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METHOD AND SYSTEM FOR UNAMBIGUOUS BRAILLE INPUT AND CONVERSION 

S TECHNICAL FIELD 

The present invention relates generally to data processing systems and, 

more particularly, to a method and system for unambiguously inputting multi-byte 

characters into a computer from a Braille input device. 

10 BACKGROUND OF THE INVENTION 

Nonsighted or visually-impaired people have had difficulty in being 

integrated into the workforce due in part to the difficulty of working with computers 

to perform such tasks as word processing. In order to integrate visually-impaired 

people into the workforce, conventional systems have been developed that receive 

15 Braille input, store it into a computer, and output it to the user. 

One ~h conventional system 100 for inputting Braille into a 

computer is depicted in Figure lA. The Bfaille system l 00 comprises a computer 

102 with a video display 104 and with a Braille 1/0 device 106. The Braille I/O 

device 106 is responsible for inputting Braille to the computer 102 via input keys 

20 108-119 and for outputting Braille to the user via the output array 120. As shown in 

Figure lB, each unit of Braille 130 is expressed as a Braille cell having six predefined . . 

locations 132-142. Information is conveyed using.a Braille cell through the presence 

or absence of an elevation at the predefined locations 132-142. For example, when 

Braille is conveyed on a paper medium, a pwich behind the paper causes the paper to 

25 be elevated at one or more of the predefined locations 132-142. It is the elevations 

and the absence of. elevations at the predefined locations l 32-142 that convey 

meaning to the reader. The depression of the input keys 108-118 causes the computer 

102 to receive a signal that a corresponding location 132-142 should be construed to 

be in an elevated position. Input keys 112, 110, 108, 114, 116, and 118 correspond to 

30 pred!fined locations 132, 134, 136, 138, 140, and 142, respectively. Input key 119 is 

a space bar which is used to indicate that none of the predefined locations have an 
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elevation. Therefore, by using keys 108-118, a visually-impaired user can input 

information into the computer 102. 

The output array 120 contains 20 output units (e.g., 122), where each 

output unit c~ output one Braille cell. As shown in Figure 1 C, each output unit (e.g., 

5 122) contains six apertures 152-162, which correspond to the predefined locations 

132-142 of a Braille cell 130, through which the system can provide a protrusion that 

is perceptible to the human touch. Figure lD depicts a left side elevatiomd view of 

output unit 122 and further shows apertures 124 and 128 with a protrusion and 

aperture 126 withou~ a protrusion. In this manner, the Braille system 100 can output 
. . 

10 up to twenty individual units of Braille (Braille cells) via the output array 120. 

In order to read info_rmation from the video display 104, the user uses 

the arrow keys 122-128 in conjunction with the output array 120. The arrow keys 

122-128 manipulate a reference cursor on the video display 104. The reference 

cursor highlights information on the video display 104 that is then output to the 

15 output array 120. For example, if the refer~ce cursor were at the top of a document, 

the user could depress arrow key 126 to move down a line so that the user could read 

a line of infonnation by feeling the output array 120. Similarly, the depression of 

arrow key 124 moves the reference cursor to the right, the depression of arrow key 

128 moves the reference cursor to the left, and the depression of arrow key 122 

20 moves the reference cursor up. By using the Braille system 100, a visually-impaired 

user is able to store Braille information onto the computer 102 and read. Braille 

information from the computer. 

When the Braille system 100 is used with the English . language, the 

user can exactly indicate an English language expression because each Braille cell 

25 corresponds to exactly one letter of the English language. Therefore, the user can 

input one letter at a time and can read the output one letter at a time. However, such 

Braille systems are significantly less helpful when used with multi-byte languages. A 

"multi-byte language" is a language in which more than one byte is needed to 

uniquely identify each character of the language. In other words, there are more than 

30 28 (of- 256) characters in the language. The characters of a multi-byte language are 
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referred to as multi-byte characters. Multi-byte languages, such as Kanji-based 

languages like Chinese, Japanese, and Korean, have approximately 40,000 characters. 

In Kanji-based languages, the elements of grammar are known as 

"Kanji characters." The phrase "elements of grammar'' refers to units of a given 

5 natural language that are capable of comprising parts of speech. For example, the 

elements of grammar in the English language are words. As such, each Kanji 

character is a higher-order linguistic symbol that is analogous to a word in the 

English language. That is, natural languages tend to have three levels of linguistic 

elements. The lowest of these levels depends on the specific alphabet used and is 

10 associated with the sounds of the spoken language. For example, the first and lowest 

level of linguistic elements in the English language comprises letters. The third level 

of linguistic elements is the highest level ancl contains those linguistic elements 

conveying full creative expression. In the English language, the third level comprises 

sentences. It is the second level of linguistic elements to which the phrase "elements 

IS of grammar'' refers. This second level is an intermediate level of linguistic elements 

and, in the English language, the second level comprises words. In Chinese, the 

second level comprises Kanji characters. 

Because there are approximately 40,000 Kanji characters in Kanji­

based languages and only 26 (or 64) characters can be uniquely identified by one 

20 Bni.ille cell, well-known systems have been devised to map individual Braille cells 

onto the phonetics of the multi-byte language. The phonetics, usually three, fll'e then 

combined to identify an intended character, although the identification is inexact 

The intended character is inexactly identified because many different characters 

solllld alike, but have different meanings. For example, the following Chinese 

25 characters all sound like "wong" and thus are identified using the same Braille input, 

but each character has a different meaning: 

Because many characters sound alike in multi-byte languages, when using Braille to 

input and output multi-byte characters, there is an inherent problem of ambiguity. 
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Figure 2 depicts a well-known phonetic mapping scheme for mapping 

Braille onto the phonetics of the Chinese language· spoken in· the Cantonese dialect. 

This phonetic mapping scheme groups all phonetics into three c1:1tegories: 

consonants, vowels, and tones. A number of Brmlle cells are defined to indicate . 

S specific consonants, some of which are depicted in Table 202. Table 202 indicates a 

specific Braille representation, such as ":·", that corresponds to a particular 

consonant, such as "F as in Fay," and indicates the particular i'epreseritation stored in 

the computer (e.g., "F''). In this example, when a user inputs":·" via the Braille 1/0 

device, they intend:the consonant "F as in Fay." The Braille 1/0 device sends the 

10 input to the computer where it is stored as an F character to indicate =the particular 

Braille input and the phonetic represented by it. Using this system, some sounds have 

representations in the computer that do not correspond with the sound. For instance, 

although the sound for Braille input ":" is "Gas in Gay," the representation in the 

computer is "K." 

lS Table 204 contains some sample phonetic mappings of vowels, where 

the Braille input corresponding to the specific sound and its representation within the 

computer are depicted. For example, the Bnulle input"·:" corresponds to the vowel 

"iy as}n sight,'' and is represented in the computer as ''%." Likewise, Table 206 

depicts the phonetic mapping of various tones. One of these tones is the default tone 

20 which is specified by the absence of a Braille cell. Another of the tones is the rising 

tone, which is similar to the tone used when the speaker wishes to indicate a q?estion .. 

Using this phonetic mapping scheme for mapping Braille onto Cantonese phonetics, a 

user specifies a specific Kanji character by using usually three Braille cells: one for 

the consonant, one for the vowel, and one for the tone. In some situations, the user 

25 may omit the Braille cell for the tone to indicate that the default tone is desired. 

When the Braille system 100 is used with the phonetic mapping 

scheme described above, the user inputs the Braille into the computer and the 

computer stores the phonetic representation (e.g., w;' which is the computer 

representation of the phonetics for characters that sound like "wong") and not the 
... 

30 actual multi-byte character. Storing the data by its phonetic representation prevents 
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the data from being used by a siglited user that does not understand these cryptic 

symbols and, therefore, does little to integrate the visually impaired into the 

workforce. Another problem with this system is that since the phonetics are mapped 

onto the characters of the multi-byte language, the Braille does not exactly map to a 

S specific character, because many characters have the same sound but mean 

completely different things. As such, there is a significant amount of ambiguity 

which poses a problem. Such ambiguity problems must be overcome to facilitate the 

use of computers by the visually-impaired. Therefore, it is desirable to improve 

Braille input systems for multi-byte languages to resolve ambiguities. 

10 

SUMMARY OF THE INVENTION 

An improved recognition system for translating Braille into multi-byte 

languages is provided that resolves ambiguities in the translation. By resolving 

ambiguities in the translation, the improved recognition system helps integrate 

1 S visually-impaired users in:to the workforce. Such integration is achieved by providing 

visually-impaired users with both the means to input Braille for translation into a 

multi-byte language and the means to disambiguate the translation so that it reflects 

what the user intended. In this manner, the translation accurately reflects the 

intentions of the user. Furthermore, the translation is actually stored in the computer 

20 in the multi-byte language so that both sighted and nonsighted users alike can utilize 

the translation. 

In accordance with a first aspect of the present invention, a method is 

provided for translating Braille input into characters of a multi-byte language in a 

computer system having the Braille input and having a database of entries containing 

25 mappings of Braille to phrases containing at least one character of the multi-byte 

language. In accordance with the first aspect, the method attempts to match the 

Braille input to at least one of the entries in the database to translate the Braille input 

into the multi-byte language. When the Braille input does not match at least one of 

the entries, the method reduces the Braille input by an amoll;llt sufficient to represent 

30 a character and attempts to match the reduced Braille input to at least one of the 

entries in the database. When the reduced Braille input does not match at least one of 
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the entries in the database, the method repeatedly reduces the Braille input and 

attempts a match until the reduced Braille input matches at least one of the entries in 

the database to translate the reduced Braille input into the multi-byte language. 

In accordance with a second aspect of the present invention, a method 

S is provided for translating input containing portions into characters. of a multi-byte 

language in a computer system. A portion of the input corresponds to a plurality of 

characters where only a single intended character iS intended by a user to be identified 

by the portion.. In accordance with the second aspect, the method receives the input 

for translation into tile multi-byte language where the input contains a user-specified 

I 0 indication of a portion that corresponds to a plurality of characters. Th~ method also 

utilizes the user-specified indication to unambiguously translate the portion into the 

single intended character. 

In accordance With a third aspect of the present invention, a method is 

provided for translating input in a first language into a second language in a computer 

15 system having a database with entries containing mappings of portions of the input 

onto phrases of the second language. In accordance with the third aspect, the method 

receives the input for translation, . translates the input into the second language by 

matching the portions of the input against the database entries to identify matching 

phrases, and outputs the matching phrases such that a user can disc:em a distinctness 

20 of each matching phrase to facilitate detection of translation errors. 

In accordance With a fourth aspect of the present invention, a method 

· is provided for translating phonic data rei>resenting spoken sounds of a lang~e i_nto 

text of the language in a computer system.having a database with entries containing 

mappings of phonic data onto phrases of the text. The method receives portions of 

25 the phonic data and translates the phonic data to text by mapping the received 

portions of the phonic data to the phrases in the database entries. 

In accordance with a fifth aspect of the present invention, a method for 

translating Braille input into characters of a multi-byte language in a computer system 

is provided. The method receives the Braille input, translates the Braille input into 

30 text of the multi-byte language, and stores the text into the computer such that the text 
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is represented as individual characters of the multi-byte language so that the text is 

understandable to a user that understands the characters of the multi-byte language, 

but does not understand Braille. 

In accordance with a sixth aspect of the present invention, a method is 

5 provided for translating input having elements of grammar from a first form into a 

second form in a computer system. The method receives input .in the first fo~ 

translates the input into the second form to create translated elements of. grammar, 

and outputs usages of the translated elements of grammar in the second fonn so that a 

user can identify traJ1Slation errors. 

10 In accordance with a seventh aspect of the present invention, a method 

is provided for phonetically inputting data into a computer system. The method 

receives input comprising groups of phonetics representing sounds made when a 

language is spoken where a group of phonetics corresponds to at least one element of 

grammar of the language. For each of the groups in the received input, the method 

15 identifies at least one element of gram.mar that corresponds to the group of phonetics 

and outputs usages of the identified element of grammar so that a user can determine 

if the identified element of grammar is an intended element of grammar. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 Figure lA depicts a conventional system for inputting Braille into a 

25 

computer. 

Figure IB depicts a Braille cell. 

Figure IC depicts an enlarged.top plan view of an output unit of the 

conventional system for inputting Braille of Figure IA. 

Figure ID depicts a left-side elevational view of the output unit of 

Figure IC. 

Figure 2 depicts a conventional phonetic mapping scheme for mapping 

Braille onto the phonetics of the Cantonese dialect of Chinese. 

Figure 3 depicts a Braille system that is ~uitable for practicing a 

30 prefelred embodiment of the present invention. 
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Figure 4 depicts a more detailed diagram of the computer in the Braille 

system of Figure 3. 

Figures SA-SC depict a flowchart of the steps performed by the 

· recognizer depicted in Figure 4. 

S Figure 6A depicts an example of input to the recognizer program. 

10 

Figure 6B depicts an example of an output file displayed by the 

recognizer program. 

Figure 6C depicts an example of phrases recognized by the recognizer 

program. 

Figure 6D depicts an example of usages of a character displayed by the 

recognizer program. 

Figures 6E-6H depict a list of phonetically-equivalent characters 

· displayed by the recognizer program. 

Figure 61 depicts usages of a replaced character displayed by the 

15 recognizer program. 

20 

Figure 6J depicts a corrected output file displayed by the recognizer 

program. 

Figure 6K depicts alternative phrases displayed by the recognizer 

program. 

DETAILED DESCRIPTION OF THE INVENTION 

An improved recognition system for translating Braille into multi-byte 

languages is provided that resolves ambiguities in the translation. By resolving 

ambiguities in the translation, the improved recognition system helps integrate 

25 visually-impaired users into the workforce. Such integration is achieved by providing 

visually-impaired users with both the means to input Braille for translation into a 

multi-byte language and the means to disambiguate the translation so that it reflects 

what the user intended. In this manner, · the translation accurately reflects the 

intentions of the user. Furthermore, the translation is ac~y stored in the computer 

30 in the multi-byte language so that both sighted and nonsighted users alike can utilize 

the translation. 
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Overview 

In order to translate Braille input into a multi-byte language, the 

improved recognition system receives lines of Braille input from the user via a Braille 

input device. When inputting the Braille, which represents phonetics for characters of 

S the multi-byte language, the improved recognition system allows the user to provide 

assistance in resolving ambiguities. Specifically, the recognition system allows the 

user to provide an indication of ambiguous input. For example, if the user does not 

have confidence that the recognition system will translate some of the phonetics into 

an intended charact~r, the user may provide usage infonnation, such as additional . 
10 phonetics representing additional characters that together form a p~e. ·so that the 

system can correctly translate the phonetics into the intended character by using the 

context provided by the phrase. 

In response to receiving the lines of input, the recognition system 

translates the input. The recognition system performs this translation by attempting 

15 to match each individual line against entries in a database. The recognition system 

maintains a database with a number of entries containing mappings of Braille to 

multi-byte language phrilses, such as Chinese phrases. Each phrase contains at' least 

one Kanji character. During the translation, the recognition system first attempts to 

match one entire line to the database entries. If the line does not match an entry in the 

20 database, the recognition system truncates the phonetics for one character from the 

end of the line and attempts another match. . If a match is still not foqnd, the . 
recognition system repeatedly truncates the phonetics for the last character ~d 

attempts a match witil a matching entry is found. Upon finding a matching entry, the 

phrase is copied into an output file, and thus the output file contains the phrase in the 

25 form of the multi-byte language. After finding the matching entry, if any portion of 

the line remains untranslated, the rest of the line is translated similarly. In ~ 

manner2 all of the Braille input is translated into the multi-byte language and stored in 

the output file as multi-byte characters. The improved recognition system stores the 

translated data in the fonn of the multi-byte language so that the data can be utilized 

30 by both nonsighted users and sighted users that do not understand Braille or the 

representation of the character phonetics, which helps integrate nonsighted users into 
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the work.force. Storing the translated data in the form of the multi-byte language is a 

significant improvement over some conventional systems that store the data using its 

phonetical representation, which makes the data difficult for sighted users to use. 

After the translation proce5s has completed, the recognition system 

· 5 allows the user io proofread the translated text stored in the output file to identify and 

resolve any ambiguities. This proofreading allo"Ws the user to make sure that, 

although the phonetics for a particular character may match a number of characters, 

the intended character was chosen by the recognition system. When proofreading the 

translated text, the phrases that were recognized are displayed such that the user can 

10 perceive the distinctness of each phrase. In other words, the translated. text is not 

outputted as a whole; rather, the phrases are outputted separated by spaces so that the 

user can discern· the individuality of each phrase that was recognized by the system. 

By outputting the phrases so a user can discern their individuality, the amount of 

proofreading that the user must perform is reduced~ That is. the larger the number of 

1 S characters in a particular phrase, the more confidence the user has that the p~e was 

translated correctly. Although the chances are ·fairly good that the phonetics for a 

single character inexactly indicate the character, the chances of the phonetics for two 

characters inexactly indicating a pair of two characters is significantly less. 

ObViously, as the number of characters indicated by the phonetics increases, the 

20 chances that the intended characters were exactly identified also increases. Thus, 

when the user detennines that a phrase has been translated having more than a couple 

. of ch&racters, the -user can feel confident that the· translation was correct .. This 

furictionality allows the user to only proofread the phrases in which they are uncertain 

as to the correctn~ss of the translation, such as phrases containing only a single 

25 character. Additionally, when outputting the phrases, the improved recognition 

system indicates whether the input for a particular phrase matched more than one 

entry in the database. In this case, the user can instruct the system to output all 

matching entries for the phrase so that the user can determine if the system chose the 

correct or intended phrase. 
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When proofreading the output, the user scans the output, and when the 

user believes that a phrase may have been incorrectly translated, the recognition 

system allows the user to examine usages of each character in the phrase. A "usage 

of a character" refers to a phrase containing the character combined with one or more 

5 additional characters. The system outputs usages of a character so that the user can 

determine whether the correct character was translated by using the context of the 

phrase. If the user determines that a translation error occurred such that an incorrect 

character was translated, the recognition system outputs a list of all phonetically­

equivalent charact~ as well as their usages to the user. A "phonetically-equivalent 

10 character" is a character that has a similar sound. ·The user may then scan the list to 

identify the correct character to be used in the translation. Upon identifying the 

correct character, the recognition system replaces the character in the phrase in the 

output file with the correct character. Additionally, if the correct character were part 

of a phrase of more than one character. the recognition system stores the updated 

15 phrase into the database with the corresponding Braille input so as to assist the 

system in making a co~ct translation the next time that the system performs such a 

translation. By using the improved recognition system, visually-impaired users can 

unambiguously use Braille to input multi-byte characters into a computer. 

Although a preferred embodiment is described below with reference to 

20 multi-byte character languages, one skilled in the art will appreciate that the present 

invention can be used with other languages. For example, the present inventipn may 

be used with single-byte languages such as English, Spanish, French, and German, 

where the elements of grammar are words. Additionally, although a preferred 

embodiment is described relative to Braille input, one skilled in the art will appreciate 

25 that the present invention can also be used with voice input. Furthermore, it should 

be appreciated by one skilled in the art that the techniques described below can be 

used to output and proofread an existing file containing multi-byte or other 

characters. 
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Imolementation Details 

Figure 3 depicts a Braille 1/0 system 300 that is suitable for practicing 

a preferred embodiment of the present invention. The Braille J/O system 300 

conta_ins a computer 302 with a video display 304 and a Braille 1/0 device 306. The 

5 Braille 1/0 device 306 contains six input keys .310-320,. a space bar 321, an output 

array 308, and four arrow keys 322-328 for manipulating a reference cursor on the 

video display 304. 

Figure 4 depicts a more detailed diagram of the computer 302. The 

computer 302 contajns a memory 402, a secondary storage device 404, a central 

10 processing unit (CPU) 406, as well as a connection 412 and 414 to tl!e Braille 1/0 

device and the video display, respectively. The memory 402 contains the.recognizer 

408, and the secondary storage device 404 contains the database 410. The recogniz~r 

408 is responsible for receiving Braille input from the user via the Braille 1/0 device 

306, mapping the input against the entries in the database 410 to translate the Braille 

15 . input into a double byte-based language, such as Chinese, and providing the user with 

the ability to proofread the translation so as to disambiguate the translation. The 

database 410 contains entries with mappings of Braille onto phrases of at least one 

Chinese character. Although some examples of the mappings are now provided, one 

skilled in the art will appreciate that the database may contain thousands of such 

20 mappings. For example, the computer representation for the Braille input of the 

phonetics ''wong" is w;'. Thus, the database may contain a mapping of w;' qnto the 

following wong-sounding character: 

Ji 
Another example o~ an entry in the database is a mapping of the representation of the 

25 Braille input "B@MH,LHlKB," which means America and in Cantonese sounds like 

"ah mai 1ai ka," onto the following Chinese characters: 
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Figures SA-SC depict a flowchart of the steps perfonned by the 

recognizer of a preferred embodiment. The first step performed by the recognizer is 

to receive Braille input from the user via the Braille I/O device (step 502). Figure 6A 

depicts sample input received from the Braille I/O device. The sample input contains 

S 5 lines of information 602-610. The first line 602 contains the phonetics that together 

sound like "wong," which corresponds to a number of different characters in the 

Cantonese dialect of the Chinese language. Line 604 is an example of a line that 

contains an indication of a possible ambiguity. As stated above, the improved 

recognition system ,allows the user to input an indication so that the translation 

10 system correctly traiislates the indicated Braille. This indication take~ the form of 

special characteis such as "a'' and"}." For example, line 604 shows that the special 

character "a" indicates that the following phonetics up until the trailing "}" should be 

translated into a single character. In this example, a wong-souncling character is 

being translated. The special characters delineate the phonetics for a number of 

15 characters that together provide a usage of the character to be translated so that the 

system can translate the character correctly from the context. The phonetics of the 

first character - w;' - sounds like wong, and the phonetics for the second character · 

-)VA- are the phonetics for a character that sounds like toe. Together, all of the 

phonetics sound like ''wong toe," which uniquely identifies only one phrase of two 

20 characters meaning "yellow soil." From this phrase, the system can determine the 

correct wong-sounding character for the translation. If the first special character ("a") 

were to indicate that t{ie second phonetic were the character to be translated, the 

special character would be a "b" and so on. Special characters can also be used by 

the improved recognition system to indicate to the system that an entire phrase should 

25 be translated as a whole. This functionality is provided to prevent the situation from 

occurring where the p~ase is translated together with other characters of the input, 

which may result in a translation error. 

Again, with reference to Figure 6A, line 606 contains the computer 

representation of the Braille input for four Chinese characters that sound as follows: 

30 kong, .. hay, fat, and choi. This phrase means to wish riches upon someone. Line 608 
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contains the phonetics for 4 characters: ah, mai, la4 and ka. Together, these 4 

characters mean ~America" Line 610 contains a combination of lines 608 and 606 

with line 608 occurring before line 606. 

After receiving the Braille inp~t, the recognizer selects the next line 

5 beginning with the first line (step 504). After selecting the next line, the recognizer 

attempts to match the entire line against the database entries to determine if the input 

matches at least one database entry (step 506). If the input d<:JeS not match at least 

one database entry, the recognizer truncates the phonetics for one character from the 

end of the input (styp 508) and continues to step 506. This processing of steps 506 

10 and 508 continues Until a match is made. After a match of the input~ to a database 

entry is made, the recognizer detennines if the input matched more than one database 

entry (step 510). If more than one match was made, the recognizer puts a special 

character into the output file,. such as a "z," to indicate that more than one match was 

made (step 512) and stores the most commonly-used entry of the matching entries 

15 into the output file (step 514). In the database entries that map onto the same 

phonetic input, the system maintains a counter that is incremented each time that the 

entry is used. In this step, the recognizer accesses the counter to determine which 

matching entry has been used most often. The most often-used entry is then copied 

into the output file. If it is determined that more than. one match has not been found, 

20 the recognizer stores the phrase in the matching entry into the output file. (step S 16). 

Based on the processing of steps S 14 and S 16, the output file contains the tr~lated 

data in the form of the multi-byte.language. Specifically, character codes are stored 

which uniquely identify· the characters of the multi-byte language much like the 

ASCII code uniquely identifies English letters. A preferred embodiment utilizes the 

25 well-known Big S character code, although one skilled in the art will appreciate that 

other character codes like the Unicode character code may be used. 

Next, the recognizer determines if the end of the line has been reached 

(step 518). If the end of the line has not been reached, the recognizer selects the 

untranslated text remaining in the line and continues to step 506 to complete the 

30 translation. If the end of the line has been reached, the recognizer determines if there 
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are more lines in the input {step 522), and if so, proceeds to step 504. If no more 

lines are contained in the input, the recognizer displays the translated output file {step 

524 in Figure SB). Figure 6B depicts an output tile containing lines 612-620 

reflecting the input (lines 602-610 of Figure 6A) after it has been translated. As can 

5 be seen from lines 612 and 614 of Figure 6B, the system has recognized the phonetic 

for the wong-sounding character of line 602 of Figure 6A to be the character depicted 

in line 612, since this is the most commonly used of the wong-sounding characters. 

However, where the user used the special characters of line 604 in Figure 6A to 

unambiguously in4!cate a different wong-sounding character, the different wong-

10 sounding character was correctly recognized by the system as reflected by line 614. 

After displaying the translated output file, the user may proofread the 

output file (step 526). If the user indicates to proofread the output file, the recognizer 

displays the recognized phrases phonetically as depicted in Figure 6C (step 528). The 

user may then read the .phrases by reading the corresponding Braille on the output 

15 array to determine the size of the recognized phrases. For example, in line 625, three 

phrases have been recognized as indicated by the spaces. The first phrase is 

B@MH,LHIKB, the second phrase is K8HHA, and the third phrase is FT"X<'. Once 

the user determines that a phrase containing numerous characters has been 

recognized, such as line ~24, the user knows that the phrase has more than likely been 

20 translated correctly. However, when the user determines that a phrase contains only a 

single character, like in line 621, the user may examine usages of that chm;acter to 

determine if the correct character was translated. Therefore, the user selects the · 

character (step 629) and the recognizer displays all usages of the character as shown 

in Figure 6D (step 530). In Figure 6D, the phonetics w;' 602 are displayed at the top 

25 of the screen followed by various usages 626 of that character in phrases so that the 

user may detennine from the context whether the correct character has been· 

recognized. The recognizer determines the usages by searching the database for all 

phrases with the character. If the user determines that the incorrect character was 

recognized, the user may indicate to replace the character (step 531). 
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If the user chooses to replace the character, the recognizer displays all 

. phonetically-equivalent characters and their usages (step 532). Figures 6E-6H 

contain the entire list 626-632 of all phonetically-equivalent characters and their 

usages. That is,. this list contains ail phrases having multiple characters where one of 

S the characters is a wong-sounding character. After displaying this list, the user reads 

the list and chooses the phrase that contains the intended character (step 534). After 

choosing the intended character, the recognizer displays the usages of the intended 

character as shown in Figure 61 so. that the user·may verify that the charact~r chosen 

is the intended ch~ (step 536). If the user believes that the character chosen is 

10 the intended character, the user may indicate that the character shout~ be replaced •. 

Upon receiving such an indication, the recognizer will store the intended character 

into the output file and stare the entire phrase, if the character was part of a multi­

character phrase, into the database with the corresponding computer representation of 

the Braille input (step 537). The recognizer stores the entire phrase in the database so. 

15 that the next time a translation occurs with this input, a correct translation may occur. 

Next, the recognizer d~ermines if the user wants to perform more proofreading (step 

538). If the user wants to perform more proofreading, processing continues to step 

528. However, if the user has finished proofreading, processing continues to step 540 

in Figure SC. 

20 When the use,r has completed proofreading, the system displays the 

corrected output file as sho~ in Figure 61 (step 540). As can be seen in Figure 6J, 

the wong-somiding c~ter 636 has been changed to the intended character.· When 

performing the proofreadin& the user may have noticed a special character (e.g., z) 

indicating that there were ad<iltional matches made in the database for a .particular 

25 phrase (step 542). If the user noticed that there was such an indication in the output 

:file, the user can instruct.the recognizer to display the additional matching entries so 

that the user can verify that the correct entry for the phrase was chosen (step 544). 

Figure 6K depicts a phrase 650 that has two matching entries (alternatives) 652 and 

654 in the database. . Each character of the alternatives 652 and 654 is displayed in a 

30 phrast so that the user can unambiguously determine the character of the alternative 
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phrase. The special characters "a" are used to indicate which of the phonetics 

represent the character of the alternative phrase and which of the phonetics are·.used 

for context. After displaying the alternatives, the user selects an alternative (step 

546), the system stores the alternative into the output tile (step 548) and the system 

5 displays the updated output file. After displaying the output file, processing ends. 

While the present invention has been described with reference to a 

preferred embodiment thereof, those skilled in the art will know of various changes in 

form that may be made without departing from the spirit and scope of the claimed 

invention as defined. in the appended claims. 
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CLAIMS 

What is claimed is: 

1. A method for translating Braille into a multi-byte hinguage with 

characters in a computer system having a database with entries, each entry containing a 

mapping of Braille to a phrase comprising at least one character of the multi-byte language, 

comprising the steps of: 

receiving Braille input that phonetically l'Cpresents a portion of the multi-byte 

language, the Braille input comprising lines; . 
for each line, 

attempting to match the line to at least one database entry to translate 

the line; 

when the line does not match at least one database entry, 

truncating an amount of the Braille input sufficient to represent 

a character from an end of the line and attempting to match the truncated line to at least one 

database entry; 

when the truncated line does not match at least one database 

entry, 

repeatedly performing said truncating step until the 

truncated line matches at least one database entry; 

storing the phrase in the matched database entry into an output file 

such that the phrase is distinguished from other phrases; 

outputting the output file to a user; 

receiving input from the user indicating a character in a selected phrase in the 

output file; 

outputting usages of the indicated character so that the user can determine if 

the indicated character is an intended character; and 

when the user detennines that the indicated character is not the intended 

character, 

outputting phonetically-equivalent characters and usages of the 

phonetically-equivalent characters to allow the user to select the intended character; 

1111111111111111111 If 111111111 
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receiving from the user an indication of the intended character; 

replacing the indicated character in the selected phrase with the 

intended character; and 

storing an entry in the database with the selected phrase containing the 

intended character and the corresponding Braille input. 

2. The method of claim 1 wherein the step of storing the phrase includes 

determining if the truncated line matched more than one database entry such that a match was 

made to at least one ad~tional database entry having an additional phrase, and when it is 

determined that the truDcated line matched more than one database c;ntry, storing . a 

multimatching indication with the phrase to indicate that more than one database entry was 

matched, and wherein the method further includes the steps of: 

receiving input from the user indicating a phrase with a multimatching 

indication; 

outputting the additional phrase in the additional database entry for the 

indicated phrase to enable the user to determine if the additional phrase is an intended phrase; 

receiving from the user an indication to replace the indicated phrase with the 

additional phrase when the user determines that the additional phrase is the intended phrase; 

and 

replacing the indicated phrase with the additional phrase. 

3. The method of claim 2 wherein a plurality of the databaSe entries 

contain a same Braille input, wherein the database maintains a usage counter with each 

database entry that contains the same Braille input as another database entry, and wherein the 

step of storing the phrase includes the steps of: 

when it is determined that the truncated line matched more than one database 

entry, detennining which among the indicated phrase and the additional phrase is a more 

commonly-used phrase by examining the usage counter of the database entries for the 

indicated phrase and the additional phrase, and storing the more commonly-used phrase into 

the output iile. 

11111111111111 11111 1111111 1111 
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4. The method of cl~ 1 wherein the step of outputting the output file 

includes outputting the outpu,t file on a Braille ~utput device so that the output file may be 

perceived by a visually-impaired user. 

S. A method for translating Braille input into characters of a multi-byte 

language in a computer system having the Braille input and having a database of entries 

containing mappings of Braill~ to phrases containing at least one character of the multi-byte 

language, comprising the steps of: 

attempting . to match the Braille input to at least one of the entries in the 

database to translate the Biaille input into the in'11ti-byte language; 

when the Braille input does not match at least one of the entries, 

reducing the Braille input by an amount sufficient to represent a 

character and attempting to match the reduced Braille input to at least one of the entries in the 

database; and 

when the reduced Braille input does not match at least one of the 

entries in the database, 

repeatedly perfonning said reducing step until the reduced 

Braille input matches at least one of the entries in the database to translate the reduced Braille 

input into the multi-byte language. 

6. The method of claim 5, further including the step ot: after repeatedly 

perfotmirig said reducing step, performing the method on a remainder of the Braille tnput that 

has not · been matched to complete translation· of the Braille input into the multi-byte 

language. 

7. The method of claim 5 wherein the step of reducing includes truncating 

the amount sufficient to represent a character from an end of the Braille input. 

8. A method for translating input :from a user containing portions into 

characters gf a multi-byte language in a computer system, wherein a portion of the input 

' '""" ltlllt· 111\t l\lll lt tllt * C L M S * 
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corresponds to a plurality of characters although only a single intended character is intended 

by the user to be identified by the portion; comprising the steps of: 

receiving the input for translation into the multi-byte· language, the input 

containing a user-specified indication of a portion that corresponds to a plurality of 

characters; and 

utilizing the user-specified indication to unambiguously translate the portion 

into the single intended character. 

9. The method of claim 8 wherein the input is Braille input. 

10. · The method of claim 8 wherein the input specifies phonetic 

characteristics of the characters of the multi-byte language. 

11. The method of claim 8 wherein the indication provides usage 

information for the intended character. 

12. The method of claim 11 wherein the usage information comprises at 

least one additional portion reflecting an additional character which is not translated. 

13. The method of claim 12 wherein the indication includes an identifier of 

which among the portion and the additional portion is to be translated. 

14. A method for translating input in· a first language into a second 

language in a computer system having a database with entries containing mappings of 

portions of the input onto phrases of the second language, comprising the steps of: 

receiving the input for translation; 

translating the input into the second language by matching the portions of the 

input against the phrases in the database· entries to identify matching phrases; and 

outputting the matching phrases such that a user can discern a distinctness of 

each matching phrase to facilitate detection of translation errors by the user. 

I If Ill~ 1111~ UIJI ~I~ 11If11 
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15. The method of claim 14 wherein the first language is Braille. 

16. The method of claim 14 wherein the second language is a multi-byte 

language. 

17. The method of claim 16 wherein .the first language is a phonetic 

representation of the multi-byte language. 

18. A method for translating phonic data representing spoken sounds of a 

language into text of the language in a computer system having a database with entries 

containing mappings of phonic data onto phrases of the text, comprising the steps of 

receiving portions of the phonic data; and 

translating the received portions of the phonic data into text by mapping the 

received portions to the phrases in the database entries. 

19. The method of claim 18 wherein the phonic data is expressed using 

Braille. 

20. The method of claim 18 wherein the language is a multi-byte language. 

21. The method of claim 18 wherein the language is Chinese. 

22. A method _for translating Braille input into a multi-byte language· 

having characters in a computer system, comprising the steps of: 

receiving the Braille input; 

translating the Braille input into text of the multi-byte language, and 

storing the text into the computer such that the text is represented as individual 

characters ·of the multi-byte language so that the text is understandable to a user that 

understands the characters of the multi-byte language but does not understand Braille. 

23. The method of claim 22, further including the step of outputting the 

text to the user. 
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24. A method for translating input having elements of grammar from a first 

form into a second form in a computer system, comprising the steps of: 

grammar; and 

receiving the input containing the elements of grammar in the first form; 

translating the inptit into the second· form· to create translated elements of 

outputting usages of the translated elements of grammar in the second form to 

facilitate identification of translation errors by a user. 

25. The method of claim 24 wherein the elements of grammar are words . . • 

26. The method of claim 24 wherein the elements of grammar are Kanji 

characters. 

27. The method of claim 24 wherein the step of outputting usages includes 

forming the usages such that a usage of a translated element of grammar is formed by 

combining at least one additional element of grammar with the translated element of grammar 

to form a.phrase. 

28. A method for phonetically inputting data into a computer system, 

comprising the steps of: 

receiving input comprising groups of phonetics representing sounds made 

when a language is spoken, wherein a group of phonetics corresponds to at least one· element 

of grammar of the language; and 

for each of the groups of phonetics in the received input, 

identifying at least one element of granimar that corresponds to the 

group of phonetics; and 

outputting usages of the identified element of grammar so that a user 

can determine if the identified element of grammar is an intended element of grammar. 

111111111111111111111111111111 
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29. A method in a computer system for translating input in a form other 

than text into text in a computer system having a database with entries containing mappings 

of portions of the input onto portions of text, comprising the steps of: 

translating the inpµt into text by matching portio~ of the input to portions of 

the text in the database entries; 

outputting the text to enable a user to proo~ the text to determine 

translation em>rs; 

receiving from the user an indication that a translation em>r occurred such that 

·an indicated portion of. the text was incorrectly translated, the indication .containing a . 
·replacement portion to be substituted for the indicated portion; 

replacing the indicated portion of the text with the replacement portion to 

correct the translation em>r;· and 

creating a database entry. containing the replacement portion with the 

corresponding portion of the input to assist in a correct translation of the corresponding 

portion of ~e input in a subsequent translation. 

30. A Braille to multi-byte language translation system, comprising: 

a Braille I/O device for receiving Braille from a user and for outputting Braille 

to the user; 

a secondary storllge device containing a database with database entries 

containing mappings of Braille onto phrases of at least one character of the multi-byte 

language; and 

a memory containing a recognizer program for receiving Braille input from the 

Braille IIO device, for translating the Braille input into the· multi~byte language by matching 

portions of ~e Braille input to the database entries to determine matching entries, and for 

storing the phrases in the matching entries into a file on the secondary storage device such 

that the phrases are represented in the multi-byte language. 

31. The Braille to. multi-byte language translation system of claim 30 

wherein t1ae recognizer program has a proofreading component that outputs the file to the 

user, that receives input from the user identifying a character in the tile, and that displays 
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usages of the identified chara.Cter 'to enable the user to detennine lf the identified character is 

an intended character. 

32. The Braille to multi-byte language translation system of claim 31 

wherein the recognizer program contains a replacement component that outputs similarly­

sounding characters to the user so that the user can select the intended character when the user 

determines that the identified character is not the intended character, that receives an 

indication of the int~ded character from the user, and that replaces the identified character · 

with the intended character. 

33. The Braille to multi-byte language translation system of claim 32 

wherein the replacement component outputs usages of the similarly-sounding characters. 

34. The Braille to multi-byte language translation system of claim 30 

wherein the recognizer program has a multimatching component for determining when a 

portion of the input matches more than one database entry such that the portion of the input 

matches at least one additional database entry having an additional phrase and for presenting 

to the user the additional phrase to enable the user to determine if the additional phrase is an . 

intended phrase. 

35. The Braille to multi-byte language translation system of claim 30 

wherein the multi-byte language is Chinese. 

36. The Braille to. multi-byte language translation system of claim 30 

wherein the phrases are stored in the file using the Big 5 character code. 
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37. A computer-readable medium containing instructions for controlling a 

computer system to translate Braille input into characters of a multi-byte language, the 

computer system having the Braille input and having a database of entries containing 

mappings of Braille to phrases containing at least one character of the multi-byte language, 

byperformingthestepsof 

attempting to match ·the Braille input to at least one of the entries in the 

database to translate the Braille input into the multi-byte language; 

when the Braille input does not match at least one of the entries, 

red~ing the Braille input by an amount sufficient to represent a 

character and attempting to match the reduced Braille input to at least one of the entries in the 

database; and 

when the reduced Braille input does not match at least one of the 

entries in the database, 

repeatedly perfonning said reducing step until the reduced 

Braille input matches at least one of the entries in the database to translate the reduced Braille 

input into the multi-byte language. 

38. The computer-readable medium of claim 37, further including the step 

of, after repeatedly performing said reducing step, performing the method on a remainder of · 

the Braille input that has not been matched to complete translation of the Braille input into 

the multi-byte language. 

39. The computer-readable medium of claim 37 wherein the step of 

reducing includes truncating the amount sufficient to represent a character from an end of the . 

Braille input 
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40. A computer-readable medium containing instructions for controlling a 

computer system to translate input from a user containing portions into characters of a multi­

byte language, wherein a portion of the input corresponds to a plurality of characters although 

only a single intended character is intended by the user to be identified by the portion, by 

performing the steps of: 

receiving the input for translation into the multi-byte language, the input 

containing a user-specified indication of a portion that corresponds to a plurality of 

characters; and 

utilizing ~e user-specified indication to unambiguously translate the portion 

into the single intended character. 

41. A computer-readable medium containing instructions for controlling a 

computer system to translate input in a first language into a second language, the computer 

system having a database with entries containing mappings of portions of the input onto 

phrases of the second language, by perfonning the steps of: 

receiving the input for translation; 

translating the input into the second language by matching the portions of the 

input against the phrases in the database entries to identify matching phrases; and 

outputting the matching phrases such that a user can discern a distinctness of 

each matching phrase to facilitate detection of translation errors by the user. 

42. A computer-readable medium containing instructions for controlling a 

computer system to translate phonic data representing spoken sounds of a language into text 

of the language, the computer system having a database with entries containing mappings of 

phonic data onto phrases of the text, by performing the steps of: 

receiving portions of the phonic data; and 

translating the received portions of the phonic data into text by mapping the 

received portions to the phrases in the database entries. 
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.43. A computer-readable medium containing instructions for controlling a 

computer system to translate Braille input into a multi-byte language having characters, by 

performing the steps of: 

receiving the Braille input; · 

translating the Braille input into text of the multi-byte language, and 

storing the text into the computer such that the text is represented as individual 

characters of the multi-byte language so that the text is understandable to a user that 

understands the characters of the multi-byte language but does not understand Braille . 

.. 
44. The computer-readable medium of claim 4~? further including the step 

of outputting the text to the user. 

45. A computer-readable medium containing izistructions for controlling a 

computer system to translate input having elements of grammar from a first form into a 

second form, by performing the steps of: 

grammar; and 

receiving the input containing the elements of grammar in the first form; 

translating the input into the second form to create translated elements of 

outputting usages of the translated elements of grammar in the second form to 

facilitate identification of translation errors by a user. 

46. The computer-readable medium of claim 45 wherein the elements of 

grammar are words. 

47. The computer-readable medium of claim 45 wherein the elements of 

grammar are Kanji characters. 

48. The computer-readable medium of claim 45 wherein the step of 

outputting usages includes Conning the usages such that a usage of a translated element of 

grammar is formed by combining at least one additio°:81 element of grammar with the 

translated element of grammar to form a phrase. · 
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49. A computer-readable medium. containing ·instructions for controlling a 

computer system to phonetically input data into the computer system, by performing the steps 

of: 

receiving input comprising groups of phonetics representing sounds made 

when a language is spoken, wherein a group of phonetics corresponds to at least one element 

of grammar of the language; and 

for each of the groups of phonetics in the received inpu~ 

identifying at least one element of grammar that corresponds to the 

group of phonetics; and 

outputting usages of the identified element of grammar so that a user 

can determine if the identified element of grammar is an intended element of grammar. 

50. A computer-readable medium containing instructions for controlling a 

computer system to translate input in a form other than text into text, the computer system 

having a database with entries containing mappings of portions of the input onto portions of 

text, by performing the steps of: 

translating the input into text by matching portions of the input to portions of. 

the text in the database entries; 

outputting the text to enable a user to proofread the text to determine 

translation errors; 

receiving from the user an indication that a translation error occurred such that 

an indicated portion of the text was incorrectly translated, the indication containing a 

replacement portion to be substituted for the indicated portion; 

replacing the indicated portion of the text with the replacement portion to 

correct the translation error; and 

creating a database entry containing the replacement portion with the 

corresponding portion of the input to assist in a correct translation of the corresponding 

portion of the input in a subsequent translation. 
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