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Abstract: Brain-computer interface systems (BCIs) based on steady-state visual evoked potentials (SSVEPs) usually use
strong flickering stimuli with low frequencies to evoke signals with strong features. Although the relevant data processing

technologies are becoming more and more mature, SSVEP systems with low frequency stimuli are still uncomfortable for
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using and the time for acquiring enough training samples is quite long. Increasing the frequencies of stimuli can effectively
relieve the visual fatigue of the subjects. Hense the friendliness of BCI systems would be greatly improved. However, the
existing brain-computer interface systems based on SSVEP with medium or high frequencies have defects such as
insufficient recognizable commands, low information transfer rate (ITR), and so on. In response to the problems listed
above, this study proposed a set of coding and decoding methods containing the Code Words paradigm with blank codes
and ensemble task-related component analysis (eTRCA) algorithm based on the characteristics of medium and high-
frequency SSVEP, of which the applicability and scalability were studied. Four frequencies in the medium and high-
frequency bands (20, 24, 30 and 40 Hz) were selected to construct brain-controlled spelling systems (BCI Spellers)
respectively, and our method could independently construct 6 commands by using flickering stimulation with a single
frequency. It was theoretically possible to multiply the number of identifiable targets by combining Code Words with different
frequencies. A total of 10 healthy subjects participated in EEG experiments. After a specified trials of electroencephalography
(EEG) data were collected, those data were preprocessed by a bandpass filter (bandwidth 18~60 Hz). Then we used eTRCA
algorithm to perform the target identification process. According to our results, the 18-target offline system achieved an
averaged theoretical accuracy of 96.71 + 1.69 % and a theoretical ITR of 86.94 + 6. 07 bits/min. The above results
indicate that the codec method proposed in this study could effectively induce and accurately identify the multi-
dimensional features in the time, frequency, and phase domain of medium/high-frequency SSVEP. Besides, increasing

the frequency types of coding units, increasing the effective coding rate and improving the decoding algorithm are
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promising to further improve the system performance.
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Fig. 1 Stimulus design and distribution of the 6-target Code Words BCI system
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Fig. 5 6-target classification results of Code Words
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1 AIEHI Code Words RETHLIS ITR (bits/min) 455
Tab. 1 ITR (bits/min) results of Multi-target Code Words systems
YN B AN N B A
R i o wason 000w
1 63.56 86.61 101.76 78.22
2 62.58 80.13 95.24 71.68
3 63.56 88.15 102.54 83.39
4 63.56 86.16 101.08 106.63
5 61.76 86.16 67.38 80.20
6 63.56 87.58 101.76 99.25
7 63.56 88.15 101.08 107.46
8 35.83 65.45 55.77 53.43
9 25.94 35.95 52.77 49.96
10 63.56 75.61 90.02 86.84
Mean+SEM 56.75+4.15 78.00+4.94 86.94+6.07 81.71+5.95
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Vi
4.2 wIEHEHRL

FATVABT T HAbIE T SSVEP Ay 4wt i 2, Ik
P ETENFI TS Code Words 70 2 A7 8 S 54
XL, SRR TR 2,

5 JFPM 4t 5 A0 b, AS SCIRET Y Code Words
B B A, 2 v s A DR R i,
IR  H R T AR A 245 4, A
FERTY RYE AN 5 32 SEhil 2 . Code Words 1445 #
F A T TRl 4 LA ol AR T PR E R TR
GITRF6HR . 54T 3T MFSC 4R A5 5 15 1 TAEHA
[t, Code Words 7€ ITR #8545 I HAT — @ L, & 2 5w

B
7

%2 Code Words 5 Al SSVEP UM S A XT
Tab. 2 Comparison of Code Words and other SSVEP paradigms

A PR (fr ) AR B s RSB Rk i B R /bpm
JEPM© 8~15.8 0.7 40 fbCCA 117.75
Jrpyme 8~15.8 0.3 40 eTRCA 325.33
JEpM!! 30~33 4 4 fbCCA 14.21
MFSC™! 7.5.12 2 4 CCA 22.87
MFSC™! 8~15 4 160 fbCCA 78.84

Code Words 20.24 .30 % 1.8 6*N eTRCA H 17 86.94




oM

VEREOMG 55 T 1) b s AR SSVEP AL 11 14 G i i SR IO

1889

iy S5 e A SRR B T O E

JRAE, 3 Code Words 8 =ARIHAEAE ) [
P EsCEZs (], H FTERAS SO R A RE S5 6 il ST
4R FE A, X B2 3 T A SIS (33.3 %)
BRI . ASHIFTY 45 52 B, BE AT b 2 AR B
P de AR (R B, B SR
ANTR] v g A B T R R 00 3 3 A A A R e B
[i) o 2o /N B B B R R AR s 52 M o O B . TR Uil
IR I AR A, B B R ] G Y 4 FE AL
i, WARAS b2 5 {5 5 (B ] P2 — RO o
BELA RS A B T s, M G AR A OE AE AT
ELLE

o B H Y, N RS RIS B A
BT 25 i A BT, AN A R 7 004 A5 o6 K B Bl
RS ) KR A AR A 5T AR C0-17 G 5 1Y
FSK S, BT R A i 1] SE B 64 16l 48 4, SR
i B AR M KRR/ )N, 3 808 2 ] e M55 4k
[Fi] Fsf 1 25 1) 5 78 U0 48 AT BE X SSVEP % I 7™ A 2 i1
SZ 5 2B A 0K B 4 4 2 150 ms, 55 1] K A
38 Ry 1240, S B A B 1k B R AR DA T (HAS T
Wi 17 58 067 K 557 , R AF d S R 2 R e . PR e
Al AR T K B A5 o0 Rl 2 DL R R ] 3 R R TR
ABF5E

BrULZ Ak, T R v I -HLEE 1 R S8 52 H
TRHERR A A B T s SR e = S i L3
ik A Ty Ak S el (1 P 7 3 B 497 2 oS0 2 ) i
O i A A IR U T IR R A
FIF U2 BCL R G0 A S e, SR [ AR 1Y
MaHLAE B 5 R Rk

5 #ig

AW 58T rp s I SSVEP ik FRFAE 1 T Y 4
fifp A SR BE A A 075 e RS IR HA -0 - A
LY B LA FRAE , Code Words FRAF(5 5 HA )
8 PR LE L AT ST fEL . DAL 45 2R D F 50 e i e
T E 1 S R B BN -HL S B AR G e it T
BRI S AR HIRR T
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