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Abstract

Many asteroids are primitive bodies having experienced only mild thermal processes
since their formation. They are distributed widely in the solar system, and may have
information on the physico-chemical conditions of the birth-places. Therefore, the
evolution of the solar system may be elucidated by explorations of asteroids. Reflectance
spectra are one of the most useful tools for investigating materials and conditions of on
asteroids.

Studies of reflectance spectra of asteroids have been mainly advanced by
ground-based observations. There are, however, limits to such investigations because
surface of small asteroids are hardly resolved spatially. Consequently, mineral
assemblages on asteroidal surfaces could not be determined accurately and hence the
relationship between asteroids and meteorites remained uncertain. In this study, a
near-infrared spectrometer onboard the spacecraft Hayabusa was designed and
manufactured. It successfully obtained spatially resolved spectra of the asteroid
Itokawa.

Observational wavelength of the spectrometer is between 764 and 2247 nm. The
sensitivity of the spectrometer is low at longer than 2100 nm because of the cutoff
wavelength of the detector. The wavelength resolution is 23.56 nm. This spectrometer
can detect the absorption bands for pyroxene and olivine which are centered at 1 pm
and 2 pm, respectively. The field of view is 0.1 degrees, and the spatial resolution is
about 9-m at a distance of 5-km from the asteroidal surface. An asteroid of about 500-m
in diameter can be investigated in detail using spatially resolved spectra obtained by
this spectrometer.

Before and after the launch, we obtained the performance and calibration data of this
spectrometer, and confirmed the performance was not changed until the arrival at the
asteroid.

We observed an S-type asteroid Itokawa from September through November, 2005,
using this spectrometer onboard the Hayabusa spacecraft which was launched on May 5,
2003.

The average reflectance spectrum of asteroid Itokawa obtained by this spectrometer
is similar to the reflectance spectrum of an LL5 chondrite.

The 3-band strength ratios over the 1 pm absorption band for the averaged spectrum
of Itokawa were compared with those for powdered samples of ordinary chondrites,
primitive achondrites, and olivine-pyroxene mixtures. From this comparison, it is found

that the surface of Itokawa has an olivine-rich mineral assemblage compared with the



surface of Eros. Based on its olivine/pyroxene abundance, the material on Itokawa’s
surface is similar to LL5 ordinary chondrites among the known meteorites. It seems to
be not similar to primitive achondrite.

From the spatially resolved data, it was found that there were variations of more than
10% in albedo and absorption band depth of the spectra. This diversity is larger than
those for other S-type asteroids previously explored by spacecrafts. From the imaging
data, it appears that there are three distinct areas on the surface of Itokawa. They are
boulder-rich area, brighter area, and smooth area. Spectra of these distinct areas on
Itokawa were obtained by this spectrometer.

From our spectral observation, it was found that there are diversities in the
reflectance, band strength at 1 nm absorption band, and spectral slope among three
distinct areas. The cause of these diversities is due to the difference of the particle size
and/or the degree of space weathering. It is important to note that there is no significant
difference of 3-band strength ratios over the 1 pm absorption band among the three
distinct areas. This suggests that there is no significant difference in the
olivine/pyroxene abundance.

This research 1s summarized as follows.

-The near-infrared spectrometer onboard the Hayabusa spacecraft was developed.

‘We executed the pre-launch performance and calibration test, and confirmed that this
spectrometer is suitable for the observation of the asteroid.

-We executed the performance monitor after the launch and confirmed that the
performance was changeless until the arrival at the asteroid.

-Spatially resolved near-infrared reflectance spectra of the S-type asteroid Itokawa was
obtained.

- Itokawa has an olivine-rich mineral assemblage similar to that of LL ordinary
chondrite.

- Although there is a large variation in the surface condition of Itokawa, the
mineralogical composition is homogeneous. Therefore, Itokawa has not experienced

partial melting. It is a primitive body.
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Figure 1-1-3 : Plot of the outer solar system (from MPC [2]).
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Figure 1-2-1 : Distribution of 6612 asteroids with available proper orbital elements in
the space spanned by SDSS colors (from Ivezié et al (2002), Fig.2).

SDSS THElillE 7= 6612 HD/NESE D AT (Ivezié et al. (2002) Fig.2 £ 1)

Figure 1-2-2 : Distribution of the 6612 asteroids in the space spanned by proper
inchination and semimajor axis. The dots are colored according to their position in the
SDSS color-color diagram shown in Fig 1-2-1 (from Ivezié et al (2002), Fig.3).
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(197D TIEB-V.U-B)AY0.83,0.) D A L+ — T )b—7 &(0.7,0.25) D/NT ) — T2 i %
TLEZERLTWS, 7z Zellner 19731, U-V @I, 7L RICHBENH 0. /MR
RKELZ2DDTIN =TT oD ZEE2RBL, TNENDO T )L —TI2, #]9T. "stony”
&carbonaceous” E WO MY & 1L 2 7=,

Chapman et al. (1975) T, KHAXYT 8L OFFE EARHAEB LI XTIV ROEHRN S
&AL % Crtype & S-type ICHITZDwERE R LTz,

Bowell et al (1978) Tld. T H5IZEHZ M/, < L. Chapman et al (1975) T
Ulunknown)-type & SNNTWo/NEKEDOHMN S E-type & M-type & R-type Z&F L 7~

1980 H{XIZIL ECAS TH#l 8 D 7 1 Ly —ZHWNWT 16 IO V) —TZ2EH#KL 2

(Tholen 1984),

1990 UM S A E > 7= SMASS T 26 O VI — 7% EHE L TW5Bus and Binzel
2002b).

Figure 1-4-1 {Z Tholen IZ X 5 3 HDA5 R % | Figure 1-4-2 IZ Bus IC X 23D R Z 1%
T KK EAXRY FIVAIZDWT o HIE RN EOEETOKN AT MILDOK %
Figure 1-4-3 {237,

ANT RO EIL, KIIZIE, 1pm (FEOKRDUN > ROkF &, 2R AXRY
RMLOBIENS BHIENTODJLEZD STUE 1lum HEOWIUN RWE->E2D L TAWT.
ANT MIVOMIE A BB OREEZES D, 4, JhFED C AU 1pm HEOPINANT > &=
DET, AN ML OV M A2 H D,
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Figure 1-4-1: Mean reflectance spectra for asteroid classes. Thick marks on the ordinate
are apaced 0.2 magnitudes apart. (from Tholen et a/ (1989), Fig.5)
Tholen {2 X /WD ¥ (Tholen et al. (1989) Fig.5 £ 1)
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Figure 1-4-2 : Key showing all 26 SMASSII taxonomic classes. The average spectra are
plotted with constant horizontal and vertical scaling and arranged in a way that
approximates the relative position of each class in the primary spectral component
plane. The horizontal lines to which each spectrum is referenced represents a
normalized reflectance of 1.00. (from Bus and Binzel (2002b), Fig.15)

Bus IZ £ /N0 053 ¥1 (Bus and Binzel (2002b) Fig.15 £ 0)
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Figure 1-4-3 : Normalized reflectance spectra of representative members of asteroid
taxonomic classes. Each example is labeled with the type, the albedo range for type in
parentheses, and the name of the individual asteroid in square brackets. (from Gaffey et
al (1993b), Fig4)

AN ZAX Y RV o] 8T AV BIZBIT 2 KB AT ML (Gaffey et al (1993b)
Fig.4 &£ 0)
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1 =5 /NBEOGEE KNS ORES KN 1 KA

N EINHD & FNHEIVNKEDED Vo /T A—F EMBENS DO
MBEDHDIZTNRDOD I ETH S, Chapman et al (1975) TII/NEKEZ S E CBUIHET S
EFIIEIZ, 2.2AU~3.2AU OHIHTOME DBESMICOWTHRAL . NEEFORMNIT S
BRI, M CHRIMME N A2 Sk L TW3S, 72 Gradie and Tedesco (1982) Tld.
A DHIPHE 1.8AU~5.2AU 1A, AXT MILOZ¥S ER,SMF,C,PD B - L
T, TNSDOBIED D KB S OB AAEZH ST Lz (Figure 1-5-1 ), £0
R NS OINMIO N > HT D) 7 EE(1L.8AU A1) ICIE E.R AN, /NKE R DMl Hilda
BEAAU AR P RS, S SITHMIIO b OV EG.2AU (DI D BMMRE <. KEhs
DR N U THIE DAY RV > Twbs T & &2RL Tz,

1 B 1_“ q
=
=
4

!
.t, 1
i 2
5 !Cybeles Hildas ‘Trojens_J
o i '
. . 5 o
¥ i LR i i + [
1/42/7 Y3 245377 1/2 2/3 3/4 W
[ ¢ il ]

a(Au)

Figure 1-5-1 : (a) Number distribution in semimajor axis for the 1373 asteroids in
bias-corrected sample. The darkly shaded portion is the fraction of sample (656
asteroids) for which taxonomic types exist. In the bias-correction technique it is
assumed that population characteristics of the unobserved part of each zone are
identical to those of the observed portion. Major resonances with Jupiter are indicated.
(b) Observed relative type distribution of the bias corrected sample for types. Smooth
curves are drawn through the data points of each type to more clearly delineate their
distribution. (from Gradie et al. (1982), Fig.1)

KB o OREEHIC LD /NEEOED i@ & AXT MIVMOBE 5 4i(b) (Gradie et al
(1982) Fig.1 &£ 0)
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BED KB R T, NERD AR SV OBE 3 I KB 6 ORERHKFIENER I N
528 KBROEREELEZEZD FTIZIERICEERBEETH O, KBEREKRREC
N6 ORRBEHSC T, BELU 2N KBEOEMEMIEN R TNnDH I &, EEMRE
N NPENBEE THREN LT 5/NEBEEH DB OD, FONMNEL< 35T EE
ENTIEHWENEWD EZAZ LR THHDTH D, NKEDAXY MIVEI DO KBGEEBEHK 7
PEIZ DN TIL, Gradie et al (198NICH L FEDENT NS,

INBIEDANRY FIVRIZ K DU A T MDiENIZTD N T, Zellner (1979) TE &M H 5,
F 7z Gradie et al (198912 H L FLDHENT NS,

INESR D AR RIVRUZ KB & DEFBEHK AR, U1 ZEREWRH L ZEn6, £h
ZBHT B AR DR EILDET N EES ZEMTESBell ef al, 1989),



1 =6 /NSO KT O AR & R AL

PLEDE DT, MERIFAXRY BIVRIZaE SN, 215 O3 KR O ERPHEL
T M E > TWHEEZ ONLED, TNEND AXRY MVRIORERY)E % F T
THIEEFEETHD, NEROLMYEIIOWTIE, O EZEEHET 285 &,
Hil g D415 1 72AC T 28G5 D8, Zellner (1979). Gaffey et al (1989). Bell et
al (Q98NIZITZ DM SINEEDH SN TS (Table 1-6-1 i), F7= Gaffey et al (1993a)
(I S RN 2 X S5 < pHIL 258 O £ 2N TH D . Burbine et al
(2003b)ITHERI/ 1D RERIKE L TO/NEREDLEATTIZ DN TEHDO MR T LD s TH
Do

UL N K O xS T, BIE TR Z WS DM OMBER ZF > Th5,
Bell et al. (19821F 2 DO K E LM REINTVS, 1 DHI SAVNKE L H@ma > R
71 FOBHEL 2 DX AR NEREOEDOBETH S,

Table 1-6-1 : Asteroid Classes: General Mineralogical Characterizations and Meteoritic
Analogues (from Gaffey et al. (1989), Table III).

INESEDPHIEHEE SN D KT B L HINT SR 4 (Gaffey et al. (1989) Table 111 &
)

Type No.> Inferred Surface Mineralogy Possible Meteoritic Analogues
A 4  olivine or olivine-metal olivine achondrite or pallasite
B 6 CI1-CM2 assemblages and as-
C 88 hydrated silicates + carbon/ semblages produced by aqueous
F 13 organics/opaques alteration and/or metamorphism
G 5 of CI/CM precursor materials
D 26 carbon/organic-rich sili- organic-rich cosmic dust grains?
P 23 J cates? CI1-CM2 plus organics?
E 8  enstatite or possibly other enstatite achondrites
iron-free silicates
M 21 metal (poss. trace silicates) irons (poss. with silicate incl.)
metal + enstatite? enstatite chondrite?
Q 1 olivine + pyroxene + metal  ordinary chondrites
R 1 pyroxene + olivine pyroxene-olivine achondrite
S 144  metal’ + olivine * pyroxene  pallasites with accessory py.

olivine-dominated stony-iron
ureilites and primitive achondrites
CV/CO chondrites

Y 1 pyroxene * feldspar basaltic achondrites
T 4  possibly similar to types P/D

3The number of asteroids classified as this type by Tholen (1984).
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A #7113 Wetherill and Chapman (1988) THIERSNTNAEH L DI, H< M SEHENT
WAHBMET, NERGONMTERDZE AT D S BUNKEDORKF AT ML & HiERIZ
BHEEHEL TSR THLEEI L RTA4 FOKFARY MIVEKKRT S &L, A
RH T A B AHETAHAZETIE - ETHHDOD, ENSDHFERENE BT
B9 ARY MLOMECKPNS ROWEINKEED ZET, SOFMERERN S BNk
BDONNENLDIIHAD ENOBTH S, Bell et al (1989 DIIGFHTTH, S AN
BB (ST o N TH D, Hla> R0 FH AR MUVAE U TR ICH
72 QAUNKRIIMNSAHT O NTHB D, TNENOHFEHEICRERF v v TITDNH D,

% #1d Chapman (1986){Z & > THH S N/=ET. 3> R I MIYZRHR Z R D KAEN
ez L Tuhiud, RRNIZIZH > 7> A2 @FICE0 T 1 BESIYM O Kifi & Ff o 72 /N
PN EAHET DT THDHIZHMNOS T, 2T ANKEWE &EXISAHT s
TV AMNEROEMNIEFEITDIRNENIETH %,

/-, Ihs 2 DOMEUSMI S, PD B/NEKRITHINT DR AMNE/ZHER ETIERAS
N T W (Gaffey et al, 1993b) EWWH S H 5,

IS5 ORMORBIKIE., NEEDOMP AR ML OFEFICHEIE WSS D E 0D T &S
(20 AR ERA TR TOWASAT—IIMES E0HMEBH D, TNSONKBEDOER
BRI AEMAEN TN S,
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1= 7 SAVMRTLEWET Y K5 oM

71 bDOBFRIIOWTIE, M AENEATHEIRHETH S,

Wetherill and Chapman (1988) TIIM# R Z kI 2 aRetE & LT, DE@MI RS
1 MEISARUNSIEM S K TNDMN IO EWEI > RIA bOY 7 > I0R+4Than,
W RT 1 MIESRUNKSEN Sk, S AUNKE DK OHIRD[EE > TWb, 3)
Y R A ML S AN OMEERNIZHLOY > TV TH D, OF@EI > RIA1
ME S MAEENS KFzD TR, FERL DD TOWRWIO/NKRE T )L — T 5k
oo BTN —=TZHHITNI WD ELERDMN > TR, 5)EEI RI1 ML S &
NN S KD TR A<, HEEROT RO KENh Sk, BEEHIT TV,

Binzel et al. (19962 ERA N D BN 6, SA/NKR L EMI S RI1 MO
PRI AR BV EH DK EZREBCER U7z (Figure 1-7-1 ). ZOJELOMF
WEL T, Kok 51 Z0@ENe, SO EWESNT, T BALER OEfTE
DEEV O uREME AL /2,

PR S RERIORGBIZ R, R REWESRE < RO RKEZRF D EEBIT,
HFE AN ML OWINAFOIRS IV THIEE2ITIETHD. AAAEELTDOANR
7 RNIILDORBIDENE HIHT 5201738 A S N/ 8E& TH 5 (Adams and McCord, 1971), /)
I DV T O P EYED 541 Pieters (198DIZ K> TEINT W5,

F/z, IROEEICEDEIEBNT -y B oNDE DI ok, HU LAHRERN S BN
#O Gaspra E Ida 27 71 NA TAHBICBAIL 27— M 513 MEEO RO KRG ANR
7 RO & B WAV H E N7z (Chapman, 1996), =7 « > a— A—H—EEHIZ S
RN Eros 129 > 77— L TRMZTTOY, RO AXRT MLO@EWZEBRE L /2. Clark et
al (200D, ZOEWE FHBE(LOEITEOENWIESHDEEHEEL T,

-Ji. Moroz et al. (1996)35 £ X Yamada et al. (1999)13/hek 8 X ki > 7 )Lic L —
HEMNT S5 ET, MUNMEAOHRCKBROBMZEEL /2L 25, KEAXRT ML
DAFAELWIN > ROESDEE /AT EEHAL. FHE(LEZERWICHET S Z &
{2 L 7z & 512 Sasaki et al QO0DIZEFDAXY MIVOELDIEREL T, ho T >
FIRED DI, 8k / KL FAMEIRE N TWA ZEE2 R L., HOELTY > 7FIICHR D0
STV HDEKPLIZBOMNTELZLZHoNIILZ, UL, Ld@a Ro 1 b
TR AR D NS N, PHIEBICE o TARY MDA L 5 % Z & (Pieters et al,
2000)% £{¥THHDTH D,
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Figure 1-7-1 : Visible-wavelength reflection spectra for near-Earth asteroids spanning
the gulf separating the spectra of S asteroids (upper solid line) from OC meteorites
(lower solid line). (A) Spectra for six asteroids are presented to show the range of
variations for individual objects. (B) Spectra for 35 near-Earth asteroids are indicated
by dashed lines only. in both (A) and (B), all spectra are normalized to unity at 0.55 xm
but are not offset. The S-asteroid spectrum represents an average from main-belt S
asteroids, and the meteorite spectrum is an average for H6 chondrites. (from Binzel et
al (1996), Fig.3)

UERARUNBSE O W AR Y BV & S BUNKBE DY ANRY ML (EOESH) B
2RI (FOUS) ok, (Wid 6 DOREMNNERDAXRT ML, B)IF 35
fEDUTHIERR N D AT ML (FR T &%) . (Binzel et al (1996), Fig.3 £ D)
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& 512 Binzel et al. (200D DERER NS O FH EAL O HETTEIZRE S 41 0.1 km~5
km OFHTLEAEL THO, NSV NEKRIFE, FHEEDEATORNWZ E28HT7—4
INSIHS NI Tz,

F 7= Jedicke et al (2004)F £ X Nesvorny et al. (2005)1d S BN O R FE & T2
JE AL DS FIEDOBIRE BT — ¥ M S RT T EITRYIL TS, Strazzulla et al. (2005)13
AR5 2 BiRE L 7= 1 4 2 SIS B W TH FHE(L 2 FHT 2 Z &I L T %,

ZOEDIZ, BYETIESANKE B Ha > KT 1 OREIE Wetherill and Chapman
(1988) T k& 47z 5 DOUFENED OB, 2)EEZXDHDNENTH S, LhL., TXRTD S
RIZEM > B 1 MR XA TFHELEZZTZbDOE L THHATE 2010 Tz,
Gaffey et al (1993a) TIE S WUI S SITHIN S S NTH D, Gaffey et al (1993b) THfix
MFenTHD LS, I3 BB EEN T a2 R o1 FEBRTLHOBEE
NTNDLEEZDMEFEFD LS,



1 =8 Yo7y —HEDKHEN

PLEDO X DI, MR OWEICET 20 BT -5 D055, RITAXRY FLE
DT —& Z W NTHTEDR AR, EEAOEOBESHLREH TSN, HEOEKEBRET
SIS N TWARMIDOT—Y EGDOE T, KBEROERCERIIDNWTERDLS L
MTEDLEDICR->TER, LnL. BOFEOHERIK (BERMAE) DHEIZEZ->TNHS
HDIFAE < MR TNSSEO A E 2 IR B AH > TV ¥ — D BBEZETD
ZET, FOSMEREMBL T, NEREBODHISITZRESE TN ZENLET
HD,

FEINFETORMEICEIDERAICE D ZAXY MV T =45, 2RI REEN BE T
500 m FUETH O, KEHIHIERTHRA &L THREIL THWE AT —ILITHRDS EEERER
FroTWHO, XD @WERSMEEOBIIT — 0 EHEND,

HeRTIviaglid, TOLOREROLETiHINZ, HATHD TONKEY
SN Y= 3y 3 ThHDH(Kawaguchi et al, 2003; Fujiwara et al., 2004),

ORI 2y v a > OEEMRARICDONTIE, GHEERE THENEENS 5720, &
BT S AUVNSIED A M A T7IT/8 57z, TO/NEEIL 1998 412 LENEAR (Lincoln
Near-Earth Asteroid Research)7 17 2 LA DOHTHE INZ/NKE TH 5 (Tichy et al.,
1998), MR A R ATICOWTIEER S Z2HLE U THE EBIF v > RX— 2N ERmS N,
IFIEABNT—FEHDZIENTETNS, MERMT—YDEEDIZDNTIE,
Appendix 1 &L T, AXDRIZITI/IT 2,

18



1—9 A DO

3 5%

H2 T AW TG - BJE U 72ROV GER O BEEE EMERBIZ D W TR S, 45 3
ETE. RSB MREE N NEERERIICR T O S EITFR/NXRICEIEE
TSI NN EHBONFRIIDONTE LD D, 5 4 BT, NEEIHRIT/NK
BT M DWW TEED, 8 5 BT, HoN/NKEAS ST ORFARY
RILICHT DRBIZDONWTEED S, H6RBETIE. #ROXEDELERNBEREZITD.

A IR DT R E B RIZAFEZ IO EL TR 6 ETHRES NS,
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328 RN EER DRI RE

2—1 [@FoeXREiviar

NSRRI RS T 1996 41 MUSES-C Gh#i & U TIERICA Y — b U7z T2
BERTH D, AR ELEEL T, 13T L DEMNTT. (KHE T HERE & Hh
ERAA 2 7NA OOFIZ K D HuEHE, B EERRIC X SRS, MUNET T TOREBHE
B 5172 & Dl BRI 7s & D iy RS E72 H I T & % A3 (Kawaguchi et al, 2003).
HEMIZ S S AN A M A T O TORFERINI S INEBRREN S DY > TINY S — 2
EWD ANEROMNERF> T 5 (Fujiwara et al,, 2004).

RSN R 2003 455 11 19 HIZHT S BT 541, 2005 F 9 A 12 BIC/NKEA A
TIZEAF, 11 HE TR AR Z B 281, 270 > T Dizsd DAERE - BikE % 5 f,
2010 O MERTE 2 Hi L THREEN P TH 5,

R LD EFIL, ZORCRIEERKITHB SN, ERABSIEE D Principal
Investigator Z "1 L. D& it R OB SEAGEH OB E T 10 LA EIZDIZ-> T
B4 - TE (LM, 1997). Kifidk D FDMEMRIRDI AT DOWTHHNT 5.
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2 =2 I3RS HEHIT RIS RO B

AT/ L1 % 764 nm~2100 nm DEE GLRME) THEIT S 20
Zakilt SN k) 1998; Abe et al., 1999). Z DO EBIIKBHDORELN E T H 5 H
BT/ DG AR MV OBMA T A D, RIETHRRZL DI, IERINRD K2
N7 BV ONHRZETATED, NEEREMEOHEZITD T EN[RETH 5.
ZOWEBIZIZMAD EEIMTHAEON > T o aDWBUN> RS 0. /NERE
ZHINSOWEABIHEINE EEZ5ND, ZNSORPUN Y R EEANICE->TH
BN TE S ulREMEDH D05, AR VEE TITRAERIC X 2B O RS % L0 L ThRE
KEZHBAMLUTHUML., KEMES GO MM EZRFARDLZLE2HE - -OHEELT 2,
FIZTRIOBMMRTH S M TOLDRERE 1 km §5O/NS 73/NEEICREWE 0
DI AREOfFESABHE NS, ZORROBEREBL TNKBEOBREM#ELIZDNT
AT D I ARG, INEREEROEMOMIL. DIEsOEM AR A NRE R
L T b2 2 &1L 0175,

ZOMICH, B R 2RO AT BV OEE DA G AR BV O EED
HTIC R DN (ZL—F D& KRIBMAHMIZEDERE) ZHRDIEICKD,
IO LiRE CEEBULER O#ITERR Y X2 E) ICET2ERNEOND &
EZ 505,

AR THFSNDIEAN AR ML, s AT (AMICA) OEET ¢ ILY—IZk
LEE HESOENL NERXKE O LR RER AR MVEED ZENTE, /I
BRNAIEE ORI X DN DIZeD, T8 X BAXRY hOA—4 (XRS)
ICE B LM CHIIKD T =7 HHbEL T ETHLNS T O—/)N)Lia/NREREYE O
wid, 2T T BEOFOBROMITTHE SN O— NIV REREYE OE®R EAHHNT
HHET TR, NERRKOIMBEDOHEEEZ TS ETHEHEHEHETHD, BALD
RO NER OB E L Z &R T D R THERIREERESZDDHDEEZ SN D,

OEEE T DI AES SIN TH DM, lum #HZHDHEARN > T A DWIN > R %
oA, B 2T OO ELL DGR RIEEIZ /AR 5 £ DT, HESMHEEE MAA=40 &
J%. SIN=100 Fi)¥ &9 5, LD AREE A/AA=40 13 1pym T 25 nm (/4T 5, ho T
LCERA T DOIN > BIZCEFSEAY 200 nm FEEIZH D DT (Figure 2-2-1 BE L Figure
2-2-2 B | RIS FRAEDY 25 nm BEH UL, BIUN> ROFESZ T T, FLkED
dam® M rA S, SINIZDWLTIE, SAVNKED L 572 1pm FOWYUN > REH D/
HEOWPNESIZ 10% FUED N ROE(LZ > THNAS 29 (Figure 1-4-3 &), SN
100 FUgEH UL, WIN > ROFEEZT TR BIUN> ROHES O BN idEm b+
A 5D,
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Figure 2-2-1: Reflectance spectrum of olivine (blue line) and the data point of this
spectrometer (red circle) (Data is olivine GDS70 from Clark et al. (1993)).

2T ADARY BILER) RSN THRET 2B EME S RS METT—%
ZEAG LIEHSDORERI) (AXY BLT—4#13 Clark et al. (1993)® olivine GDS70)

Reflectance

0.0 i 1 H
300 800 1300 1800 2300
Wavelength [nm]

Figure 2-2-2 : Reflectance spectrum of enstatite (blue line) and the data point of this
spectrometer (red circle) (Data is enstatite NMNH 128288 from Clark et al. (1993)).
BADARY FIVER EEAD B THET HHNEEGE S RESRETT — ¥ 25
LEZBaORGRI) (AT RLTF—#13 Clark et al. (1993)® enstatite NMNH128288)
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2 -3 ARASOR

AT, KBZECHE L2/ ER LRI TORE (M) e EmsETcErL. %
BRBE rENOTANLERIS, £F v > RIVRAERIBEFICE > T 764 nm~2100
nm DRI A XY 8L & W 2 (28R, 2000; Abe et al., 2000). T 7= A0 8K S
[0 2 RO LB O L/ NBEE DRI X B EFIC L > TS B TRBIEH 25

ADHERIIRINERIT [nGaAs 1HEARE T (1LKTTT A—2E2H) 2HHALTWS, Ak
ARIRBIMN S 2R AT D7D IC K ERERZ T 27, InGaAs 8K E Fi3E
FAITEINTESMANRIE T I D RBIEE RO/, HABEICET 2 EREBMT S
ZEMTES,

RIS BHRBEV TN A—FRIIIKHBEEH N TVWEA, BESHETBLD
RN LD ERITITEM R AR L2, ZOHRERATEHZEICLD. B/
SMODAZLNT RN ERERBT D ZENTE, EBOBRBLICHENDONWTNS,

PATEIZERN T L —T 4 > 7 THH 7Y X LEZHWEZEICED, AkizEgE
s 1 479 —=TLANICHIRIE NS, ADHBTIEIORT 4 ZAN—HF—2 T ) TLE —
A TETHIAAD ZEIZR D 1A E 2 KL ZFESBDAE Bl HRIC M S5 T
KZE 572 2RO 1 DM T 1A 75— 7L OB ES 2 EH I 8T\ 5,

ADHIRDONERTHHNT B ENRO > 7 F IV BRI THEL 2RER SRS H 2 Wi
THURDOREETH S, LIhL., v v ¥—2FHLEFay BT a0, EEGzE
WORS ZETHMD SIN Z |/ KRESIZTHIENETH S,

XM P OMREDEL/REEZE Y — L LR ITE2Ir 5 200F v U TL—2 3> 5
272 ML . R SIS RN E T E S,

A7)t E Near Infrared Spectrometer DHiIE% & - T, NIRS & &idh. EEKOD
A= 2 FHFRIZH ZOBHERI N TND,

ADHEREE > HHIZH2 5 NIRS'S &, TLFEITH7~5 NIRS'E IZAEL 5T 5h0
%o NIRS-S IL-Y NWRILVNEBIZID AHF S 3. -Z /S FRIVICH T 5NN EEBL T, -Z Ak
EBINT S, -Z NFIWITIE S AT L7 — RHREENIN S T AT 50, KXo
T REMRT DT EITRD . R P D S DD BRI ANT B D &N
TWid, NIRS-E (3+Y NHI)LNARIZI O A1 5% NIX-E OFEARRNICHE#E I NS, NIX-E
I CPUR—FTHS OBC BELER L=y hTH S PSUMNBH D, Zh 5% XRS &3t
M3 5%,

Figure 2-3-1. Figure 2-3-2 {ZER O BEE X & A RGO E D (HIFHA7 8 % 435,

23



B EE Ve h

G 7

KBt

23N 2i% /M ) AT A%
LA x Ly +Z i i

+Y  BURIRIRE (R—)
+X

Figure 2-3-1 : Side view of Spacecraft.
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Figure 2-3-2 : Bottom view of Spacecraft.
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Table 2-3-1 : Specification of NIRS.
NIRS O &iRtEaEL 4k

PR b O 764 nm ~ 2100 nm
WL ERE S L E 7 L BAFRL[1-64] | Lambda(nm) = -23.56 X Pixel + 2271.44
By 0.1 deg.x0.1 deg.*1
B )4 181 Normal mode™? : 65.536 msec

Calibration mode™3 : f§7Ffil + 7.996 msec
N Normal mode : n(8bit) X 256 ps + 256 ps

H%/N=256 psec(00h), Ftk=57.344 msec(dfh)
Calibration mode : n(8bit) X 256 ps + 260 ps
B:/N=260 psec(00h), % K=65.54 msec(ffh)

VEVE-A | 7.63 Hz (131.072 msec)

X 1: ZAYw b H A1 71.5W)XT70.9H) pm. PURED R O-5E; 6.075+£0.457 pm
¥ 2 RYRERNCEEH ST, 65.536 msec M TT — ¥ 2059 5 E— R,
¥ 3 TF—Ak%, TSRO T — Y 2 (R RERE +7.996 msec [EfE) 95 E— R,

NIRS-S O {AEfig{ bk % Table 2-3-1 1259, BN RIS L OV B fRREIEES 2-2 €
THBRNZZE DI, B EN T ADRPUNS FEFSAESNDEXDITREL TWD,
BT DM, KD HEIE L2 KB T D DI —D DN THIRIN TS,
WHARHZEAY -DOHG, BHEESIZ 1 A7 5 —TIRonS0, KoHETIE. 7#
EIEILKTHIET1IA VY — T LOBENEESZEB L THh 5, BRIEE Y1 X3,
NSNS 10 km FUEOHEETOBMT. -/ NKEE M TESHED1T0.1deg &L T,
O/ A LT 10 km ORIEEN SRR ABBT S EHHBO Ty N TY 2 YA XL
1TmFEERD, 500 m FUED KES O/NKRZ T HERPMTE DL LEEZS5NS,

D—-3-1 W¥R

NIRS-S O W-"F %R OHEE X % Figure 2-3-3 12, YK % Figure 2-3-4. Figure 2-3-5 (.
FEAIIBIT D 1RKE 2 KD PEEDK 1% Figure 2-3-6 1RY . RZERMIZHIT D
Ay MEOIRIERHEZE Figure 2-3-7 12”7,

NIRS O ERIZBIT A PR EMIEEFRE FL— R T LR AT L 2 ARITHE
PR ERMN L. AR FRZEZRA U, BIFISNETHL WEFEREMIKT
LDIHNTH 7, BFITAU Y bADT T4 AL FABEZ[FETITASHHEE, K
FREPD DI ET, AN FOEMNTIET S R ORERtL 2 1 (28<T
HZEMTE, A HBRORMESEAD ETHIR SRS,

W1 BN BE S 2 BOMBSIT BT, HSOEICH D Ay MR- THEFY 1 AN
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WEEn5s, AUy MBIy v Y —2EET S ZET, WES SRESPEORREME
BTG TES, 2Oy v ¥—Il&>T. MBSO NZERBERH#HEL TEL SIS
ZEMTE, SIN DR EIZVHL TW, v v ¥ — @i TH O, FHERIZIEARE
R TH DM, 7l Dz (Flexural Pivot) Z#MH9 52 & T, #HEn %
B L. vy Y — DRI A Z O EEHE M RARICK > TIThN/z b D ZK
ML 7=,

MU= DR S BROE Yy FA 50 pm TH B I EMN S, 50 pm (IZHIET 2
1% Z MEEBIZ T D MTF(Modulation Transfer Function)' 75% LA EIZ/25 K D 1Z
HEF AL THE D, 200 ~+207C O s HE & i (M REERHRE |EH) <. Bl RS i

BN T, '(DﬁﬁU\l‘ o TWAHI EEMRLT,

TLE M4 FITIZEBEN T L —F 4 > T THDBT ) XALEFA L, JUXLDTL—
AP Jetd 4‘% w)’"’é YRR S NEEN S DT Ty 7 A% THIL T, Eﬁ(ﬁ‘l?&ﬁ%&@U)ihﬁ
Traly SN W L. fadb. BHEEEHZ 1425 —TLEICT 57280

. kit 2.» ET1 /Mt 2 RHNEDTDHENH O, B IR &HEE S A 'Jx“
LERET S I ETRESE, JUXLET ) X LE - ENMLTHS,

HATL > AN 5 B 5 KTHER S 41, M IET v NEDKE W CaFe LIEFTHRDORKE
WM OB AHE (TUAIYIZIZ OHARA £ PBHI & TIH53) Z#RH L7z, CaF:ldF
WM KR D DM TH o 72m. TNLUIMIAREEO S D TH > 72720, M DX S
BRI RE R 2 Mo U7z, Y /S RILINIENSE D £H1T 5 2 #688 O UM FRERBEIL 104 rad R

EREESNTEHED. 105rad DA > B EBRZ LKL . ZREOLILZMELZ.
BEABRIZH N i > ¥ —0 WiCs 2R ETHH 2 VHIBSFEEZHWZ, Figure
2-3-8, Figure 2-3-9 12 PBH1 B XU TIH53 OHMEERAS RZ /1T . TIH53 (DWW T,
105 rad DOIHTH AR ER O B LHIBHN TOEMEZ O Fid 2% AN THRIZEZR WAL
PBH1 {ZDW T 104 rad TRIKIEMT 10%REDOEHREDR FAR SN D, ZOHRKIZD
WL MO ARRIC D W T O 7R R RSN TR WZDIEL W I LA
THHMN, MMOARTIOESB D PBHL @M FTEN TS ZEMAFRTH S EEZA T
%, JiBE TIHA3 1MWV P2 © D PBHG3 OIS EBR 1T /203, PBHI &[Hkk/RE
WADEE AL 7=, F 2T, PBHI &l #85E2 &O TIH1 Z X FERITHABAAT
%mwmawfm =N K EMTORITRDENARENZD, ARy MEDOIREL(L
MAENWT EMDMH7, -4, PBH1LIZDWTIE, 10°rad BE#ZOFZBERORF LT
EHLET A, Figure 2-3-10 12,53 KD I2V B 1 » HRIETEBREB DK ML NIRS
W&EM'I{BZJX%LL SLEDREE T LUz, SalOFRBRIIH >~z gk THREL T

CCEBSIEBAEE WD WY A L AT IV THRLZ IS 22T 5 DT, Figure 2-3-10 2
NENDH XD RIAE ) EEET S EEBIZIE PBHL 20 TH NIRS OBIAIE KM TO
BHADIT MZE RIS LL FIZ b & PRI, RO NEOMEHICEER W S L7z,
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Figure 2-3-3: Overview of NIRS-S.
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Figure 2-3-4: Optical configuration of NIRS-S.
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Figure 2-3-5: Optical configuration of NIRS-S.
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Figure 2-3-6: Focal plane of NIRS-S.
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Figure 2-3-7: Spot size.
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Figure 2-3-8: Transmissivity measurement result of PBH1. 0 krad(solid line), 10 krad
(broken line), 100 krad (chain line).
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Figure 2-3-9: Transmissivity measurement result of TIH53. 0 krad(solid line), 10 krad
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Figure 2-3-10: Transmissivity measurement result of PBH1. 2 days (solid line), 9 days
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Table 2-3-2: Specification of optics.

HEROMRERES
AEhOEH $27.2 mm
X F 1.47
e F i 1.0
Ry ER*2 il 4 2
Bids Eo 2Ry B -20C~+20C DHEPH T ¢ 30 pm LAF
2 KA D 5 Bl R TFUVZALE—EMLLEZOAT 4 ZA)N—H—

X 1:BOMKDICCAL O LED 2[EET 570, @ohn4tU s,
$27.2 mm OHEEZ 1 & LEHE, A2HEKIZ 096 &725,
LED 135 1 KK$H#0 5 15 EMEF OIS FRDICALE T 5 ().
CAL D > T3 ME O ERNALE T 5 (KD,

T €'
X 2: JUZXLBUKDBEREY Z7 1 A= 3 —HifkB LU NIRS OS5I ROZEER:
) &£ N T Figure 2-3-11. Figure 2-3-17, Figure 2-8-11 IZ/57,

NIRS-S DR DYEREFE S % Table 2-3-2 IR,

TVZXLDOHBRMER, E/70A—FEH—FENT), Fav—F2Hn, OvoA
ST TENLTT—F2MiE LIz, Table 2:3-3 107 ) ZLDHREES 2 E L. Figure
2-3-11 & Figure 2-3-12 127V X LD EHFIRS L @A OHERKRZRT,

TVZXLIZBNT 1 KAEDOEHERESRD B RDEEE T L — X HEEEFD, &1
B,

Ae= dm sina — sin(6— sin-! (n2 sin(B— sin-! (m/n2 sina))))).

ERIND, TITARKETHE ald7) XLfaE (L. 8RTIV—TH (SEO
KAt TE TV ZLMEFRCIZLTNS) T, m WM OBEITE. n iZRIEH O BHTLTH
'50

Lo, TUZXLENS OFHHAZET A Gu ETHE, ARAZ O EE LEBA.

Gout = sin-1(m sina — mA/d).
TERENS, ZITmiZEHFHOKE. AZANKOEETH S,

Xz, ERNR IET L — AP EREE—2 L LT, I=6inX X2 OB TET 2 2 &4
5NTHED, Xid
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X=n (A1 - (As/m)-1)/As-1.

THd,

Figure 2-3-11. Figure 2-3-12 £ 0. E# L 7=%h3 & B M43 L OBGREHEN 5RD =
fiti (Cig 1985728 SIFIEE-BL TWAIZEMNLNS, BN Ss 0TI, HEH
BT ROBEEEGFEZ ANTOWEVWI ENERFERTHHEEXD., SREBELEY
) ZLDT L — A E 1180.9 nm IZ BT BERIL. 85.0% ZiERL =,

Table 2-3-3: Specification of Grism.
) X LDMEREM S

1 FH i 5 T AR 750 nm ~ 2100 nm

fiFj 1 ED-B(f13%), JEB## n=1.445@7 L — X &
Rl 4 UV-Resin. JE##¥ n=151@7 L — X
T - & 1181 nm

E—o%h® 85%

R ¢33 LAk

T XL (5 ETE) 10 ¥

T X LAE GES 1R 30

L ] 13.33 pm

B 75 grooves,/ mm

15t (cal)
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09 I .
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: O Znd(exp)
08 —
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Figure 2-3-11: Grism efficiency.
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Figure 2-3-12: Diffraction angle of grism.
7AW YNOICE v
2—-3—2 Bitigs

NIRS-S Dkt 2s DHEAERE L2 Table 2-3-4 1R T . A5 VEARBAFE M IF 1T ARV ER IR D #4
HEMOMNEE LTI HgCdTe & InGaAs 23 > 7z, HgCdTe 139 TiZ 2 KILDOH DM
HREENTHD, H EOHESFEORBBE L THHEHINTWER, 5972 SN 255
ICIZRRINAR 250 LA FICHAIT A ZEMBEEEZSNS T EE, 2pm LA FOBRBIRKE
T3 InGaAs D44 Dl (FLBRIHEESN) DRV EM S InGaAs ORI Z A L 72,
WHF InGaAs 13 1:X67 LA IZDWTIEA v b4 741 1700 nm FRE O H O ATFwlHEIC/
2 EZATHH=H 2100 nm BEOH Y bA T7HEEZRFOBRTSZHRICEMELHEH
L7z, BRINBOFETE. BiEEYF. BEHGSBAFROMARIIEODOZHAICHTREL
Fzo BRHEROWNERICIE 2 BED XN FIHETFENBL., EHAITHRIEERZIMTIRESL D 30
EREERWRIEICTSZENTE S, £ERHEBNIBIC CMOS Bl ENEL T, BEHIES
EANTBHZET, REBBBHEDF v+ —27 > 7 EHREHE RO AT AN LA AN
WTITA %,
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Table 2-3-4: Specification of detector.

MBS O RERE S
i InGaAs U7 A A=t o H—
Q0 2 N - el N P
LE S 50 pm
LTE S 100 pm
LI~ 64
K (A) ™ 38.3 pA(  07C). 15.6 pA(—107C)

6.24 pA(—20C). 3.09 pA(—30C)

NE | (A/Hz")*2

2.96X10714(  07C), 2.53X10 14(—10C)
2.29X10714(—20C). 2.23X 107 14(—30C)

K 10 pF
BRI r i3 10 pC LA E

R 1

QBRI FITET

IR R

Figure 2-3-17 &

X1,2: MHHER FM W#3) 08 TORNEM, 1REREIL Figure 2-3-13~Figure 2-3-16
ZHd

¥ 2:NELIZWF ST O 5 & 2 Mg CEAL A/Hz12), B 30.5 ms D 2 EHITRT,

X3 BRIAY FM S @#3) O 488 4T O M@ 1,

NIRS T L T % InGaAs #iHas () =7 1 A=t 23— LIS) 14, N & InGaAs
W EZD RIZIER SN PRIEIRED 5725 PN &G 7 4 b ¥ 14— RE2ZHEBITED,
T R MK ANTEHESY A A — RTEAMPEEL, CEREBRESOHHAEL
THhENS, UL, 74 b2BAFLER<S<ED, 73 MY 1A —ROEZ BN HEHES
AR — 7 ERIC K > THIEIRAVEET 5, NI, ZORFERICK DR AN
MOL/zD, WEERMANELBDE HHOY 1 FI v oL o OM<aoTLE D,
NSNS DI TH S 7280, HIN S SR I HEEDO RE I 28D, 2D/
. NIRS Tids v v ¥—DOMHAZRMLZFa v E IR0, B ol 255
AT TE D LS IR aN TN S, %m@DC%ﬁ@%ﬁﬁ%%f%@‘w%
DIZEf > TNWLIENS, ZOTETHFY BN THZEMAETH S, B
VaV). 327 > H—Kn#RE G=10pF). Rk 7o) Z W5 EiE mﬁ@kﬁf%b

SN 5,

¢

, (1’
112’2/75
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WHH T A I S N2 M TE S AR EE - Bl - EROELSEILE ST
L BT LY LIRMEIRTEGTATOWS, ZDT Y LMSE. BEROBOX S RES
WHTIEF v I TERWZD, Mg ZHIET SO MR 2 RkEd 5 HEL Y
T H D, WEH 8 CORER 2 Via(V), O 2T > —B0E R C=100pF). &5 FHE 7(s)
Z D &M SRR NEHIA A TEDEN S,

NEI =V

C,
std \/F‘

IO DORHEE AR DD, BNERHUAZ B L /IREET, MHES OIRE. B R,
TA L N T AEZNENLLSE, 200 BY 2T T TT—5 2R E Lz, InGaAs
BNER AL F L4 rdili a2 b a8, A58 FRE T 1ch~64ch ORFEREH Rz
Figure 2-3-13 {2, NEI % Figure 2-3-15 {ZZ 1 ZF3R T, MHEREEN —30C~+30CD
FLHT, BEIER] 30.536ms, 71 > 1 A&, NA T A 10mV O F TG L 2 HlER R Z
AT, ak BRI & NEI OIR K (Pt 7 5 7 % Figure 2-3-14 & Figure 2-3-16 ICZNEN
ENERS

Figure 2-3-13 & Figure 2-3-14 |12 &% &, BFERITBRHIZOIRE I U THREBEEKIC
BML T, +30COEIREN: FTIREME 7B NREL TWHEHEDLTNEN,

log (B 71)=10g(1.087)* T[Cl+E k.

DERAED LD Z EM N5,

F 7/ Figure 2-3-15 & Figure2-3-16 (2£ 5 &, i OFES ZIHM T 5 NEL IZERED
I NIZPED, BHE D WA Z &I > TR FLTW B Z EMaM DM, IREN-15CLD
K RT 2 ERTL IOV SRICHEIT D 3y b /A ZITANT, BROZAHL /1 X0
KEIWICIL D, ZOZEMS, MINGOMENRE-15CRENEY THLEEX 515,
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Figure 2-3-13: Temperature characteristics of dark current.

W OIRERFE (1ch - 64ch)

1077 ore T T
T T T : ‘I 1 ! [ | l 1 3 A GA(5.9&'HB)
{ { o I [ ' A % 7A(11.9ms)
; [ E : é ¢ 1 © 68(14.2ms)
| [ [ ‘ ; | 3 ! 1 6C(30.5ms)
oo ‘ ! * . } | | & 60(53.3ms)
= f i B A | 3 :
= | ; e
z - e Wi |
v \ 1 ‘ [ | [
£ : & — i
3 ﬁ ﬁ A bt
o5 | | | | |
= | ! | | |
2 ottt
10712 ‘ , AI
| i fronde == I E
| I ] | . ] | R
| 1 B BN B IR |
| 1| ] ] |
10-13 i O i { Y Y| i [ E— I | { O
=35 -3 -25 -20 -15 -10 -5 0O 5 10 15 20 25 30 35

Temperature [degree]

Figure 2-3-14: Temperature characteristics of dark current.
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Figure 2-3-15: Temperature characteristics of NEI.
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Figure 2-3-16: Temperature characteristics of NEI.
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Figure 2-3-17: Sensitivity of the detector.
V27 A=J 3 —ORERYE (REZL)

BHARICIE. InGaAs Y¥AFE T (1K1 A—T22HLIS) ZEFAIL., 2B ILFIT
T TOERTHHZIT>72, InGaAs |3, BFHHTEMTE SHHANRE T o3 72RER
EREOVEAETTHS, LISORE ZEINIZ64 T, 70X =2 (EENXADORIAH)
ZEMEIEL0D, EZRIVEYFIL, AUy OB ETORDOEE (50 pm) EFCIC
25X DITHET L7z, LIS ORERIEIZ. £T. €/ V7 0OA—INSOHEAKEMDIKRT—
FRYCIC U T LIS BiAAEZ | LIS 0o O EEZ SR A& St EiicE
s, ZOHHIMNSENL TIRGLEHhZESIE, S—ENMILTHELEZE/
7O0A-ZHEOHMNTREL TP5 Z ETHHBRENGRI NS, BEOESEIEIR.
1A/W@1550 nm THUELL 7z, NIV F THHNRE % —30,—20,—10,0C &L T B/zFFD
LIS O RIEEREZ Figure 2-3-17 (Z/R9 . BHES OB O @il LR 0C £ T
D, OCED@WIRETIE, T TITHRHALNUAELS, ISICAKTES LT 5E
JEINHBBNTLES D THS,

Figure 2-3-17 IZ&X % &, 2100 nm £ O B EMTIE, LIS RENE <725 F ERREN
{BH5HMNRHE I ENDNh5,
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2-3-3 %> 7E LED

WRIEE1 T 7 OPEGERE 5% Table 2-3-4 IZat 9. 48 T > 713 MIL #4&2E 7 > 7T,

INRITRAFMOBDERE Lz, 73751 0% 4 BBBIEZA THEITESXLDICL T
W2, 72706 3V TEEN L 2B EICAD I TIE L 25 > T DAY ML E Figure
2-3-18 1259, idBRIZ T > THUAZHIRIENIZERE L %2 LT NIRS THIEL Thb,
RO NI - T A3 2 Hia0i e 5.

W Bl 1l LED OFERERE 5% Table 2-3-5 10,59, LED 1A 737685 OE#I £ T LIDAR
DNV A D 161064 nm) 7 S EEN 2 RICHOEREZ B DO D ZEE L 2. KOS
THIHL /= LED O AXZ KL% Figure 2-3-19 12739, iBRId T o 7 HK 210 IS 912 3%
# L &A% LT NIRS THIEL TWS, IREOEK FIZHE> TH ML, PO ENE
LA > 7 R DM B B,

Table 2-3-4: Specification of responsivity calibration lamp.
IS RIEH D > T DYERERE &

KL MS24367-713 AS15

A KR A& 1 5.0V 75+£7.5 mA

{8 Bl A 1.005V, 2.144V, 3.023V. 4.037V
AR 16,000 FFfE
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Figure 2-3-18: Spectrum of calibration lamp obtained by NIRS-S.
NIRS-S THGL7Z#IEH 5 > T DAY ML
Table 2-3-5: Specification of wavelength calibration LED.
B REIEH LED OMREMHE S
R MID-IR LED 1.8LED

BHE—7¥E, N> Fig

» 1.84 ym FWHM=0.15 pm

E—2VEORER) 7 b

1.16 nm /K (HEZXy 2 : 1 nm/K)

th )

1.73 mW 80 mA.,

e KA fE

150 mA DC

X BE SR R 300K,

BREHHE R 50 mA.
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Figure 2-3-19: Spectrum of calibration LED obtained by NIRS-S.
NIRS-S TG L /= LED A~X%7 kL
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2—4 /BB SN ORBHD

2-3 EETITE@m L7z, 7 XLDHE, MHSORERNE. RHBORTH HEEZCIC
INEERIRRNEED T3 SIN 253 L 720748 Figure 2-4-1 TH 5, FHlI7Iv 7 ZAORMEH D
W MEBRORNEZ 0.3 E{EL. AXT ML Binzel et al. (2001a)i2 & 5l E#31
THoNTWAET—FZ W, BEIREOKEN S ORZ 1AU &Lk, KEROZERIL.
TIVZLADMBIZODONTIRT L —XWEETOHNEE 85%E LzEHZRZHAN, L>X7t
>TVEIF—TETVIZDWTIREREZH W, L X727 ) OFRIZE B
KA T 88~95%. 2 I7—7 7)) ORBILBAFEEMHETIZZ 9% THS, /1 X1
DWTIE, B3RO NEIT BIERSRZH EICLERN OO SEE, NRENSD T T v Y
AebEiCUizBtihiay /A X%&FZ =, Figure 2-4-1 [IBHAZDIRED-10C TH
5 HEHIAY 30.54msec D FORERTH 5,

ZORERMNS, BUELZMmER. 77U XA, AEROWAESHE T, NEBT M AV E
WAL 785G, -10CHEDHH & KRR 65.536mse O3 FEE ORI T, BEE
@ S/N100 LA EZ 750nm~2100nm DMK EHIHTEKRTEEZS THS I EAMHERSIN
Jzo &0 T EBO/NERE ETORMBOBHREIZ- 10CEEZ / 2 FILIZEZANIEX W,

10000 , .
ooﬂo’.i..... ..dv "o'oo.;‘.. .
P At s : *esl
. .000. . . : ‘ ‘Eo...... .
o ! f : ? i "
L e
L.
o .
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Figure 2-4-1: S/N ratio estimation of NIRS.
NIRS /%8 @il RF D Tl SIN
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2=5 A HIBORELK

2=5—-1 ANEROEHE Y

A3 HERD NIRS-S 1Z NIX-E 1277 £48% NIRS-E 12X D XE9 5, NIRS-E M5 Id&E R
BRORHEBORET XTI, >y v ¥y, 527, LED DEEEE 5% 5. NIRS-S
Mo BINBROETH T =% HK T—% OCFRIEAE. RIBSHEE. ~)LF TE5%.
vy Zi. T > 7. LED i) A% 5015, NIRS-S THHT 281 5V % &
12V %D 2 filiTH S, NIRS—S NHD ADC TRIEDEFAF—4 & HK 57— 4 45
Y IE(14bit) T %, ilIAE T4 7 —4% (64ch) & HK 5— 4 (6¢ch)i NIRS-S & NIRS-E
DT RS422 12EL - T 8bit NATIUF a5,

2=5-2 ANGKBOTOvIKEE— REBK

NIRS QWS T 0y 7 X% Figure 2-5-112459, KMOAM (90 FEEE: L THE O A1+
THAHDOT LMD I NIRS-E 1T SN TO D 8AE. /201 (90 FEEIEE L T D M T H 2
@TFM)mNmSSW%®%W’%ﬁéMTm5%%T@5

NIRS Ot — F#KZ Figure 2-5-2 1259, NIX-E ICEEAMBET D E, HEINIZY)
MWLT?Z?AROM%m%&&X5/M4M%(E¢@IMTMU W25, TDOH &
EXEC XY > RZ2X{L T, 2—H—7 0575 L2E75 45 (”hd CPU-RUN), =0
KT NIRS_ON 07> R&UE(FT 5 E, NIRSE 2SEHEIIZINIE X N CRiTEEIT 6
AHPE S NS (PO SYBYD., ZO4REEA S COOL_ON a7 > RTAJLF TiaHI%E
FOWKZEANTIED Y PO VAT 5, IET> FO— LI REEEBOT — R &
SETRERIHOE— KRB D D). EHIC 4 BHOXY O RTIRETDIENTES, £/
SHUT_ON 37> RT v vy —ICHBEEMIET 5, > v vy —DEEHIE Open, Close,
Chop > 3 Fi¥iAi® 0. Chop 13 131.072 msec @ & EWIT Open & Close 2§ D k4T
TRTHD, V=T =L vy ¥ —ITEBE MG L 72 IREEE STBY2 &R, BHl% Eisd
SHG1E. TOIRET OBS_STRT a7 > REREET S E, FIFO 7657 —4 2351 L.
64 T v > TN OMAET =Y BEIN, HK F—% 6 i GCFREE. MESNSEE. ~)LFT
fdatih, > v v ¥ —HGER. T > TIGEE. LED #ER) Zatai L. BT —
RIZIWCTT =9 %225 v 7 L. NIXE 270 T, B#EKOTF—5 L 21— 126815 —5
*Mﬁ?? EMMTE D, 728, STYB2 DIRAET LAMP_ON % LED_ON ® < > K &%
(iTH5IETCALRBBICKITT5 2L TES, ZOIREET OBS_STRT <> R % %=
T7:gT.OﬂT FEWGTHIEMTES, NIX-E D CPU IZE#EixN/-1—H—F
N7 7 L0345 LTS HEMAAURETH 5, INITIAL JKEET ROM-WRITE a7 > K
ER{TAHIET, AR —HZALMUHEIZ/RD, ROM-DUMP 17> RAEZT S

43



ENTESD,

-
—

ET, ARV —ONEZHAHL THRT S

_ oy 3-SHIN S-SHIN

Je ANEL STT109
asgna
[—= UMD AT SONH
e T {4
degng a1 [Tamug e an

IS
(1gogdmay sepee) -
ﬁ POXAN dwe]
osor
SORIH ~
L L i > e

(1 a'ogiey or]

H4NO QI SoMH
HHND JNVT - HONH
¥HND HALLNHS COMH

-+

dNEL 10 00NH
<o iNH>

w Avar [

|

.
i
- a1y
- av
T BR03aLA
Falodhs

E =
SONH  1ONH 00NH vaied ped gyed (jend | =
¥ 5
R e B B B B w == Sed MHOIA  ANOONH  €~0XdW NH
- m— E s SONH  LONH 00MH rormd anad gremd premd ¥YN3 sI1 t hd b t
(< ™=a ' =t .
(R 4% ] ,
! L sl i hmBav
03] ' VN3 §1

e ' W i

y IO NIER I—
— Wi
y LOHNTI8N
" 1S wasn
i aw ol — |
- i
- i — J

“ Yh
L [
1 =

Figure 2-5-1: Electrical block diagram of NIRS-S & NIRS-E.
NIRS-S 3L T* NIRS-E XMW TOw 7K
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OFF

y
NIX-E_OFF L NIX-E_ON
DUMP ROM-DUMP 3
INITIAL
(ROM-Dump) >
STBY (Sys-'ROM)
A
ROM-WRITE STBY EXEC
MEM CPU-RUN
STBY
(ROM-—Write) (Usr-ROM)
NIRS_OFF| | NIRS_ON
STBY1
(NIRS_ON)
COOL_OFF T | COOL_ON
SHUT_OFF | | SHUT ON
\
STBY?2 LAMP_ON CAL
(COOL_ON) LED_ON (LAMP_ON)
(SHUT_ON) JTAMP OFF \¥ELED_ON)
LED_OFF .
OBS_STOP OBS STRT OBS_STOP OBS_STRT
y
OBS OBS
(OBS_STRT) (OBS_STRT)

Figure 2-5-2: Mode change diagram of NIRS.

NIRS OE— REBK
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2—=5—=3 ANIOMEIX

NIRS-S DA% Figure 2-5-3~Figure 2-5-6 1259, NIRS-S BB L ZDH A Tt
B (O AHF D A% 300 mm x 150 mm TE S A% 100 mm O E AR TH 5. ANz IT
T=RDOWBTWS, H 1 WMHEBOEAD AR—ZIIBRBELEOEDIZYINEE LERTH
Do HENZFERT R T LGR, HFER D F IO AN —13 5 BB S b % 11
WA I ETREZ LB Lz, NIV FIEFOREBL. HERCF FROBEEREDRD
Tz T Y NARIIVANBO T P T— 9 K0T 3, NIRS-S @ FEA S 25%25 mm
TIE 70 mm FHED IR D RTINS, ZHEZT I AL hFa—T 20T 224
THS EFRIOT T 1 A2 MIERIZHEND, 751 A2 FF2—713 NIRS-S %-Y /%
FIVZHD AT, Y NRIZHITZARENL T, 7 I14 A2 hFa— TR E I
MTHMDST T4 AL FOHERENTE S,
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Figure 2-5-3: Outline of NIRS-S.
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Figure 2-5-4: Outline of NIRS-S.
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MUSES-C NIRS-S

Figure 2-5-5: Photograph of NIRS-S’ outside.
NIRS-S O HE#E 5 5L

Figure 2-5-6: Photograph of NIRS-S’ inside.
NIRS-S OWNREEE T
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2-5—4 APHBOTE - ¥ X - HEEH

A AR D M7 TR 1.534 kg, M1 13 335.6X 165X 100 mm TH 5.

el )& Table 2-5-1 ICFE &5, STYB1L 5 STBY2 THEE NN KELSEDLZDIZ
NIVFIHA CITEMERAT S ZEICEDWHEBZHOEMDTH S, HEEHOREDD
AL F IR TR L 725G O TH S,

Table 2-5-1 : Power consumption in each operation mode of this spectrometer.

AR BIEE— K125 5 1% 8

NIRS-E NIRS-S
OFF 0.45W 0.00W
STBY1 0.45W 2.45W
STBYZ2 0.45W 9.20W
OBS 0.45W 9.20W
CAL 0.45W 9.50W
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2—6 V7 bhUIT O

ZIZTIENIRS DN—RKI L7 EY 7 Ry T7 OB IEIZDNTIRRS,

2—6—1 N—RT7OHIE

NIRS O/N\— R T7OHHIZIZLL FO L H2HEHEANH 5,

- NIRS-S O ON/OFF

© vy ¥ —dlO ON/OFF

- NIV F T ON/AFF

- #1105 > 7 ON/OFF

- #1 LED @ ON/OFF

Ty F—F— ROEH : Open/Chop/Close @ 3 Beft

s 7T 2T RFOLR 4 B

LT T DIRIEA N - 4 B

s NV FIZORIE : V=7 OB, BE 4 BERE - +8.4, -4.2, -14.3, -23.1C
V=T O8G. B 4 BERE ¢ 1.25,1.60,2.00,2.50V

- RIS D4 1 256 (8bit) BefE. (2 v v & —HHHI#E O & Z13 n(8bit)*256ps+256ps.

>y e O & Z 1T n(8bit)*256ns+260ps)

KBS vy S —E L vy & — IR IR

INSON—= R ITHENT, KRETTERDEEE— R SIMZIZTTHN 5,

2-6-2 F—FH

NIRS1ZV 7 b7 OHI#EIZE > T, BIHENWEE - RZYJDE A S, Figure 2-6-1 [Z/R
T K D12, OBS_START & OBS_STOP O4KEEANH V) . OBS_START DIRREIZ/2 5 &, FIFO
DYty hEIfN, FO®KIC FIFO I a7 —sns. ZEHEIELVOMhT—%
R, TS DU ERAET 5,

OBS_START ODIREE T D #IMTE— RiZiZ, T— YD HEDEWICE > T 5 MED
E—-R2H 5, TNTHOEME— RIIBITDET— 7 UHOFEM 2 KRN D,
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RAWE—FR

LIDARE—F
FLASHE—FR

LR THew
L — R

L OBS STOPIRTE
Figure 2-6-1 : NIRS observational mode.
NIRS OEMEET— R

OWWEE—r BWNF—52E 7N T&IZAY v 7 LT

* LIS F—%(Fv > I 0~6DICBL Tid. EZILTEICEK LA 2/OTF—4 ORT
FlEWEIFO, KEEROAELSIZ %25 (ON/OFF a]fig, OFF O&ITIdEL 51X 3 1
FHEPOMN L 72TF—2 ELTHD ., £LSIE ON OEFITIEHEMT T v v ¥ —% chop &
L., Minlds vy v y—&WiL TiTD), 2720, v v —O OPEN DIkEEEL CLOSE
DIRFED G A ufERR /2. EESDIREORDOT—F NS E5 5 DIREORFD T —4
Zolbhizimid, Ao R— RTIEMEARE. Lan-> T, REZ LT —FI3/HHATH
DL MG FICB W T D RENH D,
“NIRS-SMoEZELTF—FITHTTESNTLS D HK 7—% (Fv >3 64~69: &
A 1Y 1213 OPT_TEMP, LIS_TEMP, COOLER_CURRENT, SHUTTER_CURRENT,
LAMP CURRENT, LED_CURRENT @6 D) ICHL T, #ZL3IEfrbd. HicF
v 2RI T EICKEDRIE RS, ) EGTET S,

< Ay 7 nEdI el 42 O N F)[1~2255 [d]],

A T=FDOVERIHAGE L, 2NOTFT—& T &2 1 [l .

c ARGy T —=F DR DG ER LU 113 ON/OFF AJ#E,

« A 7T =5 Ol KA - B/MED FHE B L U 7113 ON/OFF #IRE,

OFLASH £— R (FLASH 13RSV SR RINIZ Y v FH T > §5BICHENI 255 —
Ty R ==& MO/ DIT 2 I 1 R T D TH S . NIRS TIE Z OFEEAEH
DASEEIZ 72 D IfEMEN B D 72D, FLASH IZHII L 27— ZBRWTE IV T EITASY v
JLThE®%)

* FLASH (W L 727 — % 2R WT A Y v 7§ 5 505N, EadlFEslHle— R &R U,
BPERO ML LI EDNON IZA> TWAEEIE. Bkl 2 BOTF—YDEE 5N EFIL
Thiud, FOT—=FFBRNWTAY v 7T %,
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c ZOEFE— Rid/haE Lk Kz LIDAR (LIDAR (3/NE & OFExIREE 2 I 5 7201
AR 1 RIS 1 R L — R ARSI E S RETHS) © FLASH OFEN

NIRS THRINNTEBR LD T, MDOFNELDOT—FERELIZVWESITHEHT S,

LIDAR {2 1 /12 1 IR, FLASH I3 2 B2 1 R L T B, -4 NIRS OF — % id 131msec

T - BN OTF— 9 2R L TWD (ERRIZ NIRS 23 L THWAHDIEE 61D
SRDIEHITH S) DT, RLAINDET—FIEDLITNTH S,

OLIDAR E— K (LIDARIZML /=T =4 DA ZEEI N TEIZASY v LTH)
- LIDAR Wllt1/X)L A 220D F—9 M5, ROT—F D5 EREZE IV TEIrD
Z T, LIDAR WM NTF—F DM £EITH. ZOBMIZ v vy —F— R OPEN OiR
BET{r D,
VAR -y
(2 O N ) [1~225 [n]],
c ARG T OVENIHITE L, 2NOFT—F T &I 1R,
- LIDAR £— RiZHBWTIE, 2A¥ v 77— OnildFICEE - h.
cLIDAR E— RIZHWLW T, A9 v 7T —F OEKME « B/MEZEIZEE - tH).

ORAW E£— K (FIFO 7—#% DAt 1)

- FIFO M B A>T — A2 F0OEEMIETHNIT S,

F—= DAYy 713 FHRNWDOT, Vi - 2 - A - BvhOHE7RN,
CF=HIITENS I 7L E Y b LIDAR HIEY b EOE RN IEN S,

OHIST £— K (HK Jfﬁl‘.‘f‘fﬁ':“—ﬁ"i’ I

- FIFO M5 #iA -7 HK 5—% (64~69 F+ > )b BEARIZIE OPT_TEMP,
LIS TEMP, COOLER_CURRENT, SHUTTER_CURRENT, LAMP CURRENT,
LED_CURRENT o 6 D) {50 H &k L THIT5E— R,

- FIFO M5 i 127— 9055, 28N L 0~ 15125 AMIEL TH T %,

- 1 fH DATA SET 1213 10 [PIO T —Z MM S 15,

NIRS O #ifiiiciidid s a~v > K &7 L A M) ~E% Appendix 2 {Z/RT
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27 T=9T4—<Tvh

NIRS OBIMNT =513, 3w a7y hELTHREKOT—4 L 0— 5 12Bl = .
WY A I U THESE S I ET, M ETHRERITD &N TES, R DT L
AP FT =1L CCSDS Packet 74— v h TIEEZ N5, NIRS DF—% /S ~ DU
$i% Table 2-7-1 1259,

LODTF=5N7y MIZIFH 6 DOF =9ty hOBMENTING, F—Ft v kD
7 AN v b & Table 2721259, 7=ty MIEBENTNEHNED S 5, Data type
LU OBS parameter DFEIZ DUV T, Table 2-7-3 357X Table 2-7-4 NTNE

Ty hOMIZLA S 15 Data HONAEEME— RiZk > THA %, HISTORY
T FIZHT 5 Data {DiF# % Table 2-7-5 12, RAW E— RIZB1F 5 Data 02641 %
Table 2-7-6 12, THNLIAN DB O Data #iDZEM % Table 2-7-7 12439,

Table 2-7-1 : NIRS mission packet format.
NIRSOIvwv a2 N7y hOT74—<w k

WORD NUMBER OF BYTE FUNCTION
0 | 0x0D (F1X)
I | 0x72 (FIX)
, N [ 2bit @ Packet Seq. Flag (11 FIX)

- {7 14 bit : Packet Seq. Count
2 Packet Length (0x0406=1030 FIX)
6 1 Time
|
]

Category (0x72 FIX)

Packet ID (0x01 FIX)

{07 2bit : Packet Seq. Flag for ADU* (11 FIX)
FZ 6 bit : ADU Count

12 |

13 170 DATASET 1
183 170 DATA SET 2
353 170 DATA SET 3
523 170 DATA SET 4
693 170 DATA SET 5
863 170 DATA SET 6
1033 1 SPARE

*$ADU(Application Data Unit)id CCSDS /3% v ~D D F — ¥ Wi T4 5. NIRS O
T=HIECCSDS N v h 1k D EWVWADUIZZ WO T. ADU @ Packet Sequence Flag
'$ unsegmented User Data TH 5 Z E %9 11 TREIEE T3,



Table 2-7-2 : Contents of DATA SET.
Tty FONE

WORD

NUMBER

OFESET OF BYTE FUNCTION
0 3 DATAID [ASCII L7 4I=AVE, DEV, MAX, MIN, or HIS]
3 1 DATA type
1 1 2O DATA SET Z{ERKL 720> TI [4Byte 15 5-# LR ¥
S 1 N irg_counter [DEBUG B (RAW MODE D H)]
9 1 \_irg_counter_read [DEBUG H (RAW MODE ¢ )]
10 1 SPARE
1l I BRI stack S22 [LIDAR MODE D2, 75 -4 #3y)
12 | OBS Parameter
13 1 Stack Count Index
11 ] H/W HK (general status) NIX-E 7R & = 0x01a000000
15 1 H/W HIK (shutter_mode) NIX-E 7KL & = 0x01a000002
16 ] H/W K (cooler_pid) NIX-E 7FL X = 0x01a000004
17 ] /W HK (lis_gain) NIX-E 7L & =0x01a000006
18 1 H/W HK (lamp_gain) NIX-E 7RL- & = 0x01a000008
19 | H/W HIK (integ time) NIX-E 7RL & = 0x01200000a
20 1 H/W HK (obs_mode) NIX-E 7RL- A = 0x01a00000c
21 1 /W HK (nirs_flag) NIX-E 7R & = 0x01a00000e
22 2 SPARE
24 l FIFO reset count [FEBL, 755 #EL 8]
25 l LIDAR count [Z0) Data Set H1, 14 54 &4
26 2 Pixel maximum [14bit 75 58U 8 A7 2bit 13 0]
28 ) Pixel maximum channel [£F 5885 (0~63)]
29 1 SPARE
30 110 DATA 5

Table 2-7-3 : DATA type.
DATA type Z£#H

0x00 RAW Data

0x01 Average
0x02 Deviation
0x03 Max

0x01 Min

0x11 Average (LIDAR mode)

0x12 Deviation (LIDAR mode)

0x13 Max (LLIDAR mode)

Ox14 Min (LIDAR mode)

0x20 not data

Oxkls Temperature FHistory
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Table 2-7-4 : OBS parameter.
OBS parameter ;¥

MSB [.SB N=0 N=1
AN Pixel Data Hist Mode
N Normal Mode LIDAR Mode
N WEEE IR 9 17270 B9 1<
\ SR L e ST 195,
N e K/ M U7y R KENHNT5
N SPARE
N Normal Mode Flash Mode
N | STACK Mode RAW Mode

Table 2-7-5 : Contents of Data part at HISTORY mode.
HISTORY €— RiZHBI1T 5D Data SBE4

WORD NUMBER e
OFESET | OF BYTE FUNCTION
30 2 TI F{V7. 2 Byte
32 12 H/W HK DATA (HK 0~5X 2 Byte)
11 2 TL M7 2 Byte
16 12 H/W HK DATA (HK 0~5 X 2 Byte)
58 2 TH M7 2 Byte
60 12 /W HK DATA (HK 0~5X 2 Byte)
70 2 TI ML 2 Byte
71 12 FI/W HK DATA (HK 0~5 X 2 Byte)
86 2 TT {7 2 Byte
88 12 FI/W HIK DATA (HK 0~5X 2 Byte)
100 2 TI F{7 2 Byte
102 12 FL/W TIK DATA (HK 0~5X 2 Byte)
11 2 TI F{7 2 Byte
116 12 FI/W HIK DATA (HK 0~5 X 2 Byte)
128 2 1T BT 2 Byte
130 12 F/W K DATA (HK 0~5 X 2 Byte)
112 2 TI M7 2 Byte
111 12 H/W HK DATA (HK 0~5X 2 Byte)
156 2 T ML 2 Byte
158 12 H/W TIK DATA (HK 0~5X 2 Byte)

OZITO W HK DATA SR EARIGIZIE OPT TEMP, LIS TEMP, COOLER_CURRENT,
SHUTTER CURRENT, LAMP CURRENT, LED_CURRENT @ 6 O,

LW HK DATA 32 Byte 75 5 BEUBSECT . AT 14 B kA3 NIRS-S A/D PODT —H, FAT
2EYMTO.

P T TAUHIN T HEIA N TS H/W HK DATA 23472150 TL
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Table 2-7-6 : Contents of Data part at RAW mode.
RAW £— KIZHIT 3 Data SR

WORD NUMBER R .
OFISET OF BYTE FUNCTION
30 1140 FIFO @A B (0~69 channel X 2 Byte)

%2 Byte {0 MEUREECT, MO 14 B MY NIRS-S A/D PoODT =5 g EAfE YNNI 1 EsE

777 28 T LIDAR 757

Table 2-7-7 : Contents of Data part at the other mode.

T DD E— RIZHBITS Data L0
WORD NUMBER e
OFFSET | O BYTE FLACTION
30 128 PINEL DATA (0~63 channel X 2 Byte)
158 12 FI/W HIK DATA (HK 0~5 X 2 Byte)

PTG R TR [ ST = SO R R N DAL (WORD OFFSET 3

> Data Type 12100 8k%))
12 Byte DT — AT U Table 2-7-8 508

Table 2-7-8 : Data format of PIXEL DATA and HK DATA.
PIXEL DATA & HK DATA OF—# L

Data Type

PIXEL DATA

H/W HK DATA

(KRNI RIS = P

. CINECRLL R LIS gain 23 T 75 SR L TEIE /MR
0x00 (1.08 {fH)DIFIT 3 bit, # CNERLLL T 2 bit)
AL T | bit)
T 5 55 M UL i@ N CNBU L F I 4 bit)
I K fe ) L T l T LUK
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2 =8 ANEOTEiE

2=8-1 K7 tILBE%

A RO R I RO & £ I XA MEBEAM LS 2 J e L 7= (4251, 2002; Abe et al,
2002a). I I T E 7 L BROMEIZIONTEED D, HEE IV HILEGRE L. b
BDOHMBHEN AN LB EIT. ZOND. BRIHBOEDE 7B IL(F v > 3 )L) TR =
NENDERTH D, ADHIBBOKEL 7 LR EF D =D, T/ 7 O0AXA-5D)
T, MPREN L TADKBICAKS BT, WEETT>72. BIEIL. SHEOIKML LS
S E BB AL 720 P ROKMARITIE, ETEEEESRABRIEED 64 F+ > %
NMIRTMEDSE I, KERDT IAAL FEMELANSMEEEBL. AGLE L
QP RO, HHAOREER (A2 BORBAR) OB TIEL T, A=
IREALIN RN T E 2B L 7=,

RN L E T L BIFROMERS R Z Figure 2-8-1 1379, 2O 5 NIRS Ot F
EZTILBERIE LR TELS 74 v FTEDZZED SN B,
COMBTRDENDE 7L TEDMIET DIHED N4 NIRS WA 'TE I
DPRIZHDPIM I N TOENE R L -5 R Figure 2-8-2~Figure 2-8-9 |Z;53, S/N
ERSTDHHITE /7D A—5 DO i EdEZ NIRS OB E L D /b LW 32nm 1728
WL TWDDMSOE 7 ILIZBIF SN E SN S A, mims WA D it
WOEZ IR L TR BRI TNE I Ems, Figure 2-8-1 IT/RL 20
TR EE 7 RIICDWTIRD Eo TS T & &AL,

T/ 70A=%5D )iEI% & NIRS DHRE T EILDIH I OBEFRN 5. NIRS OIS %
RODHZEHURETH DN KETIRRDEEEND T > 5 > 7 &R SR & H U 7= o
DL NI SIN BTSN DT, ZDFERIZDONTIRARS,
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Figure 2-8-1 : Relationship between pixel number and wavelength.
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Figure 2-8-2 : Check of center wavelength for each pixel (1 to 8).
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Figure 2-8-3 : Check of center wavelength for each pixel (9 to 16).
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Figure 2-8-4 : Check of center wavelength for each pixel (17 to 24).
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Figure 2-8-5 : Check of center wavelength for each pixel (25 to 32).
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Figure 2-8-6 : Check of center wavelength for each pixel (33 to 40).
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Figure 2-8-7 : Check of center wavelength for each pixel (41 to 48).
HFEZ I OBRUMPLHEEOHE (6) 41~48 FHEHEMOMAHIZE /7O A—F05
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Figure 2-8-8 : Check of center wavelength for each pixel (49 to 54).
HFEZ L OB EOME (7) 49~54 FHEFEMOHNIZIE /7O XA=F15
D2RKADORWNHL T, AHIBOT ) XALICELD 2 KAERHBL TWBDITTIEARN, )
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Figure 2-8-9 : Check of center wavelength for each pixel (55 to 59).
BEZ I OBMPLHEEDOHKE (8) 55~59 FHEFHEMOHNWIZE/ ZVOA—FM5
D 2LERHEDRNHL T, EHBROT) ZAITED 2 KEEBHEL TWabIF TR, )

2—-8—2 [REERME

A HIMOBEEREDRIE S, PR OB AEN S BHER O 2 50 Tl
blzoTEMLE. MEHEKIZ, B/ 70A—F ERMPREMVDHIE. BEFEZANVS
Fitk. BEMED T b BEMEIKHUR AR WD LD 3 IO HETHELZ, £/ 70A—
5 EMDERE R WS HEE. DRBICAKT HHORNE<, 578 SIN BHERTE /20
ZE, BAEEIZSIN ELTIR T2 THSH,. HBEORBSRSHABOFAHET 1 XL D /N
EVNHDOULMAHBTE R0, MERBEMEL. EENDT T 27 LRI
HickHMERRERH L.

BT, 38 5 B 100 e DRSO IEHEIZKE S 51 > F MU OERHENL BN Z iE &
F ZIT ARG 30 BEGERRZ 0 )8 & E %) THRS 3 5 (L THERE 50 cm OHISICEREND S >
5 T BT S/ Tiro 7= (Figure 2-8-10 ), £N\07 > 5 > 7he OEEN
DKAEIBLVBERIMN S D 1 [IKH OB HRICARTIREMO < TLOIC, EEZ
hotz., FEHEHOKTIREBEDBIE L. ABPORG RBRLISL_BLRFE) X3
WA DHE 2T 7. KRN OMIEROFRIE, 7 AV A2 E Ry B AR IC X -
THREIN- N EET— R (MODTRAN) ZHWTiT->7zI[8l.

BB ORI TIIK ZABERE OB I3 D o 7z, BfMICHE S N BERE 2
Figure 2-8-11 {Z/r9, T OKERMEOKIZ. Figure 2-3-11 TRLET ) X LD L
Figure 2-3-17 TR L 2RI OKERMEOMOB TIZITHMATE 3.
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Figure 2-8-10 : Configuration at responsivity test.
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Figure 2-8-11 : Responsivity of NIRS-S.
BT 1F © NI D HARORER M. RIBARREEIZ-14.3C(E > 2), -4.3C(H). +7.3CED).
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2—-8-3 Y=7YUF 4 —4

BED)Z7 ) 7 4 — Rtk Ok BR#S £ & Figure 2-8-12 15T B 0 mMIz L 5 H A
DIz BT H7201C, RIHREIZ-14CORHETHEEZ TFio ., BEDQ =715
—HRHEDOREIL, —EMRE DN E MO 2B I B TRET B HiEE. —EHWEDN
BROT N—=F v B ZEBLSETUET S LED 280 TEML 7z, Figure 2-8-12 I3 §i
HOHETHUELERRTH S, V57 DMERDABOEE LI OBREDENTH D,
BENHRCHBE CIVIREEMENT E2X LTS, BESMELNEZ LU =7
T A —DEOHRD S B AT 2100 nm B F OB ESHICDOWT, A ORFIL ~ILG 1.6
VIET10%LANDY) Z7 V) 57 14 —HHRTETN S,

BRI DU =7 U T 4 — Ktk DikBRES % Figure 2-8-13 125759, BEH A OIS % 2.2 7=
DITHEH N AR L 72 Wi TR X < 2 5 BRIHIHRE+TC ORI THE 21T > 7=, B
DYZT VT4 — 3P EZEZATRELEBDOTH S,

V=T 74 —OWBROKERDN S KO L )V 1.6V TH 5. K% LA
SROH IO X)L O HEK % Table 2-8-1 I37F., ZOEDSKRHBOEEIZ OCL F
D EMHADOBWMIZE > T, HIEHOF 1 FI v oL o O haZ Enbh o,
BRHHSHRIED OC UL LTI, BRH AR WA TY =7 )5 0 — DS T/~ 1.6 VEE L
DN BIETH AL TWS, —HRHEHREA-20CLL FTIE. KR A H4ME
W, HHADFLFI v I Lo PRBRICLTHENIERE SRV EH M
By

BEDZEMS, 2 -3BBEUN2 —4BETHRLEMELIDET, IREAS AT
OBIBEF DB L 10C~-20CHHE L TEOMMEYTH B £ %2 5N 5,

Qutpul (V)
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Figure 2-8-12: Linearity of response.
U717 14 —%t (lch - 64ch, LIS if[-14C)
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Figure 2-8-13: Linearity of dark output.
Wit o) =7 1) 7 ¢ —¥etE (Ich - 64ch, LIS iRE+7C). KADOKFIZIEZ IV &R,

Table 2-8-1: Saturation level of an output.

HhOfERIL )L O B%R
LIS if)g WhotEfiL XV oa%
15 C 0.00(1.36) V
10 C 0.60(1.51) V
0C 1.27(1.67) V
10 C 1.57(1.75) V
20 C 1.70(1.78) V
-30 C 1.76(1.79) V
-40 C 1.78(1.80) V

X OEEO LIS iRETOMEAE RN S RO A LI ET—F DY =7 U T ¢ — EIR{A
K 1.6V THDB,

X HIRIETOW O Z7 U5 ¢ —@PIERE L NIV TRED DD E L. B I0E
BANERE 7L (B2ch=097T VIM S RELMZED) Z7 U 7 1 —REEHEPHE Uiz, £z,
RN, B DR /NS 2 E 7L (20ch=0.234 V)N 6 FRIEND U ZT7 U T 4 —
(REEHEIHTH S,

66




2—=8—4 T7I34ArP

AERHE OB 0 EREROEEIR & AREVDIT B72010, EPHBIZT S A b
Fa—TEZWMOMIF, F—Fa1) A—FEFNT. NIRS DEHR AT 1a1 & NIRS AR IZHLD £
W7 24X bFa—T0HEREDOBIRE RO, SR RERICHLO M7= 8 &3,
REBICIO NI T FA AL bFa2—TE NIRSKROMFETSA AL hEa—T0
BIfRZ. A—haU A=% 2R THIE L. NIRS OB & HR2 5 06 % 5 0 BIR 2 I
L7z. OB A% R oI BAKOMEETO &tk -> T, BUEER+L0T
TAA DT =BG T B EMNTE,

1285, @EFHLIDAR) @45 (1064nm DFF) D/NER R T D KN %2 A5 88Tl
9% ZLT. NIRS OWEBRIER, BEHVWOT T4 A2 FOHRNTE 575, LIDAR O
EIEADNEE NIRS OBBAAZEDE S LS. EEFFOWRD HFOIZ. 0.01 EOK
FETHD T A D 2175 7=,

A HCERVCHh & RAER R R D & ORI % Figure 2-8-14 1259,

NIRS —Xi& #R

NIRS % NIRSH %t

Figure 2-8-14 : Relation between the optic axis of the spectrometer and the spacecraft
coordinate system.
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H3E 5 LUTB/INEET|E L TOEA

3—1 /NIRRT R TOMHEE

ADHBIHT DM EL T, 15 BT, ASBEEETOZIL—2 2 FiizF
DESBNEOANL =2 3 P &KL, 1. ABEF v, 2. BERT S0 A>
MFzv 7. 3. R RREN. 4. HER - ABW. 5. 585> 7 - LED £24, %
3 W TREINTNORIIDNTIENRS,

Table 3-1-1 1245 EIFRNERBF X TOERIBREE £ D2, £H O Cal.data [T
727« LED 7 =% OHIG KT H %,

Appendix 3 1Z/NRRLFAG £ TOMM IS 7 BHIOBR/S 5 A — 5 — %57,

Table 3-1-1 : Operational history after launch before arrival at the asteroid.

15 TR/ £ T 0 g i

(2003 4]

5H9H 16 BT

511211 #IMEF v 7 1. Caldata
57116 I1 #IEE T = v 7 2. Caldata
5 /1 23 |1 TI7AAXMFz v 1, aSco
61511 TIA4A b Fxw 7 2, Caldata, aSco
8J1311 Cal.data

9J181H Cal.data

10 }] 28 {1 Cal.data

11 /] 11 1] Mars

11 /] 18 ] Mars

11 ] 24 11 Cal.data

12 J} 24 H] Cal.data

12 J1 30 1 Cal.data

(2004 1]

11161l TI7A4AbF v Y 3. aAur, aOri, Saturn
111311 TIAA MFzv o4
241911 Cal.data

3H9H Cal.data, Jupiter

4117 H Cal.data

51 15 H Cal.data

517116 1 Moon, Earth
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5H 17 1
5118 11
5H 19 |1
61111
7TH 17T H
9 H 6l
9H 7
9H 8 H
11} 30 H
[2005 11]
1H 511
3H 2911
4] 2611
41127 11
5H 9l
6 H 11l
6 H 26 |1
8 J1 31 11
94411

Moon

Earth

HERZ A > 7 NA
aSco

Cal.data
Cal.data
Cal.data
Cal.data
Cal.data

Cal.data
Cal.data
Cal.data
Cal.data
aOri
Cal.data
Saturn
Cal.data
Cal.data
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3—2 HABEFrvy

NIRS DEABEF x v 713475 EIF 3 H#ED 2003465 H 12 HB L 016 Hic LM L7,
B D ON/OFF, IV F LV —5—DBE, >+ v ¥ —OWE. #ik7 > 7 - LED OBk &
BICHBEARNT 2R L=,

Figure 3-2-11Z4T6 EIF#% (5 H 16 H) ICHB L7 LED O AR MLF—4 L4T5 b
VF Rl DB BRI 7] U IR S THUS L 2 A O F— ¥ 273, LED F— 0 F—2
(EIIATE EIFRiOTF—% SFUMEICHD. 5 EITRI#%THAEROEEE 7 )L 3%
CRAED 2> Te T & &R LTz, Figure 2-3-19 @ LED F—4% & 22X ML OBASE S
DI, Figure 2-3-19 13 LED #i{k% NIRS O#&F LB OTHIE LDz LT, Figure
3-2-1 {X LED Z#EFMiBAS OB D ORI O AT THEL TWE D TH S, b5 -
H%@ﬁ&&bt»%%@%:ﬁ@:@Mmz&ﬁbwme—aﬁﬁmzmé%z§¢&
Al s

LED 7—%d LED OO 17 S HEFMEISNC 5 5 7200, RIS E < KR <
PO BROE WIBH D EBRITHEVY 51.2 msec IZLTH, E—Z LAJLT 20 mV §TH 3, 7
NIRS DI TFHAR D&, 2+ v & —D Open/Close DIREEDE T L 251 7 2
LRI DOEBIZENCEDHDERDNSIHHOBNICED, HFEES2ELE232
EAKDIBNE Y IV DHANT A F AL RIITES THSDORSND (Figure 3-2-1),
COBRRS XTI EREH RORMPRERE) THTEZ Eidbho T s HER
BRETETVRN, ZEL, ZOEHOL UK 1mV EO LRI TH D . B
BEDT 5w 7 A BIMMITEERD &+ En,
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Figure 3-2-1: LED data obtained before(blue) and after(red) the launch.
15 BRI SNz LED F—%., #15 RIFRI(#). 15 FIFE#GR).
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Figure 3-2-2 1245 LT (5 H 16 H) ICHG LIRS > TDARY NIV F—% %5
9. BRI Z 13.1 msec 75 57.3 msec T THEMEZ T, HHDU =T U541 —=O
WTHMER L2 (Figure 3-2-3 )., Figure 3-2-4 1245 RITRi#O T > FF—& O L
FRZERT . 15 EFRNCHRTITS EIFBOM A L L3 % FAi> TW3A, Lamp
ANRY PVOBIERER L TH S, MI22EE 1565 nm THEIEL LB % Figure
32-5 1R, BB EMHT 2% ANOETICE E £ > THOBBERWEENE SN
(%A, 2003). 2100 nm & D BWHEERTH B EIFRI#OZINAZT VWL S ICEHZ 575,
IR HER OEENEVE R T, 70 7F—% O O#EHEIHE W= TH 3. 2100
nm KD RWEEIZDWTIE NIRS OBRIEESNA THEOT, REE=Y ORENEL T
BRIV, T2 TTF—FIZDNTIL, 256 msec DF—F% /I FI)IELT, 6 LT
BROBERFEOE=S E LT, @M (I~245HZ&) TF— VRS 2T 7=,
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Figure 3-2-2: Lamp data obtained after the launch.
15 EITERICB NS > TF—%
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Figure 3-2-3: The check of linearity.
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Figure 3-2-4: Comparison of the lamp data before(blue) and after(red) the launch.
T EFRit 0 7 > 757 —4 Ok, 16 EFRIE). 715 EFRER).,
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Figure 3-2-5: Comparison of the lamp data before and after the launch.
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3—3 BETSIANFvY

200345 H 23 HBK6 H 5 HIC aSco(SF DD 1 %87 >4 L Z) #HWT NIRS
DEERT T4 A2 M F v 72K ML=, NIRS OHEAH GFEEROFIFZ whE) +
aSco DA AN [AIVF, HAGEIH 2 KM L 2435, REMOLSE 2 Koohiz X #E 0. Y il
FADIZAF Y S8BT EICKDT T4 A M 2R L= (Figure 3-3-1), KO &L
NIRS ORI OEET, & WA E N D O R TOBRBATH 5. FRin
B Z VA NIRS OHGT — 412 aSco DARY MUAKRIENE=HDTH 0., FnEzE
B 0.1 EEPUS DOMfMAH NIRS OB THHEEZ 5ND, AFv > OHLERT. NIRS
DEBFOPLEETE LT,

352172 NIRS O#MAMDT T4 A > MIFEEO-Z HANZH LT, +X @EH Iz
0.0012deg. +Y #iJ& D IZ 0.1140deg [EHz S B/~ HENTHIWTHE D (OF D REHRO-Z i
ZRRREIZ[AT TH S+X & 0 12-0.0012deg. +Y #il1J& 0 12-0.1140deg [EE S €2 & |
NIRS OB RNIHRRENAD). ZORRIZFHE ETHOT I AL FF v 7T
SNMREFMUTH oI,

L.
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——Star detection
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Figure 3-3-1: Alignment check of NIRS using aSco.
aSco Z MWW= NIRS DS 7 S A A R F vy
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7z 2004 1 H 6 1IZId aAur (Fx LoD 1 ERENRT) % AMICA & [ 2 68
WL AMICA EONILT T4 A2 MEJIE L=, ZOER, NIRS BMEREFA 5 4 >
T L TWBED AMICA O CCD ETORIT KL 213 (492, 507) TH-7-, AMICA O
CCD ETRABED-Z JI0jDT KL Z213491,527)T.(H,V)® H 7 K L Z 871 X il
DV T RLZADWD 10128 Y 4 0 DL ST 5, ZO8ENSHET 2N 25 NIRS
DEBGDT T4 A > Md, BREEDZ HENTH LT, +X 88 012 0.0055deg. +Y il
JIDAZ 0.1111deg ML S B2 HEIZENWTH D, FROMEE LS KT 5,
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3—4 fHE - SR

TEEBMIL, T3 FE T aSco (2004 4 6 H 5 HEM) DT aOri(2004 4 1 A 6 HEH).
aAur(2004 - 1 A 6 H )7 & 2 @l L 7z (L, 2004; Abe et al, 2004a). 1H2EH O
fik & U TIRANCBIII L 72 aSco OB R ZRT, AONBTHESNSHAIE. NIRS @
BRHEVBRIH LS E 7 LIVOHAETH D, ZO4EE Figure 3-4-1 12757,

NIRS DO ili/fi% aSco N5 D7 T v 7 AT TITIE. NIRS O /il NIRS DEE:
HETHORITREEI W, LML, aSco DBINISOLEOBIITH D, 15 FIFacBEL
TR T — & RO BE D 55RDI=H D TH B, 7 2 THEIFEE OREEREI NIRS
DBLEFH A LWL AG) THIE L 72 B O % SOEEIRE (Figure 3-4-2) & L THL S,

Figure 3-4-3 IZA A TR SN/ aSeco DANRY ML ERT, D01z, H FEH
(2D aSco DHEMFEORER (JHK /N> R) (Gezari ef al, 1984) % 7T 7%, M Tx
<S—HT %, H/zaSco &FU M1 EDOEREDZ XY k)l (Langon and Wood, 2000)% J /\
o FTRBEL TERLAMREEZADETRTAL 1100 nm % 1400 nm @ H20 OIS
Y RRHMERART MLOTOT7 74 I b—HL TN Z ENERBTE S,

EotL &S [1-64]
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Figure 3-4-1 : Observed output of aSco by NIRS.
aSco OEMFSFE (NIRS D /11#)
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Figure 3-4-2: Point light source sensitivity of this spectrometer.
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Figure 3-4-3: Flux spectrum of aSco obtained by NIRS.
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Figure 3-4-4 : Flux spectrum of Jupiter obtained by NIRS.
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Figure 3-5-1 : Reflectance spectrum of the earth observed by NIRS.
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Figure 3-5-2 : Scanning method at the time of moon observation.
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Figure 3-5-3 : Change of the maximum output value of NIRS as a function of time at the

moon scan observation. Horizontal axis is the time from that after the power supply

injection just before the launch.
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Figure 3-5-4 : Footprint at the moon scan observation.
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Figure 3-5-5 : Reflectance spectrum of the moon obtained by NIRS (Blue) and the
reflectance spectrum of the lunar sample at the Apollo 16 landing site (Pink).
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Figure 3-6-1 : Change of LED data.
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Figure 3-6-2 :
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Change of peak pixel number of LED data as a function of time.

Horizontal axis is the time from that after the power supply injection just before the

launch.
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Figure 3-6-3 : Change of Lamp data.
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Figure 3-6-4 : Change of Lamp data. Data is normalized by the data on May 16, 2003.
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