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brain extraction tool

cerebrospinal fluid: fX#&HE

computed tomography: I > ¥ o — & WfE i
diffuse optical tomography: #L# N EZ T 7 1
extra-cerebral vasculature: X% M4
electroencephalogram: Hxi

FMRIB’s automated segmentation tool

fast imaging employing steady-state acquisition
functional MRI of brain

frontal sinus: i EEF

FMRIB’s sortware library

fat-saturated proton density weighted

full volume half maximum: *PAEARE

gray matter: JKHHE

magnetic resonance: fit < ILIG

magnetic resonance angiography: 5t I &5
magnetic resonance imaging: 5 1& E ERAbik
spatial sensitivity profile: 2% f&E 734
T1-weighted: T1 5874

T2-weighted: T2 587

white matter: HE
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1.1 ERADICEIC K DRBERESTEI
1.1.1 S|REEEZ B WS AFEHR

1.1.1.1 EHROERE IS T D45

A RITE RGO U CIRRITHAE U 72U, BRI E2 B L TH D, ZoRtEzRAL
Tk % L IFR BB IR RN DA A =2V TR DL E N T W5, Fig. 1.1 (a), 1.1 (b),

1(c) IFZENETN XM, wWHE, ERNAEEZHVTERY L FOFOERBTDH .

H 1 10 pm - 10 nm O X #f%& W72 Tld Fig. 1.1 (a) TR T LD 0EEGE2E5 2
EMMTE, BPVEHELUTMSTWAZ D005, ZHIE, BINOKE S %2R IRINGR
B, ZOWBIZBWTIEHACE R & O L R THDO AR KREL, BE2EEL
72 XARFBEDPIKREL BoTWVWEZDTHB.

P 400 - 700 nm DA E WD &, IRINRE & BELD E A W %2 R THELRED K
EL BB, BERIIES NN, AERIZAS U7 TGN TREL 2 0B L,
—ERIEIBA I N AR I NG, T OKREILBKGE LIPS, A TSGR AR
ARSI I N D728, JEBUKEEDIZE A LI E R ED < RWEBEO A%
ERELINTHD. 207, AftEAVS L, Fig. 1.1 (b) O & 5K EREO AL
e, AR YGITERRT DA A=V JIZIERAETH 5.

B 700 - 900 nm DEARANHIT AL U TEKITH L TEWEEEEZELTWS
72, Fig. 1.1 (c) DX D ITERGEBGLZENTE S, — T, WHRINE L IXEE 700 -
2500 nm KDY ZIET A, KX TIE, TOWHREZERALEITERZ L LT 5, THRH
FIHRIZBWTIE, FOBRNREI/NE K, MEOBINBRBAKRE . ZD70, kil
EROZRE CIRFIEBRENESNT, MESMOERICE > TWa, £72, XEREHAL

T LU 72 BB Tl OMMBAFHTEH NI Y P T A RN TS TWB DI L, ER
JeE VTR UZEE TR SN MEIZIEFPT T->T W5, Zhik, IERAMESIZE
WTIAER DAL <, BRI IS S NIDERIEDIE D > TR T 2720 ThH 5.

ZDESIT, ERIZNUTEWERNEZFD X MERERIEE WS Z & TEBGN
Boh, HZEIERMBOBEREMD Z LN TE S, 207D, XEPEHRINEIXZ
NECEEOHE 2 ECHEGSZH R SIS TEz L2
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https://ztfnews.wordpress.com/2014/11/08/8111895-rontgen-descubre-los-rayox-x/ Aug. 15th 2015.

(b)

Figure 1.1: A image of a human hand taken using (a) X-ray, (b) visible or (c) near
infrared light.

1.1.1.2 St % B W o AR EHR

Rontgen 1% X MEE 2 L, ¥ CIHBEIIERNBOA A —D Y T %1757 Bl
T, XAREE, B0 Y, BET 2 HEEE OWRIUREO 3> b7 2 M AE W
WOA A=Y v 2HNELTHWSNS XD IZho7=. 7, KREREN, HiRRED
ORI VTN E X R 2 RIUREAVNE <, O3> NI A RAB S0
ZHIZXFZE DA A=YV IS WA, X EEIR, Xz & < RIT 2 ik
WYY LEERRIE UTHIRL, Hb@ROEM 2B LThirbns L51Icih, K
WONHETEIVELHVWSENE XS 1ZRo7-. BHEDO X BEEIZ 2R TOEGKTH S 7=
B, BT E SIE DR E Fi72 72\, Hounsfield 5 13 X §% FI\ N TIERBEAY 12 44k o W 8 i
5% 145 =D D27\, XK computed tomography (CT) ZF& U7z 4. X CT
1%, BRZRAEDS X ARE RS U COEBMREZFHIL, CT 703 XL & > TN
KOWEHE S % KT 25D TH Y B, Hounsfield 1, CT Hiffi D FEEMF % HEE L /-
Cormack & & 12/ — VAR - BPEEEZZE U2, BUETIE, X8 CT IZFHEEE
EEHEOM FIZ& D, 3IWTHERFLND LI IZR>TWS O ZoXk5iz, X
HARN DR S TE R A2 25 720V ST WS

X FEPE TH BN I N DITH L, ERAEIFMPE TR BN T NS 720, MidFD
6 AL - BEEEEANE S O C Y OIRED T H 2 R, BE(L - RkE(L~ES
0y OREZLOFEIZHWV SN T E 7z, SERIEPERPEROFEIZ H & U THW
LNF U D7D, Millikan 512 &5, HREGEEERINGE HW7IBEREREOFHITH
% 08l D%, Aoyagi SIZ& > TV AFFY A —ahgRINL BN, Xuaxrx
VA=RIE, B EDOENEALZ EiE U 72k R AR D SR ZE b & BRI A DR R
fUFIEEZMET 20T, HEKEROBFGTILKFHINTVWS. ZHUTHL, Hft
F A — R EARMROBE RN E X, LRSI B 28HEL - BigR b~ ey
TR E R RN E N TEHIIT 2 £ 0T B0 | Jobsis 512 & - TIRIEX H, JHE)H
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O LR O B SR ARG O FHAe 12131 S RLTAT b o0 BRI T 12 35 13 2 b 0D LR S5 A 1
DEZRY IR EEHENTWS M A 2 2 —xic X 2BFEL - BigFEb~
T/ B VIREZAOFHINE, ERERICEELZBFEHONXT 74N - Te—Th 55k
TR ERA L, FRU < ERKREICHEEL ZMHEHDOE 7 74N - Ta =712 & > TiEl
SRR AT A U TIT S, OB, MHESEOEBRE 1 H 2 5 I ok
bt - BigFE A~/ B VIRENEATE L, MEEERE(,»rS ZnEFHETES. Ml
FFR YA —ZTI, REEIFHET 2 ARSI BIICERY, %< OMFEE LR
LT oitiansg. 7z, ERAEITEELOREIZ L > TAWHIFHZRE T 5720, i
AR D & DERMLZFHIIL TWAB R ARHTH S & WO MENLH 5.

MR o A — &1L, IEERERHIIZ HAG & U 72BREAL - BB L~TZ oY ViEEEL
DFENZ B AW SN 1617 Zid, b N ORIZ ST B MR IEENATBE U 7= R AE) 72 1
WRZAD 2323 0THL. MAFIA—&IF, BSo—7 X7 TIEMBHEL -
B AL ANE 2O C VBEE(LDE UM ORE I L W, #ROoTn—7 - RY
Z P TIMBSBE IR 2 fER T TSR A I T b IE L I8 . UL, st
HHATEEL WD, XECT D7V ITY) XA ZESEEM L ChEGE HRT 228
ETERWV. 20D, ERNEEHCZNERES A —Y v 7T, XHRCOT &3R5
I D EERALIE A BERIE & T & 72 1921

1.1.2 EFRADNE

1.1.2.1 ERNDFEEDIRIE

RO BRDUREUE, BREL - BiBRL~TEZ 0  2iZ U LT 5, ERMICE
E N D RIYE DT IVIESERE & IBEIZ & > THRE X N, ERAAEE W THEEHRO K
IREA R MV ERIET S Z LT, MBNIZEZNZRNIEOEEZKDZ Z L 1T
5. MMA F Y A =& T, ERISEE O TEBRBOBINA R 7 ML ERD, K
HOEENL - BRI A~TEmEVBEZLZHIEL TWD. RIETI, ERDEE AW
THEBRMBNIC B HEL - BRI~ T v CVREZEZRIET 5 FEIZ DOV TR
R35.

b B R ORINEREIE, Z OBEERIZE 0 2 RIIE O VBRI (mM—tmm™!)
&, TORE (mM) ODETROLIN, BAildmm™! THD. EIVIESEHREIE, YWEOL
AT BRI E R R L, MBS ICEEDARY ML ERD. SR IESELA~E S
nvy, BigEb~TEs ey, K, BEREDEZ  ORIIEZ &R, T ORINRE 1,
FS

Ha = €oxyHbCozyHb T €deowyHbCdeoxyHb T €water Cwater T €fatCfat + - (11)



I
it
=
o

TROIND., TIT, RATFIIERIZEENBEBINWEZRL, € clETZNnIkiIX
W DENVENRBEBEEZELTWS. Fig. 1.21%, BEL~AEZBVY Y, BEEFEILA
ErOvYy, K, BEOEVEEEEDARZ MLE2RLTWS 2| Fig. 121280,
AR TR AL - BRI E 7 B B VAR B VB IVIBEREE RS 2 &b h 5.
D78, "HTEHEIZE W TIEERHMBRO BRSNS 4 b, REFEETE V. FE
700 nm £ D H EWKEDORIETIX, BEL - BBEILA~T T8y 0'VIBGREIE ]
FUFIZ AR TR, R 900 nm & D & RWIKEDOHIRTIE, KO EIVENBREAE L 72
D, HIFEREZEB LRSS, 207D, HE 700 - 900 nm DT ARAMEIE TIEAARIZ
EEN D FERRINYNE O ENVBBRBAMEL, EERIZZOFIRIZEWTEHRD & 54tk
W VEDBEMEE R L, ZOWRIEENREIENS 2. £/, Zo®icsn
TIXEEHRL - MR EA~TE 0 vy B LEMZIRNETH 5.

http://www.hamamatsu.com/jp/ja/technology/innovation/trs/index.html
Mar. 6th 2015

Figure 1.2: Light absorption spectrum of melanin, hemoglobin and water.
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source detector source detector
—1 pr— M
«————» «————»
L L
(a) (b)

Figure 1.3: Light propagation in (a) non-scattering medium and (b) scattering medium.

22T, Fig. 1.3 (a) ISR & 510, BIRED R CIELO 2K 6% RS L, 1
SRS L mm BN B TEB AR LA AER S, Z0LE, ABLE, Bl
SRETNTNL, [ET5E, ADUTHT 2 RIDEOMAE OD R FOR TR S

ns.
OD =In <IIO> (1.2)
L7z, PG & FE XS R DOPIPIREL g, MHDEDIGEER LIZATF O & 5 RERIZZR 5.
OD = pgL (1.3)

Eq. (1.3) {& Beer-Lambert ] & XN 5. ZD X512, H2EARITEE S, MHid2 2
T, ZOBEKOWINREA KD 5ND. F£72, Eq. (1.1) ZHVS &, HEGEDORIX
FRED 5 Z DIEKIZE ENSBIEDIRENFETE 5. Kz, BESRITERNNEE
WTZ D& D REHZAT S FHEZ BRI HIE (near infrared spectroscopy: NIRS) & IFF
R.OOERAD IR, ERYOBEE O QMR MIERE 2 E IV s TWwB P SEksk
HAFERITH U TEWEEEZ RS DD, ERINDEEZ AARICEA U TIHMRERRIZ AR
WIZEENDRINIEOREE 2 ET 5 IIEMERYEH 5. Eq. (1.1) PoERIZEEN
L& BIEDIREZRD B 7-D11F, ERIZEENDZBRINEEZRETHHEVD L.
UM U, BRI TR - BRI~ E T m ey, K, JBli7% & O E BRI YIE DA
SN EZBOBIIEN G ENTE D, TRTOBRNIELRET5DIETER . £,
R DEELREBUIE ARAMERIZ B W TE WD, BELOHME L2 T LI BN TE R,
Fig. 1.3 (b) I&, WIPUTMZ THEELBR D34 U B K % M GUTE RN HaH 2 17 > 7255
HAOBAKTH S, Fig. 1.3 (b) ITRT XD, BELBIRPAEL B &, Sidbkc ik
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ERLUThomtEhdzd, BEq (1.3) X85 L%, BE-REMERETIERL, Bl
U7z 3 RTORPHENS RN TERE U ROV L 705, e PR E L &
O, (L) &BL. £z, Fig. 1.3 (b)ITRT LI, MIEHEIZHEIZE > THLHET 5.
ZOWELIZ L2 HDOHEEE GLT5. UEDLSREHEEFET S L, Eq (1.3) 1

OD =1n <II°> e (1.4)

EFRED. TNEEIE Beer-Lambert HIl & IR, BRELIZ & 2 851X IR H-# i I FE A &
W R OEEARBUAKAZ L, D OFEHTE RN, F7z, FIFETLEER ISR - b R rR &
e xS R DURINEREL, BELFREUCHKAZ T 5. L ED & 5 SR S, ERRNICEENS
WU DRSS % R BN EHIT 2 Z L IZN#ETH 5.

12 uS=20mm! -

7t =10mme!l

1 AA e e =105 !

4 Aty

attenuation (OD) [log ]

=0 mm!

T T U A R |
0.00 0.01 0.02 0.03 0.04
absorption coefficient (mmr) [log ]

Delpy et al., Philos Trans R Soc Lond B Biol Sci., 352(1), 1997

Figure 1.4: Relationship between absorption coefficient and optical density.

AR SR e U B - BRI A~NEZ O VIBEHIOEES, BEZDOE DX
WETZRVWEDD, R=ZAF1 VnoDEEEZRDDZLVNTENIX, R, KFEH
AMED B B EH L 725, £ 2T, WHEOEAD»SBHHEL - BRI~ EIT BV DR
A" KD D TENERI N, Fig. 1.41%, d2EEKEZNRE U TERIDEEHZ
ol &0, HARDRIRE, BELRE, BOLEOBBERLTWS P BELREA
KELBRDIZHR, BHEPREL B> TWD I LR TES., ZOMFIZEWTy Y]
FFELIC & 2R 2 KT, BELERIO 2L AN 12 BAX 8 IR D 2 E A
B IZ RIZTHEL L ThOINTHEZ D005, £z, BEUREN 0D & Fi12iX
IR EL L PFHEDFRIE TH D H DD, ZNLSNDGEITIEBIREN K E <222 1ZHEW,
777 DME, TROLIEHFNIHEBEEINNS <D, TINRE L B DI IE O BfR
WZhHDIEWNNrD. Ik, RINREDKEL 5L, BRNZERLZEL D EEEL
BREDIBEUZZEDRRIN I N T K RB-DTHD. I DEIKNIZE W TIRIRERZAL L
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722 &, WIREOZMENHNTHINIE, FHFEREIT—ETHELARTI LN
T&%. ZIT, BRENRL UERMNGHEHIEE Z 5. AR ORI Tl
JEDWZEALT 2 DIFIEEL - BBRZEANET B Y DATH D, POR—A51 VP5DE
EEVWBUNTH B LT 2L, PHETHREBERIIZMALZVWEDERETE S, £/2, ~E
70y OIREEZ & B EELREOZ B IZIIBIRBOZ LB L L ThThTH 5.
5T, BELRBOZLABAE IZH £ D EEZ JFI RN L5, NEJBEVOR
JEELDRIBIZB T ZHELDELS ~ETH D LINET S, XoT, HHEL - BigELA~
T/ 0 VREDOZET, ZERDOERDOBIREE TN ta1, pe2, RIENEZ I,
LT3k, Eq. (1.4) 75,

OD;=1In (I()/Il> = lal <L> + G (15&)
{ OD; =In(Io/I2) = pa2 (L) + G (1.5b)

MRFEAL - BIRFANE S B Y VP LERZRRNE TS 255, BREL - iR ANES 1
CUNKERRBINYIE TH B0, £72D, Eq. (1.5b) & Eq. (1.ba) DEZ &5 &,

AOD:ﬂn<2)::AmML> (1.6)

NEINDG. TIZT, AOD=0Ds— 0Dy, Apg = pla2 — fta1 TH5. Eq. (1.6) IZHW
T, AOD, Apg l3ZFNENHEL - RBFIANT I 0 U REZMITE D Mot
JEZ Ak, HIEN RN ORINRIZE L Z2 £ T, EERNIZE O TIEENZEA U 2RI E 1
#b - PR A~E B CBEL - BBECATE 70 VPN RERINE TS 553,
M2l - BBFE AT B Y PKENRBINIE TH L0, YDATHSD LEL TW
520DT, Eq. (1.6), Eq. (1.1) ZFH\W2 & Eq. (1.1) DEEFEA - BigE~E o e v s
DEMPTHHEI N,

1
AOD =log (é) = Apg <L> = (fozyHbAcoxyHb + 6deomyHbACdeozyHb) <L> (17)

L. Eq. (1.7) 26, 2RIZET 2B L2585 3L, BEL - BiREL~E
70 e VRIEZEAL Acoryb, Acdeorymy ZRTRTE S, 72720, 2 TRIPREROLLE
RO DIDITIE, EMERTHIETHREROMEVPBEL 25, £z, BIREDZELHE
RN THIMERE L 222k Tl <, RMIIZZAL7255121E, Eq. (1.7) LRI
5 &5 O EEMEE TR K, BINREBDZAL U 72 AL D843 I 72 R e K % 43 h»
SRTNIE, EMERBIMREZE M ZFET S e TE .

Jobsis 51%, b bEERE N GUTEARNDEEHZ T, N2 B 1 2 RBAH OFHZ
1772 PO Fig. 1.5 (a) &, BEARICHEL T 7148 - T0— 75 588 U 72E ko
YRS, b NN EZHEL L TR AR T2 R LT 5. SETRINEIRERD BN
MEW DR ECHETZBEL, METEET L. T -T2 oy FX—hL
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M RIS 7 7 A 3 - T — TR RET 5k, 60— IR & L 7
Db, HEEHENE UTHRIEE NS, Fig. 1.5 (b) 1§, b MK LICHE U7 - 7
B—7 - RT CEAM R T RO RIDEDEERE 2 R TV 5. ZOLE,
BRHDE D RIS EORT MR ZLT 5 &, BXEZD S Bq. (1.7) 2Tl
BB MR EFTE B, T 07T B TPHRTHBENIERIT S 5 BTN D 5.
%72, Eq. (1.7) TIRBRIEDEBRE L TH— RN EOWEMNZLL 72 2 RE LT
WBBDD, BRI, FEE, MY 0% < OMREEERL TR IR, I
BEDPZAT 2DRMOATHZ. 2B T2 MEEZ(E EREICFHHITT 572012, BlfE
£ IR BT EARES N T &7 212

source source

detector

@ (b)

Figure 1.5: (a) Light penetration in a human head. (b) Propagation path of detected
light for a probe pair attached on the scalp surface.

1.1.2.2 IRRADIES T 2EDABROFE L

Delpy 5%, WX, BELWEOIRTE L 72 BARTHE 7z U 7z 2L &2 W GUTE RN EEHIT 2
70, OB ZFHIL 72 BT N RN TTREELDE U WA, RHEDED SR IZR
S-MHREEEEE e F LW, 2L, B RNTAEDRZ ERELT 256, RO}
VIESCESE R XIS - R L v $ B R0, SFHEIABEENAHTH S, 207
&, Delpy H5IFA N =257 AF%HWTHRHED R IVNIZE T 2 EHmiTR 2 FHll L,
WEHIFEIT R KD T £z, RV NOYEOBRIREZ —HR I 2L ¥ TRCEE 2L
ZEHIL, BIUREZAEBUNL GG, O Z AL DSRINRE AL & S FER IR R O
BIBGRIZH 5 Z L Z2EBRINZIH ST U7z, 512, I a—& EICEH L FEDORIR
DETNEWEL, ZOETNVNTHRIZREMEN 217072, T OFRER, SRR CEEL
T AL DSIRUARER, Y FER BT U CHEH & BRI HBIBGRTH 5 2 & &R
U, BB Z21T5 2 & CERBELARNIZB T 2 HDEREZ EMICY Ialb—Ya v TE
52 xHSMIT LT, SEEEREEEIZHE RN RARBONEETH 5720, Delpy &
DR U 72 BRI AL DRI, BEE C— AR ISR LA U 72356 & E L T
55D TH5.  MEIHN TR —BRIZZ( L 72 IREE% Fig. 1.6 [ZxR L7z,
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the area in which
the absorption change is assumed.

Figure 1.6: Assumption of homogenious absorption change in the head.

Delpy 52375 7252 T, HIERRA T—HRICEIBREDIZAL L 7256 IO EZ AL
ORISR Z L ZHE T 2EDTH SN, Wiz iZB 2 RINRERZEA %2 5T 555,
0 B 12 8 WD TR AL 23 A U 72 & 9 2 2 I & 2 E Y] Tld 72\, Hiraoka 5
&, b MEHEN O ESLEEED, RE (B, SHES) L8R (M) 1281 580 ER)
HEEONTH B L U, BB BEMOEMIEERHEE L7 P8 Rig e BE O %
SNBEEEZ TNTN (1)), (o), RELHEEIZBT2RINRHEE ZNTN Apgr, Apaz
LUz &, BHEA,N

AOD = A,ua, surf <lsurf> + Aﬂa deep <ldeep> (18)

TROLIND Z & &2 RAEREMITIZ XL > TRU .

AR AL DI BNT DAL LG E, Aptg surf (ldeep) = 0 &9, Eq. (1.8) 1%
AOD = Apg deep (laeep) 785, ZD7D, MBI 2HOEHEREMEL TSI LT
IEREZ I B 1 B IRINREZ L & GHIIT & 5. BHDE O IR O VY5 S5l 6 R VL e 4>
fREtill 2475 Z L iZ ko TRD 65N 2 A, FHIRNOEBFIKIZ BT 5 EDER R IZ
KT EF, SCRBMITIC X BHEEHBBEATARTH S P Bq. (1.8) 125D < MRIUREL
ZALDFFEL, BBEREDFHIIDATA K, KO—ETIMHENZL 72 & 5 256 DIRIX
REZADOFHCAESTHS. ZD7d, Eq. (1.8) &I S RINBRKMZE /ORI,
ADBZALIFEDEHHD ) TV RA LDE=R) VIR EDNAZENE L THETHM
BRI N TS [12:30]

Eq. (1.8) & AWz IRIREZ L DFHR T, Fig. 1.710RT & 512, BN T—HRIZK
IR ZE R E UG E2IREL T WS, D7D, ZIMIZES 1T 2 RREZEL,
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LEDTH5.
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Figure 1.7: Assumption of homogenious absorption change in the brain.
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Figure 1.8: Broadmann areas in the human brain.
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Figure 1.9: Localized absorption change in the brain.
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Figure 1.10: NIRS measurement by multiple probe pairs.
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Figure 1.11: A brain functional image by mapping method (optical topography).
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REH R DIERRIED MG S 7z B9 Arridge & IZZ2MIRE D AG 2 HEE $ 5 7212, BHESE
TV % M AEOBUNEBIZ DEIL, SRR 217 > TEBUNEENIZ S 1 2 553 E250k
B, bbb E NG 2RO W0 Zpr &, ZREE NG & RIUREZAL,



BH1E iR 18
TRERE 22 b DRI
A,ua,l
A,Ufa,2
AOD = | (i) () - (L) - (lm) . (1.9)
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rERbIND. T, i FETFTIVHOEMNERZ XKL, (1) DR VAZERIKE DA
2RT. HEMAOZOIZEEDO T -7 - R7EHVWS L, Eq. (1.9) 2&7T0—7 - X7
WAL T,

[ AOD, (li,1) (L) - (L) - (lym) i Apta
AOD, (la1)  (la2) -+ (l2q) -+ (lam) Apig2
: _ : : . : : : (1.10)
AOD; () a2y 0 Ga) o Gim) Alta,i
| AODy | | (ng) (Iwe) -+ wva) - (Uva) | | Apayr |

7Y, NiZ7ue—7 - X7HEXRT. §70b5, Eq. (1.10) TlE, EOLEZLE &N
FEIRIZ BT B IRIREE LD L7220, &7 0 —T - R7 OREMEESM2RT (1) 1T
Flidvaeyreind. ZIT, BOUEZEARZ MVIERNADHEHINZ &> TRkD S,
Yavr7r @y Iialb—yavitdoTERTE 570, Eq. (1.10) DFHEZE Z &
TIEIURBZELRZ PV EEBRTE S, 203, @HIEIM SN THSED, Yavr
T FHATH BRI T2, BT A A FHRE L R IT RIS . Y a ey viTh &
J B, ZoBEEH JT I TFTORTROSNS.

JT=J%Jg-JhH! (1.11)

INFL—7 - Rya—XOELSTH EIEEN S, RIZ, BLFORZE W TIRIVEREZ
fERZ7 SV EERT 5.
Ap,=JT-AOD (1.12)

ZZT, HTEEZREED ) A ANDifEEHZZSD. Y AT V475 J O RAES RS
5,
J=UAVT (1.13)
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DITHIT, AFDESITRINS.

o1
o 0

A= o3 (1.14)

0o ..

ZIT, Rffioldoy > 00> - >0y D, i >rank(J) D& E o, 2D, £z, JT
TR RS B &
UrA*'vV (1.15)

LB, AIE, A OBRLUELETS L IFEN,

1/0‘2 0

1/o3

[ 1/o1

A* (1.16)

1/onm

0

ThobInd., §0bb, ADWETTHEZLD, O ADEZZHFHIZLZHEDTH 5.
o DIEWNS KB L, 1/o DIEVRRELRSE. ZOLE, Eq. (1.12) 2f#< &, AOD I
JAXWF S TV, TOMEEZITIRT <05, MEEREEHIOIRTEX, FEHET
HLHPWAELEA, THhbE AODIZIE/) A ANRD>TWBeEZSNS. 2D, Eq.
(1.12) 2 fi < DA TIIMFEREEARIE S £ < R T E ., ZOMEZEIRT 5720, Eq.
(1.16) D o B—EDME L D /NS WEGED A, T OELPHEEITHOEHE % 1/0 TIER< 0
EITBREDFENRLONBGEEH B, 12720, ZOFIETIIREESEPBELRRD,
FIEENELLZLRS. Z0kd, EAHERI A =X o 2 W5 FELEL S HWLNT
W5, EAME AT A =X 2 AU B8] JT L, RO TERbEINS.

Jr=J5J - J' 4ot (1.17)
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Thhbb, OO 0 DA ERIZ
~0
s ) @0 (1.19)
7 > (az0)

L%, Z07H, EAMLST A —& o VNI & FREEEER O 2 2 fEREDS T T B K
M, /A ADHELEZIRTL LDV MEERF>TWS 7,

Kawaguchi & 33RO E TIOVIZHRES - Mt 7o — 72 BE U, SUEREMm 217> T&
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AR K o TH U 2 EEZR L, JHR DITEE U 222 E S5 5 Eq. (1.10)
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Ta—7 RTDEEDIRN Y #ZETE L7120, e bKRT T 74— U TEMEIREE
N ETBEEWSFIEDHE. UL S, IBOENES T 7 « THIEET 2 2 RCH
BTIE, KNRT T 7« —Fkk, INHEREER DN & 135722 2 AR I ER I D & D
MEEEZALTWS, ZHIIHRL, Zeff 5 41 % Boas & 43 [ZEEE %2 & 0 KEHIZ R L
ET IV EAWT, 3IRITGTORNRRE(LZE FEREZIT>72. 2O XD RILHOLE N ES
57 412 & B 3WTHEREEETIX, HEEE TV O EICRIURBZE L EiRL X D 72
b, WO EDOHAAPIIEL 720 R L DBHATH 5.

Eq. (1.10) O¥REAE B, IEBENEZ 7 701280 TIE—INIZ M > N TH 5
728, FEEGIRWRIE A EL BERH D, IO, BOCEEICZ THREYCDOAIMHE Y
7 N b AT B AR AT 145 46) o AR OV 26 % B TRR G & IR 4 R E
HI$ 2RO B8] B VSN T WA, /2, WRIEOEYIMEZ W X570
ik, M O¥, $hbbru—7  R7PEMWPTFELANTH L5720, FAEBEH
ORI ORI EENESMTH 5720, Tu—7 RTYBEEPT I I3 LW, #
BHERHNECE N E S T 7 4 TREEOEH 70— TR EZHWL DR —RTH S
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Figure 1.12: Diffuse optical tomography using high density probe arrangement.
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Figure 1.13: Present brain functional image by DOT using high-density probe arrange-
ment shown in Fig. 1.12 (b).
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Figure 1.14: Homogenious cuvett model for estimation of optical path length.
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Figure 1.15: Inhomogenious spherical head model for estimation of patial optical path
length.
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Figure 1.16: (a) Layered head model including CSF. (b) Layered head model including
the structure of the cerebral sulcus.
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Figure 1.17: An anatomical head model.
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Figure 1.18: Anatomical head models. (a) subject-specific and (b) atlas model.
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Figure 1.19: Transaxial planes of MR images. (a) TIW and (b) T2W images.
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Do, BHEETIEINSOHEBOY 7 by 272 HWHEHRSHORE XS E 0 E &L,
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D7z, T2 EFHEGEOEAITERE T K ERAHEZRNS. ZhoSMZH, MRI DS
WAL=V A%, 70 b vEEREG(ELZ 78 b iEFEE R RS K DSV AT —
TV ANFEL, ﬂ»xy~7yz’;of¥@$®ﬁ%ﬁ®:ybizbﬁﬁﬁéf@
M L E U 728V Ay =T v AR RR D EZ NS, JKAE, HEMIZE
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1.3 TERMARDEFEEDX EH

AR IR K DI REE NG, RO ARBEA S <, HIE Hh DHRERE ~ DM
BWREDHFEEALTED, ALEEZRNRELUTEHNDS ZEWTE, BN
BOBWEADIGHPMIEFINT WS, BETRI T WA R IR & 5 INEEE
A=V VITDFHEIINNRT T T4 =DFETHEN, bR T 74 —Tl&, BELOFE
2k BZEMIBE DA DR D DL 0 B e UT/ERL, EHSMEEDK T 2HEL. £
7z, BXBSREE DS E TV O & 13 5870 2 JEAEZE MG b S N B 72, BRI DD
MODDS5VNE WS RENRH B, —FH, MEERIO—THEZHAWZILBENES T 714
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7 DZEMIEE /34 & HEE U TIPSR 2 BT 5. ZHUC K- T, REDR DB ES
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T W22 ) ARBE CIMESRE B R 2 MER T &, INBEREFIR A EEEE € 7L DN F ISR &
578, BIEHAIHHETH S, S NKRT T T 10—, HEBOLNES T 7 1 ORf#%E, Table
1.1iCF 27,

Table 1.1: The charasteristics of functional imaging methods.

Imaging method ‘ Spatial resolution Imaging space  Head model

Optical topography Low Brain Not necessary
DOT High Scalp surface Necessary

EREM IR N €T T 4 O DI EM R EREED AP REASTTRTH LD,
D7zdITiF e MG 2 MR B E0 SIS L, SEHEIGEE TV & R L TRk
MzETIREPDHL. ZOB, UTDLI RER2ZRT LI THHCLINES 774D
FEZA EIEEIeNTES.

1. WERAE AN D BT IE & B U 72 B RGOV 2 W 5.

2. MG E TV RS SR & 0 LFEITHET 5.
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2.2 NIVAY—H VR EBIEEBFEGRDE

2.2.1 MR B DIIF

£, 46 HOHERE (B 24 %4, 22 44, 22-58 %, FHH 38.0+£11.4 %) DEE %
13, MOZATBUEANBSHRRE FREH R D T4 A=YV T2 v R—DIiHO R T, feke
b~ SERMEIE £ T OVHEEIZH W S T\ T15REE, T2 5NNV A Y —7 v ZITHA T, #i
H#iT1EE L 72 FSPDW, FIESTA /S)VAY =7 » ZADEH4AFEED/OIV A Y —r ¥ AT
L CHEER MR i 2 R U, EL{bL72T7—X %2772, MRI 2 & |3 GE Healthcare #-®
SignaHDxt 3.0T1 Z w7z, W o MR @i $ 260 mm x 260 mm OFIPHZ 1 mm
MR CTHR U7z, B/ 8NF A —& % Table 2.1 1282 L 7-.

4t

Table 2.1: The imaging parameters for each pulse sequence.

MR pulse sequence Sequence TR (ms) TE (ms) TI (ms) FA (degree) NEX
TIW 3D-SPGR 6.8 1.9 450 12 1
T2W fast spin echo 4000 90 - - 2
FSPDW 3D-SPGR 13.8 1.9 - 6 1
FIESTA Fast Card 13.8 1.9 - 45 1

Fig. 2112, &7V AY =7 V ATHRMG U7 MR i % /R U7-. Fig. 2.1 (a) -2.1 (d) 1
ZhZEN T1 98, T2458F, FSPDW, FIESTA /LAY —7r v AT L 72 MR HEE T
H%. T1rRFHEME, T2 MHEG CIXEHIMMHE DO > b I A ARV DIZH L, FSPDW
E{% CTIXIEEE DOA» SEES2FE L, FIESTA MG TIRNEHK) S ®mES2FELTH
D, WVAY =7 Vv AEEDOBRIZHIG L@ 0 OFRAFESNT WS, 7z, Table 2.2
12, % MR EGFIZ B 2 S FET 25 5HEOMAZ R U7z, T1 5REH 5 T I
HHEWE, KAE, AEEICEWI Y T ADHRTE 20, EEMBHETIEa Y P I A
MRV, R, MBI L EEEPORESE2HT L0, ThooffliMoar 72
MU EWZ DR TE S, F7z, HEBNIZ D 5 HHfldEFE EBEE € 7L
DORIZHEZEE & U THEEDE S 2 00, T1 MG CIEsEH» S k& G5
2¥T L. ZO=d, T1iRHAEGZ AW RoE ik, i M, NEOHN S
LW, ZAuzxf U, T2 @& TlE, T1RFAESREARICEES > SEES1RHEE oD
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D, BRI D S BiES1HE SN, FEEE & INE B O MR UL EEIEERA] L 230
ZeWard. 72720, T2 BHAEERTHEY? S DEFEEAFEE 6N, KEMHE e s
HOBEROHBUINHL o TWDE. 7z, T2 WHMEHETIE, KEELHEMDI > b
T A ME T1FEBIZES 2 Z b bhb. FSPDW EE&TIX, By, Thllsoi
MANZIEF IRV Y NI A MNPERTE S, X510z, RGN X BEEh S DIRES
RREEOSN, WIVAY =T Vv AEEOBRICIARLZE D OFRPFohTwWS. 272U,
Z OEGIZIEES  MHBHOE I Y I A MEMEL TE Y, TSN OMIERM D 3 >~
b I A MIFEFEITBENZ D05, FIESTA HETIE, NEREKY SHEFEIZENVESD
Bon, TOBEMBTDH 2HEETCMD S IHMEVEERHELNT WS, NEHEH
DHHIZE U 72l & 72> T\W5. X7z, FIESTA H{& TIXEEL D5 H —EEE 50155
NTHY, INEHERE & S O 7N 2 LB TITEE L.

Figure 2.1: The transaxial planes of the MR head images obtained with (a) T1W, (b)
T2W, (c) FSPDW and (d) FIESTA pulse sequences.

Table 2.2: Some common intensities on T1IW, T2W, FSPDW and FEISTA pulse se-

quneces.
MR pulse sequence | scalp skull CSF GM WM

T1W high very low very low low middle

T2W high very low very high middle middle
FSPDW high very low high high high
FIESTA high very low very high low low

Table 2.3 1%, & MR Hi#&O#&FEZ <L TW5. FSPDW, FIESTA Hifti% T2 5@
L U CIERICE R TR T E 5. KriZ, FIESTA EiIZ1% T1 smifAms & L
ThHEWHE TG TE 5.



52 B SR & P 72 BRI E TV OREERIZ B S 2 BT 37

Table 2.3: The imaging time of each MR pulse sequence.

MR pulse sequence‘ TIW  T2W FSPDW FIESTA
Imaging time (sec/slice) | 1.2099 6.9592  1.3486  0.3094

2.2.2 YZ a7l K ERBEROBESDE

MR i DFEIR D EIREE & MG 5 72801218, EAE & R B80S0 F — X DB EE & 72
5. 2O, EMROEED T T 4D MR E{§% g U722 s FECHEEs#E L, Z
NEBEME U7z, MR EGEEOER, #ERE I MRI DAY MY A TREESREZ VT
HEBEELTWSEDD, MRI OHEHRIZERNIC RS2 DI iRz 9 2 s B 18
WOMBOTNAELZEEZSNS. Dk, £9 SPMOS %A WTH& MR D
MEGDLEEIT->7. £7, EEREROHEBAHIOKE % KT 572012, — ADHERE
D MR HEif§t% 136 251 AZhTzoTYZ a7V CHEBDEI U7z, £72, b0
MG DE T K DI BN DB R G S 2 7212, o 45 £ DO HERHE O UEH MR i
B <= a T IVTHEEBDEI L., 72770, ZTD45 %1200 Tk 1 AT A1 ADHFHEIES EH]
U7z, JKEE /A ORI LTk T1 MG % > 72 SR R 22 E B o #l o
FEPHENILINT WS, A=Y —ZADY 7 b7 =7 ThH5 FMRIB’s automated
segmentation tool (FAST)[™l %W CHIBAEIL 7z, Fig. 221, ®AF1 A% <=2
TOVREIR A E U 72 iR E O MR Hif% Lo~ = 2 7V CHiH USSR 2 MR LTE D,
Fig. 2.2 (a) - 2.2 (d) XX 1583, T25R#, FSPDW, FIESTA /S)VAY—7 VA
THf4 U7z MR B[ ORI CTH 5.
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—— air/scalp
scalp/skull
skull/CSF

— CSF/GM

— GM/WM

Figure 2.2: The boundaries between different type of tissues and transaxial planes of
the MR head images obtained with (a) TIW, (b) T2W, (c) FSPDW and (d)
FIESTA pulse sequences.

2.2.3 WIIHKERORE

FIETY =2 7V CREBOE U - fRICESE, MR E&FIZH T3 RMEHRAND L X h
77 LR KLU, Fig. 2.312m U7z, Fig. 2.3 (al) - 2.3 (cl) iFFNZFN T1 5, T2 58,
Fﬁ@WE@L B, FHEE, MEMETOe A NS T AZRL, Fig 2.3 (a2) -

3 (c2) TN T1 95, T2 55, FIESTA Bz B1) 5, INEHEHR, KAEDOe A
b77A%mbfm5.HEDWﬁ@fi,@ﬁﬁ%%?éﬁm%®th&7Atmﬁ
BERFT DK, m%%ﬁ®tzbﬁaA®ﬁn Zo & L ARIAA SN, FSPDW [
By 2 flifb 2 W72 HZE G OMBICHE L -HETH D Z & nnsd. L, TR
ﬁﬁ@fiﬁﬁmtﬁﬁ ERE D A N 7T LAWPEVERIZ O/ TEHBR D E->TE
D, 2{EAR—ZADMEHSENIHEL N &3 05 5. T2 iHEERTIX, FSPDW MHiffix &
TRZRVWEDD, FHFEEHEDOL AN T LAPMMBOC A N7 I ANSHHL TS, 20
728, AETIX, T2 @HEAB L FSPDW i 2 B, SEBEHFOMEBICHWEZ &
U7z, Fig. 2.3 (bl) - 2.3 (b3) \Z/R L MBI L JKHE D A b 75 L TlE, T2 i@
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BUZHART TIEAEE T AN T LR >0 EREEL TV, ZD7d, MR/
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Figure 2.3: The histograms of the scalp, skull and CSF regions in (al) TIW, (a2) T2W
and (a3) FSPDW images. (bl), (b2) and (b3) show the histograms of the
CSF and GM regions in T1W, T2W and FIESTA images, respectively.
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Figure 2.4: Boundary masks and regions of different type of tissue. (a) The air/scalp
boundary mask, (b) scalp/skull boundary mask, (c¢) skull/CSF boundary
mask and (d) CSF/GM boundary mask. (e) scalp, (f) skull and (g) CSF

regions.
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Figure 2.5: The flowchart of extraction of the air/scalp boundary.
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Figure 2.6: The flowchart of extraction of the skull/CSF boundary.
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Figure 2.7: The flowchart of extraction of the scalp/skull boundary.
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Figure 2.8: The flowchart of extraction of the CSF /brain boundary.
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Figure 2.9: The relationship between threshold values and Dice coefficient of the extrac-

tions of boundary masks. (a) air/scalp, (b) scalp/skull, (c¢) skull/CSF and
(d) CSF/GM boundary masks.
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Figure 2.10: Three dimensional images of air/scalp boundary masks. The images were
extracted (a) by manual segmentation, (b) from T2W image and (c) from
FSPDW image. The images are represented from (1) anterior, (2) posterior,
(3) left, (4) right and (5) top view angles.
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Figure 2.11: Three dimensional images of scalp/skull boundary masks. The images were
extracted (a) by manual segmentation, (b) from T2W image and (c) from
FSPDW image. The images are represented from (1) anterior, (2) posterior,
(3) left, (4) right and (5) top view angles.
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Figure 2.12: Three dimensional images of skull/CSF boundary masks. The images were
extracted (a) by manual segmentation, (b) from T2W image and (c) from
FSPDW image. The images are represented from (1) anterior, (2) posterior,
(3) left, (4) right and (5) top view angles.
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Figure 2.13: Three dimensional images of CSF/GM boundary masks. The images were
extracted (a) by manual segmentation, (b) from T1W image and (c) from
FIESTA image. The images are represented from (1) anterior, (2) posterior,
(3) left, (4) right and (5) top view angles.
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Figure 2.14: Segmented scalp, skull and CSF regions.
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Figure 2.15: The original and segmented images. (1): the original TIW MR images, (2):
the manual segmentation results and (3): the segmentation results using
FSPDW and FIESTA images. (a) - (h): subjects.
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Table 2.4: The averages and standard deviations of the Dice coefficients between auto-
matic and manual segmentations.
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BMOMER D ENEITS Z LN TE S, AT, FSPDW HEif$E L F FIESTA % BET,
FAST O AJJHEfE UTHY, #EA#EI 2175 28T, ERAHI N T WSS EH D Y
T hTZTIINTEI NS OEBEOEANEBEET .

BET I38EfY, BEEHOMEZHKNE LZY 7 027 ThHE720, ANMifke U TIXHE
HEH MO Y P T A NPEVEBENLEE L WEEXSND. DD, FifiCHESE
BOMEIZTEL TWD Z WS 7% - 72 FSPDW Hifk % BET O A i L THW
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%. [FRkIZ, BET OARDO ANEGHTH S T1 HWiHE G2 AN G e UzGa, T1 @A
P KO T2 M GEN ST %2 AL LGB I DWW TERKICHEES# 2T, v =2
TN & BHES A E OFER & iR U7z, Fig. 2.16 - 2.18 (2, BET &AW THiIH L 72424/
SHR R~ A 0, SRR [SHEEER Y X0, HEE /INEERIER < 2 2 % 3 ROTER TR
L7z, TUHDOIZBWVWT, (a)- (d) iFFnEN~Y=a 7)WL SHIE, AJIIC T1 #@#
HRZ 723, AT T SRR S & O T2 iR G, A FSPDW k%
HWZfRE2RL, (1) - 6) IFZENENELSE 5 AAPSEHBGILLZH5DTHS. T1iE
AR, T1iEE RS & O T2 SR G % O 7230 Bl OREEIX, B S 2 EEE T &R
DT ) A ADELUT WA, 2z L, FSPDW Mgz W72 458 1%, SHEFRED
oI NTEY, BEIJHHHINTWELSIZRZS.

anterior posterior left right top

manual

(al) (a2) (a3) (a4) (a5)

from T1W

(b1) (b2) (b3) (b4)

from
T1W and T2W

(cl) (c2) (c3) (c4)

from FSPDW

(d1) (d2) (d3) (d4) (d5)

Figure 2.16: Three dimensional images of air/scalp boundary masks. The images were
extracted (a) by manual segmentation, (b) from T1W image using BET,
(c) pair of TIW and T2W images using BET and (d) from FSPDW image
using BET. The images are represented from (1) anterior, (2) posterior, (3)
left, (4) right and (5) top view angles.
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anterior posterior left right top

from TIW manual

from
TIW and T2W

from FSPDW

p—

(d1) (d2) (d3) (d4) (d5)

Figure 2.17: Three dimensional images of scalp/skull boundary masks. The images were
extracted (a) by manual segmentation, (b) from T1W image using BET,
(c) pair of TIW and T2W images using BET and (d) from FSPDW image
using BET. The images are represented from (1) anterior, (2) posterior, (3)
left, (4) right and (5) top view angles.
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anterior posterior left right top

from
from TIW manual

T1W and T2W

from FSPDW

(d1) (d2) (d3) (d4) (d5)

Figure 2.18: Three dimensional images of skull/CSF boundary masks. The images were
extracted (a) by manual segmentation, (b) from T1W image using BET,
(c) pair of TIW and T2W images using BET and (d) from FSPDW image
using BET. The images are represented from (1) anterior, (2) posterior, (3)
left, (4) right and (5) top view angles.
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Figure 2.19: Segmented scalp and skull regions.

Fig. 2.19 (a), 2.19 (b) & BET ZHW TR L~ Aol U7, B, BH&EFZR
LTWa. Fig. 2.19 (1) - 2.19 (4) iFZN TN~ =2 T L 2 HIE#EE, BET € T1#
AR S Hl U 72455, BET C T1 RS L O T2 @315 o il U 72455, BET T
FSPDW i h 5 i U 724558, Fig. 2.19 (5) - 2.19 (7) k2 th (2) & (1), 3) &
(1), (4) & (1) DEDEGREZRLTWS, T1HRFABEBRO A% ASJESE U THO A
BT, B /BEEERA Y2, B IOEHES /NEERTER ~ 2 2 REZMNHBA SN,
I & o TnWa. Thid, T1 @G CIXINEHER A BEE B RRMEES %
I B8, HET ENEHRBOBEFAPHIETE Y, MEDRPINSDYATITK
BENTLUES>TWVWEREDLFEZONS. T2 iiAEERF CIXHEEEVRESEHKT LD
XL, MERIRIEEE SRR T S0, T2 MM % MBI U THWS & EEE &K
BB OBERMEBOREENA EL, ThoDYAZDOREHBESNIHR->TWS. L
U, T1iRdamE» S Ok, %72 T1@iHEGs & O T2 M s > ot R T
&, AR S X OCENEHANREE LTRSS, — 4, FSPDW #ifgn S Ot R T
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1%, SO TIREEH, SEEE O T o/ Nl 2SRRI > TRIE—E
DIETHONS., ZDOZ 25, BET i T1iEFE X T2 sRaH 4k %tk #5720
IZHHBE X N 727212 FSPDW Hif§ %2 AJ1 & UZ5E I IXBME XS Y 2 EEE I TV
RNHDD, FSPDW iz VW5 2 & CHMBER Ol X EMEICHi T hTnwa Z e
3%, £72, BET ZH\WT 46 ZOHERE 2B D MR BEH 2 SHEK, SHEFFZHEL,
Table 2.5 IZZNFNOMBBDO Y =2 7 W2 X BT 2 X1 AEER L. Z0%
25, FSPDW Eiff %z W 7285581, T1sRdH 4, T1 iim&4s KO T2 iR mb z H
WTBET THIE U 2R K D £ 2 < ORE TCERWHEE T I TWbs Z &b nb.
U EDFERD S, FSPDW B3 HHZ & & BBaME I IEE s wary b A M 2kiok
B, REROFEEDEY 7 b o7z U THIEFICEWEEEZ D Z e B bhr o Tz,

Table 2.5: The averages and standard deviations of the Dice coefficients between the
region extracted by manual segmentation and the region extracted by BET.

WA | T1SR#  T15R# and T2H##  FSPDW
SHRZ | 0.864 + 0.0477 0.889 + 0.0401 0.905 £ 0.0299
PHEEHT | 0.647 £ 0.114 0.711 £ 0.0899 0.778 4 0.0503

RIZ, FAST % W CHHES O NI DO Z INEHEKR & £ DA DT 28I L 7z, FAST
iE, SEEAEIL TN T MO A ERICRETE S, T2 T, MEEROMTAH
MTH 578, FIESTA Hifg, T2 @FHE 4% H )13 2O % 2 MK IZEE U T
DEEITo 2. TLHRMABEGRIE, KAE, AEMICEEa Y NI X Ma2Rb, FAST %
FHWNT T 58 0 R 0 BE IS 43 81 % 47 5 BT & D HLRREUE 3 Mfc % e T 2 00— T
H5b. ZOH, T1rEHAmEGIZEL Tk, HAMSz 2 M6 3HfMicEL, Thth
FEIR Y E E T o2, F£72, FAST 25 BXZ1%, HARKIZHEHFIZ BET 2 HWCHEEED
A (S8R, KAE, HE) &, ThUANOFEEIZHE L, EESONMO MR Hif
ZANEBGE UTHWS 720, HEH/MEMER~ A2 2 Haciit U T BERD 5.
T, EHE /NGB~ A 21X FSPDW Hifkh S HEHEHE L7260 %2 Vs,

Table 2.6: The averages and standard deviations of the Dice coefficients between the
region extracted by manual segmentation and the region extracted by FAST.

T1aEFE (B 2 /6%  T1 53 (Hh 3 HR) T2 58 FIESTA
0.660 + 0.0981 0.732 + 0.0807 0.676 + 0.0830 0.683 & 0.0959

Table 2.6 12, 46 %44 D#ERFE O MR Hi{f %2 FAST Z2 AW THIH U 72 X & HE R fEis &
- a7 VXD HIHEAEREO X1 2882 R Uz, e, FASTIZXaHiHIX, T
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OIHEFERIZE L T ISEME N R SN D720, YAF U UIIZ L > TREAERDO A E
RIS A U7z, Z OSSR, T1sRiAE &2 2 S 3MMHH U 7SR S REBEN X<,
FIESTA i & O RARITKEE D L WEER & 4572, Fig. 2.20 12, FAST 2w
THiH U 72 INE B /K BB R~ A 27 O 3ot E2 R T, ZOMD S, T1 AR
S OISR TR HED G2 5 728%, FHTZRERBOME O AMIZIFIT A TWRWI &
Db, F7z, BEHEMMIIIZE@EERHAR S0, KRBT TETWRWY., Zhik, 5
TEfEIZ 5 5 RREIRAD BN E > TWBH e EZ HbNE. — 1, FIESTA A 5 Dl
G R CIRRAREIRI IR U 72 iR R 5 B B D D (Fig. 2.20 (eb) ik D =
), BEIIMRRFICHEEhTWa, L, AR THEICHWS v =27 I)WZ &
B IR EIFE R, 1 2 OEBRE 2RO TRIRFIRIAZ IZLALEEZRVT AT A ADH
THdd, XA ARBUTITRIREIRIE O AN K 23K E v, 22T, K
LRORES O IZE LU TIE, A1 AN Y= 2 7 IV TS E %217 5 72 1 ZOWERE
LU TOARE 2175 Z I U7z, ZOMEEICBE LT, T1@EHFAEGZH VTl
gz 2 MR UChlil U 72455, T1 sRdAm &2 v <M E 3 Mz Uchli L
TAEE, T2 MRFHE G S M U7 &SR, B X O FIESTA &2 St Lzki o~ =2
TV R B &0 BB, FNEN0.654, 0.622, 0.633, 0.700 &7 Y, FAST %
N THT - 7 I O sl S I, FIESTA ik S OHH S R AR K D @\ R
Elpotz. TOIZ e, FAST Z2HW7Z8HEE ONMOMEE S #TlX, FISTA #if%
HWa ZeT, RREIAORIL O EL KPS LI LN TEL I LV o7z. £
7z, ZOFEROBEMH, BLOTNTNOMEGE ¥ =27 )2 &2 HHFER & 027w
% Fig. 2.21 1IZR U7z,
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anterior posterior left right top

from TIW from T1W
(3 tissues) (2 tissues) manual

from T2W

from FIESTA

Figure 2.20:

(al) (a2) (a3) (ad)

(bl) (b2) (b3) (b4) (bS)

(cl) (c2) (c3) (c4)

(d1) (d2) (d3) (d4) (d5)

(el) (e2) (e3) (e4) (e5)

Three dimensional images of CSF/GM boundary masks. The images were
extracted (a) by manual segmentation, (b) from T1W image using FAST (2
tissues for output), (c) from T1W iamge using FAST (3 tissues for output),
(d) from T2W image using FAST and (e) from FIESTA image using FAST.
The images are represented from (1) anterior, (2) posterior, (3) left, (4)
right and (5) top view angles.
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TIW TIW

(2 tissues) (3 tissues) 2w FIESTA
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extraction
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Figure 2.21: Segmented CSF region.

Fig. 2.21 (a) - 2.21 (e) iZEFNZN~ =2 7 X B HIHEKEHR, AJIiC T1 @I % A
WTH )% 2 MIC U725 A OISR, AJIC T1 mMddmiz vl 2 3 ki L
735G OSSR, AJNC T2 SRR 2 W 7z SR, A FIESTA ik % 7z
fEE R 2R L, Fig. 2.21 (f) - 2.21 () 3 ZHhE8 (b) & (a), (¢) & (a), (d) & (a), (e)
E (a) DESEGZ RS, T1EMEGH > MBI OM TN, HAMMEZE 2 M, 3
Mk e U2 a o i/ iAo g, ik, Fig. 2.20 (b), 2.20 (c) T8
WTKEBIZFE A TE TV ARWI L6 LR TE 5. T2 il o> DG
BWOHILIE, IEMEPEHIO2E 00, HKRKEWEE THliTETWwS. £/, 20
fliiTld, Fig. 2.21 (h) 260025 L5112, MMEROMEHAX - EDETRND Z
t#b,_@@%wﬁliLén%m#&iém&#ott@t%zem,%@@%im
TR SITHEEDOREWHIHATZ 2 L bhd. 2078, [iXE XM Lk ERE
%&T%Thévkﬁﬁgzm()#b%%uf%é Insizxt L, FIESTA HEifkd
O OB O RS RIGEFHEAR 6N S, D720, Fig. 2.20 (eb) Hbnd &
21T, WEE~v=a 7 W X2 E D B ZRoT WS, 72, RIRRIC I~ M=
RonsdDD, FIESTA HifRA 5 OffHHISREIRIE O FRH MK T E 5728, XA
ZERBCTIIMB D E D> & DIHIEFER D X4 AR L D £ &<, 512, FIESTA HEifid#x
B OH T T2 MFAEGRIZ K E REMMEEZ R > T\Wd. 7z, FAST & T1 wFamE 4 x
T2 MR RO FEE S E % HIICHEREI NV 7 v 27 ThHhE I RS L, FAST T
FIESTA HEifh & it U - INE R ORE X+ om0 WA 5. Fig. 2.21 (1) HIZBWT,
AR O —EDIRTRONE Z 205, BEORBERE TIXE 52 HkE
D EARAD, FIESTA EEOHEKD HEFESSE]Y 7 b7 = 7@ ntkid -+ 5
WEWZR 5.
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2.5 BEEPEIEE T ILATONIRIERENT

2.5.1 HACEENTICHWSEEBESETIL

SER ARG O WS R DS TER R G & TV NIZ B 1) B WAER I RIF ST E 2 3§ 5 72012,
2.3 HiCTHESE U 7= REELEBIEE E TV & FH O TUEHRIT 24T\, FERRE, 22RRE
DR B Uz, BEERE T TOVIIMEREE . UC T1 s & T2 Mm% VT
B EIU -5 R % O THEEE U 2B RS £ 7L, $REIEE LT FSPDW HEiffk & FIESTA
T % N TR 81 U 72 A5 B % FHO CTRESE U 72 SEI SIS € 7 OV IN CEREIRT 2 17\,
I DR %E < =2 7 )V KBRS EIOF R S M L 7- SIS T 7 )L TR RER
Mra4T o 7 fE R & R U 72, fERIE DS € 7V IF 22 & /BRI ~ X &, SRR 93
HER~ A7, NGB /KA EER < A 213 T1 @SR Sl U, EEE /IS
st~ A 2 0% T2 R 2 SHll U7z, $REIEOEIIIE € 7 )V Id 4 &/ SHE 5~ A
2, SR JSEBEEHRR Y A, HEY/MEREER ~ A 7 % FSPDW E&» SHiE L, K
BN /K A BB~ A 2 % FIESTA Bifg2 St Uz, v~ = a7 VEETEE 7L, #®
RN X BTG E TV, RFEEICIDZEBEEE T VL, WINSIKHE/HEER
Ik T1 58FE D 5 FAST % W CTHiH L 7-.

2.5.2 ZTERRESHOTE

AfiITE, YT ANVBERI X > OUMERBMT 21T 572, BV T AR L S0
ERBMRNTIE, SEERRGE T TV ORMENITHCE U 72 85 s S Y67 2 EICHRET U, BEEHEE €
TV REECT B SRR O RINEREL, HELLRE & BGELIERE, #GEL 17 & BLEE W CEMAE
U, K7+ I IRIN S N TOREIVNS {7250, MSNCEIET S ETCINEiG
DT, T Lo CHMHEET VN TORFEELZGAL, 720 BICHli# % i
BT 5 e, MIESNIHTFOREER L ED S FHEMEER N ESHRE 2T
ED. BVT VBB & BB, SRR 51 20N, BELES & E
HEIZEIETE, o L BMHEDEVAKERBITOTIETH DD, HF i oI AR L

MITIREHIZZE U @AR o n g, SHERMARVE WS REdH 5.

Fig. 2.22 (al), 2.22 (a2) ZZNENE Y T AN OEIZE o THEA L IS, MRS
5DYFEE B 2R LT WA, XIZ, Fig. 2.22 (al), 2.22 (a2) 2K EH T LICREL,
ERIRE DA 2GR U 72 PO | 2R A XS BMUNEIS N IC B U B I R ETH
57, EMNZEEMIIMIDEOFIFERHRE L 2o miFhid e skn. 22T, &
BRI B 2RO ED R & W CERRE S %2 EBLLZ. Zhuc k-

TEME U 7 2L 53 4 Ol % Fig. 2.22 (b) IZR U7z,
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Figure 2.22: Calculation of SSP. (al) The photon density for a source and (a2) that for
hypothetical source at detector position. (b) the SSP for the source and
detector probe pair.

2.5.3 TO—JEEDREE NERME

SAZERIRNT 24T D12 HT- 0, EEEEE TV Eiz 22y NOBE, w7 o—7%E
U7z, BlE 13RS E BB 7o — 7% 1 Sld&E L, EEH» S OFEEA 5 mm A5 40
mm DOREIZ 5 mm FET 8 DD 7o — 7%l E L 7~

- Bl 2 135eb R b Rk b
T7/U—7%EELK. Fig 22317, PR LICEEURE, Rl 70— 7fE2R L.

~ " e
P N g
£ e y e
V- ) = N y =) 2 A
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Yoy B D £ ‘_-_--- Y D
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(a) (b)

Figure 2.23: Probe arragenents: (a) arrangement 1: along transaxial plane, (b) arrange-
ment 2: along coronal plane.

Table 2.7 12, BEEME T T IV OKMHEBIZE X 72, KE 830 nm 128 1) 2 IRIPLREL, B
GLRE, JErRZER L.
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Table 2.7: The optical properties of each tissue.

optical properties Scalp Skull CSF GM WM

absorption coefficient pu, 0.025 0.016 0.001 0.039 0.017
transport scattering coefficient p, | 1.84 148 0.24 212  8.82
Refractive index 14 14 14 1.4 1.4

2.5.4 NGCEENTOER

AWZE T, FHERRIENED 72 DIOUERMNT 2L GPGPUR 2wy Ial—va
YT TY ALEREEL, ThEHWTIT>72. GPU X NVIDIA 0 TESLA C2075 %
FAWTEIREL, AFXATBIX10MEE U, FHRERMIX 1.156+0.39 i TH > 7z. Fig. 2.24
2, = a7 KA ERE R, T1RaRE& e T2 s w4 2 o # L 28810 o
RESE U 7- B HE € 7V, FSPDW [Hifk$B K O FIESTA [Hifk % fHIR 2 # U 755 R 5155
N7 SHERMEIE E TIOVINTEMRE U 72 FI R R, MO ER R EORREZ /R Uz, Fig.
2.24 (1), 224 (2) IFFhZTNnTo—THE 1L, TO—TEE2IZETHERERLTVWS.
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Figure 2.24: The relationship between source-detector separation and mean optical path-
length. Total optical pathlength for (al) probe arrangement 1 and (a2)
probe arrangement 2. Partial optical path length in the brain for (a2)
probe arrangement 1 and (b2) probe arrangement 2.

Fig. 2.24 (al), 2.24 (a2) 26, WTNOETHHEE T IVHNIZEWTDH, HE-RHH
FEREDY 30 mm FRE F TTHNE, IZIFHBEOEEENHEENIFALETETVEIHD0,
RS- MR H R REAY 35 & 0 B RV & S ITIEBE TNV THE L 72 PRSI R I = RN
BEUTWS. —fRIIZ, SEORERE IR 2 R < T 21R 82D, BOH
OBERROEELEZ IR T %L, TD7D, RS- AR )
HEERAT RN LU TV A ERIE, MER O R, EEEFOMILEE LU
TEWZ BT 5N DD, Fig 2.24 (al) Tk T1 iR ER, T2 5RFAEGRL? SHEEL 72
SEERMEIE E T OVINTEMA U 72 EI G R, FSPDW Hif%k, FIESTA Hiffh 5 HEFE L
TSEIEE T VN TEME U I EERE X D B REVE < Lo TWb. INEHEIKR D
FHURSEE 13 T1 sREAE & 0 & FIESTA Ei% FH W2 FANEE D@D o 72720, IRG-H
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M2 R Lz S IZKETNVMTEHE U B ELERICERZELL TWD DI,
EVTHNVBEIZ L DEED AT EDORED S, MEMITLZE L @3RS N h o
I ENERNTHEEEZONS.

Fig. 2.24 (bl), 2.24 (b2) 75, WIZH T B EMRBE XV T N OFTEE TV
THA LR IZIEAREORERENMEF SN TWED, B4 FSPDW [Hifk, FIESTA ik
DO MR L 7 SEE IS € 7OV CHMAE U 7SR O 5%, T1 iRddmieg, T2 sRaamGh o HE4E
UZZBE IS E T VTR L ZMER I D, Y= a7V THEL 2RI S HIEE TV Tht
BURERIOELS o7z, Bz, MRS-MHEEE#EA 35 mm, 40 mm O 70 —7 - X7 T
FZEUMPRoNTOWRVWEEZ 5N Z L5 RS- MEED 30 mm £ TO
0—7 - X7 OFERIZEHT 2L, FSPDW Hifgk, FIESTA M &M U 72 SIS €
FOVTEHBE U2 E D IR, =2 7 )V CHESEL 7B E € TV TEME L 7285
FEHIERITEVFERPBONT WS,

FUHIHEIEE TIOVNTEBAE L7 70 — T EE 1 O S IR - I EEEE DY 30 mm O 7
O—7 - R7OEMEENMZ 2.25 1R L, TO—THE 2O S5 5 RS- FEEEE 30
mm DT HA—7 « XY DERBEN % 226 12K L7z, WTNOKB, (1), (2), (3) 1%
TNENT =2 T IVCHEREL MG E 7V, T1MRFFEER & T2 A E R S EE L 7
SHRMEE € 7V, FSPDW Hiff, FIESTA i) S L 72 8iE € T VN TEEAE L 72
HRAERLTED, (a), (b) XTNZTNMROZEMEESA L, 2R > O Wi X %
RLUTWA. £72, (b)IZBWVWT, 107! mm, 10_2 mm, 1073 mm OFKEHRE FH D
MTRUKZ. TNSDFRERNS, WINDOBHED IXIZE U EMBESGAREFLINTNS D
EWanB. 72, FSPDW ik, FIESTA @4%%75: o ORI IIEMEZ BB TRE L T H 8
HHEE TIVOBENTRETH S Z 2025, FSPDW HEifk, FIESTA ik F\ T
EETNVEMETLIZLWEHTHZ Z LRI NT.
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Figure 2.25: The SSPs in the anatomical head models for probe arrangement 1. (a):
Topographic view and (b): tomographic view in transaxial plane. The

models were constructed (1) by manual segmentation, (2) from T1W and
T2W images and (3) FSPDW and FIESTA images.
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Figure 2.26: The SSPs in the anatomical head models for probe arrangement 2. (a):
Topographic view and (b): tomographic view in coronal plane. The models
were constructed (1) by manual segmentation, (2) from TIW and T2W
images and (3) FSPDW and FIESTA images.
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2.6 E2EZEDIEE

ARETIE, FEHOL N EST T 7 112 K B BXBERE G RS i\ B 38 E T OVHEER D 728
UHRZ, SHET, MEREEO MR EE S OFSHIIIC OWTHRET 217 o7z, 3, SHZHM
OHIHIZE U 72 MR #2155 72, T158, T2 MFHIZHA T FSPDW 8 XU FIESTA
PNWVAY = VY A%REE L. ZOKEE, FSPDW Hiff, FIESTA O 4R X T2
PR & U CIEEIC D o2, TS D MR SIVAY =7 Vv A THR L 72 MR i
ZRAWT 2MEAR=Z2D7 VLI Y) X LZ2HNT, %%@M%ﬁ@MR@@@ﬁﬁﬁ%%
f1o7-. T1 A4, T2 MmFHEGD S ORI ITEMEZ 2 X THBSHI 217\, Zodh»
6%%&41%&®@mﬁi%%m,RWDWE@,NEMA@@#6®%&u%@%Q
TEEL. ZOMREZ, v=aT7 ik aitfERe R U7z 25, FSPDW i
& FIESTA iz H\\W5 Z & T, FESSEOBIZBEORIRRES 12w, »DOvHEy, v

%,%ﬁﬁﬁﬁﬁéﬁw%ﬁﬁmm@%t.:@’&#5 FSPDW i & FIESTA [
BRAVHER, HEER, INEBHEOMEICELZa Y NI A N2> TWA Z bbb oz,

FﬁDWE@BiUFEMAE%%%ﬁ@Q%V7FWIT W AJTHEGE UTHY, 8
BRE 2T 25, TNS6DY 7 MY 7 T1 iR &> T2 183 i o i) £
ZFHME UTHEEINZIZE22D ST, FSPDW i & FIESTA Mz A HHEEE L
THWAZ L TEWHE THERAE 275 2PN TE. 2O s, FSPDW HE,
FIESTA B3 BB E T T I OBEIZHVW SN T WA Y 7 M7 = 72 L TH IER
IEWAERAMEEZRL .

Y= a7 KB E], T1 mEHE g, T2 MmEHEGOHEESE, FSPDW EI{,
FIESTA [Eif5 DRI 43 H] % FITHESE U 72 BEEHEIE € 7OV N OB 2 17\, FEREIK
E, ZHBEMMMi2HEE U7z, ZO8E, FSPDW #if, FIESTA MHi#h S HECHIE%
HE U CHESE L 7 SIS € T VN TR U 72 EA TR, %"ié%ﬁ%%%%
RldwWihd ~v=a 7 )V CRELEL ZETMEEE T VA TEHAE L ZfERIE< 29, FSPDW
{4, FIESTA Hiff% F\\CHEIMRGEE 7L 2 M4 5 Z & TIEMEAC BRI S A REIC
0B EDNIRINT.

MU EDKERD S, TR IEOFHHZ B & U738 E 7T IOVIBE DR L BT R TH
LA, SHEE, WEBEETUSZ, FSPDW HEfH L O FIESTA Bz H\W5Z 2T, H
B Om WS CHEBHII TE S Z e b o Tk,
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3.1 NRMEELBEIEEETIL

TEEOE N 25 7 4 T, BEIRGET TV % O COUERBINT 21T > CTEBBE D 6 %
g U, BXBSREMEIER % FRER T 5 2 & CEM A MBED & W INESBE B 2 kT & 5. i
T, b bEEEBOME R E B U 7 SIS T TV & W B T & CIERME R AR R AT
ATV, R E NSRRI & TSR 3 D ISEDNEE A ITIT DT WD . — I BRI &
ETVIE, BN, SHEE, NEER, KAE, GEO 5 HE» SHEI N TWEY, EE
D MEERIZ NS 5 HIEMIMIEHZ < DB ORI NTE D, Zh o OMMOLF
ReVEE DI — VA e NI BT 2 BRI K E R E 2 T T Z e G I hTw»
%, SEAETIE, MR EOREKEDOIET#EE 7 CIRER X VT W2 fEgh b b EEERNIC
BIIDHAEERIHOE NS T 7 4 T RIFTHBICET 2MELERINTV S,

ARETIE, EROEHFREE TV CTIRERINTOWZEERD S 5, NEOMEIZEHT
5. ERIMEEIZBWTIIANEZ O U PKENRBIIETH 5720, ~ETBLE VIR
JE D W LR I S WIRURE R 339 02 Z o7z, RN X BRI O N IR & D
HFREME DI — VDS R <, INRINE % -G U 7 SEEBMEIE € 7L TR IEME LR/ % >
Rab—yarvTERVWEEZLNS. & MNEBIZBWTHRIZKRL, KEEFIZ K S REE
ERIFTEEZSNDMEIL, KIHEINICH > TEITT 2 RIREIRIATH 5 BT . 2R
FRI LR I B RS A K <, BETEER, RTSEMRAWIZEML 2 5. Z D728, KHZRIEERC
BV TIEEREIRIADAERRIZ RIFTHEBIIRE VW EZ SND. BEBIZIIERE I E
T 570, HEHFOHETIEITa—7 - 74 VX2 BT E U CERIEEHIH
b 189

£73, MR angiography (MRA) %\ CTHNRMAE 2 il U, MR %258 L 725050
MEEET IV EMEL -, T, MERNEZFZEUZETHEE TV, MRINE % EE L
7= SEI G € TIOVIN THARIRIRNT 217 > TEMBREN G ZFR L, N5 &2 IR L CTiNE
MEME MEHNIZB T 2 BRI RIFTTRE LML 7. X 512, WMRICRINREZAL
BEIE FLE U CICEE AL 2GR L, 2RI 240 2 O CRGBERE MR % FERERR L, MR
MEPIEEOE N TS T 7 4 12 RIETHE R G L /-,

3.2 MWSKHKMEBEREHW/HKRIE OHH

E9, E2ETHREL -, R"—RA L7325 5 HEEIETMEE TOVICHRINE Z ML, K
KIME 2L 7= 6 SHIRBIMEE T V2R L 7. 2 2 THW 5 S IETMEE TV
i%, BET, FAST # H\WTCTHEBSE L2 DT, H2.3HTikR7/z, FSPDW [HEif
B LU FIESTA Hif§% 2 b _R—AD T I TV XL THEIRSE U CTHEEL 726 D% W
7z. F7z, HEIXFAST 2 H\WT T1 R E &2 S U7z,
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Figure 3.1: MR angiographies. (a): Artery and (b): vein. (1): Transaxial, (2): coronal
and (3): sagittal plane.

Fig. 3.11%, MRA IZ &> CTHEIR, FIRAMAMIIT L TEVWI Y I A MEFRFD XS
BLUEGTH S, £T, ThFHDO MRA % 2L, MEMEZME L. MRA IX
M & BEEERARE D O > b 7 2 S EFEICE W20, BEIXY =2 7V TE#ERL 2. Fig.
3.2 (a) 1T, SHEMEET NV LIIMRINEZMN G LZETVE 3IRILTR UK. Fig. 32T
&, BlRE A, #IRE ST TRLUTWS. ZOEGNS, REPHEE GBI R S
N3, AT, NS TH BMANEICH 2 INENE OB EOR %175 -0, Ay,
BEE A I S 2 iR A v A U ZEIC X o TELD R\ 2. Fig. 3.2 (b) &, Fig.
32 (a) IR UMEHEIED S5 B, G, HEEGHEHBOL DAY ATV JIETRELZ
LEDTH5. Fig. 3.2 (b) IZBWT, kD =M TR U 724 E I SREIRIFE A H X
TWBIZENNN5.

(a)

(b)

Sl

anterior posterior

Figure 3.2: Segmentation results of blood vessels from MR angiography. (a): Simple
binarization. The artery and vein are represented by red and blue regions,
respectively. (b) The blood vessels in the scalp and skull regions are removed
by masking operation.
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3.3 FREREISE ETILATONREEEN & EREENK

3.3.1 ABREREICLZDNLFEEDSTE

AREITIE, AREREICL DN TEEDOFE & INFEREE AR O HEEEIZ OWTRRS.
2R E A DI ELIES 2.5.2 THE FIBRIC IS, MU AD S DT EREN SFIR Uz, A
T ORS, ZHTo—T2EET 5720, HEBRER 282 175, Z0DkD, &
M GRS RE 2R A PR BRI & - TRIMBUG LR % M < LTSRN 2175 72 1
ARG FE R NE A E & W858 L, AL E W72 SEELUANIC B
JEHDEFELRTE, LFORNTRDOINS.
(ﬁzﬂ>¢@yﬁzqﬂnw) (3.1)
LT, BAFO v XRE RN SBUNEIK, cp (EBHUNEISAIC BT 2065, 1%
JEBCANL, qo IFASEZRT. w IFASHEOMENRSRERL, dteHWZ5EE1IX
w=0&%%. & OMIMEIFEB/NEBRIICE T D NTFEEE2RT. £77, s TIEEGR
BEWHEN, k= 1/3 (1o + ) CTEE S NS, JAZREMRHTIZ I3 NIRFASTEY % /2.
NIRFAST I&E RN HIE, HAEDNET T T 4 LWV o BB A=V T DY I a b —
VaVEFABF =TV —ADY T I T TH5. NIRFAST % H\\THAZIEIRT %
o THRTFEEEZFAET 57201013, HTMEET VOMKRERELHL, BEiEEET
VEIiZFa—7%EEL, BEIRHEGSE T IO O 2 PET 2 BEDH B,

-V k(r)Ve (r,w) + <,ua (r)+

3.3.2 WNIcHEEBFTDOFIE

3.3.2.1 BEEEE T T I DOERERDLE

SUCTRIRHT 21T 5122472 0, REBE TNV IZNEAREZE THEE SN T WD RBERD 5,
BT CHESE U 72 BEEBMEE € 7 V1T MR B/ 2 S AE L CTHEI N TWE 720, Ko+
WVEZETHEBREINTWS., ZD7kD, HELZEBEEE TV 2 UREEZEDE FIVICE
MBI ZBENDH L. AETIE, RZNVEEOET N ENUHRERD T T IVICEBRTE
BA—T 2V —=2ADY T FYI T TH5 iso2mesh®? ZHAWTEF I OREZE DL %
fio72. Fig. 3.31%, ZHETOR 7 LIVIEIBIEE TV, £tk MmERSERIEE € TV
DKM, HEREZRLTWS.
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Figure 3.3: Elements of the anatomical head models. (a) Voxel and (b) tetrahedron

based models. (1): Whole images of the head models and (2): detailed
structures of the models.

3.3.2.2 TO—JEEDRE

G T TV EICRET 5 O —7 - R7 ORI, FERNGEWSRMGTY I alb—Y 3
VEFAD LD, WEBREDORENIZ IO -7 7 A VX E2HREL TR, 2 Tn—T 0%
ZEMEERE 2 G L, TN % (RARZE R 12 AR A S 5 T & TG £ 7OV LICHR, R
MAEFZE U7z, Fig. 3.4 (a) %, HBEIICTO—T 7 £ VX %2 EE LU - HBRE O T 2R
LTW5,
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(@) (b)

Figure 3.4: The probe holder attached on the back head of the subject to measure the
coordinates of the source and detectors. The compact sensor of 3D Digitizer
is fixed by the probe holder. (a): Posterior view and (b): rateral view.

FZe PR D EHINIZ 1%, POLHEMUS 40 Patriot digitizer % i\ 7= 99 | 3D 54 ¥ & 1
Y&, Fig. 35 (a) ICRTEIBR NIV AI v REREEEEL U, BK%EHWT Fig. 3.5
(D) TR U7=_R VBV Y — NDREEE T 2 RETH D, DD, hTVAIvERLE
WA DA A GHIHIZ 2 b L 7wk 5, DT VA I v X B WERE EIIC [E T T 5 ab
EWAHE. PIVAIVRIIEREDN DD, WEEEILAEET 5 LT OWERE N DE
HBKE W=D, Fig. 3.5 (c) DESA/NL Y —N%, Fig. 34 (D) IZRT LTS
O—7 - 74 VKIZEEL, RVBL Y — NN Y — O EEEE G5 Z & T
FHAFOEREANDAHEZBRK L2, /2, T0—7 - 73 )V KIIEEBREREDE D%
W7z, Fig. 3.612, BHEREDO 70— THEZ R U7z, BHEEE 70— 7 HE I3 EH-H
HIFEEREE DS 30 mm D FIRDEETH D, Fig. 3.6 IBWT, 7K, HDOMIEZENTNE
g, 7o —7%2RLTW5.
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Figure 3.5: Components of 3D Digitizer. (a) The source for the coordinate basis. (b)
The pen-shaped stylus device. (¢) Compact sensor attached to the head.

O¢+H+—>0¢—rOo0¢+—>0<¢+—» 0

O¢+—>»0¢+—r0¢t—>0¢+—» 0

30 mm
@ source

© detector

Figure 3.6: Single density probe arrangement. The separation of the source and detector
is 30 mm. The sources and detectors are shown as red and blue circles,
respectively.

9, FEEMECBIIS 0 —TREREEE 3D T VXA EMWCEHIILZ, 7z, #E
ZE[H EARE D S AR AR ZE ] EANDEWITH 2 FH R T 272007 v FY—27 & LT, Fig. 3.7
(TR U 72 IR 10-20 75 88891 o> SUARER, RUEKSHT, B X OEAENS (FNE N Fig. 3.7
@ Nasion, Inion, Al, A2) ZFHAIL 7z, EEX 10-20 {EISMKEHAIOBREMIO R EAE & L
THWOoNS DT, BHHRORZLZHWERE TOEHIITY, HLRER UFHUHEP z &
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T2 EDBREINEZMEETH S, AR THWS TV R —2 4 fUTEDOMNITIR, £

HOHZZ, BEHESE FHOH K TH O, FBUKOMER DD PT L, HEE
DEWT Y R =27 SOFHRHRETH 5. IRIZ, FEEHEEET VA6 =a TV &-
TIRZEM 2B 55y RY— 254 HOBERZ L, EEEEDOS Y Ry —2k8

RAE LD S Y R =2 HR— T DL 507 710 VEBTH ZFHAL T 70— T
% FEZEE A O ARARZE ] B AR AR L 7.

Jaakko Malmivuo and Robert Plonsey, "Bioelectromagnetism"
http://www.bem.fi/book/ (Dec. 19th. 2014)

Figure 3.7: The international electroencephalogram 10-20 system.

® landmark coordinates

® probe coordinates after affine
transformation

@ probe coordinates projected
onto the skin surface

Figure 3.8: The probe positions and landmark positions in virtual-space. Red circles:
The landmark positions manually chosen on the skin surface. Blue circles:
The probe positions after coordinate transformation from the real-space to
the virtual space. Black circles: The probe positions that obtained from
projection of blue circles onto the skin surface.
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Fig. 3.8 1%, RMEEHH LT~ =a 7 VTl U2 T v R~y — 2 i, FEZEMPEED S A8
ZS R WAL 72 70— T AR R LT\, EEEEREE TV ED S v R — 7
FHRVWRTRU. Fig. 3.8 DHEWVRIX, RABEMIZEH L 72 70— TEEEEZRLTWS.
TN ZUEIBHGEE T VORI L2 8%, Fig. 3.8 ICHE VWA TRUT.

RO 2 - T B R R T, FEEY A RE 2 R BB D 5720, B <
DTA—=T - R7EREELTE, 2O, Fig. 3.8I1TmT &5 RFEUERE T, HERE
Bzl 7a—7 - RKTBPLTHhHReEZ NS, £72, Tu—7 - 7RO
CRHIVEE X BEZEGEH L Z RSN TE Y, —fkikiz, To—JHEEL 25
Y, FHIEEIZEL 25, B HEORD 21T 72012, BEQIBENES S 74
TlX, #EO T -T2 Ko7 0 —7 - R7EEET S, YIVFTA AR VA TO—
THEZANS DRI TH 5. Fig. 3.912, AW THWDEEE 0 — TH#E %R
3.2, V=R T 1 T2 X% 10 mm EETHEPIRIZEE L, Fig. 3.9122hTh
I, B, BTHRUZ, 10 mm, 22.3 mm, 30 mm O 3FEEOKEHDO To—7 - 7 %5l
W3, Fig. 3.8 12 U7z, (RARZER ECoEuEilE 2 22fmm L, REeMEice -7z
BEE S0 — JiE%, Fig. 3.1012mR7. ZOXTIE, KK, INRIME, SEEOEHAMD[FHE
FRIZRLTWA.

@ source
O detector
30 mm
o< O O »O
22.3 mm
10 mm
o o o o

Figure 3.9: The high density probe arrangement. 3 different probe separations such as
10 mm, 22.3 mm and 30 mm are used.
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blood vessels

@ Source

. o detector
brain surface

Figure 3.10: The positions of the 46 sources and 45 detectors (162 of 10-mm probe pairs,
252 of 22.3-mm probe pairs and 122 of 30-mm probe pairs) on the scalp
surface of the anatomical human head model. The scalp, brain and blood
vessel surfaces are also represented.

3.3.2.3 EHEEETILONREME

SIS € TIVN T OIEIR 2 R § 212 H 72 0, R L ZETEE T 7L ORI
Table 3.1 12T & 5 BRFRMEM 2 G5 X /2. 205 ORI, W 830 nm 1268
BRI, BRELAREUZ SCHR & 0 51 L7z (629394 Rig. 3.2 (a), 3.2 (b) TI%, BIR, #
MRZ 31T TWBED, Tno OO FREMEILR — D L7z, ZOR»S, MERINE
M TR I NT WA 720, 1FLOMMIZIEL TE UK SWIRIREZ D> Z & 2390
5. FHZ, IR ICBEEES 2 INEBER IR, EEELTH D Z h o, HFPRIEED
G — VDR T @

Table 3.1: The optical properties of each tissue.

optical properties Scalp Skull CSF ECV GM WM
absorption coefficient p, 0.019 0.014 0.003 0.48 0.02 0.08
transport scattering coefficient p, | 0.66  0.86 0.01 0.54 0.7 0.7
Refractive index 1.4 1.4 1.4 1.4 14 14
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3.3.3 BEIFEBENRDOFE

EERERER 21T 12dh b, AifiFek, IKEEICRINEZRKEL, £70—7 - X7
DREM T D B RNEZRILDMEZ LU T DOAD S RINZE, ZEEEE M SFHR U 7.

AOD; (lin) (L) - (L) - (lm) Apta,1
AOD, (la1) (lag) -+ (l2g) - (l2m) Aftg2
: _ : : : : : (3.2)
AOD; () L) 0 L) - Lim) Alfta,i
| AODy | | {ng) (n2) - (nva) - (Ina) | | Apanr |

ZIZTM, NEFENZThETHEET VNOBEERLE Tu—7 - XTEERT. £z,
AOD FAEZAL, (1), Apg 1 FTNZTNEBUNERANIC B 280 FZRE, BRINGR
BEbE£RT. ZORECEZIE, EllfEE LTHWSNE ), ZNEIETSEIZH
W2 ZERREE S, EBEOb NERNIZBITAREBII LI DIFVEDE B LS, NE
MEZ2FELU-HEIPEEETVANTHELZBD 2V, ZORXPSFHE L ZBICES
kORI MLE, ¥Ialb—=vaviZioTHELEE T =T - XRT OEREESFD
15175 Eq. (3.2) DU Z &, WINZATH %2 B L 72, 2O, BEEZLD
R, Thbb, EREEZ L IZH 0 VB BETE, WREE < B W B R E
FHDE—THBIGE, A FHEFITEHVEE THBR I NS Z ARG I hTws D,
LU, RifgE2IEUD, ¥Ial—Yailk->TEq (3.2) DIEREE TV EHENT
BOCEELDEZBEE T 2154, BETHNIZZMMICEBIL I nEThd 5. 2L,
FEHCIX 2RI ESE A0 X 22 RN E S T H B 728D, NERRE & WRRE I3 B8 2 474 &
5. IOk, HEEE HRETHW S EETHIOED, HEREGICKEREEE
FIET ZEBHEINT WS . Z 7o, KBTI, NERMEE VRE2 B % g
1150 % AW CEIRET 572002, HEMECIXAREREIC L > THEAE T VA THEI N
72/ — RR—ZDRBEFTH 2 A, HETIE, / — RRX—ADKETH% KT 2IVIZH
L, ROV R—-ZADEETH 2 RO THMEDFHEIIHWS & Lz, /J — KR —
ADHRTEIVR=ZANONIL, UTFO LS REEZHAWZ. £9, WEHAETIVEH
—Zefl kiz, £R7eVofbEEE Tay bLU, 70y hENENENET B M HEAE
R W, ET7ay FENET BMAEKRERERT 5/ — NS ENORIREIEL
BB LU, BRI VORLERE [z y 2] #NET 2MEKZ KT % 4 DOTEND
ARBIE a1, a2, a3, aqlk, TDADDIHKMDREEREZ [x1 11 21], [12 y2 22], [3 3 23],
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[2gys 4] £ TBE, AFORDS —EMITRkE 5.

x r1 Ty T3 T4 ai
Y| _ | Y1 Y2 Y3 W4 a2 (3.3)
z 21 22 23 24 as
1 1 1 1 1 a4
e, TORIZELVORDOEE ¢I1F, UTFTOXTRDOLNS.
ai
Qa
o= b o5 0| (3.4)
as
a4
ZZT, ¢1, P2, 03, du lEZTNTFN, RZLNENET BMUEAEFERT S 4 DDIEK

D) —=RFR=ZADKETHY, ZORTVIVDEE ¢ 10T 2HFGRIE, K72 LDdul
JERE IR WTHADREIFEEL A, $220R 7 2L OFULEENIUREDOELNTH 5
EE, ¢ DML ¢1, ¢, ¢3, dy DD FIIfHL 2D,

AED & SIZEHR U 72K 7 IV R— A DEREE 2 & BOCEZ L E2 VT, EHER
TA—REFZEL CHBGEHEKZ2T-72. £z, EREZEREL T/ 1 X2k L 72 B&GHE
MR 21T D BRIZIE, WREEMRT MVIZ 2B % DT > B L ) A X% A TEERFERE K
L7-.

3.4 WKERMEIPHMGBICKITIIE
3.4.1 ZEERREDHDLLE

Fig. 3.10 12 RL77Z70—7 - R7D 55, 7o—TJHER 10 mm DED%E 6 X7 %%
U, WMRIMEZZR-LTOWRWET IV, WMRINEZZRL7-ETIVINTONRARREZ FH
U, ZEEEMMEZHEL-. 7o —7H#EEN 10 mm O A —7 - R7IE, AKBFSETHIER
B ZIT D12z, Wb o — T E <, SRS IEER VWS Eh T 5 T o —
7 R7TH5. Fig. 3.111%, BEERICEHELZT0—7 - R7 &, KWRIME, HOAED
STTHEBETH D, Tu—7 - AT vk, KRB U TR TICiEL 72 T e—7 -
R7, TOa—=7 - X7 v2, Ju—7 - X7 v3iExhThsa—7 - X7 vl »SKEHR
(210 mm, 20 mm 3295 LZRETH S, £72, 78—7 - _7 h1 X, FREIRI I
WU TCEEICREBEL, 2, RREIREAR 70 -7 - RTEIZHEE58ELZED, 7
0—7 X7 h2, =7 - R7hFThETNTa—7 - X7 hl ZKFHANZ 10 mm,
20mm$OF S ULERETHS.
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(b)

Figure 3.11: Positions of probe pairs of 10 mm in space. (a) Probe pairs parallel with
the sagittal sinus (vl, v2 and v3). (b) Probe pairs perpendicular to the
sagittal sinus (h1l, h2 and h3).

Fig. 3.12 (a), 3.12 (b) ZZN TN, MEMEZEZERL TORWVWET IV, WRINE%EZHZ
&L 72T I)VINTOZRERRE SO RIRENZ BT 2 W H K, Fig. 3.12 (1) - 3.12 (3) 1%
nrhn, 7u—7 - X7 vl -v3 DEMBESAERLTWS. £z, HERMEDOER%
ROVERR, TN OMBOBER 2 HVWFEMTRLTED, ZEEEMHD 1071, 1072,
1073, 1074, 107° mm 2B} 2 FREMRE FVEMTRL TS, Fig. 3.12 (1) 25,
TH—=7 - RY vIIZBEWTIE, KRIME ZHHS 5 2 812 & o THBBESMAIES £
TIEMR>TWB Z D nhd. Zhid, WMRINEREZERET 2@ IRIUA T H 2 R
MBS BNEND 720 THD. ZOLSZ, [KRIUATH 2 MERIKE, SRIUAT
b B IR IME DI FRMEAED 2N e NEENIZ B 2 HEFBICHE HEE2 525 Z L h 0
Motz b MREIRTIE, KIMHEZNIZIH > TRREHIRADIEAET 25 DD, KHES 2 5
BENZAZE I3 S £ D IKRME SR SN\, 2077, KM SN EIZH 5
Ta—7 - RY 2, v3IZBEWTIE, WETFIVIITHE U 72 22 M 046 D F R I 1F
FEPR SN, ZDZ e, INERILEDOH I DOERRIZ S % BAF I #iFHITE I
VDA—RMVEETHELEALND.
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without ECV with ECV
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Figure 3.12: The SSPs in the sagittal plane for probe pairs (1) v1, (2) v2 and (3) v3
calculated from the models (a): ignoring ECV and (b) including ECV. The
red and white lines show the surface of the ECV and the boundary of each
tissue, respectively. Blue lines represent the isointensity lines of 10~1, 1072,
1073, 10~* and 10~° of the SSPs.

Fig. 3.13 1%, 7B —7 - X7 hl - h3 TEH L 72 EMEE 4 % Fig. 3.12 L FKDIE
WZRLUTWA. Fig. 3.13 1%, HHHIZBS I EMEBENMMZRLTVWS. £9, ZOR»
5, WS- 10 mm O 7 a—7 - RYMPWRICHEORE IS L 107° mm &
ETHDIEDWERBERPOSN D, £z, T0a—7 - X7 2 FREIRI I U CTEEIZ
BELTH, ZNoDKFEIZRD X DICHE L ZGEFRKE, FREkHEw 7 -7 -
A7 hl TIEEIREFIRIA 2 T2 2 212 & o TEREE D O BIEMDE N EE £ T
K> TWbEDD, 7a—7 - R7h2, 7a—7 - R7 h3 CTEWETIVCEHREL 242
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R D AIZIT & A EEDR SN,

without ECV with ECV

probe pair h2 probe pair hl

probe pair h3

(a3) (b3)

Figure 3.13: The SSPs in the transaxial plane for probe pairs (1) hl, (2) h2 and (3)hv3
calculated from the models (a): ignoring ECV and (b) including ECV. The
red and white lines show the surface of the ECV and the boundary of each

tissue, respectively. Blue lines represent the isointensity lines of 1071, 1072,
1073, 10~* and 107° of the SSPs.

RIZ, Fig. 310 IR UEZRED 70 —7 - R7 D55, 70— TS 30 mm O D
2R U CHARREIRT 217\, EEBEMMZEIR Uz, ZhiE, Fig 3.9I1RULEZ&LD
2, AETHWSEBERED 70 —7 - Ry O TRt o —-THEoENTo—7 -
RYTH5D. ZDH, TNS65DTHA—T - RTIEPINOFENEL E TEFL, KR
HUTEHWEREZRS, WRINEIZLHE 2 KEZITEIEVRFHINS. Fig. 3.14
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(a) 12, BERIZHE L7~ 30 mm B 0 —7 - X7 V1-V3 %25 LA Zhasn7a—
T R7VL, FREIRIECE U CETICERE L e —T - RYTC, Te—7 - R7 V1
FRREARAE £, Ta—7 - X7 V2, V3IEZIA5ZNZN 10 mm, 20 mm § DK
SEAMIZT S UZRETH 5.

(b)

Figure 3.14: Positions of probe pairs of 30 mm in space. (a) Probe pairs parallel with
the sagittal sinus (V1, V2 and V3). (b) Probe pairs perpendicular to the
sagittal sinus (H1, H2 and H3).
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Figure 3.15: The SSPs (1) on the brain surface, (2) in the sagittal plane and (3) in the
transaxial plane for probe pair V1 calculated from the models (a) ignoring
ECV and (b) including ECV. The red and white lines show the surface of
the ECV and the boundary of each tissue, respectively. Blue lines represent
the isointensity lines of 1071, 1072, 1072, 10~* and 107 of the SSPs.
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SSPs for probe pair V2
without ECV with ECV

brain surface
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Figure 3.16: The SSPs (1) on the brain surface, (2) in the sagittal plane and (3) in the
transaxial plane for probe pair V2 calculated from the models (a) ignoring
ECV and (b) including ECV. The red and white lines show the surface of
the ECV and the boundary of each tissue, respectively. Blue lines represent
the isointensity lines of 10~1, 1072, 1072, 10~ and 107° of the SSPs.
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SSPs for probe pair V3
without ECV with ECV

brain surface

sagittal slice

Cross section

transaxial slice

Figure 3.17: The SSPs (1) on the brain surface, (2) in the sagittal plane and (3) in the
transaxial plane for probe pair V3 calculated from the models (a) ignoring
ECV and (b) including ECV. The red and white lines show the surface of
the ECV and the boundary of each tissue, respectively. Blue lines represent
the isointensity lines of 10~1, 1072, 1072, 10~ and 107° of the SSPs.
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SSPs for probe pair H1
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Figure 3.18: The SSPs (1) on the brain surface and (2) in the transaxial plane for probe
pair H1 calculated from the models (a) ignoring ECV and (b) including
ECV. The red and white lines show the surface of the ECV and the bound-
ary of each tissue, respectively. Blue lines represent the isointensity lines
of 1071, 1072, 1073, 10~* and 10~° of the SSPs.
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SSPs for probe pair H2

without ECV with ECV x 10° mm

brain surface
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Figure 3.19: The SSPs (1) on the brain surface and (2) in the transaxial plane for probe
pair H2 calculated from the models (a) ignoring ECV and (b) including
ECV. The red and white lines show the surface of the ECV and the bound-
ary of each tissue, respectively. Blue lines represent the isointensity lines
of 1071, 1072, 1073, 10~* and 10~° of the SSPs.
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SSPs for probe pair H3

without ECV with ECV % 10° mm

brain surface

transaxial slice
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Figure 3.20: The SSPs (1) on the brain surface and (2) in the transaxial plane for probe
pair H3 calculated from the models (a) ignoring ECV and (b) including
ECV. The red and white lines show the surface of the ECV and the bound-
ary of each tissue, respectively. Blue lines represent the isointensity lines
of 1071, 1072, 1073, 10~* and 10~° of the SSPs.

WIT, BEST 46 5, 2T 45 HENFNIZ D WTHEEIENT 21T\, 536 DT —7 - X7
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Figure 3.21: Influence of ECV on the SSP on the brain surface. (a) The geometries
of the brain and ECV. The accumulation of the SSP of each probe pair
calculated by (b) the model ignoring ECV and (c) that including ECV.
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Figure 3.22: The positions of absorption change to evaluate the influence of ECV on
optical density. (a) Probe positions to extimate the optical density. (b)
The transaxial slice of the head model. (c¢) The locations of the ECV and
the absorption changes in the gray matter.
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Figure 3.23: Influence of ECV on the optical density. (a) The relationships between
absorption changes and the optical densities calculated using the SSPs for
the probe pairs. Solid lines and circle markers show the optical densities
calculated using the SSPs in the head model without ECV whilst doted
lines and square markers show that with ECV. (b) The ratios of the optical
densities calculated from the head model without ECV to that with ECV.
(1): the results for the probe pairs H1, H2 and H3 and (2): that for the
probe pairs V1, V2 and V3.
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Figure 3.24: The partial path lenghth in the brain (GM and WM) of light detected
by the probe pairs. The results are calculated from the anatomical head
models without and with the structure of ECV.
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Figure 3.25: The partial path lenghth in the scalp and skull of light detected by the
probe pairs.
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Figure 3.26: Topographic images of the absorption changes. (a) Target absorption
changes at different positions (1) - (4). (b) Topographic images obtained
from the single density probe arrangement and (c) that from 9-times density
probe arrangement.
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Figure 3.27: Reconstructed images of absorption changes far from the ECV measured
by DOT. (a) Target absorption change. Image reconstructed using regular-
ization parameter A of (1) 1071, (2) 1072, (3) 107° and (4) 107 from the
optical densities including noise of (a) 0 %, (b) 5 % and (c) 10 %.
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EAUE AR T A =X OEOHFTIE, FREMEDBELR-oTWBEHEDD, /A X&KL
7256, REMBEREL EF-oTWAEAEEH D I hbnb. Zhik, /A XDFHET
VXV I T7—=FT7 727 bHPEL, RN KEREVRENZDTHD. 2O ehs,
AR E AL D % EHEIC TR T 2 Z L 3L W e EZ 5N 5.
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433 % 10" 7.74 x 10* 9.30 x 10

(b4) (c4) (d4)
no noise 5% noise 10% noise

Figure 3.28: Reconstructed images of absorption changes close to the ECV measured by
DOT. (a) Target absorption change. Image reconstructed using regular-
ization parameter A of (1) 1071, (2) 1072, (3) 107° and (4) 107 from the
optical densities including noise of (a) 0 %, (b) 5 % and (c) 10 %.
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R, WRINZEAL % AR FE BRI C 3 B JSIREFIRIAAT I IC B U, AR I B R 2 1T\,
Z DR % Fig. 3.28 1R U7z, ZOHE, MU 72BN GEEIE, RIS
RIS B DG B ITHRTIER > TH Y, F72, FEMEREGTO Y —2EH, RINE1L
T mBERIZB WG B IT AN TRENIELS Lo TS, 202 en s, KNHEENE
ZIRINZEAC DR D B 556, FREREROZE D RREIME N T 5 L3 o7z. 7z, BRI
2t % SRR RUCEE U 7258 LRk, BRI A =22/ NX T 212> T, 2o
fREEIXA LT 26HDD, /A XDHEEEZ TR T RBERVEL N, ERHEAAT A —
ZDMERREVE E, R EE A ORI G EE S D SR < L TH
D, BIREBZAIALZIEE O @ WIS R S NPT W e b b o 7.

PLED &Sz, EAHL ST A — X OFERI, EEDHREEE ) A AANOMMHEOET L —
RAT7THBZEHnh5. Fig. 3.27, 3.28 1T UZEGEEREOKEL S, KR T
BRSNS T A =& %1073, 1074, 107° & U CHi{G&HEMBER 27> Z & & L7z,

3.5.2.2 AN REER AL DAIE & K& S DBIRM

ARIETHE, TAREZEALAE U 723007 & IR AL D K & X DB WDEFCE N E ST
T RIFTT BTGS2, £, IKHBNOEEE R, MEER, B8LZhs o/
122 MODFH 4 AR BINZE OGN E U, 10 mm OIRINZE L2 FHE L, KNRINE %25
BLRWET I, BRUZETIVCERE L EREE N2 WT, BiRERER 21T 7.
Z OB, INERMEIC & 2EEEZRT 2720, BOLEZLIZIX /1 X2 AT I EGERE
L7,

Fig. 3.29 - 3.31 EZNZTNIEAMLANT A =X % 1073, 1074, 107° & U CEIH L 7= FHH%
RHEBRTH S, ZHoDEIZBEWT, (a) IE#&%EM, (b), (c) XZhETNMERINE %2 EE
U \WE TV THBE U - BRIEE N, MRINEZZR L 72E TV T L 2 EREE S
D < FRERELR, (1) - (4) 1% 4 2 ArORINREZE DM EE KT, Fig. 3.29 » 5,
EHIE ST A =2 31073 OFA I, MEMEZ2ERLARVWES, FELZGAOMT
HRBEREAIZKERZTIRSNBZVEDD, WITNOIEGE S FHER S 7z BRI L
BEME D B RELED>TWD. F/z, RINELA EEEFER I H 256, WINE(LHE
D PRI REEEE —~ B L TWBE DD, RINZEALAMN A T DR I B 555
A TR, RIS S R IR I BT > THRR S 5720, Z Ol IR E Al
STNBELTE D, IEHERIRINZE AL O#EE 135 L.

Fig. 3.30 225, IERAMERT A =& % 107412 E LE411E, MENE2ZEL-H
RS E AR TIEIBINZALFEIR DL A D A%, Fig. 3.29 LU THIZ 5NT WA Z e nhnb.
72, Fig. 3.30 (4) 15, WMRIMNE%2ZELLWEEOEMBEERIZEWTS, BKNZL
DI TR B 2 AT TN R S 2 Z 8 U 72 AR & K E A2 iEA s nkwv. U
DU, WRINEACREIS A KNI 2 B3 fr, INRINE % %5 3 IC FkE Rk U 72 ik aE
EERTIXAMENZ 2 4 XBRRS5NE, 2k, FIREIRIAL KNI > TEFT 57
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B, MRIMEZZEL TWRWETIVENRINEZZE L 7-ET VT L 72 2R E S
M, FICRMREMETREREZRH L ZEDFHRTH L. ZDAED, Fig. 3.27, 3.28
WZBITEITVELIARERU LD IHEAT 27280, EAENRT A =X E/NSSEE LT
Fig. 3.30 Tl¥, INEMEZ2EEL TWRWETFIVTEHE L 7= LW E 916 %2 B2 mERER
Lzlifgdiz) v ¥ o7 —F7 727 "R S6NS.

Fig. 331 IR ULEZMTIE, VoYXV IT7—F 772 bOFEILFig. 3.29, 3.30 1ZmRL
TAERI DB I SICKREV. THIE, EHHE T A—=Z231075 /NS Wiz, ZEMEE
DA DE N E R R L DR EET 220D THE. 20D, NRIMEE2EZELT
WOV E R T, BINZA LS KINRER D SN LB IZ D > 725 ATH Y Y X T
T—F77 7 MERSNE. UL, INRINEZEZELZ5HE LSO CHEER D HRE
BTETED, WIRBZEADE U HED EHEICHE TE S, 25 O RO M
[f]%, Table 322X &7z, ZORIZBEWT, RIREZE 2R RFICHBETET
WBIGEITIXO, HTEHBA DAL > THAR I N TV A EAITIEA, KON IS 2 i
X NTWBEGEITIEX, VX oy 4 2l N THBERIA D HEZR T E R WGAIC
I&-TmRU 7.
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without ECV with ECV

Figure 3.29: Influence of ECV on the image reconstructions of absorption changes of
10 mm in diameter at different positions (1) - (4). (a) Target absorption
changes. The images reconstructed using the sensitivity matrix calculated
from (b) model without ECV and (c) model with the ECV. The regular-
ization parameter for the image reconstruction is 1073,
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without ECV with ECV

Figure 3.30: Influence of ECV on the image reconstructions of absorption changes of
10 mm in diameter at different positions (1) - (4). (a) Target absorption
changes. The images reconstructed using the sensitivity matrix calculated
from (b) model without ECV and (c) model with the ECV. The regular-
ization parameter for the image reconstruction is 1074
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without ECV with ECV

Figure 3.31: Influence of ECV on the image reconstructions of absorption changes of
10 mm in diameter at different positions (1) - (4). (a) Target absorption
changes. The images reconstructed using the sensitivity matrix calculated
from (b) model without ECV and (c) model with the ECV. The regular-
ization parameter for the image reconstruction is 1075,
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Table 3.2: The characteristics of image reconstructions shown in Fig. 3.29 - 3.31.

regularization
model parameter position 1 position 2 position 3 position 4

without ECV 1073 X X x A
1074 X x X O

1075 - - - -

with ECV 1073 A A A A
1074 A A O O

107° A A O O

Fig. 3.32 - 3.34 1%, ZEITEE U 72 & MRINZAL D i EEFE D> & 248 15 mm D #iPH % RUX
ZALFEIR & UCRME L 72 E 2 b 2 BT R L -4 Th 5. ZoHAEE, Fig 3.29
- 3.3V ISR U 7= AE IR, RINERE AL AN DB & 5 5513\ T D55 S SRS E R
FHRERIINEETHS. L L, Fig 3.33 % Fig334 IZEHT S L, MERMEEZEL /-
TV TR U 72 2SR E A0 12 56D < B FRERL T, TRINERENZ AL AY K INAEZE A & ife
NTNBIZD 256, BEURINREZE L E 27 0 SO EE CHER TETWS. £z,
N Z AL KIGEAM T IZ B D355I H, VX7 —F 7727 Ml zohTnb,
7z, WIRBZ(LOERD 15 mm OHE, EAHE ST A—2% 1074 IZRET 5L, K
RIME % B2 OVEGREMBETIE) VX7 A XRRELB->TVWS,. Tk, TRIX
RBEDE U 72BN K E L o722 L TREEZILDENKE L RY, /1 XD
MREL LoD THBLEEZOLNS.

PAEDKREM S, EEAUE/RT A —X Z2/NE L $ 5 2 & TSR & o Bk O R X
MET2H0D, EAULNT A =X E2/NS T E720020% & 0 TR ZER-IRE 54 %
HWETDOIHENRHLZ N7z, 2070, KEREEAZ 10 mm - 15 mm FEEDZE
M3 AR AECIEREIC FIRERL T 2 720121, INRINE % 558 U 72 SEE IS € 7 )L O RS A K E
THdHIEWRBINZ., ZOB, EAMEATA—-X%2 1074 BREICHRETSHILT, &
WZE D RBE D INESBE DS SN D, 72720, T 2 THEL T\ D IRINZ LA g
BOZEBBELTEY, EBEOL FORMIZBEWTEEER 2L 3 — ZDMHE D 72 O I
BOZADND E O PNEE TR Z % & 13% 212\, INEEREFIRIC H % 0 &\ 22 fRRE
DRD S NRNGE, FAMEAST A—=XIZ 103 RETHITH Y, ZOBIZINEIME
% L U 72 SHEHEE £ 7OV CRIMA U 72 22 R EE 70 4 % BTN BSrE mi R 2 MRk L T Y v
XTI AZXNPNEL RN &3 o 7=, Fig. 3.32 - 3.34 DFER%Z, Table 3.2 & [FAREIZ
Table 3.3 12 & 7-.
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withoutECV with ECV

Figure 3.32: Influence of ECV on the image reconstructions of absorption changes of
15 mm in diameter at different positions (1) - (4). (a) Target absorption
changes. The images reconstructed using the sensitivity matrix calculated
from (b) model without ECV and (c) model with the ECV. The regular-
ization parameter for the image reconstruction is 1073,
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without ECV with ECV

Figure 3.33: Influence of ECV on the image reconstructions of absorption changes of
15 mm in diameter at different positions (1) - (4). (a) Target absorption
changes. The images reconstructed using the sensitivity matrix calculated
from (b) model without ECV and (c) model with the ECV. The regular-
ization parameter for the image reconstruction is 1074
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without ECV with ECV

Figure 3.34: Influence of ECV on the image reconstructions of absorption changes of
15 mm in diameter at different positions (1) - (4). (a) Target absorption
changes. The images reconstructed using the sensitivity matrix calculated
from (b) model without ECV and (c) model with the ECV. The regular-
ization parameter for the image reconstruction is 1075,
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Table 3.3: The characteristics of image reconstructions shown in Fig. 3.32 - 3.34.

regularization
model parameter position 1 position 2 position 3 position 4

without ECV 1073 X X x A
1074 x X x A

1075 - - - -

with ECV 1073 A A A A
1074 A A O O

107° A A O O

3.5.2.3 A RE BB 1R D 22 8] 2 AR BE

RIT, INFEREER D ZE M D RBEIZ DWTHETT 2728, IRINEREZALAY 2 AT THEU 72
BEERIREL, YIalb—Yarvaitol. £, A ENTNTNOERESIZ,
££10 mm ORINZLZFE L 7. WOtEA T ) 1 X2 TR VEE, 5% D/ 1 X%
MA 72356, £10% O ) 14 XEMATGEZTNEFNIDONWT, EAML ST A—=X % 1073,
1074, 107° & U Clif% Higmk L, $E5% Fig. 3.35-3.3710R L7z, ZOMER, £2ToH
BIZBWT, ANTOEMBREERY, ZMTOEBRRRIZIZIFES IR -7, Fig. 3.21
WWRUEETa—7 - R7 OKERIZE 1 5 ZEHRE DA ORI R IZ AR L AN TldEs R
LN7ZEHDD, ZOFEEOBEDEITFHMEREGICEEL IS W e aho7z. T
D7z, EADHEISOMEEREHROAZEEL, Ak ENTEREZS 70— JHET 7 o —
TERETDHIHETIRVWEEDNS., ZHoDRERIZEWTH, FAULNNT A =X E2/NX
22N REERAR ET2EDD, /A4 A2 MKLEZGEIZZ) VXU I T7—F 77
2 EREROND. £, WMEMEZZEETICEEERR LU Z5E, EAME ST X =25
REVGAICIINERINE %2 ZE L TE SN2 HERE G I ZIFABROEREIFONDEE D
D, FEAUENR T A =R BN KT RIS T/ A ANRKREL BRDE VD, RINELZ 1 5
DAIZHLE U 7258 & FARROKE R G S5z,
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noise 5% no noise

noise 10%

without ECV with ECV

Figure 3.35: Influence of noise in optical densities on the image reconstruction using
regularization parameter A = 1073. (a) Target absorption changes in each
hemisphere. Images reconstructed using the SSPs calculated in the model
(b) without ECV and (c) with ECV from the optical densities including
noise of (1) 0%, (2) 5% and (3) 10%.



5 3 5 R INE 2 F 8 U 2 MGG € 7V 115

noise 5% no noise

noise 10%

without ECV with ECV

Figure 3.36: Influence of noise in optical densities on the image reconstruction using
regularization parameter A\ = 1074, (a) Target absorption changes in each
hemisphere. Images reconstructed using the SSPs calculated in the model
(b) without ECV and (c) with ECV from the optical densities including
noise of (1) 0%, (2) 5% and (3) 10%.
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noise 5% no noise

noise 10%

without ECV with ECV

Figure 3.37: Influence of noise in optical densities on the image reconstruction using
regularization parameter A = 1075. (a) Target absorption changes in each
hemisphere. Images reconstructed using the SSPs calculated in the model
(b) without ECV and (c) with ECV from the optical densities including
noise of (1) 0%, (2) 5% and (3) 10%.

IZ, ENLE TEBDBINREZEALDE U581 205 & 20 © & 2 EHGLIZ DWW
THRE 21T 5 728, ZEMNOERREEE IR & SIS E A 10 mm @ 2 D DOIRIREZEAL
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% rfUDEEEE 20 mm CHEIE L, MESEEEIG A FRER L 72, ERIME RS A—& % 1073, 1074,
107° & UCHMRK L -l % Fig. 3.38 - 340127z, ZORIZBWTH, 1 DDOMKIL
AL E T NENDOAE ICHE U254 L RBOERAR SN S, KERNEZEEL 7~
GEOBEBREGICERHT S L, FALART A—=201 1073 058G, /4 X&2NA 54
ZE A X &R NG & FARROINBEREE R A FHRER I N T VW2 DD, 2 DDIEIX
IR > THIMR I NS 720, ZNODRHTE TV, KIKMREN SN A EIZH B
IR ZALIZIE DS > TV B H DODOHUL DAL E TR EEE —B L TH D, BINRHRZE
LU ZEHALIERZ SN TWD. TR L, KINHERRE O RIAREZ b I% & &
BUZIR > THIER S N T WA 720, BINREZEDAE U725 2 EMEICIRZ 5 Z LT
S, BRI A =231073 054, 2 D OURINZE L AE I [FFEE O #iFH I R
INTWVWBRDIZXL, EAMENT A =X 21075 OFBEITIE, K KIKMEZ LI B E U
TR D ERERICIED D DR SNE. Z D7z, FEMTIX 2 D Fr DIRINZE AL FER D
REJIFHIFIEARLTHEI2H0 06T, FHEKEGRS TIERINE gD K & X128
NAELUTWS., EAMLAT A —=2%107° & LA, /1 A2MATICHBERL 254
(22 DDA D FRERIL Z NS 2 HHECETE D, R &R E S O RINZ LD
BEIXEWEWR S, UL, ZOEAICIES%BED ) A XEJIKT 5L, FRGRm 5
ORI LRES L) V¥ > 27 —F 7 7 2 MicHib i, RIUREBDIZEAL U 72 fEIS D HEE
FEEL W, VXTI T—F 7 77 M, RRC RIS D S Bl 72 A7 B 2 B B IRIREE
ERHEIC R OND Z M5, BEEDEOVEBICH 2 RINREZE(LD i ) 4 XD E% %
IXRTVI e hs. Zhi, KMRICHT2EERES T e —T - X7 TEHIIT 26
B, MRS 2BEDRNTO—T - RY TEHMT BEEELL L L TREWN
728, JAAVBRKRELLBRBMEAIIHZ720THS. Fig. 3.39 2A 5 &, EHENNT XA —
A0 DHGE, FIRRE N, KRR SICELE U 72 BRI ALK O R D JA 23 0 1L FIFEE
THY, 72, 10% D) A ReMATHEITE, WRINELAEIR O HEE HY Al BE 722 HiG HS s
JTETWD., ZDIZehs, HEOENES T 7 4 %2 W TRIEIIZE ) 2 IEEEEF{4 %
KT 254, EAME ST X=X DEIZ 107 FELZYTH D L Ebh5. /7, Z
DEHFIZHE T, MRINE % B L 7256, BINREZ L E LD AZEE L 72125 5 h
b5, HEEEGTTIIEMIE /A XBRE NS, D EOKE»S, Bt eSS
7 412 & o TR B 1 D IBEREIE R & FIMEER S 256, /1 AAOTiE & 221 43 fifhe
DE RS EAUE AT A —RIZ 101 RENZUTH D EEZOSNDH, Zo8gE, MR
R A U TR U 22 BRI 13 A AV SN B 728, INEINE % Z 58 L /-5
FHEE TV EBEL CTOUERN 21750 ERH S e FE X2 605, Fig. 3.38 - 3.40 OfE
% Table 3.4 (2% 272, Table 3.412BWVWT, 2 DDRIURKZE 2 DBt CE T3
A0, DEECE TVWRWEAITIZA, KNZEIESE L TWaHEICIEx, YU F
VI IARXPELTWAEGEIZIE-2 L.
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noise 5% no noise

noise 10%

without ECV with ECV

Figure 3.38: Influence of noise in optical densities on the image reconstruction using
regularization parameter A = 1073. (a) Target absorption changes in a
hemisphere. Images reconstructed using the SSPs calculated in the model
(b) without ECV and (c) with ECV from the optical densities including
noise of (1) 0%, (2) 5% and (3) 10%.
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noise 5% no noise

noise 10%

without ECV with ECV

Figure 3.39: Influence of noise in optical densities on the image reconstruction using
regularization parameter A\ = 1074, (a) Target absorption changes in a
hemisphere. Images reconstructed using the SSPs calculated in the model
(b) without ECV and (c) with ECV from the optical densities including
noise of (1) 0%, (2) 5% and (3) 10%.
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noise 5% no noise

noise 10%

without ECV with ECV

Figure 3.40: Influence of noise in optical densities on the image reconstruction using
regularization parameter A = 107°. (a) Target absorption changes in a
hemisphere. Images reconstructed using the SSPs calculated in the model
(b) without ECV and (c) with ECV from the optical densities including
noise of (1) 0%, (2) 5% and (3) 10%.
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Table 3.4: The characteristics of image reconstructions shown in Fig. 3.38 - 3.40.

regularization
model parameter | no noise 5% noise 10% noise

without ECV 1073 x x x
10*4 X X X

10-° - - -

with ECV 1073 A A A
1074 O A O

107° O - -

BRIz, TNE CTRROIEDIRE, 37205 RIREZEILDOEINZINZ, & DMRIEH»FH
HEUEGEIZDOVWTHETT 5. 20 & S ARG task-induced deactivation & FEIEH,
2003 4, K. McKiernan (2 & > T fMRI % IV THER X 1 081 | B 1o o 3B 0 # 5
JEM BN o 723560, BEREDEF L GEIC, BIETIEO RIS W TERE?EL,
CNUADFEIKIZ B WTMEEIEADTEZ LIk THELZEDTH S, KNS
HEN - ALE I IE DS, KINMER DRI & OIS %2, UL 10 mm, THZhOE
D10 mm DKEXTHEL, HEGEEERET-7. FAMLST A—-%% 1073, 1074,
1072 Lz &, #E% Fig. 3.41 - 34312 U7z, ZOFEE?S, TR GEICE
DL NEEBEE R D HEKIZ B WTH, ADIIEDHEKIE S ICTEETH D I LN Dh-o
7z, £7z, FAUENR T A =R Z/NX LT BHIZUENY, ElofEeEEm EdsE 00, /
A AR, MRMEDEWIZLEHEERELZIT, VXU I T7—=F 772 b NPT
BRI NTZ. £72, TNSDOFIZEWTH, HEGEEMERIZHWNSIERE NS
A=, A ZX~ONMM:, ZESREDED S, 1074 RENZ Y THL L WA S, EH]
fERF A =R % 1074 IZRE LU CHME LU 7Z#ERTH 5 Fig. 3.420°5, MEKIME % HHEL
FEBEREGRTIZ) VXV ST —F T 77 FALND I NS, RITDIMERNE EZEL
72ETINVCEIAE U 72 M E DA 125D < INEREEER O FMR AR ETH D L VWA 5.
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noise 5% no noise

noise 10%

without ECV with ECV

Figure 3.41: Influence of noise in optical densities on the image reconstruction using
regularization parameter A\ = 1073. (a) Target of an increase and a decrease
in absorption changes in a hemisphere. Images reconstructed using the
SSPs calculated in the model (b) without ECV and (c¢) with ECV from the
optical densities including noise of (1) 0%, (2) 5% and (3) 10%.
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noise 5% no noise

noise 10%

without ECV with ECV

Figure 3.42: Influence of noise in optical densities on the image reconstruction using
regularization parameter A = 1074, (a) Target of an increase and a decrease
in absorption changes in a hemisphere. Images reconstructed using the
SSPs calculated in the model (b) without ECV and (c¢) with ECV from the
optical densities including noise of (1) 0%, (2) 5% and (3) 10%.
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noise 5% no noise

noise 10%

without ECV with ECV

Figure 3.43: Influence of noise in optical densities on the image reconstruction using
regularization parameter A\ = 107°. (a) Target of an increase and a decrease
in absorption changes in a hemisphere. Images reconstructed using the
SSPs calculated in the model (b) without ECV and (c¢) with ECV from the
optical densities including noise of (1) 0%, (2) 5% and (3) 10%.

PAEDRERD S, RIFHRIZ BT 2 BN O HERE 2 B & U 2R R R T, 22
B fReE, /A ANOMEOmE? S, EAME ST XA =R F 107 BRENZYTH L LER
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SNd. £Z0GE, MRINEOHEIEMEEBRIIKRESBZHELZLSZL. 20D,
TRIFERIZ B 1T 2 I RE m R D FEREIK T I, NI 2 Z R U 7 BiEE TV 2L,
SARTEIET 2 T D W ED DD L NR 5.

3.6 FEIEZEDHEE

ARETIE, MR B 545 N7 A kS % FCREER U 72 5 SlIdD & B 5 B &
ETIVIZ, MRA 26156 N7 INRIMNE % Ik U T 6 f0i%0 5 72 2 SHIHEE € 7 )L % K a
U7z, F7z, INRIMEZEZRL TORWIERHEEE TV, ZRELUZEBHEEE T VEehT
U D WTHUEIBINT 247\, IRICHCE U 72N L 2 R 9 5 Z & ©, MRS O
EIVIEBOE N TS T 71125 2 B8 %5 L /.

ZOFER, MRIMEEZELUARVWI LT, HOMERFIIARL LB KINHHADOEL £ Tz
BT LESIND I LB hroT-. ZOEMBESAOFREX, AN ES T 71D
RS IR 1T KR E L7267, Kz, EAMEATI A -2/ NS SEELTHE
WHEEE COMSHEEEAADS L, MRINE %2 BB T ICHE U722 MEE S G2 AW T
R U 72 IR RE iR T, TN LFERIZY) ¥ v /7 —F 7 7 7 Micls T LW,
RN AR HEE 1T L Wb D & o7z, b N OIKIZ B 1) 2 IRINELFES D K & S A3E
F10 mm FREETH D LE L7286, EAML ST A—&1%, 1074 FREICHRE LG4,
T MO REETHEBR T E, 2D, J A1 AANDMMD +20 & WEEEAATTRETH 5 Z
Dotz TOIERAUE/ ST X — & % F\ T INESREFi{G 2 FERER U 72 A58, BRI s
FRILEOE N ES T T« OFHAITIE, TRINZEAL A KENHER D S M 72 BEISIC B > T H MR
M DFFAE % R U CHER R L 2581213 ) 1 AR Sz, L EDORERL» S, #
HEFORIRIE DOl Z B & U7 BEERIZ B I 2RI N €25 7 1 TlE, INRINE %%
AU S E T VEBEST IR ENRDH D Z LD bhroTz.
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4.1 HISER & EEEET T IV

AETY Ial—ay UREBICE ) 2 IEREEHINE, SR E 1) 2 ORI

DEHllZHWE L7260 THS. —J5, INORTRRIZIXATEEATE & (XN 2 fHIRAFET 5
5], RSEHATEN IR EE 2 E D, #le U CERANE IXRTEEATE ORREDIK T Iz &L v
m%t;éMé.it,%ﬁ@,T&b%h@%ﬁﬁLi%%@%ﬂ&t%?ét%i%
NTH Y, JEETITHTHE-O MERE DRI EEH X N T WS, ATEERTE O IXEEREEHII©
&, WERE ICEIR AR E DX A & 5 2 TINEEREEHIZ 4T 5. BTSERTE 2 MR & U TIREOL
NEST T4 2ITOB, ERAWVSNTWEHRHEEE 7V TIREH I TV 2B D S
L, BERBIIKEREEELRIFTTLEZOND S DIEMEROIMAE L i (frontal sinus:
FS) BZEIF 655, BIEHTIE, FARFIRI D KN E I D AIFHEL7ZDITK U, #i
SHATE A3 T I AR IR AE DS A WHI I D7z o TEIT LT WA, MEId e b I
WIZEWT, Akl e b U TR IC @S WIRINRE RS 720, BEREE OIS — VD&
W, 207, BIEEEIICEWTS, NROMERGEIX L NEBAIZE T 2RI K E %
WEERTTEEZONS. F7-, HEZEATEICIXATER & MEEN 2 EHFET 5.
AISEIIL b PEHBEHRTITICAET 22 HTH D, R EHIZKREL B >TWL . HIEE
ﬁ®ﬁ§®£éwiﬂk%#%b,%@R%%ﬂkgt_lﬁf%é.tbﬁ%WKBw

T, KBLEL, RIRINAESS T o 2 MEBER DFAEIC K> THPEL ETERT D720, K
B2 R L 7258 IR ER R EHRE A2 AT 2 2N TERVWI EBHISNT
W3 b5z, ZFATHBEEERE £ NERNICB T B ERICKRE SR
KigdeEzoN5.

ARETIE, HMROMEREITIZ, SRR e RN 205/ E, 0L N E
T 7 A RIFTREERTME L2, £9, X AR CT HifRkH S aidE O &G w2 b U,
T % HiE CHEEE U 72 INRINE % & SEIIE € 7 VI G- U T 7 Sl & 1k 2 SEE S
ETIVEMELZ., ZOEPBMETET VOO L, MRINE % NEHHE CE S X TR
G2 LU BRI RRE T TV, RTVEIE & UHEE Tl S R CRTIEN & MR U - EEAE T
TV, RN, AT % 2 N2 NINEREK, S O/l & #i 2 CTINRINA & AR % 1§
U7z 5 IR RE E TV 2R L 72, 20 S 4 D OIS £ 7L %2 F W TUERR R
Mrairv, ZEMEESAE, MU 2ot B2 2 ik U CINRINAE, BISERL e b SEEm
B BN RIETHELZ MM L. £/, NRICERDREZ(E2EEL, 4DD%F
TIVCEME U 72 22 /3 A0 12 D W TR A L 2 R 5 Z & T, INRINE B &
ORISR A N €25 7 4 12 RIETHE 2 3 L 7=,
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4.2 XECTHEG%EBW-giSEROHH

Fig. 4.11%, b bEHHEDOL ¥ MUV BEEHEZRLTWS.

/ frontal sinus

Figure 4.1: The Rontgen image of a human head. FS is observed in forehead.

X MBEETIRENA A=V TIN50, Fig. 4.1 HTIRATHEADIHRTE 5. IO
DRI, (REFELIRIC L > TRERFEEZZIDLILDMSNT WS B, ZHTH S
BTBEA AN TIZEDIIN S K OBELZIFIFE Z 5wz, RiEEROEHEIZ X > T, HEEE
TIVHORERFIIRESEL2ZITBEZONS. LEL, BIZMREBHTIZIVWDOLS
INWVAY = VATH>THENSEESHHEE SN, MR EBFTIE, &EEDHH
FIEFEICHEL W, 2070, RIRSCTIIRTERNZZ@ U ZETET VEMET 572012,
Xk CT M % 7z, MR EifRE CT BHifRIZRLZEXY 71 THRGEI NS0, £7,
SPMI8l % FI\WT CT B DA EADE 24T 572, Fig. 4.212, MR E&4S L OAEEGD
O CT BEEDOWIHX Z /RS

MR image CT image

frontal sinus

Figure 4.2: MR and CT human head images. (a) Transaxial, (b) sagittal and (c) coronal
slices.
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Fig. 4.2 (a) - 4.2 (c) i MR Eifg, CT m&o#krmm, sk, mikfizrlLTws. 2
DR S, MR G TIFIEZE & fERMIIZIEI Y P I ARPR SR DI L,
CT it CIXHEBE L piERAMICE VIV NS AMNIRSNS. £/, CT G T,
FraEGEOary I A NPITERITE WD, BEOREVEZTHS. ZDkd, K
M TIEHY = a7 T &> T XA CT WSO EEE L, —ELIE 5 > J
& o TIZ Lo THBAZANL U7z, 3ETHEL X, NRNEZEZRL -BiBEETT
IV HTSEIA ORGSR Z M A, 7 FEEAH S KD UEMHEEE T VAL 2. 72, WL
T SHERE T OVITET E R U AR R OUHIRE TIOVIC A U 72, MELZETET VE,
Fig. 4.3 IZ/RU7=.

anterior posterior

Figure 4.3: Anatomical head model which includes ECV and FS.

(a) (b)

Figure 4.4: (a) The probe holder attached to the forehead. (b) The source and detector
probe positions of high density probe arrangement attached to the anatom-
ical head model.

RTBEERIZAZAE S B IR M (X BEE I AZAE T 2 R REIRIA & 0 HIWH DD, AKFEH NI
HAETL, JKWEFIZOMLTWS., £/, Fig. 4.3 TIX, ATEERAOMEL2BR L.
ZOMHIZHEWT, HIGEH &EAE U 22 B SIS S T n s 728, &S, IR
H 5 LERS, EEFFERICHEINT WS, T2 THEL =, INEINE & 2 £ 8
U7z 7R E FOVICAN X, BTEEIA % S04 5 72812 7 FHI & 7V O B SEIR % SHEE 1 T &
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Wz -ET IV, MERBME 2 ER T 5 72012 7 HEE TV O MNE M 2 N E 57 ©E X #
ZT=E T, MR & ATUETR % 01T % 7212 7 FERE 7OV O RIEEIA, RIS % 20
THNUEZE Y, NEMR CESMA 725 ST T VO ABEOE T IVEMEL 2.

BISEIC B DB 21T D 2 H 720, Tu— T OEEEEEZIRET 572012, 7
0—7 - 73 )R &HEHREOREHRIZHEL (4.4 (), 3D T+ VXA FEHACTEHHIL
727 — TR R N —F v )LZER] EOTEIRE TIOVEER AL, MflTeZ itk THE
BERED IO —THEERZRE L. EHET IV EO 70— THREREIES, Fig. 4.4 (b)
WRU7z. F7z, RS T TV OREROEE 830nm 125 1 B EERHEAE % Je TS
[62,93,94] 7255l L, Table 4.1 127K U7z,

Table 4.1: The optical properties of each tissue.

The optical properties scalp  skull FS CSF ECV GM WM
absorption coefficient p, 0.019 0.014 0.0001 0.003 0.48 0.02 0.08
transport scattering coefficient p, | 0.66 0.86 0.001 0.01 0.54 0.7 0.7
Refractive index 14 14 1.0 14 14 14 14

4.3 GEZEETETILAEBV LGB
4.3.1 ZEEREDHDLLE

Fig. 4.4 b) IZRTTO =7 - R7D 55, Tu—7 - X7 KIS M7 H> D I -
BHFEFEAY 10 mm OH D% 3 R T HEINL, 4 FEEOEE 7 IVNTHAREMT 217\, 5
L FAIRRD FIECEMBENM 2L . AR, MRMEOHALE, Zhso T a—
7+ X7 % Fig. 4.5 (a) 2R U7z,
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@) (b)

Figure 4.5: Positions of probe pairs of 10 mm in space. (a) Probe pairs parallel with the
interhemispheric fissure (v1, v2 and v3). (b) Probe pairs perpendicular to
the interhemispheric fissure (h1, h2 and h3).

Fig. 4.5 (a) IZR U7 70— THLE CHIRERIEIC X > T U A 22 MR E D7 % Fig.
4.6 (2R U7z, Fig. 4.6 (1) - 4.6 3) ExhZzhrTa—7 - R7 vl, v2, v3 DZEMEE S
i, Fig. 4.6 (a) - 4.6 (d) 3 ZNEN 5 $HKE TV, BTG ZEH L 2E TV, WNERIME
ERGLUZETN, THRETVHAOZEMBEESGTHD. ZOKHFIZEWT, MR
EHWVAR, MRIME DB Z /RO, AEAHOBRZ/ROMTRRALT WS, F/z, %M
JESE AT DEREERRZ, 1071 - 107° QP T 1 HTZ L ITKBDFERR TR UK. THEET
NVCHBE U ZEEEEN G2 AL L, TO—7 R7 %2 FHIZERET 22/, FEER
PHTHEIAIZIR > TR AR o TWB Z e D305, ZHUx LT, RidEz2EHE Lz
TICEHRAUZEMBESMATIEZO LS BEMIEALONLW. 2O ens, KK,
(EERELAEI T H B ATHEIA A A E S NMERE I ETWE 222305, L, Ta—7 -
N7 vl OEREE S %EAD L, ATHEEZ B U 72T T IV TEHE L 722 E 54 D 1F
D D3 T HEIEE TOVCRMA U 72 BRI E A & 0 B ERERBIEN > T WD, £z, TE—
7 R7V3IIBWTE, BEEHA A B L 72 E TV CTEHE U 2 M E 061 7 HEsE T
WTHBEUZEMBEESME LT, BEOHWEKEIILNR > TWDE I LN 5.
ZD&D7, HiHAZ G5 LIZXDEEDLND I, AiEAZ T 212k
THPELSANMEREL T0EDTIEE RS, PRV HIFIZE E 5> TVWEDITHDOEEN
LR TWAHOTH 5. MRINEZ MG L 72ETIVCHEL 22 MEE DML, 7H
IE TIVTEMA U 72 22U E 0 A & T U CRERRERR DA WHIBHIZ IR A > T 5. Z Off[Al
X, TRTOTE—T7 - RTIZDVWTALNDZEDD, FHITu—7 - X7 v1IZBWT
BEETHY, Tu—7 - R7v3ITRETO—T - RTDELEHFIZBVWTOARSNE., 1
1%, BUEIICB T BRERRRE, MRIMEIC L 2BNENARETH 505, BIEEER T ILM
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KIMEPEHNMIEIZDOAFET 572D THS.

probe pair vl probe pair v2 probe pair v3

. quel 5 regions model
ignoring FS

model
ignoring ECV

7 regions model

(dl) @ @)

Figure 4.6: The SSPs in the sagittal plane for probe pairs (1) vl, (2) v2 and (3) v3
calculated from (a) 5 regions model, (b) the model ignoring FS, (c) the
model ignoring ECV and (d) 7 regions model. The red, green and white
lines show the surfaces of ECV and FS and the boundary of each tissue,

respectively. Blue lines represent the isointensity lines of 10!, 1072, 1073,
10~% and 107° of the SSPs.

RIZ, Fig. 4.5 (b) TR T KD 7%, KFEHFITHLE L 7z 3 D O KEH-MR L FEEEEDY 10 mm
DT =T« RTIZDWTRERIENT 247\, ZTOKER%E Fig. 4.712R U7z, 2O 5,
YRS -F R DY 10 mm O 70— 7 - R DIPURICFHFOBEIEIH L Z 107° mm 1FETH
2ZEWNNE. Tu—T X7 ENKEIEELZHEGE, BEHEZREL 2TV ThE
B EMRE NI, BiEAZ R L 7256 LU TEWEBERIIAN D, RWE~
FEXRIZPR NP IR E L T L TWB Z e b, £z, Fig 47I10RUEHHIZE
WTIEMERMBEIXIFIFFAELR V2D, MRMEEZ2FRUIZETIVEERBURDSET
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MZBWTHE U M E DA IIXIEIZENR s v\, Jiz, BrsEssic d 5 Mk s
B TEER D JRERIRIA & F U THR D W28, INRMEHE L RIFTHMHIID X A
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Figure 4.7: The SSPs in transaxial plane for probe pairs (1) hl, (2) h2 and (3) h3
calculated from (a) 5 regions model, (b) the model ignoring FS, (c) the
model ignoring ECV and (d) 7 regions model. The red, green and white
lines show the surfaces of ECV and FS and the boundary of each tissue,

respectively. Blue lines represent the isointensity lines of 10~!, 1072, 1073,
10~% and 10~° of the SSPs.

IS E TV EICRE L 2EHEE T o —TRHED > b, o & -t RO
Ewryno—7 - R7 O RE-BHEEEIX 30 mm TH Y, ZOHEPRBEVEKIZEWT
EWREEFD, EEEBRICAKEHETLIEEZ NS, 2 CRigEA, NRIME D
RS- EEO RV T —7 - X7 OEMEE S ICE5 2 50 E%iHT 5720, Fig.
4.8 1T &S 7, BE-MEMEEAA 30 mm D320 70—7 - XY &2 EE AN E
U, TNENEMEENGEZEE L. Ta—7 - X7 V1 - V3 DZEMERES % TNTE
W Fig. 4.9 - 4.11 TR U 7.
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Figure 4.8: Positions of probe pairs of 30 mm in space and parallel with the interhemi-
spheric fissure (V1, V2 and V3).

Fig. 4.9 - 411 Ti&, (1) (ZRIZB T 2 EMEE LM, (2) 1270 —T7 Z2EE L7 RK
MIZB B ERBENAEZRL TS, £F, EREESGOWERICERT S, 2o
DODEMPS, WMEMEZ2BHITEZ LI TUERENILS ML TWEZ Lhbnrd., Ih
(IR - EEEE DY 10 mm DA L FROIEFTH 5 5%, FaS-f HHEEEEAS 30 mm O
BHIZIEETO T =T - RTPZDWVWTIDHEAPR SN, KVEHETHS. Zhid, |
S-S R WEED ADIEL, BOEBICEWVEEEZR > TV 72O THDS. £/
7 HHISE TV & IR & A U 72 € TV CEME U 72 22 MRS /A IR RTEEIRNIC I - T <
ETIEN->TH Y, BIHEH & #EE U728 TEPER L TV AR 5. Bz, 7
O—7-R7V1ILDE, KD FARKHRELZTO—T - R7 V22 TS0 —7 - X7 V3D
FiDSHHEIA DB A R ZIFTW5. [INEDERBENHE AL L, 5HEHRE TN & MNE
ME %2 WAL 7ZETIVCTEIE U SHEERE LA, 72, silEAZEHELZET IV E 7TH
METNVCEHEULZEMEESAEICEDEVENRONLN. ZOZ2h s, HRE -
HFEEREAY 30 mm O 70— 7 - R ZHUIEE L 725G, TH—7 - XRTBHIZEEDK
FEIIERTEIA & 0 HMRIME DR LR E S HEE RIET 2B ho 7.
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Figure 4.9:

The SSPs for the probe pair V1

brain surface sagittal plane

(d2)

The SSPs (1) on the brain surface and (2) in the sagittal plane for probe pair
V1 calculated from (a) 5 regions model, (b) model ignoring FS, (¢) model
ignoring ECV and (d) 7 regions model. The red, green and white lines show
the surfaces of ECV and FS and the boundary of each tissue, respectively.
Blue lines represent the isointensity lines of 1071, 1072, 1073, 104 and 107
of the SSPs.
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The SSPs for the probe pair V2

brain surface sagittal plane
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Figure 4.10: The SSPs (1) on the brain surface and (2) in the sagittal plane for probe
pair V2 calculated from (a) 5 regions model, (b) model ignoring FS, (c)
model ignoring ECV and (d) 7 regions model. The red, green and white
lines show the surfaces of ECV and FS and the boundary of each tissue,
respectively. Blue lines represent the isointensity lines of 10~1, 1072, 1073,
10~* and 107® of the SSPs.



4 QUIEI 2 B L IS TV 138

The SSPs for the probe pair V3
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Figure 4.11: The SSPs (1) on the brain surface and (2) in the sagittal plane for probe
pair V3 calculated from (a) 5 regions model, (b) model ignoring FS, (c)
model ignoring ECV and (d) 7 regions model. The red, green and white
lines show the surfaces of ECV and FS and the boundary of each tissue,
respectively. Blue lines represent the isointensity lines of 10~1, 1072, 1073,
10~* and 107® of the SSPs.
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RIZ, Fig. 412128 T & 512, Ye—TlE#% 30 mm & U, KEAMIZTE—T - R
TEEELZ. Zhe7u—7 - R7ICEL CEMBREMZEFIRL, Tu—7 - 7T
H1 - H3IZDOWTDOZDFER%Z ZNEN Fig. 413 - 415 TR U 7=,

Figure 4.12: Positions of probe pairs of 30 mm in space and perpendicular to the inter-
hemispheric fissure (V1, V2 and V3).

TRt 2 B < 5 &, MEGIZECHIRE TEE T 2EHEMWL L kD, 7
0—7 - RX7H10 mm OHBEIH U THOBRENE L, BXZ1072- 1072 mm OEE %
HLTWA. 7, 70—7 - R7 V9LIZBEWTIE 5 FIRE TV TEE U 7= 2R 5 A
CINR M % A U 72 € TV CRME U 7 R E A A A R T B 0, A 2 L
=B TIVCEE U 2B E A6 & 7 SHISE TV TP U 72 22 R R 2945 73 L 8L T b
5. —/H7a—=7 - R7VIIIBWTIE, 58T TIVCHE L 72 2 M E 56 & i
EIGUZE TV CHEAE L 2 EMBRE AP T E b, INERINE 2 BHLZET L
THA U722 BB E D & 7 SHIRE TV CE U 72 22 MURE 2 A LRI T VW B Z & A
Dh5.
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The SSPs for the probe pair H1

brain surface transaxial plane
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Figure 4.13: The SSPs (1) on the brain surface and (2) in the transaxial plane for probe
pair H1 calculated from (a) 5 regions model, (b) model ignoring FS, (c)
model ignoring ECV and (d) 7 regions model. The red, green and white
lines show the surfaces of ECV and FS and the boundary of each tissue,
respectively. Blue lines represent the isointensity lines of 1071, 1072, 1073,
10~* and 10° of the SSPs.
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The SSPs for the probe pair H2

brain surface transaxial plane
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ignoring FS

model
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Figure 4.14: The SSPs (1) on the brain surface and (2) in the transaxial plane for probe
pair H2 calculated from (a) 5 regions model, (b) model ignoring FS, (c)
model ignoring ECV and (d) 7 regions model. The red, green and white
lines show the surfaces of ECV and FS and the boundary of each tissue,
respectively. Blue lines represent the isointensity lines of 1071, 1072, 1073,
10~* and 10° of the SSPs.
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The SSPs for the probe pair H3

brain surface transaxial plane

) quel 5 regions model
ignoring FS

model
ignoring ECV
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Figure 4.15: The SSPs (1) on the brain surface and (2) in the transaxial plane for probe
pair H3 calculated from (a) 5 regions model, (b) model ignoring FS, (c)
model ignoring ECV and (d) 7 regions model. The red, green and white
lines show the surfaces of ECV and FS and the boundary of each tissue,
respectively. Blue lines represent the isointensity lines of 1071, 1072, 1073,
10~* and 10° of the SSPs.
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MM 2 AU 72354, INERORBE DM B U, BiiER 2 80 L 2858, MEDKED
BRI BMEAAASNZ. ZDLDBRMEMIZ T —7 - XY ORE S, £7-, 7a—7-
R7 % EHICHET AP T HICERET AL >TRREZ DD o7, TNETOR
REPSERINZTH—T - X7 OFRENE, BRI L > T, FHTHETNOREREIC
KREREL RIFTTHIME Table 4.2 12 F & 7. REEHTCIO—7 - X7 2 EEIZHE
UL7z5a, EHICRBEL T FHICRBEL THIMEDHENRKE NI X3 0 o7z, Le
U, 70— R7&RPITRE L 78, LSRR U 2846 3R O Hh
[RIBIZ R E B %2 RIT L, PENIZECE U 72358 I RTER O F BRI I K & s
ERIFTZ AR I NI,

Table 4.2: The tissues which strongly affect light propagation in the brain for each probe
pair.

REA O\ REMGE | 5 FH

T [H 5 1) IEY IR E3I Ik
K-S 1E] MRIE  ATEEIRE

Fig. 4.16 1%, BARIZEIE L 72 536 RT7 T RTDO T —7T - X7 DR D 2K E 45 1
EMAELZLEDEZRLTWS. ZOREE, RN % 56 L 728858 € 7V TEHRE U 72 22 [H]
JREEAAE, 7HBE TV CEEAE U2 EREE AL T, 2FRMIZREDN LT
5. ¥/, BIEAZEE LTIV CEE L 2MRBRENMIL, THEERETVCIHAEL -
22 R FE 34T & HeX 2 & (UIBERGA 3 DAREE B CRE DS > T2 H DD, RiUEATE
DEBEHEBIIXIFIEEDRR SN, ZDIZ S, ATEERE SRR I IETHeE
FIFEAERNEEZSNDD, 5HEREFIVCEE L - 22BRE 06 1%, IR %
BUET VTR U ZMEEN %2 RS &, BISERTE N 0 m 8 I O & 3 AT
THELRoTWE., ZOZehs, NMRMEZEMEL725E, BISHEE % & R s
ZRIETHOD, MEMEDZELZIGAITIE, BB L D £ MRINEIC X 2 585
BORIETHENKRE V=D, FIEHOKEN L SNRLRoT0WEHDLEbN.
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Figure 4.16: Influence of ECV and F'S on the SSP on the brain surface. The accumula-
tion of the SSP of each probe pair calculated by (a) 5 regions model, (b) the
model ignoring FS, (c¢) the model ignoring ECV and (d) 7 regions model.

4.3.2 ERDEMAHRRDLLER

HIEDKER D S, FisEAZ R U 7256, BEOEWIEHIBIIIA R D, EEORWHEK
IR B Z eV inodz. D78, FiEZ G LU 7256 OMEROREIX, KFT5
tH, ERITBLEFEZOND. 72, BIEOMENS, MRMEZMHT LI LITL-
T, EARMIZHESROKE XA ET 200, Ta—7 - R7 L RRME DM ERBRIZE -
TIEDTPEREMET T 256 H 5 LRz, WRINES X OCRTEERIZN T 5 7o —
7 RYOMEBRE, HEROBEDOBBRIZOWTHETT 5729, 30 mm OBk
FECRELZ6 2070 —7 - X7 0D, MOWSEMNEEEZFE L. ZOkE%E,
Fig. 4.17 1237
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Figure 4.17: The partial path lenghth in the brain (GM and WM) of light detected by
the probe pairs. The results are calculated from the 5 regions model, the
model ignoring FS, the model ignoring ECV and 7 regions model.

5HEHIRE TV CEME L 2 MOEM A ZKEE, Te—7 - X7 2 ®ESANCEEL 72
GAEICIE R AICERET 21> THWML, KEAMICEELZHEI21E, FHICKRET S
RS> TRALTWS, 2R L, 7THEBETIVCHE L IO ENHEEL, &
EAMIZEE L7256, KEARIZEEL GG 512, FRIRETHIFEE<m-T
BY, 5HEETIVCHAELZMOMAEIRE L BB EZ R U, Thi, #iEE
WD EHITHAES DNRINE D, FHITFET DAV TNWrOREIZ L 28D EE X
5N 5. HISEIEZ G L 72 BEEE TIVIZ B 1 2 MAEI DI EREEE RIE, Tu—7 - R
T V1, V2, V3IZBWTIE THIEET IV IZIEABE Ch -7z, ZhizxL, Ju—7 -
RY ZKEHENCERE L Z5E, 7a—7 - XY HLIZBWTIX 7THRE T VICE T 5K
IO E D LR CIZIFRBETH S H, Tuo—7 - X7 H2IZEW T 7T T
VD 50%FEE, Ta—7 RYH3IZBVWTIRE SIZEF UL EWMEE o7z, ZDZ &b
5, Tu—7 - X7 OIMINZHTSEFADFET 5 & 5 A1, pisEHz2 R LZET IV
EFAVWTHZT>TH, MIZBU2EEIZITIZLALHEEZ RIZIRVEDOD, To—
7 X7 RNCHTSE AR T 2 & S R EMNETIE, AEHOFEIEHTERVWEDT
HDI Lol £z, Tu—7 RYMICHEEHFET 28565, BEEH»S 7
O—7 - R7 P30 mm FEEHEN TV 255 CIXRTEER 2 B U T I3 2 &EA~D
WBIIDTI N R Dh o 7.
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MR MG % A U 72 B8 E TV IZ B 1 2 MBI O A ERPER RIE, Te—7 - _T
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TR - B IR MAE DFAE S B 72 DTN R INE O F OB 2R < 21, THEET IV
XD BWMERMBZEE L 72ETIVIZBITBEOENHRBEDHBE.

Tz, TU—7 - X7 HLIZBWTIE, HERMEZZRL7ZET VT L 72 EE D
SN R, T e TV CHE U 22 MBI O E L R D 2.5 [ RRETH B
N, JTu—7 -7 H2, H3&, 7u—THEMBEVP TR TIOEIFNE Lo
TWa. ZHlE, Tu—7 - X7 2 FNHIZHEET DI/ -> THRIME DREINS ko
TWbZ2%2RLTWS., LAL, 7a—7 - RYV3IZBEWTH, MWMEMEZEHL -
ETMZBWCEHE L M D DA ES G E &, 78T TV TEHE U 2 NERD
MO ERHEEEITIZ 1A GREDELD 5.

IS DFERMN S, WIEHEHIC BT RN HEFHITIE, To—7 - X7 % EHITH
BT BIGAIIFHIEROME I NI N DD, Ta—7 X7 2 NHIZKRELESAIE,
ATEEI 2 JER ISR E B A T T Z e h o7z, F£7z, MRINE ORSEILIR\H#IPH 2
DlzoTHY, Frlc7u—7 - Xy zmELAICKEST 2L, Tu—7 - 7% EH, F
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Figure 4.18: The partial path lenghth in the scalp and skull of light detected by the
probe pairs. The results are calculated from the 5 regions model, the model
ignoring F'S, the model ignoring ECV and 7 regions model.
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Figure 4.19: Influence of ECV and FS on the image reconstructions of absorption
changes of 5 mm in diameter at different positions (1) - (4). (a) Target
absorption changes. The images reconstructed using the sensitivity matrix
calculated from (b) 5 regions model, (¢) model ignoring FS, (d) model ig-

noring ECV and (e) 7 regios model. The regularization parameter for the
image reconstruction is 1073,
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Figure 4.20: Influence of ECV and FS on the image reconstructions of absorption
changes of 5 mm in diameter at different positions (1) - (4). (a) Target
absorption changes. The images reconstructed using the sensitivity matrix
calculated from (b) 5 regions model, (¢) model ignoring FS, (d) model ig-

noring ECV and (e) 7 regios model. The regularization parameter for the
image reconstruction is 1074
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Figure 4.21: Influence of ECV and FS on the image reconstructions of absorption
changes of 5 mm in diameter at different positions (1) - (4). (a) Target
absorption changes. The images reconstructed using the sensitivity matrix
calculated from (b) 5 regions model, (¢) model ignoring FS, (d) model ig-
noring ECV and (e) 7 regios model. The regularization parameter for the
image reconstruction is 1075,
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Figure 4.22: Influence of ECV and FS on the image reconstructions of absorption
changes of 10 mm in diameter at different positions (1) - (4). (a) Target
absorption changes. The images reconstructed using the sensitivity matrix
calculated from (b) 5 regions model, (¢) model ignoring FS, (d) model ig-

noring ECV and (e) 7 regios model. The regularization parameter for the
image reconstruction is 1073,
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Figure 4.23: Influence of ECV and FS on the image reconstructions of absorption
changes of 10 mm in diameter at different positions (1) - (4). (a) Target
absorption changes. The images reconstructed using the sensitivity matrix
calculated from (b) 5 regions model, (¢) model ignoring FS, (d) model ig-
noring ECV and (e) 7 regios model. The regularization parameter for the
image reconstruction is 1074
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Figure 4.24: Influence of ECV and FS on the image reconstructions of absorption
changes of 10 mm in diameter at different positions (1) - (4). (a) Target
absorption changes. The images reconstructed using the sensitivity matrix
calculated from (b) 5 regions model, (¢) model ignoring FS, (d) model ig-
noring ECV and (e) 7 regios model. The regularization parameter for the
image reconstruction is 1075,
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Table 4.3: The characteristics of image reconstructions shown in Fig. 4.22 - 4.24.

regularization
model parameter position 1  position 2 position 3 position 4

5 regions model 1073 x x A O
1074 - - - -
107° - - - -

model
ignoring F'S 1073 A O O O
1074 X A O O
1079 X X yaN O

model
ignoring ECV 1073 x x A O
104 - - - -
107° - - - -
7 regions model 1073 O O O O
1074 O O O O
107° O O O O
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Figure 4.25: Influence of ECV and FS on the image reconstructions of absorption
changes of 15 mm in diameter at different hight (1) - (4). (a) Target ab-
sorption changes far from the interhemispheric fissure. The images recon-
structed using the sensitivity matrix calculated from (b) 5 regions model,
(c) model ignoring FS, (d) model ignoring ECV and (e) 7 regios model.
The regularization parameter for the image reconstruction is 1073.
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Figure 4.26: Influence of ECV and FS on the image reconstructions of absorption
changes of 15 mm in diameter at different hight (1) - (4). (a) Target ab-
sorption changes far from the interhemispheric fissure. The images recon-
structed using the sensitivity matrix calculated from (b) 5 regions model,
(c) model ignoring FS, (d) model ignoring ECV and (e) 7 regios model.
The regularization parameter for the image reconstruction is 1074
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Figure 4.27: Influence of ECV and FS on the image reconstructions of absorption
changes of 15 mm in diameter at different hight (1) - (4). (a) Target ab-
sorption changes far from the interhemispheric fissure. The images recon-
structed using the sensitivity matrix calculated from (b) 5 regions model,
(c) model ignoring FS, (d) model ignoring ECV and (e) 7 regios model.
The regularization parameter for the image reconstruction is 107°.
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Table 4.4: The characteristics of image reconstructions shown in Fig. 4.25 - 4.27.

regularization
model parameter position 1 position 2 position 3 position 4
5 regions model 1073 A A A A
1074 A - - -
107° - - - -
model
ignoring F'S 1073 O O A A
104 O A A .
1075 A A A A
model
ignoring ECV 1073 A - - -
1074 - - - -
107° - - - -
7 regions model 1073 O O O O
1074 O O O O
107° O O O O
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Figure 4.28: Influence of ECV and FS on the image reconstructions of absorption
changes of 15 mm in diameter at different hight (1) - (4). (a) Target
absorption changes close to the interhemispheric fissure. The images recon-
structed using the sensitivity matrix calculated from (b) 5 regions model,
(c) model ignoring FS, (d) model ignoring ECV and (e) 7 regios model.
The regularization parameter for the image reconstruction is 1073.
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Figure 4.29: Influence of ECV and FS on the image reconstructions of absorption
changes of 15 mm in diameter at different hight (1) - (4). (a) Target
absorption changes close to the interhemispheric fissure. The images recon-
structed using the sensitivity matrix calculated from (b) 5 regions model,
(c) model ignoring FS, (d) model ignoring ECV and (e) 7 regios model.
The regularization parameter for the image reconstruction is 1074
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Figure 4.30: Influence of ECV and FS on the image reconstructions of absorption
changes of 15 mm in diameter at different hight (1) - (4). (a) Target
absorption changes close to the interhemispheric fissure. The images recon-
structed using the sensitivity matrix calculated from (b) 5 regions model,
(c) model ignoring FS, (d) model ignoring ECV and (e) 7 regios model.
The regularization parameter for the image reconstruction is 107°.
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Table 4.5: The characteristics of image reconstructions shown in Fig. 4.28 - 4.30.

regularization
model parameter position 1 position 2 position 3 position 4
5 regions model 1073 X X X x
1074 - - - -
1075 - - - -
model
ignoring F'S 1073 A A A x
1074 A x . -
1075 A - - -
model
ignoring ECV 1073 x x x x
1074 - - - -
1079 - - - -
7 regions model 1073 O O O O
1074 O O O O
107° O O O O
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Figure 4.31: Influence of noise in optical densities on the image reconstruction using
regularization parameter A = 1073. (a) Target absorption changes in a
hemisphere. Images reconstructed using the SSPs calculated in (b) 5 regions
model, (¢) model ignoring FS, (d) model ignoring ECV and (e) 7 regions

model from the optical densities including noise of (1) 0%, (2) 5% and (3)
10%.
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Figure 4.32: Influence of noise in optical densities on the image reconstruction using
regularization parameter A = 107%. (a) Target absorption changes in a
hemisphere. Images reconstructed using the SSPs calculated in (b) 5 regions
model, (¢) model ignoring FS, (d) model ignoring ECV and (e) 7 regions

model from the optical densities including noise of (1) 0%, (2) 5% and (3)
10%.
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Figure 4.33: Influence of noise in optical densities on the image reconstruction using
regularization parameter A = 107°. (a) Target absorption changes in a
hemisphere. Images reconstructed using the SSPs calculated in (b) 5 regions
model, (¢) model ignoring FS, (d) model ignoring ECV and (e) 7 regions

model from the optical densities including noise of (1) 0%, (2) 5% and (3)
10%.



4 QUIEI 2 B L IS TV 170

Table 4.6: The characteristics of image reconstructions shown in Fig. 4.31 - 4.33.

regularization
model parameter no noise 5% noise 10% noise
5 regions model 1073 - - -
1074 - - -
10-° - - -
model
ignoring F'S 1073 O O O
104 - - -
1075 - - -
model
ignoring ECV 1073 X x x
1074 - - -
1079 - - -
7 regions model 1073 O O O
104 O O -
107° O - -

BRIT, ATE[FRR, EOMTE B OMIEZRE L T, BWINE G E EREEL 72, E]
bR F A—=%2% 1073, 1074, 107° & UCTIER L 7z i %, TNhZh Fig. 4.34 -
4.36 IR U7z. 7THIKETIVCERE L - 22 MEE O 2 FICEHRE U - B EG TlE, /
A A% MATITHMER L 56, ERAMETA—=2%2 103 & LzEE L0 E, ERMES
FA=RE 1075 L UIGADIES D, T E COEMERRFAR, WINZELHEEDLH
DIFHIZSNTVDEHDD, ADIRKINEZEEL 7285E121E, EAML T A—=&551073
DG, VXU IT—F 777 MPHETRNT VDI LR n5. UL, ZThETD
FEHRFERE, EAME ST A=2%2 1073 & ULGAICIE/ 1 A% 10% & LGA 10 B IRINE
(LSS A AT RE R R ARG C E T WA, RN & MGG U 72 € 7OV THERE U 7= 22 [H)&E
YA % TCIZ FERERR U 72 IR L 1L, IERIME N X — & % 1073 & U 72854 1 iRt
FNE WA DIRINEALDJHLIZIZ) V¥ 7 —=F 7727 "hRA LN, EAMERT A —&
21074, 1075 & L2 G A O M RE& T, AR v ¥ 77 —=F 7727 bR
"o, WINEHEBOMHENHE LN 005, AEEREZEHLZE TV THEL -
72 URR R 44T % FEZ FERE R U 72 RN LR T, (EAME ST A =& % 1073 & L7254,
BIOEAATA—2%2 107 &L, /A XZEMATITHEBER L ZGEIE, BoEmat
LT —=F 7727 bDRRONDEHDOD, BINEMFEBIIMAFEERSINTWS, b4t
DLGETIE, BINBLFHKIT) V¥ 77 —F 777 MZEHENT WD Z a0 5. M
ED &>z, ADWNELMHESZREL ZHEICE, EORNEILOAZEEL -5HE L
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Figure 4.34: Influence of noise in optical densities on the image reconstruction using
regularization parameter A = 1073, (a) Target of an increase and a decrease
in absorption changes in a hemisphere. Images reconstructed using the
SSPs calculated in (b) 5 regions model, (¢) model ignoring FS, (d) model
ignoring ECV and (e) 7 regions model from the optical densities including
noise of (1) 0%, (2) 5% and (3) 10%.
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Figure 4.35: Influence of noise in optical densities on the image reconstruction using
regularization parameter A\ = 1074, (a) Target of an increase and a decrease
in absorption changes in a hemisphere. Images reconstructed using the
SSPs calculated in (b) 5 regions model, (¢) model ignoring FS, (d) model
ignoring ECV and (e) 7 regions model from the optical densities including
noise of (1) 0%, (2) 5% and (3) 10%.
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Figure 4.36: Influence of noise in optical densities on the image reconstruction using
regularization parameter A = 107°. (a) Target of an increase and a decrease
in absorption changes in a hemisphere. Images reconstructed using the
SSPs calculated in (b) 5 regions model, (¢) model ignoring FS, (d) model
ignoring ECV and (e) 7 regions model from the optical densities including
noise of (1) 0%, (2) 5% and (3) 10%.



4 QUIEI 2 B L IS TV 175

4.5 HAEDGEE

AREETIE, AIEEHBIZBT S, HEOENET T 7+ ZHOWZZNBEEEEIIIO Y I 2L —Y 3
VERATW, BISEEBIC H AMNERINE, B X OHEHPEHE NES T 71 1522082
U7z, ZOfER, ArsR CIXEEZMME N 20, FAML ST A —X % 1073 FREIC
ETNE, T E VR 2 RO INBSRE R 2 T E 2 Z e h otz 2D
728, BB D INBEREEE R L 0 E, o X2 Bk o & s R A
ARECTH -7z, LA U, BIEHOMERDME L, BIEHITHFAET 2 JREIRIE £ 0 & /v
LEDD, FINONRIEL OB NES T 7 1 ICKRERPEL G2, FIBE T VHEE
DB IMFR M & 4L TIE, EREZRNOREFEBOWENHL <Rd e nhrorz.
£ 72, AUSHIAZ ML 72 TOWICED S HREEEG TIE, BINZER LA ICHB5E, 1F
X7 TV CEE U B E A IR D S EEREGR E R R SN h otz TO
728, FHUFESAETERTEF ICRE SN T WA G, CT MRS 102 FEPHEIE D
VA0 Z@EANE, ATERIEEEL TEMEITRVWEWZ S, LML, EEXEREH%
£ T\ 2 RTHEM T OIS RERTHII 2 B & U 72354, ATHE %2 % /8 U 7285 E 7V O
FPRBETHDEZ N oT-.



I

wp
LI\




177

I
it
=
=

5.1 WX DR

AWZETIE, AN & O R S EER I ED KHBOE N E VT 7 1 12 X 5K
PERERHIN 2 BT 5728, BEIGET TV ORI HETH 5 MR Hi{§ROFHES 125 L
7= MR 7V AY —7r v ZADEE & Z OFHli &2 17\, £72, Rk CIREEIGE T 7 IVEED
BUZEIBAE SN T WD 5 5, R NETORERB/IC KSR EE RIFTLEZS
NBHEBIZER L, TNSDILEOE NS T 7 112 & B INHEAE R D FERE I I
% FE L 7=

B2 EmTIE, HEMEEOENCE L MR SVAY =7 v ADEE 2T, £, #¢
Sk D EEEREE E TV ORIV ST\ T1 303, T2 9 22 T FSPDW [
%, FIESTA R4 % iR L, SERMFERZ M U7z, sEgdlitiicix, 2z x— 21z,
SERAEOEBE I T 2 e AERICE DOV TEMAH ZE D RS 7LV XL %2 HW
7. ZOfER, FSPDW MHifk, FIESTA MHifkh & OffiHAERI%, T2 sk, T1 50
B o OMHAER L D &~ =2 7T X BRI WFER DS S5 1, FSPDW Hif,
FIESTA [ % S HEE € T IUAEED 72D OIS ENH WS Z L OESEIRRI .
E7, $TIZRMAINTVWS, T2 M A, T1RFAEGZHERDET 520N
72V 7 b7 TH5, BET, FAST #H\\T FSPDW [Hif%, FIESTA itk & sEHIHMHE
ZHid L, FU < BET, FAST %\ T T2 5@, T1 8GR 5 SRR Z fh Y
U, ThEn~v=a7 ) LKAk R L IR U772 24, BET & T1 5@ & T2 i
PFEGOMEIRDE 2 HKE L2dDTH DI 00b 5T, FSPDW Hifgk % W 7255 5H,
IS OB S OMtFERZ L BHKE CHEE, HESIMETERZ., 2ol ers,
UHEE & 2 OFMMRNICIERE ICE NI Y b T A 2RO FSPDW HifkiE, 3 TIZARZ
NTWAHEERSEOY 7 b7 2 7IZHEWIESEZRT Z &30 -72. FAST %[
Wz iR R TIE, FIESTA A 5 OHIHEREE X T1EIH» S OfEEICE - 725 D
D, T, FASTIEZ® &b & T1 MaiEE T2 MAmE GO EE S H O 7- oI fHE 1
72V 78027 THY, BMEDRD FLEBETELD 5220 ThdeEZONS. £-,
FIESTA #if§% 5 Z & TR & JAREFIRIA Z DR L X9 < b 2 e bhrorz. T
D En5, FSPDW Hiff, FIESTA iz H\\W5 Z & T, HEITITRED &\ EABET
FEET IV EMETED Z DS NI o7z,

HIWETIE, INETHIMETE T VHNTIIEEINTOWAEED > 5, KRR
HHUZ. MRA % H\WTHEKRD 5 BREE IS Z, MRS 2 B L -G € 7V %
FWTIURIRIEN 24T > 72 & 2 5, BETIZEB T 28R EEOEITIE, To—7 -
AT DIKINHEFITE I BLE & =56, KINHEIZ E 2 JRREIRIA AR RE 1T K & e
EHZBDI NP0tz FTz, BN GMEIEZ MR ICEE L, MBS G 2 Bk L 72
&3, MzB I BIRINZLERO A E X 2310-15 mm FRETH 5 LANE L 7255, %
HIZBIBIHOE N ES T 7 4 TlE, EAEAST A= E2 104 REICKRETHI LT, /



I
it
=
=

178

A ANOMMES TR, ZZH D FRED & WINFSREHIR Z ETE D Z A h otz ZD L
X, BHZ RN LS KINRES AT TR Z 5 72354, 14 % MG U 72 Tk Rk © L2 B R 5
Iz X o7 A AR RSN, BIURED A& U 72 E IO 238 L Wk R e o7z, 2
DT e 5, IEHEL SRS BGERE R D 72 1 IR IMAE S 2 B L 72 B E £ 7 L 0
ENRKRETHDZ Rz,

BAFETE, MEMSEITMA, RTSETEEES NI D 522 T H 5 AT B REcE s €27
T 7 A RIF TR M L 7. X AR CT Mg % Fi\ W CRTSEIR % &/ U 72 B E € 7L
ML, MERM 2o T4, MEEEZ AL 258 23z E 1T SiakM0)
HIEDREEZ—HWZ ER T 2500, iEiz R 256, Tu—7 - R7 LiERH
DAEBRIZ &> TN ORE I LA T 258K TT 358 H 5 2 LARBINT.
E7z, IMROEEIX T 0 —T - X7 OMEEP, M, A8 e OMERBRIC X > TEAEIZ
AL L, EREZSERINI HEDFHI D012 25 ORETEHRE2 Z R T30 ERH B 2
DG o Tz, INFEREEIER D FERER CIE, BT SEER O SHAAIRR ISR I I U T <, NI
B BEINEDO KR E X BBIELLE U< 10 mm FEETH 5 KE L7854, ERMER
FTA—=RIT 103 FRET, &\ AREE D B EERE M R AN RS L © & 72, A RLE %
L7256, BINZLDALEIZ 0 5T, FHREEEGITIE ) 1 XPEL, BRINZALED
HEEDVHEL WD LR 572, BISHERIZ & 2 M IXBRIGTIZH 5 E & b & WS O
D, JEWHIFHIZIAR > TE D, BIEEIBIZE T 2 NEEREEER O FMERIZ B W TH, MERE
2EBUZETEEE T VOMENBETH S L WA S, FIHEAZEHLZET IV THEAE
U 7= 22 [ /0 AR 12 36D < iR R AL T, I L 2 RiEEIED LG ICHE U 72354,
BRI IZIEE ACHEE RIFS b o7, 7z, HiEAZZEL ZEBHEE T LD
RESIZ BB CT B/ DERFIIIHIEL DY R 7 Z24ES Z 295, FIEERTEIC S 1) 2 FHH
ZBEWTIE, BIEERIZER L CEMEZRVWE WX S, LA L, BINEALASETSENAT T 5
256, RIS % AU 72 R EER CTIX R E ) A XD3AS Nz, JISEMUT T O M HE
BARRDOFHLEZA D INTHY, EFEOMEREFTHITRIEEHIN TS, ZDX
S RO A HKE UHEEOE N2 T 7 4 icBW0WTIE, CT Wiz &L, BidER
EERBUZEBHGEE T VA MET M ENH D L VR 5.

5.2 S1EORE

A TS GAERE RN R E R PR DBRIZ B R L TWARR s ZEH DS 5, ot b
INOIZREBHEEZEZAONDLEAONS DL LT, REIZET S IMKEENEE
Fonsd. ZHUIFBPIREN AR U CHEEFOMEIZEWTIMEEPZEILT 26D TH
20, MEEZPHDOA TR SERIZBWTHE UGG, MBI 2 MRE2iiE
HUETE, REICET2MREZEMICER U7 G5 % 28 U 7 1 A0S ErE 2B AR



I
it
=
=

179

BB s nmy. Zhix, EWHEREROMKE 2o TWeD, SEETIRRICEENEE ST
B, TOLIREREFE L -MEREGEREOFEORENEEND.

T/, MEEZEREBICIZED L S ITHEL B0 8\ S LY R BUS D S O E
WTHhdLEZD. KX T, W22 MEEZVEEINERE TRDbIND &
SRR ELEZHDOD, EEOL MEIETID &S RIMKEEAIEL B & i1dHE 2I12L
W, X 51T, AFTIRTEEEE » BEEEIC B W THR UIMKEZ 2R EL-H DD, BisE
TEYRRUEEIZB W T EDZLDMEAIZED L D BRAEND B0 FHETIZEZH T D #E
BHE N TWARW, 2O XS REENHS IR, KD EMARYIal—varvizifs> 2
EMTE, HLBOLNES T 7 412 K B INERED BB LD REIZ DA EDEE R S.









182

= HF

AR DEEZEO THNZ, HEBE TH D BEHERARFI T W L B
FRWHIREZEEFEORICBA N WVIZEOMIEE, HEIE%2HB0 £ L. Wi#vA—
N—E Va3 VTIEMEIZOWTH OIS 2THE, EN, EAZMLTHELDFEIAD
S, B2 FRFZIEA ) ANOEHE PR Y, BEAERE5EATIEIDELE.
F7z, MEBBOAL ST HZDEFEPHRIET TL KRRy 7Ty T2 LUTHWZI &,
HIBHT 2L L EIESHILFL BT ET.

WM, REEZFIEZITRID, HADOTHEELEZIVE UZEERZK
FHLTAER MR HERE %, W e Bus, B FBi HESURICECE# N U E T
MR HiRDOEE, EFRXOMEIIHZD, BMA DT E2THE £ U BERESRE
FATONIN the L, NG BT 1L, Gk @R <SE# L E9. BT, MR
LIZEALTOATHRL, HBHEET VOMPEELREIZEHLUTEEL RS T Ay =
VIETHE, TSI IVICELTEELOIHEEZBL Y £ L)IH EIE
FLEH LU B £,

CT Ei§DEMRIZ T ITHW 2, HAKZ T WA 2UT 0L 0 E#Ew= U £7.
2 HE VWS EHBIEITIE®D D £ LA, FHEEEZRIZTANTLEZD, £2<D7
RNA 2% THE % U7z University of Birmingham ® Hamid Dehghani 1& (2 7% < &#
UET. /2, ENUBRWA TV ATOEETHLADONY 77y T2 L TWEREWEZZ L
DK D EENZ LT

AWFSED BRI, MEHMEEDOKEHDERL T ES o MRREOEMTEH D £ 7.
A 4 R R IR S N, A AEbh oo zEIZ Tu s o 3 v 7Rk
A IIEIZBE S I SE DR % T8I TR 723 WE U2 YRHE & 2 fE D i T K,
BICHBERE D HBALIEIZ DO WTEH LK DT BT T L2 FELUTL X 5724 HE L 2 £ DO MH
ER K, WEERETFIVNTOE Y T IVETEIL &K 2 BT OREEZENT RV E
U7z, MEHEL 1 F0&EE Mk RISLDE D E#H WL £7.
BEFBDLAMEIZRESRDLUTLEIVE U, FEEIC L S MR EBD ) E]
AU T RS WK UM HE K, BA 2 RICESE#H W2 LEY. £/, AU
INBEBEGH I DTS2 2 N — 7 & U Tl % 4012 U 72 il 1B 1, ik DEREA G, #5FK 14
# RITESCEI N2 UET. 72, BAOZFERATHITSINL 241 B8 K, & EE
KD E 0 E#HW-L£7.

EW, EAEO T OFRIICBML, Hx OWFZEEEI T 15 % iz U 72 [
DFM K, FEF R K, B i RIS W2 L E9.

A=NR=2—HF = LT, IEZEDXY NT—=IDAVTFVAIZRALTW 72\
mR BE K, A R RISV L E T



183

ARWFED %, HAFAIRMSK I BB O R ORKIITbn X Uiz, BfRE
DERRIZE LB L BT ET.

BEIZHRD EUED, BRROSEO TREE ZLF28M0 5L eI, LDV
HEEPFLTED 7.

SRk 27 4R T H
SR — T



184

S HR

1]

2]

[11]

MAHE, fHSEst, BEET, B —E8, JOU5EH, “NIRS-FE:HE & iR, frBlEE 7 ik,
2012.

M. Ferrari, “A brief review on the history of human functional near-infrared
spectroscopy (fNIRS) development and fields of application,” Neurolmage, 63(2),
pp.921-935, 2012.

AR, BB H, XA A=Y v 7 anaF4k, 2001.
4, B, BTHEESE, “CT & MRI -% O JFE B & HE -7 2954, 2010.
T TEME CHEGULER 7 L I L) EARREEAE, 1993.

G. Wang and M. W. Vannier, “Longitudinal resolution in volumetric x-ray com-
puterized tomography - Analytical comparison between conventional and helical

computerized tomography,” Medical Physics, 21(3), pp.429-433, 1994.

G. A. Millikan, “The oximeter, an instrument for measuring continuously the
oxygen saturation of arterial blood in man,” Review of Scientific Instruments, 13,
pp-434-444, 1942.

J. W. Severinghaus, “Takuo Aoyagi: discovery of pulse oximetry,” Anesthesia &
Analgesia, 105(6 suppl), pp.S1-S4, 2007.

T. Aoyagi, “Pulse oximetry: its invention, theory, and future,” Journal of Anes-
thesia, 17(4), pp.256-266, 2003.

M. Ferrari, and V. Quaresima, “Near infrared brain and muscle oximetry: from the
discovery to current applications,” Journal of near infrared spectroscopy, 20(1),
pp-1-14, 2012.

M. Wolf, M. Ferrari, and V. Quaresima, “Progress of near-infrared spectroscopy
and topography for brain and muscle clinical applications,” Journal of Biomedical
Optics, 12(6), pp.62104, 2007.

H. Zhao, F. Gao, Y. Tanikawa, K. Homma, and Y. Yamada, “Time-resolved diffuse
optical tomographic imaging for the provision of both anatomical and functional
information about biological tissue,” Applied Optics, 44(10), pp.1905-1916, 2005.



[13]

[14]

[16]

[17]

[20]

[21]

[22]

185

Y. Yang, O. O. Soyemi, M. R. Landry, and B. R. Soller, “Influence of a fat layer
on the near infrared spectra of human muscle: quantitative analysis based on two-
layered Monte Carlo simulations and phantom experiments,” Proceedings of SPIE,
5702, pp.104-112, 2005.

A. P. Gibson, T. Austin, N. L. Everdell, M. Schweiger, S. R. Arridge, J. H. Meek,
J. S. Wyatt, D. T. Delpy, and J. C. Hebden, “Three-dimensional whole-head op-
tical tomography of passive motor evoked responses in the neonate,” Neuroimage,
30(2), pp.521-528, 2006.

C. S. Roy, and C. S. Sherrington, “On the regulation of the blood-supply of the
brain,” Journal of Physiology, 11(1-2), pp.85117, 1890.

Mk ¢, 8 7, Stz AW INEE O LI SHYH, 63(3), pp.232-239,
1994.

E. Watanabe, A. Maki, F. Kawaguchi, K. Takashiro, Y. Yamashita, H. Koizumi,
and Y. Mayanagi, “Non-invasive assessment of language dominance with near-

infrared spectroscopic mapping,” Neuroscience Letter, 256(1), pp.49-52, 1998.

A. Maki, Y. Yamashita, and Y. Ito, “Spatial and temporal analysis of human motor
activity using noninvasive NIR topography,” Medical Phisics, 22(12), pp.1997-
2005, 1995.

H. Dehghani, B. R. White, B. W. Zeff, A. Tizzard, and J. P. Culver, “Depth
sensitivity and image reconstruction analysis of dense imaging arrays for map-
ping brain function with diffuse optical tomography,” Applied Optics, 48(10),
pp-137149, 2009.

J. Elisee, A. Gibson, and S. Arridge, “Diffuse optical cortical mapping using the
boundary element method,” Biomedical Optics Express, 2(3), pp.568578, 2011.

M. Okamoto, H. Dan, K. Shimizu, K. Takeo, T. Amita, I. Oda, I. Konishi, K.
Sakamoto, S. Isobe, T. Suzuki, K. Kohyama, and I. Dan, “Multimodal assesment
of cortical activation during apple peeling by NIRS and fMRI,” Neurolmage, 21(1),
pp-99111, 2004.

http://www.hamamatsu.com/jp/ja/technology/innovation/trs/index.html  Jul.,
15th, 2015.



[23]

[24]

[25]

28]

[30]

186

VER BB, SEARAM HIEDRE -1um OFRENM:” IREE S, 49(2), pp.139145, 2009.

V. Bellon, G. Rabatel, and C. Guizard, “Automatic sorting of fruit: sensors for
the future,” Food Control, 3(1), pp.49-45, 1992.

D. T. Delpy and M. Cope, “Quantification in tissue near-infrared spectroscopy,”
Philosophical Transactions of The Royal Society B: Biological Sciences, 352(1),
pp.649-659, 1997.

F. F. Jobsis, “Noninvasive, infrared monitoring of cerebral and myocardial oxygen

sufficiency and circulatory parameters,” Science, 198(4323), pp.1264-1267, 1977.

D. T. Delpy, M. Cope, P van der Zee, S. R. Arridge, S. Wray, and J. Wyatt,
“Estimation of optical pathlength through tissue from direct time of flight mea-
surement,” Physics in Medicine and biology, 33(12), pp.1433-1442, 1988.

M. Hiraoka, M. Firbank, M. Essenpreis, M. Cope, S. R. Arridge, P. van der Zee,
and D. T. Delpy, “A Monte Carlo investigation of optical pathlength in inhomoge-
neous tissue and its application to near-infrared spectroscopy,” Physics in Medicine
and Biology, 38(12), pp.1859-1876, 1993.

L. Wang, S. L. Jacques, L. Zheng, “MCML-Monte Carlo modeling of light trans-
port in multi-layered tissues,” Computer Methods and Programs in Biomedicine,
47(2), pp.-131-146, 1995.

O. Sayli, E. B. Aksel, A. Akin, “Crosstalk and error analysis of fat layer on con-
tinuous wave near-infrared spectroscopy measurements,” Journal of Biomedical

Optics, 13(6), pp.064019, 2008.

A. T. Eggebrecht, B. R. White, S. L. Ferradal, C. Chen, Y. Zhan, A. Z. Sny-
der, H. Dehghani, and J. P. Culver, “A quantitative spatial comparison of high-

9

density diffuse optical tomography and fMRI cortical mapping,” Neurolmage,

61(1), pp.1120-1128, 2012.
http://www.treatneuro.com/archives/2936 Jul., 15th, 2015.

P. A. Valdes-Hernandez, N. Ellenrieder, A. Ojeda-Gonzalez, S. Kochen, Y.
Aleman-Gomez, C. Muravchik, P. A. Valdes-Sosa, “Approximate average head
models for EEG source imaging,” Journal of Neuroscience Methods, 185(1),
pp.125-132, 2009.



[34]

[36]

[37]

[41]

[42]

[43]

187

J. Cabral, M. L. Kringelbach, and G. Deco, “Exploring the network dynamics
underlying brain activity during rest,” Progress in Neurobiology, 114(1), pp.102-
131, 2014.

I. Miyai, H. C. Tanabe, I. Sase, H. Eda, I. Oda, I. Konishi, Y. Tsunazawa, T.
Suzuki, T. Yanagida, and K. Kubota, “Cortical mapping of gait in humans: a
near-infrared spectroscopic topography study,” Neuroimage, 14(5), pp.1186-1192,
2001.

T. Suto, M. Fukuda, M. Ito, T. Uehara, and M. Mikuni, “Multichannel near-
infrared spectroscopy in depression and schizophrenia: cognitive brain activation
study,” Biological Psychiatry, 55(5), pp.501-511, 2004.

T. Yamamoto, A. Maki, T. Kadoya, Y. Tanikawa, Y. Yamada, E. Okada, and
H. Koizumi, “Arranging optical fibres for the spatial resolution improvement of
topographical images,” Phisics in Medicine and Biology, 47(18), pp.3429-3440,
2002.

H. Hori, Y. Ozeki, S. Terada, and H. Kunugi, “Functional near-infrared spec-
troscopy reveals altered hemispheric laterality in relation to schizotypy during
verbal fluency task,” Progress in Neuro-Psychopharmacology and Biological Psy-
chiatry, 32(8), pp.19441951, 2008.

S. R. Arridge, P. van der Zee, M. Cope, T. D. Delpy, “Reconstruction methods for
infrared-absorption imaging,” Proceedings of SPIE 1431, pp.204-215, 1991.

S. R. Arridge, “Photon-measurement density functions. Part 1: Analytical forms,”
Applied Optics, 34(31), pp.7395-7409, 1995.

S. R. Arridge and M. Schweiger, “Photon-measurement density functions. Part 2:
Finite-element-method calculations,” Applied Optics, 34(34), pp.8026-8037, 1995.

H. Kawaguchi, T. Koyama, and E. Okada, “Effect of probe arrangement on re-
producibility of images by near-infrared topography evaluated by a virtual head
phantom,” Applied Optics, 46(10), pp.1658-1668, 2007.

D. A. Boas and A. M. Dale, “Simulation study of magnetic resonance imaging-
guided cortically constrained diffuse optical tomography of human brain function,”
Applied Optics, 44(10), pp.1957-1968, 2005.



[44]

[45]

[47]

[48]

[49]

[50]

188

B. W. Zeft, B. R. White, H. Dehghani, B. L. Schlaggar, and J. P. Culver, “Retino-
topic mapping of adult human visual cortex with high-density diffuse optical to-
mography,” Applied Optics, 46(10), pp.12169-12174, 2007

J. Prakash, V. Chandraekharan, V. Upendra, and P. K. Yalavarthy, “A phase
modulation system for dual wavelength difference spectroscopy of hemoglobin de-

oxygenation in tissues,” Journal of Biomedical Optics, 15(6) pp.066009, 2010.

T. D. O’Sullivan, A. E. Cerussi, D. J. Cuccia, and B. J. Tromberg, “Diffuse optical
imaging using spatially and temporally modulation light,” Journal of Biomedical
Optics, 17(7) pp.071311, 2012.

A. R. Zirak and M. Khademi, “An efficient method for model refinement in diffuse
optical tomography,” Optics Communications, 279(2), pp.273-284, 2007.

F. Gao, H. Niu, H. Zhao, and H. Zhang, “The forward and inverse models in time-
resolved optical tomography imaging and their finite-element method solutions,”
Image and Vision Computing, 16(9-10), pp.703-712, 1998.

M. S. Hassanpour, B. R. White, A. T. Eggebrecht, S. L. Ferradal, A. Z. Snyder,
and J. P. Culver, “Statical analysis of high density diffuse optical tomography,”
Neurolmage, 85(1), pp.104116, 2014.

A. T. Eggebrecht, S. L. Ferradal, A. Robichaux-Vihoever, M. S. Hassanpour, H.
Dehghani, A. Z. Snyder, T. Hershey, and J. P. Culver, “Mapping distributed brain
function and networks with diffuse optical tomography,” Nature Photonics, 8(1),
pp-448-454, 2014.

S. Ogawa, T. M. Lee, A. R. Kay, and D.W. Tank, “Brain magnetic resonance imag-
ing with contrast dependent on blood oxygenation,” Proceeding of the National
Academy of Sciences, 87(24), pp.9868-9872, 1990.

S. Ogawa, D. W. Tank, R. Menon, J. M. Ellermann, S. Kim, H. Herkle, and K.
Ugurbil, “Instrinsic signal changes accompanying sensory stimulation: Functional

b

brain mapping with magnetic resonance imaging,” Proceeding of the National

Academy of Sciences, 89(13), pp.5951-5955, 1992.

A. Sassaroli, B. Frederick, Y. Tong, P. F. Renshaw, and S. Fantini, “Spatially
weighted BOLD signal for comparison of functional magnetic resonance imaging

and near-infrared imaging of the brain,” Neurolmage, 33(1), pp.505-514, 2006.



[54]

[55]

[56]

[58]

[60]

[61]

189

K. Sakatani, Y. Murata, N. Fujiwara, T. Hoshino, S. Nakamura, T. Kano, and Y.
Katayama, “Comparison of blood-oxygen-level-dependent functional magnetic res-
onance imaging and near-infrared spectroscopy recording during functional brain

activation in patients with stroke and brain tumors,” Journal of Biomedical Optics,
12(6), 062110, 2007.

E. Okada, M. Firbank, M. Schweiger, S. R. Arridge, M. Cope, and D. T. Delpy,
“Theoretical and experimantal investigation of near-infrared light propagation in
a model of the adult head,” Applied Optics, 36(1), pp.21-31, 1997.

Y. Fukui, Y. Ajichi, and E. Okada, “Monte Carlo prediction of near-infrared light
propagation in realistic adult and neonatal head models,” Applied Optics, 42(16),
pp.2881-2887, 2003.

A. H. Barnett, J. P. Culver, A. G. Sorensen, A. Dale, and D. A. Boas, “Robust
inference of baseline optical properties of the human head with three-dimensional
segmentation from magnetic resonance imaging,” Applied Optics, 42(16), pp.3095-
3108, 2003.

Y. Ueda, T. Yamanaka, D. Yamashita, T. Suzuki, E. Ohmae, M. Oda, and, Y.
Yamashita, “Reflectance diffuse optical tomography: Its application to human
brain mapping,” Japanese Journal of Applied Physics, 44(38), pp.1203-1206, 2005.

D. A. Boas, A. M. Dale, and M. A. Franceschini, “Diffuse optical imaging of brain
activation: approaches to optimizing image sensitivity, resolution, and accuracy,”
Neurolmage, 23(1), pp.S275-S288, 2004.

A. Custo, D. A. Boas, D. Tsuzuki, I. Dan, R. Mesquita, B. Fischl, W. E. L.
Grimson, and W. Wells III, “Anatomical atlas-guided diffuse optical tomography
of brain activation,” Neurolmage, 49(1), pp.561-567, 2010.

R. J. Cooper, M. Caffini, J. Dubb, Q. Fang, A. Custo, D. Tsuzuki, B. Fischl, W.
Wells 111, I. Dan, and D. A. Boas, “Validating atlas-guided DOT: A comparison
of diffuse optical tomography informed by atlas and subject-specific anatomies,”
Neurolmage, 62(3), pp.1999-2006, 2012.

M. Dehaes, L. Gangnon, F. Lesage, M. Pelegrini-Issac, A. Vignaud, R. Valabregue,
R. Grebe, F. Wallois, and H. Benali, “Quantitative investigation of the effect of
the extra-cerebral vasculature in diffuse optical imaging: a simulation study,”
Biomedical Optics Express, 2(3), pp.680-695, 2011.



[63]

[64]

[66]

[67]
[68]
[69]

[70]

[71]

[73]

[74]

190

E. Kirilina, A. Jelzow, A. Heine, M. Niessing, H. Wabnitz, R. Bruhl, B. Ittermann,
A. M. Jacobs, I. Tachtsidis, “The physiological origin of task-evoked systemic
artefacts in functional near infrared spectroscopy,” Neurolmage, 61(1), pp.70-81,
2012.

B. Dogdasa, D. Shattuck, R. M. Leahy, “Segmentation of skull in 3D human
MR images using mathematical morphology,” Medical Imaging, 4684(1), pp.1553-
1562, 2002.

X. Yang and B. Fei, “Multiscale segmentation of the skull in MR images for MRI-
based attenuation correction of combined MR/PET,” Journal of the American
Medical Informatics Association, 20(6), pp.1037-1045, 2013.

I OKER, mAYeE, SILAE, hANEE, JBIA, EiZ, “MRLIGHBETE,” A2 7
Ve 2 —+t, 2001.

WD, INEESE, SRS R, “RESILIGEGE:) HARE St 2012.
http://www.fil.ion.ucl.ac.uk/spm/ Jul., 15th, 2015.
http://www.freesurfer.net/ Jul., 15th, 2015.

S. M. Smith, “Fast robust automated brain extraction,” Human Brain Mapping,
17(3), pp.143-155, 2002.

M. Jenkinson, M. Pechaud, and S. Smith, “BET2: MR-based estimation of brain,
skull and scalp surfaces,” In eleventh annual meeting of the organization for human

brain mapping, 2005.

Y. Zhang, M. Brady and S. Smith, “Segmentation of brain MR images through a
hidden Markov random field model and the expectation-maximization algorithm,”
IEEE Transactions on Medical Imaging, 20(1), pp.45-57, 2001.

K. Kurihara, H. Kawaguchi, T. Obata, H. Ito, and E. Okada, “Magnetic reso-
nance imaging for construction of subject-specific head models for diffuse optical
tomography,” Biomedical Optics Express, 6(9), pp.3197-3209, 2015.

P. J. Keller, W. W. Hunter, Jr, and P. Schmalbrock, “Multisection fat-water imag-
ing with chemical shift selective presaturation,” Radiology, 164(2), pp.539-541,
1987.



[75]

[76]

[77]

[78]

[85]

191

B. Schmits, T. Hagen, and W. Reith, “Three-dimensional true FISP for high-
resolution imaging of the whole brain,” Eur Radiol, 13, pp.1577-1582, 2003.

http://www3.gehealthcare.com/en/products/categories/magnetic_resonance._

imaging/signa_hdxt_3-0t Jul., 15th, 2015.
TS AR, M — B, “T Y ROVEMRILEL " HT IR, 2011.

N. Otsu, “A threshold selection method from gray-level histograms,” Systems,
Man and Cybernetics, 9(1), pp.6266, 1979.

J. N. Kapur, P. K. Sahoo, and A. K. C. Wong, “A new method for gray-level picture
thresholding using the entropy of the histogram,” Computer Vision, Graphics, and
Image Processing, 29(1), pp.273285, 1985.

S. M. Smith, M. Jenkinson, M. W. Woolrich, C. F. Beckmann, T. E. J. Behrens, H.
Johansen-Berg, P. R. Bannister, M. De Luca, I. Drobnjak, D. E. Flitney, R. Niazy,
J. Sauders, J. Vickers, Y. Zhang, N. De Stefano, J. M. Brady, and P. M. Matthews,
“Advance in functional and structural MR image analysis and implementation as
FSL” Neurolmage, 23(S1), pp.208-219, 2004.

M. W. Woolrich, S. Jbabdi, B. Patenaude, M. Chappell, S. Makni, T. Behrens, C.
Beckmann, M. Jenkinson, and S. M. Smith, “Bayesian analysis of neuroimaging
data in FSL,” Neuroimage, 45(S1), pp.173-186, 2009.

M. Jenkinson, C. F. Beckmann, T. E. Behrens, M. W. Woolrich, and S. M. Smith,
“FSL,” Neurolmage, 62(2), pp.782-790, 2012.

J. C. Schotland, J. C. Haselgrove, and J. S. Leigh, “Photon hitting density,”
Applied Optics, 32(4), pp.448-453, 1993.

Q. Fang, and D. A. Boas, “Monte Carlo simulation of photon migration in 3D
turbid media acceletarated by graphics processing units,” Optics Epress, 17(22),
pp-20178-20190, 2009.

K. Kurihara, H. Kawaguchi, T. Obata, H. Ito, K. Sakatani, and E. Okada, “The
influence of froantal sinus in brain activation measurements by near-infrared spec-
troscopy analyzed by realistic head models,” Biomedical Optics Express, 3(9),
pp-2121-2130, 2012.



[36]

[87]

88

[89]

[91]

[94]

192

TSR, “v DERENC &2 EBERERTH N AR 2T 7 ¢ —EESGE RO R, B
R PR PG T2WHERE B L5, 2012.

IO e, T BT, < a A T A EREIET N T A GEHSHES /AR 52 R, R
FEbE, 2014.

Jaakko Malmivuo and Robert Plonsey, ”Bioelectromagnetism,”
http://www.bem.fi/book/ Jul., 15th, 2015.

V. Jurcak, M. Okamoto, A. Singh, and I. Dan, “Virtual 10-20 measurement on
MR images for inter-model linking of transcranial and tomographic neuroimaging
methods,” Neurolmage, 26(4), pp.1184-1192, 2005.

D. A. Boas, J. P. Culver, J. J. Stott, and A. K. Dunn, “Three dimensional Monte
Carlo code for photon migration through complex heterogeneous media including
the adult human head,” Optics Express, 10(3), pp.159-170, 2002.

H. Dehghani, M. E. Eames, P. K. Yalavarthy, S. C. Davis, S. Srinivasan, C. M.
Carpenter, B. W. Pogue, and K. D. Paulsen, “Near infrared optical tomography
using NIRFAST: Algorithm for numerical model and image reconstruction,” com-

munications in Numerical Methods in Engineering, 25(6), pp.711-732, 2009.

Q. Fang and D. Boas, “Tetrahedral mesh generation from volumetric binary and
gray-scale images,” Proceedings of IEEE International Symposium on Biomedical
Imaging 2009, pp.1142-1145, 2009.

A. Roggan, O. Minet, C. Shrder, and G. Mller, “The determination of optical tissue
properties with double integrating sphere technique and Monte Carlo simulation,”
Proceedings of SPIE 2100, pp.4256, 1994.

A. N. Yaroslavsky, P. C. Schulze, I. V. Yaroslavsky, R. Schober, F. Ulrich, and
H. J. Schwarzmaier, “Optical properties of selected native and coagulated human
brain tissues in vitro in the visible and near infrared spectral range,” Physics in
Medicines and Biology, 47(12), pp.20592073, 2002.

http://www.polhemus.com /scanning-digitizing/patriot-digitizer/ Jul., 15th, 2015.

JIA $hz, “SEERHLIR O SRR AR 12 5D < SEBERE b R 22 7 ¢ — D g
R BHERRBRER A LR 2205, 2007.



193

[97] C. Habermehl, J. Steinbrink, K. Muller, and S. Haufe, “Optimizing the regular-
ization for image reconstruction of cerebral diffuse optical tomography,” Journal
of Biomedical Optics, 19(9), pp.096006, 2014.

98] Q. Zou, T. J. Ross, H. Gu, X. Geng, X. Zuo, L. E. Hong, J. Gao, E. A. Stein,
Y. Zang, and Y. Yang, “Intrinsic resting-state activity predicts working memory
brain activation and behavioral performance,” Human Brain Mapping, 34(12),
pp.3204-3215, 2013.



194

IEAVE 3 =

E B TUIT eS8 M

1. K. Kurihara, H. Kawaguchi, T. Obata, H. Ito, K. Sakatani, and E. Okada,
“The influence of frontal sinus in brain activation measurements by near-
infrared spectroscopy analyzed by realistic head models,” Biomedical Optics
Express, 3(9), pp.2121-2130, 2012

2. K. Kurihara, H. Kawaguchi, T. Obata, H. Ito, and E. Okada, “Magnetic
resonance imaging for construction of subject-specific head models for diffuse

optical tomography,” Biomedical Optics Express, 6(9), pp.3197-3209, 2015

| fRREER (BEFHME D full-length papers)

1. K. Kurihara, H. Kawaguchi, Y. Takahashi, T. Obata, and E. Okada, “Seg-
mentation of magnetic resonance images to construct human head model
for diffuse optical imaging,” Proceeding of SPTE-OSA Biomedical Optics,
(ECBO 2011, Munich, Germany), 80880J, 2011

2. K. Kurihara, X. Wu, E. Okada, and H. Dehghani, “A hybrid MC-FEM model
for analysis of light propagation in highly scattering medium,” Proceeding
of SPIE-OSA Biomedical Optics, (ECBO 2013, Munich, Germany), 87990E,
2013

Z D DERSZFFAER

1. K. Kurihara, H. Kawaguchi, Y. Takahashi, T. Obata, H. Ito, K. Sakatani, and
E. Okada, “Analysis of light propagation in a realistic head model including
frontal sinus,” Biomedical Optics, (BIOMED 2012, Miami, USA), 2012



195

. K. Kurihara, H. Kawaguchi, T. Obata, H. Ito, and E. Okada, “Realistic hu-
man head model for brain-activation imaging by near-infrared spectroscopy,”
8th International Conference on Optics-Photonics Design & Fabrication,
(ODF’12, St. Petersberg, Russia), 2012

. K. Kurihara, H. Kawaguchi, T. Obata, H. Ito, and E. Okada, “Segmentation
of magnetic resonance images for individual head models for DOT,” func-
tional Near Infrared Spectroscopy 2012, (fNIRS2012, London, UK), 2012

. K. Kurihara, H. Kawaguchi, T. Obata, H. Ito, and E. Okada, “Effect of
probe arrangement on reconstruction of optical brain function imaging,” 2013
Conference on Lasers and Electro-Optics Pacific Rim, (CLEO-PR, Kyoto,
Japan), 2013

. K. Kurihara, Y. Tanikawa, H. Fujii, S. Kohno, Y. Hoshi, and E. Okada, “In-
fluence of trachea region on near-infrared light propagation in human neck,”
2013 Japan-Taiwan Bilateral Symposium in Nano/Bio-Photonics, (2013 JTBS,
Shizuoka, Japan), 2013

. K. Kurihara, H. Kawaguchi, T. Obata, H. Ito, and E. Okada, “Image recon-
struction for diffuse optical tomography using a realistic human head model
including extra-cerebral vasculature,” 5th Asian and Pacific-Rim symposium

on Biophotonics, (APBP’15, Kanagawa, Japan), 2015

C BB, Oz, NEEET, ORI, MBS, “RrsHRE & 28 L 2R
BETIVORELE L INHEEES A =Y VI ADIEH, HANEEREREMNTHERE,
(OPJ 2011, KpK), 2011

CBEE R, 3R, TiRERSY, NEBEAT, R, RIS, RS
GERMBALUERIERAA =YV F? Za—a 74+ h=2 X, HIH, 2012
. B4, X. Wu, H. Dehghani, FHZESE, “EvFhin - GREFZENT T
Uy RIRIZ K 2 BRI ERE MR, H AN 2R EMEEEZ, (OPJ 2013,
RE), 2013
BRI R, RIEES, “EEHEEREROET ) Ve MEERE A XA — VY S A DG
) g7 4 b= 2 A URY T L, HE, 2014



196

5. BRI R, NO%hZ, /NEBELT, ks, MESEE, SEIREar A —Y v 707
b DRNR MRS % 5 L 72885 E 7V,” HANFRERFMEEE, (OPJ
2014, &R), 2014

6. FE—K, )02, NEFET, OHEs, REZESR, SRIRBE TSI 74
B E 7T —THEORE” b Mg~ v ¥ U4, (JHBM 2014, il
), 2014

MK
A

BEERARFZREZGIE TE2M ARG TV v LEHER EFEMAEHE (BL)
2013



