRITE OUT BLOCK OF 'BLOWUP'
C

CALL WRBLK(4,K,IBLOWUP,1,IER)
IF (IER.NE.1) GO TO 960
IF (J.EQ.IREAD1) GO TO 300

C
C CLEAR L AND INCREMENT K
C

L:O
K=K+l

C
C AGAIN STORE APPROPRIATE VALUES OF IDISPLAY IN
C IBLOWUP
C

DO 250 I=IPOINT,255
IBLOWUP(L)=IDISPLAY(I)
L:L+l

250 CONTINUE
300 CONTINUE
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GO TO 360
C
C CLEAR K
C
310 K=O

DO 350 J:IBLK,L2
C
C READ IN BLOCK OF 'DISPLAY'
C

CALL RDBLK(5,J,IDISPLAY,1,IER)
IF (IER.NE.1) GO TO 940

C
C WRITE OUT BLOCK OF 'BLOWUP'
C

CALL WRBLK(4,K,IDISPLAY,1,IER)
IF (IER.NE.1) GO TO 960

C
C INCREMENT K
C

K=K+l
350 CONTINUE

C
C READY FOR TRANSFER
C
360 TYPE "<7>"

TYPE " **********READY*********If
DO 400 I:O,L3

C
C READ IN BLOCK OF 'BLOWUP'
C

CALL RDBLK(4,I,IBLOWUP,1,IER)
IF (IER.NE.1) GO TO 940
IF (IWOB.EQ.1) GO TO 380

C
C TRANSFER BLOCK OF DATA ONE INTEGER AT A TIME
C VIA PASSDAT FOR A BLACK ON WHITE DISPLAY.
C

DO 370 J=0,255
K:IBLOWUP(J)
CALL PASSDAT(K)
IF (J.EQ.1) TYPE "<33><133>A<33><133>2K<7>

TRANSFERRING DATA"
370 CONTINUE

GO TO 400
C
C TRANSFER BLOCK OF DATA ONE INTEGER AT A TIME

C VIA PASCURS FOR A WHITE ON BLACK DISPLAY.
C
380 DO 390 J=0,255

K=IBLOWUP(J)
CALL PASCURS(K)
IF (J.EQ.1) TYPE "<33><133>A<33><133>2K<7>

TRANSFERRING DATA"

390 CONTINUE
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400 CONTINUE
C
C THE CROMENCO EXPECTS 8192 INTEGERS TO BE
C TRANSFERRED. TRANSFER ZEROS UNTIL 8192
C INTEGERS HAVE BEEN PASSED.
C

12=8192-(IREAD*256)
IF (IWOB.EQ.1) GO TO 460
DO 450 I=l,M2
K:O
CALL PASSDAT(K)

450 CONTINUE
GO TO 500

460 DO 480 I=1,M2
K:O
CALL PASCURS(K)

480 CONTINUE
C
C- ---------------------------------------------------------
C
C REPLAY ORIGINAL SPEECH ROUTINE
C
C- ---------------------------------------------------------
C
C DUMMY VARIABLES:
C 1,11 ,12,J,K,M1 ,M2,M3,M4
C
500 ACCEPT "REPLAY ORIGINAL SPEECH? (YES=l) ",IREP

IF (IREP.NE.1) GO TO 600
C
C INITIALIZE VARIABLES.
C

II=ICURS1+1
IF (IWIDTH.EQ.2) 11=11+2
12:ICURS2-11
SKIP=II*M
MBLK=SKIP/256
MBLK1 =MBLK+I
TOT=N+(( 12-1 )*M)
MPOINT=SKIP-MBLK*256
Ml =TOT-(256-MPOINT)
MREAD:Ml/256
MPOINT1=1M1-MREAD*256
K:O
M2=MBLK1 +ISTBLK

C
C READ IN FIRST BLOCK OF ORIGINAL SPEECH.
C

CALL RDBLK(7,M2,INPUT,1,IER)
IF (IEN.NE.1) GO TO 940
IF (MPOIMT.EQ.O) GO TO 525

C
C ZERO OUT SPEECH THAT OCCURS BEFORE THE FIRST
C CURSOR.
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C
DO 520 I=O,MPOINT
INPUT(I):O

520 CONTINUE
C
C WRITE OUT INPUT TO ,DSPOUT'
C
525 CALL WRBLK(3,K,INPUT,1,IER)

IF (IER.NE.1) GO TO 960
C
C INCREMENT K AND SET UP M3 AND M4
C

K=K+l
M3=M2+1
M4=m3+MREAD

C
C READ IN BLOCKS OF SPEECH FROM 'DSPEECH'
C AND PASS THEM UNCHANGED TO 'DSPOUT'.
C

DO 540 I=M3,M4
CALL RDBLK(7,I,INPUT,1,IER)
IF (IER.NE.1) GO TO 940
CALL WRBLK(3,K,INPUT,1,IER)
IF (IER.NE.1) GO TO 960
K=K+I

540 CONTINUE
M5=M4+1

C
C READ IN THE LAST BLOCK OF SPEECH.
C

CALL RDBLK(7,M5,INPUT,1,IER)
IF (IER.NE.1) GO TO 940

C
C ZERO OUT SPEECH THAT OCCURS AFTER THE SECOND
C CURSOR.
C

DO 560 I=MPOINT1,255
INPUT(I)=O

560 CONTINUE
C
C WRITE OUT INPUT TO 'DSPOUT'
C

CALL WRBLK(3,K,INPUT,1,IER)
IF (IER.NE.1) GO TO 960

C
C-----------------------------------------------------------
C
C RECONSTRUCT SPEECH ROUTINE
C
C-----------------------------------------------------------
C
C
600 ACCEPT "RECONSTRUCT SPEECH FROM DFT SECTIONS?

* (YES=I) ",IRCS
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IF (IRCS.NE.1) GO TO 1000
WRITE BINARY (2) ICURS1,ICURS2,IWIDTH
CALL CHAIN ("RECON.SV",IER)
GO TO 1000

900 WRITE(10,910) IER
910 FORMAT(" FILE DELETING ERROR CODE ",13)

GO TO 1000
920 WRITE(10,930) IER
930 FORMAT(" FILE OPENING ERROR CODE ",13)

GO TO 1000
940 WRITE(10,950) IER
950 FORMAT(" RDBLK ERROR CODE - ",13)

GO TO 1000
960 WRITE(10,970) IER
970 FORMAT(" WRBLK ERROR CODE - "1I3)
1000 CALL RESET

STOP
END
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C RECON
C-
C
C LIST OF VARIABLES
C
C- ----------------------------------------------------------
C
C
C JR - NUMBER OF INPUT SAMPLES
C JR1 - JR MINUS ONE
C N - NUMBER OF FREQUENCY SAMPLES DESIRED
C NI - N MINUS ONE
C N21 - N DIVIDED BY TWO, MINUS ONE
C N211 - N21 MINUS ONE
C IHOZ- HORIZONTAL RESOLUTION
C IHOZI - IHOZ MINUS OHE
C IVER- VERTICAL RESOLUTION
C IVERI - IVER MINUS ONE
C PER - PERCENT OVERLAP DESIRED
C PC - PER TIMES N
C Ml - NUMBER OF SAMPLES OVERLAPPED (PC TRUNCATED)
C M - N MINUS Ml
C R - (JR MINUS NI PLUS M) DIVIDED BY M
C IR - NUMBER OF TIME SECTIONS (R TRUNCATED)
C IRI - IR MINUS ONE
C OUTPUT - ARRAY CONTAINING THE DATA AFTER THE FFT
C OUTPUT2 - ARRAY CONTAINING THE DATA AFTER THE DFT
C IREPLAY - ARRAY USED FOR OUTPUT AFTER INVERSE DFT
C IREC - RECORD LENGTH FOR 'WINDOW' FILE.
C ISTBLK - STARTING BLOCK FOR INPUT SPEECH
C THRNOISE - NOISE THRESHOLD
C ICURSI - CURSOR POSITION ONE
C ICURS2 - CURSOR POSITION TWO
C IWIDTH - CURSOR WIDTH
C IWOB - WHITE ON BLACK DISPLAY DESIRED?
C
C- ----------------------------------------------------------
C
C DECLARATION STATEMENTS
C
C- ----------------------------------------------------------
C

DIMENSION OUTPUT(O:1023),IREPLAY(0:1023)
DIMENSION OUTPUT2(0:1023)
COMPLEX OUTPUT,OUTPUT2

C
C- ----------------------------------------------------------
C
C OPEN FILES AND INITIALIZE VARIABLES
C
C- ----------------------------------------------------------
C

CALL DFI( "DSPOUT",IER)
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IF ((IER.NE.1).AND.(IER.NE.13)) GO TO 900
CALL OPEN(2,"CONSTANTS",2,IER)
IF (IER.NE.1) GO TO 920
CALL FOPEN(3,"DSPOUT",512)
REWIND 2
READ BINARY (2) ISTBLK,THRNOISE,N,N1,N21,N211,IR,

* IR1,IREC,IVER,IVER1,IHOZ,IHOZ1,M,IWOB,ICURS1,
* ICURS2,IWIDTH

CALL FOPEN(1,"WINDOW"4,IREC)
C

C
C RECONSTRUCT SPEECH ROUTINE
C
C
C
C DUMMY VARIABLES:
C I,I1 ,I2,I3,J,K,L,MI
C
C INITIALIZE VARIABLES
C

II =ICURSI +1
IF (IWIDTH.EQ.2) II=1I+2
I2=ICURS2-II
MI :N-M
I3=12-2
K=NI
IF ((2*M).LT.N) K=(2*M)-I

C
C REWIND 'WINDOW'
C

REWIND 1
C
C READ IN OUTPUT ARRAYS THAT ARE BEFORE THE FIRST
C CURSOR AND IGNORE THEM
C

DO 630 1=0,1
READ BINARY (1) (OUTPUT(O),L=O,NI)

630 CONTINUE
C
C READ IN FIRST SECTION OF 'WINDOW' AND TRANSFORM

READ BINARY (1) (OUTPUT(O),L=O,N1)
CALL DFT4(OUTPUT(O),N,I)

C
C READ IN SECONID SECTION OF 'WINDOW' AND TRANSFORM
C

READ BINARY (1) (OUTPUT2(O),L=O,NI)
CALL DFT4(OUTPUT2(0),N,1)

C
C IF I LESS THAN M, NORMALIZE THE FIRST SECTIONI
C AND STORE REAL PART IN IREPLAY. OTHERWISE, AVERAGE
C THE TWO SECTIONS TOGETHER, NORNALIZE, AND STORE REAL
C PART IN IREPLAY
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C
DO 650 I=O,K
IF (I.GE.M) OUTPUT(I)=(OUTPUT(I)+OUTPUT2(I-M))/(2*N)
IF (I.LT.M) OUTPUT(I)=(OUTPUT(I))/N
IREPLAY(I)=REAL(OUTPUT(I))

650 CONTINUE
C
C STORE IREPLAY ON DISK.
C

WRITE BINARY (3) (IREPLAY(L),L=O,K)
DO 750 J=1,I3

C
C MAKE SECOND SECTION NEW FIRST SECTION.
C

DO 670 I=O,NI
OUTPUT(I)=OUTPUT2(I)

670 CONTINUE
C
C READ IN SECOND SECTION AND TRANSFORM.
C

READ BINARY (1) (OUTPUT2(L),L=O,NI)
CALL DFT4(OUTPUT2(O),N,I)
IF (K.LT.N1) GO-TO 700

C
C IN THIS CASE THE OVERLAP CHOOSEN WAS LESS
C THAN 50 PERCENT. THEREFORE, IF I IS LESS THAN
C M, NORMALIZE THE FIRST SECTION AND STORE REAL
C PART IN IREPLAY. OTHERWISE, AVERAGE THE TWO
C SECTIONS TOGETHER, NORMALIZE, AND STORE REAL
C PART IN IREPLAY.
C

DO 690 I=Ml,K
IF (I.GE.M) OUTPUT(I)=(OUTPUT(I)+OUTPUT2(I-M))/
(2*N)
IF (I.LT.M) OUTPUT(I):(OUTPUT(I))/NJ
IREPLAY(I)=REAL(OUTPUT(I))

690 CONTINUE
C
C STORE IREPLAY ON DISK.
C

WRITE BINARY (3) (IREPLAY(L),L:MI,K)
GO TO 750

C
C OVERLAP GREATER THAN OR EQUAL TO 50 PERCENT.
C THEREFORE, AVERAGE THE TWO SECTIONS TOGETHER,
C NORMALIZE, AND STORE IN IREPLAY.
C
700 DO 730 I=M,K

OUTPUT(I)=(OUTPUT(I)+OUTPUT2(I-M))/(2*N)
IREPLAY(I)=REAL(OUTPUT(I))

730 CONTINUE
C
C STORE IREPLAY ON DISK.
C
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WRITE BINARY (3) (IREPLAY(L),L=M,K)
C
C RETURN TO READ IN NEW SECTION OF 'WINDOW.'
C
750 CONTINUE
C
C FINAL SECTION OF SPEECH
C

IF (K.LT.Nl) GO TO 800
C
C OVERLAP IS LESS THAN 50 PERCENT. THEREFORE,
C NORMALIZE LAST SECTION OF SPEECH AND STORE REAL
C PART IN IREPLAY.
C

DO 770 I=MI,NI
OUTPUT2(I)=(OUTPUT2(I) )/N
IREPLAY(I)=REAL(OUTPUT2(I))

770 CONTINUE
C
C STORE IREPLAY ON DISK.
C

WRITE BINARY (3) (IREPLAY(L),L=MI,NI)
GO TO 1000

C
C OVERLAP GREATER THAN OR EQUAL TO 50 PERCENT.
C THEREFORE, IF I IS LESS THAN Ml, AVERAGE LAST
C SECTION OF 'WINDOW' WITH NEXT TO LAST SECTION
C OF 'WINDOV' , NORMALIZE, AND STORE REAL PART
C IN IREPLAY.
C
800 DO 830 I=M,NI

IF (I.LT.MI) OUTPUT2(I)=(OUTPUT2(I)+OUTPUT(I+Mi))/
(2*N)
IF (I.GE.Ml) OUTPUT2(I)=(OUTPUT2(I))/N
IREPLAY(I)=REAL(OUTPUT2(I))

830 CONTINUE
C
C STORE IREPLAY ON DISK.
C

WRITE BINARY (3) (IREPLAY(L),L:M,Nl)
GO TO 1000

900 WRITE(10,910) IER
910 FORMAT(" FILE DELETING ERROR CODE -1",13)

GO TO 9000

920 WRITE(10,930) IER
930 FORMAT(" FILE OPENING ERROR CODE f",13)

GO TO 1000
1000 CALL RESET

STOP
END
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C SENDISP
C------------------------------------------------------------
C
C

DIMENSION IPASS(256)
C
C OPEN DISPLAY FILE..
C

CALL OPEN(4,"DISPLAY",2,IER)
IF (IER.EQ.1) GO TO 40

C
C ERROR MESSAGE.
C

TYPE "OPEN FILE ERROR CODE- ",IER
STOP, !!!!!!!!!!ERROR ABORT!!!!!!!!!!

C
C READ IN DISPLAY SIZE.
C
40 ACCEPT "ENTER VERTICAL RESOLUTION - ",IVER

ACCEPT "ENTER HORIZONTAL RESOLUTION - ",IHOZ
C
C READY FOR TRANSFER.
C

TYPE "<7>"
TYPE " *********** READY **************"

C
C NTOT - NUMBER OF INTEGERS TO BE TRANSFERED.
C ISTOP - NUMBER OF BLOCKS TO BE TRANSFERED (MINUS
C ONE).
C

NTOT=IVER*(IHOZ/4)
ISTOP=(NTOT/256)-1
DO 200 I=O,ISTOP

C
C READ IN A BLOCK OF INTEGERS.
C

CALL RDBLK(4,I,IPASS,1,IER)
IF (IER.EQ.1) GO TO 60

C
C ERROR MESSAGE.
C

TYPE "READ FILE ERROR CODE- ",IER
STOP, !!!!l!!!ERROR ABORT!!HI!!!!!!

C
C TRANSFER INTEGER ARRAY ONE AT A TIME VIA PASSDAT.
C
60 DO 100 J=1,256

K = IPASS(J)
CALL PASSDAT(K)
IF (J.EQ.1) TYPE"<33><133>A<33><133>2K<7>

+ TRANSFERRING DATA"
100 CONTINUE
200 CONTINUE
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c
C 8192 INTEGERS ARE EXPECTED TO BE TRANSFERED.
C TRANSFER ZEROS UNTIL THE PROPER NUMBER HAS BEEN SENT.
C

IF (NTOT.EQ.8192) GO TO 400
DO 300 I=NTOT,8191
K=O
CALL PASSDAT(K)

300 CONTINUE
C
C CLOSE ALL FILES.
C
400 CALL RESET

TYPE "<7>"
STOP, * DONE
END
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C SENDWOB
C -
C
C

DIMENSION IPASS(256)
C
C OPEN DISPLAY FILE.
C

CALL OPEN(4,"DISPLAY",2,IER)
IF (IER.EQ.1) GO TO 40

C
C ERROR MESSAGE.
C

TYPE "OPEN" FILE ERROR CODE- ",IER
STOP, !!!!!!!!!!ERROR ABORT!!!!!!!!!!

C
C ENTER DISPLAY SIZE.
C
40 ACCEPT "ENTER VERTICAL RESOLUTION - ",IVER

ACCEPT "ENTER HORIZONTAL RESOLUTION - ",IHOZ
C
C READY FOR TRANSFER.
C

TYPE "<7>"
TYPE " * REAZY *

C
C NTOT - NUMBER OF INTEGERS TO BE TRANSFERED.
C ISTOP - NUMBER OF BLOCKS TO BE TRANSFERED (MINUS
C ONE ).
C

NTOT=IVER*(IHOZ/4)
ISTOP=(NTCT/256)-1
DO 200 I=O,ISTOP

C
C READ IN A BLOCK OF INTEGERS.
C

CALL RDBLK(4,I,IPASS,1,IER)
IF (IER.EQ.1) GO TO 60

C
C ERROR MESSAGE.
C

TYPE "READ FILE ERROR CODE- ",IER
STOP, !!! !!!!!!ERROR ABORT!!!!!!!!!!

C
C TRANSFER INTEGER ARRAY ONE AT A TIME VIA PASCURS.
C
60 DO 100 J=1,256

K = IPASS(J)
CALL PASOURS(K
IF (J.EQ.1) TYPE"<33><133>A<33><133>2K<7>

+ TRANSFERRING DATA"
100 CONTINUE
200 CONTINUE
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C
C 8192 INTEGERS ARE EXPECTED TO BE TRANSFERED.
C TRANSFER ZEROS UNTIL THE PROPER NUMBER HAS BEEN SENT.
C

IF (NTOT.EQ.8192) GO TO 400
DO 300 I=NTOT,8191
K=O
CALL PASCURS(K)

300 CONTINUE
C
C CLOSE ALL FILES.
C
400 CALL RESET

TYPE "<7>"
STOP, * DONE *
END
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PASCURS

.TITL PASCURS

.ENT PASCURS

.EXTD .FARL,.FRET

.NREL

FS.

PASCURS: JSR @.FARL

LDA O,@TMP,3 ;GET WORD
DOAS 0,25 ;SEND IT TO CROMEMCO AND SET

BUSY

TEST: SKPDN 25 ;TEST FOR DONE FLAG
JMP TEST ;IF FALSE, TEST AGAIN

JSR @.FRET ;RETURN TO MAIN ROUTINE

FS.=I ;FRAME SIZE
TMP=-167

.END PASCURS
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PASSDAT

.TITL PASSDAT

.ENT PASSDAT

.EXTD .FARL,.FRET

.NREL

FS.

PASSDAT: JSR @.FARL

LDA 0,@TMP,3 ;GET WORD
COM 0,0 ;COMPLEMENT IT
DOAS 0,25 ;SEND IT TO CROMEMCO AND SET

BUSY

TEST: SKPDN 25 ;TEST FOR DONE FLAG
JMP TEST ;IF FALSE, TEST AGAIN

JSR @.FRET ;RETURN TO MAIN ROUTINE

FS.=I ;FRAME SIZE
TMP=-167

.END PASSDAT
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I 73 fl>I3  '

"" ,, 2"' 1 GL 0 4, 2

C ::: .... : > TIL ', S (Y LS =I) IS S T

15- IS]T.-T=I7P(,O '7)
C", 1 (7.= 1 5 T.'T. , . .:,A,

!F (cu-cx.:>.1) GO TO 150

c IT'P IT :IC: TyT

j Z= I ( OI:I

ST1 2 72K OAI>2>1>2C

':1 ... .. ' ( u , )

LO I T LI '2'T I 0.' C1 1 D J

L ?~.. LZCAIJ
9c

SL 0 L C IP <VA

C ~ ~ ~ 1,t . L O' T Y'i S. T ,,I: 0 ~l [J~b:

CCS I, St7L( YTS'DOE ,O:)

,S U: A1A S LO ' Y" E F S

V>5 U2>%2L LO 377,: -T >Y 71E T,

C
CURSc=P: (260I)
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-
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C
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.
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C
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C W 153=GCC TO 210

IF C (7 c:C.:: C G 0O To 2Z10

C :S: 0C 1 3

C S ET I";1TLGS E!.:,-UAI. TO Sf 1:2 VAL i::ISu

I I = C UR-S 1

c cu _- I IIITr - c FCR ADDi TI~i V.RU C ;I :

*-VC 1TO 1. :1:. < TO
VA LO

z P-, I1=C U2 1

Z* I] a 0' RC S S 0

I r~ (C' C,: . ) r"9cO To 230

17 C IC- 'f EUAl, 2 l CUS0KS AO A :
DI L,',72 71 1ROPL DIG S ,LAY RUG? JR ?ST -0

F C L S 3 PuSITTO): S' CA" ,i; 7IG1 1; L

23 11' ( CR;). 2 0 TO C

C 2 -T'O? CURS OR1 P0 I TIO:;S (II 1 I2) 1-'I LG

I 1IS iP;7GSIRiTE2 TO TlIE' STQE;AG-: i.9CA,- 10:'-'
ISlAY OvRIITTE: 3Y I':' CUR:SOR S-

C J'2 1" T,:U ror:':I i Tl .R TRTR uCIO
9 U Z'CRj. 77!- CU"SOR (IT TAL:ES IV! /2121LOAIR

CT", STOEl IV> Pil-
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. U - U Y

J2=4096+II IVEP/ 2

O .,1TE A DLACE LINE T'10 ,iORIZ. UTI IS ''IDE

2-30'5 DC 300 1=1 ,VER
C

G T :.:uorPY 71.o: LOCATIO:: J2 A iD STO"" I:,
C LOCATIO J1
C

:.El=PE(E J2)
CALL POKE(J1 ,I::)

C STOLE 'SLACK' IN LOCATION J2 AIUD 122(22.':ELF

31 1 32I+
C J)' 1 U2
CALL 2C7f2(22,ELACI2)

J1=31+1
J2=32+1

3,t COUTlI UZ

... E , E A20V E P OC .U ... C E. . PT .'I TL I" TZI

C

DO 2350 1=1 ,IVE

r, =PEEl'( J 2)

CALL PO (J1 ,I m)
CA, L POE J2 ,U.ITE)
J1=1+1
J2=32+1

2 "I I iUt

C 12 (2M:: .... 7 ICOURT A:: IF ICOULT E rS
2 , ',h CURSORS ,AVE BEE,' TI TTEN SO :u,.p

C TO TXE :-D OF T":, PlROC ;. .  TO DISPLAY T ....

1 COUU[T=ICO JN;T+ 1

IF (ICOU'T.EC(-1.2) GO TO 5J0

C SET UF J & J2 FOR. USE t:; I ITI T f

S C22 r ' -,  CU .S

J 1=21000 +IVurT!
3 2=40 96+1 2"cIV: r. I2
CC TO 250

C

C T21 CURSO,S AVEV AL, EADY BEE D1?LA'S D

C II I EQUA.S ICU S1 TIE E.Ev FSI::D L,'CATI I
T "Of, "vo T 1: F 1 C U i S 1 T1:E SAME AS cr1'c:

C L :CATIOi OF Te CU2.SO &
C

400 IF (I1.EC.ICURSl) GO TO 700
C
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C JI IS TlB PC .U% TO TlHU' STOAGEiCAT' I);S
C FOR- . OR'01:. T RAT IS OVEXITE T71';
C CUR'SOR

S1=2 10 00

C j2 1S T::2 POINTER TO TilE STARTIN!G POIN-T
C I., NERURY FOR TU L! NU CURSOR
C'

32=40 96+11 *IVER/ 2
C
C 33 IS TUBE PC INTER" TO T,.- STARTING POIN,.T

C I'!NU........FOR THUE OLf CURSOR

J3=4096+IcUR'SW*IvEn/2

c S TOR T:t ::N C URSOR POCS IIlON I: I C UZI

I Cs ,' S 1C 11

I C CUSI

C RETORE1 TU 1 'EORPTY O.E RVRI T TE'I: B Y T: OLD

45 DO 500 1=1 ,IVEIRTU.

$C GE-T '"RYF:101 LC C IA TIO 1 AN,.D STOLE IT IN:
c LOCATION J3

CALL 20OUE( J3 U

jICRNN 31 AN 33+

C

31=31+1C

C :::OR S :o:' RUSTRED. J2SE PG. ITER' T

C.

31~1 =310



C ST077Z '-,I.ACK ' IN LOCATIO.7 32 L)' I TCr2.;

C JI i2

CAL 'L PC:,::(J2, LACII)
31T =31+1

32=32+1

C R ZP L AT AEOVE PraOCEDURZ TO !'PITE A UNlITE
C LI1N:E

DO 600 1=1 ,IVsLr,
:! LT,=PE Fz n( 3 2 )
CALL POLE(J 31,")
CALL PO.E*E(J2,'JHlITE)

31=31+1

C IF ICOUI:T ECUALS 2 DO--! CUIISOrS ARE lEADY
C TO LE DISPLAYED
C

I r ( I CoT,:T."o.2) GO TO 900

C IF 12 EQUALS ICUPS2 THLE :EW 1""SIPED LOCATIO:
C FO0L-1 TUlE SECOND CURSOR. IS ThE SAMIE AS TUiE CU"LTN
C LOCIATIOV OF THE CUaSOr. SZT ICC ULT Ai'D JUP '10
C DISPLAY CURSOPS

7 0 TIF (12.:,-..ICU~lS2) GO TO 750

Co TO H00

c SZT POIlNTERS 31 J32 u' j33 FORl TlE SECC'D

750 J1=2'1OOO+IVErTU,

J3=4096+ICURS2*IVER/ 2

c STO21" NEW' CUrSOr. POSITION IT. ICURS2 AN"D
C SET ICOUL!T

ICLU'S2-I2
ICUU!T=2
0O TO 450

C

cl CALL CUT(POnT,O1.)
PAU% S E

C
C TUINE VIDEO OFF
C
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CALL OUT(PORT,OFF)

C
C r.'-TUr. TO GET IEW,, CURSO2, POSITIOi,*
C

GO TO 140
z:; D
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?rOGRAM', ONE
LJ I , :1 E- ~0 VI 1 10 VLCE' :0 V S T , SE:T D ~

IST T ON PC, T , "AS , C1:EC 1,,0PrFC URS 1
CUS 2 ,VER ,LA C:: , UEI1TE :.AS 1,2 ,M S3

c M!.V:i 1 6 UOVLO AR1E IR1PUT POLTS FORt T!:-:'i:
C Z, 1,01 BYTES PRIO: TILL NOVA

IOVLO0=X'AO'

c .OVST AIID SETDOV ARE STATUS PORTS TO COMTaOL
C T7!-' TRA:-ISFEP. OF DATA.

S ETDOII=X '30

C rnT IS TlE POR':T FO" Ti,-; VIDEO SYSTEM,. OHL
C I S T11'" C 0: 1MD T0 T UP,' T'-' ','I E D'.A 0 . L I E I'S
C OFF TULEIS TUE' M-I7-O -DIA OMT

OFF=;: '04'
C
C ELAC1, L IITE ARE BYTES USED TO T-,4 LE
C CUR 'SonS

,4!ITE=X ' F'

c "..'IS USED TO C!:ETCK TE'E L ZIST i:tr:'" I.
c ::AS!'2 IS USED TO CHECK TH,:! 1-:OST SIGE,!IiCART :;T.
C IIASK73 IS USED TO M'ASK OFF TM>' MO(ST
C SIG;.IIFIGAII7 BIT.

"A S:2=K.' 3
:A S:3=X 7 F

C
C TURf!' VIDE'O Cil
c

C.LLI OUT ( P CRT,M
P A us

C
C TU I VIDEO OFF
C

CA'LL OUT(PORT1,OFF)
c
C IH1ITIALIZE IOM
c

Ic 0U:: Va
C
C STORE Id1PUT DATA I N ::ZM,'ORY LUjCATIOE*S
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C 20j60C,0 - 2 0 6C5

140 DO Z00 1-20000 ,20604 ,2

C C,:: 11, ~0V G3T U: T IL UVS Y (LS F= I I S S T
C

15 0 1 STA T -IN P( f:0VS T

I F ( CEC1' INIE . 1) GO0 TO 15 0
C
C IN1PUT HIOL1 BYTE

C
C ~STO"r: 71IGiI B-YTE 1I: LOCATIOX : C XD2

CALL PC',!:( I ,::
J=I+1

c
C I~lr'JT LW: ZYVE'
C

C
c STORL LOU! BYTE III LOCATIOX SP7BCIFI!:D BY J
C

CALL POKE(J,!E',l)
C
C SET DONE FLAG Ill 11VA

C,.LL OUT( SrTDO:! 01r

C

C CUD:S2 EQUALS LC" LYTE OF S"-CO:!D !.OP.DTRy
c

CURS 2PEEK( 206C3)
C
C VEn EQUALS LOIU BYTE OF Th,-IrD 11ORD TR.ASfEl,!D,

VZRPEEl( 20605)

C IVZh' IS T:.E PZ' C .RSOLUTIO,; I:. III::X"LF

c I V T.l - V E: 6 4

c IVP:2 - NALF OF IVEr.
(I

I VER'2-I VER/I2
C
C C"ECY I[OST SIGI:IFIGAi!T BIT OF CUr.Sl
C
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CI:ECI:=:,ASY.2 .A-:D. curs I

C IF !!Sr = 0 GO TO 210
C

IF c:c.co GO TO 210

C OFF "S3

C U7S 1 -C UPSI. All D.AS K3

C SET INTEGER. EQUAL TO ZYTE VALUE ':I,-.US :;ED

II =CUpSI
C
c OV CE IN' 11TEGER FOR," ADD Ti": VALUE OF TI:::': ~S

GO TO 220

C ",:SS=o , ThELREFORZ OK TO SET ITEE.EC'UAL T,)
C BYTE VALUE DIRECTLY
C

210, I1I=CU.S1I

C T: 2',.AT A BO0VEv P ROC ES S FO0P~ C UES 2

220 C 1 ZC !=I!AS K2 . APD. C U"S 2
1F ( C:K, .1,.'Z(.O) G 0 7T0 23 0
CU'S 2 -C U,'S2 .'A7D.-AS K3
12 =C URS 2
12=I2+123
GO TO 240

230 12 =C UaS 2

C I F I COU17.T EQUALS 2 CURSOflS APE AL7.LADY
C DISPLAYED. THEREFORE DLISPLAY 'iUST 3' RESTO~R"I
C 1EYORE IEU cISOr. PuS ITIOl.S CA'. 2 DIS03 LAYD.

2 40C If (IC;OULTY.!C.2) GO TO 400
C
C c-TO0REI C URSOD PCOsI11iNS (I 11 12 ) I *; I C uS I
c D ICUaS 2
C

ICUas1=Il
ICLT"S2-I2

C J1 IS T~i; POTAITEP TO TILEI STOR7AGE LOC,%TIO::S
C 770. TIE DISPLAY OVERIRITTEN LY '1" 1 CLURS0fS

C
31=21000

C J2 IS THE POIJTER TO ThE STARTI"NG LOCATIO.N
C FO4- Thl- CURSOR (IT TAFES IVERn2 U'O!EY LCCATIONS7
C TO STORE IVEP. PIXELS)
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C
.12=4096+Il *IV:rl2

C
C !1UITE A BLAC," LINE 0O1E Horiz. "IDTIIS VIDE

250 DO 300 I=I,VER2

C CDT ',E Or Y Fnfll' LOCATION' J2 A,: STOIr-E I::
C LOCATl(Jr Jl
C

.. ::'=PrEERK( J 2
CALL POKE(Jl 11iE")

C STORE 'BLACK' IN LCCATIO0, J12 A:71 I'lC-1MIENT
C TI 1 J 2
C

C 2.LL* PC KIE(J2,DLAC~:
J1 = T1 +1
J2= T'+1

3 00' C 0: lTI :iU E
C
C nZPEAT ABOVE Pa.0CZDUrZ ZACEPT WPJTE: A '<UTTE
C L 1: 1

4 C
DO 350 1,VR

L:P E E ( J 2)

CALL POKE(Jl 2 :!lI :

J2=J1+1

C
C INICZETET ICOU::T A:'D IF ICOUNT ZOUALS
C 2, BOT'll CULSOES IliAVE BEI-1 1UR1ITTE;N SO .1!!

CTO Tfll Zll.D OF ThE PRCAU TO DISPLAY TlIID"
C

ICOUXIT=ICOU':T+1
IF (ICOUNT. D . 2) GO TO ISO0

C SET UP Djjlj;&;j;2:FOR USE; IN UT17IiG Ti

C TN cUsors liVE ALrEADY BEED DIS?LA~Y'.D

C
C Il- Il Ec-- UALS ICUYRSI3 Till -,El. DESIRED LOCATI0i:
C FOP. THE FIRST CURSOR IS N SAINE AS CUERIZ:--.T
C LOCATION OF ThE CURISOR
C

400 IF (I1.EQ.ICURS1) GO TO 700
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C Ji IS T11L POINTER TO TEE STORAGE LOCATIONS
C F0. TNN-" "1,N0,'Y THP.AT IS OVEPR :RITTEN LY T1.1

C U, , S0 F

JI1 =210CC'0

C J2 IS T111E. POI11TER TO ThEL STARTIG POI,!T
C I'll I'LE>OinY FOP. THE .E!. CUKSOF.

..2=4C 96+11 *IVER2
C
C J3 IS TUE POINITER TO TlE- STARTING POINT
C I.N :iEN'OPY FOE THE OLD CUErSOP

J3=4096+ICURSl *IVE t '2
C
C STOPI T!'N:' CUrcsor POSITIO:7 1:; ICUIS 1
C AN"D SET I.COUNT'
C

IC01S 1=11

C
C 2lESTO,'E Tl..':E-0ORY OVZPR'V'ITTE*N ET TEEi oLri
C C U: - r

450 DO 500 I1,IVE7E

C GET il:E.OnY FrOl.: LOCATION: Ji AND TOrE' IT 1::9C LOC,'TIOI* J3

CALL PO:lE( J3 ,r:

C IJlhETIi AND J3

j I -j1 + 1
J3=j3 +1

5G 0 CONT IN!U E
C
c IS~'r~ is 'o' a:ESTOR"ED. RSZT POIIN.TE2-

C
JI= 21000.
IF (ICoUIIT.Zo.2) J1-jl+IVEr,

C ~ ' :A ZLACN: LI:.E 0NE N10-,IZ. 7IP'PNS 7P
C

DO 550 I-1,IVER2
C
c CZT NE!I!OP.Y rPO!l LCCiATIO*E J2) A,!D S.TO': IT IN
C LOCATIONl JI

r PrEl,(J2)
j ~CALL PCK'E(J1 hIE:
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C STu1 L ''LA\C' 1'. LCCAT I OI J2 A.'D I:: C a],!EVr,
C j1 2
C

C2LL P ( J 2L AC)
31 -J1 +1
J2=J2+1

5.. CO!"TI ITUT*

C aEPEA T ABOVE PROCEDUE TO WUITE A 1VITE
C L :NE
C

DO 600 1=1 ,IVEIh2

CALL PGK-l(J1,l~i
CALL PO K( J 2 !!'!IT L)

J2='j2+1

C IF ICOU'T LQUALS Z 3DO ii CUr'So% U2A.
CTO ' E DIZPL'AYZ'2

IF (ICOUI;T.E.C.2) GO TO 000
r

C IF 12 EQUALS ICURS2 TI:E :iI:LSI2DLCATIUU'
C F0:1 T17 SECOU'D CUFrSOP. IS THE SAU1F A S TL C ~ET

CLCCATIO:: OF TWE CUaSOn. SET ICOU'lT 1:7) Ju":P TO
C DISPLAY C U'So 0

7 00 1IF (12.T!-.ICURs;2) GO TO 750
IC OUY:T -2
GO TO 860

c S171 ?OI'T~rS 31 ,J2 & j3 FOR. Tm"; S"CODD
C cU:s0r.
C
75C J71221000+IVEf

J 2 -4 0 9 6 +12 *I V E2
J3 340 9 6IC U R 52 *1IV --a2

C S Tfl 0 1Z', V C U .S 12Cb OI T I O'1: 1 IC ' P E2 A
C SET ICOU:!T

IC U. S2 -12
ICOUI T-2
CC, TO 450

C TUL"'A VIDEO 0:
C

ZO C.ALL OUT( rCP.T,O1'
r A U SE

c
C TU. VIrEO OFF
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C.I.L OUT(rOPRT,OFF)
PA UJs E

C irETU"i: TO GET IEI,. CUP.SOF. POSITIOI;

GO TO 140
El D
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