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AN EXCLUSIVE RADIC SHACK SERVICE TO THE EXPERIMENTER

SP0256 NARRATOR™ SPEECH PROCESSOR

Fenturas

=  Naturgl Speech

*  Stand Alone Opergtion with Inexpen-
sive Support Components

*  Wide Operating Voltage

* Ward, Phrase, ar Sentence Llbrary,
ROM Expandable

4 Expendable to 481K of ROM Directly

* Simpie Interface to Most Microcom-
puters or Microprocessors

&  Supperts L.P.C, Bynthesis: Formant
Syhthesis: Allophone Synthesis

General Description

The SPOZEE (Speech Processorl isasingle
chip M-Channe| MOS LS| device that is
able, using its stored prograr, 1o synthe
siZe speech or complex sounds,

The achisvable autput is equivalent 1o a
ftat frequency responsze ranging from 0O
1o 5 kHz, a dynamic range of 42dB, and
a signal to noise ratic of appraximately
35d6,

The 3SFO0268 incorporates four basic
funetions:

* 4 software programable digital filver
that can be made to model a VOCAL
TRACT.

& A 16K ROM which stores both data
and instructions {THE PROGRAM),

* A MICROCONTROLLER which cone
trols the data flow from the ROM to
the digital filter, the assembly of the
“ward strings” necessary for linking
speech elerments together, and the
amplitude and piteh information 1o
excite the digital filter.

* APULSEWIOTHMODULATOR that
creates a digital cutput which 35 con-
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PIN CONFIGURATION

varted to an analeg sionat when fil-
tered by an external low pass filter,

Allophone Based Speech Processor
— SP0C256-AL2

One examnple of a preprogramed SPOZ66
is the ALZ pattern,

Allophone Usage with a
Micraprocessor

The SPO256-ALZ reguires the use of a
pracessar to concatenate the speech
sounds 10 farm words,

The SPQZBE is controlled using the ad-
dress pins [A1-AR], ALD [Address Load],
and SE {Strobe Enable). The object for
cantrelling the chip iz to load an address
inta It which contains the desired allo-
phone, The speech data for the allophone
set 15 contained within the internal 16K
ROM of the SPD256-AL2.
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This particular application (Allaphone
Set) rtequires only six  address  pins
{A1-AB] 1o address all the 59 allo-
phones plus five pauses, a total of 64
lpeations., For simplicity, since only g/x
atldress pins are needed to address the
G4 |ocations, pins AY and AR can be tied
low {to ground} angd now any further
references to the address bus will include
A1-AB and A7=A8=0,

There pre two modes available for
lgading an address inta the chip, S5E
{5trobe Enablel cantrols the made that
will be used.

Mode O {8E=0) will latch is am address
when any one or more of the address
pins makes & low 1o high transition.
For example, to losd the address one
11}, A2 1o AB=0 and Al is pulsed high.
To load the address twelve [12 octall,
AT=A3=A5=AG=0, A2 and &4 are puls
ed high zimultanecusly, (Note that an
address of zéro cannot be loaded Usihg
this mada),

Mode 1 [SE=1} will latch in an address
using the ALLD pin, First, setup the de-
sired address on the address bus {A1-AB]

and then pulse ALD low, Any address
can be loeded using this mode, but
certain setup and hoid times are regquired
{refer to the attached timing diagram for
the specific times}.

Two microprocessor irterface ping are
available for guick |oading of addresses,
They are LRJ and SBY. ILRQO {Load Re-
questt tefls the processor when the
Input bufler is full, BBY [Stand By)
1ells 1the processer that the chip has stop-
ped talking and no new address has
been loaded. Ejther interface pin can be
used when concatenating allophones,
LAQ is an active low signsl, when LRAQ
goes low 1t is time 0 load a new address
1o the chip, 14 LAQ is high, then simoly
wait for [1 10 go low before Ipading the
address, SBY will stay high unti| an ad-
dress is loadegl, then it witl gu Iow ang
stay low until all the internal instruc-
tions [Speech Codel from that one ad-
dress are completed, Once this signal
goes high, it is time to load a new ad-
dress. Since spesch does not require very
-fast address 1oading, 1t wauld be accept-
able to use SBY 1o interface ta the
processor,

SPOZLG DLOCK HAdRAKM

HBITS

T EDURTE aND
INTERFOLATION

— |
L 4DDRESS
RELISTER ) |
e P
— T S
. 3TART ADDRESS | HANDEMAKYE,
i LATEH ———ms  COWTAD,
A | g -
axt ri B ol
S : | P
P T | | ——
e e —— ALD %1 \AG SEY

AL
56T HESET

LB

BBIT
BODFESS

ELT7] e#TERNSL ROm [ RO DISABLE
03 w-—  GUNTRDL = ROM CLOCK
SCF —- i
EE S
{BERIAL COEFFICIENT TRANSFER
B — [ REGISTERS
L :
! aTs
Sl
i | '
2K e BBIT
)
;

}_

17 HOLDINT

{CDEFFICIENTS)

VDCI:L:I'INQCT MODEL™
112 POLE g TAL
FILTEA)

'?ETJ_

PLLSE wIDTH o DIGITAL
MADULATOR oLT
— psc z
osc 8¢

b+l

Paral 2



To end a word using allophanes it is
NeEcessary to load a pause ta complete
the word, For example, the word “TWQ

can be implemented using the following
allophenes, TT2-VW2.PAT, PA1 i3 actu-
ally not an allephone but @ pause which
is needed to end the ward,
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AC HARACTERISTICS SYM  MIN_ TYP  MAX UMNITS CONDMTIORS
EALD towl 200 — 1100 ps 200 < ALD < 1100 ng
A1-A8 Set Up ts1 0 - = ns
. Hald thi 180 — — TS
LRO tpdl — = 0 ns
SBY tpdd — = 300 ns
ALD tpwl
a1-48 folj = -
(IE3) - (pd]
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SBY -
AC CHARACTERISTICS 5YM MIN  TYP MAX LUNITS CORDITIONS
ALD fpwg 1100 — —  ns  ALD > 1100nms
At-A8 Sel Up 1s2 P - — ns
o Hold the 1120 — — s
LRQ tpdl — — 300 ns
By tpdz  — - 300 ns
Kﬁﬁ ’—
ts2 s— |hZ
Al !
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zgY = tpdl
f AC CHARACTERISTICE  SYM  MIN  TYP  MAX  UNITS COKDITIONS
Cleck Frequency F — 3120 — MHz Crystal Qseillatar
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SBY Reset towd 100 —  —  us
Hes ] w3
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PIN FUNCTIONS

PIN NUMBER

NAME

FUNCTION

1

Vgg

Ground

2

RESET

& logic O resats that portion of the 5P
powered by Ve, Must be returned to a
lagic * for normal operation,

HOM DISABLE

For use with an external serial speech
ROM, & logic 1 disables the external
ROM,

C1,C2, 23

Qutput control lines for use with an ex-
ternal sarial speech ROM, Reofer to the
SPRD16 Data Sheet for details,

Yoo

Fower supply for all portions of the 5P
EXCEpt the microprocessor interface logic,

5BY

STANDBY. A logic 1 output indicates
that the SP is inactive and Ypp can be
powered down externally to conserve
power. When the 5P is reactivated by an
address being loaded, 5BY will go to a
logic 0.

LHEC

LOAD REQUEST. LRQ. is a logic 1
output whanever the input buffer is
full, When LR goes to a logic O, the in-
put port may be loaded by placing the 8
address bitz on A1-A8 and pulsing the
ALD output,

10,11, 13, 14,
15,16, 17, 18

AB, A7, AB, AR,
Ad, A3, AZ, A1

8 bit address which defines any gne of
268 speech entry points.

12

SER OUT

SERIAL ADDRESS QOUT. This output
transters a 16-bit address serially to an
external spepch A QOM,

19

SE

STHOBE EMNABLE. Narmally held in a
logic 1 state. When tied to ground, ALD
is disabled and the SP will automatic-
ally latch in the address on the input bus
appraximately Tus after detecting a logic
1 on any address line,

20

AlD

ADDRESS LOAD. A negative puise on
this input leads the B address bits into
the input port. The negative edge of this
pulse causes LAT 1o a0 high,

21

SER IN

SERIAL IN, This is an B-bit serial data
frgper from an externsl speech KON,
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Pin Funetions Continued

MN NUMBER NAME FUNCTION

22 TEST This pin should be grounded for normal
operatian,

23 v Power supply for the microprocessor in-
tarface logic and controller,

24 DIGITAL OUT Pulse width modulated dlgital speech
output which, when filterad by a BKHz
low pass filter and amplified, will drive a
loudspeaker,

25 S8Y RESET STANDBY RESET, A logic O resets the
microprocessor Interface logic and the
address |gtches, Musgt be returned to a
logle 1 for normal operatian,

26 ROM CLOCK This is & 1.B6MHz clock ocurput used
10 drive an external serigl spaech AOM,

7 [a1eg] XTAL IN. Input connection for a
212MHz crystal.

28 0sc2 XTAL ©OUT, Qutput connection for a
3.12MHz crystal,

ALL OPHONE SPEECH Linguistics
SYNTHESIS

Introduction

The General Instrument allgphane spegch
synthesis technigwe provides the user
with the ability t¢ synthesize an un-
limited wocabulary at a wery low it
rate, Fifty-nine discrete speech spunds
{called allophonest are five pauses are
stored at different addresses in  the
S5PO256 internal ROM. Each speech
sound was excised from a8 word and an-
alvzed wsing lineer predictive coding
{LPC). Any Ernglish word ar phrase can
be crested by addressing the appropri-
ate comhbination of allophones and
pauses, 3ince there is a total of 64 address
locations each requires &8 6 bit sddress,
Agsuming that speech containg 10 1o
12 sounds per second, allophone syn-
thesis requires addressing less than 100
bits per second.

Fard &

A few basic linguistic conceptz will help
you start your own library af “alla-
phone words™ . [See Table 1 for the Gep-
eral Instrument Allophone Rictiohary].
First, there is ne one-to-one correspon-
dence between written letters and speech
saunds; secondly, speech sounds are
acoustically different depending upon
their position within & word; and lastly,
the human ear may perceive the same
acoustic signal differently in the context
of different sounds.

The first point compares to the problem
thay a child encownters when learning ta
read. Each sound in 8 language may he
represented by mare than ene [etter and,
converiely each letter may represent more
than one sound. {See the examples in
Tahle 2.} Because of these spelling ir-
regularities, it is necessary 1o think in
terms of tounds, not letters, when using
allpphones,



The szcond, and equally important,
poing 1o understand, is that the acoustic
signal of a speech sound may differ de
pending upon its position within a word,
For example, the initial K sound in coop
will be acoustically oifferent from the K's
In keep and spask, The K't in goop and
keap differ due to the influence af the
vowels which follow them, and the final
K in spesk is vsually not as loud s inftial
K’s,

Finally, 2 listener may identify the
sgme acoustic signal differently depend-
ing on the context in which it is per-
ceived. Don't be surprised, therefore,
if @an allophone word sounds slightly
different when used in various phrases,

Phonemes OFf English

The sounds of 2 language are called pho-
nemes, ahd each language has a set which
is slightly different from that of other
languages. Table 3 contains & chart of
all the consaonant phonemes of English,
Teable 4 all the vowel phonemes.

Consonants a2 praduced by creating an
ottlusion or constrictian in the voeal
trect which produces an aperiodic sound
seures, 1 the vocel cords are vibrating
&t the same time, as in the case of the
voiced fricatives WV, OH, 2Z, and ZH,
{See Table B) there sre two sound
saurces: one which is aperiodic and ane
which is periodic,

Vowels are wsualty produced with s
relatively oper vocal tract and a periodic
sound squrce provided by the wibrating
vocal cords. They are classified according
to whether the front or back of the ton.
gue is high or 1ow (See Table 4 whether
they are long or short, and whether
the lips are rounded er unrounded. In
English all rounded vowels are produceg
in or near the back of the mouth (LW,
UH, OW, AD, OR, Awl.

Speech sounds which have features in
common behave in similar ways, For ex.
ample, the voiceless stop consonants PF,
TT, snd KK {5e& Table 3} should be pre
ceded by 50-BO msec of silence, and the
voiced stop consonants BB, 0D, and GG
by 10-30 msec of silence,

Panal ¥

Allophones

Phoneme is the name glven to a group of
similar sounds in a language. Recall that
a phoneme is scoustically different de-
pending upon its pasition within a word,
Each of these positional variants is an al-
lophonc of the same phoneme. An allo-
phone, therefore, is the manifestation of
aphunema in true speech signal, It is for
this reason that our inventory of English
speech sounas ks called an allephone set.

How To Use The Allophone Sat

{See Table 1 for instructions on how to
create all the sample wards mentioned in
this section,) The allophune set {Refer to
Table &) contalns two or three versions
of some phonemes. |t may be necessary
to use one allophone of a partfeular phe-
neme for word-or-svllable-tinal posltion,
A detailed set of guidelines for using the
sllophones is glven in Table 5, Note that
these are sugpestions, not ruies,

Far example, DD2 soungs good in initial
position and DR1 sounds good in final
position, as in “daughter” and ‘collide™,
One of the differences between the inj-
tial and final versions of & consonam
is that an initial version may be longer
than the final version, Therefore, to cre-
#te an initial §5, you can use two §5¢
instead of the usual single 35 at the end
of a word or syllabla, as in “"sister’’.
Mate thar this can be done with TH,
and FF, and the inherently short vawels
1o be discussed below!, but with no
ather consonants, You will want to ex-
pEriment with some cansonants gsuch as
str, cl} to discaver which version works
best in the clugter, For example, KK1
sounds good before LU ag in "clown”,
and KKZ sounds good before WW ag
in *‘'square”, One allophone of a particu-
tar phaneme may soumnd better befare ar
after back vowels and another hefore ar
after front vowels. KK2 sounds good be-
fare UH &end K K1 sound: good befare (Y,
as in “cookle’. Some saunds (PP, BB,
TT, OD, KK, GG, CH, and JH) require a
brief duration of silerce before ther.
For most of these, the sitence has gl
ready been added but vou rmay decide
you want 1o add more.  Therefore
thera are zeveral pauses included in the



allophane set varying from 10-200 msec,

To create the final sounds in the words
“tetter* and “little” use the allophones
ER and EL.

Remember that yvou must always think

sbout how @ word sounds not how itis
spelled, For example, the NG sound s
represented by the letter W [0 “uncle™,
And remember that some sounds may
not even be represented In wards by any
letters, as the YY In “computer’.

As mentioned eariier there are same vowe
els which can be doubled to make long
er versiony for stressed syllables, These
ore the inherently short vowels 1H, EH,
AE, AX, AA, and UH, For exsmple,
in the ward “extent” use one EH in the
flest syllable, which is unstressed and
two EHs [n the second syllabla which is
stressed, Of the inherently long vowels
there 15 one, LW, which haz a long and

shiort verslon, The short ane, W1, sounds
good after ¥Y in computer. The long
version, UW2Z sounds good in mong
syllabic words 1ike “two'. Included in
the vowvel =2t is 2 group called R-¢olored
vowels, These are vowel + R combing
tipng, For example, the AR in “alarm’’
and the OR in “score’. Of the Rwolored
wowels there 1t one, ER, which has 5 1ong
and short varsion, The short version is
good for polysyllsbie words with final
ER scunds like *'letter’, ang the long
version is good for monosyllabic waords
Jike *fir'", One fingl suggestion is that
wou maey want to add a pause of 30-50
msec betwesn words, when creating sen-
tences, and & pause of 100-200 msec be-
tWeEN Clauses,

MNote: Every utterance must be followed
by & pause in arder to make the chip
stop talking the |ast allophone,

Tahle 1;

NUMBERS:

zero ZZ2 YR Ow

one, wor Wi BX AX NN1

Wi, ta, 0o TT2 W2

three TH RBA1 1Y

four, for, fore  FF FF OR

five FF FF AY WV

s5i%, 55 &85 IH IH PAJ
K¥2 55

seven 8% 88 EH EH WV IH
N1

eight, ate EY PA3 TT2

ning MMt AA AY NMI

ten TT2 EH EH NM1

Bleven IM LL EH EH WV
IH MM

Twrelve TT2 WH EM EH LL
LAY

thirteen TH ER1 PAZ PA3
TT2 Y HNN1

fourteen FF OR PA2 PAZ
TT2 1% MNb

fifteen FF IH FF PA2 FA3
TT2 1Y NN

sixtecn 55 55 |H PA3 KKZ

S8 PAZ PAZ TTZ 1Y
MN1

FParal 8

SEVenteen 55 85 EH ¥V TH
NM1 PAZ PAZ TT2
I NN

eighteen EY PA2Z PAZ TTZ2
1Y M1

ningtaan NMNT AY NN1 PAZ
PA3 TT2 Iv NMNi

twenty TT2 WH EH.EH
NMT1 PAZ PAS TTZ I'Y

thirty TH ER2 PA2 PA3
TT2 1Y

forty FF OR PA3Z TTZ2 i¥

fifey F¥ FF IH FF FF
PAZ PAJ TT2 IY

SINTY 55 55 IH PA3 KK2
55 PAZ2 PAT TTZ IY

seventy 53 55 EH Vv IH
NMN1 PA2 PAZ TT2 1Y

eighty EY PA3 TTZ IY

ninety MY AY MMNT PA3
TT2 17

hundred HH2 AX AX NMI
FAZ DD2Z RRAZ IH
H PA1 DD1

thousand TH a4 AW ZZ TH
FAl PAT N1 BD1

million MR OIH IH LL YY1
AX NN



Tabie 1 Continued

DAY OF THE WEEK:

Sunday
Monday
Tuesday
Wednesday
Thursday
Friday

Saturday

MONTHS:
January
February

March
April
May
June
July
August

September

Ootober

MNowember

Decemmber

LETTERS:

Lot oTmoOmp

88 85 AX AX NN
FaZ DDZ EY

MM AX AX NN
FAZ DDOZ2 EY

TTZ UW2 Z£ PA2
DD2 EY

wWw EH EH NN1 ZZ
raz D2 EY

TH ER2 ZZ PAZ2
DD2 EY

FF RR2 AY PAZ
bD2 EY

S5 55 AE PAZ

TT2 PAZ DDZ EY

JH AE AE NN1
YY2 XK1Y

FF EH EH Pa1
BR RRZ LwW2 XR 1Y
MM AR PAZ CH
EY PA3 PP RR2Z
iH {H LL

M EY

JH UWZ NN

JH Wl LL AY
AD AD PAZ GG2
AX 88 PA3 TT1
55 5% EH PA3 PP
PA3 TT2 EH EH
r41 BBZ ER1

AR PA2 KKZ PAS3
TTZ OW FA1 BBZ
ER1

MBZ OW WY EH EH
MM PA1 BB2 ER1
o2 Y §§ S8 EH
EHM MM PA1 BB2
ER1

EY

BB2 1Y

&8 55 1Y

DDz 1Y

I

EH EH FF FF
JH 1Y

EY PAZ PAZ CH
AAAY

JH EH EY

Panel 9

K KK1 EH EY

L EH EH EL

M EH EH MM

N EH EH NN

Q O

P PP OIY

o] KET ¥Y1 Uw2

R AR

s EH EH 35 5%

T TT2 1Y

u YY1 Uw2

W WiV OLY

w DDZ AX. FAZ BEZ
EL YY1 uw2

X EH EH PA3 KK2
88 83

Y W AaY

Z ZZ 1Y

CICTIONARY:

alarm AX LL AR MM

hathe BEBZ EY DH2

bather BEB2 EY DH2 ER1

hathing BEB2 EY DHZ IH NG

heer BBZ YR

bread BBE1 RAZ EH EH PA
nlal]

by BB2Z AA AY

calendar KKE1 AE AE LL
EH ™M1 PAZ DDZ
ER1

clock KE1T LL AA AA
A3 KK2

clown KK1 LL AW NN

check {H EH EH PA3
KK2

checked CH EH EH PA3
KK2 PA2 TT2

checker CH EH EH PA3J
KK1 ER1

checkers CH EH EH FA3
KK1 ERt Z£2

checking CHEH EH PA3
KK11H NG

checks CH EH EH FPa3
KK1 85

cognitive KK3 AA AA GGD
NM1 IH PAZ TT2
IH vV

coltide KK3 AX LL AY
oo

campater K1 AaX MM PP
YY1 oUW TT2 ER

cookie KEKI UH KK 1Y



coap
correct

carrecied

correcting

corrects

crovwn
date
daughter
day
divided
armnotional

Engage

enpagement

ENQages

engaging

Enrage
enraged
ernrages
enraging
gscape

escaped

B3Ca[Es
BLCaARING
equal
EQuals

ETrOr
BxtenT

KK3 UW2 PA3 PP
KK1 ERZ EH EH
FAZ RK2 PAZ TTI
KK1 ERZ EH EH
PAZ KK2 PAZ TTZ
IH FAZ DD

KK1 ERZ EH EH
PAZ KK2 PA2 TTZ
IH NG

kK1 ERZ2 EH EH
PAZ KK2 PAZ TTI
85

KK1 RR2 AW NN?
DD2 EY PAZ TTZ
DD2 AQ TT2 ER1T
DD2 EH EY

DDZ2 I VWV AY
P&2 DD2 IH PAZ
om

1Y MM OW SH AX
WNT AX EL

EH EH PA1T NN%
GG1 EY PAZ JH
EH EH FA1 MN]
G311 EY PAZ JH
EH EH NN1 PAZ
FAZ TTZ

EH EH PAiT NN1
GG1 EY PA2 JH IH
ZZ

MM

EH EH PA1 NNY
GG1 EY PAZ JH IH
NG

EH MN1 ARY EY
PA2 IH

EH NN1 RR1 EY
PAZ JH PAZ DD

EH NM1 RA] EY
PAaZ JH IH ZZ

EH MNN1 RR1 EY
PAZ JH IH NG

EH 55 85 PA3

KK1 PAZ PAZ PP
EH 55 8BS PAZ

KK1 PAZ PA3 PP
PAZ TTZ2

EH 55 55 PA3 KX1
FAZ FA3 PP 5SS

EH 88 83 PAJZ KK1
Paz PA3Z PP |H NG
1Y PAZ PAZ KK3
WH AX EL

I¥ PA2 PAZ KK3
WH AX EL Z2Z

£H XR OR

EH KK1 85 TTZ EH
EH Ni1 TT2
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fir
freeze
fregzer

freezurs
freezing

frpzen

gauge
guaged

guages

guaging

hello
hour

infinitive

intrigue

intrigued

intrigues

intriguing

investigate

investigated

inwestigatar

Investigators

investipates

F¥ ER2

FF FF RR1 IV 22
FF FF BR1 1Y ZZ
ER1

FF FF RR1 1Y 22
ER1 22

FF FF RRAT 1Y 22
IH NG

FF FF RR1
EH NN1

GG1 EY PAZ JH
GG1 EY PAZ JH
FAZ DD

GG1 Ev PAZ JH
I ZZ

GG1 EY FAZ JH
IH NG

HH EH LL AX OW
AW ER1

IH MN1 FF FF IH
IHNNT IH PAZ PAZ
T72 14 VWV

IH NN1 FA3 TT2
RR2 1Y Pal1 GGE3
IH NN1 PA3 TTZ
RRZ 1Y FA1 GG3
PA2 DD
1H NN1
RR2Z 1¥ PA7
ZZ

IH NN1 PAZ TTZ2
ARZ 1Y P41 (GG3
IH NG

IH IH MNN1 ¥V EH
EH 55 PAZ PA3
TTZ IH PAY GG
EY PA2 TT2

{H IH MK1 ¥v EH
EH S5 PA? PA3

TTZ IH PA1 GG
EY PAZ TT2 IH PAZ
oD

IH IH NN vV EH
EH s5 PAaZ Pa3
TTZ2 IH PAT GG1
EY PAZ TTZ2 ERI

tH iH NN1 WV EH
EH 85 PAZ PA3
TT2 IH Pa1 GG
EY FAZ TTZ ER1
27

IH IH NNT WV EH
EH 55 PAZ2 PAZ
TT2 IH PA&1 GG1
EY PAaZ TT1 55

ow Z2

FA3 TT2
GG3



Tahle 1 Continued

investigating

key
legislate

Teglslated

legislates

legislating

legislature

letter
litter

little

FHEmory
memaories
minute
manth
nip
nipped
nipping
nips

no
physical

pin
pinned
pinning
pins
pledge
pledged

pledaes

1IH IH KNN1 VY EH
EH S5 PAZ PAQ

TT2 IH PAY GG
EY PA2 TT2 IH NG
KK 1Y

LL EH EH FPAZ

JH JH 8§ 85 LL EY
PA2 PAJ TTZ

LL EH EH FA2

JH IH 8% B8 LL EY
PAZ PA3 TT2 iH DN
LL EH EH PAZ2

JH JH B8 88 LI EY
FAa2 PAZ TT1 S8

LL EH EH PA2

JH JH 88 55 LL EY
PAZ PAZ TT2 IH NG
LL EH EH PA2

JH JH 55 S5 LL EY
PAZ PA3 CH ERA
LL EH EH PA3
TT2 ER1

LL IH IH PA3 TT2
ER1

LL IH IH PA3 TTZ
EL

MM EH EH MM

ERZ 1Y

MM EH EH MM
ERZ |¥Y ZZ

MM 1TH NN1 IH PA3Z
TT2

MM AX WNNT TH

NMN1 IH tH PAZ
FA3 PP

MM IH IH PAZ
FA3 PP PAZ TTZ
NNT IH 1H PAZ
PAZ PP IH NG
MN1 IH IH PAZ
FA3 PP S5

NNZ AX OW

FF FF [H 22 IH
PAJ KK1 AX EL
PP |H [H NN1

PP IH 1TH NMN1
FAZ DD1

PP IH IH NNT IH
[Nk}

FP IH IH NN ZZ
PP LL EH FH PAZ Jif
PP LL EH EH PA3
JH FAZ DD

FF LL EH EH PAZ
JH JH 2Z

Farwi 11

pledging

plus

Tay
rays
ready
red

ropot

robots

sCOre
second

sensitive

sensitivity

gincers
sincerely

sincerity

sister

speak
spell
spelled
speller
speflers
spelling
spells
start

started

starter

PP LL EH EH PAZ3
JH IH NG

PP LL AX AX 55
538

RR1 EH EY

RR1 EH EY 22
RR1 EH EH PA13
oD2 1Y

AR1 EH FH PA‘l
Do

RR1 OW PAZ2 BEZ
Al PA3 TT2Z

RR1 OW PAZ BBZ
AA FAZ TT1 53

58 85 PAZ KK3 OR
58 885 EH PA3 KKI
TH NN1 PAZ D1
58 85 EH EH NN1
56 55 1H PA2 PA3
TT2 1M WY

55 55 EH EH NNt
58 55 IH PAZ FA3
TT2 IH Vv IH PAZ
PA3 TT2 IY

58 &5 IH IH NN

S8 58 [H IH NN
88 88 YR LL kY
35 85 IH |H NNA
55 S5 EH EH RR1
IH FAZ PAS TT2 1Y
€8 S5 |H IH 85
PA3 TTZ ER1

55 55 PAZ 1Y PAJ
KK2

85 S5 FA3 PP EH
EH EL

5% S5 PA3Z PP EH
EH EL PA3 DN
85 85 PA3 PP EH
EH EL ERZ

85 S5 PAZ PP EH
EH EL ER2Z 2Z

55 55 PA3 PP EH
EH EL IH NG

55 58 PA3 PP EH
EH EL Z2Z

S5 55 PA3 TT2 AR
PA3 TT2

55 B5 PAZ TT2 AR
PA3 TTZ2 14 PA]
D02

8% 88 PA3 TT2 AR
Pa3 TT2 ER



starting
starts
stop
stopped
stapper
stoppRing
stops

subjeet {noun!

subject [verb)

svveat

sweated

sweater
EWESLErs
sweating
SWED LS
gwitche
switched
switches
syiitching
system
systems
talk
talked
talker
talkers
talking

talks

$8 55 PP3 TT2 AR
PA3 TTZ IH NG
S8 85 PF3 TT72 AR
PAZ TT1 &5
55 85 PA3Z TTM
Ak FAZ PP

S5 88 PAZ TT1 AA
Al PAJ PP PA3 TT2
58 85 PAZ TT1 AA
Af PAZ PP ER1

85 S5 PA3 TT1 AA
AL PA3 PP IH NG
S5 B8 PA3 TT1 AA
Aa PA3 FP 35

S5 85 AX AX PA2
BB1 PAZ JH EH PAZ
Kkz PA3 TTZ

55 58 AX PA2 BE1
FAZ JH EH EH PA3
KK2 PA3 TT2

55 585 WW EH EH
PA3 TT2

S5 55 WW EH EH
PAZ TTZ IH PA3
oo

55 535 WW EH EH
PAZ TT2 ER1

S5 85 Ww EH EH
PAS TT2 ER1 ZZ

S5 58 WW EH EH

AR

PAS TTZ IH NG

33 55 wWwwW EH EH
PA3 TT2 58

S5 55 WH IH 1H

PA3 CH

§5 55 WH IH IH
Fa2 CH PAZ TTZ2

35 58 WH IH {H
Pa3d CH IH ZZ2

S5 88 WH IH IH
P23 CH IH NGZ

€8 55 IH IH 88 8§
PA3 TTZ2 EH MM
£S5 S5 IH IH 55 55
PaI TT2 EH MM Z2
TT2 AR AD PA2
KK2
TT2
KK2
7712
KE1
T72
KK
TT2

AQ Al PAZ
PA3 TT2
A0 AD PA3
ER1

AQ AC PA3
ER1 ZZ
AQ AC PA3
KEY 1H NG
TT2 AQ AD PAZ
KK2 55

Paned 12

thread

threaded

threader
threaders
threading
threads

then
thme
ey

uncle

whale
whaler
whalers
wihales
whaling

vear
VoS

TH RR1 EH EH
PaZ2 0D

TH RR1 EH EH
PaAZ ODZ IH PAZ
oo

TH RR1 EH EH
PAa7 DD2 ER1
TH RR1 EH EH
PAZ DO2 ER1 ZZ
TH RA1 EH EH
paAZ GD2 EH NG
TH RAY EH EH
FAZ DOZ Z2

DHY EH EH NN1
TT2 AA AY MM
TTZ AA AY MM 22

A

W
Wi
L
WY
W

YY2 YR
¥¥2 EH EH 5% 88

NG PA3 KK3 EL

EY EL

EY LL ER1

EY LL ERY ZZ
EY EL £2

EY LL TH NG

TABLE 2 — EXAMPLES OF
SPEL.LING IRREGULARTIES

Same sound
represented by
diffarent letters

Vowels

Caonsonants

Diffarent soumds
rapresented hy
the sama lettars

mEAL vEln

{EEt forElgn
pE1c dElsm
pECple dE]lcer
penn’¥ gEIsha
SHip althoulGH
tenSlon GHastly
preCious couGH
naTion hiccauGH



TABLE 3 — CONSONANT PHONEMES OF ENGLISH**

! i LABID- | INTER- | ALVED-
LABIAL | DENTAL | DEMTAL | LWA | PALATAL | VELARR |GLOTTAL
|
I
Stops: Voiceiess PP 11l KK
Woiced 8B Do GG
Fricatives; | Voiceless wH FF TH 38 5H HH
Voiced W OH ri ZH*
Alfricates: | Vaiteless CH
Voicad JH
Masals Voiceo MK NN NG*
Resonants | Woiced Wi AR.LL | YY j
*These do nel eocur in word-initial positien in English,
Labial: Upper and Lower Lips Palatak: Budy of Tongue Approx-
Touth or Approximate imates Palate (roof of
Lebio-Bental: Upper Teeth and Lower mouth)
Lip Touch \Valar; Body of Tongue Touches
Inter-Dantal:  Teongue Between Teeth Velurn {posterior pertion
Alvaalar: Tip of Tongue Touches or of roof of mauth)
Approximates  Alveolar Glettal: Glottis [opening batween

Ridpe {just behind upper
teeth}

Panel 12

vocal cords)



TABLE 4 — VOWEL PHONEMES OF ENGLISH

FRONT CENTRAL BACK
High YR
¥ I
IH* UH" #
Mid EY ER O
EH* AX* OY#
XR
Low AE* AW A0 #
AY OR#
AR
Ade

* Short Vowels
# Rounded Vowels




TABLE S — GUIDELINES FOR USING THE ALLOPHONES

Silence

FPA1 { 10 ms} — before BE, DD, GG,
and JH

PA2 { 30msl — before BB, DO, GG,
and JH

PA&3 [ 80 ms} — before PP, TT, KK,
and CH, and behareen
words

PAd {100 ms] — between clauses and
SENTENCES

PAS (200 ms) — batween clauses and
sentences

Short Vowelz

“fIHS — sltting, stranded
*{EH!/  — extent, gentlemen
*IAES — extract, acting
*UHS  — cookie, full
~/A0{  —talking, song
“faxf{  — lapel, instruct
AR

= pgttety, Cotton

Long Vowals

fivf — treat, people, penny

IEY) — {great, statement, tray

Ay — kite, sky, mighty

foyf — naoise, 1oy, voice

fUWTF = after clusters with YY:
computer

fUW2Y = 1n manasyllabic words:
tweer, food

fOwW/S — zone, close, snow

1AW/ — spungd, mouse, down

fELS - little, angle, gentlemen

R-Coloreg Wowels

{ER1} — letter, furniture, interrup?
/ERZ!  — monosyllables: hird,

fern, burn
FORS — forwune, adorn, store
FARS — farm, alarm, garment
YR/ — hear, earring, irresponsible
fXAf — hair, declare, stare

Pl 35

Resonants

S — we, watrant, linguist

{RR1{  — initial position: read,
Write, X-roy

{RRZf = initial clusters: browh,
Crene, grease

JLLY « like, hellg, steel

Akl — clusters: cute, bheauty,
coriputer

Yy2 — inltial positian: yes, yarn,
Yoryo

Voiced Fricatives

v — vBit, prove, even

fOH1Y/ = word-initial position: this,
then, they

{DHZ! — word-final and between
vowvels: bathe, bathing

{ZZ} — zog, phase

{2H/ — beige, pleasure

Voicelass Fricativas

"FFf -} These may be doubled
far inltigi position and
used singly in final
HITHY =) position
*1s5f -1
JEH/ — shirt, leash, natian
fHH1!  — befare front vowels: YR, 1Y,
iM, EY,EH, XA, AE

fHHZS — before hack vowels: LW, UM,
OW, OY, AD, OR, AR

WM/ — white, whim, naenty

Vuicad Stops

[BE1S « final position: rib: between
vowels: fibber, in clusters:
hlead, brown

{BB2!  — initial position befare &
vowel: beast

/DD = final pasition: played, end

Jen2y — initial positien: down; clus
ters: drain

HA R = beforg high front vowels: YR,
I, IH, EY, EH, XR

/GG2)  — pefore high back vowels; UW,
UH, W, OY, X and cles-
ters: green, glue

IGG3! — before low voweldst AE, AW,

AY. AR, AA, AQL OR, ER;
agnd medral clusters: anger;
and final position: peq



Voicelass Stops

PP/ — pleasure, ample, trip

fagnl - final ciusters before 55: tests
143

T72f — pll other positions: test, street

{KK1f  — before frant vowelz: ¥R, 1Y,

1H, EY, EH, XR, AY, AE,
ER, AX; initial Clusters: cute,
clown, scream

JKKZS — final position: spealk, final
chusters: task
FKK3Y — before back vowels: LW, UH,

oW, Y, OR, AR, AQ; initial
clusters: crang, guick, clown,
sCream

Farwl 16

Affricates

JCH{ — chureh, feature

JJH! - judge, injure

MNusal

1M — miik, alarm, ample

JNN1f  — before front and centre! vow-

gle: YR, 1Y, IH, EY, EH,
¥R, AE, ER, AM, AW, &Y,
Uwy: final clusters: earn

INNZf - pefore back vowels: UH, OW,
QY, OR; AR, A&
NG/ - string, anger

* Thase allgphenes can pe doubled.



TABLE 6 — ALLOPHONE ADDRESS TABLE

ACBRess ugﬁ%s ALLOPHONE s:tg:llnf BURATION ADOAELSS agﬁ?ss ALLOPHONE SG'S;LDE DURATION
o 00a PAI PALSE 10mM5 a2 Dag faw] Ot 370M5
1 001 PAZ PALSE 20MS a3 041 D2 Do 160MS
z 002 PAZ PAUSE 50MS 24 042 fGG3 wig 140m5
3 003 PA4 PAUSE  100MS 35 043 FAVAYES vest 1503
4 a4 PAB PAUSE  200MS5 a8 D44 GG Got BOMS
g 005 Flak g Boy 420MS 47 045 1SH/ Ship 160MS
B [t ] fAY ] Sky 26005 35 46 fZH} Azure 190s
7 007 {EH/ End 7OMS 39 o047 /RRZ/  Brain 120MS
a 01Q {KK3f  Comb 120MS 40 Q50 {FE! Food 15005
9 011 fPRf Pow 250ME 41 051 fRK2{ Sky 190MS
10 012 FALSH Dodge 14005 47 052 fKK1f  Ccant 160MS
1 013 INN1})  Thin 140MS 43 053 fzz! Zoo 210MS
12 014 JIHY 5it FOMS a4 054 NG/ Anchor  220MS
13 M5 T2 To 140MS 45 055 LU Lake 110M5
14 916 fRRY/  Rurat 1708 A5 056 W Wool 180MS
18 M7 TAXS] Succeed FOMS 47 057 xRS Repair 260MS
16 020 M Milk 180MS 48 o214 PWH/ Whig 200MS
17 023 AT Part 100MS 49 061 YY1 Yes 130MS
18 022 fDHY)  They 2090MS 50 062 fCH/ Church 1908
19 022 iy See 2EOMS 51 063 [ER1!  Fir 1G50MS
20 v24 JEY/ Beige 280MS 52 D64 [ER?2!  Fir I00MS
21 025 /DD Could FONMS 53 Q065 fows Beau 240M3
22 026 AW To 100MS 54 056 JDH2! They 24015
23 027 JAOY Aught 100MS 55 067 58t Vest BOMS
24 030 Y.y Hat 100MS 56 070 INN2{ No 18IS
25 031 IYY2S  Yes 180MS 57 071 fHH2{  Hoe 1B0MS
25 032 JAES Hat 120M8 58 072 {OR/ Stare 330m8
27 033 FHH1/  He 130MS 5g 073 {ARY Alarm 290M5
28 034 /BB  Business BOMS 650 074 YR/ Clear 350M5
29 0as ITHY Fhin 180M8 81 075 {GG2!  Guest A0MS
30 36 JUHS Book 100MS &2 076 {ELS Saddle 1905
N 037 fuw2f  Food 260MS 63 az? {BB2f  Business 50MS

Pansl 17



TYPICAL APPLICATION MICROCOMPUTER INTERFACE

L 0V

L

SPEECH PROCESSOR

Parl 18

% AP
AUDIO
23 [ 15 33K luf > _,__*lA
5. [voo voi SE 124 C° o %Iﬁ
Do 0.022uf 0022uf -
OUTPUT AB-A) ouT 0220 :
LINES V 1 L
QUTPUT! ALD 28 22 pf
M .M._m T3, 12 MH oK Ealait);
1O0K, . z
SPO256 o7 F—0sPKR
INPUT 5AY
22 pf
Q.luf ——
il L 100
INPUT g LRQ
._|.o.::
NOTE ! ————eeipe +hH Y
H 100K NOTE:
AP RESET ALL DIODES 1N 914 OR
| o EQUIV. { CAT. NO, 276-1122 )
<3 SBY RESET
1 Y5
0.3uf = || 22|TesT

PNP TRANSISTORS
MPS 2907 OR EQUIV,
{ CAT. NO. 276-2023 )



