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QUICK REFERENCE FOR CABLE CONNECTIONS 
\ 

The main captive cable from your Voice Master plugs into the joystick port. 
(For Apple II+, an optional joy stick adapter is needed.) The headset has two 
mini stereo-type jacks on the end of one cable. The red one goes to MIKE, the 
black one to EAR (if used), both located next to each other on the Voice Master 
unit. That1 s it! 

All sound output normally comes from the internal speaker of the Apple 
II+/II~/II~. The additional cable is for operating the earphone on the 
headset. For Apple IIc, connect one end of the mini stereo plug to the jack 
located to the foward left side of the computer. The other end goes to the EAR 
IN jack of the Voice Master, located opposite the headset input jacks. ( A n  
external mini speaker can also be plugged into the IIc external audio port for 
improved sound quality.) For Apple IIe and II+, a Covox Sound Master board is 
'required. Connect the cord to the jack on the Sound Master, the other end to 
EAR IN on the Voice Master. 



LIMITED WARRANTY STATEMENT 

COVOX, Inc. guarantees the VOICE MASTER to be free from defective materials and 
workmanship for a period of one year from the date of purchase. COVOX, InC. 
will replace defective parts and make repairs under this warranty when the 
defect occurs under normal use, provided the unit is returned to the factory 
via prepaid transportation. The warranty provides that examination of the 
returned product must disclose a manufacturing defect to be judged by COVOX,. 
Inc. The warranty does not extend to any product which has been subject to 
misuse, neglect, accident, improper installation, or where the panel legends or 
other markings have been removed or defaced, and is given in lieu of any other 
warranty implied or expressed, and will not cover any consequential damages. 

Information in this manual and associated software are provided on an llas isn 
basis. No warranty, either expressed or implied, is made by COVOX, Inc. 
pertaining to suitability for any specific application or commercial use. It is 
the purchasers responsibility to make appropriate evaluations for such 
purposes. COVOX, Inc. disclaims liability for direct, indirect, or incidental 
damages arising from the use of this product, including but not being limited 
to interruption of service, loss of business or potential profits, legal 
actions, or other consequential damages. 

Control of environmental factors by means of voice could expose the user to 
some risk. Word recognition remains an unreliable technology due to 
uncontrollable variations in the way that normal speech is produced in an 
uncertain and noisy acoustic environment. Covox, Inc. specifically disclaims 
liability as stated in the preceding paragraph when applied to word 
recognition. 

PATENTS AND COPYRIGHTS 

The software supplied with VOICE MASTER is copyrighted. It may not be copied, 
reproduced, translated, or reduced to any readable medium or code for other 
than personal use without prior written permission of COVOX, Inc. 

The hardware/software system comprising the COVOX VOICE MASTER is subject to 
existing patent applications. Unauthorized duplication for commercial purposes 
or to otherwise avoid payment of appropriate royalties or license fees will be 
deemed to be a violation of proprietary rights under patent and trademark laws. 

The names COVOX, VOICE MASTER, and VOICE HARP, and the COVOX are 
registered trademarks and are the propEfrty of COVOX, Inc. 

RESTRICTIONS ON SOFTWARE USE 

Software may generally not be used in programs which are sold or otherwise 
distributed in violation of copyright laws. There is one exception. Speech 
that has been produced with Voice Master software may be put into other 
programs along with playback software, without royalty charges provided ( 1 )  
software is not for commercial sale, and (2) the source of the speech must be 
given on the disk jacket, instruction book, and in the disk program itself in 
sufficient detail to permit a user to acquire a Voice Master. Those wishing to 
use recognition software and/or edited playback software in programs for Sale 
are advised to contact Covox, Inc. for licensing information. 



INTRODUCTION 

If you are new to Voice Master, you may wish to experiment with some of 
the many demonstration programs contained on the Voice Master disk, such as a 
talking calculator, blackjack game, and others. If this interests you, then 
turn to the section on wDEMONSTRATION PROGRAMSw before reading the first parts 
of this manual (but after finishing this INTRODUCTION). You will be guided 
from there. The Voice Master disk will auto-load to "MENUw for the 
demonstration programs--simply put the disk in disk drive number 1 and turn on 
the computer. Then make selections from "MENUw. But if you want to follow the 
procedure in this manual, you will be asked at times to load in essential Voice 
Master programs in a way that the auto-load function on the Voice Master disk 
will not do. In this case, select from "MENUw the "RETURN TO BASICN option. 
We chose to organize the manual with demonstration programs given later on so 
that the manual itself would continue to serve as a reasonably compact 
programmers1 reference guide. We expect that the serious programmer will make 
backup disks that do not contain all of the demonstration programs (if any of 
them). 

The DOS on the Voice Master disk is version 3.3. However, utilities not 
required for Voice Master programs have been removed in order to make 
sufficient room on the single disk to hold important applications examples. 
Utilities not supplied may be found on the disk that you originally received 
with your computer. 

If your interest is in the music capabilities of Voice Master, a different 
manual than this one applies. Music programs are not software related to those 
described in this manual. Software relating to speech on the Voice Master disk 
is very extensive. In fact, it is so extensive that we were forced to put 
music software on the reverse side of the disk. It can be loaded directly from 
the reverse side (with BLOAD), or you can follow instructions on "MENUM from 
the speech side of the disk. 

The Voice Master disk contains essential utility software as well as a 
number of demonstration programs. We presume that the reader is familiar with 
the BASIC programming language. But it is not presumed that knowledge of this 
language is extensive. Thus a more or less detailed discussion of 
demonstration programs is not presented at the outset. Rather, we want to give 
essential Voice Master programming information as rapidly and thoroughly as 
possible in the first part of this manual. The demonstration programs and 
other less impelling topics can then be covered. 

Voice Master has three main functions, speech recording and playback, word 
recognition, and music writing from voice input. This last topic is covered in 
a separate manual and will. not be cotbidered further here. Speech recording 
and playback can be had in combination with word recognition so as to implement 
a two way dialog with the computer. A speech recording can also be modified 
with forms of editing to improve quality and intelligibility on playback (or to 
create sounds not like those recorded). 

Voice Master may find its greatest use in recording speech for later 
playback. Voice Master hardware is not required for playback from pre-recorded 
vocabularies. High quality speech can be realized with various forms of 
editing. 

There are different variations of the Covox speech editor. The one 
contained on the Voice Master disk is an amplitude editor. A more 
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s o p h i s t i c a t e d  ( o p t i o n a l )  ve r s ion  c a l l e d  nSpeech Cons t ruc t ion  S e t n  a l l o w s  **cut 
and p a s t e n  o p e r a t i o n s  wi th  time slices i n  t h e  mi l l i s econd  range .  

Audio o u t p u t  c a p a b i l i t y  o f  t h e  Apple is l i m i t e d .  The i n t e r n a l  speaker  is 
capab le  on ly  o f  be ing togg led  by a c o n s t a n t  v o l t a g e  such t h a t  t h e  d r i v i n g  
s i g n a l  c o n s i s t s  o f  a r e c t a n g u l a r  wave o f  c o n s t a n t  ampl i tude .  S u r p r i s i n g l y  
i n t e l l i g i b l e  speech can be produced. With f u l l  e d i t i n g  u s i n g  t h e  "Speech 
Const ruct ion  Set1*,  it becomes d i f f i c u l t  t o  b e l i e v e  t h a t  t h e  a u d i o  system is n o t  
h igh  q u a l i t y .  Even wi th  t h e  l i m i t e d  ampl i tude  e d i t i n g  c a p a b i l i t y  provided on 
t h e  Voice Master d i s k ,  where t*tr icks!* a r e  used t o  f o o l  t h e  e a r ,  good r e s u l t s  
a r e  ob ta ined .  

Speech q u a l i t y  can be f u r t h e r  improved i f  a range  o f  ampl i tude  va lues  is 
imposed. A low c o s t  plug-in ca rd  c a l l e d  *!Sound Masterw p rov ides  f o r  16 
amplitude l e v e l s .  It a l s o  pe rmi t s  a broad range  o f  musica l  expres s ion  t o  be 
enjoyed,  s i m i l a r  t o  t h a t  a v a i l a b l e  from music "chipsl1 t h a t  a r e  s t anda rd  i n  
c e r t a i r ,  o t h e r  low c o s t  pe r sona l  computers.  Note, however, t h a t  Sound Master i s  
no t  a p p l i c a b l e  t o  t h e  Apple I I c  because no expansion p o r t s  a r e  provided.  

Recorded speech f o r  l a t e r  playback r e t a i n s  ampl i tude  in fo rma t ion  whether 
o r  n o t  t h e  Sound Master is p r e s e n t .  It is t h e  r e s p o n s i b i l i t y  o f  t h e  u s e r  t o  
i n s t a l l  t h e  c o r r e c t  so f tware .  The word r e c o g n i t i o n  f u n c t i o n  is independent o f  
Sound Master. 

Voice Master so f tware  u t i l i z e s  DOS 3.3. There is one playback ( o n l y )  
program t h a t  can f u n c t i o n  wi th  ProDOS. Conversion o f  t h i s  p a r t i c u l a r  program 
t o  RoDOS form can be accomplished w i t h , t h e  convers ion  r o u t i n e  on t h e  ProDOS 
systems d i sk .  An Appendix p rov ides  f u r t h e r  informat ion .  

In p repa r ing  a g e n e r a l  manual f o r  t h e  Apple I1 fami ly ,  we have had t o  
contend wi th  sys tems v a r i a t i o n s  and models I I + ,  I I e ,  and I I c ,  wi th  and wi thout  
extended memories ( f o r  11+ and I I e )  and wi th  and wi thout  Sound Master .  Each 
v a r i a t i o n  r e q u i r e s  somewhat d i f f e r e n t  Voice Master so f tware .  We have t r i e d  t o  
e x p l a i n  t h i s  p ro fus ion  o f  systmes i n  s imple  terms. 

The fo rego ing  d i s c u s s i o n  r e v e a l s  t h e  r a t i o n a l e  f o r  t h e  o r g a n i z a t i o n  o f  
t h i s  manual--f irst  speech playback,  then  speech r e c o r d i n g  ( i n c l u d i n g  a t t a c h i n g  
t h e  Voice Master and microphone " t e c h n i q u e N ) ,  then  e d i t i n g  (ampl i tude  t y p e ) ,  
and then  word r e c o g n i t i o n .  F i n a l l y ,  demonst ra t ion  programs a r e  desc r ibed .  
Appendices p r e s e n t  memory l o c a t i o n s  and o t h e r  d e t a i l s .  

Note a nbonusn: Demonstration programs and/or vocabu la r i e s  n o t  desc r ibed  
i n  t h i s  manual may be inc luded on t h e  Voice Master d i s k .  T h i s  e x t r a  so f tware  
w i l l  u s u a l l y  be found on t h e  back sid-of t h e  d i s k .  Use t h e  normal CATALOG 
command t o  de termine  d i s k  c o n t e n t s .  Examples: Numbers v o c a b u l a r i e s  i n  German 
and Chinese. 



SPEECH PLAYBACK 

T h i s  s e c t i o n  e x p l a i n s  how t o  l o a d  e s s e n t i a l  machine l a n g u a g e  programs  
d i r e c t l y ,  w i t h o u t  t h e  au to- load  f u n c t i o n .  (Auto-load r e q u i r e s  t h a t  you t u r n  on 
t h e  computer  s y s t e m  w i t h  t h e  d i s k  i n s t a l l e d .  You a r e  p r e s e n t e d  w i t h  llMENU1* 
from which a s e l e c t i o n  c a n  b e  made.) 

But f i r s t ,  we u r g e  t h a t  you l o c k  t h e  keyboard  t o  c a p i t a l  letters.  

Because Apple I1 s y s t e m  h a v e  s e v e r a l  model numbers and c o n f i g u r a t i o n s ,  
f o u r  d i f f e r e n t  p rograms  a r e  p r o v i d e d  on t h e  Voice Mas te r  d i s k .  A l l  f o u r  
s u p p o r t  f u n c t i o n s  o f  r e c o r d i n g ,  p l a y b a c k ,  and  word r e c o g n i t i o n .  ( S i x  more a r e  
f o r  p l a y b a c k  o n l y  a s  d e s c r i b e d  i n  a n  Appendix.) A l l  4 l o a d  a s :  

BLOAD PARTAxx 
BLOAD PARTBxx 
CALL 35072 

where 35072 is $8900 (Hex) and where llxxW v a l u e s  a r e :  

xx = X f o r  64K s y s t e m s  w i t h o u t  Sound Mas te r  
xx = ( n o t h i n g )  f o r  64K s y s t e m s  w i t h  Sound Mas te r  
xx = EX f o r  128K s y s t e m s  w i t h o u t  Sound Mas te r  
xx = E f o r  128K s y s t e m s  w i t h  Sound Mas te r  

The Voice Mas te r  d i s k  c o n t a i n s  s e v e r a l  p r e - r e c o r d e d  word v o c a b u l a r i e s  
which a r e  used  w i t h  t h e  v a r i o u s  d e m o n s t r a t i o n  programs.  One o f  t h e s e  
v o c a b u l a r i e s  ( f o r  a t a l k i n g  c a l c u l a t o r )  h a s  spoken numbers and symbols .  S e l e c t  
t h i s  v o c a b u l a r y  w i t h  a keyboard  l o a d i n g  comnand a s :  

where  it is i m p l i e d  t h a t  t h e r e  may be  a n o t h e r  v o c a b u l a r y  f o r  t h e  same words ,  
b u t  i n  a d i f f e r e n t  l a n g u a g e .  Note t h e  ampersand ll&ll. Voice Mas te r  commands 
have  been ltwedgedW i n t o  A p p l e s o f t  BASIC and a l l  s u c h  commands b e g i n  w i t h  t h i s  
symbol. 

A Pre - recorded  v o c a b u l a r y  is l o a d e d  i n t o  t h e  lower  64K memory bank i f  t h e  
v e r s i o n  of  Voice Mas te r  s o f t w a r e  t h a t  you c h o o s e  t o  employ is f o r  a 64K s y s t e m ,  
whether  o r  n o t  your  a c t u a l  s y s t e m  h a s  e x t e n d e d  memory. A v o c a b u l a r y  
a u t o m a t i c a l l y  l o a d s  t o  t h e  upper  64K memory bank i f  t h e  v e r s i o n  o f  Voice  Mas te r  
s o f t w a r e  a l l o w s  f o r  e x t e n d e d  memory, i r r e g a r d l e s s  o f  memory s ize  when t h e  
o r i g i n a l  v o c a b u l a r y  was c r e a t e d .  

Also  remember t h a t  a Voice  ~ a s t l r  command w i t h  llLW is m e a n i n g l e s s  t o  
A p p l e s o f t  BASIC u n l e s s  t h i s  BASIC h a s  been augmented w i t h  Voice Mas te r  
s o f t w a r e .  

It is t h e  u s e r l s  r e s p o n s i b i l i t y  t o  i n s t a l l  s o f t w a r e  t h a t  d o e s  o r  d o e s  n o t  
presume t h a t  t h e  Sound Mas te r  is a resent. Speech  o u t p u t  is r o u t e d  t h r o u g h  t h e  
i n t e r n a l  s p e a k e r  f o r  non-Sound Mas te r  s o f t w a r e  v e r s i o n s ,  w h e t h e r  o r  n o t  t h e  
Sound Mas te r  is p r e s e n t .  If t h e  s o f t w a r e  v e r s i o n  f o r  Sound Mas te r  is i n s t a l l e d  
b u t  no p h y s i c a l  Sound Mas te r  i s  p lugged  i n t o  o n e  o f  t h e  s l o t s  ( s p e c i f i c a l l y  
named i f  n o t  t h e  d e f a u l t  s l o t  number 4 ) ,  t h e n  n o  sound w i l l  be  produced a t  a l l .  

You c a n  u s e  Sound Mas te r  when it is plugged  i n t o  a s l o t  o t h e r  t h a n  number 4 
w i t h  t h e  keyboard  command 
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where n is t h e  s l o t  number ( i n  t h e  r ange  1-7). The d e f a u l t  v a l u e  ( i .e . ,  t h a t  
presumed i f  no &SLOT is s p e c i f i e d )  is s l o t  number 4. The c u r r e n t  s l o t  number 
can be de termined by peeking  memory l o c a t i o n  35075. I f  s o f t w a r e  h a s  been 
i n s t a l l e d  which does  n o t  u se  t h e  Sound Master ,  t h i s  l o c a t i o n  w i l l  c o n t a i n  t h e  
number 255. The &SLOT command is n o t  a p p l i c a b l e  t o  Apple I I c .  (The &SLOT 
command can  be a BASIC s t a t emen t .  T h i s  s u g g e s t s  t h e  p o s s i b i l i t y  o f  u s i n g  two 
o r  more Sound Masters  w i t h  d i f f e r e n t  aud io  c i r c u i t s  s o  t h a t  speech  can  be 
caused t o  be produced a t  d i f f e r e n t  l o c a t i o n s . )  

Next g e t  r e a d y  t o  hea r  sounds  from t h e  computer ' s  b u i l t - i n  speake r  o r  on 
earphones  o r  on a speaker  t h a t  is plugged i n t o  t h e  Sound Master .  ( A d d i t i o n a l  
i n fo rma t ion  on t h e  headse t  is given  l a t e r  i n  t h i s  manual.) On Apple I I c ,  it is 
sugges ted  t h a t  you use  earphones  o r  an e x t e r n a l  speaker  because t h e  one i n  t h e  
computer is ve ry  sma l l  w i th  o n l y  margina l  performance f o r  speech.  

Now t y p e  

and you w i l l  h ea r  t h e  spoken word ".f ivew from t h e  vocabu la ry  c a l l e d  "ENGLISHu. 
Do t h e  same f o r  o t h e r  numbers and symbols i n  t h e  vocabulary.  There a r e  17, 
numbered 0 t o  16. I f  you SPEAK 20, o r  any  o t h e r  number above 16 ( b u t  less than  
64). you w i l l  h ea r  a t o n e  beep. T h i s  i n d i c a t e s  t h a t  a word f o r  t h a t  index 
number was n o t  r eco rded .  The r ange  o f  i n d i c e s  is 0-63 and p layback can  be i n  
any o r d e r .  

Now t y p e  
&SPEED 4 
&SPEAK 5 

and you w i l l  h ea r  " f i v e w  slowed down. The sampling ra te  d u r i n g  p layback has 
been slowed. The r ange  o f  &SPEED v a l u e s  is 0-10 and 6 is t h e  d e f a u l t  v a l u e  
(which exists i n  t h e  absence  o f  a s p e c i f i c  &SPEED command). The &SPEED index ,  
l i k e  a l l  o t h e r  Voice Master  commands, can  be computed. T h i s  means t h a t  a 
symbol o r  s t r i n g  w i t h  a v a l u e  s p e c i f i e d  e lsewhere  can be used i n s t e a d  o f  an 
a c t u a l  number. T h i s  a b i l i t y  t o  compute is t h e  same a s  f o r  normal App le so f t  
commands. A &SAMPLE command c o n t r o l s  t h e  sampling r a t e  d u r i n g  r e c o r d i n g ,  and 
it a l s o  h a s  a r ange  o f  v a l u e s  0-10. The &SPEED d u r i n g  p layback must be t h e  
same a s  t h e  &SAMPLE d w i n g  r e c o r d i n g  i f  t h e  reproduced sound is t o  be a t  a 
normal r a t e .  

Before proceeding ,  r e t u r n  &SPEED t o  t h e  normal ( d e f a u l t )  v a l u e  by t y p i n g  
&SPEED 6. Then t y p e  A 

and then  &SPEAK 5. The word comes back w i t h  lower volume-but o n l y  i f  you have 
a Sound Master  i n  p l a c e  and have s p e c i f i e d  t h e  c o r r e c t  s l o t  number i f  o t h e r  
t han  t h e  4. (Not a p p l i c a b l e  f o r  Apple I I c . )  The volume r ange  is 0-15 w i t h  15 
b e i ~ g  t h e  maximum v a l u e ,  and a l s o  t h e  d e f a u l t  va lue .  Return t o  t h e  d e f a u l t  
c o n d i t i o n  by t y p i n g  &VOLUME 15. 

I f  you n e x t  t y p e  &RESET, your vocabulary  is e r a s e d .  But t h e  machine 
language  program remains.  You can  r e l o a d  a d i f f e r e n t  vocabulary  as 



and your words w i l l  be t h e  same, bu t  i n  a d i f f e r e n t  language.  (You d o n ' t  
a c t u a l l y  have t o  &RESET because load ing  i n  a d i f f e r e n t  vocabulary  wi th  t h e  
&FIND command does  t h i s  a u t o m a t i c a l l y . )  Note: &RESET has  more s p e c i f i c  
s i g n i f i c a n c e  i n  r eco rd ing .  I t  a l s o  s p e c i f i e s  where i n  memory t h e  vocabulary  is 
s t o r e d .  Th i s  w i l l  be d i scussed  i n  g r e a t e r  d e t a i l  i n  t h e  s e c t i o n  on 
"RECORDING". 

Let u s  nex t  write a s imple  program t h a t  speaks  o u t  a l l  o f  t h e  words i n  t h e  
vocabulary.  i n c l u d i n g  some t o n e  beeps. We w i l l  have t h e  program load  i n  t h e  
vocabulary  a s  we l l .  For now, presume t h a t  Voice Master so f tware  ( p a r t s  A and 
B) has  been loaded by keyboard command. We w i l l  s h o r t l y  show how t h i s  t o o  can 
be loaded i n  wi th  BASIC s t a t e m e n t s  s o  t h a t  a s i n g l e  R U N  command can do 
eve ry th ing .  

10 &FINDWENGLISH" 
20 FOR J=0  TO 18 
30 &PAUSE 4 
40 &SPEAK J 
50 NEXT J 
60 END 

The &PAUSE command is e s s e n t i a l l y  a time-wasting FOR-NEXT l o o p ,  and i n  
f a c t  can e a s i l y  be r ep laced  wi th  such a loop.  The index number a f t e r  &PAUSE is 
t h e  number o f  one-tenth second d e l a y  increments .  For example, &PAUSE 10 g i v e s  
a one second de lay .  

A word vocabulary  is placed i n  main memory beginning a t  a p a r t i c u l a r  page 
number. A page is  a b lock o f  memory 256 by te s  long (wi th  a s t a r t i n g  a d d r e s s  
given by t h e  upper 8 b i t s  o f  t h e  16 b i t  a d d r e s s ) .  There a r e  a t o t a l  o f  256 
pages of memory i n  t h e  lower bank o f  memory (256*256=65536 by te s )  and ano the r  
256 pages i n  t h e  upper bank f o r  Apple I I c  and memory augmented I I e .  (Memory 
augmented v e r s i o n s  o f  Apple 11+ beyond 64K may n o t  perform p rope r ly  wi th  Voice 
Master.) 

The command 

d e f i n e s  t h e  l o c a t i o n  o f  a vocabulary  when t h e  vocabulary  is  o r i g i n a l l y  c r e a t e d  
where index n is t h e  s t a r t i n g  page number. I t  can be i n  t h e  range  16-114 wi th  
t h e  64K memory v e r s i o n ,  o r  16-176 wi th  extended memory. The d e f a u l t  va lue  
(when &RESET is  no t  s p e c i f i c a l l y  given when a vocabulary  is produced) is n=64. 
This  p u t s  t h e  s t a r t i n g  a d d r e s s  a t  69*256=16384. The f i r s t  few hundred b y t e s  
con ta in  i n d i v i d u a l  word memory l i m i t s  and o t h e r  d a t a .  The nominal r a t e  o f  
memory useage is about 1000 b y t e s  f o r  each f u l l  second o f  speech.  Shor t  words 
may r e q u i r e  l e s s  than  1000 by te s ,  and long words o r  ph rases  may r e q u i r e  more. 

A "base addres sw is de f ined  h e r e  a s  t h e  a d d r e s s  i n  memory where vocabulary  
informat ion  begins  (16384 f o r  t h e  d e f a u l t  c a s e ) .  A l l  parameters  and word 
boundary limits a r e  s p e c i f i e d  i n  t e rms  o f  t h i s  base  addres s .  Swi tching a g iven 
base a d d r e s s  from low t o  h igh  64K banks ( f o r  n i n  t h e  range  16-114) is 
automat ic  according t o  t h e  p a r t i c u l a r  Voice Master program t h a t  r e s i d e s  i n  main 
memory. But o t h e r  changes a s ,  f o r  example, moving speech from page'number 60 
t o  page number 70, a r e  n o t  p o s s i b l e  wi thout  a s p e c i a l  ( u s e r  w r i t t e n )  program 



t h a t  avo ids  ove rwr i t ing  p a r t s  o f  t h e  vocabulary a s  memory l o c a t i o n s  a r e  
s h i f t e d . .  

We have now de f ined  t h e  fo l lowing "wedged-inn Voice Master commands: 

&FIND &SPEAK &VOLUME &PAUSE &SPEED &SLOT &RESET 

These a c t  l i k e  o r d i n a r y  BASIC commands. But t h e  computer w i l l  no t  
recognize  them u n l e s s  t h e  proper Voice Master machine language program r e s i d e s  
i n  t h e  computerv s main memory. 

And t h a t ' s  r e a l l y  a l l  t h e r e  is t o  playback from pre-recorded vocabu la r i e s  
( e d i t e d  o r  no t  e d i t e d )  excep t  f o r  informat ion on how t o  load p a r t s  A and B 
from a BASIC program. (There is another  playback program which does no t  
con ta in  wedges. This  is d i scussed  i n  an Appendix.) 

A s  s t a t e d ,  you cannot use  Voice Master commands i n  a program u n l e s s  Voice 
Master sof tware  has  f i r s t  been loaded.  You should no t  a t t empt  t o  load ,  save ,  
l ist,  o r  RUN a program t h a t  c o n t a i n s  Voice Master commands wi thout  t h i s  
sof tware  i n  memory. Thus, your BASIC program must load i n  Voice Master 
sof tware  be fo re  it encoun te r s  any Voice Master commands, t h a t  is, a f t e r  
s ta tement  number 70 i n  t h e  fo l lowing example: 

... 
50 PRINT D$"BLOAD PARTA" 
60 PRINT D$"BLOAD PARTBvv 
70 CALL 35072 

When running a BASIC program, you can s t o p  t h e  progr'am wi th  t h e  CONTROL/C 
key a t  any t ime and change playback c h a r a c t e r i s t i c s  such a s  &SPEED or &VOLUME 
with keyboard commands ( o r  e q u i v a l e n t  POKEvs t o  memory l o c a t i o n s  a s  d i scussed  
an Appendix). Then type  CONT t o  con t inue .  

When playback is i n  p rogress ,  you can p r e s s  t h e  space  bar  i n  o r d e r  t o  
r e s t a r t  playback from t h e  beginning.  Th i s  can h e l p  t o  e v a l u a t e  t h e  beginning 
p a r t s  o f  a r ecord ing .  It a l s o  s e r v e s  t o  produce novel s t u t t e r i n g  sounds. 

\ 
BACKUP 

The Voice Master d i s k  j a c k e t  is no t  notched,  o r  i f  it is ,  t h e  notch is 
covered. Without a notch,  it is no t  p o s s i b l e  t o  w r i t e  any th ing  t o  t h e  d i sk .  
It is write p ro tec ted  f o r  t h e  b e n e f i t  o f  t h e  u s e r ,  and no t  because copying is 
discouraged.  To t h e  c o n t r a r y ,  it is suggested t h a t  you make a t  least  one copy. 
You could o f  course  make o r  open a notch and then r ecord  t o  t h e  Voice Master 

d isk .  This  wonvt  do much good because t h e r e  is very  l i t t l e  empty space on t h e  
d i sk .  Also,  you could l o s e  t h e  d i s k  by a c c i d e n t  and than be forced t o  wa i t  f o r  
a replacement.  

BASIC programs copy e a s i l y  wi th  LOAD-SAVE sequences ( load  from t h e  Voice 
Master. d i s k  and save  t o  a format ted  d i s k ) .  Vocabular ies  can be loaded from a 
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d i s k  wi th  &FIND and saved t o  ano the r  d i s k  wi th  &PUT, and s i m i l a r l y  f o r  
r e c o g n i t i o n  wi th  LTFIND and LTPUT. (These a d d i t i o n a l  s ave  and load  commands 
a r e  exp la ined  i n  l a t e r  s e c t i o n s  o f  t h i s  manual.) Copying machine language 
programs is n o t  q u i t e  s o  s t r a i g h t f o r w a r d  bu t  can be done wi th  some t h i r d  p a r t y  
so f tware .  Voice Master programs wi th  wedges a r e  i n  two p a r t s .  The "Av p a r t s  
a r e  loaded d i r e c t l y  from d i s k .  But t h e  *Bn p a r t s  s h a r e  memory a d d r e s s e s  wi th  
read-only memory which r e q u i r e s  a s e p a r a t e  load ing  s t e p .  

A backup o f  t h e  e n t i r e  d i s k  can be made wi th  an Apple u t i l i t y  c a l l e d  
"FIDm. Third  p a r t y  so f tware  is a l s o  a v a i l a b l e .  Af t e r  l o a d i n g ,  f o l l o w  
i n s t r u c t i o n s  f o r  a one o r  two d i s k  system. 

Disk space  is l i m i t e d  on t h e  Voice Master d i sk .  You w i l l  p robably  want t o  
make some s p e c i a l  d i s k  backup c o p i e s  c o n t a i n i n g  o n l y  a sma l l  p a r t  o f  what is on 
t h e  d i s k .  The e a s i e s t  way t o  do t h i s  is t o  d e l e t e  programs and f i l e s  from a 
f u l l  backup copy. A u s e f u l  d i s k  must c o n t a i n  t h e  e lements  o f  DOS ( n o t  
ca t a loged  and n o t  e a s i l y  d e l e t e d  from t h e  d i s k )  and both  p a r t s  o f  one o f  t h e  
two-part (A,B) Voice Master programs ( o r  perhaps  t h e  playback-only program). 
In  o r d e r  t o  c a l i b r a t e ,  you can use  t h e  wedged-in &CALIB command (desc r ibed  
l a t e r )  o r  t h e  s e p a r a t e  ffBARw program. I f  t h e  p layback-only  program is t h e  one 
t h a t  you in t end  t o  u s e ,  t hen  c a l i b r a t i o n  is n o t  a f a c t o r .  

A c a t a l o g  o f  programs on t h e  Voice Master d i s k  can be examined on t h e  
v ideo d i s p l a y  i n  t h e  u s u a l  manner. 

CALIBRATION AND MICROPHONE TECHNIQUE 

G e t t i n g  speech i n t o  t h e  computer f o r  r e c o r d i n g  o r  word r e c o g n i t i o n  
normally depends on proper  o p e r a t i o n  o f  a vo ice  ope ra t ed  s w i t c h ,  sometimes 
r e f e r r e d  t o  a s  llVOXw. A command t o  r eco rd  should  n o t  normal ly  cause  r e c o r d i n g  
t o  s t a r t  u n t i l  a  r easonab ly  loud s i g n a l  is measured. And when t h e  speech 
sample ends ,  a  s h o r t  pe r iod  o f  low ampl i tude  l e v e l s  i n d i c a t e s  t h a t  t h e  
r eco rd ing  p rocess  should end. (An Appendix p r e s e n t s  a more d e t a i l e d  
exp lana t ion  o f  VOX o p e r a t i o n . )  If speech is i n  a no i sy  background, t hen  
r eco rd ing  s t a r t s  a s  soon a s  t h e  command t o  r eco rd  occur s  and does  n o t  end u n t i l  
t h e  b u f f e r  h a s  been f i l l e d  (which t a k e s  about  8 second's f o r  r e c o r d i n g  and 2 
seconds f o r  r e c o g n i t i o n ) .  A f i l l e d  b u f f e r  can r e t u r n  an e r r o r  s i g n a l  and 
r e q u i r e  t h a t  you re-enter  your speech.  

In  a no i sy  environment,  one should f i rs t  a t t empt  t o  a d j u s t  g a i n ,  vo ice  
loudness ,  and microphone placement i n  an e f f o r t  t o  make t h e  VOX o p e r a t e  
p rope r ly .  If t h i s  is  n o t  p o s s i b l e ,  then  s t a r t  t a l k i n g  t h e  moment t h a t  t h e  
r eco rd ing  ( o r  r ecogn iz ing )  command is given and p r e s s  any key t h e  moment you 
s t o p  speaking.  Normally, however, t h i g  won't be r e q u i r e d .  

To manually s t o p  t h e  r e c o r d i n g  o r  playback p rocess  ( i n c l u d i n g  r e c o r d i n g  
when i n p u t t i n g  speech f o r  word r e c o g n i t i o n  o r  i n  o r d e r  t o  c r e a t e  a r e c o g n i t i o n  
t e m p l a t e ) ,  p r e s s  any key ( excep t  t h e  space  bar  du r ing  p layback) .  T h i s  p u t s  an 
e r r o r  code number 251 i n t o  memory l o c a t i o n  25 i n  page ze ro .  (Other  c o n d i t i o n s  
a s s o c i a t e d  wi th  i n p u t t i n g  speech p l a c e  c h a r a c t e r i s t i c  numbers i n  t h i s  same 
l o c a t i o n  a s  w i l l  l a t e r  be desc r ibed . )  

I f  t h e  computer is w a i t i n g  f o r  i n p u t  and it is n o t  no i sy  and you wish t o  
do something wi thou t  worrying about  t h e  computer s ens ing  a sound, p u t  it on 
"holdn.  Use Contro l  A f o r  t h e  64K ve r s ion  (CTL and "Av keys  pressed  t o g e t h e r ) ,  
o r  t h e  Open-Apple key f o r  t h e  128K ve r s ion .  In  o r d e r  t o  go back t o  t h e  a c t i v e  
mode, p r e s s  t h e  same key( s )  aga in .  
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A time-out func t ion  e x i s t s  i n  programs invo lv ing  speech i n p u t  when t h e  VOX 
is o p e r a t i n g  and w a i t i n g  for meaningful i n p u t .  Af te r  a c e r t a i n  l e n g t h  o f  time, 
t h e  wa i t  is terminated and t h e  program r e t u r n s  t o  t h e  pre-input command s t a t e .  
Time-out du ra t ion  is s e t  i n  memory l o c a t i o n  number 31 (page ze ro ) .  Change 
time-out wi th  POKE 31,n where n determines  t h e  number o f  approximate ly  
half-second increments  (10 f o r  5 seconds,  etc., bu t  n o t  more than 255).  When a 
time-out occur s ,  memory l o c a t i o n  number 25 (page zero)  c o n t a i n s  t h e  number 250. 

The d e f a u l t  va lue  f o r  n is  60. (The e x a c t  time-out v a r i e s  wi th  t h e  sampling 
r a t e . )  

When t h e  computer is wa i t ing  f o r  speech i n p u t ,  a  ques t ion  mark (?)  appears  
i n  t h e  lower r i g h t  hand co rne r .  Th i s  mark i s  s t eady  i n  t h e  absence o f  sounds,  
but  jitters about  du r ing  speech inpu t .  C l i c k s  and o t h e r  s h o r t  and/or weak 
sounds may show a b r i e f  f l i c k e r ,  bu t  may no t  s t a r t  t h e  r ecord ing  process .  I f  
t h e  system is o p e r a t i n g  p roper ly ,  then a t  t h e  end o f  a speech sample,  t h e  ? 
should become s t a b l e ,  and a very  s h o r t  time t h e r e a f t e r  t h e  program should l e a v e  
t h e  i n p u t  s t a t e .  P res s ing  any key when t h e  sc reen  d i s p l a y  shows ? i n  t h e  upper 
r i g h t  co rne r  p u t s  t h e  number 251 i n t o  memory l o c a t i o n  25. The p a r t i c u l a r  key 
t h a t  was pressed can be determined i n  a BASIC program with t h e  s t a t emen t  GET 
A$. 

There is a red  monitor l i g h t  on t h e  Voice Master i t s e l f .  Th i s  should 
f l i c k e r  du r ing  speech peaks t o  i n d i c a t e  an adequate  speech l e v e l .  But i n  t h e  
absence o f  speech,  o r  f o r  low l e v e l  sounds,  it should no t  glow a t  a l l .  

Proper ope ra t ion  o f  t h e  VOX r e q u i r e s  t h a t  t h e  Voice Master be c a l i b r a t e d .  
Once t h i s  is done,  it may not  have t o  be r epea ted .  But it should be checked 
o c c a s i o n a l l y  i n  c a s e  i n a d v e r t e n t  j a r r i n g ,  temperature  e f f e c t s ,  o r  aging have 
changed t h e  e f f e c t i v e  s e t t i n g .  There a r e  two d i f f e r e n t  ways t o  c a l i b r a t e ,  one 
wi th  a machine language program c a l l e d  "BARw, and another  wi th  a wedged-in 
command &CALIB. (One o f  t h e  o p t i o n s  on **MENU** is CALIBRATION, which s e l e c t s  
t h e  wedged command. "BARw can be loaded d i r e c t l y  a s  w i l l  be desc r ibed ,  o r  it 
can be s e l e c t e d  from, t h e  "DEMOv program, which is  i n  t u r n  s e l e c t e d  from t h e  
main '*MENUw.) In  e i t h e r  c a s e ,  a s u i t a b l e  microphone is  plugged i n t o  t h e  Voice 
Master jack l a b e l e d  "MIKEN and t h e  Voice Master i t s e l f  is plugged i n t o  t h e  
j o y s t i c k  p o r t .  Voice Master comes wi th  an e l e c t r e t  microphone h a v i n g t w o  ( n o t  
t h r e e )  connect ing wires, and a s u i t a b l e  b i a s i n g  vo l t age  is a l s o  a p p l i e d .  An 
a l t e r n a t i v e  is a low or medium impedance dynamic microphone, provided sound 
l e v e l  is high enough. O r  sounds can come from a r a d i o  o r  t a p e  deck. (The 
Voice master microphone is combined wi th  an earphone a s  a headse t .  The 
microphone .plug is normally red  i n  c o l o r .  On some u n i t s ,  t h i s  was r e v e r s e d ,  
with r ed  on t h e  earphone.  I f  i n  doubt.  r e v e r s e  t h e  p lugs .  No harm r e s u l t s .  
The earphone w i l l  i n  f a c t  a c t  l i k e  a dynamic microphone, bu t  sound l e v e l  i s  t o o  
low t o  be u s e f u l  i n  t h i s  a p p l i c a t i o n . )  

\ 

We f i r s t  d e s c r i b e  t h e  use  o f  "BAR1*. Th i s  program is independent o f  Voice 
Master programs and s o  it can be loaded d i r e c t l y  a f t e r  power up a s  

BLOAD BAR 
CALL 16405 

Turn up t h e  gaiil on Voice Master and t a l k  i n t o  t h e  microphone. A system 
o f  dancing b a r s  should appear .  There a r e  16 of t h e s e  r e p r e s e n t i n g  a measure o f  
sound f requency c o n t e n t ,  p l u s  two more b a r s  on t h e  r i g h t  s i d e  o f  t h e  d i s p l a y .  
The f u r t h e s t  t o  t h e  r i g h t  measures speech amplitude.  Next t o  t h i s  i s  a bar 
t h a t  i n d i c a t e s  fundamental voice  p i t c h .  To t h e  r i g h t  o f  t h e  amplitude bar is a 
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number t h a t  i n d i c a t e s  t h e  h e i g h t  o f  t h i s  ba r .  You can exper iment  w i th  v a r i o u s  
sounds. The bar graph system is used i n  p a r t  f o r  word r e c o g n i t i o n .  

Adjus t  t h e  ga in  s o  t h a t  t h e  average  maximum l e v e l  is about  16, which is 
where t h e  amplitude bar  changes from a s t e r i s k s  t o  p l u s  s i g n s .  The r e d  
i n d i c a t o r  on Voice Master should glow a t  l e v e l s  i n  t h e  range  o f  16 o r  more. In  
t h e  absence o f  speech t h e  l e v e l  a s  i n d i c a t e d  on t h e  d i s p l a y  should be zero .  I f  
n o t ,  o r  i f  more than  a s o f t  sound is r e q u i r e d  i n  o r d e r  t o  make t h e  number rise 
above z e r o ,  then  c a l i b r a t i o n  is r e q u i r e d .  C a l i b r a t i o n  sets t h e  VOX l e v e l .  I f  
set above z e r o ,  t h e  VOX w i l l  a lways be on. I f  t o o  f a r  below z e r o ,  a  l a r g e  
s i g n a l  may be r equ i r ed  i n  o r d e r  t o  r eco rd  speech and d i s t o r t i o n  can r e s u l t .  

Unplug t h e  microphone s o  t h a t  i n p u t  sound l e v e l  is zero .  The microphone 
jack  p h y s i c a l l y  s h o r t s  t h e  i n p u t  t o  ground. Use a sma l l  s c rewdr ive r  ( o r  t h e  
99 too lw  supp l i ed  wi th  Voice Master)  i n  t h e  nCALIBRATE99 h o l e  on Voice Master. 
Adjus t  f o r  an index o f  ze ro  j u s t  below where n l l l  appears .  

Now r e p l a c e  t h e  microphone plug.  Gain should be set f o r  average  maximum 
o f  16 f o r  sounds such a s  "ahf9 and t h e  l e v e l  should be 1 o r  3 f o r  n a s a l  sounds 
such a s  "m". Microphone placement w i l l  h e l p  t o  g e t  proper va lues .  Locate t h e  
microphone n o t  t o o  f a r  from your nose i f  n a s a l  sounds need s t r e n g t h e n i n g .  I f  
e x t e r n a l  n o i s e  is a problem, t a l k  c l o s e r  t o  t h e  microphone o r  t a l k  loude r  and 
reduce  ga in .  Changing t h e  c a l i b r a t i o n  s e t t i n g  t o  reduce  e f f e c t s  o f  n o i s e  is  
n o t  t h e  proper  t h i n g  t o  do. 

The second method f o r  c a l i b r a t i n g  r e q u i r e s  t h a t  one o f  t h e  Voice Master 
programs wi th  wedges be i n  main memory. Then u s e  t h e  s p e c i a l  wedged-in command 

When t h i s  command is i s s u e d ,  t h e  ques t ion  mark i n  t h e  lower r i g h t  c o r n e r  
appea r s  a s  i n  normal r eco rd ing .  But r eco rd ing  never  t a k e s  p l ace .  Proper 
c a l i b r a t i o n  has  t h e  ques t ion  mark mot ion le s s  i n  t h e  absence o f  speech.  When 
gain  is set f o r  normal f l i c k e r i n g  o f  t h e  i n d i c a t o r  l i g h t  on Voice Master du r ing  
average  speech peaks,  t h e  ? should remain mot ion le s s  wi th  no speech i n p u t ,  o r  
a t  most g i v e  on ly  an occas iona l  b r i e f  f l i c k e r .  I f  it becomes t o o  a c t i v e ,  t h e  
r eco rd ing  p rocess  w i l l  begin.  T h i s  is  a r a p i d  method f o r  c a l i b r a t i n g  which 
w i l l  u s u a l l y  be q u i t e  s a t i s f a c t o r y .  The command can i n  f a c t  be p u t  i n t o  a 
program a s  a program s t a t emen t .  There w i l l  be a time-out t o  con t inue  t h e  
program wi th  a d u r a t i o n  depending on t h e  va lue  p laced i n  memory l o c a t i o n  31 a s  
p rev ious ly  desc r ibed .  You can p r e s s  any key t o  e x i t  t h e  &CALIB command b e f o r e  
time-out occurs .  

Another check on proper  c a l i b r a t i o n  is t o  r eco rd  a word and t h e n  p l a y  it 
back t o  s e e  i f  t h e  word f i l l s  t h e  ti& space  wi thout  b l anks  o r  n o i s e  a t  t h e  
ends,  which i n d i c a t e s  t h e  VOX o p e r a t e s  i n  t h e  absence o f  speech.  Also ,  weak 
word p a r t s  should n o t  be e l i m i n a t e d ,  which would i n d i c a t e  t h a t  t h e  VOX is t o o  
i n s e n s i t i v e  t o  respond t o  weak bu t  necessa ry  speech sounds. 

A d i r e c t  check on ampl i tude  l e v e l s  is had wi th  t h e  ampl i tude  "EDITORn 
program desc r ibed  l a t e r .  In  a way, t h i s  program p rov ides  t h e  f i n a l  and most 
d e f i n i t i v e  e v a l u a t i o n  o f  ampl i tudes .  Experimenting wi th  your r e c o r d i n g  
technique  wi th  t h e  a i d  o f  llEDITOR1l is perhaps t h e  b e s t  way t o  g e t  t h e  most from 
t h e  system. 



EARPHONE 

No s p e c i f i c  i n f o r m a t i o n  h a s  y e t  been g i v e n  on u s e  o f  t h e  h e a d s e t  p r o v i d e d  
w i t h  Voice Mas te r .  It h a s  a n  e a r p h o n e  a s  w e l l  a s  a  microphone.  The two p l u g s  
a r e  p lugged  i n t o  ffMIKEtt ( r e d  p l u g )  and ''EARw ( b l a c k  p l u g )  on Voice Mas te r .  The 
microphone boom s w i n g s  on a  h i n g e  a t  t h e  e a r p i e c e .  You c a n  bend t h e  boom, b u t  
d o n ' t  t w i s t  it. Swing c o m p l e t e l y  a round  f o r  l e f t  o r  r i g h t  s i d e  p lacement  on 
t h e  head .  The microphone under  t h e  foam p i e c e  s h o u l d  be  p o i n t i n g  inward 
( t o w a r d s  t h e  mouth) i n  a l l  p o s i t i o n s .  If i n  d o u b t ,  p e e l  t h e  foam back  a  l i t t l e  
t o  show a s c r e w ,  which is on t h e  microphone s i d e .  

There  a r e  t h r e e  ways t o  g e t  a u d i o  o u t p u t  f rom Apple I1 s y s t e m s .  The 
i n t e r n a l  s p e a k e r ,  which is t o g g l e d  w i t h  a  s q u a r e  wave, is t h e  f i r s t .  The 
second is from t h e  a u d i o  o u t p u t  o f  Sound M a s t e r .  The t h i r d ,  f o r  t h e  Apple IIc 
o n l y ,  is from t h e  e x t e r n a l  a u d i o  j a c k  on t h e  s i d e  o f  t h e  keyboard .  T h e r e  is a 
jumper c a b l e  s u p p l i e d  w i t h  Voice Mas te r  which h a s  m i n i a t u r e  phone p l u g s  a t  b o t h  
ends .  One end c a n  be  p lugged  i n t o  t h e  Voice Mas te r  j a c k  l a b e l e d  EAR I N .  The 
o t h e r  end c a n  go t o  t h e  Sound Mas te r  on Models  11+ o r  IIe,  i f  i n s t a l l e d ,  o r  t o  
t h e  e x t e r n a l  a u d i o  j a c k  on Model I I c .  Then b o t h  m i n i a t u r e  p l u g s  on t h e  h e a d s e t  
s u p p l i e d  w i t h  Voice Mas te r  c a n  be p lugged  i n t o  t h e  Voice Mas te r .  If no Sound 
Mas te r  is i n s t a l l e d  on Models 11+ o r  I I e ,  t h e n  a u d i o  comes o n l y  from t h e  
i n t e r n a l  s p e a k e r .  A user-made c a b l e  c a n  c o n n e c t  t h e  Voice Mas te r  t o  t h e  a u d i o  
l e a d  t h a t  n o r m a l l y  g o e s  t o  t h e  i n t e r n a l  s p e a k e r .  Of c o u r s e ,  a  s e p a r a t e  a u d i o  
power a m p l i f i e r ,  o r  t e l e p h o n e  c o n n e c t i o n ,  c a n  be  a d a p t e d  t o  s u i t  s p e c i a l  n e e d s .  

RECORDING 

With e s s e n t i a l  Voice Mas te r  s o f t w a r e  i n s t a l l e d ,  h a v e  t h e  microphone r e a d y  
and t y p e  

Upon p r e s s i n g  RETURN, s p e a k  a  word o r  p h r a s e .  But  d o n ' t  s t o p  p r e m a t u r e l y  
i f  you d o n ' t  want  t h e  r e c o r d i n g  t o  s t o p .  You c a n  t h e n  &LEARN 2 7 ,  &LEARN 2, 
e t c . ,  i n  a n y  o r d e r ,  u s i n g  a n  i n d e x  number i n  t h e  r a n g e  0-63. 

A t  a n y  t i m e ,  you c a n  c h e c k  t h e  q u a l i t y  o f  a  r e c o r d e d  word w i t h  &SPEAK 5, 
e t c .  If n o t  s a t i s f a c t o r y ,  t h e n  s i m p l y  re-&LEARN t h e  d e s i g n a t e d  i n d e x e d  word. 
The computer  program a u t o m a t i c a l l y  a d j u s t s  t h e  memory t o  f i t  t h e  r e p e a t e d  word. 

If you make a  c o m p l e t e  v o c a b u l a r y ,  you c a n  c h e c k  it word b y  word, o r  w r i t e  
a  s h o r t  FOR-NEXT l o o p  t o  s p e a k  t h e  words i n  s e q u e n c e .  You c a n  a l s o  r e c o r d  i n  
sequence  w i t h  a  s i m i l a r  l o o p ,  u s i n g  &PAUSE s o  you c a n  c a t c h  your  b r e a t h  between 
r e c o r d e d  words.  You m i g h t  want  t ~ ,  &SPEAK t h e  word i m m e d i a t e l y  a f t e r  
&LEARN ( i n g  ) it . 

T h e r e  a r e  o n l y  t h r e e  more wedged-in commands t o  w o r r y  a b o u t  f o r  u s e  i n  
r e c o r d i n g  i n  a d d i t i o n  t o  &LEARN. One s a v e s  t h e  v o c a b u l a r y  t o  d i s k  a s :  

which s a v e s  t o  d i s k  number 1 ,  a s  t h e  d e f a u l t  d i s k .  To s a v e  t o  d i s k  d r i v e  
number 2 ,  t h e n  w r i t e  &PUTwfilename,D2w. (The same p r o c e d u r e  a p p l i e s  w i t h  &FIND 
from a second  d i s k  d r i v e . )  

There  a r e  two more commands t h a t  a f f e c t  t h e  way t h a t  words  a r e  r e c o r d e d .  
One o f  t h e s e  is &SAMPLE, which c o n t r o l s  t h e  r a t e  a t  which s p e e c h  is sampled.  
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Each word i n  a  v o c a b u l a r y  c a n  be  r e c o r d e d  w i t h  a  d i f f e r e n t  &SAMPLE v a l u e ,  o r  
a l l  c a n  be  t h e  same. If a r a t e  o t h e r  t h a n  t h e  d e f a u l t  v a l u e  is d e s i r e d ,  t h e n  
j u s t  b e f o r e  e a c h  word o r  g r o u p  o f  words t o  b e  r e c o r d e d  a t  t h e  d e s i r e d  r a t e .  
t y p e  a s  a  keyboard  command ( o r  a s  a  BASIC s t a t e m e n t  i n  a  r e c o r d i n g  program) :  

where t h e  i n d e x  n is i n  t h e  r a n g e  0-10 w i t h  6 t h e  d e f a u l t  v a l u e .  The v a l u e s  
c o r r e s p o n d  t o  t h o s e  used  w i t h  &SPEED a s  p r e v i o u s l y  d e s c r i b e d  and a s  t a b u l a t e d  
i n  a n  Appendix. A h i g h  s a m p l i n g  r a t e  y i e l d s  somewhat improved s p e e c h  q u a l i t y  
a s  compared t o  t h e  d e f a u l t  v a l u e .  But  more memory is. t h e n  r e q u i r e d  t o  s t o r e  
t h e  s p e e c h .  A r a t e  lower  t h a n  t h e  d e f a u l t  v a l u e  r e s u l t s  i n  more d i s t o r t i o n ,  
b u t  t h e  memory t h a t  is r e q u i r e d  c a n  be  r e d u c e d .  A t e c h n i q u e  t h a t  m i g h t  be 
t r i e d  t o  r e d u c e  d i s t o r t i o n  w h i l e  n o t  i n c r e a s i n g  memory n e e d s  is t o  s p e a k  a  word 
r a p i d l y  u s i n g  a  somewhat e l e v a t e d  s a m p l i n g  r a t e ,  and t h e n  r e p r o d u c e  it w i t h  a  
lower  &SPEED v a l u e  t h a n  t h e  &SAMPLE v a l u e .  

F i n a l l y  t h e r e  is &RESET a s  h a s  p r e v i o u s l y  been d e s c r i b e d .  Only one  s u c h  
command is a l l o w e d  p e r  c o m p l e t e  v o c a b u l a r y .  A v o c a b u l a r y  i n  main memory i s  
d e l e t e d  i f  t h i s  command is g i v e n :  

where n i n  t h e  r a n g e  16-114 (64K v e r s i o n )  o r  16-176 (128K v e r s i o n )  s p e c i f i e s  
t h e  page  number where t h e  v o c a b u l a r y  b e g i n s - - i t  is  t h e  BASE a d d r e s s  p r e v i o u s l y  
d i s c u s s e d .  The d e f a u l t  v a l u e ,  which a p p l i e s  i f  no &RESET i s  s p e c i f i e d ,  i s  
&RESET 64. I f  t h e  Voice Mas te r  program is meant f o r  a  128K s y s t e m ,  t h e  &RESET 
v a l u e  w i l l  a p p l y  t o  t h e  page  number i n  t h e  upper  bank o f  64K. But t h i s  same 
v o c a b u l a r y  is l o a d e d  i n t o  t h e  lower  64K bank i f  Voice M a s t e r  s o f t w a r e  is f o r  a  
64K sys tem.  

A s  d e s c r i b e d  b r i e f l y  i n  s e c t i o n s  on p l a y b a c k ,  a  r e c o r d i n g  w i t h  t h e  ? 
showing i n  t h e  lower  r i g h t  c o r n e r  c a n  be  p u t  on h o l d  w i t h  C o n t r o l  A (64K 
v e r s i o n )  o r  t h e  Open Apple key  (128K v e r s i o n ) .  Record ing  c a n  be  t e r m i n a t e d  
w i t h  a n y  key ,  t h e  r e s u l t  b e i n g  t h a t  251 is p u t  i n t o  memory l o c a t i o n  25. A 
t ime-out  due  t o  a n  e x c e s s i v e l y  l o n g  d u r a t i o n  i n p u t  p u t s  250 i n t o  l o c a t i o n  25  
and t h e  s o u n d s  p r e c e d i n g  t h e  t ime-out  a r e  n o t  r e c o r d e d .  Record ing  i n  a  n o i s y  
envi ronment  w i l l  u s u a l l y  c a u s e  t h e  r e c o r d i n g  t o  s t a r t  a s  soon a s  t h e  command 
&LEARN is e x e c u t e d ,  and w i l l  c o n t i n u e  u n t i l  t h e  b u f f e r  is f u l l .  A s a t i s f a c t o r y  
r e c o r d i n g  c a n  still b e  made i f  s p e e c h  s t a r t s  upon e x e c u t i o n  o f  &LEARN and a  
t e r m i n a t i n g  key  is p r e s s e d  a s  soon a s  t h e  s p e e c h  word or p h r a s e  h a s  been  
comple ted .  

I n  t h e  . s e c t i o n  on p l a y b a c k ,  it was s t a t e d  t h a t  &SPEAK(ing) a  number t h a t  
was n e v e r : r e c o r d e d  ( w i t h  &LEARN) r e s i l t s  i n  a  t o n e  beep.  I n  a d d i t i o n ,  t h i s  
c o n d i t i o n  p l a c e s  t h e  number 249 i n t o  memory l o c a t i o n  25. O t h e r  numbers a r e  
p l a c e d  i n  \ l o c a t i o n  25 a s  a  r e s u l t  of d i f f e r e n t  c o n d i t i o n s  i n  r e c o r d i n g  and 
recogni t ion! .  These  a r e  l i s t e d  i n  t h e  s e c t i o n  on r e c o g n i t i o n .  

AMPLITUDE EDITOR 

The q u a l i t y  and i n t e l l i g i b i l i t y  o f  r e c o r d e d  s p e e c h  c a n  be  improved w i t h  
t h e  s p e c i a l  program c a l l e d  "EDITORn. T h i s  program, w r i t t e n  i n  BASIC. a l s o  
l o a d s  i n  a  s h o r t  machine l a n g u a g e  r o u t i n e ,  "WORD EDIT 64Kw OR "WORD EDIT 128KW. 

With t h e  p r o p e r  Voice Mas te r  program i n  memory, t y p e  
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LOAD EDITOR 

and RUN.  A s h o r t e r  way is t o  t y p e  RUN EDITOR. T h e r e  a r e  two ways t o  g e t  words 
i n t o  memory f o r  e d i t i n g .  Words may be r e c o r d e d  o n e  by o n e  w h i l e  r u n n i n g  
"EDITORw, or a p r e v i o u s l y  r e c o r d e d  v o c a b u l a r y  c a n  be  l o a d e d  from d i s k .  I n  
e i t h e r  c a s e ,  t h e  f i n a l  r e s u l t  c a n  be s a v e d  b a c k  t o  d i s k  memory. The "EDITORn 
program p r e s e n t s  a  menu from which t h e  a p p r o p r i a t e  s e l e c t i o n  c a n  be  made. 

E f f e c t i v e  u s e  o f  "EDITORn is enhanced  i f  you u n d e r s t a n d  t h e  n a t u r e  o f  t h e  
s p e e c h  c o d i n g .  Voice  Mas te r  c o n v e r t s  s p e e c h  t o  a  r e c t a n g u l a r  wave which is 
sampled ( a t  t h e  s p e c i f i e d  &SAMPLE) and  p l a c e d  i n  memory a s  a  s e q u e n c e  o f  w l l s n  
and "O1sW, u s u a l l y  s e v e r a l  o f  e a c h  i n  s e q u e n c e .  Speech  is p l a y e d  b a c k  by  
r e v e r s i n g  t h e  p r o c e s s .  Voice Mas te r  a l s o  m e a s u r e s  s p e e c h  a m p l i t u d e .  P r e c e d i n g  
e a c h  15 bytes o f  f a s t  s a m p l e s  ( a t  t h e  s p e c i f i e d  &SAMPLE), a  b y t e  is added f o r  
a m p l i t u d e  d a t a .  (Four  o f  t h e  8 b i t s  a r e  u s e d ,  g i v i n g  16 l e v e l s  o f  a m p l i t u d e ,  
i n c l u d i n g  zero . )  P layback  first sets t h e  a m p l i t u d e  v a l u e  i n  t h e  Sound M a s t e r ,  
a ssuming  t h e  Sound Mas te r  v e r s i o n  is i n s t a l l e d .  Then t h e  15 f o l l o w i n g  b y t e s ,  
c o n v e r t e d  t o  a  s q u a r e  wave s i m i l a r  t o  t h a t  o r i g i n a l l y  sampled ,  a r e  s e n t  t o  t h e  
a u d i o  o u t p u t  w i t h  t h e  p r o p e r  a m p l i t u d e .  Ampli tude c a n  be changed w i t h  e v e r y  
ampli \ tude b y t e  ( e v e r y  15 b y t e s  o f  h i g h  s p e e d  d a t a ) ,  o r  even  s e t  t o  z e r o .  But 
b e c a u s e  t h e  1 5  b y t e s  o f  sampled d a t a  r e m a i n ,  t h e  o r i g i n a l  s i g n a l  c a n  be  
r e c o v e r e d  ( w i t h  e x c e p t i o n s  t o  be d e s c r i b e d ) .  

Of c o u r s e ,  i f  you d o  n o t  h a v e  a  Sound Mas te r  i n  p l a c e ,  a l l  a m p l i t u d e s  w i l l  
be  t h e  same--that is ,  maximum o r  z e r o .  T h e r e  is a method f o r  m o d i f y i n g  t h i s ,  
however ,  s o  a s  t o  r e d u c e  t h e  i n t e n s i t y  o f  h i g h  f r e q u e n c y  s o u n d s  even  when no 
Sound Mas te r  is i n s t a l l e d .  P r e s e n c e  o r  a b s e n c e  o f  Sound M a s t e r  h a s  no b e a r i n g  
on t h e  n a t u r e  o f  t h e  s p e e c h  i n i t i a l l y  p r e s e n t e d  f o r  e d i t i n g .  

E d i t i n g  w i t h  Sound Mas te r :  The u s e  o f  t h e  "EDITORn w i l l  be  d i s c u s s e d  f irst  f o r  
t h e  c a s e  when t h e  Sound Mas te r  is i n s t a l l e d .  Then t h e  s p e c i a l  methods  and 
t e c h n i q u e s  which c a n  improve s p e e c h  w i t h o u t  t h e  p r e s e n c e  o f  Sound Mas te r  c a n  be  
e x p l a i n e d .  The p r i n c i p a l  o n e  o f  t h e s e  s p e c i a l  m a n i p u l a t i o n s  is i g n o r e d  when a  
Sound Mas te r  is f u n c t i o n i n g .  S i m i l a r l y ,  a m p l i t u d e  a d j u s t m e n t s  which a r e  
e f f e c t i v e  w i t h  Sound Mas te r  a r e  i g n o r e d  when Sound Mas te r  i s  n o t  p r e s e n t .  
Thus,  o n e  v o c a b u l a r y  c a n  per form w e l l  i n  b o t h  e n v i r o n m e n t s .  

The wEDITOR1l program shows t h e  a m p l i t u d e  l e v e l s  t h r o u g h o u t  t h e  word i n  
c o n v e n i e n t  g r a p h i c a l  form, w i t h  c u r s o r s  t o  k e e p  t r a c k  o f  where you a r e  i n  t h e  
e d i t  p r o c e s s .  From t h e  menu f o r  wEDITORw, s e l e c t  number 1 ( b y  p r e s s i n g  t h e  
number 1 key)  t o  &LEARN a c u r r e n t  word, w i t h  a  chosen  i n d e x  number f o r  t h e  
word. Then r e c o r d  t h e  word and e d i t  i t .  Or s e l e c t  number 5 t o  l o a d  a  s p e e c h  
f i l e ,  t h e n  t y p e  i n  t h e  f i l e  name, t h e n  proceed  t o  e d i t  s p e c i f i c  numbered words. 

To e d i t  t h e  s p e e c h ,  s e l e c t  n u m h r  3. The s p e e c h  a m p l i t u d e  d a t a  t h e n  
a p p e a r s  on t h e  s c r e e n .  The c o m p l e t e  s p e e c h  p a t t e r n  c a n  be s c r o l l e d  r i g h t  o r  
l e f t  w i t h  r i g h t  and l e f t  a r r o w  k e y s  r e s p e c t i v e l y .  S c r o l l i n g  is n e c e s s a r y  i f  
t h e  r e c o r d e d  word o r  p h r a s e  is t o o  l o n g  t o  f i t  on t h e  s c r e e n  ( 4 0  a m p l i t u d e  
s a m p l e s  f o r  40*15=600 b y t e s ,  which is a p p r o x i m a t e l y  2/3 o f  a  s e c o n d ) .  
S c r o l l i n g  c a n  a l s o  h e l p  e d i t  p a r t s  o f  words r a t h e r  t h a n  c o m p l e t e  words b e c a u s e  
what  is h e a r d  b e g i n s  a t  t h e  l e f t  s i d e  o f  t h e  s c r e e n .  T h i s  w i l l  n o t  c o r r e s p o n d  
t o  t h e  b e g i n n i n g  o f  t h e  word i f  some s c r o l l i n g  h a s  been done .  

T h e r e  is a v e r t i c a l  b a r  on t h e  s c r e e n  which is t h e  e d i t  b a r .  T h i s  b a r  
o c c u r s  a t  t h e  a m p l i t u d e  sample  t o  be  e d i t e d .  Move t h e  b a r  l e f t  o r  r i g h t  w i t h  
t h e  "Jfl and "KW k e y s  r e s p e c t i v e l y .  

-1 2- 



When t h e  e d i t  ba r  is  ove r  t h e  ampl i tude  sample t o  be e d i t e d ,  move t h e  
c u r s o r  mark up o r  down wi th  corresponding ar rows on Apple Models IIe and I I c ,  
o r  w i th  t h e  "Iw key f o r  up and t h e  "MW key f o r  down f o r  t h e  11+ (which does  n o t  
have up-down ar row keys) .  

The s e l e c t e d  ampl i tude  va lue  is i n s t a l l e d  by p r e s s i n g  t h e  space  ba r .  The 
fo l lowing  15 f a s t  b y t e s  w i l l  be  played back a t  t h i s  ampl i tude  l e v e l ,  i n c l u d i n g  
a l e v e l  o f  ze ro  i f  t h i s  va lue  is s e l e c t e d .  

E d i t i n g  is done a f t e r  s e l e c t i n g  number 3 f o r  EDIT A WORD from t h e  menu. 
Recording a word and o t h e r  t a s k s  a r e  a l s o  done from t h e  main menu. I f  a word 
h a s  been e d i t e d  and you r e t u r n  t o  t h e  menu by p r e s s i n g  t h e  "QW key ( f o r  q u i t ) ,  
t hen  t h e  e d i t e d  ampl i tude  v a l u e s  a r e  permanently changed i n  main memory and may 
n o t  be recovered  ( excep t  p o s s i b l y  i f  t h e y  o r i g i n a l l y  came from d i s k  memory). 
However, you can r e s t o r e  t h e  o r i g i n a l  va lue  a t  t h e  e d i t  ba r  (one va lue  a t  a 
t ime)  be fo re  r e t u r n i n g  t o  t h e  main menu by p r e s s i n g  t h e  w R w  key. 

But an e scape  is still  p o s s i b l e .  I f  you e d i t  and r e t u r n  t o  t h e  menu, you 
can always go back and r e - e d i t  t o  o r i g i n a l  v a l u e s ,  provided you remember what 
t h e s e  were. G e t t i n g  back t o  t r u l y  o r i g i n a l  va lues  w i l l  n o t  u s u a l l y  be ve ry  
impor tant  t o  your e d i t i n g .  E d i t i n g  has  o n l y  changed t h e  ampl i tude  b y t e s  
preceding each 15 by te s  o f  f a s t  samples.  You have n o t  changed t h e s e  samples 
themselves.  

There remain some a d d i t i o n a l  e d i t  o p t i o n s  t h a t  w i l l  permanently and 
i r r e v o c a b l y  change d a t a  i n  main memory once you r e t u r n  t o  t h e  menu. P r i o r  t o  
t h i s ,  t h e y  t o o  can be cance l l ed  wi th  t h e  "Rw key. These a d d i t i o n a l  e d i t  
f u n c t i o n s  change t h e  15 by te s  o f  f a s t  d a t a .  

F i r s t  is t h e  "BW key. T h i s  is a f a s t  way t o  z e r o  an ampl i tude .  Whereas 
ampl i tudes  set t o  ze ro  a s  p r e v i o u s l y  desc r ibed  can be r ecove red ,  t h e  method 
wi th  t h e  **Bv key z e r o s  t h e  f a s t  b y t e s  i n  a way t h a t  cannot  be c a n c e l l e d  once 
you l e a v e  t h e  e d i t  mode. 

Another s p e c i a l  e d i t  o p t i o n  is t h e  "XI* key. T h i s  removes e v e r y  f o u r t h  
p o s i t i v e  squa re  wave h a l f  c y c l e  from t h e  15 bytes .  P r e s s i n g  "XW r e p e a t e d l y  
r e p e a t s  t h e  f o u r t h  h a l f  c y c l e  removal p rocess  u n t i l  no th ing  is l e f t .  Reverse 
t o  t h e  s t a r t i n g  p o i n t  w i th  " R W .  Changes a r e  no t  r ecove rab le  a f t e r  l e a v i n g  t h e  
e d i t  mode. A number on t h e  s c r e e n  i n d i c a t e s  how many **Xw p r e s s i n g  you have 
made, bu t  t h e  count  does  n o t  show a number above 3 even though t h e  a c t  exceeds  
t h i s  number. Some f r i c a t i v e  sounds can be improved i n  q u a l i t y  and n a t u r a l n e s s  
wi th  t h e  "XW key. 

The "Z1* key makes ano the r  change i n  t h e  15 f a s t  b y t e s  somewhat ak in  t o  a 
h igh  pass  f i l t e r .  Also r ecove rab le  w h i b  i n  t h e  e d i t  mode wi th  " R V ,  t h e  change 
is permanent a f t e r  l e a v i n g  t h i s  mode. Some f r i c a t i v e s  can be improved wi th  "XW 
o r  "ZV o r  a combination.  These e d i t  methods may no t  be s o  u s e f u l  w i th  voiced 
sounds. 

The f i n a l  s p e c i a l  key is **Sn. Changes wi th  t h i s  key a r e  p a r t i a l l y  
r ecove rab le .  When t h e  "SW key i s  p res sed ,  two t h i n g s  happen on t h e  sc reen .  
F i r s t ,  t h e  ampl i tude  l e v e l  is  a u t o m a t i c a l l y  s e t  t o  7--about h a l f  va lue .  In  
a d d i t i o n ,  t h e  a s t e r i s k  r e p r e s e n t i n g  t h e  ampl i tude  va lue  is rep laced  wi th  t h e  
le t ter  wSw. You can change t h e  ampl i tude  value  up o r  down from 7, bu t  t h e  "Sw 
remains.  I f  so f tware  us ing  Sound Master is i n s t a l l e d ,  t h e  o n l y  e f f e c t '  o f  t h i s  
is t o  set amplitude a t  va lue  7 ,  o r  whatever else you set it a t .  But if a 
non-Sound Master v e r s i o n  is i n s t a l l e d ,  sounds a r e  reduced i n  ampl i tude  by a 
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s u b s t a n t i a l  amount. What happens  is t h a t  e a c h  h a l f  s q u a r e  wave i n  t h e  15 b y t e s  
f o l l o w i n g  a n  a m p l i t u d e  sample  is made much n a r r o w e r .  T h i s  r e d u c e s  t h e  sound 
e n e r g y  w i t h o u t  c h a n g i n g  t h e  f a c t  t h a t  t h e  s q u a r e  wave s w i t c h e s  between two 
f i x e d  v a l u e s .  The p r i n c i p a l  u s e  f o r  "Sn is t o  s o f t e n  s i b i l a n t s  ( " s s n  and "sh") 
when n o t  u s i n g  a  Sound Mas te r .  

When you a r e  i n  t h e  e d i t  mode, p r e s s  t h e  ESC key  and you g e t  a  d e s c r i p t i o n  
o f  t h e  v a r i o u s  e d i t  f u n c t i o n s .  G e t t i n g  t h i s  list d o e s  n o t  s e t  a m p l i t u d e  
v a l ~ e s - - ~ R ~  s t i l l  works.  Two c h a r t s  a r e  shown below. One g i v e s  t h e  s e l e c t i o n s  
a v a i l a b l e  f rom t h e  main WEDITOR" menu. The o t h e r  g i v e s  t h e  e d i t  commands a s  
d i s p l a y e d  w i t h  ESC. 

CATALOG on t h e  menu d i s p l a y s  d i s k  c o n t e n t s .  CHANGE DRIVE f a c i l i t a t e s  u s e  
o f  two d i s k  d r i v e s .  RETURN TO M A I N  MENU g o e s  back  t o  t h e  menu t h a t  f irst  
a p p e a r e d  when you booted  t h e  Voice Mas te r  d i s k .  O t h e r  s e l e c t i o n s  s h o u l d  b e  
s e l f  e x p l a n a t o r y .  

E d i t i n g  a s  d e s c r i b e d  is a l l  f i n e  and good ,  b u t  r a t h e r  m e a n i n g l e s s  u n l e s s  
you c a n  l i s t e n  t o  t h e  r e s u l t s  o f  your  e f f o r t s .  When i n  t h e  e d i t  mode, p r e s s  
t h e  "Pn key  t o  h e a r  t h e  e n t i r e  word b e i n g  e d i t e d ,  i n c l u d i n g  t h e  e f f e c t s  o f  t h e  
e d i t i n g  a l r e a d y  done.  The "0" key  ( l e t t e r )  p l a y s  t h e  word from t h e  l e f t  edge  
o f  t h e  s c r e e n  t o  t h e  e d i t  b a r .  You c a n  a l s o  h e a r  a  word by  s e l e c t i n g  SPEAK A 
WORD from t h e  menu. 

Not much more c a n  be  s a i d  a b o u t  t h e  mechanics  o f  e d i t i n g - - g a i n i n g  
p r a c t i c a l  e x p e r i e n c e  i s  more v a l u a b l e .  T r y  r e c o r d i n g  a  word s u c h  a s  " s i x f f .  
Reduce a m p l i t u d e  o f  t h e  b e g i n n i n g  "sW p a r t  ( u s e  t h e  "SW k e y n )  and  s e e  i f  it 
improves  t h e  word. Do t h e  same f o r  t h e  e n d i n g  "sW sound.  Next t r y  r e d u c i n g  
a m p l i t u d e s  f o l l o w i n g  t h e  end o f  t h e  v o i c e d  sound s o  a s  t o  enhance  t h e  
sudden a m p l i t u d e  d r o p .  The word might  be  a  l i t t l e  e a s i e r  t o  u n d e r s t a n d .  
F r i c a t i v e s  s u c h  a s  " f W  and  " t h n  a l s o  c a n  b e  improved by  r e d u c i n g  a m p l i t u d e s  
and /or  w i t h  "Sn and " Z V  k e y s .  

But you c a n  d o  more. T r y  c h a n g i n g  f f s i x w  t o  " t i c k s m  by  p u t t i n g  a  z e r o  
a m p l i t u d e - g a p  j u s t  b e f o r e  t h e  v o i c e d  l1 in  sound and by  s h o r t e n i n g  t h e  l e a d i n g  
I1sw sound ,  b u t  n o t  weakening it. T r y  making t h e  I f s ix"  i n t o  f l s ick l l  b y  
e l i m i n a t i n g  t h e  f i n a l  s i b i l a n t  "sW. Your o b j e c t i v e  i s  t o  g a i n  s k i l l  i n  
improving  words and  c h a n g i n g  them a s  you wish .  And you w i l l  l e a r n  q u i t e  a  b i t  
a b o u t  t h e  n a t u r e  o f  s p e e c h  i t s e l f .  

The e d i t  program d o e s  n o t  d i r e c t l y  a l l o w  b e g i n n i n g  a n d  e n d i n g  p a r t s  o f  
words t o  be d e l e t e d  s o  a s  t o  r e d u c e  memory s t o r a g e  r e q u i r e m e n t s .  P u t t i n g  
a m p l i t u d e s  t o  z e r o  d o e s  n o t  a l s o  remove t h i s  p a r t  o f  t h e  s p e e c h .  Such a  
p r o c e d u r e  c o u l d  i n  many c a s e s  s h o r t e n  t h e  words s o  t h a t  less memory would be  
r e q u i r e d  f o r  s t o r a g e .  T h i s  manipulation is p o s s i b l e  b y  m o d i f y i n g  memory 
l o c a t i o n s  f o r  words  w i t h  s u i t a b l e  PEEK(s) and  POKE(s), b u t  t h e  p r o c e s s  is n o t  
s i m p l e  ( e s p e c i a l l y  f o r  128K s y s t e m s ) .  A b e t t e r  p r o c e d u r e  is t o  u s e  t h e  more 
e x t e n s i v e  "Speech C o n s t r u c t i o n  S e t n  ( a  s e p a r a t e  o p t i o n a l  s o f t w a r e  program) .  
With t h i s  program, words  c a n  be  s h o r t e n e d ,  even  d u r i n g  a  p r o l o n g e d  sound ,  v o i c e  
p i t c h  c a n  b e  changed ,  and  p i t c h  p e r i o d s  c a n  b e  r e p e a t e d  t o  a c h i e v e  n o i s e  
r e d u c t i o n .  An e x t r e m e l y  v e r s a t i l e  c a p a b i l i t y  f o r  c r e a t i n g  and  c h a n g i n g  words  
is p r o v i d e d  by  t h e  l fSpeech C o n s t r u c t i o n  S e t n .  

Those who want  t o  d i r e c t l y  e x p e r i m e n t  w i t h  s p e e c h  d a t a  f i les  c a n  d o  s o  
w i t h  t h e  a i d  o f  memory l o c a t i o n  i n f o r m a t i o n  i n  an Appendix. 

E d i t i n g  Wi thout  Sound Mas te r :  T h i s  is r e a l l y  a  s p e c i a l  c a s e  o f  g e n e r a l  e d i t i n g  
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, . 

because t h e  same e d i t i n g  commands remain a v a i l a b l e  excep t  f o r  ampl i tude  i t s e l f .  
That  is, changing ampl i tude  va lues  through c u r s o r  p o s i t i o n i n g  does  n o t  apply .  
You have a t  your d i s p o s a l  o n l y  t h e  wBn, t r X r r ,  t t Z n ,  and ltS1t keys.  The l1BV key is 
impor tant  because it p rov ides  t h e  o n l y  means f o r  f o r c i n g  ampl i tude  t o  z e r o  
( a l though  r epea ted  r t X 1 t t s  might approximate t h i s ) .  The "Xn and "Zrr keys  a f f e c t  
sound q u a l i t y ,  e s p e c i a l l y  f o r  f r i c a t i v e s .  The "SW key is perhaps  t h e  most 
va luab le  one ,  e s p e c i a l l y  f o r  c r e a t i n g  improved "ssW and *shW sounds. 

I f  you have a Sound Master ,  you may wish t o  e d i t  speech s o  t h a t  it t a k e s  
advantage o f  its p resence ,  b u t  a t  t h e  same time speech wi thou t  Sound Master 
r e t a i n s  good q u a l i t y .  t h e  "SW is ignored wi th  Sound mas te r ,  whi le  t h e  a c t u a l  
ampl i tude  l e v e l  o f  t h e  rrSw on t h e  d i s p l a y  is ignored when Sound Master is n o t  
i n  p l ace  ( i n c l u d i n g  when t h e  "SW is a t  t h e  ze ro  l e v e l ) .  To g e t  ze ro  ampl i tudes  
i n  both c a s e s ,  t h e  rlBtl key must be used.  ThewXw and "2" keys  can be used,  b u t  
wi th  some c a r e .  

The s o p h i s t i c a t e d  ( o p t i o n a l )  program, "Speech Cons t ruc t ion  S e t w ,  depends 
i n  p a r t  on t h e  same ampl i tude  e d i t i n g  procedures  d i scussed  he re .  I f  you g a i n  
s k i l l  wi th  t h e  ampl i tude  e d i t o r ,  handl ing  t h e  "Speech Cons t ruc t ion  S e t w  w i l l  
n o t  be d i f f i c u l t .  

AMPLITUDE EDITOR 

BLANK DATA AT CURSOR 
RAISE AMPLITUDE VALUE 
MOVE CURSOR LEFT 
MOVE CURSOR RIGHT 
LOWER AMPLITUDE VALUE 
PLAY TO CURSOR 
PLAY ENTIRE WORD 
QUIT TO EDITOR MENU 
RESTORE AT CURSOR 
SILENCE A SIBILANT 
REMOVE EVERY 4TH CYCLE 
LOW PASS AT CURSOR 
SCROLL LEFT 
SCROLL RIGHT 
LOWER AMPLITUDE (M) 
RAISE AMPLITUDE ( I )  

MENU - 

LEARN A WORD 
SPEAK A WORD 
EDIT A WORD 
CHANGE WORD NUMBER 
LOAD A SPEECH FILE 
SAVE A SPEECH FILE 
CATALOG 
CHANGE DRIVE 
RETURN TO M A I N  MENU 

CONCEPTS I N  RECOGNITION 

I f  a speech word is reduced t o  a set o f  compara t ive ly  s imple  
c h a r a c t e r i s t i c s ,  and i f  each c h a r a c t e r i s t i c  is t ransformed t o  a g r a p h i c a l  
v a r i a t i o n  of t i m e ,  t hen  t h i s  set o f  &me f u n c t i o n s  forms a wtempla t ev  which 
c h a r a c t e r i z e s  t h e  word. I f  s e v e r a l  d i f f e r e n t  words a r e  formed i n t o  t e m p l a t e s ,  
t h e  r e s u l t  is a c a t a l o g  which can  be used i n  t h e  s t u d y  o f  some unknown word. 
Recognit ion is based on t h e  b e s t  f i t ,  o r  match, o f  t h e  unknown t empla t e  wi th  
one i n  t h e  c a t a l o g .  T h i s  r e q u i r e s  t h a t  t h e  unknown be compared wi th  each 
t empla t e  i n  t h e  c a t a l o g .  I f  no comparison g i v e s  a good match, then  it is 
implied t h a t  t h e  unknown word is n o t  i n  t h e  c a t a l o g .  I f  two o r  more good 
matches a r e  found,  t hen  a d e c i s i o n  invo lves  u n c e r t a i n t y  and a d v i s i n g  t h e  
ope ra to r  o f  t h i s  s i t u a t i o n  might be warranted .  

The fo rgo ing  a p p l i e s  t o  v i r t u a l l y  a l l  k inds  o f  p a t t e r n  r e c o g n i t i o n  such a s  
speech,  v i s i o n ,  smells, e t c .  D i f f e rences  a r i s e  i n  t h e  n a t u r e  of t h e  
c h a r a c t e r i s t i c s  used t o  form t empla t e s  and i n  t h e  e r r o r  c r i t e r i a  used t o  
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measure t h e  c l o s e n e s s  o f  a match. It may not  be necessary  t o  complete a match 
wi th  every  member o f  t h e  c a t a l o g  i f  one o r  more cues  conta ined i n  t h e  
c h a r a c t e r i s t i c s  can narrow down t h e  cho ices  a t  an e a r l y  s t a g e .  A process  t h a t  
s e q u e n t i a l l y  narrows cho ices  is sometimes c a l l e d  a t r e e  p a t t e r n  sea rch .  Voice 
Master r ecogn i t ion  does involve  a l i m i t e d  form o f  t r e e  sea rch  i n  t h a t  a poor 
match may be i n d i c a t e d  be fo re  t h e  p rocess  f o r  a given template  has  been 
completed wi th  t h e  p rocess  then jumping t o  t h e  nex t  template .  Another form o f  
t r e e  sea rch  a p p l i e s  when sub-vocabularies o f  words and sub-cata logs  o f  
t empla te s  a r e  employed. Voice Master a l lows  f o r  sub-vocabularies.  

The dancing p a t t e r n  o f  t h e  bar graph provides  t h e  b a s i c  c h a r a c t e r i s t i c  
used i n  Voice Master r ecogn i t ion  ( a l though  a d d i t i o n a l  cues  not  shown on t h e  bar  
graph may be used a s  w e l l ) .  P a t t e r n  shapes  a r e  measured a t  (approximate ly)  20 
mi l l i second i n t e r v a l s  and each i n d i v i d u a l  p a t t e r n  is des igna ted  wi th  a s e t  o f  8 
numbers. The t o t a l  number o f  8-number s e t s  depends on t h e  l e n g t h  o f  t h e  word. 
Adjacent p a t t e r n s  a r e  sub jec ted  t o  a running average  i n  o r d e r  t o  reduce random 
v a r i a t i o n s .  Then t h e  s e t  o f  p a t t e r n s  f o r  t h e  e n t i r e  word is time normalized 
with t h e  end r e s u l t  being 12 8-number s e t s .  Templates f o r  each word i n  t h e  
c a t a l o g  a s  we l l  a s  t h e  template  f o r  t h e  unknown a r e  processed i n  t h e  same way. 
The t o t a l  number o f  b y t e s  i n  each template  is 12*8=96 ( p l u s  four  more f o r  
memory l o c a t i o n  d a t a ) .  

P a t t e r n  matching could  commence a t  t h i s  t ime by simply t a k i n g  d i f f e r e n c e s  
between corresponding numbers f o r  t empla te s  i n  t h e  c a t a l o g  and t h o s e  f o r  t h e  
unknown. A c l o s e n e s s  s c o r e  can be computed a s  t h e  sum o f  t h e  d i f f e r e n c e s  i n  
magnitudes ( o r  root-mean-square magnitudes).  Cer t a in  weight ings  might be 
app l i ed  t o  t h e  p a t t e r n s  according t o  r e l a t i v e  importance o f  t h e i r  v a r i o u s  
p a r t s .  The lowes t  s c o r e  then i n d i c a t e s  t h e  b e s t  e s t i m a t e  f o r  t h e  unknown. A 
l a r g e  lowest  s c o r e  i n d i c a t e s  no good match. Two o r  more low s c o r e s  i n d i c a t e  
u n c e r t a i n t y .  ( I n  o r d e r  t o  mainta in  proper comparative measures, s t o r e d  
t empla te s  must be normalized.)  

In t h e  Voice Master r ecogn i t ion  a lgor i thm,  a v a r i a t i o n  o f  t h e  matching 
process  c a l l e d  "dynamic t ime warpingvv is employed. Th i s  procedure accounts  f o r  
some minor d i f f e r e n c e s  i n  t h e  way a word is s a i d .  The cues  a s  f u n c t i o n s  o f  
t ime can be moved s l i g h t l y ,  a s  i f  t h e  template  were a rubber  s h e e t .  A word 
such a s  "hellovt w i l l  t hen  con t inue  t o  g ive  a good match'even though t h e  l a s t  
s y l l a b l e  may be s t r e t c h e d  o u t  compared t o  t h a t  used i n  making t h e  c a t a l o g  
template  f o r  t h e  word. 

The Voice Master a l lows  f o r  up t o  32 t empla te s  per c a t a l o g .  These may be 
broken i n t o  4 s e t s  o f  8 t empla te s .  Each 8 may i n  t u r n  be broken i n t o  
subgroups. A t r e e - l i k e  sea rch  r e s u l t s  i f  t h e  f i r s t  r e c o g n i t i o n  from a 
r e s t r i c t e d  s e t  o f  words then p o i n t s ,  o r  v e c t o r s ,  t o  a second s e t  o f  words, and 
s o  on. Words i n  each s e t  can be made very  d i s t i n c t i v e  wi th  an e r r o r  being 
un l ike ly .  In t h i s  way, two very  s i m i l a r  words can be recognized r e l i a b l y ,  
provided t h a t  they  occur i n  d i f f e r e n t  subgroups and t h a t  n e i t h e r  subgroup w i l l  
be addressed by t h e  i n c o r r e c t  word. 

There a r e  two e r r o r  c r i t e r i a :  No match good enough, o r  two o r  more good 
matches g iv ing  unce r t a in ty .  Both o f  t h e s e  e r r o r  c r i t e r i a  can be changed i n  a 
use r  w r i t t e n  program. 

RECOGNITION PROGRAMMING 

One of t h e  Voice Master programs must be i n  main memory. In  o r d e r  t o  make 
a template  f o r  a c a t a l o g ,  type  
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where n i s  t h e  i n d e x  number g i v e n  t o  t h e  t e m p l a t e ,  i n  t h e  r a n g e  0-31. U n l e s s  
your  i n t e r e s t  is l i m i t e d  t o  o n l y  t h e  e x i s t e n c e  o r  n o n - e x i s t e n c e  o f  a p a r t i c u l a r  
word, you w i l l  want  t o  h a v e  a c a t a l o g  o f  2 o r  more t e m p l a t e s .  Thus &TRAIN 
a d d i t i o n a l  words. 

Suppose you h a v e  &TRAIN(ed) a few words i n  t h e  r a n g e  0-7. Now you 
p r e s e n t  a word t o  t h e  microphone f o r  r e c o g n i t i o n .  Type 

and a l l  32  t e m p l a t e s  a r e  scanned  f o r  a b e s t  f i t .  S c a n n i n g  a l l  t e m p l a t e s  t a k e s  
time. The s c a n  c a n  be  l i m i t e d  t o  t h e  f i r s t  8 t e m p l a t e s  w i t h  

o r  t o  t h e  second  g r o u p  8-15 w i t h  &RECOG 2 ,  and s o  on t o  &RECOG 4. You c a n  s c a n  
two t e m p l a t e  g r o u p s ,  t h e  first and t h i r d ,  f o r  example ,  w i t h  &RECOG 1 , 3  ( o r  i n  
r e v e r s e  o r d e r  w i t h  &RECOG 3 , l ) .  

Note: Templa te  numbers t h a t  were  n e v e r  &TRAIN(ed) a r e  q u i c k l y  p a s s e d  by i n  
t h e  s c a n n i n g  p r o c e s s .  If ,  f o r  example ,  o n l y  t e m p l a t e s  0-7 were &TRAIN(ed), 
t h e n  &RECOG w i t h  s c a n n i n g  o f  a l l  32 t e m p l a t e s  would t a k e  a b o u t  t h e  same amount 
o f  time a s  &RECOG 1. Speed-up w i t h  p a r t i t i o n i n g  is most  e f f e c t i v e  when 
t e m p l a t e s  o u t s i d e  t h e  sub-group o f  i n t e r e s t  have  been &TRAIN(ed). 

What happens  when you &RECOG? The i n d e x  number o f  t h e  b e s t  match is p u t  
i n t o  memory l o c a t i o n  2 5  i n  page z e r o .  If t h e  b e s t  match was,  f o r  example ,  f o r  
word i n d e x  number 3 ,  t h e n  t h e  d e c i m a l  number 3 w i l l  a p p e a r  on t h e  s c r e e n  w i t h  
PRINT PEEK(25). 

What i f  you g e t  n o  good match? A d i f f e r e n t  number a p p e a r s .  A t a b l e  o f  
p o s s i b i l i t i e s  f o l l o w s ,  i n c l u d i n g  c o d e s  f o r  r e c o r d i n g  and p l a y b a c k  a s  w e l l  a s  
t h o s e  f o r  r e c o g n i t i o n .  S e v e r a l  o f  t h e  i t e m s  i n  t h e  t a b l e  a r e  a l s o  d i s c u s s e d  i n  
t h e  s e c t i o n  on "CALIBRATION AND MICROPHONE TECHNIQUE". 

LOC. 2 5  S i t u a t i o n  

248  Tone beep  produced .  
&RECOG when n o t h i n g  was &TRAIN(ed). 
Repeated &TRAIN word t o o  l o n g .  

249 Tone beep  produced.  
&SPEAK a word n e v e r  &LEARN(ed). 

250 Time-out. Number o f  ha l f - second  
i n c r e m e n t s  i n  Loc. 3. 

25  1 Any k e y  p r e s s e d  d u r i n g  &LEARN, &TRAIN, 
&RECOG, o r  &SPEAK. Read key: GET A$. 
E x c e p t i o n  : Space  b a r  d u r i n g  p l a y b a c k  
resets &SPEAK t o  s t a r t  o f  word. 

252 Speech  memory f u l l  (&LEARN o n l y ) .  
253 Speech  i n p u t  b u f f e r  f u l l .  About 8 

s e c o n d s  f o r  &LEARN. About 2 s e c o n d s  
f o r  &RECOG and ITRAIN. 

254 Min. e r r o r .  No &RECOG b e c a u s e  2 or more 
words t o o  s i m i l a r .  



Max. e r r o r .  No &RECOG because no word 
c l o s e  enough t o  q u a l i f y .  Word f o r  
r e c o g n i t i o n  longer  than any i n  t h e  
template  s e t .  

You can e r a s e  an e n t i r e  s e t  o f  t empla te s ,  with 

You can blank one p a r t i c u l a r  word wi th  

where n i s  t h e  index number o f  t h e  word ( range 0-31). 

You can recover  a   articular &BLANK(ed) template  wi th  

o r  a l l  &BLANK(ed) t empla te s  wi th  

These v a r i o u s  manipula t ions  can a l l  be handled wi th in  a program. For 
example, suppose you produce 16 t empla te s ,  0-15, and want t h e  program t o  
cons ide r  on ly  9-13 a t  f i r s t ,  and then cons ide r  a l l  excep t  11 and 12. A 
sequence o f  program s t e p s  (wi th  e r r o r  handl ing s t a t emen t s )  could be a s  fo l lows:  

100 FORJ=OT08:&BLANKJ:NEXTJ 
110 &BLANK 14:LBLANK 15 
120 &RECOG 1.2 
130 &UNBLANK 
140 A=PEEK(25):IF A>253 THAN 110 

. . . 
200 &BLANK 11:&BLANK 12 
210 &RECOG 1.2 
220 &UNBLANK 
230 AzPEEK(25) 
240 IF A=250 THEN 400 

In t h i s  example, no te  t h a t  a r e q u e s t  t o  r e p e a t  t h e  r e c o g n i t i o n  is made i f  
t h e  MIN/MAX e r r o r  occur s  ( e r r o r  numbers' 254 and 255 i n  Loc. 25 a s  shown i n  t h e  
t a b l e ) .  The second r e c o g n i t i o n  jumps elsewhere i f  a time-out occur s .  

The n a t u r e  o f  t h e  number i n  l o c a t i o n  25 can be most u s e f u l .  A s imple 
comparison might be: Is o r  is no t  the .  word ( o r  o t h e r  sound) i n  t h e  c a t a l o g ?  
Then you d o n ' t  c a r e  what is i n  l o c a t i o n  25 u n l e s s  it is t h e  number 254 or  255. 

I f  you pressed a key t o  pu t  code 251 i n t o  l o c a t i o n  25, then wi th  a GET A$ 
you can f i n d  o u t  which key was pressed.  I n  t h i s  way you have c r e a t e d  a means t o  
mix voice  and keyboard commands i n  t h e  same program. With j u d i c i o u s  handl ing 
o f  &RECOG and va r ious  e r r o r  and i n d i c a t i n g  numbers i n  l o c a t i o n  25 , ' fo rms  o f  
a r t i f i c i a l  i n t e l l i g e n c e  can be demonstrated.  



You w i l l  no doubt want t o  make and save  a t empla t e  set and l a t e r  r ecove r  
it from d i s k  memory. The commands f o r  s av ing  t o  d i s k  and l o a d i n g  from d i s k  
a r e ,  r e s p e c t i v e l y  

where d i s k  number 1 o r  2 can be  s p e c i f i e d  wi th ,  f o r  example, 
&TPUTnfilename,D2w. I f  d i s k  number 1 is t h e  d e f a u l t  d i s k ,  it need n o t  be 
s p e c i f i e d .  However, once you have s p e c i f i e d  a d i f f e r e n t  d r i v e  number, t h a t  
p a r t i u c l a r  d r i v e  remains a c t i v e  u n t i l  you s p e c i f i c a l l y  change it. 

The t empla t e  s e t  always c o n t a i n s  32 t empla t e s ,  even though many may never  
have been &TRAIN(ed). 

I f  a t empla t e  does  n o t  provide  s a t i s f a c t o r y  r e c o g n i t i o n ,  t hen  it can be 
re-&TRAIN(ed). But f i r s t  it must be &BLANK(ed). If you do n o t  f i r s t  &BLANK, 
then t h e  r e s u l t  w i l l  be t h e  average  o f  two &TRAIN(ings). T h i s  is n o t  
d e s i r e a b l e  i f  one a t t empt  t o  &TRAIN was poor. But it is good p r a c t i c e  t o  
&TRAIN each good word twice s o  a s  t o  average  o u t  some random e r r o r s .  Averaging 
ove r  t h r e e  o r  more &TRAIN(ings) may n o t  improve r e c o g n i t i o n  and can have a 
nega t ive  e f f e c t  by muting some o f  t h e  more impor tant  c h a r a c t e r i s t i c s  o f  a word 
templa te .  But f o r  some words, e s p e c i a l l y  t h o s e  wi thou t  f a s t  changing p a r t s ,  
m u l t i p l e  &TRAIN(ings) can help .  

I f  you &TRAIN a word more than once ,  and you hear  a t o n e  beep,  then  you 
have e n t e r e d  a word t h a t  d i f f e r s  i n  d u r a t i o n  from t h e  i n i t i a l  &TRAIN(ed) word 
by 50% o r  more. T h i s  i n d i c a t e s  something is abnormal, t h e  number 248 is placed 
i n  l o c a t i o n  25 a s  an e r r o r  c o n d i t i o n ,  and t h e  word j u s t  e n t e r e d  is n o t  
averaged.  ( I f  you a r e  w r i t i n g  an o r i g i n a l  program, you might want t o  prompt 
t h e  u s e r  t o  re-&TRAIN, o r  &BLANK and then re-&TRAIN.) I f  you re-&TRAIN and 
con t inue  t o  g e t  beeps ,  perhaps your o r i g i n a l  word is a t  f a u l t  and you should 
s t a r t  over  aga in .  

E r r o r  C r i t e r i a ,  Thresholds ,  and Hints :  Two k inds  o f  e r r o r s  t h a t  p reven t  
r e c o g n i t i o n  were have been d i scussed .  One e r r o r  r e s u l t s  when two o r  more words 
a r e  t o o  s i m i l a r  (254 i n  Loc. 25 ) .  The second is when no word i n  t h e  t empla t e  
s e t  is c l o s e  enough t o  g i v e  a r easonab ly  convincing match (255 i n  Loc. 2 5 ) .  In  
t h e  p rocess  o f  dynamic time warp t empla t e  matching,  d i f f e r e n c e s  a r e  accumulated 
between t h e  unknown t empla t e  r e s u l t i n g  from &RECOG and each and eve ry  
&TRAIN(ed) t empla t e  be ing scanned. The r e s u l t  is a set o f  numbers, equa l  t o  
t h e  s i z e  o f  t h e  s t o r e d  t empla t e  set ,  wi th  v a l u e s  r ang ing  from a minimum 
( c l o s e s t  match) t o  a maximum ( p o o r e s t  match). I f  t h e  o v e r a l l  minimum s c o r e  is 
n o t  s m a l l ,  then  no good match h a s  been found. T h i s  not-small  s c o r e  becomes a 
maximum number c r i t e r i o n .  On t h e  o t h e h  hand, i f  two t empla t e s  show n e a r l y  t h e  
same minimum s c o r e s ,  then  one cannot  w i th  conf idence  s t a t e  which is t h e  b e s t  
match ( a l lowing  f o r  n o i s e  and o t h e r  u n c e r t a i n t i e s ) .  

For most p r a c t i c a l  a p p l i c a t i o n s ,  a s i n g l e  number e r r o r  c r i t e r i o n  can 
combine both k inds  o f  errors. .  The c r i t e r i o n  is  e s t a b l i s h e d  wi th  a wedged-in 
command 

where n is i n  t h e  range  0-4 wi th  0 t h e  most l a x  and 4 t h e  t i g h t e s t .  The 
d e f a u l t  va lue  is 2. Values f o r  n and a s s o c i a t e d  minimum and maximum numerica l  
d i f f e r e n c e s  a r e :  
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n - Min - Max - 

0 0 200 
1 5 150 
2 10 125 ( d e f a u l t )  
3 15 100 
4 20 100 

When a r e c o g n i t i o n  is made, t h e  b e s t  matched t empla te  word, and t h e  
accumulated e r r o r  s c o r e ,  a r e  t o  be found i n  memory l o c a t i o n s  i n  p a r t  o f  t h e  
memory used by t h e  Voice Master machine language code. The second b e s t  match 
and s c o r e  a r e  a l s o  p laced i n  memory. These l o c a t i o n s  a r e :  

35070 Index number o f  c l o s e s t  match. 
35079,35080 Error  s c o r e  f o r  above (low-high by tes )  . 
3508 1 Index number o f  second c l o s e s t  match. 
35082,35083 Error  s c o r e  f o r  above (low-high b y t e s ) .  

The e r r o r  c r i t e r i a  themselves a r e  s t o r e d  i n  memory a s :  

35084,35085 Minimum value  (low-high by tes ) .  
35086,35087 Maximum value  (low-high b y t e s ) .  

By PEEK(ing) t h e  second b e s t  word and s c o r e ,  you can detemine which word 
i s  confus ing t h e  r e c o g n i t i o n  a lgor i thm.  That way, you can determine whether you 
need t o  p ick  ano the r  word t h a t  won't be confused,  o r  d e f i n e  a new sub group. 

The experienced programmer may wish t o  s e p a r a t e l y  s p e c i f y  minimum and 
maximum e r r o r  v a l u e s  r a t h e r  then  t h e  va lues  e s t a b l i s h e d  by t h e  s i n g l e  &ACCEPT n 
command. Simple POKE(s) can s e r v e  t o  make changes. 

Two o t h e r  parameters  a r e  worth d e s c r i b i n g  he re .  The gene ra l  r eco rd ing  
procedure e s t a b l i s h e s  t h e  minimum word l e n g t h  t h a t  w i l l  be presumed t o  
r e p r e s e n t  a v a l i d  word. Th i s  is determined by t h e  number o f  cont iguous  
amplitude samples wi th  non-zero values .  The r u l i n g  number is i n  l o c a t i o n  35088 
(nominal value  12) .  Another parameter determines  how 10,ng a f t e r  t h e  end o f  a 
word t h e  computer must wa i t  i n  o r d e r  t o  dec ide  when t h e  word has  i n  f a c t  ended. 

Th i s  involves  a count o f  cont iguous  ampl i tudes  having z e r o  values .  The 
parameter is i n  l o c a t i o n  35089 (nominal value  12) .  Addi t ional  d a t a  on memory 
l o c a t i o n s  is i n  an Appendix. 

Template Making: A d i scuss ion  on t echn iques  f o r  making good t empla te s  and 
ach iev ing  good r e c o g n i t i o n  s c o r e s  is warranted.  The machine is no t  a s  good a 
recognizer  a s  is  an a t t e n t i v e  human l i s t e n e r .  Don't ask  t h e  machine t o  choose 
between c l o s e  a l t e r n a t i v e s  i f  you woul3 n o t  expec t  a human t o  do we l l  a t  t h i s  
t a sk .  Think o f  how o f t e n  you must ask t o  have numbers r epea ted  over t h e  
te lephone.  Can you expect  a machine t o  do b e t t e r ?  The machine does have some 
advantages ,however .  It never t i r e s .  It never complains.  It ma in ta ins  a 
cons tan t  s e t  o f  r u l e s  and procedures.  It is c o n s t a n t l y  a t t e n t i v e .  

Unlike a human, t h e  machine o p e r a t e s  wi th  a s t r i c t l y  l i m i t e d  s e t  o f  r u l e s .  
One o f  t h e s e  determines  t h e  s t a r t i n g  and ending p o i n t s  o f  a word. Unlike t h e  

human, a simple machine does no t  s l i d e  a sound back and f o r t h  i n  t ime t o  a l i g n  
it wi th  a comparison--at l e a s t  no t  much s l i d i n g  is allowed. Thus i n  making 
t empla te s  o r  r ecogn iz ing ,  t r y  t o  have your words s t a r t  w i th  c e r t a i n t y  from a 
low n o i s e  background and end wi th  equa l  c e r t a i n t y .  Be aware o f  ex t raneous  



n o i s e s  j u s t  b e f o r e  and j u s t  a f t e r  s p e a k i n g ,  s u c h  a s  l i p  smacks,  t o n g u e  and 
t e e c h  c l i c k s ,  and b r e a t h  n o i s e s .  T h e s e  s o u n d s  a r e  a c o u s t i c a l l y  s i m i l a r  t o  
p l o s i v e  b u r s t s  a n d / o r  f r i c a t i v e s  and c o u l d  be  m i s t a k e n  f o r  s u c h .  N o i s e s  a t  t h e  
s t a r t  a n d / o r  end  o f  a  word c a n  b e  e s p e c i a l l y  t r o u b l e s o m e ,  i n  p a r t  b e c a u s e  t h e y  
m i s r e p r e s e n t  j u s t  when t h e  word is supposed  t o  s t a r t  and end.  (A p l o s i v e  is a  
b r i e f  b u r s t  o f  sound a s  i n  t h e  le t ters  "tW, "kn,  and llpw.) 

Voice M a s t e r  c o n t a i n s  an a u t o m a t i c  volume c o n t r o l  mechanism. But  t h i s  is 
n o t  a s  v e r s a t i l e  a s  t h e  e q u i v a l e n t  i n  t h e  human e a r .  At tempt  t o  make your 
words a t  c o n s t a n t  l e v e l  and a t  a n  a d e q u a t e  l e v e l  t o  g e t  w e l l  above  a n y  
background n o i s e .  If n a s a l s  a r e  t o o  weak by  c o m p a r i s o n ,  t h e n  p e r h a p s  s p e a k  
w i t h  t h e  microphone c l o s e r  t o  t h e  n o s e .  

Attempt t o  a l w a y s  s a y  your  words  t h e  same way and  i n  a  n a t u r a l  manner. If 
n a t u r a l ,  it is less l i k e l y  t h a t  t h e r e  w i l l  b e  l a r g e  d i f f e r e n c e s  from o n e  word 
t o  t h e  n e x t .  

&TRAIN words  i n  t h e  same manner and  i n  t h e  same e n v i r o n m e n t  a s  you e x p e c t  
t o  c o n f r o n t  when a t t e m p t i n g  a c t u a l  &RECOG. It is n a t u r a l  f o r  a  p e r s o n  t o  
change  t h e  way s p e e c h  is produced  t o  f i t  t h e  e n v i r o n m e n t a l  s i t u a t i o n .  

A t e m p l a t e  h a s  some random p e r t u r b a t i o n s  super imposed  on it. Making a  
t e m p l a t e  t h a t  is t h e  a v e r a g e  o f  s e v e r a l  s u c h  t e m p l a t e s  t e n d s  t o  smooth o u t  
t h e s e  p e r t u r b a t i o n s .  But  a v e r a g i n g  t o o  many t e n d s  t o  b l u r  t h e  d i s t i n t i v e  
f e a t u r e s ,  e s p e c i a l l y  f a s t  c h a n g i n g  o n e s .  The f i n a l  a v e r a g e  t e m p l a t e  w i l l  be  
compared t o  a  s i n g l e  t e m p l a t e  from &RECOG which is n o t  a v e r a g e d  o r  smoothed.  
I f  no f a s t  c h a n g i n g  c u e  is lef t  i n  t h e  a v e r a g e  &TRAIN(ed) t e m p l a t e ,  t h e n  t h e  
r e l e v a n t  c u e  w i l l  n o t  h e l p  i n  r e c o g n i t i o n .  Thus l i m i t  t h e  number o f  r e p e a t e d  
&TRAIN(s) t o  p e r h a p s  2. (Some words  c a n  b e n e f i t  w i t h  more a v a r a g i n g  t h a n  
o t h e r s  .) 

Be aware  o f  how you r e l e a s e  f i n a l  p l o s i v e s  l i k e  "tn and "pW. I t i s  o f t e n  
o p t i o n a l  i n  o r d i n a r y  s p e e c h  t o  r e l e a s e  s u c h  a  p l o s i v e  o r  n o t  t o  r e l e a s e  it. 
C o n s i d e r ,  f o r  example ,  t h e  f i n a l  "tW i n  t h e  word " e i g h t n .  You may n o t  even  
pronounce  t h e  "tql, o r  you may r e p l a c e  it w i t h  a  weak "tah".  Or you m i g h t  p u t  
t h e  "tW close t o  t h e  end o f  t h e  vowel p a r t  o f  t h e  word, or p u t  it some d i s t a n c e  
away. Whatever s p e e c h  c h a r a c t e r i s t i c  you d o  employ, m a i n t a i n  c o n s i s t e n c y  
between t h e  t e m p l a t e  you made and your  p r o n u n c i a t i o n  f o r  r e c o g n i t i o n .  

Problems c a n  become e s p e c i a l l y  s e v e r e  when you t r y  t o  d i f f e r e n t i a t e  
between words s u c h  a s  "achew and  *latet1 ( o r  " e i g h t w )  and  "ape". Use o f  such  
s i m i l a r  s o u n d i n g  words  i n  a  s i n g l e  v o c a b u l a r y  w i l l  g i v e  t r o u b l e  t o  a  human 
l i s t e n e r  a s  w e l l  a s  t o  a  machine.  I n  g e n e r a l ,  t r y  t o  a v o i d  rhyming wordq w i t h  
f i n a l  p l o s i v e s ;  t h e s e  a r e  s i m i l a r  i n  b o t h  vowel and e n d i n g  p a r t s .  (A p o s s i b l e  
counte rmeagure  is t o  p u r p o s e l y  emphas ize  t h e  f i n a l  p l o s i v e  on o n e  word and n o t  
on t h e  o t h e r . )  

M u l t i - s y l l a b l e  and  a c o u s t i c a l l y  d i f f e r e n t  words  g i v e  t h e  b e s t  r e s u l t s .  
C o n s i d e r  t h e  t e l e p h o n e  o p e r a t o r  who pronounces  t h e  number " f i v e w  i n  a  r a t h e r  
s p e c i a l  way s o  a s  t o  d i f f e r e n t i a t e  it f rom " n i n e n ,  o r  t h e  p i l o t  who s a y s  l lzerow 
i n s t e a d  o f  "oh", and  " n i n e r w  i n s t e a d  o f  "n inew.  Do n o t  a t t e m p t  t o  r e c o g n i z e  
t h e  l e t t e r s  llcw, "dV,  "en, "bn ,  when pronounced a s  s u c h  b e c a u s e  t h e y  sound 
q u i t e  a l i k e .  An Appendix t o  t h i s  r e p o r t  g i v e s  t h e  i n t e r n a t i o n a l  p h o n e t i c  
a l p h a b e t  and a l s o  numbers a s  spoken  by  p i l o t s  and t e l e p h o n e  o p e r a t o r s .  

G e n e r a l l y ,  t h e  l a r g e r  is t h e  v o c a b u i a r y  and  t h e  more s i m i l a r  s o u n d i n g  a r e  
t h e  words,  t h e  l a r g e r  w i l l  b e  t h e  e r r o r  r a t e .  If a c c u r a c y  is a  problem, make 
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use  of t h e  sub-groups i n  t h e  &RECOG command. In  a two s t e p  r e c o g n i t i o n  
p rocess ,  t h e  f i r s t  r e c o g n i t i o n  can be l i m i t e d  t o  o n l y  a few d i s t i n c t l y  
d i f f e r e n t  words. Perhaps one o f  t h e s e  r e c o g n i t i o n s  then  b r i n g s  up a second 
group o f  words which a r e  e q u a l l y  d i s t i n c t i v e  among themselves .  And s o  on f o r  
t h i r d  and f o u r t h  sub-groups. The way t h a t  d i f f e r e n t  word groups  can be 
ar ranged is a lmost  limitless, p a r t l y  wi th  t h e  number a f t e r  t h e  command a s  
&RECOG n ,  and p a r t l y  by b lanking and unblanking c e r t a i n  words i n  t h e  t o t a l  
t empla t e  s e t .  And, o f  c o u r s e ,  r e c o g n i t i o n  o f  a p a r t i c u l a r  word can cause  a 
second complete t empla t e  set t o  be loaded from d i s k  memory ( o r  RAM-disk). A 
series o f  r e c o g n i t i o n  s t e p s  can i n  p r i n c i p l e  invo lve  an a lmost  un l imi t ed  number 
o f  d i f f e r e n t  words o r  o t h e r  sounds. Programs wi th  menus a r e  well t a i l o r e d  t o  
two s t e p  r e c o g n i t i o n  methods, e s p e c i a l l y  wpull-downn menus. A l i t e r a l  example 
a p p l i e s  t o  a f a s t  food r e s t a u r a n t  where you f i r s t  select c a t e g o r i e s  such a s  
"sandwichn, "d r inksw,  o r  " d e s e r t s n .  For a second s e l e c t i o n  you choose t h e  t y p e  
o f  d r i n k ,  o r  t h e  t y p e  o f  sandwich. 

A f i n a l  sugges t ion  is t o  make words i n  t h e  vocabulary  a l l  have about  t h e  
same d u r a t i o n s .  A word is time normalized t o  12 p a t t e r n s  which make up t h e  
templa te .  A s h o r t  word is s t r e t c h e d  and a long word is compressed. The 
r e c o g n i t i o n  a l g o r i t h m  measures word d u r a t i o n s  a s  well a s  t empla t e  shapes  and 
r e c o g n i t i o n  is re fused  i f  d u r a t i o n s  o f  a t empla t e  and an i n p u t  unknown d i f f e r  
by more than  50%. But even wi th  a l lowab le  d i f f e r e n c e s  t h u s  l i m i t e d ,  e r r o r s  can 
occur  from time d i s t o r t i o n ,  e s p e c i a l l y  where s h o r t  p l o s i v e  sounds occur .  

DEMONSTRATION PROGRAMS ON DISK 

Note: The v o c a b u l a r i e s  used wi th  t h e  demonst ra t ion  programs have been 
ampl i tude  e d i t e d .  Some have i n  a d d i t i o n  been e d i t e d  wi th  "Speech Cons t ruc t ion  
Se tw .  The q u a l i t y  is t h u s  l i k e l y  t o  be somewhat b e t t e r  t han  can be r e a l i z e d  
wi th  d i r e c t l y  recorded vocabu la r i e s  which have n o t  been e d i t e d .  

Put  t h e  Voice Master d i s k  i n  t h e  d r i v e  and t u r n  on t h e  computer. There 
occur s  an auto-load and a "MENUw appears .  A number o f  c h o i c e s  a r e  p re sen ted .  

For music a p p l i c a t i o n s ,  s e l e c t  wCOMPOSERn and refer t o  t h e  music manual. 
No f u r t h e r  r e l a t i o n s h i p  wi th  t h e  speech m a t e r i a l  p re sen ted  h e r e  w i l l  be 
d i scussed  he re .  

S e l e c t  "EXIT TO BASICw and you g e t  back t o  BASIC wi th  a Voice Master 
program i n s t a l l e d .  The p a r t i c u l a r  program t h a t  is s e l e c t e d  w i l l  a u t o m a t i c a l l y  
u t i l i z e  t h e  upper 64K memory bank, i f  i n s t a l l e d ,  and Sound Master i n  s l o t  
number 4 ,  i f  i n s t a l l e d .  I f  you want t o  u s e  a program t h a t  does  n o t  u t i l i z e  a l l  
o f  t h e  r e s o u r c e s  a v a i l a b l e ,  t hen  you must d i r e c t l y  load  i n  t h e  two p a r t  program 
a s  desc r ibed  i n  t h e  s e c t i o n  o f  t h e  manual "SPEECH PLAYBACK". 

\ 
S e l e c t i n g  "CALIBRATEw is t h e  same a s  execu t ing  t h e  Voice Master wedged-in 

keyboard command LCALIB excep t  t h a t  i n s t r u c t i o n s  a l s o  appear  on t h e  s c r e e n  a s  a 
one page d i s p l a y  wi th  t h e  ? appea r ing  i n  t h e  lower r i g h t  hand co rne r .  

The s e l e c t i o n  "EDITORw i n s t a l l s  t h e  same program d i scussed  i n  t h e  
"AMPLITUDE EDITORw s e c t i o n .  

The remaining s e l e c t i o n s ,  a l l  i n  t h e  n a t u r e  o f  demonst ra t ion  programs, a r e  
d i scussed  i n  t h e  ba lance  o f  t h i s  s e c t i o n  o f  t h e  manual. Many r e q u i r e  some 
speech i n p u t  and t h i s  r e q u i r e s  t h e  a b i l i t y  t o  p r o p e r l y  u s e  t h e  microphone. But 
o the rwise  t h e y  can be enjoyed wi thout  having t o  f i r s t  unders tand t h e  
programming p r e v i o u s l y  d i scussed  i n  t h i s  manual. I t  is sugges ted ,  however, 
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t h a t  you f i rs t  r e a d  "CALIBRATION AND MICROPHONE TECHNIQUEn. You may be  a b l e  t o  
u s e  ltCALIBRATEw s e l e c t e d  from t h e  llMENUtt i n s t e a d  o f  ItBARI1 o r  LCALIB from d i r e c t  
l o a d i n g .  But r e a d  t h e  s e c t i o n  anyway. To l o a d  "BARn o r  t o  d i r e c t l y  u s e  t h e  
wedged-in command LCALIB, you w i l l  first have  t o  e x i t  t o  BASIC from "MENUn by  
s e l e c t i n g  o p t i o n  l f O n .  (Another  a l t e r n a t i v e  i s  t o  i n s t a l l  ttBARtl a s  a s e l e c t i o n  
from "DEMOv d e s c r i b e d  below.) 

DEMO: A s u b  menu a p p e a r s .  P r e s s  t h e  "R1l key  t o  p r e p a r e  t o  r e c o r d  a word o r  
p h r a s e .  P r e s s  it a g a i n  and  t h e n  speak .  After r e c o r d i n g ,  p l a y  it b a c k  w i t h  t h e  
11 p 11 key. P l a y  it back  w i t h  a n  e c h o  e f f e c t  t h a t  is c r e a t e d  w i t h  r e p e a t e d  
p l a y b a c k  a t  d e c r e a s i n g  a m p l i t u d e s  b y  p r e s s i n g  t h e  "En k e y  ( b u t  o n l y  when Sound 
Mas te r  is i n s t a l l e d  and  p r o p e r l y  u t i l i z e d  by  t h e  s o f t w a r e ) .  P l a y  it back  a t  
d i f f e r e n t  s p e e d s  w i t h  t h e  "Vn key. These  s e v e r a l  v a r i a t i o n s  a r e  implemented 
w i t h  s p e c i f i c  Voice Mas te r  commands. You c a n  e x i t  f rom "DEMOn back  t o  "MENUw 
w i t h  t h e  "Q" key.  

The "Dv key  g i v e s  a s h o r t  r e c o g n i t i o n  d e m o n s t r a t i o n .  You a r e  prompted t o  
e n t e r  4 words,  tlCovoxlt, "Voice M a s t e r n ,  wComputerll, and  " F i n i s h w .  After 
i n p u t t i n g  t h e s e  ( t o  &TRAIN and  make r e c o g n i t i o n  t e m p l a t e s ) ,  t h e n  r e p e a t  back  
t h e  v a r i o u s  words  t o  see i f  t h e c o m p u t e r  p r i n t o u t  i n d i c a t e s  r e c o g n i t i o n .  Say  
"F in i sh l1  i n  o r d e r  t o  r e t u r n  t o  t h e  menu f o r  "DEMOtt. I f  your  word " F i n i s h t f  
d o e s n ' t  work, t h e n  p r e s s  t h e  RETURN key. You c a n  u s e  a n o t h e r  set o f  4 words a s  
you may w i s h ,  s u c h  a s  r i g h t ,  l e f t ,  g o ,  and  s t o p ,  w i t h  t h e  l a s t  word showing on 
t h e  s c r e e n  a s  "Returnv .  ( T h i s  d e m o n s t r a t i o n  makes a one-pass  t e m p l a t e .  
Accuracy improves  w i t h  a d o u b l e  a v e r a g e  a s  d i s c u s s e d  e l s e w h e r e . )  

The llS1l k q r  f o r  "SPECTRUM DISPLAYv g e t s  "BARq1 a s  d i s c u s s e d  i n  t h e  s e c t i o n  
o n  "CALIBRATION AND MICROPHONE TECHNIQUEn. You c a n  e x p e r i m e n t  w i t h  t h i s  
d i s p l a y  t o  see how p a t t e r n s  change  w i t h  your  s p e e c h .  I n f o r m a t i o n  c o n t a i n e d  i n  
t h e  b a r  p a t t e r n s  is used  i n  p a r t  f o r  word r e c o g n i t i o n .  The f u r t h e s t  r i g h t  b a r  
measures  a m p l i t u d e  and c a n  b e  used  i n  c a l i b r a t i o n .  Next  t o  t h i s  b a r  is o n e  
t h a t  measures  fundamenta l  v o i c e  p i t c h .  It is used  w i t h  t h e  mus ic  p rograms  and 
a l s o  w i t h  t h e  o p t i o n a l  "Speech C o n s t r u c t i o n  Set t1.  It is n o t  used  i n  any  
programs  on t h e  Voice Mas te r  d i s k  e x c e p t  f o r  "BARw (and  i n d i r e c t l y  i n  c e r t a i n  
p re - recorded  v o c a b u l a r i e s ) .  T r y  r a i s i n g  and l o w e r i n g  your  v o i c e  p i t c h  and 
watch t h i s  b a r  behave.  The r e m a i n i n g  b a r s  measure d i f f e r e n t  p e r i o d i c i t i e s  and 
t h e  d i s p l a y  is s i m i l a r  t o  a f r e q u e n c y  s p e c t r u m  e x c e p t  t h a t  h i g h  f r e q u e n c i e s  a r e  
on t h e  l e f t .  You c a n  t r y  a s l i d i n g  w h i s t l e  t o  s e e  how f r e q u e n c y  is 
d i s c r i m i n a t e d .  The "sstt sound shows a s  a h i g h  f r e q u e n c y  one .  The vowel 
is a l m o s t  a s  h i g h ,  and  llooon is low. 

S t i l l  on t h e  "DEMOn sub-menu, t h e  "QW key  is p r e s s s e d  t o  r e t u r n  t o  t h e  
main "MENUt1. 

CLOCK: YO% a r e  t o l d  how t o  set time. Then you a r e  prompted t o  r e c o r d  words 
needed f o r  t h e  c l o c k ,  o r  u s e  a p re - recorded  v o c a b u l a r y  c a l l e d  wCVOICEn. After 
t h e  c l o c k  is s t a r t e d ,  you c a n  g e t  t h e  time spoken o u t  upon p r e s s i n g  a key. 
T h e r e  a l s o  is a n  a l a r m  c l o c k  f e a t u r e .  If you d o  e l e c t  t o  make your own 
v o c a b u l a r y ,  f o l l o w  menu i n s t r u c t i o n s .  But be  c a r e f u l  i n  naming your new 
vocabulary-you d o n ' t  want  t o  g i v e  it t h e  same name a s  o n e  t h a t  is a l r e a d y  on 
t h e  d i s k .  (Note:  The c l o c k  is n o t  a c c u r a t e  b e c a u s e  s o f t w a r e  l o o p s  i n  BASIC 
d e t e r m i n e  t h e  time b a s e .  You may w i s h  t o  modi fy  t h e  program t o  a c c e s s  an 
o p t i o n a l  r e a l - t i m e  c l o c k ,  i f  you Apple is s o  equipped . )  



Any number o f  d i f f e r e n t  v o c a b u l a r i e s  c a n  be  c h o s e n ,  p r o v i d e d  e a c h  h a s  a 
d i s t i n c t i v e  name. If you a t t e m p t  t o  s a v e  a v o c a b u l a r y  w i t h  a name t h a t  a l r e a d y  
r e p r e s e n t s  a v o c a b u l a r y  on t h e  same d i s k ,  you w i l l  r e p l a c e  t h e  v o c a b u l a r y  s u c h  
t h a t  t h e  o r i g i n a l  v o c a b u l a r y  on t h e  d i s k  c a n n o t  be  r e c o v e r e d .  If you must  u s e  
t h e  same name, and  you d o n ' t  want  t o  d e s t r o y  a v o c a b u l a r y ,  t h e n  p u t  i n  on a 
d i f f e r e n t  d i s k .  I n  s a v i n g  a v o c a b u l a r y ,  you must  r e p l a c e  t h e  o r i g i n a l  Voice 
Mas te r  d i s k  w i t h  a copy o r  a p r o p e r l y  f o r m a t t e d  d i s k  t h a t  is n o t  w r i t e  
p r o t e c t e d  i . . ,  t h e r e  must  be  a n o t c h  i n  t h e  j a c k e t ) .  You c a n  e a s i l y  swap 
d i s k s  i f  you need t o  l o a d  a Voice Mas te r  program. 

CALCULATOR: You a r e  prompted t o  r e c o r d  numbers ,  math symbols ,  e q u a l s ,  and s o  
on.  Then you c a n  o p e r a t e  t h e  computer  t h e  same way a s  a s i m p l e  f o u r  f u n c t i o n  
e l e c t r o n i c  p o c k e t  c a l c u l a t o r .  The computer  s p e a k s  t h e  k e y s  a s  t h e y  a r e  p r e s s e d  
and t h e n  s p e a k s  t h e  answer a f t e r  you p r e s s  t h e  e q u a l s  s i g n .  A s  w i t h  "CLOCKw, 
you c a n  make and s a v e  your  own v o c a b u l a r y .  Two p r e - r e c o r d e d  v o c a b u l a r i e s  a r e  
on t h e  Voice Mas te r  d i s k ,  o n e  c a l l e d  "ENGLISHw, and t h e  o t h e r  "SPANISH". 
Choose your  l anguage!  (These  v o c a b u l a r i e s  have  been e d i t e d . )  

BLACKJACK: T h i s  is a s t a n d a r d  form o f  t h e  gambl ing  game a s  p l a y e d  a t  Las Vegas 
7 b u t  w i t h o u t  d o u b l e s ) .  You t r a i n  t h e  computer  t o  your  words.  From t h e n  o n ,  
you need n o t  t o u c h  t h e  keyboard .  A p re - recorded  ( e d i t e d )  v o c a b u l a r y  c a l l e d  
"DEALERw s p e a k s  c a r d s  and o t h e r  d a t a  t o  you. You a r e  g i v e n  a sum of money t o  
s t a r t .  You s a y  numbers s u c h  a s  "onen ,  " f i v e n  t o  g i v e  15. You c a n  e r a s e  t h i s  
b e t  by  v o i c e  and r e p l a c e  it. Then s a y  l lbe tw and  t h e  d e a l e r  d e a l s  and  r e a d s  
v i s i b l e  c a r d s .  You t h e n  s a y  " s t a n d w  o r  " h i t  men. The i d e a  is t o  g e t  a s  c l o s e  
t o  "21" a s  you c a n  w i t h o u t  g o i n g  o v e r .  Aces c a n  c o u n t  a s  o n e  o r  e l e v e n .  After 
your f i n a l  " s tand" ,  t h e  d e a l e r  s a y s  e i t h e r  t h a t  you won o r  h e  won o r  a draw and  
your accumula ted  c a p i t a l  i s  u p d a t e d .  S a y  l l ca rdsw and see what  c a r d s  have  been 
p layed  ( f o r  "card  c o u n t i n g n  p r a c t i c e ) .  Say  " c a r d s w  a g a i n  and  r e t u r n  t o  t h e  
game. 

If you d o n ' t  l i k e  t h e  d e a l e r ' s  v o i c e ,  you c a n  make your  own v o c a b u l a r y  and 
s a v e  it w i t h  a BASICprogram o n  t h e  d i s k  c a l l e d  wBJVOICEu. Make s u r e  t h a t  you 
g i v e  your  v o c a b u l a r y  some name o t h e r  t h a n  "DEALERn ( u n l e s s  you l o a d  it from a 
d i s k  o t h e r  t h a n  t h e  o n e  c o n t a i n i n g  t h e  pre - recorded  v o c a b u l a r y  "DEALERn. 

PULL-DOWN: T h i s  program is d e s i g n e d  t o  work on a n  Apple IIe w i t h  a n  80 column 
c a r d  ( o r  s t a n d a r d  Apple I I c ) .  It is meant  t o  i l l u s t r a t e  t h e  p o t e n t i a l  o f  Voice 
Mas te r  r e c o g n i t i o n  w i t h  pull-down menus. It w i l l  a u t o m a t i c a l l y  l o a d  i n  a v o i c e  
t e m p l a t e  f i l e ,  "P-D.TEMPLATEw, which c o n t a i n s  dummy v o i c e  p a t t e r n s .  B e f o r e  
a t t e m p t i n g  t o  u s e  v o i c e  r e c o g n i t i o n ,  p r e s s  C o n t r o l  and  "DW i n  o r d e r  t o  t r a i n  
t h e  pull-down v o c a b u l a r y  t o  your  own v o i c e .  (Note:  T h i s  program is  w r i t t e n  
e n t i r e l y  i n  BASIC and t h u s  is a l i t t l e  slow.)  

P l e a s e  n o t e  t h a t  many o f  t h e  d e h n s t r a t i o n  programs  a r e  more t h a n  j u s t  
s i m p l e  d e m o n s t r a t i o n s .  They a r e  u s e f u l  and  p r a c t i c a l  examples  o f  what  t h e  
e n t e r p r i s i n g  a u t h o r  o f  s o f t w a r e  c a n  a c c o m p l i s h ,  whether  it be i n  e d u c a t i o n ,  
b u s i n e s s .  o r  e n t e r t a i n m e n t .  

SELECTED PROGRAMMING EXAMPLES 

You c a n  list t h e  v a r i o u s  d e m o n s t r a t i o n  programs  on t h e  Voice Mas te r  d i s k  
i n  o r d e r  t o  s t u d y  programming methods  and  t e c h n i q u e s .  However, t h e s e  programs  
have  n o t  been w r i t t e n  w i t h  t h e  o b j e c t i v e  o f  making them e a s y  t o  i n t e r p r e t .  The 
p u r p o s e  of t h i s  s e c t i o n  o f  t h e  manual is t o  g i v e  some examples  t h a t  a r e  e a s i e r  
t o  u n d e r s t a n d .  

-24 -  



Ta lk ing  Numbers: We w i l l  n e x t  w r i t e  a program f o r  a v e r y  s imp le  t a l k i n g  
keyboard.  It w i l l  speak  numbers 0-9 from "ENGLISHn a s  you p r e s s  t h e  numbered 
keys ,  fol lowed by RETURN. End t h e  program w i t h  a number g r e a t e r  t h a n  9. You 
must f i r s t  be s u r e  t h a t  bo th  p a r t s  o f  one o f  t h e  two-part Voice Master  programs 
a r e  i n  main memory. Then you must &FINDnENGLISHn because  we a r e  going  t o  u se  
t h e  spoken d i g i t s  from t h i s  vocabulary .  You might  p r e f e r  t o  &FINDnSPANISHn. 
The program is: 

40 INPUT N 
50 I F  N>9 THEN 80 
60 &SPEAK N 
70 GOT0 40 
80  END 

Next is a program t h a t  speaks  numbers i n  DATA s t a t e m e n t s  ( o n l y  p o s i t i v e  
i n t e g e r s  i n  t h e  r ange  0-9): 

40 RESTORE 
50 READ N 
60 I F  N < O  THEN 130 
70 &PAUSE 2 
80  &SPEAK N 
90 GOT0 50 
100 DATA 0,5 ,6 ,3 ,1  
110 DATA 9 ,7 ,8 ,4 ,5  
120 DATA -1 
130 END 

I n  t h i s  example,  we have used a n e g a t i v e  number t o  end t h e  program s o  t h a t  
an o u t  o f  d a t a  e r r o r  s t a t e m e n t  does  n o t  occur .  

Now f o r  a s l i g h t l y  more r e a l i s t i c  d a t a  t a l k i n g  program. We presume 
numbers a r e  i n  t h e  r ange  0-999, p o s i t i v e  i n t e g e r s  only .  T h i s  r ange  i n c l u d e s  
a l l  a p p l i c a t i o n s  where ( p o s i t i v e )  dec imal  v a l u e s  a r e  con ta ined  i n  8 b i t  memory 
c e l l s  ( sub  r ange  0-255). T h i s  program w i l l  be even more p r a c t i c a l  i f  we s e t  it 
up t o  r ead  d a t a  from some d i f f e r e n t  program--perhaps one you g o t  from a 
magazine l i s t i n g  and t h a t  you want t o  check f o r  accu racy  by l i s t e n i n g  t o  t h e  
spoken numbers a s  you f o l l o w  a long  t h e  p r i n t e d  l i s t i n g  w i t h  your eyes .  

We w i l l  presume t h a t  t h e  program t o  be checked,  i n c l u d i n g  i ts DATA 
s t a t e m e n t s ,  does  n o t  have s t a t e m e n t  numbers a s  h i g h  o r  h i g h e r  t h a n  10000. We 
w i l l  w r i t e  ou r  r e a d i n g  and t a l k i n g  program t o  s t a r t  a t  10000 and then  GOT0 t h i s  
number i n  o r d e r  t o  a c t i v a t e  t h e  program. You must o f  c o u r s e  have a Voice 
Master program i n  main memory. Also you must have a s u i t a b l e  vocabulary ,  such 
a s  "ENGLISH%. Then you must have t h e  program whose DATA s t a t e m e n t s  a r e  t o  be 
checked,  o r  a t  l e a s t  t h e  DATA s t a t e m e n t  p a r t  o f  t h i s  program ( w i t h  l i n e  numbers 
l e s s  t han  10000). F i n a l l y ,  you must have your s p e c i a l  checking  program i n  
memory, and t h i s  must be appended t o  t h e  program t o  !e checked.  Simply t y p e  i n  
your program a f t e r  t h e  program t o  be checked h a s  been loaded ,  o r  else g e t  your 
program from d i s k  and append it. 

If you load  t h e  Voice Master program and IIENGLISHn from t h e  keyboard,  t h e n  
do t h i s  f i r s t .  Otherwise  your own program can  do t h i s  l o a d i n g  a s  p r e v i o u s l y  
desc r ibed .  Next l oad  t h e  program t o  be t e s t e d  and w r i t e  your t e s t i n g  program 



a t  t h e  keyboard, o r  append it from d i s k  memory. A s u i t a b l e  program (no t  
compacted f o r  e a s e  o f  unders tanding)  is t h e  fol lowing (where we use  FOR-NEXT 
loops  ins tead  o f  &PAUSE f o r  de lay  between words, j u s t  f o r  nove l ty ) :  

10000 RESTORE 
10010 READ N 
10015 FORJ=l TO 500:NEXT J 
10020 I F  N<O THEN 10200 
10030 FOR J=1 TO 100:NEXT J 
10040 IF N>9 THEN 10070 
10050 &SPEAK N 
10060 GOT0 10010 
10070 IF N>99 THEN 10120 
10080 Ml=INT(N/lO) 
10090 &SPEAK MI 
10100 N=N-10*M1 
10110 GOT0 10050 
10120 M2=INT(N/100) 
10130 &SPEAK M2 
10140 N=N-100*M2 
10150 M3=INT(N/10) 
10160 I F  M3>0 THEN 10080 
10170 &SPEAK 0 
10180 DATA -1 
10190 GOT0 10010 
10200 END 

The procedure is t o  break t h e  number i n t o  s e p a r a t e  i n t e g e r s  and &SPEAK 
each by i t s e l f .  D i f f e r e n t  program pathways apply  depending on t h e  p a r t i c u l a r  
m i x  o f  i n t e g e r s .  The checking program ends  when a nega t ive  f i n a l  DATA sta tement  
appears.  This, is guaranteed t o  occur a f t e r  a l l  o t h e r  DATA s ta tements  and t h u s  
provides a positive ending command. The reader  w i l l  recognize  t h a t  t h i s  program 
could be w r i t t e n  wi th  fewer l i n e s  by us ing colons  t o  put  two o r  more s t a t ements  
on a l i n e .  

A second and more e f f i c i e n t  program conver t s  each number t o  a s t r i n g  and 
then e x t r a c t s  one s t r i n g  element a t  a t ime f o r  &SPEAK(ing). The example 
program is: 

10000 RESTORE 
10010 READ N 
10015 FOR J=1  TO 400:NEXTJ 
10020 IF N<O THEN 10110 
10030 K$=STR$(N) 
10040 FOR J=1  TO LEN(K$) \ 

10050 J$=MID$ (K$, J ,  1 ) 
10060 IF J$="-" THEN 10110 
10070 N=VAL(J$) 
10080 &SPEAK N 
10090 NEXTJ 
10100 DATA -1 
10120 END 

This  program w i l l  speak mul t i -d ig i t  numbers up t o  t h e  po in t  where t h e  form 
is changed t o  f l o a t i n g  po in t .  The program ends when a nega t ive  symbol is READ. 

Two Approaches t o  a Talking Keyboard: Define a s t r i n g  a s  

-26- 



A$ = " ABCDEFGHIJKLMNOPQRSTUVWXYZ.,?!',' 

Use t h e  Voice Master t o  c r e a t e  a vocabu la ry  where vocabu la ry  index numbers 
a r e  1 f o r  "At1,  2 f o r  "BW, 3 f o r  " C n ,  and s o  on. We w i l l  u s e  index 0 t o  
r e p r e s e n t  t h e  s p a c e  b a r ,  which shows a s  a l e a d i n g  b lank  i n  A$ above,  and t h e  
word w i l l  be "spacen.  Don't c o n f u s e  vocabu la ry  numbers w i t h  t h e  s t r i n g  c o u n t ,  
which a lways s t a r t s  w i t h  1. By c h o i c e ,  we have s t a r t e d  t h e  word vocabulary 
wi th  z e r o .  Thus e x p e c t  a J-1 somewhere i n  t h e  program. 

We can i n p u t  a s i n g l e  c h a r a c t e r  a t  t h e  keyboard w i t h  t h e  GET s t a t e m e n t  . a s  
GET B$. We t h e n  s c a n  t h e  l o n g  s t r i n g  A$ and c o u n t  each  e lement  from l e f t  t o  
r i g h t  u n t i l  we g e t  a match. The coun t  number is t h e n  used i n  &SPEAK N-1. 
Also ,  we can p r i n t  o u t  t h e  i d e n t i f i e d  B$, add ing  it t o  a . c o n t i n u i n g  s t r i n g  s o  
a s  t o  show what i s  typed on t h e  s c r e e n  w h i l e  a l s o  speak ing  o u t  t h e  l e t t e r .  

A s h o r t  program t h a t  s p e a k s  t h e  l e t t e r s  a s  t h e  keys  a r e  p r e s s e d  fo l lows :  

10 A$=" ABCDEFGHIJKLMNOPQRSTUVWXYZ..?!'" 
20 GET B$ 
30 FOR J =1 TO 32 
40 I F  MID(A$,J,l)=B$ THEN 60 
50 NEXTJ 
60 PRINT B$; 
70 &SPEAK J-1 
80 GOT0 20 
90 END 

Note t h a t  p r i n t i n g  is i n  sequence a s  a kind o f  s i m p l i f i e d  word p rocessor .  
T h i s  approach can be a l i t t l e  slow, e s p e c i a l l y  f o r  c h a r a c t e r s  n e a r  t h e  end o f  
t h e  s t r i n g .  We cou ld  speed it up somewhat by c r e a t i n g  a vocabu la ry  wi th  t h e  
more f r e q u e n t l y  a p p e a r i n g  l e t t e r s  o f  t h e  a l p h a b e t  i n  t h e  f i r s t  p a r t  o f  t h e  
s t r i n g  ( a s  d o n e s h e r e  w i t h  s p a c e ,  which is t h e  most f r e q u e n t l y  seen " c h a r a c t e r "  
o f  them a l l ) .  

Another method u s e s  t h e ' d e s i g n a t e d  ASCII symbol and r e f e r e n c e  number. 
Assume t h a t  t h e  l e t t e r  "Aw is typed .  We g e t  t h e  number 65 a s  ASC("AV) = 65. 
I f  we d e s i g n a t e  B$ a s  t h e  s t r i n g  r e p r e s e n t i n g  t h e  typed symbol u s i n g  GET a s  
b e f o r e ,  ASC(B$) = 65 c l e a r l y  s t a t e s  t h a t  t h e  le t ter  i s  " A n .  Now s imply  s u b t r a c t  
64. We g e t  ASC(B$)-64=1 which produces  t h e  voiced "An w i t h  &SPEAK 1. More 
g e n e r a l l y ,  a s u i t a b l e  program segment cou ld  be 

400 GET B$ 
410 PRINT B$: 
420 N=ASC(B$)-64 
430 &SPEAK N 

(A modif ied p rocedure  is r e q u i r e d  f o r  t h e  p u n c t u a t i o n  marks,  a s  w e l l  a s  s p a c e ,  
because t h e  p roper  number t o  be s u b t r a c t e d  is  n o t  64.) 

Of c o u r s e ,  any p r a c t i c a l  t a l k i n g  ~ e y b o a r d  must c o n t a i n  a number of 
f e a t u r e s  t o  avo id  v a r i o u s  t y p i n g  e r r o r s  o r  i n c o n s i s t e n c i e s ,  avoid most 
non-pr in t ing  c h a r a c t e r s ,  and s o  on. Also,  i f  t h e  s t r i n g  l e n g t h  is l i m i t e d ,  
means f o r  h a n d l i n g  a sequence o f  s t r i n g s  must be provided i f  c o n t i n u i n g  t e x t  is 
t o  be p r e s e n t e d  on t h e  s c r e e n .  

The Cash R e g i s t e r  Vocabulary: A sugges ted  vocabu la ry  f o r  implementing a 
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t a l k i n g  cash  r e g i s t e r  is given below. The number "73" can be spoken a s  
ltseventytt fol lowed by " th reew.  In  t h i s  way, a r e l a t i v e l y  sma l l  vocabulary  can 
handle  a l a r g e  number range.  

Index numbers 0 t o  20 same a s  t h e  spoken number. 
Index Speak Index Speak Index Speak 

21 30 22 40 23 50 
24 60 25 70 26 80 
27 90 28 hundred 29 d o l l a r s  
30 c e n t s  31 amount is 32 and 
33 d e b i t  34 d o l l a r  35 thank you 

If we were s o  i n c l i n e d ,  t h e  words * thousandw,  " m i l l i o n n ,  w b i l l i o n l t ,  a s  
w e l l  a s  "exponentw, "po in tw  (decimal)  and s o  on could  be added wh i l e  still  
remaining well below t h e  Voice Master l i m i t  o f  64. 

There a r e  many ways we can say  $ 4.95. One is "The amount is f o u r  d o l l a r s  
and n i n e t y  f i v e  c e n t s w .  A t  a  supermarket  check s t a n d ,  you a r e  more l i k e l y  t o  
hea r  o n l y  Itfour n i n e t y  f ive t1 .  But t h e r e  a r e  v a r i a t i o n s .  $ 4.00 w i l l  be s a i d  
a s  "four d o l l a r s t t .  And $ 1.00 w i l l  be s a i d  a s  t h e  s i n g u l a r  " d o l l a r w .  $ 0.15 
w i l l  be r ead  a s  "15 cen t s t t .  

Language T r a n s l a t i o n :  Make a t empla t e  set o f  t h e  numbers one through f i v e  wi th  
i n d i c e s  1 ,2 ,3 ,4 ,5 .  C a l l  it tlNBRSw. Make a playback vocabulary  o f  t h e  numbers 
i n  Spanish  a s  uno, dos ,  tres, qua t ro .  Use i n d i c e s  1.2.3.4. C a l l  it "SNRSW. 
S t a r t  by r ecogn iz ing  a number when spoken i n  Engl ish .  Then PEEK(25) t o  speak 
t h e  number i n  Spanish.  The fo l lowing  example u s e s  t h e  Eng l i sh  " f i v e w  t o  end 
t h e  program and v a r i o u s  e r r o r  c o n d i t i o n s  c a l l  f o r  a c o r r e c t n d  inpu t :  

10 BLOAD PART AX 
15 BLOAD PART BX 
20 CALL 35072 
30 &TFINDnNBRS" 
40 &FINDnSNRS" 
50 &RECOG 1 
60 A=PEEK(25) 
70 I F  A>5 THEN 50 
80 I F  A=5 THEN 110 
90 &SPEAK A:&PAUSE 2 
100 GOT0 50 
110 END 

EXTERNAL SENSING AND CONTROL 

Apple 11+ and IIe computers have Ion1  been used i n  s c i e n c e  and eng inee r ing  
f o r  measuring t h i n g s  i n  t h e  e x t e r n a l  environment.  Some s e r v e  i n  manufactur ing  
t o  c o n t r o l  e n t i r e  p rocesses  by making measurements and t h e n  commanding t h i n g s  
t o  change acco rd ing  t o  t h e s e  measurements. Apple computers have been popular  
i n  such a p p l i c a t i o n s  because o f  t h e i r  v e r s a t i l i t y .  They posses s  a number o f  
s l o t s  i n t o  which an un l imi t ed  v a r i e t y  o f  c i r c u i t s  can be i n s e r t e d  t o  accomplish 
an un l imi t ed  v a r i e t y  o f  t a s k s .  The i d e a  o f  such s l o t s  is n o t  new. It began 
wi th  mini-computers i n  t h e  l a t e  1950ts .  It was adopted by t h e  o r i g i n a l  A l t a i r  
pe r sona l  computer w i th  t h e  so-ca l led  wS-lOO1t bus ,  which is still  i n  use .  The 
"STDW bus promoted by t h e  Pro-Log company s t anda rd ized  i n t e r c o n n e c t i o n s  f o r  
i n d u s t r y  (wi th  t h e  so-ca l led  IEEE bus coming a long  l a t e r ) .  The s l o t  'concept 
was a l s o  w i s e l y  adopted by IBM f o r  t h e i r  pe r sona l  computer and h a s  now become 
an i n t e r n a t i o n a l  s t anda rd  f o r  IBM t y p e  machines. The Apple computer was t h e  
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first  pe r sona l  computer t o  be a g g r e s s i v e l y  marketed on a  broad s c a l e ,  
e s p e c i a l l y  t o  e d u c a t i o n a l  i n s t i t u t i o n s .  P a r t  o f  t h e  success  o f  t h e  Apple 
company can be a t t r i b u t e d  t o  t h e  plug-in ca rd  concept  because t h i s  encouraged 
many t h i r d  p a r t y  deve lope r s  t o  b u i l d  compat ib le  c a r d s  which then opened up new 
a p p l i c a t i o n s  which, o f  c o u r s e ,  a l s o  r e q u i r e d  use  o f  t h e  Apple computer. 

With Apple I I c ,  t h e  philosophy o f  t h e  Apple d e s i g n e r s  changed ( f o r  r e a s o n s  
t h a t  s t i l l  remain obscure )  and no s l o t s  were made a v a i l a b l e .  One can still  
des ign hardware f o r  e x t e r n a l  system i n p u t s  and o u t p u t s ,  bu t  t h i s  t e n d s  t o  be 
more expensive  because it must f u n c t i o n  from a  s e r i a l  (RS 232) p o r t .  Speed o f  
d a t a  a c c e s s  is a l s o  l i m i t e d .  A s  o f  t h e  d a t e  o f  t h i s  w r i t i n g ,  Apple IIe 
computers con t inue  t o  s e l l  a s  well o r  b e t t e r  t h a n  t h e  I I c ,  even though p r i ced  
c o n s i d e r a b l y  h ighe r .  T h i s  a t t e s t s  t o  t h e  va lue  p laced on v e r s a t i l i t y  and 
a b i l i t y  t o  be expanded t o  s u i t  many needs.  

Why d i s c u s s  t h i s  here?  It is because Voice Master speech can announce 
t h i n g s  t h a t  a r e  sensed o r  measured o u t s i d e  t h e  computer. In a d d i t i o n ,  Voice 
Master can be used t o  c o n t r o l  e x t e r n a l  e v e n t s  by vo ice  command. Opt ional  
sof tware  is a v a i l a b l e  which a l l o w s  f o r  c o n t r o l  o f  a  v a r i e t y  o f  household 
a p p l i a n c e s  through s t anda rd  household 115 v o l t  AC c i r c u i t s  ( o r  230 v o l t s  i n  
many c o u n t r i e s ) .  But t h i s  r e q u i r e s  s p e c i a l i z e d  hardware i n  a d d i t i o n  t o  Voice 
Master and it is n o t  s u i t e d  t o  r e p o r t i n g  on e x t e r n a l  measurements ( i . e . ,  it is 
one-way, a l though  t h e  computer can speak o u t  what it is do ing) .  

What we wish t o  do h e r e  is t o  d e s c r i b e  what can be done wi th  minimum 
hardware. The d i s c u s s i o n  w i l l  r e l a t e  most ly  t o  Apple 11+ and IIe. Some r a t h e r  
l i m i t e d  a p p l i c a t i o n s  can u s e  Apple IIc, and t h e s e  w i l l  be s t a t e d  where 
a p p r o p r i a t e .  

We w i l l  be concerned wi th  t h r e e  inpu t /ou tpu t  p o r t s  which a r e  a v a i l a b l e  on 
a l l  Apple 11+ and IIe computers (on ly  some o f  which a l s o  a r e  a v a i l a b l e  on 
Apple I I c ) .  S p e c i f i c a l l y ,  w e  c o n s i d e r  t h e  joy-s t ick/paddle  p o r t  wi th  9 p i n s  on 
t h e  connector  ( r e q u i r e s  a  s p e c i a l  a d a p t e r  c a b l e  f o r  Apple I I + ) ,  a s  well a s  t h e  
expanded v e r s i o n  o f  t h i s  p o r t  a v a i l a b l e  w i t h i n  t h e  c a s e  o f  t h e  computer on a  16 
p in  connec to r ,  t h e  c a s s e t t e  t a p e  i n p u t  and o u t p u t  w i th  two m i n i a t u r e  phone 
j acks  ( n o t  a v a i l a b l e  on Model I I c ) ,  and t h e  b u i l t - i n  loudspeaker .  D i f f e r e n t  
p o r t s  r e q u i r e  d i f f e r e n t  i n t e r f a c e  hardware and so f tware  i n  o r d e r  t o  be u t i l i z e d  
f o r  s i m i l a r  t a s k s .  

If t h e  computer is asked t o  &SPEAK through t h e  b u i l t - i n  speake r ,  t hen  t h i s  
p o r t  is n o t  a v a i l a b l e  f o r  o t h e r  uses .  But i f  o u t p u t  goes through t h e  Sound 
Master ,  o r  a  speech o u t p u t  c a p a b i l i t y  is n o t  d e s i r e d ,  t hen  it is a v a i l a b l e  and 
it is e a s y  t o  u s e  f o r  producing t o n e s  o f  s p e c i f i e d  f r equenc ie s .  You must 
r e d i r e c t  t h e  wires t h a t  connect  t o  t h e  i n t e r n a l  speake r  t o  o u t s i d e  t h e  c a s e  f o r  
Apple 11+ a m  I I e .  But f o r  t h e  I I c ,  s imply i n s e r t  a  m i n i a t u r e  phone p lug  i n t o  
t h e  e x t e r n a l  aud io  j ack  on t h e  s i d e  o f  Model IIc (and t u r n  t h e  volume t o  
max imum) . 

If Voice Master is needed i n  o r d e r  t o  e i t h e r  &LEARN o r  &RECOG, then t h r e e  
o f  t h e  a v a i l a b l e  i n p u t  l i n e s  must be used f o r  t h i s  purpose.  These t h r e e  l i n e s  
a l l  appear  on t h e  9 p in  joy-s t ick/paddle  connec to r ,  a s  well a s  on t h e  16 p in  
connector  w i t h i n  t h e  c a s e  o f  Models 11+ and I I e .  (The 16 p i n  connector  does  
n o t  e x i s t  on Model I I c . )  On Apple I I c ,  t h e  t o t a l  number o f  i n p u t  l i n e s  t h a t  
a r e  a v a i l a b l e  on t h e  9 p i n  connector  is o n l y  5, w i th  t h r e e  o f  t h e s e  needed f o r  
Voice Master ,  i f  used. On Models 11+ Bnd IIe,  t h e s e  5 i n p u t s  a r e  a l s o  
a v a i l a b l e ,  p l u s  ano the r  3  on t h e  16 p i n  connector .  The c a s s e t t e  r ead  l i n e  
g i v e s  ano the r  i n p u t  ( a l s o  n o t  a v a i l a b l e  on Model I I c ) .  
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The c a b l e  from t h e  Apple I I + / I I e  t o  t h e  9  p i n  connector  t h a t  goes  t o  t h e  
joy s t i c k / p a d d l e  system, ( o r  connec t s  t o  a  16 p in  connector  on t h e  
computer 's  main board. (As s t a t e d  above, a  s p e c i a l  a d a p t e r  c a b l e  is used wi th  
t h e  11+ t o  conve r t  t h e  16 p in  connector  t o  t h e  proper  9  p i n  t y p e ) .  On t h i s  
connec to r ,  b u t  n o t  on t h e  9  p in  connec to r ,  t h e r e  a r e  4  nannunc ia to r sn  and one 
s t r o b e ,  none o f  which a r e  a v a i l a b l e  on Apple I I c .  None o f  t h e s e  o u t p u t s  is 
used by Voice Master ,  nor is t h e  c a s s e t t e  write l i n e .  

Output Contro l :  Let  u s  f i r s t  c r e a t e  a  s i n g l e  on-off swi t ch  which w e  can 
o p e r a t e  by vo ice  command. We w i l l  u s e  t h e  wires t h a t  normal ly  go t o  t h e  
speaker ( o r  Model IIc e x t e r n a l  aud io  j a c k ) .  The speaker  responds  p r i m a r i l y  t o  
changes between h igh  and low v a l u e s  o f  a  s i n g l e  vo l t age .  But because t h e  
speaker  r e c e i v e s  t h i s  v o l t a g e  v i a  a  c a p a c i t o r ,  it w i l l  never r e c e i v e  a  
s u s t a i n e d  c o n s t a n t  p o s i t i v e  vo l t age .  Thus whatever e x t e r n a l  swi t ch  we 
implemen t  must o p e r a t e  on t h e  b a s i s  o f  changes which a r e  e q u i v a l e n t  t o  p u l s e s .  

In  o r d e r  t o  make t h e  speaker  s i g n a l  change s t a t e ,  s imply  a d d r e s s  a  memory 
l o c a t i o n  a s  i f  you want t o  write t o  i t ,  a s  PEEK(49200). The number i n  t h i s  
l o c a t i o n  is unimpor tant .  Repeatedly  a d d r e s s  t h i s  l i n e  t o  c r e a t e  a  squa re  wave. 

Each time you a d d r e s s  wi th  a  PEEK, t h e  s t a t e  o f  t h e  speaker  v o l t a g e  changes 
from z e r o  t o  maximum o r  v i c e  ve r sa .  You have no c o n t r o l  ove r  which one comes 
f i r s t ,  o n l y  t h a t  you can a l t e r n a t e  between t h e  two. A BASIC program wi th  a  
l oop  t o  c r e a t e  t h e  squa re  wave fo l lows :  

10 INPUT N 
20 PEEK(49200) 
30 FOR J=1 TO N:NEXT J 
40 GOT0 20 

The f requency i s  set by s p e c i f y i n g  t h e  number N a t  t h e  beginning.  An 
on-off swi tch  can be c r e a t e d  i f  t h e  switched dev ice  can d i s c r i m i n a t e  between a  
r e p e a t i n g  squa re  wave and no squa re  wave a t  a l l ,  o r  perhaps  between squa re  
waves a t  c o n s i d e r a l b y  d i f f e r e n t  r a t e s .  

Note t h a t  we have addressed  a  memory l o c a t i o n  wi th  PEEK. A l o c a t i o n  can 
a l s o  be addressed  wi th  POKE. However, t h i s  a c t u a l l y  invo lves  two memory 
addres s  a c t i o n s  which r e s u l t s  i n  a  s i n g l e  very  narrow pulse--too qarrow t o  be 
u s e f u l .  

The f requency w i l l  be low because BASIC is slow. I f  t o o  low, t h e  coupl ing  
c a p a c i t o r  between t h e  speaker  wires and t h e  computer w i l l  d i s t o r t  t h e  squa re  
wave ( e s p e c i a l l y  i f  load r e s i s t a n c e  is s m a l l ) .  Higher f r e q u e n c i e s ,  t o  t h e  t e n s  
o f  thousands  o f  p e r i o d s  per  second,  a r e  p o s s i b l e  wi th  a  machine language 
e q u i v a l e n t  t o  t h i s  program. 

- L 

~ e t s  c r e a t e  a  program t o  commahd product ion  o f  one o f  s e v e r a l  t o n a l  
f r equenc ie s ,  each l a s t i n g  f o r  a  pe r iod  t h a t  can be set s e p a r a t e l y .  In  t h i s  
c a s e ,  &RECOG r e t u r n s  t h e  number N and we must provide  a  p l a c e  i n  t h e  loop  f o r  
changing frequency.  We w i l l  presume t h a t  index numbers f o r  t e m p l a t e s  have 
va lues  o f  0 ,1 ,2 ,  e t c .  t o  d e f i n e  f r e q u e n c i e s ,  w i th  index 17 f o r  q u i t t i n g  t h e  
game. 

10 INPUT M:REM SETS TONE DURATION 
20 &RECOG:REM GETS N 
30 N=PEEK(25) 
40 IF N=17 GOT0 120:REM END 
50 IF N>17 THEN 20:REM ERROR. TRY A G A I N  



60 A=O:REM SET COUNTER FOR DURATION 
70 PEEK(49200):REM TOGGLE SPEAKER 
80 FOR J=1 TO N:NEXT J:REM SQUARE WAVE PERIOD 
90 A=A+l:REM ADVANCE COUNTER 
100 IF A=M THEN 20 
110 GOT0 60 
120 END 

This program makes more sense in  a p r ac t i ca l  s i t ua t i on  i f  t he r e  e x i s t  
severa l  on-off devices- which individual ly respond t o  d i f f e r e n t  tone 
frequencies.  We could use one tone t o  tu rn  on device " A w ,  and another t o  turn 
it o f f .  And s imi l a r l y ,  we could use tone pa i r s  t o  operate  other  switches. The 
e a s i e s t  way fo r  a device t o  measure frequency is t o  have it measure period 
instead.  This can be done by counting clock pulses from the  time t h a t  the  
square wave goes high u n t i l  it again goes low. Other methods fo r  sensing 
frequency a l so  a r e  appl icab le ,  although they may not work too well a t  t he  very 
low frequencies t h a t  a r e  generated with the  BASIC program. Creating d i f f e r en t  
frequency burs t s  t o  control  d i f f e r e n t  switches is r e a l l y  the  bas i s  f o r  many 
forms of touch tone d ia l ing .  

Let us next look a t  the  four nannunciatorw outputs  which a r e  ava i lab le  on 
the  16 pin connector ins ide  t he  case of Apple 11+ and I I e .  This w i l l  r equi re  
t h a t  you remove t he  cable going t o  t he  9 pin connector ( i f  it e x i s t s ) ,  or  e l s e  
make a cable t h a t  t ap s  i n t o  t he  16 pin connector while a l s o  allowing t he  cable 
t o  t he  9 pin connector t o  be at tached.  Each switch assoc ia tes  with two memory 
loca t ions .  By referencing t he  f i r s t  locat ion with a memory read command 
( P E E K ) ,  t h e  annunciator l i n e  is turned o f f  (vol tage low),. By referencing the  
second memory locat ion of a p a i r ,  t he  annunciator is turned on (vol tage high).  
Lets consider j u s t  one of the  four annunciators and leave it t o  t he  reader t o  
dream up appl ica t ions  software u t i l i z i n g  a l l  four .  In our example, we w i l l  use 
annunciator l i n e  number 2 which uses memory loca t ions  49244 and 49255. We 
presume template reference numbers a s  follows: 

0 Highly r e l i a b l e  command t o  s t a r t  
1 Turn of f  
2 Turn on 
3 Go back t o  i d l e  s t a t e  
4 Qu i t  the  program 

We a l so  can advise of condit ions with &SPEAK from a s tored vocabulary. 
The words t o  use a r e  evident from the  REMark statements in  the  program. 

10 &RECOG 1 
20 A=<EEK(25) 
30 IF A<>O then 10 
40 &SPEAKO:REM ADVISE RELIABLE START 
50 RECOG 1 
60 A=PEEK(25) 
70 IF A>4 THEN 90 
80 ON A GOT0 110,140,170,190 
90 &SPEAK5:REM TRY A G A I N  (MIN/MAX ERRORS) 
100 GOT0 50 
110 PEEK(49244):REM TOGGLE OFF 
120 &SPEAKl:REM ADVISE OFF 
130 GOT0 50:REM GET ANOTHER COMMAND 
140 PEEK(49255) 
150 &SPEAK 2:REM ADVISE ON 
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160 GOT0 50 
170 LSPEAK3:REM BACK TO IDLE 
180 GOT0 10 
190 &SPEAK 4:REM ADVISE END OF PROGRAM 
200 END 

There a l s o  is a s t r o b e  o u t p u t  on t h e  16 p in  connector .  It drops  from 5 
v o l t s  t o  z e r o  f o r  abou t  1/2 microsecond when you r ead  memory l o c a t i o n  49216. 
This  is ano the r  convenient  way t o  g e n e r a t e  a sequence o f  s h o r t  p u l s e s .  These 
p u l s e s  can be keyed t o  o t h e r  o u t p u t s  f o r  s p e c i a l  purposes.  For example, a  
t o g g l e  o f  t h e  speaker  t h a t  a s s o c i a t e s  w i th  a s t r o b e  p u l s e  can mean something 
d i f f e r e n t  w i thou t  t h i s  p u l s e ,  and s i m i l a r l y  f o r  each o f  t h e  fou r  annunc ia to r  
ou tpu t s .  In  o t h e r  words, we can t u r n  a one-bit  s g n a l  i n t o  a 2-bit  s i g n a l  by 
us ing  t h e  s t r o b e ,  and t h u s  o b t a i n  a combined command wi th  4 s t a t e s  i n s t e a d  o f  
on ly  2. With t h e  s e p a r a t e  s t r o b e  s i g n a l ,  one can then  have 8 s e p a r a t e  commands 
on t h e  4 annunc ia to r  l i n e s  ( a l though  a t  t h e  c o s t  o f  a d d i t i o n a l  g a t i n g  
hardware).  

F i n a l l y ,  t h e r e  is t h e  c a s s e t t e  write l i n e  from one o f  t h e  two m i n i a t u r e  
phone j acks  ( excep t  on Model I I c ) .  T h i s  is ve ry  much l i k e  t h e  togg led  speaker  
and t h u s  b e s t  f o r  t o n e s  o f  d i f f e r e n t  f r equenc ie s .  But t h e  s i g n a l  is s m a l l ,  
being o n l y  about  0.025 v o l t  and hence would l i k e l y  r e q u i r e  a m p l i f i c a t i o n .  The 
memory l o c a t i o n  t o  PEEK is 49184. 

Unfor tuna te ly ,  t h e  o n l y  o u t p u t  l i n e  from Apple I I c  among t h o s e  d i scussed  
above is t h e  speaker .  Output c o n t r o l  must o the rwise  go th rough  one o f  t h e  
s e r i a l  p o r t s ,  which r e q u i r e s  more complex hardware and so f tware .  S e r i a l  p o r t s  
a r e  n o t  a v a i l a b l e  on Models 11+ and I I e  excep t  from o p t i o n a l  plug-in c a r d s  f o r  
u se  wi th  p r i n t e r s  o r  d i s k  d r i v e s  o r  modems. V i r t u a l l y  a l l  Apple 11+ and I I e  
computers i n  u s e  have a d i s k  d r i v e  which is coupled v i a  a s e r i a l  p o r t .  But 
many ( a s  i n  c lassrooms)  do n o t  have a ca rd  t o  o p e r a t e  a p r i n t e r .  (A reasonab ly  
good p r i n t e r  c o s t s  more than t h e  computer it se rves ! )  

A s  an a s i d e :  The ambi t ious  machine language programmer should be a b l e  t o  
c r e a t e  a s t anda rd  s e r i a l  o u t p u t  l i n e  u s i n g  any one o f  t h e  fou r  annunc ia to r  
b i t s ,  o r  t h e  loudspeake r ,  o r  t h e  c a s s e t t e  write. I t  is real1.y j u s t  a  ma t t e r  o f  
t iming  t h i s  l i n e  on and o f f  i n  a p re sc r ibed  sequence.  Voice Master speech is 
such a s e r i a l  s i g n a l  when a p p l i e d  t o  t h e  loudspeaker  ( i n  t h e  absence o f  a Sound 
Master) .  BASIC is f a r  t o o  slow i n  a lmost  a l l  c a s e s .  

Inputs :  Voice Master u s e s  t h r e e  o f  t h e  i n p u t s  a v a i l a b l e  on t h e  9 p in  
joy-s t ick/paddle  p o r t  connector .  Two o f  t h e s e  a r e  paddle  p o r t  i n p u t s  and one 
is a swi t ch  i n p u t .  On t h e  9 p in  connector  t h e r e  a r e  a t o t a l  o f  3 swi t ch  i n p u t s  
and 2 paddle i n p u t s .  I f  you a r e  u s i n g  , the  Voice Master ,  o n l y  2 swi t ch  i n p u t s  
remain a v a i l a b l e ,  and t h e s e  have exac t l ;  t h e  same f u n c t i o n  a s  p r e s s i n g  open and 
c losed  Apple keys  ( excep t  f o r  Apple 11+ which does  n o t  have t h e s e  keys ) .  I f  
you a r e  u s i n g  one o f  t h e s e  s w i t c h e s ,  be c a r e f u l  t o  avoid  touch ing  t h e  keyboard: 

P res s ing  one o f  t h e  Apple keys  is being accomplished by t h e  i n p u t  s i g n a l  which 
is n o t  under your c o n t r o l ,  and p r e s s i n g  some o t h e r  key a t  t h e  same time can 
make t h e  computer do s t r a n g e  t h i n g s ,  i n c l u d i n g  reset. I f  you do n o t  u s e  Voice 
Master a s ,  f o r  example, when t h e  computer is g i v i n g  you in fo rma t ion  from a 
pre-recorded vocabulary ,  then  you have 3 swi t ches  and 2 paddle i n p u t s  ( p l u s  
paddle r e s e t )  a v a i l a b l e  on t h e  9 p in  connector .  I f  you g e t  t o  t h e  16 p in  
connec to r ,  you g e t  ano the r  2 paddle i n p u t s  a s  w e l l  a s  t h e  4 annunc ia to r  l i n e s  
and a s t r o b e  f o r  o u t p u t s .  

How do you read  t h e  s i g n a l  a t  one o f  t h e  swi t ch  i n p u t s ?  You PEEK one o f  
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the memory locations: 

49249 Switch 0 and open Apple 
49250 Switch 1 and closed Apple 
49251 Switch 2 

A memory location read will get a binary number Oxxxxxxx if the voltage is 
low, and Ixxxxxxx if the voltage is high. Only the highest order bit is valid, 
the rest being undefined (a "don't care" condition). In BASIC when using PEEK, 
the low voltage case yields a decimal number less than 128, and the high 
voltage case gives a number of 128 or more (to 255). 

We next give a program that senses switch closures (only 3). The switches 
could be part of a burglar alarm system. You read the state of the switch with 
a PEEK (or equivalent in machine language). You can also get data from a write 
to a memory location. However, as in the case of annunciator lines, a write 
actually addresses memory twice with the result that the signal for a closed 
switch would consist of a single very short pulse, not readily useable for 
sensing. The diagram suggests how a switch can be implemented. Examples with 
a physical switch show how to make a closure give either a low voltage or a 
high voltage. 

[::K;In 2&qJ"n 
0 Open h igh  

10 A=PEEK(49249) 
20 IF A>127 THEN &SFEAKO:REM A IS ON 
30 B=PEEK(49250) 
40 IF B>127 THEN &SPEAKI:REM B IS ON 
50 C=PEEK(49251) 
60 IF C>127 THEN &SPEAK2):REM C IS ON 
70 GOT0 10 

This program reports on closed switches. With another set of IF-THEN 
statements, it could report on open switches as well. 

\ 

The paddle signals can also be used as single binary input lines. But a 
slight delay must be accepted because of the existence of a 
resistance-capacitance charging circuit. Getting an on-off value (with a PEEK 
to the proper memory address) may also require a short delay after setting with 
the reset line. Additional comments on using paddle lines as binary inputs are 
not given here. 

The cassette read line can serve as a binary input. But this signal is 
only sensed as a change. Like the speaker or cassette output, it is best used 
to input a square wave whose frequency can be measured by counting. 

Finally, consider the paddle inputs in terms of their originally intended 
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f u n c t i o n s .  Each is meant t o  measure  t h e  v a l u e  o f  a r e s i s t o r  i n  t h e  r a n g e  
0-150K ohms and r e t u r n  t h e  v a l u e  a s  a b y t e  w i t h  a n u m e r i c a l  v a l u e  i n  t h e  r a n g e  
0-255. Each p a d d l e  l i n e  t h u s  a c t s  a s  a n  a n a l o g  t o  d i g i t a l  c o n v e r t e r .  The 
a n a l o g  r e s e t  is made by  r e a d i n g  memory l o c a t i o n  49264. T h i s  s t a r t s  a v o l t a g e  
r i s i n g  from z e r o  t o w a r d s  + 5 v o l t s  and a c o u n t e r  s t a r t s  t o  c o u n t .  When t h e  
v o l t a g e  r i s e s  t o  a f i x e d  e s t a b l i s h e d  v a l u e ,  t h e  s t a t e  o f  t h e  r i s i n g  v o l t a g e  
s u d d e n l y  c h a n g e s  and t h e  c o u n t e r  s t o p s .  The c o u n t  v a l u e  m e a s u r e s  t h e  amount o f  
r e s i s t a n c e .  The e q u i v a l e n t  o f  a r e s i s t o r  c a n  b e  had from t e m p e r a t u r e  o r  
p r e s s u r e  o r  p o s i t i o n  measurements ,  t o  name b u t  a few. A s i m p l e  example is a 
mechanica l  moving p a r t  t h a t  is a t t a c h e d  t o  a l i n e a r  o r  r o t a r y  p o t e n t i o m e t e r .  
P o s i t i o n  t h e n  d i r e c t l y  t r a n s l a t e s  t o  r e s i s t a n c e .  Measurements  s u c h  a s  t h i s ,  
combined w i t h  s w i t c h  and motor  c o n t r o l  o v e r  a n n u n c i a t o r  l i n e s ,  form t h e  b a s i s  
f o r  c r e a t i n g  r o b o t s .  

The p a d d l e  i n p u t s  c a n  be r e a d  from A p p l e s o f t  BASIC i n  a v e r y  s i m p l e  and  
d i r e c t  manner which we set down h e r e  f o r  c o m p l e t e n e s s .  S imply  u s e  a command o r  
s t a t e m e n t  A=PDL(O) which sets A a t  a v a l u e  between 0 and 255 a c c o r d i n g  t o  t h e  
r e s i s t a n c e  a t  p a d d l e  p o r t  number 0. One a l s o  h a s  p o r t s  1.2, and 3 on Apple 11+ 
and IIe ( b u t  o n l y  0 and 1 on I I c )  which a r e  a d d r e s s e d  i n  t h e  same way. BASIC 
t a k e s  c a r e  o f  p u t t i n g  i n  enough d e l a y  t o  a s s u r e  t h a t  t h e  v o l t a g e  h a s  i n c r e a s e d  
t o  t h e  f i x e d  t h r e s h o l d  l e v e l  b e f o r e  t h e  c r i t i c a l  t i m e  d u r a t i o n  v a l u e  is 
a c q u i r e d .  One c a n ,  o f  c o u r s e ,  u s e  t h e  v a l u e  o f  PDL(J) t o  form a v o i c e d  message 
from a s t o r e d  v o c a b u l a r y .  You c o u l d  h a v e  t e m p e r a t u r e ,  wind v e l o c i t y ,  wind 
d i r e c t i o n ,  and h u m i d i t y  a l l  spoken o u t  a s  measured somewhere else w i t h  
c o m p a r a t i v e l y  s i m p l e  p o t e n t i o m e t e r s .  

APPENDICES 

1: COMMAND SUMMARY. 

Record ing  and P l a y b a c k  

&SPEAK n.  D e s i g n a t e d  word o r  p h r a s e  i n  t h e  r a n g e  0 t o  63. P l a y s  back  t h r o u g h  
t h e  i n t e r n a l  s p e a k e r ,  TV moni tor  ( o f  rf modula tor  u s e d ) ,  e x t e r n a l  a m p l i f i e r ,  o r  
o p t i o n a l  Sound Mas te r .  &SPEAK(ing) a p h r a s e  t h a t  d o e s  n o t  e x i s t  g i v e s  a t o n e  
beep. The s p a c e  b a r  resets t o  t h e  s t a r t  o f  t h e  word b e i n g . p r o d u c e d .  

&LEARN n. Word o r  p h r a s e  w i t h  i n d e x  n is r e c o r d e d  i n  main memory. Re-entered 
p h r a s e  r e p l a c e s  p r e v i o u s  one.  S t o p  i n - p r o c e s s  r e c o r d i n g  w i t h  any  key. When 
w a i t i n g  f o r  i n p u t ,  p u t  on h o l d  w i t h  C o n t r o l  A (64K v e r s i o n )  o r  Open Apple key  
(128K v e r s i o n ) .  P r e s s  a second  t i m e  t o  r e t u r n  t o  &LEARN. Too l o n g  an i n p u t  
s t a t e  c a u s e s  t ime-out .  

&PUTwfilenamew. S a v e s  v o c a b u l a r y  , s t a r t i n g  on page  n ( s e e  ARESET). 
Also  saved  a r e  s p e e d  and volume s e t t i n g  

&FINDttfilenamew. Recovers  named v o c a b u l a r y  p r e v i o u s l y  &PUT. R e t a i n s  same 
s t a r t i n g  page  a d d r e s s  and s p e e d  and volume s e t t i n g s .  

.&RESET n. Number n e i t h e r  o m i t t e d  o r  g i v e n  i n  t h e  r a n g e  16-114 (64K V e r s i o n )  
o r  16-176 (128K v e r s i o n ) .  C l e a r s  v o c a b u l a r y  from main memory a n d  p r e p a r e s  f o r  
i n t r o d u c i n g  a new v o c a b u l a r y  from t h e  microphone.  S e t s  p a r a m e t e r s  t o  normal  
( d e f a u l t )  v a l u e s .  The number n s p e c i f i e s  t h e  page  i n  memory where t h e  
v o c a b u l a r y  s t a r t s  ( d e c i m a l  256*n). With n le f t  u n s t a t e d ,  t h e  d e f a u l t  v a l u e  o f  
64  is i n s e r t e d .  Loading  a v o c a b u l a r y  sets t h e  page  number f o r  t h e ' o r i g i n a l  
r e c o r d i n g  and  c l e a r s  a n y  v o c a b u l a r y  p r e v i o u s l y  i n  main o r  a u x i l i a r y  memory. 
The number n a p p l i c a b l e  t o  a s t o r e d  v o c a b u l a r y  c a n n o t  be  changed.  
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&SPEED n. Changes playback speed wi th  n i n  t h e  range  0-10 wi th  normal 
( d e f a u l t )  va lue  o f  6. Speed o f  playback p r o p o r t i o n a l  t o  n.  

&VOLUME n. Changes o u t p u t  volume i f  o p t i o n a l  Sound Master used. There a r e  16 
l e v e l s ,  0 t o  15,  w i th  15 t h e  l o u d e s t  and 0 being zero .  Amplitudes g r e a t e r  t han  
15 i n  t h e  d i g i t i z e r  a r e  l i m i t e d  t o  15. Normal ( d e f a u l t )  va lue  is 15. Not 
a p p l i c a b l e  f o r  Apple IIc. 

&PAUSE n.  Th i s  a c t s  l i k e  a s o f t w a r e  t iming  loop  and produces a f i x e d  de lay .  n 
is t h e  number o f  one-tenth second d e l a y  increments .  

&SAMPLE n. Changes t h e  sampling r a t e  a t  which t h e  speech is d i g i t i z e d .  n is 
i n  t h e  range  o f  0 t o  10 wi th  t h e  normal ( d e f a u l t )  va lue  6. A nonstandard 
sampling r a t e  w i l l  n o t  p l a y  back a t  a  normal speaking r a t e  u n l e s s  &SPEED has  
t h e  same index number. 

&CALIB. Displays  ques t ion  mark ( ? )  a s  i n  &LEARN and &TRAIN. Does n o t  a c t u a l l y  
r eco rd .  Sub jec t  t o  time-out. Use f o r  c a l i b r a t i o n .  

Recognit ion 

&TRAIN n. Designated word i n  t h e  range  0 t o  31. Re-training t h e  same number 
c r e a t e s  an average  t empla t e .  Terminate a TRAIN wi th  any key. Contro l  A (64K) 
o r  Open Apple key (128K) p u t s  &TRAIN on hold .  Time-out i f  word n o t  produced i n  
t ime o r  i f  t o o  long.  

&BLANK n. C lea r s  t h e  t empla t e  f o r  word n f o r  n i n  t h e  range  0-31. &BLANK 
without  a number c l e a r s  a l l  t empla t e s .  When r e - t r a i n i n g  a word, &BLANK f i r s t  
i n  o r d e r  t o  avoid  averaging.  

LUNBLANK n. Recovers t h e  t empla t e  p r e v i o u s l y  &BLANK(ed), o r  a l l  t empla t e s  if 
index number n n o t  used. 

&RECOG n. Program w a i t s  f o r  an i n p u t  and a t t e m p t s  r e c o g n i t i o n  by comparing t h e  
t empla t e  made f o r  t h e  i n p u t  word t o  t h o s e  i n  memory. I f  no number i s  
s p e c i f i e d ,  a l l  32 t e m p l a t e s .  a r e  scanned (wi th  u n t r a i n e d  t empla t e s  skipped 
wi thout  d e l a y ) .  For n=1 ,2 ,3 ,  and 4,  t empla t e  numbers 0-7, 8-15, 16-23, and 
24-31 a r e  scanned r e s p e c t i v e l y .  The b e s t  f i t  t empla t e  number is placed i n  
memory l o c a t i o n  25. Other numbers a r e  pu t  i n t o  l o c a t i o n  25 f o r  c e r t a i n  e r r o r s  
and o t h e r  cond i t ions .  Terminate wi th  any key. Time-out a p p l i c a b l e .  

&ACCEPT n. Index n i n  range  0-4 sets e r r o r  c r i t e r i a .  Zero value  a c c e p t s m o s t  
words. Value 4 h a s  c l o s e  t o l e r a n c e s .  V a r i a t i o n s  i n  e r r o r  measures can be 
changed i n  memory l o c a t i o n s .  

\ 

&TPUT"filenamen. Saves a set o f  32 t empla t e s  i n  random a c c e s s  memory t o  d i s k  
memory. 

&TFINDnfilenameff. T r a n s f e r s  a s e t  o f  32 p r e v i o u s l y  saved t empla t e s  from d i s k  
t o  random a c c e s s  memory. 

2: COMMENTS ON MEMORY USE 

Programs which manipula te  speech r eco rd ing ,  playback,  and r e c o g n i t i o n  
u t i l i z e  s e v e r a l  a d d r e s s e s  i n  page ze ro  o f  computer main memory. Most o f  t h e s e  
l o c a t i o n s  a r e  saved by t h e  Voice Master wedge when it is c a l l e d ,  and then 



restored when the  wedge programs a r e  f inished.  Exceptions a r e  loca t ions  25 and 
31 which a r e  used by the  wedge. 

The Voice Master program is i n  two par t s .  The f i r s t  is a 3.3K sect ion 
located j u s t  below DOS s t a r t i n g  a t  37052 ($8900). The second pa r t  res ides  in 
Bank 2 s t a r t i n g  a t  locat ion 53248 ($D000) which is behind t he  Applesoft ROM. 
The speech input buffer and general work area begin a t  locat ion 57344 ($E000) 
which is behind the  ROM. Voice recognition templates a re  s tored in  Bank 1 a t  
locat ion 53248 ($DO001 behind t he  ROM. Speech playback data  is stored in  
e i t he r  main memory or aux i l i a ry  memory depending upon the  program used. I f  
speech is in main memory, then t he  maximum amount of speech w i l l  be real ized 
when it s t a r t s  a t  locat ion 4096 ($1000) and extends up t o  35071 ($88FF). 
Maximum speech memory ava i lab le  in  aux i l i a ry  memory extends from locat ion 4096 
($1000) t o  locat ion 53247 ($CFFF). Stored vocabulary words for  playback a r e  
located a s  desired through use of &RESET n. 

It must be real ized t h a t  the  memory map for  a computer is qu i t e  spec i f i c  
t o  t ha t  computer. Voice Master programs a r e  not t r ans f e r r ab l e  from one 
computer t o  another without numerous adjustments being made, even between 
computers having the  same type of microprocessor employed in t he  Apple 11. 
Machine language programs for  speech recording and playback a s  well a s  for  d i s k  
storage and r e t r i e v a l  make frequent use of u t i l i t y  programs in t he  Applesoft 
ROM . 

3: IMPORTANT MEMORY LOCATIONS 

Many of  the memory loca t ions  in  t h i s  sect ion r e f e r  t o  a "BASEw address,  
which is defined in  t he  &RESET statement used in  conjunction with making and 
saving a vocabulary. The BASE address is stored in  memory locat ion 35076. 

Memory locat ion 25 ($19 hex). Current phrase number recorded or spoken during 
speech recording and playback with a range 0-63. In recognit ion,  contains  
index number of best  match, or  a number defining e r ro r  or  other  parameter 
re la ted  t o  recording or  recognition. 

Memory locat ion 29 ($ID). Volume s e t t i n g  t o  be subtracted from 15. Range 
0-15. Sound Master only. 

Memory locat ion 31 ($IF) .  Contains paramter s e t t i n g  t he  time-out value equal t o  
the  number of one-tenth second in t e rva l s .  

Memory locat ion 35075 ($8903). Contains s l o t  number t h a t  t he  Voice Master is 
plugged i n to  i f  using Sound Master playback software. Otherwise it contains 

Memory locat ion 35076 ($8904). Con ta in s the  page number of memory where speech 
data begins. 

Memory locat ion 35077 ($8905). Number equals  0 i f  not using t he  extended memory 
version. Otherwise number equals 1. 

Memory loca t ions  35078-35087. F i r s t  par t  of memory in  which two-part Voice 
Master program res ides .  Contains numbers and parameters r e l a t i n g  t o  e r ro r  . - 

c r i t e r i a  i n  recognition. 

Memory locat ion 35088. Number determines sho r t e s t  phrase t h a t  can be recorded. 
Normally s e t  t o  12. I f  too sho r t ,  a recording can s t a r t  from c l i c k s  or  low 
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level  background noise. I f  too long, i n i t i a l  parts  of speech can be missed. 

Memory location 35089. Number determines the duration of low level  sounds a t  
the end of a word which terminates the recording. I f  too short ,  the recording 
can stop a t  a short time gap when not intended. I f  too long, delays occur. 
Nominal value is 12. 

Memory location 35090. Default value of zero causes speech input for 
recognition or training t o  be rejected i f  the duration of the input d i f fe r s  
from that  of a template in memory by more than 50%. I f  the value is s e t  t o  1, 
the allowable difference in durations is reduced t o  25% which makes recognition 
more selective but requires more consistency i n  speaking a word. 

Memory locations BASE t o  BASE+255. These 256 bytes of memory define s tar t ing 
and ending addresses of where a recorded phrase is stored in memory. For 
example, t o  find where the 7th phrase is stored, multiply 7 times 4, which is 
28, t o  add t o  BASE. PEEK t h i s  memory location t o  yield the low order byte of 
the s t a r t  of phrase 7, and the next location is the high order byte. The next 
two locations are the low and high order bytes, respectively, for the ending 
address for phrase 7. Note: PEEK w i l l  not work i f  you use the 128K version 
because speech resides i n  the upper 64K of memory which cannot be PEEK(ed) or 
POKE(d) from BASIC. 

Memory Locations BASE+256 and BASE+257. These two memory locations define the 
current top of speech memory. 

Memory location BASE+259. Total number of recorded phrases. Range is 0-63. 

Memory location BASE+265. Recording &SAMPLE sett ing.  Same numbers as  for 
&SPEED sett ing.  

Memory location BASE+266. Playback &SPEED sett ing.  Same as  in recording ra te  
PBSAMPLE) set t ing.  With POKE(s)  instead of the wedged-in command, any number 
i n  the range can be used t o  get intermediate &SPEED (or ISAMPLE) values. A 
limited form of singing is possible by changing playback $SPEED for a single 
recorded note. In the following table ,  the number i n  BASE+ 266 (or 267 for 
&SAMPLE) is the same as  the number used i n  $SPEED n. 

&SPEED n Sample Rate (hertz)  

0 
1 
2 
3 ' 4 
5 
6 (default)  
7 
8 
9 
10 

Memory locations BASE+267 t o  BASE+330. L i s t  of 64 bytes giving the order i n  
which the phrases where &LEARN(ed). Example: &LEARN phrases 3,8,12,45, and 4, 
i n  t ha t  order, then the memory location s tar t ing a t  BASE+267 w i l l  contain 3, 
followed by 8, then 12, and so on. Memory location BASE+259 contains to ta l  
number of phrases &LEARN(ed). 
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Memory l o c a t i o n s  BASE+331 t o  35071 o r  t o  53248. T h i s  is where t h e  a c t u a l  
d i g i t i z e d  s p e e c h  is s t o r e d .  ( F i r s t  and second  a d d r e s s e s  f o r  64 and 128K 
v e r s i o n s ,  r e s p e c t i v e l y . )  For  t h e  minimum v a l u e  BASE=16, compute t h e  t o t a l  
a v a i l a b l e  memory f o r  s p e e c h  a s :  35071-16*256=30975 b y t e s  (64K s y s t e m ) .  

4: ORGANIZATION OF VOCABULARY 

Data t o  t h e  computer  f rom Voice Mas te r  c o n s i s t s  o f  t h r e e  s q u a r e  waves. 
The p r i n c i p a l  o n e  f o l l o w s  t h e  r a p i d  c h a n g e s  o f  t h e  d e t a i l e d  s p e e c h  waveform, 
w i t h  components  t o  t h o u s a n d s  o f  h e r t z .  A second  o n e  is more s l o w l y  v a r y i n g  
w i t h  a  f r e q u e n c y  ( p e r i o d )  t h a t  c h a n g e s  w i t h  t h e  a v e r a g e  a m p l i t u d e  o f  t h e  
s p e e c h .  The p e r i o d  is measured by  c o u n t i n g  sample  v a l u e s  f o r  t h e  d u r a t i o n  o f  a  
s q u a r e  wave p e r i o d ,  t h u s  implement ing  an a n a l o g - t o - d i g i t a l  c o n v e r t e r .  A t h i r d  
s q u a r e  wave f o l l o w s  v o i c e  f u n d a m e n t a l  p i t c h ,  b u t  t h i s  is n o t  u s e d  e x c e p t  f o r  
t h e  mus ic  f e a t u r e  o f  Voice Mas te r  and f o r  t h e  o p t i o n a l  "Speech C o n s t r u c t i o n  
S e t n .  The f a s t  s q u a r e  wave is sampled a t  t h e  a  r a t e  o f  7100 p e r  second  f o r  t h e  
normal  o r  d e f a u l t  c o n d i t i o n  (&SAMPLE 6 ) .  Samples a r e  formed a s  s e q u e n c e s  o f  
1 ' s  and O 1 s ,  u s u a l l y  w i t h  s e v e r a l  o f  e a c h  t y p e  i n  a  row ( b u t  t h e r e  c a n  be j u s t  
o n e ) .  These  s a m p l e s  a r e  formed i n t o  a  s e r i e s  o f  8  b i t  g r o u p s ,  o r  b y t e s .  But 
b e f o r e  e a c h  g r o u p  o f  15 b y t e s ,  a  s i n g l e  b y t e  is i n s e r t e d  t o  i n d i c a t e  a v e r a g e  
a m p l i t u d e .  I n  r e p r o d u c i n g  s p e e c h ,  t h i s  a m p l i t u d e  b y t e  sets t h e  g a i n  o f  t h e  
Sound Mas te r  s o  a s  t o  r e p r o d u c e  t h e  o r i g i n a l  s q u a r e  wave, b u t  w i t h  a  c o n t r o l l e d  
a m p l i t u d e .  If Sound Mas te r  is n o t  employed,  a m p l i t u d e  b y t e s  a r e  i g n o r e d .  Some 
e r r o r s  o c c u r  b e c a u s e  s a m p l e s  d o  n o t  e x a c t l y  l i n e  up w i t h  t h e  o r i g i n a l  s q u a r e  
wave e d g e s .  T h i s  e r r o r  is r e d u c e d  when &SAMPLE v a l u e s  a r e  above  t h e  d e f a u l t  
v a l u e ,  b u t  a t  t h e  c o s t  o f  a d d i t i o n a l  memory f o r  s t o r a g e .  

The b e g i n n i n g  b y t e  o f  a  v o c a b u l a r y  c o n s i s t i n g  o f  o n e  o r  more words ( u p  t o  
a  t o t a l  o f  64 words)  is a t  BASE+331. The s t a r t i n g  a d d r e s s  c a n  be  d i s p l a y e d  
( f o r  64K v e r s i o n s  o n l y )  a s  

PRINT PEEK(256*n + 331)  

where n is t h e  page number used  i n  &RESET ( d e f a u l t  v a l u e  6 4 ) .  Each word i n  
t h i s  v o c a b u l a r y  h a s  s t a r t i n g  and  e n d i n g  a d d r e s s e s  t h a t  a r e  t o  be  found i n  t h e  
r a n g e  BASE t o  BASE+255, w i t h  t h e  s t a r t i n g  a d d r e s s  f o r  t h e  f i r s t  word r e c o r d e d  
b e i n g  t h a t  computed above.  The f i r s t  b y t e  o f  a  v o c a b u l a r y  word is an a m p l i t u d e  
b y t e  and t h i s  is f o l l o w e d  by  1 5  f a s t  b y t e s .  Then a n o t h e r  a m p l i t u d e  b y t e  
f o l l o w e d  by  15 f a s t  b y t e s .  And s o  on t o  t h e  end o f  t h e  word. The a m p l i t u d e  
b y t e  by  i tself  u s e s  o n l y  4 o f  t h e  a v a i l a b l e  8 b i t s  t o  g i v e  a  r a n g e  o f  16 
a m p l i t u d e  l e v e l s ,  i n c l u d i n g  z e r o .  The o t h e r  4 b i t s  a r e  a v a i l a b l e  f o r  o t h e r  
u s e s ,  i n c l u d i n g  t h e  "SW key  command a v a i l a b l e  w i t h  t h e  a m p l i t u d e  e d i t o r .  Each 
word i n  t h e  v o c a b u l a r y  c a n  be  r e c o r d e d  w i t h  a  d i f f e r e n t  &SAMPLE v a l u e ,  b u t  t h i s  
number is n o t  r e t a i n e d  i n  a  s a v e d  v o c a b u l a r y .  ( I t  is i m p l i e d  by  t h e  d e g r e e  o f  
r o u g h n e s s  i n  t h e  s a m p l i n g  s t r u c t u r e  w i t h i n  e a c h  word) .  

5: SPEECH PLAYBACK-ONLY PROGRAMS 

In  o r d e r  t o  p r o v i d e  a  means f o r  s o f t w a r e  a u t h o r s  t o  i n c l u d e  Voice Mas te r  
s p e e c h  i n  t h e i r  p rograms  u s i n g  a  minimum amount o f  memory, o r  f o r  t h o s e  t h a t  
d e s i r e  s p e e c h  p l a y b a c k  under  Apple ProDOS, s i x  p rograms  have  been p r o v i d e d .  
These p l a y b a c k  programs  a r e  l i m i t e d  t o  l o a d i n g  pre - recorded  v o c a b u l a r y  f i l e s  
from d i s k ,  and s p e a k i n g  words o r  p h r a s e s  from t h e s e  v o c a b u l a r i e s .  The programs  
do n o t  u t i l i z e  "&" (wedged-in) commands; o p e r a t i o n  is w i t h  memory pokes  -and 
c a l l s .  T h i s  makes them s u i t e d  f o r  u s e  i n  o t h e r  programming l a n g u a g e s  b e s i d e s  
BASIC. I n d i v i d u a l  p rograms  a r e  o n l y  a  few hundred b y t e s  i n  l e n g t h .  



The s i x  programs a r e  a s  fo l lows:  

PLAY - With Sound Master,  64K, DOS 3.3 
PLAYX - Without Sound Master, 64K, DOS 3.3 
PLAYE - With Sound Master,  128K, DOS 3.3 
PLAYEX - Without Sound Master,  128K, DOS 3.3 
PDPLAY -- With Sound Master,  128K, ProDOS. 
PDPLAYX -- Without Sound Master,  128K, ProDOS. 

Each o f  t h e s e  s i x  programs must be loaded wi th  a corresponding boot 
program. For example, t o  load i n  t h e  PLAY program, type BRUN PLAY/BOOT. 
S i m i l a r l y ,  type  BRUN PLAYEX/BOOT t o  load i n  PLAYEX. The boot program r e q u i r e s  
l e s s  than 100 bytes .  

The four  DOS 3.3 playback programs r e s i d e  mainly i n  t h e  language card  
s t a r t i n g  a t  $DO00 i n  bank 2. Since  you cannot access  t h i s  memory d i r e c t l y ,  a 
s h o r t  p a r t  o f  t h e  boot program is loca ted  a t  $9500 (hex) j u s t  below DOS. The 
two ProDOS playback ve r s ions  a r e  q u i t e  d i f f e r e n t  and w i l l  be d iscussed l a t e r .  

Playback under DOS 3.3 

After  us ing t h e  proper boot program t o  load i n  your d e s i r e d  playback 
program, a vocabulary speech f i l e  can be loaded from d i s k  memory. This  is 
accomplished by poking t h e  ASCII equ iva len t  of  t h e  fi lename (wi th  t h e  most 
s i g n i f i c a n t  b i t  s e t  t o  one) i n t o  a s p e c i a l  memory l o c a t i o n  and then c a l l i n g  t h e  
load addresses .  For example, assume you want t o  load a f i l e  c a l l e d  "ENGLISHw. 
The fol lowing s t e p s  w i l l  accomplish t h i s :  

10 A$="ENGLISH1* 
20 FOR W=l TO LEN (A$) 
30 POKE 38272 + W - 1,  ASC (MID$ (A$,W,l)) + 128 
40 NEXT W 
50 POKE 38272 + W - 1,141: REM REQUIRED E N D I N G  BYTE 
60 CALL 38150: REM LOAD FILE 

In o rde r  t o  p lay back a p a r t i c u l a r  phrase ,  f i r s t  POKE l o c a t i o n  25 wi th  t h e  
d e s i r e d  phrase number then CALL 38148. For example, t h e  fol lowing program w i l l  

. ask f o r  a p a r t i c u l a r  phrase number and play back t h a t  phrase: 

10 INPUT "ENTER PHRASE NUMBER " ; N  
20 POKE 25,N 
30 CALL 38148 
40 GOT0 10 

A BASIC program on t h e  Voice Master d i s k ,  llPLAY/DEMOn, demonstra tes  how t o  
use t h e s e  playback r o u t i n e s .  Simply R U N  PLAY/DEMO and a menu g i v e s  f u l l  
i n s t r u c t i o n s  f o r  loading t h e  proper speech playback program and vocabulary. 
You can list t h e  program f o r  s t u d y  purposes.  

Memory l o c a t i o n  38147 c o n t a i n s  t h e  s l o t  number t h a t  t h e  Sound Master is 
plugged i n t o  ( i f  used) ,  o r  c o n t a i n s  a 255 i f  t h e  non-Sound Master programs a r e  
loaded. (Note: Th i s  is no t  t h e  same l o c a t i o n  t h a t  a p p l i e s  f o r  programs with 
wedges. ) 

Playback speed (&SPEED i n  t h e  vers ion wi th  wedges) can be changed wi th  a 
POKE t o  t h e  proper memory l o c a t i o n ,  bu t  on ly  f o r  t h e  64K vers ion.  



Playback Under ProDOS 

The two r o u t i n e s ,  PDPLAY and PDPLAYX a r e  meant f o r  l o a d i n g  and p l ay ing  
back speech under ProDOS. They must f i r s t  be load ing  i n t o  memory by t h e  
a p p r o p r i a t e  boot program. The bu lk  o f  t h e  r o u t i n e  r e s i d e s  i n  bank 2 o f  t h e  
upper 64K memory bank. A s h o r t  r o u t i n e  r e s i d e s  j u s t  under ProDOS i n  main 
memory s t a r t i n g  a t  l o c a t i o n  $9400. You u s e  t h e s e  programs i n  a s i m i l a r  f a sh ion  
a s  wi th  t h e  DOS 3.3 v e r s i o n s  wi th  a few excep t ions .  Speech is always s t o r e d  i n  
t h e  upper 64K bank, and t h e r e f o r e  your RAM Disk is d i s a b l e d .  

Before u s i n g  t h e s e  programs, you must f i r s t  conve r t  t h e  two playback 
f i l e s ,  a s  well a s  t h e  two boot f i l e s ,  from t h e  DOS 3.3 format i n  which t h e y  a r e  
provided on your Voice Master d i s k ,  i n t o  ProDOS format us ing  t h e  conve r t  
u t i l i t y  supp l i ed  on a ProDOS system d i s k .  In  a d d i t i o n ,  you must conve r t  your 
speech f i l e  i n t o  RoDOS format.  

The fo l lowing  i n s t r u c t i o n s  show you how t o  load  t h e  speech f i l e  "ENGLISHn 
assuming your ProDOS p r e f i x  is c a l l e d  /USERS.DISK: 

10 A$ = "/USERS.DISK/ENGLISH" 
20 POKE 38080, LEN (A$) :REM SET LENGTH OF FILENAME 
30 FOR W = 1 TO LEN (A$) 
40 POKE 38080 + W ,  ASC (MID$ (A$,W,l)) + 128 
50 NEXT W 
60 CALL 37894 :REM LOAD SPEECH FILE 

The fo l lowing  program shows you how t o  p l a y  back a word: 

10 INPUT "ENTER WORD NUMBER ";N 
20 POKE 25,N 
30 CALL 37892 
40 GOT0 10 

Location 37891 c o n t a i n s  t h e  s l o t  number t h a t  t h e  Sound Master is plugged 
i n t o  ( i f  used)  o r  c o n t a i n s  255 i f  you a r e  u s i n g  PDPLAYX. 

6: PHONETIC ALPHABET AND NUMBERS 

Phonet ic  Alphabet: 

Alpha Bravo C h a r l i e  De l t a  Echo F o x t r o t  Golf  
Hotel  I n d i a  J u l i e t t e  K i l o  Lima Mike November 
Papa Quebec Romeo S i e r r a  Tango Uniform Vic to r  
Whisky X-ray Yankee Zulu 

\ 

Airman's Numbers: 

Zero One Two Three Four Five  S ix  Seven 
Eight  Niner 

Telephone Opera to r ' s  Numbers: 

Oh One Two Thuh-ree Fow-wer Fie-yuv S ix  Seven 
Eight  Nine ( o r  Nie-yun) 

7: CALIBRATE AND GAIN CONSIDERATIONS 
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One o f  t h e  most c r i t i c a l  a s p e c t s  o f  having  s u c c e s s f u l  vo i ce  r e c o g n i t i o n  
and r e c o r d i n g  is unde r s t and ing  t h e  r e l a t i o n s h i p  between proper  c a l i b r a t i o n  and 
g a i n  s e t t i n g ,  and how t h e y  r e l a t e  t o  two s o f t w a r e  c o u n t e r s :  minimum a c c e p t a b l e  
d u r a t i o n  (MAD) and maximum z e r o  count  (MZC). 

The Voice Master  u s e s  a VOX, o r  vo i ce  ope ra t ed  s w i t c h ,  t o  a u t o m a t i c a l l y  
de termine  when a speech u t t e r a n c e  b e g i n s  and ends .  T h i s  is accomplished,  i n  
p a r t ,  by mon i to r ing  t h e  ave rage  volume o f  t h e  i n p u t .  When t h i s  volume exceeds  
a t h r e s h o l d  l e v e l ,  r e c o r d i n g  commences, and when it d r o p s  below t h e  t h r e s h o l d ,  
r e c o r d i n g  t e r m i n a t e s .  T h i s  is a s i m p l i f i e d  e x p l a n a t i o n  and is i l l u s t r a t e d  
g r a p h i c a l l y  i n  F igu re  1. 

The t h r e s h o l d  l e v e l  is set by t h e  c a l i b r a t i o n  ad jus tmen t  which r e q u i r e s  a 
s m a l l  s c r ewdr ive r  o r  " a d j u s t  t o o l w  t o  f a c i l i t a t e .  Note how t h e  word i n  F igu re  
1 is improper ly  sampled i f  t h e  c a l i b r a t i o n  l e v e l  is t o o  h i g h  o r  t o o  low. If 
t o o  h i g h ,  t hen  t h e  beginning  and end p o r t i o n s  o f  t h e  d e s i r e d  word a r e  chopped 
o f f .  I f  t o o  low, t hen  r e c o r d i n g  b e g i n s  immediately and w i l l  c o n t i n u e  u n t i l  t h e  
i n p u t  b u f f e r  i s  f u l l  ( 2  seconds  f o r  LRECOG and &TRAIN, and 8 seconds  f o r  
&LEARN ) . 

The g a i n  s e t t i n g  is c l o s e l y  r e l a t e d  t o  t h e  c a l i b r a t i o n  s e t t i n g .  Assuming 
t h a t  t h e  Voice Master is c a l i b r a t e d  p r o p e r l y ,  t h e  s t a r t  and end o f  a word can  
still  be chopped o f f  i f  t h e  g a i n  s e t t i n g  is t o o  low. Likewise ,  i f  t h e  g a i n  is 
set t o o  h igh ,  t hen  ex t r aneous  n o i s e  (e.g. background n o i s e ,  b r e a t h i n g ,  o r  l i p  
smacks) w i l l  be ampl i f i ed  s o  much t h a t  t h e y  w i l l  t r i g g e r  t h e  VOX. F igu re  2 
g r a p h i c a l l y  i l l u s t r a t e s  how g a i n  a f f e c t s  proper  endpo in t  d e t e c t i o n .  

Next we w i l l  c o n s i d e r  t h e  two s o f t w a r e  coun te r  v a l u e s .  The minimum 
a c c e p t a b l e  d u r a t i o n  va lue ,  MAD, co r r e sponds  t o  t h e  s h o r t e s t  l e n g t h  o f  a  spoken 

- word t h a t  w i l l  be accep ted .  For example,  F i g u r e  3 shows a s h o r t ,  c l i c k - l i k e  
sound t h a t  w i l l  be r e j e c t e d  i f  t h e  l e n g t h  o f  t h e  word between t h r e s h o l d  p o i n t s  
A and B is less t h a n  TI. The purpose  o f  t h e  MAD coun t  is t o  p reven t  s h o r t  
b u r s t s  o f  n o i s e  from be ing  cons ide red  as  p o s s i b l e  speech  c a n d i d a t e s .  You can 
change t h i s  v a l u e  w i t h  a POKE t o  l o c a t i o n  35088. Too l a r g e  a v a l u e  f o r  MAD 
w i l l  c a u s e  t h e  Voice Master  t o  reject s h o r t  words such  a s  "be tn  o r  NtwoN. Too 
small a v a l u e  w i l l  let  sounds  such  a s  key c l i c k s  from t h e  keyboard t r i g g e r  t h e  
r e c o r d i n g  r o u t i n e .  

The o t h e r  so f tware  coun te r  is t h e  MZC. T h i s  v a l u e  can  be changed by a 
POKE t o  l o c a t i o n  35089. The MZC de t e rmines  t h e  t ime t h e  r e c o r d i n g  r o u t i n e  
c o n t i n u e s  t o  sample d a t a  a f t e r  t h e  ampl i tude  d r o p s  below t h e  t h r e s h o l d .  T h i s  
s i l e n c e  pe?iod, shown a s  T2 i n  F i g u r e  4, e x t e n d s  from p o i n t  B t o  p o i n t  C. 
After t h e  r e c o r d i n g  s t o p s ,  t h i s  pe r iod  is s u b t r a c t e d  from t h e  i n p u t  b u f f e r  s o  
t h a t  o n l y  t h e  speech from p o i n t  A t o  p o i n t  B is r e t a i n e d .  I f  t h e  MZC v a l u e  is 
set t o o  s m a l l ,  t hen  any time a s h o r t  pause o c c u r s  btween words, o r  p a r t s  o f  
words, r e c o r d i n g  can  c e a s e  p rema tu re ly  and o n l y  t h e  f i r s t  p a r t  o f  t h e  u t t e r a n c e  
g r e a t e r  t h a n  TI i s  r e t a i n e d .  I f  you expe r i ence  problems when r e c o r d i n g  s e v e r a l  
words t o g e t h e r  i n  a s i n g l e  ph ra se ,  i .e. r e c o r d i n g  c e a s e s  t o o  e a r l y ,  t h e n  
i n c r e a s e  t h e  MZC va lue .  However, i f  t h e  MZC count  is set t o o  l a r g e ,  one o f  two 
t h i n g s  w i l l  happen: F i r s t ,  you w i l l  n o t i c e  an i n c r e a s e  i n  t h e  time it t a k e s  t o  
s t o p  t h e  r e c o r d i n g  p r o c e s s ,  which is n o t  a  problem when &LEARN(ing) b u t  does  
n o t i c e a b l y  s low down word r e c o g n i t i o n  speed.  I f  a  sound exceeds  t h e  t h r e s h o l d  
l e v e l  d u r i n g  t h e  s i l e n c e  pe r iod  T2, even i f  t h i s  sound b u r s t  is less than  TI ,  
t h e n  t h e  MZC is reset t o  t h e  s t a r t i n g  v a l u e  and t h a t  sound b u r s t  w i l l  become 
p a r t  o f  t h e  speech sample. T h i s  was t e s  a l o t  o f  memory f o r  speech s t o r a g e  and 
w i l l  c r e a t e  s i g n i f i c a n t  r e c o g n i t i o n  e r r o r s .  
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One o f  t h e  b e s t  methods of  d e t e r m i n i n g  i f  t h e  p a r a m e t e r s  d i s c u s s e d  above  
a r e  a d j u s t e d  p r o p e r l y  i s  t o  LEARN words  and l i s t e n  t o  t h e  r e s u l t .  Use &SAMPLE 
8 because  t h i s  is t h e  sample  r a t e  used  f o r  r e c o g n i t i o n  and t h e  &CALIB command. 
L i s t e n  c a r e f u l l y  f o r  a b r u p t  c h o p p i n g  o f  t h e  word, e l i m i n a t i o n  o f  p o r t i o n s  o f  
t h e  word (e.g. t h e  "e" i n  " e q u a l s n ) ,  o r  for e x c e s s i v e  n o i s e  o r  s i l e n c e  g a p s  a t  
t h e  b e g i n n i n g  o r  end  o f  t h e  word. A more a c c u r a t e  means is t o  u s e  t h e  "EDITORw 
program t o  v i s u a l l y  i n s p e c t  t h e  e n d p o i n t s .  
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