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Abstract - Existing brain-computer interfaces are generally expensive, limited and heavy. In order to solve the problems, we 
developed a novel wireless brain-computer interface based on Steady-State Visual Evoked Potentials（SSVEP）, and developed 
algorithms for EEG feature extraction. The EEG acquisition device is powered by lithium batteries and the signals are transferred 
wirelessly to host for data processing. The signals was pre-treated using Butterworth filter based on MATLAB , In addition , this 
paper combined with the canonical correlation analysis and wavelet transform time-frequency dual characteristics, puts forward 
the feature extraction algorithm WT – CCA , the processed filtered data using our proposed canonical correlation analysis method 
based on wavelet transform. The experimental results from 5 different test attendees showed that the proposed interface was able 
to extract useful features and the feature signals which was processed by a host computer could be correctly (>90%) recognized by 
outer computers. The proposed interface is economical and portable, and important to the development of the brain control 
technology. It also helps disabled to better utilize the technology. 
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I. INTRODUCTION 

 
The Brain-Computer Interface(BCI) is a system to 

achieve the goal of controlling the equipment by 
consciousness which is no need to establish a 
communication environment by conventional brain output 
channel between human or other animals with the external 
environment[1].German neurophysiologist Hans Berger is 
the first one to discovered the existence of 
Electroencephalogram (EEG) signals, and laid the 
foundation for the development of BCI. After that, 
researchers have been working on how to use the brain 
electrical signal to control the external device[2].Philip 
Kennedy and Roy Bakay of Emory University in the 
United States first implanted the interface for obtaining 
high-quality EEG signals in Johnny Ray, a patient with a 
syndrome of brainstem stroke-induced lock-in syndrome, 
allowing Ray to survive for long enough and to learn The 
use of brain signals to control the computer cursor[3]. 

The brain-computer interface can be divided into two 
types: active and passive, active based on impotent motion 
imagination, and passive mainly based on P300 signal and 
SSVEP (Steady-State Visual Evoked Potential, SSVEP) 
signal to achieve BCI Function. SSVEP is a response to a 
continuous and stimulating frequency (frequency or 
frequency doubling) in the visual cortex of the brain when 

the human body is subjected to a constant frequency of 
visual stimuli. 

The wireless BCI system developed in this paper is 
composed of three parts: a portable multi-channel radio 
signal collector, a visual evoked program, and a brain 
electrical signal processing program. Multi-channel 
wireless EEG signal acquisition device is optimized and 
designed based on the preliminary research, which makes 
EEG signal acquisition device is more portable and easy to 
use[4].SSVEP-based programming can focus the user's 
attention on a certain visual stimulus to produce a specific 
EEG modality, and then combine Canonical Correlation 
Analysis (CCA) and Wavelet Transform (WT) for feature 
extraction, A feature extraction algorithm based on 
CCA-WT is proposed, which the average accuracy 
improved by nearly 8.3% compared with the most 
commonly used CCA correlation coefficient feature 
extraction algorithm. 

 
 

II. SYSTEM STRUCTURE DESIGN 
 
System block diagram shown in Figure 1, which 

contains four modules, the master control system, visual 
stimulator, EEG signal acquisition, signal processing and 
instruction output. 
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Figure 1.  System Structure. 
 

A. Visual Stimulator 
 
Visual stimulator is based on LabVIEW development 

platform. In the case of less stimulation, relative to the high 
requirements of LED on the hardware circuit and the 
excessive volume of CRT, CD display only need to operate 
through the software, the operation is simple, more 
conducive to the use of the user. Its software design block 
diagram is shown in figure 2,based on the 60Hz refresh 
characteristics of CD display. Image can flicker at specified 
frequency by adjusting the time parameters, a single 
stimulus program to start the cycle and the end is realized 
by a NOT gate function, while the shift register and while 
loop call ensured the continuity of the cycle. The stimulus 
interface is composed of four identical black circles. Only 
need to adjust the control parameters to change the 
frequency of the flicker, the whole operation interface is 
simple and easy to control. 

 
Figure 2.  Block Diagram Of Stimulator 

B. EEG collector 
 
The self-developed wireless EEG signal collector has 

the characteristics of convenient use, abundant function and 
excellent performance. The size is only 56.7mm × 50.8mm 
× 19mm, which is easy to carry. Collected by the electrode 
collector to the EEG signal by the analog-digital conversion, 
the wireless output sent to the host computer, the PC 
program for signal analysis and processing. Figure 3 
depicts the block diagram of the collector, including the 
power supply module, analog front-end module, the main 
control system module and the WIFI wireless transmission 
module. 

lithium 
battery

Power supply system

ADS1299 
Analog 

Front End

STM32 
MIcropro-
cessor

EEG Cap 
Converter

WIFI
Translat-

ion
 

Figure 3.  EEG Acquisition Hardware Structure 

 
Wireless EEG collector uses a built-in rechargeable 

lithium battery-powered, external USB interface to charge. 
The use of Liner Technology's high-performance LTC4065 
charge management chip consisting of charging circuit can 
extend the service life of lithium batteries, lithium batteries 
can slow down the aging process and the low utilization 
rate caused by the degradation of capacity. Power is the use 
of LTC2941 battery detection circuit chip builds the battery 
gauge circuit through the I2C interface connected to the 
host computer software on the real-time display of 
electricity usage, so as to avoid the AC signal to bring the 
power frequency interference can also be portable for the 
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Users. 
Part of the positive and negative analog circuit with 

Linear Technology Corporation's low noise linear regulator 
device (LDO) LT1763 and negative output switching 
regulator chip LT1614. Both chips allow the use of small 
inductors and capacitors, not only greatly saves the circuit 
space, reducing costs, and has a very low ripple, only 1mV 
or so. 

 

Figure 4.  ADS1299 internal schematic diagram 
 
As the EEG signal weak (0.5uV-100uV) characteristics, 

the traditional EEG signal acquisition front-end usually in 
each channel is equipped with amplifying circuit and filter 
circuit, leading to large collector volume, anti-interference 

ability is weak, due to magnification Large (thousands of 
times) likely to cause saturation. In view of the above 
shortcomings, this simulation front-end module with TI's 
internal production gain amplifier (PGA) chip ADS1299, 
its internal principle shown in Figure 4. The ADS1299 is a 
multichannel differential input, synchronous 24-bit 
sampling, delta-sigma (Δ-Σ) analog-to-digital converter 
(ADC), and a high-impedance, high input impedance and 
high common mode rejection ratio. ADC), which has a 
built-in programmable gain amplifier (Programmable Gain 
Amplifier, PGA), adjustable PGA signal can easily 
determine the magnification. The system has strong 
anti-interference ability and is suitable for use in various 
complicated environments. The input gain and reference 
bias can be flexibly configured via the MCU. 

The microprocessor adopts STM32F405R as the main 
control chip, which has high performance, low power 
consumption, fast computing power in various medical and 
handheld devices are widely used, the use of SPI 
communication protocol can be convenient and flexible 
wireless transmission chip and ADS1299 Of the register 
configuration, when receiving the ADS1299 real-time data 
uploaded to the host computer. To meet the needs of the 
collector function, the collector of the new storage function, 
the data can be stored for real-time line of data analysis. 

Wireless transmission module is produced by TI's 
CC3200, it is TI's industry's first built-in WIFI MCU, small 
size, low power consumption, its support for 802.11 b / g / 
n protocol standards and the internal integration of TCP / IP 
protocol stack can be real-time two-way communication 
with the host computer, the collected EEG signal to the host 
computer for real-time processing feedback. 

Through the test, the collector has very low distortion 
and input noise. The main parameters are shown in Table I. 

TABLE I. COLLECTOR PARAMETERS 

Parameter Parameter Measured value 

Frequency response 0.3~70Hz（-3dB） 

Input noise <1.0uVp-p 

Common mode input impedance <100MΩ 

Common mode rejection ratio >110dB 

Precision 24bit 

Sampling Rate 256SPS~1KSPS 

 
C. Waveform Display Interface 

 
The system waveform display interface is also prepared 

by the LabVIEW software. As with the visual stimulator 

software environment described above, the display 
interface is shown in Figure 5,EEG waveform data can be 
displayed 8 channels. 
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Figure 5.EEG Signal Acquisition PC. 

 
 

III. SSVEP FEATURE EXTRACTION ALGORITHM 
 

A. Signal Preprocessing 
  
Due to environmental noise and their own interference 

(such as eye, EMG), the signal must be pre-processed to 
eliminate the interference signal. This paper uses the 
Butterworth filter bank to filter the received EEG signal. 
The filter has a maximum flat amplitude response in the 
passband, and its frequency response model is 
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In the formula, 

c  is the cut-off frequency, N  is 

order, 
kp is the normalized pole, 
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Selecting the appropriate cutoff frequency and order of 

the filter to filter out unwanted EEG signal. The frequency 
of EEG processed in this paper is mainly 10Hz. In 
conjunction SSVEP human brain occipital evoked EEG 
frequency. The stimulus frequency was 4Hz, 8.57Hz, 15Hz, 
20Hz. But in the actual process mixed with other 
frequency interference. In order to ensure the existence of 
harmonics, the pass band is set to 40 Hz，which will not 
only remove unwanted signals but also can guarantee the 
presence of harmonics. Filter effect comparison chart is 
shown in Fig. 6. 

 

Figure 6.Before and after filtering the signal. 
 

B. Signal Feature Extraction and Processing 
As a commonly used digital signal analysis and 

processing methods, wavelet packet algorithm can 
decompose the signal according to frequency band. 
According to the characteristics of the signal and analysis 
requirements to match the best corresponding frequency 
band and signal spectrum, the reconstruction formula of 
wavelet packet decomposition is 
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In the formula, j decompose the number of layers for 

the wavelet packet, nu  is:
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In the formula, ,k kh g is a scaling function ( )x and 

wavelet functions ( )x corresponding to the filter function. 

Wavelet packet algorithm will reconstructed EEG signal 
into SSVEP specific frequency point， for the frequency 
point selected in this paper, the number of decomposition 
layers is selected according to the sampling rate, for 
example 256SPSSampling Rate, Selection of signal 
wavelet packet decomposition layer 6,reconstructs the 
SSVEP specific frequency signal, and then do correlation 
with the reference signal CCA algorithm. The Canonical 
Correlation Analysis (CCA) algorithm for simple and 
efficient computation of correlations in SSVEP signals can 
be combined with multi-channel characteristics to meet the 
8-channel signal acquisition used in this paper. In addition, 
CCA can significantly improve the signal-to-noise ratio 
during signal processing. 

CCA is an algorithm to study the correlation between 
multiple variables and multiple variables. The basic idea is 
to find the correlation coefficient ρ of two sets of variables 
X and Y on the whole And to maximize it. The 
multi-channel SSVEP signal is defined as， 
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In the formula, n is the channel number, and 
mnfx  is 

the 
mf band signal reconstructed by the original SSVEP 

EEG signal through wavelet packet decomposition. The 
corresponding reference signal matrix is established as: 
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Then the maximum correlation coefficient is obtained. 
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In the formula,  cov ,nX Y  is the covariance of 
nX and 

Y , and 
nX  and 

Y  are the standard deviations of 
nX  

and Y  respectively. 
Because the CCA algorithm is based on the recognition 

of the SSVEP frequency, the recognition effect is 
influenced by the interference signal in the SSVEP. In this 
paper, the characteristics of CCA algorithm and wavelet 
packet decomposition of time-frequency characteristics, 
proposed WT-CCA algorithm for the feature extraction and 
processing of EEG signals. 

The WT-CCA algorithm proposed in this paper can 
decompose the low-frequency and high-frequency parts. 
And get the same frequency band length, it can get a higher 
resolution to avoid interference in the reference signal, 
effectively improve the signal recognition rate. The process 
is shown in Figure 7 below.
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Figure 7.  WT-CCA identification method
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The SSVEP signal is decomposed by wavelet packet to 

get the reconstructed signal. The maximum correlation 

coefficient n  of 
nX  and Y  of each channel is 

calculated according to the CCA algorithm,and then 

comparison to judge the frequency of SSVEP stimulation 

signal 
mf . 

IV. SYSTEM TEST 
 
The test selected five mentally well-tested volunteers, 

the test frequency is set to 5Hz. In order to ensure the 
quality of EEG signals, the mental state of the collected 
persons is good, the eyesight is normal, the scalp is 
refreshed, the body and mind are in the relaxed state, and 
the interference of other factors is reduced(Such as eye, 
EMG and so on).Collecting the background light should 
not be too bright, the time should not be too long, so as not 
to cause the test subject's discomfort. 

  During the preparation phase, the 8-channel signal 
collector is attached to the head of the person to be tested 
and properly adjusted to ensure good contact. The distance 
between the eyes and the LCD is about 60cm, in the 
impedance test to debug each channel (the general 
impedance is not higher than 1000kΩ).SSVEP evoked 
potential occurred mainly in the human brain occipital, 
according to the "10-20 International Standard Lead", will 
collect the electrodes of the EEG signal placed in the Fp1，
Fp2，F3，F4，Cz，Pz，O1，O2 position. Reference electrode 
placed in the body behind the earlobe, grounding electrode 
Fz and then Fzz middle position. 

 
Figure 8.  Shows The Distribution Of Lead 

 
During the experiment, the acquisition interval was 

about 3 minutes. After all the data is completed, the system 
will automatically record the collected data and upload to 
the host computer for data feature extraction and 
classification. 

Table II shows the recognition rate of WT-CCA 
algorithm to target frequency characteristics. We can see 
that the recognition rate of this system and algorithm to 
SSVEP is very high, reaching 90%.The same test subjects 
to different frequencies of the target stimuli have different 
responses, and for the same stimulus frequency, different 
testers have different responses, which also reflects the 
differences between individuals, and the biological body of 
different Consistent view. 

 

 TABLE II. WT-CCA TARGET FREQUENCY FEATURE RECOGNITION ACCURACY RATE

Target frequency   

Test number       
4Hz 8.75Hz 15Hz 20Hz 

01 91.2% 92.4% 90.2% 88.5% 
02 91.7% 90.1% 92.1% 91.8% 
03 90.4% 91.6% 91.7% 89.7% 
04 91.5% 90.3% 90.7% 90.3% 
05 93.0% 89.7% 94.3% 92.4% 

Mean value 91.5% 90.8% 91.8% 90.5% 

 
Then in the same experimental environment, the CCA 

algorithm is compared with the WT-CCA algorithm 
proposed by the system. As shown in Table III, for the 

identification of SSVEP signals, the recognition rate of the 
WT-CCA algorithm is significantly higher than the CCA 
algorithm. 

 
TABLE III.  COMPARISON OF THE CORRECT RATE OF TARGET FREQUENCY FEATURE RECOGNITION 

Target frequency 

algorithm 
4Hz 8.75Hz 15Hz 20Hz mean value 

CCA 79.5% 81.3% 85.3% 84.3% 82.4% 
WT-CCA 91.5% 90.8% 91.8% 90.5% 91.1% 
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V. CONCLUSIONS 
 
The main goal of this research is to realize the design of 

the wireless brain computer interface system based on 
SSVEP. 

A. The design of LCD visual stimulator based on 
LabVIEW, according to the characteristics of 60Hz display 
set frequency, through software control stimulus source 
number and frequency, which is a characteristic different 
from other stimulator. 

B. The independent research and development of EEG 
signal acquisition system successfully collected 8 channels 
of EEG signals. 

C. The proposed WT-CCA algorithm can feature 
extraction and classification of EEG signals.After proving, 
the WT-CCA algorithm is proved to be superior to CCA 
algorithm in recognition and classification, and the 
recognition rate is over 90%. 

Acknowledgments 
Project supported by the Natural Science Foundation of 

the Jiangsu Higher Education Institutions of China
（15KJB310016）; Project supported by the Prospective 
Joint Research of Science and Technology of Jiangsu 
(BY2016014-01). 

 
REFERENCE 

 
[1] Hwang H J, et al. Development of an SSVEP-based BCI spelling 

system adopting a QWERTY-style LED keyboard[J]. Journal of 
neuroscience methods, 2012, 208(1): 59-65. 

[2] Hwang H J, et al. A new dual-frequency stimulation method to 
increase the number of visual stimuli for multi-class SSVEP-based 
brain–computer interface (BCI)[J]. brain research, 2013, 1515: 
66-77. 

[3] Tello R, et al. Performance improvements for navigation of a 

robotic wheelchair based on SSVEP-BCI[M]//XII 
SBAI–SimpósioBrasileiro de AutomaçaoInteligente. 2015.. 

[4] Yin E, et al. A dynamically optimized SSVEP brain–computer 
interface (BCI) speller[J]. IEEE Transactions on Biomedical 
Engineering, 2015, 62(6): 1447-1456. doi: 
10.1109/TBME.2014.2320948 

[5] Fernandez-Vargas J, et al. Assisted closed-loop optimization of 
SSVEP-BCI efficiency[J]. Closing the Loop Around Neural 
Systems, 2014: 391. 

[6] Shyu K K, et al. Adaptive SSVEP-based BCI system with frequency 
and pulse duty-cycle stimuli tuning design[J]. IEEE Transactions on 
Neural Systems and Rehabilitation Engineering, 2013, 21(5): 
697-703. 

[7] Hsu H T, et al. Evaluate the Feasibility of Using Frontal SSVEP to 
Implement an SSVEP-Based BCI in Young, Elderly and ALS 
Groups[J]. IEEE Transactions on Neural Systems and Rehabilitation 
Engineering, 2016, 24(5): 603-615. 

[8] Ng K.B., et al. Effect of competing stimuli on SSVEP-based BCI[J]. 
IEEE Transactions on Engineering in Medicine and Biology Society, 
2011, 8(2): 6307-6310. 

[9] Sutter E.E..  The  brain  response  interface:  communication  
through  visually-induced electrical  brain  responses[J].  
Journal  of  Microcomputer  Applications,  1992,  15(1): 
31-45. 

[10] Muller-PutzG.R., et  al.  Steady-state  somatosensory  evoked 
potentials:  suitable brain  signals  for  brain-computer  
interfaces[J].  IEEE  Transactions on Neural Systems and 
Rehabilitation Engineering, 2006, 14(1): 30-37. 

[11] DanyangZ, et al. Brain-Robot Interaction System with Portable 
Brain Signal Collector[J]. Journal of Electronic Measurement and 
Instrumentation, 2016,30(5):649-701.（in Chinese）. 

[12] Lopez M A, et al. Signal Processing and Perceptrons in an Auditory 
Based Brain-Computer Interface[C]//Hybrid Intelligent Systems, 
2008. HIS'08. Eighth International Conference on. IEEE, 2008: 
781-786. 

[13] Muller S M T, et al. Robotic wheelchair commanded by people with 
disabilities using low/high-frequency ssvep-based BCI[C]//World 
Congress on Medical Physics and Biomedical Engineering, June 
7-12, 2015, Toronto, Canada. Springer International Publishing, 
2015: 1177-1180 

 


