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Abstract— Using steady-state visually evoked potential in brain-computer interface (BCI) system is the subject of a lot of research. SSVEP signals are 
used as basis for brain-computer interface because of its reliability, high information transfer rate, minimal training and flexibility. Canonical correlation 
analysis is one of the new emerging method, which seems to have some processing improvement and advantages compared to traditional SSVEP de-
tection method, like better signal to noise ratio (SNR), lower harmonic frequencies, i.e.  a series of frequencies which has same fundamental frequen-
cies. 

 

Index Terms—  BCI- Brain Computer Interface, EEG-Electroencephalography, SSVEP- Steady State Visual Evoked Potential, SNR- Signal-to-Noise 
Ratio, CCA- Canonical Correlation Analysis, PSDA-Power spectral Density Analysis,LED-Light Emitting Diode. 

.   

——————————      —————————— 

1 INTRODUCTION                                                                     

THE functionality of the human brain is still rela-
tively unknown, although much effort has been 
put into revealing its secrets. Advances in cognitive 
neuroscience and brain imaging technologies have 
started to provide us with the ability to interface 
directly with the human brain. This ability is made 
possible through the use of sensors that can moni-
tor some of the physical processes that occur with-
in the brain that corresponds with the certain form 
of thought. Researchers have used these technolo-
gies to build brain-computer interface (BCI), com-
munication systems that don’t depend on brain’s 
normal output pathways of peripheral nerves and 
muscles. The brain-computer interface (BCI) can be 
described as a communication link between brain 
and machine. The BCI is a computer based system 
that acquires brain signals, analyses them, & trans-
lates them into the commands that are relayed to 
an output devices to carry out a desired action [3]. 
BCI system have been used to help disabled users 
by giving back mobility and breaking the isolation 
of people with physiological disorder and also it 
opens up new possibilities in human robot interac-
tion for able bodied people. The electroencephalo-
gram (EEG) is a study of brain function that re-
flects the brain’s electrical activity [4]. To collect 
brain electrical signal using electrodes placed on 
the scalp, which is added a conductive paste to 
enable the brain electrical signal, which is of a scale 
of microvolts, can be recorded and analyzed. 
SSVEP is generated in the EEG when an external 
light source with a constant twinkling frequency 
provokes the visual field. Then the effect would be 

appeared in the vision region of the brain which is 
in the occipital lobe. Recording the EEG from that 
region, one could extract the SSVEP with the same 
frequency of the external twinkling light source 
and its harmonics [6]. SSVEP is an EEG signal re-
sponse to the flickering visual stimulus as a large 
range of frequencies, from 1 to 90 Hz, but good 
response are normally acquired among 5 to 27 Hz. 
Canonical correlation analysis is a type of correla-
tion technique that focuses on two sets of variables. 
Its strengths is that it tries to find pairs of linear 
transformations for the two sets such that when the 
transformations are applied to the new sets of vari-
ables have a maximal correlation [7]. Detection 
methods based on CCA also rely on the fact that a 
periodic pattern with the same frequency as the 
stimulus frequency or one of its harmonics can be 
tracked back in the brain signals. The use of CCA 
seems to have some promising improvements and 
advantages compared to traditional methods, like 
SNR, lower   inter-subject variability and the possi-
bilities to use harmonic frequencies. CCA based 
SSVEP detection methods used in this research 
don’t require any form of training [10]. Since the 
CCA-based detection method is able to detect dif-
ferent harmonic frequencies, hence especially 
when the use of harmonic frequencies is desired, 
the CCA-based detection methods gives the absurd 
results when the time slot is very small for EEG 
signal, to overcome from this we can use the band 
pass filter along with golay filter to get the desired 
results. 
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2   SYSTEM ARCHITECTURE 
The proposed system uses SSVEP signals of 8Hz, 
14Hz and 28 Hz .Through this   research  project a 
software and hardware platform is setup to sup-
port the BCI applications whose performance 
could be implemented by signal acquisition, signal 
processing ,classification , generation of command 
signals and interfacing with the device.  
The system architecture consists of mainly three 
components as shown in figure 1:-  
1) Acquire SSVEP signals and denoising them 

from noisy oscillators. 
2) Extract features from SSVEP signals and Im-

plement automatic detection system using 
suitable classifier. 

3) Generate command signals which can perform 
predefined tasks and develop a prototype and 
demonstrate the device interface. 

 
2.1   EEG Data Acquisition 
The database used in this study is obtained in this 
study is obtained from the reference of [12]. These 
signals are in .mat format. This EEG-SSVEP data-
base consists of three databases of 8 Hz, 14 Hz and 
28 Hz. Each database has five trials. These signals 
were recorded using Ag/Agcl electrodes from 128 
locations distributed over the entire head using a 
BIOSEMI EEG system which contain miniature 
electronics to allow higher EEG signal-to-noise 
ratio and better sensitivity to weak brain signals. 
Electrodes were applied to the forehead or behind 
the ears using head caps, convert the ions current 
into electrical current and made connection be-
tween the scalp and EEG recording device. Electro-
lyte gel is applied between scalp and the electrodes 

to prevent attenuation of the signal [1]. Here we 
are taking the EEG data recording time for EEG is 
30 seconds. The SSVEP ONSET point is at second 5 
from beginning of the data. The SSVEP OFFSET 
point is at second 20 from the beginning of the da-
ta. 
 

                             
                                                            
 
    
                                                                                        

 
                                                            
 
 
                                                    
 
 
 
           Fig 1: Block Diagram of the system 
 
2.2    Feature Extraction and Classification 

In pattern recognition, feature extraction is a   spe-
cial form of dimensionality reduction. When the 
input data to an algorithm is too large to be pro-
cessed and it is suspected to be notoriously redun-
dant then the input data will be transformed into a 
reduced representation set of features is called fea-
ture extraction. Transforming the input data into 
the set of features is called feature extraction. The 
acquired signals are usually mixed with the noise. 
The noises are induced due to instrumentation 
amplifier, poor contact of electrodes, power line 
interface. Due to these interferences, fundamental 
frequency and its harmonics may be difficult to 

Interfacing Using 
Controller          Output  
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recognize hence, filtering is necessary. For this 
work the second order Savitzy-Golay (SG) filter is 
used to smooth the signal. SG filter preserves im-
portant time-domain features, such as signal ex-
trema and high frequency content. For this system 
features are extracted using Canonical Correlation 
Analysis (CCA) method. CCA is a type of correla-
tion technique that focuses on two sets of variables. 
Its strength is that it tries to find pairs of linear 
transformations for the two sets such that when the 
transformations are applied the new sets of varia-
bles have a maximum correlation. The detection 
method based on CCA also rely on the fact that a 
periodic pattern with the same frequency as the 
stimulus frequency or one of its harmonics can be 
traced back in the brain signals. In our method, 
variables in one set are signals x (t), recorded from 
several channels within a local region and the se-
cond set is stimulus signals. Any periodic signal 
can be decomposed into the fourier series of its 
harmonics (sin (2πft), cos (2πft), sin (4πft) , …..): 
 
    
 
                              Y1 (t)             Sin (2πft) 
 
            Y (t) =        Y2 (t)       =    Cos (2πft) 
 
                              Y3 (t)             Sin (4πft) 
 
                              Y4 (t)             Cos (4πft)            
 
 

 
     The value of t = 1/S , 2/S, ……. T/S. 

Where t is the base frequency, T is the number of 
sampling points, and S is the sampling rate [9]. 
Now suppose there are K stimulus frequencies 
f1,f2……fk and that the analyzed signal has been 
acquired from N channels within an  L s window. 
Our recognition is as follows. The stimulus fre-
quency fs satisfies  
    fs = maxf ρ (f),       f= f1, f2,….. fk .  
Where ρ(f) is the CCA coefficient/co-variance of xLN 
and y.      
 
 
 
 
 
 

                                    
 

                                                    
  ρ(f)                                                                                          
                                                            ρ1              
                                 ▪▪▪                     

                               ▪                                       ρ4                               
 
 
 
                                                                      Output 
Fig 2: Feature Extracted and Classified by CCA 
 

The detected fs can be put into the class c for our 
convenience. Higher the value of CCA co-efficient 
means higher the information.                                                                                                                          
The use of CCA seems to have some promising 
improvements and advantages compared to the 
traditional PSDA-based detection methods, like 
better signal-to-noise ratio (SNR), lower inter sub-
ject variability and possibility to use harmonics 
frequencies. The CCA based detection method 
used in this research don’t require any form of 
training. CCA can also be performed in the case of 
the decreasing magnitude of higher frequencies or 
a combination where new set of variables with a 
maximal correlation is required. CCA method 
gives the absurd result when the time-slot is very 
small for EEG signal; to overcome from this we can 
use the band-pass filter along with the Golay filter 
to get the desired results.  
2.3   Interfacing 
The interfacing can be done by controller through 
serial port which provides a prototype has been 
developed by using 8051 controller and a DC mo-
tor. The results are sent from MATLAB to control-
ler through serial port. Kiel software has been used 
to program the controller. 
 
3    Implementation and Results 
 
In the first stage of this work reference signals for 
four subjects were loaded in MATLAB. After that 
in the second stage the CCA method is used for the 
feature extraction and classification. In the last 
stage interfacing is done by using microcontroller 
IC, a LED display and DC motor. 
 
Phase 1: 
Raw SSVEP signal of 8 Hz and 14 Hz 
 
Phase 2: 
Now we have to apply CCA method between the 
stimulus signals and the generated SSVEP signals. 
Here we will use the 8Hz frequency signal as a 

EEG 
Signal 
  
X 
 
 
   
 
         

Y1 (t) CCA 

CCA Y4 (t) 

Maxf 

ρ(f) 
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target/stimulus frequency and SSVEP signals of 8 
Hz signal which is generated. With the help of 
MATLAB tool we get the CCA co-efficient/co-
variance. The CCA method itself extracts the fea-
tures of SSVEP signals and also classifies it in the 
term of CCA co-efficient/ co-variance. Higher the 
value of CCA co-efficient reflects the most infor-
mation. The CCA co-efficient can be used for Gen-
erate command signals which can perform prede-
fined tasks. 
 
Phase 3: 
In the last stage of this research work the interfac-
ing is implemented by the using a microcontroller, 
a LED display and a dc motor; in which the gener-
ated command is used as a input signals. 
 
RESULTS: 
  
Subject  
 
 
   one 

CCA with 
reference 
to signal 

Covariance 
for 8 Hz 

Covariance 
with 14 Hz 

Trial 1 8Hz  0.3714238 0.1586642 
14Hz  0.1920505 0.2182768 

Trial 2 8Hz  0.3756347 0.1451164 
14Hz  0.1784333 0.2213296 

Trial 3 8Hz  0.2877205 0.1110825 
14Hz  0.1463627 0.2212236 

Trial4 8Hz  0.2447987 0.146500 
14Hz  0.1465964 0.2216199 

Subject  
 
     two 

CCA with 
reference 
to signal 

Covariance 
for 8 Hz 

Covariance 
with 14 Hz 

Trial 1 8Hz  0.3301264 0.1626964 
14Hz  0.2323961 0.3711204 

Trial 2 8Hz  0.1722747 0.1059908 
14 Hz 0.1116774 0.2230239 

Trial 3 8Hz 0.164342 0.1185967 
14Hz 0.1592584 0.1843960 

Trial4 8Hz  0.1722747 0.1059908 
14 Hz 0.1434164 0.2048296 

Subject  
 
   three 

CCA with 
reference 
to signal 

Covariance 
for 8 Hz 

Covariance 
with 14 Hz 

Trial 1 8Hz  0.1722747 0.1059908 
14Hz  0.1881398 0.3081135 

Trial 2 8Hz  0.3960355 0.1582324 
14Hz  0.2204933 0.3704779 

Trial 3 8Hz  0.3989549 0.1671835 
14Hz  0.2503416 0.3198515 

Trial 4 8Hz  0.3331818 0.1701136 
14Hz 0.2526705 0.2930063 

  
Table 1:  Result after application of CCA  

The results from the above table conclude that the 
covariance for any signal with same reference sig-
nal is approx. 1.8 times higher than the covariance 
for any signal with different reference signal. 
Higher the value of covariance means higher the 
similarity with the reference signal. 
 
 

 
4   Conclusion 
 

In this project work   the features of SSVEP signals are 
extracted successfully and classified them with good 
accuracy by CCA method. After that we have generated 
control signals from classified data and developed a 
prototype using a microcontroller as an input data for 
the desired output applications .It is more user friendly 
and compatible for working in real time environment. 
The algorithm is the more efficient, accurate and easy 
method for processing of EEG signals used as the com-
mand for output applications. The use of CCA seems to 
have some promising improvements and advantages 
compared to traditional methods, like SNR, lower inter-
subject variability and the possibilities to use harmonic 
frequencies. CCA based SSVEP detection methods used 
in this research don’t require any form of training. Since 
the CCA-based detection method is able to detect differ-
ent harmonic frequencies, hence especially when the use 
of harmonic frequencies is desired. 
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