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Abstractð a brain-computer interface (BCI) reflects a userôs 

intention using brain information as input and is expected to 

work as a communication support system to assist people who 

have disabilities such as paralysis. As one approach other than 

the use of the motor cortex, we focused on changes in the levels of 

concentration measured in the prefrontal cortex. We believe that 

we can develop a BCI that reflects the userôs psychological 

condition (concentrating state, non-concentrating state). 

Therefore, we measured the brain activity in the prefrontal cortex 

by near-infrared spectroscopy (NIRS) and developed a BCI 

system for performing cursor control. First, we conducted 

preliminary experiments on 5 subjects to examine if mental 

concentration can be detected. An average classification 

accuracy of 82% was suggested. Next, we proposed a BCI system 

with a new design of interface by which to control the 

two-dimensional movement of the cursor using only 1 type of 

mental activity. We conducted experiments on 21 subjects to 

examine the feasibility of proposed BCI system. Based on the 

experimental results, the proposed BCI system had higher 

accuracy than the results of random trials. Moreover, the results 

of the practice average were higher than those of the 

non-practice averages. Therefore, experimental results appear to 

indicate that the task performance can be improved by practice as 

the subjects become familiar with the interface. So, we found that 

the proposed BCI system could be used to perform cursor control. 

 
Index Termsðbrain-computer interface (BCI), cursor 

control, near-infrared spectroscopy (NIRS), prefrontal cortex. 

I.  INTRODUCTION  

Recently, brain-computer interfaces (BCIs) that reflect the 

userôs intention based on brain information have been 

actively investigated [1], [2]. Brain information can be 

measured by, e.g., electroencephalography (EEG), electro 

corticography (ECoG), and near-infrared spectroscopy 

(NIRS). The purpose of a BCI system is to allow the user to 

control some type of device. As such, a BCI is expected to 

function as a communication support system that helps 

people who have disabilities such as paralysis, amyotrophic 

lateral sclerosis (ALS), or severe brain damage [3]-[6]. A 

variety of BCI systems have been developed. One approach 

is to control a cursor on a screen. In this approach, the user 

controls the cursor to move it towards a particular target. In 

this way, the user conveys his/her intention to the system. So 

this type of system offers a wide range of choices and a 

flexible interface. In previous BCI studies on cursor control, 

the system detected changes in the motor imagery in the 

motor cortex of the user and used this brain activity to control 

the cursor [7]-[9]. Brain activity is usually measured by EEG 

or ECoG. In addition, in a BCI system for performing 

two-dimensional cursor control, the system concurrently 

controls the two-dimensional movement of the cursor by 

allowing two types of motor image (such as right hand and 

left hand) to correspond to individual one-dimensional 

movements. However, using brain activity in the motor 

cortex has the following disadvantages. Some people can 

only achieve a low-precision, even if they are trained for a 

long time. Moreover, some people are completely unable to 

use their motor cortex due to disease or injury, and some 

people feel that two-dimensional concurrent control is 

difficult, even if the one-dimensional control is possible [10], 

[11]. For these reasons, several approaches other than the use 

of the motor cortex have been proposed. For example, one 

approach used an event-related potential component such as 

the P300 wave measured from the parietal lobe, whereas 

another approach used a steady state visually evoked 

potential (SSVEP) measured from the occipital lobe. 

Moreover, still another approach used the combination of 

this information and information from the motor cortex for 

two-dimensional cursor control [12]-[14]. As one such 

approach, in the present study, we focus on the brain activity 

in the prefrontal cortex as a way of overcoming the 

disadvantages of using the motor cortex. The prefrontal 

cortex is regarded as an important region that controls 

recognition, choice of information, and decision making 

[15]-[17]. We believe that it may be possible to develop a 

BCI that detects some aspect of a userôs psychological 

condition, for example, whether the user is concentrating 

(concentrating state, non-concentrating state). Therefore, in 

the present study, we developed a BCI system for performing 

cursor control by measuring the brain information in the 

prefrontal cortex. Moreover, we propose a newly designed 

interface to control the two-dimensional movement of the 

cursor using only one type of brain activity. The system 

detects changes in two psychological conditions and controls 

cursor movements on the screen by reflecting the userôs 

decision making regarding the cursor movement directions 

and distances. However, measurement by EEG or ECoG has 

some disadvantages. For example, measurement by EEG has 

a low spatial resolution, is susceptible to electrical noise, and 

has low signal strength. Moreover, ECoG is an invasive 

method and so there is a risk of infection. Therefore, we 

instead focused on NIRS and measured brain activity by 

NIRS, which is a non-invasive method. Compared with EEG, 
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NIRS has high spatial resolution but low temporal resolution. 

Moreover, NIRS is robust against electrical noise and 

produces a strongly varying signal that is easy to detect. For 

these reasons, in recent years, there has been a great deal of 

interest in using NIRS as a measurement method for a BCI 

[18]-[21]. 

 
Fig 1: Measurement sites 

II. MEASUREMENT OF BRAIN  ACTIVITY  

In the present study, NIRS was used to measure brain 

information. The NIRS (OEG-16, Spectratech Inc., 

Yokohama, Japan) has 16 channels and a 0.65 s sampling 

interval. NIRS measures the change in hemoglobin 

concentration in the blood based on the difference in the 

amount of near-IR light entering in vivo and returning in 

vitro by focusing on the hemoglobin absorption of near-IR 

light. Changes in oxygenated hemoglobin (oxy-Hb) 

concentrations and deoxygenated hemoglobin (deoxy-Hb) 

concentrations are measured. In the present study, only data 

pertaining to the change in oxy-Hb concentration are used to 

learn and discriminate brain activity [22], [23]. Figure 1 

shows that all of the measurement sites are in the prefrontal 

cortex. The numbers 1 through 16 indicate the NIRS channel. 

 

A. Comparisons of NIRS and other method 

Table 1 lists general methods used for measuring brain 

activity. Methods for measuring brain activity are classified 

as methods for measuring neural activity in the brain, e.g., 

EEG and MEG, and methods for measuring the change in the 

brain blood flow that is caused by neural activity in the brain, 

e.g., PET, SPECT, NIRS, and fMRI. The former has the 

advantage of being able to measure neural activity directly, 

although there are disadvantages such as susceptible to 

electrical noise, low signal strength, and susceptibility to 

body movement. Moreover, EEG has a low spatial resolution, 

and MEG is very expensive and difficult to perform. The 

latter is unable to measure neural activity directly but has 

some advantages, e.g., a strongly varying signal that is easy 

to detect. Functional MRI is widely used in the study of brain 

function because of its high resolution, fMRI and can be 

realized by modifying existing MRI equipment. However, 

fMRI has a disadvantage in that acoustic noise due to high 

sound pressure levels occurs during measurement. Neither 

PET nor SPECT are suitable for the study of healthy subjects 

because these methods use radioactive materials. Moreover, 

PET is very expensive, and fMRI, PET, and SPECT have 

posture restrictions during measuring. In comparison with 

the above methods, NIRS has the following advantages and 

disadvantages: 

 

Advantage 

 ̧No posture restrictions. 

 ̧Does not cause acoustic noise, such as fMRI. 

 ̧Safe (near-IR light is harmless to the body). 

 ̧Robust against electrical noise and is insusceptible to body 

movement because of the use of near-IR light. 

 ̧Has high spatial resolution compared with EEG. 

 ̧The operator needs no special qualifications. 

 ̧Operation is easy. 

 ̧ Inexpensive. 

 

Disadvantages 

 ̧No quantifiability. 

 ̧Has low spatial resolution compared with fMRI and MEG. 

 ̧Cannot detect fast change in neural activity. 

 

In particular, compared with EEG, NIRS has high spatial 

resolution but low temporal resolution. Moreover, NIRS is 

robust against electrical noise and produces a strongly 

varying signal that is easy to detect. For these reasons, we 

measured brain activity by NIRS. 

III. PROPOSED SYSTEM 

In the present study, the proposed system for performing 

cursor control was developed and examined. This system 

measures the information of a subjectôs brain activity by 

NIRS in real time and then uses the measured information. In 

this section, the system, methods, and equipment are 

described. 

A. Outline of the Proposed System 

The proposed BCI system is described as follows: 

i. The system has an interface screen for the subject to 

use. The subject sees information on the screen and 

Table 1: General methods. 

 
 

Fig 2: Overview of the BCI system. 


