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Abstract

Functional near-infrared spectroscopy (fNIRS) is a non-invasive optical technique
that measures diffusely reflected spectra from biological tissues at the scalp surface to
quantify cerebral hemodynamic responses associated with brain activity using the
Modified Beer—Lambert Law (MBLL). The use of broadband light sources enables not
only the quantification of concentration changes in oxygenated hemoglobin (HbO) and
deoxygenated hemoglobin (HHb), but also the assessment of concentration changes in
oxidized cytochrome-c-oxidase (oxCCO), which is directly related to cerebral oxygen
metabolism.

However, due to its reliance on diffuse reflectance, fNIRS measurements are highly
susceptible to contamination from superficial tissues, and such interference is difficult to
remove using conventional signal processing techniques. To address this issue, short-
separation channels are commonly used to independently measure diffuse reflectance
originating from superficial tissues, and various strategies have been proposed to
incorporate short-channel information. However, superficial hemodynamic responses
may exhibit spatial heterogeneity, suggesting that conventional approaches relying on a
single short channel located near the source may have inherent limitations.

In this study, a broadband light source was employed, and two short-separation
channels were implemented, with one placed near the source and the other near the
detector of the long channel. Five healthy participants performed a series of cognitive
tasks, including the Delayed Matching-to-Sample, Stroop Color and Word Test, and n-
back tasks. Concentration changes of HbO, HHb, and oxCCO during brain activation
were quantified, and signal quality metrics for each chromophore were evaluated. Under
both two- and three-chromophore assumptions, the similarity between the residual

difference spectra and the molar extinction coefficient spectrum of oxCCO, as well as

\"
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their consistency across channels, were examined to validate the effectiveness of the
three-chromophore model in extracting oxCCO concentration changes.

In addition to hemodynamic quantification using a conventional single-layer MBLL
model, a two-layer MBLL model was applied with short-separation channels. These
configurations were used to evaluate the hypothesis that incorporating short-separation
channels improves MBLL fitting performance and signal quality. Furthermore, the effects
of using two distinct short-separation channels individually or jointly on fitting
performance and signal quality were compared, and their relationships with the
heterogeneity of superficial tissue hemodynamics were investigated. Finally, correlations
between hemodynamic signals measured from long and short channels were analyzed to
identify optimal short-channel selection strategies.

The experimental results demonstrate that the residual difference spectra are similar in
shape to the molar extinction coefficient spectrum of 0xCCO, and that the shape of the
residual difference spectra shows consistency across channels. Compared with a single-
layer head model without short-channel correction, the use of short channels in
combination with a two-layer head model yields higher contrast. When superficial tissue
hemodynamic heterogeneity between the two short channels is high, selecting one of the
short channels results in better signal quality. In contrast, when superficial tissue
hemodynamic heterogeneity between the two short channels is low, the differences in
signal quality among the three short-channel approaches are minimal. Finally, the
hemodynamic correlation between long- and short-separation channels during the
baseline period does not have a significant impact on signal quality.

Keywords
Functional near-infrared spectroscopy, short-separation measurements, Modified Beer—

Lambert Law, oxidized cytochrome-c-oxidase, cognitive tasks
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AOD(Al) EHbo (/11)L(/11) EHHD (/11)L(/11) €oxcco (Al)L(/ll) A[HbO]
AOD.(Az) _ | €npo (/1‘2)14(/12) EHHD (/1-2)L(/12) EoxCCO (/1.2)L(/12) A[HHb]
AOD(An) EHboO (An)L(/ln) Eunp (An)L(/ln) €oxCCO (An)L(/ln) A[OXCCO]

;3 1.7)

* Mort iy MRAT A vh R BT A BRIE el K R & 700-950 nm e0iT A ok kg
B> x fLz & 2 4 & ¥ (biological window) o gt & § Bl (R iPwfdi® > 7§ o
PEE2HF AL F AR thex FIHAERT LKL AT 0 T
PR E L TEAR B R ERIERIFR DR R Bl g o

AFETARERY FA BRIV R DR EAGE I L e
3 #FdE o2 F M Elwed B oc IR T OERE ) T T
® % = fd4 B eng i)k Tk Bi(molar extinction coefficient) o 24 =k T p 0 = A
Yo Wend ol & Bk H4eB 1.6 A FXT P ZF 8 o REP o ok

—

B0 AR A Ak E 900 nm T F FRGE R T o 4 F & o F Ak & 760 nm T

AP R R o F Ciiimed F oo CEER TS AP AR X 5% A 800-850

nm fFiT o
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= HHb
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0
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Bl 16 AT P > Z @5 jed Feani | L ok ¥

12 NIRSE Rz R~ 9FHEL R+ EF L 2

AEEG G KRS G BARRES 2 A hE L > BRIVIEATRA A
A G R R T g S R S i KR o PR kAL R R R e
e~ 3 ol F v PIEA LG © § Xt @ e DR kR §
WA E RSB S  RF SwE AL kg B F]@ 35 o Flptd R F Bk R AP
e ic @ AR« M LE R o KA o ROF BPES IR QAT § SR
piw?%”~”mé‘%@&¢,§%}ﬁgfﬁz’%f£ R A e LRI E R
R st R R R R A AR kg A A el FEAR R

A AL
m,ﬁ{/—ﬁ- o
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fNIRS £ Bl ¢ X% k & iFk & ﬁﬁ‘»« A %t (Spontaneous) e 4 T2 3 B > dois B s wE

P~ HF = 3 (Mayer waves) & %

o+

v » Ty § % I iE 334 3 (task-evoked) ik Bt
4 12+ 3& (systemic physiology) #2558 » bl4r A & Padd fgiE b 2w R S p EMN G
,:‘ s it g d"'ﬂ”‘*F'P‘»JL/n %'L‘i o & H é’-}? 3 F”* "E"af"pufr'/r'ﬁ?é #%Jf‘z?
A it EREAL hw pde 4 SN GEFRPF L IR L GEL R

R # & (false positive) » & rs i i p¥ [ ik F % = 32 7% [9], [10] -

<

FORRE RN e e FALG R L A FI0] F ko TR K

~

At R R *i‘]’“r}i Dl l'«'ﬁiiiﬁ_%i?‘]’ﬁ - X

‘.3;

-Ez_zg_lgo#)azﬂm

o+

li%’éé?‘f@f?iﬁéﬁ%
¥ & 2 3F 3 5o &R RIS (verbal fluency task)pF o A Wl HHETH @ E L TR S 18
Bedyg  ME PS8 Bely o 2R HDO RRAEMFE gl » X3 E =

el g Weniph Glic e FME T30% 5 0838 B A L 4 Feha

F R g B2 [11] -

#Ram o fNIRS &)k s e i & o o pr(~1 Hz) ~ w2 ex(~0.4 Hz)12 2 A 4R T
(Mayerwaves » ~0.1 Hz) % 4 F & A~ 4 [12] « ¥ A s e # 4 7 L 550§ &
BsAw s BB EAR S B RREAT P A R LR R 2
B SR epp Ll e XY SR B R A B 2 Y G 4r L B[12],[13]
PR g R R B RN R TR R RIS E I Pl
L E R E R R[] P RFFNT A AR w R R AL A

E 3=

PO HERI R FF R L EREKAIZY LG o

¥
~=h

\F‘b

PIAREEREY > £ w2 FF HbO 2 HHb ok & it e b Thlic € 5
£~ Emd i 2 B enpEgE(l.4-6.2cm)H 4 m T ME o A e i 2 BF HDO 2 HHDb sk

R ip bl 2 gD BOE 2 BEgE(L-5om)i ded T E o BT R K
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Rt BE R G ZERFIL12] d 0T RO R  RIR AT ARG

PRI edindd §FF bz B -

FENIHERE R OScHE A R i R m e

(LR ER A n Re 4 FRL AP F PTG RS
AHER(EF )T REZFRE T o RestEV = 2 BRI A 2 b4 F R
bt 2ok Rl B 7B Bk Rl RET ki & Fpr f b2 e
iga I Haee £ 7 B gk F(eigenvector-based spatial filter)B~17 £ i g » chge i

SRES R TR SRR LR PR

R E R F o= 4 4 47 (independent component analysis, ICA) &2 £ iE i
ot d By FRE Y TS T RID3 o & G Iy B g Gk (laser
Dopplen) £ #lsigg A o it § R ARME > Fltfimis+ A S A AGL o 2t A 07 @
Al L EP 2 g i 4 FE[15]e md LM E AL T TR EBIFER
S FEZF R B RARM > TR LA F P 2T A I X e
4 B R FERARBIAREG o Fpt > A FNL T Y e b » B G

(short-separation channel) r2 zc & gt £® 48 o

BRTEEREAATY FR . MR PRI R E 4 FNELER
® BT B35 F 1> ShortPCA = i 312 2 = & & {7 (Principal component analysis, PCA)
P18 % — A & A& (first principal component) i 5 gg £ e 4w jpde 4 F 2B ¥R~
GLM ¥ 1% & i i % #c(regressor)ie (7 w i o &2 0 * £ 3 3 w jF4p 1" > ShortPCA %

E xir? ¥ # - HbO # & & F (adjusted coefficient of determination)[11] -

¥ 3 A3 &0 GLM-SS+PCA #-i% 2 % B 5 5 8 (local) & i e 3T /&3l S
24 pa(global)F e B L - A AL A F RS GLM ik fF

R O FE SR TR B P 2~ hiTA[16] - 12 A7 7 # B 4 PCA-GLM =
10
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o A B 3 mil it PCA - KB Y P MO A

K & PC-LS» R il ig ¥ E 4% ¢ PC-LS R & 4P B 5 ¥ 5 PC-SS» #-PC-8S iF

sl

3 ﬁyéf’%ﬁxﬁﬂ >~ GLM -3 ll;}é@"fg’ﬁp‘\lq‘é R S ANE CET T
po A B TG R & e BT 5] 8 1% i 43 (visually cued motor
task) ¥ » PCA-GLM 7.i& #2240 4F 7% % % vt 20 f2 v (contrast-to-noise ratio, CNR)
adjusted R22 g RestEV ~ GLM-SS ¥ ShortPCA ; # HbO e jh &% X (within-

subject standard deviation) 7= # 4 > & 7 & { B F & 4E 2[17] -

£ 2

m?

PR 5 R kR 3 @il i (Sre-SS & SS) v e E £
ik fak R BT § B RS SR B RN R (AR 1T 2) &
] Src-SS ¥ i Zovg R B A B A BT o G A R Pif # * Src-SS
2o%h o AR ER | oom gt > IR R KA SRR % gv@id i (Det-SS &
SY(AW 1.7 ) =~ FElL gl -

B B gk RE M PR Kalman joid B 175 @ %8k 7 k- %
e A RR KR TR G E R 2 L GLM At o 2t 2 R
BRI AATREELEAENEE Fla i {F B EHR R RS

oo R LY B S R ERY o pRoT TR ¢ - ®id i (Sre-SS &

Det-SS)¥ 5 #x'% X HbO #3231 (noise) ¥ i#% & % £ |2 (inter-trial variability, ITV)
[18] -
A Source oy Detector Detector B) e 1cm 1cm 1cm

Source Detector

ND 2 filter

44

Small fiber
1 detictor

White matter

Bl 17 ‘@i i & gimad i e B [11], [18]

11

doi:10.6342/NTU202600210



13 =710 #

131 A 88 = o fcd PR T e £ X #%E 5 7 £ 8 oxCCO s

AFA G B B AT Ao oh Sk k3 & si(broadband-NIRS) » & * MBLL ¥ 12 e pF
T ¥ 7 % » = % (Oxygenated Hemoglobin, HbO) ~ # ¥ & * % (Deoxygenated
Hemoglobin, HHb) & 3 i i w2 & 2 c § i* fi= (oxidized cytochrome ¢ oxidase,
OXCCO)erk & % it - OXCCO & ~ "y prenimie iy £ “3HpM  H ER R L &
Bt o a d  { E ~ PeaF B (brain-specific) s i F L [19] -

TR A S R T ER T hd kR EF w3t ¥ (back
calculated) # F| ek R F R - T EFHR BRI X FTRELCEnL > 2 IAAL
(residual difference) % 3% » BLE 2 F £ 5 OXCCO w iz k3 )k e > k-2 4%

& # 0xCCO #zit MBLL crfg £+ 5 ¢ [20], [21], [22] 2 ¥ - B2 £ 8 M st i

2

PP AL ke k3 2 0 @ .8 5 oXCCO sk gAp i endjfk ;e h2bis i
i A £ RS A L% [20] 0
AR % 1 oXCCO X of sk fadicks# 2 § 1 i CCO eni i % a2

B CCO shir i iff sk fhdfe > & 475 Sfede M endo i) 6 Mok 38 4 R p 20 > b

-

oAt £ Rl eni K [23] - FIP A AT F 4F 33 A% A (residual difference) sk 3 e07 5k 27 2

e OXCCO ehi i iff b sk ¥ A7)k chdp i & > £ AR S A £ b ¥ D)k L3 %

il if eh— KM MBRFE LAY £ Tl oXCCO m 2L H is A2 24 Eg IR & B 2B o
132 #* el 7 A BHHT MBLL emz g

R EEET L R B R F 0 I A B A
BEEMRY §RBLFDRTRF AT AT RNRPAFRARN §
(RTLFOUTRRAELM A 2 AN R B PEd T o Flpt &2 Mt Rk

12
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w A R B AR D A TR R S T2 MBLL 4R £ 80k

FERLR Y Ei G T B eS0T MBLL it ok o

133 A et FRATEH = elfeéals ol F

ARG RAN S LV HEAT R LA AR A RE - Bl &

B A IRPA BRAF R [24] - LY RFA R EZFR L 2P

1*3‘

Wi B
BRI R R R R E S g o R PR B R SR R
g R RS RIET S hd gl g e Tt AR RATH Det-SS H S
FREREEHG A PRIAEPFERAERT > 7R RREHAINT R RE TR
B AR cBEFRAE AR AF LT RFERT PR R B R
B BE o RN eR R Bz TR
AT F A fAEid i Det-SS ¥ Sre-SS Flpt A4 A RmEE RS 0 ¢ 7
Wi * Det-SS~ it * Src-SS .~ 12 % e pFi¢ * Det-SS + Src-SS (BiEid i) e 1=

LA U R R ERE Y IR E R SR BE

ﬁ

(=

FeET el TRAR ST A7 R AR OR A B R
B4 BRERT - SRl e ARk T LS

PR ER AR R s R e FRFBRFIE Y FrlE > 2Fi 7T
YR PP E L TS i K R eniE s o T AR BRI 2 Bl R
BERegr g rE-mi g 2ide Vo AR A ERLRE S F B FTHRK
(P Fifg)FdE? » A fAH - B fh> 2750 el B e L o) o

FGE R S A - R 2O FREE D R ONEETEELRET X

134 dEedFABLHL Rl FNEERG S el iF

B e * Mokt g ek 8 Lk (baseline) ¥ & » % & ®i i 2 AP ek R g 1t
SRR R MR o EE R DR R e e i
o Red NEEBEFEHRIRAINS PR KN DG R TR
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MBLL #7# | g & S »2 2 5L 5 € $® o #7753 Det-SS ~ Sre-SS & & i

2 Bk pde 4 BApM I WP NG &R & MBLL shiEid i o

14 L EE
AFT G EF BT Az b sk k3 & ¥i(broadband-NIRS) ¥ 2k ¥ BFamid i v 8P A %
= NIRS £ 7]« *ou e 4 FR 1 Gl L m o B3 X FH 12 7 DMS, Stroop
" E n-Back = fiRAviTE ok o REFEE EH M E By A 1R (T
Moo
AP BEREEA L R EE T F R T[16] 0 ek MBLL #23] 7 F pFih »
Src-SS £7 Det-SS sk % % 14 7% & -] T 3 2 (ordinary least square) F # i &
DR AR A AR R R o 3R R Y Bl hE R e R B - B
i (Src-SS 2 Det-SS) #t E Bl f (P B AHCA T L F FIRAR % et
(signal-to-noise ratio, SNR) ~ #f+t 2n 505z & (contrast) €_F #% = ~ 323 (pre-task baseline
noise) % §5:&% % £ 4 (inter-trial variability) #_F *% i« -
B té By MBLL €& ) @il i AT el & 30k & % 1t hip B 12 (correlation)
AFRERFALRE I F2FREFHER N2 FL LRSS FIFEFEL
TEAGE T M -

$2% Ay

21 REAW LR

211 F%kpe
ARG KB KR o 2.1 o 0 K E kAR A L RIRCERZ 1R

kg, o
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detection fibers

-
.
VAN
===
—d L1

Long channel source fibers

shutters

Beam splitter U I

Bandpass (iller

. Short channel
convex lens source fibers

QT
light

source

<o
Subject’s Tt

(

i '

Bl 2.1 R s

KRIRAD S F B ERRF N ORI FINERALAGENEE L EF T
L 5 (bandpass filter » i B4 & 650 2 ¥ 3 1050 z K )B~iF 1Ttk B o 5 7 %
- kiR L md i ehkRRRR Y > AFT T H A k4 (beam splitter) sk
A S

T A kBT LR F € T AU - (Shutter) > B {818~ £ 3 E KRk
Ok B A CRE R S sk AR € SE Y - B S RE- (Shutter) 32 O~ B s R
LG o G T REE CEEE AREER 5 PSR R dkRE £ v E
g R F o i ~ B E LRI E o & F R RIPFR] € R B

fe PR B o
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kR kg i d RIRIFEARGLE S i~ FEIRE sk o Gl Rk SRR
A eSS I A A ko KR BIFE AR AL SIS AR SR 2
R g ok IR D R IRA K Bt P8 (CCD)it 7 % T 4k > Redg 4k (8
o FE E(grey value)ie T R T REH I T M o SRS P KBRS 00 &
PR RN E B AR S RBE R A T J R RFE LTI A

Bk E I Pk Rk R PR (R R AT R BRI A ) LR ES

(4o 2.1) > v Fe g S A7k (stray light) @ 1 2 .3%‘«% IR N N
B R R LA d 2.1 0050 R EF BB Y 4B 2.2(K k) B 2.3(1 B

#) -

ARG

B 2.2 %Ry kg
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TPU A 4 &
Bl &

Bl 2.3 1 ipl=h ke
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3 021 kKB AEZ2 LG RE

4 5 R

Max Power: 250 W
Source Type: QTH
F#: F/0.85

66997-250Q-R085 (Newport)

2,2 3/ 5 © 6334NS

I35 48 (convex lens)

f=75.0 mm, @ 2" Achromatic Doublet,

ARC: 650 - 1050 nm

AC508-075 B (Thorlabs)

% i (long pass filter)/ LPF: Cut-on Wavelength 650 nm / FELO0650 (Thorlabs) /

1434 (short pass filter) SPF: Cut-on Wavelength 1050 nm #47-591 (Edmund)
T

& 4% (beam splitter) 5. B NA

A Skl 14

A M8 R - F° (shutter)

Aperture Size: 8x8 (mm)
Operating voltage: 5 (V DC)
DC Resistance: 40 (Q)

Duty Cycle: 25 (%) or less
Input Pulse Width: 50~500 (ms)
Response Time: 50 (ms) or less
Operating temperature: -10~50 (°C)

MLS-0808 (Takano)

SGATIRTIECR/ K Fiber Mode: Multimode Fiber FT200EMT (Thorlabs)
NA: 0.39
Core Diameter: 200 pm
Clad Diameter: 225 um
Coating Diameter: 500 um
Length: 2 Meter
Wavelength Range: 400 - 2200 nm

+ 3 3 kR kg NA: 0.13 (Individual Fiber) SOG-15(Sumita)

Bundle Fiber Diameter: 5 mm (4 mm
Without Metal Ring)
Individual Fiber Diameter: 50 um
Core/ Fiber Ratio: 70%
Length: 2 Meter
Wavelength Range: 400 - 1000 nm

18
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Esa LRI ECK Fiber Mode: Multimode Fiber
NA: 0.22
Core Diameter: 50 um
Clad Diameter: 125 um
Coating Diameter: 250 um
Length: 2 Meter
Wavelength Range: 400 - 2400 nm
£ 3 3p RSk Fiber Mode: Multimode Fiber
NA: 0.39
Core Diameter: 200 pm
Clad Diameter: 225 um
Coating Diameter: 500 pm
Length: 2 Meter
Wavelength Range: 400 - 2200 nm
*F R Optimized Wavelength: 800~1600 nm

FGO50LGA (Thorlabs)

I~

FT200EMT (Thorlabs)

HOLOSPEC-F/1.8-NIR
F#: F/1.4 center, F/1.8 edges (Andor)

Focal lengths Output/Input: 85/75 mm
Magnification 1.13
Active pixels: 1024x255
Pixel Size: 26x26 um
Digitization: 16 bit

SRS IECK F8] Type: N-BK7 Right-Angle Prism
B (Uncoated)

Length: 5 mm (Square)
Wavelength Range: 350 - 2000 nm
ECATIEIEC R F S Type: N-BK7 Right-Angle Prism
AR (Uncoated)
9IRS R BR Length: 3 mm (Square)
Wavelength Range: 350 - 2000 nm

CCD Newton DU920P(Andor)

PS909 (Thorlabs)

PS905 (Thorlabs)

19
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212 RBHFFEP - AL A2 {Rx

AT R Sk

éQ —‘,LJ

s [ % 1E )ﬁ%&kixrpﬁ’@%,}ﬁy,{;@k*d&ﬁ
BIEB R Z B A LRI LT IEE R e X A LB R R A e
SATmaag o B Lk Rkl s Srce-SSmuLE iF3

L kiRt
B A R RCE Gt i Det-SS ‘i i 1R L KRR o (RRE AR 7 TG £

1*3‘
m

e PR o A SRAEA R B et b 3 14 i B RGE ehk 3k i i kIR K

ko AT @ kIR R D Sk B T ehy B RS R RSk
N SR ST Y EY L R I SR S

B truhir oA REWF R
FRH AR B SRR S kE iy 4

i kR

E R E Y

o< kg R BEEE KR FD R G

d 3l i Bl SDS ] 0 B o E BHELA K BIIRE R R B bE

W R R > F A A Hsy— B Det-SS fmid i chk Rk sk 2 4T 200 ook B Tk
iéﬂﬂf#%\' ° m”Lr}i Eil

C RRLRprmgn R4 A2 8 RERTEL

ik
Pk R o T R E KRR T A0 NS A S B ARk
SBFE > MM 4o Det-SS Ei i kR J1 kR - R o

WpkB® AN 3 rmé’g& ﬁxa’lgrmé N fma’lg i ]k gk * 43T Sre-

EFEHLE i R L om o Fl G EU
g ) o G AR Sre-SS mid i £ | F)

SS B iE R F Bk o Fpiac g i SDS #

bl

e FEBiciE (e B) 7 € BR > B g 1
Rgeppos B L Rl RG] (A8 R 2 S P aE) T BRIRE L

4
kFEkampEE AL o FFBUVEFHIS P RS H(lomxlem)? B oo B
kR P o R B PRRARIR R P - P I H P LR e o] 240
Bk 3 R RT NLEE F Ap AR

e gkl S st E 0 IR ART 1§ p|(crosstalk) -
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Bl 2.4 05 R] kG f enpt 73

LGIFF (¢ 7 & Bl KRR E (PR AR) B4 M R IR a5
4% B 3K 34 [24], [25], [26] - Ak B 1 B dE E F FesAs kG kA B UV
LG HEOEET LR E 0 Y L RIFF(F 25) o B BHEEM LA
Rk 90 Bl o £ A B A EEA RN R KGR o AR LE » SFER A & kKT
FRFER R M FE R F A RN TRAFEA A5 0 R G F £
EIN A U BLR[26] - B 25 ¢ VA FIBEH MO HEPE >V L EEFHE

PEEFEA R G cBBRCLFAT BB FA LT KPR EFET A

Tardtis & enff & o
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e

B 2.5 kgdFEg

5B R L (] 2.6 ¢ ey éﬁimm)’f@ﬁ%éﬁ;ﬁiﬁ:ﬁ%i”s S By,

V=260 VRIFHDER FERF FATFL I RRLRF L FREER S
G F ik R e § R MDA B RAEFEL LG
SR ER 0 T AT AR B S AEE IR R B LR T o

Foho L0 WRENE BRI F T AkFH R DR A R Rk
RN AT Y AR R LSS oy TPU R R AR (T AR TR)
4ol 230 WA LFF TP @D 0 3 F R KA L AP R e B R - AT
BB TR L o RIEE LS B 3D AIE R (TPU)Y - S il SR
HEEAE o FAR ARG TP DRGSR AR SR R R

RS
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B 2.6 b4 d s & £ 4 AR

B L RE R L PR IR 0 & (R R R R Y g
YAcR 28 2 £ 22477 - FHLEXEID AW a + o R S
TPU » 4p Y 2 AT § 3 R L 4R % chifl 0 9% PLA > TPU § e chv gt » 3§

BLI Gy R ARER A 2 BEA cRH AT E‘E?ff?%ﬁé“fq‘*?l FEavReEp L 2 m o

% 22 & hSDS

Wi T kg SDS (mm)

£ E i Rk £ 30

RS

Src-SS ‘®id i ERURIRER I - 10

RS

Det-SS ‘14 if SRR RIS T E 8

RS
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B E L HFEPHERE2L 0 B8 el F et @ f depk
ERRER o B MAEBH TR F BIFF L LA H AR A £ 5 (B 27) &
FHEFIARY F B RLEEFPE AL R 0 ARG
PR IR X AR R S 2T G L 4P R T

X
-

s
=N
3
2
W
=

/\-

’ﬁ%?*“%%ﬁﬁﬁﬂ%%wﬂoﬂwaﬁz%%@gw¢g
T%ﬁ”bm“F%( 2.7)> #aFF L5 G B E T AGA LR o LA TR
U393 A RA Ay R RERER L RN R B AcB 2.7 B 2.8 ¢ R en A
FUk B R R kR R A TR NIk B R 2 (R R R 2 B i ROk
K o FEPERFF RFBIEERT P L o
*%ﬁﬁﬁﬁpfﬁ%ﬁﬁiﬁ@%@mﬁmj,;ﬁa%ﬁ%@ﬁﬁﬁﬁ
FE - BN RE PR L E o A A BRAE LRER I FE
10-20 ik T 4B Ae ¥ 2 [22] 2 i M en Fp2 82 Fpl 5 54 B0 B4R s g e

BBFEREFAREAF TS R OFFREYERE O

Probe holder (JE5EH H)

Headband (FE#7)

Bl 2.7 FEE BHE B EREAL LG 3 3
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Derg

0'801;7

/N Src-SS

‘ Small fiber Large fiber
source source
Q Large fiber O Small fiber

detector detector

94
"
“mfs
i
]
ke
=
3
=
o
=

2.1.3 kifitr 3k - engE T3 N

4ol 2.9 Fron 0 Ak Bkt ch IRFEE H5\ (external trigger mode) e # Bk 40 15
Rk 2 R P B B o B R (02T [ ALE-F) P > Shutter A £ £ T
e B > Shutter B P74/ @3 i kR kB o BRde Ap 8 B 4o sk eheh R 2
B(ES %) HR-FER T d Arduino #;;%'J‘?;ﬁ;f] ter HIGH/LOW ¢ 5% » 5%
T BT J BlAicB 2.10 Ao o

LOMIRPPEABE N2 T ¢ AR F- KPR (% % B Shutter delay) -

P2y B(R29 7 g & ) § P BLEFAPP L CCOET R o R
% (B 2.9 ¥ erexposure A 2 exposure B) o i i Jx 3p PR 1 73K T Sk PR L R

Rk irpdd & REPFREEEP B SR ARET T A% 2P

F(R29 ¢ h2 3§ Ra) U FEAR PR LG EFETRH & - RRIFEELL
FHERE T ~ B (2 ¢ R H 0 Readouttime) - 3 ) P FF (Readout time) £2 -
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3 P& A (Shutterdelay » % ¢ F )Lt & B > M R0 ol 1GR3 £ B B p g

kT o AAT R AT AP PP e PR A W3 5 20 £2 60 F f(ms)

exposure B ‘

exposure A

CCD external trigger
Shutter operation

Enable pin

A,

.Shutter delay

Readout time
{ Enable pin // .Trigger pulse

/ / .Shutter closed

|:|Shutter open

|Shutter B | | Shutter A |

Bl 2.9 iR KGR Y R R

L293D module

External power
supply 5V

12
Ardumo Uno &

9
"
=3
>
2
o
=
=

b

Shutters

B 2.10 4p {898 kg o B B SR TR

I CCD External trigger input I
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R4 % 0 Arduino 4 %ﬂi&l 4 HIGH/LOW 7 =% )fﬁi‘ TR
(L293D) » & ¢ L293D _} #output pins (A+, A-, B+, B-)5g# - B fcd B BF G
BoFP BB e > dok 2.3 9757 ) o Shutter pins ff- 2 > WA M B 1S € 7T -

- F®

WA EREE PN T Rapr A <3 H 1 vk 8P (duty cycle) > B2 8-

o

I

EY
B 29 ¢ ¥ & > »* Exposure A #p & > Shutter A A fxd ¥ R4F B fc(f ¢ ®H) > @
Shutter B &>t B Bk i (2. 4 T B) o & » Exposure B pFR K43 4p & - Shutter B £«

* I B x> @ Shutter A B P -

PRFNNEF S TR P Al p REDFHEFT @i L
B E AR E (B 211 2d RAKIRFRE > 2 F NARRME > 4 A A
B BATD]F * G E) o 7 ooud Sre-SS ehEid ip R B i A Rk R ek g
B R > bE kR L E(Src-SS kR EL) > wFEA £ 5 Det-SS 1 B B e
Flend A B R F bR R X e i IR Ak pF(Det-SS kiR B o) eh
50 2 (W] 2.12 > + ~ T BlA %] 5 £ i 27 Det-SS ‘&l i kR kpF > Det-SS B
FBiefesland p ¥ R Al F stk &) 4 & Det-SSmil FRLPF - 5N
fi?ﬂSm&bHW%?ﬁ*%Q%égﬁJMSS%%’ﬁﬁ@SM&@LSQ
A ei@id iE 12~ Sre-SS 1R E) 0 i & Sre-SS ki & Det-SS f2il i 8 pIFF ¢ LR

fro B2 ¢ B Det-SS ihveil i 2R o

FWA 5 o R ARREE IR R PP TR R R IR R R

' FE i

»
&
%

Lk R SRR R R N AL B o
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Sre-S§

~
Lem
I

(a) Dt g
23 em
~ Src-S8 ®
1em /
1—"
Dy
-8
(b) & cms

B 211 X FBRMAEFRE? F

AF bt pREY T E

-~

i

s 3 8
(=] o (=]
T

Grey Level

A /
vl 1

985

|

1145 1092 1038

Remove BackGround

717 663 610

T T T

= 15000
>

10000
5000

Grey Le

N S il

1 1 1

1145 1092 1038 985 931

877 824 770 717 663 610

wavelength(nm)

Bl 212 £ i i ¥7 Det-SS ®id if k hgd L pF > Det-SS i | BT 3| erif F &k ¥
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o

% 23 BB RMAEIEE IS L A i RRE T
CANE: 2 L293D L293D Arduino | Shutter | Shutter
output pin input pin pin Open Close

coom o
s o

2.2 A EpiRArd RS

M TR R PILATE R PlB 0 ¢ 7wt T fedk & iz 53 (Delayed Matching
to Sample, DMS) ~ Stroop ¢ ¥’ — ¥ 4 5% (Stroop Color and Word Test, Stroop) ~ n-
back x7% - # ¢ DMS £ n-back =731 & * k=i 1 i¥3e % (working memory) »
)Ibq\fr-ﬁp pOEF TR Befehi 4 [27]o A Stroop EArA £ §iF* FEH ML
(selective attention) ~ 32 #3582 (cognitive flexibility) 14 2 =+ 4 7 | (interference control)

% sadvit 4 [28], [29] -
221 #BT kIR

BT etk A IEArE RE(trial) A & 4 2w BFEE > & F {1 (Stimulus) ~ =R
(Retention) ~ £ # (Probe) 2 1 & ez 4R pr fF (inter-trial interval, ITI) - % % &7 10
3 & - AR 1T— B F H(block) > 4o 213 #7F o fIgIF R E M- BF F A
FRd S FLEEF| 2 Ag %gﬁoﬂﬁ;ﬁ_@ ,-j"\f,—ﬂrﬂ I R NI s g ¥ = B e A

BB EFEFS R - ERNEAFY R €I RA BRACE Y - BE -1
ERFINRA) 0 SRR R S ERAEE DAY - R TR o 1T R
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BB FNAREEF BV R PFATE  #F L RTINS 55 T L

w R A BRI o

Spectra measurement

DMS block 1
Phase Baseline Trial 1
Rest
Cue || +] Stim | Retention Probe DMS block 10
25 5 1] 4 5 5 32
Time (s)| 30 47
500

B 2.13DMS 42

WA TR A EARD RS ARt B e (5 2.0)

correct response
Accuracy = 2220 0 100%

total stimuli

30
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2.2.2 Stroop T F*

(Stim) o Flpcie ~ % ~ Egd B~ %~ EV 2 Fepn s > £ 9T 4 ihi

B Y RS LA & o ¥ ik 7 = i (blocks) iRl o & —

Rl
ga
3D

|
5
i
W
IR
r g

|
i

e BR300 BinATeh- i ¥ F 1§ FHomR& TR 4(Cue) 4o Bl

214 #r57 o |V 12 A 2 - Ik (congruent) » B4 e T E 3 o B - K

(incongruent) » G4l & ch iz | F A FEHA) o flgclaTm 284 > 2L TR

& 0.5 #) (ITL inter-trial interval) > = ﬂ hE - 2P (St1m)’fi" LREEIEE o
Spectra measurement
Stroop block 1 /
Phase Baseline Trial 1 Trial 18
Cue Rest
8tim 1Tl Stim ITI Stroop block 3
5 2 0.5] SS 2 0.5
30 30
Time (s) 50
270
Bl 2.14 Stroop i #2.)
FESRNTUALAM B 2 - B REHT I BEEGeEE T

FERES) - BRI REFEFT RN - R ¥ - AR LS HT DR B (B

edd T ) FREL) WS RIFHRY P - R - LIRFRAUSH =
FRd BT o € e 4 enF R PF I (reaction times) ©
Stroop E 7% F& F et B 3 N de(5Y 2.2) »

Accuracy = COTrect TSPOnSE % 100% ;¢ 2.2)

total stimuli
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2.2.3 n-Back ixi%

AR R 2-back ¥ AR EEF B AT S Bl RFAAEF £ KT
FAEITE c REFZ BRI T BHEZB) DRI B - Y FRL 30 ) o B4
- fh o ¥ E 6 F 2 TR RIS THRE L (cue) o F - G 20 3L 0 F - LD
Tlge(Stim)FF L ¢ ¥ 5 M I P 9OHY - BT B 1 Hd4  FH2ZE
I IE 5 1 #/(ITL: inter-trial interval) > 4- @] 2.15 #777 o & — JEF gD MBE 45> X
24N (SUm+ITHFRF 44t 1% - Target 2 {1 [L50 3 RNl 4p o
e3E P 0 F B| % distractor > 48] 2.16 #17 c F Bk P TlkHcF 5L A 4 0 P otargets

AL 1k 28 R B 25%

Spectra measurement
n-Back block 1
Phase Baseline Trial 1 Trial 20
Cue - Rest
Stim 1Tl Stim ITI n-Back block 3
5 1 1 1 1
30 30
Time (s)| 45
255

B 2.15 2-Back ;=428
1 21 46 48 95656 6 7 89 1514

B 2.16 2-Back iT ¥ 4P|+ 2 B > ek adicd % & Target

% Target J1ILPF & 4% T 44+ ah- BAEIEE o distractor B 7 3% o T 6 € o4k
FeE ek B PFF (reaction times) > 18§ 5 % A 5404 2.4 [30], [31] o T (true) * % &_

target &  #4E1¥ ¥ o F (false) ™ % 7 4_target & 2 § &4 iv ¥ o
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3024 (FERELN

Target Fedtivl - %
Hits T T A
Omission errors/ T F 4 F
Misses
Commission errors/ F T Ee s
false alarms
Correct rejections F F I FE
n-Back = 7% fFx & ezt B 2 N 4e(5Y 2.3) [30] -
Accuracy = hits+correct rejections . 460, (5 2.3)

total stimuli

23 R HAR

ARRAZBE R - PR G - BR% e BRI%RE T § e LEE T TR
fRZ BRIk T RBD Bts R F I F HRORY o AR RR PO fRITE R
Al o2 13 € é_%’f;%'giﬁj IR b F - BRIk pHERHEA G 4pdE 30
UG € ?f#i%%“ﬂ? bR X A0 Wil K 0 Bt A A B R o X
AR R AR K PR (rest periods) iR4F L > A FHE B AR ALY N E g

IR A BB
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24 FHEMFRRE

241 kFER B RIE

Rde BRI R F A Ee 7

Rat
&
ﬁ\
E:0%
=
&
=
i)
oo
o
S
‘a\
=
b}
a...
i
ot
%m

& ey ik (spike > £ P R A NIRABS PAPE )~ 2 E KRB o Bk~ mil

AV

il

Ry T R R > R #6050 ¢ gl (moving median) 4 ' &k X
o pE T i R GE o B * 45 P 5N T 355k (moving average) £ =t T it k¥ o T

&K AR L B R ARAC R 2.17 #Tor e

DMS TILS-810nm Subject 1 Day1 SDS: 3 cm ch: 2 Time Point: 1 DMS TILS-810nm Subject 1 Day1 SDS: 0.8 cm ch: 2 Time Point: 1
«10* Raw Spectrum «10* Raw Spectrum

~

Grey Level
N

B
Grey Level

o

oo
L

—— | L L ' =

T (- S L L L L i
1145 1092 1038 985 931 877 824 770 717 663 610

45 1092 1038 985 931 877 824 770 717 663 610

wavelength(nm) wavelength(nm)
DMS TILS-810nm Subject 1 Day1 SDS: 3 cm ch: 2 Time Point: 1 DMS TILS-810nm Subject 1 Day1 SDS: 0.8 cm ch: 2 Time Point: 1
«10% Remove BackGround «10*
T T T — T T T T T T —— T T
T3r 1 525 3 1
3 8.2
382} - | S5t J
gl N J g1
[G] L 005 il= =
1145 1092 1038 985 931 877 824 770 717 663 610 1145 1092 1038 985 931 877 824 770 717 663 610
wavelength(nm) wavelength(nm)
DMS TILS-810nm Subject 1 Day1 SDS: 3 cm ch: 2 Time Point: 1 DMS TILS-810nm Subject 1 Day1 SDS: 0.8 cm ch: 2 Time Point: 1
x10* Remove Salt&Papper g «10% Salt&Papper g
! 25F = 3
=3l ] ' =
5 s 2r l
—42F q 415
= > 1L ]
L1t 4 =
o} Sos5r- | 9
114? 1092 1038 985 931 877 824 770 717 663 610 1145 1092 1038 985 931 877 824 770 717 663 7(5}0
wavelength(nm) wavelength(nm)
DMS TILS-810nm Subject 1 Day1 SDS: 3 cm ch: 2 Time Point: 1 DMS TILS-810nm Subject 1 Day1 SDS: 0.8 cm ch: 2 Time Point: 1
«10* Smooth Sp (moving ge) «10* Smooth Spectrum(moving average)
T T T T = T T T T T T ——T T
af g ] 25 ;
g T Lt / 4
32t St 4
[ 1 g 1r 1
(<} 305 —|
1145 1092 1038 985 931 877 824 770 717 663 610 1145 1092 1038 985 931 877 824 770 717 663 610

wavelength(nm) wavelength(nm)

Bl 217 %R ALz B R
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242 PEFAR IR

R R T RJE IS A P B PF R ch% i (8] 2.18 ¢ espectrum processed
data)» ™3 L fEPFRF MR el > & ZEEIN R F AL AR AR A 4 Ty
Bt s E el B4 BB o2 B EFRFMEFHSENY R 2 ",f%*ﬁlﬁ@
PEARIS B R A 2 PR e it > X P TR PR R o Ao L R R IRipk
% (band-stop filter, notch filter) g f d RRed g A R M anEp IR & #2 5(0.3 Hz)
(] 2.18)

ISR RS EER G Y TREPET R R

’“‘%"

I;%gf%}

W B ek & § R (pulse oximeter)w £ 0 @\ - Koo B HARLFLE B X

1’%«'

KFd odm R EROPFLRFR LR E S BRI cRRESETRAMWKT 0 B
B SNk SR NA 4 o e Bt - I AR AR g e

REFA gl Pl TR P bR R S RJZ N SRS 0 £ % Homer3 $+975 W E B

8

/ﬁ’? R S

% Homer3 » ¢ & & * hmrR_Intensity20D & #ic - #-5 1 pr [ Bherask 53 & 22
RELFHT PN cnTakss B > FiEG16)7E » 7 @55 BRFEELRE RS
© 8 o 2 { & Homer3 #4 {7 crh B2 B 5 (3500 5 Homer3 ehdndic 7 48) * 5887
B3R & &30 L P 7 % £ (hmrMotionArtifactbyChannel) ~ Rloess & i it
(hmrR_MotionCorrectRLOESS) ~ & if & & & 472 (hmrR_MotionCorrectSpline) -
M 9 F 18 g 2 (hmrR_MotionCorrectWavelet) » & — # 38 ¢ dveitm S ficdo i & ek

B 12 4F 6“7 o
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DMS TILS-810nm Subject 1 Day1 SDS: 3 cm ch 2 Wavelength: 795nm DMS TILS-810nm Subject 1 Day1 SDS: 0.8 cm ch: 2 Wavelength: 795nm

24 x10* 25"04 e Data
A
i b

33 1 2,45\ .

3 WL T i »\ | m \ fml-

3 [l 3 NI [ W ‘” \\)M L

32 M M . < 2af ( ‘{ ‘i i) ‘ Al |
3> l M }L‘ I 3 1‘ \ ” W r A J‘ ‘
2 (g A I ] WV \ Vﬁ M {, \
<] VAN VRRYIAl S '” Ahmw

ERES ¥ W" ,/uwu J '\J i 235 l iail r f

5 ] : ! | 55 | ! |
0 50 100 150 200 250 300 350 400 450 0 50 100 150 200 250 300 350 400 450
DMS TILS-810nm Subject 1 Day"${58°8 cm ch: 2 Wavelength: 795nm DMS TILS-810nm Subject 1 Day{8#850.8 cm ch: 2 Wavelength: 795nm
i <10 Remove g median) 25 x10* Remove median)
1 1
5 245H\
3
3
i ? 24
\ \ \ (’ )\ S
TAWIY
I 235}
n | ] !
0 50 100 150 200 250 300 350 400 450 0 50 100 150 200 250 300 350 400 450
DMS TILS-810nm Subject 1 Dayi"$1%6°5 cm ch: 2 Wavelength: 795nm DMS TILS-810nm Subject 1 Dayi"888%9.8 cm ch: 2 Wavelength: 795nm
x10¢ Remove Breath x10* Remove Breath

34 s - 25 .

I
N

33 i\ 245
k] | W )

3 W\ | g )

3.2 W 24 0 _d
3 3 aaf \an H (Y
9] (0] Lu I\, y\ Il

31 235 VWY

I
3 23
0 50 100 150 200 250 300 350 400 450 0 50 100 150 200 250 300 350 400 450
time(sec) time(sec)

B 2.18 PR R T AIL GG BB
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243 AREkFESNEL

L

TRy SFEFHRAFIAL B2 FRPFFIFEL > FRGEFAR
SREE A - LR A FNEE CFFEARZT TR AL AHBE > AES
¢ & 4 EF % % #3 5L(Motion Artifact, MA) e MA ¥ iy € H b o 4 T £ 8 <
s et B AR E Ay > B BG pE 4 B ik e [32], [33]

BN R B M ELT E R RIPIE R MR AR RERFR R > AL RRR
SREBER PR (TR E R MA T LA KA S 28 & § 4 IER
PEIUBLSE L S B 1w R A gl R 0 LG & I3 gL(Spike) b4 Rl 2.19 ¢
Shicd R R < R DR A FRAGT2 T £ PR RAGE R TR
5 % 4 (Baseline Shift) » &4 ®] 2.19 ¢ e d PR R o 122 ¥ & A A RS
2.t Bhow D R ELE B 0 835 (Slow Drift) © H4rB] 2.19 ¢ ¥ # Fﬁﬁ?%
Fl[24] -

(@) ; ' . ; ,
— Baseline shift
= Spike

02 = Slow drift 1

0 50 100 150 200 250 300

Bl 2.19 = 6% R chEgan & #30 5L[30]
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FRELAGET MA B 7 EF MR F 2 o GlAc e F B A Rk £

B~ BFEHDE R AL W WAKGEE P EREE R32] @ % HEF 5V HF

=

PR E 2 VARER[26] 0 b b G 3F S AHE RIS RIT S 2 o B E\;alt"“,/fﬁ'ﬁ

i\4

R 5 # 3 gLeriw B2 ¢ 7 Rloess & if i* (Robust Locally-Weighted Regression and
Smoothing Scatterplots) ~ #% i #& & 4 472 (Spline Interpolation)? % |- j& #& 3 iF g i+
(Wavelet Filtering) - ™} ;% & ;2 39¢ % & David A. Boas # 5 B Ff &% Matlab B %
g A5 @ * ¥ /i m (MATLAB-based GUI program) ® [34] °

Rloess T i it % & &b ] T3 2w ﬁﬁ?ﬁ L@ w EP? R by PE R R 720 B
L E B (outliers)3 f TOET LA Bl 2 8¢ 3 ",/Tf X PR E[32] -
ERRE AT T AR BT A B AR R L RIE S R
3% W BN CTER IR & B AL o B £ BB ) ePEE IR B B LI R A g Y a‘f"‘$ L ES
v iial‘"“/f B ML AL AR EE IR A BBl ) R E g2 T 2 “,% X FEL 548
AT 4% (discrete wavelet transform)#-f 4 PF RV BB BB (7 5 K &4 3> 20 &
R P B~18 17 11 7% #c(approximation coefficients) £ i & % #ic(detail coefficients) o # 'J‘ﬁ%
M lcis 0 B BB AT A & ## (inverse discrete wavelet transform) £ &

W EL32], [33]
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244 EREREUSENE-T 0LE

21§
At

=

BRELE KR A T EE AR AT 0 )k T ok

*ﬂ‘u

MBS I - R AT G LT)Y R R Kl ek

LR ARy TFH K i k5 TIop T £ .

AARAG R L O R AR B R R FEREER R H R
® SRR 0 1t -9 9 22 (Modified Beer-Lambert Law, MBLL) » » fj*wim L
Solg e B eng B )k % #i(molar extinction coefficient) se ¢ &7 & 3 T 3apk jT £ o -2
PR LE R e Lo FaERAY @I E v BEG L pDERR
LenpEgIMEL o Y GLM BBl g ERR (R AR AL RH A FRIL)IFE
GLM s+ 3 % fic(nuisance regressors)i L i g kR (R & 7 R A 2R A o R #

PER) At T PR AR e d B
245 Bk .332?% WA g-y iz

B - O R ARG BT R Tk R R KA 4
FEIR s PR RHES > ¢ F R K EA ~ FE o 0 E BURE R R
(cerebral-spinal fluid) ~ A 7 ~ & F o H & e BRI ARG ARAZHEE
A e e o R T 0 AFREFBIIRR Y OER BB 0

RS T A TR NG A R A TR ik A % [24], [25], [35] ¢

—

BA e S B BRREitd & R esipd G E Rl g kR FR LN
Lt

AR MR R Rk TIOREE CHEIERRAE AT RY B

&

EE SIS SR VA Y :@gz#a(é FEA )RR BR(RF) - BRA

e g it A & 2 g S AL RIS & AR R s 2k

m>

PIEd ZFacF #F bRz tlimed Fof MpafE ¥ b d R A
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.E'_?J*« ﬂ,\‘{( a -@‘«1—\/&13 %Fl;L ) @ 'F"\"}:BF% b%gFRmphp](%]L%\%ﬁ‘#E}]\; s F T -

\-\1

A 2 e et 5 RO<SR<1)-

1“*

Bl kR R0 R 16D F (3 24) » B E U

£ A il iF SDS Ty K e A ek S TI0R T K o X

€
S

FHE A

N

B2

f-=

4e(38 2.5) BN 2.6) TE A E &3'_\4,}_#‘3‘-1! JO v - R R oo (5N 2.5)¢ i@ * e

Src-SS E Rk FRF L E > (X 2.6)B L ¢ * Det-SSEF|ehk F R E o

2 Apdg sup (D) ~ Dpgeu(A) A~ Bl % R E‘%“ (sup) ~ % ’Fﬁr(GM) ZRES Ry

8 o Lap() ~ Ley(Q) &2 W &3 K nsk ~ A frahk 3+ TIoR s £ - e

A

9
[

(sensitivity vector) & 5 %+ T ¥op g £ 1 3 B ) k thfichf fF o 15 e A

SRR R k@A B PR R A S TR o B b K

(3% 2.7)7 Sithosup ©* # Src-SS ‘®il if ti¥ A 2% HbO ehgacs £ - 40D ~ S~ L~

e¥iainxl1lev® onsz A E#ce DS A% Det-SS» SS i % Src-SS» LS & £

AODLong or Short (/1) = A.ua,sup (/1) ’ Lsup (A) + A.ua,GM (A) ’ LGM (A) (’7\: 24)
A[HbO] sy
A[HHDb
AO D55 SHbO Sup SHHb ,Sup SHbO GM SHHb GM Sg)fCCO,GM [ sup X
LS A[HbO]gy | (3% 2.5)
AOD HbO ,Sup HHb ,Sup SHbO GM SHHb GM SoxCCO GM A[HHb]GM
A[OXCCO]GM
A[HDbO]syp
A[HHb
AO DD5 SHbO ,Sup SHHb ,SUp 51330 GM SHHb GM S(JD;CCO,GM [ sup X
LS LS A[HbO]GM (.} 26)
AOD HbO ,Sup HHb ,SUp SHbO GM SHHb GM SoxCCO,GM A[HHb]GM
A[oxCCO]gm
SHbO ,Sup = ( scalp + R X Lskull) X Expo (5\: 27)
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ip;#g%%gﬁﬁyMMLk%%*%@iﬁ%ﬁﬂth%ﬁﬁﬂﬁ
k372 € TERRT S i K 2% Sre-SS AR fa ek 3 2 € (TP BT
N R e e (38 24)F B RIAOR K B e Tie®g 1Y W 1 A L Sre-SS £ Det-
SS HITA AUY A BB R f BB L o I T UG AR G 8 K ek RO
BB AUE (R 2.8) 0 (5 2.9) (£ 2.10) » (5 2.8)2 (X 2.9)i% A & 4 £ Sre-SS
81 Det-SS hrmid if §p|Flenk 3 § A NGB LMmE R BT 2 hsf 4~ 5 E 2 20
AR (R 2.10) % £ £ MR P kT § LGB RIRT S oy BB A

o B ts R ET S R

AODsyc-55(A) = Mtasups (1) * [L3e6ips ) + R+ L3 (D] + B,om @) - L (D)

(3¢ 2.8)

AODpet—ss(A) = Mt supz ) * [LEEkips ) + R~ LIS D] + Bta,en (D) - LG5 (D)

(74 2.9)

AODLS()L) = A.ua,supl(/l) ' [Légalpl(l) +R- Lgiulll(l)] + A.uoL,GM (/1) ' LLG%VI (/1)

+Aﬂa supZ(A) [ scalpz(l) +R- Lskullz (/1)] (5\: 2-10)

2 A.ua,supl()o A A.ua,GM (A)ﬁAﬂa,supz(A) = H) kRT3 ';i?‘ é] &F—‘?“ (Sup]-) A
J—k %&(GM) ~IE IE"’ /? T3 Al }é-l (SupZ) ZE13 8 ’]{ lé‘ﬁi% L ’EL ° Lsupl(/l) LGM(A)
B Loy D) A 5 2 KRT 2 X K e s A F ~ BRI ET R kS Tiop

/{;_'v\' o ];II—Qr'Lscalpl(A) o Y £ 3 lE é_‘ }i—,—r = msp,/i m%—a—l;ﬁﬁx ,{J_.‘;\, o j&‘(
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27~ (£ 2.8)~ (2 2.9)8 H » T U LELA RN heo( 2.11) 0

AODSS
A0DPS
AOD™S
[Hbo]supl
sS SS SS AlHHD) sy
SHbO sup1 SHlib.sup1 SHbo,supz SHHb,sup2 Siho,cm Sitib,cM Soncco,cm A[HbO] sy,
= [Shso supl St supl SHho SUp2 Shib SUP2 Sggo GM ngw GM SoD:fcco,GM A[HHDb]gp>
SHbO ,supl SHHb ,supl SHbO ,SUp2 SHHb ,Sup2 SHbO GM SHHb GM SoxCCO GM [HbO]GM
A[HHD] gy
[A[oxCCO]gp]
(5% 2.11)

HRRHY 2 PP FARZLFDERAS PR LT RAEEH A2 R4
w0 A T (block)2 FF P B 2T 4% B WEL &G T M BRI EALY B A
AARRBRFERT T BRI 4o(3Y 2.12)c B2 RHERSVERFE 7y,
a‘rﬂ,ﬁ: T RBLE AT S5 fyenfR B g enT 35k B % 1Y mean(rest;) ",f " A ELact
g A e B e B fic(variance) s fofs AT EL o pt B e %J’? B % Hoch gl 21
55 > ¥ i T A1 (normalization) ¥ T M EL Y - B~ TR o RS RIHE
LRI E R A RS 0 To9r N BRIDER S AL RH TS
Vbiock ° = 1 B FFact 5 & B % H.(block)® fl3Ep MRt 64 2 HB HHEL -

BE&{rial) g L 100 > B2 ERR M b~ a8 & 54[36], [37] ¢

yi(t)—mean(rest;) )

X2.12)

Yblock(t) = %Z?’:K\/

var(act;)+var(rest;)
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246 k3 Tiopk ik

Tk B AT e BRI L0d kS TIORTE o AR R R
k3 Tapege £ & W FR[19] o ptiz BRI R e Sk R- o p] B BE4E(SDS) 2 i

oo et FRg s L FlkF TiapL i L ¢ 5 SDS it 5 13 i * v £ gl
2 [t e ¥ % pk § B3k F] %0 DPF (differential pathlength factor » % % &

%5 T Iop o £ 2 SDS ki) o £ ikdf SDS 428 BT & [16], [17], [18] - sk 8
FRE* A b SDS Wi et o e Lvd 0 BRR EE IR AT ik

HE XS S HBHLE  EREZEFERALS TALRELE -

ﬁﬁﬁ] L ke lik T s st il U E e ‘FL“ %Jf#?}ﬁt(l’}“r% R E_%U%_
B) o w7 A% ¥+ B(Monte Carlo, MO)i# & 2 ficft 11 56 & & B 3 s
TR FEFHEES IR ERk S TERTE o FP AT R
MRI # 45 7 3| X 38 ch= It S g icg] - 70 2 SR AT i b SR R ook ¥
B ) ehEp PR e sk F S g [38]) 3 ) * @ Frchen fz (i g i 3K 2 2 Monte Carlo
eXtreme ¥R F P LR R E > KA TN Lk %« EA4@EAPHTIELT
BT E o de(50 1.6)[24], [25] -

A3 & * 3| Det-SS ‘@i i (SDS=0.8 cm) ~ Src-SS “&id g (SDS=1 cm)¥ £
WAE(SDS=3 cm) & & A fm ek 3 TIORT K o fed 3T T4k SDS=1om A i A e

%‘« gk 3 T yap s £ o 970 Bk SDS=lem £ 0.8cm 7 & & FJT‘%.‘« ek 3 T pape ok

|

;7 ek 3 T s

\

tpk o AT IR T AL T F SDS=3 cm PFRF AT N K e

.
ol

B /o & o T4 SDS=3 cm HkiRZE WBRIET A KUl K B SR B kS T ag
Lottt APy BR LT E AR BT 2 HLRT SRR Sk Tog T L
Ak o P 3 SDS=3 cm ¥ K S eni sk 3 Taopn £ T a0 kR A R E

Ty e de(3Y 2.13) 0 FIU (R 2.8) B R T (N 2.14) -
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SHbO ,Supl — SHbO sup2 SHbO ,Sup’ SHHb ,supl — SHHb supz SHHb ,Sup (3\: 2-13)

AODSS
A0DPS
AOD™S
[Hbo]supl 1
A[HHb]su 1
ss 0 0 P
SHbOOSupl SHle)lsupl 55}5;0 st S5 sunt Sitbo,am Sittincm Soxcco,am A[HbO]syp>
=4 P% Shbo.cm Shimem Sowcco,cm A[HHD] sy,
> > Stibo.sup > > Stitib,sup > SHbo sup 3 > Stisup Skyo.em Skimem Sksccoem || AIHDOIgy
A[HHD] gy
[A[oxCCO]gp]
(5 2.14)

247 P EEL %
kA F (Residuals) T & 2 F 2% £ R3] ek %R % 1L £ A0D,y, (1) > B2 d K

B %1 EF w8 2 (back-calculated) sk % & 8 it £ AOD(A) » 4(5¢ 2.15)

i

Residuals (1) = AODgy, (1) — AOD(2) ;4 2.15)

% f8 3K 2. F £ 3 A £ Residuals dif ference (A1) (Residuals difference spectra >
MTBHEARL) TR G 2 Al FEKEE Nk EA F (2-comp)t 2 3 fA
ot BB S 0 ek 3 A 7 (B-comp) » o4 2.16) o B E (5 T ] 3
BB P FERTF e ENmL R Rt B 2 AP FBRETF et

ek g
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Residuals dif ference (1) = Residuals ,_;omp (A1) — Residuals 3_comp(4)
= [AODexp (/1) - AOI\DZ—comp (/1)] - [AODexp (/1) - AO/\D3—com;o (/1)]

= AO/D3—60mp(/1) - A@Z—comp(/l) 7 2.16)

i ¥ RMSPE i+ 5 £ * MBLL $& £ % »cend — 148+ 4o(5% 2.17) o n 5 4
MBLL ¥ ##% i if ¢t £ Beenidfo(Rh A7 5 @ * 700-890 nm ek £ % 5 nm —
trgk ko 2 39 B AT E) RMSPE 4% i & d MBLL & v & J ek 35 B % 1L
(cal)AX 3279 5k £ R P ek 35 B 1 (exp) » k5 & % {* Intensity ratio > T& 5 =
FRHp R PBR PR k5 B A FE 27 baseline #p BF enT koak s B A PR B0t (Y fj-fu{%
FRREE a0t B ) o S 3R 2 At B EKE T MBLL » A 8] 1Y
1# 3] RMSPE; ¢ RMSPE, « #- 3 % 4p i {8 ¥ # RMSPEyyoy * 40 (5% 2.18) © %
RMSPE yyor o f. » ¥ % RMSPE; < RMSPE, » 1% 4 3§85 fcir 1 Bk dp s 2 o

o B R ek R 1

Intensity ratio exp(4)

22=1(1ntensity ratio Cal‘()»)—In.tfensity ratio exp (A)X100)2
RMSPE = (% 2.17)

n

RMSPE,,,,, = RMSPE; — RMSPE, (4 2.18)

248 wfPFTEREMTRESTHE
AEN A EHBEAIFEREEG P Bl IR F T ER LD )
FOMETF R RRLE(AOD) A il i kR R Rl o TR

AR I LI o FE A R R ARR L o Bl 220 ¢ 49 L3 7]
D

N4

gyl

I

WAE AOD v #710= Z= o) 8 R id CABF Pl 3 o 2 (5 |
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F-4Fi5 00 i 5F 63 1) MBLL #

B (HbO ~ HHb ~ oxCCO) % B ek & % 1 (74 i fL5L) »
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Al fE L&

Ch1 After Homer Ch2 After Homer
0.021 1y N = 0.05 n
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oMYA DT WP P w v WPV AL ca ¥ G Ant f“’%nckp«\ WA J
8 T YaafFALT T v VYRTERTT g o m fmﬁ”\m Wl |
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g9 A AL AATNARSA SR DAy @ﬁ D ’[§ [\. Qﬁﬁ\‘ f
a & r Jmﬂmﬁ/
AR
0.05 L . . L . ‘/0 .
0 50 100 150 200 250 300 350 400 450 50 100 1 50 200 250 300 350 400 450
Time (s) Time (s)
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5 il
A . AT /”V\ M
8 X ofl alahs e [ M’N m} o \/
A AT IRRAA] 7 V4 "\7 7
[ v Y
L I I r I I I ' I I
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Time (s) Time (s)
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N
a ) J\‘fﬁ 7Y
o of A e WA\“ WW W{?‘W J h
A \/ fo
0.05 - L . . L . .
0 50 100 150 200 250 300 350 400 450 400 450
Time (s)
- <2k [ 22 A 3T 2 Lz L% o F 2o s A 2 oo b sk o E
B 2.20 T HL ¥ & {7 DMS ¥ 475 i 3f X536 homer BBtk Bl g kR RpRE

$4 R (contrast) ™ LR P i SUSLAD $20 LS g R

T AL CNR)F 12 F e gt B AP § S

/k}i%”‘ F’g{%ﬁ'

ot G &

o CNR @ & 45t 2.19 > CNR g4 &

ok

PR

P EPE R (1
o HPV R L AR Tl S

» 77T L E8E L 2

BT o Rt > ONR A+ 5 JOE SUAfE 38 £ [17], [37] 4 3 31 $irest

v

&5

Z[18] -

/"'-_—‘:. IL‘ :@‘ﬂn %);uact f‘;h /‘\‘:":' TL ;pr FE’F _'rﬁ’;,‘ﬂ. %);U °

—~

640 I 35T Hde i

£ 5 et R 5

r#?/r'LﬁpF’&mK%?
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CNR = mean(act)-mean(rest)

X
Jvar(rest) (3% 2.19)

S AT A A FTRR R B EA T HHD A do ] E
HEAP T L b A FPr LFp it F 3 - 34pk o nd 4 £ ¥ Al
Bhe 6 f5fs4 NI £ 2 ¥ gatfsif 2 o & Ayt RPN F S E[39], [37],
[17] F # » SHhLERY ERSCFRECDFAER B APEHF S0 o7
R S AL AR o FIE AL TS 680 2 RS - B

BARUEI0f > bl NPERFTFERrefgemty .

et (SNR) Tk 4078 2.20 0 5 T 3078 LU BLE s it 8 0 fe sl & 5 T
Baem 5 el B e 4 o T3aE it mgian@ i F CNR o st 7 0 &
B T UBLAR O AR R G R Fe ek o SLRRLE g S RS T SUELL RS
LM &g

mean(act)

= X
SNR Foar(resD (3% 2.20)
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Average, Average

variance
5s 5s
Pre-task Act period
baseline

x10

|
Sﬁn1peﬁol :
|

Conc. change
o
(6]

SR

6s 10s

Bl 221 Fitgid BN DT K

¥obod 2 HDO ¥ HHb fiE i ¥ B e jed 4 5 & 4p F > #7172 HDO % 0Ox-

CCO=nSNR x»r0 i &gk > @ HHb e SNR /[ 3+ 0 % £ 2Lk 2 o

ok % R M (inter-trial variability, ITV) » 3 £ /72§ B fz 5 ep ¥ L
MmemamMMMwmmoWVFWE—;¢£*’$$%@%$F@%«
RENTV g A L2 F 2 F RRBRFGE L F - R ITV L& G 1 #9
T B AR LS 0 HHy RHDE R B BLB R X 0 B SR L oh
PERF B 71> L S5 (U Hp AP ol B 0E F BT 3a[17], [18] ¢ 5 (L #p F e e & ¥ CNR
HECHF Dz Eplk 3 RARMBEF L Famis t 5§ ¢ d * Stroop %
n-back sHiE W 3 B HH(2 DMS 710 B R Ap L A R) ¥ £ B R B PFE

WALT A §RFFEL 0 AT T DMS 2 (7 ITV e 47
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¥3% RRE*

31 Eiid i 6E

BB homer 2 fsp% At sk el kR pg L E 0 Fad
PRERFCIHF AL LE Elqﬁi*F‘i‘?éf“'%‘l“}#”%é?iiiﬁ°L%§L“§f‘«%"t$
=22 RMSPE » # % i 3 7 RMSPE & ¥ < 3032 238 F 1 B 3l sf > RIH TR =9k

BLA R o RS ARE N ER R F AR FADNIEY TR HDO

M
F_k

ERFCT AP R P QI T RBE P RS ’f;.,%%%wfr::zé'h%ﬁ;gﬂpiﬁuo%ﬁ
TR BACE R E M- 2 RIS E AR E o 2 3L S Sy T
HFE R ONARLGESIRREE T B LFE e 57 e 4
LU b L~

231 B s mXEE e INIRS RABFLPHM S - F % LBl b
RAPFFRTLF a2 EP - i @il F(F 7 &3¢ ~Src-SS

22 Det-SS) erlg 5 o
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%031 &% P INIRS L PF R~ BofRA S 0 2 §H3E 13 e (30 i 2L s 1 R

LR | REPER | PR 5 | DMS n-Back | Stroop
KoL (ms) (Hz2)

1 405 1.05 ch3(1,2,3,5,8) | NA NA
ch4 (1,2,3,5)
ch5 (1,2,3,4,5)
ch6 (1,2,3,10)

2 350 [1.19 NA chl (1) NA

ch4 (1)
ch8 (1)

3 500 0.877 ch2 (6,7,8,9) NA NA
ch4 (2)
ch6 (1,2,3)
ch8 (1,3)

4 400 1.06 chl chl chl (2)
ch3 (1,3,5) ch2 (3) ch2
ch5 (3,5,6,7) ch3 (3) ch4 (1)
ch6 ch6 ch8
ch8 ch8

5 500 0.877 chl (10) NA NA
ch3 (1)
ch5
ch7
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32 WRABHEZ RS TERT RS Sz

BTG R BHERIRY > AmR - e g = Ao d JTIRK T a0
RMSPE #fut & fsxjede JBR T i (R 3.1~ 3.2) o ¥ ¢F » 47 &4 ~ R h
B Y o A = e fod T EK 2 e £k Ak B 4T % 9 oxCCO &
floif e Trhigcsk H AR ARIT 0 G PR A k3H Y oxCCO X ik s B2 ow (R 4
OX-CCOER %M+ H)FHFEF (% OX-CCOER ST ) ¥ ¥ £ if
R AP RPCEEE R od N R E T LEIEE ST A AT e oxCCO

FERERS MU ABE B el TRR LT L mil i B AR S 2 ER
e (B 3.3) °

Subject 1 Day1 DMS Ch1 RMSPE (Best R=0)
04F T |
RMSPE 2

N RMSPE 3
i\
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035 | | <
|
|
|
|
| |
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3 \“ | It 2
| | |
“ ' I Il
| | ”
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o | ’ |
I |

i

0.15 - y | \ I l | “ | T il

. | | | ‘
‘ ‘ | ' || f |l
CL0 MU A I VL f \\.“ it NER
02| |11 Wil “‘f J n \U [\ M I ! }\ I \“ i \ H 0‘ i il [
\ ‘v‘ ,‘lf ( U S J\‘ | i (| i l‘ f f ) | | Il
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B 3.1 RMSPE
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) a - & §l£jgct 1 Day1 DMS Ch1 RMSPE Error (3-2) (BestEO! B
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PR ey £ R T 35 s L Ag i 2R 1 (normalized) £ 0 B IR AT A cay £ R 2

Bcrjp b hlict 22 097 « P 1AL RHE G B h- R AT D W

)
s
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P
e
|

FEIR R ®BL A 4 > Fpt v 11 i 5 oXCCO # £ PP eh— 78 3 47;

gt £ Sk FF ek 4800 nm FiTE 4 47 i@ * choXCCO & f i ok ok ¥
é}%fﬁiﬂ'ﬂ}ﬁ*i e £ (B134) e 50 B REREFAT L BRAOTERR
it FIBET oG B DR S A e IR0 Bt kg
oL RFBEEE AR HoxCCO XAk cimEApl o T pt a4 &
HIFLPHEB D A M HhoxCCO ¥ B ) % thlic(4- B 3.4 > B ¥ ehic 8 5 9 5%

HEP-ehoxCCO & B sk fadic > 2 m 4 5 OXCCO % B jjf -k thdeen= 1‘% ) 2

“~
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(6 e/ 47 FR R % U B 5P~ oxCCO KB i 3k e o

Subject 1 DMS Ch1
10% Short 10 Long

0xCCO

Trial 7
Residual difference AOD

Trial 8
Residual difference AOD

Trial &
Residual difference AOD

700 720 740 7860 780 800 820 840 860 880 700 720 740 760 780 800 820 840 860 880
‘Wavelength (nm)

Baseline Stim Rest “oxCCO.

Bl 3.3 % b RISRIFE L EEE 5“‘%_%.1%"1/;!*'*'?%1—" 1 0XxCCO %2 jj & % i

MeanRD rescaled to oxCCO min/max (shape preserved)

MeanRD rescaled (N=312 spectra)

2500 = = 0oxCCO molar extinction (raw)

2400

2300 —

2200 -

2100 —

2000 —

Amplitude (same min/max range as oxCCO)

1900

1800 —

I | 1
700 750 800 850 900
Wavelength (nm)

B 34 ‘E’E&ﬁ%gﬁ?é)ﬁ%ﬂ 1 0xCCO £ B ik ik

d "v?‘@}’?%“ 7 0XCCO % B jj -k thde & ARt F BRI m Ay &
AR FRD FP AR choxCCO & B )k v su HHAERIET Fo
SRR Y P E P oxCCO 5 Ak e S A M > @ TR
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B 1 0XxCCO
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RFF S REBEAE S FE RYBAE D F > FRG R Y B TR
L3R Z LT O 4B i (Wo-SS) e jE (B 3.7) o Lo &R A hE E S Rt
FoEHEE RS > g PR RMSPE e 8T 6 ff ¢0-T 358 (area under
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%10 HbO
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hmrR MotionCorrectWavelet : Wavelet Motion Correction

*+ Bl 1 Homer3 #7:i& {7 cheny f@:#ﬁ%

ded = hmrR Intensity20D(data)

R 2 R A kR E

[tIncAutc, tIncAutoCh] = hmrR MoticnArtifactByChannel (dod, probe, mlActMan, mlActAuteo, tIncMan, tMoticon, tMask, STDEVthresh, AMPthresh)

tMotion: 0.5
tMask: 1.0
STDEVthresh: 50.0
AMPthresh: 5.00

R 3 FERT BRIV R B MR R

dod = hmrR MotionCorrectRLOESS (dod, span, turnon)

span: 0.02
turnon: 1

"t Bl 4 Rloess T i

dod = hmrR MotionCorrectSpline (dod, mlActAuto, tIncAutoCh, p, turnon)

p: 0.99
turnon: 1

RS PRSI A 4R
dod = hmrR MotionCorrectWavelet (dod, mlActMan, mlActRAuto, igr, turnon)

igr: 1.50
turnon: 1

GRENOIEN : f E
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