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530 1,3
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:'uh�:/kRo�#�|�GY�8O#��G�C�8W�+*o|�s~?l	�k7m!|�|��(v?��e|�D�� � |ÆCHAMP �P&�s~�E-(��
�ÆP204 ��� ��v��ÆA

1 ����m��l k\`�?-�#O#�{yNPuK�\Q��hwUlb�Ap6{{&LU�t7Gl 'u'M1$��yH-T�Jw�"�G:v�"j6(`�h�vI�Nl �R"Jj8�
Æ�b�l��yyÆH� �\7Gl 'u{}#�<�ÆG��℄g{*7g0�9J�w�7Hl �R{0�Æ�+67	.j0�� 15% o�{.J��.j0�9���>��L�kw 200% �� [1] �w���`E.7Gl ���R{j6:4`%u{�
CHAMP(CHAllenging Minisatellite Payload) `y;XÆ GPS ?f�i0{ o�*�\L{�t��� CHAMP j%eBS4�b0O%Ær}�_4�b0�iQB D�� �����2010-11-11 � �����2010-12-15+)��\e5Kh�) (10773033)



� 2 � Z)	�Æ CHAMP �s~^h|OsE-k7 229�#Owhw{'�\Ær��0�'M7�'#O)U"A�CHAMP0�7k 10−9 ms −2[2]��7;)U"A{Tu'�\Ær�9`l k\�w�y�7Gl �Rj6'M�X�m��7HÆr}"03�W'#O{KM (nl.J 2 mm) ��V#OGx�WenO5<}�_��3nO�5X7Ær}BS{Y3�" [3] ��>eO%Ær�k;h}�r,0w J2000.0 �Yxr,0{70�Vy�
CHAMP #OO%Ær}G��p� GFZ (Geo Forschungs Zentrum) _g1{"℄D7ey{℄g�'[�G4�eyIP\#O{j67S���O%Ær}B D#Owhw{'�\Ær��ÆG�Je#O{TX�_}~e&z$�03�Ær}℄gx"
Æ�7Gl {j6�l�Ap`ÆÆr}℄gj6e��l {�? [4,5] �O%Ær�℄g`_�NfVy�T{�DC�w5$��6�i'[}��JgW��|+����JgW��b6`K�6'{�[��L&86^�xyD,VÆ`'O% GPS ℄gT{}aG*U{ [6] ��T>�g�tP {u+Æ'M7�D,$℄xi'll{zC [6,7] ��'N"2v�D7wy��t{>2D,>k�H=\eW��bg�J>k{>GC�7y>GC`'#O=X[��XÆ GPS Xx&tw�{D,>k�4p.��{�CC�tzw�,y'<Æ>GC*Ul {� oV��7i'[�l{.J��f��eti7Gl j6{\u�,y
uj6�7V�*)n{Ær}D,>k�#&�[P�qyNNrD,"��yXÆ[�GD7{ CHAMP #ONrXx�O%Ær�℄g*UD,�L�zw>2{D,>k_i (w�ymD,>k) �

2 
.$�im=d*#&<Æ�\e�X{"�� CHAMP #OO%Ær}℄g*UD,��#OOWp� PD*U0{�X�<Æ{\e�R<3
(1) �*�\L<Æ CHAMP03S, 140×140!�
(2) aS�R TOPEX4.0 [8] �
(3) K��*S/<Æ IERS V!�
(4) �*dV>k<Æ IERS Bulletin B �
(5) UOW0<Æ JPL DE403 �
(6) l k\�|sTig�* 5-Mi~'�\<ÆO%Ær}k;D=���Ær}{DC2'9X{'�\Ær�C���x}�yt�yxi'0��J��f'[ÆV
��*UD,�CHAMP#O{Ær}D`'Ær}S0>G0 (Instrument

fixed system, IFX) 3*U{�'#OmWV9K�e�ygOKr,0 SBF i'<3L0
x"A �U� SBF 0 z S�FA��� y "A�U� SBF 0 xS�n"*"A� z � x× y"A��� 1 [9] �� 1 L6^e IFX 0g SBF 0{�
L0�
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� 1 CHAMP $Ps-1_��� SBF r,0w IFX r,0{Vy:;<3
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, (1)�V��#OxIoenO5<}�Æ�D#O'nO�33{_}�Æy; 4 �q q =

[q1, q2, q3, q4]
T 0^��L" 3 ;� 3 �A�np 1 ;`W��7t9�Zeh J2000.0�M�Yxr,0wOKr,0 SBF {VyL0 [10] 
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, (2)�`� IFX r,0g J2000.0 �Yxr,0�<3VyL0
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. (4)��Ær}D`' IFX >G0{ 3 ;"A�Z*U{��fM�{"�`�}�{ 3;"AD*1��W��b (scale) g:X�J (bias) �2p�rH>k�'XDk;{ 
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ai = scalei · a

0
i − biasi + C lorentz

i , i = 1, 2, 3 , (5)�L i 0^ IFX { 3 ;"A� a0
i `Ær}�<"AÆr�{DC� C lorentz

i `�
{sp\\3=� ai `3=p{Ær�C��` J2000.0 �Yxr,03{Ær��W��bg:X�J{�vk�
∂αJ2000
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∂αJ2000

∂(bias)i
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· α0
i , i = 1, 2, 3

. (6)

7t'0{�X_U{Xx�*�V�xL�*zwX}V|:; [11] �4pL�XÆ���X{"�3�[\W�{Xx>kgÆr}D{W��b�:X�J��e&} GPST{1$w#��I��t�T�\{9J�'ti7Gl j6{"�3�,y<.h
INTERNET � [12] G|. CHAMP #OOWp�PD{����ueTU_�tie,[� CHAMP #O29℄g*UNrT{\+��e.&}Ær}D.J{56�XÆ UNW r,0g IFX r,0{<pX�,y�℄g{wC*Ue�_��L UNW r,0L U �&A�N ��A�W �Xx~�A��Ær}' IFX 03D{Ær�Vyw UNW 0�4pXÆ U "A{Ær�*UwC�_���3 3 �wC��Y+

(1) IFX r,0{ y SDk;l�k����wC�
(2) U "A{Ær�*l�k����wC�
(3) U "Ag y "A{Ær�JCl� 1.26 × 10−7 ms −2 ����wC [13] ���'�X_ULv�<Æl k\�R~'�\�R��`<Æ�W��bg:X�J{Ær}D�R�2_TpÆr}D{<t�:� 10 s �Ær}D℄g{O�L�%4{��ll{Xx.J��f,yH�)Ær}℄g$�``{s�*UD,{0{�X_U��V9�D,$℄L�Uw2�℄g�2_�gt�,y){,Y`<jb;℄g���{V��:6R_ 130 s �7V,y9�``�u�*\uL��V<Æ 3 �

2 g	IC5Z�'f�:3��F�>ICt�{0��u4�X{s�x6�|��,+D,$℄.J{ll�U0D,{���w�,y)n�{sO� 0.2 d �
3 CHAMP %Q}
.%^>;� 2 2(J{"��,yTe 2001—2008�{29 CHAMP #O℄g� 1 d p�
1 ;s���L�X℄g�.A�Ær}℄g{.�' Pentium (R) 4 CPU 2.66G 512M 	



� 232 �������	�'�f�+�/������� 29 ��i{�t�G�� 1 d k;*UD,{V��rÆC� 2 min �� 2 6^e<�){nOs���Lmr,0^℄g�
{V��hr,0^``Ær}℄gO��L��k;b{LXÆ℄gx`�F�>' 0.9 d �G�

� 2 aa�s~^h|P�TL,y�7Ær}D{ x � y "A{W��b�:X�J<LX'M%���`
x "A�hD℄ (5) L�F\�� a0

i �Vy;Mk�W���J`�2<L{�>#v���*)�wW{` a0
i `�'u{�t:4�Ve7N%<LX��1` x "AD#R\7e+�[z<LX�%�� 3 0^e&t x � y "A{W��b�:X�J<LXo�g��*1�
� x "Ag y "A�mr,0^<L0kS 1 <JCÆJe�k�0^{Fk�hr,0^<
Fk-�w1gk{�*$�L�7b;"A{<L0kÆ' 0.99 �G��&tLx�7 z "AW��b�:X�J<L0ky�' 0.9 �3��f!'�L=\�

� 3 X���;Y�K|=MY



� 2 � Z)	�Æ CHAMP �s~^h|OsE-k7 233�.S<f���&tL<Æe Givens-Gentlemen =�'y�&t$℄x`$�*�{�� 4— � 6 *10^eT29 CHAMP ℄gzw{ x � y � z B;"AW��b�:X�J{&t$℄��Lmr,0^℄g�
{V��ohr,0^W��b��hr,0^&tzw{:X�J�hLL��7 x "A{zC�x`ll{�7`�� x S{k;6LI���`2"A{y;��'Ap[�-\7eJ3�.S'3%{Ær}k;L=\e:�
x S�A�6S{K��X�,Æ{[=�t2v��2[1 [14] �h� 4— � 6 xL�F\W��b�:X�J{<LX�m�xL�F\�2005 ��"&t<;>k{zC�$ 2005��p{d�n� 2005 ��"{℄g$�*��|z{D,>ku4x�d�

� 4 x #B|X���;Y�K

� 5 y #B|X���;Y�K
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� 6 z #B|X���;Y�K�� 4— � 6 L" 100 d B;"A{W��b�:X�J*U�C�$℄�
�0 1 �C��$�0 1 oCN">GC�L�_ x "A�� y "A� z "A{W��bg:X�JCC�N"C'M -�7xn�,y{$℄$�LN�x 1 CHAMP ��{~#,�Æz&O%�HE $ 100 d �DE
Ax Scale Bias/ms −2 Scale Bias/ms −2

x 1.000 −8.400×10 −5 0.713 −5.945×10 −5

y 0.833 3.555×10 −6 0.834 2.975×10 −6

z 0.875 4.300×10 −7 0.852 3.268×10 −7

� 7 'uqq�QEYy|BK



� 2 � Z)	�Æ CHAMP �s~^h|OsE-k7 235���0{�XLPD<Æ{` CHAMP {0{Xx��f&tp℄g{AJx�'y�U�G �&t>k{LNU��7Vu4�PÆr}{W��bg:X�J>k�� 70�e&tp#O{OW� GFZ D7{,YOW' R �T �N B;"A{nl�J�R� N"A{nl�JBl�kÆ' 1 m �3�� T "A{nl�Jxl9*�V' 1 m �3�L�7N�℄l�F�}#�Ve�Q{#OXx�h�x>�e�,$℄`�F{�
4 
.%^}�;q?��z6wl{LBB $�{D,>k�7V{D,$℄H�{I6<L{D℄gQ����,$℄`�Z's;℄g}aG{�y�3y;{℄gv�B _0��`,yL�Æ3y;{��Xx0�p��9d�Qp>�,>k{=3X�p>N�wb;+��f5` CHAMP #O[\X}{.C+���B .NrXxp�[C���=\{NrXx0�g"�.J{�?�XÆGy;D,>kD=u;O%Ær}Q*UXx��{$℄0��J� T "A{nl�J' 100 m o��w�<ÆGy;�X$℄p�Xx[C��g�
4ÆGy;�X$℄p�Xx[C�9%^�>O%Ær}℄g{``X�y%^hGy;``w3y;�2�V���:6R_ 130 s �>;�G�q�,yXÆ 2002 �ti�G``��{℄gQ��,$℄*Up>�� 8 =\eXÆ"y;XxgD,>k��3y;Xx' R � T � N B;"A�Nr,YXx�J{nlC� R "A{��nl�Jl�k:4�V' 1 m �3� N "A{��nl�J,Ow 3 m o�� T "A{��nl�Jl9*�V' 30 m �3�y�� 10 m o��L�7N��`l�F{�7
z��=3�&teD,>k�

� 8 ��Yy�-ZYyAK
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5 % r#&=\e CHAMP #OO%Ær}{yNNrD,"��XÆ GFZ D7{ CHAMP#ONrXxp�PD℄g�<Æ�W��bg:X�J{Ær}DCp�'�\�RK�Ær��<.0{�X{d�PK*UXxj�'3�[\W�{ 6;Xxr,{�V�&teÆr}{W��bg:X�J�2_Ær}℄g{wC�_g``X{E�� CHAMP WZ℄g*UeT�'yz���GT 1 d ℄g{V�C� 2 min �n�e"�{7FX�h" 100 d {D,$℄CC�N"C'M -�n�,y{$℄LN�h&tp℄g{AJ�7}#�V�Q{#OXx�n�W��bg:X�J{�FX�npXÆ"y;XxgD,>k��3y;XxQp>D,>k��L R g N "A{��nl�J�C� T "A{��nl�Jy�xH' 10m o��7��Xx#O`y;ld{��$℄�xn�D,>k&t=3���2"��F�t>2{D,>k_i (w�ym>k) ��� ol {��2j6���'u>�ld{�C�' �6J GFZ k;LM�Be CHAMP#OPDk;��#O{0{OW�6JS98{99S"���\{�Z���y���
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A Rapid and Effective Calibration Method for CHAMP Accelerometer

XIONG Yong-qing 1,2, WANG Hong-bo 1,2, ZHAO Chang-yin 1,2, XU Xiao-li 1,3,

(1. Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210008; 2. Key Laboratory of Space

Object and Debris Observation, Chinese Academy of Sciences, Nanjing 210008; 3. Graduate School of Chinese

Academy of Sciences, Beijing 100049)

Abstract: A rapid and effective calibration method for CHAMP accelerometer is developed

in this work, the rapid CHAMP orbits published by GFZ are used as observations, the in-orbit

calibrated accelerometer observations are used to replace the non-gravitation, and the calibration

parameters, include scales and biases in the xyz direction of instrument fixed system, are estimated

in the process of precise orbit determination, and in the meantime of 6 initial orbit elements

estimation.

To improve the reliability of calibration, outlier eliminating and continuity selection are per-

formed, and all the historical data of CHMP are processed. Basically the CHAMP orbits are

retained from the orbit processing residuals, and the average of calibration parameters for first

100 days is very close to the official values. Moreover, the next day’s orbits is used to show the

validity of calibration parameters, the maximum difference in R direction is lower than 1m, and

in N and T direction are about 3 m and 10 m respectively, it’s a satisfied prediction for lower

orbit satellite.

The method is fast, for a single-day, it just takes no more than 2 minutes in a typical PC, and

can give a pair of calibration parameters for every day, so it can help to improve the air drag

model, and promote the study of short-term changes in atmosphere.

Key words: CHAMP; accelerometer; calibration


