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Your COMPUTER EAR system includes the following:

' e Audlo amplifier with optically isolated analog data output.
/7 ® Power cord with DC plug and battery clip.

V”Wf > e Computer input cable with RS-232 9-pin female connector.

® User manual.
nwuf’ ® Progranm cassette: Side 1l: Digital Oscilloscope ‘
Flash Math
~—Bide—et Bpeech 1.8 6Z4ﬂ on O
Speech 4.2 9mu4.

The Digital Oscllloscope dlsplays speech waveforms graphically
on the screen. Flash Math 1s an example of a simple two-word
speech recognitlon program using average amplitudes. Speech
1.8 1s the basic speech recognition program with 1800 bytes of
avallable RAM. Bpeech 4.2 1s an. advanced speech recognition
program whilch "borrows" an additlonal 2400 bytes from the
screen menory for an overall memory size of 4200 bytes!

INTRODUCTION

Anderson Research and Design was formed in 1972 by C. J. Anderson,
a Minneapolis-based communications security consultant,to design
and build custom communlcations security systems. We've been
worklng wlth audio systems a long time, and when we became

hooked on mlcrocomputers in 1978 it was with the intent that
.eventually we would want to talk to them. The COMPUTER EAR is

the result of ouwr efforts to date.

Bpeech recognition by machine is not a well-developed field. It
has not totally disentangled itself from the science-fiction
world of Artificial Intelligence. After all, computers cannot
"think," so how can they "talk" or "hear?" Do they merely mimic
these human attributes, or is the rapid switching of electric
current that allows them this pretense the same thing that is
taking place in the human brain? Evidence suggests it may be.

There are no "turn-key" speech recognition systems on the market.
The COMPUTER EAR 1s not an exact peripheral, like a printer, the
results of which are exact and well-defined. It is highly
experimental, We have achieved accuracy of upwards of 80% with
the COMPUTER EAR, but only after patient practice and a solid
understanding of the concept. We cannot possibly convey all that
We have learned in thls manual; we can only give you the basics
and leave the rest to your own talent and imagination. We will
be more than happy to answer any questions, give you further
detalls, help you with any applicatlons or correct any problems
imnedlately. In addition, we will be sending out periodic
updates as our system, and the fleld of speech recognition,
becomes more sophlsticated. To get on our mailing list, just
send your name, address, date of purchase and make of your
computer to:

Anderson Research and Design
1611 Lacota Lane

Burnsville, Minnesota 55337
Phone: (612) 894-2633



POWER SUPPLY

The COMPUTER EAR requlres from 5 to 9 volts DC at a nominal
10 millliamperes. It wlill operate off of a standard 9 volt
transistor radio battery or a 6 to 7«5 volt AC to DC adaptor.
It may also be tied into a standard 5 volt regulated computer
power supply buss using the DC power plug. Center pin is
positive, sleeve negative, There is no "on-off'" switch; the
COMPUTER EAR is "on" as soon as power is applied. Be sure to
disconnect power when the- unit 18 not 1n use or is belng
transported.

LEVEL INDICATOR and SENSITIVITY CONTROL

With power connected, speak at a normal conversational volce

level at arm's length from the bullt~in microphone. Slowly

advance the VOL knob from "O" to "6", turning clockwise. The

level indicator will begin to flicker at a settlng of about

"2" and increase in steadiness -and intensity until the maximum

of "6" is reached, (No -indicator at all or a higher minimum.

setting is an indication of a weak battery or bad power connection,)

When you reach a maximum setting of "6", stop speaking and watch- -~
the indicator. If it continues to fllcker, it ls responding to
ambient background noise of which you may be unaware. You have:
conditlioned yourself to lgnore everyday sounds once you have
established thelr unimportance, but the COMPUTER EAR system will
want to analyze everything it hears. You can filter out obvious
sounds by decreasing the VOL knob setting untll the indlcator is
dark vwhen you are not speaking, If this adjJusted setting 1ls less
‘than "4", you might consider finding a quieter location for your
system., You will also be able to eliminate these false triggers
by use of the threshold varlable we will discuss shortly, but
you will have a head start on achieving maximum results 1f your
environment 1s relatively quiet. ‘

GONNECTION TO THE COMPUTER

Plug the nine~-pin RS-232 plug into the number 4 port on the rear
of yowr Bally Computer console. On most unlts this is the only
connection necessary, Put—some—ocarly-medels—have—a—1/ 8l Jack—
~to—tho—pight—of—the—povwer—taeklo-which the other end of the- -
Set the COMPUTER EAR on the front of your console to the left

of the keypad (ideal) or on the desktop near the console. The
COMPUTER EAR 1s designed to match the Bally cabinet. L

AUDIO WAVEFORMS

‘A sound vave 18 a wall of compressed alr moving a little faster
than 1000 feet per second and decreasing in intensity with the
square of its distance from the source. Behind the compression

wave 18 & partlal wvacuum travelling with 1t, called the rarefaction
prortion of the wave., The COMPUTER EAR disregards the rarefaction
half of the wave, and measures the volume of the compression wave.
We call this an amplitude-modulated half wave system. The word-
"hello" looks 1ike this to the- COM:PUTER EAR'
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This 18 a simplified graph. Actually, the COMPUTER EAR samples
the waveform about 50 times per second, producing a lot more
"wavecaps" than you see above. The more samples, the more
distinet an individual word becomes. Each consonant and vowel
sound has a8 distinctive pattern. o

HUYUCBHPWE>

If we now asslign a time constant to the horizontal line (x axis)

and a numeric scale to the amplitude or vertical line (Y‘axis)

we can read off a numeric value for each point 1n time. We'll

use w02 second for our time increment since that 8 how Tast the
system cycles, and for our amplitude scale we'll use from g to

thie highest number the computer can store in one byte of memory:
255, But the Bally's analog input variable, KN, will shift this

scale downward to -128 to 127. That's okay as long as you remember
that the negatlve numbers do not represent the rarefaction half-wave.
-128 is actually the g reference 1ins. o

Our word "hello" now looks like'this:'

127
101 s

»ne
-26 - <

-3% R ‘\\\§>
-102 - AN
~128

0 «02 004 006 ’008 ’.10 ‘e l2 '.14 016 018

Each time the program samples the waveform, at .02 second intervals,
it takes the a Plitude value at that point and stores 1t in memory.
Our simplified ‘"hello" ‘exanmple ends up as &’ "string" of numbers:

(127)(115)(83)(37)(-24)(-45)(513)(~12)(~62)(~l28)

In real time, the word "hello" will occupy from 25 to 30 string
positions, If we tell the computer that that string represents
the word '"hello", it can compare that word against the next word
it hears on a point-by-point basis and tell us whether the

strings are a close enough match to assume that the second word
is also "hello."
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Since you will want a vocabulary of more than one word, the
COMPUTER EAR = . - B¥PFECH - program compares the test word
against all words in 1ts vocabulary simultaneously and assigns
each word a "score" based on how-closely 1t matches the incoming
word. If no word recelves a passing score, the program s8lmply
falls through and asks you to repeat..esort of the computer's
way of saylng "Huh?" You may have spoken a word that is not in
its vocabulary, or were not clear in your pronunciation. When -
the computer finde a word with a passing score, or the highest-
scoring word of -several passing scores, it hranches to whatever:
Job you want it to execute for that command. You may simply want -
it to print the word on the screen, or you may want it to "Turn
on the lights" or "Walk the dog." If you've got a dog-walking
peripheral, out goes Rover for a stroll arocund the block.

Word recognition is not an exact science, even in humans. Experienced
Programmers always insert a fall-safe subroutine that causes

the ‘computer to first tell you what 1t thinks you saild before

it executes it. A simple "yes" or "no" will then send the

program off to execute the command or .back to square one for

another try. Without such a subroutine, Rover could-be walking .

a long time before you ever get the ‘computer to turn the lights oness

Now you understand the concept, and it's time to look at some = = -
variables Including the biggest variable of all: human speech.

THE DIGITAL OSCILLOSCOFE

An oscilloscope displays ‘waveforms graphically. The Digltal
Oscilloscope program on Side 1 of the COMPUTER EAR cassette
allows you to freeze words on the screen and to compare waveforms
against one another ‘as an ald to vocabulary selection. e

It 1s important to avold including simllar words in the computer's
vocabulary. We are not ashamed to admit that it cannot distinguish
between "to","too" and "two", or '"where", 'wear" and "ware"., -
Nelther can you except in the context of a sentence. But how -« += -
about "stop" and "step", or "light" and "right"? The differences
are slight, and you will need to examine those words visually
before you can decide whether to include them in the computer's
vocabulary. R T

Load and RUN the Digital Oscilloscope program. A listing is
included at the end of this manual. The screen will begin by
asking for variables., - ‘

1. THRESHOLD.-The screen asks for the threshold variable, a
number between -127 and 127. (Note: that is not a typographical
error; the threshold varlable freezes the program at any :
amplitude less than itself., Since there are no values less than
-128, - the lowest threshold you can set is ~127.) ' ‘

8ince the COMPUTER EAR system is voice-actuated (it does not use

a "push-to-talk" button like other units on the market...we wanted
total "hands-off" control) you set the triggering amplitude by
entering a value between -~127 and 127, then pressing GO. -127

is maximum sensitivity: any sound will trigger the program. 127

ls least sensitlve. You will also use this variable, as you gain
experience, to "clip" waveforms. Aberrations such as sibilance
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(an "s" or hissing sound) and "pop" (such as the sudden peak
amplitude caused by pronouncing words beginning with the

letter "p") can be reduced at the beginning of words by railsing
the threshold varlable. For starters, enter -127.

2, BCAN, The screen asks for the scan varlable. Since we know
that the computer scans about 50 points per second 1t is obvious
that the scan varlable 1is time-related. There is no sense in
having the computer burn up its limlted memory by scanning
beyond the end of the longest word you intend to pronounce.
Bet the scan varlable to that value and press GO, Here are some
relative scans: :

25 equals .5 second: the word "hello"

50 equals 1 second: the word "rhinocerous"

150 equals 3 seconds: the word "antidisestablishmentarianism"

The Digltal Osclilloscope can only graph 160 polnts, since that

is the width of the Bally screen. In the Speech programs, you
may enter words or sentences untlil you run out of memory., Each
scan point requires 2 bytes of free memory. In Speech 1.8 the
operating system (the COMPUTER EAR) uses 556 bytes out of 1800
avallable. That leaves you 1244 bytes freeboard. Now you need
room for your executlve subroutines, such as PRINT statements

or LIST statements (Speech 1.8 uses the latter) or complicated
instructions for walking the dog or turning on the lights. These
must be subtracted from the 1244 bytes remaining. Each word

or sentence requires another 2 bytes for "scoring overhead."
Finally, the test word requires the same number of scan polnts

as the rest of the vocabulary, so it must be subtracted. Whatever
free memory is left is then divided by 2 (2 bytes per point,
remember?) and the result 1s the number of scan points availlable.
Speech 1.8 allows you about a.ten one-second-word vocabulary if
all you want 1s a printout of the word on the screen. S8pesch 4.2
is an exotlc experimental program that gives you a lot more,

but we will discuss that later. ' N

Now you know the maximum number of points you may scan. How

about a minimum? We have found that anything less than 20 polnts

~ per word, even one-syllable words, is rock bottom. Discriminatlion
accuracy drops sharply below 20 scan points. As you work with

the Digital Oscilloscope you will notlce that, due to the
threshold clipping effect, the first syllable of a word tends

to beﬁin at maximum amplitude. You do not really get into the
"meat" of a word until you are 10 to 15 points alonge. At a

scan value of only 20, the computer is going to be "guessing"
more than analyzing. o

How deep must we scan? Only untll the waveforms become distinct
from each other., Two syllables will be enough to separate
"phinocerous" from "rhinitis" or "Rhine wine." Don't scan any
deeper than you have to. -

For a beginning value, enter 50 for "SCAN?:" and press GO.
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Back to the Diglital Oscilloscope. You've just entered a scan
value of 50. The screen now asks for:

3+ TRACE (S,M). Do you want a single (8) trace, so that each
word is dlsplayed individually, or do you want a multiple (M)
trace in which each word is compared to the previous words?
Enter 8 or M. You need not press GO. Try 8 for starters. Later,
you will find M useful for selecting a full vocabulary, or for
comparling word waveforms agalnst each other or the same word
against 1tself using dlfferent inflections, pronunciations or
even speakers.

4. AVERAGE AMPLITUDE (Y,N). The screen asks whether you want the
average amplitude feature (Yes or No.) Enter N for starters, but
later you will use this feature to vrite “"quickie" two-word
brograms such as true-false tests for educatlonal use. True is
easlly distingulshed from False, and Yes from No, just by
comparing their average amplltudes. There is no need for a point
by point comparison, so you will save time and memory when your
vocabulary consists of only two distinct words.

The average anplitude 1s dlsplayed as a horizontal line across
the trace and a decimallvalue on the screen. ‘

All the varlables for the Digital Oscilloscope are now entered,
and the screen wlll clear. The COMPUTER EAR begins listening
for a word. Try the obvious: "Computer". The resulting graph
will allow you to adjust one more variable: the VOL setting of
the Sensitivity Control.

Assumlng you use the midwestern, Walter Kronkite pronunciation
"kxum-pyoo-ter", your trace should look like this:

But suppose it looks llke one of these two tracés:

A"

Figure 1. 1\y Figure 2,

In Figure 1 the VOL is set too high. You are "pinning" the
amplitude at full sensitivity. Decrease the setting and try
agaln untll your trace resembles the upper example. Do not
alter your voice! Always speak in a clear conversational tone, -

In'Figure 2 the QOL ls set too low, Increase the setting and
try again untll you get that distinct, well-centered waveforme.

What does the waveform represent? Notice the hard "K" sound,
followed by a vowel warble on the "uh" sound. Amplitude decays
until the hard "p" sends it back to maximum. "OO" is the
accented vowel...notlce the sustained amplitude. Another
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intersyllable decay, then a hard "t" peask and a gradual decay
on the "er" ending. There it is, a plcture of the word "Computer".
No other word looks quite like it.

Okaysses80lo! You're on your own. Go crazy. Try every word you
know, Play with the varilables...use them all. See what they do.
Try the different features. Use the Multiple trace to conmpare
words agalnst each other. Measure thelr average amplitudes,

Talk loud. Whisper. Hold your nose. Watch the waveforms change
as you walk around the rooms But always try to understand what
the waveform 1s i1llustrating. Pick out the individual syllables,
the hard and soft consonants, the long and short vowels, the
accents., ) '

Come back in a couple of hours with your new insight into the
world of human speech and we'll get into Word Recosnition and
some more varlables, ' ' ‘ '

L= — S —— =iy




AVERAGE AMPLITUDE

You've observed from your work with the Average Amplltude
feature that each word, pronounced the same way each {tlme,

has a distinctive average amplitude. One word may tend to
average betvween -25 and 40 each time, whlle another may
average between 90 and 110. You've also noted that average
amplitude is related to scan; change the scan and you change
the average amplitude. But providing the scan remalns constant,
a8 1t does in a Speech program, the average ampllitude can be
used to distingulsh between itwo vastly different words. Is
average amplitude a good basis, then, for Bpeech Recognition?
Not a chancel It can be used to distinguish between two vastly
different words..speriode. Add a third word and you're in trouble.
Fortunately, "yes'" and "no" or "true" and "false" happen to be"
two pailrs of vastly different words. If you're a parent or a
teacher, or want a fast executlve program, these words are of
great value and -worth including in a program.- ' o

Let's work-with "yea" and "no." NO has a higher average amplitude
than YES. Why? A hard consonant followed by a long vowel drlves
the amplitude higher than a soft vowel followed by a slbilant
consonant every time. In our tests, "yes" usually resulted in

a negative average amplitude, while "no" usually resulted in a
positive value. (We say "usually" whenever we make solemm ‘
pronouncements about speech recognition programnming. )

What good are they?

1. You can use them to wrlite true-false tests,
2. You can use them in that "fail-safe" system we dlscussed
earlier on page 4. v - —-
3. They require no resident vocabulary, therefore you can
free most of your available memory for test questlons, executive
routines etce. ' - '
4, They are one-syllable -words that need only a 20 point scan.

Load and RUN the second program on 8ide 1 of the COMPUTER EAR
cassette: Flash Math. A listing is included at the end of thils
manual. ’ S . . . .

The operating program ls short and simple. It scans 20 polnts,
adds them together, divides by 20 and decldes whether the

ahswer is above or below a certailn value. (Feel free to change
that value.) e S ‘

The Flash Math program is an example of a true-false test. The
screen asks whether a multiplication problem .is correct. You
speaXk -the answer '"yes" or "no." The screen then tells you
whether you are correctl.

How reliable is an average amplitude based program? Try shoutling
"yes" and whispering "no." Bee? You've confused it already..

We obviously need & more sophisticated system if we're golng -

t0 recognlze words and full sentences with 80% accuracy or better.
Enter Speech l.8. - - ~




SPEECH RECOGNITION

The concept of the COMPUTER EAR speech recognitlion program 1s
explained on pages 2 through 4, and you have actually seen

vhat the computer is hearing with the Digital Oscllloscope.
You may have also made the followling observations: ST

1. Monosyllabic (one-syllable) words tend to look allke unless
they have some distinguishing characteristic, Words like "dog",
"eat" and "box" resemble each other so closely that the
computer will not achieve a great deal of accuracy in telling
them apart. A word like "squash", however, with its sibilant
beginning and end, is very distincilve. Even a word like "man"
has a vowel warble in the middle that sets 1t apart. So, as a
rule, don't include more than one monosyllablc word ln the
computer's vocabulary unless the other monosyllablc words have
distinctive waveforns.

2, The same word looks dlfferent each time it 1s pronounced.
This is a matter of practice. You must develop a steady, _
conversational tone and avoid changing your volce level, turning
- your head away, emphasizing different syllables or altering
pronunciation. Keep practicling with the Digital Oscilloscope
until you can match the waveform on the screen as closely as
possible each tlne. o

We will show you two programming ailds to help the computer
sort out variances in the same word: the dlscrimination varlable
and redundant vocabulary.

In our research and testing we have notlced that people tend to
personlfy the computer, especially when it begins to mimic

human attributes like hearing. When the computer misses a word,
they carefully and slowly repeat the vord as if the computer
were a stupld or hard-of-hearing human. Naturally this tactlc
changes the waveform drastically, so the computer mlsses the
word again. Some people actually end up shouting at the computers:
Don't fall into this trap; always try to pronounce each word the
same way it was originally entered into vocabulary. Practlce
until you master this abllity.

SPEECH 1.8

Before loading the Speech 1.8 program from Side 2 of the
COMPUTER EAR cassette, you must decide on a vocabulary. Your
experiments with the Digital Oscilloscope will allow you to
select words whose waveforms are distinct from each other. To
begin with, select a small vocabulary such as four very
distinctive words of about one-second length. As we mentloned
earlier, Speech 1.8 will accept ten such words; fewer 1f they
are longer, more 1f they are shorters.

Let's use, for our example, the .words "rhinocerous", "hippopotamus",
"giraffe" and “"kangaroo". Program lines 1 through 19 are reserved
for listing words as REM (remark) statements using Bally Basic's
period symbol (.) to preface each word. Press RESET, then enter
your vocabulary as shown on the next page. '
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+RHINOCEROUS
+«HIPPOPOTAMUS
«GIRAFFE
«KANGAROO

oo+

Press GO after each word to enter it into text. After the last
word has been entered, type:

$INPUT then pfess GO

and press PLAY on your cassette deck to load the Speech 1.8
program, The program will RUN automatlcally when 1t is fully
loaded; the screen will clear and the letter V will appear at
the upper left-hand corner of the screen. Btop the cassette
and begln entering the variables the screen requests,

1. V (Vocabulary). How many words in vocabulary? Enter the
‘number of words, 4 in this example, and press GO,

2, B (8can). We hope you're familiar with this one, the time-based
point scan varlable. Enter 50 for starters; press GO. :

3¢ T (Threshold)e Another old friend. Enter your threshold, from
~127 to 127, and press GO,

The screen will clear and then display:
BPEAK WORD 1 RHINOCEROUS

Bpeak the word "rhinocerous" in your most normal manner. The
oscllloscope trace will appear on the screen, then the question:

GO OR ERASE? = - - o e

If you are satisfied with the waveform of the word "rhinocerous"
press GO and 1t will become a part of the permanent vocabulary.

If you are not satisfled, press ERASE and the trace will disappear,
The screen will then ask you to SPEAK WORD 1 ,RHINOCEROUS againe
You may contlnue repeating this word, examining the trace and
pressing ERASE until you are satisfied that you have a "keeper".
(In this case, sort of a "zookeeper'"., But we digress.) Press GO
and the screen will display: ' ' - ‘

SFEAK WORD 2 ,HIPPOPOTAMUS

Bpeak the word "nippopotamus". Compare its trace to the trace of
the first word "rhinocerous". Are they satisfactorily distinct
from one another? If not press ERASE and the "hippopotamus™ '
trace will dlsappear. You will be asked to try again until you
are satlisfled with the distinction and press GO, '

At this polnt 1t will be helpful to remember that the pronunciations
you are entering lnto permanent vocabulary will have to be
duplicated later on when the computer asks for a test word, so

do not use any strange pronunclations to vary the waveforms.

You wlll never remember them: If two waveforms match closely

after several tries, change your vocabulary.
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Enter the remaining two words in vocabulary in the same marmer.
The vocabulary ls now "loaded", and the screen is displaying
the waveforms of the four words. The computer will now ask for
‘tWwo more variables which we have not encountered yet. :

1. D (DISCRIMINATION). Perhaps you noticed in your experiments
with the Diglital Oscllloscope that the same word could have a
8lightly lower or higher overall amplitude when spoken more tham
onces, Not only that, but certain portions of the word could

be hlgher than: the first pronunciation and other portions lower.
Bt11l, the overall waveform had approximately the same shape,
However, 1f we were to score. only those points where the two
waveforms coincided (a "hit") we would end up with a very low
score lndeed. For example:}

Above, you see two word waveforms roughly paralleling each other,
Sometimes one is higher, then it crosses over and becomes lower
in amplitude, We know 1t is the same word, but if only we could
tell the computer to look a little bit above and below the

3§igiﬂaltwaveform and score the second waveform as a series of
t8Veve

Well, we cane. The DISCRIMINATION variable is a number that tells

the computer how many polnts high or low the second waveform can

be and stlll score as a "hit". We say that DISCRIMINATION "“opens

a vertical acceptance window'. The value of D tells the computer

how far to open the window. Don't open it too far, or pileces of
other words will blow in. A DISCRIMINATION value of 1 requires

a direct "hit", a perfect match, to score. A value of 5 opens

a8 window that is 10 amplitude numbers high: 5 above the vocabulary
vord waveform and 5 below., The "window" can be visualized as follows:

5. T
(o]
5 >

The scale 1s exaggerated for emphasis; obwviously you wouldn't
want a window that hlgh. But as you can see, any waveform that
passes through the window at that point in time will score as
a hit toward that word. ’ '

Enter a DISCRIMINATION value for D based on the waveforms you
see before you on the screen. We suggest you begin with a value
of 1, then lncrease 1t to improve accuracy. You will reach a
value where accuracy 1s greatest, then begins to decrease again
as_the "window" begins letting in other words. The largest D
value 1s 128, which 1s useless: it lets in everything! -- -

DO NOT enter a D value of @, 1 1s the lowest value of D.
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DISCRIMINATION 1s one of the two programming alde mentioned on
page 9 to help the computer sqrt out variancee in the same word.,

2. F (FALL-THROUGH or FAIL). F 1s a value between @ and 8 (SCAN)
Which establishes a falling score for the vocabulary. Simplys
If you have a 50 point scan (the computer samples the waveform
50 times), the best score any word can receive is 50. A score
of 50 would mean an exact matchf a "hit" at every point. A score
‘of @ would be a complete "flunk"; no hits at all, Bomewhere in
between 18 a score that tells the computer to qult wasting its
time looking through lts vocabulary. The word it is looking for
Just isn't there. Maybe you spoke a word that wasn't in the
vocabulary. Maybe you were just clearing your throat and triggered
the search routine. Maybe your pronunciation was so far off that
the computer couldn't possibly recognize the word you spoke’,
Whatever the reason, you wWill speed up the search by telling the
rrogram when to quit looklngs You plck the falling score; it's
up to you. What is a good score? It depends on the value you.
plcked for D, High D values -give high overall scores (waveforms -
et points Just for being close). As a rule of thumb: at a SBCAN
%5) of 50 and a DISCRIMINATION (D) of 1, 25 would be a pretty
lousy score. Bet F even higher if you wish,

When the computer begins passing out scores to each word in its
vocabulary and sees that no word has a higher score than.F, it
slmply falls through the rest of the program and displays
REPEAT. We mentioned thle earller at the beginning of page %

When D and F have been entered, and GO has been pressed after
the F entry, the screen will display the prompt:

BPEAK

That's it. You're on. The COMPUTER EAR is listening for a word.
Speak one of the four vocabulary words, trying to pronounce

it the same way you did when you entered it into vocabulary.
The COMPUTER EAR willl scan the word, then display: -

SEARCHING

The computer 1s now looking through its vocabulary to see AT

it can find the word you Just saide. If it finds it, the screen
wlll display the word., If it cannot find it or another word
elose to it, it will ask you to REFEAT. Finally, it may display
the wrong word. Now what? ‘

Try again. Don't force it...the computer is not stupid. It wants
to hear the word you entered into vocabulary. We hate to say
thls, but the computer seldom makes mistakes. If it displayed
the wrong word, your pronunciation has changed significantly.
Keep trying untll you get the word you want on the screen.

Suppose you don't. Now is the time to begin adjusting the -
variables. Start with D, remember? HALT the program, enter
D=(new value), then type GOTO 110 and press GO. The screen

will display S8FEAK and you're ready to try agains You can change
any variable-( T,D or F) in the same manner. GOTO 110 puts
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you back to SIEAK again without disrupting the vocabulary or
the programe

We mentioned two programming alds on page 9. We've covered
discrimination. What about redundant vocabulary?

This may be obvious by now: you can glve the computer a better
chance at finding the word it is 1ooking for by entering that
word into vocabulary more than once. Let's say twice, or three
times 1f you have enough memory and can wait a little longer
for the computer to complete 1ts search. HALE the progran

and change the REM lines to read:

+RHINOCEROUS
+RHINOCEROUS
+HIPPOPOTAMUS
+HIPPOPOTAMUS
«GIRAFFE
+«KANGAROO
+KANGARCO

O~ U

Now RUN the program and enter those elght words into vocabulary.
The minor differences in the pronunciation of the same words
will "average out" and increase the computer's accuracy greatlye.

Okay, solo agaln. Once more you are on your own with a full

speech recognition program thls time. Practice with the variables
untll you know what to expect from each. Try different vocabularies,
Amaze your friends and confound your enemies, When you are

satlsfied that you've got the hang of it, come back again and

we'll take you on a Journey into the Twilight Zone.

NOTES

e Gma e e
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THE UNCHARTED WILDERNESS

What? Back again? Good heavens, man, you've got what you came-
for! But you say you want more? Very well, then, come with me
into the laboratory. Mind you, 1t's all very experimental and
I make no guarantees. Some of these things are still in the
daydreaming stage. .

SPEECH 4.2

4200 bytes of RAM from an 1800 byte computer? Sure. We'll Jjust
steal 2400 bytes from the screen memory and use 1t to store
our vocabulary. After all, vocabulary 1s merely data. It isn't
part of the operating system; it's Just being operated upon.
We'll poke it into the screen memory, leaving the top three
lines free for communication, then tell the operating system
to peek at those locations and read what we've written there.
That frees the rest of our text area, where Speech 1.8 was
storing its vocabulary, for executive subroutinesgiike walking
the dog and turning on the lights. We can't play video games
because the screen will be loaded with permanent vocabulary,
but for real-world interfacing, this is the cat's pajamas.

With 2400 bytes avallable for vocabulary we can enter up to
1200 scan polnts éincluding the test word). That's over 20
one-second words (50 points each) or several sentences.

If you simply want the word to print on the screen, enter your
vocabularg in lines 1 through 19 Just as you dld earlier with
Speech 1.8

If you vant the computer to branch to an executive subroutine,
you will have to change line 120 of Speech 4.2 after it has _
been loaded to read:

120 IF @(B) = A GOSUB 200+ Bj; GOTO 70

then write the executive command for Word 1l at line 201, the
executive command for Word 2 at line 202, etc. Don't forget to
RETURN,.

Load Speech 4.2, It will RUN automatically, and begin asking
for the usual variables...all at once. There is no Digital
-Ogscilloscope at the beginning of Speech 4.2 as there was with
Speech l.8. The screen is being used to store vocabulary, and
nothing can be printed below the third line. So D and F, the
discrimination and fall-through varlables, appear right after
v, S and T. How will you know 1if a waveform ls satisfactory?
You'll have to have worked it out ahead of time using the
Digital Oscilloscope. There is no GO OR ERASE elther; the words
load one after the other. You will actually see the individual
bytes graphically represented on the screen in a "erazy quilt"
pattern as you 1oad the vocabulary into screen memory.,

Yes, you can turn off the TV at any time. The vocabulary is
in memory, not actually on the TV screen. But isn't it a
beautliful sight?

Do you really want to see something dramatic? How about a
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"horse race" between words, watching the score counters for
each word print out across the top of the screen as the
computer searches lts vocabulary? And, better yet, let's
blank and restore each byte as the computer polls it. We will
then see the entlre memory in action, with flashing points of
llght illustrating the search program's progress as it dashes
through the vocabulary comparing polnts and adding up the
scores. Add these lines to Speech 4.2:

—~ 4(A); R — . s B(A) - & v _ 4
105 Gz RlAY B g AL Biax2))s BA) = 43 KA+ (Bia2)) = 4

106 Y — 4ff; PRINT @(1),#%,a(2),8k,8(3) 4%, a(4)

There. RUN the program, load your vocabulary and speak the test
word when the screen displays the INPUT prompt. With lines

105 and 106 in place the program will take a long time to find
your word, but we have yet to demonstrate it to anyone who
doesn't begin cheering for their word to move up in the pack

and finish as the winner, This is truly a dramatic program, and
all of the COMPUTER EAR's secrets are lald bare. The top line(s)
are the test word. The light steps sequentially from the first
byte to the last. At each step, the search light flashes to each
corresponding polnt of each vocabulary word and the score counters
advance for. every '"hit". At the end, the flashes stop, the
counters freeze, and the computer displays the winning word,

You have Just watched a speech recognition system in action,

For practlcal applications, delete lines 105 and 106.

There are some '"bugs" in this program; as we said, it is purely
experimental. It appears that the stack elther overloads or that
certain values in certain screen memory locations cause the -
computer to CALL certain ROM (read-only memory) locations. Don't
be surprlsed 1f the program suddenly vanlshes and is replaced -
by Bally's GUNFIGHT or some other ROM game's Just reload the
program and try agalne We have no idea why thils happens on
occasion, but as soon as we find out we will mall an update to
everyone on our malling list,

S8peech 4,2 1s an experimental program., Feel free to experiment
with lt. Try storing data in other locations than screen memory.
We wlll appreciate hearing from you on your findings and on

the applications to which you have put the COMPUTER EAR.

OKAY, IT CAN HEAR. CAN IT TALK? .

Btrictly experimental. We have words stored as numeric values
in memory. They are recorded, just as if they were on magnetic
tape or a phonograph record. By working.backwardsf we should -
be able to reconstruct the original waveform and "play 1t back"
through, let's say, the on~board Sound Synthesizer. You will
need a thorough understanding of the operation of the Sound
Syntheslzer and 1is many varliables, but our experiments to

date have indicated that it 1s possible to make the Bally
Computer Bystem "talk" by playing back the recorded waveform.
You will have to recreate the full sine wave, both compression
and rarefactlon portions, and you will not be able to modulate
the frequency, only the amplitude. But we have been able to
come up with a sort-of Forbin Project monotone "volce" fronm
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the 8ound Synthesizer, although it is hardly speech quality. By
tweaklng the varlous syntheslizer values, and perhaps adding
your own frequency modulation, you should be able to come up
with a recognizable "human-sounding" volce. Please let us know
if you do. In turn, we'll send out an update.

SECURITY APPLICATIONS

Law enforcement agencles use the "voiceprint" to identify
individuals through theilr speech patterns., While this area is
not fully developed, it appears that volceprints are as unique
as flngerprints, and the banking community is currently
experimenting wlith thelr use for flnanclal transactions. via
telephone as the cashless soclety approaches. (We refer to the
end of currency and coin as a trading medium, not to that
embarrassing state that we occasionally find ourselves in.)

The COMPUTER EAR can dlstingulsh between persons by the manner
in which they speak a test phrase. For a fun party game (assuming
it 1s a quiet intellectual gathering and not a disco party),

type in the names of guests instead of words in the REM lines

1 through 19 in either Bpeech 1.8 or Speech 4.2. Then have each
ﬁuest, in the order listed, speak a two-second phrase such as

Who am I?" (100 scan points) into vocabulary. The computer
should now be able to identlfy the guests as they repeat the
phrase. (This is a wonderful aid if you are a night-club
impressionist.)

Practical applications are unlimited. The most obvious is a

door lock with an electrlc strike that unlatches only when the
owner speaks a key sentence,

REAL-WORLD CONTROL OF PERIPHERALS

See the article: "Breslin - the Home Computer that Runs my House"
by Bill Hawkins in the January 1980 issue of Popular Bcience
magazine. For more far-fetched ideas, read Ray Bradbury's short
story: "The House that Wouldn't Die", and Robert Heinlein's
novel: The Number of the Beast. Don't forget the movie "The
Forbin Project (Colossus)" next time it's on TV, even if it

does make you want to take an axe to your computer.

GAMES

If all you need is a one, two or three line printout to play,
you can use Speech 4.2 with the entire text area (minus the
operating system) at your disposal. On the other hand, if your
game requires use of the video screen, you'll have to use

Speech 1.8 and limlt your vocabulary, or move the vocabulary

to another sectlon of memory that's not doing anything. You _
cannot use Speech 4,2 with any project that requires full screen
graphics,

Okay.se80l0. Now you're really on your own. (Not to worry...we're
only a postcard away and we do answer our maill.)

Drop us a line about your latest COMPUTER EAR project. Oh, yeSee.
say "hello" to your computer from us!



USE QF SHADED AREA 1S FOR 2ND OR
MORE LINES OF MULTI-LINE STATEMENTS

DOI NOT ENTER A SPACE BETWEEN LINE #
AND STATEMENT, THIS IS DONE BY THE UNIT

PROGRAM NAME DIGITAL OSCILLOSCOPE Page 17 of

Line # Statement(s) v : Comments.

. 1¢ .DIGITAL OSCILLOSCOPE . ..
Y gxp);azg AeReDio iy

Input variables.

[} 1 ] .| ; t IH[RE SHO DZ ;“Jiu i L : 1 L ] l

.. 4¢g INPUT "SCAN?:"B;W= 16&.mLJ.
.. 5@4 PRINT "TRACE?(8,M)s"3C=KP |,
.. 6& PRINT, "AMP, AVG.?2(Y,N):";D
i,  =KP3CLEAR. . L
.. 78 IF KN(4)<AGO0TO 7¢& ..., ... .. _Threshold.

... 8¢ FOR, EpzlTO Bj @(E )=EKN(4 )3 NEX _ Input spoken word,
et n.nl.q‘,ﬂ,KL;.,,...,.L..,.
u_MLLQL&M.LR e v vy, _Reset Af single trace.
L 189 X=-883¥Y=@(1)+3;LINE X,Y¥,4; _Graph waveform,
..., FOR E=2T0 B;3X=X+W;Y=8(E )+3
e ooy LI NE X, YLI_L@M_
,.1;g.arjp_7aa 070 T& iy

: . Compute and display
o . BXT G3HSF+B;LINE, =88, H1-13. 4 _average amplitude.’
'—J—L—L—J——;‘ LL.I‘_.\._I_I_ILEL 1719:1 -H~%13 ! :11: LPR II \N1T1 1H1’ IG'IO 11.5 '
[ WO T VO S T } lol n7x¢| T ' ‘1 [T SR W TS SO G S0 N S N T | l':lbl

[ W S S SHU VU R S S N FUUEEN TR UV S SN RNUES VS SN SN SRS U WHNN NUNN SN NN SR DU SO N S

[ A R S WA WU WU SN NS SN T U WY SUN B PR IETUNES SN S S VNN S U S S | 1 T S T
[T S WU VAN WA TR S SO | PSS SIS SR WU TR VAN VAPUETMN TN SN YU WO RS S SN U AT VNS SO SIS N |
1 1 i ) [ H i1 H | S S SO | IS G S | i HES IS T S U N G SN B |
t PESEN RSN WU R U W S i i J S | SO S U N | L.t 1
[ S W SN SN SN WS NS SN IR SIS SO U S 1 FISVES W SOV TN W DN VS SR SR N | J
L 1 ) Lt FI Il i 1L 4 PR N TSN N S S S |
L L FIUE N W S S | S S i i 1 L1 1+t &t g bt 3
[ S WY WA WA N WU S S JURNO WO PR SR S 1 L1 Lo ] TR S T S DU I |
[N N WS U VN TN N SN N NS UMY W W 1 [ TS B | i TV W S U WURN N N S0 N |
| S S S| B T T T | [ N S | 1 11 [ N W WA S NN W W |
[T AU VN TN S N (VI SUNNE UV WD W S SN SN B { 1 O N U NN WEUUN NN (SN WUUS SO S SO
[ i [ T S | PR S R ? IS S N S N S | | S S IV S |
L [ IR VN S TS VN S | S ] TS WS NS W S | W U NN SUU S W T S
i U AU RN S S B T 1 I 1 1 L 1 U SO VU SO WS W | L

L NS M W NN U O WA WO S VY SOV S | it IS W | | H U VR N N S N N |
[ R U N0 W N RO AU GHUUE SRS WY VIS U WA S SUIDS SN SN U SN SUU SR SN SN SUUN S UN SIS WS SO S S |

[V ST Y WONE SANES R WUN WU S IEN GUUIS SN0 SN SN NN VU UV WA VNN SUNU U S S SIS SHUE WO SN SIS WS RO S R

[ WU SR WU SN NN T SN SN N S S | | S W WS SN SENNS SN WS-SR SN G GI NS SUVSr SN SIS S S

PRV WS TR0 YV N WS YO WY VNS YOG WY YA USRS UT S WS UUNS W S NS S TN SIS ST S W S WU U W
THOWLAI ANCADIANS FORN G 02FTBTY '




USE OF SHADED AREA (S FOR 2ND OR
MORE LINES OF MULTI-LINE STATEMENTS

DO NOT ENTER A SPACE BETWEEN LINE #
AND STATEMENT, THIS IS DONE BY THE UNIT

PROGRAM NAME FLASH MATH

Line # - Statement(s)
R 1l LFLASH MATH T S S T

Pagel8 of

Comments,

1 .2 O(C )111917;9. |A|OIRA.4D|.' OSSO SN DU DU SN N U SR S |

 3d CLEAR ;3 NT=@:A=RND, .(1¢);B=R,
.., ND (3¢);C=AxB;D=RND (2) .,
.. ofd E=RND (1¢d);:1IF E=CGO0TO0 24, .
.. 3¢ PRINT "DOESB",#3,4,#2,"x"#

_Computer picks a random
1tipl
Select a wrong answer.
Display problem and elther

- , 3.aB,#2;"=",3IF D=1PRINT #3
S S S S | Llnc{.#la_ml“l?!.";'GIOTol 15¢1 W ' |A P S

correct or wrong answer,

'&Q i: Eg Ill!I # 5 ’E ’|ig 2.’ " ?1 | S B i1 3.1 1t

L. ..5d _ELIN(4)< 12760T0. 58 ., . . ..,

Threshold,

... 6¢ FOR F=1T0 2¢;@(F)=KN(4);NE

Input spoken word.

1 'YJ'XT Fl!lll!’llLlllJllllllllJ

. 1¢ 8=g;FOR F=1T0 2¢;6=0+a(F.);,
llLLJ_ANEXTFFPG1.2¢IIIIIILII.JIJJ

Compute average amplitude.

L. .88 1F FLFIFD= 1£RINT.N'YES'.LQ

[T W S T Y | lcxo-RnRJEtclTLiL".;lGOT ol 11x¢ N | ', n’lAn'“A )

_Displaye.

. 94 IF FLPIFD=2PRINT M"'YES' 18,

—_ 1 IWRIO!NLGL.I |T1RIL IA!GAiIlNL.l"l-;lGLOITIOI :13I¢J

., 1¢¢g IF F>FIF D=1PRINT - "'NO' I8

T PR I.WR.OJNtGl‘l ITBYI AlG.ALI{Nl'A.'lsGOTO 3l¢1

tmnl RN WU S B | 1 i i1 PR U YU S SR SR S WO [ S N
A S U S N (S U N W | I t [ S T WORNY SO WS N N I
(R PR U S WS SN WA WU SO SO U i L F RS NS0T SN SR SN (Y SUNNS N S SN SN N
[N SO SN DOIAT VH RN N SUUNE W SO VA SN S I | TR N hed U R UHUNS NN U WS SN W |
L 1 JooL_t. ¢t PO I W S S [ ol U NN VOUU RN R S N |
L i [V S | SN S GO SN U O U S | L NN S N WA WU (N N S B
[ S NS S U R SRS NN SN N TR S S S | 1ot 1 O S N | S VS0 N TN W N |
(U UAVRN SR S U NN S SN SV SN S S S | S WU TS ST YO SES WU NN SN A S WU DU U SO0 S |
RSO WO S NS ST [ T S | T W N | K S VA S NN YOUNS VNN WO WUV NN WU S SN SIS I
(AN U WU UV SRS [ SO0 VR WU VNS DUNS WIS VA UG 00 Y t A (VN VA N SN NN WO SN T NS W S N
[ S0 WS AT U S S S B [ TR SO WU WA SN WEE SO SN N T SO IO S | )
t S WK VU TR WS UUUSS SR S NN SN AU S S SR SRS WO SO SN SV SR NUUR VORAD NV SUUN NN VU N S |
L [N S TR T W N VA G B | 1 1 TR N WS VAN IS SOV VOO S N SIS |

[ S S NUN0 VAURE RN WS SN U WO SUY SN U NN SR AN SO SUN [N NN SN U0 N N N S N SO I W S
! ) URSOS WY D T (N W SO | NS WS SR W | N WU NS WS WU SR W S | | TS T W R S |
[ASES SRR YU N N S SN VAU SN SUN WA R G WA VU VI UMY G U SO0 NI SN S S NUUS U SN S S ES |
[ W TN NN VO (R GG S NN S S | (A USRS WS SNS WS UNES SN NUNPYURIY SN W S IO SN WU SO0 SOV S S |
U WA U TS SN T T SISO SUNS WY WA SO SN SN VNS SUNT SHIN UUN GRS VR S VUM DU S NS00 T S SN DU U S S |

THOMRAIARCADIANS FORMHIN O2FERTY



USE OF SHADED AREA 1S FOR 2ND OR

DO NOT ENTER A SPACE BETWEEN LINE #
AND STATEMENT, THIS 1S DONE BY THE UNIT

MORE LINES OF MULTI-LINE STATEMENTS

PROGRAM NAME SPEECH 1.8 Pagey gof
Line # Statement(s) Comrhents.
. 2@ LSPEECH 1.8 . . . . . ...
.38 «(C)1979 AeReDie i,
.. 4¢g NT=¢Z;CLEAR, ;INPUT V3;INPUT , Input variables; set
..... SSINPUT T3:CLEAR, ;FOR A=1T0O addresses for vocabulary.
e o N3B=AXS:iCEBFS -
.. 5¢ gosuB 24F;PRINT "SPEAK WOR
DM #B . LIST ALY

l 6% IF KN(4)LTGOTO 68 ., ,..,,., [Threshold.
.. . 7¢ FOR, E=BTO C .L@(E)-—KN (&) ;ANJEEC Load one word into

., P, E36=2 . .. 4444, XNocabulary.
.. 88 x=~-8843Y=@(B)+3;LINE X,Y,4%; Oscilloscope trace,
.. ... FOR, E=B+170 0. :;X=X+(160%8.)3 S
N _,'Y"'@(E).3, LINE XsiYn.G‘:.NEXT B,
L, 3IF G6=26G0T0 58 . . .
e LQ.Q, G0SUB 2d4#; PRINT "GO OR ERA Bave or erase word and
ci..., SBE?";E=XKP;IF E=316=2;80T0 , oscilloscope trace.
..‘..,&dgn.n.......ll.‘...p.;mq
. 1dd NEXTlA'GOSUB.QﬁQLINQQQ127 Input variables.
o INPUT F3CLEAR, ., ., ., . . i/ %4,
. A11¢ PRINT M"SPEAK" ., ., . . . . iivia,

24,

IF. KN(A4)LTGOTO, 12d . i,

Threshold,

=dT0 B~138(E)=XN

Foann (4)’11

Load test word,...

» . CHINGY
FDRIGfgilTO C+V.: @(G)pduygx

"SE

ITI IG.I T VP U W T N 1 S

R S N S N N W | l i l R l }

Clear scoreboarde.

LE_;QlRl |E=x¢,Tno‘ ‘sl-ll"lGFlcl’FlolRl Hl-lEA+J

Compare_ test word against

870 CSTEP B8,;06=0G+1;IF ABS(8

(H)=@(E)ILDB(E)=6(8)+2 .,

vo :
points within "window',

u_;ryﬁuﬂgxng&..,l,...l.;L,
L. 164 FOR H=STO $STEP -1;FOR J=0, Find highest score.,
e, FATO CAV o
. 174 IF H= F?RINT,NBEPEATldgomo Fall-through.

L H il 18 l¢

Z - -
'12l'jlll"JLLllLlllllJ[Ill

IF @(J)=HLIST J~C,13G0TO0  Post winning word.
e XA e
L. 2194 NEXTIJJNExndallliI,J14,,,,
. 2088 H=@3J=C#+V;iCY=4Zs;PRINT " ., Reset "stack"; print blank
s line (26 spaces ). |
... . CY=4@gsREPURN -

THOMEAIAMCADIANT FORM MR 0IFER7E



USE OF SHADED AREA 1S FOR 2ND OR
MORE LINES OF MULTI-LINE STATEMENTS

DO NOT ENTER A SPACE BETWEEN LINE #
AND STATEMENT,THIS 1S DONE BY THE UNIT

«*OGRAM NAME SPEECH 4.2 Page 200f
Line # Statement(s) Comments.
. 2f LSPEECH 4,2 .
.38 4(€)1980 AeReD. . . . o
.. A4g NT=@F;CLEAR ;;INPUT thNBUT. _Input variables.
., S83INPUT T;INPUT D;INPUT F; '
.. .. GCLEAR FOR A=1T0 V3;B=1758%4 Set vocabulary addresses.
+(Ax8x2)3;C=B+(8x2~2)3608U8 _
., 1l4¢gsLIST A,X
58 1IF XN(4)<{TGOTO 5¢1,,L - Threshold.,
64 FOR. E=BTO CSTEP 2;%(E)=KN( _Load vocabulary., _
L 4)3NEXT E;NEXT, A . ooy _ |
.JL7¢‘TN=1¢7JIV=1A5;rm1n1,,..lj
. 8¢ IF KN(4)KTGO0TO 8¢ ... .. . ., . _Threshold.

FOR E=175¢84T0 175f44+(Bx2~-2
)BTEP 2:%(E)=KN(4);NEXT E;

Load test word(s), |

., GOS8 UB 14¢;FOR B=1T0 V38 (B).

Clear scoreboarde.

L =@sNEXT B e | |

. 1¢d FOR. A=1758470 17584 (Bx2-2 _Compare and score.
e Jﬁmsr,zuroRiangmp_ydij.Aﬁﬁ(

oo (B (A)-B(AF (BxBx2)))<DB(B )=

v o, 80BYHY

., 118 NEXT BHNEXTIA,FOBlﬁrﬁTplﬁJ,

.. ..., BTEP ~13FOR B=1TO V;IF A=F Fall-through,—-
.., G@0TO T& .

. 12d IF @(B)=ALIST B,1;G0TO 7¢ List winning word(s).
 13g. NEXT B3 NEXT A . | , ILLJT

L. 149 Z=823;B0X d&,32, 16¢4, 24,12 G, Y= Collect garbage; Blank
e - . AGIRETURN ., .. ... ., .., . _orint lines: set cursor,
T S S

THOMNAI ARCADIANE FORM M O25ES7S
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