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11. S P E E C H  S Y N T H E S I S  

A. A MJLTI-LANGUAGE, PORTFBTZ TEXT-TO-SF'EXH SYF'ITPl FOR THE DISABLED* 

R. Carlson, K. Galyas, B. Grans t ra ,  S. Hlmnicutt, B. Lzrsson, an6 
L. PJeovius 

Abstract 
Previous experience w i t h  speech output aids for  blind am3 m-vocal  

persans has sbwn great prmise. The need for individual adjustments and 
the relat ively s m a l l  market makes flexible, programmable aids necessary. W e  
have developed a modular microprocessor text-to-speech system t h a t  is 
portable and battery operated. This prototype has been adjusted to several 
d i f f e r e n t  users. Programs f o r  d i f f e r e n t  languages have been developed. 
Connection of t ex t  sources is made simpler by standardized interfaces. One 
spec ia l  attachment is a 500-symbol B l i s s  board and a r e l a t e d  B l i s s - t o -  
speech program that  transforms the symbol s tr ing to well-form& ser~tences. 

I n t r o d u c t i o n  

Advances in  speech research and electronics have made available a new 

class  of aids based on different  k i d s  of a r t i f i c i a l  speech for the hanrli- 

capped. The aids range from devices with a small fixed vocabulary of  digi- 

t ized natural speech to unrestricted text-to-speech systems. W e  are here 

concerned exclusively w i t h  a ids of the l a t t e r  type that  transform any t e x t  

to synthetic speech. Since many of the aids, such as  speech prostheses iud 

reading machines, offer  new possibi l i t ies ,  the  functional specification of 

the aids are i n  many cases still to be made. A t  our laboratory a minicanpu- 

ter-based text-to-speech system was developed three years ago and has since 

been used i n  different  experimental app l i ca t ions  f o r  b l ind  and non-vocal ' 
persons(Car1son and Granstrijm, 1978; Carlson et al., 1980). ?his equ ipen t  

was generally very well received, but in this context we want to focus on 

some of the negative reactions. 

- - - - - - - - - - ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ . ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ _ ~ ~ ~ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ _ _ _  

* An ear l i e r  version of t h i s  paper was presented a t  the Annual Conference 

of 17ehabil i ta t ion  Engineering, Washington, D.C. 



- Too space consumirq, not portable. 

- It has to  be mains-connected. 

- Too noisy (fan noise) 

- Spell ing mode no t  available. 
- Speech qua l i t y  sanetimes too low. 

- Need for d i f f e r en t  t e x t  input devices. 

- Production cost too high. 

- N o t  i n  regular production. 

me last remark is, o f  course, re la ted  to the preceding. It proves to 

be impossible to engage any commercial canpany i n  production of t h i s  kind 

o f  a id .  The g e n e r a l  o b j e c t i o n s  a r e  tha t  the market  is  too s m a l l  and too 

unce r t a in ,  e s p e c i a l l y  i n  a small language community such as Sweden, and 

t h a t  t h e  cost o f  developing a p roduc t ion  p ro to type  is too high.  Th i s  is a 

s i t ua t i on  that we face in supplying d i f f e r en t  kinds of  technical  a id s  for 

the handicapped. Pa r t  o f  the answer to this dilemma lies i n  developing a id s  

a t  r e s e a r c h  i n s t i t u t e s  that are closer to produc ib le  equipment. Modular 

c o n s t r u c t i o n  a l s o  makes it p o s s i b l e  to use  t h e  same u n i t s  i n  d i f f e r e n t  

kinds of  aids. Standardization ard sharing developing e f f o r t s  internation- 

a l l y  also allow a po ten t ia l ly  g rea te r  market. 

Our p r e s e n t  p r o j e c t  is focussed on such a development, and w e  have 

t r i e d  to accommodate a s  many of the suggestions f o r  improvement as possible  

based on the experience frm the  previous prototype mentioned earlier. A 

s u b s t a n t i a l  p a r t  o f  the work is also devoted to e v a l u a t i o n s  and appl ica -  

tion-oriented hardware and software adjustments. 

Text- to- speech-hardware 

The present text-to-speech system consis ts  o f  a conventional formant 

speech synthesizer, a powerful microcmputer based on the  MC68000 16-bit 

microprocessor and a var ie ty  o f  t e x t  input equ ipen t .  In  t he  bas ic  configu- 

ra t ion,  the microcmputer cons i s t s  of  four euro-cards; the processor card, 

one RAM memory c a r d  (32k byte), and two PROM memory ca rds ,  each  w i t h  32k 

bytes o f  memory and one serial  I/O port. The ~nic rocomputer  box a l s o  con- 

t a i n s  r echa rgeab l e  b a t t e r i e s ,  a loudspeaker,  and d i f f e r en t  kinds o f  con- 

t rols  (Fig. 11-A-1). 





Fig. 11-A-2. The text-to-speech system with a key-board l i d .  

General software features 

The text--speech program is in i t ia ted  on "power on." It operates i n  

three basic  modes: spelling, word by word, a d  sentence mode. An additianal 

mode allows a combination of  B l i s s  symbol and ordinary alphanumeric input. 

The principles of text-to-speech conversion a re  described elsewhere ( ~ a r l -  

son and Granstrijm, 1976). Unlike commercial synthesizers which operate with 

a fixed set of  sounds (al lopbnes) ,  t h i s  system has a sourd inventory which 

is f u l l y  under program control. The real izat ion of the sounds is language 

dependent and adjusted according to the  l inguis t ic  context. 

I t  should be  emphasized t h a t  t h e  system accepts  any kind of t e x t ,  

i n c l d i n g  numbers. 



The t a lk ing  speed is ad jus tab le  both by a knob and by keyboard com- 

mands. In  sentence mode, continuous reading a t  above 250 wpm (words per  

minute) is possible. 

Besides the ordinary keyboard connection f a c i l i t y  there is the possi- 

b i l i t y  of connecting to a M s t  ccmputer. This  is necessary i n  the talking 

terminal ap l i ca t ion ,  but is a lso  useful in  other contexts. 

Keyboard commands t o  t h e  system c o n s i s t  of a command p r e f i x  p lus  a 

coanmand character. Some of the implemented commands are: 
I 

I 

Change to spell mode 

Change to word mode 

Qlange to sentence mode 

Stop outwt from synthesizer 

Continue output fran synthesizer 

Slow down speech 

Speed up speech 

Save l a s t  sentence 

ktriwe a saved sentence 

Reinitiate the program 

Write to a bs t  ccmputer 

The text-to- speech system has been programmed for several 

languages. Versions now e x i s t  f o r  Swedish, English, Spanish, 

Finnish, German, and Chinese. 

Amlications for  the blind 

The generality of the text-to-speech system mcdu1.e makes it possible 

to use it i n  different kinds of aids for the  blind. Some applications have 

already been explored. 

Autamtic "talking book" production 

In  cooperation with the Swedish Federation of the Visually Handicapped 

(SRF), w e  use t h e  system to record d i f f e r e n t  kinds o f  t e x t  ma te r i a l  on 

audio tapes. The t e x t  is supplied from ordinary c a s e t t e  tapes  which a r e  

used f o r  t e x t  e d i t i n g  and p r in t ing  of B r a i l l e  books a t  t h e  SRF pr in t ing  

office. In the future the blind person w i l l  be able to choose which kind of 

media he wants the text  to be presented in: Braille or  synthetic speech. 



Reading mchine  

So f a r  we are mi s s ing  s u i t a b l e  OCR ( o p t i c a l  c h a r a c t e r  r e c o g n i t i o n )  

equipnent to r ea l i z e  a reading machine fo r  the blind. Special characters i n  

t h e  Swedish language make it neces sa ry  t o  deve lop  special r e c o g n i t i o n  

schemes. Swh work is, however, in  progress in  several  places and we hope 

to be ab le  to r ea l i z e  a reading machine fo r  the bl ind wi thin  the next few 

years. 

Talking terminal 

I n  coopera t ion  w i t h  the Swedish I n s t i t u t e  f o r  the Handicapped, a 

specia l  working place for a b l i d  user is being developed during 1981. It 

w i l l  be equipped with a s m a l l  m p t e r  and a ta lking terminal. The goal is 

to gain experience with how such an e q u i p e n t  s b u l d  look and what faci  l i- 

ties are needed. Special emmasis w i l l  be placed on studying t he  eqcnomics 

o f  a normal working si tuation.  The cmpu te r  w i l l  be used fo r  both program- 

ming and ed i t ing  of  text .  

Talking Braille recorders 

The recent developnent o f  B ra i l l e  recorders with ed i t ing  and search 

capabilities has  created a pos s ib i l i t y  for blird persans to in te rac t ive ly  

work with g r ea t  volumes o f  text .  Speech is i n  many cases a more convenient 

a d  f a s t  mode o f  presentation than Braille. Givirwj t h i s  kind o f  equipnent a 

speech o u t p u t  o p t i o n  w i l l  g r e a t l y  enhance i ts  usef i i lness .  Th i s  k ind o f  

in te r face  w i l l  be implemented. 

New k i n d s  o f  i n fo rma t ion  systems,  such  as TV-text, Viewdata and 

e l e c t r o n i c  m a i l ,  w i l l  be d i r e c t l y  accessible by  b l i n d  u s e r s  through a n  

appropriate connection to a text--speech system. 

Applications fo r  the non-vocal 

Speech prosthesis with "typed" input 

The previous prototype has been used extensively f o r  non-vocal i n  both 

communication and language training. The smaller s i z e  and the poss ib i l i t y  

to run  on r echa rgeab l e  batteries w i l l  make t h e  u se  as a persona l  speech 

prosthesis  feas  ibl e . 
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The main problem seems now to be with the typing of text,  since m o s t  

non-vocal persons have add i t iona l  motor d i s a b i l i t i e s .  Several d i f f e r e n t  

keyboards, such a s  a Canon Communicator and enlarged keyboards, have 

already been interfaced to the system. Interfacing other k i d s  of control 

devices is planned. 

Communication speed can be increased by storing whole phrases a s  2-3 

letter codes. 

B l i s s  cuttnunication with speech output 

The value of syn the t i c  speech a s  a t o o l  i n  learning has  been 

demonstrated (warrick et al., 1977). In the i r  experiment, each symbol was 

pronounced separately and the use was restr icted tr, the school setting. ?he 

ut i l izat ion of synthetic speech a s  a means of communication for Blissymbol 

users has been discussed. Speech allows communication with people a t  scme 

distance and also with people who have no prior knowledge of B l  issymbls. 

McNaughton has expressed some caution in  applying speech synthesis to 

B l i s s y m b l  mmmunication (McNaughton, 1977). She p i n t s  out tha t  it m u s t  be 

ensured tha t  "the spoken utterance t r iggered  by t h e  Blissymbol s tatement  

provides the user and the l is tener  with an acceptable English translation". 

Research on these  l i n e s  has  been reported from France (hnerard e t  al., 

1980) and the  USA (Eulenberg and Rahimi, 1978). Such cons idera t ions  have 

a l s o  been taken i n t o  account i n  developing t h e  s p e c i a l  attachment to t h e  

text--speech system for Blissymbol users described i n  t h i s  paper. 

A standardized chart containing approximately 500 symbols has  been 

used. Symbols on the board are actuated by touching the awropriate square 

with a magnet. After  an ad jus tab le  delay, t h e  code for  t h a t  symbol is 

transmitted to the text--speech system via a standard RS-23X interface. 

The symbol set contains numbers and digits.  The addition of a few special 

symbols has made the whole capabili ty of the general text--speech system, 

such as  temporarily storing and quickly r e t r i e v i n g  sentences, access ible 

from the B l i s s  board. 

The Bliss--speech program is an expansion of the standard text-to- 

speech program. Therefore, B l i s s  symbols ard spelled t e x t  can bt? intennixed 

to produce a spoken message. A s  each symbol is chosen, the synthesis system 

pronounces it a s  if it w e r e  t h e  only word i n  a sentence. When the  user  

terminates the sentence with a punctuation mark, the  complete grammatically 

well-formed sentence is spoken. 



Fiq. 11-A-3. A B l i s s  board connected t o  the text-to-speech 
system. When a square is touched the corre- 
sponding word w i l l  be pronounced. 

Each symbol on the B l i s s  board corresfmnds t o  a lexical entry giving 

its pronunciation and a code for its part-of-spech and other features such 

as declension category. Using these codes and a grammar, the phrase struc- 

ture is established; then rules for well-form& sentence:; are  applied. The 

system has been successfu l ly  t e s t e d  on several. types o f  d e c l a r a t i v e  and 

in te r roga t ive  sentences including s o m e  wi th  more than one clause. These 

sentence types can be composed o f  around 25  types  of noun phrases and 25  

types o f  verb phrases. This f a c i l i t y  al lows a user  t o  compose many w e 1  1 

formed sentences w i t h  f l ex ib i l i ty  of expression. 

The p o s s i b i l i t y  t o  s p e l l  words has a l ready proved t o  be  valuable i n  

t h a t  it adds to  t h e  expressional  capabi l i ty .  Many B l i s s  u se r s  have good 

language comprehension and t h i s  kind of device is judged to be of g r e a t  

help i n  language production training. 

Final remarks -- 
The text-to-speech system presented here is s t i l l  not i n  regular  I 

production. We feel, lmwever, tha t  practice with the system in many differ- 

e n t  appl ica t ions  is of  primary importance. The experiences gained are 

I 



necessary for  a g o d  specification of the f inal  product. Sane of the fea- 

tures of the present system are worth mentioning. The modularity has made 

it easy to ad jus t  to  d i f f e r e n t  needs. Using state-of- the-art  technology 

makes the system mall and relat ively inexpensive. The choice of a powerful 

processor makes future expansions and imprwements of the text-to-speech 

program easy t o  accommodate without sacrificing speech rate. 

Experience fran applications tells us tha t  often the greatest problem 

i n  ut i l iz ing this k i d  of aid is the individual adjustments. ?his makes it 

wen more important that the basic text-to-speech mcdule is general enough 

to interface to a great variety of t ex t  sources and control devices. I 

Text-to-speech technology w i l l ,  with i m p r w d  quality, spread to more 

applications i n  everyday l i f e .  This w i l l  a lso promote greater production 

volumes and lower costs, a d  increase the avai labi l i ty  for the disabled. It 

is important that the needs of the handicapped are well understooil so that 

the demands could be considered i n  a c m e r c i a l  product. 
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