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A. SPEECH TEKXNOLCGY FOR THE VISUALLY IMPAIRED - THE SWEDISH PERSPECTIVE 
B jom Granstrom 

Abstract 
Fundamental speech research at the Department of Speech Communica- 

tion & Music Acoustics, KTH, has lead to a multi-lingual text-to-speech 
system and a speech recognition device. Both are presently put to use 
by the visually impaired. 

To this date over five hundred text-to-speech systems are de- 
livered, most of them to applications for the visually impaired. Some 
of these applications will be described including software for screen 
access, reading machines and a radio-distributed daily newspaper experi- 
ment. In some applications, simple speech coding techniques suffice, as 
in a cuing system that recently has been successfully introduced. 

Some present and future research topics, that will lead to improved 
speech technology aids for visually impaired persons, will also be 
discussed. 

Speech technology research in Sweden 
Fundamental speech research at the Department of Speech Communica- 

tion and Music Acoustics, KTH, has lead to a multi-lingual text-to- 
speech system and a speech recognition device (Magnusson, Blomberg, 
Carlson, Elenius & Granstrijm, 1984). Both products are now put to use 
by the visually impaired. Present research topics include improved 
models for speech production especially modelling the glottal source and 
the interaction between the source and the vocal tract. Articulatory 
models are also studied. At Chalmers Technical University in Gothen- 
burg, an experimental text-to-speech system has been built along fhese 
lines. I-bwever, it is still true that the factor limiting the speech 
quality today is not the model per se but the detailed phonetic knowl- 
edge implemented in the rule synthesis programs. A speech data hase has 
been created to study phonetic realizations in detail. Different read- 
ing styles and speaker characteristics are also studied in order to 
improve speech synthesis quality and flexibility. 

International perspective 
Speech technoloq has grown considerably during the last decade, 

both on the research and commercial developments. Several market pro- 
jections around 1980 showed multi-billion dollar markets before 1990. 

* Contribution to the Workshop on "Communication Systems 
for the Blind", Florence, Italy, bbvember 18-20, 1986. 
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These early optimistic projections have then been revised and moderated. 
Especially the expectations on speech recognition have been exaggerated. 
The key concept of a voice-activated typewriter will still take decades 
to develop in its general form. This state of affairs is also obvious 
when it comes to applications for the visually impaired. We have not 
seen many useful installations of speech recognition devices for the 
blind, while text-to-speech is starting to be a standard aid where it is 
available. In a review article in the IEEE Spectrum magazine in April 
1985, a listing was made of available devices. Out of the eleven de- 
vices, nine were US made with American-English speech only. Of the two 
other devices, one was produced by Xcom for French and the other was 
Infovox from Sweden. It is based on the research at KTH and is avail- 
able in all the major European languages. This is still very much the 
picture even if some US companies have shown interest in develaping 
other languages and some European companies have announced single lan- 
guage devices. On the research side, the picture is quite different. A 
lot of new projects have been started in Europe with the aim of develop- 
ing text-to-speech systems, some in the framework of the Esprit program. 

Trends in speech technology research 
Speech synthesis has already proven its usefulness to the blind. 

Several research projects have matured into products. Research and 
development of text-to-speech systems is active in many laboratories all 
over the world. In most European countries it is now possible to find 
projects that are more or less directly related to the advancement in 
the speech synthesis area. 

With the rapidly decreasing cost of electronic hardware, more 
ambitious approaches are possible to consider for implementation in 
products. The trend appears to be more linguistically sophisticated 
algorithms paired with more extensive dictionaries. We have in the 
text-to-speech project tried different approaches (Carlson & GransWm, 
1986a; Granstrom, Hansen, Holtse & Thorsen, 1987). Fig. 1 shows an 
example of how different lexica and rules interact. The user lexicon 
makes it possible to obtain a high performance also in special applica- 
tions including unusual abbreviations, irregular names or odd vocabula- 
ries like in computer programming. The word-decomposition rules makes 
it possible to ensure correct pronunciation of all forms of a word by 
storing only the root pronunciation in the lexicon. The composition 
rules are needed to merge affixes and roots and adjusting, e.g., accent 
and stress. 

Also the end device in the text-to-speech system, the speech pro- 
duction model or speech synthesizer, is attracting a lot of research 
effort. This will enable us to model different voices and speaking 
styles in a more natural way. These developments will lead to an in- 
crease in intelligibility and naturalness of the synthetic speech, 
necessary for a wide acceptance in public applications. The related 
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increase in the industrial base will of course be of benefit to the 
visually impaired community. Many blind persons today put up with far 
from perfect synthetic speech. Ekperienced users of such systems seldom 
feel intelligibility to be a problem. This might indicate that speech 
quality is not a major concern of blind users. However, it has been 
shown that user performance is strongly correlated to the quality of 
speech. Understanding and retention of the message is increased When 
less effort has to be spent on identifying the string of words. 

PHONETIC TEXT? 1 

USER DICTIONARY I 

DICTIONARY i 
DECOMPOSITION RULES 

P 

D I CTI ONARY 

> 

L/ GRAPH-TO- PHONEME 
RULES 

PHONETIC TRANSCRIPTION 3/ 
Fig. 1. Structure of a part in the KTH text-to-speech system that 

transforms words into phonetic spellings. 

Speech reclognition devices compete with keyboard input to computers 
except in special cases where hand-free operation is essential or when 
the normal keyboard is unavailable, for example in telephone communica- 
tion. The same holds for visually impaired users. The limited capabi- 
lity of the present speech recognition devices, a few hundred words 
spoken separately, makes it unattractive in text processing and many 
other computer applications, especially for experienced blind users. 
Both Braille and ordinary Qwerty keyboards are used with relative ease 
with only the tactile feedback. This is indeed true also for experienced 
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sighted typists. Today the use of speech recognition for the blind is 
limited to special applications, like controlling the functions of a 
text editor or a screen access software. These programs otherwise use 
function keys or control codes for these functions, which forces the 
user to leave the home position when typing. This is certainly more 
awkward for blind users. For persons with additional hardicaps, like 
motor disability, environment control and even computer input by voice 
are of course useful. 

The present speech recognition research could eventually change 
this picture. The aim is now more or less unlimited vocabulary systems. 
The research systems certainly employ more sophisticated statistical 
techniques available through the state of the art computers. The more 
significant trend is to build linguistic competence into the systems. 
This knowledge is to a great extent still to be formulated. This is a 
long-term research commitment but many ongoing projects aim-at demon- 
strating useful systems in the next few years. Already today a proto- 
type isolated word recognition system with a 5000-word vocabulary has 
been demonstrated by IBM on an AT computer, heavily equipped with spe- 
cial hardware. 

Special needs for the visually impaired 
If we look on the general speech technology development, the visu- 

ally impaired person's needs are not very different from those of the 
general public. Inw cost has often been put forward as a special re- 
quirement. The best way to achieve that seems, however, to widen the 
application of devices to general use rather than offering cut-down 
solutions to the blind community in relatively small volumes. This is 
true of the basic technology, the special need of the blind could then 
be accommodated by special packaging, user interfaces and application 
software, as in the daily newspaper project described later. 

In the case of text-to-speech technology there is, however, an 
area that is of special use to the blind that needs to be developed. 
That area is speed reading with synthetic speech. We know that it is 
possible to read and comprehend written text with high speed, often 
above 500 words per minute (wpm). Normal speech is delivered at around 
150 wpm, fast speech is seldom given at more than 200 wpm for any length 
of time. The speaker's physiology seems thus to set the limit. This 
speed limit is not inherent in the speech synthesizer, but the crucial 
question is whether we know how to use this flexibility. Today, in 
most synthesizers, the speed of "articulation" just increases uniformly 
when we turn the speed up. When humans talk more rapidly we know that a 
lot of reductions and even omissions in the speech occur, especially in 
unstressed syllables. Studies are needed to find an optimal strategy 
for synthesizing speech at unnaturallyhigh talking rates with a minimal 
loss of intelligibility. 
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The TUFFA project 
The supply of advanced technical aids on a small market has always 

been one of the major problems for efficient rehabilitation work in 
Sweden, with a total population of about eight millions. The Swedish 
Institute for the Handicapped has some possibility to support prototype 
development and initial production through a production support system. 
Ibwever, this is not sufficient to ensure an industrial commitment when 
it comes to advanced systems. Presently, the method of central techno- 
logy purchasing is within the TUFFA project, an abbreviation roughly 
translating into "technology purchasing for individuals with functional 
handicaps in the working environment". The project is run jointly by 
the Swedish Board for Technical Development, the Swedish Labour Market 
Board, the Swedish Agency for Pdministrative Development and the Swedish 
Institute for the Handicapped. The objective is to have computerized 
aids developed in a coherent fashion. The central idea is the trans- 
lator concept allowing for a structured approach to different modes of 
input and output of information. Both speech recognition and text-to- 
speech conversion are important parts in the specifications. It is 
today too early to make an evaluation of this initiative but it is bound 
to propel a lot of interesting developments. Already now it is planned 
to extend into the education area. 

Industrial developnts 
The multi-lingual text-to-speech system developed at KTH is pro- 

duced by Infovox AB in three different versions: a stand-alone system 
with standard RS 232 computer interface, an expansion board for the IBM 
PC/XT/AT and compatible canputers and a board version to be integrated 
in other systems*. The currently available languages include American 
mglish, French, German, Italian, Norwegian, Spanish and Swedish. Soon 
to be released are British English and Danish. To this date, over five 
hundred systems are delivered, most of them are used in applications for 
the visually impaired (Carlson & Granstrom, 1986b). 

The Swedish school computer Compis is recently made available with a 
text-to-speech option based on the Infovox OEM board. Special software 
for the visually impaired using this option has been develaped. 

Screen access software, Termivox, has been developed by Isotron AB 

for use both in the PC environment and other computer systems. The 
international marketing of this software is handled by Infovox AB 
through its national dealers. The newly introduced product from VTEC, 

Vtalk, is based on the Infovox text-to-speech board and this software. 

* More information is available from: 
Infovox AB, Box 2503, S-17102 Solna, Sweden. Tel. int. (468)-735 8090. 



STL-QPSR 1/1987 

Applications for the general public 
Speech technology is used to create services for the general public 

that could be equally interesting for blind persons. Typical examples 
are information services in the telephone network. In most cases coded 
natural speech has been used as speech output. Examples in Sweden in- 
clude home banking ad time-table information for busses. Text-to- 
speech is at this point only used in an automatic stock exchange inform- 
ation service. In the US, telephone access to electronic mail is an 
important application; in Sweden the spread of electronic mail is, 
however, still very limited. 

Electronic quing systems 
A typical example of a recent development that could have a detri- 

mental effect on visually impaired persons' access to services is the 
electronic quing systems. In many places where you find several persons 
giving the same service like check-out counters in shopping centers, 
cashiers at banks etc., the quing is organized in such a way that you 
take a slip with your que-number. When your turn has come, the que- 
number is displayed at the available service counter. This makes stand- 
ing in line unnecessary and you don't run the risk of ending up in a 
slow line. The system has been very well received by both employees and 
customers and is spreading rapidly. However, persons with impaired 
vision are at a loss since they can't see the number. Thus, they have 
problems in knowing when their number has come and, furthermore, they 
have difficulties in finding the appropriate counter. 

This problem has now been elegantly solved by rather simple means. 
The major producer of electronic quing systems in Sweden is offering a 
speaking option to their system*. When the visually impaired customer 
takes his quing-slip, he can also press a button that activates the 
speaking option. His que-number is spoken and information is also given 
on what number is presently taken care of. When the blind person's turn 
has come, that is announced and a sound beacon directs him to the right 
counter. There is an advantage of only activating the speech option on 
request, keeping the so-called 'voice pollution' to a minimum. This 
example certainly doesn't need a text-to-speech device but is imple- 
mented with straight-forward digital speech coding techniques. 

creen access software 
In Sweden several hundred text-to-speech systems are presently in 

use by blind individuals. This is a small number in relation to the 
total number of severely visually impaired, but quite many considering 

* More information is available from: 
N E M W ,  Rox 210, S-19123 Sollentuna, Sweden. Tel. int. (468) -960450. 
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the relatively novel application and  wede en's small population of 8 
millions. Most of the systems are used in professional computer applica- 
tions but also by students up to doctoral level. Several versions of 
screen access software has been developed to make efficient use of the 
speech output. CXle prticularly attractive solution was mentioned above 
in the industrial section. 

Reading machines 
Versatile reading machines with speech or Braille output have long 

been of high priority in the blind community for accessing printed 
material. At different points in time, R- and &projects aiming at such 
a device have been conducted in several Elrapean countries as well as in 
the USA and Japan. Very few has lead to products actually available to 
blind users. A plausible reason for this is the complexity of the task 
and the high expense of the hardware if it is not produced for the mass 
market. The only device that has been on the market for a considerable 
time is the Kurzweil reading machine. This machine has recently been 
introduced in several European countries, equipped with the Infovox 
text-to-speech board. It is primarily available in libraries and insti- 
tutions for the blind and is still very far from the ideal portable, 
inexpensive personal device that could read texts of different size, 
font and color on any surface. 

Even though most texts still are available in print only, the 
tendency is that an increasing amount of text is, at least potentially, 
available also digitally. This gives the interesting possibility to by- 
pass the costly and complicated optical character recognition (OCR) 
component of the reading machine. The ergonomical interface and the 
presentation of the text through, e.g., speech synthesis could be iden- 
tical to the "standard" talking terminal, a personal computer with a 
speech synthesis expansion card and screen reading software. This basic 
configuration - complemented with a page scanner and character recqni- 
tion software that are presently appearing on the office market - could 
well function as an inexpensive reading machine with the added func- 
tionality of the personal computer. The PC can in this case be used 
also for accessing other text sources via modem or local area networks. 
Even if the proposed configuration takes over many of the features of 
the traditional reading machine, it is obvious that it will not meet all 
the reading needs of the visually impaired. Special distribution chan- 
nels an3 even simpler user interfaces could well be useful in certain 
applications like a daily newspaper for the blind. 

A daily newspaper experhnt 
An experiment with radio distributed daily newspapers has been 

carried out (Rubinstein, 1984). The entire text in the newspaper is 
transmitted to a special equipment in the blind user's home in the very 
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early morning. The text can be searched and selected for presentation 
on a transient Braille display or as synthetic speech. The first ex- 
periment showed very positive results. The preferred mode of presenta- 
tion varied with type of text material and Braille reading proficiency 
(Drottz & Hjelmquist, 1986). Now a large-scale experiment is under way. 
In this case speech synthesis will be the only form of presentation. The 
reason for this is mainly the simplicity, lower cost and general accept- 
ance, especially by blind persons with little or no knowledge of 
Braille. An effort has been made to make the new equipment easy to use, 
specifically adopted for this application. Even though the same func- 
tionality would be possible to create within a personal computer con- 
cept, this was felt as a way to give an easy access to the new media 
also outside the traditional group of computer users. The device can be 
seen in Fig. 2. 

The box contains the FM radio receiver and decoder, a simple micro- 
processor and a winchester disc for storing the newspaper text. The 
Braille keyboard also contains the speech synthesis hardware, controls 
and loudspeaker. When the device is switched on, the speech starts at 
the front page. It is possible to move around in the subject-structured 
text material by a few simple key commands using the keyboard almost as 
a cursor key pad. More advanced users have the full control of changing 
speech mode, jumping between subjects and even making free text 
searches. 

The user responses to this way of accessing the full newspaper have 
been very positive by the more than 50 blind persons that have partici- 
pated in the experiment so far. However, no decision has still been 
taken to make this a regular service. Politically and technically this 
solution competes with a system for distributing recorded excerpts on 
cassette tape. The total system cost appears to be roughly the same for 
the two systems today. The user terminal is the dominating cost for the 
described system. A next generation implementation could be made both 
cheaper and easily portable, perhaps widening its use to people outside 
the blind community. 

Focus for the future 
New information media must be made accessible to blind users. 

Electronic mail to voice mail conversion by synthetic speech is already 
a service that is spreading. The Swedish Telecom is presently looking 
into an introduction of an "audiotex" service which will be of use to 
both sighted and visually impaired persons. 

In a recent ~S/~wedish workshop on "Computer Technology for the 
Handicapped", several themes for development were identified. Screen 
access software must be further developed to cope with new modes of 
working with computers. Personal portable reading machines with im- 
proved OCR capability was felt as a strong need. Strategies for pro- 
ducing very fast but still intelligible synthetic speech is of special 
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F i g .  2 .  The r e c e i v i n g  and r e a d i n g  d e v i c e  f o r  t h e  r a d i o  d i s t r i b u t e d  d a i l y  
newspaper w i t h  s y n t h e t i c  speech.  
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need to visually impaired persons. The great importance of high quality 
synthetic speech in decreasing listening effort and fatigue was also 
stressed. Speech recognition has to date been used only to a very 
limited extent for the blind. Environment control is an obvious app- 
lication but computer access in, e.g., text processing is a praising 
possibility for the future. 
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