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ROI Extraction method by selecting optimum channels of fNIRS
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In this research, computational algorithm which can derive the important brain functional parts (region of
interests: ROIs) for classifying the labels of subjects automatically using fNIRS (functional near-infrared sepctec-
trocopy) data is proposed. fNIRS data is times series data and measured by multiple channels. In the proposed
method, feature values of each subject are transformed by calculating similarity between time series data. Using
these features, classifier machine which classifies subject label is constructed. The maximum identification rate is
determined by selecting optimum channels. The selected channels are essential for labeling the subjects. These
channels are corresponding to ROIs. The proposed method is applied to the data of reading span test which is
often used for discussing working memory (WM). The results showed that the proper ROIs which are related to
WM were derived and the proposed method is suitable for selecting ROIs automatically.
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fNIRS(functional Near-Infrared Spectroscopy) %¢ &
[Ferrari 12] ¥ fMRI(functional Magnetic Resonance Imag-
ing) 2B [DeYoe 94] &\ o 7= IR EARHHERE 1 A — P v 2
ELEEZMAL, SEORBIZN LT - ORNDETALA L
DESITHFEEL TV S 2BET LI DR Mo,
NIZED, ERDREEHKSTSZ LT, MxeRRTET
EWABETH D, RAZIZHLTED &S RINBEREN BB T
HBDEMET S5 LM TE S, EE, INIRS % IMRI 3%
F v YRR EEEADERL TWE. 2 kb, 1R
AlRE R ZE MR BT 5. —AT, Fy v RV
TBH5ILT, ADEDOEIITEH UK Z RGN T hd & v
UL RBEWSMERPELTNS.

AIRFETI, FIBIZ & 0 BB E L, a2 L TS
By, WREEDETAILDNTELLIRR AT ENRYE
LTwa. FlzIE, B, R n/Bs 2 iEs)
WWEORBUENT2ETH 2D, EBAOHEE 25 L
5 LT, WHRE T SEERE S ARSIERC 8T B Z LAY
BTHhs. HIZE, VTt VI ARNVTANTIE, V—FV
TAERY) EBMHATERAITHED, bHEREEFTIEEHECS
TENPEL L. EFIETIE, ZOISIZT7 B2 607
WERHE D INIRS DIRERY T — X2 LT, Zh o Ol %17
SEIZEHITAREF v VAP EZ RO % BHINIZIRET S
FHOREEITS. REFIETIE, INIRS OEF ¥ 1T &
D 155 NI BNHERERE IR DI R T — X ORI E %2 KD 5.
DHEBEERHE L U T XV O#H %175 #ng%2 %89 5.
Fr U RI)VERETHZLI2LD, @R ERARET S LS4
WildRz kD5, WHEEFERETEF ¥ 2IVE, HHREL
TWBRAZIZH T HEERLMTHELEAZOND.

AT, BEFEORNEZFEL, reading span test
(RST) %47 - 7zBXIZ INIRS 2 & 0 18 5 17z INEEREE H D 52
P77 — 2 LT, REFHEEZEA L, HERMMBEREALZ Ik
& UBL OIS R MG 8 T, REFEROENMEDOHE 2175 7-.
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FEERIR & HBIC & 2B OB DFEE

TTIZhRRAZEB Y, BEFIETIE, HEREERT B
12, BIEEIDZDA SN, FORERES N S WRE
BT HIENTRERT — X 2% L 15, BEFEOHEN
R 1IIRT.  SEBRECHLT, BEFEhEERETD,
fNIRS ##E12 & 0 BMFRERY T — X 2 B33 5. ffoh/z
FERD S, WERFITH LTI NI 2175, IREDOEEBRTIZ,
EREEREED 2 DD 5 NUAF RIT o2, F ¥ R IVED
nHTHNE, BWERE m N L TERETN n HOKRRT
FT=RABEOND. BONERRIIT =205, HBREZLD
R NVERT 5. 2O MVOBEIE, FEEIZ
HETH DD, AWZETIE, nlHORRIIT—XOEUEL L
7-. FLUEX, Dynamic Time Warping (DTW) BHff % {5
U7z [Miiller 07]. Z#ud, T BRRF]T —ZHF v o2
VD BMIMEEZEADF —ZTH Y, [F—OMFEENI#E
K9 2 MERDOEALL DB L THEShD L EX 5ND D
5TH5. Tk, BWHREORORHEIX, ,C2 KT
DF—RED. mBHREHDS> bO—WMERALT, WiaE
WIRBEL TW2 7 L O8I % 17 5 #Blgs % 83 5. A%
T, #AI#Z SVM(Support Vector Machine) % FfH L 7z
[Vapnik 98]. #EEHTH 2D m ¥ I LT, m 5l
DOREMEZ RV THAIROEEEEZ, Z0F—XEy Mokt
FTHWARE Uiz, T, INIRSOEF ¥ V2NV n TH
0, BF ¥ ANDT—REMATELDEHDOF ¥ v &
NEFMHEUZAPBNEREZBDEI N TEELEILND.
N, RAZITHT 2HERED Z VD %175 721
BTRTOF ¥ U RNT—=RIIBERL T —HERE L5
THb. WZF2E, #AERIET S X5 8F v v 2L D%
FMT 2 UL, BRI N F ¥ U RIVIE R A2 IZ5T Bk
DT NVOHHIEITD F=DIZIEFICEE LR F ¥ VRV THD L
WA, ZRUIIET B EE AR TH D VR B.
F ¥ Y RIVEREZITD 720I121%, EEREFOIZIENLEET LV
73, EEETUHT B 017, AR TIRREEAFED 12
T» % GA(Genetic Algorithm) ZHH L T\W5 [Davis 91].
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1: Flow experiments

Step.l HHF v V2V OPEEL DTW HREED R H
E2F ¥ UARIVOHNLERTAF v U RIVERET S, &
BINF v 2 VIHOELEEZ DTW 2R HT 5
ZrTkdD, HEHINF v AV BHZIE5 DOF v
VAL THNE, BYPBREDT—XIF 10 RTDT—& &
H5.

Step.2 AR DI
WEBREHOT —RD > 5, HFMEEIH S 720 O
TR EHBANBOREEZIE-ODTF A NT —RIZHME
T5. ZZTIE, @A SVM AW, BT — &
ERRALUCHNSBEZBEL, AT —XTi#AIREK
D5, REBEFIZLD, EHINZF ¥ U2 IZHT
5 DiAIE % KD 5 [John 94].

Step.3 TR F ¥ ¥ 2RIV DIRE

HOF ¥ > 2V OMAEDLEEIED, Step.1 BL U Step.2
EREDIBEL, WAIREEAKETEF ¥ 2 LVOMAGEDYE
ZHEET S, 22T GA ZHWIZRBBENZ17S.
DOF, GA DBEIGEDEIEIL SVM DOikAIE % AW\ T
5. BAERNE T EBREICHEG L TS & L CORIEAER
fEZITD. TNHIZEk->T, WAIEDE W REE DA
BbhEERME ZENARETH .
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3. RSTICWT BIREFEDER

EBRTR, REFEOEEEZMER T 272012,
RST[Osaka 94] 1= 5 J 3 NIRS W& 5 F — & % Fil i L
ZOHIMEERGEL 72, RST &, 7—F 27 AEY 2HET
SEIZELKFIHEINS X A2 TH Y [Daneman 80], 7 —F
YU AEY IZEHOHAOMIEE NI NE THEINTSY,
ARFEOHGMZMHRT D ITITHEYTH 5.

3.1 =ERAE

EEEMIE, INIRS F— X U CIREFEE2EHT 2 2
LIZEoTHELNBEF Y U RIVOHE, MildTsZ2i2&->T
REFIEOEIEEZRIT 5. EROFNERITRT

RST % A\ 7z fNIRS 7 — X ZFIH L, DTW IZ & - THII
EoMb 2177, EBRTHWEZ INIRS T — X 13X 2 IZRT
WX > THUG U=, F72, ZOEERIE, #HEREL 19 A2
fibhiz. Zok, EEHOEWEBEERE 10 AL EEHOK
WEARAERE 9 AMICASEL 72, X 3 IZ & 4kBRE D RST O ffE %
AT, NIRS IZHM AT+ I8O ETG-7100 D 3 712 —7 (70
F vy 2I)V) &AW THIEEZ JE U7z, ikl 21.3-24.5[C],
MR E 47-52(%) TH 5.

DTW DOFHHEIZH W INIRS F— X 1 X A 27 KD 220-
280[s] DX ZFIM L7z, BUERIGEWD D 5 DI, WG
2 & o CTHER T OBNEZ 2570 TH5. INIRS T—4X
WIERTUEEZ L CTE Y, ZORMEEE2%R 112517

My mother gave | |He doesn't say much
me a lift in the car. buthe is a good guy.|

mother gave, ..
doesn't say much

Rest : 60]s] Task : 220 - 280(s] (5 sentences x 5) Rest : 60]s]
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Reading span test score

WIZ, Bon-BHuE2FHAL GA & SVM % AW TE#
BIR%E 4T 5 7=,

3.2 ZEERER
HTEIRIZ BT BHAERIZOVWTRT. FRizk-THEON
7z, RST BHZ B1F BEOEZ M 4 123 Uz, 2 0l £5{lE

S, JeISER, USRI 51 2 WAL, 84.21(%), 89.47[%),
97.73[%)] T - 7-.

4: Feature selection results 1

T, IMBSREEAL & BIR X N2 F v v RV L TIRE K
LRI EBEL TWEF v U AN ERET 2412, BIRE
NEEHEZ DT OB Z I > THIED L E ATz
KE BRI T 2 HHE Z F b I L THED H
DIMBEREERAL L ETE B, R 3, 4, I/ Fr U 2NILE
RAY VESOY T

AREEIRIZBWTIEF ¥ 2L 2, 4, 14 RS RHETFIZ,
AMEEERIZ B VTR TF ¥ 320 11 DR ERAEFIT, HIgEE
WIZBWTIEF ¥ U3V 18 BRERKETF LR -oTWVWD Z LW
EX NIz, AEETIEF v > 3V 2 1 Z A IgE R A E L
F X VRN AT O —h =B, Fr 3oL 14 TR E
EBF, MHERIRE, Vb= BB L TWA. AEAIEE
HF v 2V 11 MR AR, BTEEE T v > 2L 18 1
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# 1: fNIRS 7— Z DRI ST A — &

Preparation ‘ Value
Moving Average[s] 10
High Pass Filter[Hz] | 0.001
Low Pass Filter[Hz] 0.5

# 2: SVM N5 A—-%&

SVM parameter ‘ Value
Cost parameter 1
Kernel Polynomial kernel
Dimension 3

HIEERTER 25 AMARASE T AL L T W5, 20 5@ IS 7B
TS EITIIEIZ & D RST 1B —F 7 A€V IZEE
THREHMTHD I EWRINTVWS, TS DFREENSIRET
EOERMEIRIE X Nz,

Z 2T, MNBEBEERAI &BINS N2 F ¥ V3B L Tie K
%<ﬁ%fu%gbfwé%v/zw%@dﬁéﬁ_,kmé
NERHEZ 2T O Z 212 & > THIEKDE L E AT
KELHBAENBADT 2R8E 2 BB L THEDH
DINBRREERL L ETE B, R, 6~8 K F ¥ VR NIZET
LA ROERERT.

IS DFER, MO VWRD.

EMEERIZBENTIE, Fryoanl 1 ¥REEVHEE RIT
b% ZOF v IV, HifEREETH D, ZOHSIE

HEEREI® BFRA, MR 2T A THI LD T
5, U=FVTAEYVDRY N7 —=2I1ZBW\WTH ZDWMAE
BLTHDILHHESIN TS Y [Minamoto 10], SiEH LD
H ZOWHDY, EREE AR L 2T 572 0ICEETH S
WAL TH B Z & HSELIRZEN.

REEITIE, Fy o 18 MR Iz,
BIMIHETH B, ZOEAMIKIERDORE2HE > HATHS.

AREEETIX, 3D2DF ¥ Y RIMERI NS, 2, 7
O — AR, vz ripAhE, fiEREAETH 5. K
FRREAEIE, AREERTEH BRI TWS. £/2, Ja—2%
B IO V= r#iE, SFECEET 280 e LTHION
TED, ERESEREE 23883 2 7-DIZEHETH DAL
LTHYTHS.

Z Z I HTHATE

4. FEO

AFETIE, NIRS OFRIIT—X2FHAL THBED TR
LD AT, BEHTREF ¥ V2V &2 HBIIZHRE
TEFRORERIT- 7. BEFETIE, #EED NIRS O
WRHTF—2% DTW 2 X D REERE L, SVM 0588

FEIT S, WIZ, GAIZK OB OFANE 2 RKIT S
Fr U RIVEERT S, 2tk D, BMEEBORAAMTA 5.

RST i2& > THE SN~ INIRS F— X IR U CIRETF A
MU, REEER%ZIT 7. TORE, RST IZhhrbd T —F
VAR DM AT A TE S Z LDMRI N, RIRETF
HOEMMEZRERT S Z MRS N,

# 3: WlkEE (24

FEES)

F ¥R | KSEE (%]
7,11, 13, 14, 21, 22, 24 | 89.47
11, 13, 14, 21, 22, 24 73.68
7,13, 14, 21, 22, 24 52.63
7,11, 14, 21, 22, 24 63.16
7,11, 13, 21, 22, 24 68.42
7,11, 13, 14, 22, 24 89.47
7,11, 13, 14, 21, 24 84.21
7,11, 13, 14, 21, 22 89.47

#* 4 HHKEE (HTEHZE)

EZ | K (%]
9, 11, 14, 15, 17, 18 | 97.73
11, 14, 15, 17, 18 68.42
9, 14, 15, 17, 18 89.47
9, 11, 15, 17, 18 84.21
9,11, 14, 17, 18 78.95
9, 11, 14, 15, 18 84.21
9, 11, 14, 15, 17 57.89

# 5: dEE (G EHEE)

F ¥ VR | KSEE (%)
1,2,4,6,9 11,12, 14 | 84.21
2,4,6,9,11, 12, 14 68.42
1,4,6,9,11,12, 14 57.89
1,2,6,9, 11,12, 14 57.89
1,2,4,9, 11,12, 14 63.16
1,2, 4,6, 11,12, 14 78.95
1,2,4,6,9,12, 14 68.42
1,2,4,6,9,11, 14 73.68
1,2,4,6,9,11, 12 57.89

6 F ¥ Y RNHINICG X B HE

BRO72F v v 30 [ ilE (%)

base line 89.5
7 73.7
11 52.6
13 63.2
14 68.4
21 89.5
22 84.2
24 89.5

KT F v RN B

BRo7F v v 3 v [ AR (%)

base line 94.7
9 68.4
11 89.5
14 84.2
15 79.0
17 84.2
18 57.9

(ZEffgsEE)

(HITEHZE)
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8 Fy VLB E A B HE (HNEEE)
RO F ¥ ROV [ EBIER (%)

base line 84.2
1 68.4
2 57.9
4 57.9
6 63.2
9 79.0
11 68.4
12 73.7
14 57.9
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