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Abstract
Because of special situations in Japanese, there are some serious problems in reading out text-based DAISY mathematical content correctly with speech synthesis.  Here, after discussing those problems, a solution based on our new authoring tool for DAISY is shown.  Using it, not only sighted people but also the various print disabled can produce a DAISY book ranging from non-technical one to mathematics and science, in which all the content is read out in a correct manner with speech synthesis.  This approach can be applied also to DAISY content in other languages.
1.  Introduction
As is well known, The Digital Accessible Information System (DAISY) [1] is now becoming a standard format of accessible digital books.  It is an excellent solution for making printed content more accessible to people with various print disabilities.  Since MathML is officially adopted in the current version, DAISY3, we can produce text-based mathematical content, in which one can access a math formula character by character, symbol by symbol with speech synthesis.  A blind user can read mathematical documents with speech output.  A low-vision reader can improve contrast or magnify the displayed content for ease of reading.  Visual tracking and synchronized speech allow a dyslexic reader to maintain focus on a document.
However, there still remain some unsolved problems in text-based DAISY math content.  For instance, there is no good method to correct how to read words or symbols when they are read out in wrong manner with speech synthesis.  For the present, an only possible approach is to directly embed audio files of a human voice for them, instead.

Although such problems are less numerous in English literal content, they arise more frequently in technical contexts.  For instance, if "a" represents a mathematical quantity, then it should be read as "ei."  Both one gram and one unit of gravitational acceleration are written as "1g."
In terms of Japanese, the situation is more complicated.  In Japanese, four different-character sets are used simultaneously in a document: Kanji (Chinese characters), Hiragana, Katakana and alphanumeric letters.  Kanji or their compound (with other Kanji or other letters) usually has several ways to pronounce, according to their context.  In math or science, they are often read in a different manner from the usual.
Besides the Kanji matter of Japanese, in mathematics, a similar ambiguity would take place in reading out math formulae, according to their meaning.  For instance, a symbol for "is congruent with" in geometry should be read as "is equivalent to" in another context.  An x with raised 2 at its right-hand side is usually used for x squared; however, it sometimes represents another quantity such as the second component of a vector.  A mixed fraction has the same form as the product of an integer and a fraction.  They have to be read in an appropriate manner according to their context.

As is obvious, in order to understand the content of a spoken math expression easily, we need to control breaks, intonations and stresses properly in speech output.  For instance, a short break is usually required at the end of each math syntax such as a fraction, a radical and so on.  This point is also less serious in English since a speech engine can easily do that.  However, in Japanese, it is often difficult for a speech engine to control pronunciation automatically since the word description of a math expression has no explicit breaks except for punctuation marks.  In Japanese, all the words are always written continuously.
To control pronunciation properly in DAISY, approaches based on the W3C Speech Synthesis Markup Language (SSML) [2] have been studied these days.  However, these studies do not seem to provide a perfect solution since they do not necessarily take into account technical content and the special situation in Japanese.

In this paper, after discussing those problems in Japanese briefly, we show a new approach to control how to read out mathematical content correctly in DAISY with speech Synthesis.  Those functions are actually implemented in the new version of Infty software, ChattyInfty3.
2.  Problems in Text-Based Math Contents in DAISY
We made a brief survey on the ambiguity in Japanese aloud-reading of mathematical or mathematics-related technical terms that were listed by Okamoto et al. with the support of the Mathematical Society of Japan [3].  There are 10,199 entries in total.  We picked all terms that had the three following characteristics.

(a) A single Kanji or their compound including no hiragana or katakana

(b) A common noun, an adjective, a prefix or a suffix

(c) A word used in education ranging from elementary school to mathematics or mathematics-related courses at university

However, to avoid overlapping, we did not count a compound of multiple words in principle, although some are included in the list since they are always used as one word.

There are 933 words in the intersection of categories (a), (b) and (c).  Among these, 517 have no ambiguity of reading since they are manifestly mathematical or mathematics-related, and thus never used in a nontechnical context.  The remaining 416 words can appear in both mathematical and nonmathematical contexts.  Among these, 73.6% have only one pronunciation, whereas 26.4%, or 110 words, have more than one pronunciation according to context.  Therefore, there is a clear need to specify how to read Kanji technical terms properly.

To avoid this ambiguity, a Japanese printed document often includes so-called "Ruby" characters to specify how to pronounce each Kanji or their compound.  It is a kind of phonetic description typically written in hiragana or katakana to the side of the original Kanji in a small (Ruby-type) font.  However, Ruby characters are not necessarily placed alongside all Kanji.  In the case that there are no Ruby characters in the original printed material, the DAISY version does not include them either.  It is thus impossible to determine automatically how to read Kanji on the basis of Ruby only.  This is a serious problem for producing a Japanese-language school textbook in DAISY because the content needs to be read out as correctly as possible even if there are no Ruby characters.

Besides the matter of Japanese, language, a similar ambiguity occurs in math expressions.  We sometimes need to specify how to read characters or formulas locally according to context.  We briefly surveyed this ambiguity for all mathematical syntaxes defined in Infty software.  For those frequently used in education ranging from elementary school to mathematics or mathematics-related courses at university, the ambiguity seems to be greatest for the three following types of formulas.

    (a) Math formula with fractions

    (b) Math formula with superscripts or subscripts

    (c) Math formula with enclosing symbols

Although it is difficult to evaluate our result quantitatively, if we may say so, we confirmed that such ambiguity often appears in math textbooks.  It should be usually difficult for a speech engine to read out them correctly if there were not appropriate indications.  Hence, we need a method to specify how to read the formulas properly with speech synthesis according to context as well as the case of Kanji.

In the forthcoming version of DAISY, DAISY4 [1], it seems that a Ruby tag will be adopted officially in DAISY XML to specify the manner of pronunciation when Ruby characters appear explicitly in an original document.  However, as was discussed, it is clear that this approach cannot solve the problem completely.  If there are Ruby characters, DAISY-playback software/hardware might be able to read the Kanji correctly.  If not, all characters would be read out in the same manner throughout the entire document with speech synthesis.  In addition, we cannot assign how to read math formulae using this approach since we cannot apply Ruby characters to them.

In terms of the problem of controlling breaks, intonations and stresses properly in aloud reading of math formulae in Japanese, to make the situation clearer, we actually converted some sample math textbooks ranging from elementary school to senior high school in Japan into text-based DAISY content and got DAISY-playback software to read out them with various text-to-speech (TTS) engines.  In the result, as was assumed previously, obtained speech output was usually terrible.  Furthermore, we realized that each speech-synthesis engine makes errors in their own manner.  Even though a voice can read a math expression correctly, the other voices cannot necessarily do the same.  The speech control seems to be speech-engine-dependent job.
3.  How to Control Aloud Reading with Speech Synthesis
There are many DAISY-playback tools, both of hardware and software, these days [1], which can treat DAISY3 content.  Although some of them are not necessarily useful in Japanese environment, the other ones work properly even for Japanese content.  In terms of Windows OS, "AMIS Ver.3" may be most widely used freeware, which allows a user to read not only DAISY3 audio-based content but also text-based one with a Japanese TTS engine.  Besides, the Japanese version of commercial software such as "Dolphin EasyReader" [4] is also available.  However, Most of playback software including AMIS and EasyReader cannot treat MathML formulas.  In such software, math expressions must be treated as an image with an alternative text.  If the text were not embedded, that expression would not be read out with speech synthesis.  For the present, "ghPlayer" [5] is an only solution to treat MathML formulas directly, which can read out them properly with speech synthesis.  However, its Japanese version is not provided, yet.  In terms of Macintosh OS, for instance, "Voice of DAISY" [6] is useful playback software, which can work also on portable devices such as iPad.  However, it cannot display MathML expressions, either.

In terms of authoring tools, combining a free utility "Save as DAISY" with Microsoft Word, we can convert a word file into DAISY3 content.  Furthermore, although all math expressions are read in English, by introducing another utility, "MathDAISY" [7] additionally, we can produce multimedia DAISY mathematical content, in which the audio files of aloud reading with a TTS engine are embedded.  However, there is no method to correct reading errors easily when a speech engine reads out literal/mathematical content in a wrong manner.  In that case, we have to edit it with another DAISY editor to embed audio files of correct aloud reading into DAISY XML.  Commercial software, "Dolphin Converter" [4] is a powerful tool to convert printed content into DAISY as well.  However, it is rather expensive, and its Japanese version is not provided yet, either.

Our accessible mathematical-document editor "ChattyInfty" [8, 9] allows blind people to access mathematical and scientific documents with speech output.  Information displayed in its main window is completely equivalent to that of "InftyEditor" for sighted people.  All mathematical expressions are displayed in the ordinary print style.  ChattyInfty reads aloud not only text but also mathematical expressions.  Blind people can read, write or edit scientific documents including mathematical expressions, with speech output.  However, its current version cannot treat a DAISY content.
As was discussed in the previous section, in text-based DAISY, we need a new way to control how to read out each symbol, technical term in Kanji or mathematical formula locally according to their context.  We refer to this new concept of assigning a pronunciation as "Yomi" (a Japanese word that means "a manner of aloud reading").  To realize the Yomi function in DAISY, we tentatively present a method based on "Ruby tag," which is expected to be adopted officially in the next version, DAISY4 [1, 10, 11, 12].
It should be noted that Ruby and Yomi are conceptually different from each other.  Although Ruby is included in an original print document, Yomi is not.  The reading given with Yomi, therefore, should not appear explicitly in the DAISY version, unlike the case for Ruby.  However, Yomi has to control speech output as well as Ruby.

We worked on upgrading ChattyInfty thoroughly so that a recognized result with our math OCR software, "InftyReader," or an edited file in ChattyInfty can be converted into DAISY XML format with the Yomi function.  Thus, the new version of ChattyInfty, "ChattyInfty3" becomes a good authoring tool for text-based DAISY.  It is also useful for people with low vision or dyslexia as well as the blind.  In the software, all the mathematical content is read out properly with the Yomi function.  Furthermore, since a result recognized by InftyReader can be imported directly, both the sighted and print-disabled can produce mathematical DAISY books easily from printed or PDF materials by making use of Infty software only.

The window of ChattyInfty3 is divided into two parts---an index window and a main window---in a similar way to other popular DAISY browsers.  The index window has a tree structure to show a table of contents in a style similar to that of Windows Explorer.  This gives a user random access to a document displayed in the main window.  Pressing the F6 key or Ctrl + F6, one can easily switch the active window.  Since all functions in ChattyInfty for browsing and editing mathematical expressions are incorporated as a dynamic link library, the main window of ChattyInfty3 is completely equivalent to that in the previous version.  One can not only browse but easily author mathematical DAISY content.  In terms of editing Yomi of each technical term in Kanji or math formula, by pressing Ctrl + Shift + Up Arrow keys after selecting part of the text or a math formula, a user can access a dialog to assign it correct aloud-reading (word description).

A remaining problem is of controlling breaks, intonations and stresses in speech output.  As was pointed out, it is a speech-engine-dependent job.  Since April 2011, we have been working on a collaborative project with the team of the Japan Braille Library to develop a special version of ChattyInfty3, in which we can edit/adjust speech behaviour freely.  In order to realize that, at first, we had to select one high-quality Japanese speech engine.  After examining several engines, we chose "AI Talk" [13] to use in our system.  It uses sound pieces of a human voice as elements for speech synthesis and realizes very natural speech output.  Then, in line with its features, we developed an interface to edit its speech behavior for a literal /sentence and a spoken math expression.  This speech-output editor is incorporated into ChattyInfty3, the AI-Talk version.

As was mentioned, there are various playback software and hardware for DAISY content.  It is obvious that a DAISY book produced with ChattyInfty3 should be available for them as well.  However, unfortunately, there are no good DAISY playback tools that can treat DAISY3 math contents in Japanese.  Furthermore, each speech engine fails at reading technical contents in their own manner, and the current DAISY has no universal method to control that.  We, therefore, decided to implement a function in ChattyInfty3 to export an edited document as multimedia DAISY2 content.  In it, audio files of aloud reading corresponding to each of Japanese sentences and math expressions generated by the AI-Talk speech engine are embedded as well as text-based information.  All math expressions are treated as images to meet the DAISY2 standards.  Since we can produce this file after correcting all errors in the speech output, any DAISY browser/player can play back that content in a proper manner with the AI-Talk voice.
Finally, we have to refer to a capability of ChattyInfty3 for other languages.  In terms of DAISY content in other languages, in ChattyInfty3, users can author/change easily not only how to read mathematical content but also captions in menu items and dialogs as they like.  They, therefore, could customize ChattyInfty3 for each local language if necessary.  For the present, Japanese and English are available.  Incidentally, the English version uses Microsoft Speech API, Ver.5 as a speech engine.  Users can produce Text-based/multimedia DAISY content (DAISY3), in which all the math expressions are represented in MathML.

4.  Conclusion

In ChattyInfty3, all the mathematical content in DAISY can be read out in a correct manner with the Yomi function and speech control.  Persons who verse themselves in mathematics probably could understand content of a technical document according to its context even if some technical terms and formulas were read out in a wrong manner.  However, for non-skillful students, it is clear that a textbook should be read aloud as correctly as possible.  Our software could give a certain contribution for those cases.  We actually produced several math textbooks in DAISY with it and provided them to print-disabled students.
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