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Asynchronous TV remote control system based on
event-related potential brain-computer interface

WANG Hong-tao'2, ZOU He-liang'.
(1. College of Automation Science and Technology, South China University of Technology, Guangzhou Guangdong 510640, China; 2.
School of Information Engineering, Wuyi University, Jiangmen Guangdong 529020, China)

Abstract: We propose an algorithm including data preprocessing, feature extraction, and classification. In designing the
remote controller with communication function, we develop an electroencephalograph-based (EEG-based) brain-computer
interface (BCI) for the asynchronous system of the television remote control. The system can help the patients suffering
from Amyotrophic Lateral Sclerosis (ALS) to turn on, turn off, select TV channels and adjust volume using their brain
waves. Five healthy subjects took part in train experiments and online experiments; the results demonstrate that the
averaged information transfer rate of the system is approximately 35 bits/min and all the subjects can control the system

efficiently with an average accuracy of 87% after a special training of procedure.
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1 5| (Introduction)

Hioi H11. #% 11 (brain-computer interface, BCI)/ 2 K ik
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i HL {5 5 (electroencephalography, EEG)/ e il 4l
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imagery, MD){JBCI. 2t - S5 A1 AH 5C HL {7 (event related
potential, ERP)[FJBCI?!, 3 F ¥ 4 155 & i {7 (visual
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evoked potentials, VEP)[FIBCI%%. P3004& 1 /)M M %
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2 RGP TH(System overall design)

2.1 ZREG4 (System components)

A ML B R ALIE 25 R 48t P JL1H - Neuroscan-
NuAmpsixi B R EE AN« 3247 o HEL A 5 SI2 A Adh 48 4095
[FISAMSUNG £ =X Hi fixi(Windows XP#: 1 & 4, In-
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Fig. 1 The structure of brain-computer interface TV remote

control system
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P, 28 AL BE | R AE SIS 2 AU 34 ik A Ak
Jii, ARHEPI00M) A& A= B %1 oF J) W 5238 3 1R 4 7 6,
FEEAR R AH N 45 4 R 1% BISAMSUNG £ 20 HL /i USB
Bell. 1B 28l ih USBH: LU HR 4, IR 1K A N
5 160 ) BE 1) 20 A0 G i, SR H AR FT I L G L ik
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2.2 P FH(User Interface)

F P LS Ay 2 (0 e MR 42 pe UL T, L
IS/ AREE, Horb: @R JH 8. 01K S 1. 1-945
. <, >ACERGE RN +, —ACRUE o, NER
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Fig. 2 The user interface of BCI based TV

2.3 i A5 5 S Ak # B 7 (Real-time EEG sig-
nal processing algorithms)
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Step 1 Jixi FiL{5 5 TILAR B, #430 FHKEEGAS 5 ik
AT A R 20 Hz B . T3k W i B A 5
(KA 3 90 R 0.1~ 100 Hz, A ek wF 5845 F 160 fii Fi
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Step 4 £k 1% S FF n) 5 Hl.(support vector ma-
chine, SVM)7) 25 2%, FH /= F 1 TN SR 88 22 7 g TR Bk
Jo, AR R B Fey, 7 = 1,---, 15}, A FI
GRUf ISV 2y s il 45 215 H AR (D), 5 b
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Step 6  Step ST &5 b4k FR 215 M & 2
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3 27 SDAL S 4
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Fig. 3 The circuit diagram of TV controller
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F 48525 (System experiment)

SE 56 ¥ % (Experiment preparation)
SEI N RS54 S (44 B, 144 L), A
W 1E24~324 2 ), Forh— A7 523 & C LA AT fisi
B SR 256
1) 52 S MR32 T Ik F AR, O CRiE Fe b 5 2k

31

B R A, ARIEAR AL AN R RIS
HUREE I 2 FUIR, SR M BHAES KQLLTR.

2) AR AATE P S Ey, BRI B B5E %E50~
100 cm, & H ;S 1 i AR B BR R A v

3) ¥ & Neuroscan-NuAmps/ixi F, K5 SR AR 4
#4250 Hz.
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S kR, SRR FE 2 HE A O ER LS.
AR OV AP U £ IE N KRBEE, RAE AR
TR IR I LA R

SIS I AR 40 R YN 0 R P Al S 56 P8 4
3.2 YIZ5E% (Training experiment)

T 32 AR I B A5 S A e 2 e, T4
K L MERSVMI K48 S HAME — e, 7EATH
RYEH 7 LEEAT 2R 5, R 2R A I 25
1G4 2 IR ISVM Ay 28 38 S 804 Be fr A0 45 5K
5 rh A R i TR ROR. IR I 5
Bt ag A U7 A0 wr Pk, ME— AR e ®
BRI IR B gl 58 A5, WSS PR BE DL BE BILI
RIRRSHS. YN RS9 () I #2 2k 1 5 FH P Ft Tl 2 bl
BLE A H FR D RRBEE 1) 44 FRCUn 565 5 th AN TR BR B,
MZ 8 7 Rbrid A1, HAb i 144 73 2RKArid - 1),
ZARH AR S, T AH Y. (1 A AR BT
ZSEINIRTE G, SRIEIN S S5 {Fejq, 7 =1,
<o, 15, g = 5}, WA 15SAS bR I 21 53 A AR
VIR BE, 2545 0 Bbrd A s— NN GREAR. 58K
— N HARNIREAT 55 5 RGN T — AR
B, rh Rl R RR2 s, PRSI AL S T4 S, 48k
5 A G500 H AR N FRBEAT: 55, Hh (AR .30 min, 4k
S — 21 S BRI LA B 100 VI ZRFE A
3.3 PRAhsE %(Experiment for evaluation)

PEAL SEG I 3260 n] DU B 2 i) s e AT
B 8 2 R VPl SE S 32 BN 52K AR
125 K R 45 T 435 S A 434 2K (information trans-
fer rate, IRT)P A7 [T EAT VPAL. PPAN 5560 56
204 E [i) HARAESS (BEHL™ 42 W 14, 5602 5 1F
il S50 1) 52 R 7 34 757 50 IS AL e I AR AT 25 a2
WREBAE LIS “ V7, BERRIEE “x7,
IS AR € AT S5 BRAE R OL. SEIR 45 5
GEvh REAL SR P ERAE I 2, IE T B L HR A
Bl B RIS ()~ 305 B AR s . 45 R an sk 1
IR VEEIT R IEM R = e S R A A
Bt R4 SBG IRTHHE. 2 2% Gk [9].

A1 XA A-BAESRERAHELITER
Table 1 The online operation accuracy of statistical
results of subjects A—E

ZRFE  VEWIE/%  ITR/(bit - min 1)
A 90-+3 37
B 9442 41
C 86+4 33
D 80+3 29
E 87+4 34
T4 8749 35

4  SE%5 43 Hr(Experiment analysis)
4.1 5288 %FE(Classifier selection)

AT B =L 11 5 2 2% % 1T B FisherZk
P 73 28 45 Bl SCFF n) & Hl(support vector machine,
SVM). SCHk [10]H K H Fisher£k 1 43 J5 28 %1 P300 5>
K, BB TR 9 RAR, 7 RUEW F 5k
100%. SCHR [11] SR 26 %S VM43 28 38 X P300 4>
R, e 53 )m [ B L 1 L B8 rp 3R AT 55144, 5K
ARG HUER A T3.5%, 15UKIEAR S FEHER N
96.5%. NILFEIE T ARG 73 K48, EHF I
SR 2B 1 92 B8 H 1 S YT R AR(50), 550
VE A MR FE AR 134~ 70 28 4% FisherZk {1 /)2
ar s MEZSVM 2P K4 . Ml iz SVM oy 264, il
X EE3AS 73 28 88 0 IR (W21 75) W] Ji1: Fisher
ko> KA LRMERLS VMR K38 73 A Ak 2L
EE i T A SVM 73 26485 B3 & P00 HLE 5 (1 7
K, BIF B T AR RS, /A s 24
K T EMAZSVMIF i,

R 2GR B 5 KA T AT
Table 2 The comparative analysis of three kinds of
classifier

A% B/% C/% DI% El% V3%

Fisherzkf: 82 88 8 84 90  86.0
EPER%ZSVM 84 92 90 82 88 872
Ei%SVM 72 84 78 80 74 776

4.2 AR REE RN HER 2 I8 5% R (The relation-

ship between cycles and the recognition accu-

racy rate)
hVE B A R DA SR BE IO A O, BB R G
g5 M TR 10458, S50 FE Wil 2555 56 2k
MENERZSVM P R BEAT 7328, 13t RGEFA K
5 2R BONHER 2O R W B4R,

100 T T T T T T T T
90 - ]
80| .
N
Jﬁ@ 70 | B
= 60r .
?_ii 50 F —— ZIAFEA
= ——ZiXEB
540 e BREC T
2inaEmC
30 ——ZKED
20% —a—ZRAEE

10 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9 10

EEENYe:
4 IR UECE PUNAER %k R ]
Fig. 4 The graph of the relationship between cycles and the

recognition accuracy rate
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5 455 ¥ (Conclusion and prospect)
MR, SALZ AR ) A A Az L
HIMLIE 72 R 4G, JLT 3 IR R 1A87%. Horp— 7%
A7 LA 1R S0 22560 (1) 52 1 71 G AR 5 1) 5t
W ZRG, IRRAS T8 AR RIBOR. RGO EIME
JEL A% % T SEITRIA 35 bits/min, 1] i A& 5 4 55 I
[ e oK. AR L2 11 P A 47 R 4 2 L 1 S
AT — B, HE SR TR T 55, AR ok
A A P RUARE, A 2 K PR AN 5 AT R
RS KRR, XS TS IR IE R B2,
A% v B TR R TBOR A =2 I L 17 b AR T
T2 BRI 3% B3, L0 M bLEE 1 AL B EVE U TG A 1E
— AR A]. e YIS0 ok it v 2 M 2 )
(T I FH R sl 2 DI 5 ) 1), 38 3 ) ) 2 B 308 P 2
REHE— P51 )y . B K KA RN R R
RN B T AE2015E S50 “ NN [
557 I SRR H bw, R R TR AN R
PR SCHE VT R AU B I H X 45 AL A ST
H SR [0 ) it B A T SR T I B2 7 Mk R L.
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