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Abstract

Editors that can convert English text to Braille and conversely Braille to English text have been around for decades, similarly we have text editors to convert Mathematical symbols like Square Root, Integration, and Statistical symbols. But what we don’t have is an integrated application interface that supports these functions simultaneously, allowing users to compose mathematical? Text in a user? Friendly format and subsequently convert it into Braille.   We propose a system to achieve this. Research on ‘Writing Mathematical symbols alongside? text’ is still ongoing. We plan to develop a system that will enable users to express in braille any mathematical statement linearly. Braille is entered and edited using six keys as it would be on a mechanical braille writer. The editor includes all the common features of a normal editor like copying, pasting, saving files, opening files etc. 

1.
Introduction

Our objective is to design a system for publishing Mathematics and Science books in Braille. Using this software, teachers and transcribers can produce relatively simply braille documents for Mathematics and science subjects.

2.
Braille Code & Nemeth Braille Code

Braille is a code, which enables blind persons to read and write. It was invented by a blind Frenchman, Louis Braille, in 1829. Braille is embossed by hand (or with a machine) onto thick paper, and read with the fingers moving across on top of the dots. Braille’s basic building block is a rectangular 3x2 six-dot cell, which provides 63 possible combinations representing print letters and symbols. Braille characters take up three times as much space as print. The basic Braille symbol (or cell) is composed of six dots arranged in two vertical columns, each column being three dots high. These dots are numbered as follows:

1 o o 4
2 o o 5
3 o o 6

Because this pattern produces only 63 one-cell symbols (plus the blank cell, which is used as a space), some symbols have multiple meanings, and many symbols which take only one character in print require more than one cell in Braille. 

The Nemeth Braille Code for Mathematics and Science Notation is used (obviously) for mathematics and science material, which contains symbols not available in Literary Braille. 

The Nemeth Code is not simply an expanded version of the Literary Braille Code; there are many significant differences. For example numerals and some symbols (such as the dollar sign) are written differently and some Literary Code contractions cannot be used under certain circumstances. The codebook, The Nemeth Code for Mathematics and Science Notation, 1972 Revision, lists 40 pages of symbols, each page containing between 12 and 21 symbols.
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Fig: Nemeth Numerals

3.
Text To Braille

Text to Braille conversion is most commonly through the use of ASCII characters using a one–to-one correspondence. Since our system needs to include English characters, Braille and Mathematical symbols simultaneously we need a wide range of characters and therefore our chosen format is the16-bit Unicode format rather than the simpler 8-bit ASCII format.
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Fig: Braille ASCII Chart
4. Linear representation of Mathematical Statements

The problem of encoding mathematics for computer processing or electronic communication is longstanding. For many years ASCII was the standard method of formatting  mathematical and scientific text but it was difficult to represent complex statements in ASCII, and in 1986 TeX  was adopted as a mark-up method for mathematics.

Writing Mathematical symbols with keyboard and getting the saved version of the content is not complicated presently. Because so many work have been developed till now. As for example we can say about Microsoft Word’s Equation Editor. And the software is pretty good. It can insert an equation as an object and edit using the many buttons provided. It is now relatively easy to produce complex mathematical formulae in print using programmes such as Microsoft Word’s Equation Editor but these do not readily convert into braille.  When we prepare a file containing English text and Mathematical symbols in print? , in most cases the mathematical statements are inserted as a part of a picture which software designers refer to as an “object”. The following figure depicts an “object” representing a Pythagorean Theorem. It is virtually impossible to convert it electronically into braille.
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Fig: equation inserted using MS’s Equation editor.

Another common approach to producing mathematic and scientific text in print is to use? the computer language MathML. MathML is an XML application for describing mathematical notation and capturing both its structure and content. The goal of MathML is to enable mathematics to be served, received, and processed on the Web, just as HTML has enabled this functionality for text. MathML can be used to encode both mathematical notation and mathematical content. A small example is given here to show tehe use of MathML. We have to write the following MathML code to express    (a + b)2 . One form of presentation markup for this example is: 

    <msup>

      <mfenced>

        <mrow>

          <mi>a</mi>

          <mo>+</mo>

          <mi>b</mi>

        </mrow>

      </mfenced>

      <mn>2</mn>

    </msup>

The content markup for the same example is: 

    <apply>

      <power/>

      <apply>

        <plus/>

        <ci>a</ci>

        <ci>b</ci>

      </apply>

      <cn>2</cn>

    </apply>

In its current form it does not convert to Braille since Braille conversion requires mathematical text to be presented in a linear form. For example a linear representation of the statement (a+b)2 might take the form  (a+b)<super>2,  similarly Log­­ex could be represented as Log<sub>e<val>x.
The codes inside the <> signs are the tags that represent a statement. The principle of the system we are proposing for representing mathematical and scientific formulae is to begin from the Braille and to use Rich Text Format (RTF) – an editing format that automatically saves data in a linear form. 

The codes inside <> sign are the tags to represent a statement. We do not use any conventional way for linear representation rather we find what the Braille representation of it, and go forward accordingly. So we do not face problems in representing simple fraction, complex fraction, mixed fraction and so on. Rich Text Format (RTF) is a format that saves data in a linear form. So we choose RTF as our editor format.

5.  Rich Text Format

The Rich Text Format (RTF) Specification provides a format for text and graphics interchange that can be used with different output devices, operating environments, and operating systems. RTF uses the American National Standards Institute (ANSI), PC-8, Macintosh, or IBM PC character set to control the representation and formatting of a document, both on the screen and in print. With the RTF Specification, documents created under different operating systems and with different software applications can be transferred between those operating systems and applications. There is a header part and a data part. Data part it stores is nothing but the linear representation of what is written. As for example if you write the expression (a+b)2=a2+b2+2ab, as a header?, RTF will hold the following information for it.

(a+b)\super 2\nosupersub =a\super 2\nosupersub +b\super 2\nosupersub +2ab

So it is really helpful for us to use Rich Text Format.

Braille conversion:

We already said that we are using point-to-point mechanism for Braille conversion. Here is an example of the above statement to show the conversion procedure.

Displayed code: (a+b)2=a2+b2+2ab

Linear code: (a+b)\super 2\nosupersub =a\super 2\nosupersub +b\super 2\nosupersub +2ab
Braille code: 
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6. Fractions

Fractions in Braille can be represented both spatially and linearly. It is usually easier for a visually impaired person to read them linearly although it becomes difficult to understand spatial representations of large expressions like complex and hyper complex fractions through this method. Expressions like integrals and summations are also usually represented in linear form.  For our purposes we have adopted a linear presentation approach for fractions e.g. (1/2+3/4)/(1/3+2/3).

7. Editing in Braille

If required we can edit the converted code using six keys on the keyboard S, D, F, J, K and L each representing a dot in the basic braille cell. Using these six keys we can get all the combinations for single cell Braille signs.

S - dot 3

D - dot 2

F - dot 1

J  - dot 4

K - dot 5

L - dot 6

We can define two states for each key ‘0’ and ‘1’. A pressed, key represents “1” but unpressed it represents 0. This is the format of the binary string that will be formed after each stroke.


E.g. if only F key is pressed and rest are left then the corresponding string will be 00000001. We define a hash-table to get all combinations of the Braille codes. Here is a small part of the hash-table.
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00000000 10240
00000001 102417
00000010 10262%
00000011 10263}
00000100 10240}
00000101 10245}

00000110 102463




8.  Mathematics Braille Editor Interface and Language Selection
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Fig: Math Editor Interface

To select the language of your choice, click on the Language select pop up on the Status Bar. Default Language is English. Clicking left mouse button when English language is selected will change it to Six Keys mode. Click again to come back to English.

9. Results and Discussion
Here is an example file that is composed in our system along with the converted Braille file, is given.
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Discussions:
This is the one and only one editor that supports simultaneous occurrence of writing and converting exists. Converted Braille file is editable using six keys in Braille. Mathematics Toolbar is available for inserting symbols. Conversion to Braille is done as per Nemeth Braille standard. It provides the facility to take normal print and also Braille print. Embossing through Index Interpoint Braillers is possible from here. The system has some errors in Braille conversion. As there is a number of rules for Braille conversion, the process of incorporating new rules are also going on.
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Fig: Mathematics Toolbar
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