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[F 4 & )5k 2022 4R B2 [HEmOMIE] €Y 2 — V&0 L7z DBEE, 20234EE1C [FE] €Y 2—
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1. M8

W nH L7z DBEE 2 h R o s (11504) & LCHE L7z, RBIETIE, 2
NSDOLHEFIZL D PEIEENLEONLTF—2 2L EITKRIEL 2. 7— % I3/ Al
Hi, SFAET, 7+0—7 v 7O3RETHESIN, TV 22— VEREREHERIZL S
JCRELE BT & 0 FRAT L 720

[Ham OMRHE ] (2022) 1X131%407—%, [wiE] (2023) 131654 D7 — % % b LI/
L7258, RO ) Td 2 EIRE B LB TICB W TEY 2 = VER O 15)
EHRRBOOLN, MEY 2= NVIIBWTLHHAFRICARLBHOK TR EIN/, T,
Y MRIICBWT [RmoRE] (2022) TULEEEROABERBHOKTIR S,

RWEFE 5, HFAAR TORERREICMCT O [#smoRiE] €va—ne [RE] €9a2—
VR L7 DBEE 2 EiiT 5 2 & THEAEDRANA TAXUHETE 25EIREN
720 TOIEND, FREBBTOA Y Z VAN FOREICHT 2AALEE LTHELE L
WHSHFETHEEZEZ DN,

&2 (Middle school students), *x # 581+ L —=1> 2" (Metacognitive training),

M OMHE (Jumping to conclusion), @)@ (Attributional style),
LBEEE  (Psycho education)

LS HOFBBY T, WEARORBRERLV LD, HI, BITAZ EOHBHENON IS O R
EEnY, 29 LATE Lo MBI I3 WA O BMR RN EEY 5, SAETIS, HEDY A
7 ENDEBATEDRAEIIZIN D) DORLUEYE, KT 9 Lo Z2FBAIR A EE 2 &%) A EHIK
BRoTWAHIERWLRPIIENTVSY, F72, INEE - PR OFEN DA B IO TRIETH &9
DLOMHENIRE Y, A TIIABKMENCH L[ TEHOEEESBEEST 2 2 EARER TS Y,
NS XY, FRBIHICHBT S REAEICH SN HBHRBEISIET 5 72013 G IS 7 7 u—F
TELHEPHMTHLEEZLOND,
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WREAERED RIS S5 BT AN EOA ML v — IS TE B2 L B EEIC AR S, Achenbach? i3,
R, TEEhRRE R B AR Lo B 2 NAELATEY, BETEAL L 72 EATE) 2 AMEILTENIC A LoD, Th
S5ELHWANLRA, T4 74X PEDMHEZRLT VS, 83AR5Y 13, LHMA ML ASOEHOD
PBENLGORBIRBICKE 2B 2 RIZTTERNTH Y, SETIELRBLFRITLIENEHZE LT
bo L7203-TC, WHALOHME~OTIZE LT, BAREEH~OMAL L 12, WEAGEI AN E
DA MLy H—ITHIGICINETEDL L IMNAT S I L DITEMLOR - LFEICORNLLEEZLND,

) L72MEICH LT, ShETORKBSTREA N LASAI A Y PRHEHAFV I L —= 07
EVo 0B ENERENTNS, ARLARAT AL ML, A MLRICHT 2H@ZED, AN
M EXTF A LR EELTDY 57— 3 VEOBEGZHETLIOTHY, HEHAF L F
L= Z L3R — R L2 AF V2 =7y MCEREL, TFY Y 7R U Nn—H V512X )4t
EWMAFNVOEELZIRTLOTH S ZHOOLHEFIL, BATHREZEBIILTVWLEEZ LN
%o WRHATENFREL, A ¥ F VAV AT % 5B 5 FA B CO#Y) 72 8k L FRilCB VT
BAEDTE T v AKHE L BT RED S EE AR ZRTLEEINTVEY, Lo T, ¥REHBICE
V2 VAR AR T IO RIS T B A v ¥ VAV A OB AT B I IE AT B (iR
R D LHEBFONENEHEEZ ON D,

ZLT, WHEAEFPHODOA ML ARRIIKADE, LELNUEZITZH72OIIEA MLy —1TxT 5
HEOBAEE 2R L, LELEHRZD L ICRAZHHET LA BN EREE 2L, AYEMEIL, &
HWORBMED DEROAGRRLER 2 B L, HEME T 2 ARME, KIS 2050z & 2
& SRR, FRAOSN X R i 21T T2 ) ¥ 7, ROV TOHERERBIEERIT) 3 v bu—
WAEENBEESRTWAEY, 2% ), A FBHNIREEENEH S DA ¥ F VAV A OIS LS 5
BICBE ST 200 CTH Y, FRERALGICBI 20HBETAYRBANCEH E T2 2 LoBmBELAHAMEDD 2
MZ Do

AFRBINOT 70 —FFiEO—212, Ktk - BAEEI)NE) 7= 3 YOFETEBI N T
HAZEA ML —="r7%7 (Metacognitive Training : MCT) 2%®1F 515, MCT X, HEDRHMDOEA
RO, ZOEAZIY MU=V T2 LT, MEMIATENCEODT A2 L2 BB, RRAFTEIRRE:
2D ERREE - DHEE SO AL LTHE SR, RELHENOAMESHS ISR TS,
MCT &, RBEINA 7 AR Z YTz [RE] [HEm~ORBET ] [BvihAZzEz L] [HEkTs2L1])
[FefE] [HUET 22 ] [#am~OMRBEL] [555] OD8ODEY 2 —Uh 510D 4 Z VA S h,
FAZNVAEBD2YA I VBHEENTWS, EVa2— VT2, T—<IZHTLRHANAL T ANDR
DELHAFIEONDL LI 7 A ADNT =KL VY PAFA FELTHEMEINTEY, Thz bL—F =78
BHEERL, A7) —=VICMBLAR2S, BMEETAAS Yy ¥ aryz@ L THLDORBANA 7 ANDR
SEMEMEENL Y, ) LAMCTIE, THETIZOEID ) FHEHEY REMBEE"Y Lvo ok
MEBZ A S RO RIS L CEG L 2SS 50 72, B 3Pk 2 1 RIS L7208
HECMCT O [#moORE] €Y 22— VORHEZRATEBY, ZOoHMMEEZHEL TS, 20T b
MCTOZEY 2= UIZBWTHHFEAED X ¥ 7 VAV A EOBEIZA AT 5 BRI T X 2 Wi
5 %,

AEMCT X, TRTCOEY 2=V EEMHICEGT LI L TIFEIERBINA TRACNMATELIL
NTE Do, TD%PTBalzan 5 1%, HALMELZICIEH 1LY ¥ a o [Hm~ORE| €Y 2 —
NEERT DI ETHRANA T AREOYUHE SN2 L 2 WE LTS, F72, Schneider 59 3,
EY 2= VT EITHBANA T AFENOHREDPHFEAT LI L EZRLTVD, TNHDZ RS, MCTO
SYTNEY Y a Y DRDOEKTH —EDORBEEELIENURTHLEVZ DL, EEE, S HOFRBY
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TIREHEFH LA BATHEEOH QG VD S EWMITERINZ D7 o TLEEFE OS2 3T 5 2 & AW
RBURICH Y, FRBMTERT 2 0HEEICMCT OB ZRET 2 ETREBLY 0 X3y 7
Yy va rTEMTLIIENRENTH L, TDDIC, LHHEEFELLTMCTZIBHLAEY 22—V T
LIELNEHBEEARITELI LR, AV I NANVAEOBRE~OLEEEO D - WA LESEL
Lo NDBHEEZLND,

ZZTAMIRED B, TARICBITA2MCT ZIbH L2 LDHEBEORNRLE LTEY 2 -V T L DOR)R
WAL PICTEIETH D, AL THEMGET 2 0HEEIISH L7Z2MCTOEY 2 —Vid [Hiamom
B EVa—VE [RE| EV2—VTHY, ThONSLLMEEICRHTAIZETHEOLNLEY 22—
DOREZ RS Z EHWFFTE B,

. WIS L wses

1. MR

ARFFEORGIE, 5 Y 020224E 12 HIC [FmOMREE] EY 2 —V2ISH L2 0HEE (DT, [
OMIE] (2022)) DEML WV ESNhE3EEIBIAOTF—F &, 20234FE12 A [RE] £V 22—
ZIOH L2 0BEE (LT, gl (2023) 2k v shhaE34EAE 166207 —5 Th b,

B, INOOLHEEER S NI2RFRIECTR S AL RETTICH 5 A0 AR TH %,

2. DIEEEBORBENAFIE

[Fimm oM | (2022) & [HEE] (2023) OFEMSTHEE, & HIZAPFROREHEFOFRFEEL LT
505 C, REMHICFESEKROEEN—EIZEL, LHEHEBFONEEZ/NT =R, VY N 254 F& LTHE
L7z ZLTC, AEAERTFA AA Y a v TELINIHEREL,

DHPHE I L7 THmOMRE] Y2 — Vg, #EmORENA 7 AZWY RS . L, okl
HIUEZ T T 2R S BERE L7720, #mE T L2 T8N TATHE.ZDEY 22—
VT, 2F8F% 74 XY MAE—HNROATHR T2 2 L ITRAWICIEHES T2 D, HB50
GHFEZRLTVBICHE LD o720 552 L 2K, ZMEHSOHEEGCRmOMRBEIEL T
B REVERTERE T RERMEME 5, 29 LHmOMRIENA 7 20%, WEFRITEHET 2 HEMEICB N T
S PELUSR R TRIET 2 BBANA 7 AW B REMEASH 5 & ShTw b7,

Dalg] €Y 2= Tid, KRHVWFEFWTH S HRFORREBEZIFEO R KIHE S & HBHN, T
2 (LLF, RIEAAL T A) 2R D o RIBEINC X o TIATEHIHING 2 805 2 A0k X8, Rk % 5
SELTRMENH S Z ENEHENTVE Y, COEYV2—LTIE, HEIFETEL) 2HRFOREKZ
AZFRXTHEL, ZMERZSEFSELEROWTEEISFET 22 BT, HODRE N T AND
KOEZxMHHLELEDHIC, HEOHRFIZBVWTH —20RNICRODITTEMAELTREEEZEZONDL T L
ZHIETHRLE Lo TWA, 29 LZRENA T AR, ARG ZED2), HELEERT S8,
S 51T ABIAR T CAEIS I 2 TEN BT 2 2 e s Pl s s,

DB S, AHSRICB T 2RSS ICTHEED X ¥ 7 VAV A EOEAO.LHEE & L T2022
X [RROMIE] Y2 —), 20234E1F [RE] TV 2 — 1V EZISH L, 4EhE3EATH - 4 EE
XGRS 7z,

3. MHRIER
[RimmoReE ] (2022), MaEl (2023) & 12, DT ORERIEEZ AW TZ ORMRIMWE S hiz,
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1) e RO ) REE (Children's Cognitive Error Scale: CES-A) ¥

HeFmORRD 1L, Wi %2 WM T 2 WA ZRABRETH D, ) OPAREDMHEITREN
TWb, TIT, ALHHUBICL 2BALHOUBELWET B7-DICARERHH L7z, AR E
RWER ] & TMEAAME] O2WFREET, 8IHHE 4 (0 FARALT) TRRVW~3:1ETHZHX)
DORETH Y, BEPEVIZEHRORY DEGVRENI E2RT,

2) FELHRY EERE (Anger Scale for Children and Adolescents: ASCA) %

WHEEFEMIBI 201, BAW - LEOIHICBI2SFSERYAZERNTHY), PR
BRSO RIS ADBBLELE SNTVD, 22T, KALHEFICL 2R ) EEOUHELIET 572012,
AREZMH Lo AREIZ 1 WHFEET, 7THHAEE 0 FAEADTIEEIOZV~3: XD
TIEE5) THY, HEITEVIIERYEEFLINTVWDE I L E2RT,

3) JHHEMA v AR A% RN EE (Short version of the Spence Children’s Anxiety Scale: SCAS) 2

WEHFFEMIBITA2ARIE, CHENEEANOMINE LTEEE SNTWS, £2T, RLHEHEI
LA ERERDOUEZWET 572012, AREZFHL2 AREZ1HEFHEET, 3HBE4ME 08¢
ATADTIEEL R V~3: X HTIEFESL) T, HEIEVCIEERNLERPELTVWDE I EERT,

4) 7ar 7 AR ERE (DT, WEERE)

AROLHEHEONERFE/MB LT HHEERSHEAGETOEHELMNET 5720, 10HH»S
U EREXZER L7z €L C, [RMEFEEICH LT, 405%7:0F 2 1kd L HTIZES
B 1272002013 TS W] & 410 E (11 F 072K HTREESRV~4: L THHTIETE D)
T, FRPEWVIEEMEENS W L 2RT L) IZE;Aak,

4. RETRVRRMT

AWFZEIC BT DR BMGETIE, TNENUTOLHIICHESINT =725, T3, [HEmOmRE ]
(2022) TlxPre (Jr AIEHI) - Post (Sr A %) - Follow-up (Jr A1+ H#) @3WEETHlE I hiz7—
¥y Thb, LT, [MlE] (2023) TidBaseline (S A2EM ) - Pre (S AEHI) - Post (S ABER) -
Follow-up (/A2 #%) (LLF, Fu) Q4R THESNTEBY, RWFFETIZI NS D Pre - Post - Fu
D3RO T — 5 ZARETIENT IS V2o SO X912 [HRmoRE] (2022) & [JaE] (2023) CTHlEks
WIHETR 5D, TOEETOEBATERRETESE b L ITWERYOFEILEL SN0 TH 5,

BRMEED 72O OWEHIRNT L, BREHREICOVWTEY 2 — )V EE AR & L7z 2 ool #E 55ksr
BOZ X DN U720 OB, &Y 2 — VBN (BEREN) CEREMEORE DN 72 S ik 2o 7235 H121,
Greenhouse-Geisser D FH HEFIIC L B FiliZ H\W2o 20 T, EY 2 — VEROEM R85 2 Wb
572912, BonferroniiEZ & 5% EILE 2 i L 72, WK OB ERE 2 WREAET 5 7202 K0 €
Va— VEORERMOFEEOIE (thE) %, WEIC Tp<06 2 HEAKMEE L THEEL 7z, 72,
MR ER X ZNZNPost DR E MW TRESL LTORBEMEE a BRI L VgL, Post - Fu® 2K
HOT—=F XN L7z SThHD5HICIE, JASP09.2 (MacOS) %A L7z,

5. RIEMEE

[FEEmOMEE | (2022) & [ag | (2023) & bIZ, WIS b AR RICHZEME L B, a7
7 LOHED T, BB OFERAFREFEICOWTHETHH ZTbN, FEHENOELEZ D o THEDI
SN7ze F72, AENEE TH L ELIITAEZE L & ICHPISCHEZ AT LSS L HWZ 54 5 &
EHIC, MHIZHHERTH OVAMRPEL L Z L3V L, IRAOFREZEWIZREOREEZ D 5T
2% 2 LEICOWTHB SNz, eheh, aFRKFeMEBEERHES GRAEF T 1407) KO (K

EPEAEHLRRZEIT AR Vol.26



b

5 1 457) OAKRRAMRTEMI NIz, MAT, RIERIZBWT [#amomE] (2022) o7—% % Hw
B2 ENIDWTIREM L 72788 5 O TR %1572,

m. #5%

[AEmOMEE] (2022) OF—7 1%, B84, &W724, AW1%4, FHER M=1470 (SD=46) T
HY, [EE] (2023) OoF—51x, BE744, TVE89%, RH2%, FIEHM=1463 (SD=48) TH-
7oo F72, WREREOBEMEICOVTHEELMER, Z1ENna=89~90ThY), —EONH—EME
AHERE S Nz

i

O

1. DERER] BRICEITZHHER
[ OMEE ] (2022) (N=110, Pre : M=397, SD=3.00 ; Post : M=324, SD=3.02 ; Fu : M=315, SD=2.77)
& [@IE] (2023) (N=124, Pre : M=4.98, SD=3.05 ; Post : M=4.79, SD=3.26 ; Fu : M=4.36, SD=3.35) 12
BIIBEY 22— VERRZERE L2 KiRBES O 217 7% 572 (Figl.)o TORNE, €V a2—LE
Mo ERRITAEETHY (Zhzn, F(1, 232)=1003, p<01, ,n* =04 ; F(1.88, 43551)=1540, p<.001,
o0 =06), BV 22—V ERHOLHEMIIAETIERho7: (F(1.88,43551)=.82, p=44, ,n* =004)

ZL 7T, Y 2—VIZBWTBonferroni |g
Bk B S EIBEAT S22 25, [Hif —* -
OFHRL] (2022) OYiriz Pre>Post (d=18, |5 — '—Q
p<05), Pre>Fu (d=28 p<001) L LCTAHE st R f
REIRENS. F72 [RE] (2023) 0% |4 st Hod i
4 T ixPre>Fu (d=20, p<.01), Post>Fu
(d=14, p<05) £ LTHELZAIREINT, 3

T2 BHICBOWTEY 2 — VO " i e LR
EDOE A IT -7 2 5, Pre & Post, Fu pre post followup
WZBWT gl (2023) REEICEHWI L o$SROME(2022) MM (2023)
AZNERIYS (%ﬂ%‘ﬂ, t(297)=2'25' p<05, ¥ BRIENDEY 1 -IILBED t*ﬁﬁ@ﬁ%@&;ﬁio%b\;{xmy e
d=26; 1(279)=3.30, p<01, d=39; £(258)=3.06, I3~/ R ETT
p<OL d=38). Fig1. BIRISIBERO - TRENEAFORE
2. [MEAML] BRICH TR !

[ OIRIR] (2022) (N=110, Pre : M=356, | °
SD=294 ; Post : M=354, SD=2.99 ; Fu: |
M=317, SD=303) & [/& | (2023) (N=124, | °©
Pre : M=4.83, SD=3.98 ; Post : M=7.54, |°
SD=334 ; Fu : M=322, SD=275) =5 |*
BEV2—VEWAAERYE L oiE |2
SROH TR (Fig2). ZoRE, € |2 ik
Va2 VEBEOEMREAETHY (R TS SRR
Zh, F(Q,232)= 2227, p<001, ,n°= 09 ; a5, " p<OL " peo0l
F(1.76, 407.35) = 10359, p<.001, ,n* = 31), R e D REDREROHRL LS.
BV 2 NVERROKE/EHOAERETH - Fig2. EAMLBAD-TREHEIMTOBE
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7z (F(1.76, 407.35) = 77.00, p<.001, pnz =25

ZIT, HMiEMROMELZTT o728 25, [iE] (2023) OFFE7APre & Post IZB W THEIZE W
CEDIRENT: (ENFNL(297) =271, p<.05, d=31; t(279)=10.69, p<.001, d=128), F 7z, FuTiL [#i
AOMGE] (2022) & [RE] (2023) 1BV THELEIR SN R -7 (£(258)=.15, p=288, d=.02)

ZLT, EY2—WIIBWTBonferroniiE 2 X 2L\ ET-72L 25, [NE] (2023) 2BV T
Pre<Post (d=.80, p<.001), Pre>Fu & Post>Fu (ZNhZh, d=48, p<.001; d=128, p<001) & LCTHEL
DR E NIz, [HimOMEE ] (2022) I2BVWTE, FEAEAZIRD NN -7z (F(2, 109)=230, p=.10,
on°=02),

3. [&Y] BRICHEITZHER

[kEamoMEEE | (2022) (N=110, Pre : M=1.21, SD=3.00 ; Post : M=56, SD=2.22 ; Fu : M=73, SD=2.69)
& M@lg] (2023) (N=124, Pre : M=251, SD=441 ; Post : M=2.02, SD=451 : Fu : M=217, SD=454) |2
BUFAEY2a—VERNEERE LR E ST 21Tk -7z (Figl.)e ZOMER, £V a -k
REOEHRRIAEETH 72, (FNFNh, F(, 232)= 1050, p<.001, pnz =04; F(1.94, 449.83)= 4.27,
<05, Mz =02) BV 22—V ERHOLHEERIAERETIE R0 72 (F(1.93, 449.83) =.10, p=.90, pnz =00),

ZL T, Y 2—)VIZBWTBonferroni | 4
BIE 25 EREEZ T2 25, [
DOREHE | (2022) D5E1Z Pre<Post (d=24, |3
p<01) THELREINRSN, 72, i
B (2023) DA TREEREIADON |2
e ho 72 (F(2,123)=1.08, p=234, ,n* =01),

T2, BEICBVWTEY 2— VDY
EOWK %2 T -724 2 A, Pre & Post, FulZ

BT gl (2023) BWAEEICEH W A pre post followup
RENT (FvFENn, t(297) =269, p<.01, = §SM D AR (2022) /M (2023)
—21. _ — 920 — *p<05, **p<OL, **Fp<001

d=31: 1(278) =241, p<.05, d=.29; 1(258) * BRTEDEY 1 —LHO EEDRROHREL TS,
321, p<.001, d=40), ¥ I 7—/N\—3EEBREERT .

Fig.3. BYEROZTEEDBITOER
4. [FR] BRICBITHER

9

[#EEmOMEHEE 1(2022) (N=110, Pre : M=594,
SD=597 : Post : M=5.37, SD=5,52 : Fu: |8
M=510, SD=547) & [Jw)&] (2023) (N=124,
Pre : M=7.44, SD=5.88 : Post : M=6.49,
SD=568 : Fu: M=663, SD=594) =532 |6
EYV a— NV ERERAZERE L7z ZIohlE 5k
M &L 7572 (Figd.)o FORGHE, KED
FRRIATTHY (F(2, 232)= 828, p<001, |4

pre post followup

2 _ ;E.:*‘ — ¥ 7 Jéu': <13 7

0= 03), BV 12— VOERFIIHETId% CHEBORE(2022) - MR (2023)

Motz (F(1,232) = 382, p= 052, ,17° = 02)o <05, Ol " peol
o 25 . ¥ BERIEDEY 1— RO REDRERENHRL TS,

TY 2=V LR RO IAEMEAT T # I5—/— SRR ERT.

Motz (F(2,232)= .05 p=60, ,n°=.00), Figd. FEEBAD-TREHEANOBE
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2T, BEEZBWTEY 2 - VHOFEOREZ 7728 25, FullBWT g (2023) | ofF
HPAREITE N Z EAVR S 7z (1(258) =2.20, p<.05, d=28), % 72, Pre & Post TIZH B R ZEITREN LD
7o (e t(297)=159, p=18, d=12; +(278)= 146, p= 15, d= 17),

5. BRE] BRICHEITHHER
(s O AIE ] (2022) (N=109, Post : M=35.62, SD=4.88 ; Fu : M=3553, SD=525) & [J@)®] (2023)
(N=137, Post : M=3391, SD=6.21 ; Fu : M=3358, SD=714) \ZBIF2EIV 2 — VLM EzEHE L
LR B N 217 %2 o 72 (Figh.)o © [ 133
DORE, BROEMREIFETHY (F(,
244)=6.38, p<.05, ,n° =01), EV 22— D
FRRITEETIE R d o 72 (F(1, 244) =64, | 35
p=43, ,7°=00)0 TV 2 — )L LI HDKHE

36

34
TERIEAE Tl r o7z (F(1, 244)=20,
=65, ,n%=00). 4

ZIT, BEIEZBVWTEY 2 —VHOF | 39 -
BO I % 4T 72 £ &%, Post & Fulc post folidwe
BUT [#ROMRA (2022) | O HAH "TRRREES TRy
T S . N *p<05, FFp.<01, ***p<001
BIZE S EAR ST (ENTh(253) B ngﬁiu:t‘@:E:/il—J[/FEﬁo_)tﬁi@ﬁﬁ%o)&ﬁb—c(ﬂéo
= 247, p<.05, d=31; 1(257)=2.69, p<.01, # T/ R ERT
Fig.5. MREF/RD_ZTEENHATOER

d=.].3>o
V. &%
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ENTWb, ZORHNPT, X ZBANEH LTMCT 25 L7z EZBEIEHLTH Y, SSHBHLEE
V2 — VDR RO W THBMGEE 2 R I 2N E TISHEIE L 2o FRBIBICBIT B A v F LA
VA EOFE~DT T u—FIF, BRPEE, < 8T —SoRRSELEL, BEoNREOTTE R
KW THN B TEEREFATE S 2 LTI B I 2NE - TEOREIHEMTE2LE2 0N
b0 €T, UTTUEAMELOHEONTHEDND, THEIZBITAMCT ZIGH L2 0HEEORR L
ETHERIIOVWTEET L,

¥, HHOBRYTHL [BIRWER] LBV TEYV 2 VOENREIAETH--2 05, WE
V2= VIZBWTPre 5 Full T CTRIRAREN, ZOMBERDS [HioORE] €V 22—Vl T
IORIESHECTE D LML IND, FEBE, HEHEHICBILEY 2 — VHOEGHEICHERENA LR,
Pre X ) 3 Post, Fu® i CHIEENBNI L0 5, AR AZOREDL [HEmORE] £V 22—
DHEPHFEOLNRTVEVZ D, TORELS, [#mOMRE] Y2 - VoRELREHIIWEZLTFIEE
FRWENEZEZ L EOREWZHETLINFICIY, B ATT 4 7 RMIH 7200 T% Ao Mk %
EZEZAHZLOMBEENGL, HEEGEETZONELXITEHTA2IENTETWZLEI L) PP b, €
LT, 29 LEHENEORILIE RE] EVa— Vi ashedwnweiErzons,

ZLTC, #FHDBYTHD [HAME] TIEEY 2—VOFEFRIEEZTHY, [FE] (2023) TPred
5PostiZBWTREPAREICE T, FuTidPre & Post L LKL THBEIIKF L7ze 2D EIZDONWT,
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BT 2 2 L OEMEPTFAET S E VR D,

WIZ TRD | I2BWT oMK (2022) Ti, Pre? & Post TH B R4 MO0 Sz,
TN E CHRBEHFEMORY ICHT 2 BAWMEA~DOAADHMEZH RS TWARVHTY, Zo
FRENE - TEE TRY ] A ATELWEEESFEET %0 72720, PEEORLLIIRD ICIEOMEE
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MRLZHONITT HUELE D5,

ZLC, DHHEBEOMREL LTHEY 2=V e 140 8555 h 33~ 35 B ETH ), —EOHEE
PEONZERHEEESNL, X512, METV2— N E B Poste FUll BB EICAELAZIRDON
LhpolZ s, LHEHEOMBEZ—EMHFEIN TV EEZONRE, 2L, LHEEFHROH WA
W ECODHBEFEONENH LR TW2), KB L TEBRICEHRTLIZENE LS TWA) LT
72OTHBHEMESIND, LL, EY 22— VT EEICHARZZEZN RO LN, [fmDORME] €9 2—
VO BHEADLHEE AT A5 L T Y @I ON, PEEOAN EOKERE —HTHNET
DD D 5,

ZLT, HERESEOM@ENE LTPre DB HFINMWEH, ML, &Y ofi< [iE] (2023)
DN [FEmOMEE ] (2022) XV Y EEICE D o720 FI T, FATHIEIZBT B KR EDE 5 % R
% LRIRMIE A 643, AL 0 498%™, 3D FAEGEDOR Y 55 1 808, L AEEDORY
0505137, PRAEORGRN 6997 L XN TWD, SRED, REEET DRE] (2023) Ol
e L D BIRRAEH VD OO, MORETIIFRBEEOHMTH Y, [HamoMmiE] (2022) 2B THEAT
WF2e & 0 BRI Z D O RERThH 72 EZONL, O LN, BT L A
T ) 2 7R3 FR AR AR ST U C TR ] (2023) (23RS H 2l AE~ ORI FEATED S, [HEam O REHE | (2022)
TIZ & ) B AR 2 7R3 RIS B W GRIRIGTE H O ED D Sz v R b

DiEd S, A Z R L 0REE I [HaomRiE] & [RE] oY 2—VxIbHT5Z LT,
FICRAMMETH 2R ORI ICH L T DAV TE S, /2, ThEhy 7 vty g v
WCEVREPBO SN, BIAEREDSO—BOFEIH LN/ L IIFETREZLTHY, SHO¥K
HGICBIT2MENLGERTEBTELINGE - HiIEL LTHAETHLLEEZOND, 72721, [hiE] €
T a— VIE—RICS AN FZEHNR L LTRBRBAI AV EZROETLE ) WiErH ), L) T
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5 7% HIGEDSLEETH %o
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ZATVBIREMA D 5,
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R & @ X

B B AR T SRy oD MR i Bl & AR 1)
—EH & KL DIEBR—

g1 - IS HET

FL AR

35

MER B L ORFEZ GG E) & R & OB R TAZ 2 HNE T4, KHM¥ESE. &
TRZAL O LR RN, fNIRS CPFC#HIB® oxyHb (mM/mm) Z&Hll L 720 HITS R & AR 81
DOBLERIE T Harmful (B ICAH ), Harmless (BEICIESE) D245 & L7z, MR MIA X BigFive 3
WmDSHFTHhAHN : fEEREGR. E : #HaPE O @ Bk, A #AIPE. C k9@ T-score Z FiHli L
720 AoxyHb & 5 715 522 T Spearman D AHBE 0T 2 17 - 720 B RFANEIESES - R¥EAEE 1 ~
2 MO TEIECTd o 720 PEREMEIR & oxyHb ORI HT DR NI, CHBEICBWTHE MM
DLPFC * FPIZA 5, NG rildpks# ¢ Harmful, Harmless® 2 5k & A B LR ADOHBENA S L7z,
CRMIIMERT2HRMHLIARLRIEOMBE. KREAT2HRHLIAELAOHENA L Lz, NARAIZ
B B EHTOMMIL D DR & HIEE) & OREAIRIE SN L, CHEITMESR CHEZIEOMM,. KX
FHETAHOMBE 2 D FMBEIETRZLMERE LD, FlB X OMEOGEDE L 72X D %,

[¥—7—F]
TSPERGE, PERSR, BaGEh. BRRERLARSMRER: (ENIRS)

I. WFZETs st

VL 3 AU Bt KR & S, EAOREICE & F 59, FEAEEOK T, EREOMKLR
CHARBNRBE 2T &R T, BROBMLORN &, BREA, 5 DIRE, k. BUE, 2k
R ER A BWEND LY BRI ERASETH L 05, TOMSIREDLHAZEFVICL S
RENT 70— F AR SN D, B S ERIE, W OB CIRUEEETIEr R LT 2 8%
DIFFICBWTEBRITREFTFO—DOTH 5,

JER S YR B SR (O F LTy IS 2 D AN ENEZ A 2 ) —= v 7T D HBESH D . B
MR E R EEPIRENTD 50 TN O IFEHRERRD S LBTEHANOEHERZ ML DD TH %,
LA L, EBEHRPATHERSNAERMOER (2020) ¥ 1&. THBROFEI 2 LISTHEN 255 &
B L7z, D VIEI O L) 2HE LML GRRON D AIA KR, HEk] L 3hTsh, 4§
L D MBOEBE A EATIE ARV & FERIEE AN LR TH 2 2 & AR Z W UK % %5
ERFRELTWwE, ShHEEF 22 L, EMIFEBNZDOTHY, BADFHEIZ I D KRE BT 5]
BEVED D B o BVEMGE OV 2 MG L 72 b 013, A TIRPEMERCHESEMIICE B L2272, B
Hite 14E0 L UM B XN R MEHEEI 2 2 b O WY R LoD dH 5,

FH O IIRFAAET LT B T B O BUE R B RN AR RE I D W CRRIN L. PR M) & o B %
HRTE 720 WERED B 2 FE TR A 5 2 BRSO Ak M & SRR CH B 2 A OHIBEA A S I,

EPEAEHLRRZEIT AR Vol.26

1



12

TER ATV X 2 B B & MERS IR O B D W TR L7z BRI OIS O w TRITIIZE T
I 9 B D BT F50 157 U3 M AR 3 S 6 R T SR IR ] 7 &5l DI R DI E B 58 ST
B, Wikkne L EAORMELZRETT 2 2 L3R ORIMLN 7285 LTHETH S L £ 2 %,
AHAAEOERATGEBER A TIE, BRATRREBLE B I TH D, T 7 ORMER A SEE OBE TP
WZOWTIEEFZ@E I A ZHERE T30 TV 5. 8 14RFEIECER ILEHM Tk, PEEORELZ T4
R EZTEEO—2L LTEFTWAEY, DLbEa S, BRI BE$ 2 G ) & PRI 0 B 12D w»
TEPEFEEEZWNRETLLEND ). RIMLHAFCTH 2 Fi0 B EMENER BN~ 6. BHFETH
HRFHEEWBT HUENHHEDEZIZEST,
ARWEFED H I, ZHEBER . KRR 2 0 RATNGE) & BRSO 5 IRTT D R & o B 2 ) L.
FERBLOBEAM TR DML ERFPAL BRI T2 ETH S,

I. Jik
1. WFEXIRE

ERREMN T b OMES (64 FIHER 420 £ 1057%) . EFCRFFNIAEHE T R4 (254 ¢
PIEE 214 £ 067%) ZRRE L7z MRFIIGFHINGLHMEMEZFHIIL, HFES IOV T#HT
3215720 AW HACEALR A M PR B 2 TR A SRR 2 72 OKE TS 1 RS-210704)

2. B

AR E. HAGEM Pain DETECT® 2212 [WEBEDH 720 AIZEOBRETT 2 BAED
OFA) ] [#E A4 BB TROBWMLUVIEAIEORET L2 GBE 4 HMKERKOFEA) | [#E4HB O
WADTFHL NV EDORETT S BE4BEBTHORA) ] IZOWT, 0/ AR L~108 KK
DOIERETHRR T v 7 — MITEHIi L 72

3. MR OFFE

PERE AL, BRI T MR I NEO-FFI HAGERR, 207 K413 NEO-PI-R H AGE R % i
LCRHiiL 72" S50k, Big Five FamlZ I X /8= F 1) F 412DV T 5 DDRICOE % S
THIENTE D, MERBERD 5 DDRITOMEIZKRDOMY) Th 5, #fEEMIA (N © Neuroticism) :
AR (E © Extraversion) 1380 A%, #19 D 7% EHUEME. Bt (O : Openness) | i'ﬂ]lﬂ@iﬁcw
LR HEDEIEICA =T Th D, #FIME (A : Agreeableness) 134E&MICHRHM 2 BRI 5,
P£ (C : Conscientiousness) : 5\ HAE % 72 CGER D 72D IZHE il - EITTE S, FRILORIEIE, TE
NORTTIZH T HREEZ R T o

MEH IS ORI B 2 8% 3 5 72 NEO-PLR O 85 Td 5 NEO-FFIf#EH L 720 &1 K&
IENEOPIRZMH LTI b, WHEOHRIIZOWTEMMEEZIHRT 2720707 4 =7 4 — A4
WCEL S N TV 5 T-sore (IZOWT 5 RILDFHEHE M LT & & L7z,

4. RutdsestAl

e HANE, 27 v~ AV INIRS %6 (ETG-4000, Hitachi Co) M L. PFC %o oxyHb (mM/mm)
ZEHI U720 ARZEE IZHTEEZE 2 H O ICHTEEE 2> S MBHERIC 2T 52 F v ~ A Vv D oxyHb 23FHII T & %, il
(2 deoxyHb, totalHb & FHHIWHETd % A3, ARWFZE TR Fr O B3 SOS & S35 oxyHb % BHUFEAE
E L7 FHUEBAL O fRH A O W T Id Ttuzuki &Dan' SDZEML YA ML —Y a3 v 2 B#I2L,
HAMURTSERT 2 (DLPFC). RS (FP) % WuDMIHRES L 7zo N BE L) URE o INTRS EHlE 7' 1 v
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JTFHA CTEBL, W -7 2, YA HEE 5B E LT, SEBEOBILRIEZ R
L7270 HSHAERE I3 Harmful (B9 2 A % 2 851E) . Harmless (B ICMEZRBIVE) 2 50k % & 4 3 Ik
DR L7z, ZEadEIZ200 M T, BREBL LPRICABO 7 oA X EHE L LORL, Rl
oxyHbld, 2 §&MEZNZHIZO W TIEPIWE %47 5 72,

3. TRETERT

MEH, RFEALDICHEM LN @ fREMER, E - 4k, O« Bl A - JfE. C : wFEMED
& T-score {22V T, ZNEFNDE L & oxyHb (mM/mm) & Spearman DAHE T %2 47 - 720 HEAKES %
Kl % AT FA R & Lz #ihY 7 Mg, SPSS (Version 29, IBM) Z 1 L 72,

. #R

WESR A O A% . BUE DI A DO IS RPEL D 12T TEROBE I VIRE TS -
7z (Table 1)o #Z: 4 FAMHKDOIFADF FIIEEEHZ T22, KFEAT27TER L. R¥EEITBWTHED
WERBREA R WA R Th - 720

PEREAEIR D 5 RITD T p. MESREME IR, Sk, BB,
TRERBHETASNL D572 (Table 2)s

PERSAETA) D 4545 15 & IKTE BN IR IE T & % oxyHb 12D T Spearman DA 2 47 o 7285 B, ¥EH. K
FHEEONEE, CHREICBWTAHELRMBADLPEC « FPHISICA S22 AR oIEE & NHE
WIZOWTIRR LR TH o720 NARAIE, B3EH THarmful, Harmless® 2 5&fh & b AR LA DM
(p < .05) AL, HEDBALNLEVEBIIKELE LD L0 o720 RFEAEITBW TN S Harmful 4
T CIRAEHMBEIZA ST Harmless 54T 1 M OAHE R A OB (p < .05) 23A5N7z (Fig. 1)o
CHRAMITMEAT2 LML AELIEOMB (p <.05) A3A S, $#IZ Harmful T4 & % 1E O BB AL
F126 T E S oTze RFPAT2HMFEDAERLAOHM (p <.05) A b7z (Fig 2).

¥ 7-B.0 B TH A DLPFC B L OFPHIRIC BT A N, CHEr L oxyHb ICA B LMD H - 72
F v AN E OBFREE Table3 \ZHK: L TR . MFEATNERIIBW T Harmul G THEL A
DB %R T EALDE MDA SN D, L RFAEIENSE LB T Harmful 50404 B 2 H B
Lo lze CREIZOWTIREHES CHarmful, Harmless §&:h & dICHE R EOMWAR, KA T
Harmful. Harmless 5 CHEZEOMEAL AR LNz,

b

o AIVE, BRFETE & B EH B LR

Table 1. EfEsll

BUE D A 2 4 38 [ e K D A 2 4 38 5] F-35 D e A
¥, mean (SD) 1.2 (20) 22 (40) 1.3 (24)
KA, mean (SD) 11 (14) 2.7 (25) 1.6 (16)

® PEER (n=6). L RFEE (n=25) OEFEEH (0~10 50 OFI9l & BAERAZ R T

Table 2. MH&IERID 5)%57TD T-score

FEEm ) (N) btk (B) Bl (00 @R (A) @S (O

W, mean (SD) 59.2 (5.9) 535 (10.3) 522 (95) 4838 (86) 428 (15.2)

KA, mean (SD) 594 (10.2) 54.3 (114) 56.1 (84) 469 (8.7) 46.0 (10.0)

® MBS (n=6). L RFEAE (n=25) PRI D 5RKITO THREEOFI900, BRERAZ R,
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FEZE N score - Harmful &4 KE4 N score - Harmful &4

5 8 o 8 5 8 8,

FtEZE N score - Harmless &4

5 8 o 8 8 8 8,

Fig.1. ##HEER (N) CHEELRKROEEDH S MEBHERL

MEZDOHarmful &4 Tld. SERMICEEREDOHENSASN. Harmless U TIXABRICEELREOHEEAIAONE (WTh
Hp < .05), KEAETIEHarmful &G TIRAERELMREIEASNT . Harmless&4T 1 BFRICERLREOHEIAONE (LWTh
Hp <.05), RPOEFESEF v+ XIILESERT.

gtEZE : C score - Harmful &4 KE4 1 C score - Harmful &4

14 | EMEAENLRRZEIT A Vol26



FhE¥#E : C score - Harmless &4 KEZ4 : C score - Harmless &4

Fig.2. #xM (C) LHEBRIEDIEEDD S MEBNERNL

MEZEOHarmful £ TIE, 12BATNICERREDHED A5, HarmlessZETIESEAICERREDHENAS5NE (LWFTh
Hp < .05). KEETIEHarmful ZETREBLRE DD 2EFICHS5N. HarmlessfETAEFRICERLREDHEBIAHS5N
feo (WFHEP <.05), BFDESEFF v RILESERT .

Table 3. DLPFC - FP RO HBE D HHER

EE PN i
Harmful Harmless Harmful Harmless
Ch. No rs Ch.No rs Ch.No rs Ch.No rs
FPFREIE MR © N Ch25 -841 Ch39 -899 Ch36 -418 ns.
Ch29 -812 Ch49 -812
Ch49 -899
AN C Ch24 2812 Ch39 841 Ch40 -409 Ch39 -412
Ch25 899 Ch47 841 Ch48 -615
Ch39 812
Ch46 812
Ch48 841
Ch49 841

% DLPF - FP#HIR CH E LMD D - 723D F v » 2 VT3 (Ch) . Spearman DHEIRE (rs) 271§ (W
FThbp<.05),

EPEAEHLRRZEIT AR Vol.26

15



16

V. #%

PRI O R L . BEB X OWE 4 HE PO AMMIREZT L FFAEL DT ~ 2 HOHFATH D
PR DOREEIIFIE 2 D DODVL VR TH o720 Tz SR & KRB IR REE XS IRETH - 72

PERSAE T D15 251E T-score TH 5 2 E DS FH L DA THETH S, 5OOHT L LMEFHB LK
FHEOREARS KT, FRFICBIT 223D %0 o7z MEREMINIIHIES, RPEALE P LY
RRm s A SRR SRR, BEMEIC B W CIRER THEE L ) R 5 72,

G A SEEL ) S IR B 0 B 5 8 & MEAR B 0 BSELIC D W O ET L 7= s, ok s B L OV e kA LC
BOWTHREINO 5 KICORT O 5 B MRHEMEN & REEICB W THBERMBAAR S N7z, MkkiE eI
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Abstract

The pituitary gland is a critical endocrine organ that regulates numerous vital bodily
functions, including growth, metabolism, reproduction, and stress response. Disorders of
the pituitary gland can lead to significant clinical symptoms due to hormone imbalances or
structural abnormalities. While previous studies have explored correlations between pituitary
gland and health conditions, such as obesity, challenges remain in accurately capturing
functional signals due to image distortions and contamination from surrounding structures.
This study aimed to address these limitations by improving the extraction of functional
signals from the pituitary gland using advanced methods. We employed a two-step approach:
implementing the recently developed BOLD-filter to reduce noise and extracting signals
at the individual voxel level in native 2D functional image space, avoiding the distortions
introduced by normalization and smoothing in 3D space. Our results demonstrated that the
BOLDAfilter effectively minimized noise in resting-state fMRI data and that signal extraction
at 2D native space produced higher-quality functional connectivity maps of the pituitary
gland with other brain areas. These findings highlight the utility of our strategy in advancing
the study of pituitary gland function and its potential for broader applications in health
monitoring and disease diagnosis.

Keywords
Pituitary gland, resting state fMRI, functional connectivity, BOLD-filter, native space

Introduction
The pituitary gland, located at the base of the brain, is a crucial endocrine organ that regulates
the secretion of various hormones essential for vital body functions such as growth, metabolism,

U9 Disorders of the pituitary gland encompass structural or

reproduction, and stress response
functional abnormalities, including those involving the hypothalamus, leading to diverse clinical
symptoms. These symptoms depend on the type and severity of hormone imbalances or the mass
effect caused by pituitary tumors or lesions .

Previous research has suggested that pituitary gland structure and function may correlate with
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health conditions. For instance, studies have reported associations between pituitary gland volume

>12 - Additionally, functional connectivity between the pituitary

and factors like obesity and aging
gland and brain regions such as the orbitofrontal cortex, hippocampus, putamen, and temporal lobe
has been linked to body mass index (BMI) *’. These findings suggest that structural and functional
characteristics of the pituitary gland, as measurable via MRI, could serve as biomarkers for monitoring
health and diagnosing pituitary-related disorders in both preclinical and clinical settings.

Traditionally, pituitary gland regions of interest (ROIs) have been identified using standard spatial
coordinates in normalized brain spaces, following co-registration, normalization, and smoothing of

410 Fyunctional connectivity studies typically extract an average signal from voxels

functional images
within the identified ROI However, this approach is prone to contamination from non-pituitary signals
due to functional image distortions, the small size of the gland, and the presence of nearby large vessels
and cerebrospinal fluid (CSF).

To address these limitations, we previously employed a deep learning model to identify pituitary
gland ROIs using individual 3D T1l-weighted structural images and extracted average signals from
these ROIs ", However, this method resulted in significant noise contamination, preventing reliable
functional connectivity mapping. We hypothesized that this noise arose from image distortions and
smoothing effects during image processing.

In this study, we propose a two-step approach to mitigate these artifacts. First, we implemented a
noise removal strategy using the recently developed "BOLD-filter" technique "?. Second, we utilized
individual 2D functional images in their native space to extract voxel-specific pituitary gland signals.
We evaluated our approach by assessing the quality of the extracted functional signals and the resulting

functional connectivity maps, aiming to improve the reliability of pituitary gland functional imaging.

Methods
(Subject)

A 32-year-old female participant took part in the experiments. She had no history of neurological
disease or medical conditions that would preclude MRI screening, such as pregnancy, the presence of a
cardiac pacemaker, or claustrophobia, as determined through an interview. After receiving a complete
description of the study, the participant provided informed written consent in accordance with the
Declaration of Helsinki. This study was approved by the Institutional Review Board of the Tohoku
Fukushi University.

(MRI measurements)

MRI experiments in this study were conducted using a Skyra-fit MRI scanner (Siemens, Germany)
equipped with a standard, 20-channel head matrix coil, operating at 3 Tesla. For functional images, rs-
fMRI images, multi-echo echo planar imaging (EPI) sequence was used. This sequence was modified
from the default single-shot three-echo gradient-echo echo planar imaging (GE-EPI) of Siemens, to
acquire images at three echo times of 7.0, 15.1, and 23.2 ms. The parameters of the multi-echo GE-EPI
sequence are as follows: 1000 ms repetition time, 70 degrees flip angle, 220 mm field of view, 64 X 64
mm matrix size, 3.4 mm slice thickness without gaps, a multiband factor of 1, and an acceleration factor

of 4. The scan time was 500 seconds. The participant was instructed to close their eyes and refrain
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from mind wandering during the scan. Twenty-three slices parallel to the AC-PC were acquired for
each volume. The minimum echo time was chosen to be as short as possible to image the pituitary
gland. For the same reason, the multiband option was not used. These conditions resulted in limitation
of the number of imaged slices, and the entire brain was not covered. T1-weighted structural images
were obtained using an inverted recovery- and magnetization-prepared rapid acquisition using a
gradient echo (MPRAGE) sequence with a matrix size of 256 X 256 mm over a 256 mm field of view

and 1 mm slice thickness. The structural images were obtained before functional imaging.

(Data analysis)
The rs-fMRI data underwent 3D motion correction and then filtered by BOLD-filter. The filtering
was followed by co-registration with the structural image. The original TEZ data and filtered TEZ2 data

were compared.

Results and Discussion

Figure 1 displays the pituitary gland, encircled by a red dashed line, as seen in a Tl-weighted 3D
structural image. Corresponding 2D images at TE1, TE2, and TE3 are shown in Figure 2, highlighting
the pituitary gland. Notably, variations in image intensity are observed across the three echo times (TEs).
At TE3, the reduced voxel intensity renders the pituitary gland visually distinct compared to TE1 and
TE2.

| @ (b o

MRI T1-weighted 3D structural images of the brain showing the pituitary gland: (a) Sagittal view, (b) Coronal view,
and (c) Axial view.
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(a) (b) (c)

2D echo images at different echo times: (a) TE1, (b) TE2, and (c) TE3. The pituitary gland is outlined by a red
dashed line in each image.

Since resting-state fMRI (rs-fMRI) signals lack reference points like stimulus paradigms, the BOLD-
filter was applied to extract BOLD-related signal characteristics from the pituitary gland. Figure 3(b)
shows the original rs-fMRI time-course signal from a voxel in the pituitary gland, while Figure 3(c)
illustrates the same signal after BOLD-filtering. The filtered signal exhibits temporal features consistent
with BOLD fluctuations, such as full-width at half-maximum (FWHM) of 6-8 seconds regions outlined
by red dashed lines. The temporal signal-to-noise ratio (tSNR) improved markedly after filtering,

increasing from 6.3 in the original signal to 25.1, a fourfold enhancement.
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Figure 3
Time-course signals from a representative voxel in the pituitary gland:

(a) The representative voxel is highlighted with a red-filled rectangle. (b) The original (unfiltered) time-course signal
from the voxel in the TE2 image. (c) The filtered time-course signal from the same voxel in the TE2 image. Regions
outlined by red dashed lines indicate signal features characteristic of the BOLD response.
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Correlation analysis of the unfiltered TEZ2 image signal (Fig. 3(b)) revealed no significant functional
connectivity maps (Fig. 4). Conversely, the filtered TEZ2 signal produced significant connectivity maps
in various brain areas (p < 0.002, uncorrected) (Fig. 5). Figure 6 highlights the seed voxel location
within the pituitary gland and its correlations with neighboring voxels. Few voxels within the gland

exhibited significant correlation with the seed voxel.
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Figure 4

Functional connectivity map of the pituitary gland with other brain areas based on the unfiltered TE2 image in 2D
native space. No significant connectivity is observed within the brain (p < 0.002, uncorrected; cluster threshold =
5 voxels).
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Figure 5

Functional connectivity map of the pituitary gland with other brain areas based on the filtered TE2 image in
2D native space. Significant connectivity is observed in multiple brain regions (p < 0.002, uncorrected; cluster
threshold = 5 voxels).

To further investigate, the 2D TE2 image was co-registered to the 3D T1 image in native space.
Figure 7 presents the seed voxel position and corresponding correlation maps in 3D native space.
Compared to the 2D data, the correlation maps in 3D were broader, extending beyond the pituitary
gland boundary into non-brain regions, confirming that the seed signal did not originate from

surrounding vessels.

Figure 6

Connectivity map confined to the pituitary gland in
2D native space. Only two non-contiguous voxels
within the pituitary gland exhibit connectivity with the
representative voxel. Yellow-filled rectangular is the
representative voxel.
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Correlation analysis of the seed voxel with other brain areas revealed significant connectivity in
regions such as the inferior frontal gyrus and superior temporal cortex bilaterally (Fig. 8).

The lack of significant functional connectivity in the unfiltered TEZ image underscores the extent
of noise contamination in the original rs-fMRI signals. The substantial improvement in tSNR and the
identification of significant connectivity maps after BOLD-filter application demonstrate its utility in
extracting meaningful BOLD signals from noise-laden data. Thus, BOLD-filtering represents a valuable

preprocessing step for rs-fMRI analysis.

Figure 7

Connectivity map of the pituitary gland in 3D native space, outlined by a red dashed line. The map extends beyond
the boundaries of the gland into adjacent areas but does not overlap with vessels, identified as bright spots in the
image.
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Figure 8

Connectivity map of the pituitary gland with other brain areas in 3D native space. Significant connectivity is
observed in the inferior frontal and superior temporal regions of both hemispheres (p < 0.0001, corrected).

Comparison between 2D and 3D image data suggests that extracting pituitary gland signals in 3D
space, even in the native space, risks contamination from non-BOLD signals due to spatial overlap with
surrounding vessels and CSF. The results support using 2D images to isolate pituitary gland signals
more reliably.

The functional connectivity maps revealed by seed-based analysis suggest the potential for
identifying brain areas functionally connected to the pituitary gland. However, the observed
connectivity may originate from functional or metabolic processes, which requires further investigation.

This study serves as a pilot investigation with data from a single subject. Future studies with
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larger sample sizes are necessary to validate these findings and to better characterize the functional
connectivity of the pituitary gland. Additionally, the spatial resolution of the functional images used in
this study, typical for 3T MRI, is relatively coarse for small structures like the pituitary gland. This
limitation makes it difficult to differentiate the anterior and posterior parts of the gland or to resolve
mixed signals within a voxel. High-field MRI systems, such as 7T, could help overcome these challenges

by providing higher spatial resolution images.

Overall, our findings demonstrate that the BOLD-filter is effective in reducing noise from resting-
state fMRI data and that signal extraction in the 2D image space is more reliable than in the 3D
normalized space for generating functional connectivity maps of the pituitary gland with other brain
regions. These results support the efficacy of our proposed strategy for investigating pituitary gland

connectivity.
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ABSTRACT

The Blood Oxygenation Level Dependent (BOLD) signal is widely recognized in functional
MRI studies of the brain. However, there exists a non-functional variant of the BOLD signal,
reflecting the balance of oxygen supply and demand in the brain's basal state. This signal is
likely linked to the brain's basal energy metabolism. In this study, we aimed to investigate the
basal state BOLD signal by analyzing resting-state fMRI time series data. Our findings reveal
significant slow oscillations of non-functional dynamic signals, superimposed on the combined
basal static non-functional signal and anatomical structures. This analysis produced a map
of the apparent transverse relaxation rate (R2*) in the basal state, showing spatial variations
and localized segregation in specific brain regions, distinguishable by R2* changes within slice
planes. These insights advance our understanding of both functional and non-functional BOLD
dynamics in the brain.

INTRODUCTION

BOLD (blood oxygenation level-dependent) functional MRI (Ogawa et al., 1992) has been widely
applied in brain research to detect MRI signal changes associated with stimulus-induced brain
activity (Grill-Spector et al., 2006; Kanwisher, 2000; Seifritz et al., 2002; Tootell et al, 1995) as well as
spontaneous activity observed during the so-called resting state, where no explicit tasks are assigned
to the brain (Biswal et al., 1995; Fox et al., 2005). The foundation of these local signal changes lies in the
tight coupling between neural activity and vascular responses, referred to as neurovascular coupling
(Logothetis et al., 2001; Nir et al., 2007). The BOLD signal reflects the local deoxyhemoglobin content in
the vasculature, which changes during functional activity. However, this functional response accounts
for only about 10-20% of the observed blood oxygenation level changes (Ogawa et al, 1993). The
majority of the deoxyhemoglobin level in the brain’s basal state (in the absence of specific functional
activity) is determined by the balance between oxygen supply via cerebral blood flow (CBF) and
oxygen demand from basal metabolic processes that primarily support neural excitability (Attwell
et al, 2001). This basal-state BOLD signal can be described as non-functional. The MRI signal in the
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absence of functional responses is thus a combination of this basal BOLD effect and anatomical signal
contributions. The latter, while largely insensitive to neural activity, may still respond to physiological
variations that alter the environment of water and the proton spins measured by MRI.

The metabolic reaction in the brain’s basal state is known to be highly aerobic, with a historically
reported oxygen-to-glucose consumption ratio of approximately 5.5 (Raichle et al, 1970). To meet this
oxygen demand, cerebral blood flow (CBF) ensures sufficient oxygen delivery through hemoglobin,
which is highly concentrated in red blood cells. Even after oxygen delivery, the venous system
maintains a deoxyhemoglobin level below 100%, reflecting a balance between oxygen supply and
demand. Although the molecular mechanisms underlying basal-state CBF regulation remain unclear,
they are likely distinct from those driving CBF changes during functional activity, which rely on
neurovascular coupling. It is well-established that carbon dioxide (CO:) acts as a modulator of CBF
without inducing significant functional effects, serving as a key effector in autoregulation (Meng and
Gelb, 2015). Changes in blood oxygenation levels induced by CO: have been used to derive parameters
for calibrating BOLD signals (Tancredi and Hoge, 2013).

Both functional and non-functional BOLD responses may utilize the same vascular "hardware,"
including arterioles and pericytes in early capillaries, for vessel dilation or contraction. However, the
underlying signaling mechanisms differ, with functional responses linked to task-driven activity and
non-functional responses reflecting basal physiological characteristics.

Efforts to isolate basal-state signals in BOLD fMRI have employed various approaches. One method
involves removing modeled functional BOLD signals based on theoretical frameworks (Wen et al.,
2015; Uludag et al, 2016). Another strategy uses neuroactive compounds, such as caffeine, to modulate
physiological conditions (Perthen et al., 2008).

Even in the resting state, weak but widespread functional BOLD signals and CBF variations are
present throughout the brain (Smith et al, 2008; Fukunaga et al., 2008; Ma et al, 2016). For instance,
Zhu et al. (2009) reported oxygen-17 MRI measurements of the cerebral metabolic rate of oxygen
(CMRO:z2) in anesthetized cats, showing increased CMRO: during visual stimulation. Interestingly, their
findings revealed reduced CMRO: in areas surrounding activated sites, suggesting that insufficient
spatial resolution might lead to an underestimation of CMRO: changes. In contrast, BOLD signals in
the awake human brain generally exhibit minimal change outside activated regions. It remains unclear
whether the CMRO: reduction observed in anesthetized cats is absent in humans or whether fractional
changes in both CMRO: and CBF relative to the basal state are proportional, leading to stable venous
deoxyhemoglobin levels. Any spatial or temporal variation in basal-state CBF and CMRO: could
manifest as changes in blood oxygenation and BOLD signals, providing insights into the heterogeneity
of basal-state signals. These variations might further reveal differences between healthy and diseased
brain conditions.

To obtain artifact-free basal-state signals and minimize contamination from functional signals, even in
resting-state fMRI, this study analyzed time-series data acquired during both resting and task-imposed

conditions.
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METHODS
(Data acquisition)

All MRI experiments were performed using a Skyra-fit system (Siemens, Germany) with a standard,
20-channel head matrix coil operating at 3 Tesla. Multi echo GE-EPI sequence was used with multiband
option off to acquire resting state fMRI images at three echo times of 9.98, 21.61 and 33.24 ms for TR
0.25 s, and 11.6, 28.23, 44.86 for TR 1 s with the scan parameters of 220 mm field of view, 64 x 64 mm
matrix size, and 5.0 mm slice thickness. Two kinds of repetition time (TR) were used, 025 s and 1 s.
Four slices, passing through occipital to temporal regions or ACC to PCC in parallel with the inferior
temporal sulcus, were taken for each volume. Three subjects were participated in the measurement
with TR 0.25 s and one subject was in the measurement with TR 1 s. The scan time was 290 or 390
seconds for TR 0.25 s or TR 1 s scan respectively.

To compare resting state fMRI signals at activated sites and non-activated sites, visual stimulation
was used. During 20 s of stimulus period checker patterns of black and white were presented with 1
Hz. The stimulation was repeated 4 times with inter stimulus block interval of 60 s after a pre-stimulus
period of 10 s stimulation with pre- and post-rest period of 60 s.

All participants had no history of neurological disease, and no medical conditions that would prevent
MRI screenings, such as pregnancy, presence of cardiac pacemaker, or claustrophobia, as determined
through interview. After subjects were provided a complete description of the study, informed
and written consent were obtained in accordance with the Declaration of Helsinki. This study was

approved by the Institutional Review Board of the Tohoku Fukushi University.

(Data analysis)

The obtained image data were processed using MATLAB (MathWorks, Natick, USA) and
BrainVoyager QX (Brain Innovation B.V., Postbus, The Netherlands) software after discarding the first
30 seconds of images. Motion correction was performed using BrainVoyager QX. Following motion
correction, only one of the four slices was used for further analysis. This decision was based on our
previous preliminary studies, in which data were acquired at very fast sampling rates (e.g., 0.05 s),
allowing only a single slice to be obtained within the short acquisition time. Although the preliminary
data are not presented in this article, the same rationale was applied here. MATLAB was used for all
subsequent processing steps after motion correction, including: identification of physiological signals
originating from respiration and heartbeat, 1) removal of these physiological signals, 2) characterization
of low-frequency signals unrelated to respiration or heartbeat, 3) spatial mapping of the transverse
signal decay rate (R2%), and 4) evaluation of the constancy of R2* across three echoes. Principal
component analysis (PCA) and frequency-localized PCA were employed for some of these processing
steps (Mitra et al., 2007).

(R2* decay model for a signal component in a voxel)

We modeled the R2* decay of time-series data signals by considering the following factors: the
decay-inducing environment for proton spins in water consists of a mixture of neuro-function-induced
(functional) and non-functional vascular components, as well as a non-vascular anatomical component.

Among these, the functional vascular component is dynamic over time (denoted as df, dynamic &
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functional), while the non-functional vascular component is further divided into dynamic (dnf, dynamic
& non-functional) and stationary (szf, stationary & non-functional) terms. The last component is the
anatomical term (enat), which is non-functional and non-vascular.

The dynamic components, which manifest as signal fluctuations, can be distinguished by comparing
time periods when these dynamic terms are absent. The suf term and the anatomical term (anat)
typically appear together in standard MRI signals, forming what we define as the basal state (suf +
anat = basal). While both terms may exhibit sensitivity to variations in non-functional physiological
conditions, they are not influenced by functional activity.

Separating these two terms in vivo is challenging in studies of the human brain because generating
conditions where deoxyhemoglobin content approaches zero—thereby eliminating the vascular term—

is not feasible non-invasively, unlike in animal experiments (Ogawa, 1990b).

The signal S of an image voxel at a given time point in the time course represents the spatial sum
of magnetic resonance behavior of water proton spins within micro-environments. These environments
are influenced by the combination of the factors described above, across multiple echo times. The
signal can be expressed as:

S =F {(df + dnf + basal), TE | + noise (non-biological)
We assume a simplified exponential decay model to describe the signal from a component within a
voxel:

S =S80 exp {—R(df + dnf + basal) - TE } 1)
In the above equation, SO is the signal contribution of TE-independent factors such as spin density or
machine sensitivity, and the expression R(df + dnf + basal) represents the decay constant R determined
by an effective sum of these co-existing factors, like a sum of effects by vessel-induced magnetic fields
or chemical shift.

Non-biological noise is ignored in this analysis because it is significantly smaller than the signal
fluctuations observed in time-course data and is likely less than the noise level typically visible in the
absence of dynamic terms. Biological noise, on the other hand, manifests as jitter in the components
(df + dnf + basal). If this noise has a substantial magnitude, it could disturb the echo time-dependent
signal, leading to a loss of peak formation.

It is often suggested that the decay constant may vary across echo times as an intrinsic phenomenon
of the signal decay process. Such variability is possible if the three components (df, dnf, and basal)
fluctuate or if their combination changes due to some physical processes occurring during the multi-
echo acquisition. Even under the assumption that the decay rate R remains constant, uneven decay
constants can still arise if an additional component with a different decay rate is present within the
voxel. Such uneven decay processes would lead to deviations from the simple exponential model,
resulting in variations in the observed decay constant. The phenomenological decay constant R can be
defined as shown as Equation (2).

R(df + dnf +basal) = —In(S1/S2) / (TE1—-TE2) 2)

S1, S2 and S3 are signal strength’s at echo times TE1, TE2 and TE3 in this study. In the case where

df and dnf factors do not co-exist at a given the time point, we assume
R(df) = R(df + basal) —R(basal), or R(dnf) = R(dnf + basal) — R(basal),
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If the apparent decay constant does not change throughout the series of echoes,
{In(S2/S3)/(TE2 — TE3)} / {In(S1/S2)/(TE1 - TE2)} = R23/R12=1.  (3)

Where R12 or R23 is the R value deduced as in equation (2) from the pair of echo times TE1l and TE2

or a pair TE2 and TE3. If the signal decay is faster in the earlier echo period than the later one, the

ratio > 1, indicating the presence of a component with larger R.

In the following section, the term R2* is used in place of R in equation (2) for convenience because
this decay constant is usual R2* when the ratio of equation (3) is 1.

We are interested in obtaining R(basal). If the signal with dynamic changes is absent or easily
removed, the basal signal with R(basal) is easily determined. However, in resting state data, often there
are many signals above or below the simple mean during the timecourse time spun. In case that the
standard deviation of the data in the timecourse is small, the basal signal can be regarded as the same

as the simple mean.

RESULTS
We report some results of the data analysis related to the time-course signals of resting state fMRI,

conducted to investigate the basal fMRI signal.

(A1: Oscillation frequency specific signal distribution in space)
Figure 1 shows a set of resting state fMRI data at TR 0.25 sec.
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Figure 1. Characteristics of resting state fMRI signal for the second echo image data:

a) Time-course at one voxel of the image slice, with the upper panel showing data before low-pass filtering and the
lower panel after low-pass filtering. The x-axis represents the number of scans (4 scans = 1 second). b) Spectrum
of the average signal from all voxels in the slice. c) Distribution of three characteristic signals.

EPEAEHLRRZEIT AR Vol.26

63



64

These high-frequency signals are easily removed by low-pass filtering with a cut-off frequency of 0.25
Hz, as shown in Fig. la. For long TR acquisitions, such as those in the seconds range, high-frequency
signals falling within the acquisition frequency window can be eliminated by regressing with a signal
pattern appearing in the time course as the seed. The spectral power distribution in frequency (Fig.
1b) shows cardiac oscillations near 1.2 Hz and respiratory noise at 0.2-0.3 Hz. Fig. 1c shows the spatial
distribution of the frequency components: cardiac, respiratory, and very low-frequency components.
Frequency-space SVD (singular value decomposition) is useful for identifying the spatial distribution
of a particular frequency component. As is well known, the majority of spectral power lies in the very
low-frequency region. However, the low-frequency components in the spectrum are not limited to
functional signals but also include potential artifacts occurring near zero frequencies, which are likely
to be regarded as non-functional BOLD signals. It is interesting to examine how these frequency-
specific signals are distributed in space. Fig. 1c includes the signal map of the low-frequency region.

Another signal oscillation at 0.03 Hz was observed in the time-course signals from a different data
set. Figure 2 includes the power spectrum (Fig. 2a), a time-course plot showing signal fluctuations at

approximately 30-second intervals (Fig. 2b), and the distribution map (Fig. 2¢) of the signal component.

b) Time course of 0.03 Hz component of a voxel

w000 - - - - -

- 1

108

e g

Ee
T

-
A
=
e
.- l-'

4
£

o [+ B4 O 4 o6

a) Freguency dependence of spectral power

Figure 2. Distribution of the low-frequency signal at 0.03 Hz for the second echo image data with TR = 0.25 s. a)

Spectrum of the low-frequency signal. b) Time-course of the low-frequency content. c) Regional distribution of the
low-frequency signal.

The 0.03 Hz signals were observed at many voxels in the posterior cortex, including lingual gyrus

area. A similar map was made by correlating the oscillating pattern with the time-course signals of
voxels throughout the slide plane (Fig. 3a).
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Figure 3. Low frequency signals of the second echo image data with TR 0.25 s

and map across the correlated voxels of the slice. a) map of correlation with the signal of a seed voxel(small green
voxel) b) the average of time-course signals of those voxels in the map c) the R2* time-course signal derived from
the second and the third TE’s resting state image data smoothed by low-pass filter with 0.125Hz cut-off frequency

Some peaks in the time-course signals (Fig. 3b), which exhibited positive deviations from the baseline,
corresponded to negative R2* values. This pattern of signal change direction is consistent with typical
functional BOLD signals. The 0.03 Hz oscillation pattern closely resembles sleep-related signals reported
by Fultz et al. (2019) in the human brain. The reported signal showed coherence with simultaneously
measured EEG signals, suggesting it had a functional character. The present results indicate that the
subject was likely in a relatively sleepy state during the resting state fMRI measurement, as confirmed

by the subject's self-report following the MRI scan.

(A2: Lack of constancy of R2* value along the multi-echo TE's)

As equation (3) described in the method section, cases lack of constancy in R, or original signals in
the time-course at three TEs were often observed. Figure 4 shows the mean values of the ratios of
R2* in the time-courses at three locations of ROI observed in REST and TASK experiments conducted
with the same subject (the REST experiment only was shown as the bar plot). ROIZ covered an area of

stimulus-induced activation in TASK experiment. The ratio varied with the location.
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Figure 4. Apparent R2* constancy. The ratio of R2* derived from the earlier TEs (TE1 and TE2) to the later TEs (TE2
and TE3) at three ROIs (ROI1, ROI2 and ROI3). The plot represents the ratio at each ROIl. SD stands for standard
deviation in the time-course at each ROI. “Task” stands for the task scan and “Rest” stands for the rest scan.

(A3: Functional and non-functional types of dynamic signals)

We observed another type of signal oscillation in the resting state signal time-course. Figure b5a
shows the major signal component from the PCA (similar to SVD) of the slice data measured at TE3.
The pattern included many relatively sharp peaks (with a width at half height of several seconds)
accompanied by signal decreases, as indicated by the circles in Figure 5. Figure 5b displays the
R2* time-course of those signals from voxels that contained these oscillatory patterns. The voxel
distribution map is shown in Figure 5c. Those red-circled negative peaks in the signal time-course
(Fig. 5a) had the corresponding positive peaks in the R2* time-course (Fig. 5b). This indicates that these
signal peaks had a different character from typical functional BOLD signals. In contrast, in Figure 5a,
small peaks, indicated by the red and black arrows, exhibit a typical functional BOLD pattern with
negative R2*. These apparently non-functional signals (dnf) were present in the observed raw time-

course data with a substantial intensity of 1-2%.
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Figure 5. Dynamic non-functional signals observed through low-frequency signals of the second echo resting state
image data acquired with a TR of 1 s. a) Time-course signal (y-axis: signal intensity) of the first component derived
from PCA across all voxels of the image slice, excluding all other components. b) The R2* corresponding to the
second and third time-course signals related to the first component. ¢) The map of the mean absolute value of the
first component signal from (a). Red dotted circles highlight negative signal peaks observed as negative BOLD in
b) and positive R2* peaks in ¢). Small peaks marked by black and red arrows appeared as positive BOLD in b) but
had negative R2* in ¢).

In the time-course of an activated site observed in a TASK fMRI, the activation pattern showed, as
expected, a 'positive signal and negative R2*, with the ratio of early to late R2* being 1 (unpublished
data). Small peaks of a non-functional type were visible in the same time course. The original time

course data also shows this non-functional signal.

(A4: Spatial distribution of basal state R2*)

The baseline of the R2* time-course in a voxel was chosen to be the same as the mean value of those
R2* values. The true baseline may not be exactly at the mean value, but it is expected to lie within +/-
one standard deviation (SD) of the R2* variation in the voxel time-course. We assumed that the baseline
value representing the basal state does not change during the time course. This assumption holds in

cases where the apparent baseline does not show significant instability or slow drifting over time.
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Figure 6. The distribution of basal state R2* in resting state image data acquired with a TR of 1 s: a) R2* map
derived from the baseline at the second and third echoes (TE2 and TE3), b) map of the standard deviation (SD) of
R2* for each voxel time course, ¢) image contrast highlighting the white matter region, d) profile plot of basal R2*
for voxels along the vertical line in a). Error bars in d) represent the standard deviation.

The map of the mean values of R2* (baseline value) is shown in Fig. 6a, and the SD values in most
of the voxels shown in Fig. 6b were very small compared to the R2* variation in the slice. This is
also reflected in the profile curve of R2* (Fig. 6d) along the line drawn in Fig. 6a. There was some
difficulty in observing the variation in the cortical area, where the edge effect of motion correction
was significant for the voxels at the surface of the brain. Additionally, there was some uncertainty in

determining the R2* values from the two TE images.

DISCUSSION

In the time-series data analyses described above, three key points of interest were highlighted:
the spatial distribution of various frequency components, the functional and non-functional types of
dynamic signals, and the basal R2 map®.

Spatial distributions of signals with specific frequency oscillations were examined for cardiac and
respiratory oscillations using high imaging rates (TR = 0.10 s and 0.25 s). The cardiac oscillation map
(Fig. 1d) revealed strong signals near the frontal region of the brain, corresponding to areas with large
arteries. In contrast, the respiratory oscillation map (Fig. 1d) displayed a broader signal distribution,
extending to cortical regions.

Another frequency-specific signal pattern was observed at approximately 0.03 Hz. The corresponding
signal maps, along with the spectral power distribution of the time-course signals, are shown in Fig. 2a,
3b, and 3c. These low-frequency signals were prominently distributed in the lingual gyrus and other

cortical areas. Notably, the time-course signals exhibited a positive sign, whereas the corresponding
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R2* values had a negative sign (Fig. 3b & 3c). This directional behavior aligns with typical functional
BOLD signal patterns, suggesting that these low-frequency oscillations in resting-state fMRI represent
functional BOLD activity. Fultz et al. (2019) reported similar signals during sleep, which were coherent
with EEG signals, reinforcing the likelihood that these oscillations reflect functional BOLD. This
resemblance indicates that the subject may have been in a drowsy or sleepy state during the resting-
state fMRI scan. When linked to physiological phenomena, such frequency-specific spatial distributions
can provide valuable insights into brain physiology.

A distinct type of oscillatory signal was identified as the dominant component of an SVD eigenvector
(Fig. 5a). Unlike functional BOLD signals, these signals predominantly exhibited negative peaks, with
corresponding R2* signals showing positive peaks. This atypical behavior suggests the presence of
non-functional BOLD signals during the resting state, potentially caused by transient blood vessel
constrictions leading to reduced CBF and increased deoxyhemoglobin levels. The spatial distribution
of these non-functional signals, depicted in Fig. 5c, extended to cortical areas. Given the substantial
intensity of these non-functional peaks in the time-course data, further investigations involving whole-
brain measurements are required to assess their impact on the correlation matrix of functional signals,
particularly for functional connectivity analyses (Biswal et al. 1997; Greicius et al. 2003; Van Dijk et al.
2010; Smith et al. 2012).

This study also aimed to generate a baseline R2* map to represent the basal metabolic state,
which is assumed to be independent of functional activities. The R2* values varied across regions,
with differences observed between white matter and regions near gray matter, although the current
imaging resolution limited precise delineation of regional variations (Fig. 6). These regional differences
in R2* values may reflect underlying physiological characteristics (Fig. 4). Achieving reliable data for
cortical regions would require higher spatial resolution, such as isotropic resolution below 1 mm.

Basal R2* maps of the entire brain are of particular interest because they could reveal area-
dependent variations in basal metabolism, as suggested by Vaishnavi et al. (2010). Future work should
explore the sensitivity of these basal signals to physiological changes, such as the effects of caffeine
on fMRI responses, which have demonstrated alterations in basal state signals (Perthen et al. 2008).
Such insights could make basal R2* measurements a useful tool for distinguishing between health and
disease states in specific brain regions.

In summary, this study identified cardiac, respiratory, and low-frequency oscillations (0.03 Hz) that
resemble functional BOLD signals, possibly reflecting a sleep-like state during resting-state fMRI.
Additionally, non-functional oscillations, potentially arising from transient vascular constrictions, were
observed. The baseline R2* map revealed regional differences between white and gray matter, offering
a window into the brain's metabolic state. Together, these findings advance our understanding of both

functional and non-functional BOLD dynamics and their potential physiological and clinical implications.
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AH10A5H2FTL3~ 1585128 L. FICI0ASHA2 S 1116 B2 TE L1~ 135S L 72
it RIEREDHRMAH S FIZREOITEALT 2 AN T ERAINT 2 2 L2580 bz, Rk
L7210t S ol gk FI2 BT H Mission 1310 H 24 H O IUERFEH27gTH o 72D L. 12H8HD
IHER G213 33g (126%) WCHIML TV B EBRTWA, ABFZETIE. Mo EOMEIZER L TV 220,
Seyed 513, 4 7 Y THIELTWAE AT — 73O REDOILELS N E T ) — T F A4 )V OYH LA RH
KOBRIZOWTHAELTWSE, FOHTKoroneiki D HEEIZE D ZMM0OEEH, OAS 12 AZhF
T1242% 25 16.35% 122 L L. L3BICHMT 52 L2 HMEL TS, Lus bOHMEICH LMY,
a5 WIZREICEL L 2D 4 ) — 7RI, Mo RFE L, REEDIRKELLIELD, F
V=T A VOAGERE LTOREAE N &, KRR ER S EOBRREFEIK 2 ) BigRATiza
W) PERDPRBEEDOFT ) =T A NDELND &) AR H B L kT ®, —J, BEgHE
5 GARERMARROZ R T L2 BHHEOF ) — 7 H1FEIF, ERPCCHGEID R WD, T4V
HERERE DD 72OIITRENHERE D EDLLEND L BEFEICB W THRIIERIZ L 3R, ¥
Ik & FIRAYR < M TH 5 DD TH 5 Yo fto T RIMOINHEIZ X BFEIE SiREDK) 72 ) —
MR T 2P A2 A L) —TREIEONL L V) L TH D, MRER) 7 ) —Vad
LF ) =T F AV, WETOBILZEENEE L2 b, FROMEIZZ 72b o 2B Il fiE g &
LT AT b T 2 L S 2 %0

20144E 70 5 A& TH T HERF B IX, 4LFEMIX (M E). db X, RINMXOFHX T4+ ) — 73K
BB L. CO10EBTEBICR D OOH 5, 20224EE OIUHER )3 714kg TH - 72 DIxF LT, 2023
EFETIE1.642kg, 2258 L o720 AV =T F A VOEFER D 20224E F O 359kg A 5 2023 4E FE T3
8llkg LWIE U720 S H 42 IR, + A4 VAEERIKT S EAMFESEY, —F, +)—7%H
FEOVHEEEITFEETH L EDONEIE T TS5 FETII—EMMEES 2 2 &, IWHEHOHEMIEEC
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BWTIE, FlECTEMELR A ) —TH A NVEEET L7202, PHED S F TOREM % w2 bR O
M CET H2LEND L, Tz, HEMPHESED T 4 VEEEE 247 TR, A% hdt EX o1
Wik DA TH Y. HNAHX TPE L 72 R FE2 R ISR T 50BN H 5, FICHETH 2 EICE
WL, W EBERO2ODZKEFESLEE 2D, HWRICBVWTEIREDIDOTH S, WO LIHD
720 ORHEEIIBEADGH 5 Z b, TTNAXONERIEZ ZIFANL 2D, 4 X OIUHESE
FEH, PHERFEOEHERER, HMCET 2RSSO LA V2 — VEBPLEE ), 4
XOAER LN TH B CTOMRMBEIEEI R D EEL > TL b

) LA EEH EOMEZERL TV 2 e EabE T, ABMBERELS) —7L LT, WMfIcL T
TR LT ZEDPZF LRIV TOEZ T BEDRDH D, BB THAH I L0045 T CHE:
WRZIR L, V) — 7T REZREIICHE S S5 L) TEIZE 212w TR L OMERR
TN IRk~ 2D D, BRONLEMFEOTTRIREZMERHEHL T I EPRIREEREEZ S,
=7 SROGERAOR S, 10 H EAIZIPUE L 7zMi St ) — 7 RE R, BEEORERY 72/ —
VRO BTz, DREAERETIED AH B NMIEDO A ) — 7+ A VEEmOEEICENZE I L2558 L
TWaHOER2, MAEDR L EILPEEHREZ BIRL T IR AL ETH L EE R 5,

) = T REF O A ZALEWIE BEHIRO TS AR FOREFMFICL - TREBEZTL LS
THY. YRS FEFEPHREY) 72/ —VEEDFAMICEERZ 2T LML TS, 20244
DA O ] P RMIZ 2023 FFEE L FAATH D PRI BT D 20234 BEAT139C . 2024 4 EEAHS
138C LIZIZR U CTHh o720 LA L. HEEEMIZBWTIE, 20234F & 20244E0 7 . 8 HIZHEEDED 5
N7z (Fig. 2)o BIE . &5FH BRI 2023 4E TI1Z 5022 Td % DI L, 2024 4E T3 3112 TH 1
38% IV L C\vbe THESHIZA Y — T OREMKOEED KD G BN YT 2720, 202441
DREFEIZBWTIE, FE, Ko, WMo, ToMmoks ARG LS OEERICB W TEEE 2T
TV b NV L LHEEDRBET — 7 D37 W20 SAEDBIEEIC O W T OFMMIE TE vt -
T SHEHEELS ) —7OME 2L TV 2012, MBI 2 WERESLETH 5 FRIIZIX
FALHLIX CTOFEEH A ) — TR O W REYE & BT E P ) — 7 O il % =, B E IR O —B)
WA e BURET A,

e

A& HBETHEE LTS 3D+ 1) —7 (Mission. Koroneiki. Chetoui) (2DW T, 7 2 IR
WCBIA2REOMEREZEM L 720 AREHIZAH) —TORFEE, REXKEOGHTH, RV 72/ —
Vagms Lize IO L4 — 7%, BEEIZ/NHSI VY, REXTMNBEVEREZEL, 208K
V72 = VEBEDPRLL VI EPROONT, ZHEF ) —THEEEOIRE SN ABBIX TEF L
TV =7 ORENEAIIHETE2MOTOWETH S, MHEES Y — 7 O MEFEILD 721213, RIFEH
MERAR) 72— VEROBEMIZEHL, SR 72/ —VEROA) — T REZR L7720 DR R
INERFNZ I ET AT EDVEETH S, It ER LM TLESOMBRER TO@®E TIcER TV
WY, TDOIZ bk 2 EGET — & ONUE LI % D, BEBIRIIZHS L TWwE v,

EiFas

AHFZEIX, F 2 = Y 7RG A&1 O Muhamed Gahbi Mahjoub [, F 2 = ¥ 7 B2 K #5048 Harrabi K.
ABNHERA AT, NPOBEANY a 4 7 VB o FEARMFLE RO WbEBRO®BMKIZ
P DFOWIOL ETIihbnE Lz, THBROBKICECEHEBL LIFE4,
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— LU F ¥V AIZHD L BHHLAN —
The consideration of smoking disorders
— the attempt system based on evidence —

AR M S 9N S

" URIL AR AL A R 2 R B A AR
(TR T AT RTOREEH D)

(5]

NI BRI H DA% Lo Lo Bl I IMRE B L. RIZBEORNGEEOEE
AT Z NI BRI X DIETERAE LB L T b, BHIC X 2 Z N3, BigEETH 218N
FEVEM B COPD. BliZsA. 72 & OICEIIRIEALAE 1 X DI E (ASCVD) DISAE & AT 23 %
FHERNTH L. 7N AERZNSEBEZIIET AT IOV TIIEH ENODOH 5%, —EDFmICIEE -
TV, Z 2 TAIZIZ, BEFEEICETLIIEFT Y 20BWEmXEom$T5Z 12X ), COPD,
BiAS A7 & ONICEIIRTEALSE & OBSEPEZ ST A5 L2 HE Lz, ZORE. £ DF v ¥ 21tlt
BRER % & O KB ZE R B e 2 B L2 L E 2 —fmsCIcB W T, Nl LR BRES L 0T 2 0
BLEEIZH S 2T 5 A%, il 240 27 2RO 2 TR > TR VONBIRTH 5, BE
B HLE BT RIS IE B & L TR & T 5 720, SHBMEREE O TEARIZ AT T OREMI, —
3 F ARAEIE OB X ORI 2 B RIS M Z & B EE X b,

[¥—7—F]
WA (cigarette smoking, #/33), P@VEPAZEMEMIZEE (chronic obstructive pulmonary disease, COPD).,
WiAsA (lung cancer, LC). ByIRAELME-O A E (atherosclerotic cardiovascular diseases, ASCVD).

Bl (smoking cessation)

ZLDIC

& N 235300 FE L oL E = G L. ZONK200SHEERETHL ', y3aDRns ) —
VRBRBEEEBELRHAETEIL T 20 BEICET AL T T u—FOFERi L 25 Ok
HEMETE BN EE CTH S, 2022 FEE RAEGRMBEREICL 5 & ARAOBER L, BPE254%. KHE7.7%
ThH, TI20FEMTRMLTEAS ZOBERE LT, 2003 4F fifT OB E DI B 2 BB O B
AR ORISR, SARDIMERE L OBEEOEH. ¥ A& EF R s EiFohs, EF N T
HERIREIICH 205, LA LR SMRBEZ I LA L. RIZHEZDORNBEOREL )72
F NI BERE I X DR TERIEL BN L T2 008K TH %,

Bl b B SR & L CE, BRI ZEMEMIE AR (chronic obstructive pulmonary disease: COPD).
BlASA L DIMAERE, FERBE 7 &3 5. COPD &liasAld, BHHEAILET L) A7 HKHTH ), FREIC
ERETH R E E O ERE 7 & BBOENDH 5% COPDICHT AR A =7 F 7 (GOLD) Tid.
COPD % [4%l (A%, MIRER) BLO /230l (5HE) oREIC X ) R »oH#ETET
HDHIENLVRIMHELZTI SR L, BUEPREEIR (PR, & %) OMELREBE T4
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— iR EEREL TS KEOH AL FI4 X IZBWTCOPDIL, [F3allizEE v 248EWE%
R ABET L2 lICEVELLNERTHL] L. FNapERNTHL EHBEICERL TV
%°% TOHA KA VBT 2BWHEEETIE, BREEL AT 240U EoE#E LTwb, COPDIZ,
20134F X 0 EIROHED DB & L TR ST [EEHEH AR 21 (55 2%) ] oxt R BB s,
EZ LI COBEREBARM S, MERAA2] B3R ] IZBWTid, [BERORAD] & [ZB)B
ANDOBREGERNOYE | DEEEL SN0 PALCBLTREAAZHFRhT TREROR L EVARATHY,
AIBTHIHERFEIMTH L, & iAo T/NlFaNiAsA  (small cell lung cancer, SCLC) @ FJ5
PHUIBE L SHTB Y EHDITE A S IIBIBYEY F 72108 EE S TH 25 RIEHAR2L (E3K) T,
COPD DREHDBADHEEL o T5 % HEERIZIE, T3 COPDORAEL 1F% 2 EHFEET
Hro BITHELDZWMANDAHZL2H->THBH I LT, COPDDFAETBI DA% & FTHE X Mkt 2
EOREREMA L Z T 28 LT, RIIBABLIOMANITH DT A TE %, COPD EZHish
7otR1E, EIELRHEO P O 720 DY) 2 i ADLETH 5o

20064F & 1)\ MRS = O F VAKAEE R L U TR O PRBRINEGE IS & 7 o 7201, RIS
BB~ TH D, L L5, 504D ERi2 & BEASCOPD R iasA D E4R Y A 7 BN
Th b LFFESNZIZE b 53, COPDRMASAIHMIML TEB Y. Bl & im0z b 2hb 5§,
s A D 5AEAALEHRIE22% LRV DD BURTH 2 L7zAi> T, Bk % M S 5121E, COPD &
Wi A DIREEA LA A A1 = XL 2 L. B LWIREREZ BFE L T < Z & ASBE I B 4 2 5 FR AR
NDOBEEEZ Do

ZITTHIENE, BEREEICE LCoOREEXIY L, MBSO T AT YT 4 v 7L Ea—
systematic review'"" ZHuMZ [smoking]. [tobaccol. [chronic obstructive pulmonary disease, COPD J,
[lung cancer]. [atherosclerotic cardiovascular diseases, ASCVD| #MZEHiEL LT, TEF VY ADE
Wi R RO L IR (evidence-based medicine, EBM) O FHEICHID i L THMr L7z, & LIS,
NSRS B MR B OBERY], % 5 NS aF VRLEE, BEGHEICOWTEH LTV 2k
HIE L7z,

MUEE X OvEs

1. BEZFERET ZMDEZIECOPD DA TIIERSD

B, HARICCOPD 2217 T4 <L BiAlADRKE LTHEY AR TH b, MiBAFETON
ADRI25% % 5 B 2 BUEH D 15% 13 COPD. 10% IZMiATAHENE L. Hilizs A 940 ~70% 2 COPD %
RIET 2 KEHEOF RO SN D (Figl) P BEO IO OFFEAIEN X 7 = X LERZH41C
R I N TV, COPDIE, BMERERNE. MEZMNE ) NREOZ L, MilomiE (ixE) o35
R L T, TNOORERE LB L OHEYEIZRZAHTH S,

ZI T ZNTIZE Y COPD. F MDA DRIET 200, TNE 2L 5 N T3 5K
SHICHLIEPHEEEIND, CNETOMRICBVWTCEE RS20 OBILA ML 2@
PEIIEQMINLEAL@DT 17 X 7G58 LN 7THREEL L O EE THMELEMT, Z¥ych74 7 A
% EOWEHEE SN TV D,

1) LA bL A

BRALA ML R &I, AERWNIZ B W TERILEUL & UL UG DN T ¥ ZADSH L, BRALIC IR - 72 IR %2 v
do BALAFLATIZ, I PI VP TIEBITLIANF—RIFBHIIBNT, EH, EIBOEELR Y
X DIHEREE (active oxygen) FEAFSAET M, Nl ARG IZMBILA L A 2R L, KN O
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b - UL E OAM M 25| &2 UIEMHIEE IS4 L. 2 X 0 BRI B 5 &8 _E R % 45
L. HifBE ows L OMEREAEICE DV COPDERIET 2L EZ DN, LIFZOMIIZREDS Y
HANE=aF U RO ADEGEEATEY, EICH0,°0° O X ) RiGtEEE#M (reactive oxygen
species, ROS) 2K T 5. HEH HIE, KBICBWTINTMICE TN A EBOESDS M EM % &
GEEA P L AICL ) DNAZE L, IREREAE MBI S 2 F 2% 272" L7275 T, COPDI.
FAL & FUERAL DA IGHEE ASE o 745 5 BN L 72 B AL E A Y 7 F R ERRT A M A v OREZ B L,
Il PAZEMERE S 2 k5 L B2 b/ (Fig2)e —H. MidsAlE, N fWIZ X o THIML 72 LA L
ADBERODVPABIETOLBERAERZ &R L, 2RO & EE ORI DR B 5T E 2 5
N5 R TIIERILA LAY —h =% L L/ TRBERIES I S hTwb

2) 1Bk %RIE

121k J59E 1Z COPD D FIE IS B R B 2 £ LTwa s, HEESNLITE LT, ORE L EMRET
D BE O3 I FEAE R i (812 0 s P MR AE O BIE 2 5| &2 2 3 T BB ME QIS ML 2 M I 13 S T R B
U MM LA & REOR R W BRI ARG s ey —Y M)y s ARy uTur T —E L
HHIRZI Ay —YORMEFEL. ¥ NNV GEETHL al 7y F M) TV E2NEHELTH LI
X0, kGO T AF v OEEZT X L, COPD OFREIC DL D5 BFOWRENENE 2 5 b
(Figd)o 3 AL DEF I, MiTOUPERE X OHEEEA T4 = —F —, FEHOFPERB L O~
077 =AML TW5, —EBCTIRIMTE X OEPOUFERERAMLTB Y, 7L VF—0G 3R
ENTVEY, LAL, REIZBITAHERFEICOVWTREECHMHEINTE ST, EDEE52COPD
OFFHE LTOMREEDRDHIHE > T b, —F, MidA L KIEOBETIE, 7 /N AN 24 5%
AT &I L, DNA #2380 S &, K8 i o w4 B o BE S5~ 0 22 5, Bigl, §u7 A b —
YA, MERE. B, BRBEEE L. BUNRSRR O KEM A T4 T — 5 — 24 L CHRIEIH K 0 550
T D2 LIk o> TC B EFETAWEOMREERDH L L LT0DY,

3) A&t

COPD B OMiTid. il bRz i N2 MR 22 & O BALIL OB A L2 - T 5%, Mili#1t
& BRAEA P LA, FRATHEM I Ay FYTEEASE ) VRIEEBERTH HMA T S A Vv
By % > 2827 % (mammalian target of rapamycin, mTOR) ¥ 7 F VEEE O L. PLELILEY DK
B, BRI OKE, DNABEREELREDA A XL %ZBELE T, COPDORIEICHEG LTWEEEZHN
% (Figd)o 512, BALHIEZEIEES A b A4 Y RTrEh A4 Y2 OB CEALBE R
M. senescence-associated secretory phenotype, SASP) % 43ilh L. BEHFIH & {23 % %, COPD D%
JEC AL B e R E 2 72 LT B RN S 5. COPDIZBIT % B LB B (A T RED B 2 WGk L 72
LEa2—i2k%&,. NKG7, CKLF, LRP4, GDPD3, CXCL9® 52D i#{n 17545 4% COPD B # & Itk
L CHEi COPD BH DM BV THBBH I N Th L 2 LWL L ko 7e?,

4) 71 X 7 telomere fH i

T U X TIIPAERO KD 5 KEDNARSOFIRTH 5, 7027 OR SITMILF 2 - TR~
WL BT EAIRENT WS, BYEIIINENCHE D 71 A 72 A L, ARJEIC D72 5 BfE & N il
BRE T ATROMIIGIHENRBERYED ). BERDPLZVIEIETOXTRIZELS 225 2 EARSN
72%s COPDOAEEIZE D S, #/NAWAIC L > TEHMT DR ER>TWD, TOATRES 8
% 1 (telomere protection protein 1, TPP1) ®i§A ik, COPDIZBWTH—F 24 ~ 1 (sirtuin 1) Z4
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LCrux7Hftefifagibzrl &R FeEL oY —J, MiPAICBWT, TPPLIZT O X5 —
Y -7uAT7OREENL., TUATDNA 2/ L. 7HX 72N EE L-RSICHERL, 2k
HINaBETE & MIBAEZ 726 FT L ENB D, Ldio T, BEHIZY Na2X 5> TCOPDIZHBWTT I A
THHIC X D HEGDVFE D MAATIZT T A 7 HHERE S AU 2 Sk 3B S A g S 7z,

5) Sl RN TREER L O R TR

KB FREIE, NI T RN T R IE T 5. COPD TIEZ ORE RN 7 ORfE A %
b B REVED S 5 7. COPD ORI A B 2R bIL, AOEDOMBMERAE & > THEE SN2 FEhih 7 &8
FEL PR TRMLICH D L END®, S50, FNTMBFEICLDFA MAAL RT TN VIR EDORIE
AF A4 T—% =% LCTHIRE RN ) 7 0@ BEssns 2 2 &< ERM S X ONnes & sk 2 i
T AWML OESG 25 RS D 5 LML Tw5 Y,

6) TEY L ATA T A

% L DEETRITIEDO T T, ¥4 2 BRNA (miRNA) A COPD THEE %% 2 B2 hetdd 5
ELTwab, mRNAGHEIZBWTHRMIZEI L, ME%IET— FRNADOKHEIE LTHET 525 iz
BHOBIZ TR EHHT % miRNAIZCOPDEHICB VT, FEHIC X > TRBWMMLAZD, R
WALz L7z —E LT, &I, HEHTREIEmiR21 23litEne & #AHE L TH Y. COPD
DEEEZRTHALEETHL I ENMEENTVS, X512, miR21IIMAAIIBVTH MO
BB ICREOFMIIBNTHEEL 22NN H 5% mRNAZELIE Y2 AT 1 27 A0
BT A EATE Y, 5 COPDB L UHATAICBIT 234 < —h— & L COWBERRGEH T
BEERTEPMFENL, LAl N3l ED X HIMilcB v TmiRNA & DNA HEIZE 59
LZHMFTES ) WA FREGEIFZEZ 2B 2 b0 ETH 5,

bbb, COPD LMiAADKKIIE., & N IET 255, COPDITEMERIEIC L 294 A A~
Id. BALA N L AoRN. MlgBboET. KN 7 OMER SIS X D ilRIC BT % DNA#EE A
RSN, MiAAZDPABETDOLEBERIZE > THEBLT 2 Vo 2B 5WEBICHEIT LTV &
ZzZ bz COPD EMiNADEIZ MW RUHAETH Y, MV I NIET AP I RZHEICIE 2>
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Y1 EEEL, FRICA GH) OEEMHRLEHAOEREOEEN K4 ISR EHZEDT] THDY .
VazRER [ThE] 28 TH5EROT] AERTWALILLHWENEY, ZORHY AT L D&
Wi, FYVTEKEEZS L TEHELERTH S, A=Yy TRERLE Y a TREHOX YY) 712
DWTLLTIZER T %,

D. HAREMESLKABER (QHPHRR) TREShL A N—2y TR (ZRITTETIV)

AUN=2y TROBRICBTSF v 7. ¥ v 4 ~ (Schein. E. H) OO =%wcEF NV (Fig. 1)
T X ) MilkohcOEBE R (AL - TR @AKCFh (GBEe - Bag) QOB L (BN ToHuL
BE) D320 MMEADH ) BT E—2 DO ICBEIT A7 MK TULE L § 25 AN (FICHEREA)
EERT S0, HNEE RN OREITTbI. AERLAKIC X 2 MCHREIE S 2R b0
TSN b, ChzHbifikicsExr25L (Fig2) %5,

2). WERBFEREFEEIIZ WY a 7HIEM
—FH MBREDY a 7R Fx v ) 71, 3 (E) Ce P30 6N5720, 2 vN—=3y Tl
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D& AN TOMERBIFEL 2V MfEICBTL2Y 247V A FOFRIZEELTBL T, %
W A EER SN L. REMOF X )T 25— ) = AN ¥ =i, ZRITTEERIRELT
HENZRL, BWIRLCBEREDSEII R D, LT A=Yy TRF ) 7 EOMERIZ, HAADK
RIGHIEKDO 7200 TII %R HOHYD7Z20TH ) WAL L Vo 725 2EFHli TId 7R <. BAdMT 2
HigL A TE 200 EANDHINTFHET 2 RICH 5. 2D L) I TIE R CMATARTHRELZF v
) TSRO SRS,

Fig. 1. v A > OEHBO=RTETI Fig. 2. JHBFHEBO=RTETIV
FyUFTHIEI T (B LKWU5IAEB8)

2. Fv U 7EREOBR

D. ¥xVT7THHEEIZ

Fx ) 7HAEE, v+ —%—~< 5 (Waterman, Collard, & Waterman) 2 & AHf%E2: e S 7z,
[FHRP—2D&HTEF Y ) 72 HMA T IRRIZR D72, HEFSHORINZTI Y P LA SH
NoHBAFNVEZIIOF Fr U TEHLYA =Y L TR IFNER SRV E L TREIIIHAEOF v
)T HREOEZRIET 2R BN D H.17 L L. HERBEAZT TR AEMORBICLE R LTV,
T/ BELAFY Y T7TOMEE LT, A=)V (Hal. D.T) 22 L727a5 47~ -F 117 (protean
career) &7 —% (Arthur, M. B) &)Y — (Rousseau, D. M) 2S¢ L7zNY ¥ ) —L X - Fx )7
(boundaryless career) D22Wdh b, THT ATV - Fx U T EIF [HICLoTTRRAELMBAICLES
THREENLLDTHY F X ) TEELZOAOHKICAE) L) IcZzo2 iR sz 0" ©
Hbo WMADOF ) TIMEAADPEMLZFF> TR LT Fr ) 7THEINLEL D, ZOFHIECD
WAL HADEE R LB E B TUTAT Y - F YT ERKT S ETEEL LI VY
TYY=N208 %, BALOPTHLZ RELDTHMTH720121&, TAT VT4 TADVEETHY .
S 2 AT 2 72D IZMIE ) (TF T I T 14) HPEE %D,

N UYFY—=LA-Fx)7eid [Ny %) — (boundary) =38ER] OZWwF v ) 7 L) EKT,
W, MRk ER. BRELVCOBEREZBATENTA XY ) 728K T2, WA, WSS H0H 5
MR AF N EHIIOTHI LT, BRI EoTE ) JWAEFITH S 720, AHED A v b7 — 27 HNEH &
. REZRBIIICEE L 2206 F v ) TR L Tw <,

2). HARIZBIF A%y 7THA
1990 AR E 2> & H AR EH O TIZ, NTIVRFEORER 7 a — vk, FHES 1 72 v o stz
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EDOREESCEDTON, NFHTHBORTERAFHEDOEA L &, ST T OBS )1 % Ho 724t
H(EMROOND L) I hholze MEREMLEDFIEZR—-A L LIZEAEITSHNS Z 212X, 3k
BIZMBTEEDF v V) TR T, BEMIZFE YY) TR Z1T> T BB E Uz, [THHD
Fr) TR LT MERE @G LRk &G L7 ie 58I X 2 k% IR L Tk o H
BMICRITERT A 7 a2 1Y TH Y, ACOFOMEBRCEE, #EEOh TERN ALK ST
W HDTHbD, TODEHSIE, COMBNF ) THHROZEZ L T0 77 L% HARBEIZEAT
B72%, 19994812 v ) 7 HALEB) 3R LIGD. ThFETOHRE - 2T, X8 - BEIE
EThbHILEBRRTVE Y,

3). HBaFGEICBILF ) T HEOLENE
JlZH BT X912, ARG ISR oORELE 2B X hrRol L pnflE s b, 5HBHE
LIk O N L 01F, MEMKE & L To%#7zZicidad, EREKkzH>7u 7y yarne
LTCDOTATYTATARHARTHILETH S, HIHBUANOBR AT TE 2L ) 2 &id, H S Offi
1*@‘@’?!“7’!% WAL, HOERZ TH2LEEFHMEIE L2 TNFETIRABRF v ) 7 HEOME
BRI AL B HEFEGLIZROONTWAZ EIE, FYVTHRTHLEER Do

V. WFgeiik

By —viZid, CiNii (NITElT - ¥ — %) ERHEEweb [HISC] (NPO & JUMERETIAT S AMEK -
BT 5, ENOBES -t - 5% - FilE R OE ST OGSO e Mg IR TE 29— R) %
L7z 22008%FE Y — VT [Fx ) 7HA Fafat] TN ) 7 Fafamt] 22he
WG EMEFE L L R AT - 7208 BN 0 CThH o720 22T [Fr ) 7 HE THHENF YY) 7
DH—RFEFE2O L, [#FEHGL Fx ) 7] OMEbLEREE1DZ MO THERUREZITo720 X
Wk B AR X Fig. 312”9,

CiNii T13 308 1%, EEhikweb TRALMEDFE YD D - 7245, BFIGES O LR FH R e S G O &k,
KEBFELIGITN TV, WU ERIL L 72o CiNii 76 5. Ehikweb 141F0 XHkCT. EHET %
ERI0ZBRAE L. 801 & —RAZ ) ==V T ONRE L7z, ¥4 PVRERD O ARONIEH I & X
GEHSH & B 7 B SRR HARRE F O4F 2 3 SIS 201987 SIEBRA L7z |RIBICZRAZ ) —= v
FELTARLZMEH L, 191205 & LTI L2,

V. k%

R L723Cik% 7”3 (Table. 1)o EROHOZENIE THEMF YU 7] HFLOHE [Fx ) 7 BHE)
DMREFED S DAL H o 720 WRLMOH 25, F 1) 7HAELRICHET 20, 1) 7 A E®R
WKHT250, Fv ) 7HRLHMRESICHTS250, BEREFHEOF ) 7THHEICHT 2 b0, HEHK
mtoFx ) 7HAICHET 2 3 OIH5T THRE L Tw <,

1. Fv U7 Eét#vU?iﬁL%?%%ﬁﬁ%

Fy )7 HERZRT 201, BAOE I THSE AT LI, BT THL T 8
%&%%ﬁﬁ5“ﬁ%"@%h%hﬁﬁ%f%émoV%%@%i#%UT%&i%kbﬁ‘#%UT
AHNT 4 7T R AMBETESERIE A" BE ISR RE OREE T EARLREDO IR E T
TWb, REITI XEIE, F v ) 7THEEHRRLF Y )T - Ao o) VI BhiFohb,
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. FxUT7T -hm oty FI2HT 0%

BKZERE PRSI YGIETEF v ) TR LBEORRICF YV 73 v VT 1 V7 BED T bRz
ELTFx )T - Ao rk) Y7 REEDVPHSHSICNT 282 RO, HEN R H OS2 R4
L. #7222 I L, BeBICATEI T 2 XD ISl E 21T 5 &) kYD 5] Y LRRH5ATY
5L HEBOHUERER XYV T THA YOXEEH-TWD, FY )T - Ao vk 7redy
)7 BEEICET AR TIE. R (2009). AR (2012). BEIS (2024) b, FxUT - A vk
¥ T ORI T B AR OV T, REROHBNF v ) 7TEKZT TIEAR L, EFRX=va yfl
WMaIy P AV MOME, XY FUAVAREDFHIZOFGELTWE LY, ST 2%E (FE
B, TUNAL b - %=1 288) OF X )T - A VAV NEEMTONLLDICIE, FXYUT - Ho v
LY VTR RETHLIERBWL TS, 7Y YV REMFICEEDDFTTIELL., ERRA
HAELREEAZSHLTHFIRETHLEDI LY Thotoo AMBEEAANDOHEED FE 405V A
=7 OF )T HBEOREIZZ, FXVT ATk VA —EORENHFETELI LR
HoPZLTWBE Y, 3207 - Ao ye) v rid, BEh, RERwEibE s ErmEosnd SRy
LHMRITBNT, AANDOF v ) T 2MET 5 L TUREATRIZES>TWE, $72. Aoyt v 738N
KIZFT TR, FirZe BAl, ANFHYE 2 EHICN U TERKRRGISARD HNLTW5D,

£ —7— Figs %D CiNI @EDEweb
*¢ U THRHELMNGL/BENE U T HAHST
LR T~TEILL

@ CiNi - @ EdEweb
1% v TER/ZERNSF » VT35 v U T HAESE| 1%+ TER28@F ) T/ 3% v ) T HBESL
M=308(n=179/n=103/n=26) N=41(n=11/n=4/n=26)
| Bt n=2326f }‘=-|] Hm»| ‘i n=21 |
BYO LS REGXOAREE
N=T6(n=48/n=22/n=6) N=14(n=5/n=3/n=6)
| B n=0f |==-ﬂ l=~: Wi n=10%
EHR TR

N=80(Dn=48/n=22/n=6, En=1/n=1/n=2)

I}=| =g n=43{% |

A PRI LEZRAF) = F

N=37(Dn=24/n=12/n=0, @En=0/n=0/n=1)

ﬁ:::::::ﬂ A n=24f4

EXCEZRAS ) -y

M=19(Dn=15/n=3/n=0, @n=0/n=0/n=1)
Fig. 3. XukiHafE

2). F v )7 AHSIRMGR O
RECBTLF 1) 7T HESERKICE T 207813, &b %2 S OXITHIELD 5. KIEE (2007). K
A (2011) & AT F v U 7 HHSHERRIR LSRR O F v ) 7 BB SO BRSOV TOWEZ 17 -
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TWb, MO 2 AMBFERF v ) 7 HARKIZ, MAOF v ) 7HEICH LIEEADOZRZNIC
MEEADS 5720, —HUZH MY MANLETH LI LY, Ao HHIIRIHR S LD
A LA EICB E 2T 5 2 ENEETH L, 20X RBICRELAEELTVRWY LR
TWh,

B (2019) BHAS (2020) & HARMWEHOMSFEL IR T 2ERITOWTIEEZIT> Tnb, MER
FETIE "WMAOREXHE" THsHYa 7RI THHZ LHED, BHENRF ¥ ) TIRKICO %
BoTn?, ITEROLY V=7 OHAF v ) 7HEIE. REOIT AMOFHVAAENTEBEE LT
W5 ZER, BEIMEEIIEMEMR L DD —BREHRSZ W E V) RHRSEMEE LToF v ) 7T HA
DHERFIZR DI EIWLNITR > TWE Y, BEITE LA S KFERICHEY Lt R~O B
PO, FUCORSOFMEIZT T &8RN 2 SRRREHIE LR &% [E» S [HEdEM] 22952
ETHHEORZICH L 20BN F v ) 7 HR2BE L, %0 [HIE] 230 L OE#nE v ) 7 Hi%
LD SETHFA U THBIZEFTWLZ b o2?, BB TH LY a 7HEH R M
PRI HENICE v ) TIREM T A D, — Ty il Tl — SR 2 HERE 25 & vl
Ao 72,

Table. 1 X@i—%&

1 F+UTHE:EROESS AR EEER EBRERC —IgEAwIe) 1-15 2007 -1
= By y
2 [#+UTHE I FLCHETEHDHE BET WA LOLNS 008 (D1

Reviewd(8) 1-14
R - Bl HERT

The 4 = . = -k 5 x e . = T
I ¥y YUTRARSEHEIZ Y A FICSL5EN Egy  EEHER 1) 16.28 2009 -1
Foll T Bt rdm ELo 2T DR SR
4 #; ' AR LS FREE KFMASHEO 137-156 2000 (-2
[ER - WEME TR BBOY Y TERINT  ABRT, BRET, WINLREBRATRE o
BT AT 19-19 :
Bif® v | FAnB Y ELAEHE T oRB(—-8R)H : FEEE P ECRED
R 1 @2
ENKEE - THAORURNL 5 i 93
R | FTHIROLARYOL2  XERMERNEL R~ _ YT THA TR §
| (-
DA B 2 — R £ S ERNER WOV WU 0 i :

BRAFyUT - vALA ST - hart

F i MiASEERIZ 83 i)} (-2
s Bl v U TREEOBUCHITSEREENR o R it 205
BEMCET A ANBOF + UTAROMSINT & GEiy . BESE. JBOIAFENFARIO o o
SoREER ST A@ikF . EOWF  35-40 )
EEET. RIFRT. )
BERETEREEL2A
10 RANNIC L ARENOTEREOEBRYRORI WEREE, BRHL, m_ifﬁ FEEZD o0 @4
REnE
¥o UTARCFMTE—ER: ARFERCANESR F RAED 3 AFRN RS :
1 B BRT r 1=
M srevraremarion s 1-16 a5 =
ITARBIFTEREF +  FXEICATSER:F U7 ) .
1 TEME, AAER T(1-2) 1- {@-
SREBET CRE LT BEEEE, RAEE WELITI-2 16 2020 1
_ ERERAD (EEADE U THRIN] ~OB BBELE, BOEL, OSEBLPRRLT i -
T ERED L v b ORI ET 30 HilYE, TFWE  7201) 12-23 e
3 FLE T [
14 IEATEE B ROE ¢ U T BRE oI prtEh f‘;‘;éig{”w “BE e G4
HEROY+ I TRHREHEAM~-OFRI-IERESLS ok "
vt ASEEE S B E
15 FROHR: ¥a 7 Trs<Fv FRRELENEEC R 2;’?3_2; TIAERE w3 -1
#ALT ,

16 SOMERB~D% v U FEEOH RS E W E, ERS— (LSIENReEE22 25-32 2024 -1
17 SENEHCHITSF e VTR G HIBTE =R A, hETH. IR T T 2024 el
— ZMEW IO S 7 — E&I&T VAT IR 186 13-20 b
18 ¥ERABSTRASEAEHTSEr U FHERESE R SETHETHE03-112 2024 (D
19 FREEEERYRLTUAEEMEORE 2+ UT EE BEDSET. BEXES - ETAERD 2024 1

Bkt iR HET 61(4) 90-97

WEAHED-1CNI T+ TRE] O-2CNI TAEDF+UT] @-3EPHEWeb [+ U 7T] and MR @]
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2. v U 7BREHICEAT MR

Fx ) 7T HAIER A R A OTERATENC L DRE SN T WD Z LR S Nz, YN S (2012)
OFINF v ) TERICH H IR B 2 - L72F7E Tk, F v ) 7 B EGROMEZEN & 2o .01
TutAlE, ¥ TIHEERIC K o TR A 2 5 A BEROFHLHNENEILT 5 2 & 2R
LCTwWb, AT [HFHEY - BEEAESZS AR O HCORE &R BN 2 RERIRZF TR L,
ROBHEN T Y )V TRRICEEZH 22 Tw5E] 2L, FICHOE CRR HEDOH 2 S HEME P2
ZHZTEY, ¥y 7 HEERMEE SN AN Y v ) 7250 F v ) 7NOBITHTH L 2
EARIEENLT, —H Ty I FVE (30~4010) Tid. FBIGE XU TEFHAN R D O L %D DI,
A A" RO ONZEETHY, LT LEF YV THROT 70 —F2RARTlE e, I PV
JENOHEL SO b H 5™, S HIBAETRDTERILOBEICIEY, 60 EOREEE O b K
DOHNTWD, ElthE Tl itk ~O ) - BREERHR - AR =Y R EOH— 7 ViGE & v o -Hlfk &
LCifBI§ 25 COBBESE R, St B0 F v U 7 BEEEICEELZ 5 2 Tw 2P, F v ) 7 HER,
WX v ) 7R v ) TIHANOBITRHNICRE S L, HCOWRTHZLSN2F Y ) TERPIEE I
TLE)HMILBETIREEL 25 2 LARE SN/,

3. ¥FvUT7EHRLHEBEEICETSMR

AP EENZBE 2RO LI1Z, HCEHROAZERTAIHMEITTL2II v M A Y POV AMD
BmE ., AMBEHOBHREEZED LD TEIRVHIE VI AT T4 TR LH 5, NS (2009 A3H
AORMAFEOIEAEITH L TITo 72028 TlE. 1) 7HEDZF v ) 7TREEKEZN L THEED 720127
FATHBLEL) ET5 “BHMNIIv AV 2EOLIEDPHREINTVE Y, 20~ 30 D4
o “HOWE “HAOLEAORER HEER & EORENOF v ) 7 HIEB~OBERDI T HE
¥BIX, BREFPENSOWEEICH L THEMNRRBELRITHKEZMET T2 LT, Mgy M2 MAS
EELY, BERBAOF ) 7T HREOGEHTIE, B Es2 R0, MMk - Bz EERT 5
B E ) 7 EEMT2MEZ I EDREIENT, HBESICOVWTY 3T - TURF Y NAADSLT T
O—F3 5098 H 5. MHEERZBEUICEFHE LERICHRE ) #MZ 52 5 2 &R, Ml R fF B~ DM 15
EEOLZE, WRILUTARAPHGLT LX) THFEHATEL L) BHERI LN Va7 -2
N7y FRRAZEDLI LA THSY FHEBTIE, Fv ) 7 AL ARES MK T /B TIER
<. HOWHEAAR L. #UNCEHE, fiBle L TRHRBICRT LT, M3y PAYV METF-oTWwAE S
Ehbho T,

4. EEREBEOX v TERICETIMR

BT 3 TR TORMDS WIEBRGERE T 2058 2 720 #IES (2014) 3 H#EMIC BT 5 F %
)7 BHEOBMEICHE T 52 LR 21T-oTB ), F#MioF vy ) THEZ [ASOF XYV T - T h—D
PHAE 2 GBak 2D & FHiEfi L L COREN T ¥ ) 7 2 FERMITTEE L D B2 bIZ#I0 S8 2235,
HYOF v ) 7THFEICHREL TR T2 & 1Y L@kl 2. MREEMOTIETIE, EFH»SDKRIE
BUFREMOBFISEEEL 525 2 2, WEFEEMDHSOXE S TEZERNIITHTES LS
WCHIETAZEDBLERNGRODONTVAEW LI TWS Y, fIcd [BRNEEICE %8k, LRh»
SOFR—MIIEEL, Fr ) THETBHZEDL 1Y EH b X HIC, FEMOF v 7B,
FHRIOYR— I PEETHL I EVEHR . B - WA E TLTEH L BEDOF v ) TIRROWNE T,
BUERBEETORETTOT 4 7 Y REDOBEBIMEL ., ZILOM L wERIZBwTc7ar4 7 - F ¥
V7 2 RHET A HROLEEAIRIE I N TV D, TR IZ2010FEDOLDTH ) EKEKD 1 >& LT
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G LBETNLH, HHHEHGEAINRE Lo TWD, ZORE, BFEIIv FA Y MPELT
0547 YREMECHERTH > 22 EARFRS ALY, FEMZIZLOETDEBERTIE, HMKE L
TORERERNZFETHR— 32 LRSROL I EF 1) THRIZIZEHETHL L EZX 5. L2 L,
MGG LIERKRE ZERA A N=y THOMG ABERTHLH I A6, MORH & 13875 54
RTho7zBbhs,

5. HRKHLOF v ) 7ERICET DMK

BB 2R E L72F v ) 7 HEEICH T 2RI A0 5 2 o720 Mi—, HEHGLIEENS
b O (2010) OBER - WHKOBIZE™ Th 55 WHRFHPRERGLETH . HNENRE
Beom LA R & I8 %o 720

VI. %5

F ) 7 HEL 2oL WBAHARICB T ERPBAEM D THTOLELERTH L L E L S,
Fx) 7 HERED 2D, MADOE#RITD B A A MO TIRIEEARATRTH S, TOPTYH, "k
FEDMbY" R WS Ik "MELOMD R, KR R WY R kL RO sh”
ERERUOLND LA, HEMNZF Y ) 7TIRBICEEL RN TH L LARBEINDG, T2, Fx ) 7HE
OB, FFICHERICHT 55 v ) 7 R IE, e E 2R T Lo ErEEA O, Ch
< A0 — (Maslow, A. H) @ “BCRRESEH Y 12hlz 5L, HE0—RERVRBBERI EThLZ L
THAFEETH 2 KBHKRPEL L, 250D, HOHEZMBOP TRDTD b v ) 8R4 L,
ZFNHHBN BTN OTREEVEA )2 —F. I FVEORETLH L v ) 7RI
BULEG2 LT T 720121, ERIOZGERP R 2 EOBRMUILEL 2D, T2, ERIUFR KT
BESEAN ORI B8RSR, KRz & o G 217w, 2o o HET 2RI &b LR
OhbHNL V. WERBEETIIZLZLEM AT AN Y a 7HTH Y, Zo XA AR HHF %
VT RIZO D> TnA T NS, BBSHETH 5 RERMIZ. HENZZT Y ) 7TEEICO%2) 5
WwWEEbns,

VIL

NG LI, BREKOOVWLREHTHY, Ya7HENO7a 72y yaF e LTRIL
T BERDH L, o0 HEE, O ) 7H»SHHF ) 7NOBFFHICE ¥ ) 7 A EE S
NBEVIEITHRL H V. FENEERGLOF v ) 7 HHEAMEE SN BB REEZ I 5 22 54
EhbH b, “MELOEY” 2 “Boohi” ERULNLIED, HENAZS YY) 7THRKRICIEETDH
52, BAAMBRNT 2S5 2 21, HENREEGEOF v ) 7 B2 i35 LT
HELREL D,

i. 3bYIc

akatix, chEToLHic "EETTHIHRRICE T S EBREZEIE 2V BRTIEARL
olze BEhHIZ, HEMIZF XYY 7TEEEZT o T BELRH B, HaHGLIE—2D5 4t 2T
HYBRMPE, A=y TR D a 7L % 2 AR EVET 2/ WA TH 5.

Fx ) 7 HARED 7201213, EHASEE L “Fy ) 7 HASES)” o "R - BIR PLEARWKT
Hbo WAMMGLIZIBIIAMIRIEINE TR TV ARWED, {25 "8 L4 ifh B L%ib
DR SPIT R > TRV HRENBERGLE LTOF XU 7 2E5AIBD L HEHG LS, SHED X
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IZF YY) THREZERL, FY YU THHELTWLLO, 2070 A2 WHLNIITHI L, F0OH%, Fx
V7 HEOMRMEERZHS 22T 5 Z N TEE, HREABSHGLOF ) 7RO —Ih b &%
Zho Ty INHOMFEIE. BB Y a 7HERO S ) 7HAIREDSRE L 42 5 L RIEE LT,

A
ARG, HCCHTRL K2 B RALBF AT I 5\ T, ST O B HREE 3 SE O BRI £ 5 b 0
<.
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7 AN AT B GPS Tk, & T3 (20N ERET) OANTHE»TS LiFsh, #
([ZHERD 22 % JH I L 7% 28 5 K R OBUEAE &L BIERZ] (4 23— F) 2@HEICREETHERFL TV 5,
INRICHEREINIGPS L ¥ — N (ZEH) Tl HBOHROEBRLZETLHILICEI) 7 vl
EEZEH) B L TWa,

PIMICHI o FIE & AR B o k%2 ST 5,

O RS ORE 5% %ME  GPSL ¥ — Nd, HERZ 5 2880 (RIR4b, &% 8H%uitk) o GPSHH
AEDNLDOREFEZRET A, TNOHLOMEIE. HFRFHI X o TED 1 S I A M6 CTIEME 2 BITEREG &
MEEREZ SCES 2SI TEREL TV,

QDRI GPSL ¥ — N, HHEPOORFEIFET S TORMZIET 5, FEIZET B
filiZ. GPSL ¥ —"OJUERZT L AP SR SN DRI I > TROLN L, T ORF 2
296 (BBI%) oS c (299792458 m/s) ZHL AT LI D) . ZERESHE L ONEd 25154 %,
iz kA TRk b5,

d=c- (T -t

B, SWILOMEHAD SHEEZ KD 20 ThH UL, Mg L3omREF S NE=MNED TH:%
HAWTESETE %, Figlid, 3HOMELHGPSL ¥ — N T COHEASThZNd, d, ;DL &,
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3ODOMHBRD B HBBAEGPS LU ¥ = NDHIET D CTH D, ORI H.O 729 2 RICF R T
KL T2 EBOWMFIIZRICTH 2720, MTIRARLERICARZ Z LIERESINZVw, 22T,
Bk d1,d2,d3 2 KD BRI, BUERAT 2, GPSL ¥ —NIZHBR S Nt oMg 2 L1245 &
WRDOEFHFHI R TE L AERE R 72OIE LW TE v, 22T IEMERBERS T
EGPSL ¥ =N DO TH 5 Toffset KD A 72123 5 1EOREEMZ . Ait4EOR
RBEAHTLE)h0720TH b,

Fig. 1. 3HOBEICKZANNFRIE (ZLEZ)

®GPS L ¥ — DAL DOFHEE - GPS O A L5134 20,200km O &5 2 4 5 72 2% 5 #5384 3.87km TH
BB L TWDH, BLEDS S o> T 7208 N THEEOBAEMBIZERICE > TRDLZ EHNT
Xbh, B, HRAONET—Z IZHERO P2 JFE R & L7z bERCERER (ECEF : Earth-Centered,
Earth-Fixed) THERIHLENHAII A — MV TH D05, HE - BE - BECERT LI LN TE S, L
EX0, HLHHNCBIL2EHEDOMBIIT»>TVblD, ZIH5GPSL Y — T TOHEED
GIUEGPS L ¥ — NOBEMBEDFIHTE S, GPSL Y =10 (X, Y, 2). %50, IE
W% & GPS L ¥ — N R DGR T % RO B 720 IZ T D 4D 03 2 (ZAZE A
BoE) #FiEL v,

VX =)'+ (Y =3+ (Z-2)"=c+ (t, = Ty
‘\/(X_XZ)Z + (V=) +(Z-2)"=c+ (,— Taffset>
VX —x)'+ (Y =3+ (Z -2 =c+ (t5— Tyl
VX —2)+ (Y —y)?+ (Z—z)%=c" (t,— Ty

ZZT,

- (X, Y, Z2) 3GPSL Y —NOfiiEF—% (HERrdLaERER)

oy 20, (e e 2, (g vsoz), (v z) BRI ~4OBIENE

clXERE O

11, 12, 13, . KRS GPS L Y — N E TORGEREH (L 3 NOBUERF - #5255 02k IR

* T\ TR DFEO A IREET O IEME R ) & GPS L ¥ — /N INIREZ [ 0 3R 7%

Thbo LIWo>T RMEIE (X, Y, 2) & T P42 % 5720 MNtH Y X E 2%, 72721,
RO HRRIIERIE TDH 5 72O IIIRT v, @%, h—FETld=a—  rifk EoEaE
2T THREXZ ATV S,
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2. GPSOREES
R Tl _7z Y GPSId, #ED AR TR TE %, GPSL ¥ — NI/ L S NZli 728, A~ —
P74 YRAR—=F7 4y FEICHHESN, BT —F @B ST LI RITRNAF IR E
THHMAIN TS,
L2LGD5GPSICIEUTO L) 2BENAD D 5,
MEMO - WS oEE VR ILEE R BT, BRI X > TGPSHEHED S DEF25E S
Nae, MEHERORKENMETI2ZL08H 5,
MES@ 7 A #GPSIZIE. RFAIHZ8%E L72C/A 2 — F (Coarse/Acquisition Code) Jiz&
HRAHZHWE LAZP (Y) 2—1F (Precise Code) & A2H 5, P (Y) 23— FhHADIZ
NI EDOREE (accuracy) 3D THEecmBETH LD L TC/Aa— FHFRXDITH X
MLEDOREERHm ~10mBEL H S, ZD720C/A T — F IR TR 2 718 1 & 23 5 P
ETE B, B, VEOSHRE (resolution) 1I2D2WTIE, GPSL ¥ — N HIOHEREIC X >
TEALT 555 C/Aa— FARXO%E. BR¥im~10mBEETH S,

3. HROE

CNFEFTHRRTEZLICT AYAMGPSICIREEFSEL A v MDD, FEHOPHEEIT-
TV HEETHEWT IR T 2 IV EOREIRT &%, flZIXEED Im Lo wAE D) 5 ng
AL L 22 X9 ZHIET 5 720121, IEOEERGFESD R LB ImU T TH L UESH L, &
DMEZRRT 72000, ODOFEL LT, BASVITZEFT VR EOMREIH L2y Iy F
FEWH)TINIT) ZLHHEEN TS, Thid, GPSL Y —NE2HEW L7227 V< 2V EBRICI3ER 12k
TLTW2I2520b 56, WX EOBERUNOETZHETL VDL EA—FEBSHHELTLE S 7
B2, 2 V<O FOMEZHIE LER FICRTUHOZ ETH L, v Ty F ¥ ZI3HENMHERT
FTidd sh%, oM BEICHIESI NS EFHIZO L) ik wizo, o HBETICBW TR
WX R,

LT AT, 20174ELIE. HARMGPS E SN L ERTAFRE Y A7 A [ABLUE (Quasi-Zenith Satellite
System : QZSS) ] OAKEN Y — AWM F 572 GEHIZOWTId#BR T %), 202541 ABUE. &<
ABEDONTHEIFTE EIFsh, 209 5 1BIZHEICHAD EZ2ICHEET S 720, wiffio [REEO : &
JBENDORELR ETIIERESENT 50 2BAGETE %, SEEEOK I EMShiUE, ZolE
BB TELZTHAL ) MAT, AL ZOUWHKEIL, BemBE LD THEHV, THIZX DA
Hio TRENQ  BEIEmBE LKV IMRANETEL2THAH. B, QLSS ¥ TR
@ GLONASS (Global Navigation Satellite System). H'EH{® BeiDou. 7 X ) # D GPSZ% EX3H 1,
IS &L TGNSS (Global Navigation Satellite System) &\ 9,

ARG TIE, BECHOTZ2HBETSEL7201C [AHLUE | IZHIELAZGNSSL ¥ — 3% EA L,
Bem B COMBEREAERZ LCTIRI L) P ERGET 5 2 EHNTH %,

(WF7ekeE]

2022 4EFEIC BV CIE, BEIHVS Whill Model CRICHIIE S 2 5 2L, BHOIHIHICH 5 EEY %
Al (A ¥a—3 VY ya Y8l WIVEMTAYATLEZHIE L. 72, BEDT TORBHEEIC
DWTHHIRN A5 L ALK o> THET 2RAE Lize ZORKE. BEEMRBROIEE T > 7255 B
EWFE COHBMEEOREIIH T L hhoi

20234EEICB VW TIX. EEH VT OJE P 360 E NI D LB EY) % LIDAR (Light Detection And
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Ranging) CTREEAIL. HE)WICHIX (G~ 7) 26fEL7z BT B2 ZEIGETHEZ BEH WS
DRI EAT > 720 TORER, MR M~ v 7OHIME L HEEFT AR L 25 720

2024 4EFEICB VTR, BAVEREIETT 5720128y F XA — M VHBOGPS (AHLUE) ZHWTIZ
BRUGELRECHMZIRET A2 LICL), ERCHNBETHFEY =5V AT 20R=ZH
SERBRMEL. BUE, YATLAV T MY 2 T ORRBEETH S,

(F7E ]
1. BEOHRES

MAE, #ERTAEE [AHOE ] 2R L 72k A G EE#r A8 T % CLAS (Centimeter
Level Augmentation Service) & MADOCA-PPP (Multi-GNSS Advanced Demonstration tool for Orbit
and Clock Analysis - Precise Point Positioning) DRI OWTHE L72Y 22X B &, HED
fLAi#% 2 < )V F73~ FRTK (Real-Time Kinematic) ZEHOE KX, RTKMA (i Lok &
GNSS L ¥ — N[ Cilifg - MB35 2 & Tem MWL TE 2 H3X) OFHERBEA A S 7z D3,
KBS ERIZEEA T IV T A=V %2 R LMENTERL DI EPMELE o TV,
INERRT D702, ALV EOHMET T —ECARFH I, ZEHRIETEBEAMIREE 7o
720 CLASIZt ¥ F A — MV OWUAGE 2324 L. MADOCA-PPPIZJAHIPH O — ¥ A i 2 A /N — ¢
%o WAL EBROKER, CLASIZEEW OB 235 TH EMHEZHMFF L. MADOCA-PPPIZGNSS L ¥ —/\
DN B I HBIET 2RRND 5 L L TWwb,

K2, WEBI1E, ABUTEXDOLI-SAIF{E %S (Submeter-class Augmentation with Integrity Function)
{5 £ RFID (Radio Frequency Identification) Z W THEREZORITEZT VA VT LY AT A%
ZFL7:4), LISAIFfE 513, ALV &6 (M SN2 BEHENICE TN, WA ZHIET S L TlmPHD
WREZHIEL2bDOTH S, 72, RFIDIE, NS Ry 7 oBHRZXMBL, £OEWZRFID Y —
FTZETAHI LI Y THNONR (MEHHRE L) 28528 TEL, MEVATLATE, HEL
VDGR REBOET 2 &, AH & OEPHER SN2 512 B WV TERFID 20 5 OfF#iz FIH T &
X917 EBRORE, ALV EZOWUMVIEEIX]L ~2mBEETH - 72 Fig2id, 1/H400md b T v -
EZGPSLY—NDAREF;o> TSR LIHRZEML2bDOTHY, Figdid, MLFT v 7 2ALUE
DL —NZFosTHEHLEbDTH L, /2. ALV EOBEMRLEN S N5 TIERFID 25 O
HRICED, LX) REBETHORELMEREZRTIENTEEHEL T,

Fig.2. ®¥E®D GPS THlfi L7tkF ¥ Fig.3. AB5UETRM LT ¥

Iz, HESI1E, 72 #RTK-GPS (Real-Time Kinematic GPS). 3 X O'LiDAR (Light Detection
and Ranging : L —¥ 6% EPHICHS L CRERBEEY O ERLC T2 ME T 5) Hit 2 H v T H B s fif
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TR TH R HMICHIRZ T 72" Bl R MBS IR 2 IS 5 2012, KPP 2 3% i
L. GPSOHMAL, mbaHe R 2 i L2z RTK AL, RPN HRE S 72887 2 ] L7 RTK
WAL DA W L7z ZOfHE, GPS O MMM Tld, REIEmEE, #BtoLER2MEH L2
RTK O¥p6, 3t emBE, 2L T, R¥ENOREERZMH L-RTKO%A. A IR emBE L,
RFPEMNIZHERER 2 %8 LS BVWTR b EWHEZ R L7z, 720 LIDAR Z W29 B\ T,
JBROBERZ ) 7V F A4 LRI TE, SOICREAMO =R AER TE 52 0o 7z. ¥k
B9121E. RTK-GPS & LIDAR % HAF I3 L. HWHE TCONV— M2 F ¥ — b TE 2 HEEi A T
DRFEE HIET LD Lo T,

2. #BEUVE (QZSS) DFFMICOWNT

2. 1 ALUEHEOREL

AL EZOIE, GPSOMisE - wibz B E LTAEFT Nz, GPSIZHARFTIL S FH I N TV 528,
EEEVOAERILE R ETIEEEIELNRL T, BEMRT T 288 0H 72, 22T, HAZ S
W7 VT - 72 T7HIICBWT, X DRELERELRIN ZFEHT 572012, HARME o2
7y A7 LSt Sz,

OHeRTAB R Y AT 2 B%E - FUHHEER S ORI 20004ERAMED S, EEFHEETALVE DK
A E D 20024 (X HERTABT A ¥ A 7 2 B%E - FIUHHEER RS 2530 SNz UL E REH
THEDSN2H, BICEDTRE o THRENEDONDLZ LIk 7

QU FHEOITH FF 1 20104F9 A 11 H, BXTAF RS [AH0E 158 (QZS1) ] HIAT T v
FMI8HHICL o THTRFHE Y7 —2 o b EFbh, Thick b, HAMAOE RN X
T A DIENEE NI,

@4 BRI OB FIAG - 20174E122 588 (QZS-2). 35H (QZS3). 451 (QZS4) HHKWTIH I
oM, ARERHEIAHE L7ze SAUCE D, XD RE LSS AT R E 2o 720 2018411 H 1
H. #8RTABmRE AT 2L LTOWMY —E ARG S, AL P IEAREN 2 EHE R ICA - 72,
BWNEGPS 25T A HIDBETH - 724, ZDOH. AH VO EHMTL ERE RS TDH 5
CEAREN, TOHMEMIIKE D> TWD,

OBMWBEDFTH LU 1 20214E10 H 26 H. M5O %Mk (QZSIR) 254TH LiFbhiz, ZHck D,
VAT LOEFEE L REDS S I Lz,

G K DT : 20254 K T TICHTRE 2 THARNCHI R L. 2030 4F MR 1T BRGNS 3 5 & & 23HeEs
ENTWD, THICED., &5 7% 58N L IRHPETOY — 2RI MHFE SR Tw 5,

2. 2 ALV XOFAME
AHLUE (QZSS) 13, HiZe 2 GPSOHITE TR < MHOEMIC X » TRKE D LR L7 & %
HLTWwW5,
O K TABLE & Z D%hHE
AL EORAOFERIE, ERTEAPE & TN 2% ZMEZRALTWA L TH D, T,
FREBL VM TIIHEARLSTA2I L TRITHERZHFL L, SICREX ) IMEMCREELZ T2
ETRATHEER RIFA 2 LICX D HARERIZRIWES L) MERF SN TwS, MA T, E2S
Bak, RN 807 28 X5 BT 5720, WICHADIFIZE FICMES 2D 5.
ALV EPERTERFRE LITENLDIZIZFDDTH 5,
COMRRTEMBEIZE > T, UUFO L) BREIESN D,
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CREOWHEEME VR IIE R & GPSHAN RIS WTTH, AL UTE O AR EV
MATHRETE S0, RELETZEITIRICR 5o

- RIGHWETE © HAR LZZICRIGHSIE T 5720, GPSHEP DR VIFHGTTH, AL EITX o Tl
PACLE LR REBZHERLR T R 5,

@ GPS & O H AN & Hise
AHLUEIF, GPSEHBEMDOHHETEZHRE LTS, THIZED, HERDGPSZEKZ KIEIC
BHET LI LR, GPSEMABDLETHHT S LANETH 5,
AHLUEIE, GPSEHTT H&E L LT, DToREERIMET %,
B EON L GPSEFICMA T, AHbUXORES2AMTLZ T, WHEEZ N EIES5Z
ENTED, FRIT RV FRA (ENBETKE LB ORBEL2Z T2 wEw ) FIERD %,
- L72INL - GPSHET R OBLEIC X - Tid, MM LEE R AR E ORI 2 IR T & 2 WIS
HBLBIEDRHD, ALV XL, ZD L) REHT THRE LM EZTREICT 5,

QFEFEEEUAL Y — R
AH U EIZ, GPSOHIZEZT T4 L BT SR E MM RETH 50 FFIS. LT D3 D04 —
CAWZEHS>T, £V F A= MHOBEREENMZERL TWw5,
sk VF A= PV R —E 2 (CLAS) : L6ES L MENLESZHVT, £y F A=
WOWMAWHEIZT 2 —ERATH D, THITLY)., AEREIRR Fo— 2 &, BRI i
WIRDO 5N B EHTOFHPIREIN TS,
- EREEEMA R Y — € A (MADOCA-PPP) : 2% —E 2%, AH & D5 %E SN HiTRIEHR
ZRHLT, BEREL YT A— PVOREETHMNZ1T) D TH S, MADOCA-PPP %, Precise
Point Positioning (PPP) iz L CTHEB Y., HEHOZERILEEL L D,
“RTK (V7N A LF2<T 4 v 7)) RTKIZ, M EICHE SN2 F2 S OMERNHREFHL
T, BESOMBEZ SHEICHET 5720 H NS, RTKH — ¥ A1, FFICEE. Bk W
wREOGHTHHINTEY .. IEMERVEERASE LI > T b,

OBBDET & AW
AL, BBOBT LEBEREMEHLTWwaD, ZRIZED, A GHBR=— XI5 2
ENMRETDH b

- L1C/A : GPS & HIfED & 51575 T, HERDGPSZEHTHFMHWRETH %,
CLIC: HLWES Ty L) EREERMUMARETH %,

- L2C : RAEHDES T, GPSOL2CES & A D 5,

- L5 BN OE S T, GPSOLSES L BN D %,

- L6k F A — PRI AR — Y X (CLAS) THHEN2EE5TH S,

2. 3 CLAS OBy 72 558
ZHEODVHETHIHBETHCT ZRATLAEICESE L2012, k¥ F A — MV A5
HE7 GNSSASW B L o b INFTHRRTEZMY, ALV EXEZFHT 20085 TH %A, CLAS.
MADOCA-PPP, RTK % EDOH —EX9H Y, ThENh—E—HHDH 5, MADOCA-PPP L. At
VF A — MVCTHBICHRITRE 22 DR R ZE AU L B 5o RTKIZEIEESOHBMLIZB W THERK
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DDA, MEZMIET 27200BWKE LIS 5 LER 2 LITHRET 2LEBH S, —7F. CLASIER
DZEWEET VT F S22 HITHBILMIEAT 2 2 EATRETH ) FRED VS &2 S A7
BWTIZCLASHRXOZEREHEHTLZ LI L7

CLASIE, ALV EH»LREINLMMER WEHEHR 2FAHL T ZEROMELY X ) EMEICEHE
TAHH—ERATHb, {EROGPS T, BEHEEIELE, fROPERE, iSRS e ERICK -
THMERESELTLE o —Ji. CLASIZ. SHODBEZMMIET 27200 HE AL & » Sy
5T Ty BRI EZ BT 5,

OCLAS D55 & AWK
CLASIZ. L6 LN BEFZMHT 5, TOLEFICIE. UTFOBHSEIR TS,
- R OB ¢ R O A E R A R 5,
BRI BREICERIN TV BB OS2 ML AW E R T 5,
- EHEE AL 0 EREEIC X 2R OBLEL LT SR E RS 5,

@ CLAS O A J5
CLAS ZFIH L2z, Do FIETiib b,
(1) ZfEHiZ. GPSRABLUE & EDGNSSHEN S DETEZET 5o
(2) ZERIZ. ALV ELLEEINLL6ETEZE L. CLASHiMETEHZ IHT %,
(3) ZfEH%IZ. CLASHiME#MZ H\WT, GNSSHEHEP L OB FITEHEEINLRELMIET 5,
(4) WHESNZESE VT, ZEROMEZEHT 5,

() CLAS DA
CLASZHIHT A LT, BboF A—MVORUNAEEZFEHT L LM TH L, 72720, FE
BROKEEEZ, ZEROMRE. RO (EWEs ), BHEORER S, Hes2BRICL -
TEBT 5720, WIZHEENE L VF A — FVRIIZINE % L3RS 2w,

@OCLAS OFIHIC L EE R 0E
CLASZFIM T 5720121%, DWTFOEBEILETH 5,
- CLASHIGDOZEH : Lof5 5. & H W, GNSSTESEZE7T %,
- HTRTE R A L 22508 245 L7z CLASHIBRIEHA & IEFE 2 18 2 514 5

(B CLAS D F) i
SRR Bk v F X — M VOGRS R BT B,
- IRHEIPA 2 AT REE - HARENDSB X O ORI CHIHWTRETH B o
cBkA B COMH C BEpEEE, Fo— 2, BERRE WELE Re B TiEHTE 5,

®CLAS i
CZEBRBEAOMKL  CVERIIME R & AN S OB EANE SR T WEETIX. CLASOM:kE
T T 2D D %
- TBHEE O EEME ORI X 5 TE, MIEAEICA DT IR RDEL N B TR D B o
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3. AARTHEHEL ZBBEITENTICONT

3. 1 HEpETHEWT O

LW L2 HBETHEVTON—FY = 7THEEX % Fig. 41283, BEH 9713 Whill#1 8 Whill
Model CR, & H & D CLAS HRUSHHE L72GNSS L ¥ —Nid ¥ % & ¥ Z4E# TakionCM-001, H 3743
HWTWAHENAARET 272007 Y %)L a v 28 21213 Bosch #:#0 BMM350 % i L 72

GN3S
Receiver

USB Cable

WHILL Nodel CR
Fig. 4. B L/B#HEEGEVT D/N\N— R 1T 7iEEX

3. 2 CLAS )X GNSS%ZfE# TakionCM-001 (22T

AWFZE TR L 72 GNSS %45 #% TakionCM-001 1&. GNSSZ/EE Y 2 — W ZED-FOP & A H N & D L6 Hli
EE5%ZEWHEREY 2 — VNEO-DIC Z WL, Mk E RN A21T) S TE& 5, B, WHEY 12—
VEH AL ZADubloxtt#TH 5,

OZED-FIPZfEEY 2 —
ZED-FOPiE, RTK (V7 VI A LF AT 4 v 7)) HizfHL Tty F A= M VOERH
FERIA, 232t 2 GNSSZBEEY 2=V Th b, 72 7T IVEWEE (L1/L2) ZHK— L. GPS,
GLONASS. Galileo, BeiDou % EDEE DR Y AT JIHIE LT 5,

@NEO-DICZEFEEY 22—
NEO-DICiE, AH V& (QZSS) DL6ME5 % 5M5 L. CLAS (& ¥ F X — MUMMALHEY — € X)
R MADOCA (ZRICHIET—%) IR LMIET— % 2t 55V 2 —VTdh b, ZED-FIP
EHAEDEDLZ LT, CLASICX 2 RN 2SR 72 50 NEO-DIC X, ZELZL6ET%2 T
I— KL, WilE7—% % ZED-FOPICHEHEXET S L T, VAT ALK/ ML Ko 2 Mz %
HLTWwb, F72, BEOLEFZRAMICTI—-FT52 LT, BroZBREPEVWEGETLE
FEREMIAL % MR CT & %o

3. 3 FIYINAYINADORSE

BHHEWTZHEETSE 57201213, BT — % & L CTHE (latitude) & & (longitude)
EHCLOP N TH LD, LELENESH, BHOTHEMIWB TS FIIZDOWTIE, GNSSZEHR S 1315
HIENTERV, 22T, AR TRBERAL VX D ENTHMNTW S A ZHERET5 2
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LIz L7,

fER L 725 > i, Bosch##BMM350 THh 50 T Dt it HEROWH O S % =KL T

WET DI LIS IHMMaERDDLIENTEL, TOBMM3S0%~¥ A4 203y ha—5K—FThb

Arduino Uno (2 PC 15 THft L. ArduinoPIC x Bl v, z#ii S & ISR OBE %2 AT 5,

FHhifgik, LTFTOFIHTERETE 5%,

OIS T — 7 OB - gAY =25 x vy, zBOWER T — 7 2 IS T %,

Q@KFH OMBER AN MV EEHE - K EOMBERNR 7 MVERHRT 5272012, xfile yiio7r—%
L. KFEHOMBRNRZ FVORE X 2R THET %,

H=VZ+5y
@B AOFIE - Hhify (L) #EET 572012, kXE2HHT 5.
0 = atan2 (v, x)

C 2T, atan2id, 51y LxDMEEFEH L THIA 0 ZRtHTHBETH 5.

@F M ADTE G SN AZERICER L, 0525 360 EOFHPICHTHEL ST 5, 2T, Hit
MPADMHETHIE, 36022 TIEDMHEIZT S,
180

0 =0 x—
degrees b4

OiAm A O - O TRHRE SN2 MITEI 2 FEHE L L7 Tld % B2 R#EIC 2 > T 5, 20
720, B2 S50 TN TH LEA % ETE T 5 72912 Python D geomag 54 75 ) # il L7z, &
DI 47 I VIZIET 5 get_declination BIEUCIRAEM DR & BRE L2 ET LR AIKRE S, T TR
D 7R % @ TRD 72 HMAIINET 5 2 & CIEMER HNAZRDLZ ENTE b,

3. 4 HEETHECT O

A7 CEME L 22 HBETHE VI, B SN2 PC ETHNMOMEIECTH HHEE L REX ANT5 2
LT, MELZHMME CHEIEITT2D0TH A, 72720, RAMEICBVTIE, HUBTE TRHTAZ
EERBE—OHEE L2720, BUCHHICROHE L TE AR, EITH AT 2 MEYSEZ NS 2 2
LIETELRV, 72, ALV EHALOOBREZETHLENH L7720, B CTOFMHIHIIRE 25,

KER
1 TakionCM-001 & 1% BE F2 Bk
FEBEO H 1Y
LU FRA— PR EERETAALOE, % 5 0NZ, CLASKHE GNSS 215k TakionCM-001 259K
DFHBEICBW T ENITZ EDMRE (R 2R TOrEHRHET S,
@FBRD Tt &
< AT L RLRRAE KA 3 TR IR Y (BAL)
S A S — NS 2m BN 7 H G (REEE - 38.280129, KX 1 140.847244) F THWTEEIL.
HGHICENEST 2L [FIE LT L) LFRRENDZY T VY 2T 23 LIz A% — Ml
LT O 8T (Wb A% — MbEaA» s HIME TOHBEZ2m) TH5 (Table 1),

4.
4.

@
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Tablel. A&— RROEER (BECEE)

AZ— N W FERE
A (B HAL~BE)) 38280111 140.847248
B (k2 5E~0BH) 38.280147 140.847240
C (HhSHEAORH)) 38.280127 140.847222
D (25 WE~DOBE)) 38.280132 140.847267
E (BH 2 5 AL~ 0B E)) 38280118 140.847263
F (kv 5 iR~ B E)) 38.280139 140.847226
G (LHEA»SHMuE~OBE) 38.280143 140.847258
H (FEPE2 5 LR~ OBH) 38.280119 140.847233

AZ — MEAS HIHIZH A > THIEL, T LT Lz] LFORSNBERTO i Oh
SEEM M E TOMBEZ X Vv —THE L7z WEMBIL, O0EDDRA Y — MmO E 1ETH 5o

€ F S
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