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Develop a SSVEP-Based BCI Calling System on a
Phone

Student: Pei-Yu Liao Advisor: Dr. Jzau-Sheng Lin

Department of Computer Science and Information Engineering

National Chin-Yi University of Technology

ABSTRACT

In this thesis, we construct a dialing system on mobile phone call based on Brain
Computer Interface (BCI) to help paralyzed patients (such as Amyotrophic Lateral
Sclerosis, physical barriers). In the proposed BCIl-based dialing system, a blinking
screen was used to stimulate a patient’s brain to induce the steady-state visual evoked
potential (SSVEP). Then the electroencephalogram (EEG) signals can be captured by
electrodes on the head. These EEG signals can be analyzed by digital signal processing
software to distinguish different frequencies. Then, these frequencies can be coded
different codes to control calling system. In the proposed system, it has two selection
modes, one is spelling mode and the other is the address book. In addition, this calling
system has a message sending function. In the experimental results, the SSVEP-based
calling system with BCI can get feasible calling and message sending results.

Keywords: Steady sate visually evoked potentials (SSVEP), EEG, Brain computer
interface (BCI), mobile phone
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- BRI 2 BEREL s g AE L AR ok LR

26



*FFT kigfmat g enzg s Bl R 28 2V XN B8 £ 5 F NA& L 4% R
B PR GlheA P - B 1024 BenA AR AR EFEE 0 4ok
Eig % FFT i@ E P70 100 R ehng 8 & o i H i e

N 4e(3-1) 57 7F o
X(f)= j_°° x(e 27 dt (3-1)
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FoRPEREET 04SP RLRIF A FHEARE S
10 » 43 gigﬁLﬁa%ﬁﬁméo

& > ;‘Eljﬁlz HIS5E2A P T EE o PR ai o
F R EEd 10 BlF e X T REB LI b A
BRI g RPIFHT R L BT fﬁ‘»{%ﬁ‘%‘f S5=xz > ¢
F5asmElakl o BE EF A HRLPR o

Tef 27— X RlE PRI E B {8 § B B a4
¥ ORIty T @ﬁi‘* Z (Information Transmission Rate, ITR) » ITR 4%

F AR h AR R Z IR ek o ITR 2 8 R E e

Bits (1-P)
———— =log,+Plog, P+ (1-P)lo
Command gZ gZ ( ) g2|:( _1)j|
ITR = Bits ) 60
command CTlI (4-1)
He o NAFPER G4 il - h fd N=4> P L :

CTl &4 % - B & 4 L 35pF ¥ (Command Transfer Interval) -
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24110 =X RIFES ¥ - ELHIRREH
/ FoolEo Rz Ee [ HI IAS] ] CTI | ITR
e B I N I N 2 I S s ¥apk (%] [s/com [b!ts/m
##[s] | #R[s] | FR[s] | ##[s] | #[s] | P [s] mand] | in]

1 95 117 115 112 101 108 99.01 535 | 21.35
2 74 78 66 76 80 74.8 100 3.74 | 32.08
3 132 95 107 120 86 107.4 98.04 526 | 20.87
4 108 95 106 94 104 | 101.4 100 5.07 | 23.66
5 514 145 153 151 | 413 | 275.2 85.47 11.76 | 5.95
6 229 | 221 | 161 153 160 | 184.8 94.34 8.72 | 10.98
7 93 166 | 111 108 89 113.4 100 5.67 | 21.16
8 324 | 174 | 132 | 235 | 230 219 90.91 9.95 8.54
9 268 122 88 115 114 141.4 100 7.07 | 10.48
10 175 161 254 | 221 94 181 94.34 854 | 11.21

#T12|201.2|137.4 | 129.3 | 1385 | 147.1 | 150.64 | 96.21 7.11 | 16.62

24210 =R PIFHEATE - LR ZFR KGR
s | | e AR B g | CTI | TR
XORIHE | R | SR | SR | SR SR | R ap (%] [s/com [b!ts/m
#[s] | F#[s] | #E[s] | #E[s] | ##[s] | B [s] mand] | in]

1 105 88 131 114 119 111.4 96.15 5.36 | 19.07
2 85 75 92 82 81 83 100 415 | 2891
3 87 94 81 87 82 86.2 100 431 | 27.84
4 89 113 80 80 89 90.2 100 451 | 26.61
5 274 99 191 | 216 | 203 | 196.6 90.91 8.94 9.51
6 113 125 234 161 190 164.6 93.46 7.69 | 12.07
7 139 149 | 278 | 223 | 227 | 203.2 99.01 10.06 | 11.35
8 170 | 284 | 239 162 | 255 222 99.91 10.09 | 8.42
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9 125 | 104 | 101 | 151 | 124 | 121 100 6.05 | 19.83
10 127 | 128 | 110 | 114 | 153 | 1264 | 9524 | 6.02 | 16.42
%L1 1314|1259 | 153.7 | 139 |152.3 | 140.46 | 97.47 | 6.71 18
%4310 =R PIFET ¥ = BT HIRREH
F- | FZ | FZ | Fe | BT | I &P agea | CTI ITR
LRl | SRl | SRl | Rl | S| ) | T apE (% ]* [s/com | [bits/m
#[s] | 3#[s] | #[s] | 3#[s] | #[s] | 7 [s] mand] | in]
1 117 | 120 | 106 | 123 | 106 | 1144 | 9524 | 5.45 | 18.14
2 75 | 67 | 72 | 74 | 73 | 722 100 3.61 | 33.24
3 111 | 105 | 88 | 92 82 | 956 | 98.04 | 469 | 2341
4 93 | 89 | 89 | 80 | 83 | 87.8 | 99.01 | 435 | 29.29
5 105 | 127 | 174 | 172 | 138 | 1432 | 98.04 | 7.02 | 1563
6 134 | 192 | 139 | 252 | 144 | 1722 | 93.46 | 7.69 | 12.07
7 73 | 119 | 136 | 160 | 73 | 112.2 | 99.01 | 555 | 2058
8 444 | 270 | 276 | 123 | 118 | 246.2 | 8547 | 1052 | 6.68
9 140 | 158 | 88 | 105 | 111 | 1204 | 98.04 59 | 18.61
10 122 | 118 | 92 | 129 | 106 | 1134 | 98.04 | 556 | 19.74
T35 141.4 (1365 126 | 131 |103.9 | 127.76 | 96.43 | 6.03 | 19.74
24410 =X RlFHT S wT RO R F
F- | FZ | FZ | Fe | BT | I & aes | CT ITR
SRl | SRl | SRl | =Rl | SRl | SRl | T aopE (% ]’* [s/com | [bits/m
##[s] | F#[s] | R[Sl | #2[s] | ##[s] | P [s] mand] | in]
1 91 | 118 | 136 | 101 | 123 | 113.8 | 9524 | 542 | 18.24
2 77 | 77 | 62 | 61 60 | 67.4 100 3.37 | 35.60
3 95 | 99 | 99 | 124 | 95 | 1024 | 97.09 | 497 | 21.29
4 100 | 83 | 81 | 82 | 118 | 928 100 464 | 25.86
5 210 | 99 | 255 | 203 | 296 | 2126 | 9091 | 9.66 | 8.79
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¥ ~ b X enT IapF o~

RS
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6 163 | 113 | 156 | 135 | 203 154 96.15 740 | 1381
7 144 | 207 | 137 | 187 | 165 168 98.04 8.24 | 13.32
8 181 | 246 | 205 | 220 | 194 | 209.2 84.03 8.79 7.59
9 88 73 86 117 83 89.4 99.01 443 | 25.79
10 139 92 112 | 105 | 121 | 11338 98.04 5.58 | 19.67
¥-T12)128.8|120.7 | 132.9 | 1335 | 145.8 | 132.34 | 95.85 6.25 19
24510 =R PIFHT I ELHIR RS
- | FZ | FZ | Fe | BT | T &P ages | CT ITR
SRl | SRl | SRl | =Rl | SRl | SRl | T aapE (% ]’* [s/com | [bits/m
W [s] | 3#[s] | RISl | ##[s] | #[s] | R [s] mand] | in]
1 79 124 | 109 98 103 | 102.6 98.04 5.03 | 21.82
2 64 62 70 71 65 66.4 100 3.32 | 36.14
3 81 107 | 118 83 119 | 101.6 100 5.08 | 23.62
4 84 77 80 76 73 78 100 3.9 30.76
5 166 | 200 | 135 | 223 | 161 177 92.59 8.19 11
6 138 | 216 | 108 | 133 | 108 | 140.6 98.04 6.89 | 15.93
7 258 | 134 82 82 72 125.6 98.04 6.16 | 17.82
8 386 | 314 | 105 | 220 | 336 | 272.2 84.03 | 11.44 | 5.83
9 160 86 98 135 | 103 | 116.4 96.15 5.6 18.25
10 98 215 | 138 | 131 | 136 | 143.6 95.24 6.84 | 14.46
¥ T35 1514|1535 |104.3|125.2 | 1276 | 132.4 96.21 6.24 | 19.56
% 41-45 % 10 =% /?J—‘F'f LuEEFTT 27 B R R (rE 4.6)0
FoF%  bh 41-457 o871 10 =Xl * 2 T35 5

~CTI % |TRo & X epF fF §_1 X 5?‘]"5
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PERET R BE € ARPA o
BolsBH A BATF LA B dpk N 10 K
PlRE BAEFAEE - X P)ITE ehf %Eﬁfa& v & BAEFRIR S = o

# 4.7 -4.10 E_pl:# 10 =< i

S T
P

HERABFI PP RAT S AT
R o Y o FE BAFER S hit BEF IR TOEF - R
EE L > AR E MY 5 XER TS F o kLA G auER
NBFEH S X TR F 2 BHREL 2 pnfk 0 fAG G A
Tl o 10 X RIH hp g 2 H AN 2B RBLPEF L gL

RTIIPFE o Bk 10 X R ps R R R 2 AR £ ps 2 yt

Zimw4ﬂﬁﬂmwi%ﬁ WL hpF oo

% 4710 =%

P % BHz P Saf o 3 3 coph B

2 A7 LRI

$- | %= | $= | ¥2 | 7 | T xh FRE | HB
ZARIE | Rl | Rl | =R] | SRl SRl | TiERE ) R #at | REL
#[S] | ISl | ##[s] | ##[s] | #I[s] | A [s] R | chT s
[s] R[]

1 596 | 3.00 | 7.95 | 599 | 6.97 | 597 1.66 597 | 5.97

2 298 | 6.96 | 3.99 | 3.00 | 6.00 | 4.59 1.62 459 | 4.59

3 300 | 498 | 199 | 598 | 1.99 | 3.59 1.62 359 | 3.59

4 498 | 598 | 299 | 299 | 3.00 | 3.98 1.26 398 | 3.98

5 135.31 | 10.95 | 19.90 | 42.79 | 18.96 | 45.58 | 46.10
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6 | 597 | 399 | 6.96 | 1890 | 6.96 | 856 | 528 | 856 | 856
7 | 7.97 | 1.99 |1095| 1.98 | 895 | 637 | 370 | 637 | 637
8 | 1598 |20.89 | 1897 | 11.92 | 25.96 | 18.75 | 471 | 1875 | 18.75
9 | 7.95 |11.95| 995 |13.94 |28.87 | 1453 | 7.44 | 1453 | 14.53
10 | 597 | 796 | 498 | 398 | 398 | 537 | 149 | 537 | 537
T | 1961 | 7.86 | 8.86 | 1115|1116 | 1173 | 749 | 797 | 7.97
#4810 ¢ ipl $ THZ B 5 4 2 chpt |
34 7 5g 18 3
$- | %2 | %2 | % | ¥ |15 FRF | A
SRl | Rl | Zoml | iRl | oml | Rl | TiopE | R | R | L
#0s] | 0] | #08)| 08 | #0s] | FLs] o | i s
[s] | FERs]
1 | 300|398 |398 | 200|697 | 399 | 166 | 399 | 3.99
2 | 300|298 | 199 | 299 | 3.99 | 299 | 063 | 299 | 2.99
3 |23.89 1592|1891 | 7.97 | 1692 | 1672 | 517 | 1672 | 16.72
4 | 399|498 | 598 | 2.00 | 497 | 438 | 135 | 438 | 438
5 | 8257 |87.55|37.80 | 1593 | 21.99 | 49.17 | 30.20 | 49.17
6 | 596 | 7.96 | 1592 | 697 | 3.98 | 816 | 410 | 816 | 816
7 | 697 | 16923581 | 697 | 10.96 | 1553 | 10.78 | 1553 | 15.53
8 |26.90|19.97 | 18.96 | 26.94 | 16.97 | 2195 | 4.17 | 21.95 | 21.95
9 | 398|598 | 499 | 398 | 299 | 438 | 102 | 438 | 438
10 | 994 | 300 | 3.99 | 597 | 497 | 557 | 240 | 557 | 557
#T¥ 1702|1692 | 1483 | 817 | 947 | 1328 | 615 | 1328 | 9.30

51




% 4.910 =% plH ¥ 8Hz P RAp 5 2 4 chps

2 H 7 5 18 3

Y- | %2 | %= | Fw | I |IZeD FTRE | HEk<
SORIE | SR | =Rl SR | iRl R | TR | REL | T | L
#[sl | F#Isl | FIsl | #[sl | #([s] | & [s] R | ST
[s] | B[]

1 399 | 597 | 401 | 698 | 996 | 6.18 2.21 6.18 6.18

2 299 | 200 | 298 | 198 | 298 | 259 0.49 2.59 2.59

3 398 | 398 | 797 | 597 | 6.96 | 5.77 1.59 5.77 5.77

4 199 | 299 | 200 | 2.00 | 3.00 | 2.39 0.49 2.39 2.39

5 36.97 | 27.86 | 18.92 | 101.48 | 49.76 | 47.00 29.09 | 47.00 | 47.00

6 62.68 | 18.89 | 15.93 | 80.58 | 19.91 | 39.60 26.79 39.60 | 39.60

7 34.63 | 6.97 | 42.68 | 23.89 | 1591 | 24.81 12.76 2481 | 2481

8 2492 | 32.94 | 45.96 | 63.97 | 47.99 | 43.16 13.43 | 43.16 | 43.16

9 47.76 | 48.76 | 11.95 | 91.54 | 499 | 41.00 30.99 | 41.00
10 400 | 299 | 397 | 297 | 399 | 3.58 0.49 3.58 3.58
RT3 2239|1533 | 15.64 | 38.14 | 16.54 | 21.61 11.83 21.61 | 19.45
% 41010 2 iRl # OHz P 5 2 4 enps

4 H7 g 18 3

- | %= | %= | Fw | BT | I FeD TEFE | #ks

LRIE | D | R | =Rl | SRl | Rl | TR | HREE | pat | REE
sl | FRLs] | ##[s] | F#[s] | #2[s] | & [s] WO | ehTis

[s] P A []

1 498 | 996 | 1394 | 297 | 201 | 6.77 4.51 6.77 6.77

2 299 | 202 | 3.00 | 1.99 | 200 | 2.40 0.48 2.40 2.40

3 7.95 [ 2190 | 1292 | 498 | 498 | 10.55 6.38 10.55 | 10.55

4 298 | 398 | 299 | 200 | 200 | 2.79 0.74 2.79 2.79

5 36.82 | 46.82 | 52.31 | 28.64 | 25.76 | 38.07 10.12 38.07 | 38.07

52




6 |53.74|13.93| 597 | 995 | 797 | 1831 | 1791 | 1831
7 301 | 547 | 971 | 895 | 597 | 662 | 244 | 662 | 662
8 | 23.99 |4299 | 53.00 | 49.96 | 3597 | 41.18 | 1042 | 41.18 | 41.18
9 498 | 398 | 2189|299 | 398 | 756 | 7.19 | 756 | 7.56
10 | 299 | 299 | 398 | 399 | 299 | 339 | 049 | 339 | 3.39
WL 35| 1444 | 1540 | 1797 | 1164 | 936 | 13.76 | 6.07 | 13.76 | 13.26
2470 XplE SR A ¢ g AT IR FP R A TR
FH O RGP HRTIORE L 797 f) o bk 48 ¢ £iplF 5 iR AL

B AT R 2 p o AR L hEAp o BT X RIF REF

4.9 ¢ #do AR F 3099 ch RlE QO FETHAH P H BT
PR G 10454 Bt 410 ¢ g AR F 1791 o Rl F 6 FAEF
AL H s 2 S e T IOpE R L 13.26 ) o B (S B LR F e 4T 30pE
e 72 7 LT T o 0 2 58 3 W SR8 X T 3opr

PR 0 AeB 4.1 fror e

53



25

i N
o h

B Fa] (s)

5
0
b 7 8 9
$ % (Hz)
nat LR
T EES RSO
-3 4 AKRIE R o B3 I
41 &0 S 40 ch T3 T
% A ARE R R B s SRR AL T &

1 8Hz A FH P npE v B v R R A STl g R S Sk
BB g SRl AR A A 6HZ fot b ki

THz #3227 4fct T4 MR A 2T 4n8HZ frt T 4 enOHz 3 3

Lot b o RAEFERR A FRER - KFNF AT R

54



% 41110 = il ¥ 6Hz P @Ap 5 4 4 eFaps

B | wz [ w5z [ %2 [ %1 |10
SR | =Rl | =Rl | SRl | SRl | SRl | TR | ARE L
sl | FRIs] | #R[s] | ##[s] | ##[s] | R I8
1 498 | 298 | 9.94 | 496 | 3.99 | 5.37 2.40
2 1.99 | 598 | 299 | 1.99 | 3.00 | 3.19 1.46
3 3.00 | 400 | 200 | 498 | 299 | 3.39 1.02
4 201 | 201 | 200 | 1.99 | 1.99 | 2.00 0.01
5 18.97 | 21.99 | 15.98 | 23.99 | 16.97 | 19.58 3.01
6 298 | 297 | 398 | 1095 | 3.97 | 4.97 3.02
7 791 | 399 | 498 | 597 | 498 | 557 1.33
8 6.95 | 398 | 500 | 6.97 | 3.00 | 5.18 1.58
9 3.00 | 299 | 299 | 200 | 398 | 299 0.62
10 3.99 | 299 | 299 | 3.00 | 298 | 3.19 0.40
¥ T3 | 558 | 539 | 528 | 6.68 | 479 | 554 1.49

<

2 4.12 10 xRl ¥ THZ PORAR 504 2 HpE Y

$- | &2 | %=z [ %z | $1 1%
=R Jﬁ Fapl | B | KR KR | KR | T | REE
iwls] | FE[s] | FFIs] | R[Sl | ##E[s] | B [8]
1 497 | 397 | 298 | 298 | 1094 | 5.1/ 2.98
2 297 | 298 | 299 | 299 | 2.02 2.79 0.39
3 | 299 | 399 | 398 | 400 | 1.99 | 339 | 080
4 | 199 | 200 | 1.99 | 200 | 298 | 219 | 039
5 22.97 | 23.99 | 24.98 | 16.98 | 15.98 | 20.98 3.74
6 498 | 3.98 | 400 |13.94| 2.00 5.78 4.20
7 | 198 1193|398 | 792 | 896 | 695 | 356
8 | 497 | 697 | 298 | 896 | 398 | 557 | 215

55




9 6.96 | 298 | 496 | 6.96 | 7.97 | 5.97 1.78
10 498 | 2.00 | 1593 | 7.98 | 3.00 | 6.78 5.01
T | 508 | 648 | 6.88 | 747 | 598 | 6.56 2.50
% 41310 (% ipl % $f 8HZ PP 5 A 4 chpt
- [ %o | Bz [ ¥ | BT 3%
LRE | Rl | Rl | SR | SR | SRl | TieRE | R L
#[s] | FR[s] | #RIs] | ##[s] | ##[s] | P [s]
1 6.97 | 298 | 399 | 398 | 299 | 4.18 1.47
2 1.99 | 2.00 | 2.99 | 2.00 | 2.00 | 2.20 0.40
3 8.96 | 400 | 299 | 299 | 399 | 458 2.23
4 497 | 298 | 298 | 1.99 | 200 | 2.98 1.09
5 15.97 |22.99 | 17.97 | 20.90 | 15.98 | 18.76 2.78
6 8.95 | 8.96 | 28.86 | 23.89 | 23.68 | 18.87 8.30
7 10.99 |14.98 | 7.98 | 12.98 | 14.96 | 12.38 2.65
8 498 | 7.96 | 201 | 7.96 | 2.00 | 4.98 2.66
9 497 | 299 | 299 | 6.96 | 497 | 457 1.48
10 5.99 | 498 | 498 | 199 | 400 | 4.39 1.35
M-I | 748 | 748 | 7.77 | 856 | 7.66 | 7.79 2.44
% 41410 % pl ¥ OHZ PP SF 5 & 3 cop
$- | %= | %= | ¥2 | $7 | T xeh
XOplE | RD | =RD ) SR SRR sR] | T R L
#[s] | FR[s] | #RIs] | ##[s] | ##[s] | R OIS
1 11.95 | 2.99 | 1.99 | 2.00 | 6.97 | 5.18 3.85
2 200 | 2.01 | 299 | 1.98 | 2.00 | 2.19 0.40
3 1.99 |20.90| 599 | 498 | 597 | 7.97 6.63
4 12.93 | 3.98 | 2.98 | 2.98 | 1494 | 7.56 5.26

56




5 15.97 | 22.98 | 26.98 | 22.99 | 22.98 | 22.38 3.56
6 995 | 897 | 896 |13.94 | 8.96 | 10.15 1.93
7 299 | 497 | 388 | 199 | 497 | 3.76 1.15
8 1293 | 398 | 298 | 298 | 1494 | 7.56 5.26
9 5.97 1393 | 496 | 896 |19.92 | 10.75 5.54
10 398 | 200 | 297 | 597 | 498 | 3.98 1.41
®xTi¥> ) 807 | 867 | 6.47 | 6.88 | 10.66 | 8.15 3.50

M 411-414 9 #7145

L LB 3D 4 B ] TR

PR R R R T PR E 510452 P o Bl 42 5 M R

BP pER e 5 h PR hT 0 o

57

2 8Hz A4:%



25

B Rl (s)

—— >
5 r—
0
6 7 8 9
%2 % (Hz)
- 74 R

== F R R T AR e ]
- 5518 49 o RAR R £ 69 F 38R
== AR R AR 4 F e ]

Bl 42 2455 #rio % chIyp

L Ri-H 3 8Hz EE f FI AR N oA ik A R

Ao Bl M-BHZ D b R e T AR LRI -

% 41510 =% el $ 8Hz PP g 5 A 4 chpk B

- [ %o [ %z [ ¥e [ 51 [150
ZOpE | KRl | SRl | SGR) | SRp] | =R | L iepE | REE
#[s] | R[] | #A[s] | ##[s] | #[s] | ¥ [s]
1 401 | 3.00 | 1.99 | 497 | 1.98 | 3.19 1.17

58



3.00 | 200 | 297 | 200 | 299 | 2.59 0.48

399 | 299 | 3.00 | 6.96 | 11.94 | 5.7/ 3.41

299 | 200 | 200 | 200 | 1.99 | 219 0.40

26.96 | 23.97 | 22.98 | 15.98 | 23.98 | 22.77 3.65

399 | 498 | 299 | 496 | 1891 | 7.1/ 5.92

299 | 3.00 | 299 [1293 | 299 | 4.98 3.97

797 | 696 | 698 | 3.00 | 1096 | 7.17 2.55

OO NO|OT|BW|DN

336 | 398 | 198 | 298 | 297 | 3.06 0.65

[EN
o

3.00 | 499 | 398 | 297 | 398 | 3.78 0.75

®»T¥> ) 622 | 579 | 519 | 588 | 827 | 6.27 2.29

% 4.16 10 =% ip|5f ¥ 8Hz P MiE 5 2 4 enps 7

ey e

Y- | %2 | %= | Fe | 3T | I
SORIE | Rl | Rl Rl | Rl | SR | TiEepE | fRE L
wls] | ##[s] | FR[s] | F#[s] | ##[s] | R [s]
1 5.97 | 3.00 | 299 | 3.99 | 6.9/ 4.58 1.61
2 398 | 298 | 299 | 298 | 1.95 2.98 0.64
3 3.98 | 299 | 398 | 298 | 8.96 4.58 2.23
4 199 | 199 | 199 | 3.00 | 1.98 2.19 0.40
5 2195 | 21.99 | 23.99 | 19.90 | 23.00 | 22.16 1.36
6 12,95 | 8.95 | 6.98 | 1593 | 4.96 | 9.95 3.99
7 299 | 498 | 3.99 | 4.00 | 11.98 | 5.59 3.26
8 1195 | 298 | 299 |13.94 | 4.98 7.37 4.65
9 3.00 | 499 | 398 | 3.00 | 298 | 3.59 0.80
10 2.00 | 3.00 | 3.99 | 3.99 | 698 | 3.99 1.67
KT | 708 | 579 | 5.79 | 7.37 | 7.47 6.70 2.06

% 415 3 8-8Hz 33 + F A pEarpl I kenb AR S TR

59



BT o L 6.27 FU% BHZ %t b A PP AR 42T o £ 4.16
L-8Hz 23 £ T AT d ki en b S pE R g T apEE R > % T taopd
@é67%0&@%&ﬂﬁi4ﬁlkigﬁﬁib%@&“@’%
Bl 439557 o BlA3 5 0% 8HZ ™ & prodic 4 b f 4 > F)pt

Bk BHZ P il A i £t 2T & o

25
20
~. 15
N
: \/ \
5
0] T T T 1
TEA BEA ETHA BETA
&
=8z 4 R FI A & 44T 45 85 el

B 438Hz A7 fr =% T PR

60



4.2 31

m.

&k B2 SSVEP 5 A # h BCI %ok f B4 3 4 5t {1 7
o P02 R g+ P AR AL B o X AR P KB R PR 3
P~ EEG 5L 0 £ % EEG LB E 5T 45 £ 48 b & (73Ul & &
1o A * R T SRR R o bk SUE AR Y G TRaF
PR AT A5 TRenh AL 2 A B At ok
- PR T AREERT ¢ F1L B & A 7 DALY
FERAUGR? FLb T FARE LRI LG EHETDE
F 7oA g Ak BEE
S BRTEEE R 2 B PR = R F T A
TEGEIIR Y F RS R SRR § A A GURIES
I RpEg A PR IS GRS
SR PAERR- BAARRERAIAFETEG R G RFRE
P20 AR T F R X 0 3 oA AP RENRS R 4 3

TR e R D H

61



¥I% RHEAREY

ol
H
-

e
¥

tehFTE P 0 ST A EnAA ST SSVEP ek bl T ks
BT A R TP LR THD A AT G AT RS
¢ R EIF A A R E PR b 0§ 4 4 i 0 B SSVEP T i
BRE KR BER Y RAGEET LR L > 7 LRL

BT R A T o @ Ak SR ot L B iR T e

A
(ﬁ%

FIZ T bl > i WA < B2 SR o SN R Y

7l

IR ES D A ek I F R R B T RS 4

62



52 A kB ¥

'EEFTNSE R R IR AR RAR § > Bkt AR R ARE S > AP B e
A s ARRAET - F A EEGHEHI e F RS T o & L EEG
FAH v s &A% EEGC RmeFph 3 4oyt 4 o 2 g 4eie > A R
E RN P b 4 U N S < RS I SR SR B <
ZRecit GEAPROELRA Al By (o 5T R
11 E B 3 SSVEP enflchf 5 € Fl A A S ek REFER 2 B a3 B

R oo
Ll

63



242 Ry

[1] EdH g~pgpm - g 4 (ALS) B4
http://www.24drs.com/Special_Report/ALS/prelude_1.asp

[2] fpe Rogseanig® - %5 ph
http://blog.roodo.com/cjliu/archives/9774243.html

[B] #4% %33k - w3 ok ?
http://sa.ylib.com/MagCont.aspx?Unit=easylearn&id=1820

[4] 8 riatpad fost i (2 38)
http://oneyearenglish.com/2012/04/17/%E4%BA%BA%EI%A 1%IE%ES%A4%A
7%E8%85%A6%E6%AT7%8BY%E9%80%A0%ES5%92%8C%ES%8A%IF%EE%S
3%BD/

[5] Brain - Wikipedia, the free encyclopedia
http://en.wikipedia.org/wiki/Brain

[6] Electroencephalography - Wikipedia, the free encyclopedia
http://en.wikipedia.org/wiki/Electroencephalography

[7] Brain—computer interface - Wikipedia, the free encyclopedia
http://en.wikipedia.org/wiki/Brain%E2%80%93computer_interface

[8] 10-20 system (EEG) - Wikipedia, the free encyclopedia
http://en.wikipedia.org/wiki/10-20_system (EEG)

[9] NeuroSky, TGAM1 Communications Protocol, 28 July 2009
http://www.neurosky.com/zh-Hant/Business/ThinkGear £ % sets.aspx.

[10] Evoked potential - Wikipedia, the free encyclopedia
https://en.wikipedia.org/wiki/Evoked_potential#Somatosensory_evoked_potential

[11] Jonathan R. Wolpaw, Niels Birbaumer, Dennis J. McFarland, Gert Pfurtscheller,
Theresa M. Vaughan ‘“Brain—computer interfaces for communication and
control, Clinical Neurophysiology113, pp. 767—791, 2002.

[12] Jzau-Sheng Lin, Shang-Ming Huang, “BCI with FPGA-Based Control forElectric
Wheelchair % = B4 £ 24 & f 84731 €, pp. 559-563, 2012.

[13] Jzau-Sheng Lin, Sun-Ming Huang, An FPGA-Based Brain-Computer Interface for
Wireless Electric Wheelchairs, Applied Mechanics and Materials, vol. 284-287, pp.
1616-1621, Jan 2013.

[14] Rupert Ortner, Brendan Z. Allison, Gerd Korisek, Herbert Gaggl, and Gert

64



Pfurtscheller, Member, IEEE “An SSVEP BCI to Control a Hand Orthosis for
Persons With Tetraplegia, IEEE Transactions on Neural Systems and
Rehabilitation Engineering, vol. 19, no. 1, Feb 2011.

[15] Po-Lei Lee, Member, IEEE, Hsiang-Chih Chang, Tsung-Yu Hsieh, Hua-Ting Deng,
and Chia-Wei Sun, “A Brain-Wave-Actuated Small Robot Car Using Ensemble
Empirical Mode Decomposition-Based Approach*,IEEE Transactions on Systems,
msn, and Cybernetics—Part A: Systems and Humans, vol. 42, no. 5, September
2012.

[16] Ventouras E.M., Ktonas P.Y., Tsekou H., Paparrigopoulos T., Kalatzis I., Soldatos
C.R. ” Slow and fast EEG sleep spindle component extraction using Independent
Component Analysis” IEEE conference publication, pp. 1-6, 2008.

[17] Chin-Teng Lin, Ruei-Cheng Wu, Sheng-Fu Liang, Wen-Hung Chao, Yu-Jie Chen,
Tzyy-Ping Jung ” EEG-based drowsiness estimation for safety drivingusing
independent component analysis” IEEE journal & magazines, vol. 52, pp.
2726-2738, 2005.

[18] Chunchu Rambabu, B. Rama Murthy, “Reconfigurable Filter Based Self Paced
Artifacts Removal Scheme for Neurologically Extracted Features,” European
Journal of Scientific Research, vol. 77, no. 3, pp. 320-329, 2012.

[19] Fabrizio Beverina, Giorgio Palmas, Stefano Silvoni, Francesco Piccione, Silvio
Giove, “User adaptive BCIs:SSVEP and P300 based interfaces,” PsychNology
Journal, vol. 1, no. 4, pp. 331-354, 2003.

[20] Hubert  Cecotti, “A  Self-Paced and Calibration-Less SSVEP-Based
Brain-Computer Interface Speller, IEEE Transactions on Neural Systems and
Rehabilitation Engineering, vol. 18, no. 2, pp. 127-133, Apr 2010.

[21] An Luo, Thomas J Sullivan“A user-friendly SSVEP-based brain—computer
interface using a time-domain classifier ““ Journal of Neural Engineering. 7, 2010.

[22] Xiaorong Gao, Dingfeng Xu, Ming Cheng, and Shangkai Gao, “ A BCI-Based
Environmental Controller for the Motion-Disabled“IEEE Transactions on Neural
Systems and Rehabilitation Engineering, vol. 11, no. 2, June 2003.

[23] Yu-Te Wang, Yijun Wang and Tzyy-Ping Jung, “A cell-phone-based
brain-computer interface for communication in daily life,” Springer-Verlag Berlin
Heidelberg, AICI 2010, Part I1, LNAI 6320, pp. 233-240, 2010.

[24] Hung-Yi Wu, Po-Lei Lee, Hsiang-Chih Chang, and Jen-Chuen Hsieh, “Accounting
for Phase Drifts in SSVEP-Based BCls by Means of Biphasic Stimulation “IEEE

65



Transactions on Biomedical Engineering, vol. 58, no. 5, May 2011.

[25] Rajesh C. Panicker, Student Member, IEEE, Sadasivan Puthusserypady, Senior
Member, IEEE, and Ying Sun, Member, IEEE, “An Asynchronous P300 BCI With
SSVEP-Based Control State Detection“ IEEE Transactions on Biomedical
Engineering, vol. 58, no. 6, June 2011.

[26] Chuan Jia, Xiaorong Gao, Member, IEEE, Bo Hong, Member, IEEE, and Shangkai
Gao, Fellow, IEEE, “Frequency and Phase Mixed Coding in SSVEP-Based* IEEE
Transactions on Biomedical Engineering, vol. 58, no. 1, January 2011.

[27] Kuo-Kai Shyu, Member, IEEE, Po-Lei Lee, Ming-Huan Lee, Student Member,
IEEE, Ming-Hong Lin, Ren-Jie Lai, and Yun-Jen Chiu, Student Member, IEEE
“Development of a Low-Cost FPGA-Based SSVEP BCI Multimedia Control
System “IEEE Transactions on Biomedical Circuits and Systems, vol. 4, no. 2,
April 2010.

66



L
FAE>
EE
[1] Jzau-Sheng Lin, Pei-Yu Liao, “Development a SSVEP-Based BCI Calling

System on a Mobile Phone” , The 8th Intelligent Living Technology

Conference(% ~ & A& 2 F 4147731 ), Taichung Taiwan, June 7 2013, pp.
778-784.

67



000000000000 ooo (ILT2013)

20130 6070 OO OO

The 8th Intelligent Living Technology Conference

ISBNO 978-957-21-8962-7

Development a SSVEP-Based BCI Calling System on a Mobile
Phone

Jzau-Sheng Lin?, Pei-Yu Liao”

Department of Computer Science and Information Engineering
National Chin-Yi University of Technology

%slin@ncut.edu.tw, "s4A017006 @student.ncut.edu.tw

Abstract

Some people can't control hands and feet like
normal but their brains are still working like a normal
person such as amyotrophic lateral sclerosis (ALS)
that is also referred to as motor neuron disease.
Therefore, the purpose of this paper is to develop a
calling system that can aid the ALS patients to
control a mobile phone via the steady state visually
evoked potentials (SSVEP) brain computer interface
(BCI) system. The data process and analysis in the
mobile platforms can be commonly achieved on
SSVEP BCI by Bluetooth. The advantage of the
proposed system is easy to carry around.

Keywords: Electroencephalography (EEG), steady
state visually evoked potentials (SSVEP), brain
computer interface (BCI), Bluetooth, mobile phone.

1. Introduction

People's activities and behavior will be generated
by electronic signals in the brain. The signals are then
delivered to the entire body via the nervous system.
Some people can't control hands and feet like normal
but their brains are still operating like a normal
person such as amyotrophic lateral sclerosis (ALS),
muscular dystrophy, and severe cerebral palsy that is
also referred to as motor neuron disease.

Brain computer interface (BCI) is a system so that
people can directly communicate with the external
device through the neuromuscular pathway [1]. In
some researches, BCI system is a promising tool can
help the paralyzed people such as medical assistant
devices [2-5]. The BCI system contains the
acquisition of electroencephalography (EEG) signal,
signal processing, and an application. The signal
processing includes preprocessing, feature extraction,
and classification.

The human brain in the activities will produce
tiny electrical potentials amplitude that is about
300uV. The brain waves on the scalp will be
measured about 100uV amplitude. The frequency
range of the brain wave is from 0.5Hz to 100Hz [6].
EEG signals can be divided into five waves. The
Delta wave (0.5 to 4 Hz) occurs in the deep sleep.
The Theta wave (4 to 8 Hz) occurs in the drowsiness

778

or during emotional stress or deep meditation. The
Alpha wave (8 to 13 Hz) occurs in the relaxed
awareness or inattention. The Beta wave (13 to 30 Hz)
occurs in the active attention or active thinking or
solving concrete problems. The Gamma waves (30 to
100Hz) is thought that this band reflects the
mechanism of consciousness [7].

Steady sate visually evoked potentials (SSVEP) is
signal that are natural responses to visual stimulation
at particular frequencies ranging from 3.5 Hz to 75
Hz [8], when the eyes are excited by a visual stimulus
signal and the brain then generates same reaction at
the same frequency of the visual stimulation signal.
SSVEP has been widely used in EEG visual research
as a test task, because it does not require special
training. It also has a very high information
transmission rate (ITR) [3], [9-11].

In most of brain researches, the BCI system uses a
personal computer as a signal processing platform so
the system is restricted in the laboratory only. The
technology of mobile phone has been greatly
advancing so the hardwares and the functions of the
smart mobile phone becomes more and more
powerful. Therefore, Wang al.etc [12] proposed a
portable platform that integrates a mobile and
wireless EEG system and a signal-process platform
based on a Bluetooth-enabled cell-phone into a truly
wearable BCI. The disadvantage of above platform is
to need a 21-inch CRT monitor to display virtual
telephone keypad.

The liquid crystal display (LCD) or the CRT
monitor is used to show stimulus signals but it can't
fully meet the real mobile platform. In order to solve
above problem, we integrated the visual stimulation
frequency with SSVEP BCI signal processing into
the mobile phone. The advantages of the proposed
system are reducing cost and easy to carry around.

The rest of the paper is organized as follows.
Section 2 introduces the system architecture.
Following section describes the proposed methods.
Section 4 shows the experimental results. Finally,
Section 5 gives the conclusion.

2. System architecture

In the proposed system, we integrate a flicker
frequency display and signal processing into mobile
phone so the system do not need another monitor to
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achieve the mobile platform.

Figure 1. is the architecture of the proposed
system. First of all, the mobile phone is used to
display flicker frequencies. When the subject gazes at
flicker frequency, the subject's brain will generate
EEG signals. EEG acquisition device captures the
signals and transmits them to mobile phone via
Bluetooth wireless. A mobile phone will process the
signal to call after receiving the EEG signal. The
detail will be described following.

2.1 EEG acquisition

Figure 2. is the EEG acquisition device. The type
of chip is TGAM1 and produced by NeuroSky in the
United States of America. The Bluetooth wireless
module serves as the data transmission unit.

Figure 2. The EEG acquisition device. (A)
EEG caps, (B) Electrode electrodes, (C)
NeuroSky EEG chip, (D) Bluetooth module,
(E) Power supply.

2.2 10-20 system

The International 10-20 system is a reference to
describe and apply the location of scalp electrodes for
EEG test. The proposed system uses a set of channel
for acquiring the wave signals. We use O2 as the
point of interception. A1 and A2 on the earlobes are
set as the EEG reference points. The wet electrodes
are placed on the occipital lobe of the scalp as shown
in Figure 3. The Bluetooth sender in the EEG
acquisition device sends EEG to the Bluetooth
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receiver in the mobile phone.

() ()

Figure 3. The electrode locations on occipital
lobe

2.3 NeuroSky EEG chip

Figure 4. is an American NeuroSky EEG chip that
works in voltage 3.3V with 57600 transmission baud
rate. The chip acquires EEG signals from our scalp.
The EEG are classified into five types including
Signal quality, Attention, Meditation, Raw EEG, and
Long EEG. Signal quality signifies the EEG signal
quality that was captured from the chip. The quality
is quantified as a value from 0 to 255 and the smaller
the value is, the better the quality will be. Attention
signifies the degree of concentration that is quantified
as a value from 0 to 100. If the value is higher, it
means the subject will be more concentrative.
Meditation signifies the degree of the quiet
contemplation that is quantified a value from 0 to 100.
The higher value indicates the more relaxative. The
size of Raw EEG data is 2 bytes. The size of Long
EEG data is 24 bytes including Delta, Theta, Low
Alpha, High Alpha, Low Beta, High Beta, Low
Gamma, Mid Gamma.

Figure 4. NeuroSky EEG chip
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2.4 Bluetooth module

Figure 5. shows the Bluetooth module and the
type is HL-MDO8R-C2A. The Bluetooth is used to
transmit and receive the EEG signals. In the proposed
system, it is used as sender in the EEG acquisition
device. The version of Bluetooth is 2.1 + EDR. The
transferred rate is 3 Mbit/s. The data transferred band
is 2.4GHz. The operating voltage is 3.3V. The
maximum transmission distance of Bluetooth is 100
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Figure 5. Bluetooth module HL-MDO8R-C2A
2.5 Mobile phone

The ASUS PadFone has the ASUS exclusive
technology to automatically adjust the PadFone's
display layout when it is placed into the PadFone
station to enable the subject to view more. That is to
extend the screen resolution from 960 x 540 to 1280
x 800 and 60 Hz refresh rate. Therefore, we selected
the ASUS PadFone for the development platform.

3. Methods

We design four flicker frequencies: 5Hz, 7Hz,
9Hz and 11Hz as the stimulation frequency. 5Hz is
defined as flickering square 5 times in a second. The
flicker frequency is demonstrated by a square of
alternate white and black in order to achieve desired
frequency.

3.1 Signal processing

Figure 6. shows the flowchart of signal processing.

First, a mobile phone receives data from the EEG
acquisition device. The data will be deleted when it is
not the EEG signal. The EEG signals will be applied
the Fast Fourier Transform (FFT) to convert the
signals from the spatial domain to frequency domain.
The subject will start the calling process that will be
described in following section.
The Fast Fourier Transform is defined by

X(f)= ji x(t)e 27 dt (1)
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where f is the frequency, x(t) is the spatial
domain signal, X(f) is the FFT.

( Start

Receive data
from the
Bluetooth

receiving end

The data
are EEG

signals
or not.

FFT

Address book
Spell or mode
Address

book?

Spelling mode

Choose the
Address book

Spell the
number

Is it
correct
number?

Is it
correct
number?

Call phone

End
Figure 6. Signal processing flowchart

3.2 Calling method

Our system provides two modes to call. In Figure
7, one is spelling mode that is defined the four flicker
frequencies with decision tree as the phone numbers.
The other is address book mode that is to choose the
pre-registered address book.

Address book
mode

Figure 7. Select mode
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3.2.1. Spelling mode

Figure 8. shows Graphical User Interface (GUI)
of mobile phone. The four squares are representing
the four flicker frequencies. That is, the square in the
upper left, the upper right, the lower left and the
lower right indicates flicker frequency of 5Hz, 7Hz,
9Hz and 11Hz, respectively. The character “b” is
defined to back main screen. The characters “bs” is
defined as backspace. The function “call” is defined
as calling.

3 b

b : back layout

bs : backspace

Figure 8. The GUI of mobile phone. Upper left
square, upper right square, lower left square and
lower right square indicates the flicker frequency
of 5Hz, 7Hz, 9Hz, 11Hz, respectively.

The digits 0 to 9 are distributed to four different
flicker frequencies. Digits 1 to 3 are generated by
5Hz, digits 4 to 6 respectively 7Hz, digits 7 to 9
respectively 9Hz. And 11Hz is defined as digit O,
“call” function, and characters “bs”. Spelling a phone
number is controlled by the decision tree [13] as
shown Figure 9. The decision tree demonstrates three
situations. The first layer is main screen that display
all phone numbers, as shown in Figure 10. The
second layer illustrates the second screen that only
display the phone numbers that belong to the selected
flicker frequency, as shown Figure 11. The last layer
will be displayed the selected digit, as shown Figure
12.

1 2 4 5 7 8 0 call
3 b 6 b 9 b bs b
1 2 3 b 4 5 6 b 78 9 b 0 call bs b

Figure 9. The decision tree for representing four
flicker frequency
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b : back screen

bs : backspace

b : back screen

bs : backspace

b : back screen

bs : backspace

Figure 12. Last layer

For example, the subject wants to select the
digit “1”. First, the subject must gaze at square of
upper left in main screen over 2 seconds. The second
screen in decision tree will be then reflashed. That is,
digit "1" shows at upper left, digit “2” is at upper
right; digit “3” is at lower left, and character “b” is at
lower right. The subject must gaze at square of upper
left in second screen over 2 seconds. The digit “1”
will be selected and displayed at the top of the last
screen. When the subject stays in second screen and
wants to back the main screen, the subject will gaze
the square of lower right.

3.2.2. Address book mode

In the address book mode, the phone numbers
must be pre-registered, as shown in Figure 13. We
use three flicker frequencies to define three functions.
That is, 5Hz, 7Hz, and 11Hz, represent "scrolling up"
"scrolling down" and “call”, respectively. The
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TABLE | The values of ITR the ten subjects for the set of first phone number

. Total | Average | Accuracy CTl I.TR .
Subject | 1st[s] | 2nd[s] | 3rd[s] | 4th[s] | 5th[s] | .. ) [s/com | [bits/mi
time [s] | time [S] [%]
mand] n]
1 95 117 115 112 101 540 108 99.01 5.35 21.35
2 74 78 66 76 80 374 74.8 100 3.74 32.08
3 132 95 107 120 86 537 107.4 98.04 5.26 20.87
4 108 95 106 94 104 507 101.4 100 5.07 23.66
5 514 145 153 151 413 1376 275.2 85.47 11.76 5.95
6 229 221 161 153 160 924 184.8 94.34 8.72 10.98
7 93 166 111 108 89 567 1134 100 5.67 21.16
8 324 174 132 235 230 1095 219 90.91 9.95 8.54
9 268 122 88 115 114 707 141.4 100 7.07 10.48
10 175 161 254 221 94 905 181 94.34 8.54 11.21
Mean 201.2 | 1374 | 129.3 | 1385 | 1471 753.2 150.64 96.21 7.11 16.62
TABLE Il The values of ITR the ten subjects for the set of second phone number
. Total | Average | Accuracy CTl I.TR .
Subject | 1st[s] | 2nd[s] | 3rd[s] | 4th[s] | 5th[s] | .. ) [s/com | [bits/mi
time [s] | time [s] [%]
mand] n]
1 105 88 131 114 119 557 1114 96.15 5.36 19.07
2 85 75 92 82 81 415 83 100 4.15 28.91
3 87 94 81 87 82 431 86.2 100 4.31 27.84
4 89 113 80 80 89 451 90.2 100 451 26.61
5 274 99 191 216 203 983 196.6 90.91 8.94 9.51
6 113 125 234 161 190 823 164.6 93.46 7.69 12.07
7 139 149 278 223 227 1016 203.2 99.01 10.06 11.35
8 170 284 239 162 255 1110 222 99.91 10.09 8.42
9 125 104 101 151 124 605 121 100 6.05 19.83
10 127 128 110 114 153 632 126.4 95.24 6.02 16.42
Mean 1314 | 125.9 | 153.7 139 | 152.3 | 702.3 140.46 97.47 6.71 18
TABLE |11 The values of ITR the ten subjects for the set of third phone number
. Total | Average | Accuracy CTl I.TR .
Subject | 1st[s] | 2nd[s] | 3rd[s] | 4th[s] | 5th[s] | .. . [s/lcom | [bits/mi
time [s] | time [3] [%]
mand] nj
1 117 120 106 123 106 572 114.4 95.24 5.45 18.14
2 75 67 72 74 73 361 72.2 100 3.61 33.24
3 111 105 88 92 82 478 95.6 98.04 4.69 23.41
4 93 89 89 80 88 439 87.8 99.01 4.35 29.29
5 105 127 174 172 138 716 143.2 98.04 7.02 15.63
6 134 192 139 252 144 861 172.2 93.46 7.69 12.07
7 73 119 136 160 73 561 112.2 99.01 5.55 20.58
8 444 270 276 123 118 1231 246.2 85.47 10.52 6.68
9 140 158 88 105 111 602 120.4 98.04 5.9 18.61
10 122 118 92 129 106 567 1134 98.04 5.56 19.74
Mean 1414 | 136.5 126 131 | 103.9 | 638.8 127.76 96.43 6.03 19.74
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TABLE 1V The values of ITR the ten subjects for the set of fourth phone number

. Total | Average | Accuracy CTl I.TR .
Subject | 1st[s] | 2nd[s] | 3rd[s] | 4th[s] | 5th[s] | .. ) [s/com | [bits/mi
time [s] | time [S] [%]
mand] n]
1 91 118 136 101 123 569 113.8 95.24 5.42 18.24
2 77 77 62 61 60 337 67.4 100 3.37 35.60
3 95 99 99 124 95 512 102.4 97.09 4.97 21.29
4 100 83 81 82 118 464 92.8 100 4.64 25.86
5 210 99 255 203 296 1063 212.6 90.91 9.66 8.79
6 163 113 156 135 203 770 154 96.15 7.40 13.81
7 144 207 137 187 165 840 168 98.04 8.24 13.32
8 181 246 205 220 194 1046 209.2 84.03 8.79 7.59
9 88 73 86 117 83 447 89.4 99.01 4.43 25.79
10 139 92 112 105 121 569 113.8 98.04 5.58 19.67
Mean 128.8 | 120.7 | 1329 | 1335 | 1458 | 661.7 132.34 95.85 6.25 19
TABLE V The values of ITR the ten subjects for the set of fifth phone number
. Total | Average | Accuracy CTl I.TR .
Subject | 1st[s] | 2nd[s] | 3rd[s] | 4th[s] | 5th[s] | .. ) [s/com | [bits/mi
time [s] | time [s] [%]
mand] n]
1 79 124 109 98 103 513 102.6 98.04 5.03 21.82
2 64 62 70 71 65 332 66.4 100 3.32 36.14
3 81 107 118 83 119 508 101.6 100 5.08 23.62
4 84 77 80 76 73 390 78 100 3.9 30.76
5 166 200 135 223 161 885 177 92.59 8.19 11
6 138 216 108 133 108 703 140.6 98.04 6.89 15.93
7 258 134 82 82 72 628 125.6 98.04 6.16 17.82
8 386 314 105 220 336 1361 272.2 84.03 11.44 5.83
9 160 86 98 135 103 582 116.4 96.15 5.6 18.25
10 98 215 138 131 136 718 143.6 95.24 6.84 14.46
Mean 1514 | 1535 | 104.3 | 125.2 | 127.6 662 1324 96.21 6.24 19.56

subject can utilize functions of scrolling up and
scrolling down to choose the phone number, and then
use function of “call” to make a phone call.

== (0900 000 001 001
0900 000 002 002
0900 000 003 003
0900 000 004 004

0900 000 005 005
0900 000 006 006
0900 000 007 007

Figure 13. Address book choose number
Schematic diagram

3.3 Offline analysis

The ITR is generally used for measuring the
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transmission rate for communication, control system
and BCI [1]. The higher value indicates the more
performance. The proposed method is also used ITR
to assess the performance of the system.

The ITR is defined by

Bits 1-P)
— 2 _og,+Plog, P+(1-P)log,| ——2
command ozt 0% (=Pleg, {(N —1)}
ITR-_ 215 60
command CTI 2

where N is the total number of commands (N=4),
P is the probability of correct selection, and
command transfer interval (CTI) is the average time
for one command.

4. Experimental results

Because hair are not conductive and result in
failure in measuring EEG signals. Therefore,
conductive gel is applied to the conjoining surfaces of
the electrode and the scalp of the subject for
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obtaining better signal reception. In selling mode test,
we invited ten people as subjects. They will stick the
electrode on their occipital lobe before conducting
the experiment.

We chose 5 sets of different phone numbers as the
experimental target. Each phone number consists of
10 digits. We asked the subjected to call out 5 times
for each phone number.

Table | — V show the experimental results of 5
sets of different phone numbers. The values of ITR
verify the proposed system has the good performance
and it can work well.

5. Conclusion

This paper proposes a SSVEP BCI calling system
for truly portable mobile platform that resolve the
place restriction. That is, the flicker frequencies and
EEG signals can be processed on the mobile phone at
the same time without additional monitor. The
experimental results prove that the proposed system
not only works but also has the good performance.
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