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Abstract The brain-computer interface (BCI) technology enables direct interaction between the human brain and
computers or other external devices by analyzing and decoding neural activity. It can be used as a means of
information exchange or the restoration of motor functions and has been applied in communications, intelligent robot
control, biomedicine, and neurorehabilitation, etc. Functional near-infrared spectroscopy (INIRS), an optical
imaging technique that can be used to detect changes in hemoglobin concentration within the cerebral cortex, has
been employed recently in the development of noninvasive BCI. The development history, composition principles,
key technologies, future development trends, limitations, and problems of {NIRS-BCI are reviewed systematically
and in detail. Particularly, the feature-classification algorithm was analyzed comprehensively, and the result was
compared with statistical data from its predecessors to summarize several valuable conclusions and opinions. This
review is designed to provide a comprehensive and specific understanding of fNIRS-BCI and references and guidance.
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Table 1 A list of the quantity of literatures related to INIRS-BCI recorded in several databases

Database Superstar Discovery

Web of Science

) ) ) China National Knowledge
Engineering Village
Infrastructure

Quantity of entries 478 217

165 70
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Fig. 4 Proportion of main feature classification algorithms

used in fNIRS-BCI from 2004 to 2020
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F# 2 2004—2020 4F {NIRS-BCI H#1iE 43 2850 vk 46 2R 0 0 (3 T &Lk 3080408 P8 5 1k 3] 2020 4F 6 H)
Table 2 Retrieval results of feature classification algorithm used in {NIRS-BCI from 2004 to 2020

(Based on Superstar Discovery database; the statistical period is until June 2020)

Retrieval content Subject Abstract All the fields Average
SVM/Support Vector Machine 67/96 61/89 67/97 79.50
LLDA/Linear Discriminant Analysis 40/70 38/68 40/70 54.33
ANN/ Artificial Neural Network 10/19 9/15 10/22 14.17
DNN/Deep Neural Network 7/19 7/19 7/19 13. 00
CNN/Convolutional Neural Network 3/8 3/7 3/8 5.33
HMM/Hidden Markov Model 3/4 3/4 3/4 3.50
LR/ Logistic Regression 3/4 3/4 3/4 3. 50
QDA/Quadratic Discriminant Analysis 3/3 3/3 3/3 3.00
GBDT/Gradient Boosting Decision Tree 3/3 3/3 3/3 3.00
NB/Naive Bayes 4/2 4/2 4/2 3.00
RF/Random Forest 2/2 2/2 2/2 2.00
KNN/K-Nearest Neighbor 1/1 1/1 1/1 1. 00

HRAE R 2 MBS AR 520 T 2004—
2020 4 {NIRS-BCI Hf B REAF 43 205 5 EL U
WE 4 Frn, Naseer 257 45 41 2004—2014 4E
INIRS-BCI H 3= BLRFAE 43 5505 5 e UF I an 1] 5
Ji7s

I LDA
I svM
I MM
[ ANN
I other

44.2%

B 5 2004—2014 4 (NIRS-BCI *fifi F i) 3 B2 R AE
SR B 7 L OBl SR I 7 Sciik[10 D
Fig. 5 Proportion of main
algorithm used in {NIRS-BCI from 2004 to 2014
(data come from Ref.[10])
XTI 4.5 W] RIS B DLF 459
TE 2014 4 LIAET . LDA & fNIRS-BCI # & N H
R A28 g, ke SVM i 24 H , F K90
W SCHRED & B SVM Bl 1 fff FH 00 2 f v 19 4 2%
Bk, b AT DL#E Wy, SVM 7R G JL AR B9 INIRS-
BCIWFSE PV EE A Fr g I, =g 1T LDA, N
TH—LRIUEX DS, ARBA XME S Lk
B < R a7 s o 1 < 7 i e s O S

feature  classification

20152020 4E[AICSR 9 #6  SVM 5 LDA (% 3CH#ik
Bt (CBCE Y (E L IF U8 1 A BUEE0 IR B
WO R, WK 3 Fran ., AN TR, T 5 ARkl
Fi SVM A 75 SCilk BB HE Al A LDA B9 SCHlk B &
ST 60, 9% . BRI 22 Ah, b HEBR B KR
TR 25 3 N R A, AR PR A AE 5 — S B JE (Web
of Science) 7, X M 415 AH 56 3= B8 4% 14 46 2 2] A SC ik
WAT T B R A 45 B kB 2015—2020 4F [1] ,
PIE  SVM Ry SC#k %% & L i LDA 1 £ il
34. 6%,

# 3 2015—2020 & FIRIEWGEW K SVM 5
LDA ¥ INIRS-BCI 3 it i

Table 3 Quantity of {NIRS-BCI literatures related to SVM
and LDA included in several database from 2015 to
2020
Classification Superstar ~ Web of Engineering
) ) i Average
algorithm  Discovery  Science Village
SVM 54 34 22 37
LDA 31 23 14 23

HANE T LK, 2004—2020 4F INIRS-BCI #F
FEH HMM /) 5 A 7 b g 2014 4E DLET B TR
A AR HMM Z ik 17 INIRS-BCT H F i 4
AL MATE BT AR 22 04 2 3 SE AR SR I H 25 3
K& Mg iRl 3 4 451 T 2015—2020
AEE AR INIRS-BCI # F B A5 5 0
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# 4 20152020 4F INIRS-BCI F ZLAF 5 15 6L 31 A
Table 4 Summary of major {NIRS-BCI studies from 2015 to 2020

Classification Number of Classification
Reference Task Feature
algorithm  classification accuracy
MA and other 11 Slope of HbO, 77 % (personalized tasks) ;
Rel.[93], 2015 LDA .
mental tasks HbR and HbT, etc. 73 % (prescribed tasks)
MA and mental Mean of HbO and
Ref.[94], 2015 SVM 2 82.4% (the best)
counting HbR
MA, word generation, DNN: 63.2%;
DNN, LDA,
Ref.[95], 2015  mental rotation, and  Slope of HbO and HbR LDA: 64.3%;
and SLDA
rest SLDA: 65.7%
Active and passive
Average level of HbO
Ref.[96], 2015 movements of fingers SVM 2 71.82%
and spatial patterns
of the right hand
Mean, slope, quadratic
MI and ME (hand
coefficient, and 87.65% (hand extension) ;
Ref.[97], 2017  extension and finger ) SVM ) .
) approximate entropy 87.58% (finger tapping)
tapping)
of HbO
71.6%, 90.0%, 69.7%,
LDA, QDA, 89.8%, 89.5%, and
Mean, peak, slope,
KNN, NBC, 91.4% (2D features) ;
Ref. [82], 2016 MA and rest variance, kurtosis, and
SVM, and 79.6%, 95.2%, 64.5%,
skewness of HbO
ANN 94.8%, 95.2%, and
96.3% (3D features)
Approximation
ME of left and right )
Ref. [98], 2017 ) coefficients of EEG and SVM 2 91.02%
hand(hand grasping)
mean of HbO and HbR
) ) Mean, peak, slope,
Visual task of primary
Ref.[99], 2017 skewness, and kurtosis LDA 3 55.29%
RGB colors
of HbO
Mean, slope, and
MI of left and right 75.3% (HbO);
Ref.[71], 2017 variance of HbO and LDA 2
hand 72.3% (HbR)
HbR
Handshake, ball
rasp, poking, and Mean, peak, and Binary: 78.12%, 75.94% ;
Ref. [100], 2017 b POSIE 3 LDA 2 and 4 Y ’
cold temperature skewness of HbO quaternary: 50.31%
stimulation
Mean, peak, slope,
SVM: 86.19%;
ME of left and right variance, kurtosis, and SVM, ANN,
Ref. [87], 2017 ANN: 89.35%;
hand and rest skewness of HbO and and CNN
CNN: 92.68%
HbR
LDA: 78.7%
Mean and slope of LDA and
Ref.[101], 2018 ME of finger tapping 2 GLM: 65.76% (HbO),
HbO and HbR GLM

70.3% (HbR)
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Classification Number of Classification
Reference Task Feature
algorithm  classification accuracy
Mean and variance of 77.2% (HbO) ;
Ref.[72], 2018 MA and rest LDA 2
HbO and HbR 72.9% (HbR)
Wavelet energy of 87.31% (6 channels);
Ref.[77], 2018 Stroop task SVM 2
HbO 74.31% (16 channels)
Ref. [57], 2019 Speech imagery Mean of HbO RLDA 3 64.1%
Automatically
Drowsy and alert
extracted from DNN and DNN: 97.2% (the best);
Ref.[102], 2019 states of driving
different channels CNN CNN: 99.3%
a car simulator
and time windows
MI, word generation, Automatically MI task:91% (DNN),
n-back and extracted from DNN and 85% (SVM) ;
Ref.[60], 2020 ] 2 and 4
discrimination/selection EEG, HbO, HbR, SVM n-back task: 87% (DNN),
response task and HbD 82% (SVM)
Average level of HbO 64.50%, 67.75%,
Ref.[103], 2020 Emotional task LDA 2
and HbR 71.00%
AUC:94.4%, 93.6%,
82.6%, and 81.9%;
TKE and AUC of GBDT, RF,
Ref.[92], 2020 Self-paced walking 2 TKE(GBDT):
HbO, HbR, and HbT LR, and LDA
98.75% (offline) ,
100 % (pseudo-online)
Mean, slope, peak, LDA: 87.87%;
MI of left and right LDA, KNN,
Ref.[104], 2020 skewness, and kurtosis 2 KNN: 79.59% ;
hand, MA and rest and SVM

of HbO and HbR

SVM: 89.54% (the best)

Notes: MA means mental arithmetic; MI means motor imagery; ME means motor execution; GLM means general linear

model; TKE means Teager-Kaiser energy; AUC means area under the curve.

6 KIEEH

SESBRE
Z B BCIL 5t & % {NIRS, EEG., {fMRI #1
MEG %5 Z FhAS [R]85 245 19 2 A fil A 12 o 1 I & 1) 1R
A1 BCL &g B0st 1091060 il F INIRS Fl EEG 145
%5

6.1

Table 5

HEAT A 5 5 AR LA B A 5 M | ) A6 IF R 4 T fif
FH SO A, PR ORI 53 N B3 B 30 3 1 R A 245 1Y e
AWF5E. BAHANLEHFIEIEW L INIRS-EEG R4 BCI
(P g 1 T 24l (9 INIRS 5% EEG £ 40108
R4 BCI fE 3K 15 0 4 ) 1k BE 5 JH mT DS B8 AS () A
BHARM A EANEYIM . R 5 X LR WAL

A A BLAS BCT M L3

Comparison of various models of BCI

Resistance to

Resistance to

Spatial Temporal ) ) » Equipment
BCI mode ) ) motion electromagnetic ~ Portability Novelty
resolution resolution . . cost
disturbance interference
EEG * * ¥ % * * EE * *
PET * % % * * NA * * % % *
{MRI * % % * * NA * * % % *
{NIRS * ¥ * ¥ * ¥ * ¥ ¥ * ¥ ¥ * ¥ * ¥ ¥
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