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AN EXCLUSIVE RADIO SHACK SERVICE TO THE EXPERIMENTER

CTS256A-AL2 CODE-TO-SPEECH PROCESSING CHIP

Features:

Unlimlted vocabulary

Utilizes ietter-to-sound rules

Serial or parallel Interface

Cutputs directly to the SPOZ56A-
AL2 Speech Frocessor

* User can add to existing letter-to-
sound rules

General Description

The CTSZ258A-ALZ is an B-blt
microprocessor  programmed  with
letter-to-5dund rules. This built-in
algorithm zallows for the automatic
real-tlme translation of English ASCH
characters Into allognaddresses com-
patlble wlth the SPD25BA-AL2
(276.1784) Narrator® Speech Pro-
CES50T.

The CTH256A-AL2 is tunctionally
equivaient ang pin-for-pin compatible
with the PICT041. As such, It retains
s abllity as an 8.bit microcomputer
for execution of user-deflned pro-
grams resident externaily. 1t5
uniqueness |s the Iinternal code-io-
speech algorithm  which  converts
English text {in the form ¢f standard
ASCIl characters) Into allpenad-
drasses, using letterto-sound rules.

The chip can be used with virtually
any mlcrocomputer, since |t utilizes
either standard serial {TTL Levelj or
parallel Input, with fuli hardware
{ODTR-DSR) and software (XON-XOFF)
handshaking,

Upon power-up or use of the hard-
ware reset, the system iniHializes
itself and then speaks ‘OK.' o
demonstrate that It s ready for input.
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Schematic 1

Schematic 1 shows a minimum ¢om-
ponent configuration. It uses serlal
input whose setial parameters are 7
bits per character, 2 stop bits, no pari-
ty, and uses only the internal RAM in-
put buffer. This buffer accom-
modates words that are no greater
than 1% characters in length foliowed
by a delimeter; with an cutput buffer
that accomodates an  allophone
translation of nol more than 26 bytes.
Since the transiztlon more often than
not results in the output buffer con-
tants consisting of two times that of
the input buffer, words no longer than
13 characiers in lengih should be
used as a rule af thumb. If a transia-
tion results in an over-tlowed outpul
buffer, the system reset may have to
be used to clear the system. Serial
baud rale is selected per Table 1.

Schemalic 2

Schematic 2 shows the configurallon
necessary 1o incorporate a parallel
port, a 17392 byte inpw buffer (Exter-
nal RAM), and switch selectable
serial parameters. The portions of the
schematic surrcunded by a dotted
Ilne may be deleted according (o
which options you may wish to Incor-
porate,

The parallel port accepis standarg
English ASCH characters. The
paraliel data strobe signifies that the
data is valid, and {atches the data.

The External RAM mode can be used
to increase the size of the input buf-
fer to 1792 bytes. In this mode, two
pages of text can be loaded inlo the
system. The remainder of the 2K X B
RAM |5 256 bytes which is used to ex-
tend the owmput buffer, (The output
buffaris the area where the sirings of
allaphone addresses are held prior to
transfer to the SPO2SGA-ALZ)

The sarial parameters oplich may be
seiected if the host terminal or com-
puter cannct be set to accomodate
the default parameters, Noie also
that if you are using RS-232 leval
slgnalg, and the transmissicn rate is
to be under 4800 baud, the cutlined
camponents may be deleted.

Schematic 2 Option Switches
IntarnaWfExtarnal BEAM Maoda

(Expansion Buller Option) In gither In-
ternal or Extarnal RAM Mode, the In-
put buffer is protected from overtlow
by hangshaking which signals the
host when the Input buffer is full, and
again when it is ready for more input.
BUSY [pin 3) toggles LO when the in-
put buffer becomes 86 5% full. The
serial output (pin 37 will a2lso send an
XOFF character. In this way, the host
may use Hs discretion to complete
that transmission or a part thereof. It
the Inpul buffer pegomes 100% full,
the parallel and serial port interrupts
are disabled to prevent lnput bufler
overwrite, The interrupts arg not re-
enabled until the BUSY condition has
dissipated. Busy will toggle HI and
Serial Qutput will send XON when the
input buffer becomes 30% empty.

Any Dellmiter/Carriage-Return Only
Optlon

In the any-delimiter mode, the code-
to-speech algorithm will process and
speak words or phrases as soon as
they are followed by any delimeter.
These inglude . | ; : 7 space, carriage
refurn, etc. In the carriage-return only
mode, the algorithm wiiil process and
speak only after a carriage-return is
recelved. The latter mode is maant for
uze with a slow Input device such as
a lerminal, wherg the user wishes ta
buffer-up a complete phrase so that it
is spoken with fluency.



It the carriage-return only optlon is
chosen (with external RAM), limit to
160 characters the length of the
phrase which is entsrad before the
carriage relurn is entared, This will
allow a two line phrase 1o be spoken
wilh fluency while ensuring that the

Contral Characlers

'ESCT (1B Hex} - The Escape key code
will cause the CTS256A-ALZ to dump
the current input buffer. [t may also
be used (o silence speech output
which is in progress,

296 byte oulput buffer does not aver-

flow. BACKSPACE (08 Hex) - The

Backspace key code erases the input
buffer cne character at a time, bagin-
ning with the latest eniry.

TABLE 1
SPECIAL PIN FUNCTIONS
INPUT BMODE SELECTION
PIMN G ) B MODE
o0 & PARALLEL INPUT MODE -
o0 1 SERIAL MOBE - 50 BAUC
0 ' o SERIAL MODE - 110 BAUD
o 1 SERIAL MODE. 30D BALD
\ B 0 SERLAL MODE - 1200 BALD
1 t 1 SERIAL MODE - 2400 BAUD
’ 1 ) SERAIAL MODE - 4806 BALD
b | 1 1 SERIAL MOCIE - 05400 Baub
PIM - L7
0 DEFAULT SERIAL PARAMETERS {7 BITS, 2 STOP BITS, NO PARITY)
! SELECTAHLE SERIAL PARAMETERS (SEE TABLE 2)
PIM Td
0 INTERNAL RAM BUFFERS 120 8YTE INPUTI26 BYTE OUTPUT
1 EXTEANAL AaM BUFFERS (1972 BYTE INPUT/256 BYTE QUTPUT)
FIW 11
0 CARRIAGE-RETURN ONLY DELIMETER
1 ANY DELIMETER
PIN 3 OUTPUT GHLY
INPUT BUFFER IS “BUSY"
; JNFUT BUFFER IS "NOT BUSY"
TABLE 2
10 (74L5373) UART CONFIGLURATION
PN 13 14 1
0 1 B BITSICHARACTER
1 n 7 BITSICHARACTER
1 i 8 BITSICHARACTER
PIN A
1 PARHTY ENABLED
1] FARITY DISABLED
PIN 7
_ ; EVEM PARITY
| 6 oDD PARITY
PlH 3

G GHE STOP BIT
TWED STOP B4TE

—_

Paral 3
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FOR THE TECHNICALLY
CURIOUS

External EPAOM(s)

External EFROM(s) can be added to
the CTS25A-AL2 1o improve the pro-
nunciation ef proper names,
acronyms and technical words, and
can also be added to store yset-
pragrams. These are called Exception
and User EPROMs respectively, The
coding and use of these EPRCMs ra-
qQuires special equipmant and ex-
perience in assembiy-leve! program-
ming.

Code-To-Speech Algorithm

Upon power-up {or hardware reset}
the CTS5356A-AL2 determlnes the
system configuration with respect to
external ROM/RAM/Switch selactable
UART parametars.

ROM

A search I8 made in 1K increments
{fraom 200H to EDOOH) for the 5-byte
code which identffles an external
EPROM. if only an Exception EPROM
is found, ar if both an Exception
EPROM and a User EPROM ara found,
the mode control Information is 10 be
resident in the Exceptlon EPHOM. If
only a User EPROM is found, the
mode control information is to be
resldent within 1. An Exception
andior User EPROM can reside
anywitere wlthin the decodezble ad-
dress space of the CTS256A-AL2 Dre-
viding its start address falls on g 1K
boundary.

RAM

It the Expansion Buffer option is
selected and no external EPROMs are
present, the start address of the addi.
tlonal RAM is 30004, This buffer may
be expanded in 256 byte contiguous
block increments. The aigorithm will
find the end of the Expansion Bufter
by searching for the first non-RAM
location at 256 byte intervals. If the
Expansion Buffer opticn is selectad
and efther one of the Exception/User
EFPHOMs are present, than the ysar-
defined start and end addresses of
the additional RAM shall be res|dent
ln four reserved locations within the
EFROM.

Switch Selectable UART Parameters

Total flexibility of the UART
parameters is possibie ulilizing the
Full-Parameter UART mads. If no ex-
ternal EFRQMs are present, the
algorithm will expect these
parameters 1o be switch selectad at
1000H. If axternal EPROM(s} is pre-
sent and this mode [s selected, then
the address of the switch selectable
parameters can be user-defined.

After completion of the Inltialization,
one of two paths is taken dependent
upcn the system configuration. (1) In
a dedicated code-to-speech system
(which Implies ng User EPROM pres
sent), the aigorithm idles 5o long as
the Input buffer remains empty. {2) If
User EFROM s presant, the
algorithrn relinquishes control to the
User program. This is the time-share
code-to-speech mode, in which z
User program can run time-shared
with code-le-speazh processing,



In the dedicated code-to-speach
mode, standard ASCI characters are
processed as they are input. Process-
ing staris with an alphabetical search
of the Exception EPROM(s), if pre
sent, tf it is present and no exact
match for the character string is
found, or if it is nol present, the
algarithm employs a letterto-sound
rule takle against which main, right,
and left context matches are perform-
ed. Thls results in the translation of a
particular word into the proper string
of allpphone addresses necessary for
its pronunciation. This list of
allophone addresses |5 sent to the
SPO25EA-ALZ after a carriage return,
of after any deltmiter; depending on
the selecilon of Input Delimeter
swhch,

In the time-share code-to-speech
mode, the Liser program can contircl
the stepping of the code-to-speech
algorithm through its main routines
as it processes a word or phrase. This
15 accomplished through calls to the
main code-to-speech routines, After
sach routing is completsd, control
returns 1o the User program. in this
way the User can incorporate speech
in real time to their program running
in the CTS256A-AL2. For this mode to
function properly, the User must
maintatn a housekeeping routing to
save the status of the processor be-
tween Userfcode-to-speach time-
shatring.

The actual conversion of text to
speach |8 accomplished within the
CT5256A-AL2 using a converslon
algorithm based on work dane by the
Maval Research Laboralories, and ax-
panded to cover the features of the
SPO256A-AL? Speech Processor As
characters are passed to the routine
from the input butfer, the algorithm
applies |&ft and right context rules to
the character until 2 match Is found.
The resulting conversion produces a
series of alloeradddresses which are
bufferad up to the end of a ward, then
passed on to the SPO256A-ALZ Nar.
rator® Speech Progasser, The set of
rules used produces speach which is
approximately B5% accurate in terms
ol correct pronunciation. Text which
cantaing many technical werds or
praper names may fall below this ag-
curacy rating, while text which con-
sists of =imple text may have a
sybstantially higher levet of ac-
curacy,

For example, the following 1s a por-
tion of the rules which are used to
determine the pronunclation of the
lettar “a™ when it occurs in a word:



MATCHING STRIKG ALLOPHORES EXAMPLE

< [BE]l= =Y *ET

¥#:[E] < ="" FADE

**[E] < =" |"VE, WE"RE, YOU'RE

*[E] < =¥ SHE, ME, WE

#EC] < = PAZ2, DD1 TRIED, GREED, SPEED

#:[E1D « ="" DRAGGED

[EVIEH = EH V¥ EVERYTHING

¥'[EL] =EL GRAVEL, THAVELER

[ERI# =Y¥R, 1Y EXPERIENCE

#:[ER)# = ER1 GENERAL, OBLITERATE

[E] % =Y DELETING

[ER}] = EH, EH, RR1, iH FERILOUS, PERIMETER

[ER]# = EH, %R

[ER] = ER1 OBSERVE, UNDERSTAND

< [EVEN] < =1¥, ¥V, |H, NN EVEN

= [EVEN] =1Y, ¥V, EH, EH, NN1 EVENT, EVENTUAL

#:[EW] = ¥¥1, UW2 SINEW

@ [EW] :UWE DEW, CHEW, NEW

[EW] =¥Y1, UNZ FEW, SFEW

# = Oneor more Yowels (A, E 1,0, U, or Y)

. o= 0Oneor B DG U LM N RV W X

“s» = One ol ER, E, EE, ED ING, ELY {A suffix}

E = Oneol 5, 6, G, & X EH SH {A sibiiant)

@ = OneofT,8 R DL 2 J TH, CH, 5H preceeding a "u” sound. {Ex. rule,

mula}

=Dnﬂmnsﬂnant{BGDFGHJHLMNFQHSTH’W:{E}

+ = Oneof E I Y {A front vowel)

- = Zerp or more consonants

* = One or mofe consonants

»> = One ot Oorl

< = Anything other than a letter

7 = Zera or mare vowels

Brackets [ ] surround the patiern to be substituted,



Each rule is applied by first matching
the characters enclosed in brackets,
then working outward from thesé
characters, first to the left and Lhen 10
the right, to determine it the
character pattern matches the rule
belng tasted.

Looking at a specliic rule:

#$:[El< = "7

would be read as:

The letter *E" which Is precesded by
zero Of more consananis preceeded
by one or more vowels and foliowed
by any non-alphabetic character
{space, punctuation, alc..} is to be
replaced by a null siring (the "E” will
be silent), In the example word
"FADE", the "E" |s preceeded by ane
conschant (*D"}, which 15 preceeded
by one vowe! ["A"), and i1 18 followed
by a non-alphabetlc character {gnd of
the word), therefore the "E7 is sHent.

One other exampla:

K IER1¥ = ERT

The letters “ER” which arg preceeded
by zero of Morg Consonants praceed-
ad by one of more vowels and which
are followed by one of more vOwels is
replaced by the aliophone *ER1". In
the example ward *GENERAL", the
"ER" |5 preceeded by one consonant
{"N"} which is preceeded by one
vowe! {"E™) and is [ollowed by one
vowel *A*, therefore the "ER” is pro-
nounced as the atlophone "ER1T.

Note that the sequence of the rules 15
not arpitrary. It is important to realize
that a very general rule may be a
subset of a more specific ruie, and
thereiore care was laken in its place-
ment so that a more specific rue
preceeded a more general rule, since
the rules are searched seguentially.
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