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METHOD AND SYSTEM FOR UNAMBIGUOUS BRAILLE INPUT AND CONVERSION

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 Braine input device.

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 prdcessing. In order to integrate visually-impaired
people into the workforce, conventional systems have been developed that recetve
Braille input, store it into a computer, and output it to the user.

One such conventional system 100 for inputting Braille into a
computer is depicted in Figure 1A. The Braille system 100 comprises a combuter
102 with a video display 104 and thh a Braille I/O device 106. The Braxlle I/0
device 106 is responsible for mputtmg Braille to the computer 102 via mput keys
108-119 and for outputting Braille to the user via the output array 120. As shown in
Figure 1B, 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 preéence
or absence of an elevation at the predefined locations 132-142. For example, when
Braille is conveyed on a paper medium, a punch behind the paper causes the paper to
be elevated at one or more of the predefined locations 132-142. It is ﬁe elevations
and the absence of.elevations at the predefined locations 132-142 that convey
meaning to the reader. The depfession 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
predé&fined locations 132, 134, 136, 138, 140, and 142, mweﬁvely. 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 usmg keys 108-118, a wsually—xmpalred user can input
information into the computer 102. :

The output array 120 contains 20 output units (e.g., 122), where each
output unit can output one Braille cell. As shown in Figure 1C, each output unit (e.g.,
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 1D depicts a left side elevational view of
output unit 122 and further shows apertures 124 and 128 with a protrusion and
aperture 126 without a protrusion. In this manner, the Braille system 100 can output
up to twenty individual units of Braille (Braille cells) via the output array 120.

In order to read information 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
output array 120. For example, if the reference 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 information 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
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 frém 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
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

ulti-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
2 (of‘ 256) characters in the language. The characteré 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
natural language that are capable of comprisihg 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 uséd and is
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 and 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 “clements
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 charaétérs in Kanji-

. based languages and only 2% (or 64) characters can be uniquely identified by one

Braille cell, well-known systems have been devised to map individual Braille cells
onto the phonetics of the multi-byté language. The phonetics, usually three, are then
combined to identify an intended character, although the identification is inexact.
The intended character is inexactly identified because many different characters
sound alike, but have different meanings. For example, the following Chinese
characters all sound like “wong” and thus are identified using the same Braille input,

but each character has a different meaning:

RIgEe
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 ambiguiiy.
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‘Figure 2 depicts a well-known phonetic mapping scheme for mapping
Braille onto the phonetics of the Chmese language spoken in the Cantonese dialect.
This phonetic mapping scheme groups - all . phonetics into three categories:

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

specific consonants, some of which are depicted in Table 202. Table 202 indicates a
specific Braille représentation, such as “:”, that corresponds to a particular
consonant, such as “F as in Fay,” and indicates the particular representation stored in
the computer (e.g., “F”). In this exampfe, when a user inputs “:*” via the Brailie 170
device, they intend:the f:onsonant “F as in Fay.” The Braille /O device sends the
input to the computer where it is stored as an F character to indicate ‘the particular
Braille inpﬁt and the phoneﬁc represented by it. Using this syStem, some sounds have
representations in the cofnputer that'do not correspond with the sound. For instance,
although the sound for Braille input “:” is “G as in Gay,” the representation in the
computer is “K.”

Table 204 contains some sample phonetic mappings of vowels, where
the Braille input correspohding to the specific sound and its representation within the
computer are depicted. For examplé the Braille ihput “-:» corresponds to the vowel

“iy as in 31ght,” and is represented in the computer as “%.” Likewise, Table 206.
deplcts the phonetic mappmg of various tones. One of these tones is the default tone
which is specified by the absence of a Braille cell. Another of the tones is the rising
tdne, which is similar to the tone used when the speaker wishes to indicate a question.
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
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
actual multi-byte character. Storing the data By its phonetic representation prevents
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the data from being used by a sighted 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
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.

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
visually-impaired users into the workforee. 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
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
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 amount sufficient to represent

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 inpuf into the multi-byte language.

In accordance with a second aspect of the present invention, a method
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 the multi-byte language where the input contains a user-specified
indication of a portion that corresponds to a plurality of characters. The 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
prdvided 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 phréses of the second language. In accordance with the third aspect, the method
receives the input for translation, translates the input into the second lénguage by
métching the portions of the fnput agaizist the database entries to identify matching
phrases, and outputs the matchmg phrases such that a user can discern a dxstmctness
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 representing spoken sounds of a lang_ua.ge into

- ieict of the language in a computer system having a database with entries containing

25
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mappings of phonic data onto phrases of the text. The method receives portions of
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, a2 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
text of the multi—byté language, and stores the text into the computer such that the text




10

15

20

25

30

WO 98/25252 PCT/US97/21317

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
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 form,
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 form so that a
user can identify translation errors. _

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
identifies at least one element of grammar 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 _
Figure 1A depicts a conventional system for inputting Braille into a

computer. _

Figure 1B depicts a Braille cell.

Figure 1C depicts an enlarged top plan view of an output unit of the
conventional system for inputting Braille of Figure 1A.

Figure 1D depicts a lefi-side elevational view of the output unit of
Figure 1C.

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 suitable for practicing a
preferred embodiment of the present invention.
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Figure 4 deplcts a more detailed dxagram of the computer in the Braille

system of Figure 3.
Figures 5A-5C depict a ﬂowchart of the steps perfoxmed by the

' reconger depicted in Flgure 4.

Figure 6A deptcts an example of i mput to the recognizer program.
Flgure 6B deplcts an example of an output file dlSplayed by the

recogmzer 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
reéognizer program. |
Figures 6E-6H depict a list of phonetically-equivalent characters
' 'dlsplayed by the recognizer program. '
Figure 61 depicts usages of a replaced character displayed by the
recognizer program.
Figure 6J aepicts a cbtrected outptit file displayed by the recognizer
| program. '
Figure 6K depicts alternative phrases displayed by the recognizer
program. |
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An xmproved recognition system for translating Braille into multx—byte
lénguages is provided that resolves ambiguities in the translation. By resolving
ambiguities in the translation, the improved recognition system helps integrate
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 actually stored in the computer
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
the multi-byte language, the improvgd 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 conﬁde_née that the recognition systexh will translate some of the phonetics into
an intended character, the user may provide usage information, such as additional
phonetics représenti.ng additional characters that together form a phrase, 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
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 phrases, 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
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 fouﬁd, the
recognition system repeatedly truncates the phonetics for the last character and
attempts a match until 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
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 similaﬂy. In this
manner, 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 form of the multi-byte language so that the data can be utilized
by both nonsighted users and sighted users that do not understand Braille or the
representation of the character phonetics, which helps integrate nonsighted useis into
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the workforce. 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 process has completed, the recognition system
allows the user to proofread the translated text stored in the output file to identify and
resolve any ambiguities. ~ This proofreading allows 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

perceive the distinctness of each phrase. In other words, the translated. text is not
ou'tputted as a whole; rather, the phrases are outputted separated by spaces so that the
user can discem'tﬁe individuality of each phrase that was recognized by the system.
By outputting the phrases so a user can discern their individuality, the amount of
pfobfreéding’ that the user must perform is reduced. That is. the larger the number of

 characters in a particular phrase, the more confidence the user has that the phrase was
tfanslated 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
chances that the intended characters were exactly identified also increases. Thus,
when the user determines that a phrase has been translated having more than a couple
'of characters, 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 correctness of the translation, such as phrases containing only a single
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
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 trarisla_ted, the recognition system outputs a list of all phonetically-
equivalent characters as well as their usages to the user. A “phonetically-equivalent
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 thé correct character. Additionally, if the correct character were part
of a phrase of more than one character, the recognition system stores the updated
phrase into the database with the corresponding Braille input so as to assist the
system in making a correct translation the next time that the system performs such a
translation. By using the improved recognition systeni, 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
multi-byte character languages, one skilled in the art will appreciate that the present
invention can be used with other Iénguages. For example, the present invention 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
that the present invention can also be used with voice input. Furthermore, it should
be appreciated by one skilled in the art that the téchniques described below can be
used to output and proofread an existing file containing multi-byte or other

characters.
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Implementation Detall

_ _ Figure 3 deptcts a Braille I/O system 300 that is suitable for practicing
a preferred embodiment of the present invention. The Braille /O system 300
contains a computer 302 w1th a video dlsplay 304 and a Braille /O dev1ce 306. 'I‘he

Braille /O device 306 contains sxx mput 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 dxsplay 304.
Figure 4 depicts a more detaxled dlagram of the computer 302. The

_computer 302 contains a memory 402, a secondary storage device 404, a central

processing unit (CPU) 406_, as well as a connection 412 and 414 to the Braille I/O
device and the video display, respectively. The memory 402 contains the recognizer

408, and the secondary storage device 404 contalns the database 410. The recognizer

408 is responsible for recewmg Braille i input from the user via the Braille I/O device

306, mapping the 1_nput against the entries in the database 410 to translaxe the Braille

15

inpu; 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 coﬁtains entries with mappings of Braille onto phrases of at least one
Chinese character. Although some exarriples of the mappings are now provided, one
skilled in the art will appreciate that the database may contam thousands of such
mappings. For example, the computer representahon for the Braille input of the
phonetics “wong” is w;'. Thus, the database may contain a mapping of w;' onto the

following wong-sounding character:

="

Another example of an entry in the database is a mapping of the representation of the
Braille input “B@MH,LHIKB,” which means America and in Cantonese sounds like _
“ah mai lai ka,” onto the following Chinese characters:

)i
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Figures 5A-5C depict a flowchart of the steps performed 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 IO device. The sample input contains
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
system correctly translates the indicated Braille. This indication takes the form of
special characters such as “a” and “}.” For example, line 604 shows that the special
character “a” indicates that the followisig phonetics up until the trailing “}” should be
translated into a single character. In this example, a wong-sounding character is
being translated. The special characters delineate the phohetics for a number of
characters that together provide a usage of the charactér 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-
— )V A — 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
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 the second phonetic were the character to be translatéd, 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
be translated as a whole. This functionality is provided to prevent the situation from
occurring where the phrase 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:
konghay, 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, lai, 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 input, the recognizer selects the next line
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 does not .ma_tch.- at least
one database entry, the recognizer truncates the phonetics for one character from the
end of the input (step 508) and continues to step 506. This processing of steps 506
‘and 508 continues until a match is made. Afier a match of the input to a database
entry is made, the recognizer determines 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 2 “z,” to indicate that more than one match was
made (step 512) and stdres the most commonly-used entry of the matching entries
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,

the recognizer stores the phrase in the matching entry into the output file (step 516).
Based on the processing of steps 514 and 516, the output file contains the translated
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
well-known Big 5 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
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 5B). Figure 6B depicts an output file containing lines 612-620
reflecting the input (lines 602-610 of Figure 6A) after it has been translated. As can
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 commionly used of the wong-sounding characters.
However, where the user used the special characters of line 604 in Figure 6A to
unambiguously indicate a different wdng‘Sounding character, the different wong-
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
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,LH1KB, the second phrase is K§HHA, and the third phrase is FT"X<'. Once
the user determines that a phrase containing numerous characters has been
recogxiized, such as line 624, the user knows that the phrase has more than likely been
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 character 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 Figur¢ 6D, the phonetics w;' 602 are displayed at the top
of the screen followed by various usages 626 of that character in phrases so that the
user may determine 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 all phrases having multiple characters where one of
the characters is a wong-sounding character. Aftér 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 us_agés of the intended
character as shown in Figure 61 s0 that the user may verify that the character chosen
is the intended character (step 535). If the user believes that the character chosen is
the intended character, the user may indicate that the character should be replaced.
Upon receiving such an indicatior':,' the recogm'ier will store the intended character
into the output file and stbrg the entire phrése, if the character was'part of 2 multi-
character phrase, into the database with the corresponding coméutér representation of
the Braille input (step 537). The recognizer stores the entire .p'hrase in the database so .
that the next time a translatidn occurs with this input, a correci translation may oceur.
Next, the recognizer determines if tiie user wants to perform more proofreading (step
538). If the user wants to perform more proofreading, processing éontinue_s to step
528. However, if the user has finished prooﬁ'eading, j)i-ocessing continues to step 540
in Figure 5C. | | - |

When the user has pombleted prdoﬁ'eéding, the system displays the
corrected output file as shown in Figure 6J (step 540). As can be seen in Figure 6J,
the wong-sounding character 636 has been cimnged to the intended character. When
performing the proofreading, the uﬁer niay havé noticed a special character (e.g.; z)
indicating that there were additional matches niad_e in the database for a particular
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
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 file (step 548) and the system
displays the updated ompm file. After displaying the output file, processing ends.
While the present invention has been described w1th 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 language 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 represents a portion of the mixlti-byte
language, the Braille input comprising lines;

for each lin:e,

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 distingunished 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 determines 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;

KT DA




WO 98/25252 PCT/US97/21317
19

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 leést one add}'tional database entry having an additional phrase, and when it is
determined that the truncated line matched more than one database entry, storing a
multimatchiﬁg 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, determining which amoné 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 file.

A O
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4. The method of claim 1 wherein the step of outputting the output file

includes outputting the output file on a Braille output device so that the output file may be
perceived by a visually-impaired user. |

5. 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 Braille 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 Braille input into the multi-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
éharacter and attempting to match the reduced Braille input to at least one of the entries in the
database; .ar.xd |
when the reduced Braille input does not match at least one of the
entries in the database, | |
-_ repeatedly performing 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 §, further including the step of, after repeatedly
performing said reducing step, performing the method on a remainder of the Braille mput 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 of a multi-byte language in a computer system, wherein a portion of the input

O
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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 franslation into the muiti-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 c_:laim 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 languagé, 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.

_—
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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. |

o 17.  The method of claim 16 wherein the first language is a phonetié
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:

: recelvmg 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 int_o 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 includiné the step of outputting the

Y
\\ll\\\l\\\\\}l\\&\\\\!\\\!\\ |

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:

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

translating the input into the second form to create translated elements of
grammar; and
' 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 wherei_li the step of outputting hsages 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,
compﬁsmg 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 oné element
of grammar of the language; and
for each of the groups of phonetics in the received input,
identifying at least one element of gramimar 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.

. * c L L] $ *
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B 29. A method in a computer system for translating input in a form other
-than text into text in 2 computer system having a c_latabas_e_ with entries containing mappings
of portions of the input onto portions of text, comprising 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 emable 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 tranélation of the corresponding

portion of the input in a subsequent translation.

30. A Braille to multi-byte language translation system, comprising:
| a Braille /O device for receiving Braille from a user and for outputting Braille
to the user; | B |
a secondary storage 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 I/O device, for translating the Braille input into the multi-byte language by matching
portions of the 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 transiation system of claim 30

wherein tle recognizer program has a proofreading component that outputs the file to the
user, that receives input from the user identifying a character in the file, and that displays

N
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usages of the identified character to enable the user to determine if 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 intended 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 dafabase 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.

* c L L] S *
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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,
by performing the steps of:

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, .

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 performing said reducing step until the reduced
Braille input matches at least one of the entries in the database to translate the reduced Braille

mput into the multi-byte language.

38, The computer-readable medium of claim 37, further including the step
of, after repeatedly performing said reducing siep, 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 mediﬁm of claim 37 wherein the step of
reducing includes truncating the amount sufficient to represent a character from an end of the
Braille input. '

AR
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40. A comptiter-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 correspoixds 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 the user-specified indication to unambiguously translate the portion

into the single intended character.

4]1. 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 performing 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 thét 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 pérforming 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: 8 B :

‘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 43, further including the step

of outputting the text to the user.

45. = A computer-readable medium containing instructions for controlling a
computer system to translate input having elenients of grammar from a first form into a

second form, by performing the steps'of.‘ _
' receiving the input containing the elements of grammar in the first form;
translating the input into the second form to create translated elements of

grammar; and . o
outputting usages of the translated elements of grammar in the second form to

facilitate identification of wanslation errors by a user.

46.  The computer-readable medium of claim 45 wherein the eléments 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 forming the usages such that a usage of a translated element of
grammar is formed by combining at least one additional elemeﬁt of grammar with the
translated element of grammar to form a phrase. N

I

R g




WO 98/25252 PCT/US97/21317

29

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 2 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 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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