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Table 1 Variance of average brain activation degree of subjects with time unit: pmol/L
Day Left Forward Backward
Day 1 4,107+1. 889 4,238+1.713 3.998+2.072 5.278+2.502
Day 2 4,173+1.873 3.694+1. 262 2.501+1.107 2.279+1. 141
Day 3 1.925+1. 262 2.165+1.702 1.86440. 659 2.289+1.104
Day 4 0.96840.902 2.02340.779 0.96140.916 1.50241.104
Day 5 1.53141.403 1.05140. 986 0.774+1.101 1.75140. 987
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Fig. 5 Topographic maps of brain blood oxygen activation degree of subjects. (a) Left; (b) right; (¢) forward; (d) backward
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Abstract

Objective Functional near infrared spectroscopy (fNIRS) is a non-invasive and reliable brain function detection
technology, while brain-computer interface (BCI) refers to the conversion of brain activities related to the subject’s
intention into commands for communication or control with external devices. fNIRS has many advantages as a brain
function detection method of BCI. In recent years, more and more research groups have chosen to use or jointly use
fNIRS as a detection method of BCI. However, the spontaneous activation signal of the motor cortex detected by
fNIRS is weak and the individual differences cannot be ignored, so the recognition accuracy in BCI is lower than that
of the traditional EEG method. The potential of fNIRS in BCI is far from being exploited. At present, there is no
literature on the relationship between the degree of brain activation and the experimental time based on fNIRS.
Considering that the measurement principle of fNIRS is related to the body’s blood oxygen activation, the blood
oxygen activation may be related to the number of experimental repetitions. The research team selects the commonly
used motor imagery brain signals as the research object and explores the relationship between fNIRS brain activation
and experimental time.

Methods We recruit 20 healthy volunteers to participate in this study. The experimental process and the
experiment are shown in Figs. 1 (a) and 1(b), respectively. In this study, a self-developed fiber optic fNIRS brain
function imaging instrument [ Fig. 2 (c¢)] is used to record the fNIRS signals. The offline analysis of the fNIRS
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signals is carried out by Matlab. After segmenting it, the modified Beer-Lambert law is used to calculate the changes
of hemorrhagic oxygen parameters. After removing the physiological interference, using the number of days as the
independent variable, we calculate the average of the daily signals of all channels in each paradigm.

Results and Discussions The data results are displayed in the forms of topographical maps and broken-line
graphs, as shown in Figs. 5 and 6, respectively. From these figures, with the increase of the number of
experimental days, the subject average blood oxygen activation level continues to decrease under the condition that
the external prompts remain unchanged and basically is at a low level after 3 d. The decrease in activation degree
shows the decrease in oxygen consumption, which indicates that under the same stimulus, as the number of
experimental days increases, the degree of brain activation gradually decreases, and the brain gradually adapts to this
spontaneous task. Compared with the forward and backward paradigms, the left and right paradigms require
participants to control the new variable of speed based on the completion of the task, which makes it more difficult to
complete the task accurately. The experimental results show that it takes longer for the left and right paradigms to
decrease to the same level than the forward and backward paradigms. This result shows that the brain needs more
time to adapt to more difficult instructions to reach a lower brain activation level. This reveals that the adaptability
stimulated by the fNIRS experiment is directly related to the difficulty of the paradigm. The more factors integrated
into the paradigm, the higher the difficulty and the longer it takes to adapt.

Conclusions This study reveals the adaptive phenomenon in the fNIRS brain activation experiment and the factors
that influence it. It is suggested that the research of BCI based on fNIRS also needs to consider adaptability. Since
the activation level is not stable at the initial stage of the experiment, the magnitude of the amplitude change may
influence the final feature extraction and classification effect. Therefore, it is necessary to conduct a period of pre-
experiment and process the experimental data before the start of the experiment and wait for the amplitude to
stabilize. If this characteristic is not considered, it will be difficult to extract the stable signal characteristics of
fNIRS, which will greatly reduce the recognition accuracy of BCI. Although there are individual differences in this
adaptability and it is not monotonously decreasing, this may involve more complex neural mechanisms. However,
most people reach a relatively stable level after 3 d. This result suggests that we can consider using the data after 3
days of training when conducting the fNIRS-based brain-computer interface research. At the same time, the
difference in training time requires that in the experimental process, the number of experimental days and daily
experiment volume of each subject should have a certain consistency so as to eliminate the errors caused by different
degrees of adaptation. Different paradigms have different adaptation time. Therefore, unless the effects of different
difficulty paradigms are studied, it is necessary to ensure that the experimental paradigms are similar in difficulty to
improve the efficiency of adaptive training and eliminate the errors of different paradigms.

Key words medical optics; functional near infrared spectroscopy; degree of brain activation; brain-computer
interface; motor imagery; adaptability
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