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Advances of near infrared spectroscopy combined with electroencephalogram in brain function

analysls
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Abstract: Near infrared spectroscopy (NIRS) and electroencephalogram (EEG) play an important role in brain science research.
The joint detection technology using the combination of NIRS and EEG can achieve better results than single detection technology
in the analysis of brain function, so as to understand the physiological mechanism of the brain more clearly. Herein the principles
of NIRS and EEG are firstly introduced, and the two technologies are compared with other brain detection technologies to analyze
their advantages and disadvantages. Then the technical essentials that need attention during system designing are summarized,
and the applications of NIRS-EEG joint detection technology in the analysis of brain function are listed, thereby analyzing the
advantages and existing problems of the joint detection technology and then putting forward some countermeasures and proposals
to solve these problems. Finally, the development trends of the proposed technology are discussed.
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Fig.1 NIRS-EEG joint detection system block diagram
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Fig.2 3D printed joint measurement probe cap (a) and its schematic diagram (b)

P51 B ARG BB AR T 9 5t A O
(B R AL S M I M L R R P NIRS 4R Sk
AR R 2 i B il B2 PR e 3 1 R AT BR

A — T fife TR 5 5 R DA% 4 i F R B I Dy

b:REE

JB& i A b AU A 45 S 0S5 R 45 1) P ==
AR RLS, LR 2R REFT AL, e SR i
AL NS I E AE— o XTI AR, S
B, (EAE 2 AL 5 P, 0 T A R A A3



- 1326 -

] 22

IR 553745

UL LT MRS A B 22 () (4 wh 28, 78 H R 50 A NTRS #£
S B B K I R AN

SR, NIRS-EEG B A K6 2 4t e (5 )
— Ja il 45 ) B o P R R o R ST B A A,
ARG Z A b o A T4 I R0, BUE 22
A E 3 PR FE AR B R, SO (R ST 2T A G TR AR
D25 22 ] A [T 52 o B AR A e 2 ) B 4 A0
(BT 5 T F, R A R0 21 MR S BT B I s 2
JRUE b AR R

3 NIRS-EEG Bx & & il 7£ i Th B 43 4 o 19 52 R

G k27 2 A 5 B A AT R T A R R AR A
2ER RS R A I B, R R
T 5 2 R 20 1 [ 2 0 ol 28 50 %o A1 I S
IV o T NIRS FE 38 32 ' 27 Dt B 21 A i il 420 il 3
5 ST T ARG 6 s b, 4% s R B L 97 3 0 2 22 1) A v A
KFZR Y, NIRS 5 MRI A Bk A K I BEA AL, #4052
FE TR MRS HLH , NIRS $ A JE T K iz )2 Y
I AR 2S5 TR0 0 4 28 0 16 3h =22 8] A I AR 3 et
e G 2H 2 0 2T AR R A T ke RS A i J S DX 35 o
T B A AR A TRIEE SR G A i 229 B0

NIRS-EEG kA ki I 22 ¢ 6 D\ 0 i 2B 24 19 F
SO RAR A Z . 7EiX A0 48, NIRS-EEG
G A I 22 0 K 22 38 3 A0, — R 2 Y T
Y W9 KM 1 sh AE e R E % R iz )
B FUNIRIG 45 T 00 I3 20 ) 2% R A= 3 AR AL
3.1 BRERIEMIZEE

HWFFE N 51 NIRS-EEG 446 I 22 58 4 b A5
F2 52 WT b o 35k i R i ) 38 45 B R R 1 R
5. Rovati 55 fifi F #x A X i NIRS-EEG Bt A 46 1
IS PPAL 9 44 323X 7 e A L S 0 9 B e DX o 37 )
125 A8 AL AR S W 8 155 & L A (Steady-State Visual
Evoked Potentials, SSVEP) , % [t A [A] 5 B 3035 T 1Y
A HECE . 45 8o BT BR JE HbO, W B T =
HbR ¥ FEAG . e AT 0% 228 1k 5 000 58 32 1) O 3 B
B 58 B R I RO AR T B AR 25 L SR RN
PR ™ A TR B B /N R SR RO R R SSVEP J
e A1 -5 0 B B 2 ) O R 2R, UE BT I U B
712¢ 5 ERP 4R R 2 (8] HA e MM SC . e4h, X
Fofr J52 07 #0822 B 1 5 300 i A N b 7 ) %o 5 2
Liu 4&7{i F{ NIRS-EEG I & il R 48 (Rt , BGHE i
NIRS FI 3 /™ i Hi, B4 ) XoF 10 42 fekt B B\ 34T 90 5 3l
WL, L3R IO B0 ) 2 AR A AR S L e 5 R
HL A 1Y PTOON 135 R MR AR fk o SOG4 e BH , M3 B2
JZ P10ON135 R M 5 fiki S0 A5 v B S 2 ME G &R o TR

Z B 1 NIRS-EEG £61 1 A i g 5 K5z 00 1 53 B
PRAE T —FIB T

Ehlis %% 10 44 32187 [A] 0§ #£17 T NIRS-EEG
T (AU IX, 22 38 18 ENIRS F1 3 /> H B A% ), LAST
Al N2k Bz J2 T i v 14 PR AR DG 1 o RS T4
JE 8 R 3 ) 3 G S B B 1 38 DA 9 1 K i 92 37 1Y)
F R R T o B I B ) A AR A R
FHES A, B IR 145 i B30t 5 0 i AR I iz T
T Bl 12 SO A 5 A S AE A DG, R PS O 4R M 19 /N A
A&, Jausovec 2555 F| ) NIRS-EEG BX 4 #  Z
gt (T, 8 i A NIRS F1 19 4™ fini H o i ) AiFF 5 1 1) 22
S5 R A BRI RTINS PR AN ], 5 2R O
T AE AT AT 45 1sF iy SEC0R R BE 0 AR A B i L
LI & O ) ERP R 8 P11 P3 i 1 550, i 55 4k
14 N4 J 5 25 o e, 052 35 B T i ) S80GSR B
LTS

Takeuchi %5 F| Ff} NIRS-EEG Bt Al 22 45 (4
i , 103 3 38 NIRS F1 32 /> il HL B AR ) X 18 44 52 10K
T FEL T A 00 T v e 2 B A IR A TR B T R AT G
. 3 FaE H 2 M #X #Y (General Linear Model,
GLM) [ ML 32 801 1 2445 5 43 A1 8« 26 SRSt 1), X
4% A S5 X HbO, v B T 5, Bifl i A8 Ak 37 1l 21 ) il
R T 0 K R SRR IX i L P Sl S s, AR 2 H
PETE 22 ms IR B WEEAE , LI 8h J1 24 5 P22 2%
AHOE , UE B GLM 23 #1 il DL 7R 43 )2 PR JEGa 42 v e 22
T ) B TR T L 5L R A A 20 A B R R —
WA — BB 5T A5 NIRS-EEG ¢ & 61 2 58 fF 5%
iz g Bl Norbert % WF 58 T A Kiz h47 h (AnF-45
iz B1) i w1 W5 HbO, W ORI LAY & &R, H
NIRS-EEG B4 46 5 4 (4R, B3 1 NIRS 3
F, R ) SRR 10 4% 23 101 B, X b T 3%
A TE 5 min AR 2 A AT 10 min F 45 Fifi 212 301 8]
MRS . WS A B, TE R B DI (8] 248k 21 1) HbO, Ui
(B 3 s, i F ] B3t o, 2 BH iz Bl J JZ 42 0T
() 2475 M AR AL G218 | UE B 548 7 AH X 1 2 174 B[] i)
B (K29 10 s) WIFAR 7 A %42 s nl e -5 0K 8 I 9 Al
R I AR B I R R A K
3.2 {ERERA

5 BN LE i B2 A 5 b o A R A, R
WM EIE AN B EEE AR, Bl K24
NIRS-EEG I £ K6 1 22 45 114 15 2 15 3 AG 0 X sk = 22
A AR TR NG DX, B 5 A AT) R B — X3 L A
I A2 A S P g, T AR G2 1 Sk BT R #E S
(52>, Balconi 4 /| Fl NIRS-EEG Bt 4 K il 52
St (A, 6 3 18 NIRS A1 16 4™ fii HL LB ) X 20 44 527



10 R,

- NIRS-EEG Hk-A K6l 5 A A il D BE 73 H7 Hh BT 5 i

- 1327 -

BE PRI . A AT EOR S22 B 2T R AN )1
BRI E R o G5 R  6F TIHARC 26 R 0, B o
FH ) EEG Hh 32319 8 Fl o 1 BEFI HOO, 1 28 Ak 72 1
S50 5328 A TR I A DGR X R A 26 1 R
TS KB & o Takeda 26 VBT T WS84 12 4452
AT R Z 2, T 454 T NIRS-EEG B &
R 22 48 A H A A FRAE SR R GE . B0 F T 4% 2 1Y)
IO PG 26 R IR AR BAE S I A2 A AN RR A G, A2
A DX FRUR A5 28 1 £ T 355 0 658 A ) i X4
W AR 25 (1) A= S B S 3 . Hoshi 25/ [a] B H: NIRS
(L 1647 FRIAi A E ) \ERPs(iliid 6 1~ EEG 2
W) 4 B o e DK R S5 5 R T AR I 4 R
MR A5 K2 T HbO, e B B T, T B 1% 445 11 b
& A HMUTFTAT I K 5 HbO, 1 B (BRI

Herrmann 45 255 K I D38 J 21 17 4 il , A
FHE A 46 00 25 8 (4> il , 52 38 18 NIRS F1 6 ™ fiki i,
) X E 36 44 32 3535 7E B — (4 A7 SRR TR AT 55
OUTE AT 55 S 00 i 0 A BRARCH o 45 SR o, 7E XU AT:
SSIZRMETT  HTAT B2 2 N A 4 TT T Bl e R
LB —AT55 HH EL, P10O PR IR FFAIR , {5 P300 I 1 15 A7 i
7 U A BRAIG o 3T B AR T 1T B 17 B i R AN
Pt et ol = IP) LM (T 1 ik 1T 2ot P S s o
R A7 Al T A B 0 Ak PR A T R 5 T

nREZ B

4 DEMERE

A A 4E T NIRS-EEG BE G 46 2 G AE RTS8 A
IR 2B} 2 G ] ) B AR R sSORL LA . 3 1048
K ,NIRS-EEG Bk 6 I 75 TA R 2227 1) 1o FH e
AR . SRR H A R X I A SR S A X R #] 4
G 5 NTR'S 368 3 50 AN R FEL AR 50 R /D 31 225 A 26
WE ML ERL KR, XL 2R
UEBH T M35 2 27 R R 22 [] 9 A DG 3 3 7
B ARG A KGN 43 BT, AT LA G ot B A R M A 22
32 AR AR B R Sh R, R R R R
BHAFE.

H AT BB A R 2 R A R BR 1 . — 2 H A
KL BN FHAE AR 2 A e B A5 K 000 2 ' 2 4
H e B — i X, L3 R A, AN R R A B
SBHE R AN HT o R ZE 42 il A B6 G A 2R 52
L 56 TS [ X 22 8] AR B A 5 00 4 G 0 A e AR
Ao TR BOR IR A WA K R R O
Flores) fH K2 HURBE R ALHLAT EAE AL 18] Y 1 TRk
R TCL e R B I A7 AR T 2 AR R R
1k, SIS A SR R . =& NIRS Z 4% K iz )2

OR =7 PN 2O

FERK 1 e T BN A I w5 A R AR RIE S
ST, B ENAS ) il X 22 e VS A A AR Dk 5 5 —
RS EER R e N NI S e RS N
NIRS B 22 3 B B0 1 B T 5 5 — s (e 4 s ik 4
(LT 8E 77, A BEIEAT T i 0 36 0 4 i 9 4E
BRI 5 565 DU B3y RAF A o R, 45
AR A 0 A A5, BT B B R 2 () I R 2 51
¥ X SEHERJE NIRS-EEG 1564 K6 I 7 AR A fiki D BE 43
BrASK ) % J8 1ol o

[ 5% k]
[1] CHIARELLI A M, ZAPPASODI F, DI POMPEO F, et al
Simultaneous  functional  near-infrared  spectroscopy  and

electroencephalography for monitoring of human brain activity and
oxygenation: a review[ J ]. Neurophotonics, 2017, 4(4): 041411.

[2] FU Y F, XIONG X, JJANG C H, et al. Imagined hand clenching
force and speed modulate brain activity and are classified by NIRS
combined with EEG [J]. IEEE Trans Neural Syst Rehabil Eng,
2017, 25(9): 1641-1652.

[3] RmeAZ, REBIR. AP 48RRI AR N Jn 2 B AT 04 B S R
[J). B3 5 8 0526 &, 2018, 39(11): 1055-1058.

ZHAO P C, ZHU Z Q. Research progress of three brain functional
imaging techniques in cognitive dysfunction[J]. International Journal
of Anesthesiology and Recovery, 2018, 39(11): 1055-1058.

[4] R, RAEK, RIk, . — b SHLEM & fo i 21 oD RIS R IR

KkBEFEAAFERAR[I]. AMEFTARFLE, 2018, 35(2): 290-
296.
XIONG X, FUY F, ZHANG X B, et al. Design and experimental study
of a multi-modal EEG and near-infrared spectroscopy combined
acquisition helmet[ J]. Journal of Biomedical Engineering, 2018, 35
(2): 290-296.

[5] VILLRINGER A, CHANCE B. Non-invasive optical spectroscopy and
imaging of human brain function[J]. Trends Neurosci, 1997, 20(10):
435-442.

[6] MINGUILLON J, LOPEZ-GORDO M A, PELAYO F. Trends in EEG-
BCI for daily-life: requirements for artifact removal [J]. Biomed
Signal Proces, 2017, 31: 407-418.

[7] DIFEI L, SHEN L, XIAOMING L, et al. Interactive brain activity:
review and progress on EEG-Based hyperscanning in social
interactions[ J ]. Front Psychol, 2018, 9: 1862.

[8] CROCE P, ZAPPASODI F, MERLA A, et al. Exploiting neurovascular
coupling: a Bayesian sequential Monte Carlo approach applied to
simulated EEG fNIRS data[ J]. ] Neural Eng, 2017, 14(4): 046029.1-
046029.11.

[9] VONLA, WABNITZ H, SANDER T, et al. M3BA: a mobile, modular,
multimodal biosignal acquisition architecture for miniaturized EEG-
NIRS based hybrid BCI and monitoring[J]. IEEE Trans Biomed Eng,
2016, 64(6): 1199-1210.

[10] POLAK T, HERRMANN M J, MULLER L D, et al. Near-infrared
spectroscopy (NIRS) and vagus somatosensory evoked potentials
(VSEP) in the early diagnosis of Alzheimer's disease: rationale, design,
methods, and first baseline data of the Vogel study [J]. J Neural
Transm, 2017, 124(11): 1473-1488.

[11] ATKINSON J, CAMPOS D. Improving BCl-based emotion



- 1328 - o B A P A R R $37%:
recognition by combining EEG feature selection and kernel language learning BCI system[J]. IEEE Sens J, 2016, 16(8): 2726-

classifiers[ J]. Expert Syst Appl, 2016, 47: 35-41.

[12] &8 &. & T EEG-NIRS Bt A0 4k & H o9 4 %4751 [D]. A% &
MR, 2017.

LI R C. Classification identification based on EEG-NIRS bimodal
action intent[ D |. Nanjing: Southeast University, 2017.

[13] CROCE P, BASTI A, MARZETTI L, et al. EEG-fMRI Bayesian
framework for neural activity estimation: a simulation study[J]. J
Neural Eng, 2016, 13(6): 066017.

[14] WALLOIS F, MAHMOUDZADEH M, PATIL A, et al. Usefulness of
simultaneous EEG-NIRS recording in language studies[J]. Brain
Lang, 2012, 121(2): 110-123.

[15] JOBSIS F. Noninvasive, infrared monitoring of cerebral and
myocardial oxygen sufficiency and circulatory parameters [J].
Science, 1977, 198(4323): 1264-1267.

[16] SHIGA T, TANABE K, NAKASE Y, et al. Development of a portable
tissue oximeter using near infra-red spectroscopy[J]. Med Biol Eng
Comput, 1995, 33(4): 622-626.

[17] LINY, LECH G, NIOKA S, et al. Erratum: Noninvasive, low-noise,

fast imaging of blood volume and deoxygenation changes in muscles

using light-emitting diode continuous-wave imager [J]. Rev Sci

Instrum, 2002, 7(3): 3065-3074.

SCHUDLO L C, CHAU T. Development of a ternary near-infrared

spectroscopy brain-computer interface: online classification of verbal

fluency task, stroop task and rest[ J]. Int J Neural Syst, 2017, 28(4):

1750052.

[19] %/ 3%, 363548, )3k, & . & T e & S a9 12 45 X L 4o o1 k3%
BRI [T]. P B A4 E 5 TA SR, 2007, 26(6): 898-902.
ZHENG Y, LUO Q M, LIU Q, et al. Development of portable near
infrared spectrometer for detection of brain function activity [J].
Chinese Journal of Biomedical Engineering, 2007, 26(6): 898-902.

[20] 224%, F= M F, 545, 5 . AT 8T R TARITICAR R 8938 40 9P b 5 R
[T, P EA (G4 B 3 R F), 2007, G(S1): 110-117.
GONG H, LI C J, LI T, et al. Near-infrared optical imaging of working
memory in prefrontal cortex[ J]. Science in China (Part G: Physics
Mechanics Astronomy), 2007, G(S1): 110-117.

(21] 2 B, TRAOIR, 258 A . WU IR SUER K i e 8 05 0 AL 333 [T
Bk 238, 2007, 37(7): 653-655.

LI L C, ZHANG Y S, LI J G. Design of dual-source dual-probe
cerebral blood oxygen monitor[ J]. Laser and Infrared, 2007, 37(7):
653-655.

[22] MACNAB A J, GAGNON R E, GAGNON F A, et al. NIRS
monitoring of brain and spinal cord-detection of adverse
intraoperative events[ J]. Spectroscopy, 2015, 17(2-3): 483-490.

(23] @, 2skik, ERHF, 5. 5T NIRS-ICG 4 b fif % 2410 &
[J]. kg3 5 k3% 947, 2017, 37(4): 1069-1073.

ZHAY T, LIU G D, WANG Y X, et al. Noninvasive measurement
of cerebral blood flow based on NIRS-ICA[J]. Spectroscopy and
Spectral Analysis, 2017, 37(4): 1069-1073.

[24] TiBwE, T o, . & 5 EEM AhA R P14
R[], ik 5 5 kg 547, 2001(2): 28-32.

DING H S, WANG F, LIN F, et al. Near-infrared photon migration in
biological tissues with multi-layer structure[J]. Spectroscopy and
Spectral Analysis, 2001(2): 28-32.

[25] ki, 2, KM, & A FXAREI L AN B BHI[T]. 24

&5 T42 510 /K, 2006, 10(2): 109-112.
ZHANG H N, L1'Y, ZHANG X, et al. Development of digital wireless
muscle blood oxygen monitor [J]. Biomedical Engineering and
Clinical Medicine, 2006,10(2): 109-112.

[26] WATANABE K, TANAKA H, TAKAHASHI K, et al. NIRS-based

[18

[l

2734.

[27] HIROMASA T, HISAO N, AKIHIRO I, et al. Cerebral hemodynamic
responses during dynamic posturography: analysis with a multichannel
near-infrared spectroscopy system|[J]. Front Hum Neurosci, 2015, 9:
620.

[28] B %E, KA, £30, . A T E s Ry bz v [J].
b RGE K IR, 2017, 51(12): 1456-1463.

JIAO X J, ZHANG Z, JIANG J, et al. Brain-computer interface based
on functional near-infrared spectroscopy [J]. Journal of Shanghai
Jiaotong University, 2017, 51(12): 1456-1463.

[29] SONG H, CHEN L, GAO R, et al. Automatic schizophrenic
discrimination on fNIRS by using complex brain network analysis and
SVM[J]. BMC Med Inform Decis, 2017, 17(3): 166.

[30] S4BT, TR, FHeAR, 5. Hh L Lo R R R K Gl S
hae P ey B [T]. AR & e dh sy 29N &, 2018, 31(3):
189-192.

SIJN, ZHANG WY, LIY X, et al. Application of functional near-
infrared spectroscopy in brain cognitive function [J]. Journal of
Stereotactic and Functional Neurosurgery, 2018, 31(3): 189-192.

[31] CHIARELLI A M, MACLIN E L, LOW K A, et al. Combining
energy and Laplacian regularization to accurately retrieve the
depth of brain activity of diffuse optical tomographic data[J]. J
Biomed Opt, 2016, 21(3): 36008.

[32] #t-F, W54, FROK, 5 . R T RS M-t 00 0 L 2 43
SAR AT, I F IR, 2016, 65(11): 285-293.

XIE P, YANG F M, LI X X, et al. Coupling analysis of brain EMG
signals based on variational mode decomposition-transfer entropy
[J]. Acta Physica Sinica, 2016, 65(11): 285-293.

[33] Z W43, AL P00 ey Kok 5 2B A LA 52 D], #da: ol
AR F,2016.

WANG L J. Research on denoising and extraction algorithm of visually
induced P300 potential[ D ]. Jinan: Shandong University, 2016.

[34] 223% . A T VR 5 EEG 994 4437 8] & 4eik it 55 RAL[D]. /1 %

I KF,2017.

JI Q. Design and implementation of emotion recognition system based

on VR and EEG [D]. Guangzhou: South China University of

Technology, 2017.

AME, 8 E, T 22, %5 BEGIMRIBAOHALEHLE TR

AT, 4 d )R8 K FIREEAA 3R, 2017(6): 74-81.

QIN P M, HAN J R, WANG Y Z, et al. Application of EEG-fMRI

fusion technology in resting state[J]. Journal of South China Normal

University (Social Science Edition), 2017(6): 74-81.

[36] LAGANARO M. Inter-study and inter-individual consistency and
variability of EEG/ERP microstate sequences in referential word
production[J ]. Brain Topogr, 2017, 30(6): 785-796.

[37] & B 3 % 4% fNIRS-EEG A4k A& B At M4k 49 AT 7 [D]. &,
B AP AR F, 2018,

GAO CY. Improving the performance of fNIRS-EEG dual-mode joint
detection in whole brain[ D ]. Wuhan: Huazhong University of Science
and Technology, 2018.

[38] fkA A, & R4k, R, F . @b i) 04 B b A5 AR AT 20 432 [T,
P EA 12 8AF, 2019, 49(9): 1097-1118.

ZHANG G H, YU W J, CHEN G, et al. Review of EEG characteristics
for emotion recognition[J]. Science in China, Information Science,
2019, 49(9): 1097-1118.

[39] CHANEL G, KIERKELS J J, SOLEYMANI M, et al. Short-term
emotion assessment in a recall paradigm[J]. Int J Hum-comput St,
2009, 67(8): 607-627.

[40] FAZLI S, MEHNERT J, STEINBRINK J, et al. Enhanced performance

—
o
A

[



10 R,

- NIRS-EEG Hk-A K6l 5 A A il D BE 73 H7 Hh BT 5 i - 1329 -

by a hybrid NIRS-EEG brain computer interface[J]. Neuroimage,
2012, 59(1): 519-529.

[41] YIN X, XU B, JIANG C, et al. A hybrid BCI based on EEG and fNIRS
signals improves the performance of decoding motor imagery of both
force and speed of hand clenching[J]. J Neural Eng, 2015, 12(3):
036004.

[42] KOTA S, YASUKO O, YOSUKE K, et al. The relationship between
the superior frontal cortex and alpha oscillation in a flanker task:
Simultaneous recording of electroencephalogram (EEG) and near
infrared spectroscopy (NIRS)[J]. Neurosci Res, 2017, 8(11): 30-35.

[43] 5k & . 3 ZH & R LM I o A e R AE AL [D]. Rt &
FAHK A, 2015.

ZHANG L. Improving the sensitivity of continuous light near-infrared
brain function detection[ D ]. Wuhan: Huazhong University of Science
and Technology, 2015.

[44] TANVEER T M, ROBERT F H, SOLOMON G D. Modeling
neurovascular coupling from clustered parameter sets for multimodal
EEG-NIRS[J]. Comput Math Method M, 2015, 2015: 1-13.

[45] % 2 2 . & F EEG A= INIRS #9328 3 48 .45 5 447 [ D] AL M : AL
& F A K F, 2018.

LIU W X. Analysis of motion imaging signals based on EEG and
fNIRS[ D ]. Hangzhou: Hangzhou University of Electronic Science and
Technology, 2018.

[46] LANA V, ABACI T E, SILVINA L F, et al. Exploring early human
brain development with structural and physiological neuroimaging[J].
Neuroimage, 2018, 187(15): 226-254.

[47] LIU G, WEI X, ZHANG 8, et al. Visual evoked nerve cerebral oxygen
characteristics analysis based on NIRS-EEG/ J]. Optik, 2018, 160: 168-
175.

[48] SUN J. Correlation between hemodynamic and electrophysiological
signals dissociates neural correlates of conflict detection and
resolution in a Stroop task: a simultaneous near-infrared spectroscopy
and event-related potential study[J]. J Biomed Opt, 2013, 18(18):
6014.

[49] GAO C, SUN J, YANG X, et al. Gender differences in brain networks
during verbal Sternberg tasks: a simultaneous near-infrared
spectroscopy and electro-encephalography study[J]. J Biophotonics,
2018, 11(3): €201700120.

[50] TIWARI N, EDLA D R, DODIA S, et al. Brain computer interface: a
comprehensive survey[ J ]. Biol Inspir Cogn Arc, 2018, 10(5): 118-129.

[51] DUAN X, ZHANG D, NIE L, et al. Rapid discrimination of
geographical origin and evaluation of antioxidant activity of Salvia
miltiorrhiza var. alba by Fourier transform near infrared spectroscopy
[J]. Spectrochim Acta A, 2014, 122: 751-757.

[52] vHAE, RAGA, irin, 5 HLLIP RS R AL R R Fadb 245

Fag A )] s BA MR, 2017, 25(5): 731-741.
YE P X, ZHU R D, TANG H H, et al. Application of near infrared
optical imaging in social cognitive neuroscience [J]. Advances in
Psychological Science, 2017, 25(5): 731-741.

[53] ROVATI L, SALVATORI G, BULF L, et al. Optical and electrical

recording of neural activity evoked by graded contrast visual stimulus
[J]. Biomed Eng Online, 2007, 6(1): 28.

[54] EHLIS A C, RINGEL T M, PLICHTA M M, et al. Cortical correlates
of auditory sensory gating: a simultaneous near-infrared spectroscopy
event-related potential study[ J]. Neuroscience, 2009, 159(3): 1032-
1043.

[55] NORBERT J, KSENIJA J. Gender related differences in visual and
auditory processing of verbal and figural tasks[J]. Brain Res, 2009,
1300: 135-145.

[56] TAKEUCHI M, HORI E, TAKAMOTO K, et al. Brain cortical
mapping by simultaneous recording of functional near infrared
spectroscopy and electroencephalograms from the whole brain
during right median nerve stimulation [J]. Brain Topogr, 2009, 22
(3): 197-214.

[57] PFURTSCHELLER G, BAUERNFEIND G, NEUPER C, et al. Does
conscious intention to perform a motor act depend on slow prefrontal
(de)oxyhemoglobin oscillations in the resting brain?[ J . Neurosci Lett,
2011, 508(2): 89-94.

[58] ALI M, AL MACHOT F, MOSA A H, et al. A novel EEG-based
emotion recognition approach for e-healthcare applications[J]. Symp
Appl Comput, 2016, SAC(16): 162-164.

[59] DONGMIN S, DONGIL S, DONGKYOO S. Development of emotion
recognition interface using complex EEG/ECG bio-signal for
interactive contents[J]. Multimed Tools Appl, 2017, 76(9): 11449-
11470.

[60] BALCONI M, GRIPPA E, VANUTELLI M E. What hemodynamic
(fNIRS), electrophysiological (EEG) and autonomic integrated
measures can tell us about emotional processing| J |. Brain Cognition,
2015, 95: 67-76.

[61] TAKEDA T, KONNO M, KAWAKAMI Y, et al. Influence of pleasant
and unpleasant auditory stimuli on cerebral blood flow and
physiological changes in normal subjects[J]. Adv Exp Med Biol,
2016, 876: 303.

[62] HOSHI Y, HUANG J, KOHRI S, et al. Recognition of human emotions
from cerebral blood flow changes in the frontal region: a study with
event-related near-infrared spectroscopy[ J 1. J Neuroimaging, 2011,
21(2): e94-¢101.

[63] HERRMANN M J, NEUEDER D, TROELLER A K, et al.
Simultaneous recording of EEG and fNIRS during visuo-spatial
and facial expression processing in a dual task paradigm[J]. Int J
Psychophysiol, 2016, 109(13): 21-28.

[64] LAREAU E, LESAGE F, POULIOT P, et al. Multichannel wearable
system dedicated for simultaneous electroencephalography / near-
infrared spectroscopy real-time data acquisitions[J]. J Biomed Opt,
2011, 16(9): 096014.

[65] OBRIG H, MOCK J, STEPHAN F, et al. Impact of associative word
learning on phonotactic processing in 6-month-old infants: a combined
EEG and fNIRS study|[ J ]. Dev Cogn Neurosci, 2017, 25(C): 185-197.

(%4 TR L)



