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Abstract:Based on observing the edge of the bright part of the apparent moon by electronic theodolite, a fitting
algorithm of the apparent moon center is put forward., and formulae are deduced in detail. Experiment based on
real observation testified the stability of the algorithm, which demonstrated the position of the moon center is
solved precisely. Then. a novel method of fast orientation by surveying the moon is explored. By this method.
orientation is realized successfully and both inner and outer precision of orientation could be superior to +2.0". The
moon-observing method can overcome the shortage that classical astro-geodetic orientation can only be realized by
star-observing method at night. and extend the application field of astro-geodetic surveying effectively. Since the
apparent sun is a circular plane, the moon-observing method will be suitable for observing the sun.
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o , +2.07,
:P228 :A :1001-1595(2012)03-0353-06
(10878025)
1 -
’ ’ s
’ ° ’
[1-2]
’ N N .
[3-5]
° ’ ’
’ °
s [6]
2
’
) . 1 NG, O
, o B Ayg S

D) Oo’\’36000



354 June 2012 Vol.41 No.3 AGCS http: // xb. sinomaps. com

B My, , T,
O, M, , M, H,M, ,
T, A, T . 3 .
o 3 0
0° S AM
AM=A,—M, (D
Ap=My+AM=M;+A, —M, (2)
Al T
. TAU 2000 24
DE405, - 5
IAU 2000A s , Fig. 2 Observing and sampling of the moon edge
NOVAS 2000K -
(488 ) IAU 2000A 3.2
(1365 ), .
3. 5 mas, ol o
3 . T, T,
O, O, , P,
P,. T, T, .
(AA.AH) )

(3
AH=H(T,)—H(T,)
1 CACT) VH(T)) T,
Fig. 1 Principle of orientation by observing the moon sACT,) JH(T,) T,
. ’ s 4 ’
M, ’ (AALAHD s P,
. P,
3 M°=M-+AA
. 4)
H°=H+AH
0. 002, k (M, .H) 1
o T,
, AT, =T,—T, 3
. 15, AT/J b 1
[10-13]
° . ’ m o
, —~ m
° s m ,
3.1 s AA,

2 , , AH, o



m

AA},:Z[A(T,\,*ZAT&)* ’ () sX

i1 m 0° A Y

ACT, — Gi— 1 AMTUJ %) : .

m AT (M, H,*) OXYZ
AH, = Zl[H(Tk *i#) - X cos H, °cos M,°

S, = |y.|=|cos H sin M,° 1o
HCT, — G — 1) 8T8y ) O S
m 2 sin H,

o Z My Y
90°—H, , A 1
s [15]
S .=Ry(90°—H R, (M)S,—7 (1D
=0 0 DT 12)
ML HL ’
> M.
M k=1
0o
n
: n (13)
Fig. 3 Principle of epoch unification o
> H.
H., — =1
0 n
(1)
. S,k _ (»T/k y/k Z/k)T:
3.3 Ry(gooiH())Rz(Mo)SkiT (14)
(M,°,H,> (.T,k,y//z,z/k)
« b, . 20, . 0.X'Y
3.4
<1'/|vy/|)\(1'/2»
y/g)"“\(f,,,,y/,,), (j]vj&)?
r ) [16]
v=yG =)+ )T = (15)
(0, 0), ro —
sin 157,
x, 3. 0
4 , M, X=|y | 8X=|sy.| Xo=|0| 16
H, o OL— ;’ 87: )
XY'z, O, 7'
00, X 0Z0, X=X, +5X (17
A Y R (15)

. 0XYZ vy =a,d0z. +b,8v. —dr—+1, (18)



356 June 2012 Vol.41 No.3 AGCS

http: // xb. sinomaps. com

——
ak 2 2
vty

b 73//& - (19
I x :
Va'i '

a b —1
A :
a, b, —1
(20)
L
I=|:
L,
3X=—(ATA) "(A"D 21)
X=X,+5X (22)
O.XY'7
X'=, y. OF (23)
X’ OXYZ

X=(zx y =2)'=
R,(—M)Ry(H,—90°) (X +1)  (24)

ML:arctan(%) 1
. g (25)
H,,arctan(m)J
(25) (M., H.)
(M,,H,) , ,
, , 2
, 2
0.1
3.5
v X Ox
p== :L‘; (26)
g qiz G
Ox=A"A) "= g gn g (27)
g3 g3z Qs
X’
gun  qz 0
Ov=1|q1 ¢q» O (28)
0 0 0
[17]

’

QX:RZ(7ML)Ry(H147900)QX’ M

R}’(9OO*HL)R2(ML)
M, H.

1 .
——=F[Q\F
pML 1 Q}( 1 l

1F?Q‘<F2J

Hy

.F, F, M, H,

(’]ML

dx

( Do

F,

F,= |(

JH,

dz

M. H.

A HF
A

iy H O wHE
(My,Hy)

! o wi
{3 B )
bR 5

!

/N RMGH
(M, H )

5

Fig. 5 Flow chart of the fitting algorithm

|M, =M 4|<0.17

(29)

(30)

3D

(32)



9 (1e] :
(D (D .
0° , 3, o
AM, (2) .
2 ) ,
AM, H,, ) 10
(3 dM, = (3) o , @,
AM— AM, , dH, = 4) , (D,
H,—H,, dM, .dH, ) o
) (32) o
4 (2).(3), )
. . , 2011 10 7
2011 7 16 , , ( Ap = 332°58"45. 77, L=
. 110 m) 5 .
( A=T7"34"29. 8%, p=34"1422.7"), 2 .
TM5100 )
’ 1 ° Tab.2 Results of the orientation by observing the moon
1
Tab.1 Results of fitting the apparent moon center 1 332°58'46. 8" +2.0" +1.1"
oo e o mEer ar o
1 1.3 2.7 —4.8 1.0 1 332°58'16, 6" I +o.o"
2 0.3 2.7 3. 1.0 5 332°58'46. 9" +2.7" +1.2"
3 0.6 3.0 —L9 11 332°58'47.5" +1.0" +1. 8"
4 1.7 1.6 —2.0 0.6
5 1.1 2.5 —3.9 0.9
6 4.0 3.1 —4.4 1.1
1.2 1.1 —3.4 0.4 4o 7", 9 3",
+3.2"5
332°58'47. 5", +1.0",
1z M, +1.8",
4.07, —0.3", .
1.27, +1.17;
H, 6
—4.8, —1.9", —3.4", (D
+0.47,
, 2.0", ’
, . (2) . 5
> ’ 15 min,
; , 2.0", .
’ (3) )
ns) , [20]

, [1] WEI Ziging, HUANG Weibin, YANG Jiezhong, et al.



358

June 2012 Vol.41 No.3 AGCS

http: // xb. sinomaps. com

[2]

(3]

(4]

[5]

[6]

(7]

(8]

9]

[10]

[11]

Combined Adjustment of Nationwide Astro-geodetic and
Space-geodetic Networks[ J]. Acta Geodatica et Cartographia
Sinica, 2000, 29(4). 284-286. ( . .
. [Jl.
, 2000, 29(4): 284-286.)
CHEN Junyong, YANG Yuanxi, WANG Ming, et al.
Establishment of 2000 National Geodetic Control Network

of China and It’s Technological Progress[J]. Acta Geodatica

et Cartographia Sinica, 2007, 36(1):1-8. ( s
s . .2000
[yl . 2007, 36(1):1-8.)

ZHANG Hanwei, XU Houze, WANG Aisheng. The Basic
Principle of Mensurating Astronomical Longitude, Latitude
and Azimuth Angle[J]. Science of Surveying and Mapping.
2006,31(4) :157-160. ( , s
[l . 2006,
31(4):157-160.)
WANG Anguo. Celestial Navigation Technique in the Back-
ground of Navigation War [ ]]. Progress in Astronomy,
2001,19(2):326-330. (
(7. .2001,19(2) :326-330.)
FANG Jiancheng, NING Xiaolin. Principle and Application
of Celestial Navigation [ M ]. Beijing: Beihang University
Press,2006: 4-9. ( .
[M]. .2006:4-9.)
ZHANG Chao, ZHENG Yong, LI Changhui. Research of
Astronomy Orientation by Using the Random Star[]].
Science of Surveying and Mapping, 2005, 30 (4) . 30-32.
C . 0l
, 2005, 30(4): 30-32.)
ZHANG Chao. System-level Development and Application
Research on Astronomic Surveying System Based on
Electronic Theodolites{ D]. Zhengzhou: Information Engi-
neering University, 2009.: 151-155. (
[D]. : .
2009: 151-155.)
XIA Yifei, JIN Wenjing. Impacts of the New Reference
System on Astrometry[ J]. Progress in Astronomy, 2004,
22(3): 200-207. ( ,
[7l. , 2004, 22(3): 200-207.)
BANGERT J, PUATUA W, KAPLAN G, et al. User’s
Guide to NOVAS Version C3. 0[ M]. Washington; USA
Naval Observatory, 2009. 31-32.
OUYANG Ziyuan. Introduction to Lunar Science[ M].
Beijing: China Astronautic Publishing House, 2005:223-
225. ( [M].
, 2005 223-225.)
CHEN Junyong, ZHANG Chuanyin, DANG Yamin. Lunar
Spatial Exploration, Surveying and Mapping [ ] ]. Acta
Geodatica et Cartographia Sinica, 2005, 34(3) . 191-192.
( s ,
[Jl » 2005, 34(3): 191-192.)

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

CHEN Junyong. Progress in Lunar Geodesy[ ]]. Journal
of Geodesy and Geodynamics, 2004, 24(3): 1-6. (
.
2004, 24(3):1-6.)
KONG Xiangyuan, LI Jiancheng, GUO Jiming, et al.
Determination of Gravitational Constants for Earth and
Moon and Geometric Center and Mass Center of Moon
[J]. Journal of Geodesy and Geodynamics, 2006, 26 (2) :
109-114. ( s s s
L1l

, 2006, 26(2): 109-114.)
XIA Zhiguo, ZHANG Chao, ZHENG Yong, et al. An
Astronomical Azimuth Measurement System Aided with
an Automatic Gyro Total Station[C]// Third International
Symposium on Precision Mechanical Measurements: 2.
Urumgi: The International Society for Optical Engineering,
2006 1400-1405.
XU Qifeng. Space Geodesy[ M. Beijing: PLLA Press, 2001 ;
18-23. ( [M].

,2001:18-23.)
GANDER W, GOLUB G H., STREBEL R. Least-Square
Fitting of Circles and Ellipses[ J]. BIT Numerical Mathe-
matics,1994,34(4) ;. 558-578.
HUANG Weibin. Principles and Applications of the
Contemporary Adjustment[ M]. Beijing: PLA Press, 1992
23-27. ( [M].

,1992.23-27.)
AHN S J, RAUH W, WARNECKE H ]. Least-squares
Orthogonal Distances Fitting of Circle, Sphere, Ellipse,
Hyperbola and Parabola[ J]. Pattern Recognition, 2001,
34.:2283-2303.
State Bureau of Quality and Technical Supervision. GB/T
17943-2000 Specifications for the Geodetic Astronomy
[S]. Beijing: Standards Press of China, 2000. (
.GB/T 17943-2000 [s].

: , 2000)
ZHANG Chao, ZHENG Yong, MENG Fanyu. Realizing
Astronomy Orientation Fast by Surveying the Sun[]].
Journal of Geomatics Science and Technology, 2007 . 24

(5):344-345. ( , s

L1 22007,24(5) :344-345.)
( : )
: 2011-10-10
: 2011-11-27
(1986—>, ,

o

First author: ZHAN Yinhu (1986 —), male, postgraduate,

majors in celestial navigation.

E-mail: oscardad@163. com



