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Abstract

As for the research on the prediction of volcanic eruption, many studies
have been conducted based on the observations of volcanic earthquake, ground
tiit and deformation, and the detections of thermal, geomagnetic and gravita-
tional anomalies of volcanoes. Recently, thermal infrared images taken from the
air and ground based thermal scanners have been utilized as very prospective
means for the watch of volcanic activities and short-term prediction of volcanic
eruption.

However, the existing airborne thermal scanners cannot detect precisely
the temperature of volcano body more than about several ten centigrade,
because of the many difficuties involved in thermal remote sensing technology,
regarding both hardware and software, and especially as concerns the lack of
proper thermal infrared detectors and adequate ground resolution for detecting
temperature of fume from craterlet and fissure.

Aiming at the improvement of technological problems existing in the area
of thermal remote sensing of velcano, National Research Center for Disaster
Prevention {NRCDP) has been conducting a developmental study on a new air-
borne multi-spectral scanner systemn {(MSS) since 1980, and at present in 1984,
the study is on the finnal stage of designing MSS and of testing a few parts of the
MSS made on experimental basis.

This report includes the basic design of the MSS in Part I, and conceptual
designs of the real-time wireless transmission system of the data taken by the
MSS to ground station and of the data processing system at them ovable ground
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station in Part II and Part [II respectively. The results obtained through this

study are as follows. '

Part [

1. The specifications for the design of the MSS are given below.

(1) Spectral bands
3 infrared bands (@m): 3-5, 7.5-8.2, 8-13.
5 visible-near infrared bands {gm}: 0.4-0.5, 0.5-0.6, 0.6-0.7, 0.7-0.8,
0.8-1.0.
{2y Ohbserved temperature
range (°C): —10 — +1500
accuracy; =1°Cfor —10~ +30°C, £3% of ohserved temperature for
meore than +30°C
(3) Quantization of image data; 256 (8bit) for both visible and infrared.
(4) Field of view
effecive field of view: vertical/one side direction 60°
instanteneous field of view: 1.5mrad.
(5) Reference for thernal data: three blackbodies
(6) Data of airplane attitude of flight: rolling(With automatic correction),
pitching and yawing.

2. Based on the analyses on the adequate scan over-lapping for the operational
movements of airplane, S/N ratios for visible-near infrared bands, NETD's
{Noise Equivalent Target-temperature Difference) for thermal bands and
MTF (Moduiation Transfer Function) of the system, and further taking into
account of the available capacity of high density digital data recorder, the
rotating rate of the scan mirror with four reflectors and the instanteneous
field of view are set at 25 rps and 1.5 mrad respectively.

3. The synthetic MTF of the system is estimated as about 0.41 for each spec-
tral band, which means sufficient resolving power of the MSS system.

4, Based on the experiments on the diterioration of optical reflectivity of the
mirrors due to exposing in volcanic gasses, evapeorating alminum onto the
base metal and glass of mirrors and coating with Si0, are revealed as op-
timum surface treatments of the mirrors.

Part IT
In order to transmit image data of three channels of the MSS (one visible and

two thermal hands} as serial digital data by wireless system in real-time, Two-

Phase PSK mode is adopted based on the comparison its C/N and bit error rate

with the ones of PCM/FSK mode. And system configulation is examined.

Part III
The data precessing system of ground station consists of three parts of

monitoring, data processing and storing. The monitoring can be done in real-

time by three B/W displays with scroiling images corresponding to transmitted
data. The data processing part furnishes a color display on which topographical
featuers and superposed thermal distribution of volcano body can be displayed.
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Fig. 1.1 Spectral distribution of blackbody radiation at different temperatures
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Fig. 1.2 Spectral absorption distribution of solar radiation due to various gass moleculars in the
atmosphere and solar spectrum on the ground

ot

12



Ev SR EERe 2 —HEER $62E 19845104

100 — T T r——
gol

v

5@160

240 .
20

el WA e T e,
O T 2 345 6 7 8 91011121314 15

H,O0 COzCO; s B (u)

® 1,3 &EEAEESE L mOATDILERE
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Fig. 3.3 Observed data of autitude of flight in each flight course
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Fig. 3.4 Relation between V/H (flight speed/airplane height from ground) and p (ratic of scan

overlapping) for each instanteneous field of view and rotating rate of scan mirror with four
reflectors
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Fig. 3.6 Range adopied to resampling of
projected scan poini data on a plane
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Table 3.4 The percentage of not scanned point for cach resampling size of picture element
(a) C-1 flight course: mountaineous area with strong air turbulence
{b) C-5 flight course: plain area with weak air wurbulence

{a) C-13—a(SHOBLESR )

EEAE l A== TR | UtV IE | G £ CaselNo
) lm X 1.3m| 545 1
5mS ! - :
(50 ros) 66% 27 x 2 w1} 1,81 2
i 40 X 4 1.61 3
10 mS r0% 1# x 1.3# | 17.86 4
(25 1ps) 2n X 2 5 27 ]
dr X 4 1.66 6
I1# x 1,3# | 26.98 7
12.5
mS | 10% 2r x 2 4| 692 8
{20 rps) |
i 4 X 4 v | 247 g

(bl C -5 22 (SUMDEVTE)

EEBB |\ A——5.78 |V rT It R F | Case-No
5 mS 5 ;m X 1.3m 0.00 1:
(50 rps) 4 [ G S 0.G0 2
4 x 4 0.00 3’
10 mS e ;ﬂ X 1.3 0.20 4:
( 25 rps) #oX 2 o 0.00 5
4r X 4 n 0.00 5
125 mS 0 _;u X 1.3# | 3.99 7:
( 20 ros) % #oox 2 0.00 8
40 X 4 0.00 g’
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Fig, 3.8 Scanning map showing scanned poin: and not scanned point for each flight course and
adopted size of picture element for resampling. Case 1-8. )
In this figure, R, O, G and P represent the rotating rate of scan mirror with four reflectors,
the percentage of scan overlapping, the size of pictuer element for resampling and the
percentage of not scanned point, respectively
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Fig. 4.1 Schematic outlook of planned multi-spectral scanner
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Table 4.1 Specifications of scan mirror

Pi) =N b & F A
id b7 E WMo/ o (HER
i ® 40mm X 40 mmx 1 86 mm
B 25 rps. 40 rps

#4272 BABOET

Table 4.2 Specifications of converging mirrors

# & | Cassegrainian Ritchey~ Chretien
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B0 R e TV 10Tmme )
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£
ok R 220 mm
oo | TIRER 114
F 7Y =am 2.05
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S L1 B 160 cm?
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Fig. 4.4 Relation between rotation angle of scan mirror with four reflectors and angular field of view
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Fig. 4.6 Arrangement mode of data signals corresponding to rotation angle of scan mirror with four
reflectors
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Table 4.3 Transmissivity of each optical component and synthetic transmissivity in each spectral band
of planned MSS
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ARV LT HBTHBRICL-TEED, T 72747 HBERCEESOS,
W P SEIEBERD "5 0&" SAELDT, Si-PIN 74 b4 4 - FicitT 38
RKEE, R4 iTRT LD, FOMERICHL TEMDSDEERL /.
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E72C OFFHEER O D DR EREFEAR 4.7 TR,

BRABET T4 i, KEROAHEMBLTIRAORER, 150md&d 5,
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HFABOBABLL TR, BIBO T (777« EF 1 2 HBETEEFRAN Y FETE
REFTHLEWTESB, HgCd Te D304 LEERBMBLHCEILEL
fo. THRHEEED Cd Te S ¥ &BD Hg Te OREER(LITLDIELNZ2HDT, Hay
Cd Tei-x X, BIGKFEAF IV LDESHAETL AL LIEIDERBREREALLE
PTEBZOT, BFSNIAA N FZES L BRERELE5 08T 5. BICHER
ALLTEATOS3~5 pmBORMSBIE, HEL L THEREDLDAN L, FiciE
cRBEITONEND D,
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Table 4.4 Spectral responsivity and detectivity of 8i-PIN photo diode

BEUmM) | LRAE v EF (AW | FuFo748F 1 (mHeBW))
g A=10 Rige =0.07~0.1 7 Dioy { 100Hz ) = 02~09x10%
% . i Rog, = 0.3 ~04 57 Diss ( 100Hz } = 08~ 4 x10%
§ I 0.4 Rogpy =002~0035 ] Ds4s ( 100Hz ) = 007~04x107
P iL 1.0 Rige =008 Digs ( 100Hz ) = 03 x10"
i i 0.8 Rosu =0.40 Disy ( 100Hz ¥ = 10x10"
" | 04 Rogp =0.04 Diyu € 100Hz ) = 0.1%10"%
. ,/L 1.0 Rigy =007 Dig, L 100Hz ) = 02510
E; 08 | Ropy =040 Diay ( 100Hz ) =~ 10x107
s 04 | Resy =003 Di, L 1008z ) = 008X 10%

(8L, EFBE 25°C)

o

ERIELAL BT 1 R Rip

o
w

BE4.7 Si- PIN 71 b #4144 - FORLBE
Fig. 4.7 Spectral sensitivity of Si-PIN photo diode

Q
04 0©5 06 07 0B 09

AR R AL I | Mib
- -t - st

Hg Cd Te M OMEEEH, BE LA SOWEERKE, Y27 aFfiDHD~—
P EEELIHERIT OV TIE, £4.5THRT.

BERFH A X3, FHEEFRABEBRRIC 150 pm D& L7z,

WAL REBEREAFTRE L, MESGHEAIE, 2~48ETH 5,
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Table 4.5 Spectral responsivity and detectivity of HgCdTe detector

MR (pm) | LRAEVLET (W) | FyF s T 4 EF 4 (emHe VW)

W_} A=z Rius =E~6XIO:‘|DTZ,;(1KHZ)=2~4>_<ID‘“

z.i 7.5 R”ﬂ;o.ﬁ-~3><1ﬁfi { Disa ( 1KHz ) =0.4~2 % 10M

I 5| Re, = 04~2x107 | Di, ( IKHz )= 1~3x 10
g A=l ] Riza = 5% 107 Diz, [ 1KHe }=2x 10"
R I - PR 5 -
v 75 Ros. = 2.5 10 Disu IKHz )=1x 10
5 Rew =1x10% Di, (1KHz)=2x 10"
" A=12 Riz, =3 x 10° Diau( IKHz ) =2 = 10"
;ﬁ; 15 Rpsy = 1% 10° Diss ( 1KHz ) =1 x 19%°
o 5 ’ Ryp = 1%10° Di, L 1KHz )=2x [0
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Table 4.6 Specifications of reference light sources for visible-near infrared bands

. E % 100V 40w
# | % CHiE (CIE#E)
5
v | S EERE 80 mm
7
# Eo 400 ¢m
RKER|RAFR | BHFr—L4, BRLYT - F5RT241—%

- T £47 FABROBENEOET
! iU ; 283K 1 10T Table 4,7 Specifications of reference
it f ' .
R ‘ + o020 blackbody for each infrared band
B s cer i 1.02m e
i . . e
boaf th 15.88mm¢ x 22.23mm ¢ WIS D
Tl e aw 349K 1 16T )
BB L
ST LS T02°C
) ‘ Fabd ook 1.02mm ¢
I i .,
: { i Mo 1588mme % 2223mm (T )
. &R B 982K ¢ 708T )
%] -
s LRV 4 i to0z2t¢C
Ty 102mm ¢
il ~ -
f feo b 2540ume x 38.10mm (BIRAFE)
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Fig. 4.8 Block diagram of amplification system for visible-near infrared image signals

(2] FIROBBR LR DY

ﬂﬁﬁﬁ%ﬁ&ia%ﬁu,TUTVTH%E%ﬁﬁ&ma.7&V7?%§@m@$%
ETHB,

B BR{R(ESIBIRTO ML
BERERE 48 LR Y. S EERNBOBBESIE, M6 LRIATHS
4.2.10 MSS BEOEH v Afidsy

ﬂﬁﬁﬁﬂﬂyF&UﬁﬂﬂyF@E%VN»V4?%,%n%nﬂ&m,m411m%
7



KILBHEHFARBEROMAEAE (B 18) — HFEIRE-EE (9 B GRS R Hrhedpst

#*

18

W TNTET L IRTEAF HFATPLT 1‘
\
HBHB—w TUT L7 e UZP 14— Ef‘ff — &
Hoh i
1
tﬂmf’é‘%—l 75 >7‘f§§—; m»ﬁmg%—l ;
— F T B T L BRBE - LNLRE — ‘
Mgy~ - 1‘
L ,==; _{ L—'E)%}ﬁiﬁﬁ%'— o
— 7'5»4-/7'—-%@ ﬁﬁ)—*?ﬁﬂtﬁhié% o
I L msrgmize
vV CHES
——— L N LER
B o fE 8
H49 FALCOHERIEEOBE

Fig. 4.9 Block diagram of amplification system for infrared image signals.
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Table 4.8 Specifications of image signal amplification system

& H g HRE AN F oA F
FAF Iy 7L F T B0 % 260~ 1780 K
J~5Y
R RIE R
Woh &M 0~5V e o
+30C 125V
+ 1,500 C 5V
RS H | mrad
B O e REE 25 ps, 0.955 Hz ~ 314.2KHz
ek e 40rps. 1.5027He ~ b02.7KHz
RS H R s 16 mead
LA B e 25 rps. 0,855 Hez ~ 209.4 KHz
40rps, 1.527Hz ~ 335.1KHz
HREEHT S | mrad
A # ol 6L R 25rps, 1.0 Hz ~315 KHz
e R 40rps. 1.6 Hz ~ 503 KHz
MRS HEFE 15 mrad
LASEA GRS 25rps, 1.0 Hz ~ 210 KHz
40rps. [.6 Hz ~ 336 KHz
BEBS IR I | mrad
{ 25rps ) 315.126Ktz 327.659 KHz
R pT—— { 407ps ) 603120 KHe 516,126 KHz
MR REFE 1.5 mrad
{ 25rps ) 210.122KIlz 222.254 KHz
{ 40¢ps ) 336.125KHe 340,723 KHz
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Fig. 4.10 Diagram of signal level for visible-near infrared bands (1 channel}

EEigINL 4
é ASDIRE
..... fuly = &5 1R TR AL~
I
B —
BHBH N svprp | [
5 i i
\ #F | 4] Bz ]
PPy ‘ TE AsD 544
*fd || 0EuTh 10y regey =T
] i E
JE R S S — N S
HERE a5 B B
ARG (8~13um) 1 —10T ~80°C ILsB : Q.25
AR (2.5~8,2xm) | 400 ~200°C LsB. i¢C
IV KB (3~San)  230C ~1500T tsB: 5T

B4 FASYEETLSATAT (1F 0V H050)
Fig. 4.11 Diagram of signal level for infrared bands (1 channel)
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Tahle 4,9 Detector output and amplification gain for each visible-near infrared band

4.9 AREFRARESL S & BIEFIE

w = [ mrad w = 1.5 mrad
Hbess o K -
tpem) MR L | I AT [ AR R R A

| 1s80%(nA) (dB)* 1880%(nA) (dB)*
1104~05 ), 105 52.8 25.9 45.7

1
2(05~06 ) 27.8 45.1 62.6 38.1
3C08~07) 37.4 425 84.2 35.5
4(07~08) 34.5 43.2 P78 36.2
5{08~10) 24.7 46.1 558 39.1

2 FA D

CPTYT AT THIEEBMN A es = is80% ¢ 10°(V) OERE

T =7 Bs

B v~

FAE N FICEL ot RABSHAC S0 2 BNBUAEMEORE, EBEEALT
5Vp.p ODRIEMSBONS ARG ERITET S, |BIES Vpop GAEERA <Y FERL
KT w7 DAL ¥ TREFMSREL .
mAEd HOoRHERR, Z4I0TFT. ZORMMATHERBEEOERMS, &
Y FOEHMEBEEREO LRSI UOTBizELTHY, COEFREFESEHORERELT S,
MANEsd 27} 7y T~RR b7 v 7HOMEBEL2G V FtBVTEBLAERLE

4.10 1R,

8] A/D EHRSEESMERE
EBEBRIMFTH S NABBESE, AN REE M SEEHRELERE TH L2120, B
ANRTEDIC, A/DEBLIEV =7 54 XFITH, H-THERER) =754 4
HATREETO, ROTILORERESHToHO A/D ERBFEEIT OO TRITT 3.

£410 FARMBL S & BEREG

Table 4.10 Detector output and amplification gain for infrared band
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w = 1.5 mrad
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m%ﬁﬁme#Df%®FU7bm%(ﬂ%,DC)K;@EKM@VV?@&z%EE
DHELHFEREIND,

4 1UC S RER & B RIENE L LARAREOEEEETT. BRORTHEEHE,
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Tahle 4.11 Expected accuracy of temperature measurement for each infrared band

sss Fm) | miie ) | THEES D) BOTEANAT
sSNUEB(8~13)| 10~ 50 T 0.25 + 0378C
SNV FET (TE~BZ) 40~ 280 T! 151 7C
»NwFB(3~5)| 230~1500 T 5 754 C

b) A/D Z#srERE

) =754 ZUHTERARFTMERESB AL, A/D B si) 3 1 LSBH
DOBEREREE, V2T 34 XMARBEABELTTHELENH S,

—%, ADEBRT~NERBEDHE, LRLRNLHCHEBRETHLOT, FEDRE
YFRTRESEEAELIETAE, =7 94 XA GASNI AR (8 y &)
BT AMEET A/D BB ETOUHERFE S,

EYAFLTE, BEECHT IRMENERTOKE, A/D EHSEELILE Y b
PEDEDEFERT LI Eic L

4.3 EERHBOMTF OB
431 MTF
AEBOTHEREERICEBY AEH L 2Ky X VORBEEBED MTF (Modulation
Transfer Function) ZIRATERHEN 5,
Vi =0« FD; » F(I) cvrevmreromr s (4.1)
zZie, VO I EBOEMEKEL ALY A GREDMTF)
Q0 : XEFZOEMBERL AR YR GEEFROMTE)
FO : BEEFOCEHER LR & /2 (BRARFOMTE)
E@: BEAROTMARK L 2 F v 2 (BRHROMTE)
ZRAEES D & EERRE LR (4.2) RRTXICERENLTHETI 20T D,
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iz, [ EMEE (Hz =cycle/sec)
n o EASETEEK

p ! ERREEE (cycle/rad.)
27 nR {EBENEEER (rpe) OBOEREB#HE (rad/sec)
FYRFLTIEn=4, R=25rps, 8L 4d0rps, &L MTF O %7,
432 XPFROMTF
XFEZRDOMTF & LT, ZEBiC20TRERREC LS MTF, 0, HXIUVOFF-
AXISITLE B MTF 04 (P) O#®FI%ITS.
1) EFFR#EIZE2 MTF 0@
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Fig. 4.12 Cassegrainian optical system and its equivalent lens system



Eub BREREN € v —HFRER F62E 10845108

oA AN TV AREROEITIE § (rad) 3, KATERLEND,

o 2880
7= = h (4.3

zziz, & ‘[EHFNZE (rad)
i rEBEOEE (gm)
Dy 2 —REEOHORE (on)
p 3 —iREEE REEDBOL (=Dy/Dy)
%42/, D, =263m, D,=107.5mnT 7 =0.41 £%4 3, BERXOBERAIFSE Y
eohLERE LTERIFREZBH L ERER 4 12IETT.

412 Fov FOERRE

Table 4,12 Diffractive aberration of each spectral band

v R Fer | MR (pem) e b A pem) Wl s 6 ( rad )
I 0.4 ~ 0.5 0.45 708 % 10 °
2 ! (1.5 ~ 0.6 0.55 855 < 10°F
3 | es~aor 0.65 1022 x 107
4 ] 0.7 ~ 0.8 075 1.7 x 187"
5 0.8~ 10 0.90 1416 x 10 ¢
6 §~5 4 628 x 10°F
7 7.5 ~ 82 ] 7.85 1234 x10°
8 8~ 13 ﬁ 10.5 1651 x 10 °

HOERAES N TV B AFZOAERICL S MTF, O,® 1, 1>0,@= 0.5 OEHT,
X (4.4), (4.5) TEMUSNE,

OplBi= 1 — K (B/PC)  vrrmervrmmre i s (4.4)

k= 122
1=y

ZZiz, Op® :fizkd MTF
Pe 1 EfiIC & 5EMARE (c/rad)
P ERRAER (c/rad)
73041 THEH,S, kidA (4.5) o k=207 Thbd, —HECX BB
Pc@BEBERACIOEN D, K (4.6) TEbLENA,
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LT, Pe AR X B EERIES (c/rad)
Dy ¢ —IEEOROE (o)
A BREE
Liko, & v FEOEHTICEE MTF, Op@ OHERXERHEE, R4 13LFTT
ELTH A,
(2) OFF-AXIS {{z£ic £ & MTF
OFF-AXIS O£, B4 13Tt dsdic, BUBEFHER LT, SANT SIc Rt
L, 270 E §c BLUFHEANE 5, L LTHDR, 4R (4.7), (4.8) TEbEHAH,

F413 B FDEIMICESE MTE
Table 4.13 MTF due to diffraction of each spectral band

Ny FES hOEEAem) | BNAEKRPolo/rad) | EffICE 3MTF Op(P)
! 0.45 584.4 x 102 1- 3.54+10°8P
2 0.55 478.2 x 108 [— 4.33+10°6P
3 C.65 4046 x 103 1— 512+ 10°6p
4 0.75 350.7 x 103 1~ 580« 1078P
5 0.90 202.2 x 103 1- 7.08+107%P
6 4 65.75 x 103 1 - 3145 10°6P
7 7.85 33. 50 % 103 1-61.79+ 10°6P
8 10,8 25.05 x 103 1—8263+10 8P

tmead or 1.5mwrad

B0y
Lot SR
BN
o~ 413 REBETED OFF - AXIS IED
NS B vAcy
L0 ABRETFOEROTEERT. Fig. 4.13 Position for estimating off-axis aberration
BES R LoradDhe & 6 0.74wad on detector efement
Uomead & & & 1.06nvrad
0. 0625 ¢
S = _25._ (rad) e {4.7)
e
0.5 62
da= —F— (rad ) e (4.8)
e
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zzi, # :QFF-AXISA
Fe ¢+ F#+ /% (f/Dy)
8K fe 1, MESETHE 150 pm 1A —EE LTV AT, IFOV (BIFREFA) KX
nRITD, ROBEERES.
IFOV imrad D& & § =071 % 107% rad
Fe = fe/Dy = 528 = 0.67
[FOV 1.5mrad D& & § =106 % 107% rad
Fe = fe/D, = S0 = 0.38
IheO@EER (4.7), (4.8) KRALTRDELE
[FOV Imrad D& E dc= 1.37 x 107" rad
8a= 4.42 x 107" rad
I[FOV 1.5mrad®&&  gc= 4.59 X 107 rad
S5a=14.78 x 1077 rad
L, EAURER O NECRNTRIATERLEmS, 37 NECEICMTERE,
OFF- AXIS IED MTF 2RR&ET5EFEA SN 5.
2 wIEIC kB MTF 0,03, WERESHSRUNCEROSHEBUTSSI LR
£, & (44) BT (4.5) ko, X (4.9), (410 TERHINA.

OA(P)=}—R <P/PC0FP> =1-207 (P/PCOFF) .............................. (4.9)
PCOFFIPC . 55 ..................................................................... (4.10)
OFF

iz, Oup ro-lFECLE MTE
P P EREEE (C/rad)
Poorr + 2 wIE & 5 ERERE (C/rad)
P [EWFIC & AR (C/rad)
& PEEfric L BINE (rad)
Sorr s OFF- AXIS IN#% (rad) = §c (7 =IE)
%4140 (4.9), (410) RESL, &~ v FO3wfE (OFF- AXIS %) i &
5 MTF OHEREZRT.
3) AFROBEMTF
KT DEBAHE MTE 3, (1), QT8 Lt £2 MTF, 0, XU OFF-
AXIS 2 =EIC XA MTF, O.pORTEA 0N, & (4110 £45,
O(p)‘:OD(p) . OA@) ......................................................... (4 11)
A E R P T AHERRE, 0p®, 0.0 IZ20wT, K4 12ITFRT,

— 46 —
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Table 4.14 MTF due to coma of each spectral band

| . - N
WFOVL*V“mﬁﬁﬁ Pe | 6 | dwr | Pooer |MEEEBMTE
& m|acami | Cesrad)e (rad) o (rad) o (esrad) Qs (P)
[ 1 | 045 ssa-10" | 707107 | 1572107 [3.014 107 | 1-687-0° P
[ 2 0.55 [478- 10" 8.64-10°% 3017 x 10 |[1-686-10°F
3 0.65 |405-+ 10" |10.21-107" “ 3.018 x10° i1 686-107P
1 4 0.75 |3s1-10° , 11.78-107° # 3.018 x 10 |1 68-107°P
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Table 4.15 Calcalated MTF's due to diffraction, coma, instanteneous field of view and electric system
for each space frequency
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8 Wlavow Klovw Foavw K "/b.’\/F "/f‘\"/f‘ i . .
rad) 2.3, 123 123 mrad mrad |mrad |mrad
4,5 6 7 8 45 '6,7.8 45 878

10 1.000 | 1000 | 0.989 | 0.999 J 0.999 :D‘ 289 l 0,998 {0,998 [1.000 1060 11,000 {1.000
- 10']1.000]0.999 [0.989 |0.998 |0.998 {0.993 :0.895 10,995 |1.000 | 0.990 10.999 10,999
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Table 4.16 Synthetic MTF of each spectral band and space frequency

EHIER | @HEMTE  VIPI=0u (P)+ Oa (D> FiDI - E(P)
% P 1FOV= 1mrad { 1FOV= iimrad
R I G PR N < o 51}2\22 Gl YF KB R T8
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0.300 | 0204 | 0,288 | 0.28¢4 0.036 0.035 | 0.035 . 0.034
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- 10% | 0039 | 0038 | 0.037 | 0.038 - =
0.000 0.000 | 0.000 | 9.000 - - —
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Table 4.17 Monthly mean temperature and humidity at Karuizawa and Kogoshima, and selected ones
for evaluation of ceprational NETD
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Table 4.18 Deterioration rate of NETD for each selected operational case and infrared band
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Fig. 5.1 Test piece of nickelled metal mirror
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Table 5.1 Specifications for exposure experiments of test pieces (first investigation)
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Table 5.2 Specifications for reflectance measurement of test piece
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Table 5.3 Spectral reflectance of each nickelled test piece before and after exposing in field veleanic
gasses (first investigation)
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Table 5.5 Reflectance of laser (0.6328um) and total reflectance for same spectrum of each test peice
before and after exposure experiments ¢first investigation)
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Table 5.6 Qualitative analysis for adhered materials on the surfaces of test pieces exposed in field
volcanic gasses
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Table 5,7 Specifications for exposure experiment of test pieces (second investigation)
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Table 5.8 Spectral reflectance of test pieces before and after exposing in field voleanic gasses and
atmosphere (second investigation)
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Table 8.2 Specifications of sensor for flight attitude
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