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Developmental Study on New Airborne Multi-spectral
Scanner System Specifically Oriented to Thermal Obser-

vation of Volcanoes(Fifth Report)

By
§.Uehara, T.Kumagai and H.Takahashi
National Research Center for Disaster Prevention, Japan
K.Takemura and $.Tsutsumi
Kyoto Institute of Technology, Japan

Abstract

In order to evaluate the effectiveness of spectral bands of thermal detectors an the
thermal ohservation of volcanic fumes and of correcting methods on the effect of at-
mospheric transmittance on observed data, a field observation experiment was con-
ducted at Owakudani of Hakone Volcano, Kanagawa Prefecture, by using & portable
scanning radiometer and three kinds of thermal detectors with different spectral bands,
in which newly developed 3-5xm band detectors indicated in the Second Report were in-
cluded.

The experiment consists of twa parts, the one is the short range observation (20 m}
and the another is far range observation (263 —604 m} of the fume temperatures.

The fume temperatures were calculated and corrected based on the observed data
such as radiometric output powers of the fimes and black bodies, air temperatures and
humidities.

The results obtained are as follows.

(1) Two spectral bands of thermal detectors, 3 ~5zm and 7—8um ., are more effective
than the one of 10—13xm for detecting volcanic fume temperatures since the
formers can detect higher fume temperatures than later.
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(2) Comparative Calculation Méethod for the correction of the effect of aimospheric
transmittance on thermal abservation, which was proposed by S. Tsutsumi is prov-
ed to be very effective by the comparison with the results obtained through or-
dinary correction method using observed data of air temperatures and humidities.
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Photo 2.1 Aerial photograph of Owakudani of Hakone
Volcano, the location of measuring equipment :

% : short range observation
® : far range observation
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2.1 K AT ds 1 B i A i B OF i A e S L
G & FORIERNSR . KD AH]
L L & ORIERS - @HKRUOHI(1~15)

Locations of setted measuring equipment and target fumes in the Owakudani
of Hakone Volcano,

Fig. 21

short range observation : % ! equipment A : target fume
far range observation : @ : equipment (O: target fumes (1—15)

“ (] & b 3 (e WP

la) #IERE KR ERR (b) #ENR (HAA K TRT P LD

(a) equipment and measuring. 20m),

(b) measuring targets (the fume indi-
cated by an arrow of which distance
from the equipment is 20m).

BEH22 UrEEEEE SN (i)

Photo 2.2 Short range observation of a fume temperature.
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(a) equipment and measuring.

(b) MIENS EHOEEAES 1~15 TRt JHiSEh 6 BiRE TOMRB 263 ~ 604 m)
(b} measuring targets ( the targets are numbered in the order of shorter
distance from the equipment K 263 — 604 m)
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Photo 2.3 Far range observation of fume temperatures,

_7_



BV EREENE -y —HRER F3E

3. MR

3.1 Bman
3.1.1

A3 N4, 73~5.04 pm ) AR O AN HE

1986 9 A

31 A/NYF (473 ~5.04am%E) BRDEOEREEE
Table 3,1 Basic performances of A -band {4.73 —5. M4xm) detectors,
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D*(500K,1000Hz, 1Hz,50°
B AEERED* imax | = 7.5 x 109 2.9 x 10% 4.2 x 101 3.1 x 101 2.1 x10%

(A ve—#1RZ)
i ic i 0KO 79.90) 63.20 63.90 82.70
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| St
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BHE A7 ABA - 7mA ImA 4 mA 3mA
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Table 3.2 Basic performances of C—band (7.56 -8, 184m) and D-band (10.4-13 2m)

detectors.
B HR _
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i % | HC1100D-MYSI
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MAER(RFTE)

1.0 x 1.0 mm?

' % B Ok E O#
g fE B =
i

D*(cmHz? W1)

]
D* Amax (cmHz W)

(~12.62m3
7K

1.2 x 101 1,3 x 101 1.7x 10% 2.0 x 1019
(Ib=6mA) (lb=12mA) (Ib=18mA) (Ib=24mA)

1.5 x 1010 1.7 % 1610 2.2%x 10 2.6 x 1010
(Ib=6mA) (Ib=12mA) (Ib=18mA) (Ib=24mA)
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4.1.1  EEJjik

Hed, WRAEEEE L TERTE 25 s LT, SERAICHBIN 2 RER/GEHMILT
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e L TOMRERY . W5 EAMIC PRI kE Lo R A 5.
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BEA 1 HHSTHIE LS (hoe bl & ot AoE Ela) &0k
(Al 8 L 7o ik
Photo 4.1 Target fume and a supplemental black body in short
range observation (The fume ejects from a nozzle
which opens upward at the center of photograph.
The supplemental black body is setted on the left
side of the nozzle.)

HE 4.2 3F 0A MG EAE (PO » 6 Bic b 0T, ffllic, HfEhS 6m BN
fobri ik Lo 2 S EERERHSRZ L. zhoomiRiiEEHEE LT, 5H4.
3D LD ITHEEOERR Lic 1 FliciidikHicdsd. ChoDBESGEERILE, KIC
B RAICASATEAL, BRIESEBNILAAS S, HE, REOMBHET .

IERBAPSERTT D AR, KFET7 4 vs (R Y F), BRIEFBROLEEBDTHS.

(1) D/ F: HgCdTe—1 (PC#47)

(2) AsxvF: InSb (PV#47)

(3) Cs¥»F: HgCdTe—1 (PC#%47)



[ESLpRFE B~ — B 0ds 735 198649 A

BEHEA2 JSED SR (Bl oliic) Big Rk, S, Bkl
B Rt
Photo 4. 2 Target fume and black bodies looking from the setting
point of the radiometer in short range observation
( from left to right, the lst, 3rd and 4th are supplemental
B.B., the 2nd is the fume and 5th is a standard B.B.)

BER 43 Hos st o £

Photo 4. 3 Scan-line of the radiometer in short range observation,

(4) Ax¥F: PH—4 (PC#47)
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BAA0ENHE. ChoDELBZATHIHSG, 7)) 7y 7EEEUBLENED, 7
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Fig 41 Block diagram of electric measuring system of
the radiometer,
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(1} Ds¥¥ K ! HgCdTe—~1 (PC)
Ta=30C, Ha=60%
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BER 44 HMOHESESHEE(D t HgCdTe —1 1@ E Y b)
Photo 4.4 Wave form of output electric signals.
(D : HgCdTe — 1 : far focussing )

BEHAS MHBELESHEIE (A InSb:@EY )
Photo 4 5 Wave form of output electric signals.
(A : InSb: far focussing )

(2) As<»F ! InSb (PV)

T Ty T T2 Tae
51°C 103°C 44°C 40°C 57°C
BPF : 0.1Hz~ 5KHz
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(3) Csx»F { HgCdTe—1 (PC)

Tm 1 Ts ‘ Tei Tae Tee

66°C | 104 | 6ac | 63C | 57C
BPF : 0. 1Hz~5KHz

EEA46 HOESESHE (C:HgCdTe—1: ML ¥ F)
Photo 4 6 Wave form of output electric signals
(C : HgCdTe~1 : far focussing)

BEEALAT(a) HWHEXESHEE (A:PH—4 :@EY )
Photo 4 T(a) Wave form of output electric signals.
(A : PH-4 : far focussing)
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BHE4T(b) HOESESEE (A PH—4 3EE Y1)
Photo 4, 7(b) Wave form of output electric signals.

(A : PH—4 : near focussing )

(4) A+ F . InSb (PC)

Th Ts Tet l Tr2 Tes
76.7°C| 106°C | 54°C | 49°C | 58°C
BPF : 0.5Hz~ 1KHz
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fOLEDTHS.
4.2.1 KWhik

EEAHE, &4 1 OB EBIERUTHEY, BULMEHITHEROEEDTHS.

(1) HEfr o R a4 3" (@R O K & S oflilih o, Huwicd ThililT
OO T), o ki SR L2 1 EimES, £ CoFEMEREEHV(Tn)Z &,

(2) BEAZHMEMHRTEZ LY, BALTNTONS, BET 2 A5 L0KE »
2, Btz BT BEOHE (RE)PREES 720, BEOEMGRRE (Tsi)dBoni
Mmaofel &

(3) ZMupa T, BHERAUPHCE  BEBRAR O KRB0 ORE /L O T, BRI
BEH LT &

(4) RKBEDSBERNTH-7OT, ERICHWA Y FRUBRNBERBLELC &, 4
PH- 3, 4 3HHEATOREDOBEERE AL, BHAREE L -/ch, HiBRLAT &

IEXRESETT - obmds, KF7 1+ vy (BRYF), ERIEFEROLEEDTHS.
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-
it S T
APLS 57 Tl Y

B4 2 e s R HEREERE OBt Of AR hoKCERBTRY)
Fig.4.2 Scan-line of the radiometer in far range observation of target fumes
( the scan- line is indicated as a black horizontal line ),

(1) Dsv» F :HgCdTe—1 (PC#47)

(2) As¥¥F ! InSb (PV&47)

13 8H 20 H (d)icknTid, Atism (ZHs)h 6, BIRROREH LIcEGERERAL S0
T, ChizEED 1 2ithi Shic.

Bl 4.2 3AERICE S S UitoEERERT . BLEEAMBAEPOLTHS. £k,
AXicHWAEHEEFSA2Z2HDICBRE LbDEMAW . - THIDIRESEZ 2001
EEDEORIESTHD (FIZIBRR RO KIZIE-TWA). 20 H ()3 E BB ic #:8
L, BEBRELSAAREIS > hdTH 5.

e K & R S ORIOIEREIL 6.TmTH S, T4 E T ORE OB ORI 11.2°¢ L 2.

.22 # B
(1) Ds¥» F :HgCdTe—1 (PC)
Ta=26°C, Ha=69%

T TBB
33~34°C 61°C
BPF : 0.5Hz~ 10KHz

(2) Asx»F I InSb (PV)

Tm Tag
33~34°C 61°C
BPF : 0.5Hz~ 10KHz
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FEE48

Photo 4, 8

MAELUESHE (D : HgCdTe : @ ¥ b, HRBOBEK
BRATHEEE)

Wave form of output electric signals.

(D : HgCdTe —1 : far focussing, in the case of
ejecting an intermittent hot spring)

BH49

Photo 4, 9

HTBESEFHE (A - InSb - @E Y M, BRROERD
RATWSEE, Ay —ARMOECHITEDFESH
tHTws)

Wave form of output electric signals,

(A : InSb ! far focussing, in the case of ejecting
an intermittent hot spring of which signal appears
just right side of a vertical scale—line in the
center of the photograph )
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BEHE 410 WHESESHEHEC(A : InSh @ EE b, BRBOEAD
RATRWEE)
Photo 4. 10 Wave form of output electric signals
(A : InSb : far focussing, in the case of setting
an intermittent hot spring)

4.2.3 H#EORE
FElic A EilEE RO S b, GEH 4.8 5 LUEHE4 9 KHbNi G50k o R
EOAENEDT, o, HELTHETE TV S H0A2EY, K4.2 0P SRIE
BEAE O RAR 4.3 . FRERLCL T, K42 RUHK, 20055,
ALY, HEMEAEE L0 K2 1TdHs. SSICHEOREEETY, K44 (R
CFO FOFEAEBI. 2055, HE5 10~ 15 FEA D20, BEOERHRLT L KT
1Ly,

4.3 BASOBRAKZREFHHMORE

filit 4. 1 THRAEKHAEPHATOREICEEL, B PH — 3, PH —4 ARBEP TR
TALY, EEGITAREE 7S »7c7c%, 8H21 H(H) EHE L 0 #iTORMBMEPH-1,

H— 20 HE S, BEicB 0 THARB A QT .

ZOFEE, PH - 2it>20Ti3, 9 - 50 (AM)IEABLS, 3 @ 20 (PM)ERREAD LT, #R/
5 RS 30 43P b, TERELL. PH-1ic2WTiE, 10 :05 (AM) #EARRS, 2150 (PM)#E
B LT, #5554 B 55 Ll EOBAEFRERRREAE T LA L. DI NORAISG
b, 20, WKiC S, HEEAONEL, BEFICEFIRONAEL -, 45,
HEICHIAFRICTH-1-.
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Fig 43 Locations of measuring targets corresponding to the output electric signals

of the radiometer in far range observation.
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Fig 4.4

Locations and types of the targets in far range observation,
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4.4 EIEFEBEOEHN

M58 48 H 22 H(H)F R LVEHLVIEDI-OT, BUKMEIHAICTTT » 1o
B OFERIcOWTHRNS . 727200, ®RMuN&EGPHENE A 19 H(%) BHIKTIT-1lIE T
S/NHDSED - fc GEBLIAMC &) 728, AERITEYIZ S / NAKRAEIT D EWT, AnNv
F(InSb) & DR ZT-7cbid T, BEMEFEITOLEVEDETS.

KR 22°C, FHEEEIZ91%, Tes 364 ~65CTh-7:.

e ab R

o A
BEE4 11 HHEBESESEE(A  InSb i @E Y F)

Photo 4. 11 Wave form of output electric signals,
(A ¢ InSb : far focussing)

BEH 412 Hh@EKESHEEA PH-1 1 ®HEYF)
Photo 4, 12 Wave form of output electric signals,
(A : PH—1 : far focussing )
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EH4I13 HHERESHE(A: PH-2 t®HEY )
Photo 4. 13 Wave form of output electric signals,
(A: PH—2 : far focussing)
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N : JaEPEE (W7 sr, cm?]
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5 DFRFELE T NTEDMERREDIERTE.
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M I KGSEGRE e SR, TaREMICED R & & ORKOBESHEE
(W srecm®)

e L HEE (1)
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Xo | AJEZEELHELER (m)
T @ HEHERLLTEIhEEE (T)
a @ PBBAEETHITEERTH 717X,
BB ! EBREETHLEIEETTH I 47 R,
B ! HREEERLIIES (HD A, C, D, ANV,
AL EERLTIRES CHD AV
H | BEEE (%)
7fL, R STEORY, e 1L0LERELTHL.
ByrFHEERCTT.
(1} EESERZAREENFERENELETI 2 o0EBEAT -3 BE (BESIUR
BIEMET 2o KA HHT 5.
AV =K+ rx:Na1 (Ter, x1) — KrxzNaz (Taz, x2)

iy

_ AV

K = S

= extNe1 (Tsi, x:) ~ 722 Ne2(Tez, x2) 1
(2) BB

(2 — 1)EEBMIEE LAAWES ERIE)

“ vV
Ns(Ts) = F; s (]

(2 -2)BERRE% 7 53BE (HIE)
1

K*rs
H2), F2RBEACT N (Ts) 25k, Ts #itET3,
3) WiEBEE (ERULFEORERKEAnLETS)
. Vs — (1-— KM
Ng(Tg)= s ¢ es ) — Nm(Tm) oo (4
Vo— (1 —ta)K*M

RiEBWT, Ns(Ts)Eky, Ts %5833,

Ns(fs) = (Vs= (1= e) EM) o (3]

65.1.2 EBERE SO RERES
RFI58 B8 A 20 B (XIRBAZMATERL - EERBECBENECHES 2 BFFE
oOWTil~ A,
(1) KOJRETS 1L 1OFELEBILTkDS.
(2) B
BITES. 1.1 T~ MEEEERS AL Ts 23HHT 3.
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(3) HEEEE
IDESITE, HEBEL LTRALOFES 2oWlE- &L, 2RLAOBERRY
NTs & LTHBET 20T, —MicBEsARLD, - TRUYOR DI, KAZHN2.
Tm Vsi— (1-rs) K*M

Ns(Ts)= — - — PR ISPRNOR - §
TS Va— (1 —m) K*M

5.2 HBERER
521 GERESOBREMNELR(TO&ES D)
x51 EESESOBEAEER (Ts)

Table5 1 Results of short range ohservation of volcanic fume
femperatures ('f‘s).

A B A C D
PH—4 | PH—4 _ _
® % B IeSb | )| (omg)|HeCdTe—1 HgCdTe—1l
_ 87.1°C | 25.5°C 5.9°C §7.5°C
WA EEREE | 41.8
C iy 48.3°C
71.8°C | 24.5°
BLE®EE| 49T C; ,C
iy 48.2°C 80.9°C 57.7°C
55.7°C | 72.4
E®E & 40.07C C‘ C
i 64.1°C 59.5°C 52.7°C
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