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A857RAC7: 

7ran5cr161n9 Mathemat1ca1 d0cument5 1nt0 6ra111e re4u1re5 a kn0w1ed9e and a 
ma5tery 0f mathemat1ca1 6ra111e wh1ch 15 very c0mp1ex. C0n5e4uent1y ed1t10n5 0f 
5c1ent1f1c 600k5 are very few 1n th15 area. 7h15 paper de5cr16e5 a 5y5tem.. f0r tran- 
5cr161n9 aut0mat1ca11y mathemat1ca1 text 1nt0 6ra111e. 
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7he 8ra111e 7ran5cr1pt10n 0f L1near12ed 7ext. 

App11cat10n5. 

Reference5 

1. 1N7R0DUC710N 

Mathemat1ca1 expre5510n5 are 
repre5ented, 1n 1nk pr1nt, mu1t111near1y, 
a5 f0r examp1e: 

n 

1~0 f(x) 
7he 8ra111e tran5cr1pt10n 0f th15 expre5- 
510n 15 rea112ed 11near1y, wh1ch 15 the 
6e5t adapted f0rm f0r tact11e read1n9. We 
may 065erve that the 519hted per50n read5 
that expre5510n 1n the f0110w1n9 11near- 
12ed way: 

f0r 1=0 t0 n f(1)••, wh1ch 15 
51m11ar t0 the 0ne u5ed 6y the 
611nd: 

•• ~ 1=0,n, f(1)•• 

1n th15 paper, we pre5ent the three 
d1fferent 5tep5 wh1ch are nece55ary t0 
pr0duce a 8ra111e d0cument: 

1) ac4u151t10n 0f the 5c1ent1f1c 
text. 

2) 11near12at10n 0f the text, 



3) 8ra111e tran5Cr1pt10n 0f 
11near12ed text~ 

7he5e three 5tep5 are 111u5trated 1n 
Ure 1. 

the 

F19- 

11. 7HE ACQU151710N 0F 5C1EN71F1C 7EX75. 

D1fferent ac4u151t10n meth0d5 ex15t 
f0r 5c1ent1f1c text50 7he purp05e 0f m05t 
meth0d5 15 t0 c0de mathemat1ca1 text5 1n a 
11near f0rm and t0 repr0duce the 0r191na1 
text 0n an 0utput per1phera1 (9raph1c ter- 
m1na1, ph0t0type5etter) (8adr78, Cher75, 
Knut78). 7h15 5upp05e5 the u5e 0f a 
mathemat1ca1 text ed1t0r and a 900d 
kn0w1ed9e 0f mathemat1c5. 

1n a f1r5t 5tep, t0 51mp11fy ac4u151- 
t10n, we preferred an 0ff-11ne data 

ac4u151t10n w1th a d15p1ay term1na1, pr0- 
v1ded w1th a mathemat1ca1 9enerat0r and 
tape cartr1d9e un1t5. 7he mathemat1ca1 
text 15 d1rect1y rec0rded 0n a tape car- 
tr1d9e 6y an 0perat0r wh0 d0e5 n0t need 
any mathemat1ca1 kn0w1ed9e, the 0perat0r 
51mp1y repr0duce5 an exact 1ma9e 0f the 
0r191na1 0n the 5creen. 7he term1na1 u5ed 
15 a HP2644A, 1t perm1t5 d0cument ac4u151- 
t10n 0n tape cartr1d9e. 7he mathemat1ca1 
character 9enerat0r 1mp1emented 1nc1ude5 
255 mathemat1c5 5ym6015 1n the f0rm 0f: 

- key60ard f0r 5u65cr1pt5 and 
5uper5cr1pt5, 

- a key60ard f0r 1091ca1, re1a- 
t10na1 and funct10na1 0perat0r5, 

- a 6reek a1pha6et. 

An0ther p05516111ty 15 the u5e 0f the 
ph0t0c0mp051t10n tape5. 7he u5e 0f ph0t0- 
c0mp051t10n tape5 15 111u5trated 1n F19ure 
2. 

7he c0mm0n p01nt 0f the5e meth0d5 15 
t0 pr0duce a f11e 0f mathemat1ca1 data 1n 
a mu1t111near f0rm t0 6e u5ed 6y the 
519hted per50n. 

We 

meth0d 
611nd. 

have n0t deve10ped a 5pec1a1 
t0 ac4u1re 5c1ent1f1c text f0r the 
0n the c0ntrary, t0 51mp11fy th15 
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ac4u151t10n and decrea5e 1t5 c05t we u5e 
the 5ame meth0d5: a 5ame f11e may 6e 0ut 
1n 1nk pr1nt and 6e u5efu1 f0r 1nput data 
0f 0ur 5y5tem~ 

111. ~E}~71CAL 7EX7 L1NEAR12A710N 

1n 0rder t0 6e tran5cr16ed the text 
mu5t 6e 11near12ed. 70 make th15 5tep 

ea5y, an ac4u151t10n c0nvent10n 15 
1mp05ed0 7he 9r0up 0f 11ne5 0f a 
mathemat1ca1 text are 5eparated 6y a wh1te 
11ne 1n 0rder t0 1501ate a 5et 0f 1nterre- 
1ated data (5uch a5 a matr1x 0r 1nte9ra1 
e1ement5). 

Mathemat1ca1 text 11near12at10n 15 
rea112ed 1n the 5ame 0rder a5 read1n9: 
the text 15 read fr0m 1eft t0 r19ht f01- 
10w1n9 the ma1n 11ne~ and 11near12ed 5tep 
6y 5tep. 

111.1 Ma1n 11ne determ1nat10n 

Each data 9r0up ha5 a ma1n 11ne. 
1n5tance, 1n the f0rmu1a 

n 

1~0 f(x) 

F0r 

f(x) 15 the ma1n 11ne. 

••n•• and ••1=0 •• are 1n adjacent 11ne5. 

7h15 ma1n 11ne 15 determ1ned 6y a 5et 
0f def1n1te ru1e5 wh1ch c0rre5p0nd t0 the 
d1fferent p055161e ca5e5. 7he ru1e5 have 
6een 0rdered acc0rd1n9 t0 the fre4uency 0f 
the1r ut1112at10n, the 1ntent10n 15 that 
they are m0re ade4uate than exhau5t1ve (we 
need, f0r each p055161e ca5e t0 have 0ne 
determ1nat10n ru1e and 0n1y 0ne). 

7he text 15 5canned vert1ca11y fr0m 
t0p t0 60tt0m and fr0m 1eft t0 r19ht, 
unt11 the meet1n9 0f a determ1nat10n ca5e. 



F16URE 10 7he three 5tep5 nece55ary t0 pr0duce a 8ra111e d0cument. 
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F16URE 2. 7he u5e 0f ph0t0c0mp051t10n tape5. 
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111.2 L1near12at10n - a matr1x 

When the ma1n 11ne 15 determ1ned, 
11near12at10n 15 rea112ed 6y 5cann1n9, 
fr0m 1eft t0 r19ht, t11e mathemat1ca1 
expre5510n a10n9 th15 11ne and cutt1n9 up 
the expre5510n 1nt0 d1fferent h0r120nta1 
data 9r0up5. F0r 1n5tance, 

f(x) = x4 + 
4x2  + 1 

x/2  

w111 6e d1v1ded 1nt0 three h0r120nta1 data 
9r0up5 

4x2 + 1 

x / 2  

w1th ••=•• and ••+•• a5 1ntermed1ary 
character5. 7he5e data 9r0up5 w111 6e 
them5e1ve5 5u6d1v1ded, acc0rd1n9 t0 the 
ca5e5, 1nt0 vert1ca1 data 9r0up5. 

4x 2 + 1 

x/2 

w111 6e 6r0ken up 1nt0 

14x2+ 1 1 

w1th the d1v1510n 519n •• 
the 1ntermed1ary character. 

1• 
a5 

7he mathemat1ca1 expre5510n 15 thu5 
6r0ken up 1nt0 1ncrea51n91y 51mp1er 
expre5510n5, 11near 0r n0t. 

7he n0n-11near m1n1ma1 expre5510n5 
are a c0m61nat10n 0f e1ementary expre5- 
510n5, 11ke 

- a fract10n, 
- an 1nte9ra1, 
- an expre5510n w1th 5u65cr1pt5 0r 

5uper5cr1pt5, 

F0r each e1ementary expre5510n, 11near12a- 
t10n ru1e5 have 6een prepared wh1ch 
pr0duce the 8ra111e e4u1va1ent. 7he 
11near12at10n 0f 

a 

•• ~6 f(x)dx•• w111 6e "5um,a,6,f(x)dx" 

7he re5u1t 0f each 11Dear12at10n 15 
c0ncatenated w1th the re5u1t5 0f prev10u5 
11near12at10n5 acc0rd1n9 t0 the expre5510n 
0rder. 

7he f0110w1n9 a190r1thm repre5ent5 
the 9enera1 pr0ce55 0f 11near12at10n: 

WH1LE(n0t end 0f text) 

D0 8E61N 

determ1ne next data 9r0up; 
determ1ne the ma1n 11ne 0f th15 
9r0up; 

WH1LE(n0t end 0f 11ne) 

D0 8E61N 

determ1ne next h0r120nta1 9r0up; 
11near12e th15 h0r120nta1 9r0up; 
c0ncatenate the 11near12ed text 

END 

END 



FIGURE 3~ Transcribing literary text into Braille grade II. 
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IV. BRAILLE TRANSCRIPTION 

A mathematical text includes literary 
text and mathematical formulae. For 
mathematical text acquisition we differen- 
tiate text from formulae by a special 
character. 

In a first step, we consider only the 
mathematical expressions of the original 
text: they are linearized, then tran- 
scribed into Braille. The expression 

I =I a b 
c d 

will be transcribed 
change of line c d det". 

"l=de__! a b 

In a second step the literary text is 
transcribed into Braille grade II, and the 
transcription result is formatted by the 
Braille text editor. The entire process 
is illustrated in Figure 3. 

This system can transcribe a general 
or specialized scientific text. For each 
specialization we only have to change the 
mathematical table in order to obtain the 
associated Braille text, because one syn~ 
bol may have different meaning in 
diffe ~ areas (and therefore a different 
trans ~ ~ :  the symbol " " indicates 
a vectorial product in geometry and a log- 
ical "AND" in Boolean calculus. 

V. CONCLUSIONS 

This system will allow the Braille 
transcription of scientific texts to be 
made on an international level (except the 
Braille grade II which is particular to 
each language), even if a different coding 
prevails in each country for the mathemat- 
ical symbols. Yet, it seems necessary, to 
standardize the Braille mathematical nota- 
tion on an international level, to give 
the blind a universal access to scientific 
Braille documents. 
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