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Figure 4-1-1 : History of the position of the spacecraft in the asteroid relative coordinate

system during the rendezvous phase.
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Figure 4-1-2 : History of the distance between the spacecraft and the asteroid (top), the
solar phase angle (middle), and the footprint size of NIRS (bottom) during the
rendezvous phase.
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EETEDT. TSICHEMZ/NERREOBREMEOBRMEI T2, £/210 HIZATHS
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Table 4-1-1 : Operational history during the rendezvous phase.

NSRS T D I

914
9 /110 t]
9H 11 1
912 1}
9415 1]
911711
919 H
91241
9 H 271l
91 291]
10 }] 5 H
10 41 7 H
10 /1 9-10 |1
10 }] 13-14 |1
10 }1 17-19 1
10} 20 H
10 }} 21 1]
10 }] 22 H]
10 J] 23-24 ]
10 )] 26 1]
10 J] 27-29 |
10 /1 30 H
11 )14 |1
11 191
11} 12 H
11 )] 16-18 ||
11 1] 19-20 ]
11 /] 24 |1
11 }] 25-26 ||
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Figure 4-1-3 : Change of the average output of NIRS data.
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Figure 4-1-4 : Change of the solar distance during the rendezvous phase data.
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Figure 4-1-5 : History of the footprint of NIRS.
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NIRS O#EH 1 Zid 0.1 ETH . NIRS OHEB AWM ZEEOMSIZMT S =D,
0.1 EELANOZRBEIHALETH S, 1301134k 3 iHHERETH D, L8R
0.05 BELIN D2 SAHITERE & 0.01 BELAN D BBREREE 28> TWAt, 2005 4F 7 AK
Z3BEHBVT a1 IO 1 BERMELEZ VTV ai1—IL2HBTH,
INAT A=A LREHENDS FEEZHWSZEICED., SHMGHTSZEIInRETHS
M, 2RKICAF v R EOWMZSHENTERLL B, TDORD., NKBEFHERAD
77 0—F 72— AIZHBNT. NIRS OHEFL D /NEBOBEREN/NI WIRET, 2 XL
F v 2T\, NIRS OHEBFNIZRAROAT M AT Z5ERICANT, i LB & F U ROt
TOBEWT—FZRETHTFETH =M, ENNTERN -,

NEBUR B ERIL, EEEOZBITIHIERE DZER (HAMSOa[#EA) ITIZHEEK DN
151 27 7 2B 50858 0, NIRS ORI/ NERENSHNDA,
Al EARRICIEN A T OmGPITNERARDS X D7, NEBIERZRHIT TS D,
[MEFIZ NIRS O#B AR E/NEE FIZH D, Figure 4-2-1 ICHEMEES OHEH 1 L&

FAA M&RT,

Figure 4-2-1 : Field of view of each instrument (AMICA 5.7x5.7deg, XRS 3.0 x 3.0deg,
NIRS 0.1x 0.1deg, LIDAR 0.04 x 0.097deg).

SO HRE Y1 L, AMICA CE¥F N A ) OEEY 1 X1 5.7deg x 5.7deg. XRS (HE
XA hOA—%) OWREFH 1 XX 3.0deg x 3.0deg. NIRS OHEFH 1 X3 0.1deg x
0.1deg. LIDAR (Gt O#EFH 1 X1 0.04 x 0.097deg.
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O R OAEE O BEEIC/2 5 X D ICRBHBE 2T, EANICITRERD-Z Hah/hE&E
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Figure 4-2-2 : Result of the equatorial scan on September 21(red) and 22(green).
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Figure 4-2-3 : Footprint size(blue) and history of footprint of NIRS at the time of the

equatorial scan on September 21(red) and 22(green). Left is a eastern side view and
right 1s a western side view.
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HefE & N2 3 2 X5 2 VIREEIZ /2 o 72, LA LIBEBREL 2 IS 2729012,
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M2 T 2720106, BT HGZMNAZ0ENH D, TNE THEHNZ > /-
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ICRAEOEE BN L T ZTT o7z, TOXS Bl ZK 4 1L Tour EMEATND,

Tour 1Z81F2 KB AGZ LS B8IICE > T, NIRS OO KB HAKENE
TR DT—7 ZH L 72, Figure 4-3-1 IZKBBAZAIf & NIRS O 0BEfRZ R LK
%l Figure 4-3-1 Z# 5 &, KB ADNE <7253 E NI KE I S RN 50
%(Abe et al, 2006a). iU KBHH15TH NIRS DI HNEL THWAFEKEIZ, BEREO
KB A B Z IR LE L TWAH T & 1 M AT RO K ENGFTIZE > TEE
LTWBIENHD, miFHOERWERIIOVTIZ4A -3 -3ETITD., X-F08Mm
RN ABH AN SO 5 15 K O /NS 7R P TRIZ2E{E L TH D . 2 Opposition effect
I S Bl (Hapke, 1993) 2 8 L 7= Z &1275%, Opposition effect 12D W TDifam i
4-3—-48Tiro,
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Figure 4-3-1 : Reflectance at 952nm as a function of solar phase angle.
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4—3—2 Hapke /NTA—%DHEE

Kitazato et al. (2006){3 Figure 4-3-1 IR L7=T—% ZHWT. KA A. KEEEAS
B XU MAICHIT S NIRS OHROLE(LZE . Hapke ET )V Z W THE I & ITH~,
B FIZBIT S Hapke /8T A—# #RD TS, Kitazato et al. (2006)T W= KBIEHE
MEHDOETIVIZ. N1 T4 L7 2 a FIVEH#EBi-directional reflectance) %

Hiea = (@4) o/ (o +) ([1+Bla,h, B Ka,@+ | H uo,0) Hu,o)-1] SU.ea,6).
EXTETITH S (Hapke, 1981, 1984, 1986, 1993). T ZT. reald A, Siif,
KB ATH 5, HBSITHELR E (scattering function). % /5 #ELBI% (backscattering

function). #R¥(shadowing function) EMEENS HDTH %, F AR T D% EHBELD)
RERTFHLEOEORRB LB MHIER D /NS Y A XOMNOEEEZERL 72
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N ET I ER> TS, PIIHR OB T Z Z Tld Henyey-Greenstein D Ht
RO HABEBCE SR L.

Ha,g = (1-g2) /| (1+2gcosa+g?)32.

ELTW3, L=A> T, Kitazato ef al(2000) THRALZETINIIBITBHEE/NT A—%
s @ g h Bo,0 D5 DERD, o $HRTHELK S % (single scattering albedo) & MEIEH,
BRI FICAKLEZT7 v 7 AITHTH2HELERT ST 5 v 7 ADEETH 5, gldIEFH/S
7 A—4# (asymmetry factor) & T, g=0 THHMELLE/RD ., g<0 THAHMELN, 20 T
AT EUELY R < 725, A, B l3FNE 1. opposition effect % 5| & Z 35 K % & BH DR 11
SDERNRENHERTH S EEZAHEOTOMBEO MEERIEEZRITRTH S, 0138
WZEI M RAEL D NS IR A — )L TORAEM DB TH 5. Kitazato et al. (2006) T:R
DENTEH/NT A=Y DOF EKFIEZE Figure 4-3-2 ~ Figure 4-3-5 II/;R"T, 28,
Kitazato et al (2006)Tid @ ICHEEKEFEMIIBRWELTHEEELELTHD, RDSN/EIT
=25 ETH o,
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Figure 4-3-2 : Single scattering albedo (@) of surface material of Itokawa (Blue) and
that of Eros (Pink). Itokawa’s data is form Kitazato et al (2006), Eros’ data is from
Clark et al. (2002).

1 b AT XD o (single scattering albedo)Df (H)ETOZADME(E> 7)., 1 FHT DT
— %13 Kitazato et al (2000)& D, TOZADFT—#1Z Clark et al. (2002)&L 0.
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Figure 4-3-3 : Asymmetry factor (g) of surface material of Itokawa (Blue) and that of
Eros (Pink). Itokawa’s data is form Kitazato et al. (2006), Eros’ data is from Clark et al
(2002).

A4~ AT EBOD g(asymmetry factor) Df (H)ETZOADE(E> V). 1 bATDTF—41X
Kitazato ef al. (2006)& V., TOZADFT—# 14 Clark et al (2002)& 0.
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Figure 4-3-4 : Amplitude of opposition surge (B) of surface material of Itokawa (Blue)
and that of Eros (Pink). Itokawa’s data is form Kitazato et al (2006), Eros’ data is from
Clark et al. (2002).

1 + A7 XD By(Opposition ZI R OIS D) ETOADE(E > 2), 1 R TDFT—
# 14 Kitazato et al. (2006)& V., TOADTF—# X Clark et al. (2002)& 0,
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Figure 4-3-5 : Opposition surge angular width (4) of surface material of Itokawa (Blue)
and that of Eros (Pink). Itokawa’s data is form Kitazato et al. (2006), Eros’ data is from
Clark et al. (2002).
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Figure 4-3-6 : Comparison between measured and modeled reflectance using Hapke
parameters (Kitazato et al,, 2006) for 952 nm.
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Figure 4-3-6 |2 . #f£5€ L /= Hapke /N 7 A—#% Z W TEIH L /= Itokawa K D S 3 &,
FERCBB S NN RE LB LR ERT. ZORNS bHEE L7z Hapke /8T A—%
TA PHTREDOKHEZ 10%REOHETHETETVWE I EAbn 3,

4-3-3 A MATKEDORKFHROLE

5Nz Hapke N T A—F ZHNS ZE T, KEBAEOARAGD. Hif(e). KEAFMA
(@DFEWZFE CIZT 28 FMEZ21T5 2 EMAlEEIC/R 5. Figure 4-2-2 2R L7=7RE A
F v 2 ORFRITREPEMIEZTY, (ea = (30,0,30) DA AEALIIED) D K4 R ITHE L 72 @
# Figure 4-3-7 1TRT. KO AN M3 L OGS 60 BELA EOHAIC DWW T, B
WONE - BBHEHED Ty T > FOTFRICHT 2 BEIMHMMICKEL RS0
FrEL TWD, BAPHIEEZITTORREAF Y VBT EIKHBOLEIZL10%BRETH
D, ZOZEIIT FATEREOBAICLEZKFALROBANFERATHDEEZ NS,
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Figure 4-3-7 : Geometrical corrected ((7,e,a)=(30,0,30))reflectance at the equatorial scan

on September 21(red) and 22(green).
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4-3—4 1 FHIT7IZB1T5 Opposition effect

Opposition effect & AT KBGO A MADVN S I HipH TR A BELN SRR < 72 5 S
T, KREMIAL T AR EOMARTEDODN TNA EES, TORIIL, KD KHED,
ZERRAR SRR H BH EWH T S (Hapke, 1986). 1 h AT OX S REKE O KK TIEZL
T AT EDOBMAN LI & EFE N NTZD. opposition effect WA SNRBNT EH FHES
7P ERBRIIE IO 2T ARD &5 P90 S Hid-> XD & L7z opposition effect 73
BRI TWa, 7220 1 M HTOERRIEZAATICESBHMNS., FoZ0ELTUR
THEHOLDNTLSHEIT ORI T, BEALETRINY —EREINSERICEDN B
THD., ZOLIBA{1DLITH opposition effect MR IND Z LIIHHHDFHEHT
HD, 1277 HOMETIE, AADEBITHI SIS LXREE S DEAIZIE opposition
effect WEUBHENDHEHPH D (Shepard and Arvidson, 1999). 1 M AT DRI E A
BEDR DR LM &L > TS ulREMED S,

Figure 4-3-2 ~ Figure 4-3-5 12131 b A7 E D TIL O AD Hapke /8T A—% Z il
L7z TOXEDHRTIE @B ZTOXLD/NEL, gi31 AT - TOXEBHIZHD
i CTHEHFEIZ A B AT D SIS KE W, Hapke (1986)DETIVTIL. KiFOH A X 4%
n(D=rt EGEL T, AN - BN F9 A1 X% &L, ZRICED SR TFOHFIEEIE%E F
(Filling factor) & 95 &, n/nMAENZE, FAVMNIWEZE, Opposition effect O g
(2T 5 A DRSS BAHaRH S, 1 M AT IORIZLXRTEAMES, NIV E
WHNSWIEADN > TWAS, KK FAFET 2882 OZEREN SV UEEENH
D FOMEHNEI<RDED, ninlZ KEEWRRITNE. A MAHTETOAD A DEN
WEXIMTRE FOEBRODENEWND T &R, EL—FBEAENSHBONTNWSL—F K
BHR oo &L — YIS pl3ZF 0N 1 1T T 3e=0.16+0.05. 12=0.26 +0.04 (Ostro
et al, 2004). LA TIE oe=0.25£0.09. 1:=0.28+0.06 (Magri et al, 2001). &\ D fEMN
FoNTHO., ZOffin 5 Margi et al. (2001)D HiETHESI NS RHOERERIIA NAT
DS, TORRE bIAN - -BT S,

Opposition effect D#AFIZDNTIE, B D& L TEA AT OHMNELIZ>TWB,
UL, BRI EMNEWNEE B OEAVNS <7251 U (Hapke, 1986). 15
SN/ w DREZOMBREIFIHEL TS, -5 g DEIZRFERDENYEIZ ER S BEL
MR < 725 MianH 0. ZOMBRIEGEONIHERE L Thb, Eros @ Hapke /\T A—
FHOE DB B Oz 1IZEE L THD, EBOIOAD Bld1 M7 XD/hSneE
AL RN RO LR <85,
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4—-3-5 KEBAAMIZHED RMEB%R

Figure 4-3-8 IZ 2 DO ETEMPE N5 K BROBELL & KB AAADEREZ LD 5,
K ROBELLDOEIIARY PILOBEZOELL L THEEINS, ZOREATHS
MBEDIT. KBHANKENWFIEARY MVOBENRIZIES (RWARYT MLITR
%) RTZERINTAZENTE.

KB AANRKZENZEARY MVOBEENRITE S DIEKEMAAITHED AXT ML
ORLHRK T, TOAEREEBELZZT » P a— A—H—HEKD NIS THD TERRAMITK
L TWaB(Veverka et al, 2000). ZOHRKOFEREIT. ILBEGELIZBIT D, B BELRHEIC
BREGENRS S ZE HEEMAEVWIFEERABELL STV SlERHLSEEXSNTY
%, Figure 4-3-8 2131 51 /= Hapke /8T A—INSFHRENSEFINA—T HEIFIZL
HBLTH5.
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Figure 4-3-8 : Change of spectral slope as a function of solar phase angle.
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4-=3-6 ARHWTOTFAN]YIZTILNE

#5472 Hapke N T A—F Z T, 1 hATEREORKEKEL ZHE. D
TIFH AR I TNANR AZGET 5 LN TE S(Hapke 1993),

A~ nl(1/2)+(1/6) ] H a8 [(1+ Bo) K0)-1].

Z 2T mid diffuse reflectance EMEN D K HHRT

n=1-v (1-o)/(1+/ (1+w).

THbH, PO a=0 D EZEDHEKL FHALMMEEKOETH 5,

Figure 4-3-9 {2 NIRS OBHIREBICB T A FA M) v VTV R ZiLT, AXZ b
NI DT Ot 5 ETIT. T 2 TGS N2 K ROHMEIHEIZ D W Tk
. M BB S e BUDEEI & BRI O R EHNTA b TDPF AN v o
TN RAE2H#E LTz (Appendix 1 B8, ZO#5RIIV /N2 F(HUOLHEE 550 nm)IZHB
WT, 0.19~0.53 EXRITHIANEDTH o7, NIRS OB ERIZ V N> REHN—
L TWARWD THHED LLBEH 720 A8, Binzel et al. (2001) TEH SN2 N AT O E#E
PZEDBPAXRY FILE D950 nm DHFHE E 550 nm DRFHRITIFIFEFL W EMS,
NIRSIZHIFT 5952 nm DI FA A RNy ZTIRREVNY ROPFA MY w7 TIIREE
LLWERETSHE, 021 E/20. T Miller et al. (2005)12& 5 0.19(+0.11/-0.03) & LW
i TH 5, T. Mitller et al (2005)DETIEL — ¥ B TH SN/ BIRE T IV (Ostro et al,
2005) % HI\ 7= Thermo physical model Z i3 L TWA 720, ORI O HEERHKEENE W
EEZS D,
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Figure 4-3-9 : Geometric albedo of Itokawa obtained by NIRS observation.
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4—4 FyF¥ILEA

RPSIEERIZ. 11 HICAS E, REWEOY > T 2T OledOHEER FEH %,
ON—HILHEDTeE (11 H 9 HIZEBE N/-fiEFERE) N—H)LF 2 BIOHETR F &
MAB) ELI, #EEMEFhS NIRS 37F—YBFROFTRO, dHeBesEwEL. <
DB, X SITEHZEMDMREED AT MIVERGT S Z EITHINL 7=,

e, MERBRICHTSHEMANELS RS & WEHEDRZDITHEL TWa LIDAR /YL A
DG KA NIRS THBIIAAIGEIZ/2 5, Figure 4-4-1 [ 34%EFF FrpiZki L 7z LIDAR /%
WADRKFHDARY MV TH B, NIRS D 51 FBF v > )L BH.O¥ EIT 1069.88 nm
T EWRiZ 23.56 nm)OATRIHEINTH O, LIDAR OEEHDHEEN 1064 nm THSZ
EERL BT B, /2475 EWFRIICERM L 7= LIDAR £{5% NIRS TRIlEH/=LZ2D
WhEs—HLTBD, B ETRMASZDEEET, HELY Y EIVBERICEIN/ZNT
EAHER SNz, S 512, LIDAR OEEXlE NIRS OX#bITHE EFins o0& E
T, BleLiah-o/ (BELAEEL TS, NIRS OfEH 1 XU FTH-o) TLbikRS
nr-.
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Figure 4-4-1 : LIDAR pulse spectrum(red) detected by NIRS during touchdown descent

and same spectrum (blue) obtained at pre-launch test.
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723. LIDAR /N)V A0 KGR tH#i3. LIDAR /SIVADREEY 1 I I L TW
ETF—=FII2WTIR.BELTAY v 7 T5EDIC. BHME—RZ2ZEXATRMZERL T,
5w F & B FHhOBRET—4I1Z LIDAR NV ADTF—FMRELEZWESITLE,

Figure 4-4-2 1213 11 H 19 HOHE 1 BIHD % v F 4 28R OBEO LIDAR GHlIC & % &
£ - NIRS O HBREERT . @IE 40 m BEE T, KELEBRNT—7 RS TE
=l &M%, 40 m LA F T LIDAR FHlIC & B EEGH QA BN Lndid, LIDAR £
HONEHBETH A SR TII WD, ELSBWEZEAHEZZ EIZLS, 50m L FD
UTRERE T I OUIRERE Y &2 W TS - BRI 2> TWw5, 21:30 LAREIZ NIRS O
HAONZIEFEYOZRL TWSHIENE. B x5 ERBERIFREL TWAHMICHET 2, &
DA PE L TV 5 M3 NIRS OBRIEESIIREROEOR TH -2 &b 5,
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Figure 4-4-2 : History of range data by LIDAR (blue) and average output of NIRS (red)

during the touchdown operation on November 19.
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4—5 /NEREEBRBRE O

Figure 4-5-1 (/MR B BIFF O REZAZ I N B2 =T, BkE A D% E S 2L OV
NT, FOEBEREE 7 ILOH N OREERZET /A AL XIVITHYT 5, ZOH AT
BETHl /- HER - ABRIO L 512, NIRS OBRERMEZMT. 1 A TITANT 5 KB
AR MNTHORTDHZETTI PATDORPART MV E/BIENTES, T AT
DRFART B OFZDONTIE, KROETEHRS,

INREMER OB TIE., v vy —El 1 [T & ORI FERIE 25.6mseec & L=, KBS
PAABREOIZE<SZD, EENRMAINE <RSI ENTREINLRUMTE. FHRlE
L TZOMAFREICEE L THRIZfT>72. BRARHIBRE 1~1.5V BETHRHNTSI &
MTE, VTV T4 —DHRIAESNTWSDEEHTHDE W SN ZHERFTE 2B HETE
WEEETDIENTER, NEATHDONSEEDIC. BRIEEROmERZRWT. BN
WA T T — & O E (EREIOT—F 225 v 7 L TWAHOT—FDIE6DX)
MEHHAD 100 3D 1 LA FTHSB. T—FDARAY v Z7RIEIZDOVWTIE. NIRSD 7w k
T hOBELEES, T REREERLLNS, 32 B (WERMEK 4 F) ~512 [l
(BERFREIF 1 4)) O TEE 8 TR Z LKL 7=,
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Figure 4-5-1 : Typical output (white square) and standard deviation of output (red

diamond) at the time of asteroid observation.
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