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End-to-End Chinese-Braille Automatic Conversion Based on Transformer

JIANG Qi' .SU Wei' , XIE Ying’ . ZHOUHONG An-ping’ . ZHANG Jiu-wen' and CAI Chuan'
1 School of Information Science &. Engineering, Lanzhou University, Lanzhou 730000, China

2 China Braille Press,Beijing 100142, China

Abstract Chinese-Braille automatic conversion concerns the life and learning of 17 million visually impaired people in China and
the national information accessibility construction. All existing Chinese-Braille conversion methods adopt multi-step process,
which firstly segment Chinese text according to Braille word segmentation rules,then mark tone for Chinese characters. This pa-
per studies end-to-end deep learning system that directly converts Chinese into Braille. The encoder-decoder model transformer is
trained on Chinese-Braille corpus. Based on six-month data of People’s Daily, totaling about 12 million characters, this paper
builds three Chinese-Braille corpora of Chinese common Braille, current Braille and Chinese double-phonic Braille systems. The
experimental results show that the method proposed in this paper can convert Chinese into Braille in one step,and reaches BLEU
score of 80.25%,79.08% and 79.29% in Chinese common Braille, current Braille and Chinese double-phonic Braille. Compared
with the existing methods, this method requires a corpus which is less difficult to construct and the engineering complexity is lower.

Keywords Chinese-braille conversion, End-to-end deep learning, Encoder-decoder model, Transformer
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WH TIATE CH B R EE 750 A58 R/F 5, A B A
— AT T IR B AT A — AN S B ST T A AR
VEEE RSN e N R s R | SR NE Y IR ot e Y 7
PASERL B AR THOS BRSSO M THATE
SRR ik IR, Y BR TR SC R R KR T SO i
R R, BRI ESCRA S S ST A
Ak 5 R A5 B AL S O B A A A B B BRI
BN 3 MECERRINE 1,
#1OWERERE CRT

Table 1 Braille of “Chinese-Braille conversion”

Braille Type Braille Braille ASCII Code

Chinese common

HV2M8 /]'H]2
Braille /TH]

Chinese current

HV2M81 /]'H]2
Braille veMst /T H]

Chinese double- -o vl Ve BF[? %R&.<F

phonic Braille

T R P BT H SO A BT H 30 B AR

T E N R T A7 R B AR 2R A 2 e T,
FREM SR N BB AH 1700 5 A, &6 B IR A &4 F 1
A 10 BRI, HON RO A 0036 FUT L B UM AF
TE LA B D R ME BE K B A R SOl
BAS T B9 TR R, Pl T DU B B AR R BRI L A Y
H BT RIR AR TO i R R A ) AR L TAER R
B, B SO M E AN E FE w2 BRI

DUR e B AR 09— R 78 T8 30233 45 vh SO ifE 2 m)
HAEREZES A T SChRE SR 5 T RAGE T H X
SriRlEE . HEE SCHY 4R S O R T 4 e R A
AR ) R — AU R )4 R — A Bk A
PR S, B2 B SO IR M B G W S5 4 o TR HE
BT 503 R B A 3 R R O U I B L RSN
BB — LG AT, P SCRR SR 18] I o B B
P A — A~ 0 43 Bz, i R ST O R e AN L S
B 07 4230 23 5, A0 XN\ AR\ R BN TE\ R B A8\ TR\
A7,

WEFABRBARM S — KA R M E L, 3 ME X
W5 TR R R AR S RN L A 145 45
PBEMKXLAA 20 &, H P RZ 55 8085 8K, W6E 5
S BSHEHIAEFCE T A MANENE
) R —J7 A5 S IS R JE A T, weAk,
B SCE A BR I L BE S R SR, HLER S B0 Y 1E A AT K
3T AE N R BRI 0T L 22 AR U e — S A e )
PLE 0B SO B AR R A — & A BN pam.tin,
h.q.chiric ET,E S MRS, & ou WERTFS A
HE,

TR 22 2] R B2 A B B 1 Ik 7K 26 b 31, T s 38 3 2%
>J R GE 2 F AT IR 3 B B B O B A 2 M s AL i 2
Vi O B UL R G 2 4R R — e A TR AE (S LR
I8 5% L R AIE A 8 T L SCAS S B B, B R A T R SCAS Y e

D www. braille. org. cn

SYeRE. o B A o R e Ky Pk UM R TR ORI AL
0 A LA s 3 o L 2% 2T — 4> B DN A B B B ) Y
BT AL A B 0 B 2% P R TR R S R Rl AR
A% BB A Sy T RS 5 L U YT A SRR AL
TG B AF o8 Ak 2 — 77, WL BRI Y 8 SRR —Fh B ARIE
GEIE R 5 —F ARG (HiniE s M, 53Xk
LB S A NS 575 = I v A = s 11 N gl W NP
ASPLAS BRI . AR, WL B A D 1 AR ——
T 8- Bt e ABL TR E) A Shy — b 371 A 1 31 (Sequence to Se-
quence, Seq2Seq) B A, A H I8 A H T 52 B s 2] o O H 7 e,
MO 90 A LR SC ASCIT % 7 81 14 7% 2 fn 1 i
TN o G B e A DS T B B A G ST B C R A i
WS m € RE A R H SC ASCIT & 77 81 4k 22 4 il — 4>
1 3C ASCIL %, B2 /5 58 B 9 1 3C ASCIL ¥ 51
HV2MS8 /]'H]2

[ 0 e |

Pttt

R ' ¥ &
TE R E 3¢ ASCIT 8k [ 538 F i SO ah
L o o - i 25 5 7
Fig.1 Encoder-decoder model

B BT B AT LA 8% 2 i 6 1= B N ) o U
[ 2 RPN 25 35 g R TH O 1 0, A ot il 2 R R A R 2 o) AR
W LAEFR R, NLEGRLEE SUE B A AU T B 42732,
EMH& B2, PEHEXEFFEY I EE A w w4
1700 T3 HLIRE R 2F 5 VR TE AVG SR O — R 255 1 2 S IR 55
B REF AL I RN A E R AR E
SO BRSO R IR IR S5 . 2018 4F 6 H 25 B, E K E A
B HEERE N, BRI R EMET %P6 8
BFATEZ—. BTV ERNE 85 R 5Kk SF-4 -
PRI-E SO 2 A e T s I E R R Dy 9006 ~ 950, K
ORISR R TR TP E AN E R RS .

R SCHL T v 3 i TR BE A 20 S RELBR L — Al BE T 4 A -
fift 5 #R A% A Transformer™ ) 35 £ 3 DL H ¥ e 0y 25, F X
F-H SO I8 BHE I 25 Transformer #2% , Transformer f%
Uil 7 QNN R R O U R TE SIS | B IS K ) A o 0 E g ol
SUE B AEVF 2 A SRR 5 AL BRI R 2 ML B AT 55 R
R . ACETCAR M6 A2y 1200 J7 5 3CH
B AT B ZGE R SC BT E SCLOUBEE 3C 3 MCE X R
TORLPE o 32077 1k 22 W T 5 AL ) s 22 A5 U R R 4 ) A O S5
TR AR IR 3 S8 RR AR AR 3k FE U & B SCSCAR 1 2 A Ak BTy
B, HH 2 I DU B E SO WS BR A TR S B L — D R
e o H SC IR U IR DL e 4 O I 5 E R S
2 MBNEH™TE

SAT U B B R DU A AR %
BEARTT VR - S IE i 4y T R T B SC 43 1) 7 TR DN T ST
AR 3R DL 5 DU AT BRI 5 B 5 20 R FAR I A
B DUF B EE N H SC . 1T R DU e 4 (7] 43 % o 43 1)
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fi) 250 R0 o R o) AL A R ) L) T M A SR 2 ) AL

2003 4 , Huang 100 MR 5 BUE $5R1E 5 5 SCHHE 89 P 78
R BT T 2R 58— T 2 Ak 4 34 R RE R A R 0 Ak 2
BT A5 200 Hb e e 1 5 e 2o R o 1) 431k SR T ) 8, S B
TWFRNE M A s, 2016 45, P RHBE 155 BT Y Wang
GOV BT S LA S E R E S Hk . 2017 4R,
Wang %5514 3 F G LA 2 2 BB, IR 25 & b SO o 43 iR
B OO A B A5 E L, S 92, 81 % BT U4 1A I S HETR R,
2019 4%, AR MG SO VRE 9 2R 5 RN TR T e IR L 48—
PRI T IR AT B P M REDL F B UM A 4, 2019 4F,
Wang & 41 3 TF 50UF X B8 8B R VR B 2 5T B9 DU 5 1
J7 vk, O R R A T Tl E SR E FE G L g e )
Ry i, 2 B Wy R BENE 2 B, BT
B S0 A B TR, R BILSTM A8 B4 45 4N I AR i N
BMES 4 4~ (B A4 & B 77 k. M AR g ], E AR SR
1] B A A - S AR 2 BB B IRD) . B2 2 L DU AR AR KR, T
TR SRR RS 4 B IF R SR )5 R bi-gram B 5 AR AU
XHOUCFEIATAR I . 56 A R AR T S R K i SR K -
T SC WS 0K 58 BE SO 1R B AR IR 1T AR T R B
SO FESCASFE B L 23 8 B — SRR BR A B, QLT SCAR oA
Je Z= BT PLAA BT B SR R — SRR AT S B ST
BAA R AT IR AR A H B & SRR B (E R R
B — R .

.
Braille Word —
Corpus
| Braille Word Segmentation |
Tone-making N| .
Corpus > bi-gram

Tone making

B2 ek 14 20 Fedor ik
Fig. 2 Multi-step conversion method in reference 14
A Z B 540 R R 22 Ak - 1) T TR e S A 1
PR —— 1 SCAM IR 5 TR OBk R R b R R L O T HR I

Sy iR AR P45 A5 2] IR AN E R, S B DU E RS
HOXE R 0 B ST AR E AT 1) 5 O 5, B AR B — AR R
R0 B DUR RN 5 2) 20 PR o e ek B2 B D4 4
] AR A LA A B B G I BT RE I R R AL B SR
PR iT S ESis AR
3 WEIRNERIRS X ECB

A SCHE Y 3 B 0 T §% 3k 7 2 (End-to-End Chinese-
Braille Conversion Method, ECB) , Fi] F 5.4 v %] v 4 1% % it
T A8 AL R B B DU 5 400 8 S0 BB K T IR T T 28 e 4R
B3 1 A DUR S i [ O H SR R R
3CASCIL 4 “HV2MS8 /1 HI27 A o “DUR \\ s 7,

CESESCARLE F HESE HE R L S
SCHE T G i 7 - 1R A g8 AR Transformer AY ECB {0 3 i,

| End-to-end Encoder-Decoder Model

|1— Transformer

Chinese double-
phonic Braille

Chinese common

Chinese current
Braille

Braille

& 3 3T Transformer [ ECB J5ik
Fig. 3 ECB based on Transformer

Transformer #5 Jg& — it 25 i - % 1 #% (Encoder-Deco-
der) AR, 58 245 3% T RNN HI CNN, fifi H§ T &= 7L At
tention LM G i3-f# 15 . Encoder H N A~ 45 44 #H Rl %) encoder
R . encoder Ff Multi-head Self Attention 2 (£33 A E
B J)E) . FFN )2 (Feed-Forward Network. fil & W 2 4 & %
Dense )AL, Decoder i M ™45 #) 4 7] AY decoder i 2 1M
Ji.. decoder X} encoder, ¥ £k A IE 2 )12 H N mask JE i
Masked Multi-head Self Attention JZ . 8 B A B i B (LAY
WO T AL E/NT @ B i, BT 46 A — 2 1 48 Atten-
tion 2456 £ 31 B IHLHIE B Multi-head Attention )2,

AL h N=M=3,3 T Transformer ) ECB £ 1 4%
HanE 4 fis .,

HV2M38 /1'H]2 <END> Decoder Output

t 11 t1

[ Linear&Softmax |
X

[ Feed Forward Network |

[ Multi-Head Attention | decoder 3
A
1
Encoder Output [Masked Multi-Head Self Attention |
[ Feed Forward Network | [ Feed Forward Network |
encoder_3
[ Multi-Head Self Attention | [ Multi-Head Attention | decoder 2
A L)
[ Feed Forward Network | [Masked Multi-Head Self Attention |
encoder_2 f 1
[ Multi-Head Self Attention | [ Feed Forward Network | :
|
1 ]
[ Feed Forward Network | [ Multi-Head Attention | decoder 1
encoder 1 L) !
[ Multi-Head Self Attention | [Masked Multi-Head Self Attention | i

0
[Input&Positional Embedding |

Encoder Input <START> i H % {f: <END>

F
[ Output&Positional Embedding |

<START> HV2M8 /]'H]2 <END> Decoder Input

Kl 4 3T Transformer ) ECB #5581 45 4 &

Fig. 4 Model structure of ECB based on Transformer
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WL AN X = (Zgars X1 s Tas w005 Xys o
Zpad 20 ) s H P 2o FRIC ) T TFUR 5 ena B3 10 41] T 25 T, 0 A1)
T8 2y KD FF o1 s s s e s s e, A DUFE AT, N
() sxyszysx) =L H L F 30

WAL TN Y= Cynsynsess 3 s s
Vena bR AE I A5 1k A B SC ASCIT RS, 15y 5 o
A SC ASCIT I 10 Cyy s yz s oo
8../,1," s H,1.2),

Transformer H1 74 & JJ (Scaled Dot-Product Attention, %5
B BRE R D HEA 3 A Q(Query, A il &) K
(Key, # &) . V(Value, fH 1] &) , i1 A AR N .
QK"
Hor, /e BT d 2 K A .

Transformer f# FH T £ 3k i 2 Sy #LH] Multi-head, ¥ Q, K
MV 53 LA E) h AR F 25 8 head b, 5544 FH 1
BRI 2 DGR PHETE — BB B AT B i,

head; = Attention(QW2,K WK .V W))

MultiHead(Q,K ,V)=Concat(head, s+ shead; )W’
Heo,QWE, K WE. VW Q. K.V X R ¢ Ak 1 2k k42
e HE [ WO IR 2 M S S R G

Transformer F1 4 3 4b 55 % Multi-head Attention i1 2.,
55— AL T 4 encoder [H], ] T+ 5 i A A7) 7 43 0] (9 DG BE
H Q=K=V=7Hj—" encoder Wi . & 4/ T 4 de-
coder [, I T8 B AR S 45 1) e H Q=K=V=TH[—1
decoder % H ,i0 0 decoder self attention, 5 =Ab{i T &l 4
Encoder Output 55 decoder [d] , 1 F 315 % A4 . H A5 4] 8] €
I% , . K=V =Encoder Output, Q= decoder self attention F
o 23 R TR I AP AL =TT LA AR VA R AR AN [ 1 R OR
TS R B A S B TE SCEMOCE R

ECB # o £ 25 e 46 05 13 (045 1 B e s D A [ 2 20 e 46t
J5 G TR A N A 1 R ECBOH R A B — i R
JE DU SO IR R, T A A 1 0] IR R SO
S BRUR 0 T A A Ml RN X 5 S S B ] o RORS IR
TR A R M R /N RIS 2) A L 22 AP B B T v R R o
FELECB R — 4 5 A TUT, B Hef 5 3C, 075 Rk b
B, TAERE D, TREERIK.

4 ERREHIF

4.1 B

HrOCTERL R B R 1998 (AR A1 —6 H Bk,
K/ANK 34.5MBL 2 1200 T35, Hoel 1,2 WA~ H 815
INEEEE R/ 10, 7T MBL 24 372 T, B R & 3,
YO BUF RS A SR AL, 3R 2 B T RN
EW A FRARBFERYUGEIE R . D CHEEREES A5,
AL E | i) B A o SRR A AR 5 R R A 19 4 T BE BT 4 B R S
AF

200 B SC AT B SCOPEE SCIE SCE R R A
Y143 Ja i S0 LhRF g B r fy of R SCECE T BRI B
B R GBI B E 3C ASCIL A, Ity v [ & Sl A & %
RBOZ A 5. Hobh 04T B O & R BT E 3,

Fe 2 RATE R 3 FhE SCHY A F HDUE X IR R,

s Ty s Lend o

y(»ml)’;H\:EP
s va AR
sy syie) =(H,V,2, M,

Attention(Q,K ,V) =so0 ftmax(

A4

Fif U %) B L & v SCSCAR N SCOCA A SCAR E 1)
TN AT 1T
R 2 PICERSTAERGIHE R

Table 2 Statistical information of various character in Chinese corpus

& AN 4 X A FXARE EXARAL #HE  BHRFH
IN¥AE B 3251756 3544 354912 251 107 940 4175
KHAEE 10471535 11612 1131230 3530 355473 14906

4.2 HEmAE

B T AL B 53 O T MLAE AR B KK BE TR AR T R I L
e 4 A5 BR B 20 P SCSUAR VH SCCAR B 48 O Trans-
former A5 71 1] 25 10 3 B 37 B8

TS 3 D) SCSCAR R SR AR I RN R S
ASCIT e, WIS 301 3 AN 0,1, 2 3543 3] % B T b %
FRid  (PAD) " JF I b ic < (START) 45 s bR id < CEND) 7,
R S0 ASCIT A% 5 ) 1 30 ASCIT 5 5 i B8 (i X 58 4 )5
i, T T B 3 B i 1 % O T S ASCIT 1S,

THE T A F e KK maxlen MTE XA F i KK E
maxlen_ascii, L HE P XA FRRRKEENBRBIEE. B
S A Y A AR BE PR RE R /N RNE SO AN [ AN TR

BAT AT EE R M GHFRE  (START) . 7E B
ZEFARIE CCEND)’, K BE /N TF maxlen B8N # Z F5 iE
(PAD)’ ., 182 U5 ot LR O B0 R R AR b g i A
A 14 Encoder Input,

BAE A FEERMFGEIRE (START) . 7E BN
ZERARIC CEND)’ , K JE/NT maxlen_ascii BRI Z AR 0
‘(PAD)’, @l 30 ASCIL % 5 g HoA h 87 R om B
fife i 25 B N % A Decoder Input. fif it #% 32 B2 5y A b 4% 15 #3%
it Encoder Output,

Decoder Input £ BRI IRFRIC (START) 7, /E b i A% 45 i
1 Decoder Output,

o7 BEBLIIR 10 Y0 8RR R A test_set, 4R 9026
P ECHEAE I 2R 4R train_set, HUHE WAL B AH OG5 B 423t o
% 35,

#3 Bl miak B R

Table 3 Data preprocessing information

iE R KN & K RFFHEAN EBKE JHEE  WNKE
MNBAEE 252494 5120 48 227244 25250
AMAEE 811354 5706 48 730218 81136

TE B YIS R R AR 1 B S SR RO SO T R

4.3 ZWIEE

AN Zx Transformer £ A ) 52 5 35 55 . CentOSLinux
release 7. 7. 1908 % 4, Tesla P100 PCle 16GB & F.256 GB
WA R 7 2 HEZR Keras,

WES BB SR ESHAE HEN LR, R
D Y A AR 235 ) IR 2 00 T 2 T 4 A R X 7 B g A AR S
L AE X 2 2% 09 B2 B A 0 AR L AR SO ) Trans-
former HEAVE S 803k 4 ¥,

# 4 Transformer 157 18 2 5

Table 4 Transformer model parameter

encoder decoder Multi-head 1 & FFN B Dropout &
E#H N E# M head # % P 2 4 E EFE
3 3 4 100 150 0.05
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AU BLEUY S R Sy flf 1 2 2% 5 S0 F M A lE X
AFHRUE B3 AR . BLEU % A T P4 LA B8 308 50 (4 o
B S MR AN AR B T ML B BE L A AT R T SCAS i T A A
B, UE 54 ) A Ok R R PL A B ) AL {H 2 BLEU {1/
HWHEEMETHANFHMECE, BEGHTFAXhSEE
SO R AE R S R BB A T B LR Y e IR AR 2 2R
B SCA] T 2 2% T SCA) T 19 VG G EE FLGE PE . BLEU BUE
WA 0~1,1 QRS L VCHEL, MU 1 F4 Rtildr , A3
fifi i NLTK T.E.3% BLEU i,

ity B0 DL B e B DL — B R O B 3G, Bt T B
B X — A R A T — T 2 TR R — AT
IR, ASCHIT T A AR L T AE AT SCRBUE 4R
B SRR 1 A I A

TR AEEAT B SR B 4 1 MR 4 1 AR R HE A R L T S
Z G A I PR HEAT X L . 7R R 9T R R 9 E SC ASCIL RS . B
FCA) V(D L B CO VR () VR CRERED . b5 0 1
1 256 55 T hn 8 1 0 19 D0 405 DB A R A48 bR AT
P BT S A A A

TIEE ORUHE 45 1 T 48 10 DU B I T R, 9 5 225 4t
JPEIEATR . DUR R0 BT 7 O O S i g R 5 AR
YA 28 LAAR) g B0 1 A7 4w 0 I 1 6 5F 5 8RS 8 1E 1 9 1) 9 4~

B TR 1 ) 4 A0S b o2 2 R B EU LA D HE R R
4.4 LIGHER
4.4,1 HERHEEEHRKIGX AR

TR B 2 3] ASE AU 1) M R A A A R R RN AR R G R L 24
B B AR A LA B Y — R BR AR . T 2 R AR L AR
YT g b, 2 57 A B S B SRR R L RE AR — s R U
N iA .

5B TARSCEZ% A Transformer #5143 5l 75 K
JINBCHE 2 B DU AR G T i 2 B ROBOHE R 5 S N B S A
NS w9 BLEU fH. 1155 BLEU B, &4~ A U B SC
AFRE NS HAF, (0 rwsw5,w) K 1-gram, 2-gram,
3-gram,4-gram £ 115 BLEU {0 B AL E , i 2 w1 +w, +o; +
w, =1, LR FW,FT Transformer 1 ECB 7] 3Z HLIL F
— BN E ¢, 78 NLTK T B8 BLEU {4 BRIAE
o= =w;=w, =0.25 T ZHEEERENE - HITEH
SCLRUBEE A B 80. 25% .79, 08% .79, 29% [ BLEU {4,
A B SCSCAR T B . KBUE 46 T i 5 ) BLEU fE AH
SHANESE A E KB E UM AT E X FRERKCY ~
7%) s HFE B n-gram(w, =D ITE TN » BUE K, $2 &
R, Wt B A LY B SO TS AR R (9 )2 T DR L FE T 2
[REARE R PV E 7 =1l MY =1 N

# 5 T Transformer i ECB fE/NEUHE4E L REUIE 4211 BLEU {5 (it 52)

Table 5

Bleu score of ECB based on Transformer in small and large test data sets

CBLAT . 00

Chinese common Braille
Weight of BLEU

Chinese current Braille Chinese double-phonic Braille

small data set large data set

small data set

large data set small data set large data set

(0. 25,0.25,0.25,0,25) 75.03 80.25(+5.22)
(1,0,0,0) 85.25 88.02(+2.77)
(0,1,0,0) 78.42 82.96(+4.54)
(0,0,1,0) 72.07 77.97(+5.90)
(0,0,0,1) 65.77 72.84(+7.07)

73.68 79.08(+5.40) 77.24 79.29(+2.05)
84.06 87.50(+3.44) 86. 34 87.64(+1.30)
77.05 81.94(+4.89) 80. 28 82.16(+1.88)
70.67 76.60(+5.93) 74.57 76.80(+2.23)
64.39 71.21(+6.82) 68. 88 71.47(+2.59)

4.4.2 BWMEFFHEAR M
SR D O Rr W P N Ak I VB R 1 o Bk v 7 W N BT = 4
TR F T AR BUAT B SCORBOE 4 09 R 4R 19 AR
W UERR 2, N3k 6 g,
F6 EIE TGRSO AR R

Tone-making accuracy of some high frequency polyphonic

Table 6

characters

Polyphonic Character Frequency Accuracy/ %

E 10061 99. 46
H 5993 96. 63
* 3389 96.13
k4 2937 97.87
i 1728 98. 28
# 1617 99. 82

M 6 AT LLE M A SR il B o 7 AR B AT H
SO X R 2 R SO B, e, A
“HC AR R R B — R PR 4 K 2 B, HOAR R I 1 26 T
it 99%,

1.4.3 ECB Y % ¥ #4752k

ECB 5 £ 45 5 4 7 1 78 AT B S3C 00 A7 18 o 5 2 %3 H n
R T IHN L5 T 5 W R Dy SCHR 11 ] 1] 7R T BA A S 58
GO, TEDUR BRI TE A R 4R L A 1 T v BT R
e Em AR R A B B B4 . B3R 7 ohofk o
B AN RE 58 4 AR R I FD 7 Bk AR R 1 R = AR, SCkC 11 13

SAE MR ZUE T R 2 DU SR SR, KR

62. 7 MB, R AR (32 ) 28 i B SRR 11 R SCE L 1 704 A

AP, AR SCEIREETCARB ) 6 ~H % 1200 7

TSGR g T AT R SC B FGE SO E S 3 M E
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Table 7 Tone-making accuracy
Method Accuracy/ %
Reference 11 99. 80
ECB 99.70
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Table 8 Accuracy of Chinese-braille conversion (1)

Method Accuracy/ %
Reference 14 85.11
ECB 86.46
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Table 9  Accuracy of Chinese-Braille conversion (2)
Braille Type Accuracy/ %
Chinese common Braille 86. 89
Chinese double-phonic Braille 87.87
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