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{8��.> GPS ��e LEO %.;i0gv2�∗FDE † G C
(?D9R�3J}�n 3J 200030)?5 ��Q~AKA� GPS w�n~A���$��*iC�%SQQpD (v�CQ?�^�UQnpa 7Tq), }ÆMz�X^�UQw.VCntA�A~A�h�a�A� GPS ^-�X&X��Q~A�H�sdX^-�RH����OXgu�;��Q~Ag��%n GRACE (Gravity Recovery And Climate Experiment)-A �

B �A 2008 } 2 �A6^-Y	Rg^1X�X&��n�8HQ;6H� GRACE�AA6^-ug�F"n���Q~A{\g 5 cm �� ((
� SLR (Satellite Laser

Ranging)), ��QQQ�a�QQ~A��(e�s~
 #"Æ/�y#��om���p(B$p	z� P123; '+\��� A

1 63 �g�`��� GPS ℄,m LEO (Low Earth Orbiting) ���i}�E� 1992 |�6m Topex/Poseidon (m �D T/P) ���T/P��JV7Z�`��� GPS �Sj$E2Ly�� GPS ℄,�E��}�$�ms��� [1−2]. ���6K���t��
GPS }��$1�z[f 13 cm ����v}��E!m� T/P ���� GPS }��$1[fW 4 cm �� [1−2]. �� GPS � T/P ��2�km/℄E2�
� LEO ��2m>�uy{}W~�mgO�s���� GPS lE� LEO ���i}�W�y�W�7mU
3f�g��� GPS ℄,m LEO ���i}���℄9:���PP��`�PPP��P}� 3E�
>�PPP�`�PP}���Js� LEO���i}�W�ym�� [1−7]. ��P}�J�� GPSrZv�m}����*J~� GPS�Sj��f?<:�Sf�7 GPS��>O�t�zLyqR���)hB�$RPPoCm�? �E$o?<m LEO ��}� / }Æ$��*eJ�� GPS rZ�#�
l��}�r
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496 } � R � 52 1Z+ SLR � DORIS (Doppler Orbitography and Radiopositioning Integrated by Satellite)pm"Iv.���P}�)hB�$R!℄PPoC (u�BP>�℄�TP�o`�6SoCp), JfAUqR��}��|
Ly�W℄�TPpPPoCv-UBm LEO ��}��t��.z�#(��m LEO ����P}����P�i	
JW%Xy���2m.EPPoC (+�\u�BP>�℄�i�oCp) mG+�i�\��~���P}���hB�;5℄,=U�t����P}��E:4k�xL;5℄,=U�?m GPS �SjGz�Qm
A�g��� GPS ℄,m LEO ����P}��L>�muy�"�5k;,W%qr�Cx�P)���P}�l�'9W% [6,8−16], + Bisnath p [9] ByW%Wg��� GPS ℄,m LEO ��
y}Æm℄P�_��� Montenbruck[8] P Bock p [14] ByW%Wg�
� GPS ℄,m LEO ����P}�� Byun p [15−16] ByW%W:���P}��℄ vp [11] ByW%WqR�}��EmPP(Bm�P�_���4B�W%g�`��� GPS ℄,mUqR� LEO ����P}��
 $RPPoC(B��P�_f℄P���_�W%x*���� GPS ℄,�QG���P}�;5�H�N��f/℄::mm�f3b�WXm GRACE ���5℄,�Qf℄,��H��x!����N�i�
m SLR �N�℄p��℄0�W%��m�7GP:5G�
2 <j1hw:�
2.1 t`na�0P'Æ;5UJg��� GPS℄,ms����i}�.ymg�;5U�
>s����0;5�H:!G�

ρPR
o = ρc + cδt − cδtGPS + δρion + δρrel + δρpco + δρGPS

pco + ε , (1)
> ρPR
o � LEO ��'� GPS ��m�0;55
 ρc � LEO ��'� GPS ��mqR0F
 δt � LEO ���:%/
 δtGPS � GPS ���:%/
 δρion �zF8ZJ%/
 δρrel �'�
ZJ%/
 δρpco � LEO ��'Æ>=%/
 δρGPS

pco � GPS ��'Æ>=%/
 c �+=>m=e
 ε �;5 <�'um'Æ;5�H:!G�
ρPH
o = ρc + cδt − cδtGPS + δρion + δρrel + δρpco + δρGPS

pco + b + ε , (2)
> b�oZ��ρPH
o �'Æ505�
�� (1)F�~ (1)FP (2)F:���� GPS�0P'Æ;5U>�KW�/�:��kf(��m��}��E�.�:/�LK!3N�
> δt:X�b7/℄����Æ:f�/��f
δtGPS :X IGS (International

GNSS Service) ��>=�+m GPS ���:=�>ek
 δρrel � δρpco P δρGPS
pco :�HoC%/���zF8ZJ%/ δρion, :�H`��0P'ÆVT3N
f�v-�
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ρPC =

f2
1

f2
1 − f2

2

P s
LEO,1 −

f2
2

f2
1 − f2

2

P s
LEO,2 , (3)

ρLC =
f2
1

f2
1 − f2

2

Ls
LEO,1 −

f2
2

f2
1 − f2

2

Ls
LEO,2 . (4)F> f1 P f2 � GPS mT,�'�a� P s

LEO,1 P P s
LEO,2 �#�T,�am�0;55� Ls

LEO,1 P Ls
LEO,2 �#�T,�am'Æ;55�

2.2 -= GPS ��9b
�� GPS ℄,�QG��
d5xN�D�q5m LC VTKEoZ�tf��QGmH
smJ�XN��P}�y3:5m;5℄,���d5xNH
m;5℄,> � (S/N, RINEX *F;5℄,>WXfÆ C℄,) X��} K�. S/N < 5, "xN#~℄,���D�q5��.y��q5P Blewitt �� [17] �TmEF�H
q5,G+ 

(1) Æ���iD�q5�Æ( GPS ���OB<�Y�� GPS ;5℄,
.���iD�� T , �f7 GPS ��'ZT~;5℄,?�:CH T/2, "&�'Æ;5℄,�=WD�� C;5℄,� C�k� GPS ��;5℄,X�/, COxN	\;5℄,�p�f COm;5℄,+E?
4� T/6, "xN#
℄,�
(2) Blewitt ��q5 H,G (1)  CXm;5℄,>mD��q5fD�X�B< C;5℄,� C�k���;5℄,X�.y,G (1) �bm��xN	\℄,�
LC VTY�f,KEoZ��.m�:℄,X�}�;5U�KV!hB� PC VTtfL#KEoZ��~ (1) FP (2) F:k LC VTmKEoZ� bLC :�H (3) FP (4) F'�kf


bLC = ρPC − ρLC . (5)�)Y�'ÆD�m?�
x�2[ bLC 8�hj�:�g��I��℄��
��'ÆD�m?�x�F�2:my( bLC ����q5f'ÆD�X�B<tf#/℄5�	 bLC P ρLC '{p:kfI"KEoZ�Xm LC VT;5U�#;5Up�W%>��P}�mg�;5U�
2.3 � ℄��A~���P}�)hB�$RPPoC�)z�H�ik���kfSNm���i���P}�kfm���i8zJfVF1my�*VF1ymÆ:J� LEO���:/℄PoZ�/℄�?��kfm�����P}�H
��T,,G�V!Ly
y}Æ��tf.,?<m LEO ��Æ:��:P}�\
x LC VT1:�
W�
LC VT1:>B<q5D��::oZ�/℄�RToZ�/℄�W�� LEO ��Æ:��:�

(1) 
y}Ætf LEO ��f,?<Æ:m�:/℄
Ly H�QGkfmI"WKEoZ�m LC VTX�;5U�;5�H (1) :
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ρLC = ρc + cδt − cδtGPS + δρrel + δρpco + δρGPS

pco + ε

= ρc + cδt − ∆ρ
. (6): t ?< LEO ���Sfmw i 7 GPS ��Æ:� −→

X
i
(t) = (X i(t), Y i(t), Zi(t)),

LEO ��KEÆ:� −→
X 0(t) = (X0(t), Y0(t), Z0(t)), � (X0(t), Y0(t), Z0(t)) Q&G`;5�H (6), k

ρLC(t) = ρi
c(t) + ∆ρ(t) + cδt(t) = Hi(t)x̂t + ρj

0(t) + ∆ρ(t) , (7)
> ρj
0(t) = |

−→
X

i
(t) −

−→
X 0(t)|, Hi(t) =

[
∂ρi(t)

∂X

∂ρi(t)
∂Y

∂ρi(t)
∂Z

1
]

, x̂t =









δX

δY

δZ

cδt









.

LEO ����f?<:�Sf n(n > 4) 7 GPS ��m>O�/,�H (7) �N n7 GPS �� LC VT���:;5�H [18]:

vt
n,1

= Bt
n,4

x̂t
4,1

− lt
n,1

, (8)


> Bt =













H1(t)
...

Hi(t)
...

Hn(t)













, lt =













ρ1
LC(t) −

(
ρ1
0(t) + ∆ρ1(t)

)

...

ρi
LC(t) −

(
ρi
0(t) + ∆ρi(t)

)

...

ρn
LC(t) − (ρn

0 (t) + ∆ρn(t))













.�HW4�G�G�:k;5�H (8) m��H�
N bb(t)x̂t − W (t) = 0 , (9)
>N bb(t) = B

T
t P (t)B(t), W (t) = B

T
t P (t)lt, P ��,�P (t) =







P1(t) 0 0

0
. . . 0

0 0 Pn(t)






.~�H (9) :k

x̂t = N
−1
bb W ,X�:k
y}Æ LEO ��Æ:Wx75 X̂t:

X̂t = ~X0(t) + x̂t .

(2) ::oZ�/℄��?����Æ:��:moZ�
�QG8zq5L'Æ;5℄,>
℄mD�� HKEoZ�I"Xm LC VT>'"�Kf9�4mD��*J|: H,G (1) tfkfm LC VT1:>�KW*9�4mD�>���H�1:��>B<q5D��::oZ�/℄�$m,G (1)



6 � ��)r�i�b�B� GPS _.o LEO �B��R�BY' 499kfm LEO ��Æ:m�:/℄X�KE5��?�� LEO ��Æ:��:moZ�/℄p:kf LEO ����PWx�i��:/℄moZ���.w i 7 GPS �� LC 1:�:� σi, V!m 8σi X��} KxN1:>md5�xNd5XB<tf σi, 
Wm��q5P 5σi  K�Tm�Fq51:>mD�� C1:℄,�*J)�xN	\℄,��xN GPS ��℄4� 5 7m;5?<� Hd5xNPD�q5X�::�f COm?
 LC VT℄,��f,oZ�/℄�RTÆ:P�:/℄B<�N;5�H+ 

v

N,1
= B

N,k
x̂
k,1

− l
N,1

, (10)
> k = 4k0 + j ���/℄Q℄
 k0 �K����?<℄
 j �b��oZ�/℄,℄
 l �,G (1) kfm LC 1:
 N � LC 1:Q℄�
B =

k0

︷ ︸︸ ︷


















H1(t1) 0 · · · 0
...

...
...

...

Hn(t1) 0 · · · 0
...

...
...

...

0 · · · 0 H1(tk0
)

...
...

...
...

0 · · · 0 Hn(tk0
)

j
︷ ︸︸ ︷

0 1 · · · 0
...

...
...

...

1 0 · · · 0
...

...
...

...

· · · 0 1 0
...

...
...

...

0 · · · 0 1



















, x̂ =



















x̂t1

...

...

x̂tk0

b1
LC

...

bm
LC



















.

~;5�H (10) �HW4�G��:5�f,�*, N bb, �*,Go��� 1. �
1 ��K 7 ,?<m LEO ��Æ:��:PoZ�/℄��>H��&2Jf,?<mÆ:P�:/℄�� �J 6 ,oZ�/℄��f��HX���k x̂, �,G (1) kfm��KEÆ:'{p:kf��P�iWx75�

� 1 ��R�B�+-Hp�
Fig. 1 Matrix schematic map of kinematic precise orbit determination (POD) method
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3 �!��|hw_�
3.1 � ����.ymH
Qf℄,���� GPS ℄,P GPS ���Km�:�
>��� GPS ℄,�N GFZ (GeoForschungsZentrum, Germany) � ISDC (Information System

and Data Center) ℄,>=m GRACE-A � B �� 2008 | 2 � 1 ( (DOY32) ∼ 29 (
(DOY60) 10 s .b�+`��� GPS ;5℄,� GRACE-A � B ���6� 2002 | 3� 17 (�KE�i(��� 485 km, �i���� 89◦ , �2Z�mH
8Pj��

K '
50j (KBR), SuperSTAR ��{ej�l=�6�m BlackJack GPS �Sj,Y [19].����P}�8} GPS ���iP�:�t� GPS ���iP�:��
4�v- LEO ����P}��E���:z�4~� GPS ���iP�:=���%<!Em���P}��Emv-���O� IGS�+mW�im�iP�:=� (15 min.b�+mIX GPS �i�KP 30 s .b�+m(��:) X�QfY,℄,��?��W�j GPS ���:95`,�:�LEO ��Æ:m�:�f�a.yW� GPS���:=�'�m�a (30 s �ffV LEO ��Æ:m�:/℄).

3.2 fu^�~ 2.3 �:2�.��P}�\A� 24 h, �f�a� 30 s, ue��/℄Q℄ k =

4×2880+m,*9�f/℄	5Ef,�℄m�*,�
s�f7a��y(�f7a��?e)v-�QG�E���}�\AO�� 12 h. ��}�HH8mfm*,�f��W%|yW LAPACK ℄PL℄>� LAPACK � Linear Algebra PACKage mj:�J
Oak Ridge Cy�℄O�{E℄P Davis �6P Illinois ℄PpRT3�m&Ga℄L℄>�y��)�Gztfb#2(7��℄5&Ga℄�z�.y Fortran	[�:��9 LAPACK 1*�m�5/�:��$ http://www.netlib.org/lapack/.

GPS >O�T&HH>
WfzF8��_$7upmv-�*E�:�s(��m;5℄,v-|�UB�t�-�P)�QG*E℄,?::Wf,(��7� [11],xNs�(��7�mk�;5℄,�"��~���P}��f/℄��K
m;5℄,Ue����&��P}��Em:5G�)kxNH�m℄,���� LEO ����f?<�z�Sf 8 7 GPS ��>O��WW℄H�uLyk���;5>���W%
::(��7�xN K��.yW/,��(��{�mEFQGs(����;5℄,��L℄.y
P (t) =

1

cos2 z
. (11)F> z � GPS ��'� LEO ��m(����W%.ym GPS ��|&'Æ>=�: PCO (Phase Center Offset) P|&'Æ>=�` PCV (Phase Center Variation) AN IGS ��>=�+m|&'Æ>==�

igs05.atx (ftp://igscb.jpl.nasa.gov/pub/station/general/igs05.atx). Kangp [20] W%!m��?4` GPS ��P GRACE ��|&'Æ>=�`I/� GRACE ���PP�i�$1�zy( 1 cm ����1P�1�zy( 2 cm ���t����e�?4`W
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GPS ��|& PCO P PCV I/� GRACE ��|&'Æ>=�:��{Z � m5.y (0.0, 0.0, -0.419) m, #5����6K� GFZ �+m GRACE �� GPS |&'Æ>=�: (0.0, 0.0, -0.444) m[19] � Z �1� 2.5 cm m:r� (0.0, 0.0, -0.419) m �.y2I|�m SHORDE-III -�� GRACE ���PP}���?7f GPS |&'Æ>=� Z �1m�`kf [3−5].

4 �!�x|q)
4.1 ���7�

GRACE-A � B ���QGXm;5℄,U#�QG�;5℄,Um����� 2,�>VF!G?��
Æ� DOY (Day Of Year); RF!G����� 2 !m�QGxNm GRACE-A ��℄,�M�� GRACE-B ���
>� GRACE-A ��xNW� 11%m;5℄,� GRACE-B ��xNW� 3% m;5℄,�*9�E!m GRACE-B ��
GPS ;5℄,=U:zbN� GRACE-A. "��~��tf?�
x GRACE-A ��;5℄,QU�� GRACE-B��� 4% ∼ 11%, t��QGXT7��m;5℄,UJ'dm�+� 3 kG��>VF!G?��RF!G�QGXm;5℄,Q℄�

� 2 
SIYo<7_.V)Æ
SI�<7_.Vo���
Fig. 2 Percentage of useful observational data after pre-processing����P}��f�a� 30 s, .f,?<��S6m;5℄,�uef,\
x}�kf��Æ:℄u� 1 440. "��~��QGxNW-�;5℄,mm�E;5℄,r9KÆm LEO ��;5fm GPS ��℄�(4� 5 7�+ 2008| 2 � 6 ( (DOY

37) GRACE-B �� GPS 4� 40 ,KÆ GPS ��;5℄4� 5 7�Dk��P}�kfm�v��Æ:℄QJ4�G+℄ 1 440.

2008 | DOY32 ∼ DOY60 ?
x 12 h ��P}�kfm��Æ:℄'�G+Æ:℄ 1 440 m����� 4. �>�VF!G?��RF!Gf,\
}�kf�v��Æ:℄'�G+Æ:℄ 1 440 m����� 4 !m
 GRACE-A ���tf?
x��P}�kfmÆ:℄�� 1360 ∼ 1434 (94.4% ∼ 99.6%), GRACE-B ���� 1365 ∼

1438 (94.8% ∼ 99.9%). GRACE-AP GRACE-B����P�iÆ:℄ 58 ,\
�2�



502 } � R � 52 1#� 1 408 (97.8%) P 1 414 (98.2%).

� 3 
SIYoB� GPS <7_.-_
Fig. 3 Number of space-borne GPS data after pre-processing

� 4 g-℄���R�BlhoBw�B�;_)ÆI,�;_o���
Fig. 4 Percentage of the number of positions generated by kinematic POD with respect to that of

theoretical positions� 5 �'u}�?
x�foZ�/℄,℄��>VF!G?��RF!Gf,}�\
�foZ�/℄,℄�� 5 !m� 2008 | 2 � 1 ( (DOY32) ∼ 13 ( (DOY44),

GRACE-A ���foZ�/℄b�� GRACE-B ��� 2008 | 2 � 14 ( (DOY45) ∼

29 ( (DOY60), GRACE-B ���foZ�/℄,℄�� GRACE-A ���*�� 3 kGm�QGX GRACE-A � B ��;5UJf9m�� 3 !m 2008 | 2 � 13 ( (DOY

44) X� GRACE-B ��}�;5U�� GRACE-A ���
4.2 �r�lLy�QGXm LCVT℄,�.yw 2�l[m����#�GRACE-APGRACE-

B ����P}��� 6 � GRACE-B �� 2008 | 2 � 2 (}�\
 1 (00:00 ∼ 12:00)

LC 1:��>VF!G?��
Æ� h; RF!G LC 1:�
Æ� cm. � 6!m LC �
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x�`� RMS (Root-Mean-Square)�� 4.7 mm.
�\
 LC 1:2�� 6 'd��V)ffYL��m� 7YLf,}�\
x LC 1: RMS, �>VF!G?��
Æ� DOY, RF!Gf,}�\
 LC 1: RMS, 
Æ� mm. tf�E!m
GRACE-B�� LC }�1:b{� GRACE-A ��
�tfm
58 ,\
x�GRACE-A �� LC 1: RMS �2�� 4.6 mm, GRACE-B �� 4.3 mm.

� 5 g-℄���R�Bq[�0_-_
Fig. 5 Number of estimated ambiguity parameters per arc

� 6 GRACE-B �B 2008 ~ 2 � 2 )℄� 1 ��R�B LC 2<
Fig. 6 GRACE-B kinematic POD LC residuals of the first arc on 2008 February 2

4.3 k
ud[��N�i�
Js��ym�℄�i��m�7��3f���O�W ISDC y3m JPL (Jet Propulsion Laboratory, USA) .y�`�PP}�kfm GRACE-A � B ���i�i (m �D PSO)X�/4�i�	��.y��P}���kfm���i� PSO 4��
�
}���E'� PSO �$1 (R) ��1 (T ) ��1 (N) ��m/
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� 7 GRACE-A � B �Bg-℄�y��R�B2< RMS

Fig. 7 RMS’s of kinematic POD post-fit residuals of GRACE-A and B per arc
Æ:��m6 σR � σT � σN m σS (Root-Sum-Square, RSS) }q+ 

σd =

(
Σ∆d2

J

) 1

2

(d = R, T, N)

σS = (σ2
R + σ2

T + σ2
N )

1

2

, (12)F> ∆R � ∆T P ∆N �#����E� PSO � R � T P N �1m:r� J ��
m�iÆ:,℄�� 8 � GRACE-B �� 2008 | 2 � 2 (}�\
 1 ��P�i� PSO � R � TP N �1m:r�� 8 !m
 (1) ��P}�kfm���iJfVF1my�� PSOm:rF#L����iD�'dmD�G�*J~� PSO ��`�PP�i�WfPPoC�\��PPoC|
J ℄PPoCP���iD�'9�X�Dk�N�i^�F#LP���iD�'dmD�G [21]; (2) ��P}�� R � T P N �1m���#� 4.0 cm � 3.7 cm P 2.7 cm, 
> R �1P T �1��'d� N �1��b{� R P T �1�� 9 P� 10 �#� GRACE-A � B �� 58 ,}�\
x��P�i'�� PSO� R � T � N �1m��P/
Æ:���� 9 P� 10 !m
 GRACE-A ����P�i R � T � N �1���2�� (4.7, 4.4, 4.1) cm, /
Æ:���2�� 7.7 cm;

GRACE-B ����P�i� R � T � N �1���� (4.4, 4.3, 4.0) cm, /
Æ:���� 7.3 cm; Q{�[� R � T P N �1��P}���'d� N �1bN� R P
T �1� GRACE-B ����P}���bN� GRACE-A ���
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� 8 GRACE-B �B 2008 ~ 2 � 2 )℄� 1 ��R�B�G� PSO � R � T � N �2o<s
Fig. 8 Orbit discrepancies of the first arc between PSO and GRACE-B kinematic solutions in R, T and N

directions on 2008 February 2

� 9 ��RBj)Æ PSO � R � T � N �2o��
Fig. 9 Accuracies of kinematic orbits in R, T , and N directions with respect to PSO



506 } � R � 52 1

� 10 g-�B℄�y����R�B�G� PSO �Æo0��;��
Fig. 10 3D RSS’s of kinematic orbits with respect to PSO per arc

4.4 SLR }4���� GPS}��
7
}���m\fB
U
(JLy(��ml=50℄,��� GPS }��E�F�-�℄�s�� SLR;5℄,m
W50��:[ 1 cm,�oZ�e)WzF8mv-�t�� SLR ;5℄,Jy��℄�� GPS }��EmG+℄,� SLR �℄�� GPS }��E��*��$ [4]. GRACE-A � B ��2Z��l=�6��*� SLR �℄g��� GPS ℄,��P}�kfm GRACE-A � B ���iy3W:zG�
GRACE�� SLR;5℄,�N CDDIS (Crustal Dynamics Data Information System

at Goddard Space Flight Center, NASA). 2008 | 2 � 1 ( ∼ 29 (4� 15 ,5$0Pf
GRACE-A ���4 3 381 , Ky℄,
 17 ,5$0Pf GRACE-B ���4 3 223, Ky℄,��℄HH> SLR ;5℄,(��7�:� 10◦ . GRACE-A �� SLR 1:>�#xNW 7831 P 7832 $m"r�mf�;5℄, (28 , Ky) m 4 ,
l$mm"r�℄,�xNr�℄,X SLR �℄1:��� 11 (a). GRACE-B �� SLR 1:>xNW 7249 $m"r�mT�;5℄, (35 , Ky) m 6 ,
l$mm"r�℄,�xNr�℄,X SLR �℄1:��� 11 (b). �> m !G SLR 1:MY25� σ!G SLR 1:MY�:�

SLR �℄�E!m� GRACE-A � B ����P�i'� SLR ;5℄,:m[f
5 cm ��
 GRACE-A � B �� SLR 1: RMS �#� 4.41 cm P 4.37 cm. GRACE-B����P�i��b{� GRACE-A ����P�i�*�x!��mm�N�i�
�
f9�
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� 11 SLR �_ GRACE-A (a) � B (b) �B��RBj2<
Fig. 11 Residuals between SLR measurements and kinematic orbits of GRACE-A (a) and B (b)

5 ����V!W%W`��� GPS ℄,�QG���
WW%Wg�`��� GPS ℄,m��P}��G�����f/℄::m�f3b��NWftg�`��� GPS℄,mUqR�}�f��WXm GRACE-A � B �� 2008| 2 � 1 ( ∼ 29 (�5℄,X�Qf℄,���W H��m`��� GPS ℄,�QGX�E℄,mi>a��H��P}�x!����N�i�
m SLR �℄p�� k��W.y#W%��tf GRACE-A � B ����P}�m���/,�vtf�E��hK,:mkfm �


(1) GRACE-A ���QGxN℄,�#Q;5℄,m 11%, GRACE-B � 3%;

(2) GRACE-B �� LC }�1:b{� GRACE-A ��
�tfm 58 ,\
x�
GRACE-A � B ����P}�kfm LC 1: RMS �#� 4.6 mm P 4.3 mm;

(3) GRACE-A �B ��'� PSO� R �T �N �1m��'d� 58,\
 R �
T � N �1���2�#�� (4.7, 4.4, 4.1) cm P (4.4, 4.3, 4.0) cm; /
Æ:���#� 7.7 cm P 7.3 cm;
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(4) GRACE-A � B �� SLR 1: RMS �#� 4.41 cm P 4.37 cm;

(5) �tf?
x GRACE-B ��℄,=Ub{� GRACE-A ��� GRACE-B ����P}���b{� GRACE-A ���m2�
!m� GRACE ����P}�:[f��`�PPP�PP}�'dm���*U℄H�2u?2� GRACE ��2Z�m(Gz�� GPS �Sj����P}�ek(���K!�:5m;5℄,y3W�P�&�~���P}�)hB�$RPPoC�t���\u�BP>�℄�i�p[
����muy�"��, '; GFZ � IGS m CDDIS ���y3Qf℄,�℄ � & *
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Kinematic Precise Orbit Determination for LEO
Satellites Using Space-borne Dual-frequency GPS

Measurements

PENG Dong-ju WU Bin
(Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030)

ABSTRACT Kinematic precise orbit determination (POD) is independent of satellite dy-

namics (e.g., Earth gravity field, atmospheric drag, solar radiation pressure, etc.). It is the
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distinctive approach of space-borne GPS technique, and well suited for orbit determination

of Low Earth orbiting (LEO) satellites which are strongly perturbed by atmosphere. Firstly,

an algorithm of kinematic POD is developed by using the zero-difference space-borne dual-

frequency GPS measurements in this paper. And then, how to pre-process the space-borne

dual-frequency GPS data and how to set the estimated parameters of kinematic POD are

discussed in detail. Finally, the observational data from GRACE (Gravity Recovery And

Climate Experiment) satellites covering the whole month of February 2008 are employed to

validate the effectiveness and reliability of the method introduced in this paper. It is demon-

strated that kinematic POD reaches an accuracy of about 5 cm (with respect to satellite

laser ranging), which is at the same level of accuracy as dynamic and reduced-dynamic POD.

Key words celestial mechanics, space vehicles, methods: data analysis


