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This disk conprises the Devel oper's Tools for the Doubl eTal k PC and
Doubl eTal k LT voi ce synthesi zers.

The informati on presented here, along with the acconpanyi ng support
files, are intended to augment the Doubl eTal k PC/LT User's Manua
that comes with Doubl eTal k - not as a replacenent for it. For
exanpl e, the conmand set for controlling the text-to-speech
synthesi zer is presented in the User's Manual, and hence is not
dupl i cated here.

If you cannot find the answer to a naggi ng probl em or question you
have about Doubl eTal k, pl ease give our tech support people a call.
They' d be happy to hel p you solve your unsol ved nysteries.

Doubl eTal k PC is an internal voice synthesizer for the | BM PC XT/ AT,
PS2/ 25/ 30 and conpati bl e conputers, while DoubleTalk LT is an
external, serial-driven version which can be used with virtually any
platform Both contain four voice synthesizers, enabling themto
support virtually all of the conmon voice technol ogies in use today.

The text-to-speech (TTS) synthesizer is capable of producing
unlimted, mediumquality speech from plain English or Spanish ASCl
text. The linear predictive coding (LPC) synthesizer is conpatible
with Texas Instrunents' TSP5220 voice chip and nbost LPC data
recorded for other LPC synthesizers. It features extrenely |ow data
rates for digitized speech - only 200 bytes per second (40:1
conpression). The PCM ADPCM and CVSD synt hesi zers enabl e Doubl eTal k
to play back digitized speech and sounds with very hi gh sound
quality. Doubl eTal k al so includes programuabl e tone generators
(TAN), which can be used to produce audible pronpts, nusic,
signaling tones, or even dial a tel ephone, fromyour prograns.

Doubl eTal k is software conpatible with RC Systens' V8600 and V8601
OEM voi ce boards, which share Doubl eTal k' s software comand set.
Prograns witten for one synthesizer will work with the other
(except for LPC and CVSD based speech, which the V860X synthesi zers
do not support).

Unl i ke nost synthesizers on the nmarket, Doubl eTal k does not require
any of the host conputer's resources to operate (e.g., nmenory, IRQ@s
or CPUtine). Abuilt in 10 MHz 16-bit processor, 512K ROM and 8K
RAM conpri se a conplete, self-contained text-to-speech conversion
system An application programneed only wite the ASCII text to be
spoken to Doubl eTalk, just as if it were a printer. Built in
exception dictionary support allows the pronunciation of any word or
character to be changed by the programmer or end-user. The rich
command set allows the voice output to be tailored to suit any
user's taste.

Al'l Doubl eTal ks contain a uni que, programreadable "silicon serial
nunber." This enables a programto lock itself to a specific
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Doubl eTal k, providing a very secure form of software copy
protection. A user can nake as nany copies of the program as he
wi shes, but each will still run on only one conputer.

DI SK CONTENTS - - - - - - m o m oo o oo oo m e oo oo oo oo oo
This disk contains the follow ng progranms and files:

TOOLS. DOC - This file

DTPRN. COM - Text-to-speech printer enul ator
| NTADAPI . COM - | BM Speech Adapter BI OS emnul at or
COWPI LE. COM - Exception rule compiler

DTB. LI B - Basi c/ Doubl eTal k support library (@B 4.5)

DTQBX. LI B - Basi ¢/ Doubl eTal k support library (PDS 7.Xx)

DTC. LI B - C/ Doubl eTal k support library

DTDECLAR. BI - Function/sub declaration file for DIQB(X).LIB

DTC. H - Function prototypes for DTC LIB

DTB_EX. BAS - Basic/Doubl eTal k I'ibrary denp program

DTC EX. C - C/ Doubl eTal k I'ibrary denp program

LOADER. BAS - Exanpl e Basic exception dictionary | oader

TXTPHM BAS - Basic programreferred to in DTQ_EX BAS and DIC EX C
DT_I NTGT. ASM - Assenbly | anguage interrogation routine (MASM
DT_LPC. ASM - Exanple assenbly | anguage LPC driver (MASM

DT_PCM ASM - Exanpl e assenbly | anguage PCM driver (MASM
DT_TTS.ASM - Exanpl e assenbly | anguage TTS driver (MASM
DT_XLT.ASM - Assenbly | anguage phonene translator (MASM

WORDS2. LPC - LPC data file used in DTQ_EX. BAS and DTC EX. C
PORTAL. PCM - ADPCM data file used in DT _EX. BAS and DTC EX. C
GROOVY. TGN - TGN data file used in DTQ@_EX. BAS and DIC EX. C
SPANI SH. EXC - Source for SPAN SH. EXS (included on Utilities disk)

PRI NTER EMULATOR - - = - - = = = = = = = = =« @ = =t s o e e e e e e e e e e

If you will only be using Doubl eTal k's text-to-speech capabilities
(and possibly the DTMF generator) in your application, the printer
emul ator driver, DIPRN.COM is the easiest way to go. DIPRN is a
smal | TSR program that enabl es Doubl eTal k's TTS synt hesi zer to

enul ate any one of the conputer's printer ports (LPT1-3) or

communi cati on ports (COML-4). This enables nbst DOS and W ndows 3.1
applications and progranmm ng | anguages to communicate with

Doubl eTal k by sinply "printing" the text to be spoken to a printer
port. DTPRN requires |l ess than 1K of menory, and can be | oaded into
upper nmenory on nmachi nes supporting this feature using the DOS
LOADHI GH comand.

Installing DTPRN
DTPRN i s i nvoked fromthe DOS comrand line by typing the comand
DTPRN <port> [/N] [/Cx] [/R]

where <port> is one of the seven systemports |isted above. For
exanpl e, DTPRN can be installed as LPT2 by typing
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DTPRN LPT2 (or LPT2:)

If no port specification is given, DTPRN will install itself as
LPT3. During installation, DTPRN will locate and initialize

Doubl eTal k; if Doubl eTal k cannot be |located in the conputer or on a
serial port, DTPRN will abort the installation process and notify
the user. Note that DTPRN (as well as all other software drivers
supplied on the Utilities and Devel oper's Tool s di sks) |ooks for
Doubl eTal k LT first, before scanning the internal slots for

Doubl eTal k PC. This schene enabl es an application programto work
with the internal Doubl eTal k PC when an LT is al so present, by
simply turning the LT's power off.

If an error occurs during the installation of DTPRN, such as the use
of an invalid port nane or DTPRN is already resident, an error code
is returned in the AL register. This code can be processed in a
batch program using the | F ERRORLEVEL command, so appropriate action
can be taken. The following is a summary of the return codes
returned by DTPRN:

DTPRN was successfully installed (no errors).

DTPRN i s al ready resident.

An invalid port nanme was specified.

Too many or invalid paraneter(s) (DTPRN still | oads).
I nconpati bl e version of DOS (nust be 2.0 or later).
Doubl eTal k coul d not be | ocat ed.

gabhwNEFO

During operation, DTPRN intercepts the appropriate BIOS software
interrupt vector (14h for COM ports or 17h for LPT ports). Prograns
that bypass the BI OS hooks by accessing the port's hardware directly
(as sone termnal prograns do) will not speak, since DoubleTal k will
never receive the output characters.

Di sabl i ng Doubl eTal k' s Buffer

The optional command line switch /N is used to disable DoubleTal k's
text buffer. This can be beneficial in applications where it is

i mportant that the voice stay synchronized with the text being read
fromthe screen. (Note: If your application sends an exception
dictionary to Doubl eTal k via DTPRN, the buffer *nust* be enabl ed
while the dictionary is being output to Doubl eTal k.)

Rermovi ng DTPRN From Menory

DTPRN can be renmoved from nenory and the interrupt vector (discussed
bel ow) restored to its previous state by typing

DTPRN /R

Checki ng For DTPRN s Presence
An application program can check for the presence of DTPRN by

exam ning the interrupt vectors. The word at 0:52h (int 14h) or
0: 5eh (int 17h) specifies the segnent where DTPRN i s | ocat ed.
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Addr ess seg: 103h contains the string "DTPRN Copyright (C 1990 RC
Systens, Inc." if DTPRN was installed successfully. The installed
port nane ("LPT1," "COMVB," etc.) can be determi ned by exanining the
first four bytes at address seg: 12Ch.

During initialization, DIPRN stores the 1/0O address of Doubl eTal k's
TTS synthesizer (normally 29Fh for Doubl eTal k PC, or the base
address of the COM port DoubleTalk LT is connected to) in the Bl OS
data area. This can be useful if your programneeds to read or wite
to Doubl eTal k directly, such as to deternine if DoubleTalk is
currently speaking (see the SYNC and SYNC2 flag descriptions in the
"Hardware 1/ 0" section, below). Exactly where the I/O address is
stored in the BIOS data area depends on which port DTPRN is

enmul ating, as the following table illustrates:

Port DTPRN Mem address
installed as (abs. hex)

covi 400

cowe 402

covs 404

cov 406

LPT1 408

LPT2 40A

LPT3 40C

For exanple, if DITPRN was installed as LPT1, |ocation 40:8h will
contai n Doubl eTal k's TTS 1/ O address (29Fh for DoubleTalk PC, if the
junper bl ock hasn't been noved fromthe factory setting, or 3F8h for
an LT connected to COML). In the case of the internal PC card, an IN
instruction (or its high-level |anguage equivalent) to this address
wWill return the TTS synthesizer's status flags. Likew se, text and
conmands can be output to either synthesizer with an OUT instruction
or its equivalent.

Sendi ng Text and Commands

Any conbi nati on of text and comrands can be sent to Doubl eTal k via
DTPRN. Renenber that DoubleTalk will not actually begin speaking
until it receives at |east one carriage return (0ODh) or null (00h),
except when in Character npde. Only the text up to that point wll
be spoken.

A special feature of DIPRN is the way in which it handl es Doubl eTal k
conmmands. Doubl eTal k itself accepts only a control character (~A by
default) for conmands, which can be sonewhat difficult, if not

i mpossible, for a user to enter in some printing applications, such
as a word processor. For this reason, DTPRN has been witten to al so
accept an asterisk (*) as the command character, besides the
standard A character. A so-called "asterisk conmand" nust be

foll owed by an al phanuneric character, "+, '"-', or '@ to be
considered a valid command by DTPRN. Exanpl es of valid asterisk
commands are:

*8s  *3F  *+10P
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If the text being read contains asterisk characters, you may find
Doubl eTal k' s voi ce changi ng unexpectedly, if the characters
followi ng an asterisk evaluate to a valid command. For this reason
DTPRN al | ows you to change its command character to any ot her
printing character, with the optional /Cx command |ine switch. For
exanpl e, /C& changes the command character from'*' to '& . To

di sabl e DTPRN s conmmand recognition altogether, use /C by itself.
For exanpl e,

DTPRN LPT1 /N /C

installs DTPRN as LPT1, with the buffer and command recognition both
di sabl ed. Note that even when DTPRN s command character has been
changed (or disabled), conmands can still be issued to Doubl eTal k
usi ng Doubl eTal k' s command character ("A).

St oppi ng Speech Production

Sonme application prograns, such as screen readers for the blind, may
require that the speech be stopped before everything in the input
buf fer has been spoken. This can be done quite easily by simply
witing a "X (18h) to Doubl eTal k's TTS port, which i mediately
causes speech production to stop and the entire input buffer to be
cl eared. The synthesizer can al so be stopped by using the
appropriate BIOS Initialize function call (AH = 0 for int 14h or AH
=1 for int 17h). The user may al so stop the speech by pressing both
left and right Shift keys sinultaneously.

Doubl eTal k' s current settings are *not* be affected by any of the
above nmethods. (Note: It is recomended that the ~X character be
out put to Doubl eTal k's TTS port directly using an OUT instruction
wi t hout perform ng handshaki ng of any kind. This allows the speech
to be stopped even if the input buffer is full.)

BASI C LI BRARY = = - - = =« = =« = s @ o x @ ot e

The Basic library routines supplied on this disk provide support for
usi ng Doubl eTal k with M crosoft Qui ckBASI C and Prof essional Basic
7.x. In fact, the SmartTal k denp program supplied on the Uilities
di sk, was written in Qi ckBASIC 4.5 and linked with this library.
Ful 'y docunmented Basic source code denonstrating each library
function is included in the file DIQB_EX BAS

The routines included in the Basic (and C) libraries were witten to
be as granul ar as possible. This neans that a Basic program using,
for example, only the DTINIT and SAY functions will pull in only the
nmodul es associated with initializing DoubleTal k and using the TTS
synthesi zer fromthe library during |inking. Unneeded nodul es, such
as those associated with LPC and PCM support, will not be included
in the final executable file, saving both disk space and nenory.

Two functionally-identical versions of the Basic library are

i ncluded: DTQB.LIB for use with @B 4.5, and DTBX. LI B for Basic PDS
7.x (the only difference in the two libraries deals with far string
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support). The following is a list of the functions provided in these
l'ibraries:

DTINIT Locates and initializes Doubl eTal k

ROWER$ Ret urns Doubl eTal k' s ROM ver si on numnber

SERNUM Ret urns Doubl eTal k' s serial nunber

DTSTS Returns the status of the TTS and LPC synt hesi zers
| NTGT Returns the current settings of the TTS synthesizer
SAY Speaks a text string through the TTS synthesizer
XLTS Converts a text string to a phonene string
TTSBUFON Enabl es the TTS synthesizer's input buffer
TTSBUFOFF Di sabl es the TTS synthesizer's input buffer

LPC Speaks one or nore words froman LPC data file
LPCBUFON Enabl es the LPC synthesizer's input buffer
LPCBUFOFF Di sabl es the LPC synthesizer's input buffer

LPCSPD Controls the LPC synthesizer's output speed

LPCRPT Repeats the last LPC word or phrase

PCM Pl ays one or nore sounds froma PCM ADPCM data file
PCVRATE Control s the PCM pl ayback speed

TONES Pl ays back a TGN data file (proprietary format)
TONES1 Pl ays back a TGN data file (standard format)

LI BRARY -----

The C function library provides a set of C functions simlar to the
Basic library. Fully docunented C source code denonstrating each
function's use is included in the file DTC EX.C. The following is a
list of the functions provided in the DIC.LIB library:

DT _Init - Locates and initializes Doubl eTal k

DT_RonVer - Returns Doubl eTal k' s ROM versi on nunber

DT_Ser Num - Returns Doubl eTal k' s serial nunber

DT_Sts - Returns the status of the TTS and LPC synt hesi zers
DT _I nt gt - Returns the current settings of the TTS synthesi zer
DT_Say - Speaks a text string through the TTS synthesi zer
DT_Xt - Converts a text string to a phonene string

DT _Lpc - Speaks one or nore words froman LPC data file
DT_LpcRpt - Repeats the last LPC word or phrase

DT_Pcm - Plays one or nore sounds froma PCM ADPCM data file
DT_Tgn - Plays back a TGN data file (proprietary format)
DT_Tgnl - Plays back a TGN data file (standard format)

DATA FI LE FORMATS - - == e e e mm e mm e e

The LPC, PCM and TGN functions in the Basic and Clibraries utilize
a conmon file format for their data files. If you intend to use your
own data files with either library, you nmust be sure to adhere to
these formats. Note that the SmartTal k program (i ncluded on the
Uilities disk) utilizes the sane fornmats, and nmay be used for
testing your data files.
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LPC Fil e For nat

The first word (two bytes) of an LPC data file indicates how nany
entries (words and/or phrases) are contained within the file, and

i nfornati on about the LPC data fornat. The lower 14 bits (0-13)
contain the nunber of entries; therefore, up to 16,383 words and
phrases can be stored in a single LPC data file. Bit 15 (FMI)

i ndi cates the type of LPC data stored in the file, where 0 = 5220
format, and 1 = D6 format. Bit 14 is reserved, and should be cl eared
to O.

Bit # 7 6 5 4 3 2 1 0
O----- A----- A----- A----- A----- A----- A----- A----- é
3 NUMBER OF ENTRI ES 3 byte O
A--e-- Aeen- Aeevn- Aeev-- Aee-- Aee-- Aeen- Aeevn- U
15 14 13 12 11 10 9 8
G----- Ao----- Ao----- Ao----- A----- Ao----- Ao----- Ao----- 3
3 FMrs 0 3 NUMBER OF ENTRI ES 3 byte 1
A Ao Ao A Ao Ao Ao Ao U

Figure 1. LPC Data File Header

Fol | owi ng the header word is the actual LPC data, in a | ength/data
format, as shown below. This format was chosen because it is very
easy to append new entries to the file (a table of pointers doesn't
have to be nmintained, as with other formats), and each entry nay be
up to 64K bytes in |ength.

bytes 0-1: file header
bytes 2-3: length of first entry
. first entry's data

length of entry n
entry n's data

The *.LPC files supplied on the Utilities and Devel oper's Tool s
di sks use this format, and can be exam ned usi ng DEBUG

PCM Fi | e For nat

The PCM data file format is sinmlar to the LPC file format. The
"nunmber of entries" variable is eight bits in Iength, instead of 14.
This limts the number of sounds that can be contained within a PCM
data file to 255, but considering the inherent size of PCM sounds,
this is actually quite a | arge nunber. The I ength variable for each
entry is three bytes instead of two, allow ng individual sound
entries to be up to 16MB in | ength.
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G----- . N . N . N Y N . N . N N ¢
3 NUMBER OF ENTRI ES 3 byte O
J N S Aee--- Aeee-- Aeem-n Aenm-- FEN Aeee-- U

15 14 13 12 11 10 9 8
Gmmn-- Aen--- Aee--- Aee--- Aen--- Aen--- Aee--- Aee--- :
3 FMI 3 SAMPLI NG RATE 3 byte 1
Amne-- Aoeee- S Amne-- Aoee-- Aee-- Amee- Aoeee- U

Figure 2. PCM Data Fil e Header

The second byte of a PCMdata file contains two types of information
about the file: the rate at which the data was originally sanpled,
and the PCM data type. The | ow order seven bits contain a nunber
between 0 and 99 decimal, corresponding to the sanpling rate
variable in the PCM Mode conmand (see "PCM Mode" section, bel ow).
Note that the value stored here does not affect the actual playback
rate in the libraries; it is for informational use only (the library
PCM functions explicitly set the playback rate).

The high-order bit (FMI) should be 0 if the file contains |inear PCM
data, otherwise it should be set to 1 for ADPCM (conpressed) data.
This flag is very inportant, as it is responsible for invoking the
correct decoding algorithmin the libraries. The PCMfile format is
summari zed bel ow.

bytes 0-1: file header
bytes 2-4: length of first entry
. first entry's data

I ength of entry n
entry n's data

The *. PCM files supplied on the Utilities and Devel oper's Tool s
di sks use this format, and can be exam ned usi ng DEBUG

Sound conversion utility

CONVERT. COM i s a DOS-based utility programused for converting

ei ght-bit VOC (Soundbl aster) and WAV (W ndows) sound files to the
PCM format used in the Doubl eTalk libraries. Integrated into the
program are ADPCM conpression algorithms, used for reducing the
storage requirements of sound files by a factor of two or nore. The
output of the utility is a file containing the converted PCM ADPCM
data, acconpanied by a three-byte data | ength header (the format
used by the Basic and C libraries).

The utility is run by typing the followi ng on the DOS conmand |i ne:

CONVERT <filename> [/C [/Sn]]
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Si

where <filenane> is the name of the file to be converted. If the
extension is omtted fromthe file nane, "wav" is assuned by
default. The optional C switch is used to i nvoke the ADPCM
conpression algorithns (otherwi se, the output file will be |inear
PCM. Sn is an optional silence-encoding threshold paraneter used in
conjunction with the C switch, where n can be any val ue between 0
and 9 (default = 2).

By default, the output fromthe utility is a file which has the sane
nane as the input file, but with the extension "pcm"

| ence threshol d

The silence threshold paranmeter, Sn, sets the maxinumlevel that is
to be considered silence by the ADPCM encodi ng al gorithns. The
larger n is made, the higher the conpression ratio will be. However,
excessively high values of n can cause the decoded ADPCM out put to
become somewhat "grainy" soundi ng. The point at which this becones
obj ecti onabl e depends on nany factors, such as desired output
quality vs. storage requirenents, recording |evel, background noise,
sound source, etc. Experinentation with this parameter is the best
way to find the optimum setting. (Note that you may use a different
silence threshold value for different sound files; the decodi ng

al gorithm can dynamically adapt to changing thresholds.) A silence
threshold of 2 will be used if the threshold is not specified.

Creating library files

Multiple PCM sound files can be concatenated together for use with
the Basic and C libraries with the DOS COPY comrand. For exanple, to
conbine the files filel, file2, and file3 into a single file file4,

type
COPY /b hdr+filel+file2+file3 file4d

The hdr file is a two-byte header "tenplate," supplied on this disk
used for reserving roomin the target file for the header required
by the libraries.

TGN Fil e For mat

There are actually two TGN file formats, the sinplest of which will
be di scussed here. This format is supported by the Basic library
TONES1 and C library DT_Tgnl functions. The nore conpl ex,
proprietary format is supported by the TONES and DT_Tgn functions,
and is used primarily for playing full-length songs. SnartTal k does
not use or support the use of the sinpler format discussed here.

The first two bytes of a TGN file indicate how many Voi ce franes
(*not* bytes) are contained within the file (see "Misical Tone
Cenerator," below, for a discussion of tone generator Voice frames).
This val ue nust be an integer between 0 and 16, 383. The actual Voice
frane data i mediately follows these two bytes. A TGN data file
contains no anplitude or tenpo information; these values are passed
by the calling programto the TGN functions as paraneters.
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As an exanpl e, suppose a short tune consisted of 12 voice franes.
The first word in the TGN file would be set to a value of 12
(because there are 12 Voice franes), followed by 48 bytes (12 franes
X 4 bytes/frame) of data. The GROOVY. TGN file supplied on this disk
uses this format, and can be exam ned usi ng DEBUG

ASSEMBLY LANGUAGE AP| - - - === mmm o mme o mee oo i oo

The | NT4DAPI . COM program provi des a set of Doubl eTal k function
calls, simlar to DOS int 21h service calls. It also enulates the
BIOS int 4Dh driver built into the |1 BM Speech Adapter. This

i npl enentation is actually a subset/superset of the Speech
Adapter's, since Doubl eTal k does not support CVSD recording (only
pl ayback). It does, however, support the foreground and background
LPC pl ayback and CvSD pl ayback (32 kbps) functions, as well as sone
new functions includi ng PCM ADPCM pl ayback. The driver was
originally witten so that prograns utilizing these voice

t echnol ogi es could work with Doubl eTal k, but you may also find it
useful for your own progranmi ng. |NT4DAPI can be run in high nenory
usi ng the DOS LOADHI GH comand

The nmet hods for detecting the presence of | NT4DAPI, detecting
installation errors, and renoving the driver fromnmenory are sinlar
to that of the DTPRN driver, described el sewhere. The following is a
sunmary of the return codes returned by | NT4DAPI

I nconpati bl e version of DOS (nust be 2.0 or later).
Doubl eTal k coul d not be | ocated.

0 | NTADAPI was successfully installed (no errors).

1 | NTADAPI is already resident.

2 Reserved

3 Too many or invalid paraneter(s) (INT4DAPI still |oads).
4

5

Function Calls

This section describes the functions supported by | NT4DAPI. Those
functions which are extensions or additions to the original |IBM
Speech Adapter BIOS functions are denoted by an asterisk (*).

Al'l I NT4DAPI functions are invoked by | oading the AH register with
the desired function nunber, AL with the subfunction nunber (if
applicable), and calling software interrupt 4Dh (int 4Dh). On
return, the AL register will contain one of the follow ng codes

0 No errors encountered

1 Undefi ned conmand

2 Speech in progress
N YTYFFYFFFTT|"|"|"|"F"" " " " '’ .
3 Function 00h Reset 3
A - m el U

The Reset function initializes the LPC functions for 5220 data and
nor mal pl ayback speed; no other function is perforned.
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AL = 01lh: Pl ayback using speed table
DS: Sl = segnent: of fset of CVSD data buffer

CX = length in bytes
BL = speed table (ignored)
AL = 03h: Pl ayback using user-defined speed
DS: Sl = segnent: of fset of CVSD data buffer

CX = length in bytes

BX = user speed divisor (ignored)
[ T é
® Function 02h LPC (Background) 2
R i e L R U

AL = 00h: LPC status

AL = 02h: LPC pl ayback
DS: Sl = segment: of fset of LPC data buffer
CX = length in bytes
AL = 03h: LPC format/speed *

BL format code:

5220 dat a/normal (default)
5220 dat a/f ast

D6 dat a/ nor nal

D6 dat a/ f ast

WNEFLO

The LPC Background node is sinmulated by utilizing the LPC data
buf fer within DoubleTalk (no interrupt processing takes place,
however, as with the Speech Adapter). The 4096 byte limt of the
data buffer in the Speech Adapter does not apply to | NTADAPI
Subfunction 3 sets the data format and pl ayback speed for al
subsequent subfunction 2 calls.

[ R ¢
® Function 03h LPC ( For eground) 3
R R R R R U

AL = 00h: LPC status

AL = 02h: LPC pl ayback
DS: Sl = segment : of fset of LPC data buffer
CX = length in bytes
AL = 03h: LPC format/speed *

BL format code:

5220 dat a/normal (default)
5220 dat a/f ast

D6 dat a/ nor nal

D6 dat a/ f ast

WNPEFLO

RC SYSTEMS - 11 - DOUBLETALK TOOLS



The LPC Foreground node is sinulated by disabling the LPC data

buf fer within Doubl eTal k. The 4096 byte limt of the data buffer in
t he Speech Adapter does not apply to INT4DAPI. Subfunction 3 sets
the data format and pl ayback speed for all subsequent subfunction 2
calls.

b - o m el 3
f Functi on 04h PCM * 3
T i T U

AL = 00h: PCM pl ayback

DS: Sl = segnent: of fset of PCM data buffer
CX = length in bytes
BL = sanpling rate

AL 0l1lh: ADPCM pl ayback

DS: Sl = segnent : of fset of ADPCM data buffer
CX = length in bytes
BL = sanpling rate

This function provides support for both PCM and ADPCM speech. Note
that the sanpling rate paraneter passed in register BL may take on
any val ue between 0 and 99d, corresponding to the 100 sanpling rates
supported by DoubleTalk (e.g., BL = 78d prograns a playback rate of
8 kHz). See the section "PCM Mdde" below for nmore information.

b - - m il 3
® Function 05h TTS * 3
i e e U
AL = 00h: TTS status
AH = TTS status fl ags
AL = 0lh: Speak
DS: Sl = segnent: of fset of TTS data buffer
CX = length in bytes
AH = TTS status fl ags
AL = 02h: Silence out put

AH = TTS status fl ags

Al TTS functions return the TTS synthesizer's status flags in
register AH (see "I/ O Ports, TTS Port," below, for a conplete
description of these flags). Any conbination of text and conmands
may be included in the TTS data buffer for subfunction 1. The tone
generators can al so be used with this function by sinply enbeddi ng
t he appropriate command in the buffer
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HARDWARE |/ Q - = = - - = = & = m ot ot o f el

There may be instances when you prefer to comunicate directly with
Doubl eTal k, or there's just no other way to get the job done (such
as usi ng Doubl eTal k' s indexing feature). This section gives you the
necessary infornmation to enable you to wite your own Doubl eTal k-
conpati bl e drivers.

Doubl eTal k PC

Al'l Doubl eTal k PC functions are carried out by nmerely reading and
witing to two I/O ports, located on the Doubl eTal k card. In fact,
Doubl eTal k PC is virtually transparent to the host systemin that it
requires no nenory-based text-to-speech software (unlike nobst other
i nternal synthesizers), requires no CPU overhead, | R@ nor DVA.

I/O ports

From a programrer's point of view, DoubleTalk PCis sinmply two

adj acent, eight bit 1/O ports residing in the systemnenory nmap. One
port, called the LPC port, is used for operating the LPC synthesizer
and readi ng i ndex markers. The second port, called the TTS port, is
used for all other functions: text-to-speech, tone generation, PCM
out put, etc.

The six-position junper block on the Doubl eTal k card determ nes
where the two 1/O ports are mapped into the system The junper sets
t he base address, which is always the LPC port address. The TTS port
address is always one higher (base+l) than the LPC port. The section
"Det ecting Doubl eTal k" shows how to determ ne what these addresses
are.

CAUTI ON Whenever Doubl eTal k PC updates the data at either
port, there is an inherent "settling" tinme for the
bits to stabilize. Although this is on the order
of only a few nanoseconds, it becones significant
with today's faster machines. If you are
nonitoring a port for a change in value, and al so
need t he value (such as a new i ndex nmarker coni ng
in on the LPC port), you should read the port a
second tine (after the change was detected), in
order to ensure reading a valid val ue.

LPC port

The LPC port is nornally used only with the LPC synthesizer (except

when readi ng i ndex markers fromthe TTS synthesizer; see "Indexing,"
below). It accepts standard LPC 10 speech data, in both 5220 and D6
data formats.

Bef ore sending any LPC data, a Speak conmmand byte nust be issued to
the LPC synthesizer. The Speak command deterni nes which LPC for mat

RC SYSTEMS - 13 - DOUBLETALK TOOLS



decoding table will be used by the hardware (5220 or D6), as well as
the speech rate. The four Speak comuands are:

Cnd For nat Speed
60h 5220 nor nal
64h 5220 f ast
20h D6 nor mal
24h D6 f ast

Bit # 7 6 5 4 3 2 1 0
Gmmnee Acnn-- Acnn-- Acnn-- Aconn-- Acnn-- Acnn-- Acnn-- c
3 TS 38 BL 3 BE 3 1 3 1 3 1 3 1 3 1 3
Accen-- Acee--- Acee--- Acee--- Acee--- Acee--- Acee--- Acee--- U

Figure 3. LPC Port Status Flags

Bit 7 TS - Talk Status. Wen set to 1, indicates the LPC
synt hesi zer is produci ng speech

Bit 6 BL - Buffer Low. When set to 1, indicates that the hardware
LPC data buffer has less than 30 bytes remaining. (Total
internal buffer size = 4096 bytes.)

Bit 5 BE - Buffer Enpty. Wen set to 1, indicates that the LPC
data buffer ran out of data (error condition if TS is also
1).

Bits Reser ved
4-0

The TS bit can be used to effectively disable the internal hardware
LPC buffer by waiting for it to drop to O before returning to the
application program

The LPC repeat function is invoked by issuing the Speak comrmand by
itself, without any LPC data. The conmand used does not necessarily
have to be the sanme as that used originally, although the data
format (5220 or D6) nust be the same. For exanple, a program nay use
the fast speed (64h) normally, and upon the user's request repeat
the I ast word or phrase at normal speed (60h).

See the DT_LPC.ASMfile for a working exanple of how to send LPC
data to the LPC synthesi zer.

TTS port
The TTS port handles all 1/0O between an application program and the

TTS, PCM and CVSD synt hesi zers and tone generators. Regardl ess of
t he operating nbde being used, data is witten to the TTS port in
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exactly the sanme nmanner, be it text, PCM audi o sanples, tone
generator val ues, etc. Doubl eTal k knows how to interpret the data
based on a "node command” you give it before sending the data (the
default node is always TTS). TTS commands that control TTS voice
attributes, such as speed and pitch, are also witten in the sane
way, allowing themto be enbedded in text for dynanic control of the
voi ce output.

Readi ng the TTS port returns several status flags which indicate
when Doubl eTalk is able to accept another data byte, indicate when
it is talking, as well as the status of the TTS i nput buffer. The
bit definitions are described bel ow.

Bit # 7 6 5 4 3 2 1 0
Gmmne Acnn-- Acnn-- Acnn-- Acnn-- Acnn-- Aconv-- Acnn-- :
3 0O 3 SYNC3 SYNC22 RDY 3 AF 3 AE 3 0 3 0 3
Ace--- Acmee-- Acmee-- Aceee-- Acee--- Acee--- Acee-- Acee-- U

Figure 4. TTS Port Status Fl ags

Bit 7 Reser ved

Bit 6 SYNC - Sync. Wen set to 1, this bit indicates that
Doubl eTal k i s produci ng output (other than in LPC node,
which has its own talk status bit). SYNC drops to O
i medi ately after output has ceased.

Bit 5 SYNC2 - Early Sync. Sane function as SYNC, except drops to O
up to 0.4 second earlier when using the TTS synthesi zer
(only). This enables a programto send another phrase to the
TTS synt hesi zer just before the current one has conpl et ed,
i mproving the response tine.

Bit 4 RDY - Ready. Wen set to 1, indicates the TTS port is ready
to accept a byte of data.

Bit 3 AF - Alnmost Full. Wien set to 1, indicates that |ess than
300 bytes are available in the TTS input buffer. AF is
always 0 in the PCM TGN and CVSD nodes.

Bit 2 AE - Al nost Enpty. When set to 1, indicates that |ess than
300 bytes are remai ning in DoubleTal k's input (TTS or PCM
buffer. AE is always 1 in the TGN and CVSD nodes.

Bits Reser ved
1-0

Note that the SYNC flag can be used to effectively disable the
internal text/tone/PCM data buffers by waiting for it to drop to O
bef ore sending any nore data to the synthesizer. See the DI_TTS. ASM
file for a working exanple of how to send data through the TTS port.

To avoid losing data, your program should test the RDY flag before
each byte is output. The DT_Tts routine included in the DI_TTS. ASM

RC SYSTEMS - 15 - DOUBLETALK TOOLS



file shows the recommended nethod of doing this. The only exception
to this rule is when stopping the TTS synthesizer with the ~X
character - in this case, the RDY flag should be ignored in order to
yield the fastest response tine possible, as well as avoid
potentially |long delays should the input buffer becone full.

Doubl eTal k LT

Doubl eTal k LT operates froma serial port at 9600 baud, 8 data bits,
1 stop bit, and no parity (9600,N,8,1). Al DoubleTal k functions
nmust be carried out through this port; there are no LPC or TTS ports
to performlowlevel /0O through

Doubl eTal k LT i ndicates when it is ready for data using the DIR
har dwar e handshake protocol. Text, commands, and PCM TGN data are
sent to DoubleTalk by sinmply witing themto the serial port's
transmit register. The source code in the DI_TTS.ASMfile provide
exanpl es of how to comunicate with DoubleTal k LT at the register
| evel .

Usi ng Doubl eTalk LT's LPC synthesizer is quite different than

Doubl eTal k PC s. This is because the LT emnul ates several of the

ext ernal Echo synthesizers (for conpatibility with the Apple Il and
Maci ntosh platforns, for which the LT was originally designed). LPC
driver source code, conpatible with both the PC and LT, can be found
inthe file DI_LPC. ASM

PCM node with the LT is a bit convol uted, because at a sanpling rate
of 8 kHz (64 kbps), it would require nore than ei ght seconds at 9600
baud to transnit each second' s-worth of speech! The data transfer
rate problemis overcone by autonmatically kicking the baud rate up
to 115,200 baud while in the PCM ADPCM nodes.

If you need to support the LPC and/or PCM nbdes of both Doubl eTal ks,
you may save yourself a lot of tinme by using the | NTADAPI driver
descri bed el sewhere. This driver takes care of all the details of
findi ng Doubl eTal k, getting data to it, ADPCM decoding, etc. The
Basic and Clibraries, DIQB.LIB, DT@BX. LIB, and DIC LIB, take care
of the housekeeping for you as well in the Basic and C environnments.
(I'f you *really* nmust see PCM source code, see the file DI_PCM ASM
on this disk.)

Readi ng the LT's SYNC fl ag

Doubl eTal k PC has a conveni ent neans of detecting when it is talking
(see "I/O Ports, TTS Port," above, for a description of its two SYNC
flags). Doubl eTal k LT conveys this information in two ways, one
using a COM port status bit (the "hardware" nethod), the other
utilizing a sort of "software handshake" protocol. The Protoco
Options command, described bel ow, determ nes which nethod will be
used.

The hardware sync nmethod is usually the easiest to inplenent, and is

therefore the recomended nmethod to use. The LT's sync information
is carried on the serial port's RI (Ring Indicator) line, and will
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read zero (0) when SYNC is *true* (active). The follow ng code
fragment illustrates this:

nov dx, TTS_ Port ; LT's COM port base address
add dx, 6 ; Modem St at us Regi ster

in al , dx ; read status

t est al , 40h ; test R (SYNC

jz Tal ki ng ;o zfF =1 0if SYNC=1

j nz Si |l ent ; zfFE =0 if SYNC=0

Prot ocol Options conmand

This command control s several internal operating paraneters in

Doubl eTal k. The command is "AnG where n is an ASCI| deci mal nunber
between 0 and 63. The nunber is calcul ated by ORi ng together the

i ndi vidual control bits, shown bel ow. For exanple, the conmand 9G
enabl es software synchronization with Sync2 tining. There are no
restrictions in the way paraneters can be conbi ned; for exanple, you
can enabl e software and/or hardware synchroni zation, or disable both
of them Note that bits 4 and 5 are the only bits that have any
meani ng to DoubleTalk PC. 2Gis the default setting.

3.0 3 0 3 0/13 0/13% 0/13% 0/13 0/13 0/13
Aceeon- Aceeens Aceeon- Aceeon- Aceeon- Aceoon- Aceeen- Aceeon- U

3

W W W W W ww w w
, W W W W W W W W W W W
, W W W W W W W W W W W W W

Figure 5. Protocol Options Control Bits

The control bits are defined as foll ows:

Bits Reserved (wite "0" to ensure future conpatibility).
7-6

Bit 5 Dt nf Dur - DTMF Duration. Selects DITMF (Touch-Tone) generator
burst duration (n* command). Wen set to 1, tone bursts will
be 500 ns duration instead of 100 ns. Default: 100 nms (0).

Bit 4 H AscEn - High ASCI| Enable. Wen set to 1, enabl es extended
ASClI | character set (128d - 255d) recognition. Cenerally
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used only in conjunction with an exception dictionary for a
foreign | anguage. Wen di sabl ed, the high-order bit of al
ASCI| text is masked. Default: Disabled (0).

Bit 3 Sync2En - Early Sync Enable. Enables Sync2 tim ng when set
to 1. If enabled, software and hardware sync endi ngs occur
approxi nately 0.4 second early. |If disabled, sync endings
coincide with actual ending of speech production. This
control bit corresponds to choosi ng between the SYNC and
SYNC2 flags found in DoubleTalk PC (see TTS port flag
definitions, above). Default: Disabled (0).

Bit 2 DsrEn - DSR Enabl e. Enabl es DSR handshaki ng when set to 1.
I f enabl ed, DoubleTalk will not transnit data to the host if
the DSR serial status line is false, except for index
mar kers, where DSR is ignored. Default: Disabled (0).

Bit 1 HSyncEn - Hardware Sync Enabl e. Enabl es hardware
synchroni zation. If enabl ed, Doubl eTal k carries sync status
on the Rl (Ring Indicator) serial status line. End timng is
af fected by Sync2En. Default: Enabled (1).

Bit O SSyncEn - Software Sync Enabl e. Enabl es software
synchroni zation. If enabl ed, Doubl eTalk transnmts ASCI| "B"
when speech begins, and "E' when speech ends. End timng is
af fected by Sync2En. Default: Disabled (0).

Det ecti ng Doubl eTal k

Because it is generally unknown which Doubl eTal k any particul ar
system has, if any, and which port addresses or COM port are used,
the first thing a Doubl eTal k driver nmust do is determine if

Doubl eTal k i s present, and where

The Doubl eTal k drivers and libraries supplied on this disk al

i ncorporate a conmmon routine for determining if DoubleTalk is
present, and where it is located. The source code for this routine
can be found in the DT_TTS.ASMfile (DT_Init). This routine

determ nes what the LPC and TTS |/ O port addresses are if Doubl eTal k
PC was detected, or the base address of the COM port if Doubl eTal k
LT was detected. The routine also initializes DoubleTalk to the
factory default settings.

CAUTI ON The net hod used to detect Doubl eTal k PC assunes
that the TTS and LPC ports will have certain
speci fic values when they are read, formng a
"signature" that is unique to DoubleTalk PC. If
Doubl eTal k happens to be talking at the tine
DT Init looks for it, it will not be able to
| ocat e Doubl eTal k, since one or both of the ports
wi Il have status bits that are in the "wong"
state. For simlar reasons, DoubleTalk LT rust
also be idle in order for it to be detected.
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| ndexi ng

I ndex markers are non-speaki ng "bookmarks" that are used to nonitor
t he progress of speech. This way, a programcan tell where
Doubl eTal k i s speaking within a passage of text.

The conmand to send an index marker to either DoubleTalk is "Anl
where n is an ASCI|I nunber between 0 and 99. Thus, up to 100 unique
mar kers may be active at any given tinme. If your program uses

i ncrenenting markers between each word, a sinple way to inpl enment
this is to use DoubleTalk's "relative paraneter” capability, by

i ssuing the command "A+1l for each marker. When the count reaches
99, it will automatically wap around to O and start over again.

When Doubl eTal k has spoken the text up to a marker, it transmts the
mar ker number back to the program Note that this value is a

*bi nary* nunber between 0 and 99, *not* an ASCI| nunber as was used
in the coomand to place the marker. This allows the narker to be
transmtted as a one-byte val ue.

The actual nethod of transn ssion and how markers are received, is
where the two Doubl eTal ks part ways.

Doubl eTal k PC

Doubl eTal k PC transmts index nmarkers through its LPC port. As |ong
as the LPC synthesizer is idle, the value at the port will be 7Fh.
If an index marker cones in, however, the port's value wll change
to a value between 0 and 63h (0-99d), and will not change until

anot her marker cones (which will overwite the previous one).

If you use only one marker value in your program the val ue FFh
should be witten to the LPC port each time a new marker is read.
This "clears" the marker (to 7Fh), enabling your programto detect
when a new narker conmes in. (If you use nore than one marker val ue,
such as two alternating values, this step would not be necessary.)
Clearing the TTS synthesizer with any of the follow ng TTS commands
(through the TTS port) will also clear the marker fromthe LPC port:

AX (Cear)
"A@ (Reinitialize)

Clearing the marker in this manner also resets the relative index
val ue, ensuring that relative indexing always begins at O.

It is also good practice before quitting your application, that you
i ssue one of these conmands (preferably "A@ to force the LPC status
back to its nornmal (idle) state. Otherw se, the next application may
not be able to find Doubl eTal k (since nost "find" routines expect
the LPC port status value to be 7Fh).

Doubl eTal k LT

Doubl eTal k LT transmts index markers via its serial port. Normally,
an interrupt handler in your programthat processes incom ng
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characters fromthe COM port will handle the markers. Since the
i nterrupt handler is invoked only when a new i ndex marker cones in,
it is not necessary to "clear" the marker, as with Doubl eTal k PC.

CAUTI ON The Echo-enul ati on feature of DoubleTal k LT
recogni zes 40h (' @) as a request for the LPC
synthesi zer's status. This causes a one-byte val ue
to be emitted fromthe serial port whenever '@ is
transmtted to Doubl eTal k LT. Take precautions to
ensure that your program does not interpret this
as a spurious nmarker - this can be done either by
filtering any '@ characters fromthe text, or by
checki ng that each received marker is within
limts (0 to 99). The LPC status byte is generally
a much larger number (usually 251), far outside
the range of valid nmarkers.

Not al |l Doubl eTal ks support i ndexi ng!

Early Doubl eTal ks *PCs* did not support indexing (all LT nodels do).
To prevent your application fromhanging up by waiting for index

mar kers that nmay never cone, it should first deternmine if the

Doubl eTal k card it is using supports indexing. The easiest way to
determne this is to send it an index narker followed by a return or
null character. If nothing comes back (i.e., the LPC port doesn't
change in value from 7Fh), the card doesn't support indexing.
Earlier version Doubl eTal k PCs can be updated to support indexing
with a sinple user-installable ROM upgrade.

I nterrogati ng Doubl eTal k
The ~"A? command built into both Doubl eTal ks enables a programto

read the current settings of Doubl eTal k anytinme. The val ues returned
fromthe Interrogate command are, in order, as follows:

Serial numnber wor d; 0- 7Fh: 0- 7Fh

ROM ver si on variable length string termnated by CR

Mode byte; C/ DT, 0=Character; 1=Phonene; 2=Text

Punc | evel byte; nB; 0-7

Formant freq byte; nF; 0-9

Pitch byte; nP; 0-99

Speed byte; nS; 0-9

Vol une byte; nV, 0-9

Tone byte; nX; 0-2

Expressi on byte; nE 0-9

Exc dict | oaded byte; L; 1=exception dictionary |oaded; 0
ot herw se

Exc dict status byte; U, 1=exception dictionary enabled; 0
ot herw se

Free RAM byte; L; # pages (truncated) renmaining for text

buffer - function of dictionary size and RAM chip
i nstalled (8K/ 32K)
Articul ation byte; nA; 0-9
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Reverb byte; nR, 0-9
End of bl ock byte; 7Fh val ue indicating end of paraneter bl ock

The nunber of parameters could change in the future, so it is
recomended that the End of Bl ock byte (7Fh) be used for determning
when all of the data has been read from Doubl eTal k.

The file DT_I NTGT. ASM shows how to interrogate Doubl eTal k from
assenbly | anguage progranms. The supplied Basic and C libraries al so
have their own equival ent interrogation functions built in.

MUSI CAL TONE GENERATOR - - - = = = = = = == @ @ @ s s e me e oo ee e o ee oo oo

Doubl eTal k contains a three-voice nusical tone generator, which can
be used for creating nusic and sound effects. This section explains
how to program the generator. Doubl eTal k al so contai ns a sinusoi da
generator, which is covered in the next section

The nusical tone generator is activated with the “"AJ comand. Once
activated, all data output to DoubleTalk is directed to the tone
generator. (Note: Doubl eTal k assunes that tone generator data wll

i mediately follow the "AJ command; therefore, do not terninate the
conmmand with a carriage return or null.)

The tone generator is controlled by four, four-byte data and comand
franmes, known as Initialize, Voice, Play, and Quit. Wth these, the
programer can control the volune, duration, and frequency of each
of the three voices.

Initialize Commuand

The Initialize command sets up the tone generator's anplitude and
tenpo (speed). The host nust issue this comand to initialize the
tone generator before sending any Voice frames. The Initialize
conmand nmay, however, be issued anytinme afterward to change the
vol umre or tenpo on the fly.

Byte O 1 2 3 . A .

U----- A ----- A----- A----- é U----- A----- A----- A----- é
s 0 % Ka 3 Ktl 3 Kth?3 ® Kd ® KL 3 K2 3 K3 3
A----- A----- A----- A----- ] A----- A----- A----- A----- ]
Initialize commuand Voi ce franme

Gomne- A-nn-- Aenn-- Aenn-- : Gomne- Ann-- Aenn-- Aenn-- :
3 0 3 0 3 _‘]_ 3 _‘]_ 3 3 0 3 0 3 0 3 0 3
Aoae-- S - - U Aoao-- - - - U
Pl ay comand Quit conmand

Figure 6. Tone Generator Comand Fornmats
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Initialize command formt

The Initialize conmand consists of a byte of zero and three
parameters (Figure 6). The paraneters are defined as foll ows:

Ka Voi ce anplitude (1-255)
Kt | Tenpo, | ow byte (0-255)
Kt h Tenpo, high byte (0-255)

The overall range of the tenpo Kt (Ktl and Kth) is 1-65,535

(1- FFFFh); the larger the value, the slower the overall speed of
play. The anplitude and tenpo affect all three voices, and stay in
effect until another Initialize command is issued. If the command is
i ssued between Voice frames to change the volume or tenpo on the
fly, only Voice franes following the command wi |l be affected.

Voi ce Frane

Voi ce franes contain the duration and frequency (pitch) infornmation
for each voice. Al Voice franes are stored in a 4K buffer within
Doubl eTal k, but are not played until the Play command is issued. If
t he nunber of Voice frames exceeds 4K bytes in | ength, Doubl eTal k
will automatically begin playing the data.

Voi ce franme formt

Voi ce franmes (Figure 6) consist of three frequency tine constants
(K1-K3) and duration byte (Kd), which specifies how long the three
voi ces are to be played. The rel ationship between the time constant
Kn and the output frequency fn is:

fn = 16, 768/ Kn

where fn is in Hertz and Kn = 4-255. Setting Kn to zero will silence
voi ce n during the frane.

The Kd paraneter may be progranmed to any val ue between 1 and 255.
The larger Kd is nmade, the |onger the voices will play during the
frane.

Table 1 greatly sinplifies the task of finding Kn for a particul ar
nmusi cal note. The tone generator can cover a four-octave range, from
C two octaves below Mddle C (Kn = 255), to D two octaves above
Mddle C (Kn = 14). Kn values |less than 14 are not reconmended. For
exanpl e, the Voice frane

DATA 24,64,0,0
will play Mddle Cusing voice 1 (KL = 64). Since K2 and K3 are
zero, voices 2 and 3 will be silent during the frame. The duration
of the note is a function of both the tenpo Kt and duration Kd,
which in this case is 24.

As anot her exanpl e,
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DATA 48, 64, 51, 43

plays a CE-G chord, for a duration twice as |long as the previous
exanpl e.

Not e Kn Not e Kn

C 255 (FFh) D 57 (39h)
CH 241 (F1h) D# 54 (36h)
D 228 (E4h) E 51 (33h)
D# 215 (D7h) F 48 (30h)
E 203 (CBh) F# 45 (2Dh)
F 192 (Q0h) G 43 (2Bh)
F# 181 (B5h) G 40 (28h)
G 171 ( ABh) A 38 (26h)
G 161 (Alh) A# 36 (24h)
A 152 (98h) B 34 (22h)
At 144 (90h) C 32 (20h)
B 136 (88h) CH 30 (1Eh)
C 128 (80h) D 28 (1Ch)
CH 121 (79h) D# 27 (1Bh)
D 114 (72h) E 25 (19h)
D# 107 (6Bh) F 24 (18h)
E 101 (65h) F# 23 (17h)
F 96 (60h) G 21 (15h)
F# 90 (5Ah) G 20 (14h)
G 85 (55h) A 19 (13h)
G 81 (51h) At 18 (12h)
A 76 (4Ch) B 17 (11h)
A# 72 (48h) C 16 (10h)
B 68 (44h) CH 15 (OFh)
CMd 64 (40h) D 14 (OEh)
CiHt 60 (3Ch)

Table 1. Musical Pitch/Kn Val ues

Choosi ng note durations and tenpo

Table 2 lists suggested Kd val ues for each of the standard nusica
note durations. This convention permits shorter (1/64th note) and
i nternedi ate note val ues to be played, while maintaining the sane
degree of accuracy. This is inmportant when, for exanple, a thirty-
second note is to be played staccato, or a note is dotted
(multiplying its length by 1.5).

Usi ng the suggested values, it turns out that nost nusical scores

sound best when played at a tenpo of 255 or faster (i.e., Kth = 0).
O course, the "right" tenpo is the one that sounds the best.
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Not e Duration Kd

VWhol e 192 (Q0h)
Hal f 96 (60h)
Quarter 48 (30h)
Ei ghth 24 (18h)
Si xt eent h 12 (0Ch)

Thirty-second 6 (06h)

Table 2. Duration/Kd Val ues

Pl ay Comand

The Pl ay command causes the voice data in the buffer to begin
playing. Additional Initialize commands and Voice franes nay be sent
to Doubl eTal k while the tone generator is operating. DoubleTal k's
SYNC flag is set during this time, enabling the host to synchronize
to the playing of the tone data. SYNC returns to zero after all of

t he data has been pl ayed.

Quit Conmand

The Quit command nmarks the end of the tone data in the input buffer
Doubl eTal k will play the contents of the buffer up to the Quit
conmand, then return to the text-to-speech node that was in effect
when the tone generator was activated. Once the Quit conmand has
been issued, DoubleTalk will not accept any nore data until the
entire buffer has been played.

Exanpl e Tune

Listing 1 is a sinple Basic programwhich reads tone generator data
froma list of DATA statenments, and LPRI NTs each value to

Doubl eTal k. The program assumes that the DTPRN printer emul ator has
been installed as port LPT1 (see "Printer Emulator," above).

100 REM tone generator deno

110 LPRINT CHR$(1);"J";: REM activate tone generator

120 READ B0, B1,B2,B3: REM read a frane (4 bytes)

130 LPRINT CHR$(BO); CHR$(B1); CHR$( B2) ; CHR$( B3) ;

140 | F BO+B1+B2+B3 > 0 THEN 120: REM loop until Quit

150 END

160

170

180 REM data tables:

190

200 REM Init (volune = 255, tenpo = 86)

210 DATA 0, 255,86,0

220 '

230 REM Voice data

240 DATA 46, 48,64,192, 2,0, 64,192, 48,48,0,0, 48,40,0,0, 48,36,0,0
250 DATA 94,24,34,0, 2,24,0,0, 24,0,36,0, 24,0,40,0, 48,0,48,0
260 DATA 48, 40,0,192, 46,36,0,0, 2,0,0,0, 48,36,0,0, 48,24,34,0
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270 DATA 46,24,34,0, 2,0,34,0, 46,24,34,0, 2,24,0,0, 24,0,36,0
280 DATA 24,0,40,0, 48,0,48,0

290 '

300 REM Play, Quit

310 DATA 0,0,1,1, 0,0,0,0

Listing 1. Exanple Tone CGenerator Program

The astute reader may have noticed sone "non-standard" note
durations (according to Table 2) in the DATA statenments, such as the
first two Voice franes in line 240. According to the original nusic,
some voi ces were not to be played as long as the others during the
beat. The F-C-F notes in the first frame are held for 46 counts,
while the low F and Cin the second frame are held for two
addi ti onal counts. Adding the duration (first and fifth) bytes
together, the low F and C do indeed add up to 48 counts (46 + 2),
which is the duration of a quarter note.

SI NUSQl DAL TONE GENERATOR - - = = = = = = < = = = = x @@ s m o om e o occ o oee oo

The musi cal tone generator is capable of producing three tones

si mul taneously, and works well in applications which require neither
preci se frequencies nor a "pure" (clean) output. The output is a
pul se train rich in harnonic energy, which tends to sound nore

i nteresting than pure sinusoids in rmusic applications.

Doubl eTal k' s si nusoi dal tone generator enables the simnultaneous
generation of two sinusoidal waveforns. Applications for this
generator range fromgenerating sinple tones to tel ephone call -
progress tones (such as a dial tone or busy signal). The frequency
range is 0 to 2746 Hz, with a resolution of 4 to 11 Hz.

The sinusoidal tone generator is activated with the conmand "~AnJ,
where n is an ASCI|I nunber between 0 and 99. Note the sinmlarity to
t he musi cal tone generator command, “AJ, which uses no paraneter.
The paranmeter n prograns the internal sanpling rate, nuch like the
buf f ered PCM node command does; in fact, the sanpling rate fs has
the sane relationship to n as the PCM node conmand:

fs = 617/ (155 - n)

| mredi ately follow ng the command are three *bi nary* (not ASClI)
par anet er bytes:

AAnJ Kd K1 K2

where Kd determ nes the tone duration, and K1 and K2 set the output
frequenci es of generators 1 and 2, respectively. The tone duration
and frequencies are not only functions of these paraneters, but of n
as well. The output anplitude is a function of the TTS synthesizer's
Vol unme conmand (~AnV). The command and paraneter val ues are buffered
wi t hi n Doubl eTal k, and can be interm xed with text for the TTS

synt hesi zer without restriction
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The tone duration Td is calcul ated as foll ows:
Td = Kd x 256/fs (sec)

where 0 6 Kd 6 255. Substituting the relationship fs = 617/(155 - n)
into the above equation

Td = Kd x (155 - n)/2410 (sec)

Setting Kd = 1 yields the shortest duration; Kd = 0 (treated as 256)
the | ongest. Depending on the value of n, Td can range from23 ns to
16. 5 sec.

The tone frequencies F1 and F2 are conputed as foll ows:
Fn = Kn x fs/ 1024 (Hz)

where 0 6 Kn 6 255. Substituting the relationship fs = 617/(155 - n)
into this equation,

Fn = Kn x 603/ (155 - n) (Hz)

Dependi ng on the value of n, Fn can range fromO Hz to 2746 Hz. |f
only one tone is to be generated, the other tone frequency nmay be
set to 0 (Kn = 0), or equal in frequency. Note, however, that due to
the additive nature of the tone generators, the output anplitude
fromboth generators running at the same frequency will be twice
that of just one generator running. Both K1 and K2 may be set to O
to generate silence.

Note that the frequency step size and frequency range are strictly
functions of n. In general, the larger nis, the larger the step
size and range will be. The paraneter Kn can be thought of as a
mul tiplier, which when nultiplied by the step size, yields the

out put frequency. For exanple, setting n = 95 (corresponding to an
internal sanpling rate of 10.28 kHz) results in a frequency step
size of 603/ (155 - 95) Hz, or 10 Hz. Thus, the output frequency
range spans 0 Hz to 255 x 10 Hz, or 2550 Hz, in 10 Hz steps.

As an exanpl e, suppose an application needed to generate the tone
pair 440/350 Hz (a dial tone) for say, 2.5 seconds. W will
arbitrarily choose n = 95. The tone duration paranmeter Kd is
cal cul ated as foll ows:

Kd = 2410 x Td/ (155 - n)
substituting Td = 2.5 (sec) and n = 95,

Kd = 2410 x 2.5/(155 - 95) = 100
K1 (440 Hz) is conputed foll ows:

K1

F1 x (155 - n)/603

440 x (155 - 95)/603 = 44

In Iike manner, K2 (350 Hz) is conputed to be 35.
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In order to enbed the command in a text file, the conputed val ues

are converted to their ASCI| equivalents (100 = 'd', 44 ="',', and
35 = "#'). The conpl ete commmand becones
AA95Jd, #

whi ch can be enbedded within normal text for the TTS synthesi zer.

EXCEPTI ON DI CTI ONARI ES - - === = === = = m = o e e e e e e oo

Exception dictionaries make it possible to alter the way the TTS
synt hesi zer speaks any string of characters. This is useful for
correcting mspronounced words, or even speaking foreign |anguages.
This section describes howto create exception dictionaries for
Doubl eTal k.

The Text and Character nodes of the TTS synthesizer rely on a set of
ROW based English pronunciation rules for converting text sent from
the host into speech. These rul es determ ne which sounds, or
phonenes, each character will receive. The position of each letter
inawrd, as well as its context, is considered by each rule.

Doubl eTal k anal yzes text in its input buffer by applying these rules
to each word or character, depending on the translation node in use.
Exception dictionaries augnent this process by defining exceptions
(or even replacing) the ROM based rul es.

Exception dictionaries can be created and edited with word
processors or editors that store docunments as standard text (ASClI)
files. However, the text file nust be conpiled into the interna
format used by Doubl eTal k before it can be | oaded, using the
COWPI LE. COM pr ogram i ncl uded on the Devel oper's Tool s di sk

Excepti on Syntax
Excepti ons have the general form
L(F) R=P

whi ch nmeans "the text fragnent F, occurring with left context L and
right context R, gets the pronunciation P." All three parts of the
exception to the left of the equality sign nust be satisfied before
the text fragment will receive the pronunciation given by the right
side of the exception. Exceptions are always term nated by a
carriage return character.

The text fragment defines the characters that are to be transl ated
by the exception, and may consi st of any conbination of letters,
nunbers, and synbols. The text fragnent nust al ways be contained
wi t hi n parent heses.

Characters to the left of the text fragment specify the |eft context
(what must cone before the text fragnent in the input string), and
characters to the right define the right context. Both contexts are
optional, so an exception can contain neither, either, or both
contexts. There are also 13 special synbols, or context tokens, that
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can be used in an exception's context definitions. The tokens and
their neanings are given in Table 3.

Synbol Definition

# A vowel: a, e, i, 0, u, y

+ A front vowel: e, i, vy

A A consonant: b, ¢, d, f, g, h, j, k, I, m
n, p, q, r, s, t, v, w, X, z

* One or nore consonants

: Zero or nore consonants

? A voi ced consonant: b, d, g, j, I, m n
rv v, w z

@ e of: d, j, I, n, r, s, t, z, ch, sh, th

! One of: b, ¢, d, f, g, p, t

% A suffix: e(s), ed(ly), er(s), ely, ing(s),

ingly, ement(s), eless, eness, able(s) (mrust

al so be followed by a non-al phabetic character)
Asibilant: ¢, g9, j, s, X, z, ch, sh

Any nonal phabetic character (includes

nunbers, spaces, etc.)

A digit (0-9)

| One or nore digits

— ¥

Tabl e 3. Context Tokens

The right side of an exception (P) specifies the pronunciation that
the text fragment is to receive, consisting of zero or nore valid
phonenes (listed in Table 5 of the Doubl eTal k PC/LT User's Manual).
If no pronunciation is given (no phonenes), no sound will be given
to the text fragnent, i.e., the text fragment will be silent.

A dictionary file may al so contain comrents, but they nust be on
lines by thenselves (i.e., they cannot be on the same |line as an
exception). Coment |ines begin with a senicolon character (;), so
that the conpiler will know to skip over it.

An exanpl e of an exception is

C( O N=AA
which states that o after ¢ and before n gets the pronunciation AA
the o-sound in cot. For exanple, the o in conference, econony, and
i con woul d be pronounced according to this exception
Anot her exanple is

$R(H) =
This exception states that h after initial r is silent, as in the
word rhyme (the $ context token represents any non-al phabetic

character, such as a space between words; see Table 3).

Punct uati on, nunbers, and npbst other characters can be redefined
with exceptions as well:
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(5)=S1 NGKO (Spani sh five)
(CHR$)=K EH R I X K T ER (Basic function)

Not e that although these exanples do not contain any context
definitions, parentheses are still used around the text fragments.

The Translation Al gorithm

Doubl eTal k' s text-to-speech algorithmworks much |ike the human
brai n does when reading printed text. The al gorithm scans input text
fromleft to right and, for each character scanned, sequentially
searches a list of pronunciation rules until it finds one that

mat ches the character in the correct position and context. \Wen a
matching rule is found, the al gorithm passes over the input
characters bracketed in the rule (the text fragnent), and assigns
the pronunciation given by the right side of the rule to it.
Scanni ng then resunmes with the next character of text.

As an illustration of how the translation algorithmworks, let's see
how it would translate the word receive, using the ROWbased Text
node pronunci ation rul es.

The al gorithm begins scanning at the letter r and searches the R
pronunciation rules for a match. The first rule that matches is
$(RE) "#=R | H, because the r in receive is an initial r and is
followed by an e, a consonant (c), and a vowel (e). Consequently,
the text fragment re receives the pronunciation R IH and the scan
noves past re to the next character: reCeive. (E is not the next
scan character because it occurred inside the parentheses with the
r; the fragnent re as a whole gets the pronunciation R 1H.)

The first match anong the Crules is (C +=S, because c is followed
by an e, i, or y. Cthus receives the pronunciation S, and
processing continues with the second e: recEive.

(El)=1Y is the first rule to match the second e, so ei receives the
sound 1Y. Scanning resunes at the character recei Ve, which matches
only the default V rule, (V)=W.

The final e matches the rule #:(E)$=, which applies when e is fina
and proceeds zero or nore consonants and a vowel. Consequently, e
recei ves no sound and scanning continues with the follow ng word or
punctuation, if any. Thus, the entire phonene string for the word
receive is RIHSIY YV, which is the correct transcription

Rul e precedence

Since Doubl eTal k uses its translation rules in a sequential manner,
the position of each exception relative to any others nmust be
careful ly consi dered. For exanple, consider the follow ng pair of
exceptions:

(O +=0w
(O =uw

RC SYSTEMS - 29 - DOUBLETALK TOOLS



The first exception states that o followed by e, i, or y is to be
pronounced OWN the o-sound in boat. The second exception does not
pl ace any restriction on what must conme before or after o, so o in
any context will match and receive the UW pronunci ati on. Note that
if the exceptions were reversed, the (O + exception would never be
reached since the (O exception will always natch o in any context.
In general, tightly-defined exceptions (those containing many
context restrictions) should precede | oosely-defined exceptions
(those with little or no context definitions).

(RAT)=R AE T
(RATING =R EY T I H NG
(R) =R

This is an exanple of how *not* to organi ze exceptions. The
exception (RATING will never be used because (RAT) w |l always
match first. According to these exceptions, the word rating would be
pronounced "rat-ing."

It can be beneficial to also group exceptions by the first character
of the text fragnments, that is, all of the A exceptions in one
group, all the B exceptions in a second group, and so on. This gives
an overall cleaner appearance, and can prove to be hel pful if the
need arises to troubl eshoot any problens in your dictionary.

Text not natched by the dictionary

It is possible that some input text will not match any of the
exceptions, depending on the nature of the exception dictionary. For
exanple, if a dictionary was witten to handl e unusual words, only

t hose words woul d be defined by the exceptions. In this case, no

ot her words woul d be handl ed by the exceptions. On the other hand,
if the dictionary defined the pronunciation for another |anguage, it
woul d probably be conprehensi ve enough to handle nost all types of
input. In any case, if an exception is not found for a particular
character, the English pronunciation will be given to that character
according to the built in (ROV English pronunciation rules.

Cenerally, the automatic switchover to the ROMrules is desirable if
the dictionary is used to correct m spronounced words, since in
essence it is defining exceptions to the ROMrules. |If the automatic
swi tchover is not desired, however, there are two ways to prevent it
fromoccurring. One way is to end each group of exceptions with an
uncondi ti onal exception that matches any context. To ensure the
letter "a" will always be matched, for exanple, end the A exception
group with the exception (A)=pronunciation. This techni que works
well to ensure matches only for specific characters, such as certain
letters or nunbers.

If the exception dictionary is to replace the ROMrules entirely,
end the dictionary with the foll owi ng exception

()=
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Thi s special exception causes unnatched characters to sinply be
i gnored, rather than receive the pronunciation defined by the ROM
rul es.

Ef fect on punctuation

Punctuation defined in the exception dictionary has priority over
the Punctuation Filter command. Any punctuation defined in the
dictionary will be used, regardless of the Punctuation Filter
setting. However, if the dollar sign ($) character is defined in the
text fragnent of any exception, currency strings will not be read as
dollars and cents.

Character node exceptions
The information presented thus far applies to both the Text and
Character nodes of Doubl eTal k. Character npde exceptions, however,
can be defined independently of the Text nbde exceptions, or be
i ncluded as a subset of themto avoid duplicating sinilar
exceptions.
The begi nning of the Character node exceptions is defined by
i ncluding the character C between the |ast Text exception and the
first Character exception. No exceptions prior to this marker wll
be used when Doubl eTalk is in Character node. For exanple:

(Text node exceptions)

()= (optional; if Character npde exceptions are
not to be used in Text node)

C (Character node exceptions marker)
(Character node exceptions)
()= (optional; used if ROMrules are not to be
used in no-nmatch situations)
Appl i cations
The foll owi ng exanpl es were chosen to give you sone ideas of how the
exception dictionary can be used.
Correcting m spronounced words

The nost obvious of all applications; mspronounced words can be
corrected by witing exceptions for them

( SEARCH) =S ER CH
$( OK) $=OW K EY
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The first exception corrects the pronunciation of all words

contai ning search (search, searched, research, etc.). As this
exception exenplifies, it is only necessary to define the problem
word in its root form and only the part of the word that is

m spronounced (ear in this case). The second exception corrects the
word ok, but because of the left and right contexts, will not cause
ot her words (joke, look, etc.) to be incorrectly transl ated.

No cussing, please!

The speaki ng of specific characters or words can be suppressed by
witing "null" exceptions for them that is, exceptions in which no
pronunci ation is given

(?2?2?)= (YOU fill in the blanks!)

When 0 i s not zero

When we read addresses or lists of nunmbers, we often substitute the
word "oh" for the digit 0. For exanple, we mght say 1020 North
Eastl ake as "one oh two oh North Eastlake." The digit O can be
redefined in this manner with the foll owi ng exception

(0) =OW

Arithnetic operators

Sone characters nmay have nore than one nane; for exanmple, / may be
read as "slash" or "divided by," depending on the context. Such
characters can be redefined if their default names don't fit the
application. For exanple, the arithnetic operators (/, *, », etc.)
can be defined for mathemati cal applications with the foll ow ng
exceptions:

(/)=DIHVAYDIHD B AY
(*Y=MAHL TIHP L AY D B AY
(MV=REYZD TuWW

etc

Acronyns and abbrevi ati ons

Acronynms and abbrevi ati ons can be defined so the words they
represent will be spoken

$(KWS$=K IHL ONWAA T
$(DR) $=D AA K T ER
$(TV)$=T EHL AX VIH ZH IX N
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Het er onyns

Het eronyns are words that have simlar spellings but are pronounced
differently, depending on the context, such as read ("reed" and
"red") and wind ("the wind blew' and "wi nd the clock"). Exceptions
can be used to fix up these anbiguities, by including non-printing
(Control) characters in the text fragment of the exception

Suppose a line of text required the word "cl ose" to be pronounced as
it isin"aclose call," instead of as in "close the wi ndow. " The
foll owi ng exception changes the way the s will sound:

("DCLOSE) =K L OW S

Note the Control -D character (~D) in the text fragnent. Although a
non-printing character, the translation algorithns treat it as they
woul d any printing character. Thus, the string "~D close" will be
pronounced with the s receiving the "s" sound, wherever it appears
in the text stream Plain "close" (without the Control-D) will be
unaf fected-the s will still receive the "z" sound. It does not
matter where you place the Control character in the word, as |long as
you use it the same way in your application's text. You may use any

non-printing character (except LF and CR) in this manner.

Forei gn | anguages

Dictionaries can be created that enable Doubl eTalk to speak in
foreign languages. It's not as difficult as it may first seemal

that is required is a high school |evel foreign | anguage textbook
and a bit of patience. If you don't have a book for the | anguage
you're interested in, check your local library. Mst libraries have
foreign | anguage dictionaries that include pronunciation guides,
which make it easy to transcribe the pronunciation rules into
exception form The Spani sh exception file, SPAN SH EXC, was witten
using this method.

Language transl ation

Exception dictionaries even all ow DoubleTalk to read foreign
| anguage text in English! The foll owi ng exceptions denonstrate how
this can be done with three Spanish/English words.

(GRANDE) =L AA R J
(BIEN) =F AY N
(USTED) =YY UW

The sense of translation can al so be reversed
(LARGE)=G R AN D EI

(FINE)=B | EI N
(YO=U S T El DH
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Ti ps

Make sure that your exceptions aren't so broad in nature that they
do nore harmthan good. Exceptions intended to fix broad cl asses of
words, such as word endings, are particularly notorious for ruining
ot herw se correctly pronounced words.

Take care in how your exceptions are organi zed. Renenber, an
exception's position relative to others is just as inmportant as the
content of the exception itself.

Excepti on anonalies

On rare occasions, an exception may not work as expected. This
occurs when the ROM based pronunciation rules get control before the
exception does. The following exanple illustrates how this can
happen.

Suppose an exception redefines the o in the word "process" to have
the long "oh" sound, the way it is pronounced in many parts of
Canada. Since the word is otherw se pronounced correctly, the
exception redefines only the "o:

PR( O) CESS=0W

But nmuch to our horror, DoubleTalk sinply refuses to take on the new
Canadi an accent.

It so happens Doubl eTalk has a rule in its ROM which | ooks sonet hi ng
i ke this:

$(PRO =P R AA

This rule translates a group of three characters, instead of only
one (as nost of the ROMrul es do). Because the text fragnent PROis
translated as a group, the o is processed along with the initial
"pr," and consequently the exception never gets a shot at the o.
If you suspect that this may be happening with one of your
exceptions, include nore of the left-hand side of the word in the
text fragnent (in the exanple above, (PRO =P R ONwould work).

EXCEPTI ON QOVPI LER - - - = = = = == = = = m o e e e e e e e oo

The COWPI LE. COM programis used to conpile exception dictionaries
for Doubl eTal k's TTS synthesizer. Since the input (source) to the
conpiler is, and nust be, a plain ASCII text file, exception
dictionaries can be witten and edited with any word processor or
text editor, such as DOS 5.0's EDI T program

You can conpile exception dictionaries in either of the foll ow ng
ways:
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1. Type all the information on the conmand |ine, using the follow ng
synt ax:

COWPI LE sourcefile [objectfile] [options]
2. O type:

COWPI LE
and respond to the follow ng pronpts:

Source file [.EXC]:
hject file [source. EXS]:

The source file is the ASCII text file containing your exception
dictionary. The object file is the nanme of the conpil ed exception
file that will be created. If you do not supply a name for the
object file, the conpiler will use the source file nane, and add the
ext ensi on . EXS automatically.

Options for the COWILE conmmand consi st of either a forward-slash
(/) or dash (-) character followed by a letter. Options can be
specified only in the single command |ine syntax, and if given, mnust
appear after the file name(s).

| e Types
The conpiler supports three different output (object) formats,

described in this section. The default object file nane extensions
are shown in the follow ng table:

Option Switch Def aul t Extension File Type
none . EXS St andard
/A . EXA Aut o- | oad
/C . EXH Chai ned

where File Type is defined as:

. EXS Standard object file. Contains the conpil ed
exceptions, term nated by the EOF character (1Ch).

. EXA Aut o-1 oad object file. The structure of this file
type is as foll ows:

ODh 1Eh [ 01h "18G' 00h ] 01h "L" 0Oh
(conpiled'exceptions)
1Ch 00h 01h "U' 00h

The header contains all the conmands necessary to
begi n downl oadi ng the exceptions to the synthesizer.
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The trailing bytes imediately follow ng the
exception block halt the downl oadi ng process and
enabl e the exceptions that were just |oaded. This
format makes it possible for a programto | oad
exception files by sinply sending the file to the
synthesi zer - all the details of invoking the Load
node and enabling the exceptions are taken care of
automatically. For exanple, the DOS conmand

TYPE SPANI SH. EXA > LPT3

wi | I downl oad and activate the Spani sh exceptions
(note that the DTPRN driver nust have been installed
as LPT3 for this exanple to work).

The optional characters in the brackets ([]) enable
the H AscEn bit, and are included only if the
conpi |l er detected extended ASCI| characters in the
source file. See "Protocol Options Command" for nore
i nformation.

. EXH Chai ned object file. Sane as the Standard file type,
but without the ECF character at the end. This
format is used only when the file is to be foll owed
by another bl ock of exceptions (such as a
user-defined dictionary). It is the responsibility
of the application programto ensure that the EOF
character is sent to the synthesizer after the | ast
bl ock of exceptions has been | oaded.

I nput (source) files nornally carry the .EXC extension. If you omt
the extension for the source or object file nane, the conmpiler wll
add the default extension(s) (.EXC and/or .EXS) for you
aut omati cal l y.
The foll owi ng COWI LE commands are equival ent:

conpi | e oddnanes. exc, oddnanes. EXS

conpi | e oddnanes oddnanes

conpi | e oddnanes
hject file [ ODDNAMES. EXS]: <Enter>

conpi l e
Source file [.EXC]: oddnanes
hject file [ ODDNAMES. EXS]: <Enter>

as are these:

conpil e acronynms. exc /a
hject file [ ACRONYMS. EXA]: test. EXA

conpil e acronyns,test /a
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Conpi ling Fromthe Conmmand Line

The conpiler also supports an i medi ate node of operation, which
conpil es a single source exception on the conmand line. This is
useful in situations where only a few exceptions are needed, and/or
the conpiled output is to be hard-coded into an application program

COWPI LE exception
Exanpl e:

conpil e s(a)npl e=ae
Conpi | er output:

S( A) MPLEey;

Downl oadi ng Conpil ed Dictionaries

Downl oadi ng di ctionaries which have been conpiled is easy. If the
dictionary was conpiled with the /A switch, your application only
needs to send the object file to the synthesizer as it would normal
text. The LOADER. BAS programis an exanple of how to downl oad a
standard (.EXS) object file.

In PCM node, all data sent to DoubleTalk is witten directly to
Doubl eTal k' s digital -to-anal og converter (DAC). This results in a
very high data rate, but provides the capability of producing the
hi ghest quality speech, as well as sound effects that are not
possi bl e using the other nmobdes. Doubl eTal k al so supports ADPCM
whi ch reduces the effective data rate by a factor of one-half to
one-third that of standard PCM PCM driver source code, conpatible
with both the PC and LT, can be found in the file DI_PCM ASM

Doubl eTal k PC supports two PCM nodes: buffered and non-buffered. In
buf fered node, PCM data is queued in an internal 4096 byte circul ar
buffer, which is dialed out to the DAC at a programred sanpling
rate. DoubleTalk PC s TTS port status flags are constantly updated
in this nmode, and 1/O transfer is performed using the usual
handshaki ng (RDY) nethod. The maxi num sanpling rate supported in
buffered nmode is 11 kHz. Both Doubl eTal k PC and LT support this
node.

In non-buffered node, PCMdata is sent directly to the DAC in real
time. The TTS port status flags are nmeaningless in this node; the
maxi mum sanpling rate is better than 48 kHz. Only Doubl eTal k PC
supports non-buffered node.

Buf f ered PCM Mbde

The conmand ~An# pl aces Doubl eTal k in the Buffered PCM node. All
subsequent data sent to DoubleTalk is then routed to the DAC buffer.
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Because the PCM data is buffered within Doubl eTal k, the out put
sanpling rate is independent of the data rate into Doubl eTal k, as
long as the input data rate is equal to or greater than the sanpling
rate.

The sanpling rate can be programmed to virtually any rate between 4
and 11 kHz with the PCM Mode command. The rel ati onship between the
conmand paraneter n and the sanpling rate fs is

155 - 617/fs
617/ (155 - n)

n
fs

where fs is nmeasured in kHz. The range of n is 0-99, hence fs can
range from4 to 11 kHz.

The procedure for sending PCM data to Doubl eTal k i s straightforward:

1. Programthe desired volunme |level with the Volune (~AnV) comand.
A volunme setting of 5 will cause the PCM data to be played back
at its original volune level. This step is optional.

2. Issue the Buffered PCM Mode command, “~An#. The value of n wll
set the sanpling rate within Doubl eTal k.

3. Inmediately begin transferring the PCM data to Doubl eTal k. The
sane net hods enpl oyed for sending ASCII data to the
text -t o-speech synthesizer should be used (see "Hardware |/ O'
section, above). PCM data must be sent to Doubl eTal k as I|inear,
eight bit signed data (-127 to +127, 0 = nidscale). Note that if
the AE status flag is 1, a block of 4096 - 300 = 3796 bytes may
be transferred to Doubl eTal k wi t hout concern of overflow ng the
DAC buffer. This can be beneficial in applications that need to
do background tasks concurrently w th PCM based sounds.

4. After the last byte of PCM data has been sent to Doubl eTal k, send
the value 80h (-128d). This signals DoubleTalk to term nate PCM
node and return to the text-to-speech node of operation. Note
that up to 4096 bytes of PCM data may still remain in the DAC
buffer, so Doubl eTal k may conti nue produci ng sound for as |ong as
1 second (4 kHz sanpling rate) after the |last byte of data has
been sent. Doubl eTal k's SYNC flag will not be cleared until all
of the speech data has been output to the DAC, at which tine
Doubl eTal k wi |l again accept data for the text-to-speech
synt hesi zer.

Non- Buf f ered PCM Mode

The conmand ~A# pl aces Doubl eTal k PC i n non-buffered PCM node. Note
that this is simlar to the Buffered PCM Mbde command, but the
sanpling rate paraneter n is omtted. As in buffered node, PCM data
is expected to be linear, eight bit signed data, and the output

| evel can be adjusted with the Volume command. It is up to the
application programto wite the PCM data to Doubl eTal k at the
desired sampling rate (e.g., for a desired sanmpling rate of 44.1
kHz, each sanple should be spaced 22.7 uS apart). PCM node is
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term nated i mredi ately when a val ue of 80h (-128d) is witten to the
TTS port.

TTS SYNTHESI ZER PROGRAMM NG TIPS = - - - s o s e ome o ome o oei oo

This section contains additional information about DoubleTal k's TTS
synt hesi zer which is not covered in the User's Manual. You wll

| earn how to ensure Doubl eTal k remai ns as responsive as possible, a
few programm ng tricks, and how to support user exception

di ctionaries.

Response Ti ne Consi derati ons

Consi dering the conputations DoubleTal k has to go through to
transl ate even the sinplest word, it can still be considered to be
quite responsive - an inportant requirenment for visually inpaired
users of screen-reader progranms. Understandi ng how Doubl eTal k' s
text-to-speech algorithnms work can hel p ensure that your prograns
wi |l be as responsive wth Doubl eTal k as possi bl e.

When the TTS synthesizer receives text froman application program
it queues up the characters in an internal 2.5K buffer (less if an
exception dictionary is |oaded). Assuming the synthesizer is not
already talking, the TTS algorithns wait until a carriage return or
null is received (defining what we shall call a "synthesizer phrase
boundary") before translation into speech begins. (This is not true
of Character node - translation begins i mediately upon receipt of
the first character.)

Speaking froma "cold start" is the worst-case scenario for the TTS
synt hesi zer, because it nust translate a relatively large chunk of
text before it can begin speaking. Once it has begun tal king,
however, it will continue to accept and store nore phrases and
preprocess them "ahead" of the speech, so the next phrase is already
transl ated once the speech has caught up to it. It is the
initial-phrase latency tinme that concerns blind users, because they
like the speech to begin as soon as possible upon giving the
command.

Nornal ly-written text generally contains one or nore punctuation
mar ks, such as comas and/or periods. In terns of human speech
these marks indicate where a natural pause is to be placed.

Doubl eTal k takes advantage of this fact by translating text inits
buffer in punctuation-delimted segnments, as defined by the

punct uati on boundari es (which may or may not occur at synthesizer
phrase boundaries). For this reason, it is inportant that al
punctuati on be sent with the text. The latency tine of an initial
phrase with the punctuation left in it will be nmuch I ess than that
of the sane phrase with the punctuation stripped out of it.

Most screen-reader progranms do not send the actual punctuation to

t he synt hesi zer, but send the spelling instead ("period," "conmg,"
etc.). If your programfalls into this category, try adding the
actual punctuation to the end of the word ("period." "comm,"). This

wi || make the speech nore responsive, as well as give the added
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benefit of nore natural sounding intonation as the text is read by
t he synthesi zer (punctuation directly affects the inflection
contours).

If your programwaits until the current phrase has been conpletely
spoken before sending the next phrase, try using the SYNC2 status
flag instead of SYNC (see "Hardware 1/OQ TTS Port," above). This
will help increase the responsiveness by as nuch as 50% depending
on the speed and other factors.

Creating Pauses in Speech

After all this talk about avoidi ng pauses, why would one want to
*create* then? One exanple is for creating the natural pauses a
human reader places between paragraphs of a passage. Another woul d
be for creating enphasis at a particular point in a sentence, to
hel p enhance its neani ng.

There are at |least two ways to add pauses in your text. The easiest
way, for short passages, is to sinply string together conmas and/or
peri ods where each pause is to take place. Commas create a nedi um
pause; periods create a |ong pause. Commas and peri ods may be
conbined to create even |onger pauses. If you don't want the
downward inflection associated with a period to occur, insert at

| east one space between it and the word preceding it:

Now | et ne think... (inflects downward)
Now let ne think ... (no inflection)

The second nethod of creating pauses in the speech nakes use of the
synt hesi zer's exception dictionary. Say, for exanple, that you
wanted a | ong pause to be generated between indented paragraphs of
text in a text reader program It is not practical to insert
addi ti onal punctuation nmarks in the text the programwll be

readi ng, since the text content is generally not known beforehand.
But let's say we | oaded the follow ng exception into the dictionary:

( )=.. (3 spaces)

Thi s exception causes the speech to pause (actually two | ong pauses
conprised of the two "." phonenes) whenever three or nore
consecutive spaces appear in the text, nanely the indent of each
paragraph. Note also that this nethod will not affect the inflection
in any way, as did the first nmethod. An additional benefit is that
this method will work for virtually any text input.

Forci ng Character Pronunciation
It is not necessary to change from Text nobde to Character nobde to
have text spelled out instead of spoken as words. By follow ng each
letter with a phrase delimter (carriage return or null character),

the text will be spelled letter by letter

A potential problemwth this nmethod, however, is with the letter
"A" - unless it is followed by another vowel, it will be pronounced
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as "ah" instead of "ay." (This is due to the internal Text nbde
pronunci ation rules.) To avoid this problem use the spelling "AY."
O course, Character node will avoid this problemaltogether, and is
nore responsi ve than Text node.

Supporting User Dictionaries

If you want to support user-defined exception dictionaries in your
program consider using the follow ng strategy:

During your programs initialization phase, look in the current disk
directory for a specific, docunented dictionary file name, such as
USER EXH. If it exists, load it into the synthesizer, but only
*after* Doubl eTal k has been initialized. (Al RC Systens drivers
initialize Doubl eTal k when they start up, including w ping out any
exception dictionary; this includes DTPRN, | NT4DAPI, DIC s Dt _Init
and DTQB's DTINIT functions.) This enabl es your customers to use
their dictionaries conveniently in the context of your program

If you are going to use your own dictionary as well, load it first,
before | oadi ng the user dictionary. Be sure to use the "chai ned"
file type, so the user dictionary will load properly. Refer to the

section "Exception Conpiler" above for nmore information about the
dictionary file formats.

To sumuari ze, these are the steps your program should foll ow

1. Load and initialize any drivers your program may use for
i nterfacing with Doubl eTal k.

2. Load and output the application progranis exception dictionary,
if used. It should be of the .EXH (chained) file fornmat.

3. Load and output the user dictionary, if it exists. It should also
be of the .EXH file format.

4. CQutput the EOF character (1Ch) to the synthesizer to signal the

| ast of the exceptions have been | oaded.

O course, if only one dictionary is to be used (either the
application's or user-defined, but not both), the .EXA or .EXS file
formats may be used to sinplify the | oading process.
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APPENDI X A
LPC Speech Encodi ng Servi ces

The foll owi ng conpani es are known to offer LPC speech devel opnent
services. Their appearance here is not an endorsenment by RC Systens.

Creative Education Institute
Davi d Rousch

P. 0. Box 7306

Waco, TX 76714

(817) 751-1188

Laureat e Learning Systemns
Bur ni e Fox

110 E. Spring St

W nooski, VT 05404

(802) 655-4755

Texas Instrunments

Regi onal Technol ogy Center
17891 Cartwright Dr.
Irvine, CA 92714

(714) 660-8292
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APPENDI X B
Addi ti onal Information

Application Note #1 - "Interfacing to O her Devices"
Descri bes nethods of interfacing DoubleTal k PC to devices such as

radio transnitters and the tel ephone network. Available fromRC
Systenms Techni cal Support Services.

RC SYSTEMS - 43 - DOUBLETALK TOOLS



