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Fig. 1 High-sensitivity multi-channel {NIRS system used for data collection. (a) Schematic of {NIRS system;

(b) arrangement of optical fiber probes and channels
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Fig. 3 Changes of hemoglobin concentration in channel 4 for subject one in its No. 2 experiment
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Table 1 Features and channel numbers for classification

Feature Number
Subject Based on original Based on hemoglobin Based on original Based on hemoglobin
light intensity concentration changes light intensity concentration changes
S1 Kurt Skew 2 3
S2 Kurt Skew 3 3
S3 Kurt Kurt 2 3
S4 Kurt Kurt 6 5
S5 Skew Activation 3 3
S6 Kurt Activation 3 3
S7 Skew Skew 5 3
S8 Kurt Activation 5 3
S9 Skew Skew 3 3
S10 Kurt Kurt 3 4
Mean 3.5 3.3
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Table 2 Classification results of SVM models built with original light intensity and hemoglobin concentration changes data

Specificity /% Sensitivity /% Balanced accuracy /%
Subject Based on Based on hemoglobin Based on Based on hemoglobin Based on Based on hemoglobin
original light original light original light
. . concentration changes . . concentration changes . . concentration changes
intensity intensity intensity
S1 67.4 77.2 79.8 66.9 73.6 72.0
S2 65.4 66. 4 74.7 75.8 70.0 71.1
S3 71.8 66.5 70. 4 74.6 71.2 70.6
S4 67.0 62.2 79.2 84.4 73.1 73.3
S5 52.8 69.6 75.6 80. 4 64.0 75.0
S6 73.7 66. 1 71.1 78.4 72.5 72.3
S7 63.1 79.5 80.7 70. 3 71.8 74.9
S8 70.1 71.4 65.5 75.0 67.7 73.2
S9 65.3 73.4 65.9 73.4 65.7 73.4
S10 91.0 86. 8 60. 9 64.1 75.9 75.6
Mean 68.849.7 71.9+£7.5 72.4+6.8 74.3+6.1 70.6+£3.7 73.1+£1.7
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Fig. 4 Block-averaged hemodynamic response of ACyy, and AC,yz under different answers for subject 8 in its No. 8 experiment
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(b) No. 3 experiment for subject 3
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Brain-Computer Interface Application of a High-Sensitivity
Multichannel fNIRS System: Binary Decision Decoding for Positive and
Negative Intentions

Bai Lu', Zhang Yao', Liu Dongyuan', Zhang Pengrui', Gao Feng"”
" College of Precision Instruments and Optoelectronics Engineering, Tianjin University, Tianjin 300072, China ;

* Tianjin Key Laboratory of Biomedical Detecting Techniques and Instruments, Tianjin 300072, China

Abstract

Objective The detection of weak excitation signals in the brain requires high sensitivity, and accurately capturing
dynamic changes in the brain requires a high temporal resolution. Therefore, we adopted a full parallel excitation
mode based on a high-sensitivity multichannel fNIRS system to detect weak excitation signals in the human brain. A
traditional binary fNIRS-BCI study involves two tasks representing positive and negative states. A subject expresses
their binary intention by performing a task, which is not considerably convenient. To realize a more direct
recognition of subjects’ intentions, we used the lock-in photon-counting technique by employing the full parallel
excitation method to obtain fNIRS signals from the prefrontal cortex of ten subjects when they are thinking about
their personal situations. Additionally, a support vector machine (SVM) was constructed based on the data of the
original light intensity and changes in the hemoglobin concentration. The full parallel excitation mode of the high-
sensitivity multichannel system was used to detect signals in the brain and directly decode the “positive/negative”
binary intention of the subjects to achieve the inner intention of the subjects more efficiently and directly. It is useful
for practical applications of {NIRS-BCI.

Methods  The high-sensitivity multichannel fNIRS system comprises light source, detection, lower computer
control, power, wireless communication, and upper computer operation modules (Fig. 1). The experimental
paradigm is as follows. Before starting each experiment, we set a 30 s rest period. After the rest, the formal
experiment is divided into four parts. The first part involves a questioning state of 5 s, where a question about a
personal situation, such as habits and hobbies, appears on the screen. The subject should understand the question
without overthinking it. The second part involves a thinking state of 10 s. The subject ponders this question and
reaches a conclusion. The third part involves an answering state of 5 s; the subject presents his/her answers by
pressing the corresponding key. The final part involves a resting state of 5 s, where the subject relaxes and rests.
When the resting state is over, the questioning state of the next question begins and the cycle continues until ten
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questions are asked in a series of experiments, after which the experiment ends. Thereafter, there is a 30 s rest
period (Fig. 2). The average ratio of the positive answers to negative answers to each question among the ten
participants is 56. 8:43. 2. After filtering at 0. 01-0.04 Hz (Fig. 3), five features (mean, variance, skewness,
kurtosis, and activation level) are extracted based on changes in the hemoglobin concentration. The features and
channels are selected using the subjects’ optimal classification performance and Fisher-score method (Table 1) to
construct the SVM classifier. Therefore, to further evaluate the classification accuracy and verify the proposed
method, we used the ten-fold cross-validation method. For comparison, the classification of raw light intensity data
based on a similar processing technique was also investigated.

Results and Discussions The average classification specificity, sensitivity, and balance accuracy in the case of the
ten subjects are 68.8% +9.7%, 72.4% £6.8%, and 70.6% £ 3.7%, respectively, based on the original light
intensity data and 71.9% +7.5%, 74.3% £6.1%, and 73.1% +1.7%, respectively, based on the hemoglobin
concentration change data (Table 2). The accuracy obtained using the hemoglobin concentration change data is
3.5% higher than that obtained using the original light intensity data. Additionally, both classification accuracies are
higher than 70%, which is the critical value required for BCI practical applications. The block-averaged
hemodynamic response of HbO and HbR and the optical topographies of the oxyhemoglobin concentration in the case
of different answers are obtained to compare the state of the brain when presenting different answers (Figs. 4 and
5). The results show that the brain excitation condition of this paradigm is located in the subprefrontal part of the
brain, which is greater in presenting a positive response than a negative response.

Conclusions In this study, we used a high-sensitivity multichannel fNIRS system based on the lock-in photon-
counting technique to detect signals in the human brain by employing the full parallel excitation method. We used the
original light intensity and hemoglobin concentration data to construct the SVM model to recognize subjects’
“positive/negative” binary intention. The average classification accuracies of the original light intensity data and
hemoglobin concentration change data were 70.6% + 3.7% and 73.1% * 1.7%, respectively. Therefore, we
demonstrated the ability of the high-sensitivity multichannel fNIRS system to directly detect the “positive/negative”
binary intention of the human brain. The findings of this study provide a useful idea for applying INIRS-BCI in clinical
applications and daily lives, such as helping patients with locked-in syndrome express their intention more directly
and developing a more convenient brain-controlled smart home.
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support vector machine

0507001-8



