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Abstract. In order to build a high-performance brain-computer interface (BCI) 
for cursor movement control, a P300-based BCI system using a five-select 
oddball paradigm was designed and implemented. We found that high intensity 
visual stimuli (HIVS) can improve the performance of BCI. 9 subjects 
participated in the test of the proposed BCI system. Each subject completed 40 
epochs with HIVS and low intensity visual stimuli (LIVS) respectively. The 
preprocessed data were classified by support vector machines (SVM). The 
averaged waveforms both from HIVS and LIVS proved that this new paradigm 
can elicit evident P300 potentials. Furthermore, the results indicated the 
information transfer rate (ITR) of HIVS could reach 5.4 bit/min, which was 
higher than 4.6 bit/min of LIVS. 
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1   Introduction 

To help paralyzed persons regain the ability of environment control is an important 
goal of the field of Augmented Cognition (AugCog). Many groups are eager to find a 
new channel, which does not depends on human peripheral muscle or nerve system, to 
translate information and commands between human and external world, namely 
called Brain-Computer Interface (BCI)[1].  

Among the applications of BCI, cursor movement control is studied frequently. 
Several electrophysiological (EEG) signals can be used for cursor movement control 
BCI, such as steady-state visual evoked potential (SSVEP)[2], P300 potentials[3], mu 
rhythm[4, 5]. Because of the short latency and no long-lasting operant training, P300 
potentials were applied widely[6]. Farwell and Donchin first applied P300 to brain-
computer interface in 1988, a 6*6 matrix of characters was presented to realize a P300 
speller[7]. Several methods can be utilized to distinguish P300 potential from 
background noise, such as independent component analysis (ICA)[8, 9], wavelet 
transform[10], step discriminant analysis (SWDA)[11] and support vector machine 
(SVM)[9, 12]. SVM is a supervised learning method used for classification and 
regression, and has been successfully applied in BCI [13]. In this paper, we utilized 
SVM to identified P300 potentials. 
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To develop a simple and practical BCI for cursor movement control, a P300-based 
BCI system with a five-choice (stand for UP, DOWN, LEFT, RIGHT and OK in 
virtual mouse) oddball paradigm was designed and implemented in our work. Our 
study demonstrated that high intensity visual stimulus (HIVS) could enchant the 
performance of this kind of BCI. 

2   Experiment Methods 

2.1   Subjects 

Nine subjects (five males and four females) aged between twenty one and twenty 
eight participated in the test of the proposed BCI system, all of them are right-handed, 
had normal or corrected-to-normal vision. 

2.2   Paradigm 

Subjects were seated in a comfortable chair, 100 cm from a 15-inch TFT monitor on 
which the stimulus interface was displayed. The circumstance brightness was 
120cd/m2, the maximal illumination of TFT monitor was 150Lx. Five small crosses 
that help subjects locate the target were shown on the screen in a cross-order form 
(see Fig.1(a)).  

 

Fig. 1. The stimulus interface 

 

Fig. 2. The proceeding of an epoch 
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During the experiment, a mark that stood for target was put onto one of the five 
small crosses in random order for a period of 100ms. Between two successive 
appearances of the marks, there was a 75ms of rest time. So, the time duration of each 
trial was 175ms, namely 5.7 trails appeared in a second. The mark appeared on each 
of the five small crosses once in a run, and each epoch consists of 15 runs. The total 
duration of an epoch was 13.125s. An interval of 3s was inserted into two serial 
epochs to make subjects take a short rest and prepare for next epoch. Fig.2 gives the 
exact details of an epoch. 

Every subject completed 40 epochs with low intensity visual stimulus (LIVS) and 
HIVS respectively. In LIVS experiment block, the mark was a white hollow circle in 
order to reduce the stimulus at visual cortex (see Fig.1(b)). In HIVS experiment 
block, the mark was a full rectangle, which would arouse high visual stimulus at 
visual cortex (see Fig.1(c)). 

2.3   Data Recording 

32-channel data was recorded with a BioSemi Active Two system at 256 Hz, but only 
six channels (Fz, Cz, Pz, Oz, T7 and T8) were used for further analysis. We placed 
the ground electrode at the top of the head as the system default. 

2.4   Analysis Methods 

After band-pass filtering between 1 and 16Hz, data was referred to the mean of T7 
and T8, both of which were far away form the vertex. Then 500ms length data was 
extracted after each trigger, there were overlap between two serial data segments 
obviously. For every subject, we got totally 75 (5 selections, 15 repetitions) segments 
in each epoch. Data downsampled to 32Hz from four electrodes (Fz, Cz, Pz, Oz) were 
chosen for further analysis. Time-domain waveforms of the four electrodes were 
cascaded as the feature vector. We used support vector machine to identify P300 
potential from background EEG, more details can be found in Burges’s paper[14]. In 
order to obtain a reliable result, we estimated the identification accuracy by a 10-fold 
cross-validation.  

3   Result and Discussion 

3.1   P300 Waveform 

The paradigm included 5 possible selections, but only one of them was attended by 
subjects at once, the probability of target occurrence is 20%. Sellers and his 
coworkers have demonstrated that P300 potentials can be elicited even when the 
probability of target occurrence is high as 33% and the probability manipulation does 
not compromise accuracy[15]. Thereby, P300 potentials should be aroused by this 
new paradigm. 

Averaged response waveforms from both target stimuli and non-target Stimuli at 
electrode Cz were showed in Fig.3 (subject 3, 40 epochs, LIVS). We could become 
conscious of that there was an evident peak around 300ms from target stimulus and 
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none significant feature around 300ms from non-target stimulus. The waveform from 
target stimuli was similar with the reports in the literature. We believed that P300 
potentials were elicited by this new paradigm.  
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Fig. 3. Averaged response waveforms from both target stimuli (dotted line) and non-target 
Stimuli (solid line) at electrode Cz 

3.2   Difference in HIVS and LIVS 

Polich et al. have demonstrated that the increase in stimulus intensity will bring on 
increases in P300 amplitude and decreases in peak latency[16]. Two kinds of stimulus 
intensity were applied in this paper, the averaged response waveforms in both HIVS 
and LIVS were illustrated in Fig.4 (All subjects).  

The waveforms from target stimuli both for HIVS and LIVS at electrode Pz were 
very similar. The effects of stimulus rhythm of 5.7Hz could be found. The amplitude 
of P300 potential was higher in HIVS than the one in LIVS, which agreed with the 
former report. But there were no significant difference between the latencies of P300 
potential for HIVS and LIVS. 
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Fig. 4. Averaged response from target stimuli both for HIVS (dotted line) and LIVS (solid line) 
at electrode Pz 



124 Z. Ma, X. Gao, and S. Gao 

3.3   Identification Accuracy 

For each subject, the identification accuracy versus the number of repetition trials was 
calculated. The averaged varying curve of all subjects was presented in Fig.5.  
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Fig. 5. The identification accuracies of HIVS (dotted line) and LIVS (solid line) 

Along with the increase of the number of trial repetitions, the identification 
accuracies increased monotonously in both HIVS and LIVS. Nevertheless, the 
identification accuracy in HIVS was higher around 5% than the one in LIVS when the 
number of trial repetitions exceeded 3.  

3.4   Information Translate Rate 

One of the measurements to evaluate the performance of a BCI is the information 
translate rate (ITR)[9]. Three factors influence the ITR: the number of possible 
selections, the identification accuracy and the duration of each selection. The bit rate 
B  should be calculated before the ITR R  is acquired. The bit rate is defined as 
follows:  

2 2 2Log Log (1 )Log [(1 ) /( 1)]B N p P P P N= + + − − −  (1)

N  is the number of possible selections and P  is the identification accuracy. The 
bit rate is information translated per epoch, we can convert the bit rate into ITR by 
R BM= , M  is number of epoch per minute. 

The results of offline analysis indicated that the information transfer rate of this 
BCI in high intensity reached 5.4 bit/min, apposed to 4.6 bit/min in low intensity. 

4   Conclusion 

A novel enhanced P300-based cursor movement control was designed and 
implemented in this paper. The new paradigm was demonstrated to evoke robust P300 
potentials from all subjects; also the ITR in HIVS was higher than the one in LIVS. 
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