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Abstract: Wave generated into visual cortex of brain, when
subject focused his/her attention on visual stimulus flickers at
certain frequency. The main challenge with SSVEP Based Brain
computer interface (BCI) System is to detect the stimulus
frequency from recorded brain signal. Canonical Correlation
analysis (CCA) is one of the most popular methods to recognize
the frequency of Steady state visual evoked potential (SSVEP).
This paper focuses on the study of CCA algorithm to recognize the
SSVEP signal frequency. For experiment purpose, a single
channel data with flickering frequency in the range of (6Hz-10Hz)
is used. The performance of the BCI System is measured in terms
of detection accuracy and Information transmission rate (ITR).
The maximum accuracy is obtained as 83.90% and ITR is 15.35 at
stimulus frequency of 8.2Hz
Index Terms: Steady State Visual evoked potential (SSVEP);
Brain computer interface (BCI); PSDA, Electroencephalogram
(EEG); Canonical correlation analysis (CCA);

I. INTRODUCTION
BCI is a non-invasive direct communication system by which
user’s intention is directly conveyed to external environment
without involving the normal output pathways of peripheral
nervous and muscles. In other words, BCIs main aim is in
establishing the link between user and external world [1].In
non-invasive BCIs, electroencephalography (EEG) is
commonly used because of high resolution, ease of
acquisition and cost effectiveness as compare to other brain
monitoring modalities. In past few decades many BCIs
System have been investigated that include P300, motor
imagery, Steady state visual evoked potential (SSVEP).
Among these, SSVEP is more popular and widely acceptable
because of high information transmission rate (ITR), minimal
training time and high signal to noise ratio [7],[9].
SSVEP is the brain’s electrical response to repetitive visual
stimulation that can be recorded from the scalp over the visual
cortex with maximum amplitude occurs at occipital
region[1],[7].The basic SSVEP based BCI system offer
several flickering visual stimuli with different frequencies as

Target. When candidate is asked to focus on one of the target,
the response with specific spectrum component can be
identified. Thus the target, the candidate is focusing on will be
determined. With this phenomenon, SSVEP Based BCI
System is developed to generate a command to control
external Machine by recognizing the SSVEP frequency
component in EEG Signal. Since SSVEP signal is
contaminated by other EEG activity and Background noise in
to Brain. Thus How to recognize the frequency component of
SSVEP Signal from recorded EEG Signal with better
accuracy and high information transmission rate is the
challenging task to design SSVEP Based BCI System.
The most wide spread signal processing technique to extract
the SSVEP Frequency components from the acquired EEG
Signal is based on Power spectral density Analysis (PSDA)
using FFT of a sliding data window with a fixed length .In past
few years several approaches have been proposed to improve
the robustness upon FFT based Spectral analysis method. .
Canonical Correlation Analysis (CCA) is another efficient
and widely used technique to recognize the SSVEP frequency
component from acquired EEG Signal [4]. CCA is a
multivariate statistical approach that estimates the degree of
correlation between with two multivariate signals. The largest
correlation between recorded EEG signal and Pre-constructed
reference signal is used to identify the target. The reference
signal is the series of sine-cosine wave consists of
fundamental and harmonic frequency of SSVEP Stimulus.
The stimulus frequency with maximum correlation coefficient
is considered as target frequency
The rest of this paper is organized as follows. Section 2 deals
with the overview on SSVEP Based BCI data acquisition
system. Section3 explain the method applied to extract the
feature of SSVEP Signal. Section 4 present the result of
applied method Section 5 finally concludes the paper.
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II. OVERVIEW OF SSVEP BASED BCI DATA
ACQUISITION SYSTEM
A. SSVEP Based BCI System
The block diagram of SSVEP Based BCI System is shown in
figure-1.The entire SSVEP-Based BCI module consists of
EEG acquisition system, Signal processing (frequency
detection) algorithm and device control method. SSVEP
based BCI System is operated by showing number of visual
light flickering at specific frequency on the monitor of screen.
When subject asked to focus on specific stimulus, the
corresponding stimulus frequency dominantly appears into
spectral representation of EEG Signal.

two sets of data says X and Y to a new sets of variable
and
; where
the canonical
variants. The function of CCA Algorithm is to find the weight
vector
and
in such a way that correlation between
and is maximized. Mathematically this is given as;
(1)

(2)
Where ρ denote the correlation coefficient between data sets
X and Y that can be maximized by maximizing
and .
According to this approach the extracted correlation
coefficient for all the stimulus frequency, the maximum
correlation coefficient is considered as SSVEP frequency.
The mathematical approach to detect single or multi channel
SSVEP signal using CCA technique is discussed here.
Assume there are K target frequency to be recognized into
SSVEP based BCI System. Let X is the recorded EEG Signal
from
channel with n number of sample in each channel.
Assume
is the reference signal at kth stimulus
frequency (k=1, 2…..k) consists of sine-cosine function given
as

Figure 1: SSVEP based BCI System

…

The function of signal processing unit is used to detect the
presence of SSVEP Signal into recorded EEG Signal and to
determine the target frequency. Finally, each target frequency
is classified to generate a unique command using classifier
method. BCI System uses this unique command to control the
external device such as cursor movement, wheel chair
movement.
B. Data Description
A single channel offline data set recorded at sampling
frequency of 512Hz is used in this paper[14].A 10-20
electrode placement system is used to acquire EEG Signal by
placing the electrode at Oz position on the scalp of brain.The
Stimulus frequency range is 6Hz-10Hz. The recorded EEG
Signal when candidate focused on stimulus frequency of
10Hz is shown in figure-2.

Where
denote the number of harmonics and is the
sampling frequency. The aim of CCA method is to find the
correlation between recorded signal X and each reference
signal using equation (1). The SSVEP target frequency is
recognized as

Figure 3: SSVEP Frequency detection using CCA
Figure 2: Acquired Non-Invasive EEG Signal
III. CANONICAL CORRELATION ANALYSIS (CCA) METHOD
Canonical correlation analysis is a multivariate statistical
approach with the aim to find the correlation between two sets
of data[4]. Its main strength CCA algorithm is to transform
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IV. RESULT AND DISCUSSION
A. Canonical Correlation Analysis
Table 1: Correlation Coefficient trails at different target
frequency for subject-4 using CCA
Correlation
coefficient
at Target
Frequency=
10Hz
0.4214
0.1270
0.2721
0.0702
0.0166
0.0472
0.0568
0.0207
0.0409
0.0723
0.0396
0.0249

Subject4

Trail-1
Trail-2
Trail-3
Trail-4
Trail-5
Trail-6
Trail-7
Trail-8
Trail-9
Trail-10
Trail-11
Trail-12

Correlation
coefficient
at Target
Frequency=
6Hz
0.0835
0.0263
0.0480
0.3644
0.1555
0.0177
0.1104
0.0087
0.0325
0.0639
0.0220
0.0157

Correlation
coefficient
at Target
Frequency=
7Hz
0.0686
0.0459
0.0153
0.0881
0.0419
0.0292
0.3799
0.2999
0.0629
0.0108
0.0438
0.0538

Correlation
coefficient
at Target
Frequency=
8.2Hz
0.0713
0.0222
0.0461
0.0048
0.0453
0.0522
0.0601
0.0018
0.0259
0.4596
0.0319
0.0770

correlation coefficients

0.5

B. Performance Evaluation:
The most common measure to evaluate the performance of
SSVEP Based BCI is accuracy and Information transmission
rate (ITR). In this paper accuracy of the system is measured in
terms Maximum correlation coefficients obtained at target
frequency. Mathematically this is given by;

(5)

0.4

Where ρf is the maximum correlation coefficients at Target
Frequency, M is the number of Stimulus frequency. The
Information transmission rate (ITR) [9] is defined by equation

0.3
Target Frequency =6Hz
0.2

(6)
0.1
0
6

Where N is the number of Stimulus, P indicates the
classification accuracy and indicates the Bit per Target. The
6.5

7

7.5

8
8.5
Frequency

9

9.5

10

information transmission rate in Bits per minute is given by [8], [9];
(7)

0.5
Correlation Coefficients

The correlation coefficient obtained using CCA algorithm in
different trails for subject-1 is shown in table-1. The EEG
Signal recorded at stimulus frequency 10Hz in trials [1-3], at
6Hz in trials [4-6], at stimulus frequency 7Hz in trials [7-9], at
stimulus frequency 8.2Hz in trials [10-12].In Fig-4, the
correlation coefficients is obtained between the recorded
signal and the reference signal (Sine-cosine of certain
frequency). From figure-4 we can conclude that SSVEP
Signal of frequency same as the reference signal frequency
have the highest correlation coefficient compared to SSVEP
Signal whose frequency is different from the reference signal
frequency. Higher the value of correlation coefficient at
reference signal frequency indicates the maximum similarity
between SSVEP Signal and the reference signal

0.4

Where CN is the number of classification, T is the minimal time
between two consecutive command classifications. The table
-2 indicates the Accuracy and ITR obtained for each target
frequency of subject-1.

Target Frequency = 7Hz

0.3
0.2

Table: 2 Detection accuracy (%) and ITR (Bits/Minute) for each
Stimulation frequency of Subject-1

0.1
0
6

6.5

7

7.5

8
Frequency

8.5

9

9.5

Stimulus
Frequency
6Hz
7Hz
8.2Hz
10 Hz

10

Correlation Coefficints

0.5
0.4
0.3

The table-2 lists the detection accuracy for each stimulation
frequency and their corresponding Information transmission
rate (ITR). The above result shows that detection accuracy is
increasing in low frequency range (6Hz-8.2Hz) of SSVEP
Signal while start decreasing in high frequency range (above
8.2Hz) of SSVEP Signal.
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V. CONCLUSION AND FUTURE WORK

0.3

The main concern of this paper is the study of a novel method
based on canonical correlation analysis to detect SSVEP
Frequency from single channel EEG Signal. This method uses
the pre-constructed sine-cosine signal as reference signal for
SSVEP Frequency recognition.

Target Frequency = 10Hz

0.2
0.1
0
6

ITR
(Bits/min)
13.46
13.34
15.35
12.78

Target Frequency = 8.2Hz

0.2

0
6

Accuracy
(%age)
81.20
81.60
83.90
78.50
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Figure 4: Max Correlation coefficient of SSVEP
Signal occur at reference frequency
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The result indicates that the detection accuracy is increasing
in low frequency range (6Hz-8Hz) and start decreasing in
High frequency range (above 8.2Hz). The future work will be
focused on development of a mechanism by which detection
accuracy of SSVEP Signal can be improved into high
frequency range. The other main concern in our future work
will be to apply our proposed method to the implementation
of multi-command, real time portable BCI System.
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