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(1 /VJM�V�v�k>O0��K6� >O 130117)
(2 /VJM�8[v�k 8[ 200030)
(3 /VJM�R6A� �* 100049)LD ℄m*%�?}N5?"�$} (ILRS, International Laser Ranging Service)%ArCk� Ajisai �?(D,{xS�38B�< (RMS) ov 3 cm, f_)?h,{Sb�(	�=N� 40 cm OÆe�Nt��2wfh Ajisai �?hu�xÆCk(D,����� g,�� 3′′ Pt�Z�℄mu�xÆZ;(DSb+(�
 g,�ov 3′′. +(Sbh x � y � z U% 3 �g�J5Z;%.�	
h,�� 100 m "
�{Vn� Jason-1 �?SZ;���!X Ajisai �?,�/\���96n�h,�"q��+x%?6Z�:�u℄*u�xÆ,�&��;QqHL`�N:x%?�`S��xZ;-gh1G&%"\�u�_ }'��'%�B�ya�$Hgy�on�#p5N)p�~� P123; 39Y �� A

1 EC �Ms��1�N�$=HwK/le1��
3#wbt�w [1]. t�wN%\l~4/~#|/~N�$��/j>g~4�GPS C�#|:�a{pAC= �.Y>qp'b>~���v'�$.�uj>g+= [2]. y3#w��.��t�w��-T��1+����%5�7�V��<*�-P4je_gi1�p2jw+��N;[XMs��14wN�$/lg8W���EC��t�w+�����1g�w
Cb+�*'}q2Wb�x;qe1�w$��E��1g4f+�
	�f$�b��f$��	�+���lRa�fxRa*'k27gA�; (.�7) S'K [3]. ��+�[�l�ie^1KgwR���_5l GPS wx�>|M4> (SLR, satellite laser ranging) gwR WbI4Y:R���x�lF�wGg�km��qLgRa!7gA�;'K���U	�h�Q5{D5 CSR (Center for Space Research) � JAXA (Japan Aerospace Exploration Agency)j�u�>|M4>gwR+�U cm �?)OWy� [4−5]. _ SLR +zRaR
��f�w$���w W�
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154 v � M � 53 ����_%�.�<M� 40 cmNd���1gt�wY:'C+���
(1)\l)$�>|M4>!�#|$�qY:�� Ajisai �>b Jason-1 �>'C+zwR��|M4>g+zRaR
Ys�Ra�xYT$!te^t�wgYs$� (2)xY��t�wI4$bYs$g7)�e^��f+�� (3) Y~\l<M� 40 cmMs��1gI4Y:���$>'CRanp�e^�	�f+�� (4) ��MLwRab SLR +zRag7)�#ImEGt�wgwR+�� (5) ��t�w+�bw$>5Y-z�9�g!p�+RGI �
2 1>�w^���i{
2.1 �X<�KR
��f�w.g�$>huK_%�5w�
>j[�-lu 3 mag; U ILRSN�oI4�$U	 SLR ���;I4�2�U
{4D
9 (JAXA) 1986  8 �
12 2
<g Ajisai �>n�

�$B�#3 214 cm �qar�k5Æ<V1b�~Æ<1�Ra2� 1 500 km, �>i� 1.5∼3.5 mag. ignqN
i�V��|M4>�>.�(>M4aI4(>
�{A�>�wqRa{{� D�Y�au+zwR�ePKw Ajisai �>
�$>�xU{℄9 (NASA) b�UU
NQ5.< (CNES) 2001  12 � 7 2
<g
Jason-1�>n�

�$B�)mq2� 1 336 km ��>i� 4∼5 mag. i=q[�N�$gBm-P�E�Kw Jason-1�>R
o 2 I�$>��Y:LYYAb Ajisai�>�)[U�
 }2&�&��. 3.3 �lG Jason-1 �>gY:�� W�
2.2 fxI�+zwRgy��Y8N\l\q�7gI4$bYL�ASe^�>?m�qH0YgM	E$ (�R�>RafbqH�Y��e0Y). wR�a[�/lyu-EE��Vg|�{bL���eP��1��Y�
|�wR�6I4$U�Y
 n, �7Hl�
 yki, �hg(2
 wki, �vo k RvXg.�7 (RMS) K'K
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. (1)[�D.g27'K
 [αi − (αc)ki] cos(δi). [�>?mM	E$g�78u}(%wg�: POSmin, x� |RMSk − RMSP |/RMSk 8u}(%wfC (RMSP 
.�7g}�$��Y$7ju RMSk+1), 'We5w�uK�[��1
AH�;Qd�

2.3 �A�?�\��?�[�7/lgbL�A

(1) m$�$B;{ (JGM3m$fb:�A�' 70×70�); (2)2�fb?" (/l DE405/LE405>['lTb�$+); (3)Gr?";{ (IERS1996P��Wahr �A); (4) Z?;{ (CSR3.0 �A); (5) lTMNbm$�<N;{ (6)U



2 � g�Vk�zw SLR -|Tiv�y�-��� 155Lb;{ (7) .�s;{ (8) m$F>B!;{ (9) .Sg RTN ;{ (10) n r;{ (lTb�$).4f�A

(1) Marini-MurrayV��<(2) Ajisai�>gQ<F� (1.010 m); (3)Gr?f�gj�^ (4) k7?"2�j�gi1 (5) Z?'a�j�gi1
(6) m$F>B!�j�gi1�0F#

 (1) J2000.0�Da�M�qm<LE# (2) 4�T$
 ITRF97; (3) �Q�A
 ITRF97; (4) IAU2000 f7(5) �{�A�IERS �{*�(6) DE405/LE405C>['�
2.4 fx�|KÆ 2010  3 � 2 2) 10 2g)$ Ajisai �>|M4>Y:
U�R+zwR�Qd$�
�>� 3 d Ra	gEI+g*�8u 1 cm x 3 d 	I427.�u}�27g.��78u 0.01. Y:oJ$�
 3σ $��wR W5' 1 hK�'.o 2 l
(obs) bo 3 l (edited obs) �)'KI4Y:5Yb�oJgY:5Y�S' 1 .K_EGwR+� (RMS) 8W� 2∼3 cm !�nu 3 cm, wR WbzC�NQ5.<
(CSR) �ag+�.[ [6]. Z 1 Ajisai 0=�v℄Ægy	k

Table 1 The RMS of orbit determination by the Ajisai SLR data

Start time(UTC) obs edited obs (RMS R)(m) (RMS T)(m) (RMS N)(m) RMS(m)

2010 3 2 00 00 00 577 23 0.013 0.007 0.007 0.017

2010 3 3 00 00 00 649 21 0.014 0.008 0.008 0.018

2010 3 5 00 00 00 846 3 0.019 0.011 0.012 0.025

2010 3 6 00 00 00 873 28 0.022 0.012 0.012 0.027

2010 3 7 00 00 00 1014 102 0.023 0.014 0.012 0.029

2010 3 8 00 00 00 1136 160 0.019 0.012 0.011 0.026

2010 3 9 00 00 00 1064 191 0.018 0.012 0.009 0.023

2010 310 00 00 00 891 179 0.018 0.011 0.011 0.023<� R � T � N �*(L��Ti46"6d6 3 7�h	
2.5 PXO�lut�ww$>gT$#N_lT#,<
.<� J2000.0 g�Da�Mq
y�gt$T$# (ICRS)[7]. eP�
e^N�$��[CMgD.D�Ys$ αc b
δc, S(We^i��<[~DaT$#g+Gf Rc(xc, yc, zc). |M4>+zwRK_e^N�$�m$,< J2000.0 T$#.g+Gf Xj(xj , yj, zj), 4�� J2000.0T$#g+Gf
 Rsj(xsj , ysj , zsj), �

Rc(xc, yc, zc) = Xj(xj , yj , zj) − Rsj(xsj , ysj , zsj) , (2)
{

αc = arctan(xc/yc)

δc = arctan(zc/
√

(x2
c + y2

c ))
, (3)

Rsj(xsj , ysj , zsj) K_p4��mGT$#.gT$Gf Rsb(xsb, ysb, zsb) .Y[#lJ>ve�=r.50��, [8].
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3 we,J�^��m
3.1 *r�j��1� (ti + τ) CM�Q^gM=`N�$� ti CM
Gg�ePW�I4C'CMCCF��MC7 τ ju |Ro|/c, |Ro| 
�>^4�g>X� c 
M`�\l 2.5�hXgYs$�I4$'C��f$�g+����p.�7BJ
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δ . �oJX$C/l
3σ �����hqI4Y:&.�7�-k�27 yi .Vu 3σ gI4$P
X$�+��oJ�vXke^ W5' 2 hK�Z 2 Ajisai 0='3g.#+s	k

Table 2 The external accord accuracy of the Ajisai celestial positioning data

Start time(UTC) Elapse time(s) obs edited obs σα(′′) σδ(′′) σ(′′)

2010/ 3/ 2 11 44 19.518 70.968 271 2 1.22 1.19 1.71

2010/ 3/ 2 17 58 45.619 235.116 869 14 2.92 1.27 3.18

2010/ 3/ 2 20 2 53.447 73.005 250 12 2.40 1.93 3.07

2010/ 3/ 3 10 52 9.333 184.681 650 18 2.78 2.36 3.64

2010/ 3/ 3 12 50 22.034 41.634 151 3 1.45 1.51 2.09

2010/ 3/ 5 13 1 25.439 290.563 714 38 1.46 1.69 2.23

2010/ 3/ 5 19 19 7.777 183.009 671 41 1.92 1.28 2.31

2010/ 3/ 5 21 14 59.736 148.244 557 56 2.85 2.07 3.52

2010/ 3/ 6 12 12 14.445 215.292 432 35 1.14 2.09 2.38

2010/ 3/ 6 14 9 11.124 145.518 537 18 2.14 1.45 2.58

2010/ 3/ 6 18 26 30.910 180.847 644 34 2.22 1.23 2.54

2010/ 3/ 6 20 25 22.348 173.181 665 44 1.20 1.40 1.85

2010/ 3/ 7 11 24 3.450 67.044 232 6 2.96 1.12 3.17

2010/ 3/ 7 13 16 52.915 36.750 138 8 1.67 1.47 2.23

2010/ 3/ 7 19 34 42.346 74.409 119 6 2.12 2.31 3.13

2010/ 3/ 8 12 22 30.778 334.942 1158 130 1.59 2.74 3.16

2010/ 3/ 8 14 25 12.660 33.093 128 24 2.79 2.82 3.97

2010/ 3/ 8 18 41 35.967 49.070 99 9 2.09 2.18 3.02

2010/ 3/ 9 11 33 39.566 124.960 445 35 1.66 2.56 3.05

2010/ 3/ 9 13 28 47.278 197.670 368 42 2.30 2.22 3.20

2010/ 3/10 10 35 20.795 417.170 624 44 2.10 1.63 2.66

2010/ 3/10 12 39 2.465 321.214 1132 126 1.01 1.10 1.49' 2 .o 1 l
8m��ICM�o 2 l
�m�hCIg�Y (zUOlu' 3).S' 2 .K_EG�D.bD�g��+� σα b σδ � 2′′ Os�Ig.�7 σ � 3′′ Os#{�
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3.2 �r�j	�+�lwRkI427gA�;'K�Y~\l<M� 40 cm Nd���1� Ajisai �>gt�wY:��(>'CwR�pub|M4>+zwRNz[I�>�h_/lgbL�A.z�zU� 2010  3 � 2 2) 10 2�gY:'CjLY��wRgzC"aV�LbbRa35�!5�5g.S�`��LY W5' 3hK�'.Mk 1 2
M9w$>U�g�����\l 3 Iw$>wgI4U�h��m�II4U�g�r (zUOlu' 2). S' 3 .K_EG�D.bD�g	�+� RMSα b RMSδ 
 1∼2′′, Ig	�+� (RMS) 
 2∼3′′, nu 3′′.Z 3 Ajisai 0='3g.#�s	k
Table 3 The internal accord accuracy of the Ajisai celestial positioning data

Start time(UTC) obs edited obs RMSα(′′) RMSδ(′′) RMS(′′) percent

2010/ 3/ 2 11 44 19.518 271 1 0.80 0.90 1.20 1%

2010/ 3/ 2 17 58 45.619 869 40 0.91 1.34 1.63 2%

2010/ 3/ 2 20 2 53.447 250 31 1.31 1.60 2.07 3%

2010/ 3/ 3 10 52 9.333 650 29 1.79 2.08 2.75 17%

2010/ 3/ 3 12 50 22.034 151 3 1.49 1.42 2.06 9%

2010/ 3/ 5 13 1 25.439 714 51 1.37 1.33 1.90 14%

2010/ 3/ 5 19 19 7.777 671 52 1.53 1.27 1.99 2%

2010/ 3/ 5 21 14 59.736 557 133 2.13 1.70 2.73 13%

2010/ 3/ 6 12 12 14.445 432 56 1.02 0.60 1.18 13%

2010/ 3/ 6 14 9 11.124 537 37 1.05 1.46 1.80 11%

2010/ 3/ 6 18 26 30.910 644 62 1.03 1.30 1.66 15%

2010/ 3/ 6 20 25 22.348 665 50 1.09 1.22 1.64 24%

2010/ 3/ 7 11 24 3.450 232 17 0.91 1.39 1.66 4%

2010/ 3/ 7 13 16 52.915 138 10 0.89 1.24 1.52 28%

2010/ 3/ 7 19 34 42.346 119 21 1.25 1.74 2.14 21%

2010/ 3/ 8 12 22 30.778 1158 164 2.30 1.73 2.87 14%

2010/ 3/ 8 14 25 12.660 128 24 2.67 2.39 3.59 32%

2010/ 3/ 8 18 41 35.967 99 11 1.85 2.09 2.79 22%

2010/ 3/ 9 11 33 39.566 445 47 1.66 0.72 1.80 17%

2010/ 3/ 9 13 28 47.278 368 83 1.52 1.32 2.02 20%

2010/ 3/10 10 35 20.795 624 75 1.22 0.81 1.46 8%

2010/ 3/10 12 39 2.465 1132 140 1.24 0.91 1.54 14%

3.3 &2f-x`�j
j>#ImÆjI4Y:g4f+��lt�wY:QwRg�>Rabl|M4>+zwR (R
Ys�$) R���'E4Y:h�hgM$9uC (UTC)[9] g��0R�q� Ajisai �>gt�wRab�$g�75~ 1 hK (l “+” `'K). ~.iT$
Æ UTC (k\Hh'U�Y�JT$
�>Ra� J2000.0DaT$.g>X7$ (Y
 m).zUm���$B�> Jason-1 � 2010  3 ��C� 11 5m� (pass) RY:LY� W)K�	�+�� 3′′ !	� Jason-1 �>g|M4>wR+�� 10∼20 cm Os�t�wY:g��f+�� 3′′. Jason-1�>gt�wRab�$g�7zU�



158 v � M � 53 �~ 1 .)K (l “2” `'K).�~ 1 .K_EG��u$B�> Ajisai b�$B�> Jason-1, t�wgwRRa x � y � z T$ 3 �f�>X ρ b+zwRRag7)� 100 m !	�

� 1 Ajisai (+) d Jason-1 (2) ��v�y�[<yTT-��	
Fig. 1 The accuracy of orbit determination by the celestial positioning data of Ajisai (+) and Jason-1 (2)

3.4 �j!fX<t"F:S' 2 b' 3 .K_
*�M9w$>U���m�	g�_�2Ct�w+��7�
j#KmEGt�w+�bw$>5Y!pgi1��hqI4YÆ�w$>5Y�U|��5~ 2 hK�~.iT$
w$>5Y�JT$
I4fD.D�gA�7 (MSα, MSδ), 7~e5E~�h��f+��%~e5E~�h	�f+��S|�.EG�bBw$>g�9�D.g��f+�gA�7p 1′′
2 _%7.7B^ 6′′

2

, 	�f+�gA�7p 1′′
2 _%7.7B^ 4′′

2

; D�g��f+�gA�7p
2′′

2 7.7B^ 5′′
2

, 	�f+�gA�7p 1′′
2 _%7.7B^ 5′′

2

. n)N[w$>Yp 6 �9^ 3 C��sN��f+�sN	�f+��A�7}q)97B�
4 ���u<M� 40 cm Nd�Ms��1�t�wI4Y:+���5%


(1) ��+�
D..�7 σα �
 2′′, D�.�7 σδ �
 2′′, Ig.�7 σ � 3′′Os�
(2) 	�+�
D..�7 RMSα �
 1∼2′′, D�.�7 RMSδ �
 1∼2′′, Ig.�7 RMS � 2∼3′′, nu 3′′. t�wgwRRa x � y � z T$ 3 �f�I4Y:$-��	g+�� 100 m !	�
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� 2 K6-�y&�7[#r�
Fig. 2 The variation of mean square (MS) error vs the number of reference star

(3) t�wY:bw$>5Yg�9�w+�%��5WtN�/w�-_�HM9w$>U�h��_lV (≥ 30%), �w+��7�K_Fq(m�Y:-0ywRx:x�8(2� W)K���1�>�+� (3′′) ��	
C�	�+�_u��+��℄�Y:\qK_xY�AF�g#|7���+�q'[.p2gN�n����>EgpG�lM9w$>�_R
�wY:,fg[2%$�!��Y:��/�qhWd�M; /:7Zt�j�E0Q5���>|M4>+zwR?R.:xg Cb�:�[ � 2 8
[1] Zz��%�0�'℄��k	vs6h�	�*�/VJM�WI�=� 2006: 163-165

[2] pOm��70�FOd	P��&FDv�y��	/V=^� CN1710377, 2005-12-2.

[3] Z�A���^�om�k	^v�T,y	�*�V��ZI�=� 2003: 276-280

[4] oB(��r��T,�k	JMy�� 2002, 47: 406

[5] �F1�6�T����	v�M�� 2003, 44: 55

[6] Z3��Z| 	v�R6z�W� 2010, 7: 311

[7] Arias E F, Charlot P, Feissel M, et al. A&A, 1995, 303: 604

[8] Z�A	0��-|T,y	�*�#�CI�=� 1995: 28-32

[9] om�l^���V	^v|Mgt	�*��*WMI�=� 2006: 3-4



160 v � M � 53 �
Analysis on the Accuracy of Celestial Positioning Based

on the SLR Precise Orbit

SUN Ming-guo1 LIU Cheng-zhi1 FAN Cun-bo1 ZHAO Gang1,2,3

LI Zhen-wei1 LIANG Zhi-peng1

(1 Changchun Observatory Of National Astronomical Observatories, Chinese Academy of Sciences,

Changchun 130117)

(2 Shanghai Observatory, Chinese Academy of Sciences, Shanghai 200030)

(3 Graduate School of Chinese Academy of Sciences, Beijing 100049)

ABSTRACT The precise orbit of the satellite Ajisai is derived from the normal point data

of the satellite’s laser ranging obtained from the International Laser Ranging Service (ILRS)

with a RMS precision better than 3 centimeters. The accuracy of the celestial positioning

data is analyzed based on the precise orbit, resulting an external accuracy of 3′′. The ce-

lestial positioning data is obtained by the 40 cm optical electric telescope in Changchun

observatory. The internal accuracy estimated by the orbit determination solely using the

celestial positioning data is better than 3′′. The accuracy of above orbit is better than 100

m in the J2000.0 coordinate within the observation pass. The data analysis on Jason-1

by the same method yields a similar result as Ajisai. The analysis on the accuracy shows

that less reference stars lead to worse celestial positioning accuracy. It is proposed that the

proportion of observations with least reference stars can be one of the quality criteria.

Key words space vehicles, celestial mechanics: determination of orbit, methods: data

analysis


