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ABSTRACT

In this paper, a reverse Korean/English braille translation algorithm is developed to solve the information
gap of the visually impaired, improving the smart device accessibility and convenience. This algorithm converts
braille characters into keycode, and output Korean and English, numbers or punctuation marks to the smart
device. In order to recognize the received input braille on the smart device, keycode conversion was used to
work on Android, iOS, Windows, and MAC operating system. In addition, Korean consonants, vowels,
abbreviations, English alphabets, numbers, punctuation marks, etc. have been implemented in accordance with

reverse Korean braille translation regulations, making it easier for the visually impaired to use them.

LM 2 712 2] Aka Sl olelat wste] 2 Fujel
HE 2ohe 717)e] Shgol shheln AgE F4s)

2rke F)e oAl ofehant Bl QAT S Zoleke Agelr. de wed) Agehe 2nlE
ool AR o] B PP glon], W Ab 7)) Bopsli Wl Azbgelele] Aol o
Foll cheh BHlE= W AIAE AT T8 & s} aEe] alek ol e ke 7))

¥ B s Fogastan skl h)E A91%91-8(202001010001)

+ First Author : Kumoh National Institute of Technology, Department of Electronic Engineering, jonghun.kwon@kumoh.ac.kr,
s

Corresponding Author: Kumoh National Institute of Technology, Department of Aeronautics, Mechanical and Electronic
Convergence Engineering, wansu.lim@kumoh.ac.kr, %3]<1

& 0 202008-205-D-RN, Received August 20, 2020; Revised September 20, 2020; Accepted October 26, 2020

o

181

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "21-01 Vol.46 No.01

7b EA A9 =3l AR Algelele)
UUXE 283k4] ear glo] o83l sl =2
A o] l7] wiitelck o]& gl AlZgelel
w2 A zsfeh= Avte A wsh Aol 4olE o]
ankelzle] ARAA7} Zrkstar Qopt,
ol2igt AxlE Zo)7] fl8l ANl gt vk
ok A o1 o] AljkE A [6]1 A} =
45 Fo A9 G dalE ANAAEE Algks
gort FAEAE It (7] mnldelx wa]s)
A A= 18] 913 SBraille 7|W-S Al”kslar
Fei®l ol ZEAlo 1S avlsisic) 2=y E71E
= Hiekol] AE31sd 710l AlZgelele] A
Sl HAS 8] wdskr] ol (81 3,
| AR REE Falsi o, =2
Eely] FFo R spdste] whgk xS 2}
7loll= A7 odsdek 9= &4 FEE ~vtEE
7

-

[#

sl AZgelale] 2nhe S]] A 9 A

Ve P S WA e FaelEe
e QA7 s palslaA ) e A7
[}

B e S P e B R
g Qe o] 2 Atste] Azgelale] )
sk, B80S Frhsksle] nigellste] Anz
ZolmAl gl T el dwelEe sledow
SR}l ReIA AT AT TS v,
a5 9 wedol, Sl Al W7 5o FRae] chey
& 7R ATPSRES FRT, B R
Ashe g A2AlS] AREA ARES
o sohe us} A ES 9 5 ok

2 7|43kt

i)

1 —
8|

124

Gl

>

=
=

St

tlo
b o
o

2.1 7|3 =(keycode) HiZt

=l A dare]Ee AlAAelle] ALgst
= A2 2ntE 77| St 2 e Y3k
gy Zolc) Aokt due|EHe HAE FE Y
o7 Wakshe= Al 71F=(Keycode) S AHE-311
=, ol 2vtE 7717 AR AE 5 7]
ol AR qlHE g )= wghsle] vte
71717} QA EE = QIR S5t F13Es dukHQl

Anee AHgEE 7)meg Agsiolon, USB

182

N N T ]
% e KEY_R | KEY_L | KEY_A G
e e » 0x15 | OxOF | 0x04 »
l | = - | o

a9 Lk =9

a7 1. 71z= HEe oA
Fig. 1. Example of keycode conversion process
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1. ‘Wait for key press
2 Key press is key input?
3. if didn't key input then
4. go back line 1.
5. else store inside buffer array // size of buffer:(25x10)
6. Press space button? Part 1
7 if didn't press space then
8. go back line 1,
9. else check buffer inside
10. if buffer is empty then
11. go line 23.
T127 77 " Telse convert buffer array to keycode array
13. if there is a ¥12:2| 3 before %4 then
14. if =4 is one of 1, =, B, A, &' then
15. Modifier keycode is Shift
16. else put =4 ‘~" in the keycode array Part 2
17. end
13. else Modifier keycode is None and put =74
19. end
O Is buffer all converted?
21. if still remaining convert work then
22. g0 back line 12.
23. else send keystrokes from keycode array
to the Bluetooth module via SPI
Bluetooth module sends keystrokes Part 3
to user device
24, end
25. end
26. end

27. end 24/94# Algorithm

a8 2. 243 "Jae] s
Fig. 2. Consonant pseudo code
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Z71& 15314 =vhH Modifier keycode+= None
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1. Wait for key press
2. Key press is key input
3. if didn't key input then
4. go back line 1.
5. else store inside buffer array // size of buffer:(25x10)
6. Press space button? Part 1
7. if didn't press space then
8. go back line 1.
9. else check buffer inside
10. if buffer is empty then
e goline 22 ________
12. else convert buffer array to keycode array
13. if there is a #k& before 25 then
14. put A& then =& in keycode array
15. else if only =& input then Part 2
16. put ‘o’ then X5 in keycode array
17. else special case*
18 end
19. Is buffer all converted?
20. if still remaining convert work then
21. go back line 12.
22 else send keystrokes from keycode array
to the Bluetooth module via SPI
Bluetooth module sends keystrokes Part 3
to user device
23. end
24. end
25. end

26. end E-& Algorithm

gl 3. g =
Fig. 3. Vowel pseudo code
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1. Wait for key press

2. Key press is key input

3. if didn't key input then

4, go back line 1.

5. else store inside buffer array // size of buffer:(25x10)
6. Press space button?

7. if didn’t press space then
8. go back line 1.

9. else check buffer inside
10. if buffer is empty then
11. go line 29.

T127 77 " Telse convert buffer 555»'&;'1&?&55 Er're_u ______
13. if there is a %+ before 'H (1-2-3-54)" then
14. if 23 is ‘F(3-4-5%) then
15. put ‘B’ in keycode array
16. else if & is “H1-2-3-6%)" then
17. put ‘" in keycode array
18. else if =& is ‘71(1-2-3-4%) then
19. put ‘A" in keycode array
20. else if Y& is "T(1-3-4%)" then
21, put ‘11" in keycode array
22. else put ‘H’ in keycode array
23. end
24. else go line 29.

25. end

60T Is buffer all converted?
27, if still remaining convert work then
28. go back line 12.

29. else send keystrokes from kevcode array

to the Bluetooth module via SPI
Bluetooth module sends keystrokes
to user device

30. end
3L end
32. end

33, end °|FE & Algorithm

Part 1

Part 2

Part 3

a8 4. 0TS F=
Fig. 4. Double vowel pseudo code
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1 Wait for key press

2. Key press is key input

3. if didn't key input then

4 go back line 1.

5. else store inside buffer array // size of buffer:(25x10)

6. Press space button? Part 1

7. if didn’t press space then

8 go back line 1.

9, else check buffer inside

10. if buffer is empty then

11. go line 19,

T127 77 " Telse convert buffer array to keycode array
13. if there is no 2+ after =/ then

14. put ‘} after =4 in keycode array** Part 2
15. end

"16. Is buffer all converted?
17. if still remaining convert work then

18. go back line 12.

19. else send keystrokes from kevcode array

to the Bluetooth module via SPI
o o Part 3
Bluetooth module sends keystrokes
to user device
20. end
21. end

22, end %A '}’ Algorithm
o7 B, A AE A
** 24 g €L glovt O AV 2_d A

a8 5. of piE=
Fig. 5. Shortcut word pseudo code
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of 217kt ezl 4, 4,4, 4, 4 4w s
= = =), A AL, 7, "1, A, R, =3} eF
AT Ak el & w5 thgel £EOE A}
4344 o=tk

23 2825 73
AR ] slelA, A, AR
sheh A2 ThE BAYE BE AMSAT) weh 2
Az A7gelle] 714 wo] ARgshz A7l
& AR RRb) g U2e] ¥ATEE <185t
A, ek AR TSI B 1S <Al
/H /K']?('lg}.l T8 EARE 7L Wl Ago] A

(Backspace) HE, 8% <llE{(Enter) HES el

9
7, 8,9, 0% 22 AFo)7] witel] St vkl 24 Py 4 PR e
RS-, sz, T, A, okx E, ©, 5’0] Ug u= .
A e 7 ] K 225 97 (| 367" |22 5-84, 2-84
PN T2
ZAL thgoll EUECQE ARSSIA = exkE F 5-6-8%
. P = _6-83] A=
3} o2 So] ‘12 #ack o] ohle} #act 9} SRE D) | esd AFIRES 5y
o] ERIEE o] A8’k 283 97 | 23683, |y 3-6-8%
. =
78 6 SA1E Tl oAEER, WEe) Pan o 2384 3687
2E FEG4-5-6DE JHT Aol BUEG-6 =05 56-8%, |y P
. L o R TRE D) | s | 3-4-5-6-87
HAE Js] A Ssh B 24 AL g
= 2-3-6-8%, Y q
s 97| veu | |FES 1-2-4-6-874
- A=
1 ‘Wait for key press 6-84
2 Key press is key input 23 tly i FHAE 9 1-4-6-84
3 if didn’t key input then BH = = ] ] 3—5—6—8215] -] ¢ "
4 go back line 1. 123468
5. else store inside buffer array // size of buffer:(25x10) T ale o | 17273-4-0-
¥ - _6-7-874 |alls
6. Press space button? Part 1 DHA] 3-6-7-8% ‘JJ—V‘HE & z‘il
7 if didn't press space then
8. go back line 1. _ 2-5-8%4
9. else check buffer inside %EHA] / 3'4‘823 T = 2.5 8;
10. if buffer is empty then ~owu
R goline 24 _____________________________ % 5-6-8% |t -6-8%
12. else convert buffer array to keycode array d . 2-5-6-8% _]6]-7] + 268 i
13. if 43 (3-4-5-67]) then S} 5.81 |7 - 3-5-7%]
14. All following input is number? >
15. while input is number do 3-5-84
16. if next character is NOT =425 ‘v, Part 2 Héi"'— * 3.5 8; J;I_T;}J_}D} < 1'2'6'8;§
s,om, A, 2, ©, F oor oA ‘5 then o
};/; :1:;3 need %3 to stop number A% 2-3-5-84 |Rri=c) > 3-4-5-84
19 end 8% 7 2-3-6-74  [BSA \ | 1-2-5-6-7F
RN, Ol o e
21. Is buffer all converted? 2-3-6-8% |8l€]A u} | 1-2-5-6-8%
22 if still remaining convert work then _
23, go back line 12. Fojg-F « 3-5-6-8%  |7]= ~ 4-5-74
24, else send keystrokes from kevcode array
to the Bluetooth module via SPI Part 3 5‘72\5] odt«]a].td — 4‘5‘6‘7115]
Bluetooth module sends keystrokes =
to user device 6-8% 0_11],(]1—:- < 474
25. end 2-3-6-84 L’“ =
of
j”; en?indfz} Algorithm zoulo-% ¢ 3-5-6-8%
: T . |At @ 4-8%
3-8%
a2 6. 5 ks -
Fig. 6. Number pseudo code 3-7%
185
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2.4 2 2= HA

2mtE 7)7] = vhekgt 23 AAE AR, 2 2
A= AR T 7|7 =5 23] njeix] B o
A oy kg SFAAIE A5 213
+dAA w= AdAo] HQ3}w, Android, iOS,
Windows, MAC 4714 3 AAS | Lsle= 31
t} 78 A& Android 2 AA 3}

E 2 944 WA7NE A3 Aoz oS
Mode HE 1~43 WES ¥shd Zert WA=
t}. 0S Mode B]E3} 12 Android, OS Mode HE
3} 2742 i0S, 0S Mode HE3} 3732 Windows, OS
Mode HE3} 438 MACS XY3== slich 1

Wait for key press

1.
2. Key press is key input
3. if didn't key input then
4. go back line 1.
5. else store inside buffer array // size of buffer:(25x10)
6. Press space button? Part 1
7. if didn't press space then
8. go back line 1.
9. else check buffer inside
10. if buffer is empty then
11. go line 21.
T12. 7 else convert buffer array to keycode array
13. if 1% with OS Mode button then
14. clear buffer and change to Android key command
15. else if 2% with OS Mode button then
16. clear buffer and change to iOS key command Part 2
17. else if 3% with OS Mode button then
18. clear buffer and change to Windows key command
19. else if 43 with OS Mode button then
20, clear buffer and change to MAC OS key command
T else send keystrokes from keycode array
to the Bluetooth module via SPI
Bluetooth module sends keystrokes
to user device
22, end Part 3
23, end
24, end
25. end OS Mode Algorithm
g 7. A Mt oAl
Fig. 7. OS mode pseudo code
B 2. 9AA n=
Table 2. Operation system mode
Keys Mode
OS Mode + 1% Android(Default)
0OS Mode + 2% iOS
0OS Mode + 3% Windows
OS Mode + 4% MAC
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o} sklek kel Part 2004% Androideb
Windows, i0S2} MAC 7k Eri3de] 713=7} A
2 tf27] wel LG AAS WA wwich vz o
5 2713 AlA AL A RS slsich

25 E5HEo 78
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AldAbeele A el ko] Hxlelu
TTS(Text to Speech) 7|55 &-83}7] $I3ll AHA o]
= 7]%50] BpHolrk Andorid®} Windows AdollA]
2Hg 7Fsdt AA ol WE el MS Word9} §H1<
2 FHge] WEolE ke g sk, i0Se}
MAC2 ot} 7]Z= H3ol & A3k & 32 7
Al o)gol 3t WeJeojo|r).

E 3. AA ol W
Table 3. Cursor movement commands

Function Keys
ol SALRE °o]F Space + 3%
o AR o|F Space + 6%
oA g o]F Space + 2%
t}g whol® o]% Space + 5%

Zo| Agow ol%
Zo| gox oF
o4 Z2 %
oo £ 0%
oJd FrroE o
o FReE o

Space + 134
Space + 467

Space + 1%

Space + 4%

5 Space + 237%
=
(<)

Space + 563

|
|

[l

2.5.2 si/d ©&

93 dage i i AR =
#H=roisle] 20179 /W4 } UEB Standard Second
Edition 2013 7W38-& A=t o]-8-3f5ick. e =t
ko] A} AR o] vhEr] wjitel] 7iets] bl A
=nb ARTbsskes el 92> UEB
Standard Second Edition 2013 7§ el 4] Section 6,
7, 8% T3S, Section 6 F-H-2 numeric
passage, line continuation(numeric mode), fraction
lineS A|£]3}91 31, Section 7 F--2 FAES SEZ

L O L I A ' =2
LI > > L) A >

&3kl Section 8 F-2 dl#A} I}EZ UEB
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Wait for key press

1.
2. Key press is key input
3. if didnt key input then
4. go back line 1.
5. else store inside buffer array // size of buffer:(25x10)
6. Press space button? Part 1
7 if didn’t press space then
8. go back line 1.
9. else check buffer inside
10. if buffer is empty then
11. go line 17.
T127 77 Telse convert bulfer array to keycode array
13. if space button with backspace button then
14. clear buffer and change to English Part 2
15. else if space button with enter button then
16. clear buffer and change to Korean
BT else send keystrokes from keycode array
to the Bluetooth module via SPI
Bluetooth module sends keystrokes
to user device
18, end Part 8
19. end
20. end

21. end ¥/9 AF Algorithm

S8 8. LY A% ijme
Fig. 8. Korean/English conversion pseudo code

o) Wb Falsll T, i ople} ool FasA
ke

a7 8¢ FEI 3Ee) AR FulE Hme
2, FRellA] e Mg Aeiz 2slo] o) aled
2 el el FEow A% A
o} Wslolag Rl ma, FE3) QJRow

PRy

Tl 2, s dAHlolA odre®E A
AF=EE v Zor) B2 ¥EE sk

2.6 2 TS LA
9= §iH AF

= WS s e
22 913 sPd InputBufferol] A= 1, o]F Ado]
= 9]l InputBufferd] HA= 7|7=2 wWshe
3 SendBuffers A3 E55~E E3) 282} 7)7]

i

Input 1 0 o0 -4%
Buffer 0 1 0 -5%3

Buffer | Key r Keyl Keya
] ] ;
0x15  OxOF 0x04

-» Device — 3" &9

BLE

a2 9. gy A% B ESrjelol 1)
Fig. 9. Input transmission method block diagram

2 AFEe] S 2 9gire] EHHr)

InputBuffer+= 221 wld e|= 712 25, A= 8
o] @75 7 ook A= 8709 dellA] 13-
B 67 = 22t Ak 1315 637k 9] wh
A7y}, 7o) i wlo] s, 832 Q] Fhe AAsh
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Fig. 12. Bluetooth connection
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Table 7. Cursor movement command test
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