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∆h = −∆HG − ∆HTD − ∆HSS + ∆HW + ∆HTR − ∆HOF , (1)y� ∆HG d[v=�`+G#y� ∆HTD dMB+�#y� ∆HSS dM`v�#y�
∆HW d#+#y� ∆HTR d�S4q�#y� ∆HOF dV�p�#y�
3 N,5hV2JiF
�
1+<8$P�8$���'ob�N-�bLy~�~E7Xf&��Uyw:Z/U�M2P"�o�#)��M2v��T${u�o
r�
�}1h~EÆJ��j[vI�~E���
'L�6y8$ [5] 4��MT${u�oM2v�)w:
�4�R+~E���Il�6y8$�v`Eh�6yI�Go&[o1+<1L8$�%t�f�6yNyTP1L8$o�9#�Q��ESfqC�&6Lhg)5��<nh�6yNof1L8$�
Z��6yoK�1L8$�U�e
${>'o'��E�6yo1Lp��LR~E��6y1L8$oqCVP�pg8oqCT1+<8$oqC��	[���(� qC [4]. �\� 1 f�6y t1 $5o/:d
y1 �pg8d H1, \� 2 f�6y t2 $5o/:d y2 �pg8d H2, l�6yI�Go/:d y = y1 − y2 �pg8d H = H1 − H2.

4 JASON-1 )D�hVAt%1o1+<8$<� AVISO bo�IR8o JASON-1 GDR (Geophysical Data

Record) p��K. 30 d Zo/I8$p���KO,Zo#yNB��;�^
k���1L���v�vB#y���B���r [6].

(1) �^Ek
GDR �o JASON-1�^Ek.Ov`iC1'�DorisV GPS 4�8$JX~E<�~o�y�ÆEk��NR 2.5 cm (RMS). �^Ekfp������g��+�o�)2K�

(2) 1+8$
JASON-1 �o<s+�<h=[$� Ku #�V C #�o'A1L�OR Ku #�o1L��NR C #��ES�t\�/UGL Ku #�1L8$ (rang ku) � ~E� GDR �R8o1+<1+8$?��K9�QT��P�ow:#y��;~�
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(3) v�vB#yS)�#y�;K�`og��90.[|V}A4�}R#P"o/a�L�R90.Mt`o#+V�BrM9���#oI��*j[|�1+8$oI�9�d?8�℄d -2.3 m;
�S4�o=w}�_Y[�yhE1+8$ow:f -40∼-6 cm�
�_��S4*�"#yo
�-8� L model dry tropo corrV rad wet tropo corr<�*�}A4��O}�o^��}R#oP"B�PE�Ho/a�L�r�I�o[�4�YK1+<�℄oK�&[s�}# (Ku V C) o;[1L<W{�}A4#yo
�-8 iono corr alt ku f|�o 2 m P�#+$��hYh 0.5 cm. M9p:�;O}Rp:�p�p:V4�p:�}Rp:�E%tMt`oW0hE�?Y��#oI��KY?d$��p�p:oXf.ORfqC�x�O+�o)V^�P8.�DoIFzo�
%t�Xfp��4�p:.9�Q���G�M9p:o-8
sea state bias ku O�1
�nh��R 2 m oP�#+<?�yw:f 1∼2 cm �
�
(4) [v=�`

GDR �R8o[v=�`-8 geoid,K.3$ EGM96v��I-
�qC
n�S
�o��P8on8V�8YhO 360, b/o^�YhO 0.25◦ × 0.25◦, g�oqC�
d −85◦∼85◦.

(5) t*Mt`
GDR �R8Ot*Mt`-8 mss, K.3$�1M21+m�8$=�o��t*Mt`
� CLS01 nho�

(6) B�B��dMB�?TB�%wB�j;B�~ 3 
�TL4V_�oFIP��y�~ 2
.~�	��
%wB.OMBFzo�j;B�Tvjo�_P��GDRp��2Kov�MB-8 ocean tide sol1 e ocean tide sol2, � O GOT99.9 V FES99 
�qC
<�K�OOMBV%wBK
�?TBO-8 solid earth tide �*�
j;BO-8 pole tide �*���
v[℄d 433 d e 1 yr.

(7) j|+�G3$ST�I)XB�[|+Iomwe�t
g�Mt`o�tem+�r��J"Ddj|+�G�Y?�[|+mw 1 mbar g�Mt`�t℄ 1 cm. GDR �j|+�GO-8 inv bar corr�*�-8 hf fluctuations corr.� inv bar corro#y�KI�Jo.M2�+s�V+I (�MOj|+)�) o�G�d}�~E�o
�w:�%t~E�I+Lo1+8$O (2) )nh��^~Enhom�+�TqC+�|{op:�℄ 1 I*�p:�
f ±0.4 m, r�;O1Lw:�~Ew:�
�w:VM`D? 4 0�`oEA�m�+�qC� =1L�+�S4"#y+�S4*#y +}A4#y+M9p:
+t*Mt`+B�#y+j|+�G++s��G
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vwB����
5.2 >�eSdO/9~E��T1+<1L��o���t\u� 1 300 km m� (JASON-1 o+�"fS�
),GL 1 d 1L��� d 5 m � 50 cm V 5 cm o�s8$� ~E�~EÆJ'�L�� 1. ��2KO~EÆJT��ÆJf J2000.0B"����oj�VB�w:� # 1 $mP9?	fT6Fq-
Table 1 Orbit determination errors for simulated data with different random errors

Random error

5 m 0.5 m 0.05 m

X(m) -14.20 -1.45 -0.17

Y (m) -426.80 -42.15 -4.02

Z(m) -14.43 -1.45 -0.15

DX(m/s) 0.9908 0.0979 0.0093

DY(m/s) 0.0416 0.0041 0.0004

DZ(m/s) 0.0068 0.0007 0.0001U� 1 4�.K�G�1L��oR+�~E��7
R+�f~Ht�o1+<1L���� 5 cm oLn�ES�BW�~E��4Y℄n�Ra�
m�~E\�U 0.2 d h 3 d, � 0.2 d omL� ~E�fo.dÆ�\���T~E��o���ÆJ�℄ 2 I*�U℄�4�.K��R&[\���o1+<8$�~Ew:
	GvÆ��_�f���\�L��~Ew:�
[�\�^��~Ew:��}�!�ÆRs~��Rm�+� 1 300 km �1L�� 50 cm o1+<8$�(k 2∼3 d \�o8$~E�yw:hYho#℄oLn�OR�so1+<8$�&Xf
�w:��so�6y8$7"u�T�y�MT${u�oM2v�)w:
�`oN-�ESZP�6� �s�6y8$o~E�z�
5.3 b&eS%18$NBÆJT�^
kop:�℄ 1 I*�1+<1L8$� ~EoX(/:f 1 m �g�*� 4.61 cm, *�:d 10.45 cm. 3$�sÆJ�z�~E��G&fo#℄oLn�OR~E�o
�w:�k%18$���'o#b"�%to~E
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^ 1 o�q�_�G-�UsE-�}|qq<
Fig. 1 Difference of satellite’s height between the

result of precise orbit determination and the cal-

culational result

^ 2 o��Gy<H℄	A�q�` (3N��
50 cm)

Fig. 2 The variation of orbit determination error

with arc length (measuring precision is 50 cm)# 2 JASON-1 
'0'B�fT6Fq-
Table 2 Orbit determination errors using altimeter data of JASON-1

Case 1 Error Case 2 Error Case 3 Error

X(m) 142.57 R(m) -0.08 a(m) -0.04

Y (m) 164.43 T(m) -181.25 e -0.004881×10−6

Z(m) -3.50 N(m) 120.51 i(′′) 0.320485

DX(m/s) -0.1313 DR(m/s) 0.1687 Ω(′′) -12.163137

DY(m/s) 0.3855 DT(m/s) 0.00004 ω(′′) 0.526570

DZ(m/s) 0.0044 DN(m/s) 0.3706 M(′′) -0.429815GL_1+<8$~EZom��ET�^m��E� �
�U℄ 3 4{�~EZj�w:*�d 329.96 m, *�: 94.75 m, �[�d 453.73 m, ���d 175.21 m.+L�6y1L8$~EoÆJ�� 3 I*�~E��fo#℄oLn�A18$~Eog"Xw: RMS �P 6.2 cm. �6y8$~EZom��ET�^�Eoj�p:�℄ 4 I*�~EZj�w:*�d 88.80 m, *�: 31.41 m, �[�d 134.62 m, ���d 14.35 m. T_1+<8$	��~E��POY[R+�
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Table 3 Orbit determination errors using crossover data of JASON-1

Case 1 Error Case 2 Error Case 3 Error

X(m) 14.94 R(m) -15.46 a(m) 0.054

Y (m) 33.31 T(m) -17.13 e -1.899520×10−6

Z(m) 23.33 N(m) 36.67 i(′′) -0.236314

DX(m/s) -0.0346 DR(m/s) 0.0206 Ω(′′) -2.608427

DY(m/s) 0.0702 DT(m/s) 0.0144 ω(′′) 186.181997

DZ(m/s) 0.0173 DN(m/s) 0.0761 M(′′) 0.070450

^ 3 a3->:&�Gqo��Fk�y<
Fig. 3 Satellite’s ephemeris error determined by

altimeter data

^ 4 3->�8{:&�Gqo��Fk�y<
Fig. 4 Satellite’s ephemeris error determined by

crossover data

6 wOU�s8$.�GL1+<8$� Ek�~o���6�)R1+<o1L����R 5 cm o1L���~E��h=Yh℄n�
%t��OR!SM`+V
�w:roI��LR~Eo1+<8$1L��f�fo#�℄�YK JASON-1 %18$o~EqC�~E��fÆ℄Ln�
+L�6y8$~E4�j[v�MT${u�oM`v�rw:oI��~E��R+O��90Ln�f�hYh[r1L���so1+<8$o~E���F
_�'L�6y8$~EoEkj��~��f�ÆV0h�ÆTf~o USB��~E��	d�bfEk�Æo�~��[+R USB ��~E���Sa1+<8$7RVf17�&L��'om4Yh��17o�J�
�8$L[��6��y
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Using Crossover Data from Satellite Altimeter for Orbit
Determination
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ABSTRACT Beginning from the development status of oceanic altimeter satellites, the

significance of orbit determination using altimeter data is introduced. Then, the error cor-

recting model of altimeter data and the calculation method of crossover data are analyzed.

The error correcting parameters and the adopted models which are concerned in the altime-

ter data files of JASON-1 are also introduced in detail. Finally, through the calculations of

the simulated data and observational data, the orbit determination accuracies which can be

reached by using the altimeter data and crossover data are analyzed. This work provides a

valuable reference to the practical applications in future.

Key words instrumentation: miscellaneous, celestial mechanics: orbit determination and

precision analysis, methods: numerical


