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Ultimately, the total memory required for continuous speech
becomes a function of exotic compression algorithms. Data rates
as low as 2400 bits/sec have been achieved. The National
Semiconductor Digi-Talker DT-1050 speech synthesis chip set
uses data compressed digitized speech.

Digi-Talker

The Micromouth synthesized speech board is based upon the
National Semiconductor DT-1050 speech-synthesizer chip set. The
chip set consists of a speech processor (SPC) and and two 64
Kbit ROMs.

The speech processor uses PCM encoding with a comprehensive
data compression algorithm developed by Forest Mozer at the
University of California. The primary compression methoed
employed 1is delta modulation. As previously described, this
concept recognizes that speech 1is generally smooth and
continuous. Rather than storing the absolute amplitude of the
voice signal (remember, analog values are stored as digital
numbers, the larger the voltage the more bits are necessary to
represent 1it), the differences between successive samples are
stored instead. During speech reconstruction, successive
amplitudes in the output waveform are obtained by adding the
difference (delta value) to the previous value.

The speech processor also uses phase—angle adjustment and
half-period zeroing compression techniques. Phase-angle
adjustment 1is based on the concept that the intelligibility of
speech 1is not determined by the phase angle of its Fourier
components. Therfore, these values can be adjusted to produce a
waveform with mirror symmetry. Being symmetrical, the redundant
data need not be stored twice.

In half-period =zeroing, the 1low amplitude portion of a
signal 1is reproduced as silence. For the most part, only the
center half of any pitch period needs to be stored since the
center half contains most of the amplitude. The remainder of
the waveform contains relatively little of significance and can
be reduced to silence,

The 144 expression Digi-Talker vocabulary was initially
recorded through a microphone, then differentiated and
digitized. A computer program was applied to the data to
perform phase-angle adjustment, delta-modulation, and half-
period zeroing. The redundant pitch periods and phonemes were
reduced to individual stored periods and number of times they
are repeated (usually 3 to 8). The resulting data containing
frequency, amplitude, and control information is stored in the
128 Kbit (2 X 64K) speech ROMs.

Each block of speech data contains a control word specifying
the ROM location of an expression, the type of wave form to be
generated and the number of times to repeat it. Speech data
from the ROM is loaded into the SPC's data register and passed
cn to the delta-modulator decoder. This results in a 4 bit
number that is applied to the D/A. Successive and regressive
digitizations produce a final waveform that is generated in
real time.






7 and 8. As in any digitized speech output, a low pass filter
is required. For low pitched male voices the cutoff frequency
should be about 100 Hz and £for high pitched female or
children's voices it should be 300Hz. The filter on the
Micromouth board has a cutoff frequency around 150 Hz. The
frequency response of the output speaker and the dynamics of
its enclosure can also affect sound quality.

Using the Speech Processor Board with BASIC

The main attribute of a canned speech synthesizer is low
software overhead. With the Micromouth Speech Processor board
voicing any or all of the 144 expressions can be accomplished
using a simple BASIC OUT or POKE command.

To say "TWENTY" for example, you would execute an OUT 127,20
in BASIC. 1In the APPLE II rather than OUT statements they use
POKE. The appropriate command would be POKE -16001,20 if the
board 1is installed in slot 1. The information communicated, a
decimal 20, is the same even though the command may be slightly
different (program examples use only OUT statements and port
127 consistently).

Saying words 1in series can be handled in one of two ways.
One way is to use timing loops or other program execution steps
to allow enough time for a word to be spoken before loading the
SPC with the next word code. The preferred method is to check
the busy line (INTR) before loading the next word. In this way
speech can sound continuous regardless of the length of each
word., The INTR status bit is read as the LSB of INP(127) (or
INP (255) if JP2 is installed). In the examples provided, when
the SPC was talking INP(127) was equal to 1 and, when it was
clear INP(127) was equal to 0.

This may vary from computer to computer. With the Micromouth
attached and powered but not speaking, read the the value of
INP(127), (PRINT PEEK(-16001) in an APPLE II). This is the "not
busy" value. When the Micromouth is speaking, the LSB of that
port will change from a 0 (not speaking) to a 1 (speaking).
Depending upon the affect of system connections to the other 7
bus 1lines, the absolute value you read can be anything between
0 and 255, In the Digital Group computer for example, the bus
is held 1low and the values are 0 and 1. The TRS-80 can be
either this or 254/255 depending upon the brand of expansion
interface. It 1is best to experimentally read this port to
properly define the particular port value for your machine when
it is talking.

It 1is necessary to use this handshaking INTR line to finish
one word before 1loading another. For example, the number 21,
which consists of "TWENTY" and "ONE" sucessively, would be said
as follows:

100 oUT 127,20 : GOSUB 1000 : OUT 127,1
110 END

1000 IF INP(127)=1 THEN GOTO 1000 ELSE RETURN






the polarity of the electrolytic capacitors (Cl, C2 and C7) and
orient the positive side of the capacitor with the "+" marked
on the board. 1Insert and solder R4, Ql, and the crystal (the
crystal should lie flat - a dab of glue helps secure it).

Step 3 =--- Insert and solder D1, D2, and Zl. Note the polarity
of these devices. The bar side of the component should line up
with the silk screen on the board. Insert and solder IC9 and IC
10, No heat sinks are required. No other 1IC's should be
inserted at this time.

Step 4 --- If you are constructing a TRS-80 version, solder the
transformer leads to the designated solder pads. The black lead
goes to point A; the white (sometimes green instead) lead goes
to point B; and the red 1lead goes to CT. Plug in the
transformer. The voltage at ICY9 pin 2 should be between +8.5V
and +9.5V. The voltage at IC1l0 pin 2 should be between +4.75V
and +5.25V, If either is incorrect, disconnect the power and
check the transformer connections and diode polarities. (APPLE
owners can make these checks by plugging the Micromouth board
into a peripheral shot and powering up the computer).

Step 5 --- After determining that the power is correct, insert
and solder all 1ICs except ICs 1, 2, and 3. Repeat the same
proceedure outlined in step 4.

Step 6 --- Install Jumpers

For the TRS-80 install JPl (or JP2 for port 255), JP5,
and JP9.

For the APPLE II install JPl1 (or JP2 for port ClFF), JP5,
and JP1O0.

NOTE: No other jumpers should be installed! Unless otherwise
specified, Jjumper positions not designated <£for connection
should be left open. These other jumpers are provided to allow
a variety of connection options to the Micromouth. A table is
included which explains their functions. Also, only one
connector, either Jl1 or J2, can be in use at a time. Nothing
should be attached to the unused connector.

Step 7 --- Carefully insert ICs 1, 2, and 3 into the sockets.
Be <careful with ICl1 and treat it as a CMOS device (avoid
static). Note that one ROM chip is labeled SSR1 while the other
is labeled SSR2. SSR1 should be inserted into IC2 and SSR2
should be inserted into 1IC3. ©Note that the chips have an
indentation on one edge. This indentation should line up with
the silk screen.

Step 8 =--- With both the Micromouth and computer unpowered,
attach the Micromouth board to the computer. For an APPLE II,
insert the board into peripheral slot 1. For a TRS-80 Mcdel I
attach the 40 conductor Jjumper cable between J2 and the
keyboard (or J3 on the Expansion Interface) connector. Attach
an 8 Ohm speaker between points X and Y on the Micromouth






(Continued from Page 8)

25 A0 N 79
23 DO IN 10 95
20 D7 OUT C 90
24 D6 OUT D 40
28 D5 OUT E 39
18 D4 OUT F 38
26 D3 OUT H 89
32 D2 OUT J 88
22 D1 OUT K 35
30 DO ouUT L 36
S100 I/0 WR S§100 I/O RD
r———— """
! |
PDBIN [78>—F E - s | e I/ORD
1 STR I3
o us sinp [48> ‘°-D | - o8

-~ STROBE

* Digi-Talker is a trade mark of National Semiconductor Corp.






H8/Micromouth Interface

TRS-80 COMPATIBLE SIGNALS
FOR CONNECTION TO MICROMOUTH
INTERFACE

LOW ORDER
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£
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Digitalker Speech Processor Interface Parts List

PC Board
IC1-IC3

IC4

IC5

IC6

IC7

IC8

IC9-IC10

Q1

D1-D2

zZ1l

AC Transformer (22 VCT)
Cl

Cc2
c3,c4,C5,C6,C8,Cl1
Cc7

C9

C1l0

R1

R2,R9

R3

R4

R5

R6

R7

R8

XTAL

40 Pin Socket
24 Pin Socket
Speaker Connector
Misc Hdwr.

J2 Cable

* Supplied only with TRS-80 version

*

VALUE OR DESIGNATION
Speech Processor PCB
DT1050 SPC Chip Set
74LS30

74L502

74LS367

LM741 Operational Amp
LM386 Power Amp

MC7805 Voltage Regulator
TIP32 Transistor
1N4001 Diode

1N4730A Zener Diode
MICROMINT PITB-109

470 Mfd. 25VDC Elec.
10 Mfd. 25VDC Elec.
0.1 Mfd. 12VDC Ceramic
100-300 Mfd. 16VDC Elec.
68 Pfd. 12VDC Ceramic
33 Pfd. 12VDC Ceramic
330 Ohm (ORG ORG BRN)
3.3K (ORG ORG RED)
10K (BRN BLK ORG)
10K Potentiometer

10 Ohm (BRN BLK BLK)

1.8K (BRN GRY RED)
1 Meg (BRN BLK GRN)
1K {BRN BLK RED)
4 MHz. Crystal

1 piece (IC1)

2 Pieces (IC2,1IC3)

2 Pin Header & Mate

3 Screws (1/2") and Nuts
40 cond. Ribbon cable
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Listing 1

list

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320

READ

PRINT "MULTIPLICATION TABLE EXERCISER"

OuT 127,0:REM Say This is Digi-Talker

PRINT: PRINT“Whlch table do you want to review (1 to 10)"
INPUT N

FOR X=0 TO 10

PRINT X;"X";N;"=";:;X*N:J=X*N

IF X=0 THEN OUT 127,31:GOSUB 290:GOTO 180

OUT 127,X:GOSUB 290

GOSUB 310:0UT 127,N:GOSUB 290

ouT 127,80:GOSUB 290:0UT 127,129:GOSUB 290

J1=INT(J/10)

IF J=100 THEN OUT 127,1:GOSUB 290:0UT 127,28:GOSUB 290:GOTO 260
IF J=0 THEN OUT 127,31:GOSUB 290:GOTO 260

IF J<20 THEN OUT 127,J:GOSUB 290:GOTO 260

OUT 127,18+J1:GOSUB 290

IF J- Jl*10>0 THEN OUT 127,J- Jl*lO GOSUB 290:GOTO 260
NEXT X

PRINT:GOTO 120

REM

IF INP(127)=1 THEN 290 ELSE RETURN:REM check end of word
REM

OuT 127,139:GOSUB 29C:0UT 127,129:GOSUB 290 :RETURN

REM say TIMES

Y
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Micromouth Parts Layout

050, (g

E g ICi0
B E JP3
J S (o :]
M.
—— o
ic3 1c2
1c9 sSR2 SSRI
5[] ico *
4+ cl

I THE MICRO MINT INC.

SPEECH PROCESSOR

T — @C@) T m

yOOx

td:KE}hJZ

WU UL L b

2 5T

I1ct JPIO JPB JPS cs D
w2 -
= L 3s
71
8
Ics ic4
(e 2
C s L
i 5 i0 18 20 25

9%-

TERERE RS ERRRAREIR RN A RN RRRR RN ARLLL




Installation Diagram
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