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Brief history of Selenodesy
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FogL B

—

, F. M. Grimaldi, 1651
J. Hevelius, 1645 ¢

Mapping of the Moon, 1974, Kopal&Cardner
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Gilbert, Harriot, Galilei : IZHHE BiRiEICL B BEAYT v F(drawing)
T. Mayer(1723-1762) YR L =X —DAEEH
P HH@E%%t% EEROMEZTA1 298k 5,
H@ ICRBEZHTEAN (FHOHHERARZEEL D)
— U ROAE (9° 27, 14° 347)
ﬂﬁ Z23+6bMm DAIE ﬁ'JEﬁiJ@ITL/{%L@?EMS’CﬁE‘WJGD
’ A=y b7 —7
J.H. Lambert(1728-1777) : 200D~ 4 7 A X — X AT (LEREB\EOREFA)
BIEESFKTZICL DMK (FBEIEMayeriZ&IiX3)
J. H. SChI’Otel’<1745‘1816) Se/enoz‘opograph/sche Fragmente (GEMIER D HEE. (LB T — X lEZMayeriZ £ %)
W. G. Lohrmann(1796-1840) : 7 74 5 —~A 780X —% (7195) . K/NBEKHER
W. Beer(1797-1850) & J. H. I\/Iédler(1794—1874) ;
7747 —<4270X—%(1060m) . MIEBHTENRED /-
ARATAVITAIZL =D~ F X —2E8(1834-1836)

https://upload.wikimedia.org/wikipedia/c
ommons/thumb/a/a3/Tobias_Mayer.jpg/ https://ja.m.wikipedia.org/wiki/%E3%83%95%E3%82%A1%E3%8

440px-Tobias_Mayer.jpg 2%A4%E3%83%AB:Galileo%27s_sketches_of _the_moon.png



Brief history of Selenodesy

- BHa (VU9 R) oAABEOMEER (T. Mayer, 18tH#g¥(X, TR(E)IZ17 5 0F)

Mapping of the Moon, 1974, Kopal&Cardner https://ja.m.wikipedia.org/wiki/%E3%83%95%E3%82%A1%E3%82%A4%E3%83%AB:Galileo%27s_sketches_of the_moon.png
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e x N | http://blog.livedoor.jp/veranda_ob
; ’ i RURE g s/archives/1237211.html

F. W. Bessel(1784-1846) : X XRT 4 v 7 AZAMEESE L THWS Z & %R
Bessel & M. Wichmann : B O BE# & HEEEERDOMEZ=1° 32' 9" LK 5,
FHICEREE O TCEAN (FHMKARZREEL D)
J. H. Lambert(1728-1777) : 200 5D~ A4 7 A X — X BTFE (BREBOHENRN)
BIEESFKTICL DMK (FBEIEMayeriZ &IL3)
J. H. SChrOter(1745‘1816> . Selenotopographische Fragmente (FEfRERHDWE. (fIBT — X lZMayerlZ & %)
W. G. Lohrmann(1796-1840) : 7 74 5 —~A4 7 A X —% (7198) . X/NAENHHK
W. Beer(1797-1850) &
J. H. Madler(1794-1874) : 774 7 —~A4 7 A X—%(10602) . MEREAE D 7=
ARTAVYITATL—=ZDOANY F A —ZEA
J.F. J. Schmidt(1825-84) : E&Z194.9cmhO KB mEXM, HE*#¥ S & L TLohrmanné&
Madler 57— X &£,
L, BERAISOEARAN(XRT 4 > AEE), ). Frantz(h), S. A. Saunder (&)
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Mosting A& &8l

Planetary Mapping, 1994, Greeley & Batson

Table 5.2. Coordinates of the fundamental lunar point, Mosting A.

Latitude Longitude Radius (km) Reference

—3°190 —5°172 Franz, 1899

—3.183 ~5472 1,741.770 Hayn, 1904

—3.180 —5.163 1,739.385 Schrutka-Rechtenstamm, 1956

—3.180 —5.164 1,738.733 Koziel, 1967 ¢
—3220 —5.183 1,757,307 Schimerman, 1976 (Apollo)

—3.212 —5.211 1,737.527 Davies et al., 1987

W ERIC LB PENE (BEUE) rweupin, °

Greeley & Batson

Table 5.1. Lunar networks devived from telescopic pictures.

Number of points Number of pictures Reference
150 5 Franz, 1901
2,885 6 Saunder, 1911
150 5 Schrutka-Rechtenstamm, 1958
696 5 Baldwin, 1963
256 15 Marchant et al., 1964
196 8 Meyer and Ruffin, 1965
906 120 Mills and Sudbury, 1968
1,355 37 Arthur and Bates, 1968
1,156 10 Meyer, 1980

https://www.cnmoc.usff.navy.mil/Our-Commands/United-States-Naval-Observatory/The-Naval-Observatory-Flagstaff-Station/The-155-meter-Kaj-Strand-Astrometric-Reflector/



Brief history of Selenodesy

Kev:- @ Cnferlet, © Craiepit, @ Cratereone, 0 Hilleck ,le[ft, ==Tidges, - Lght Streak's, ¥ Dark Varable Spofs. Key:- @ Craterlet, © Craterpit, @ Crafereone, 0 Billock ,‘TCIt/f', ==TRudges, - Liht Streak's, 3 Derk Varible Spofs.
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.. . . O Some mountains on the Moon were named alter mountains on Earth in the 17th century. Astronomer Johannes Hevelius
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https://www.amazon.co.jp/Map-Moon-Hugh-Percy-Wilkins/dp/1906367604



Brief history of Selenodesy(Summary)

loHRER~17HIC : NIR—-2ERIBWICK DR T v F O, HFEDFH

e 18HIE~19tH# : ¥ U T RDMUBERANTAREBENAEmKICZ(T. Mayer 1750)

o 19HHIE~20tH#E : X XT 4 7 AMEE A (1835~37, Beer & Madler) . BEXEEMIL
(~1960Ff) . 19c.B¥EHh>EERMNEA, BEAEICL2AEAY h7—72 (~
1980F )

%l.

« 1969F~37E : AL —YREEA(LLR) . ARER
S/mEFICK D AEAZE

DEBENR. REREED - DESRA

https://www.cnmoc.usff.navy.mil/Our-Commands/United-States-Naval-Observatory/The-Naval-Observatory-Flagstaff-Station/The-155-meter-Kaj-Strand-Astrometric-Reflector/
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BEHRACTCRLDFEHAINTWVWASIPLODEA**ETIX. BOFE IZXATEE WEREG 2 L& HT
KEGZREEDODNFEZRDO—EE L TCLLRT—XIC74 v b T A5 EDHICEHEINTWS, BEHS
REBULGrail DFERZ(FE > T 5B,

IR7EIEDE440/441(Park et al., 2021), DE440(for 1550~2650)IFAANFD I T7-~ >~ ML 7 U
72avETILERELTVED, ETLORTEEEZMO-OA ZHMERERE L 72
DE441(for -13200~17191) £ % %, BBEEZEIF2020FR TlE2~3m (LE7 7 7)

ME(Mean-Earth/mean pole) % & PA(Principal axis) % :
MEXR EPARDZEIZEEREIC L T#860m,
MEZRD AN —EIZZNFEEG % £S5 BB D TREMENKRS (Folkner et al., 2014)
ZpTH0E  AEKE~0.1"8 (BEEAET~1Im, TisR)
Folkner et al., 2014, [PA(DE430) »ME(DE421)] Rx(-0.295")Ry(-78.627")Rz(-63.737")
Park et al., 2021,  [PA(DE440) +ME(DE421)] Rx(-0.2785")Ry(-78.6944")Rz(-63.8526")

LETZIAUDWG(WGCRRE) CRKBRAREDRNERBHES A Y £ &HTWH, &IA20E T
T BICDOWTIEZLICIPLODER ICH#LL TWLv5, (Archinal et al., 2018) o

Park et al., 2021
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o « LLREAIB : McDonald Obs. (G£)
% OCA(CERGA) (L)
% APO (k)
Y Matera ({#)
Y Wettzell (J&)
MeO (South Aflica)
Lick Obs. Crimia---
- AEKSMR 5 AP
e XRAMIBIZKDHEHEDET
1/10~1/100 (G&AH) @A15 site, Murphy et al., 2010)

Table 3
Observational Data for the Moon and Inner Planets
Body Classification Type Observatory /Spacecraft Span Number
Moon
LLR Range McDonald 2.7 m 1970-1986 3440

MLRS /saddle 1985-1989 275
MRLS /Mt Fowlkes 1988-2014 2870
Haleakala 1984-1991 694
Observatoire de la Cote d’Azur 1984-2020 16425
Matera 2003-2020 248
Apache Point 20062017 2452

Park et al., 2021
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- Commercial Lunar Payload Services (CLPS ¥ A @i —E X)
s NASAWRRBIERICHAKBFLO—N—GLEDR/MO—FDENDHEZHETERN
BUY—EXTHD, SMTELHLEIIKEDEEICRESA TS (wikikl) .

> D r- D . C u rrl e https://www.optica.org/en-us/events/webinar/2023/04_april/the_birth_and_future_of lunar_laser_ranging/

v Blue Ghost M1
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v NGLR-15%1&
(Firefly#L i nnlﬁtﬁ) | o e

v LUGRE (BAET @GNSS/Galller1=§é%%) :E, BE:S https://www.satcatalog.com/component/blue-ghost/

https://science.nasa.gov/lunar-discovery/deliveries/19d-firefly-aerospace
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Table 1.
angle offsets.

Aperture Optimum dihedral Optimum intensity
diameter angle offset (x Apollo
(mm) arcseconds) retroreflector)
60 (0.00, 0.00, 0.00) 12
80 (0.00, 0.25, 0.00) 22
100 (0.00, 0.80, 0.00) 40
120 (0.00, 0.80, 0.00) 88
140 (0.00, 0.75, 0.00) 171
160 (0.00, 0.70, 0.00) 292
180 (0.00, 0.65, 0.00) 436
200 (0.00, 0.65, 0.00) 599
250 (0.00, 0.65, 0.00) 1252

Optimized performance of hollow retroreflector and dihedral

Otsubo et al., 2011
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https://www.optica.org/en-us/events/webinar/2023/04_april/the_birth_and_future_of_lunar_laser_ranging/
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CCM: Corner Cube Mirror
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Temperature [°C]

[CCZ-EX
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Temperature [°C]

Araki et al., 2016
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Araki et al., 2016
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¢ > 3@k Y At (Optical Contact)

1. (BR) AHEMFT T T4 UV R-BERiERED &
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> 3EAFEE  lon Beam Figuring (IBF)
B (TFELIX)

- Si Plate Type-B+Si OpticalContact(2)
60—-0396-02

. NP R1B) A ) '
- - S SEEFAMF (CCZ-EX) : () FHERFT T4 7 Z, 18" IWLR (2013)
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https://www.okamoto-optics.co.jp/tech04.html



EHEICHITIREBEBHRDOBE e

= - LOLA frame | LOLA frame || available
Distance [m] [m] [m]
>»CCR7LADRALEDERBEIIHA — FLUTORBETHRD b ﬂnf Aot | 7w |73 | e
Lunokhod 2 7.90 9.92 11.27
WBELTELEIZDED, BOMATIE? >EICEBEREIC -
Table 3. The horizontal distances in meters between the LRRR
in the NAC DTM and the observed coordinates through lunar
> LOLAD RIFE m &8 DFFE M : TC-DTM(KAGUYA) & D EbER | laser ranging
Al 7 ~ I N NAC-DTMA® B ERSIIRMIET — X &
CAIEE mEnE o fitik = « RAIT~8m, Efl11~12m, XA OAHIE A e
(B ERBED KR ) A11,14:6~Tm  L2: 11~12m

Original New All
LOLA frame | LOLA frame ||| available

TCI [m] m] [m] FEXFALE : $I10m
i T 9.30 7.67 7.83 ﬁ'zE?%% . %{Jlom

oy 6.26 5.96 6.67
oy 1.08 114 fl 109 |

. e e A % Oz 13.19 12.89 11.98
-40 -30 -20 1(;([0km]10 20 30 40 -40 -30 -20 10X[;)(m]10 20 30 40 Uy 10‘88 11.09 10.77
(GURNR ™ —— ) op 0.44 0.45 . 0.50

-2000 -1000 0 1000 2000 -1000 0 1000 2000 3000 4000

Table 2. Standard deviations of residual displacements of the
original LOLA frame (left), the new LOLA frame (middle) and
all available LOLA tracks (right) for the near and far side
reference DTMs TC1 and TC2. Values are given in meters in

local stereographic map coordinates x, y and height h. ®

Glaser et al., 2018

Figure 3. The TC DTMs have a resolution of 10 m/pixel and are
shown in local stereographic projection. (a) Near side: DTM is
centered at 4.5° longitude and 25.5° latitude with the Apollo 15
landing site in the upper left corner. (b) Far side: DTM is
centered at 181.5° longitude and -1.5° latitude.
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