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Implementation of Steady-State Visual Evoked Potential BCI System

Based on Field Programmable Gate Array
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(School of Mechanical Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To solve the problem that the steady-state visual evoked potential (SSVEP) brain-
computer interface (BCI) system requires high computer performance, a SSVEP BCI system
based on field programmable gate array (FPGA) and commercial electroencephalogram (EEG)
acquisition device is designed by an independent display module based on FPGA. This system
realizes the control of video graphics array (VGA) interface. The paradigm patterns
corresponding to different flicker frequencies are allocated according to the displaying refresh
frames, and the stable display of the paradigm required to induce SSVEP signals can be achieved.
Collecting and analyzing the flicker outputs of the designed VGA visual stimulator, the
presenting frequencies from the visual stimulator are approximately equal to the required
frequencies and can be used for SSVEP BCI experiments. Combined with the designed visual
stimulator, the FPGA based EEG signal processing and feature recognition are also implemented

in this approach. EEG signals are transmitted to the FPGA end via the serial port, and fast
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Fourier transform (FFT) is used to analyze the frequency components, and these frequency

components are then compared with the presenting frequencies from the visual stimulator. The

overall system is verified by experiments. It is revealed that the SSVEP BCI system based on

FPGA achieves an average recognition accuracy of 85. 25% in the case of four stimulus targets and

two seconds of single-trial time window. The proposed system can induce and recognize SSVEP

signals effectively and achieve satisfactory recognition results.

Keywords: steady-state visual evoked potential; brain-computer interface; field programmable

gate array; data processing; feature recognition
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3.2 RGELBWRERSN

XF 3T FPGA 119 i L A7 5 b 30 45 A 1253 4%
BYEATRAE . BUE 7 Frs O, i 18 P05 ik i A 5 ik
o280, o8t 3 B VEM 2 4 ik AR il & 78
20 YR S 55 v B X AS TR A S % BR T 1Y 1R OE B
A B F (TR Nk 2 i, Hp 7 5 & 8k
H, X F A4 AR B bR IR BT 38 0E 6 R R
85. 2500, I HLAE 2 s 1 il 3 ik o) 9 495 00 R L S 3945
BALHIF g 37, 41 bit/min, Z}H7 AT 0, A SCHR Y
SSVEP-BCI &%t ] LA ik B 4 i (1 U0 1E 5 % . 7E
Je ST R AT R G AT AR s DA G 3 N R
| (%) BCI N F 375t .
£ 2 AKX 3EHey SSVEP-BCI 4 %R 5] 55 & &

E#E/ % 15 B A% 4
Bk #/(bit -
Hbr 1 Hbr 2 Hbr 3 Hin4 P8y I
min ')
HB 80 75 65 55 68. 75 18. 26

HXL 90 90 80 75 83.75  33.07
ZYB 90 95 80 55  80.00  28.83
DWQ 100 100 100 100 100.00  60.00
DYF 100 100 95 80 93.75 46.91

FOEy 85.25  37.41
4 4 ©

AT FPGA iy SSVEP-BCI £ %
T —Fp 3 F FPGA f§ SSVEP-BCI % % 52 3 )y
F. LI T HTF FPGA L5 ) 3 # Be 1t, I X ol
e S S AR R AT T S U L 2 W T % R
PR T LA S B A 1 R RO iR 8 F SSVEP
BUMARER . ASGEI T T FPGA 1 SS-
VEP {5 5 4b 3 AURFAE U 51 o 5 38 2 50 56 X5 fr 152 1 19
ARG AT T WE, RAASCE I T FPGA
A 0 FEL A 5 R AR R 31 7 48 ELAT 0 1) G L A 5 TR
ROR
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