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ABSTRACT

The authors introduce Braille-lLab, a Hun-
garian-speaking microcomputer developed for
the blind. This 288 microprocessor-based
personal computer is fitted with a Philips
MEA BOO® formant synthesizer, providing for
Hungarian text-to-speech conversion. The
original version of the machine contains a
speaking BASIC interpreter. The new
version, Braille-lab+, is also furnished
with a speaking word processor and a
speaking database management system running
under a speaking CP/M compatible operating
system. Braille-lLab has been approved and
adopted by the Hungarian National
Federation of the Blind, 95 sets have been
installed so far.

INTRODUCTION

In the past few decades, intensive research
into speech synthesis has been going on in
a number of countries’' including Hungary.
This research work has three main types of
motivation.

1. Fifth-generation computers are to
treate a new, humanized tupe of
man-machine-man relationship. Hence one of
the main objectives of research |is viva
voce 'conversation’ between man and
machine. The various links of the
man-machine-man communication chain (each
tonstituting a research area in its ouwn
right) and the way artificial speech
Production Ffits into that chain are
represented in Fig. 1.

2. Another impulse for attempts at
Speech 'synthesis was the desire to achieve
a8 better understanding of the acoustics of
speech. Indeed the principle of analysis by
Sunthesis is more effective than any
Measuring apparatus, however sophisticated
the latter may be: it shows what the
essential components of speech really are
(71, That principle can be best implemented
by formant synthesis. These considerations
led to the establishment, under K&lmdn
Bolla’s leadership,of a complex acoustic
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Fig. 1. The Man—-Machine-Man
communication chain
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speech synthesizing system in the
Linguistics Institute of the Hungarian
Academy of Sciences, in the late 187@s. The
hardware configuration includes an OQOUE III
(Swedish-made) formant synthesizer [1] and
a PDP 11/34 computer. The effective
operation of the system is guaranteed by a
specially designed interactive program
called FOPRO (111. The wutility of the
system for phanetic research is
demonstrated by a number of scholarly
papers [S, 10]1. The program was also wused
for designing an inventory of speech frames
fFor a Hungarian text-to-speech (TTS) system
based on the principle of formant synthesis
in the early 198@s [13]. The inventory, in
turn, was used in HUNGAROVOX, a Hungarian
real-time TTS system for speech synthesis
£9, 1231. Later, a developing system was
also made for a Philips MEA 8202 formant
synthesizer [3].

3. The third type of motivation for
research on speech synthesis is a desire_ to
develop various appliances to help
handicapped people (afflicted with speech
disorders, blindness, etc. ). The area was
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given a vast impetus by the appearance, in

single sounds. In the letter-to-sound
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4.Wwhen the coding of segmental and

the earl 1880s, of spee i i i
containedgin a single Ig. g?g.SgS;:Eféégf :;§;:£0;:a;;on,e 'the program  basically FRAME suprasegmental structure is completed, B-L
ns s2ee, sSC-01, MEA BoGO® rC2, 4, 6, 813, g. €. . n (“‘-\\\\5ound sequence 1 forwards the resulting series of gode
since these could be built into wvarious 1 2 3 4 5 1 2 3 4 5 3 numbers to the ﬂEﬁ 8000 speech suynthesizer,
appliances. These considerations led to the el aen s bomdbm b m g ' the speech is simultaneously heard.
development of Braille-lLab (B-L), a 1. a 1 o - 34. nn 22 n: o+ . L3 <
speaking computer to be used by blind 2. 4 2 a: - 35. ny 23 p - THE USE OF BRAILLE-LAB
people, introduced in the present paper. 3. b 10 b - 36. nny 23 p: o+ ‘ tI i
This Hungarian-speaking microcaomputer &, bb 10 b: + 37. o 6 o - sound sequence 2 The computer is able to speak as soon as it
Fitted with a text-to-speech conversion 5. ¢ 11 15 - 38' 6 6 o0: + - n R is switched on. The following introductory
system effectively helps the education of 6. cc 11 ts: + 39' o 7 2: _ 1 01 < words appear on the sScreen and are
blind people in computational technology 7.cs 12 5 - 40. & 7 & o+ sonet t simultaneously heard [in Hungarianl: "B-L
(thus creating high-qualification 8. ccs 12 t3: + 41, p 24 oL . n+2 [1 \\\\\\\\\\ computer, version 3.1. 48843 bytes of free
employment possibilities for them) . Also, 9. d 13 d - 42' pp 24 E. + sound sequence 3 memory capacity.” )
it accelerates their full integration into 10. dd 13 d: + 43. T 25 r. - . n+3 13 < ‘ After that, each time a key is
society. 11, e 3 g - 4a' T 25 r: o+ pressed, the system utters the
12. ¢ 4 e: - 45. s 2 L - . {34 corresponding speech sound, in order to
THE HARDWARE OF BRAILLE-LAB 13. £ 14 f - 46, 2 . make it easier for a blind person to avoid
14, £f 14 f£: + 47' 23 27 g: - : t ound seauence 4 typing errors. Names of non-letter keys,
BfL is a Hungarian-made, 280 15. g 15 g - QB' 27 .. 01 ‘,,,/””’s including numerals, are uttered as words.
mlcroprpcessor—based personal computer., Its 16. gg. 15 g + 49' isz 28 i' - E.g. on pressing % the machine says
memory is organized on a page basis,and 17. gy 16 3 - 50. tt 28 tt: + ¢--initial element of series of freme »"gz8zalék” (percent), etc. Using the cursor
consists of B4 kbyte RAM and 20 kbyte ROM 18. ggy 16 3: + 51. ’ 4-- final element of series of frame keys, the user can aurally check the
The card containing the speaking module has 19.h 17 A - -ty 29 ¢ - contents of any character position of the
been built into the computer with MEA 8000 20. hh 17 h; 22. tty 29 c: + Fig. 3. The structure of the frame screen.
JThe TTS software is located on page & oé 21. i 5 A 23. u 8 u - inventory and the way frames realizing
ROM. The keyboard of B-L contains ever 22. 1 5 i 24. g u: v sound sequences are specified Basically there are two situations in
letter of the Hungarian alphabet, atrangeg 23. 3 18 1z+ 55. 9 y - which B-L actually speaks: 1. during
in a way almost identical with the keyboard 24 Jjj3 18 T 26. @ O A entering and editing BASIC programs; 2.at
of. standard Hungarian typeuwriters. The 25. kJ 19 ﬂ' . 2 20 v . run-time when any information appearing on
built-in  small loudspeaker makes it 26. kk 19 k: : 28. wv 30 v 3. The melody is generated by the the sreen is simultaneously said aloud.
possible for the speech produced by the 27. 1 20 1' - Zg' z Loz - program by selecting the appropriate value o .
fusgem to be hearq without an external 28. 11 20 1: + 6 -2z 3l oze o of the PI parameter of the MEA B200 1. During program ed%tlng, the echqlng
oudspeaker. The built-in BASIC interpreter 29. 1y 18 j. _ 6%. zs 32 5 - synthesizer frame-by-frame. The first step function mentioned above is 1in operatlon;
leaves 48 kbyte free memory ca i 30. 11y 18 3: - 228 32 5 ¢ in producing the melody is the segmentation in addition, at the end of each line when
available For the user. _ pacity 31 m 0 21 %- + 63. sp 33 - - of the text into intonation units. The RETURN is pressed the computer reads out
The basic version of B-L. has b 32. mm 21 m: : intonation units are marked off by .(full the whole line as connected text. Numerals
futther developed. B-L+, the new versieen 33.n 22 n. stop) , (comma) ?(question mark) at this point are not read
runs under a CP/M compatible operatgn’ - | (exclamation mark)or RETURN. Triggered by character-by—-character but as mho;es (e.g.
sysem. A;Dng with a B4 kbyte Dperatisg 1= number, 2= 1 tt those punctuation marks, the program will twenty-fFive rather than tuwo, fFivel). The
memory, it is also furnished with a 195 4= IPA symb i ecter /s/, 3= code number supply the segmental structure produced so English terms of BASIC are read out
kbgte RAM disk and a 1 Mbyte flopp di : ymae 5= length of sound far with one of the melody patterns. according to the Hungarian value of
drxve: The new version further contiinSISk *Fig. 2. Table of letter-to-sound
speaking word processor and a s ki @ correspondences
database management system. i peaking 2 :
programs,its possibilities ith these tuwo - The second step of TTS conversion is the
by the blind have h;e;tles oFf application GESlgnatign of the series of frames that . .
multiplied, ‘gé“b;‘ﬂalli: thz spsech sounds of the text The hardware of reading machine
THE T uttered. This designation iS
BRHILEEEEQED SPEECH SOFTWARE SYSTEM  OF" zi?ﬁil;u of a diadic nature .Thg 218 frames
ed are ar a .
The basis for Hungarian TTS conversi very special ml:ggg?d é;‘c:hecé;;f::gzgnmof Type MS 300A PROPER-16 RS-232 Braille-lab MEA 5090
B-L is a text in Hungarian ortﬁsssg hbg sounds is realized by adjacent frames. Ihus Writer Image Scanner Compufer Interface Computer SynthSﬂ!f
with no special symbols added. The proprg' we can dispense with storing what is called
translates that text into a series of Fg 3m & combination matrix and consequently Save attern text-to- correct (
code numbers for the MEA 8 ‘rame  a significant am : Pri PR P ASCll code s
fra® pompers for the NEA 8008 sunthesizer. praes iy con,2nOUNt of memory capacitu: In Printed text| | gigitalized | |matching Jence speech Hungarian
elements of a 218-memb . GESlgnate tha of the ¢ e qoptimize the utilizatiol in Hunganan icture ' sequen program SP!eCh
devised er _frame inventory rame inventory, wvarious  soun P program
se earlier. The TIS ) Sequences can be realized by overlapping

. co i
implemented in the following fozzegiéig- s

1. First of all,
converteq to speech is trE::FoEzzg go e
program into a series of (code numbe s o
spgech sounds. Hungarian arthograph rs‘ of)
fairly accurate indicator of the 2 g' % ot
sgunds to be uttered. However eries o
single letters but alsg comb{nagﬁon b
two, and even three, letters may standS fgi
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ierlss of Frames,as illustrated in Fig. 3-
bong Sounds are also produced at this stagé
Y multiplying some component of the Frame
Sf the corresponding short sound (2 to
£ mes, as the case may be) in the series of
rame code numbers. Each element of the
series of frame code numbers will be 2N
integer between 1 and 218. That secies then

Serves as input to the ting
part of the program, metedy  geners

The software of reading machine

Fig.4 The system of the reading machine when the Braille-lab is speaking terminal
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letters, rather than in proper English
pronunciation. At program listing, the list
can be heard as it appears on the screen.
In short, any information appearing on the
screen including e.g. error messages, is
also uttered without any special command.,

2. The information appearing on
the screen during the running of-. BASIC
program will also be heard automatically.
For instance, as a result of the running of
the following short program, all Hungarian
numerals between 1110 and 11285 will be
heard first with a question intenaticn and
then with a statement intonation (i.e. "lIs
the next number 11107 Yes, 11102.” etc):

10 FOR I=1110 TO 1185

2@ PRINT ”"A kdvetkezd szam” I »ep»
38 PRINT ”"Igen” ] = »

4@ NEXT

BRAILLE-LAB AS THE SPEAKING PERIPHERY OF A
READING MACHINE

At an exhibition called "Hungarians in the
World” held in Budapest in August 1966, the
authors, assisted by researchers of S2KI
(InstituteFor Computer Research) connected
B-L whith an 1IBM compatible PROPER-186
computer. On the other side, an MS 3004
Image Scanner was also connected with
PROPER~16. The image recognition program
developed by the SzKI People recognized
printed Hungarian text. PROPER-1g5 forwarded
the resulting ASCII code, wvia a standard
RS 232 interface, to B-L which uttered the
text real time, with a proper Hungarian
intonation, intelligibly.

HOW TO MAKE BRAILLE-LAB SING

Ona of the special Features of B~L is that
it can also sing. To make the computer
sing, the user has to specify the correct
rhythm and the correct Sequence of pitches,
Rhgthm can be represented by lengthening
the vouwels appearing in the wards of the
song, by entering vowel letters more than
ance. The length of the syllable containing
the vowel will increase in proportion with
the number of identical vouwel letters
entered. The melody has tg be given in
relative sol-fa letters, according to
2olt4n Koddly’s method. The pitech defined
by sol-fa letter assigned to a syllahle
will be superimposed by the program on the
appropriate syllable which has been
rhythmically defined as above, By
procedure, any Hungarian-text SOong can be
produced. This special feature of the
system opens up a novel area of application
in the on-line representation and
correction of Braille Music notation C15],

BRAILLE-LAB AS AN AUTHORIZED APPLIANCE
B-L is an appliance authorized For usa by

the Hungarian National Federation of the
Blind. By March 1987, a total of 95 sets
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have been installed in the schools of the
Federation and by individual wusers. Based
on the speaking BASIC of B-L, the
Federation organized two beginners’ courses
on computation in spring 1886 and 1387. The
speaking computer effectively helped the
blind participants to acquire knowledge
and skill in computation and to put them to
creative use. The Users’ Manual for B-L has
been published on cassette tape and in
Braille print as well,.
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