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20y (X 15), SARMHEINTE 2 9T — X IZOoOWTTHMr2R AL 2 A, THIX
"o, HER /) AXPREELTWD, THE, BIE TR REORELE
A O AL, FITIE SARLBEDIEE N+ TRWI LICX D L& X bbb, Manborne
SAR 73 UC K 28T, # BRRE AL HE ST AL T, 77 T ORBOEHFEN
REWEEZOLNDLDICK LT, HAED SARLFR Y 7 v 7 = 7I2iE. T D X 9 RR#his

15. Manborne SAR S THEIEI L7=F — & it L TH b 7= L
SRR & U, W B o TIE T — X BUSREL 2R T,
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A IET HMEZHAAALTE LT, ) SAR LHOBEBE R+ DEK TH 5 H
H LAV, ZOWEIZHOWTIE, Manborne SAR FROBRICH T H KX ED
—D2ThH b,

e) HmEEILITEKIT D EBREBH
KOLTE B 23 FEER TS 6 22 K Ic B8 T KB AT L — & — PRI K D E
W FEBR ATV, HERES oMM 2R A0, £ 2T, 2018 41 ﬂak#%\éib BHE
R EEB BB SN FEBILOFRE S L2 RS e LB A i L7,
L OBRGFTOHK, BLR, L—F —REME»D AT-MELOEHEZX 16
WRT BTz o= a3 1*“/7A‘E/§*‘@%{$iﬁ Iz 10m0)l/»~/1/7%=x|_

SRITHEILH 19 L 20 HICFEmM Lz MEINIr — % —REMEO R FTITIE L,
IHTEF COMBEIZR 1km Th 5, B LA 78 < . ?#ﬁ P D B ST A 5 f58 MR 1 b g
MEmneTFTHlEns,

TRICAE 11 A 19 HOBNT — 2 2 L, L — 2 — R EALE D> D O PR C il
L7 L SR 2 F iR 2 X 17 IR T, 2 —REHFI D B2 DI

X 16. (a) i o5 [LBLHIG P A 0 o M [ (HUBRBE ) . JRFLIT L —F —REMLE Z 8 L
BRI Z IO OHBEEZRT. (b) L— X —REIGFTN O it (L.

B 17. BRELICBTA2SmMcaE 11 H 19 BOBREIFEER. L—F —REBNME D OHR LT,
B 16 IcBBLE T 5 L9 ICHiH. (a)%&éwﬁf;ﬁ@. (b) ¥ (14:38-
14:44)
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18, BRELTBI LT — & R AT L TE D ML E R & TSRS
DR RY]. B EOKFIET — % BFREZ &2 73, (a) SR 11 H 19
HOBIAESR. FHEgIE 14:38 Bl & 07 OISR, (b) ST
F 11 H 20 HOBLHIGE R, THEAGIT 14:22 BLHI & O~T OFEATHER.

X 19. FREELICIHIT H2ARITHE 11 A 19 A & SFIT4E 11 A 20 A OBLET — 4
ML CEON-THEHLE. (o) L—F —FRKREMED OF S THEH
(b) L — & — JAEAE % C il

m@mowfm\ﬁﬂ-$ﬁﬁ%%mfwé L, BARRHBIZL > TR A 20N
L 2V, KD JAWEREZBRT 5272012, TVEENLRTAT I ERAERY
}%#%%waézkﬁiﬁiLuWR-%@ioiﬁ%%iﬁmﬁ_i677%czif%ﬁ
Mol X 181X, L — & —JEIEA T L7 BELEE 4 & TG O RS 2R L,
@@ﬁ?@i%uﬂw%ﬁﬁﬁfﬁvfwé’kﬁ%wmé é%’\11ﬂ195&11ﬂ20

B LT — 2T 2T LChH, BWTEHERE LR (K 19), LD
ﬁDLLﬁMT%ﬁ@ TR EOND Z & 2R LT,

BRE OB OB, B L, L —F —gFEMEN D R EILOFEHEA K 20
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R, BN GIRRES ORETHY | BHEIZ~y A HE#KT 2 H#l AT
ST BRI B IESFnE 11 H 208 L 21 BHTH D, HE XIS TR ICALE L
Bk ok 0 PR £ TO MBI 2. 5km TH D, FrAE O WTAMTE O A X HE VA, 1
BETITRWHAICEDNL TE Y, REBOF W7 CIIMHAEIC L 2 FHMES i
BB D ATREEDN B D,

SFICE 11 A 20 HOBT —Z T L, L —& —RENMEH» D O R CTHiE
L7-BRELTREE i 18 & T 2 X 21 (a), (D) IR T, B —REHFT N AL D L
—H =R ENLE N D IEREIZOWTIE, #EL - TEHRHBOITWD R, ZOEADHE B
BELNR o Tz, THIRBHETTEICAET SRR ADEBICLII LD L
EZbND, FOHBEBORWEFHTTOBRINEE LW, 2D X ) RGFTIEHEEIC X
DTV RAITE SR hoT, £, U—F —FHBENME DD ERRICTEHED 2 4 XN

X 20. (a) BrAHELIG O A0 O M (HEBE ) . RILF L —F —REMEZ R L, 7R
MITZ 2o D2 R T, (b) L—F —RELHFT D I HIRIE,

21, FREICB T H2BMRE R, (- ()IFL—F —FEMENOOH AT, K 20(0b) Ik
BILE—8T 2 & o cHim, (a)BELREME G, (b) F¥m (2019/11/20 10:48-
10:53), (c) F¥#mE# (2019/11/20 10:22-2019/11/21 9:48), (d) L — & —JEfE R T
HEmE LU 72 T4 (2019/11/20 10:22-2019/11/21 9:48),
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B 22. BrAECBLN L 727 — & 2 AT L CAF O AU 7- BUEL TR EE i (g & T Vi O R R 41 [
B Lo FIET — X BERLZ 72T, (@ oot 11 H 20 HOBMAEE. T
1% 10:48 BLI & DT O FER. (b)) SFICE 11 A 21 HOBRIRE R, T
1% 9:39 B & DT DfRATRE R .

\

Aoz, ZORRIEPFIZONTIH, AH%OBEE T D5, K22F., V—F —JEIER
TR LoBELREE G & TWEBOR RS2 L, B TIEE O TEBERSE L
TWDZENbhb, é%’\HHZOHkHHZIH’ﬁﬂbt?*?KT%%ﬁ
LThH, @mWFBHBEREL (K 21(), (d). BICE D0 LB TYEY)
WCTFERHEOLND Z L 2R LT,
U ED Xz, Wi, FrdECBOWTOBATIE, R LBRICLZT—4 D
%ﬁ#%?@%%é_k;ﬁ%btoH%®ﬁ@%&$§limb\%@%ﬁétk
HBEBORHEZRALD TETH D,

2) R SAR EHTIC K D K LMEHR A BT — & X — R BT D B BH
a) HEMRWT AT A7 0 M A T OREE
INE TICHFT LI ERBFIELZMAAR, BRI AT 207 e N2 47
MRS D, BENT O AT AOEAN RN 7 0 — %2 X 23 2R T, ZOMRr7m
—IZi > T, B SKERF23BASE L 72 SAR F ¥ — L (RINC) Z V7o B Bififfr o X
TAEWMET L, LT TIE, FLHICET 2FMER <D

(Master image & Slave image)

KRIFHNT CHERT 28T T — 2 1%, 7205 (ALOS) L7206 2 %5 (ALOS-2) IZH#E#E &
AU72 PALSAR 35 L OF PALSAR-2 THUfF &7z SAR 7 — &% Th 5, KITEE OTEHALN
%MéntEA“cm FEIFAY 1T Sentinel-1 DT bR, ARARKEENE O
T2 %A ITIL, JVDN TR R A AT 2. 20 X O RERFFR e T IC BV T, fE
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X 23. HENVENT > AT L ORI G 7 o —

AT 27— 2O CRE RN FEEH N EE L, X3 LH 2 OB FIEI
oI L &9 %, PALSAR 7 —Z i3, HAUEMKKF O B HE(E BUR N ER S
7= SIGMA-SAR # T, levell.0 5 — & » 5 Single Look Complex (SLC)HE#IZZ
#al., T &4T 9, PALSAR-2 57— # 1%, levell. 1 T—X % AF L., M &17T 9,

(EBBEIZESMETNDOERE)

Master image & Slave image ZHUfF L7V —F —MRE FHIDORT A 2 - % [d
U &E{RE L., Master image D> — 2B X —DOE I L EZRERIUAIZA L N TRD
NOHRMBZY—FT 425, Fle, LOMENPLY - By —FTODRAT U FL Y
AT A Z LI LY, Master image & Slave image DfTE T L& K E NIC

HEET D,

(BfEE~yF L 7)

TFEIZD (1999) OEBEE~ v F L 7EICL Y, Slave image 7 ¥ 7 2L O
JE T Master image DNLEICGDLEZL-ODT 7 4 VERFEKREHET D, 22T
DT 7 4 EHERIT

X'=ar+aXx+azy+asxy

y'=as+asX+ary+asxy

AHAWD, T T, X, yldslave image D ¥ 7 B/LNL{E, X', y'lX Master image D E
TR NALE., ai~s X7 7 4 VAR TH B,
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(VYo 7Y )
HWELLET 7 40 VEBEEZHWT, slave image Z V7V 795, UH
FUUTITENTIER, WHEAT T4 omiflE v D

(T EAT)
F PRI B VT,

¢M =awm + ibm, ¢s =as + ibs
Qinterf = dm ¢S* = X(am as +bmbs)/n + i Z(as bm — am bs)/n

MHLEE 7 BNLVOMEEFFET D, 22T, a, b, ¢IE SLC HRICKMN S5 I & E
HMOE, BLOEFERTHY, EfFE2oXIERLEELZRT, £, LoD TR E
DM, SIZFNFH master image & slave image DETHDH I L Z -7, nid/ly
JBOBYE 7 BN B Th D, £, ZOTF WU ZFEITT LI, DT N AFA
DEFEWIZEDARXY MV 7 MEMIET D7 4V — (Gatelli et al., 1994) %
WA 5,

(METF — % % L — X —JEFE R HR)

KU AT MR TIE, FHEBRIZEN D HIES ORES DD, HHPRRE
MAFRERLTND 10m Ay af@FE BEGMI6 A A RETADLHAINDLI VA A R
mERELEDLE TCROIEMBAKET 2205, TOUHIFEBRERED 7Y v R
TSN TWDLTeD, ZhEd L —F —HEIERICERT OILENH D, ZOFHEIZE
WTIE, EZ BV T7 Vv AEICHINT OMEMEE AT NV U VUREEE L,
JV oy Ry —FIl Lo CTHIFRE EBUNEN BT 247 F T4 THEHET S,
—BT AT FT A TANRESTH, HELEMELN L —F—E TRV EF =
I FhH, L= TRITIIE, AF L FEmOERT OGNS B
BT HELRE 2 E T 5, ZOHELEE, BOWNBEOED, LY, TUYAN
FIZ 100 27 B LERE L-@HEICOWTEHET S,

(M7 — & L SAR Hif DAL E G bHH)

L— X — IR RIS LTI 7 — 2%, WUERR 2 R KR AE ST K v | 8
LIEEFOTFARDH D, 2T, ¥ 2 b— b U7 BOEL IR G AN B g & — Bt
HEVINEEDLEEITI, TOMEADLEIZIH W TIL, SAR BB ONES DH & I[F
CT7 74 v EMAERNDL, 77 4 VERBHOHEEICE W TIX, BE2EKICEE X
Z 100 B 7 BV T32X32 B 7 A O/NEBEZREL., TOETBEIEAZHET
Do TNOLDOVATHREIREZ LLSHWT LT 7 4 v Bz i/ RIECE > THET
vays
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(MmO Ial—va)

T¥HE 212 1T, master image & slave image ZHfS L 7=HliE @ 2 (\CE K4 5 /7 FH
WM INAEL D, HEEER 2T 5720, ZO3IE I 2 — ML THWHE
BrBRET L, TOXT b L VB SplE

8p = ps—pm = {pm* + B2~ 2 pm B cosp}? -

HRtHE T D, Z I T, pm. psidmaster image & slave image D AT > kL /|
B X master image & slave image OHLE M EERE, ol L — & —MH Fim L fuEf~2r
FNVHRBRTHTH D,

(R SE R 22 0D 1R )

RERBIEFRANT DWW TIE, TRl 29 FFEICRF L FEE AW 5, 5T TR 29 4
fh@/)/ﬂﬂ“ﬁ)(mﬁ%jﬂtﬁ FEHREB Y77 —~ 2 OWEEB LY Ozawa et al.
Q01N ICIHRTWVED T, ZZTHEMEICERRZDHR LTS,

RRBILEET, BHEKEET VOMITEIZESW T, L —F — K OEMHERE Lo
BT EZEAET L LI THET D, TOE, EEOEMIIZBE LRV, JAR
T, REITHRAKRLTVWDLIA YA —LVETVEEREL L WRF
(Skamarock et al., 2008)IC X AfEMICXI Y. 1EMECA Y Y7 7 Lz
fEZ A%, WRFIZ X 281X, ALOS O IE A ARG S 7z 2006 202 HBIIEE THKR T
LTV, PIXEL LT =2 FGT 220DV AT AT —IA T LTW5E, iz,
BHOT —ZIZoWTIE, HEIMICHIT 2 EITT DV AT LAEHEELTEY, 20Ok
RULBERE T — b A 795,

(5 FfE P B A2 3R 722 D R )

o e A SRR AU owriA%ﬁmEW’@%bkﬁ%%%w o FEAMIE AL 30
EV®&&KKMHn%L$¥£%B#7T~V2®$ wRTNBHEDOT, =
ZTCEHEHRIZERD DR ET D,

BHEE R OHEE FIEZ, V—F — O TF ¥ — T WA 55 E T\ﬁﬁéﬂ&ﬁ@
SAR {4 & fERL L (Split-specturm ). JEMEEIT X3 2I5E DE W) & FERBEE 2
My aHEET HHEZHWS (Breic et al., 2010; Rosen et al., 2010), %0)%
KB 72 BT FNEIL, Gomba et al. (2016) WA L7z HFIEEZHWL Z L LT 25, 722 L
IR A3 PV ALOS O figHT, FikE fE (T3 5 b 5w fE) ﬁ!ﬁ?&b\km%ﬁ}:@ﬁﬁ#
Frick v i, ﬁ%bﬁﬂﬁf FLREL THENMONRVWEANEL AbNZD)
Split-spectrum ¥£IZ X % BEHEEEEH T 1T/THL RV, ZHITHOWTIE, Q@Jﬁﬂ‘ﬁ/
AT I DOREEERFIZ kMH DRHIZEDE TIRETHZ T 5,

(Tvroverr)
NAHT T v B T RKEE LTI 720, AHETIZ Goldstein and Werner (1998)
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WCKDAXRT PR T AN E— 2T D, (BT T v B TIE AF T 4 —
NRFEVPRAB LT 7 v 827 Y7 =7 SNAPHU (Chen and Zebker, 2000;
Chen and Zebker, 2001; Chen and Zebker, 2002) ZHW2%, 7 F v o 7IXTi%
fENT 22 D45 6N DA RO 2nDBEBE DO RNEEEZRIRT LU TH DL, €
DOHEFE A BIEZ D & L-band SAR DAL 10em ZB R DBENELD (T T v
B/ xT—), THERERBVEHERTHY, BRI/ T I LEIRETHDL Z &
nH, B CHERT 22L T2, TV Iy B 727 —RALNLGEITIE, L3
W20 UL Bl (2010) 12 & 5 mod_unw 2 W TIEIEZR AL EENKREERGEIL,
ZDOXT I BOFITITHN RN L ET5,

(R & RA 72 )

OB HRICIIE TORELZF OO T, ZOWHEREICER T 2o BN EAFT 5, 2
NERETLIED, EEERSDZ2ZHEAATHL L, Y= NICHEEINLTWVD GNSS
BLIIC X D HBREEEREEET DL 010, ZOLEXOBREEZRET 5, HE 2R
WrapmEL LR WERROT — % OMITIZHE W TIE, 16S S &% V7= GNSS fEAT 7
LR OLNDLHBEEBERAEH WD Z L LT 2,

(vFa—F 42 7)

SAR TR AT 1 L — & — AR (2510 THT 5 45, 2 O RRAT#E R 8 5 ISR T 5 72
DT, HBEIER DT — ZICEBRT OB ERH D, T T BT — 4 2L —F —
HERER AT LTS T A — & &I, W SRR S 2 R BRI T 5,

GE K9,

SAR FH T ICB W TIZ, BRARZ2FMICBBEINTZ 2 DOBBEZMHTL T, 245
DT —Z ZBGREOMICECEHBENICLLIAT Y ML VB ERD D, K
ST, SART—%%% L & LIEGE, TR THILZ GThDH, ZNHT T
T — A= 2T L DI TR VDO T, kFEH L k+t1 FHH D SAR T — & O#]
BRI OMICA U3 B # k2 KO CTF — 2 _XR—=2{+ 5, ZhiCLY, T—X
NR=2{bT 27— 28T L-1 &7 D, TO®RITHEN T 2R EE T, LEL 725 HH
DOHFREMEHAERZ R LAEDETRDDH, kFHE k+t1 FH O MK OHMBEE L,
kFEHEL ktl ZEB D SAR T — X Z BRI O 56N D03, 2 OMM 70T O R T
THRFRIME LT — 213, RIM OHSEE 25RO 256 TR ENEE I L. K
ERMBENELDGAENDD, 2T, L0 ELOTFT — X7 OFNTHER G R RS
T2 EHET D, BT NPOHEOND AT ML VB ESp, X,

8Pi,j = Zépk,kﬂ (k:i, "',j—l)

ERIND, TZT.pIEAT U P LU UEBILE T, FHEHRAFTE., TOoHM %2R
T SAR PR L GbLE T, &R/h ZFEICL > T, AHHORZ o P LU UE
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b Edpr, 1 RO D, Z O FEIX Small Baseline Subset (SBAS){%E (Berardino et
al., 2002) ELRIERTED, — BRI ESHOWOLN DR AR O A L—T v 7 OB R
ZOHEEIL, TOMELMESHEE R T A—HOFREDOLFT LT MR RKREL LD
HAEEMENRH DO T, T2 THEMARRRIUEO A EITI 2L LT 5,

L3RI 70—, HEENT S AT LOR—=ALR5DTHY, FEED
VAT MERERICIE, BT IR WD T — X ORI G b T, B NT A —H
EERTOMLERDDL, TO—2 3 FHEBEERT 2560V 78 TH D, Kfig
Hroid, REBROSMHELZ 1L (W3m) L3522 RARELTEY ., 20D,
L — A — R RO TIE, 77 Ly TBRBEZE 26n ICRD K9y
Brkdsd, Lo, BWHEAETBEORL TV D M#EEZ &, FEBEREVHERIZ B W
T LXVZLDOVy V7 HEFREL T, /A RZRWT HLERD D, EOHAEITIE,
TR =Z2{LT LR ENITIE LT, REBROA Yy a2 A XL ERETLH T
EThbd, . Ty 7y BT EITORNICIE, TV I vy 72T —%BbT 720
|\Z. Goldstein and Werner (1998) D7 4 VX — %M T 5, TD T 4 NV H—DEY
ARFT32X3R2E TN, T4 F—BET0.8FEARLET LN, ZHIZTOVWTHEZ
DOHIRDOFFEICHEDE T, WYIRANTA—F 25 Z L1235, w6 HERE 2 IR
BWIZHOWTIE, Al L2k 2ic, T— 2ol ofthn b ZEMITREE X < A A
RERGEICOHR, ZOWLEEH WD, RERBRERBIZCE N TIE, 206y % ZHA
WL LT, fRATARE RS GNSS IC K D U BB LA T 5 L o 1c, 20 ZHADHEE
EHET D, TOZLHEAUT kil 2 AR L T 20, BREEBIEIEAHE L WIEAIC
FEDEVWREBOREDEY RIGENREZ O D, —J5. GNSS BRSSP 720 Hilik
0L KIEZR EOBEEN NG AE I, RWREOIE ) N & Bz bhvd, R
BIZEW T, EOREOHMOTFHMTERLEH N2 NERETOLENH DL, T
RTOHAEDLEIZONTHEST 2TV, TOTXTEHWTHEERY T — X 2 HET
LHELEZEZDNDLN, FHBATORGHMNELS 2D &, TWHESIEREFZF LD |
ZORMENKRINT —ZHEDRHEEEZ LI EDARBENEZIDOND, Ko T LE
BICHLIBREOTWHERFONDHMZ, TOHMBORMHEICEDE TRET D LH
W5,

HEMENT > 27 2%, KL Z &2, LED X 5 REHICHOWTHRA L THET 5,
ZTOTa N ATE LT ERBCET D PALSAR-2 O 3 & 23 (FF{TELIE . 45 7 A H1)
ZHE LT, VAT LADOWELRLIZ, T A MEIICHWD T —#I1%, 2015 4 2 A
9 {25 2017 4£ 9 H 18 H £ TIZ SM1 (#7108 SOMHz) D BT — N THRE S /- 28
F—=ATHD, VI BIZT T RL Uy TEREEE 2m 225X 0L Y iim
W10y 7 TS AFMIZ I vy 7 2 FE L, EOMIZHONTH, 73T Eif
LI BRI T A —5 « LB ZFRE LTz, AT L7 B o —5 (2015 4 2 A
9 BIZHEUS L7 Hi{8 % master image & L7-rfER) Z X 24 123”4, T — X S5
B2y 1 DT —HXTITBVTIL, B AR T2 B H 23 W RE 70 B2 0 -k
NDELNTVER, TR TELREBZD &, THBENMEWTZDIZ~Y A7 ST-HE
WABEEICROND X527 D, THUTREAIC X 2 R 722 TS b 23 B3 12
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(a) (b)

24. () TR ILICHE T % PALSAR-2 8% 23 (MATHULE. A G ) ICB L TR L
o, BEIfT S AT 507w b2 A T 6557 SAR FEMTRE R, 2 2 T®
THERE X, 20154 2 H 9 H % Master image & LCHELNEZAT L N L8k %
"7, Slave image DIFG HIXK BB D HITRT, FHEMIWEI~A 7 Lz (K
TR ) . (b) B FEH OMLZE T E (HBLFL HI) .

X 25. B IIZE4 % PALSAR-2 O X & 23 (FMEATHLE. A M) B L CHEELE, B
RN S AT LD T N A T TELNTEAT Y MLy DBGEERY, B &I
24 (b) 127,

(a) (b)

2 26. (a) 2T > b Lo DAALERERA] (K 25) Ot L&D OFER K, (b) i & I o> H1
(HuBE e ) .
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27.

bivdldEtE2 b, LV TF—2BEMBRRIDICELS 2D &, v A7 N5 HEK
MIBITWADHEZZB2D, 22T AR LI IC, oA GDLEDT — & <
THRONTRER ST, RV Z1T 9., TRXTOT =2 X7 OMHEHDLEITD
WTHELNTZRHEREZHONTHE LA T ML U UBERFRYIZ K 25 IR T, 1T&
IWEDEZENVTARAT Y FL VBB ELNTWD Z ERbND, £, TWHES
BIZHED KO BB D /7 A ZIXBEEITIT R S, 7272 L AT TIEREFHE D7 1)
DAL=V 7 ZEMA L TWRWO T, B 813 T 7 0 KRR IE X 78 B It 55
WED /A RXITEDEEKR > TWVD, TOREIITIHEICL>TIE bem X TW
5, TNTH, ADHEMAEREL, AT b U VBOEESZBEYICHET D 2
LICkoT, MREHOFEREEL ADZENARETH D, X 26 1%, Fii v L&z
WCOWTHER L, ERESEZZORMFBIZHEEL THONICAT U ML VELTH D,
B 25 1L 1T 2018 AR IT M K S FEAE L 72 23, %@HIJJEH’JiﬁH AR D IRF AN 2 b 2 FERIC 7 D
TENTEL, LVRWHEHHOMBAEE 2 572D, HFET D/ A XOBEH N
EThbd, TDH, 5%, ﬁ»%hf;%7/I\I//‘/Zfﬂ'l:ﬁ#%ﬁwliﬁﬁﬁﬁ“é74ﬂ/5
—EZHBETLTETH D,

(a) 7 — & BUGFHIRRA 104, 1.54E, 2.04F, 2.5 ELUTOFT —Z <7 D SAR F

WRMTAE R A W CHEE LT R 7 > b Lo DAIERS. WG E LR 24 (b) 1R
T (DSAREBOT X TOMBEDLENLHELTLAT v L v VB RS
(¥ 25) & o,
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X 25 123 T D SAR it DA D T SAR THMTHE R EZHVWTHE LA T
YRV UUEARERIITH DN, Sk, SHILT BRI LDOT, ENHTRTO
SAR 7 — % O H A DHEIT DUV T SAR TN 217 5 OIXEH TRy, £72, 7—
ARAHBRNELS 2D FHBHORBNBEEZ LR, 7o I v 72T —NAET
LT RDZEBTHEND, Lo T, SAR T 21T T — 47 &5 — % B
MR CHIRL T, ZNODMENS AT ML U PELBRIZHET S L 512 L
W, 20N e T — X BRERERET 270, 7 — X BUSHRS 1.0 4, 1.5 4,
2.0, 2.5 FLLTDOT —F X7 O SAR FHMITHEREHNCTHELZAT b
CEALRERINE . TR TOMABEDLETH LN SAR THMITHERENORDIZAT
YL VBRI E T 5 (K 27), EORER. LSFEIVEWGEAIZIE, A
TFoENRONTEN, 2HL ETIHBEELRENRON o To, ZORENG, F
B IZBI9 % PALSAR-2 /32 23 \[ZBAT 2 HEENT > AT KB W TE, i1 2
T—=EXTOT—ZREPHMIZ2HFEUTERETHI L E LT,

OBt E ., FFEREICEIT % PALSAR-2 ® %2 18 (F{T#LE. A M) 2k
LTHIToTo, T A MEHIZHWAS T — XX, 2014 412 A 4 H22 5 2019 4 11 A 28
A & CIZ SM1 (F7380E 80MHz) OBMIE— N CTRAEINZ 287 — X ThHhDH, FFEKE
DO WIS TIRWEAEICEDRL TWA2), ZORBIZLD THIELIENE LV,
ZZTC.SAR FWMTICBIT DNV Yy VA7 T RLU U TEBBLE B0l b &9
ICRE L, fRITREROE A vy 2 28 (K6om) & L7z, SAREBDIZE AL
M TH Y RERIIT, 2D X D RN 2 VT — 2 OFHTIC I W TR RAZE 2
RTNWI RO TS, FEREMIEZYY H L TRITZ21T 5 X 9 IR E
U7z, F70, BRI O FRAT IR\ TIk, TR R IE O HEE 2 8 B X < AT &2 78
WIGERH Y | Eio, NEBLCOEBBEELEIX, 1ZLA ORI RIS B L

(a) (b)

28.

(a) FEREIZE T 5 PALSAR-2 O 32 13 (FEATHE. A M) 2B L THESE L
72, BEET S AT D70 b2 A4 7 THLNIEZAT VML DB RS], (b) H
BEPHOMZe 51 (MPLRE X)) .
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LT TEDrenn, 22 CIHEMBELENK OHEEUEZITHhR W L
oo LEDfENT NG, K28 ICRTHRERLGELNTND, FEREIZOWVWTIE, 20
FEREZRTOBRET S,

b) T — & _R—2AARFIEICET DM

mﬁbtiﬁ . TR SARIZ X 2 B O M AR B A R L, R I oo Mk R B &
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WD VA I AT Y —~y B, SPIC-SS DA A TP —~vy RIT, ThEZNH
FAOMBRENANT U 72EEL, WA TOT 0 2 A T EREE L=, £, SPIC-UC
& SPIC-SS &7 v ¥ A 74 #E) S ¥ 7 SPIC-UC/SS v b & A 7, B LW, SPIC-C
& SPIC-SS D47 u k¥ A 7 & #E) X7 SPIC-C/SS v ¥ A FHBELK, ISHD
AT FEHIATE—RDT 4N Z =000 DT 0 N2 A TEHEREEDLE LB
BRNT AT e —RE LTHET LI TEHSETRAOISHO T m M & 4 72 RELT, £,
K70 NAATOT—HZEBE L, AT "AHETE, AT 7 F v #fi€ FEOT
N Y X NEER LT,

Flo, AR MHEERT =2 X—ZAMEDTDD AT FAGHIE LT, A7 |
NT =B R =AM ETDHEODEAANT FVHNEANXT NVT — 2 RX— 27
—~ v PO EIT o7, BARBITIZ, TRk 28, 29 EEICHEA Lo EE Z AV
SR O KL S O 2 T REO 5 A A7 MVOFHTIEO R & FZIT - 2,

(b) 35 O il
1) SPIC-UC, SPIC-C, ISH, SPIC-SS @ BH%&
SRITCAEE 1T, PEAEE £ TICBA%E L7z SPIC-UC, SPIC-C, ISH, SPIC-SS D45 B #
M (BATZ Y=~y N, tE#E) ~—{k L7z SPIC-UC, SPIC-C, ISH, SPIC-SS
D7 m hFATORFEE LT, a)SPIC-UC, SPIC-C DA AT ¥ —~y K (FEHEH
M) 12k 2 SO FAEED Y I 2L —rva VKD, b) BB LEZEI AT DR
Y=y FICX2BBIGHER, o) FEBEOEREMEME LA EEDO T 0 b X
A T ORI, DFEEO T v M7 A TRE, ) BIEEDOT 1 & A T ORERE B
B, £) A7 MAHEFE AN T 7 F Y HEEFEOT NV ITY XAOR% % £ L
7=
ULTFO®E 1~6 12, Eikod a), b) OFFEICH V2, FEERE £ CICB L& EHEHE
it (WAZEH =~y N, 5HEEE) OFERFELELTT,
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#F1 SPIC-UCH AT VY —~y ROERFE T (WAT 1, 2)

=~y K HAZ1 HAT 2
Y —2A4T FREE~ A 7 mRn A—K  640X480 H#
%

7 4 A — (R I k) 9000~ 8370~8920nm
14000nm

7L —AhLlL—Fh 30fps  ([AIH AT AE)

A/D 14bit

L X f=35mm/F1. 1

NETD (@25°C) 0. 1K 0. 6K

KEH A X HE

33X33X27.5mm, 17bgf

#£2 SPIC-UCH ATV Y —~y ROERFE L (W AT 3, 4)

Y=~y K AT 3 HAT 4

Y=g A7 IEMHEA~ A 7 mR A — 4 640X 480
%

74 H— (KERE ~10500nm Filter less . 8000 ~

i) 14000nm

7L —AhL—| 30fps (R FTRE)

A/D 14bit

LR £=35mm/F1. 1

NETD (@25°C) 0. 12K 0. 06K

KK A X, HE

33X33X27.bmm, 17bgf

# 3 SPIC-UC (XGATRY) B ATk YV —~y ROERFET

Y=y B

SPIC-UC (XGA 7Y)

vy —2a7
T B e Jk

7L —AL—}
A/D

LR

A 4y R RE
NETD (@25°C)
ARV A X/ FE &
i~

WA~ A 7 mRe A —4 1024 X768 F 1
8000~ 14000nm

(7 4V —1 Bg# )

5~60fps ([FIHATHE)

14bit

£=50mm/F1. 2

FOV /KX FEE, 19.7X14.9° | IFOV 0. 348mrad
0.1K (@60fps)

86 X86X212mm, 1.5kgf

1P67 xt it
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# 4 SPIC-C (MWIR) AT YV —~y FROEREIT

U=y B

FAST M350 (Telops f1)

VRl e
mAH

SRk R

T ANVH =

7L —AL—h
A/D

LR

NETD (@25°C)
o

RIERENT VT

A EIA InSb, 640X 512 1

AB = T —F— (koY% —#{ERE T7K)

3000~5000nm
WNHBIEBE) 7 4 V&7 — KA —/b (4 KT
7 4 )% —F1 :BBP-3040-4500nm
7 4 )% —F2 :BBP-3440-4075nm
7 4 % —F3 :BBP-4000-5000nm
T T7 L— LK 357fps  ([FIH AT RE)
14bit
£=25mm/F3. 0
16mK
6kg (L o X4tE)
IP54 (Lo XEB & R <)

#* 5

SPIC-C(LWIR) ATV H—~y RO ERFET

P =y N

FAST-L200 (Telops %)

v —2A47

m A
TR R Jk
7 4L H—

7L —UALL— |

A/D

LR

NETD (@25°C)
HE

KIEtRENDT V7

7% HIALNMCT, 640X 512 #+

2B =V 7y —7— (ko9 —@{ERE 7T7K)
7700~9300nm

WAL EE 7 ¢ LV H — A — b (4 B a)
7 4 V% —F1 :LPF-8110nm

7 4 L% —F2 :LPF-8650nm

7 4 /L% —F3 :BPF-8645-550nm

TV T L— Afg K 200fps  ([RIE AT RE)

14bit

£=25mm/F1. 4

19mK

6kg (L o X4E)

P54 (L v & <)
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# 6 SPIC-SS i 1EHE D T 7058 T

Ty —~yv K CMOS 7! 77 2 Z BU302MG ((#%) HZ 7 U —fh#l) X
6
RS A X 1 290X 29X 16mm, 33g
N e 1/1.8 CMOS, IMX252 #4#L (2064X1536 F¥)
A/D 12bit
7 IR [ 30 u s~10s
J T R 400~1000nm
A FIv Ly 70dB
e USB 3.0
74— Lo ZHTBEEEAE (M27)
7 4 V¥ —F1~F6 (6 /N> RI[a|FRFEUS)
ZL—AL— R 6 N FRIM (1920X1080) £ K 15fps
LR ¢ 29mm, SV-1614V, f=16mm/F1. 4
() A -T2 v v—H)
48 PC, 5O k0 Windows 10 Pro, 2TB SSDX3

a)SPIC-UC, SPIC-CDO A A TP —~y F (FEHEEMN) LD SO FHIEED T I 2
L—3 3 e kB EE Y

SPIC-UC, SPIC-C L SO, W A DA &2 EB T 5 L2 HiF L, WEFE E TR EFRE
fir (WATRvY =~y F) ZBHFE L, SMITFEEORE T, AR LESEEREK
WaRAWESE T N A TEHEETHEDIC, BEFEETIKHELEIA TP —
~y RO S0 HAFHPMEREOEEAZRFMAITV, TNOLORREERML, £H AT
oY=~y e KIL L& T b2 A TOMEEZIT) TIEE LT,

i) SPIC-UC DA AT & P —r~y FOHfi

VEEEEE £ TITHIYE L 7oy SPICUC O A T2 v —~y K (BREWR) 05 5o 1
B (HAT2) DREWRERIT. S0, H ZADWIL ALY hLBIZ —FHSETND, Fx
(F T O UK O 2SR E G 2 O E (ARTS) TR D ALZ EER O SO0; LSy
A DV BAE LT SPIC-UC O AT 2 TEDORREDRE CHIEIT& 2 0% Ratt
D= I, B EfRAT = — R MODTRAN4. 0 YIC X B tfmiEY I 2 L—3 3 v &
(D2 T o 72 Y

Ls(A, Tg) = {eMBA,Ts) + [1 —eD]LaD}r(D) + L, D) . . . . . (1)

FE. e HER O F

ZZT, Ls: BT 2ot EERE, AR, Ts: HiFRmIR
EROFERFE, Lu(L)

B BAKEEH . Ld: RO T & e EE, « i RK

79



KR, MR b0 EMESHBRBEECH L, ZOBRPBEEYIaL—va ok
fEIX, ZAVE TIZ ARTS THIH L 72 & A KB D S0, D FE 454 O BLIR S 1 & [F]
—& L, T2bb, ZoBMOBRSG X, By —idt P —&E 4000m LY
EFHMENDO Ls @B 5, BLHI AN ZTFET 2 RKUT, TEEFDOET LR
KBIOEOREE A KANOES 700~1200m OFEE (J&E X 500m) 12 30°CD S0,
HAPGAET 2 EMRET 2, £z, TR KONOHKREIRE (7s) 50°CO
4085(kﬁﬁﬁﬁﬁﬁw)%ﬁhakbfffﬁfékﬁﬁfiénzmk\_@ﬁﬁhd¢
T, SO, DREAE 0, 5, 26ppmv & LEHZAEICBI SN D =R LX — DM E S
(Ls(A,7s)) B 1IZRT,

-4
><10

____So ) Oppmv

SO ) Sppmv b

— SO ) 25ppmv

Radiance [ W cm

'l 'l 'l
15 8 85 9 9.5

Wavelength [ um ]

X1, SO W ARELEBHIND DIEHHBEE (Ls) DI —va R ( Ls
IZARTS TR R FEAK DN D S0, H AP FE AT 250 C DM FE 28 7 & L € L 224km)»
SEN LA 0ME) |

IR 2 T D 0 A%, W RS Ly RO E I ()
DOWFTHNTHBBI SN D2, 22 TOBMSKMETIE, SO RENIT & S0, T AD
W RO XAV F =R HET 2L CBllsns 2 En”ard, ThbbIn
IE, BER R E S0, HADWULA Y MVIFIZ—HSETWDL I AT 2 TEHHIT
D& WRIREO R OMEIREM? SO, BEDOHEMZIE bR WEFTHZ L%
BT 5, M2I2SPIC-UC DA AT 2 THM LIS AEO, B S D T OREE
JRE L SO, IEE OB ERT Y,
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SO 2Iayer thickness : 500m

25 L

SO Layer Temp.: 30 C
20 | 2

Background Temp. : 50 C
Sensor altitude : 4km

SO  Concenration [ppmv]

24 2I6 2;3 3;) 3I2 3:1 3I6 3;3 40

Apparent Temperature [ OC]
[X|2. SPIC-UCOH A Z2TEM L-HE 0 Bl S o) O IRE LSO E
OBfR (=T —"—: B AF20ONETDL Y 3H5)

K 2pDxT—nN"—X, &5 ENTOMEREZBH L-HEIZ, 7 AT 20 NETD
EEPEED ) A XL EZ, ZTOMMN, SLBEOETHE LTEDOLITHNDI N E
ARLTEbDThHD, M2 X0, MEREZENOHESND S0, U A DREDHEE
&, %9 1~2ppmv @ SO0, A A PEFELL E7 6 . NETD *ﬂﬁ_lﬂ“é SO JEEE DBy LV
HEBL, SO, T AREDOHEN AR TH D Z &My o TAVE D | RIEE A SO,
A ORI Rk & B L 22wy SPIC-UC O HF A T 1 f%ﬁ{ﬁﬁé ERIERFIT, S0, A
DN R D = F /L F—% SPIC-UC DH AT 2 TEHNT L Z & T, HFEOEEMN
50CLL Ed 5k o HiR (JEU KA & FlRIRE) (8 THIET D S0, AR
OFHPBFRETH D Z ENHERN SR D,

ZOTHREINHIHREROEMAMEEZFMT 572D, THE TIZ ARTS THEE (ARTS
TR L SO, W ADEE = b T A MR SCLLET S0, 7 A EBRAHE) SN E
BUAS R V2K 312", M3 0 FHEG (HRE#H) 13, HFRO LVIR Sk O 4
ST 2 KB L7l Ch 5, Z OBIHITIL, KA WIZIX 50°CLL kD EIRFE
L SPIC-UC T + 438l AT AE 72 Sppmv UL E DR EOFEHIEKN A RO bz, T7hb
B Z ORRRBLIIR S TIX, SPIC-UC Th Somz(;af“/\%ﬁmﬁi&ﬁﬂr TR TE D
LI ENS, £7-. BTV AT L0 NETD fEZ ek 3 1iE, SO, 2B D HR R &
WETE, FLEOHBII T, lppny LT O SO, EEOHE S AR S & FHREND
ZENG, NETD OB ELE LB OEBRBETERT L2 ENEELEbRD Y,
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S0O2 abundance [ppmv]

X3, ARTSTHEE L7-RLER EAK O N OS0,H A RS54 (1049 (UTC+9) Apr. 8,
2008)

ii ) SPIC-C DB AT &P —~v KO
HRZERET2HED S0, W ADORESMOGHHZERTHZ LA FEAME L
72, SPIC-C(LWIR) (7 4 V& —HEL) DEDOREDOIFE TN TX 20D RF %,
OB BEY I 2 b —va VICR V7o MREK4I1ZR-T, 2 XY SPIC-
C(LWIR) ™ NETD 7% 19mK Td % Z & Z Wk L, SO0, A A D FEHE E 74 £ 1% 0. 054ppmv
(27ppmm) THH Z ENDOMNV ., SPIC-UC DH AT 2 LV bmWHEERENFEH T
HZ Mg hol,

25 | SO 2Iayer thickness : 500m

SO Layer Temp.: 30 C
2

20 L °

Background Temp. : 50 (¢}

Sensor altitude : 4km

SO  Concenration [ppmv]

24 2; 2; 35 3; 3; 3% 3; 40

Apparent Temperature [ cl]
[X]4. SPIC-C(LWIR) CELH L7256 o, Bl S iDL iT o R E & S0 D B
f% (= — 3— : SPIC-C(LWIR) ®NETD & v %)
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b) BHE LKW AT OV —ry NIC X 2R E GBS

MEAEJE £ TIZPBE ¥ L 7= SPIC-UC, SPIC-C, SPIC-SS DE M A TP —~v NiL, [A
@%@%%%ﬁ¢57W%ﬁ%§VX?A&Lfiﬁbto%ﬁ%?t7%~AyF
ZIE, B EREICT A T 4 —RIo ISH RSN TEBY, Zhic k&L
BlX, VTR RBAT VAT AELTHIET D,

UTFTIE, TN DAVF N R AT VAT AORBREBGIRGRHERETT,

i )SPIC-UC(VGA) 4 HEHERIC K 2 RBRIE & Bds (R 5 o0 51 & [R50 5 0B 6 oD fife 58

SPIC-UC 7' a h&Z A TOMEEIZHNSSL, TOEF—~y Ny E L TRHAT
ED, BI% LTZ 4B D SPIC-UC (VGA) DB A7 1 (LP9000), # A7 2 (BPF86450-
550). 57 A F 3 (SPF10500), # A7 4 (Filter less) DPEAEZ MBI X v R
BHI=8, 4?@?Vﬁ~myF%3E1@%1L%éﬁﬁﬂﬁﬂﬁb\%WT%@
iR (30Hz OBYHE) B L7z ¥, REREROBRSICIE, ZhE TITB% LR
71 A7 HIEMEE - ey 7 b &2 T,

M5 ICERNNSRTAOREED 1 7 L— 2O REFNEG Z RS, £72. K612
FORRKEBIZE (F—, FaFx, =) SELRIZ 30Hz TEH LD 1
7L —AORMWFHMEGE KT, EHATIEBNT 22V —ERN R0, K
5 TlE. HEAATOEBELET L7200, 4 ATOABER EOEYE LKL
L (T2bbBEAT 223X =00 I A ZIEEBRAMEREEZIEKLT) R
LTWA, ZOFR  EhATIE7L—AL—K30Hz CA4ETRBLTHAITEX S
TLEMRTE, B, AT 2HBRT LHROGBNT LR LT —DD RN
B, EAREZRICEST2mE (EMOAVWERRO AT —2) BERTE D,
ZONRE—FM 6 OIRE 30 EU EOFEABR L7 — TIXHEMLZ R to T
Wb, Thkbv, :0)/\"&—wﬁﬁ*ﬁftﬁé%@%ﬂ‘%ﬁnkﬁﬁ%’?ﬁkéﬂf:zw
— U TCThHDHIENHERTE L, £, ZHIE, #RF—2 FKAFITL DA
T ARG THHZ ELHERL TS, Lo T, EEOFEITIE, 1ATDOL X
AR E NFIEY — 2Bk O (72 2 IXBEBEEZB-72T VI ORE) %
BEE, TOFRMEGEY —HOEKEL T LRI AT ONLT Ay 2] R —
R 72 FIEEAZR WD 2 LT, B AL T AR EREL, RABEELZ®ET D
FeE Lz, UEXD, oD 450D ATRv Y —~y REMAIAAT SPIC-
UC(VGA) 4 BxB 725 SPIC-UC (4VGA) 7'm ¥ A T HEET HHIEICET LT,
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GH 1. 4B SPIC-UC (VGA) #1 A F X 5. JA\g D 17 L— IO [E 5] 5

X 6. FORIRAZEICE( S84 30Hz TEFHI L 72 1 7 L — L o [a] 3 3 0 [ 14
(b AT, EFTHAT2, HEDAT3, GFIAT4)

ii ) SPIC-UC(VGA) 4 B HERIT K 2 ek BRI (5 AT (7 A i B2 53 A7 0 FH & [R5 1 i
e O fife 72

Sk U7z a)SPIC-UC, SPIC-C O A Tk ¥ —~v B (EZRHI) 12X D 80,5
BWHEDY I 2L —ya XD i, i) SPIC-UC OB ATV H—~y ROFE
T, BAT B Y=~y RO S0, HABIHNCE T 2 PEREFEAMN & SO, H A 8L
BEDY I al—va v aEELREFRERESEL Y, ZOMEZERICE D iR
%%, S0y A DFRINRIMURF I SELL L7 f5PE % b D HFC152a H A (7 v A w7 —R
v 1652a, A CIXEEEBHO N ) & AT 0 2D AL EREZIT 572 97, S0, 4
A X OVHFC152a T A D FRNBIFHEEZ K T IZRT, B AT 1~ 3BT 2 5%
ZdE R TR Lz, RIS AT 2 OBLREBIIRANCMA KA THR R LTS,
BI7 X0 AT 20225 S0, HADWMUFFMEIZ W KT HFC152a & W ARF 1M
DD EeRbNnd, 7B HFCI62a T ADYE . £ OIRNSRINFFIEIZIT AT 2 H
AZ3, AAT1OEICHESFRHIND, ZORERTIX HFC152a 100%2° 5 72 5 ik
DT HAZ—Z RN, =T ZAZ =0 LEF S5 HRC152a H A Z 5l L7,

M 8IcHEEEZERELTHCI52a A%, B AT 1, 2, 3THWLEHEER
T HEIE-ICUTORMNELTHBHUEND 2D, =T X AZ—nbES LI
HFC152a H A THE R LV bmWiiE (FIRFEE) Thoe, i LTSN
%o ZOWE BRI ER KR EWEEBIZER ORI L 72528, X 8 Tl
AT 2, 3, 1DIEIZ, EE ST D HFC152a A A DER 3 % < éﬁ/aug;nf
WD, ZOFERIZ, HFC152a DWW (K 7) 2R LR Lo TG 97,
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WK 60 C O B EZE & LIatFE R A 912" T, 4 BT HFC152a W A D
WE (FIR) X0 b RIRENE WO, 3 RIRE A HFC152a A A D 7R #M R I A 4
Wi zxrF—oEs LTRIE (K< 22) CBillcahd, M9 TR, AT
2. 3. 10IEIZ, "EH SN TWD HFC152a H A DSBS BHI SN TWS, Z
DOFER Y | HFC162a ORI ME (K 7) 2B LZFERE 2> TS 9 1)

PLEOREBRFMERLY, 2D 4 O AT —~y REMAIALT
SPIC-UC(VGA) 4 575 72 % SPIC-UC (4VGA) ' M ¥ A4 T OREHEZIRE L, Z OB
WZEF LT,

hAS2 HAAT1 SO2
S

HA53
DA

5| F: NIST Standard Reference Data https://webbook.nist.gov/

HhAS52 HAS1 HFC152a (CHF2CH3)
<>

HA+53

5| A: NIST Standard Reference Data https://webbook.nist.gov/

S0, A (k) & HFC152a 7 A (F) DIRAWILFRMEFR L OV SPIC-UC (W AT 1, 2.
3) OB EHL (o)
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X

8. HZ4&HE L LTCHRCIS2a W AZ B AT 1, 2, 3 CTHIM LS

HA31 HA353 Hhr52

X 9. 60COFHEMKREZGEL L THFCIS2a HAEZ I AT 1, 2. 3 THIHA LR

iii) SPIC-UC XGAl f5. VGA3 B ARk I &L 2 3B 4 B (RS o 51 & [5) 1 3 0 #% 6E
D e 7R

SPIC-UC(4VGA) D 1 5D A A7 4 (Filter less) % XGA W A FIZEFT 5 &, #F
HH AT TR BWEMOMERT 70 N¥ A7 ThsH SPIC-UC(XGA/3VGA) % 1#
KTEDHLEBZR, TOWMEIELSL, B —~y F& L TEAT 24O SPIC-
UC(XGA) } LY 3 A SPIC-UC (VGA) @ H A F 1 (LP9000), # A F 2 (BPF86450-
550), A A7 3 (SPF10500) DVYERE A Wi LV s 3 22 Sl L 7=, BT
X4 oy —~y FEEE 2 ORICIHEIEWINIEE L, SN CilBRm G
(30Hz D Ehh) Z Huf& L7z,

B 10 IZENL S LA DEED 1 7L —A0RBENEGEZ =T, £7-. K 11
WCFORREZEMICEL (F—, Fax, =) SHEERREZFHBLEED 1 7L
— LD RMFHE G 289, Z2d. D SPIC-UCAVGA) DA LRk, K AT
DHBRFREOEKRZHBLLETRL TS, BRI ORE, 1 52 X6A B AT
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5E 2.

X 11.

ERVEET ST —ZENHEM (VGA D 2.56 %) 272> Th, I ATIZTT L —2L4
L— b 30Hz TAETCRIBILTCEHMTEDZ L2MRATE, 3EDV6A T AT D
AL e D SPIC-UC (4VGA) D #k 5 & [Al Bk D i K & 1572,

U EORBRFHBFERLY, ZhbDoB AT R —~y REMAIAALT SPIC-
UC(XGA) 1 & SPIC-UC(VGA)3 B2 5 72 % SPIC-UC (XGA/3VGA) 7'm h ¥ A4 T OWEHE %
WEL, TORBIZEF LI,

SPIC-UC(XGA) & 3 & @ SPIC-UC (VGA) 10. A& ED 1 7 L — - [EHEHE e

FORM AL K-8 T % 30Hz TEFHI L 7= 1 7 L— 4 o [& ] 311 5 4
(EEVGABT AT 1, EFVGA I AT 3, HEVGABT AT 2, A FXGA T AT)

iv) SPIC-C(MWIR) (2 X % I i 4 O He 32

SPIC-C (MWIR) @71 k¥ A 7 OREFIZIENL b AR MWIR IR A T & L
TERHI L7z FAST M350 DVERE 2 B4 IZ LV fERE 3 2 72 D O il Br i 12%ﬁﬁ%bto
B 12 1T AN OFHEBR 2R3, ZOER, I LRI XA T TOH CTHe b PERE
EUN 16mK A L@ WEE OBEREBEG S IG TEDL I ENMRTEL, E
TR DMEREREMI I 7 4 VX — B L OMEERE S RIFCTh o7 Vo LLEX Y MWIR
IO HEALRAN b —OFHMENEFETE -2 & 2% 1F, SPIC-C(MWIR) ® 7' a2
N ATORBIZEF LT,
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12. SPIC-C(MWIR) T&HHI L 7= AW D

v ) SPIC-C(LWIR) \Z & % {5 J5 i {4 o e 38

SPIC-C (LWIR) @ 7'wv b Z A T OHEFIZHIL D AR LWIR IR A T & L
THEH L7z FAST-L200 @ 7 A 434 O r[RALIC B 2 MERe 2 BRI K 0 R 3 2
720, RBRESZ S Lz, SPIC-CAWIR) X, HiRZE R LETIHAD S0, HAD
BESAORMNEZEEATH L2 EHMELREL, ST LHC, BEL
7= FAST-L200 %, % gk I ik & NETD 72> 5, SPIC-UC X 0 & 455 D &y S0, A
Z O A AL RE N W T & 5 (KEE X, SPIC-C T 0. 054ppmv, SPIC-UC T 0. 5ppmv),
SPIC-UC kB [AHEIZ, HFC152a B A (7 /v A v B —7R 2 152a) O A[ ik 2 7=,
13 (2 SPIC-C 2NEMI4 % i £ 4 & S0, 36 & O HFC152a O 7Rk A W I A5 oD B4R & o1
7, #BRTIX HFC152a 100% 0B R D THRO =T X 22 —Z W\, =T X XL =1 b
" X AL D HFC152a & 7 4 v Z — 72 L CRIAI L 72, Z DOFE R % X 14 1273, X 14 ("
) L0 2 X bmEs X 7z HRC152a A3, iR T O RIBEZHE S &5 (F
RHORNTFAX—ZWIN) Z D, TORESMMPERTE D,

PL &Y SPIC-C(LWIR) ® H A J 434 Al AL BERE DRl d6 X Vel o a) i) @
PERERRGERE B & LWIR fEIk O W H B R v — O F AR EIETCE o L 2%
. Zhox AT P—y FIZEM L7 SPIC-C(LWIR) ® 7' v & A 7 D%
WZEF LT,
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13.

SPIC-C SO2
<«

51 F: NIST Standard Reference Data https://webbook.nist.gov/

SPIC-C HFC152a (CHF2CH3)
>

5| F: NIST Standard Reference Data https://webbook.nist.gov/

S0, H A (L) & HFC152a A (F) OFRAELIFFPER L OV SPIC-C (LWIR) BLHIH £k (o)

W& 5T AT TE 5T

IR

IT7ZRE— HFC152al= &k 2 IR IR
(HFC152a 100%)

14, =7 X AZ = HLEH S 5 HEC152a & SPIC-C (7 4 /L Z —4E) TE L 7-FEHR

vi) SPIC-C(IMWIR/LWIR) ® [] ] £ 1 o> 1 52

WEAE S £ CICHA/E L 7= SPIC-C(MWIR) # A T & W —~v K& SPIC-C(LWIR) &7 A

T Y —~y FO MY T—HEEZFIAHL, 15 (27, [RGB RE 2 3281 L
7~

PLEX Y SPIC-C(MWIR) 7 A T & > ¥ —~~» K& SPIC-C(LWIR) W A T & —~
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X 15.

v FORIMGFHENEB CE L2200, o7 e b & A4 7L ORI O%E
BENA[RE L 72 o 7=,

#ilfEPc1 Hil{EIPC2
Master (MWIR M350) Slave (LWIR L200)
S S
EHESin EHAESin
>
BHESout

E#I{E 5 (TTL) 12X % SPIC-C(MWIR) 7 £ T & »H—+~ K& SPIC-C(LWIR) &7 A

7=y FORMGE R O

vii) SPIC-SS (FullHD 6 &) o3BG s ([F #5304 o e
WN%S@?DF§47®%%L%J%\%%Lﬁ:6ﬁfﬂ%?51%mqwo
(FullHD) @O A Z 3572 % SPIC-SS OREH % G5 3 ORI S I FICRE
L. WEFEEE TICHB LTS VRIHEEREICL Y, ERNCHEBRE# (3. 75Hz ©
Bhm) RS LY,

B 16 ICFDOIR 2 BRI ZALE TR Z G L72BR D 1 7 b— 2 oD [) ) 5+

BrERT, CORRE KB AT ETL—AL— k3. 7502 12C 6 & CRW L CHH—<T
XL L AR TEL, ZOT7 L —AhL— MIYFTD ARTS-SE O h A F & o
(STIC) 7% 3.75Hz £V &V EREFHAIME A (STIC DRI A 7 25 0. 5Hz, 7RI T A
TN 2MHz) AL TSIMEREBTE LV L2HEZXD L. 6 B0 AT IXHEED
BUAISAEC SIMABE N EBLTE 5 & TSN D,

UL EDORBREHGFER LY, 25 SPIC-SS A ERE & fL 4 5A A 72 SPIC-SS 1 |k

AT OEFELREL, ZORBIZEF LT,
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HEL 3. SPIC-SSDH AT (6 H® Full HDD) ZirHE X HIHICHE LT

16. FORIKREZEBICE(L TR A SPIC-SS T 3.75Hz TEFHILE-BEDO 1 7L — 4D
(i) 4 5 7 1 45

c) FEEOEFEHINZHE LIFEED T a M ¥ A4 T O &KFT

i) FEEOTa WX AT OISR
AREOFTE Y WO T 25 EEOMEETT V& HBEREE A X 17 1277,

FEMME, 2020 FF T (REE, SRICHEE) & SPIC O FEREN - Mk EE T

& 5. SPIC-UC, SPIC-C, SPIC-SS, ISHD 7' 1 M ¥ A T & 52 S5, 5l &H & 2023

EETIZETa b A T2 Kb U B ER - EdAEE 2 SRS T D, &5

(2, 2025 HFF TITHIZZHEFA U AL 8 & SEpl S, KL~ R B2 It 2 Bl 3 %

FETH D Y,
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X 17. BHF T 2/NBNEE T AR b A Z (SPIC) DA TE T /L & B F G

AL, Bib U7z H30 AR E E TIZBAFE L7z SPIC D& B A T OEFEA (I AT
ot —~y N b) ORK) 1TXDRBE G IGOKRE =T, EFRENTOMHA
FAMEE LTV INOOEEHN (DATHUY—~v F) &, EBREHNTHEH
TEDLMERE LIZSPICOKE T M A TORWERZBB L, 3. 2hbo7a b
2 A 7 ORAETIE, H30 FEE SPIC-UC(XGA) DREHE TR LIV A T B I —~y
FHOMBREM I AT\ 7O E®7Tn N2 4 7OFEBITISH L SPIC @
&7n M A TOMEHRHEITo T,

BEERRFHZ L S< . &7 v b2 A T OFEMRTIESNBLO 3DCAD A 7 A b & [¥ 18~
21 IR T, 78 A TE, BEEOHATNLRD~ILT N K (HNUR)
AAZ VAT LT, AR (R TRE) . EBREERR L Lz, K7 v h¥ A 7D
oY —y NIRIMWEREM I AT AN D TN S, TOIEEEH 7 L — A2
A, BEIND, o, BET L —L2FIRTH LT, WA TOMAGDE,
B AEERRE/RMREE L7z, £7- SPIC-SS % SPIC-UC, SPIC-C & —{kMy{t4 %
SPIC-UC/SS ¥ X TN SPIC-C/SS 1%, f# B > = il #4# & 41 7= SPIC-SS, SPIC-UC, SPIC-
COHFENATEY—PEGT2HEET — % 2 FRMBET 5 2 & T OMEL EB
TLHEE L (= RO E LTid, ®WELAYIC SPIC-SS % SPIC-UC, SPIC-C ®
EfIcHEHT 2L AETH D),

SPIC-UC(4VGA) 7't M Z A FII R 2 5K 25T 2G5 4 5O VA RIEm AL
AT DDHAER S5, SPIC-UC(XGA/3VGA) 7't ¥ A X B s EZHEIT S 1A
(7212 26) OXARIFHRH D AT, 365 (71T 26) OVGARIEHRH D AT
MO SN EFFABOT AT TSNS (X 18, 19), SPIC-C 7w k& A
TIERRDWPRZFHT2 15O VA RBH A A Z, 3H0 V6A BIFME LT A )
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DR ESND2AFA4BEDON AT THER IS (K20), SPIC-SS 7'r b & A FI3HE7
LZWELZFHPT L5455 6 5O FullD Al AT hbikash s (K 21), 728,
SPIC-C 7' b Z A 7OWMHA T A T1X, 5% D SPIC-C 7 4 —) RZ A 7 THEZ /)
b4 522 REA. ZHETORBOMRZIEN L, AEEITH 7212 LWIR 5815k
® SPIC-C WA A AT —~y RERHFE L, MEBREMI AT DT
BT 2H#E Lic, 61T, REERHIE L7 LVIR fHIK D SPIC-C DmHAIM A A Z
TrHh—y ROKE S, BRSO T, MWWIR fHlK D SPIC-C O % HIA A
AT =~y FHEUETE 2R ZITo72, T b XV REFELIFEO SPIC-C
T 4=V REATORBICORNLEMNEREEHRTE -,

72 ¥ Y WIEHE T, MER B AR T AR WD SPIC 7 u kX A 7% 2019
EEIZER S, 5l EHEE 2021 FEITMEREEALAR D SPIC 7 4 — /L ¥ A 7 % FERL
SHEBIC, KIULTOHARBRBNAE LT L2 FECTHoT-, REEDORHE T, &
SPIC 7'm & A 72 b | MMEREAKEZMINTEZ LT, BT LT, SPICT 1 b ¥
AN EDKILRBRBIZ Em XL X522 0  MPEtE %2 a2 W & o7,

THBERIAAS NS DLY HATNYDUY
I$EE SN T=SPIC-UC (VGA) B#HIL—LA

\ /

BT (mm)

X 18. SPIC-UC(4VGA) 7’'u v ¥ A4 7 (J£) & Z o a7 = I HEA4% (5ke) ()

MBERAASNITUY LESTA DI
IZHEF SN FZSPIC-UC (XGA) BEIL—L
THIBERHASNIDUY

IZ§E# S ht=SPIC-UC (VGA)

/

B (mm)

X 19. SPIC-UC(XGA/3VGA) 7’'v v ¥ A4 7 (/&) & Z o al i = I HE AL £E (6kg) ()
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MRERAAS/NHDLY AASNG TG
[Z¥E N 1=SPIC-C (LWIR) BHIL—L

/

MRBERAASNHOLY
[Z¥EE XN 1=SPIC-UC (VGA)

B2 (mm)

20. SPIC-C 7u h& A4 7 (J£) & ZF O = s 88 (12kg) OF)

BRI AAS/NIS LY HASINGDUY
[ZHE SN 1=SPIC-SS (FullHD) EHIL—LA

\ /

B (mm)

21. SPIC-SS 7 u h& A 7 (/&) &= oa#ph = &4k (5kg) OF)

DFEEO T 7 hZ AT ORE
i) SPIC-UC(4VGA) 7' w1 b & A 7

BE SRR EHCHE W, SPIC-UC(AVGA) 7' a b7 A T II R 2 BT 263 4 A
DVGARIEWEA I AT MO LBIE L, BYEL I EBOER#HE LE R 7, 8,
22 1T T, 7ed, S0, W ADBRARINEFEBIZEGDLETLAI AT (I AT 3) DORKERK
R X WEAE L & T 8650nm & L L7232 RiE 500nm (NETD:0.6K) & L CTuW iz
25, NETD Z [ B &H 572912, 7950~9300nm & L7z, Z O#EF NETD 1% 0. 32K {2k
EBCTE, £, V77 LU AN R E LT, 11785~12785nm D& E I 2 Ff> h A
T (B AT4) BHEERLEZ, 20O/ ik, S0, ORI HEIER Tl < 2> 7950
~9300nm & KZEKORIFFEN T WFRREAT D, £io, WA T ATV THEE T
L—2AIZid, BRTAO 7 VI o 3— MEMEASELUEREERE. FHLEOCHORD
F. ZWEEEM L, EEOKEAZK 2312, BHEZ, BHE 412587,

AK7w ~NF AT NGRS T A T I - FiékH PC: 2 — b PC (Windows 10 Pro
64bit, Core™ i7-8665UvPro™, 16GBRAM, Panasonic SV8) J ¥ USB ##iiC CTH& A
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AT —~y NiZHER L, SHY 7 8 (FEFEEE TITHIE LRI 2 F I
HAHIE - Fogky 7 b)) Ik v, T—2 R4S (/— h PCo® M2 SSD 1TB SSD IZFE
) 179, BUTORKIHTEER S AT AL, 4 BOA AT D 30fps O 7 L — AfFIH
2 EBTE D,

# 7 SPIC-UC (4VGA) F'u hE A T DO ERE T (W AT 1, 2)

oY —~v K AAT 1 AT 2

v —FA7 JEBHA <4 7 mRa A—% 640X480 FF

7 4V H— (R ) L (8000~ LP-9000

14000nm) (9000~ 14000nm)

7L —AL— | 30fps ([ FTAE)

A/D 14bit

L X f=35mm/F1. 1

NETD (@25°C) 0. 08K 0. 1K
P 7 L — A% 4 X (WDH) . A TE & 214X 157X 209mm, 5kgf

RNy T IP67 xf)ts (Ge #fF &)

# 8 SPIC-UC (4VGA) v " EZ A 7D FERmi#HL (W AT 3, 4)

o=~y K B AT 3 HA T4

v —FAT FERHR~ A4 7 mRm A —F | 640X480 FE T

7 4 H— (R ER) BBP-7950-9300 BP-12285010000
(7950~9300nm) (11785~12785nm)

7L —AL—h 30fps (A1 AT BE)

A/D 14bit

Lo X f=35mm/F1. 1

NETD (@25°C) 0. 32K 0. 52K

B 7 L — 2% X (WDH) , A& 214X 157 X209mm, b5kgf
RN T IP67 %f)is (Ge ZAT &)

22.

SO2

P — YA
hA52

€« <>

HA53 HhAS4

5| F: NIST Standard Reference Data https://webbook.nist.gov/

S0, H A D ARAMT I UL K E & SPIC-UC (4VGA) DK 1 A T DI E IR EEE M (o) & D Bf%
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_— BERITH/N— e

'\ /'
SR ARE SUERRE
(F) (F)
SPIC-UC(VGA)

HIRFRDAS N O T8k W XD XH:214 X157 X 209mm, 5kgf

23.  SPIC-UC (4VGA) 7w h& A 7 ® 3D X,

SPIC-UC(VGA)IRIBEI AW AS /N DU T H4#5%

BE 4. ®IAEL 7 SPIC-UC (4V6A) 'm ¥ A 7 (FE). [RIEEEO = EIRRE,
(F)

ii ) SPIC-UC(XGA/3VGA) 71 ~ & A 7
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BEERRFHICHEV, SPIC-UC(XGA/3VGA) 7' m R ¥ A T IX B2 W EZHWT S 1 A
(F721F26) OXGARIERIE I AT, 36 (721X 2H) O VGARIIEHBHA D A F
MO INDEFTAEDON AT THEMAIRBREEZRIEL, "B, SFEDZ
DB TIX, S0, H A DRI AIRIZ G T2 X6A I AT (XGA 7 AT 3) L LT
B AN, 7950~9300nm DA A T & HHUICHAMEL . MEEEICRE L 72 XGA
AT (T 4B —H L KR ER 8000~14000nm) & RIFHEH L, 2 IR D XCA & 2
T, 2IROVGA B AT, BFF4HBDON AT L LTHERET % SPIC-UC(2XGA/2VGA) % 4
L7z, ZAUCED 2BD XA AT HH W, VAR X 0 & K0 22/ 55 fif g D
BV S0y T AYRE A OGN ARtk L oo 7o, HBLICEIELZZ 1 5D X6A 7
ATDERFELERIICTET, bI) BDXCABIATIT, BR3IDAATEHEHS D
FIODOfEEEE Lz, i 2 5D VGA I A Z 1%, ik SPIC-UC(4VGA) 7' o k% A
DARAT 2, 45T LHERIVICTATHERE Lz, £, AT AU THEET
L—XZiE, BERGFHO 7 VI 8 — BEMERRLEBAEE, FEETHORD
F.SWEEEAMAMLE, EEOXE AKX 2412, BEEAZFE5IZRT,

KT b F ATV, NGRS T AT il - feEk M PC 2 — b PC (Windows 10 Pro
64bit, Core™ i7-8665UvPro™, 16GBRAM, Panasonic SV8) X ¥ USB #2#i!lZ CT& 4
AT —~y RICHER L, EHY 7 N (FBEEE TIZEHIE LRI 2T HIF
HAHIE - Flgky 7 ) Ik v, F—%E4 (/— b PCo® M2 SSD 1TB SSD (258
) 2479, BATOARKMELER S AT LiE, 4 BEOH AT D 30, 60fps D7 L — A
FHAGHA 2 KB TE 5,

X 9 SPIC-UC (2XGA/2VGA) v hH¥ A 7D LR (I AT 3 (XGAE))

oY —~y R

H AT 3 (XGAHY)

=47
7 4B — (REE PR

LA~ A 7 aRa A —%_ 1024 X768 F#+
BBP-7950-9300 (7950~9300nm)

7L —AL—h 5~60fps ([A ] A HE)
A/D 14bit
Lo X f=50mm/F1. 2

[N Iy 1=
NETD (@25C)
PEH T L — A X (WDH) , A E R
REN~NT T

FOV 7K X B
0.3K (@60fps)
243X 256 X 238mm,  8kgf
IP67 xti (Ge AT &)

19.7X14.9° | TFOV 0. 348mrad

# 10 SPIC-UC (2XGA/2VGA) Z'ua " A A 7D EHR##H T (W AT 1 (XGAT))

Y=~y K

H AT 1 (XGAHY)

vV —217
72— (R R
7L —AL—h

A/D

FHHAB~ A 7 ara XA —H 1024 X768 &1
7 4V —2E L (8000~14000nm)

5~60fps ([ AIHE)

14bit
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LR
[Tz N A==
NETD (@25°C)

BH 7L —2aP A4 X(WDH), KER

RN T

=50mm/F1. 2

FOV 7K X HEE, 19.7X14.9° | IFOV 0. 348mrad

0. 3K (@60fps)
243 X 256 X 238mm,
IP67 %t (Ge A+ %)

8kgf

& 11 SPIC-UC (2XGA/2VGA) 'ma " &2 A 7D FEiEix (W AT 2, 4 (VGATY))

U=y B

A7 4

TY— AT

FEHA~ 4 7 o AR o A —HF 640X480 H#

7 v H— (BRI

71 —AhL—F
A/D

[PV

NETD (@25°C)

(9000~ 14000nm)
30fps  ([AIY] AT AE)

BH 7L —2u9 14 X(WDH) ., HMEE

(i AR

BP-12285-10000
(11785~12785nm)

14bit
£=36mm/F1. 1
0. 52K

243X 256 X 238mm, 8kgf
IP67 %fits (Ge BAT &)

SPIC-UC(XGA) /
[pEseEd

AASINGDUY

AR :

e

SPIC-UC(XGA)
MRERAAS NI T 1k

SELLRIREE
() (BF)

W XD XH:243 X256 X238mm, 8kgf

N

HER(FTH/N—

SRR

FHF

24 SPIC-UC (2XGA/2VGA) v kX% A 7 3D X,
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SPIC-UC(VGA)THIRIBEV h AS /N DU T Tk

SPIC-UC(XGA)THIRIBEI A AT /N DO F 5%

‘BB 5. H/EL 72 SPIC-UC (2XGA/2VGA) 1 % A4 7 (F) ., RIEEE O = td#ERae ().

iii) SPIC-C 7 u N & A 7

DR FHIHEV, SPIC-C 7'm b ¥ A TR 5 EAEFHT 2 1 50 VA RmH
AT, 3BEDVGARIEBE T AT NOHMEINDGEH 4 BDOH AT MD bk
THRIELZZ, 72, AR TR LZLH1c, SFEX, ko SPIC-C 7 4 — /b
N& AT Bz T, S0, T ABMAD LVIR 8D SPIC-C DI A TP —~v
RZFBUCBHRE L, MERER D AT AT ZRTRIELT (I AT 3), HiHl
BAZE. BAEL 72 SPIC-C 7 R Z A 7O LWIREBOBEAA I A TP —~v FD
FhFEn e R 121077, £, ZOEBEBOXEZ M 25 ITRT,

KT b FATNE NGRS T AT il - s PC: 2 — bk PC (Windows 10 Pro
64bit, Core™ i7-8665UvPro™, 16GBRAM, Panasonic SV8) X ¥ USB $:#¢12 T4
ATw Y —~y NiZHEHL, SHY 7 b (FEEE TR LRI T A T HIF
W - FoskYy 7 h) Ik od#E, S —FE4S (/— K PCO M. 2 SSD 1TB SSD {25
B) 175, BATOARBMELE Y AT L%, 4 BOH AT D 30fps D7 L — AR
Al A EBLTE D,
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# 12 SPICC7ma hEZATOHBHME AT —~y K (BATF3) OERET

o=~y R

B AT 3 (SPIC-CAH LWIR 1 A F)

oY =247

7 J

o — R I R
74— (R R )
7L —AL—}

A/D

LR

NETD (@25C)

AR, BE (BHD AT HE)
RiEN~ND T

7 L — L% A X (WDH) . ME &

B HE T2SL, 640X 512 &1
AH =V T —TF— (oY —@ERE

77K)

7700~9300nm
LP-8110(8110nm~) . 1 Krf&ifkar
77 L— A 30fps LA (R ATRE)
13bit

£=25mm/F1. 4

33mK (7 4 /L% — : LP-8110) @30Hz
120X 234X 173mm, 5kg

IP54 %f)is (Ge A &)

263 X276 X308mm, 13kgf

SPIC-C(LWIR)THIREERI N AS /YO F L%

BI{sL mm, EE Skef

[X] 25. SPIC-C 7 ua A A Z7OHHAIWIR W AT Y —~y K (I AT 3) O

X B2, SPIC-CTm h¥ AT D S0, T ARESHBIMHADOY 77 L AN R
L T, 10300~12500nm O & Ik & £¢ D I A VGA BUARSN T XA (1 A F 4 (SPIC-
) ZHBMICHELL, Z D2 Rk, S0 DFRALULH I8 TI1L 72 < 23> SPIC-C D
WHIAL D A Z 2P —o~y RBBLHIT 2 8100~9300nm & 7K 78 5 D WL L FEPE A3 T
B AE2AT 5, FHICRAIE L SPIC-C 7 a M A 7D S0, H AR E S A BLH OV
Ty LY AN RERDIEMAE VA BRI D A T O ERF#HE L ER 13 IR T, il
DH A FIE, R 14 1Z-F SPIC-UC (4V6A) 7F'v N E A T DI AT 1, 2 2#HH LT,
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4 26 12 S0, A AWLFENE & SPIC-C &4 A 7 OB % ~7, £/, SPIC-C DA A
TN TR T L— M BRI A O TV X N — R E SRR
FOLEVCHORL T, “MWHREZAMM U, EEOME 2K 2712, THAZFHE6 (T
N I

# 13. SPIC-C 7' a hEZ A T DERFHE L (W AT 4)

oY —~v K J1 A Z 4 ( SPIC-C)

A A WA~ A 7 R a A—4 640X480 %1
7 4 a2 — (R E IR BBP-10300-12500 (10300~12500nm)
7L —AhL—Fk 30fps ([ ATHE)

A/D 14bit

Lo X f=3b5mm/F1. 1

NETD (@25C) 0. 3K

BT v — Ao X (WDH) RER 263X276X308mm, 13kgf
RNV T IP67 %f)is (Ge A &)

# 14. SPIC-C u hEZ A T D FRi#Et (B AT 1, 2)

o=~y R AT 1 HAZ 2
o —2a47 WA~ A 7 mRm X —% 640X480 F T
7 4 H— (R ML (8000~ LP-9000
14000nm) (9000~ 14000nm)
7L —AhL—Fk 30fps (A AT RE)
A/D 14bit
L X =35mm/F1. 1
NETD (@25°C) 0. 08K 0. 1K
PR 7 LV — A X (WDH) |, R 263 X276X308mm, 13kgf
RN T IP67 i (Ge A &)
< > A1 SO2
hA52
> <« >
hAF3 NA54

5|F3: NIST Standard Reference Data https://webbook.nist.gov/

[X] 26. S0, H A D ARAIEG UL EEME & SPIC-C DT A T O EREEEHME (o) L DORIRA
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SPIC-UC(XGA) / H IZ?\H-jJ/\_ ?#B%:—

IR A
AASINGSUG
tHi%
N SEL BT
SUUEARREGH (B
SPIC-C(LWIR)
MIRFENASN\D DL T 14k W XD XH : 263 X276 X 308mm, 13kgf

X 27. SPIC-C wu N& A 7® 3D Xk

SPIC-UC(VGA)THIRIZEI H AT/ oo 5k

SPIC-C(LWIR)THIRIE R W AS /oL 5 1Tk

BH 6. BELSPIC-C 7 u M A7 (FE)., [FHEO = HE#ERE )
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iv) SPIC-SS 7Fm f % A 7

BE SRR FHICHE W (SPIC-SS 7' a b & A 13 R 2 KA 5T 555 615 @ FullHD
A AT O SNDERRE LTHRIELZZ, BIERFITIZ6 DRI AT ®
Y=o~y RE[BIOTHEREM I AT NG T T ATV THE T L — N HEH#
THHETHoTEN, BEORBLEZEBT L0, 6 A% 1 DOMEREM D A F
NI DTS O LN TR T L — A L) BB D DIT,
NG DUTERY) =R r— FVRERHA L, EEY A XT 250X209X183mm (WHD)
PLERE R 3. 5kef LLFZ KB L7z, BI% L7z SPIC-SS 7'm k¥ A 7D E/ET
BRISICART, E1SPIC-SSDH AT AT DU I EEMER L > X /8—
SHEEEMI L, MRERAT D ITNED 6 500 AT OHHEIREEZ X 28
(2, AL 3D X & X 29 1IZRT,

K NVTF AT R =~y NI, EEEIZBRE LZH#EA 2 — K~ PC (Windows
10 Pro 64bit, Core i7-7700, 32GBRAM, Epson Endeavor NJ6100E) J ¥ USB #:#5%
T2HOUSBHBIZ 3 BT 28k L, MY 7 ~ (Fire Recorder) (Z X 0 #l#, 7
— 245 (/— b PC D M. 2 SSD 512GB, M.2 SSD 1TB SSD (Zfték) #1179, VAT
DT HH 3. 75fps O 7 L — ARG Z RE TE 5,

# 15 SPIC-SS 7 wu "2 A 7O FERiE T (I AT 1~6)

o=~y K CMOS 7 £ = BU302MG ((kk) &7 U —4LH)
X6, KHATH AR 290X29X 16mm, 33g

o —2 17 1/1.8 CMOS, IMX252 #4#( (2064 X 1536 & 1)

A/D 12bit

#% L RF A 30 u s~10s

% HE O B 0 400~1000nm

FAFIv Loy 70dB

e USB 3.0

T AR — L v R BeEEAE (M27)

L —AL— ]
L X

B A TN 7 (WDH) , B &, T B 5 ik
WA 2 — N PC., EheRIEE

7 4 V2 —F1~F6 (6 /32 F[AHEA)
6 /N FEH (1920X1080) # K 15fps
¢ 29mm, SV-1614V. f=16mm/F1. 4

((BE) UA « =277 ) nv—ihil)
250X 209X 183mm, 3. 5kgf, 1P54
Windows 10 Pro, M.2 SSD(512MB, 1TB)
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SPIC-SS(FUllHD)AAS 2 H—A Wk

[X] 28. SPIC-SS 71 h & A TDMBEN AT NIV THREO6EDH AT P —
~ REEHECR I

SPIC-SS(FullHD) it IR & &Y
AASINGO TR

e

W XD XH:250X%209 X 183mm, 3.5kgf
%] 29. SPIC-SS v K& A 7 ® 3D X
v) Fisn e FXo ISH 7u v &2 A4 7

RKEED ISHOBHRETIZ, AT E KD T7 4NV Z =N FERKDT e v A7
EERSET (RO SPICEK B —~y RBH), ZHIZA, 5% OFIHOME
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B NAEEBRIE DT DI, R AT L —KE L THEET LTSI D ISHD
Ta NE AT OREEToT Y,

AFERE X, EEERE L, B30 LAEOEM THE 2G5, RAMET S
BBM (CCM) & —fK & U CHERET B/ NI 2 T 2%+ 5 & & bic, [FEED coM
O 3 W EN LR O, AR O FWHEREFEB O D O Quartz E— AL X T Y
v A DORYEEITS = BBM: 7Ly RAR— REFT )L COM: 2 —F —F 2—7 I T —),
BREE L7/ NERAN T A T D ERGE L AEF 16 12737, FEEOMKEKZ K 30 127
7

#16 THSNHHTFRXD ISHO T a b A4 T O/NRGRIN T AT O F 72580

ISH 7 e N A7 H INBUFRSN 1 A F

TRANE g Y — (VIM-640 B2 3 >t v 748
o= A7 FEHH M~ 7 nRa A —H 640X480 F 1
7 4 v E— (B R ) Filter less, 8000~14000nm

7L —AhL—Fk 30fps  ([FI AT HE)

A/D 14bit

L X f=17mm/F1. 2

NETD (@25°C) 0. 06K

KIKY A X EiE 33X33X27.5mm, 175gf

ISHAF SR XEERR(ETOLERMTSHE)

Corner Cube Mirror 3&#5f &
®63.5mm HReftE

Corner Cube Mirror TEmEARLF
®63.5mm or AJ SR
3$E§E]¥ BS(KBF/GE)

et E Or Spacer

BS(Quartz)  plate

JEMENEY
INRLFRIN P AS
VIM-640

30. B S LA ZEM T 2 IS 3 5 . AT #5 BBM (CCM)  HERS [X]

SO, AEEIT, Biic, e LEoOERTWREIGT 2, Ko A7 &
L LTHRET S, A7 v 7 A% v UGS A (A AR SR %
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BUYE Lo, REEIZ, BISHBEAHTIEF R & Step Scan THat THK S L D,
FEOBMKZK 3112, HEDOHEHEEZGH TIZRT,

ISHAF SR AERR T O LER TSR

KR aYr—ES— / \
—_— $ ]
%Eﬂjlt]\jj 5%9*%:};\
—> i shERE '
A B
= tFR StepScan#!
SR Fhs R
IRjJ)La B \BS:KBr/Ge, Quartz
CAEIMCT, /
ERETAIORE RIS —
) (FEH) _
YUIIIE YDFL L RRHE
FEE
31. Mt o LEOERTFWMEIGT S, A7 v 7 A% v AR T W5 X

BRI,

YI7LYRRR:NASFY, 5395

ATYIRF v E

/ o TR

AT v T AX X CRURSMNETWE, KRR (). AEEAR R )
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e) FHE D a b H A 7 O BRI {4 BE
AAEFERIE L 72 (SPIC-UC (4VGA) 7’11 b % A ¥ SPIC-UC (XGA/3VGA) 7' 1 ks % A 7,
SPIC-C 7’m b & A FIZB L, B{EmEREZ RN BB B IRGE21T o 72, L TICHE R
IRT,

i) SPIC-UC(4VGA) 7 ua hH# A
(1 25 1% )

SPIC-UC(4VGA) 7' 1 s Z A FIZiE, B2 0T 4 NV E—%EE LT 4 ROHEH
HEVGA BIJRAN D A T 2L, o 2FHOFHN Y 7 & (R A Z H R
e FEkY 7 b)) EEE LB S A THIEMA ) — FP CICTHIE, Fox, i
L7, BIRIIBATOMAZEE LEZY F U AL A BB OR—2 T VERE
ERHLZ, 4 OB ATIE, 1BEDOIATEAXZ—L LT, O3 HITT L —A4
FESEZMHRBET DL OICHEER L, 4 BOIATOT7 L—ARH LIZEEEFHHIL
ek D, X 32 ZHIEA 2 — b PC & Dk L M OB R 2R,

INBUFROMBEN AS
A/ —kPC

usBr—7 1L
L

C—

[ 32.  SPIC-UC(4VGA) 3Bk % B RF DM Sa A pll, #emeting (£2) . 48 pC &
R—x T VER (F)

kR o A5 ARG R« i B T i B

18§ 5 i B AR (BAKIEEE 40°C - 60°C) & i 5 P Bk (BRIRIRE 40C) & & &

Lﬁﬁﬂ&aﬁX@#@“ﬁﬁX@Er T AL RE D HERR) ZAT o 7o, FHIKE

DERF 2RI 5EHAZGHE 82, 5 Vi BARD 40°C & 60°C o ff i 5 oo 5+l

R AKX 33T T,

A

‘B EH 8. SPIC-UC(4VGA) ff 2 V- i B ARG B W0 145 B A5, Béasid e (42) . dild A PC oim (F)
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AT 40°C 60°C

9000

AT

BBP-
7950-
9300

AT

BP-
12285-
1000

[X] 33. SPIC-UC(4VGA)IZ L A5 Bk (40°C., 60°C) RERZMMEMGE (RrL P
35~65C)

WAz, 85 B (BIAEE 40°C) 235 L L7- HFC152a H A D FH| (S0, &
A DY EE 4y A Al ARG S RE O MERR) FE R A X 34 12”9, HFC152a H A 133 5t BAK X
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DIBREMEWNTZD, WIEFMEE LTRSS TE Y, Z0REIL, HFC152a A D
TR PE & . SPIC-UC (AVGA) D& A Z (R R) Ot Bfg (X 35) & #&

ALTWSZ ENRMRTET-,

AT 1 74 )VFRL

71 A7 2 LP-9000

J A7 4 BP-12285-1000

J1 A7 3 1 BBP-7950-9300

34  SPIC-UC(4VGA) I X % fi§ 5 Bk
AEE (R Y 356~45C)

HA31

(40°C) A& L L7= HFC152a H 2 DB

hrA52

€« >

HhA53 HhA54

HFC152a (CHF2CH3)

5| A: NIST Standard Reference Data https://webbook.nist.gov/

%] 35. HFC152a 7 A D ARAME WL U4 & SPIC-UC (4VGA) D T A T D = &S Hp vk (o)

& D REFR
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mt

\

(AR 1 5 A5 5L« R 4 o TR

BADOEFEIE b (EVEE) 28 m e L7 HFC152a A XA O FHA (S0, T A D
B oy A AT AL B RE O BERE) ZAT o7z, FHGHIR OB 7+ 2 R THEHEEZFH 9 (T,
BAOREFFHEZFND 2R L Lz HFC152a 4 A O F o #Hl#5 £ %2 X 36 125
T, FAFEROEABLVBEEMEWZO, WIRKEEE LTS TEY (B
AT 3). T DRYIEL, HFC152a D R AMER IR PE & | SPIC-UC (4VGA) D41 A Z (3
Y F) OFMHORER (K35) LEELTWVWDLZ ENRMRTE T,

9. SPIC-UC(4VGA) FE b 5 Ak R 5 15, #RAREL(E & HFC152a U AW OB+
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HATES

AT L

A&

AT 1
T4 NERL

AT 2
LP-9000

A7 3
BBP-7950-9300

AT 4
BP-12285-1000

36. SPIC-UC(4VGA)IZ L B4R Z (EVEE) 2o %
2 OFREREFHESG (RRL Y

10~20C)
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EI==R
H A2

& L7z HFC152a 77




ii ) SPIC-UC(XGA/3VGA) 7' m k& A

ARAEFEITH I EUAE L7z S0p T A O FRINRIIRIZ G RIEEREEZ & DY
SPIC-UC(XGA/3VGA) 7' v N Z A T &M T D AT 3 (SPIC-UC(XGA) 7 A T) IZ XD
JE s D FHI A FE b U 7o, BEER O M B EH1T SPIC-UC (4VGA) IZfE ) L 72 /N 7R
Gh T3 A ZHIEEH 2 — R PCEHWIZ, FERZK3TICART, FEOMNERERFRELHT
% SPIC-UC 7w hZ AT DA AT 3Omig L gL, BEDHRD I 22 R
BENM ELTWDZ ENMRTE T,

37. SPIC-UC(XGA/3VGA) 7'u h % A T &=t T D A A 3(SPIC-UC(XGA) &7 A )
WX B EAMR R (BEVRE) RERGFHEEGE (R Y 10~200C)

iii) SPIC-C w1 h & A 7

ARAEFEZHHATTAE L 72 S0, A D FRINR IR FHIE RIEE /LA bE
SPIC-C7'va b & A T aAERT 5 A F 3 (SPIC-C(LWIR) &7 A ) 12 & % A 5ol
BIOZNo2ERE L TRIEHORY = F L U RITE A L7ZZEA & HFC152a 4
ZOF N Z ERE Lo, asofl, B EHNE SPIC-UC(4V6A) A4k, Zi k TIZH
F& LT /INRIGRON 1 A Z il 7 — b PC&Z W, FERE X 38, 39 127”7, [AERD¥E
FRRERMEEZHE 95 SPIC-UC 7 N2 A TDH AT 3 @W%ktt@i\b T2 A3 1)
LTWAZLERMRTE, K39 LY, RV F LU BICHASIRERROZERIL
ZRICHH SN Z B bnrbEebic, RIZF L URICEASNTEERD
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HF152a H# AL, R EIVIBENENEZA (ITLAEDOENVOBER) TIEREHRME
LT, ROEELVEENMMENEZA (ARTEIORR) THEWEEEE LT
S ENTWD Z ERDNnDd, 216 OFERIL, HFC152a 1 A O 7R A W IREE & |
SPIC-C7'wv b & A FZMERT D A F 3 (SPIC-C(LWIR) 7 2 7) DOFeHEOBIfR (X
40) LEGLTWDLHZ DR TE T,

%] 38. SPIC-C 7' v N¥ A 7DH AT 3 (SPIC-C(LWIR) 7 A7) 12 LD EAEE (2
IEE) (FoRL Y o A — 1)

X 39. SPIC-C 7w ¥ A 7 DH AT 3 (SPIC-C(LWIR) 7 A ) 12 Xk % BEAEE (B LRE)
EHFRELIEFRMERORY = F LV UARICEH A LLZER (/) & HFC152a A (F) OR
BREHRIE G (R Y 0 A — )

113



1451 HFC152a (CHF2CH3)

HhAS52

> —>

HA53 Hhr54

5| F: NIST Standard Reference Data https://webbook.nist.gov/

40. HFC152a # A DRIV LB & SPIC-C D& B A T O B (o) & OREG

f) AXT MAHEETIE AN 7 FXHETEOT LI X LAOB%

AT MAHEEFIEOT VT Y XARRFETIL, EEEETORET, A7 L
HeE DT —H N — AL L TEEER KA ORI 2 A7 M VESER
AhefimmleZ & &2, REEIL, FHE SO ks & LT, BB A+
2 KB H THF CTEAG L7z 2 7 3B O g 4 0GR F s 2 Mt L. BB 722 31
FUEEZHRBL (BB 2) AT MMHERT —F X—ZAEED 72D D A7 L LEE
), T DO RICHEEEEZTCOT LI XA D IORFHTELHZ L%
el L7,

Flo, AT FXWEFEOT VI AT TIE, MEFEEICHIE L, 2015
12 A 5 BIZ ARTS-SE @1 A Z Al >4 @ STIC O RRERELI CHUS L 72 758 (L K
o D M B ORI RSN EE 2 FHVY SEM AL TR o 7o B HE 0O DSM 2 & S A
KzKo D70 7T NTRFTZRREEFMZ £ L7z D, MEEEE TORMI T,
DEM & SfM TsR® 7= DSM % Profile line ETHET 2 L. ATV A 7 B D5

(10~15%F2 & O i ik i)  LAAME, WA & fEIE. &9 20m LN D7 (RIEREH D %
fr< & 1mBAN) Tholo, Ll Al BURSNEE & b G O bn T OFE & D
ZZNKEL (K 20~50m), DSM % 2K D 2 ALBRIZ LG TOENAE U D 2 & iR
7t 1O CRAEFE O BRI TIX L, R ATRY e AR IF OREEIC O W CTT 21T - 72 Y,
Z DJRFTE 72 R O 72 | 41 \ZHRFECoR L7 S e e (ORI BE 3L 130T -
parking) & AUEZRHTE (KIS OFE : slope) (2 H L. SIMALFE THEE L 7= DSM
& DEM O ZE % b U7z, wI R O SIM ALEE THEE L 7= DSM (A fd DSM) & DEM o 7
DG R A2 X 42 (a) . (D) 1T, BGRANE O SIM ALEE THEE L 7= DSM (FR4k DSM)
& DEM DD I FER 2 X 43 (a) . (D) IZART, EBL L ORE Y FiH 7 M fEIk O
07 MR 7o M IR K 0 b DSM & DEM & D7D 434 O M ~DIRIFEDN /NS W 2 &
MWhnd, ZORKE LT, KEMVEOHEERZS, HU 72 DEM OFFGE & SN AL
HCHEE L7 DSM D ZER B E D EDORBENEZ N D FeMmMZ kT 5 &
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HIZ X &9, A4 DSM & DEM O ZEDIE 9 23R4 DSM & DEM D=L D b K&Ewv, £
ToWEHEBE £ TOD Profile line ECOMkEEE L & AIHLO A RI\HAFUE T DSM &
DEM D7 (NSA 7 A) BRFFICAELTWS, ZORATHREZED RN OMRIHIZS
BOMETH D,

X 41.  SEMALERCTHEE L 72 DSM & DEM D ZE D RT3l O 72 D 128 E L 7=, 2 i
o (KRIMAEEEIEATUT @ parking) & A2 HIE (KIFEASOHEE @ slope) (RETHERT).,
= + #F5E GST Maps 2158 FH.

[m]

Height difference

a8t 390189

3901885
390188
° 10
x X 3901875
390187
b
7, 3901865
© ng.
650‘\“’& ny 390186
3901855
390178 31977

319955
390181 3198 31995
319045

31994 *

3.19935

10°

390179 31903 ©

oc®
319925 o
31992

B 42, A[FRE O SEM ALER CTHEE L 7= DSM (AJ4R DSM) & DEM @ #, (a) FHLZR I (K
WMABBELG AT : parking) (X 41 o) . (b)) RBBZ2HE (KIHAOFHE @ slope)
(X 41 O FRME),
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390181

3.901865
390186
3.901855

390179

390178 31977

43, FRAN MEEEIRE) Wi o SEM ALER THEE L 7= DSM (FR4k DSM) & DEM o %,
(a) V72 2 (RIBABEHES 1T © parking) (X 41 ©RF) | (b) B2 HE CKiH
BROFE : slope) (X 41 DIR#Y),

IHNETORELY, STIC OE RO i T ORI /AT 72 iR 22 3R E 13 5% 2 23,
W AT BRNT AT ER A NTZ 7 F % (DSM) O E &HEE LK H T
+4~12m FEPE (RMS f27% : HPE J7 1A T 3. 788m, FEALJ71M T 5.622m), & & 51 TH
30m F2E (RATI 725 5 %2BR< & 10m BLAN) ORRZETHRTH D Z ENnnoT,
INHLOFRERLY, SPIC OFEADATZOHMT —F DA N 7 F ¥ HEEFIEL LT
SEMAIEM T& D Z EmmEns 1,
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2) AT MAHEERT —Z RXR=AEEDO DD A7 kL

WA 30 AR I, TRk 29 4R FEICE N U 72 SN H AT AR A Ay e B E . BARSR AL AT AT
RO G 26 (Jasco B :MSV-5200) 2 H VN KRS O A7 bV EHANE 0 L 7z,

WEAE S £ CTOHEMBHIE T, I HmiG s e E (Micro Hyperspectral E) O AH % SO
KT —EVREADAXRT MAEHRE L THEHTESLZ L L, BLY, A7 FAHEE
DT —=H_N—=2 L L TEER KA DERER IS 2 A7 MV RAR) &
Lz & VaZd, AMEEX. FHI G0 ks s LT, BRI AT 5 k1L
BHHTECIE L, a7 B OBG S CEHIFELBRS L. ERMRFHIFiEL
M LT,

a) A=V 7 a7 B OBG S FTFIEORBEEEADANRT PV T —HN— 2R
D7 F—~ v MaEE

DEZE L3 T . 2 7 o B RIZES 63mm £ S8 50cm T, REDOHD
a7RER (50em 2 T ) ICKRMLZEE, WEOEERE TR 20em OE & % 33
THFETHD, HHORREZGE 1012, FHEIEGEZX 4 12RT, Sz =
7R BB & J7 ) S E SO E O fE 20mm 1E E OEBIT S FARIFTHY .,
COEMOEB S NT = NBETEDLILE, ZNETOARY MLHEET VI
ALVINHHCTEDLZ L BAR LT,

UEDOFRRIY, 5%, MELELHUFIEELZEADANNT NVLT —FX—=2D7
F—~v &L, BRI 2009 4R DL ALEIE 72> b JuM THEFI L 72 Kk @iy
H 35 EFTOR—Y T arT B omG st T — 2 ZIRRGFIL, AT LT —
B R— ADEF A FEi T D HIRNL o T,

BE10. wHBEESCEEICL D 2 T7RB O, SHlleR (B), AFy 2T
—VICHEHE LR o = 7R (F),
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(a)

(b)

(c)

X 44, =27 BB WG 5y G EHAEE B, (a) Bl &R (L — o B ok L8 R bk (ASTV) Bl =2 7
TR 191. 15m~191. 38m, (b) Al f& 1L & AR K (L 8L i 3% (ASTV) 8L H = 77 R 184. 656m~
184.88m, (c) Al E % 2 (1 & LB I fE 2% (UNSV) BLIHE = 7 12 199. 65m~199. 88m, 4%

7 OE I 376 N RvE 3 23 REWO, R:669nm/G:539nm/B:480nm TZx L 7= 5Ll 4
A EC
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(c) Fdm7n & At O
1) SPIC-UC, SPIC-C. ISH. SPIC-SS o BH ¥

KREFEIL, SPICOK T h2 AT L LT ZMOSIVTF AN R AT B2 AR
OIEHERTRI T A Z (4 iR D SPIC-UC(4VGA) . 4 AR SPIC-UC(2XGA/2VGA) ), i EIFLR
Sdr A Z (4R SPIC-C), A[fA A A F (6 iR SPIC-SS) DK 7 nv N4 A TR LI TE
7= 1), SPIC-UC & SPIC-C TILIRJE & H R YR FE /3 A % [WIRFIZ A AL T & %, SPIC-SS Tl
BLHX S OBREEANT MV EHETE D, F&7 0 & A 7 IXRBELI A AT 6
ToH Y., SPIC-SS Lfid 7w ¥ A FEFEH S5 LT, SPIC-UC/SS, SPIC-C/SS %
FERERICHE R « EBLTZ D,

INHORRBETIE, 74 Z =k FRNoBEB S EE (ISH) 263 5FEnEAE
K OWETL D VGA (640X 480 HFE) MORHN T A T —~y RO RER LW S0,
HAPEESAA O AT HACAEEZ ., v S 2L —3a & W AR HLRBRBINIC L v HEE L.
ZOWEOEBRZHERTELY 9D Fh L0 EEMZR, RER XS0, ¥ ARE S
i D A EALERE AT % XGA A X (1024 X768 W) MOE gt % — %244 5K
AT Y=~y REWE L, £l A T8 3T — % O SIMALER T 15 O K5 FE
REZAT o721, Flo, TNL ORI 4B E T L— AR (30Hz) & 2 A FHH B A
R LB ROBRNFAREICR T2, 61, ZRNETORBELZE L, FHEEI
HAREWNTOBS - /R - BEZAT O BB ARSI 23 © & 7o, WA XA 2 5 e
N, ZTNLEELEEBITT X CHAENTORMRE, KB, RFNTE HKHZHERET
., 5k, BEEZERTOIBOMBREOERGZELXD LN TET,

K7a WA TORBETIEIEN AT R —~y REKNT HRE T T TR
BB CTE, BT D SPIC 0K T a oA THBEIMEBEL T 52 L BAEEICR -T2,
BHFHE TIES 7 a b2 A TITENERZBEL TR, REEORREICEY, &7
0 h& A FICRAMEIEEZ NS D N TE O, TEEX LRSEETH D, =
NIZED, 2021 FEECTICEBTETH /MO R (SPIC 7 4 — Vv K& A )
DB DBFHT, REFEBIE Lz SPIC v ¥ A T ORI TOMHERAFER%EZ 7 4 — KA
v LEBRNERTE D, 4%, b0 SPIC 7u b ¥ A 72 K 5Bl #& (L o> i &
W CR LA 2B 2 Tas X ILEmtEOm hob L £ 2 TFTETHD, ZhbEEL,
x7a N2 A TONULFEEZBB{ET 5L BLOE 7w b ¥ A T OFHEIEGIC X
L SIMABL DO RHINSHORBETH D,

LT, FHR ISHORREE LT, THEB S TRORBEEZHECET, 4
T, NS DEEEZ MW ERICEY | FHREG S CEEORED - DB 3 & F i
TOHZENHETH D,

2) AT NAHERT — X RX— ZAEED =D D A7 K LEHI

AAEFE DR TIX, SPIC-SS D AT R VHEE FIEO BRI ICES L - B ot T —
X OWMBHFEORFEREZER L. B DALY NUVF—2RXR—=2Z2AD 7 +—< v F D
il U, BIRBHIF O K LBLHLS TR SR —Y v 7 a7 REto BBy T — % O
B TIE 2 RBREICBR CTE, ZRETOARY MAMET L ITY XL VREATE S
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Ll aER LT,

LED Z i E TOMGRREZIT, 5%, REEMELZHAFEEZSEAD AT B
NT =B RX=2D7 —~v bOfEM & L, BIRBIF 2009 48 PARE I ALiEE 2> 5 U
M THEE U 72 K LB FE 35 T DR — U v 7 a 7B O B4 43 56 7 — & Z AR EHA L .
ARG WNVT —HR—ZADBEEZRBT L ENEHOBETH D,

(d) 51 3Tk

1) T. Jitsufuchi, Development of an optical multispectral remote sensing system
for measuring volcanic surface phenomena—Promotion Project for Next Generation
Volcano Research B2(subtopic2-2), J. Disaster Res., Vol.14, No.b, pp. 728 -
743, 2019.

2) T. Jitsufuchi, “Development of a new airborne hyperspectral imager for volcano
observations,” Geoscience and Remote Sensing Symposium (IGARSS), 2010 IEEE
International, pp. 657-660, 2010.

3) T. Jitsufuchi, “Thermal infrared surveys for mapping surface temperature and
sulfur dioxide plumes at SAKURAJIMA VOLCANO (MINAMIDAKE A-CRATER, SHOWA CRATER)
using the airborne hyperspectral scanner,” Geoscience and Remote Sensing
Symposium (IGARSS), 2013 IEEE International, pp. 715-718, 2013.

4) A. Berk, L. Bernstein and D.C. Robertson: MODTRAN: A Moderate Resolution
Model for LOWTRAN 7, Air Force Geophysics Laboratory Technical Report, GL-TR-
89-0122 (1989).

5) A.M. Baldridge, S.J. Hook, C.I. Grove, G. Rivera, “The ASTER spectral library
version 2.0,” Rem. Sens. Environ., Vol. 113, pp. 711-715, 2009.

6) EVAE - =t o ROFHES, RHOKILBFEHEE SR BB B V7T —~ 2-2: K
2% 1 B G PR BL I £ iy D B 98 (2019 HEEFKF KR 4), p. 198., 2019.

7) EHAETH, KIUERmBEEHMAOIEBE <L F N RS T AT O3, BAY T— b
T R 61 MITEiT A SCHE, pp. 271-272., 2019.

8) JedmMy e KL E OB TV E— b v 7 2R L KILEREIF OB K
3% 1 B G R BL I £ Ay D B3, IRIEAOKILARZE - AMBRGRE 7 1Y = 7 R ¥R 30
FRERR S E, pp. 67 - 97, 2018.

9) HATEE, PAFHME, =TV BRFBEOITICE D2 AF AN FEED S D556
ROHETE, K, Vol.27, No.7, pp.384-391, 1998.

10) EHHTh, 2018, MiZeig#s#kAlE ¥ (ARTS-SE) O HF A T v A7 & (STIC) IZ X DHH
il CRIRE) OB OBH, ARV E— bt v 7 a 65 BIFIN G HS W
S, pp.217-220.

11)T. Jitsufuchi, DEVELOPMENT OF AN ATRBORNE RADIATIVE TRANSFER SPECTRAL SCANNER
FOR A SINGLE-ENGINE AIRCRAFT, Geoscience and Remote Sensing (IGARSS), 2019
IEEE International Symposium, pp. 9141 - 9144., 2019.

120



(e) AR D LHE - DEIERE

EH

S

E

FEFRAEH A

Tetsuya Jitsufuchi

Development of an optical
remote sensing technique for
volcanic surface phenomena
observation to estimate
hyperspectral data from

multispectral data

JpGU
2019

Meeting

2019 4 5 H
26 H

BT =

RIS

WA K LR FE e F 2 R B
B 7T — = 2-2: kI F R
3 8 T 452 ol O BE %6, p198

H A k% &
2019 4F K T K

A
AN

2019 4 9 J
26 H

T

Sl R B G EH A O Em I~
JVTF N RgRAN T A T DB %

AARYE— %
NIV E/E= -3 1
67 Al AT e =

2019411 H
29 H

Tetsuya Jitsufuchi

REPEATED OBSERVATIONS WITH
SHORT TIME  INTERVALS FOR
MEASURING TEMPERATURE
DISTRIBUTION OF A VOLCANIC
CRATER USING AN AIRBORNE
MULTISPECTRAL SCANNER,
pp. 1809-1812, 2019.

Geoscience and
Remote Sensing
(IGARSS), IEEE
International

Symposium

2019 7 H

Tetsuya Jitsufuchi

DEVELOPMENT OF AN AIRBORNE
RADIATIVE TRANSFER SPECTRAL
SCANNER FOR A SINGLE-ENGINE
ATRCRAFT, pp.9141-9144, 2019.

Geoscience and
Remote Sensing
(IGARSS), IEEE
International

Symposium

2019 % 8 A

Tetsuya Jitsufuchi

Development of an optical
multispectral remote sensing
system for measuring volcanic
surface phenomena

—Promotion Project for Next
Generation Volcano Research
B2 (subtopic2-2), Vol. 14,

No. b, pp. 728 - 743, 2019.

J. Disaster

Res.

2019 4£ 8 H

Takahiro Miwa

Measurement of Hy;0 molecule
and hydroxyl concentrations
in hydrous rhyolitic glass by
UV-Vis-NIR dispersive micro—

spectroscopy, Vol. 14, No.5,

J. Disaster

Res.

2019 4 8 H
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pp. 780 - 785, 2019.

(f) ¥raFifE. ¥ 7 b= 7T B3, k- EREFEORE
RO T AT AFEEIE - ek 7 FE& R LK,

B)wH 2 FEEBIHER
B2 FEET, YEEEL Y, U TOREEZERT 5,

1) SPIC-UC, SPIC-C, ISH, SPIC-SS @ [ %

VGA FEM AR RO T A Z ISt (8-14 um) M XGA IEM AR A T IRk (8-14
pm) BN 2R B IEHERIGRI T A (SPIC-UC) DT v hF A T T 4 —IL REAFICW
& L/ANVET %, MWIR(3~5 um) fEIK D VGA 7 A Z & —~» K& LWIR(7.5~9.5 um)
TEILD VGA 1 A T oH—r~y RBRDGHABRN T A F (SPIC-C) O v & AT
Z il L/ANRAE S 5, FEMm AR RS FPA & —Rfb L 7o i sy k@& o 7' m b % A 77 (ISH)
s LNV T 5, AR MV - BIEHEE T A T (SPIC-SS) D7 s & A 7% il L/
WY 2D, AT MHEFIE, AT 7 FX#HEFIEORTEIT I,

HARBIIEWERE £ TIZRIE L 2 IEMm AR T A Z (SPIC-UC) DT m ¥ A T 7
4=V REAT LT D7D, FEHABBRIN T A Z /R EREH B L VRS E A8
HOIEBERLRNE SBIRNT AT ON— RORIEEIT S, ETWERIRHN T X Z (SPIC-
C) OFma NEATHT 4 — IV REAT LT DO, PNWAEARIRSN I A Z (MWIR 8
) ORMEERITO, T-EBSEBED T a & A 7 (ISH) OBE & LT, /AINETE G
FDOT Ly RAR— FETFT B LOEG SN TGt o, &E5H, #E217T75, £72.
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RAITAR BE ISR U 7o e S0k B B ER IS 8 oo (EEh ek B & fkfoe L. A EE PN ICE ] FTREB IS
T2,

3) WmARILDOHMEILFNET=2Y 7 (ﬁ%%ﬁﬁ‘ﬁ R T)
AR I, BAARIL, FERILIMEILIEFECEWO T, EEROMEK O AFIC
LRI & I3 24T 0 {ﬁliJ@f@iift%El’\J%%& UINERS) [ IR
ﬁ%%n’ﬁ/\/v/iaﬁ%?f%%lﬂﬂL?‘:J(Mﬁxﬁiﬁa\@ﬁ%ﬁiﬁﬂ%ﬁ%ﬁﬁ%ﬁ"éo iRy E
AR E L, BRINFEICE W T, REUSHEE L 72 KT AR E DR RZEA(E, T A K
53 G AR 2 @t@f;uﬁ¢@LrﬁﬁEﬁ(ﬁﬂ®i,ﬁ%i%ffﬁ‘éo
B, MFFEHIETICERNOKLT, BMAOTFHBER INTZHE S L I
ALTEHBEICRBVT, KIEMRKILNTE - AMBRGE T e Y27 bo7Tay =7 |-
U= =4kl ez LEBRSBIHOEZRE LERIX, 22 TEET L0
HBLHIZSOWT, O —#b LITZTOETE, BB ﬁzf;%ﬁ’ﬁﬁ‘é:&%ﬂ
REL T %,

0 X

—K~

B, ERL1) 2) 3) THROLNET —ZITEHET 5 AFERE A RIS S,
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(2) ¥Rk 31 (fFFnm) FEEDORKRE

(a) ZEHDOEK

~ 7= IRV U LRIE DT O W HERVE By Al KR D &R RS B oy A
VAT A MUZERESE ISR U Cm iR O MR 2 BT D B S OB ER S 1 0D B
Zoffkfe U7o, VKL - MEEIRIRIZI T DK « T ARBF OB - SN OB s 0 7
O, pEEEM S BN A FER Lo, AR, REEARL, BfFERE. FE LG L,
AZE ., BlfEIl, JLEINZEB W TKIUAT R - R T AEZRRL, ~U UL - [REHE
DFRPARK DR O T — Z & UTc, AR, BRI, FELAE LI
BOWTIE, EMICEKORIE . LR & 255 RN B o Il E & fkfe L T1T -
Teo FETHZRKUTEEEORE L LT, KILUA A O R RO O RE & FEha L
7o

(b) 3% 0 EhE ik
1) KLz AW~ 7~ fL R 5 8L IR o B %6
a) 7uav =zl bORE R

RUIFTHEKLZ TR TARLERT AELZRIL, ~Y UL - RHE - KK - BHR
LEORMEKLOVEFEROT — 2 2T HL b, AT v/ Mail LRk
T HIEE R L D EPBIR G E 2 T D KL B R o3 E IS M T T
D RN LG ] O MR 24T o 7o, K Ko TRFERFIC, BEEko4 HTEKR
FAZ K D KZEKANLAR L 3 AT B O B FE 2, [A] U < B K212 K D15 K 1L oo #EER (b 27
ME=ZV T O ORBHRIEFEL TWD,

TR REE TTIX, 202043 A ZEUEHRELZ T L TV e 28, B RUCBHR BUC T 1 7
EWTWHERIE— - R TLERFAZERNZEHB THLHICHHELL T, Hiilan
FTOANADEREIERBEZ s TWIHTEBMTHZ LI TR —OEEDY 27 %25
RDEFYTRWEHBI L, Eiax B D,

132



KL AR E Lokl

Kl B IUIRE 91 YRk & | SyHTHEE
4AH.5H.6H.7TH.,8A, He . C0,(C) .

FEAR 1L 9H. 10 A, 11 A, 12 A, |MX. ME €02 (C, 0) | Hz0, Hy
1A, 2H., 3A4

B AR AH. 5H. 6H.88. 25 MEE A, TR T A ISR | He, CO2(C) . Hz0,

1] 7K Ho

WAL IR A A IR | He. C0,(C) . H20.

=) 6 5. 3 Ax
P s ¢ K, HUTFAK, ZEH R | H

FZEIWLEE |5 A, TH, 8 A, 11 A, MEF AU MEJHE IRIR T AL [ He | C0,(C) |
Eyil] 2H. 3H T SR 7K €0, (C,0), Hy0
JUER L 7H MEF 5 He, €O, (C)
BRZE 10 H MEE % He, CO0,(C)

o gk (LI 6 H. 8H. 2H. 3H MEF 553 He, €0,(C). H:0

—, BT R T RURHR B & * o B

I HOWEE  He = *He/'He ., €0,(C) = “f{biRFEDRFBFAMAL, €0,(C,0) =
Ml D FE « BRFENMAL, H0 = K OKEK) OKFE - BRRAMAEL, H = K
T A D IKFE RN AR

b) ~ 7 ~<iIEA~Y v AHEIZE D B B %

Rk 28 MFEREIZEA LT, AR TH O 2R3 b m WVE B RERE & RO TRAT RE AL
BOMEHZOW T, FEEE £ TICKRIRKRY & R TR L2 OLEEH O A 4
HF¥: (Jensen et al., Analytical Chemistry, 2017) ZE AT 572 Y L CEBE
ATV~ T AH 10 H0—705 100 J0—RELNE EN720 *He O H & Al
REE L T&E, REEIIET la) YmrY =7 NOKRAEHELE] T, 7€ BEIUR B
GE &ootrit (AW, B4 545 2015) Z# W THOHr L7 kil T AR O W DvE |
AEBEZHNTHHL, ZORREEHEBEL, SR EEEEBIEL CEEICKR
)|

) BOK D Ik A A xR JE K O B EUE O B
WEKILEFHEOBKEETREBKZHERL, M ECTEEARSICHEL TER=ET
AU T LEO RN & T3 2 FiEE BT 2720, 2020 45 2 A ICFEERE S C
B A TR Lo, H A - WK - BRAKREZE T 7 AFGITHRILL . EHE T *He/'He
A b LT,
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2) KARRFNL AR (FFZRESE - 4B R FIC L0 Ei)
a) MEJEE AR} oD 7K 2K SR AR B 43 A L B 4o D AT BH %8
WAEFE IR L, BERBICHRM L CEREICRELRooEE (KK &t o
KR D B EERNAR L 3T S 2T [T HONWT, BEEIT > 72, 2019 4F 6 A 1 [k
H. 2019 4 8 H TPk & & M L, 2020 4F 3 AICESM AL THEE (KR &
BlaBRBT 25 L Ebic, GENDABRLKORNMKEZHE LZ, £ THEkE
(IR EEAEVE) 123D < ARZRKEBHEI & 3T 21T - 72,
F7o 2017 AFEIZEALIZKLT 4 =V RICBI2BEBEAHAOXT Yy ET 0 VT
B oy WERUK RN AR BE Ay AT 35 @S kF L CL EBRE N CRBRIE & F i L 7=,

b) H Eh e SR R B E oo fLE
WAEEETICHELEZREL BHE2 Fo—cB#H L, PEgPESE - kDlckB 0T
M T SRR I TR 2 1T o T2,

3) IHKILOHERLFENET =42V 7 (BELEL - HilEKFICL D Eif)

W RZTIE, BIEEICARARZ (PD) ELCEALTWEMEE 245 FEE L ER
THHEZ VL TCTHRAZMEE L, LML JEHEZ TEL CWHFZEHE N 2019 4 4 A2
REEECHRE L -72DIcEHTE R0 R L LTl RRKFRE LR ICIE
BT DRAEEREMI R RA: VY —F 7 A& b)) & LT2019 4 12 A S 2020
FIAFETEHA L, KIMEFIZED LI AMO R R ITMRT REMETH Y . KAFHE
THARIMEFEOHNFEZBERT LN —oDHEL L THBITFLATNDLZ Enb,
SEEOREMILBEOREMIZOBEIZABELTVWL, PDOREMHE L THEAELLZ TR
L RAOEMTCXHENTZRBOZEIT, Bk T2 X510, BEEMELOKLTRIZE
F A D B [FIALAR AR AT 00 KU T 2 DAL « [RIALAR By BT LS 20 B2 70 Y RE 5 0 i
ANIZR T,

FARILICBWT, A KLT AR OB - &2 FEha Lic, HEABRLIZEWT
X, 5 AL, 8 A, 10 AICIITEALAI B A CTRESR D ERER « 3T 24T o 72, FEE AL 1L
IZBWT, 5 A, 10 A, 2 AICIHTE B, CHEK ORI « 08T 21T - 72,

(c) ZEB DR
1) KU B A~ 7~ FL Ak 43 8L B A o B
a) 7mnv=l hORAHELE
BKLNZOWTHE LN, KIUHT R BRI RAEO RN AR OFREBIZ SO W TEL T D
B EEDHD,

i) FFERE

I ECREE, SR WLAE S ORR AT AT ORLH: . FHEROJFER ., T AT o
ANTE AR . RETRIRIC O W CERUBHREL & 08T &2 20 L 72, 1986 4F D g K XY FE T
‘He/'He b EHE- N R 5N 7-7K K I (Sano et al., Earth Planet. Sci. Lett. 1991)
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. A7y NORKBRKATY 7 vEBFEANYV VLAOFENZIFEHEL > Tz
N, AEELIZERETH-TZ (K1), 2K LIERRFTAPFRR TIHKALE LT
TBIEANY T LAOFENIFFICHEFICR OGN, X (1) BLO (2) 2Lvkdb
NHREHEEASNY 7 LAOIRANEZ HH]OD *He/'He tb (LLF. Z 1% K& IE *He/'He
Ho & BES) 1R, 1986 4 DS K Y IR IZ AR KUH CTRLIN S 72 KA IE "He/'He te (FFEJ 6. 2
Ra, 7272 L Ra T K& D *He/'He kb = 1.4X10°%) LIFIEELWEETHRB L TWD (K
D, ZOMOMBTHLHGOREFZSLCCENLE OO, A~ 7~ ZFEA~AY 7V ADF
HERBH s Tnd,

KSAMIE *He/ *He bt = (( °He/ 4HeH:)Measured -1)/(1-r) (1)
r= (4He/20Ne)Air/( 4-He/zoNe)Measured (2)

F 72 2020 3 AICITBEBRO—E L LT, =L LTE T +88 T Ee b R R HLHUK
HOFRE 21T - 7o, FRIE O 72 60 (LITH A P9 &8 O M S iy O 2 THIE 28 92 T & . BLERS
REBETTH LN, REWIZIZZNE TOBI & RERZ2BHESMKRITH o7,

e e (AEE o
9 REwE® o |
(BRATVER (UEE) o ]
gl (KSHMENE) = ]
7 -
3 6l 1
x
v O ]
z -
S~~~
m -
T 3 :
o™ L
2 4
1+ -
0 f
© O v H D ¥ > L N > © O
DT DT D %) O ) Q O Yo QY QY
SIS I S I M S S

. FERE XKL, KREERF T IVAHEOEK I & RERIERO
*He/*He tr D FREFZ{, 1999 FELART DT — X 1% Sano et al. (Farth
Planet. Sci. Lett., 1991) & Shimoike and Notsu (J. Volcanol.
Geotherm. Res., 2000) XV, K&K IE *He/'He HIIHH EIZFE O FRAEN
LWL TFOH DDOIHRL TS,
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i) EEHEAR L

WAL &R E . BEknlodnl o S RAmER 3 #m) & BMARE
DOMEZ AT T 2 R AR, SEIRIR OU I« BRI P L 0 5 T R K H
&7 VG IR R CRUBHR L & e AT & FE i L 7o, REEOILAIMER I, ERkER L A
Wi Tl b B W R IE *He/*He £t (7.6~8.0Ra) #—F L T/l (K2), Zhix
FIXFBIIZ He ICETe, ~ 7~ IO KILUH 2B ALAMER TEEL TWD 2 &2 &
g5, TNETOLEBEZBITH L. 2018 4F 1 H DA [ L O K E % 0003 F
EDEDIZERIZT 7 EATETHRINTE RN o7/, ZOMEKIZINE LIZERIZ
BLTIZABEHTHD DD, AT 2016 £ 5 2017 £ £ T, &V KA
1E *He/*He W% 2018 AE LU HAEIC B D £ THHM SN TWD, ZHIEAARIL O X X
DXt LA, 2018 4F 4 H LIRR IS AT T A ILPEME S TE R AL L7z Z L IZxhs LT
HEBEZBND, BAEFEE BEEGMIER T, 2017 FF TN —E L KM IE
SHe/'He LEMBLM STV 22, 2018 45 1 HOA AR ILOME KB Z R 3 HE%
&3y Hklo, KEMIIE *He/'He 23— HJgA L7 BIC EFICHR U7e, DAL
KATIE D E O KREAIE He/'He EE 23 ifE L T SN TR Y REFEIFZRAENFRTT.5
~7.7 Ra, BEMERTT.1 RaBETH 7=, 20184E 3 HNSBMZHB L7
1Ly 7B 0D 5 JEE AR A & T R AR SR T b KRR IE *He/'He b O EFIT AL H 41,2018
£ 6 H~8 AICi@EICEL TLE, 1LY 7 Ra Al O & WE THRE L T 7223,
2019 FEIZ A > THEFREKME TIEERKOBWRTH 20 | £ THEIRRE THEH
THRBFPONT L BRI A) OBEPDVRL 2D, WTIRb KRKOEADD 220
BRI T 22 ENTET, BHROS L KRKMMIE He/He hEHFDHZ ENTE TN
W, 2018 4E 4 H LU D22 AHL o K (LUPE R O TR AL & R, £ ToBHE T
WELRT L U @OV KSAE *He/'He MBI SN TWD Z L1, B TOBKIEY Mo
DKW H AR DUEAE . IRFFHICDT > TWAZ L2 RIBELTEBY, 5% bR %
BEELTAHATWRERND D, RBILAMER O FA RS - KBEFRAKLIZ O
TIX, BEEETHLIRMRAICLE DR EZSRI NI,

FEALO *He/Me W~ v T EAERT D720, AL O AR, P8O I 722 E
Ky B O HHEANA T = — R, LR RHBG R, KOREESIRRTHRE 2R
WL, 8Lz, KEMIE *He/'He IXBE A O D OFHBEICHA L TKS 20, &
VN PHe/'He bt (~8.0 Ra f2JE) ZFfo~ 7 ~EIFK D O % 5K <, KV *He/'He tt
(< 0.02 Ra) ZHRHOHBZETRDONY UV LADFENFEIZR>TWNLH I EEZRFLTH
5 (X 3), LLZTOFE5D, HBEKANDL O 2 BRI HE TR,
A O L0 JREPHIZH FOBOKRBIEN > TNDH L EZREBL TS,
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B 3. FEHEARLJE D O, RIRT A IR KO KA IE *He/He F
RO T ., HALRa),

i) 2 LR B L

EME LCHEILLTAE & ML O F SRR AL oK 2 TR e LT, M
FEICH Skt A & BUBHRBA FE 0 L 7o, Bt (LA O KA IE *He/'He i 2017
LR, FREOK ORI EA L, BMANEZ D IEHAKE LT EHIZ—E
WO L7ctk, T EAICETLI W ZE 2 L T&7e (KM4), 201846 H 28 HLL
B, SRR TOMEKITHEE Z - TW W2y, 2019 48 11 HENSHIEE T, KILVEHIE
MR @ VIR WA IZHE VTV D (RBTR KGR . AF B O3 1L XD KK
M 1E *He/'He HIX 2019 £ 6 A, R 3EADO 5> H 2 EFT T 7.2 Ra ik DIRVVE A
AL TUWZ2Y, 2019 4F 11 H & 2020 4F 2 AICIX 7.5~7.7 Ra @, 2016 ELARBLHI S h
e TRbEWAKELZ R LTS, EROFAE O XIT3HE L2 ILE R O KK
i IF *He/'He L ORRRFA B (X, I I 72 5 “He/'He &2 KD 2 DD A PHGTR % K E
THEHMPATE D, @V °He/He LOAGIRIZ~ 7~ E D TH Y | KLTEBZfEV~
= EVOENEFICL Y ARG ENEIMNT S L. KW *He/'He & Ho 0 A fit
KRN D DG BT L, KD *He/*He it LR T 5, £ Ak%kIT. <7
<~ EVERFEONT ADMIEENE A L, KW *He/'He % FFO U AMLAGTH S O % 5-
DARSTAIC K& K 2572, KB IZ *He/'He IFIE F L CWAB EMIRTE 5, ZDF
FILOFBHORIED -, 5% b *He/He &M AIFBOBEEZITEEHER R TWL
VERS D, B0 OEKOLFAESCIER - KBRAAKEIZ DWW T, BEE
ETHLIHMRFICEDIERESZRI LTV,
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—@— HiFEILERA
—O— FHEILESB
8.0 -—O— HAILER Cl—— e —_—————— T
| |—A— FHER \ D

Air-corrected *He/*He (Ra)

X 4. FEMEILOLTEES (3 #i458) & HEER O REMIE *He/He b
(BT Ra), #MEDSARITHRE O K (2017 4 10 A, 2018 4 3 H, [ 4
A. ®5A, FeH), AL ERIIMEILOE K (201844 H) %57,

iv) I8AEE

AAELETES AL, o0 Lz, KEHIE *He/'He i 4.6 Ra FLEE T, W
FCOBAME (4.1~4.7Ra) LHELTITEAEEIIT Ao, IKKREL T~
LAY T LADOHFEENMO KR TIHEFITEVENEETH D,

v ) FEARWL

INETOES (KgA. LGS 2z, RiaoARSH (15-2 55F) 2B\ T
AR SN KO & Mkt L7c, AREEBIVEERE £ CLAREORTAME
*He/'He k. (6.1~6.7 Ra) THRE L7 (K 5), MHEIIEAEKOBNMRTE D KD
BABRHMLONRAB LG ONRVA L EZL o, SEEIIRTIBADOELL LK
BN —E L THELN, ZBbRFBEOKRFRMMAL (6 °C ) 1Z-1%ME L, BAS
BOKILNTATRGIS-10~-1% DFHIZA>TEY, RKIEARERICOWVWTiEEIC
WME SN TWDIE (-2.3~0.5% . KEFIED, A5/ IR R FZHF 78 Fr# 4 2007) &
HRERBNIER N, 2B I D OER DO FH AL SCWE 5 - K3 RO I DV T,
BEEETHLIRWBRAICLDBREEZ SR INTZ N,
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W —xmEaER '+ i
a0l -m- EiBiEE s ]

Air-corrected *He/*He (R/R,)
[6)]
(6]

F |- £S5 (CTIE)

3.5 F X KBAD (CTHME) .

|- A- KBEBI1528H . . . . . 1
3.0 H—r A e B e B o S AN B o o

) 2) <0 0. 2) ) N2 72) 0.
s, s > N s % . o,
G o, % o, & o, % 9 %
% % % % % % % % %
Date

5. FEARIL O D KAMHIE *He/*He o (HLAL Ra), fE D MARIE 2015
6 AICKRImA THRAELE I /MBI 2 KR ZEKE K 2 m 4, SCHEkE I
Kagoshima et al. (Geochem. Geophys. Geosys., 2019) X 0.

vi) Bl &g L
VG L RE (Fd Bl R A &5 1) DM LAY TEEER L 72 M AGRUEF O K& IE *He/*He Lh1E 4.9
Ra TH V. BIEEF TOE (4.4~5.0 Ra) O EEERTALIZ o T-,

vii) JUEE (L
M D K& A IE *He/*He te1X 6.1 Ra TH V. RiEEE TOME (6.1~6.8 Ra) &K
XEWT R o T,

b) ~ 7 <A~V U NHEIE B D D H i BA %S

Wk 28 AEFEICEA L7z, AHREICTH 0 end b E WVE B FREE & B TR TRER AU
BOWEHZOWT, REEE CICEEELERANYy 7 77 MMez e LB R %
D, KIEBOREDO —> L WIS He/*Ne b & EBr=E CHIE T& 5 HALIET
STW5b, —FHe/*He lLIZBAL TlX, £t Ta) my=7 FoOkaHitE] TREK
O BN R RVE o at (AE. BE54 2015) THMT Lo kLT ZAHE D W<
OMEREBELZMNNTHON LIEL A, ERBDLEE & FEDOKE T *He/'He % Ik
ETHITIE, SOOI 2~3MBEDOKER ERMERZEN S hoTo, £ ZTREIY A
ZEANT LS, BEONAEZEZER S TNOALTICE 0 0EEL, T A2E
BRI OE N E ERMAKL ST 26T 5, Wb 5 EEE ST 2R 7 7,
FEE T OB KOS, BER IO 0T EE B, BEOWFHONEZ
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T 2H0QLMEINOTANMH S, FNOEZERR TR DI LITH D,
HEGORNMEEZ A A AL L, BB EHIELZ2LICL VR THRETS
BEROWFICEWT, RNOEZEREN, 3 2bbA 4 U EET 2808 FIZIiEho
[UEDTRELFETDHZ T, RBEEOELWMET 25|24, TZCTHED
WatRIc vy 2 —R o 7PHBER LIz, ZORY FIMEEWAEIC L0 RS F 20 A
0, ALFRICRIEERANY U LIZEORBEEZZ TRV, TRhbbEB O~ 7 A
BEOWHNIBOEEE, TOMORES FEZEFICHRS LR TED, 251
THEAEBI WA TRE L 720 L JRE TS & D 40 (%, BEE F TORKER LLAbYED &
HIE T L DK 6000 fF & 72o72, ZHICKVERBMOE RS (EEH1 ) I
ER_TIED0icik< (50 kg FRE) /NIOEESH T, FZEOREE T *He/'He Lt
PENARE L 720 . KILEFEO 7 4 — /v RIZB T D54 A4 MUIEDEBIZ— 4TS
Wiz,

c) BIK D IRAGE % 7 T JE JE K OB IUE O B Et

JEJEKZ BRI L, M E CTEERBFICHE L TERETAY U LFORMFMA A
ST 2 FEERFET D720, 2020 4 2 A ICHEREM S CHIA A4 F25 U7z, Bt 5
JEL ORI NTHARFEEL TWDLIGFTZ KR L OHE & FORRITIB VDT A -
WK - R AKES T T ARBRTEM LTz, WARKPCTRAET DA ZEHRRL 125
Gl BLOWKERRLIEGALETHONDT — X DEVWERIET 2720, K
PEIELSD YA b OKIR 21°C, pHI. 0) TIEH A & & deilkl & K D H Ok 2 BIE O 7
BRI L, TNENME L E ZARIEDOHTREW He/*Ne b~ LT, BT,
e & b *He/'He HLIT KA & [RIFREE MEMITIR S . K& & i 1E L 7= *He/'He LA
TIERBITERDoR, T HREITAZEORBOFRE>T-, 2O &
SUFEBRAICEB N THARKEL TV IHAIE, EEKIZINA THAZHIT S 2
LR CTF—2 0B %M ESEoNbABERS DL EEBEXOND, Fo, HERR
B (KR 51°C. pH1.1) @ 'He/*Ne tt. °He/'He 1T T ZF 40 0. 66, 2.60 THhi & 1 #kJE
WRE LV b @22 b, AHECTEELEMBEBERELY A F Tk~ ~ i
TR MBI FmR SN T ™ Dhote, ARFERENS, HBIEEK - BR %
ARG B U TG BRI EM AT RE R E O W T — X 2 ST 5720I12i%, ~
7= BRI & RS TR FRER Y A FOBENEE THLLEEZOND, SEE
X, EEAKOWPEICLERBR - S FEOBRB LU, EBKFEECHLEELS
26D, IOk BT 2EKR EOLEEZ ST KITEBIRE 2 £+ 25 2 &5
T&l, SFEEEFTEHEONTKLRAER EORRE ALY T, JEEKENFEE
TR LI LTS 2, SHBOMEICE W TAILTEBFEM @ U728 1 b &2 5%
THZEICEIDIEH LTS ZERAREEHFFSND,
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2) KREAKFNLARE A (FFZEFESL - A B RFIC X0 FEhi)
a) e OB 0D JK ZK SR A B 23 BT L2 B 4o 2 B Al BR 8

WA FEITAESE LI KRR DL ERNAR L T v AT 208 E - 74— RNy 7 &5
T UTo, BAREYIZIE, 2019 45 6 ISR PG, 2019 4 8 HICPT&R H & & 25 B il o 1L |
2020 4 3 AICERMA L CTHEM (KR REZERIT 2 & b2, FENDHKERD
FINCAREEZRNE LTz, FEERILIICT 78 A affe/s ZE B (L JUER &5 11Tk, #E
kit URIREEME 15) (1T H D KZARKABHEI & o 2 RRFICIT o 72, £ ORER, 2k
£ & ORIR ik 2 FE i U 72 % B A g (L T, MEAALJEL THRIR U 72 M RRE 2 & HEE
L7 DO KERDRNAREE A, AL CTHRESRIE (IRIREEHETE) 1SS W TR -
ML7EZbDEBMENT T DHZ 2R L, KEIX Journal of Volcanology and
Geothermal Research EIC¥FE L. ZH - HE N P, WK ILICT 7 & A KRA]
HE 72 BT % 5 200 B i S 40 2 K ZR S O B il 43 R AR AL R 2 R TR TE R k35 2
CITHEIL, Rk (MITFAK) &7 < KBEELTWVDZERHLNTR T,

F7 2017 FEIZEALLBRGBHHAOX Y ©F ¢ UV 7 F 0 25 0 BK RN R L
SIATEEREICH LT, ERENORKRZEHZGEAL, & Fh D KEK RN o R
A E L7,

b) Bl M SRR O 1 o B 38

2019 4F 8 AIZHRF=RILFREE X —Dphhob &, BIELSHE (X6) 2Rt
YE—FAD e — R L, BT EE KRV TR BRI SR R 2 FEB
L7c, KA EOYEHMAIERICHEEL, 2200 E 1 5L TEICID 1177
Fe—y (DJT S1000) ZHEEEESEZ (K7, FEESMN3IA—MLOX A T8
Fa—TERELIBEENOTHICELT LT, Fe—U0NEERICEEEAT D Z
ERRLICERERBZHEAIREIC L, IteE=%Y V7 AR 7 (P1) ZHWTH
ATV F 2 —TORNPOWEI LIEANRE | SHENO SO, B —IZ8AL, 774
N D SO REEZFHRE=FY 7 Liz, T LTS HEN 1.0 ppm (KD 1774
F) HL<IE5.0 ppm (FEV D57 T4 8) 1 TV DRICHEEHREUR A v 7 % B
XY, MIREOEELT KT — Ny JICEBAL, 6774 FTa 128, T K
T—=Ny JIZHE L, 774 PO S0, BE S RIRFICFIEE Lz, BELL 23 EHIE
MBESCNHIZ, 2y I/ EOT T AMEZERBIIB L TEE L, EREICFELM- -
% T, HoX0 COz. HoO FHDORE & R ZRE LTz, ZOER, LAY =a27
NTay 7 fFEON T AMERRFICHER LR EBEEMRBRE LY, GRED
ME AR N M E R S EBRIUTE A 2 L 2R Lz (1K 8),
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6. RAAE 1 58O

7. FIEETEICEIT D Fr—r 2 v
H B RUBHER IR O R+

8. Fuoa—Z#H# L= B EmE R B & E 1 5%
Z W CTER L 72 B ik P S O PE SR (Drone) & k& T~
=2 7V CER L 72 @R (Manual) @ H, [RIAZ (AR A% b 85
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3) KILDOHERLZENE =2V 7 (FEIEL - "iERFEICL D FEie)

ELIZIE~ VIR T D &, BOKRICHRT AN EENTEY, ZO
X~ 7~ AEBHORWEE L 2D, 22 Tlk, ~ 7~ RUOBUKRICHEKT S
ELT, N He £ CHi Z HHW TR ZAT 5, B LICHBWNT, BA KILT R
OB OB - M A FEM L7z, KU REEE L CHIBVE T H D RIFR & LGS T
HARICHEH L TV AR (ZnERENESETD) ZAVE, NEKO He/CHy i
4 AI20.014 T, ZOHHEPFIC EHEZBMB L, 8 HIZ 0.033 I L7 (X 9), He/CH,
x99 A BEFHICHED L, 2020 4 3 HIZ1E 0.007 £ TR N L7z, N @ He/H,0 i
2019 4F 4 A5 2020 4 3 H O <, He/CHy b EFEML L 2B AL 2 /R LTz, — 5
T, CHy/H.0 JIZRIHIE CIRIE—ETH o7, 2O s, He/CHy tkOEE X He
MBI LSS ENTZEZEZ LD, FHIBILTIE, 20195 A% 06 7T HZY}
T TORIIMEE O RIS EF U EAAER LN 100 25l BiFbsiui,
He/CHy b2 EFBMNIC & o 7o RE ) &, HUBEIE AWM L2z —H L kv, v 7
VIR D H A O EIBEK RIS KT D IR E SN L7272 912 He/CHy ke Ay EH- L [AIRFIC
WERBMAEM L EHESND, ERS ORFMZEMITN EHEBIL Tz, 2019 4 4
HIZ He/CHy bE1% 0.021 T, 8 HETERL 0.040 ([ L=, D% 20204 1 A £ T
B L, BUIEWE 2D 2020 4 3 A DfEIZ 0.024 THo72, 20194FE8 A —27 Dt
DD RN NELKTIIREL, SHEK TR/ NS NI LA, MEKEOMETH
%,

[

=
©

. BRSO He/CHy b (MR RIE XK SRITOBMIZ XL D)
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FHEERILIZHBWT, 5 A, 8 A, 10 A IITEIL H 2 H 7 CHE OB - 54T %
1707z, B EAR L o 11 TE AR AR He B A 1330 PE 5 T S RIS AL 0 A L TR D
PEA, o, oMK EZNERW, C, EEAMITTVD, WECIE170m, C &
E VX 270m BV 5 AN B TN Do MBS OD B HH i R SR S0 SRR U B~ | VAR o> Hi A
WCHFICRE W, 5 H.8 A, 10 HITHE L2 WiER O He/CHy el T Eh, 0. 77,
1.46, 5.48 C, W72 EAMEmZ xR L7 (K10), A EAMERIEES C TH8LH
STz, — 5.5 H.8 .10 AICHI L7-ME5 E @ He/CHy bLIZZ 240, 0. 75, 1. 35,
1.05 T8 AMBH 10 AIZ2 T TR F L7z, 5 H.8 A, 10 AICHE L 72 WIES D He/Hz0
tizEnFh, 1.2X107, 1.5X107, 1.6X107 T MM 2R Lz, Rz EAER
FEA C CHLBIM S, —H. 5 . 8 AL 10 AICEHE LA E @ He/H0 bhiXZ
NZEIL, 9.4X10°8, 1.1X107, 1.1X107 T, 8 A D 10 HIZhiF TEM L7, 5 A,
8 H. 10 HIZERHL L 7= WIEA @ CHy/Ho0 LEIXZENZE AL, 1.6X107, 1.0X107, 2.9X 10
STHPF IR TEm Z 7R Le, FARRE NTEmIIER C ThBlllsn, —FH. 5 A,
8 H. 10 AIZHM L= E @ CHi/H0 i Z 24, 1.3X107, 8.0X 105, 1.0X 10
TTL8AMB 10 AITMIT T ESF L7, EMA D He/CHy bE 2% 8 A 225 10 A 22T T
D UTRRIEL, CliBED EH Tho7-, W, C. EMEXUIE % £ 100m OFFHIZ A0 L
TWAHIZHEDLHT, He & CHiDZEFNTHOWT, EERE WH DWW CHER DM T
ERMENFET DI ERHA LN ERoT, ZOFBEHNTLETVELT “v7
~EIRET AL LBKZHTAOMLDITHR” nEZbND, MWL COEFTY
IR ADOFEIEMNS 5 AnD 10 AT THRAEL, LRPHETICHRE LTV
T2EOKR AT AL LTOCHi A FCHRDOFAIZH LD L4 EKEDE FICBE L,
ERE DO CHRENEF L EHEESND,

10. EfffE AR UM O He/ (He+CH,) b (MUEBRIBIIKETFIZ L B)

He/CH, te 2 KILEB OFEEE & L TR 256, MAILIC L > T, EERO LD

W2 KITEBEB OTEFREILN T LA He/Cl LR T2 b 263 5HE0H 5 2 LITEET
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ETh D BRI EDOREZ2PEMIALE T DERW EEHET 2MEX CIZ3 VT He/CHy
FEiX 2019 45 A0S 10 A2 THFHICHEMLTRBY . Zo#l, ~ 7 ~Bid A3
ENERIEL TS LTSNS, ZhICHIET 5 X9, [REFOBANIC L S L&
AEAR LTI, 2019 4 4 AR ILEEREIX 11 EITH 7223, 5, 6, 9, 10, 11
Al KL B R A3 H 100 BILL B384 L7z,

FEME LBV T, 201945 A, 11 A, 2020 4 2 A (T (L TH H 24 45 TR 5 D
BREL 9T &AT o712, a & ¢ & D He/ (He+CHy) i, 2019 4F 1 HICtkb# L 5 A TliX,
FhEREWE SR WEEZ R Lz (K1), W&, 11 HE 2 AlcBWnTERIC
K[BREA L, He/ (He+CHy) EE D FHRIZS K 72 > o 7o 225 DR NI LY T OB B
MERDH -T2 TR, MEKOBKHOB R ED | RERTOBKHE N DER
DIESITIRALTCTEDICEHE T2 EZZ 6D, b EX O He/ (He+CHy) tbIE, 2019 £ 1 A
I LT, 5 HIC B L2y, 2020 7 2 HICIXME F L7z, bMESKTH 2019 4F 11 A
FEROBNRGHEL, SHICETL2REHIBL2 LR TE o T,

WU CHEEMA LTI AESH O T, 2019 FITERMH OB WK T L
7= Bk @ He/ (Het+CHy) Lb%E, T CEX R WIHE BN ®H - 7228, Wi ik 012D\ Tl Bl
BRE W ERNE SN2, K 12 12RT X912, HER a O S0./HS ik, Mk & 72
2018 - 4 A% TaEi < BWPIIEFICHRWIES S HBL L7z 201745 A (K 12 OFRAA
BAL) THEWEZ L, KITEB EHAMBWTHL L EZOND, —FH T, HRDE
WYES < BRI E S 720 2019 4F 11 HIZ a FER D S02/HaS it W i 2 o L7z (1K
12 DIRKED) , AT H £ D M X Wi e T2 T BaSO, LB ICHR#L L, Z 0 HE
BENORDIREZREL TWD, WBEICER L BaSO, ILERIZRFSIN TR . RE
FETIE, al XD total-SIZ DWW T, MMM IKLE ST &24T>7-, 2 2T, total-S &
1%, S0, & HS DEFZERL TEY ., total-S OFEERAMMAL (§21S) 1%, SO0, & HsS
ETNENDORNMAKOMENYY) & Rrsh b, EFRIZIL Giggenbach A /Lo KOH &
WA S A7 K T A DR R 4y % 4 ClE{k L BaSO, R ICHEHL L, 2D § 'S & |

He

(R

B 11. F RS LSS O He/ (He+CH,) b (MUEBRIEIZT R L) TFIC L %)
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E LT, 1212 END EHIT, §¥SIFME L T S0s/(S0o+H.S) bb & W AT L CAE L T
WHZENHALMNE 2o T-, ZORMIL, S0, 28 S IZH L TE W RN K 2 FF > T
o2 & TCHBMICHI S LD, 2019 4 11 A 1% S05/ (S0,+HS) th & 6 'S O Ic K & 72 e
HEA R Bz (K12 OFRKHED, Z OTelE O RITBLR S TIEARBZER . #ERKIC
RFESN D KIIEE) & DOXFFIG &V D RUIZEB W T, § %S 1E S0/ (S0.+HS) Ft L D H 15
MR R WEIE Ch 2 TR 2 R T %,

12. FBEWHEL aBK D S0,/ (S0,+H,9) k. (O) & §%s (@) (HEFEZIX
K[BITICX D)

(d) #am7e b RIS HOBE

B AR I W TIE, 2018 42 1 A O AR AR L DOWE Kk & & D1 0 AR ILE T O HE IS 5
DIEFALIZKHIS T 2 &L B 5 KU AD *He/'He lOELRBH S TWD, —HERE
LA 25 1L oD U THME 5L D *He/*He e O RRFEZAL I, BTAH O WK RTIZ I G0, ﬂak?’ﬁ B8/
DI LM AR LTS, 2T ORFEEL, # FIZEZRD “He/'He thxFiD>2 DD W
AMBREBRET ILERNDH D, @ He/He hE2FFOH ADHKIIT~ I/ ~72F 0 ThH
0L KITEBOIERILICHENW~ 7~ 00000 ABENSEMNT S & KW *He/He L
RO A DUAGTR & O T G I AT L, KD *He/'He T EFRT2EEZH
Nb, Tk, ~7~EE0ERBEONT Z2OHEBENED L, KV *He/'He & Fo
T ABAEIRD S DO FEPHAICRKE L 725720, BEAKHEIZ He/'He ITIK T T 5 &5 2
HZEMTEDL, ZDE DT He/ He b DORRIFZEALIT, ARA - B F VT EEED EL Hierro
BT 2011 FOMRCKOBRICHM S 7o, KIUPERE) O 72 S8 b RiTd 2 KIEE O
JeBR B G (Padron et al., 2013) ERERIC, ~ 7 ~TEEVICB T DT ADESEL%
ML CTWDATREMEDN & 1 | FEDE RSB 5 *He/'He Lo EHABLIA ., KILDTE
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BEZZERT L2 ECHHATH D ATEEMEZ TR LTS, TOMo kil (FFEKE., FRL,
ARZE A, BTk I, JUEE L) THEHEEFO *He/He kDT —Z B3 fF bhic, ElEEAMR ML E
FHREBIZBWTIE, EEOBSOERD He/tHe b~y 7 OMERIZITZT L=, 4
SIEEEKLOASHOIEENELZFIMT 2 ECTEbO CTEEREBRT — ¥ Th o2, REHEI
MR OEREMT 2 —FH ThHDTORBHRI - 2L I~y AN T—=RNZERATHY |
LSHIIAA R EAOMBEOMEC, HEHEOET=4 U > 7128 L 7= #8 0 & o fkk il &
KR DB EOXMREMADMER D D,

FEARIL TR AT A &0 UBEL - 08T LAL B AR O 8 % J 7= /5 F . 2019 4F 5 H 1%
D T A% T T KILEE ORI S ER L, KB LSRN 10D 2~
EFonico L REB LT He/CHy b ER MR SN 72, ZHiX He/CHy b @~ 7 < iR
DHADEBEBKRIZK T HIENE ML, FRICHERBEMLZZ 2R L TN5
EEZOND, HEAMRILTIE 201945 AN5 10 AT, EMERAHEDO K& REE
IZFB T He/CHy BE S HEFRICHE M L, E72 KIIMEHIE GIERILL TWeZ &b, ZOHH
I~ 7~ A AIEEBIERIE L TV B BN D, ZEILME L TEBVAIEFTITHRN
LA HB L, HMEBEESNIER Ch o - HIMIZE VY S0u/HS 3Bl S, F 7o REEY)
D THFEBICMATEMARMALELZNEFERBLEZLBRN AN END, fiH
BT 5 20 OHERILFH /ST A —2 O KINTEBEOERE E L Tom AR RET,
KIMAAZADICF T =2 ) o ZIIERI - TS FH LM EZET 5, S%OME L LT
RA R OMERBZETOND, P30 FEE THBROMAEERIZIVRA R ZEMA L,
KIWHADE=Z ) U 7 IZRFIETEL, FRIVCEFRERARL, FHILKHLTOE=
AV T EGET DI, AR LR A R ZHEETHAILERD D,

EEBAFEOM TIZ, ~U 7 AR 87 O AR &5 4T 3 0 BB IR BERE I A
STEY, 5BIZEIVEZSORBESN LT —2DOE &M LoD, 74— FIZHD
BT HIEORB 2O DLEND D, KEKORMAELEIE TIX, MRAIICT 7 & 2§
RIS CHAER# 2 HW CTERIR L 72 a0 2 R EICEF B IR - T O KER
(H:0) °AKFE (Hy) OLRERNMAKE ST ZEBT DL EHIT, 2T THLATLRENL K
[OTHEEMIET D2 LT, ERILIZBIT 5L E RO S0 i 2 =@ bR 5 F
ENZITMESL Uz, F720% Uic A BB RHR B & 2 EBRIC R e — IO fk U Ol
REZHRIT D22 LI LI b, A%BIFIFERIC F e —r2EH L TV o KAFER
BV 7T —~ 4%l b L CHICEARREZRERSD, &AL LEESCHRE/LR L
DEFAEZBELTURZED S,

JEE AR Z BRI L T Y U LSO RN AR Z o83 2 FIEOB A2 B & L CREBER S
BCEMEEK L, A - KB *He/'He % L /KIR « pH OJIENAIRETH D Z & & Tk
RBLZ, BonzT—2»biE, BEBRIAICBWTHARBEL TWDLEAIC, EEK
WA CHAZRINT HZETT—XOELZM ESEONDAEERH D Z LRI,
SBIE NI T HNERED e 2B WK LTEB AR IC6#E L 72BN A P ERKR T L& LI,
SEEETICHE LEZEBABRFELZ AV TAITEROFMIcAE R 2T — 2 2INET S
EMEETH D,
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(3) AF 2 EEEBIHER
D) K A~ 7~ ke PRl oy 8L B At oo B 8
a) 7uv=/ bOREHELE

TR b) O ZED SO HlERFERRT - KEWIEFT O W 215 THR
W, BEFEEARIL, FFERE, e, BRHUREL, JLEDL, WAL, IEESOH K
HHZFRWTKIIHT X - IR T A« HETAFZHERL, ~V UL - KFE - KFE (FBE
FESE. A B RF D TR RN EM) - % (F) FORMKLO T — 7 2 &%
ToHLELEBIC, AV V=7 bzl L THETLIEERICISETEASC, ~U VA
— RFRINAEA B A FRIE > AT DI K 28l E 2 Ehi 32 0 K l-e B oo
188 TE (T 1] 1T C o [RI N A Bb A i oD 7 7R RO AT 24T O

BHNZ DT> TE, KFEEREB I 77T —~ 4 BNEMT 5 FEOHBNBLI & AR/
IRV B 2 & TRBHRRZIT V., BELZK S, KFES RN 6 HHI0Ic, dbifE
B THME S D EERK LR ORERNIEZE 2 O KIIT ABROY —27 v a v 7T
ZMML, V=7 ay Z7HETIATOA ST - AERIL - HBE (O BABRILIECE
FERELREE, U8 B4 OBIBIICHDE THET LI TFTETHY . SEEITLTORTO K
W7 — 2 OB bIkNAD) TOILFE K LT ABRIC T, MAF7EH#E & okl T 254
B otk 217 5,

. WRZEHIMPICERNO KT, MAOTIIRPER S NTZHEE S L I KA
AELEBEICBON T, KRIERKILPE - AMBEKRE 70 =7 bo7Fa =7 | -
U= =04kl axg s LERABNOE A2 RE LZERIL, 22 TEET IR
WBLIZHOWNT, TO—8b L FZ0ETIIRATRABNZER 5 Z & 276
L9 5,

b) w7 <EEA~Y T L TR ERIE B o D H Al B %

WEERZIC G e & . BEHAMRILOKINAT 23 X OJEIL O R AKEF T A Z 5548 LT
~U DL RFERMRE~ y TRER L, BFEE(EE AL, REBY 7T —<4TT
ESNTOVLETBIICL > THLA DM FHIETME E T e tb S, HTERES
DEKRRICEAT2MAEHE5, ElokkimORMARL RN GF 2 U — 22 X0 §iE
LCEREABOSHTICHW, H—REHZ DWW TBEFOE & SHTE TH LD R & T
B L CHERERT 217 9o Z ORALR AR JEFHTB L Tk, REUSHER L 72 rE il o
D ALK E D RFB RN 2 A A b THONT 5720 O PERE AN P FEHE AR O
P Z1TWV oD ABRAZRHE 2 F B Imi s 1l EEARML - FHRUEOWT AN
KINTHERET 5,

c) BRIk & xR g K O B ERE O RREY

R 2 BB D2 B 7 8 TR BAKIE B OB LY o F &R L, S
KR A& ERFEHHES 5. [FONTRBONY T ALRBEDOWRE - [
(kb EBRETHIE LT, KIEBI & KT %7 — & OIEEAT ).,
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2) KRAKIFN AN (FEEE A HBRT)

a ) MEIEERE 0 K ZE KRN (AR b 2y BT L B o B BT BH %

RIS RN Lo, BRI L - 2 EREICRBIF-> THOrT 5 F
BB LT, BT = —XICBATT 5, BRI R E CEE (v —2a) Bt
ZREL.AFEEHOTARR (H,0) OLERMKLZ ST 25 & & i, kFE ()
DARFRN AR LR bk F (COy) OMBRAMAKLLARE L. 1557z H0 DL EF
PR D ZBYEICOWTHRF T 5, o, B TY 7 A 280 (EE %2 EHEEA
LCHIE) EHRIZHIT T, ERELNLVORFZHBT 5,

b)) E Eh e OB B A i o A
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HPEEEORMAEEZ K 39 IR T 0T 4L d 2015 4F 6 A 38 K O, JIHR o V8 5 @ BM1120
AEWEL LTS, HEENIBE -7 20174 10 A B OME &2 SER ord (K
37) o M sE 1L ILTAIZ TV BM3050 TiX 2020 £ 3 H £ TIZ 69.6 mm DFEEN RO 5,
Pekd hl b 2017 42 5 A BARTICH N THEEMNCEE) L Tk Y | HEOEKHEK OB H)
ETRFIHITH B, T OFEE I L VEM O BM3040 & VT 2018 4E 12 H LAEIRIEIE
fEIERREIC 72 > TN D,

R 1LICHEE SN EDNROMNE ZRT, JENIROAE X, 2017 4 10 H LARTIE 6 E
LA BE D BAMK) 100m Tdh o 7248, 2017 4 10 A LU 1 A5 85 11 M A FL oo B RS A7
ELTWDEEZOND FLZTORS S, ZOMBDOIESN 1300m THDHZ &b,
RN O ZNZEI, T00m, 620m & 720 | JEAWFEDONME HRAICEFLTWNLLEEZL
D, B ILE T TIHES 700m FREOKIERPIUE (R A7 X 4 Ng L HEE) 2 3 Kot
MT f##r THEE SN TH Y (Tsukamoto et al., 2018°)), ZHNF ¥ v T v LRl
COETFTTHKBEVDEANRBEMLTVWE LD LHEESND,

¥ 40 (2 AKHER B S HEE SN IL FOENROEREELEEZ RS, 2O, [E
NROAEIZEH 1 ROGHNICEE L, REEED A% 2L S THRBEMHEZ KD TV
%, 2015 4 6 A ZFEUE L U7 (KRN &1L, 2018 4F 12 H Tl 16.7 7 m®, 2019 4% 3
H 15.6 Fm®, 11 A 15.2 F m®, 20204 3 A 15.9 F m® & HEE S 7=, 2017 4F 10 A 2>
OO T ENROMIEIZ, 2018 4F 12 A LUK 1L £ - Tz, 2019 FIEA L Ak B R
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VEEME R O OBKBKESCKAKEICH O RBABEOND Z &b b, M FER
NOENFAS~DOBKROMEENEZ DO D EE X BN, LML 2020 4 3 Aixbd
DI D HIENRORE RN A S, HEOBIESH GIREOE O EFRRA LN D
e, AHB LR RFEERLETH D,

37. A OO &R~ fit 88 11 X oK HERE L & 2017 4F 10 H 225 2018 4R 12
HECToOREEZRT, 2018 4 4 HH» HIEHIL LZEKEKS, 2 ET
D 7K YE R B > & HEE S AL 72 JE TJIR O KL b [F R IR 7, B LB E 1
MM (% 10) ZEHLE,

38. 2017 4 10 A LA 72 K ER E/FE R (BM3040 2 FR< ), FEE - IO F.LO
IR ILF I O®ET EEZE XL ON D, 2018 4 12 AUBROEIZIZEEAEE R > T
ZDO
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39. EZRKMEROERORMZA, 2017 4 10 A DT B m R A oh, H
TOEDFEORBIZIESHEE STV, 2018 4 12 AT Z < ol R TlF
FE LR AE T H 2, BM3040 1A 2 (L1 78 {1 M 5 FLAT £ 0 BB VR W IS AL B L 2018 4R
4 H 20 H 2> 5 O R LRI K O TG FALIS W R ATRIIC K 8em DR 234 B 4,
ZO% L RFTMICER K E W2 EARMBNT TIEEHA L TRy,

40. KYER B SHEE SN 7HE I F O LD O BRELAL &

F 1. KMEKEHNET 20 oHES T, FEILETOEEONE

2017 45 10 A LLAG 2017 4 10 A LI
Elef 4 31. 946777 31. 94517
R 130. 85460 130. 853975
g £k i 2 600m 680m
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e) FAR K LT 33 ) 2 B Eh L

DRICH B, PR E CICHENE L2 BBVBLI O 7 — 2 1T & - TH & hu 7z #i5R IR
FEREEICMAZ, KVIERHBOBEICOVWTOMAE/GL DI, Ly —EEICX DM
Hro#alf a7, KIUHH 2B 5 Lo — NI L D& LT, Abe et al,
(201732 ([ X BRI K ILICB T 2808 %F 55, AL TIX, £BHSTHE LR
oLy — "B EHRPATED 1R SEEBELZ BB T LT Y XLATHRRL, E
S 40km REF TOMBELHE L TWD (¥ 41), ZORER, EE 20km fHiic, &
ERARE e B ORI A B i K O ICIREEOHEENH D Z LB o, Al F
RO AR KL CEIET D720, TN & LT 7 E (KOM) & KBH
(OWD) O#BLHT — 22 M T Ly —"BEaHELE (K42), WTHOBRIET
b, EHOREREHICER TS EEX N E—7 BB TEBY, T—4 20T 2
LI o THIUER EEREMIT TEONZ LY L S LICEMOBENEETED 2 L
W CE D,

B 41. FTag k1L TOfENTH (Abe et al., 201732), ATV — "B FnrbBbN0 T
1R THEAED 4, ZHESND 1 RTBEND., TNEFNOEBROMNEEZERT D Z
ETCEMDO X 97 3IRILHEENHEE CTX 5,
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KOM owbD

X 42. By r & (/) L RKFAR () TOL— NEEOF, SEER S0 LY — B
ERHWLZ LT, MEBK NES T 7 0BT SNBSS 15km BE LD HIEWVEIRO
&EE R TE 5,

FARAKILTTIL 2019 4 3 H LV MUBTE B OIE RN B v, A 7 #JEBIzB W T
SRR MBEEE N AL 5 H 19 BICiE, MAEHRL LR 2~ & EFbh
7= (HEIR, 20203%), Z D X 5 ZeBEFHIE %@m:2m5$@mmm@k%t_bk
N MUK THY . GNSS IZ L D8 T FE KL A F 7= HEE O R CEMRE O
OB E N7z, X 4312 201849 H22 5 2019 45 12 A £ TOERSAR & KRS &
RY, Fo. X 4412 2018 9 AND 2019 & 12 A £ TOFMMBE F 7= < KR O HAR
EEZ TR, HEBEBINELEATH S OX A 7 iftiT @%ézmnﬁﬁﬁ¢®
Tholeh, FRKLBENLEOEEMAZ R L TBY, MO KILTEDZ &K &
LTWHIEE TH o7z & %z%h@o2m9$2ﬂ&2m9$5ﬂ@ﬁ®GM%aﬁf
— A D, ENREHE L REZ K 45 18T GEFE - i, 2019°Y), BHAZ T v 7
EHEARET LV EZNEN DT OREL T, TNOLOME, AR, 77 v 7 O
A N=T g ECRVHEE L, TORE. RAET VIIES B L Z 9.6km, H
077y 73RS EBLE 0.4~3.3km fHTICHESI N, K7y r FTHEMELE
%@ﬁm Lo THoNMEBEHREMEE KT S, O T v 730 A0KA

DK E D D OEMA~DODBEZ, RAET NVII~ T~ F D & IS D EE
%ﬁ@%bf“ék%z%hé RKIFFIZBTLHKLUTZAOBHE TS, 20194 A2 A
Mo~ 7 EFROKILTAOHEMBBR S TEY, IWEOEREFEMT2 X512
TRIUTEBNERILLTWD Z NS5 (X 46),

—J7 T, SARIZ X 28I TIX 2015 FFIC AL b7z KIBAIT I 1T D 5 T 0 72 e ke 1 7
BT, £ GNSS THEESI N/ T v 7 CIC X 2 MEROEL LB TE T

o LT 2T 2019 FDOIEEN T IEH O~ V'~ 72 F 0 JEL THEHEMe ENHS I,
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MR CTBA SN D KILATZAME S ZL LT b DD MIRAEITIHT 2 BOKZOEEIT,
2015 FOJFE) L IZPH L NICER R > TW 2 ERgn D,

S, VAR, VRS E THELZH LN TENAE, 2019 FD
&9 2 KIEB) OFEFAL 3 34 L T2 BR O KIUTRERIC B 1 D i& B O MRS, HERA) B2
iR E 525 Z ENFREL 2D . KARKE KO EEOFMIZLHFLHTELLE
ZBd,

XROBEITORRSMRHCHREZEALZBICHIG

43. 2018 4 9 H» 5 2019
F12 A EF CTOBRSAMAR (K
) &, FEERTOMEDTRAE
Rt (ERD, (R, 202088)
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44. GNSS Bl S o R EZ (2018 49 A 225 2019 4 12 A),
R (2020) 33X v 5| H,

B 45. EFRIEH (2019) KD, BB T LMY PLBIOET VIS
by Iab—va iR, (a) KEENM, (b) ETFEAM, <7 hrid, 2019 42
A 19 B~ 28 AL 2019 45 A 23 A~ 6 A1 ADZNETLOFEHHEDHES T
FLTWD, 7 BDOXEINERET NV, HIERRA 2 7y 2770 (KM L
W) ONLEERT, N7 A— 2 OFEMITEZRIEN (2019) Y B,
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X 46. KiBA 15-2 ERFLITH T 2 kLA 28 (2018 4F 7 H ~2019 4F 12 A),
WEIR (2020) *¥ X v 5 H,

2) KL k)58 FE R A 72 &Y — L D B

a) MEBFH T LA T — X AT~ A7 A DB 3
SEBEIIEE LY 727 [brnwrum | OFBICBITAHMERHT —% D%

IR~DEM ZIToT2, £, KRFEREDHERIZBWT (brnwre )] Z2EHEO R E
LTCTEAL, ﬂ%%#k’%@ék&%’\ﬁ ADHPTENRST- WL OO FET X
EHEED, ABRITII N A RERFKE TR ET D,

b) # N EL R - BUKIRENVAEAT > A T L O BH %

RIEEETIc7a MY A 7L U CRIE L KB S AT AT AL S B Y — v D 2 7
U7 Mt (MFB: ModEM File Builder) & /3Ny 7r—Ifb Lz, T a RFEEICEAKRT
HMRECHBIFEHICHHALTH D ) Z &2 RHEICHRIEY =2 TV EER L, AEEN
SO HERBRE R F M 0B OMEE AT Lz, £72, JVDN v 27 A~ F Al
RHINBENKRE, KV — L Z2RELEZVWE, EAOHEYFICHLANRTE,

HHEHL 3R TEA /X — 3 VEHTIC DWW T, MBS BiBE L 72 #us o i F L3R A
EOHEENITIEHE 2 ZE T HLERNH Y | £ ORI & ORRE O/ D72 1 K U 23
MENZONWTIE LS Do TWiRRhole, £D7®, 201TFEICAT v Y =7 BT
G LB LA O MT 7 — 224 L, 2 80 ORI T — % OflAab b
ZHWT, MEEKRRA v 2D HE 22— K (femtic2V) TA X — g VENT 21T - 72,
B 47 12 3 WICH IR IEE 7 L OFH R & L 72 fRikds X OV O g T — ¥
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O Z T, BEZEMOPLAEEFAIZE D BEERIZOWTIEF L5 B 15
km O i FH T, [E R O BRI E R 10m A v 27— 22 W (K 47 D d),

Z O5MAE ETOPO1 7 — % 2% w7z (X 47 @ a), WOV TiE, MEBL LIV
RREER IR L D22 FEOHFE TIL, BARWET — X2 % —0 500m 7Y v KT —
2 J-EGG50039 % vy (X 47 @ ¢). = DMl ETOPO1 7 — % iz (X 47 ©
b), X 48 (2, FL 58 15 km O OWEFIEMIET — #12, (a) B AKKE TS HAT
O M7006 7 — % (HERMEFEBEHEE) Z#H L7254, (b) J-EGG500 7 — % & H L 7=
Be. ICENENGEON TR EZ R, A =T a T 249 BLHE DA
YE—Z AL RGBLOT 4 v =2 555D 12 JE %% (384 Hz~0.0039 Hz) % /]
W, R TEKRFEO TSUBAMES I8 W THE Lz, &2 TOBMSIT., O s e
15km OFHENICEENTWD, HIHEF L E LT, KIS 0.33 Qm. FRIEE 5

X 47. B4k 1L 0> 3 %It L HR LA
ETIVOFHE P LA LRk X
ORI O M 7 — % OFEME & #iPH, 5
2 B O DA I & R L T D AT R
T, D5 £360kn O Z T T L
{fb.L7=, a:ETOPO1*? (f)%) . b:ETOPOL
M) (c: AARWIET — X X —D
J-EGG500° | d:fadk : [E + H FpE o L
WIS W 10m A v ¥ o FUEAE ST T
b MBS AR B AT O MT006
(9B U Ik R )

X 48. L3 AL 3 RICHBEIEEETT L, T 5 P 15kn O FEIK O WK T (a) M7006
F—ZEAnTg4Ae, (b) B EFE LT J-ECC500 F—F 2R Wi=a, METF/LE S, A0 DR
T Om, 50m, 100m, 1000m, 3000m O /K Witz <9, AMITELZEM ORI L MEEREZET,
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23100 Qm O F-MR —EE L2 5 2, ME7 /L H 21 [B H O iteration DFEREZ R L
7o RMS 2 27 1 v MigxZnFh (a) 1.85, (b) 1.87T TH o7z, MTT /L& g
L, WROHMTEEICOWTIE, HETOEWAALNLD, MT006 7 —% & o€
TV (a) OJFBFEM 72 MR IEHTE 2 AR 8 2 7 80 I O FLHCHUR & b 758 O K
MEERI KL TWD IR fiEz L TWns, LML, EEOLBIERMBIZEDS £ TH
FOMTRHEEICREREBNIRLS, HTHBEOERRICHGEZLDHBIXIZLALERNWES
b, THUE, KFRETHWET—Zty NBEEOT —FDOAHTHD Z LITERT
HEEBEZOND, 1o T, Dl L b AR THWEE RIS W T, IR
T — %1% J-EGG500 T+ THHZ LB bhrotz, £/, WEHERA v oA 3 —
VarTHoNEMEIR. CNETEEMBALOELIEA vy af N "—Ta v
(ModEMS3®) |[Z X W #ffE S N/-fE MRk TcH D 2 & bR T,
Ky AT 2% KOLTE B O B FEAR 0 8 P RNICRI T 2721k, ¥ Iab
—va VO RESEOE=F ) T2 xS L ENEHE LD, E DT,
SEBIZZOESOY —VEEICLBRYMALZ. EHADY I 2L —% Th s TOUGH2
ZRAWT, a2 A oiEe T L CEUKE 23R L, BAERmicix, £
T IVZERI O DA T IS R KGE AR E L. B R D SRR 2 A L CE FOR R
EHRBLIZOL, MRKGEO —H xRz ERL (M%) SEEaicEokosk
JCENR Z D0 EHRTZ, E61IC, 22—y a O THIEREENEND,
P Y 7 hTodh %5 COMSOL Multiphysics Z V., AIREHZEE THARZ#H 2 KD D 2
L ERAAT, TORE, @EOMMELZE Tld/e <, FLE#EMEZEE (poroelasticity) & Z4
MR IME D RE BB L CTEMEHEE L T 5D (1K 49~55), 295 L=y —id,
KV T T —<DERBEHEDO—2>TH DT Tl KILTEBYEE S K (LA HE 2 &h o
MFRICHIGHTE DO THHER GV, EE R~ =27V EZEHL T/ v
Ny RIS EFTEL LTz, ZL0EBMBOLD, V—FT 2%

49. MEKIREE OPFZEICHE S ik 50. BUKKEIY S = L— 3 VORE,
ZEEEHE O FE,
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X 51. Y IR AR O IR o A X 52, YETEH PIHIRAR O JE ) A,

53. BB R T4 5 EMOEELEL, 54, RBRIKT#% 5 FW 0 EHEA,

55. K D23 FAX T 1% 5 R oo MR &) 45 1,

Ml azEMLE, 2OV —F7 /Jéo% ¥ M EBOZRITIC O D IHHRINE L



ES A & OfFKim O 72D ICEHEE Y2 (EBERN Mk e Es £ MY A —)
WML,

oI, AMFEEICH &HE, BEFOMBMER -V v 77— 22 FH L T, ik
LaTtoBEBRERN L, 2R LD, JOGMEC (Gl KRAT A « & BILME
JRFEHE) MBI L Cd NEDO G 3L ¥ — - FEEHANRA B o M BH 5%
REF AL E (NEDO, 198537;199138) Th b, —HOHBEIZ DWW TIET VX LT
—Z L LTARSNTWA N, aT7hHEiZ oW TiEHmEED PDF 7 7 A L0680
EAFHAMDIEENLE Th oo, WEEETEIITTH TR MO 7 — % O
B A T AEEITH I FIREMMEo 6 KO HTr — 2 28\ Lz, £7,
BRME (100cm 2> 7 /v~ ) IZXDHEPEE, a7 HHERBRER -ERN1D
DI o T BN 2R B ORR A MR L7z (M 56), OB, Bl - fh (1986) °Y O FE
B (ZIE) 22312 LT, MEPLOIRERFEZ M IE L T 20C O R PiEIc #H
L7, TORER, IR E AR ZEREOHBIIM ERME Y bE< oo, KF0FHE
X2 R 1%L EOFEIHICH D . EEERNEWVIE EHRBEIAMEWVEI AR D,
T EE. O TIZZERAKTHIZ SN TS L RiE, Archie ®¥ERI 2N E
OIS TND I EERMBLTWND, N7 O Zp, BBRAKO LI Zp, | g
iz ¢ THRT &, Archie lliX p=a¢p™p, EELZENTED (a,mITEH), mxf
B7I77TOMEEIMEELEERLTEBY, SRIOT7T—ZTIEImIIK 15 THDLZ LNb
mofe (K566 £)e —H. ZREN 1%RWOREHL, Z oMM 5 HABRIZI T
A ey haiule, IRIZZD XD ’/“Béff@ﬂiu\bﬁﬂzf Archie HIZ @M L
£9 LT L, WIERPUELIMR D TIRWREIBRKZBKE L2 TIE2R 63, BEMNTIER
WV, I OEKTIE %ﬁb\z{%ﬁ WZHES M LW e & O RS ERYME N EE =TT, %
B A3 B Y _sﬁfkbmj: IRoTW5HEEZLONRRELEDhD, ERIZ, 20
fEikic 7 7 > b éhf:7~5( (X1 56 45 Dk FE M T L7 fiEisk) ODﬁi&i“ﬂ“f\“T [ =
B OHH N63-NB-4 @ 1000m IROAEHZ L2 b D TH Y . Z2H L 7c Xila B EEIK

KA (RERE) MoHai> TWb, 72720, it E LTI ARA T XA

56. HANZERRE L LIRPIO LR (NEDO DR — U o 77— 91.99)
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M (BErEYVBFTA ) TEHESBFEAICEATHNT, AXIKROZWVEHALT TH 5,
EAEOBTETIE, kLA T 5 PR A THRIN S o2k Qm UL T ORIk HT
WiX, AAZ XA MCBEODARBEKEEMRENTNWDZERZ VR, RO R %
AR T, 29 LRI LA TH AL H D,
ﬁ’\wﬁf%&mm#@@%%ﬁﬁbt(l57&0l5& NEDO ®# 5 # |z
T, EMSIHR TEEEYORMEHI N THWEO T, FEBICONT, HEE 1,
DEE2, PEEZ3. ZEEL4 L LU THELE, 22T, FOEMME T80
WE] ELTERLE, S5IIC, NSO EEWN L7 IRPUICE 2 5 BB D
EWEZEZETH700IC, HAK (1988) 9, @A (2014) VimShi, fiHHEW O
A A EE (CEC) 2251, TrE®Y ) A 80, MIEHIZ6, EU A b
I 13, BA VU IZ 6 DR ES LM EICH T mE, LY EEEE] L&
FZ LI (IA Y OFEHED 720 1 P Ik Tl 2 B o 3FECTHRIY), &0 ET,
TRENE 20CHA IO BB ZFH - 0N 57 VX 58 TH D, K57 %H5
LK E L RIEPIT - R L THREOHMBEZRLTWVS, L ZA5M, CEC 22X
B U 7ofs LR R R & OBk (X 58) THLZ ERMITIRECEL-TEHEY it
LW EEISEE Y 80 AR DB L 80 L LB O MICIX, HIRFUEICHBE R Xy v
DL ENDLND, ZOFx vy 7iE, HZECVE)V v T A4 FRGER TV R
MOEWIZHIE LTS, ZOREIZ. TErEYaF A MIMETH-> THHIEPE
ETRFTDENPRKRENENS ZRETOHMA (BIZIXEE, 1995) DL LEETH
Lo el L, HIEREABRWZ X, IPEEM DT EOERSZ W LEEKT D

IR, Er®Y et A NN TEENZVEEHTT LAWIZE B2 7R3
BAICH D Z IR D THEENPLETH D,

AV 7T —<TliE, KEKEKOREL LD X957, BUKRO LI #EKED
Xrv v IEEEZVDICLTHET S22, LW RPEEIZRDLIDT, ZOHANLZ
CETOMRZEHL TB, AAXATZZAF (FErEYmFA ) &, B 2000CLL
TORIR T LN ZEMICHEE T, WEERSWZ &6 BUkRo BT EE K

57. K L#nW &R & HIRH o B, X 58. R L HLMEEEEAE & FLEHI O BIR,
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Py v 72T 2RRMEOFERME LTEZRLT L, o, CEC N E < FHEY
WX o TAL T HIRFLEZ TP 2208 Emy (FA,201442), LA L, & 2 EE O K
PUEAME D (B 21355 100m DL F) 2 EDOHRERIME LT, ZDOZEERFNE & HEH
THZELWCHEHALNCEANH L ESDLI 28720, 295 LR gIL, oL
5ﬁm%ﬂf%®%®’ﬂﬁbtm£@4WT%éT EEL + 01552 L 2 RH

B LERD D, HEEARFOMBIESCHMBELE - OBFRRELEZEL, W Oh
@ﬁﬁk&é&@@%m%ﬁmbt%mm@y:JVHyaV%Kgdwf\ﬁﬁb
TEEEOZYME LM T2 RN ELEZIOND, AV T T -~ TRAERNRL LT
X EEREIICELEOHBEIEEICONTS, ORI HTHERBELTARS
VBN D D,

) K L MRS Eh RS A BEAT & A T L OB %8

KITE B OTEFALLCHE KA FE KL E L TIHLER & 72 I8 & RO MR OB 03 56 A4
T5, ZHHAEWICERR S TEREBOEE %2 RO K IUMEHESCHMENL, K0 EER0 kL
BN TEZ > TWD KIUBRR L BEEREENRDH D . £ OFE RN ORI 05 A HE
DRI ZEAIZBE T 20981, KLU XBL G OO MM 5 720 T <, KMk T
W% B LB RS O @ EL~DIG H 7e EiEA VB B CHEME ST X 7o, kLt
BITKITEESOZ(Z R TR EEREETH L & i, KILBLH O TIEy g5
DEEREEZ EHEDTEY (McNutt, 1996) ¥ £ < Ok L ThEx 7B Tk CIEEHE
HENTVWLBETH-TH, ROBAERBPFILETHDLLEF 2D, KILMEHETE
DOEFRORHHIZEY . HL< DLW O OFEEIZ /IS T& 7=, Minakami (1960) '
IO KL TOHBIEENICET 22K I0ICITV., £ 2 TRAEL TV D K LE
IR O W O R, BIRSA . T OREOKINEB O3 & kL CTHRAET D E
g4 ARIHGR, B AUHIER ., JBIEMIE . KIUMERENC KRB L, 2 ORI AT
THARIIEKIEBHEMRICAD THY . BROARRLTWHATHLEL AL TV,
KO R T TR O R B 2 X T D ERE O ML S BN S BBRIC R S D D
WEhk R O RAEE CHBI S 4L, TOMUE S AILUEICRZRD | - TRy
ZENZW (WEF - Hm, 2006)

OXO BB ST EREOKILEMEBEORAEEELRAT 52D 0RO T 7

T, FERO R D HBEOREGIHM N ENIFEERRDINDIZONTH L, £ D%

iﬁf&km@@@%L%%EﬂLﬁégk@ﬁ%f@%joKﬁ%%QFD%%%
PR R VEBABEREEIC L DEEOBE W AILINEEE - REEOIE, a) —EBIC

BT HEEBBHE IZBWT, ZEHICBT 5 HERBIBLN 21TV HKil O #fEIEE) I
DOWTHE L7c, TOE, SHEAEINHMRICHEATN D A BHE &2 4o BH B
BL BUHE O BRI R Z R 2350 . ZOENITHEH TR 1mlcdh b ﬂﬁTtt?EE
PENRAETIHEIIZIGE LTS Z &2l ~_7, Yy, Z OHERENOHE
&@%@zﬁ%@#mfﬁof%k#\KVXTA%%wT\%ﬁ%;#m#éﬁﬁ
H DS A B IE LT,
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ek, KA THRAET H AMHE L B RIHE O HRIL, & OB O Hidk)E
BRERD 2 Lo ARER IR O IR & & 8RR O IRIE EE 2 & ] L T & T,
B 21X, 2006 4F Alaska @ Augustine k[ D& K (ZF VT, Buurman and West (2010)4®
TMEKATN D KIZED ETOZEOKLMEMEZLZ, kA TER I D JE IR

(FI) - #UBR Y O & JE W Bk oy & AR B Bpl 0 D ke & v C L R TR B & K L ERiR
REDOFEMZE(LIC OV TELE LTV S,

(a)

(b)

(c)

log frequency (Hz)

59, 4BMAETOREEIERASYZ ML, BIZFFTIC X 2H#E., RITARICX 2HEE., HiTks
B S ARICEAHEE, ()X ABIME, (b)IiXBHAIMZE, (c) BL BIHE,
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FI =log,, {M} ,

mean(Ajower)

Z OWF D Augustine KILUDOME KA, KB R EM & LT 1~2Hz O#IK A | &)F
WA % 10~20Hz & L, FI-0.4 YA L& & EHHER, -1.3 LN O b O 2 K8 J # 5=
ELT, Z2OMOMES Hybrid #I5E & 438 L, WCKIZRTER L C @ JE iR A, Bk %
MRS ) BICEKEEHENEZ A 2R LTWDS, 20X ) RHEOHER DA
X, oKL THRERLNDZEHH Y, KITEBFIMICEER2BEE LTHHAINT
W5, LLZeRns, b 0EBEIZITBx RRRREZLONDDT, £0OEL
&kmmﬁm‘% BALEFRE DT 2 DEES TIERV, —FH, “EE CTHEEROES
iz CEELTCOWOIHMBORBMNELRD Z LRSS, BEKROMEO LY Zh
B OME DRGSR R B A REMEN R S, A B B B o HI 5B o 58 £ JFR O FH E
AT D720, R 2 ZERIHT 5 2 ENEELRD,

SERICBT S AR, BH A HE, BL B HEOREEZMIHT 5720, ¥ 5912
8 T/RLZABHATO (a)ARIMFE, (b) BH R HITE | (c)BLfF”ﬂL1 DIRME A7 h LD
Blard, ZOFITRLIZEIIC, A BHEOL IXTIET X TOBN A OEE T

60. =R DOKBLIN A DKL TOHERIZIRIE D 4~8Hz iy & 10~16Hz Boy DL, I3
T A FBAIHE Lo R R % 7R 9 AR (244 A X R) L fk: BHAUHIUE (218 A X
v M) AR :BLAVHIER (491 4 XV b)), HUBFMRIC L - T, 2 2O B EHHE K CORIBL AN ELR Y |
MR AR OHEICFHIH TE 5,
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Hz 26+ Hz ORI TR ERREAF S, BL AHBETII L OB A THE Hz IZA
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