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Abstract: Functional near-infrared spectroscopy (fNIRS) is a new and nondestructive detection
technology that can effectively measure changes in cerebral hemoglobin concentration. The
development of a high-performance wearable fNIRS system is of great significance for clinical
diagnosis and daily life monitoring. This paper compares the components of different fNIRS
systems. Firstly, the selection and arrangement of light source and photodetector in the system are
analyzed and compared. Secondly, the methods of data acquisition, data preprocessing and data
analysis are compared. Finally, the methods of improving the temporal resolution, spatial resolution
and portability of the system are discussed. This article provides guidance for the reader in

designing a high-performance fNIRS system.
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Fig. 1 Midsagittal plane section diagram of light source and
photodetector placed on skull

cerebral hemoglobin concentration;

P (D)™ s (FD)Y . o T el g
A a7 PR L RE WE G SO = HbO A1 Hb A1
TR EARAL, AHEF A AR, LR T
FHF X208 B Wi L 2 AR, (Rt
T SRAE RN = i IS R SR E I, SR
S8 F I 32 i )

4 0 f: s B AT INIRS R4 E 20 R
3Ny JRIR RS JE IR G A
B AL PR 3o SR & R B T AR &l ad &
J6 T (LED) 80t — WA (LD) & 5 AR Th
R LT EIRGT 2 KM ; SEF M #4143
() ) R 2 3 2 A Sk B B o AR A BRSO
SRIPHG AN AR S E LA R Bdsit
FHHS A A D RE LR R AR B A LA S B A T AL B3
PLFRAS AT ML AY HbO 1 Hb ¥ BE 784k PRI e %
Bl B R G T IR RENS A AGE R G bERE,
XF INIRS RGAYPEREAR EZRZM, KT NIRS
MR LA EE R L,

1 fNIRS REHFMELRAIZIT IR

1.1 RiEHEIT

fNIRS Z& G Ae I Fr) 2 A 1 IV 21 ) 2l i
HARE Ay 48 A 12T 8 71 (HbO) 5 15 4 il 21 2K 1
(Hb)7E 600~900 nm I B M i Ao H B A
A WO, HARFRIM AP d, Hb (1Y
W OEHE KT HbO™; 7 805 nm 245 Wi BA
AHIFE A IR O3 ; FER K, HbO MRS
KT Hb, PKHOGIRBIHN 28 /0 B AN ]
i % — %45 (LED) B0t — 8 (LD) 4™
P TR R R FE X R Il 2T 2 R B 1)
W, PHIAE R SR R A ES TR
FHRUB R GRS XF B RR B A L S 2 B 1
RO, Sato 4 UVRFSE & BLAE 692 nm 5 A Dk
K5 830 nm 1) i K 21 A& B i 00 A5 1) £ M L i
o BEAh, FAFFEA TR T = KR
& HbO 1 Hb ye " | JRRR T 4 A 5
P AT R R LA 5 AT A



%55 3]

o i, 55 DIREVEITZLAMIN R R GtLsik « 3.

C FALBRAR FEAE M S = PP A8 &, Chitnis
A SR\ B KO IR B A (2 R C SR AL IR
JEAE R i S TG sh e AR 2 —, diifita® C &
LR ST LTAMN R 2T i BOGRERY T2z 1k,
SRR R P A R FE R B, RS LE B
AN P —SE b E R e, kg R
C AL AE A% 14 S e O B sh e,
e VR AR B — R FH & Ot 4 (LED) 8%
A (LD) i, LED RO A7 FHIH/N
AR . PR IZ . IRt S P LA AE
EMEZ PN LED, XTI HMUER ) fNIRS
REOKUL, LED BN FHSHE Mz . {H/& LED
H LD HA G 6RE, X0l e R Ik X
A3 K LA B HbO T Hb Ve BF 152 45 R 25 8%
Ko Twano 21 B K B BRI S p Sk R4
SUREREK B R 22 B 1R, AT R I
IR GE HE R 9T 6 R B0 e B i 45 % K LED
Heom Xt & BINACEYS, AT LAA SOoh &l LED 7
Pk ry . 29 " SR AT LD /E h INIRS &
Gu) R SHEIR, HFPREA LT LED, LD ffL
ST RSO SR W SE AT, Bk
R, TR K ES T, IR
WES B FHER IO THRNEE W 2 /0, Wil
A5k PR R AT X 3 %) 1 B R o i B e e
— kU, VI T, RS, A
Bz, B CIR AR 28 A B0 24
REYE TN, FB4> INIRS R G815 T Y 6 JE A4 00 #5%
PIRGEIEBCR AN | fiR. IbAh, fERERE LD 1E
R GRS 25 R ST haR, Eipi
R PO 22 4 25 2 R o e Ao ) ) R 7 0k
AT T 038, KRZRH LDROLIRY INIRS &4¢
IR STIRAE 10~40 mW, KFHIHAE 2~60 Hz,
JE&TF 1Ib 25, 3 1 5112 T IR INIRS R4
BTG FNEI #5 A 2 AL

1.2 ERFNIAIZIT

LRI AV P DU e 4
A AR 5 DME R R AR ER A . D R
IR 5T R B INIRS RGLHY R
JE, NIRS ZRGEA AN 5 U PR BUAE X 1355 24
JESR AR EE ST L, TR R P40 45 ) 2R A8 e
RGBS RS B RE T ableR , Fr VB RS

B BB B . ORI SR AE INIRS R4
T B HDEHR A (PMT) . 6 & (PD) |
R A (APD)IX 3 Bl 6 LA I 45 I
T HMERRUN A R F 2SS, & —Fh
HA B &SRR, DRSS AU G
P ETRIB MRS . (B PMT HEAA 4R R
FROR (QE) B v A E 5, PMT TAEE R
HUET, 25 T e emsisrns ™, HW
IEREEEHL A HAAT (SIPM) I T PMT OB, fiE
HETESR G T R A A0 A ALK . Chiarelli 25 1
$Eih SiPM A1 LED MY A BEUS (O # Rk ie
b HA stk iz shthig , 5 HAL T 22800 &
fNIRS R4 H L, SiPM A7 261 XF 7 403 LA
KEWZSIE T BReE, RERS I 22 INIRS &
b IR B IR0 25 S B IS

JGHL S (PD)TE INIRS 245 H i 1 4
Rz, Hd s R DGR A (SiPD),
TR B ey FURARIC B, e s T
BIERPGE R AE . Yl SiPD B, &7 AR ER
35 1L P T TN 7 A i e Y, 2 e
B4 (ADC) B2 2 A/, I HL R &
BOREAE, LS AT AR SiPD 7= i T
R I L S e R R 5 Ak Yaqub 4P
FEXZ IR R T — A 12 A7 /938 UGE i Y
ADC, ¥4 SiPD & 6 T LISl A K1
NIRS 8 T SCB R, [RIBSR A T —Fhk
U2 PSR ) g S L YR v A M 7 () B

=G H 4 (APD) 7E INIRS R4 iy
N AL K Tz, R R LE T F % INIRS fU 4R
Wi, APD JEIE T AR N RSN, BER
HA5 S AL N BAF Z LA, APD Sl
AR T AR F I VR T AR ch A e 2
TSR, AR s SR A R AT
FRRANE, SEERTERAES R G5R ATFRERS P2 KM H
T oisE™. APD 5 SiPD AH H APD {1 i i
FERT 100 MHz, 5 PMT A b EAT AR 9 2 6
fE, X FHREDOLHTIAEUEZ, (524 APD N
TR A I 2 R R L RN A 25, R
2 TV VRN T R o R L ' AR
PR AR B ERYE . Sultana 257 LY SiAPD
L) G R P i e PR AR A A B TS R AR TR
T A AR R DA TR T — b
F CMOS FE B R A 1 =3 £ . (IRThFE . %



5 A% 544 5

&1 EEFRNB[OKBRYE

Tab.1 Type and number of light sources and detectors
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Fig.2 Type of arrangement of light source and detector
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Fig.3 Diagram of fNIRS system data collection process
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Fig. 4 Pretreatment flow chart
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