


THE DIGITAL GROUP/VOTRAX®™* VOICE SYNTHESIZER
INTRODUCTION

Now you can verbally command your computer . . . it will listen . . . and it can answer you. With the Digital Group Voice
Synthesizer card you can now use your computer in applications for which a machine-generated voice would be useful:
control systems, educational aids, ham repeater systems, games . . .

Voice Synthesizer software is available in the form of cassette and program listings for the Z80 microprocessor and includes
a "talking Basic", "talking CW" for HAM operations, a Latin and Spanish “talking voice” and a program tape for testing and
demonstration of the Voice Synthesizer. Voice input software to program your Digital Group microcomputer to understand
your voice for translation, command, or control functions will aiso be available.

The Digital Group/Votrax®™ Voice Synthesizer card is designed to plug directly into an available 1/0 slot of a Digital Group
system using 36- and 22-pin duai edge connectors. Other computer configurations wiil work with the Voice Synthesizer card,
hut will require some hardware and software programming effort by the user. The software developed assumes a Digital
Group Z80 system with at least 18K of memory, a 1024 character TV and cassette interface card. and the synthesizer card
connected to input and cutput port 3. The port assignment can be changed as desired by the usc:.

The Voice Synthesizer card uses one 8-bit parallel output port, one 8-bit paraliei input port, and also requires +5V @ 400ma
and + 12V @ 1amp. Forvoiceinput a high impedance microphone is required. An external 8 ohm speaker is required for voice
synthesis. The card has a built-in audio amplifier for driving the speaker and has potentiometers on-board forcontrolling the
output level and adjusting the gain and threshold levels of the microphone input.

The documentation provided with the Digital Group/Votrax®™Voice Synthesizer card includes a technical description of the
card, a schematic and parts placement diagram, theory of operation and description of the software, assembly instructions,
cabling and hook-up information, and a diagnostic testing procedure on audio tape. Also included is an assembly language
listing of an "English voice” implementation, with a program on audio cassette. The "English voice” program has a
vocabulary of over 600 English words. Information on use of the program tape and expansion of the vocabulary of the Voice
Synthesizer card is provided.

The Digital Group and Votrax®™ would like to know how you use the Voice Synthesizer. If you have an interesting
application, please send a brief description of it and how it works to:

Dr. Robert V. Suding
Director of Research
The Digital Group

P.O. Box 6528

Denver, Colorado 80206

TECHNICAL DESCRIPTION

The circuitry on the Digital Group/Votrax®™ Voice Synthesizer card consists of two sections: one for voice synthesis and
one for simple voice recognition.

Voice Synthesis

The voice synthesis section is centered around a module built by Votrax®™ which takes six "bits” of data and produces 64
different human sounds called "phonemes”. These 64 different phonemes are then combined to form words. The collective
sounds, words, and composite sentences could be in English, Latin, Spanish, Russian, or any number of different languages,
although the sounds have been optimized for English speech. The module, approximately 4" by 8", connects to a single 16-
pin plug soldered on the card.

In addition to the module, the card uses: two FIFO (first in-first out) memory buffer chips (3351-2) reducing processor
overhead, asingle chip audio amplifier (LM384) to drive an externally mounted speaker, and a dual retriggerable “one shot”
(74L123) to indicate the buffer status to the microprocessor. Characters in the form of phoneme codes enter the memory
buffer chips via the single 8-bit parallel output port. The extra two bits of the port are used for clearing out the memory
buffers: one for master reset (MSB-1, pin 15, IC2 and IC3) and one for strobing phonemes into memory (MSB, pin 17, IC2).
Phonemes propagate or advance through the buffers and are input to the Votrax®™Module. The Votrax®™Module produces
an audio output tone corresponding to the phoneme code input.

The Votrax®™ Module signals the memory buffers when it is ready for another phoneme. This signal line at pin 13 of the
module and IC3 varies in frequency, depending on the phoneme just produced. The memory buffers (IC2and IC3) hold up to
80 phonemes. Essentially the microprocessor can output phoneme characters to the card independently of the timing
required to output phonemes to the Voice Synthesizer Module.
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The audio output of the Votrax®™ module can either be used as an auxiliary input to an external audio amplifier (pin 25) or to
drive IC4 (LM384), an on-board audio amplifier. The output of IC4 (pin 8) will drive an external 8 ohm speaker connected to
pins 35 and 36 of the card’s 36-pin connector. A 5K potentiometer R3 is used to control the volume level of IC4.

IC1, adual retriggerable “one shot” (74L123), is used to indicate to the microprocessor through the input port whether or not
the memory buffers are empty or are half full. In addition, a line from IC2 (pin 16) indicates whether or not the buffers are
completely full. The microprocessor monitors the input port and feeds phonemes into the memory buffers whenever
necessary.

Yoice Input

The voice input section allows the microprocessor to be used for interpreting "voices” or commands it has been programmed
to understand. A high impedance microphone connected to pins on the card’s 36-pin connector provides a voice input to the
“voice recognition” circuitry. The input circuitry, consisting of two quad "op” amps (IC’s 5 and 6) and appropriate biasing
networks, separates the frequencies above and below 1000 Hz and converts the resulting frequencies to “zero crossing”
pulses that are input to the microprocessor.

IC6 (LM324) is connected as a high impedance input amplifier and zero crossing detector. Both IC5 and IC6 contain four
separate "op" amp circuits. The first section of IC6 with output at pin 8 is used as a high impedance input, low impedance
output amplifier. The section of IC6 with output at pin 7 is used as a high impedance input amplifier with R2 controlling the
gain of the microphone signal output. As a result various microphones with different output leveis can be used with the gain
being adjusted for maximum performance. The section of IC6 with output at pin 1 is used as a zero crossing comparator.
When its input signal makes a positive to negative transition through zero volts, the output at pin 1 changes froma TTL logic
“one” to “zero”. When the input makes a negative to positive voltage transition through zero volts, the output at pin 1 changes
from a "zero” to a logic "“one".

The section of IC6 with output at pin 14is used as a “voice" threshold detector. The 5K potentiometer (R1) adjusts the level at
which the output at pin 14 switches from 0 to 1. This detector level sets a noise immunity margin indicating to the
microprocessor that zero crossings present at IC6 pin 1 are the result of a legitimate “voice”, and not simply input noise.

IC5 (LM324), the second quad "op” amp on the card, is connected as separate high and low band-pass filters and zero
crossing detectors. The section of IC5 with output at pin 7 is used as a "low pass” active filter for frequencies between
approximately 300 Hz and just above 1000 Hz. The section of IC5 with output at pin 1 will indicate zero crossing pulses from
the "low pass” filter. The section of IC5 with output at pin 8 is used as a "high pass” active filter for frequencies just below
1000 Hz to approximately 5000 Hz. The section of IC5 with output at pin 14 will indicate zero crossing pulses from the “high
pass” filter.

The output of the zero crossing detectors of both IC5 and IC6 (pins 1 and 14 of both IC’s) go back to the input port for
sampling and logic analysis by the microprocessor. The connections to the input ports pins are made to the card’s 36-pin
connector as with the output port pins and as shown in Figure 1. The microphone input is connected to pins U and V on the
36-pin connector. Pin T can be connected for microphones using an off-on switch, and is also connected to the LSB of the
input port.

The recommended procedure for installing and operating the Votrax®™ Voice Synthesizer is described briefly below, with
more explanation and figures provided in later documentation.

Steps
PART |

1. Assembly of Votrax®™ Voice Synthesizer card

Component Installation (Votrax®™ module not installed on card until initial testing is completed)
2. Voice Synthesizer card testing - ohnmmeter checks
3. Votrax®™ Cabling

a. 1/0 port connections

b. Speaker mounting and hook-up

c. Microphone connection



4. Operation and Diagnostic Testing Procedure

Installation of the Voice Synthesizer card in an 1/O slot wired for the card

Voltage testing

Audio amplifier testing

Votrax®™ module installation on the card

Execution of programmed test procedure for the Voice Synthesizer (directions appear on the screen)
Voice input testing

1. Audio generator input to microphone connection leads

2. Microphone hookup - observation at zero crossing pulses on oscilloscope

3. Execution of programmed test procedure for the voice input circuitry

~®o a0 oo

PART Ii - Digital Group Votrax®™ Programming Rules

1. Descripticn of phonetic word structures

2. Vowel and consonant Votrax®™ equivalents: phoneme codes
3. Typical phoneme usage

4. Continuous speech - aids to reproducing “normal” sounds
5. Digital Group Voice Synthesizer vocabulary - “English Voice”
6. Listing of input/output phonetic codes: octal and hex

PART il - English Demonstration Program

1. Description of subroutines and program listing

2. Using phonemes to build words

3. Extending the Votrax®™ Synthesizer vocabulary list

4. Assembly program listing with current vocabulary

5. Hardware problems and possible cures

“Votrax is a registered trademark of Votrax and is used with their permission.

ASSEMBLY
To build the Digital Group/Votrax®™ Voice Synthesizer you will need the following tools and equipment:

Fine-tipped low wattage soldering iron (approximately 25 watt)
Solder - 60/40 resin wire solder, 20-30 gauge (approx.)

Do not use acid core solder!

Diagonal cutters - small micro-shear type preferred

Long nosed pliers

Small screwdriver

Flux remover or alcohol

Small brush

Test Equipment

Ohmmeter

Audio generator

10 mHz or better triggered sweep scope
Microprocessor

Before beginning to mount and solder components inspect the Voice Synthesizer circuit board. Compare the areas where IC
sockets will be inserted with the layout to see that there are no shorts occurring between either the traces leaving the IC's or
the IC pads or hoies in which the IC’s are mounted. While plating errors like this are arare occurrence and The Digital Group
tries to inspect and maintain the quality of its printed circuit boards, once the IC sockets are inserted it is very difficult to find
such a problem.

Next, identify the components that will be used on the synthesizer card. The most difficult task is generally identifying
capacitor values and types. Disk capacitors may be identified in general by their disk-like shape and usually by their ceramic
covering. Note that the operating voltage specified for capacitors is the minimum acceptable rating. Capacitors supplied with
specific cards may have a higher voltage rating than called for in the parts list but should be used despite the variance and will
not affect the circuit operation. Mica capacitors can be identified by a slightly wider lead spacing and a more rectangular
shape. Electrolytics generally come in tubular casings and should be clearly marked with the polarity indicated by a “+" on
one end or by arrows indicating polarity. Tantalum capacitors have a polarity which is indicated by a leg which is a different
color than that of the capacitor body or by a "+” marking. When installing capacitors on the card, match the polarity with the

screened label on the card. 3



All resistors have standard color code markings bearing the value and tolerance of the resistor. The parts list calls for % watt
resistors.

To aid identification of components after assembly, install them so that values and markings can be clearly read.

Finally, when beginning construction of the synthesizer card it is important to have a clean working area that is well lighted
and ventilated since these conditions can affect the quality of your assembly. Also, make sure that your soldering iron tip is
hot enough, is kept tinned, and is cleaned periodically with a sponge or similar material.

Most problems that arise with newly assembled boards are related to either solder shorts or splashes, improperly soldered
joints (‘cold’ solder joints) or missed (unsoldered) pins. Properly soldered joints are shiny; solder on an IC socket should
extend slightly from the pad or socket hole to the component lead or pin. All1C's are socketed on The Digital Group boards so
the sockets may be installed prior to mounting IC's to avoid damaging the heat-sensitive IC's and to aid troubleshooting.
NOTE: Probably the second most frequent problem with newly assembled boards is incorrectly installed parts (polarity, pin
orientation, etc.) or wrong-valued parts being instalied.

Estirnated Construction Time: 1-3 hours

1. 13 Referto Figure 1 — Parts Placement Diagram. insert two 28-pin sockets, one 16-pin socket, ond three 14-pin sockets
into the PC board from the component side. If the sockets have a pin 1 indication, orient this away from the
connector (or bottom of the card).

NOTE: The component side of the card s indicated by The Digital Group label appearing just above the card’s dual
22-pin connector.

<. O Referto Figures 1and 2. Insert the 16-pin synthesizer connector on the top side of the card, with the short pins on the
connector into the card. Carefully invert the card and solder the IC sockets and connector. Avoid solder bridges on
adjacent pins. particularly near the synthesizer connector area.

. O Refer to Figure 1 — Parts Placement Diagram. Insert and solder the three potentiometers, R1, R2, and R3 (3-lead
square packages). Note that the middle potentiometer is a 50K and that R1 and R3 are 5K potentiometers.

4. O Insert three upright 220 electrolytic mfd capacitors (C4, C5, and C6). Do not mistake "feed-through” holes for lead
holes! Also note the polarity of these capacitors.

5. O Insert and solder five 22 mfd capacitors (C2, C3, C8, C11, and C20). Note the polarity of these five capacitors.

6. O Insertand solder the 4.7 mfd (or 5 mfd) capacitor (C7). Note that either the striped side of this capacitor or asmall “+"
indicates the positive lead.

7. O Insertthree 1 mfd capacitors (C24, C25, and C28). Note that either the striped side of these capacitorsorasmall "+"
indicates the positive lead.

8. O Insert three .01 mfd disk capacitors (C23, C26, and C27) next to the 1 mfd capacitors.

9. O Insert the remaining 13 capacitors: two .001 mfd silver mica (C13and C21), five .005 mfd mylar (C1, C14-C17), four
.01 mfd mylar (C10, C18, C19, and C22), and two .1 mfd mylar (C9 and C12).

10. O Insert the remaining 30 resistors (R4 - R33).

11. O Solder all components. Cut off the excess leads.

Testing The Digital Group/Votrax®™ Voice Synthesizer Card

1. O Measure the resistance between ground and +5V (pin 2 and pin 1 on the 22-pin connector). A resistance of less than
15K indicates a bad bypass capacitor or a "solder bridge" short.

2. O Measure the resistance between pin 2 and pin 22, and between pin 2 and pin Z. A low resistance indicates a bad
bypass capacitor or a "solder bridge” short on the +12V and/or -12V bus line respectively.

3. O Insert the six IC's. Note that the notch or dot indicating the pin 1 end is oriented away from the connectors (toward
the top of the card).

4. O Measure the resistance between pin 2 and pin 1 (+5V supply), noting the value. Reverse the ohmmeter leads and re-
measure. A "shorted” reading indicates a bad IC, and near equal readings indicate a reversed IC.

5. O Similarly, measure between pin 2and pin 22 on the 22-pin connector, and between pin 2 and pin Z on the bottom side
of this connector. A "shorted” reading indicates a bad IC.
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11.

13.

14.

15.

Referring to Figure 3, run cables from the microprocessor’s I/O board, port 3, to the input and output connectors of
the synthesizer card in the I/0 slots to be used. Be sure to have output port pins going to the lettered pins of the card
(pins A through J, circuitside) and the input port pins from the microprocessor to the numbered pins (pins 1through
8, component side) of the synthesizer board.

Mount a five-inch speaker at the left rear of the CPU cabinet, if desired. A five-inch speaker will fit nicely at the spare
holes beside the 22-pin external I/0 connectors. Mount asingle pole, single throw (SPST) push on/push off speaker
switch at the rear of the microprocessor below the speaker as well as a closed circuit jack for use with external
speakers. Wire the speaker, switch, and jack as shown in Figure 3. If the Voice Synthesizer board is used with the
ham interface board, the same speaker may be used for both applications by mounting a single pole, double throw
(SPDT) switch underneath the speaker beside the on/off switch.

If you wish to use voice input, mount a microphone connector at the rear of the CPU cabinet where convenient and
wire as shown in Figure 3.

Insert the Voice Synthesizer board in The Digital Group microprocessor I/0 slot which has been wired for it. Unplug
any other |/O device, such as the Digital Group Printer, attached to 1/0 port 3.
NOTE: The Votrax®™ Module is not plugged in yet.

Turn on the microprocessor. Carefully measure the voltages on the Votrax® ™ Module connector pins that plug into
the Votrax™™ Synthesizer Module. Refer to Figure 1 for the range of voitages on the module's connector pins. Pins
with no voltage indicated in Figtire 1 should measure between 0 and +5V. Either a voitmeter or an oscilloscope may
be used for these voltage measurements. It is imperative that a wrong polarity voltage or a wrong level of voltage is
not applied to the sealed Votrax®™ Module.

The audio amplifier portion of the Voice Synthesizer card may be tested by inputting a 5V peak-to-peak audio signal
to pin 25 (next to the .01 mfd mylar at bottom) of the synthesizer card’s 36-pin connector. Be sure that the speaker
switch is on and slowly turn up the volume control (R3 - the potentiometer nearest the synthesizer module). An audio
note should be heard distinctly as the audio generator is swept through the audio range (30 Hz - 20K Hz) to test the
output of the system.

Turn off power to the microprocessor. Remove the Voice Synthesizer card from its 1/0 slot and plug in the Voice
Synthesizer Module. First align the socket and connector module pins and mount the module with four 6-32 x %"
screws. Be careful not to bend any pins on the connector or to damage the internal socket of the synthesizer module
by misalignment.

Plug The Digita! Group/Votrax®™ Voice Synthesizer card to its I/0 slot. Turn on power. Depending on the particular
bit pattern that occurs randomly in the two FIFO memories and the 74100 output latch of port 3on the I/O board, the
synthesizer should voice random sounds. Load the Voice Synthesizer diagnostic program into the microprocessor.
Press Option 7. The program will analyze and exercise the Voice Synthesizer. Follow the directions that appear on
the screen.

Test the voice input sections of the Voice Synthesizer card by temporarily connecting an audio generator to the
microphone jack leading to pin U of the synthesizer card. Input a low level signal (about .1V p-p at 1000 Hz) and
adjust the microphone gain control (the 50K potentiometer) until you see an output level of 1V p-p at pin 7 of IC6.
Next, measure the level at pin 1 of ICE with the oscilloscope and verify that a square wave at TTL levels is being
produced. Look at pin 14 of IC6 and adjust R1 (the 5K potentiometer farthest from the voice module) until only a
slight number of negative going pulses are seen. Next, measure the output at pin 7 of IC5. Sweep the audio generator
between 300 Hz and 4000 Hz. You should notice that the audio output drops off above 1000 Hz. Measure the output at
pin 8 of IC5. The output should drop below 1000 Hz. Check the zero crossing detections at pin 1 and pin 14 of IC5.
You will notice that most zero crossings above 1K Hz are detected at pin 14. Below 1K Hz, more zero crossings are
detected at pin 1 than at pin 14.

Connect a high impedance, high output microphone to the input to the Voice Synthesizer card. Connect an
oscilloscope to pin 7 of IC6. Adjust R2 (middle potentiometer) until an output level of 1V p-p is seen when you speak
closely into the microphone. Adjust R1 (the potentiometer farthest from the synthesizer module) until you can just
detect negative going pulses at pin 14 of IC6 when speaking closely into the microphone. With these initial ievels you
should be able to see zero crossings at pin 1 of IC6 and pins 1 and 14 of IC5. This completes the initial adjustment of
the voice input circuitry.

This completes the testing of The Digital Group/Votrax®™ Voice Synthesizer card.
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PART Il — THE DIGITAL GROUP/VOTRAX®™ VOICE SYNTHESIZER CARD

Programming Rules — Using Phonemes for Words of the English Language

Sixty-three (63) phoneme commands provide the user with unique synthesizer inputs with which he may program the
synthesizer in any desired sequential order. There are, for instance, (252)* or over 4 billion possible utterances containing
four (4) phonemes! The phonetic rules are based on the actual acoustic content of human speech. These rules do not
necessarily correlate with dictionary phonetics or with phonetics as taught in the public schools. Thus, the following rules
may appear alien to the uninitiated; but once the user becomes acquainted with them, determining the optimum
programming for any word or phrase is quite easy and considerably easier than in some synthesizer models.

The Votrax1®™ module has been optimized for the Mid-Western or standard American English dialect, which is the dialect
used almost exclusively by the nationwide media. It is also trie native dialect of the Central United States, West Coast, and
mid-Eastern states excluding the East Coast. This dialect is spoken by the majority of U.S. citizens and to a large extent by
central and western Canadians. It is important that the following programming rules be adhered to closely. The Votrax1®™
electronics, as well as the phonetic alphabet itself, have been designed around these phonetic rules. With very few
exceptions, the Votrax1® ™ performance as judged by the majority of U.S. and Canadian residents will be degraded if these
rules are not followed.

Such caution is necessary because ultimately the synthesizer is subjectively judged by a human listener during manual
optimization of a word or phrase. The user may ask the question, "What if breaking the rules produces an apparent
improvement in naturainess?” This wili 2ccasionally happen, but the user is strongly cautioned in this area. The problem is
that with phonetic substitutions, what is acceptable to one listener is not necessarily acceptable to the next — particularly to
one who speaks another dialect. A dialect trains our ears as well as our mouths.

For instance, in the Great Lakes area, many people consider OTTO an acceptable pronunciation of the word AUTO. People
from other areas will perceive this pronunciation as an error. Another example is the New York City area residents’
pronunciation of the NG phoneme. In this substitution, THING becomes THING-G with a hard G at the end of the word. A
New Yorker could perceive this substitution as acceptable, but the rest of the North American continent would not.

A Southerner would accept the prefix NON as an acceptable pronunciation of the number NINE, but people in other areas
would not.

The phonetic structure of any language is much more complicated than most of us realize. There are many pronunciation
habits which we acquire as we grow up which we are not aware of, but we use them anyway. Proper synthesized speech must
take into account all subconscious or automatic articulatory habits as well as the rules of which we are consciously aware.

Perhaps the most common of these unlearned habits of English is gliding of vowels, particularly the long vowels. This gliding
is called dipthongization. It means that avowel ends as a different sound than it was when it started. The “long” vowels, A E, I,
0, and U, have glides which are sounded independently of preceding and following phonemes, even if these sounds are
spoken aione. These vowels are programmed as follows on the Votrax1®™:

VOTRAX1®™
VOWEL TYPICAL USAGE EQUIVALENT
A name A, AY
E tree E or I3 E1
! high AH, E1
(0] note UH1, 01
U two U, U
The “short” vowels are as follows:
VOWEL TYPICAL USAGE
AW awful
EH ten
ER her (R, usually a consonant, can be a vowel in some cases)
UH but
AE hat
Y Mary
i kit
AH hot
(0] book



These vowels also glide from beginning to end, but their glides are normally determined by the preceding and following
phonemes. These glides are generated automatically by the Votrax1®™. However, the programmer may find that occasional
use of coupling vowels I3, EH3, or UH3 in conjunction with a short vowel is an aid to naturalness or intelligibility.

The numbered vowels such as UH1, UH2, and UH3 are of increasingly shorter duration. The higher the number, the shorter
the duration. As a syllable is stressed less and less, a higher and higher number must be selected. The numbered vowels are
also used in the "long” vowel phoneme pairs. For instance, A AY is the vowel in MAIN: A1,AY or A2,AY would be the vowel in
the same syllable in the word MAINTAIN. This rule applies to all numbered vowels except Y1.

Y1is Y used as a consonant such as in the word YES. Itis also found at the beginning of asyllable such as the second syllable
in the word UNUSUAL. Y1 is a different kind of sound than Y as is evidenced when these phonemes are sounded
continuously. However, all other numbered vowels are exactly like their unnumbered. fully stressed counterparts if sounded
continuously. As the number on a vowel increases, its time interval shortens, and its dynamic interaction between the
preceding and following phoneme commands changes. Thus, two short-duration phonemes will not have quite the same
sound as one longer one of equai time duration. These differences are not evident if the phoneme is sounded continuously.

In addition to the syllabic stress factor affecting vowel iength. the foliowing phoneme is also a factor. If it is a sustained
fricative (a fricative being a consonant pronounced by forcing breath through a narrow opening between the teeth and/or
lips), such as S. the preceding vowel may be shortened. If it is a fricative stop such as T, the vowel may be shortened still
further. Of course, subjective judgment should still be the final factor in determining vowel stress.

There are three classes of dipthongs, nr distinctively two-part vowels:

VOTRAX1
DIPTHONG TYPICAL USAGE EQUIVALENTS

I high AH, E1

| height AH2, E1

Oow, OU cow AH1, O1*
AH1, U1

ol, oy noise O1, EHS, E1*
01, 13, E1
O, E1

*Preferred

The consonants are as follows:

CONSONANT TYPICAL USAGE
TH three
THV then (the voiced TH)
w won
R area
T tea
P pot
Y1 yes
S see
D day
F fire
G get (not the G in George)
H hay, ahead
J jet, George (J is D, J or DT,J)
K key, sick, car
queer (Q is KW)
L lie, well
NG bring
Zz zero
SH shy
CH match, chair (CH is T, CH or DT,CH)
\" seven
B bob
N nine
M my
ZH azure (the 2)

measure (the S)
DT butter (DT is merely a tongue flap in this word)



There are two affricates in English. An affricate is a two-consonant combination with a fricative stop. The voiced affricate J is
programmed D, J, or DT, J. The unvoiced affricate CH is programmed T, CH or DT, LCH.

All phonemes in English fall into seven (7) categories:

1. Voiced
a  All vowels and dipthongs of vowels
A E 1.0, U AW, EH, ER, UH, AE, Y, I, AH, 0O, and OI, OY, OU, OW dipthongs.
b. All liquid consonants
R, L, W, Y1

2 Voiced stops B, D, G
3. Nasal closures M, N, NG

4. Unvoiced
a. Fricatives S, SH, F, TH
b. Aspirant H

5. Voiced fricatives Z, ZH, V, THV
6. Fricative stops T, P, K

7. Affricates
a. Voiced J
b. Unvoiced CH

There are several particular cases of interest which should be mentioned. The letter combination NG doesn't necessarily call
for the NG phoneme. If the N forms the end of one syllable and the G forms the beginning of the following syllable, as in the
word ENGAGE, the N and G are sounded separately. Thus, in this case, NG is programmed N,G.

In the word FINGER, the NG can be programmed as N,G, or as NG.G.

In the word THANK, the N can be programmed as N or NG. The A in THANK is half-way between A and AE. It is best
programmed as AE1, I13. This is a classic example of an aliphone.

An aliphone is a variation of a basic phoneme. All phonemes in speech context are modified by their phonetic “environment.”
Thatis, whatever is going on before and after the phoneme affects its characteristics — its duration, amplitude, frequency
components, etc. This effect is the dynamic continuum of which speech is composed. A phoneme is merely an operator on
the human acoustic output which, in turn, gets operated upon.

To produce intelligible synthetic speech, the proper aliphone must be generated. This is usually done automatically in the
Votrax1®™. Another example of aliphones (perhaps the most extreme) is the numerous forms of K: the K in KEY, the K in
LOOK, and the K sound in Q which is programmed K,W such as in the word QUIT. At times, the Votrax1®™ needs some help
from the programmer to produce the proper aliphone.

A particular class of phonemes, the liquid — R,L,W, and Y1, largely depend on the transitions into and out of these sounds for
their recognition. These transitions, important as they are, depend a great deal on dialect. It is therefore necessary for the
programmer to insert transitional phonemes around these sounds in some cases to maximize naturalness and intelligibility.

Transitions around W and Y1 are dependent enough on surrounding phonemes for the Votrax1®™ to generate them
automatically.

The pre-vocalic R (R at the beginning of an utterance) normally doesn't require a transitional phoneme after it. However, the
post-vocalic R (R at the end of an utterance) may require it, depending on the preceding vowel, as in the word AIR. This is
programmed A.13,R. Again, note the similarity in spelling. EH3 in place of 13 is also acceptable here.

The pre-vocalic L is enhanced by following it with UH3,EH3, or 13, depending on the following vowel. For instance, the word
LAY is programmed L,EH3,A1,AY. The post-vocalic L is likewise enhanced by preceding it with UH3,EH3, or I3 as in the word
AIL. This is programmed as A,13,L. Again, note the similarity in spelling. EH3 instead of 13 is also acceptable here.

The above suggests a need for more phonemes. Increasing the phoneme vocabulary size would enhance naturalness, but at
the expense of increased hardware costs and greatly increased programming effort.



To lengthen the time duration of the last phoneme, the PA1 or pause one must be placed at the end of the utterance. The PAQ
or short pause may be used instead but the last phoneme in the utterance will be a little shorter. The PA@ is normally used
between words in a sentence where very short pauses are desired. The PA1is normally used at the end of an entire utterance,
even if there is only a single word in the utterance. A word must not be followed by a binary zero command. If binary zeros are
part of a phonetic data stream driving the synthesizer, a PA@ or PA1 must precede a binary zero to prevent chopping off part
of the last phoneme before the binary zero.

The synthesizer is designed to generate continuous speech which means that the words in asentence have fittleornogap in
between. This is consistent with conversational English habits. In conversation it is usual for words within a phrase or clause
to be strung together while phrases and clauses are separated by a gap. There is no doubt that intelligibility in either human
or synthesized speech is enhanced by short gaps between words. This is accomplished merely by placing a PAQ after each
word. The resulting speech is somewhat choppy, but highly intelligible. Use of such gaps will slow the output rate of the
synthesizer accordingly. Of course, the speech rate may be increased to compensate for this but the resuiting speech
segments will be articulated faster than normal.

For continuous speech the synthesizer's built-in speech rules correspond to those in human speech. For instance, if two stop
phonemes are adjacent, only the second phoneme is sounded. In the word FACT the K sound of the ietters C anc T are both
fricative stops and thus only the second one in the pair is sounded. In this case, the only acoustical c utput atiributable solely
to these phonemes is the voiceless release of the T. The same rule applies if two adjacent stop phonemes are in different
words. Examples of this are TACK-BOARD and CREDIT-BALANCE. If a pause command is programmed in between the two
words in each pair, then both stop phonemes are sounded — the K and B in the first example, and the T ana 3 in the second
set. Note that in these examples the first pnoneme of the pair in question is voiceless while the second phoreme is voiced.
However, this is irrelevant — the rule still applies. It is optional whether or not to sound the first stop phoneme. Althoughiitis
more natural, it is less intelligible whether the speech is human or synthetic. This example is a classic case of naturalness
opposed to intelligibility. Thus, the option is left to the user.

We are thus given several programming choices at word boundaries:
1. PA1 for separation of phrases and clauses and sentences.

2. PAOQ for optional separation of words.

3. PA® for enhancement of pronunciation of closure phoneme pairs.

4. PAQ or PA1 followed by a null as a word boundary indicator.

The Digital Group Votrax1®™ Synthesizer Demonstration English Word Vocabulary
NOTES

1. This list consists primarily of verbs, adverbs and adjectives found with some frequency in spoken English. Those nouns
included were selected due to their frequency of occurrence, but may not be adequate to accommodate the vocabulary
needs of any one specific environment.

2. In general, single syllable words — those words containing only one vowel sound with or without consonant sounds —
are to be considered of low intelligibility when presented in isolation. Words like “code”, "eight”, “life”, "self", and
"guess" are included in this category. Even though they are recognizable out of context, their intelligibiiity is enhanced
when used in context, as it would be with a human speaker. Words like "be", “a","the"”, "of"and "is"” (open-ended ssingle ,
syllable words) are, by the nature of spoken English, shortin duration and take on characteristics toenhance the word(s)
they modify. Often, this may require a change in their pronunciation to accommodate the rhythm and accent of the
contextual flow. Thus, these words are low in intelligibility when presented in isolation. When words are selected for
Votrax1®™ use, it is recommended that single syllable words be given the advantage of a contextual environment for
maximizing their intelligibility, whenever possible.

3. The asterisk (*) following certain words indicates that there is more than one pronunciation for that spelling or more than
one meaning for that spelling.
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The following list is made up of words not found on the 500 list, but whose programs are (followed by their location
word).

accept (except) maid (made)
ate (eight) no (know)
awl! (all) new (knew)
"B" (be) "R" (are)

bee (be) rap (wrap)
buy (by) red (read (%))
bye (by) reed (read (*))
"C" (see) rite (right)
cell (sell) scene (seen)
cent (sent) sea (see)
dew (do) sense (cents)
due (do) sine (sign)
eye (") their (there)
fore (for) they're (there)
forth (fourth) too (to)

four (for) two (to)
grate (great) "y (you)
hart (heart) wait (weigh(t))
herd (heard) way (weigh(t))
here (hear) wear (where)
hi (high) witch (which)
higher (hire) wood (would)
hour(s) (our(s)) wright (right)
inn (in) write (right)
knot (not) won (one)
leased (least) "y (why)
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Input/Output Phonetic Codes

PHONEME HEX OCTAL PHONEME HEX OCTAL
PAQG 23 003 U 36 066
PA1 3E 076 J 1A 032
A 20 040 K 19 @31
Al 06 006 L 18 230
A2 @5 005 M ocC 014
AE 2E 056 N oD 015
AE1 2F 057 NG 14 024
AH 24 044 (@] 26 046
AH1 15 025 o1 35 065
AH2 28 010 02 34 064
AW 3D @75 00 17 027
AW1 13 023 001 16 026
AW?2 30 060 P 25 045
AY 21 o041 R 2B 053
B QE 216 S 1F 037
CH 10 020 SH 11 021
D 1E 036 T 2A 052
DT 04 004 ™ 39 Q71
E 2C 054 THV 38 070
E1 3C @74 U 28 050
EH 38 073 U1 37 067
EH1 02 002 UH 33 063
EH2 21 001 UH1 32 062
EH3 00 000 UH2 31 @61
ER 3A @72 UH3 23 043
F 1D 035 \Y% oOF 017
G 1C 034 4% 2D @55
H 1B 033 Y 29 051
| 27 047 Y1 22 042
Il 2B 013 z 12 022
12 0A 212 ZH a7 0e7
13 Q9 011 SILENCE 3F e77
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Binary Decimal

Character Code Octal Hex Equiv.
blank 10 100 000 240 AQ 160
! 10 100 001 241 A1 161
" 10 100 010 242 A2 162
# 10 100 011 243 A3 163
$ 10 100 100 244 A4 164
% 10 100 101 245 A5 165
& 10 100 110 246 Ab 166
! 10 100 111 247 A7 167
( 10 101 000 250 A8 168
) 10 101 001 251 A9 169
* 10 101 010 252 AA 170
+ 10 101 011 253 AB 171
10 101 100 254 AC 172

- 10 101 101 255 AD 173
. 10 101 110 256 AE 174
/ 10 101 111 257 AF 175
0 10 110 000 260 BO 176
1 10 110 001 261 B1 177
2 10 110 010 262 B2 178
3 10 110 011 263 B3 179
4 10 110 100 264 B4 180
5 10 110 101 265 B5 181
6 10 110 110 266 B6 182
7 10 110 111 267 B7 183
8 10 111 000 270 B8 184
9 10 111 001 271 B9 185
: 10 111 010 272 BA 186
: 10 111 011 273 BB 187
> 10 111 100 274 BC 188
= 10 111 101 275 BD 189
< 10 111 110 276 BE 190
? 10 111 111 277 BF 191
@ 11 000 000 300 co 192
A 11 000 001 301 C1 193
B 11 000 010 302 Cc2 194
C 11 000 011 303 C3 195
D 11 000 100 304 C4 196
E 11 000 101 305 C5 197
F 11 000 110 306 Ccé6 198
G 11 000 111 307 C7 199
H 11 001 000 310 Cc8 200
| 11 001 001 311 C9 201
J 11 001 010 312 CA 202
K 11 001 011 313 CB 203
L 11 001 100 314 cC 204
M 11 001 101 315 CcD 205
N 11 001 110 316 CE 206
(0] 11 001 111 317 CF 207
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Binary Decimal

Character Code Octal Hex Equiv.
P 11 010 000 320 DO 208
Q 11 010 001 321 D1 209
R 11 010 010 322 D2 210
S 11 010 011 323 D3 211
T 11 010 100 324 D4 212
U 11 010 101 325 D5 213
v 11 010 110 326 D6 214
w 11 010 111 327 D7 215
X 11 011 000 330 D8 216
Y 11 011 001 331 D9 217
Z 11 011 010 332 DA 218
[ 11 011 011 333 DB 219
\ 11 011 100 334 DC 220
] 11 011 101 335 DD 221
— 11 011 110 336 DE 222
_ 11 011 111 337 DF 223
11 100 000 340 EQ 224

a 11 100 001 341 E1 225
b 11 100 010 342 E2 226
c 11 100 011 343 E3 227
d 11 100 100 344 E4 228
e 11 100 101 345 E5 229
f 11 100 110 346 E6 230
g 11 100 111 347 E7 231
h 11 101 000 350 E8 232
i 11 101 001 351 E9 233
j 11 101 010 352 EA 234
k 11 101 011 353 EB 235
[ 11 101 100 354 EC 236
m 11 101 101 355 ED 237
n 11 101 110 356 EE 238
) 11 101 111 357 EF 239
p 11 110 000 360 FO 240
q 11 110 001 361 F1 241
r 11 110 010 362 F2 242
s 11 110 011 363 F3 243
t 11 110 100 364 F4 244
u 11 110 101 365 F5 245
v 11 110 110 366 F6 246
w 11 110 111 367 F7 247
X 11 111 000 370 F8 248
y 11 111 001 371 F9 249
z 11 111 010 372 FA 250
{ 11 111 01 373 FB 251
: 11 111 100 374 FC 252
} 11 111 101 375 FD 253
N 11 111 110 376 FE 254
solid 11 111 111 377 FF 255



PART Ill — English Demonstration Program Listing

The Demonstration Program’s assembler listing has been included to assist the programmer in building new programs by
showing how phonemes are combined to make words, and by giving an initial vocabulary base which may be easily
extended.

Subroutines of Interest for Votrax®™ Program Development

STROBE, located at 006047 to 006061.
This subroutine is used when first entering the voice routines. The FIFOs are reset to stop any stray phonemes from
"talking”.

START, located at 006003 to 006046.

This is the generalized output subroutine used to voice a string of phonemes. The H and L registers are used as pointers
to the beginning of a phoneme buffer. A 377, 077,177 or 277 characteris used to define the end of the string, and produce
a "silence” phoneme. In the case of continuing speech, the subroutine should be entered at "PHORN " so that the speech
in process will not be terminated. The subroutine will try to keep 80 phonemes ahead of the syninesizer module by
continually sampling the "Full” line. The subroutine also checks the empty line continually, ana inserts a "pause”
phoneme to begin the refill of the FIFOs. This prevents clipping short an initial voiced phoneme due to the asynchronous
sampling system of the Votrax®™ module.

BEZGINT, located at 006062 to 007117.
This is a somewhat simplistic approach to a keyboard entry to ASCII Tabie lookup subroutine. After the ASClII entry is
detected, the phonemes associated with the desired word are loaded into the phoneme buffer. When a "Return”
character is detected, the phoneme pointer is reset, and speech begins.

Combining Phonemes to Build Words



Some Possible Hardware Troubles and Their Cures
Module hangs up in speaking "AH" phoneme (044) or erroneous half full analysis:

The 741123 is designed to time-out if continuous data strobes do not occur. Some modules speak more slowly than
others. A very slow one may go even more slowly than anticipated, and hangs up on the longest phoneme, "AH". This
may be fixed by replacing RS and R6 (68K) with slightly larger (e.g.68K + 10K) value resistors.

No voice output:
Speaker switch turned off. Another port 3 i/O device plugged in.
Doesn't “talk” right:
Missing a data line from port 3 output to synthesizer board input. Check connectors.
Hum or intermodulating audio:
+12V, -12V, or +5V supplies overloaded; add capacitors. Possible ground loop. Avoid multiple grounding points.
Active filter won't tune:
Resistors in wrong holes. .005 mfd capacitors out of “specs” or shorted. LM324 quad op amp defective.
Audio amp oscillates:

Check the 4.7 mfd and .1 mfd capacitors installed on the card. Try a different LM384.
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Digital Group/Votrax®™ Voice Synthesizer Parts List
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Label

S2, S3
St
S4, S5, S6

1C2, 1C3
IC1
1C4
I1C5, IC6

R1, R3

R2

R4, R22

RS, R6

R7

R8

R9, R15, R16,
R18, R19, R21,
R26, R27. R28,
R33

R10 - R12

R13, R25. R30,
R31

R14, R23

R17, R20, R24,
R32

R29

C1,C14 - C17
C2 C3, Cs8,
C11, C20
C4-C6

Cc7

C9, C12

C10, C18, C19,
Cc22

C13, C21

C24, C25, C28
C23, C26, C27

Description

Votrax®™ module
Synthesizer printed circuit board

Synthesizer module connector plug, 16-pin

36-pin dual edge connector
22-pin dual edge connector

28-pin socket
16-pin socket
14-pin socket

3351-2 memory (28-pin), FIFO buffer
74L123, dual retriggerable “one shot”
LM384 operational amplifier
LM324 operational amplifier
Votrax®™ introductory tape

5K potentiometer, square package
50K potentiometer, square package
10K ' watt carbon film resistor
68K ' watt carbon film resistor
39K ' watt carbon film resistor

2.7 ohm ' watt carbon film resistor
100K ' watt carbon film resistor

150K Y. watt carbon film resistor
2.2K "4 watt carbon film resistor

47K Y4 watt carbon film resistor

10 megohm Y watt carbon film resistor

1 megohm " watt carbon film resistor

.005 mfd, mylar capacitor
22 mfd, 15V tantalum capacitor

220 mfd, electrolytic capacitor
4.7 mfd, 35V tantalum capacitor
.1 mfd, mylar capacitor

.01 mfd, mylar capacitor

.001 mfd, silver mica capacitor

1 mfd, 35V tantalum capacitor
.01 mfd, ceramic disk capacitor
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Digital Group

Part #
205-000
090-052
088-006
080-001
080-000

060-005
060-002
060-001

073-019
075-029
078-010
078-000
299-911

005-001
005-002
001-037
001-044
001-042
001-003
001-045

001-046
001-029

001-043
001-001

001-049

016-003
010-004

012-011
010-002
016-010
014-002

018-000
010-001
014-002
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