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Abstract

In order to realize the science missions at the specific point on the moon, SELENE-B is required highly precise and
safe landing. This paper shows the result of the guidance and navigation simulation and estimates the landing
accuracy. This simulation is combined the navigation law and guidance law. The navigation law is realized by using

the image sensor and the altimeter. The guidance law is restricted using the ON/OFF control thruster.
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Figure.l SELENE-B Landing Sequence Figure.2 Vertical Descent Phase
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Figure.3 Sequence of Navigation Sensor Operation Figure.4 Antenna Beam of Landing Rader
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Table.1 Initial Navigation Errors Table.3 Errors coused by Spacecraft
AR 3 o) EAL AR EBo) | Hir
=555 11.899492 m R | e T A 30 N
I | By 871.367410 m HEF R — VT 7 BERFE 4.5 %
i VAR AN 513.404701 m FeHE S 7 REAE 2.0 sec
% mE 0.457582 m/s YA T 2N T 7/ 878 E 4.5 %
| OEE | Aoy 1.474737 m/s HESIIATTA AVB 1.5 deg
Hi raxlysy 0.010331 m/s MR E | MIENE BREE 54 kg
LR o—/
wEh T 2.34 arcrin
g—
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Table.2 Correlation Coefficient of Position and Velocity Errors

FrEEE) | (CEMDR) | ALECR) | HWEGEE) | HEDR) HE(CR)

AR Y5 % 1.000000

A7 DR K5y -0.450945 1.600000

AriE CR AR5Y -0.443832 0.698320 1.660060
TR v Ry 0.463387 -0.999570 -0.998210 1.000000
TR DR 55 -0.997355 0.441406 0.395125 -0.413900 1.000000

HE CR K -0.443471 0.998330 0.999847 -0.998184 0.394776 1.000000
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Table.4 Errors of Navigation Sensor
AR (G o) BT
L= ISNAT RFRZE 15.0 m
R Ar—=NVT 7 HRR 3.0 %
TUEBIARX 30m(100km)~3m(1km) m
EREEFETF LD R R E 90.0 m
DEM JEZ AT RE 0.174 sec
SR A HH 1.0 sec
FHHEN 1.0 sec
AriEE A INAT AR *1 m
RV SR BIAR 90.0 m
(B&) SATIA A NRFE 1.5 deg
A 16.0 sec
EIEEN 10.0 sec
4% INAT AREZE 15 m
R R — VT 7 R 3.0 %
G B IAR 1.5 m
I EHA 1.0 sec
FELEN 1.0 sec
EEREL Y 10.0~5000.0 m
B AT AFRFE 0.6 m/sec
HEE A=V T 7 I H T 1.5 %
FGURE B IAR 0.5 %
AT TAANGRE 600 prad
FHHIE 1.0 sec
EEEN 1.0 sec
HEREEL Y 0.0~50.0 m
SRR AT AREZE X R, Y 5,7 180 uG?
A= N7 7 7 ZFEFE XY 80,7 s 300 p.p.m.
BRAT T4 A RZE XY, XZ,YX,YZ,2ZX,ZY 600 urad
S A HH 0.1 sec
Dy Aa INAT AFEFE X WY 8,7 § 0.015 deg/h
RIr— )T 77 BEEZE X Hh,Y L7 B 18 m/sec
BRATTA A MRZE XY, XZ,YX,YZ,ZX, 7Y 600 m/sec
FUH KT g7 X 8 Eh,Z il 0.03 deg/n
FHHE A 0.1 sec

*DERE ST TOER Rlkn]&L T, R<13km—10.2 XR[m], 13km<R<34km—132.6m, R>34km—3.9 X

R[m]

#2)1nG=9.8 X 10 m/sec’ &35,
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FOAEME 10m X 10m I L TIRRICAEL RO R ES(4m X 4m)b B B L EF FERE L 68m X 68m 72
EThb,

This document is provided by JAXA.



SERR1GEERE

Table.5 state value at touch down considering all errors
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Table.6 Specification of Soft Landing

RiEE HAL | J3PVE | ERZERSSTE | BIRAERSSHE HH B
KBRS m -0.136 32.200 31.967 AL [ T 10m X 10m
hrEdbak sy m 0.010 31.940 32.193 R T 3m/s LLF

HWEEERS | m/s | -3.092 1.530 1.124 KT T g Im/s LT
RS m/s | 0.000 0.242 0.242 B ESGETE | =5deg AT
BEALR S m/s | 0.000 0.241 0.242

S deg | 0.000 1.582 1.589
o —f deg | -0.011 1.586 1.591
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Table.4 TRLIEMIE RV Y REDI L LEEREZET TODLOEHELAE R, (BT ORY
FITIRTIAA N, BIEE RO NA T ARRZE A — VT 7 I FBIETH oIz, 22T, ZNHDRAEEZ /N
ST AL L AN B R A~DEEET T, o, MBIV OEHEAZET DL THE
HOBENRH> ThHNEEEEZ2/ NS TELTREENHDO T, fLEFHAE OB FBAHOE N —AIZ
DNTHY Il —a B ERME LT, Table.7 |12, MER L HEREL NV ESEROBBRETR T, 2hdih, idE
DR ES T D0 EE R O BEOEIGIT, BIEGHER A7 AFREND - &b K& BRI LE
B X DEBNRENZ N7, LU, BIEEE AT AL RF T 20O E L0 | B
AT AR T APDRIEO EE RN NELIRD L7 K LB HH A% FER T DL ERH D,

Table.7 state value at touch down under the various Navigation Sensor Specification

AR 1-1 1-2 1-3 2-1 2-2 2-3 3-1 3-2 3-3

frE | FEJEER | sec | 100 100 | 10.0 5.0 5.0 5.0 2.0 2.0 2.0

S Befr

) deg | 0.6 0.6 0.3 0.6 0.6 0.3 0.6 0.6 0.3

E=R) NATAEZE | m/s | 030 0.06 | 0.06 0.30 0.06 | 0.06 0.30 0.06 | 0.06

BEF| AN

R 2;77%? % | 06 | 06 | 03 | 06 | 06 | 03 | 06 | 06 | 03
[Erayash

IRREE3 o (REFE f

ArfE | ETERRS | m | 16.141 | 4.509 | 4.059 | 12364 | 3.716 | 3.215 | 9.971 | 3.122 | 2.652
FidbEsy | m | 16.013 | 4.266 | 3.799 | 12.190 | 3.522 | 3.003 | 9.833 | 2.929 | 2.453

BEE | O SERS | m/s | -4.10 | -4.06 | -4.06 | -4.11 | -4.08 | -4.08 | -4.12 | -4.11 | -4.11
WPRES | m/s | 0.063 | 0.062 | 0.047 | 0.076 | 0.076 | 0.061 | 0.092 | 0.092 | 0.072
ke | m/s | 0.063 | 0.063 | 0.048 | 0.075 | 0.075 | 0.059 | 0.091 | 0.091 | 0.071

g | oA | deg | 1.550 | 1.506 | 1.504 | 1.511 | 1.504 | 1.503 | 1.503 | 1.503 | 1.502
I—f deg | 1.557 | 1.516 | 1.514 | 1.520 | 1.513 | 1.512 | 1.511 | 1.511 | 1.510
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MR, RS2 DR O L B0 K S ER B S TE B IR EHE A VERLL , DS ERE LB EEE L OEIT
HSPDHIERAT 7, ZOBAOEEYERE — AGAEIEZR) DV Ial —va fiR%E Table.9 IZRT,
Table.8 & Table.9 D HEEND, FEEYEBEFEDOMAIASIE S T HEBREIDEMT2b0 0, BEYRE
B K SR EN S ' BRI T 2 o 722 L3N D, 72K, Table.8 & Table. 9 IZB W TEEY 2 EREL 2N —AD
WEEBNE 2> TWAHDME, FEEYRBIFEFMIATICSH o TT L —F U I I REEEELTND
HTHB, Fio, SENLREIRHKICIY, £ BEEYREr —ACB W CRERE B B TERD-T2R, 1%,
IR Z R EY AR — A Z oW TH Y 32— a A E T HMNERDD,

Table.8 state value at touch down in obstacles avoiding case

L[] EE 2L Jb~250m | dE~250m | 4t~ 250m | 46~ 250m 72l
1 [ 58E 7L 72l b~75m | B~75m | EH~75m | db~75m
W HEEE Y kg 0.000 0.493 0.548 0.493 0.493 0.109
AR m 0.003 0.002 0.004 0.003 -11.298 0.004
AL RSy m 0.000 10.568 1.824 38.040 12.573 -10.118
EESERSY | m/s -3.055 -3.125 -2.966 -3.072 -3.086 -3.032
BERE AR Sy m/s 0.000 -0.001 0.000 -0.001 2.635 0.000
BEREE LA S m/s 0.000 -1.383 1.093 -4.558 -1.485 2.566
AL T f deg -0.001 0.000 0.000 0.000 -3.978 -0.001
YR — £ deg 0.000 0.635 -3.547 2.095 0.415 4,181

Table.9 state value at touch down with obstacles avoiding guidance

e 72l 3k 250m It 250m It 250m 4k 250m 2L
i Bl 2L 720 Jb~75m | BE~75m | E~75m | b~ 75m
eSS R kg 0.000 16.732 26277 25.838 26.058 8.668
ALY m -0.186 -0.188 -0.224 -0.223 -2.527 -0.217
AR A m 0.014 0.665 -2.279 1.735 -0.038 -1.859
EESERS | mbs -3.085 -3.100 -3.067 -3.139 -3.075 -3.105
e AT ey m/s 0.000 0.000 0.002 0.002 0.114 0.000
BRI RSy m/s 0.000 -0.024 0.123 -0.084 -0.003 0.071
B T f) deg -0.001 -0.054 0.093 -0.087 0.017 0.155
YREh — deg -0.010 -0.008 -0.014 -0.015 -0.131 -0.015
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