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Abstract

I proposed the new method to extract the intrinsic factor from fNIRS data using
factor analysis. The signals of fNIRS include a various noise component. It is often
known that the changes in brain blood flow are affected by these factors. The one of them
involved the intrinsic factor such as a fatigue or sleepiness. In recently study, however,
the method to decrease the intrinsic factor was not proposed. Threfore, the experimenter
of {NIRS need analysis method to analyze the intrinsic factor. In this paper, I conducted
the experiments to examine the effectiveness of the proposed method that can extract the
intrinsic factor from fNIRS data. In the application result to a model data, the proposed
method could classify the blood flow pattern of model data into correct groups. In the
application result to the actual fNIRS signals, a factor such as the stress or the difficulty
of tasks was extracted. These results showed that this method can extract the intrinsic
factor. Therefore, it was indicated that the proposed method is usefulness to analysis of

intrinsic factor.



2.1
2.2

3.1
3.2
3.3
3.4

4.1
4.2
4.3

fNIRS ZHAW-HEEEr X—I VT

INIRS &1 . . e
JARXRT—=F 777 MEBRD O DBFTE A ... oo

EFa iz AVWCRENZER O EFE

BB
RO ENE
WD DL ERBIGRIN T —F ~O@H 3 .. ... L.
BEFHEOTILTY XL
BEFEDRIIRER

EE 1 —E TNV T—F~O@EHER— . ...
FHEE O —HEF— Y ~OBHERR 1— . . .
FHER 3 —EF— Y ~DWHERR2— . ..
&



1 Feim

JE4E, MRI (Magnetic Resonance Imaging) % EEG (electroencephalography) #13U & & T 3,
FIHRERICEHIIT & B IMHERE A A — > v ZARIEDE M L, INERE DRI SOdITEA TV 2, 2D
OEolz, ANEORBMEREE 2 E T 2 FBE LT, NIRS(functional near infrared spectroscopy)
ZAOIHAPBACHRE SN TV S, CoREIIMMEA{LEZFHIITE, 20 PFHE Y -
IR E LEEORITRE L 2 L5, MKEOZKMTEL L OEHSNTwS, 2Dk,
KR4 723 B CHI S 41T % INIRS 2 6 51l S 4 2 IR 22 ki, SEREER (FEedsR 2 4 X
% E) RWTERER (K57 PR EADHITHAET 2 3R 7 & DRZEEHMEIC i A6 T2 IR RS
BEThHs, 20D, EEEFEIIINSOFELERL - L THHN 21T BELXDH 5.

D& BRIV TOMNKIL, RALH2 S SN Tw 5, IMENERN DG, KRB 2
2D ETHSDIMLZIA L 2 EMARETH S, Z0THHY BRI R WEAIE, /A4 ZOEHHD
T DIZT =Y ZAT ) BEDNDH B, b H b TR 2 TR, 7 4Ly MESR AP LI
LA ELRRTDRETH L., LrLInsliE, FHERZDHDITS & DV UMHFETIEME
W, RO AT &, HINE T2 — v ORI ETRELTCLE ) MRERH 5. Z2D7%
b, HonlT =D L) R EHEZFf> T it ohiat %z Lz BT, AT BERD S,
VAT, BOMFRZEAGIC NTEII R © & 2 RGO DB E L 5 2 Ll S hTs Y,
mzfbz o s 2 e T, HRNEZMEITE2LEI 0N 5,

Z 2TARRTIE, INIRSTEEO—WEfFiE L LT, INIRSFE X L TR0 2 H v Tdiig o
TR ITOINERER Z i 2 FE242% 7 5.

RS DFERMOIAU D VTR S, 2 F T, NIRS OB & MERICOWTECHD T, #
RTFBEOBEIIOVTER S, 3ETIE, AMOREFHEICOVLTEENISERS, 47T, #
EFEOAIMEZ RS0, ETNVT—F LHET—FII0 L THGEEEREZ1T). 5ETIE, oD
BREHc X L CoffEmic 2 » TN %,



2 fNIRS ZHWHEEREA XA —I VT

2.1 fNIRS &l&

fNIRS (functional near infrared spectroscopy) &, VTARAV3YEHE% FVTRIN BB A1 D Bk
240 % % 5 TR LRI T 2 BSR4 # — 2 v VBT H 22V BRI, fhEREN LR
ZALT 270, RFTARBGEEIOEL L 7% 25 MRI% EEG 7% Eft OBt x —> v V4R L 1
LT, BEPRDTHLI L, BHMETHS 2L, HRINZITHS I L L wokFE R AY v b
DB oN, B4 BIFASTCIEEL TW5, 2ol LT, flEE &I E ok ceto 1
BAU Y — VIS 5 2 EHBRE I NTE DO, T SRR OEBWHB ) DISERERE & LRI X
N37% EHETHICB T AI0HICERNEET > T3, 72, BMI (Brain Machine Interface) 7%
TOHLVLASER L LThRL Icla st s™d),

COE)ITHEHZED TV LT, BRALMERIEET 5. Z20—212, MIMRZACIZFEEH)
WP RN ZTH 5720, BIGEEIAN DR L BN DO ELZ EATED, B L vwE vy
MR D 5. gz Zi o QUK ZIMEREIA & NIEEER & v ) 2 DDBERICTKAI L THEZTW»
5. HMEMZERNZ, SHOB)E PHENESR) & o 7o FE)IC X 2 HRPHES ) 4 XSG 2507k, 6
DRFFIZNT 5 ) 4 XA TH D, ZHUIK L THTENER & 1%, JEI7PIRA, BREEDZ(MICHE S LB
ZlbEvotz, NOHICHET 2ER O 2 L 28, MR kiE, s OBEROFEEZZ LS
THILEDS, IEANY—VOHBMEMETLTLEY. Z20L) %/ A4 X2ENT 5720 DFkL
FRABEIN T, REICUHFIRIZHEZLL TR, 20X BESRD»S, fhokEiE( X —
U HEE WKL T, BN RSEATHRWEEZ SN D, XiT, BEREINTWSE
7 ) A KT & Z DORTERIZOWTIAR S,

2.2 JAZXRT—F 779 MEBODIODEREFEFELHER

FREHTFEE LT, N F827 41 % (Band Pass Filter : BPF) & BEPE0EZ Y LT
%. BPF 137 4 V& RO —FET, 5E L LB HFHO B O A ZEL, ftho REIIHE 3¢
574N THD, T, BEPEHLHIL, Mo — 12748 T, KRIT—FZHELY
A4 Y FEIETEEL, P LT 208 ch s, InsDFEE, /A X Z2EBTES )T, HET
HHWEOREOIES LTCLEHI MDD B, 2070, TLOWHOFRHEE +oIcEf L7z 1T,
BFEDNR IR —=F 2 PRET Z0ENH 5. 2O, KBk & OIMENEERIZINE D S iR T E 23
KTh2DT, BMTHRF T 24 L TBIROAMEZMARAL 7 LTRET LI L TES, LL,
WHEERIZ AT SGEET 5 2 LB TET, /A DEWTEZHH T 2 72 O I3 ERE DTSR %K
ELTCHAT2HENH S, 20k, BIRTEZRNCT =y 2L TL ) WiE»d 2.

ZZTARTIE, INIRSOTF—FICEENDE DL ) BEREZHRINT 20D TERZIRET S, X
BLD, ZOREFHEICOVTAXNS,



3 EAFShERAVWERENEROREFE
3.1 B=E

22 i TR 7e X9 INIENEKH O EZ BT 5 70 D)5k e LT, INIRSfE5DZL Y —v
&, 7 — P OREEED 5 A5 15 NERK T & DBIRZ T3t L 7 L CBld 2 2 L SE
RThH2LEZL, ZORND»S, FWUBHAZFFOBEREZ £ Lo, BHCEY] %/ 4 ATk Z
Mwaz Z T, BROFELZERL 72 LTHRITRTE 3,

Z 2L, Wt e e Tl 2 a1 BICER LRE 2 0T 2 TEZRET 5.
DTGS2 LT, RHDRE W INIRS 55100 L THERE Il § 2 LB 1 DFAEZ i
AL, EEHEOMTOMEY —LE LTHHTE 2 EEZ 6N 5,

REiE O, WO s, RKRIT —2 ~O@EMTGIEICOWThRR, REFEOT7 LT
A LIZDWTHER S,

3.2 RAFRrEE

RIFobr & 1%, BUNZABOMHBIRED & il § 2 KT %2 ko, HT»EHZEEICE 2 5 HE % R
WY 24 ERIITFEDOO EOTH 2Y ., BHF—2IcB T 2EREOBEK Y% £ £ Db Dz
AT (Common factor) & KO, fOZEEEBIRD R, ZDEBDAKF > T 2 oy 2 M H KT
(Unique factor) &EWEER, FTFIHTDOETINENAKTRIT S L Fig. 1OXHIIRENs5, ZIT,
fIEISEN T, o BEE, c 3MAKRTTH 2. Fig. 1 DX 5, BUHIZEEAE @R 1 & Ml A
T LV ZODBIET 2HRT O FAT 2 FEBHF o ChH 5., BATEHT2EXB1)DEH
CRBHEND, 22T, APD xy FBHIELE, ap ZRTAMR, fi (ZERTEE e (FHART
ThHD, BT IFBNEROHEBE RS 2R T, W-Aams L, HERT L IR o HBEIRET,
KA & BIEBOF VOO EDMI # R TIHE L & 2. WFohrcid, BIIEHEE D L icXrhofioZs
BoMEEHET 22 LT, BELBEBRITT 5.

Ti1 = a1y fi1 + aafio + o+ eq
Tig = ao1 fi1 + agafio + ** + e
T3 = a31fin +ag2fio + - + €3 (3.1)
Tig = a1 fi1 + asofio + - + ey

x5 = as1 fin + asafio + 0 + e

Tik = a1 fin + a1 fiz + 0 + ek
W7o, LMoot #2179,

(1) BUNZEDEYIVEDIRGS
-7 Cid, BUAREICHBE2 S 2 2 L Z2HHe L 570, TMNROT—5 v+



FOHHCR L CEDREREY)TH 2 0810 > TR T 20823 H 5. 2070z, ATk
(3.2) THE EN 2% Kaiser - Meyer - Olkin D% > 7Y v Z@YIHEHE (DT KMO) % 721010
2L, rij, a @ ZNZENLEE L § OEOMBIREE X OREHBIRE L 972, KMO (3HHB
FREL L TRAHBIR B DL TE I NS, KMO DIEIVN S IZ E 2 ZEIE DO HBIBIR 2 fth D 228
EoTHALIZC wHZERL, HFOO@EHINEYTH 2 2 L 2R,

Y%y
SNy + Tinjal;

KMO = (3.2)
Kaiser I &> T, Table IR THIEEEZREIN TS, InzSEiL, BUIIZED KMO
%3 unacceptable TH - 725401, oW ARRE L L 7.

N FE DIRE
KT DENZ L > THRFREEDE D S Z 06, RTHEOVPEIIRO TEETH S, KTFEHDHR
ETFEIRAIREIN TS, RENLRDDZDITICZEIT S,

o A —ILUE

o A7 Y —F AP
e MAP!3)

o MFTIHTY

o BLFRED A A 2 FersiE!®)

REFETHO LTI 2 HOICEIT 2, o FEOFBICOWTIE, SEHY »5EL
WV, A AR, BB OMBITII0 6 R E DEGEME (BMEAEDIZS>E2EKT) %
1 EET2RAELZRITZFIETHS., TN 7)) v REZEELTED, YV 7L
DERD E FICIELL 25, L L, EEOF—ZICEHT 51338 E03RE , MENE2S.
ZZTCTHom X 2R ZHRL, FUZEBDE, FUY v 7 VOB IEREEI T/ DHEBI T/ D
BlEfEZHEE L, SET 2EAMZ KL, G877 — 5 OMBEfT/IDEAEDIZ ) IR E L &
LZHIOETETHRE S 2 ERIBELEY, ZoFERWATON LS, W25 2
T, YU U TRERERTE TR, MRS X D @RI FRZIRETE
LT, hFELVENS, T, Zwick SGDLEHILY T 2L —Y a Y TEHVIHEZE TV
ZETHATH S, MAP & BIFFASICROETFEREETH D, HAF—HilEp2 7Y —
7Zuy FEXODHBICRWFETH S LIRS NTWE, ZNo6DZ s, AFROEREFIET
AT 2 v, F 7 HIRRNE T CORF- o 2 e 725X T, R BEis: 2 88l
IRELEFRIN TR KIBETFWETIE, WO X O RFERERE L 724, A4
2EMEICL D ETNVDOEBLEII OO THREZITY, T NAVDEEMEIC OO THHii 21774 > 7.

7B i R D HEE
WY DA BRI o 2 AR 2 HEE T 2. Sk, TN, RAE, RO 3EE, EHA



DERN_R|E I ER A H D, N TR, FRTECRLETH B, KAFETRERLA
HBRBERL, 208 ELT, RAEZH VS ZET, RAMOHA 2F|HIENTE 5 T,
AW X DEEIAT) TENTELILETHS., Lol, BMELHEHIMOREOH L 12
30, LD FIEICHARETFAMEDL 1 22 2 AWEEITPTVEVLITAY Yy b23H 5T L
IEEBRETH D, 2D, (1) THHL 72 KMO Z HW» TBIIIZE 23+ 52 LT, 2
DRZEMHL TV,

(4) HFD s
HELEHTOMRE LD LT T340, MolEEZ2iTH. HiEEs LTE, Ny
7 A% (B & 7v<y 7 2k (RUTHEER) MENTH 2, BERREE, FHOH
B0 &V IHREE BW T, #MTHRIEHEFHOMEZE- L T T 2. ATy, 7
vy 7 Az Mo ThHiEz Tk -7,

(5) KT DfFH
HrAffROMEE b LI, BERTFIERE G 2 1B OV TEET S, F, FE5HIC
DWTHIRHNT 2 0ENH 5, FHRLEIZ, WFRFICN L TZ2ORFBS SEEEOH G2
RIETH 2.

IS DfEfEE S Lig, N T & BE OBIRIEIC O W TR 21T ).

3.3 EFAMOZSEERRIIT—INDERARTE

KTz %2R RINGEHA T 5 7-01iE, RRIIT—F 2B L RAZT A THMT I L
T, W@ ohTE 5, Lael, 2ok) BN ENTECRMERD 5, 203, W7
Br O BER BRI A I M F— DL BB IER M0 6 DIFEARATH 5 L W IHIREIHEDIHTED, 20D
HRASERIF — 2 I IBE S v, ZOFPSELE LT, “ODHENEZSN220, —o0iz, B
METIHEF VIS L 2 HETH 22V, WTOWOEFIVICHEZER 2 EE L BT 2H6ET 2 2
EC, NEZHZEZET 5. COHETIETETVOEBEETEVEEZEZ oNED, TERDKFEHE
EOMEHTE R VWET, AFETIHEHIINETH 2 EEZXMEH L ko7, Z20DFEL LT,
IR RINDBER 7 — V) T2 K > TIRERNICHNZ 2 7 — 2 I8 L, oo 7 VICEN T2 2
EREZSND, EHERINCN LT ol 7 — ) 248 0E, BRI IERS IS 2, X5,
JEBIC k> TA v Ty 7 ADFonf@Ee ), 204 V7 y 7 ATl d % 28R L I3
Wzt s, COHEORRE LT, ERORFIHOETNVIIRESE S I ENARETH D, K
DRFEHEEEZH TR T 2 2 L3RR TH 5. INIRSTESIE, 7/, EHREHROT—%
~D#AB L LT, EEG (Electroencephalography) O 7 — & ~O#HH] 7% & b ST\ 223
INoDIEND, RETOTIETEIRED TILEZENL 7,

3.4 REFZEOZIIVIL

fNIRS {510 L TR0 2 M T 2 3l 7o Xotic 548 L7 1T, #iE 208y 5
FEZRET 2. INIRSTEZRNRIIT—FTH2 Lo, B 7 —V 2L, JHBBGERTH)



)T ETHNEEFEBLZ, Lo L, INIRSESICHNLTZOFEZHAVSICIE, ZAMNEND 3,
—OHIZ, W5 FOWE X )RR DBIERICREL 2D, FEEPRFEDOHNFIH->TLED
ARERH 5 2 ETH S, Wo E LI, MIMREACISHEIKF LT D 2 & ¢, WMiGESE) % & DDy
LR SIS M CAB) T 2R E DD 52429

ZoOHIC, RFNTT v MCHRAET 2RSS LI RE L GG, AT OB
%D, BMFLEE (FEGEROBA) »EP T2 (RFAIMOE TV THIEFELZRBITE Rv) v
IRTEDH 5, Z I TARTIE, BEMME A —N—Fy TUHZEATE I LT, INoDEE
fRIL L7z, BETFHEOTILITY XL Z2LIFIIRT,

(1) BEEIc k205 TR DOBE
AFLZ X D, INIRSEF26W S Ea 20 k<. AR, KX (3.3) D & 5 2Ry
TH5 DIFF #Rd %, 22T, z(t) ZF4 ¢ 12B1F 3 INIRS 5 DMHTH 5.

DIFF = z(t) — z(t — 1) (3.3)

(2) FFT O A — =7 v 7P X 2 REIE ST DFR %
AUBUZ LD, KB X ) ZREFNTI VLIBT3 ) 4 ADEERRINT 2. BARRICIE
£9, WRAIIT— & 2RI 256 v 7 VICXY) Y, FFT 217->7:. X2, WKEEZAH L3
ToHLARDS, FFTZEVIRLETLL (A== v 7L 909% L L), oL SEBKE
LCIn=v 78RO, BEIC, TRXTOFFT OFETHERZMEFE L2, ZofR%2H
FOMDOASME BEE) & L7, COWUBIZXY, BNz 2 £ AR5 %2 L, INIRS
BEARORER T ZHIELTE 2 L EZ 6N,

(3) WMATIHMTIC & 2T EDWRIE
BIZE U R U ol 4 s B OB 2 K 5 FiETdh 2 W10tz Hv¢, HhlRr oz
TERMITIRE L 72,

(4) HTFDHH
AEZEZHOTHFOHEEZ T 7. RFONsEER, 7e~vy 7 AE2HVE, £/, KO
KT DT TV OBEERE H A “F/WEICTHAEZ T 257 (p <.05) . b LEHI A
FAUR, RSN ERL, HEST 21749 (REORIETIE, 20 X9 2fikid
Wnighrotz) .

(5) WFafigEzb LI LEzr 528 vy
SRR DA BRI 3 AR R THfEE LT, 79 A% ¥ 7 FHETH 2 k-means
2 O TR R A L 7220



4 RBRFEDIRIEER
4.1 FHEB1 —FEFINT—I\DERAER—

RETFEDPEBEICH 2 EALRRINT —Z 1IN U THRES 205§ 5 720lc, ETVT—% %
R L, @R Z1T-> 7.

4.1.1 F—7tv FOER

WIEER DO EDTH B A b L ADWEIC X 2 M2z EL 7.7 —F €y b (MTA ML
AETINENS) ZER L 72, BARIICIE, A PLABEEER b L AHOMIMITRE{LZ & 349>
TERLL 72, W2 i, BGED, IR, Bt 4 X, 0o &, KE0 5 >OEEL SR I NS &
L7z, A FLRAEFILVOKIIRZENDZEEREDONEIZOWT, Table 21278 F, A R L AICEKE LT
AT 2 BWRIIMEE LR TH 5 EREL, A L ARRHIBGEEOIRIEIS K E  IRZHEL, KA
R L ZBECRIBGEBIOIR D IEIVNE CIRZIEL Lz, £72, MIGEEIOE—27105ET 2 £ O LR
BRI I L > TR 2 X I ER L 2. BRI, &A b L ABEE 1.5Hz, KA b L ARES 1.2Hz &
L7e, (REE, BREICE>TI v LRI, YoV AZFEITER L 72, ¥/, v 7L
B3 1200 B E L7z, fERR L 2R 2L DR 57— 8 % Fig. 2 1SR,

4.1.2 REAE

REFRE, BAEWEE & —N—F v T ETO R0 - 7BEORE (DT, HiRFEET2) O
Wz 77 >7:, 2k, IBEFHRCBOTO L ERERHOFELZI R TR TE TV
DHERT 5270 TH 5., T, RETFTHED/INTF X —F % Table 31T,

4.1.3 BREER

BEFEOFTOME, HEFIETREFIZ 1D, BEFETERTFE 2 2icpEI Nk, £z, F
KOFEFR%E Table 4 1737, WT-AMBOME% Fig. 3, Fig. 41077, WEFEOLA (Fig. 3),
HFAMROMEIZ TR TOEFHE TIZIFFACEEZR L. 20Uk, o FORENEL, 0 LD
Fl->TLE-LtEZONS, FFT OfEREZ A2 & (Fig. 5), EEABKERD OFEI R, fho
BN TNE 2 E3bh b, fiEo>T, HWIKTFIETIIRFAHREZES 2 Lk o L EZ
5%, —H, REFEOEA (Fig. 4), ZNZFTNORTFT, HA ML AFFLEKA FL AFOMT
W AMEPIRKRE S RG>, 77 A8 ) Y TORER, @AV AREEKRR b L ARRITHEYNIC/THT
E/. FFT DRz /% & (Fig. 6) , AREBEKT DFEIEE L, WRIERS DS ICER T E .
DI ENPS, AFVAET NN L CGHEYNICTENTE L EEZ NS, L L, INEEIDIGIE
IHz UTFICEN S EETE DD, ZNoDHTIIRESHEL, WHREKR»o7, 2D 25,
BIEENC X 2 2 BRIIAFIECTEMBTELRVEEZONS, ZORIIFERIBETH 5205, AFik
TOHWTSH 2 NENERZ T2 2 Lo L TIRRERE-EEI 5N S,

Ihoofahc LD, ke T o L THREFEIERITCH L LR L, LiL, ETF—
8T, SRR EISEMRRIC X 2 e, X DEMREREICES S 4 Ak EOFEREZ 6D,
REITIE, BT —F~O#EMHZT», REFEOEIEIZ OV T 3.



4.2 ERR2 —ERTF—HI\DERARER 1—

FEIZFHII L 72 INIRS B3 12 L C, SRETFEDERNTH 2 00GET 572 D12, WREFEBEZITR->7.
AffiTl%, Psychomotor Vigilance Task (AT PVT &9 %) IC0T 221774 > 7.

4.2.1 Ak

fNIRS #i# (%, HOT-121 (HIZBUERTHEL) 2 M7z, AEE T, Bl oMiiZl% 2CH T
HETE 2, AREBTIE, ARMETICMET 2 ICHDT—% 207, #iaEix 20 fRE5Eo Bk
WH 24 Th 5, FREOE, EEG OEMIELETH 2, EEE10/20 k2 SH 0B L 7227,

4.2.2 RERFE

AHF OFEIRX PVT 2 w7z, ZodfdElE, #EaE o IFHEiO 7z 0w o 2 HETH
228 MENEIZET, 3~5BORETT v MIHEERES S, KIT, WEBREHEESE 27
SRYVEMLE. 20, Xy UBHENEETHRBIFEITIZ2bDE L, 2L T, X7 Vi
ENBEEDILE S, AEBOHM L 22F, 1000Hz, 60dB D5 TH 5. EBOWLZ, PVT %
120 BT, ZoRigic L A M % 30 BRER T 72, U A PRSI RS (LR L, RS
i S TA Y

4.2.3 R

PVT #dIRt @ INIRS DFHAIRE R Z Fig. 71287, £/, FFT O MEBFEROK K% Fig. 81
RY, ZOTFT—FIREFEZEMN L 2HE, W35 2ic08I iz, Table 5 ICHEK T DOFH G
KT, NFEFES5EZEAS L, Factor 1 & Factor 2 DEENRRKE W LB o7%, Fig. 91T, &
BeE O AMEOEZ R T, FHICHESRDOE D> 72 2 DDORF L g O FAm e & OBfR%
L 7K % Table 10 128 d, RHOsIL, A 2R L T2, Factor 1 & Factor 2 IZZNZ 1
o 7eiE R o N, 7725 v 7 L7kER, Factor 11 - 72 #5754 % Group B, Factor 2
V> 7o 8885 % Group A E{HE EFES, ZHo D7 7 AZ K LT, MMIMRZA LR O SO SR
DED LX) B Z R L TR L, FHPELS L TORRF ORI DOV TRIATEET %,

4.2.4 EE

REFEZHOTHHEL 72 Group A B X O Group B 12, A& DHEKDEEN AR S LT B
5.

¥9, 2 & Group A & Group B IZ & T 2 PFHKIMITZL % Fig. 1112777, Group A Tl
HEBHIRIRE D> 5 R E LIRS R I N TS 2 I L, Group B TIRIMTEALDN S Wi 12
fioT2Z EDFhot, KRN A N LA X > CHIFEE QMG RLBINT 2 &) 2
DD 5HZ 6, Group A IFHEFIRHIY & BIRIREEICH > - AIREMEDRR I D, T2, EDHFT
HAEPICRE iR A LIE R o e b o 7z,

X OB EED B 720, FFTICX D AREGE TR SR % Fig. 12 17T, 2oz /A
% L, Group A L HiZ L T Group B DRI (89 1Hz fHEDKIE) DORBEED E -7 2 Ld3b
5. 21U, Group BOAPHEDAMEZZIT TV Z LIGERL TwWEEZons, £, KK
R DOFE R % Fig. 131287, RISKETIEZ Group A & Group B Z R L Tt BEIC X 2 AEAIL



Ronkdro72bDD, Group B D fBKIGKEASEWHEHFIAA S, 2D EH» 5D, Group B
DFBEIEDBHEETH 72 EBEZ 5N,

INGDELENG, ER, LI TEOWEES ) & vo RFOEEDMNINT & 2 KUK L
TWHEREZ LGNS,

4.3 EHER3 —ETF—HIDEAHEE 2—

FERIEHI L 72 INIRS{E 5 1SR L C, IREFIEDENTH 2 0 0GET 572012, WEEFERZ TR o7,
Affi¢lE, GO/NOGO Task (BLF GO/NOGO &¥3) Ic¥ 2Mat #1774 -7,

4.3.1 Ak

FEREARPH 7 — % 13 4.2 L ARRTH 5. BE LT 20 RHTEO B M 20 40 L TIE
Wiz,

4.3.2 RERFE

R ORI IE, GO/NOGO iz H\w7z, A, PVT HE & FABRICHERIIEHIIC &
NTOLBHETH 230, LpL, PVT LD SHMBEORGIETH 5720, X0 LI EHE
AlREEDIE Z 51D,

HHEANRICOWTHIAT 2, RPETIE, 220F2HEL % (1000 Hz & 1100 Hz, 60 dB Dfffi
). 200FX, T:3DHAETI VI LCHAETLZLDLE L., 1000 Hz DEME- 728, #ias
WGEFILDRY v Z2M L7, —J5 1100 Hz OFEDE S 2BRIZAO0 L Td il e, 20, #1301
[N O 1) 7.

FEEDiAE, GO/NOGO #HydE %z 120 BTV, Z DRl PVT 38 & RIS L A - HIE 2 30
PR 72,

1

4.3.3 #HBR

GO/NOGO #HER; 0 fNIRS DFHIFE R % Fig. 14 IR Y. 72, FFT %O REEEE O R %
Fig. 15133, ZOF7—FICRETFEZBE L7651, K137 21208 E 7z, Table 6 (2@
TOHFLGHEEZRT, WIrEHEFGEEZAS L, PVT &R THEGEPME N Z L3007, s, Ik
ZALDIES D EDL N LITEKT 2 DT, HEEDOKRTDIXS D EDMERICKECHTRE Z Ln
MRIN5, Fig. 16 12, 2HEORTAMBOMEEZ R T, RICHFGROED > 2 DD L #5H
FHORNTAMEE DBRE R L 726G R% Table 17 1077, Mok, #aEzs£L w3, PVT
T ORI R RN TIE R VWS, SRR 72 RE B ATz, 77 A8 v 7 L IFER,
Factor 1 I > 7 #5275 A% % Group B, Factor 2 I > 72 #6#& D 7 5 X % % Group A &
fHH LS, PVT TOMGETEFEE, ZhoDnr 7 A2 I LT, MIMRALHED KGR 2 £
D& BEMZR L TR L, SHBFL L CORERFDOEEIC DOV TRIHTELET 5,

4.3.4 EE
REFELZHOTHHL 72 Group A B XU Group B 12, A6 DHEK DR B S LT pEEE
95,



9, 295 & Group A & Group B IZ B} 2 FHMNINMIRZA L% Fig. 18 I8, ZOfER%Z A
5L, FREICNT 2 BOROHMERREE Z ) TIHIOHRIC I N TV 5, Group A T, HERG
O RAZ IR ASEEM L T < —%, Group B TIEFRELZILIIR oo, £, FR7
PIGIRFICIZ D R o e o7z, F7, FFT IS & O FPEGES ¢ /- SR % Fig. 19 IR 7,
FFT OfER %2R % &, Group A DF DRI DRIEEDSE N Z EBbdroT, TN DFERD»S,
Group A DJFSIEDHEEICR L COARENEZ o NS, £, RIGRHETIE, tBEICk->T
HEE2ZR s> (Fig. 20) .

I DR 6, FEOWHE I 2RI 2 K7D EDMIMRZ L~ 2 LI L Tl HNE 2

515,

10



5 ¥5im

AT, NWENEROFE 2T 2720071k E LT, W0z e NENER O 8 F
BERE L, 2 LT, REFLEROBMMEZ R T DI, ETINT—F ERT =V I 2 HEEFEER
X AR AN

APVAETNDETNT =~ LR, BUL208z2T7) 2E8TEk, 2O Lhs,
LB Al 7 72 2P 88— D EPRETH 5 2 R I NTe, FRFET—F ~OHHE &
LT EDHIZ, PVT SERFORMIMRZL~EH L 72, Z DGR, & D 7 7 2 7 ORIz
LICKRE LARZHERTE 72, FINENEROBE D720, JREGHER & FYE O A I 2w Tt 2
Tofefbi, APV RIGERT 2 L RRINGERZHERTEL, ET—F~O@HAM L LTS
Hiz, GO/NOGO #ERF DRI L~EH L7z, Z DF5HR, AERICBLWTHOHRED 7 7 A%
R DKM I 2R 2R T E 7. FUVEICNT 2 MRZALORINEIRE S B> T Lo 6, #
B DKL 2 3HE O N S OFEOCDIMIREICEE Z JUE L T AT IR S Lk,

IS DOMET» 6, AFEZHGTHENER OB ARETH LI 2R LT, 2O ERS,
ARFEDNENR T DN HEE L THMTH 5 2 EWIRBI N7,

11



S EE

KRBT 5ICHD, 3EMICTE > THL A TIRE L, 136 Leii=EE 24 L T
Sofe, BREMZEBITLE VIEHEL £, £/, 3HEMOMEATEZE L T, K4k JHHERH, B
B2 LTHOA=ZAEHBRICLE DEHHL £, 361, oML, TELTHEE2HE X
L7, BIAAREIZIC DL DIEHE L £, 7, KL el S €5 LTEmIic S L TIHW 7 &
iy 1 — F DGR A A R BATTERHE £ — Rl 0 BEPAEE & M2 A, AarPERRATR 4 4
ORI S A, WHFETH, SHfEAICLL DEHELET. 512, AEZETT5ICHK
D, WEFmEERE L CTIHW 7 INIRS R OBk &, FREOBERICOL XD BEEEL £ 7. RIRIC,
WFZEANE 2 REFY, RIS T NARKIRE, DDLA Lo R E BV DT 2 1T T
L, BimXE L %7,

12



SE 3R

1)

11)

12)

13)

M. Suda, M. Fukuda, T. Sato, S. Iwata, M. Song, M. Kameyama, and M. Mikuni. Subjective
feeling of psychological fatigue is related to decreased reactivity in ventrolateral prefrontal

cortex. Brain Research, Vol. 1252, pp. 152-160, 2009.

H. Owen-Reece, M. Smith, C. E. Elwell, and J. C. Goldstone. Near infrared spectroscopy.
British journal of anaesthesia, Vol. 82, pp. 418-426, 1999.

S. C. Bunce, M. Izzetoglu, K. Izzetoglu, B. Onaral, and K. Pourrezaei. Functional near-infrared
spectroscopy. Engineering in Medicine and Biology Magazine, IEEFE, Vol. 25, No. 4, pp. 54—62,
2006.

M. Ferrari and V. Quaresima. A brief review on the history of human functional near-infrared
spectroscopy (fnirs) development and fields of application. NeuroImage, Vol. 63, pp. 921-935,
2012.

Fox P. T. and Raichle M. E. Focal physiological uncoupling of cerebral blood flow and oxidative
metabolism during somatosensory stimulation in human subjects. Proc Natl Acad Sci USA,

Vol. 83, pp. 11401144, 1986.

T. Suto, M. Fukuda, M. Ito, T. Uehara, and M. Mikuni. Multichannel near-infrared spec-
troscopy in depression and schizophrenia: cognitive brain activation study. Biological Psychi-

atry, Vol. 55, No. 5, pp. 501-511, 2004.

R. Sitaram, H. Zhang, C. Guan, M. Thulasidas, Y. Hoshi, A. Ishikawa, K. Shimizu, and
N. Birbaumer. Temporal classification of multichannel near-infrared spectroscopy signals of

motor imagery for developing a brain - computer interface. Vol. 34, pp. 1416 — 1427, 2007.

S. M. Coyle, E. Ward, and C. M. Markham. Brain - computer interface using a simplified
functional near-infrared spectroscopy system. Neurolmage, Vol. 4, pp. 219 — 226, 2007.

R. L. Gorsuch. Factor Analysis. L. Erlbaum Associates, 1983.

C. D. Dziuban and E. C. Shirkey. When is a correlation matrix appropriate for factor analysis?

some decision rules. Psychological Bulletin, Vol. 81, No. 6, pp. 358-361, 1974.
H. F. Kaiser. An index of factorial simplicity. Psychometrika, Vol. 39, No. 1, pp. 31-36, 1974.

R.B. Cattell. The scree test for the number of factors. Multivariate behavioral research, Vol. 1,

No. 2, pp. 245-276, 1966.

K. H. Riitters, R. V. O’neill, C. T. Hunsaker, J. D. Wickham, D. H. Yankee, S. P. Timmins,
K. B. Jones, and B. L. Jackson. A factor analysis of landscape pattern and structure metrics.

Landscape ecology, Vol. 10, No. 1, pp. 23-39, 1995.

13



14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

J. C. Hayton, D. G. Allen, and V. Scarpello. Factor retention decisions in exploratory factor
analysis: A tutorial on parallel analysis. Organizational research methods, Vol. 7, No. 2, pp.

191-205, 2004.
YEE. N aiTIc B 2 Bk, &R, Vol. 77, No. 4, pp. 35-70, 2005.

J. L. Horn. A rationale and test for the number of factors in factor analysis. Psychometrika,

Vol. 30, No. 2, pp. 179-185, 1965.

W. R. Zwick and W. F. Velicer. Comparison of five rules for determining the number of

components to retain. Psychological bulletin, Vol. 99, No. 3, pp. 432-442, 1986.

L. R. Fabrigar, D. T. Wegener, R. C. MacCallum, and E. J. Strahan. Evaluating the use of
exploratory factor analysis in psychological research. Psychological methods, Vol. 4, No. 3, pp.
272-299, 1999.

S. P. Reise, N. G. Waller, and A. L. Comrey. Factor analysis and scale revision. Psychological
Assessment, Vol. 12, No. 3, pp. 287-297, 2000.

e IR, %28 IR RN % T « RT-ohr. BT, Vol. 49, No. 1, pp. 109-131, 2001.

A. L. Martel, A. R. Moody, S. J. Allder, G. S. Delay, and P. S. Morgan. Extracting parametric
images from dynamic contrast-enhanced mri studies of the brain using factor analysis. Medical

image analysis, Vol. 5, No. 1, pp. 29-39, 2001.

D. R. Brillinger. Time series: data analysis and theory. Society for Industrial Mathematics,

2001.

fif— Ok, SR, Fetm L, SRR, IR DR AR 2 B R L 72 i ot %, 2R,
Vol. 124, No. 6, pp. 1259-1266, 2004.

Y. Hoshi, S. Kosaka, Y. Xie, S. Kohri, and M. Tamura. Relationship between fluctuations in
the cerebral hemoglobin oxygenation state and neuronal activity under resting conditions in

man. Neuroscience letters, Vol. 245, No. 3, pp. 147-150, 1998.

Y. Hoshi and M. Tamura. Fluctuations in the cerebral oxygenation state during the resting
period in functional mapping studies of the human brain. Medical and Biological Engineering

and Computing, Vol. 35, No. 4, pp. 328-330, 1997.

J. A. Hartigan and M. A. Wong. Algorithm as 136: A k-means clustering algorithm. Applied
statistics, pp. 100-108, 1979.

H. Jasper. Report of committee on methods of clinical exam in eeg. FElectroencephalography

and Clinical Neurophysiology, Vol. 10, pp. 370-375, 1958.

14



28)

29)

30)

R. Hall, T. W. Huitt, R. Thapa, D. K. Williams, K. J. S. Anand, and E. Garcia-Rill. Long-
term deficits of preterm birth: Evidence for arousal and attentional disturbances. Clinical

Neurophysiology, Vol. 119, No. 6, pp. 1281-1291, 2008.

M. Tanida, M. Katsuyama, and K. Sakatani. Relation between mental stress-induced prefrontal
cortex activity and skin conditions: A near-infrared spectroscopy study. Brain research, Vol.

1184, pp. 210-216, 2007

M. J. Herrmann, M. M. Plichta, A. C. Ehlis, and A. J. Fallgatter. Optical topography dur-
ing a go—nogo task assessed with multi-channel near-infrared spectroscopy. Behavioural brain

research, Vol. 160, No. 1, pp. 135-140, 2005.

15



4 X

N S Ot s W

10
11
12
13
14

15
16
17

18

19
20

T &

1
2
3
4
)
6

Path diagram of the factor analysis . . . . . . . .. . ... ... .. .
Bloodflow dataset of the stress model . . . . . . .. .. ... oo
Factor loadings of the stress model in comparative method . . . . . . ... ... ...
Factor loadings of stress model in proposed method . . . .. ... ... ... ....
Results of frequency data in proposed method in comparative method . . . . .. ..
Results of frequency data in proposed method . . . . . . . . . .. ... ... ... ..
Changes in bloodflow of subjects in PVT (x axis is ”Time[s]”. y axis is ”Changes in

oxy-Hb [mMol*mm]|”) . . . . . ...
Frequency of subjects in PVT (x axis is ”Frequency [Hz]”. y axis is ”Spectrum”) . .
Factor loadings in PVT . . . . . . . .. o o
Factor loadings of Factorl and Factor2 in PVT . . . . . ... ... ... .......
Changes in the blood flow of each group in PVT (Group A and B and all subjects) .
Frequency of each group in PVT (Group A and B and all subjects) . . . . . ... ..
Response time of each group in PVT (Group A and B and all subjects) . . ... ..
Changes in bloodflow of subjects in the GO/NOGO task (x axis is ”Time[s]”. y axis

is ”Changes in oxy-Hb [mMol*mm]”) . . . . . .. ... ... Lo oL
Frequency of subjects in the GO/NOGO task (x axis is "Frequency [Hz]”. y axis is

PSpectrum”) ... L
Factor loadings in GO/NOGO task . . . . . ... ... ... ... . ... ....
Factor loadings of Factorl and Factor2 in GO/NOGO task . . . ... ... ... ..
Changes in the blood flow of each group in GO/NOGO task(Group A and B and all

SUDJECES) .« v v v o o
Frequency of each group in GO/ NOGO task (Group A and B and all subjects) . . .
Response time of each group in GO/NOGO task (Group A and B and all subjects) .

Evaluation of levels of KMO score . . . . . .. ... ... ... ... ... ...
Contents of the boodflow of the model data . . . . . .. ... ... ... ... ....
Parameter of the factor analysis and FFT in the proposed method . . . . .. .. ..
Contribution ratio of the stress model . . . . . . . . ... ... ... L.
Contribution ratio of each factor in PVT . . . . . . . . ... ... .. .. ... ..

Contribution ratio of each factor in GO/NOGO task . . . ... ... ... ... ...

10
11

11
12
12



BloodFlow
0.0 05 1.0 15

BloodFlow

0.0 05 1.0 15

BloodFlow
0.0 05 10 15

5E604-

Fig. 1 Path diagram of the factor analysis

High—Stress
0
-
2 o
2 -
B
S o
[an]
o
(=}
T T T T T T T
0 200 400 600 800 1000 1200
Time
n
-
2 o
g °
T
8w
S o
o
o
T T T T T T O
0 200 400 600 800 1000 1200
Time
n
-
2 o
3 °
o -
8w
o o
o
o
(=]
T T T T T T T
0 200 400 600 800 1000 1200

Time

Fig. 2 Bloodflow dataset

Low-Stress

T T T T T T
0 200 400 600 800 1000 1200
Time

T T T
200 400 600 800 1000 1200
Time

T T T T T
0 200 400 600 800 1000 1200
Time

of the stress model



Fig.

1.0

[ee]
@
g ©
2 o7
<
©
o
= ¥
o o
3
L
N
o
o
S
High-Stress Low-Stress
Factorl
3 Factor loadings of the stress model in comparative method

High-Stress Low-Stress

FactorLloadings
0.0 0.2 04 06 08 1.0

Factorl

High-Stress Low-Stress

FactorLloadings
0.0 0.2 04 06 08 10

Factor2

Fig. 4 Factor loadings of stress model in proposed method



Spectrum

Spectrum

Spectrum

o
S
o
LD —
o
S
o
N —
O —
T T T T T
0 1 2 3 5
Frequency
o
o |
Te}
N —
o
S
o
— —
o —
T T T T T
0 1 2 3 5
Frequency
o
S
Te)
N
o
S
o
— —
o —
T T T T T
0 1 2 3 5
Frequency
Fig. 5

High-Stress

Spectrum
0 400 1000

Spectrum

Spectrum
0 500

2500

1000

0

1500

Low-Stress

Frequency

1 2 3
Frequency

1 2 3
Frequency

Results of frequency data in proposed method in comparative method



Spectrum

Spectrum

Spectrum

10 20 30

0

10 20 30

0

10 20 30

0

High-Stress Low-Stress

o |
N
S _
2
e
[oR
[ZINTo I
o 4
T T T T T T T T T T
0 2 3 4 5 0 1 2 3 5
Frequency Frequency
Top
-
S
S5 O
s 4
8]
(3]
&
o 4
T T T T T T T T T T
0 2 3 4 5 0 1 2 3 5
Frequency Frequency
o
N
1S -
2
g 2
[oR
0 1
o 4
T T T T T T T T T T
0 2 3 4 5 0 1 2 3 5
Frequency Frequency

Fig. 6 Results of frequency data in proposed method




5
. . . . .
5 5 5 2 2
E 3 E 3 3
: : N . .
5 2 5 2 5
0 20 40 60 80 100 120 0 0 40 60 80 100 1 0 20 40 60 80 100 1. 0 20 40 60 80 100 1 0 20 40 60 80 100 1.
6 7 8 9 10
. . . . .
5 2 5 2 2
g g g MWMWM\MW’M E E
E 3 E 3 3
. L . N
5 2 5 2 5
0 20 40 60 80 100 120 0 0 40 60 80 100 1 0 20 40 60 80 100 1. 0 20 40 60 80 100 1 0 20 40 60 80 100 1.
11 12 13 14 15
TR
. . . . .
5 2 5 2 2
o - o_ - -
E 3 E 5 3
. N N . N
2 5 2 5 5
0 20 40 60 80 100 120 0 0 40 60 80 100 1 0 20 40 60 80 100 120 0 20 40 60 80 100 1 0 20 40 60 80 100 120
16 17 18 19 20
w0 0 0 w0 0
5 2 5 2 2
. o o] Ny | o
E 3 E 5 3
0 0 w0 w0 0
2 5 2 5 5
0 0 40 60 80 100 1 0 20 40 60 80 100 120 0 20 40 60 80 100 12 0 20 40 60 80 100 1.
22
. .
I=) o
= =
E s
v n
2 5
: :
0 20 40 60 80 100 120 0 20 40 60 0 100 1

Fig. 7 Changes in bloodflow of subjects in PVT (x axis is " Time

[mMol*mm]|”)

|”. y axis is ”Changes in oxy-Hb

00 10 20
ﬁ~
02 4 6 8
?N
0 5 10 15
?w
00 10 20 30
f‘
0123456
fﬁn

of
]
o
»f
ol
of
f
o
ol

10

3.0

00 10 2

?m
0 1 2 3 4
5\‘
0 2 4 6 8
Eu
0 1 2 3 4
?w
01 2 3 4

of
-l
<l
~
o
of
N
~
of
of
-l
~
o
of
N
N
~
o
of
-l
~
o

13 14 15

00 10 20 30
?H
|
02 468
F—H
)
012345
012345
0o 2 4 6

of
wl
»~
ol
of
-l
»f
ol
of
~
ol
of
-l
~f
»f
ol
of
-l
~
ol

18 19 20

0 10 20 30 40
? |
5
0 2 4 6
? H
5
0 2 4 6
01234586
0 2 4 6 8 10

of
wl
~
ol
of
-l
»f
ol
of
»~
o
of
-l
»f
ol
of
-l
~
o

02 4 6 8
?N
=
0o 4 8 12
?M
N

of
wl
~
o
of
-l
»f
ol

Fig. 8 Frequency of subjects in PVT (x axis is "Frequency [Hz|”. y axis is ”Spectrum”)



FL

FL

FL

FL

FL

Factorl

o
] [] [] = []
ol =l el ___ - e
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
Factor2
o
-
Cj I:l__:n:l_.=l:| I:Il:l l:ll:l I:l
2 — — — — e—

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Factor3

|
|
]
)
|
|

Factor4

<

] [] ]

ol . = mmi_

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Factor5

o

] I

g —_— = ':'—:l::—‘='7=—=-——:|‘='

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Fig. 9 Factor loadings in PVT

Q Yo
-1, . GroupA
(e 0]
o' o
o
el
N
o
5 5 GroupB
T e
o
N o °
o
o
o o
o o oooo °
Opo o o
(@]
o|- L T T T T =
-0.2 0.0 0.2 04 0.6 0.8 1.0

Factor1

Fig. 10 Factor loadings of Factorl and Factor2 in PVT



<
o
E
E o
S o]
E
o
T | |
2 o]
o
c
g ~
2
©
5
<
;5 - Group A
? AIIsu%'ects
— Group

Time [s]

Fig. 11 Changes in the blood flow of each group in PVT (Group A and B and all subjects)

o
N~
o _ Group A
” T RIS
o | subjects
Te}
=
o
29
)
o
0 o |
%) ™
o
AN
o |
i
O -

Frequency [Hz]

Fig. 12 Frequency of each group in PVT (Group A and B and all subjects)



14

0.8

0.2

0.4

0.3 0.0

-0.1 01

-0.2

0.2 06 1.0

Fig. 14 Changes in bloodflow of subjects in the GO/NOGO task (x axis is ” Time][s]”.

Fig.

13 Response time of each group in PVT (Group A and B

Reaction time|[s]

00 02 04 06

S N

GroupA

GroupB  All subjects

and all subjects)

1 2 3 4
@
=} o
T o b
< ? ©
< S
©
S 9 3
20 40 60 80 100 120 ! 20 40 60 80 100 120 20 40 60 80 100 120 20 40 60 80 100 120
5 6 7 8
< <
o - °
o
< o
S S
<
T g 3
20 40 60 80 100 120 20 40 60 80 100 120 I 20 40 60 8 100 120 ! 20 40 60 80 100 120
9 10 11 12
© ©
S S
< o~
S < <]
S
o o
S ° ks
20 40 60 80 100 120 20 40 60 80 100 120 © 20 40 60 80 100 120 20 40 60 80 100 120
13 14 15 16
< o
S e o
S
o
s 2 $
720 40 60 80 100 120 70 40 60 80 100 120 20 40 60 80 100 120 720 40 60 80 100 120
17 18 19 20
<
o o
[l H o
N =)
@
o <
T S
o b o
20 40 60 80 100 120 20 40 60 80 100 120 20 40 60 80 100 120 °© 20 40 60 80 100 120

”Changes in oxy-Hb [mMol*mm]|”)

y axis is



0 5 10 15
?H
0 10 20 30
FN
0o 2 4

Tw
0o 2 4

?#

of
-
N
wf
~
o
of
-
wf
~
o
of
=
N
wf
~
o
of
=
N
w
~
o

of
N
Ny
i
~
oy
of
N
N
@
~
¥
of
=
Ny
@
~
¥
of
=
N
]
~
oH

00 1.0 20
KEU‘I
02 46 8
?m
0 4 8 12
?\‘
01 2 3 4
?m

12

0 2 4
To
0 2 4
TB
0 2 4 6
‘F:
0 2 4

of
]
N
wf
IN
o
of
|
N
wf
IS
o
of
=
N
wf
IS
o
of
=
N
wf
~
o

16

0 2 4 6
?H
w
0 15 30
?H
D
0 10 20 30
%H
(%))
0 2 4 6

of
N
N
wf
IS
o
0.0
of
N
wf
IS
o
S
=
wf
N
o
o
=
N
o
]
o

20

0 2 4 6 8
TH
]
0 2 4 6
i
im
0 2 4 6
TH
©
0o 4 8

of
-
~
o
~
o
of
-
wf
~
o
of
=
N
wf
~
o
of
=
N
wf
~
o

Fig. 15 Frequency of subjects in the GO/NOGO task (x axis is "Frequency [Hz]”. y axis

”Spectrum”)




FL

FL

FL

FL

FL

FL

FL

Factorl

3 6 7 9 11 12 13 14 16 17 19 21 22 23 24 31 32 33 34 36 38

Factor?2

3 6 7 9 11 12 13 14 16 17 19 21 22 23 24 31 32 33 34 36 38

Factor3

3 6 7 9 11 12 13 14 16 17 19 21 22 23 24 31 32 33 34 36 38

Factor4

| | N ——
3 6 7 9 11 12 13 14 16 17 19 21 22 23 24 31 32 33 34 36 38

S R P

3 6 7 9 11 12 13 14 16 17 19 21 22 23 24 31 32 33 34 36 38

Factor6

3 6 7 9 11 12 13 14 16 17 19 21 22 23 24 31 32 33 34 36 38

Factor7

3 6 7 9 11 12 13 14 16 17 19 21 22 23 24 31 32 33 34 36 38

Fig. 16 Factor loadings in GO/NOGO task

10



o | (° °) Group A
o )
o
< | Group B
° )
N
9 k s ) o
g S
o
o O
o | ° 8° o o
Q0
° o
o \_ b
1 1 1 1
0.0 0.2 04 0.6 0.8
Factor1

Fig. 17 Factor loadings of Factorl and Factor2 in GO/NOGO task

(o]
©
— Group A
e © All subjects
§ S — Group
=
E <
o o |
T
L N
o o -
c
8 o | Ty l
o) O
C
N
O o
|

Time [s]

Fig. 18 Changes in the blood flow of each group in GO/NOGO task(Group A and B and all
subjects)

11



: Group A
7 ; — Group B
‘ All subjects

Spectrum
O 10 20 30 40 50 60 70

Frequency [Hz]
Fig. 19 Frequency of each group in GO/ NOGO task (Group A and B and all subjects)

o
o
o |
Lo
<
) o
E o
_loa
o O
e <
=
[¢)]
33 —
58 '
[}
a @ - !
3
018 [ ]
oa T
™ E— |
o |
—_—
T T T
Group A Group B All

Fig. 20 Response time of each group in GO/NOGO task (Group A and B and all subjects)

12



Table 1 Evaluation of levels of KMO score

KMO The evaluation of levels
over 0.9 marvelous
over 0.8 meritorious
over 0.7 middling
over 0.6 medicore
over 0.5 miserable
under 0.5 unacceptable

Table 2 Contents of the boodflow of the model data

Blood flow High-stress subjects Low-stress subjects
Brain activity Large Small
Pulse 1.5Hz 1.2Hz
Electrical noise identically distributed noise identically distributed noise
Fluctuation line wave or sine wave or mixed line wave or sine wave or mixed
Body motion impulsive noise impulsive noise

Table 3 Parameter of the factor analysis and FFT in the proposed method

Parameter name Contents

estimation method | Maximum-liklihood approach

rotation method promax method
window size of FFT 256
overlap rate 99%
window type hanning window
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Table 4 Contribution ratio of the stress model

Proposed method Comparative method
Factorl 0.494 0.994
Factor2 0.483 -

Table 5 Contribution ratio of each factor in PVT

Factorl Factor2 Factord Factord Factorb
Contribution ratio 0.228 0.204 0.107 0.101 0.100

Table 6 Contribution ratio of each factor in GO/NOGO task

Factorl Factor2 Factord Factord Factord Factor6 Factor?

Contribution ratio 0.114 0.082 0.077 0.075 0.066 0.059 0.041
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