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Abstract 

 

Braille is phonograms of six tactile raised dots which is used for a reading and writing 

system for the blind and the partially sighted. It is recognized as one of the important 

ways for them to get information in the world. With recent advancement of personalized 

medicine, to provide medical information to individual patient is becoming more 

necessary in medical institutions, however such efforts are not made very much. 

Previous braille translation programs were developed to help braille translation 

volunteers. Furthermore, they were not considered for use in medical offices. This study 

aims to elucidate effective methods for higher accuracy for a braille translation program, 

which especially aims at the use in medical institutions, so that even people with no 

knowledge of the braille writing system can easily create braille documents. 

  We first made ordinary text corpus from newspaper articles and medical text corpus to evaluate 

braille translation programs. We then defined accuracy for word segmentation (F1), Kana and 

symbols translation and braille translation accuracy. To elucidate the factors for braille 

transcription rules, we analyzed the latest Japanese braille transcription rules 2001. Next, we 

analyzed the braille translation accuracy of our program, followed by the comparison with other 

braille translation programs. We then evaluated our program when the dictionary is expanded 

with medical words or words of oriental traditional medicine and performed experiments of 

statistical learning model for braille word segmentation to clarify effective approaches for higher 

accuracy.  



  iv

  The result of our analysis showed that Japanese braille transcription rules are based on the types 

of character systems, part of speech, conjugation forms, surface forms, Kana translation of Kanji, 

phonological changes and number of moras for every word. Using these elements, we 

implemented braille transcription rules on our braille translation engine. As a result, our braille 

translation program achieved the higher translation accuracy than those of other braille translation 

programs. In addition, our experimental results suggested that, to increase the translation accuracy, 

we should make the composition of the dictionary suitable for the texts to translate and an 

effective approach for word segmentation of medical texts was to combine two statistical learning 

models one of which included outputs of our braille translation engine as an additional feature by 

using a rule-based classifier. 

 

Keywords: 

Automatic braille translation, Dictionary, Medical words, Statistical learning model 

*Doctoral Dissertation, Computational Linguistics, Graduate School of Information Science, Nara Institute of Science and Technology, 

NAIST-IS-DD0161020, September 24, 2010. 
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New
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59.97 ± 9.44 94.97 ± 3.00

Total  F1 57.86 94.88

5.8.  eBraille1.50 0.81  

score (%) eBraille
0.81

New
eBraille

Mean  ± SD for
each data 51.71 ± 11.38 97.47 ± 2.00

Total  score 52.85 97.44

5.9.  eBraille1.50 0.81  
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5.4.4  eBraille  

 

eBraille1.50

 

 5.10 eBraille

233 Total BTA

(SD) 2

5,191 eBraille Total BTA 91.76 BTA  5.10

233 85 BTA 85% 85 BTA

 

 

eBraille

 repeated measures ANOVA Tukey

eBraille  5.3

 [23] 

 5.3

eBraille  
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 5.3.  

*, p < 0.05; ***, p < 0.001; NS, Not significant. 

 

N u m ber of articles for each program with the BTA scores  
  
BTA 
scor
e 

eBrai l le  
 

 ibukiTenC  IBUKI-TEN  

95-100  5 9    0  25  2 1 8  

90-95    114   0 1 2 1  2 5  9 9  

85-90  3 1    0  55 7 7  7 8  

80-85  2 3    1  20 7 0  2 9  

75-80   5   4   8 4 0   6 

< 7 5   1 2 2 8    4 1 9   3 

      

Mean BTA ± 
SD for each 

d a t a  

91.78 
± 4.96 

56.39 
± 10.97 

90.26 
± 4.90 

83.49 
± 6.31 

89.22 
± 4.72 

Total BTA 

(one file of 233 

da ta)  

91.76  56.20  90.48  83.93  89.05  

 5.10.  233 (5,191 )  
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5.3 5.4

 

 [22] ibukiTenC

IBUKI-TEN

 [16, 

17]  

eBraille

ibukiTenC 

[16] IBUKI-TEN [17] eBraille ibukiTenC IBUKI-TEN

ibuki

eBraille ChaSen

KUIC
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5.4.5  eBraille  

eBraille CGI

BASE

CGI

Web

BASE

"T 1" " 2" "IBUKI-TEN [17]" "

4" "EXTRA ( )" "  (

)" Windows  

GIF PIAF, Quantum 

Technonology Pty Ltd., , 

                                                   
1 http://www6.ocn.ne.jp/~t-editor/ 
2 http://homepage2.nifty.com/winb/index.html 

 5.4.   
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BASE DOG-Multi, 

 

eBraille

1 3
3 eBraille 88,272

33 43 MacBook Air, Intel 

Core2Duo 2.13GHz, 2GB RAM, 128GB HDD eBraille

5 49  

eBraille

5.5 2008 10 2009 2

3 2010 2 3 5.11 eBraille

[28] 2010 eBraille

4
  

                                                   
3 10 1  

 5.5. eBraille   



  45

 5.11. eBraille  

 

 

 

5.4.6  eBraille  

 

eBraille

 

 

eBraille

eBraille

Total BTA  5.12

91.76BTA 5.10 Total BTA

                                                                                                                                                     
4 http://www.universal-hyogo.jp/cgi-bin/whatsnew/whatsnew.cgi?mode=preview&select=100331094926&file= 

whatsnew 

“  ”

NHK KOBE

NHK  845

NHK

NHK

( ) “  ”

( ) “ ”

“ ”

“ ”
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 5.12.   

 

 

30

 

 

 

1   16.7% 

5 10   50.0% 

10   33.3% 

 

 

  30.0% 

50  46.7% 

23.3% 

 

5 5  Web

4.3 4.4

4.8 4.7

 eBraille 
 

 ibukiTenC IBUKI-TEN 

Total BTA for 
hospital 

brochures  

89.01 
 

61.31 
 

88.58 
 

79.83 
 

83.98 
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5.5   

 

eBraille0.81

ChaSen 2.3.3

 

ChaSen 2.3.3 KUIC

eBraille eBraille

version1.50 Total BTA version 0.81 3 eBraille

mean BTA ± SD

KUIC

 

KUIC

eBraille

eBraille

eBraille

eBraille
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6  

 

6.1   
 

2001 [2] KUIC

5

[29]

4

 

 

 

 

6.2  IPADIC  
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eBraille ChaSen IPADIC [30] IPADIC IPA

ChaSen version 2.7.0 [30]

 6.1 IPADIC IPADIC

RWCP  [31]

 [30]  

 

 

 

 

6.3  
 

ComeJisyo V1 [32]

30,146

 [32] 7

6 7

 6.1.  IPADIC  
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 [2]

IPADIC

 6.1 ComeJisyo

7

ComeJisyo

8,170

IPADIC RWCP  

[33] eBraille

eBraille-M  

 

 

 

 

6.4   
 

 6.1.   

IPADIC  
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25,756

 6.2

ICU

RNA

17,290 IPADIC

eBraille-TM  

301

65% 2 32% 3 3% 1  

 

 

 

 

6.5  allBraille  
 

8,170 17,290 IPADIC

 6.2.   

IPADIC  
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allBraille

eBraille eBraille-M eBraille-TM  6.3

 

 

 6.3.   

 

 

 

6.6   
 

5,191 233 3,180

77 2 4

eBraille allBraille eBraille-M eBraille-TM F1

mean ± SD

 6.2

  

 

 

 

 

Dictionary eBraille allBraille eBraille-M eBraille-TM 
ipadic 2.7.0 239.631 words      

Medical words dictionary 
8,170 words  —   — 

Oriental traditional medicine 
dictionary 17,290 words  —  —  
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  6.2.  eBraille allBraille eBraille-M eBraille-TM  

 

 

 

6.7   
 

4

6.4

3

allBraille eBraille-M 6.4 allBraille eBraille-M

paired t-test 

eBraille-M

6.3a b c eBraille-M

eBraille-M
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 6.3.  allBraille eBraille-M  

a F1 b c  

*, p < 0.05; NS, Not significant. 

Score eBraille allBraille eBraille-M eBraille-TM

F1

94.78 ± 3.44 94.81 ± 3.41 94.93 ± 3.37 94.72 ± 3.38

%
96.79 ± 2.73 96.97 ± 2.54 96.99 ± 2.42 96.93 ± 2.67

BTA
91.78 ± 4.96 91.98 ± 4.75 92.11 ± 4.63 91.85 ± 4.85

6.4.  

233 mean ± SD  
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6.5 4

eBraille-M allBraille  

allBraille eBraille-M paired t-test 

eBraille-M 6.4a b c   

 

 

 

 

6.5.  

Score eBraille allBraille eBraille-M eBraille-TM

F1

92.73 ± 5.64 95.77 ± 2.93 96.06 ± 2.74 93.73 ± 4.64

%
94.77 ± 4.07 96.20 ± 2.99 96.32 ± 2.62 96.05 ± 3.94

BTA
88.06 ± 8.29 92.17 ± 4.89 92.57 ± 4.60 89.21 ±7.17

77 mean ± SD  

      6.4.  allBraille eBraille-M  
     a F1 b c  

     *, p < 0.05; **, p < 0.01; NS, Not significant. 
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eBraille eBraille-TM

 

 

 

 eBraille   

 eBraille-TM  

 

 

 eBraille   

 eBraille-TM  

 

 

 eBraille   

 eBraille-TM  

 

 

 eBraille   

 eBraille-TM  

 

 

 eBraille   

 eBraille-TM  

 

eBraille eBraille-TM

allBraille

[ ] 2
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eBraille-M

  

 

 allBraille eBraille-M  

 

  allBraille   eBraille-M  

      

    

   |    

 

eBraille

eBraille-M allBraille

eBraille-TM

 allBraille

eBraille-M  

 

 

 allBraille eBraille-M  

 

  allBraille   eBraille-M  

     

      

     

      

 

allBraille  

 



  58

allBraille eBraille-M

allBraille 42% eBraille-M 14% allBraille

eBraille-M

4 eBraille

 

 

 

 

6.8   

 

 

eBraille-TM allBraille 

allBraille eBraille-M

eBraille-TM allBraille eBraille-M

eBraille-M eBraille
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7  

 

 

7.1   
 

2001 [2] KUIC eBraille

 ( 5 )

6

1

2 5

2 KUIC

 

2

 [34]  [35]

 [35]
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chunk

[36, 37]

 (HMM) [38-42] Maximum Entropy (ME) 

[43, 44] Support Vector Machine SVM [45] HMM ME

POS

 [46-51]

SVM

[37] SVM

 

 

 

 

7.2   
 

SVM YamCha [52]

YamCha

[53]  

 

 

 

7.3   
 

token chunk

 

 

(4.1.2 ) 

[24]

[25] 648 4,233 chunks



  61

eBraille-M  

eBraille-M 6.3 ChaSen [27]

2  

 

B chunk  

I  chunk  

 

 

ChaSen

[14]

2.1.2

 

 

    

    

    

      

    

    

 1     

 2     

 3      

    *  

     3 

 

ChaSen 1 -

- KUIC

1 2 tokens 5.4.2

2 tokens token
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- - ChaSen

ChaSen

ChaSen token  

 

10

4

ChaSen [2]

5.4.2

7.1  

 

A Statistical Learning Model A, SLM-A  

10  

 

B SLM-B  

10  

 

C SLM-C  

10  

 

D SLM-D  

10  

 

11

10 1 11

F1 eBraille-M

11 4

 7.1 eBraille-M

 

 



  63

 

 

 

7.4   
 

4 eBraille-M

eBraille-M 7.2

SLM-A SLM-D 4

10 SLM-C

7.2   

 

 

7.1.   

KUIC, ; ChaSen, ChaSen 2.3.3; IPADIC, ipadic 2.7.0; Med dic., ;  

SLM,  

eBraille-M  KUIC, ChaSen, IPADIC + Med dic.

SLM-A  ChaSen, IPADIC + Med dic.

SLM-B  ChaSen, IPADIC + Med dic.

SLM-C  ChaSen, IPADIC + Med dic.

SLM-D  ChaSen, IPADIC + Med dic.

SLM,  

7.2. eBraille-M 4  

Precision (%) Recall (%) F-measure (F1)

eBraille-M 93.43 92.84 93.13

SLM-A 93.24 93.23 93.21

SLM-B 93.25 93.27 93.23

SLM-C 93.49 93.23 93.34
SLM-D 93.43 93.25 93.31
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eBraille-M SLM-C SLM-C

KUIC eBraille-M

 

 

eBraille-M SLM-C  

 

SLM-C  eBraille-M 

 |  

  |  

  |  

  |  

  |  

 

SLM-C eBraille-M  

 

SLM-C eBraille-M  

 |D D 

 CT |  CT   

   

 |    

 |   

 

 

SLM-C 750 2,238 

chunks F1 eBraille-M SLM-C

eBraille-M 88.83 SLM-C 93.08

SLM-C KUIC
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7.5   
 

7.5.1  eBraille-M 2  

 
eBraille-M SLM-C

eBraille-M SLM-C 2

eBraille-M SLM-C

[54] eBraille-M

2

SLM-C  

Semi-stacking eBraille-M SLM-C

SLM-C ChaSen

eBraille-M SLM-C

eBraille-M eBM-B

eBM-I SLM-C SLMC-B

SLMC-I Semi-stacking eBraille-M

SLM-C  

SLM-C eBraille-M B I

SLM+eBM SLM+eBM

SLM-C B I  

2 7.3

SLM-C  

 

 

7.5.2   
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ChaSen SLM-C eBraille-M SLM-C

Semi-stacking eBraille-M

SLM+eBM 3

648 SLM+eBM 7.3

750 SLM-C 7.4

SLM+eBM SLM-C  

  

 

 

 

 

SLM+eBM SLM-C

eBraille-M

SLM+eBM 136 136 chunks SLM-C 155

76 7.5 SLM+eBM SLM-C

50%  

 

 

 

 

Precision (%) Recall (%) F-measure (F1)

SLM-C 93.49 93.23 93.34
Semi-stacking M 94.19 93.96 94.07
SLM+eBM 94.57 94.49 94.53

7.3. SLM-C 2  

7.4. SLM-C 2  

Precision (%) Recall (%) F-measure (F1)

SLM-C 92.51 93.67 93.08
Semi-stacking M 90.23 90.89 90.54
SLM+eBM 91.34 92.54 91.92
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SLM+eBM SLM-C SLM+eBM

SLM-C SLM-C 2

SLM+eBM SLM+eBM

SLM-C  

 

SLM-C SLM+eBM  

 

SLM+eBM  SLM-C 

  

   

 D |D 

 CT  CT |  

   

  |  

  |  

 

 

 

7.5. SLM+eBM, SLM-C, eBraille-M  

 

eBraille-M SLM+eBM SLM-C
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SLM+eBM SLM-C  

 

SLM+eBM SLM-C  

 |   

 |   

 |   

 |   

 |   

 |   

 |   

 

 

SLM+eBM eBraille-M

SLM+eBM eBraille-M

 

 SLM+eBM eBraille-M 126 SLM+eBM

90% SLM+eBM eBraille-M

SLM+eBM eBraille-M 30%

SLM+eBM

 

 

eBraille-M SLM+eBM  

 

SLM+eBM  eBraille-M  

 1.  1. |   

 FDG-PET  FDG- PET  

    

  |   

  |   

  |   
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SLM+eBM KUIC

KUIC eBraille-M

30% SLM+eBM eBraille-M

2

eBraille-M SLM-C

KUIC SLM+eBM

SLM-C

 

 

 

7.5.3   

 

 
 

SLM+eBM

SLM-C

2  [54] SLM+eBM

SLM-C A

A ChaSen

eBraille-M SLM+eBM SLM-C

SLM+eBM SLM-C

SLM+eBM  

SLM+eBM SLM-C B

SLM+eBM SLM-C

2 SLM BI

- SLM+eBM 7.6
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- SLM+eBM

  

 

 

 

B  

 

 

1. 2 -

SLM+eBM  

2. -

SLM+eBM  

3.  1 2 SLM-C  

 

SLM+eBM  

 

 

2 7.1 SLM+eBM, 

SLM-C  

SLM+eBM SLM-C SLM+eBM SLM-C

7.6. SLM+eBM SLM-C  
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A B SLM+eBM

SLM-C 648

B 7.7 7.2 7.8 7.3  

 

 

 

 

 

7.1.  A B 
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Precision (%) Recall (%) F-measure (F1)

SLM+eBM 94.57 94.49 94.53
SLM-C 93.49 93.23 93.34
Classifier A 94.54 94.49 94.51
Classifier B 94.90 95.22 95.05

7.7. 648  

7.2. 648  
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7.3. 750  

7.8. 750  

Precision (%) Recall (%) F-measure (F1)

SLM+eBM 91.34 92.54 91.92
SLM-C 92.51 93.67 93.08
Classifier A 91.24 92.53 91.87
Classifier B 92.41 94.84 93.58
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A F1 SLM+eBM

7.7 7.8 A SLM-C

A 8,336 tokens

SLM-C 0.6%

SLM+eBM SLM-C

B

SLM+eBM SLM-C

  

 

 

 SLM+eBM SLM-C B  

 |    

 |    

 TSH|  TSH  TSH  

    

    

 6 6  6 |6  6 6  

  |   

  |   

  |   

 

 

KUIC

KUIC SLM+eBM

SLM-C 2 B

  

 

 

7.5.4   
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eBraille-M SLM+eBM SLM-C B 3

(1) (2)

 

 

(1)  

CT|  CT  

l (L) q (Q)  

 CTLQ  

 

(2)  

 

PML . PML  

  

 

eBraille-M

(1) eBraille-M

20% B 15%

(2) eBraille-M

20% B 13%

B  
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7.6   

 

SVM

SLM-C

eBraille-M eBraille-M

KUIC

eBraill-M SLM-C

eBraille-M SLM-C eBraille-M

SLM-C SLM+eBM

SLM+eBM KUIC eBraille-M

KUIC

SLM+eBM  

eBraille-M

SLM+eBM SLM-C

2 SLM+eBM SLM-C

A B

B 648

B SLM+eBM

SLM-C

SLM+eBM SLM-C B

eBraille
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8  

 
 

 

5 eBraille0.81[11] [2]

ChaSen 2.3.3[27]

ChaSen

KUIC eBraille version 0.81

3 eBraille

eBraille  

6 4

eBraille allBraille eBraille-M eBraille-TM

eBraille-M  

allBraille eBraille-M

allBraille eBraille-M

eBraille-M
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SVM

 [2]

eBraille KUIC

7 SVM

YamCha [52]

SLM-C KUIC

SLM+eBM 2

  

 

1 F1

mean ± SD 98.87 ± 0.68 % 99.13 ± 0.68 BTA 98.02 ± 

1.122

 

 

                                                   
1 474 2002 4

 
2 2001
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7

 

 

 

ComeJisyo
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A. eBraille の点訳エンジンに実装した，品詞に適用する 

 点字表記規則 

A.1.  
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