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1

C
C
C
C
C
C
C
A

; (19)

! L �

N 0
gg = N gg � N gn N � 1

nn N n g � N g(n � 1) N
� 1
(n � 1)( n � 1) N (n � 1)g � : : : � N gl N

� 1
11 N lg ; (20)

L 0
gg = L gg � N gn N � 1

nn L n g � N g(n � 1) N
� 1
(n � 1)( n � 1) L (n � 1)g � : : : � N gl N

� 1
11 L lg : (21)
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2.2 LEO � " � w • � 	 y �

m / N A  R G + Z F � A a � / N + Z L _ � � T K � $ q 3 � A ! w c A  L T = 9

� $ Q 1 N � E ( � � LEO $ W } � * 200 km � D � x � : � ; _ ! n K � � E ) 
 ! � 4

N 1 N � 2 6 \ 
 � : + � f U �

(1) � T K = 9 � - � T K j g K d �

(2) $ q 3 M � = 9 � ! � LEO $ W � $ q 3 M � 4 = � ? � V 7 � ) � E i L � F � 


� s + ( u 1 �

(3) A ! w M � = 9 � O $ W O � s � � c 
 . 	 a T 	 $ � V b h 9 � 	 e r _ ( 	

a r _ ) = 9

[7]

 ! L � � 	 $ � = T � N �

� D rel = �
2
p

GMa
c

e � sinE ; � � D rel = �
2r � _r

c
= �

2(x � _x + y � _y + z � _z)
c

; (22)

! L � GM � 
 . 	 a U h � c � V p � a � LEO $ W W • � V U � e � $ W W • �

� T s � E � � . � � � r c
_r 2 6 � LEO $ W * � O G �  J c p � 
 ! � CHAMP

$ W % s � � D rel = � 1:2126 sinE m � A ! w M � � E p L ( 	 a r _ = 9 } � ; B r ) �

[� 1:2126; 1:2126] � % GPS $ W � A ! w M � F o 15 m L I 20 � m 
 � k F � � A ! w M

� � � E ; F m v 
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(4) A  L T = 9 � F : CHAMP $ W * W P 8 L � A  = 9 h � r ~ O G z * 
 P 8 L

� A  L T = 9 


! � CHAMP $ W � � e C W P 8 GPS 
 @ � W 
 @ (GPS PDO-Antenna Main) c �

& 
 @ (GPS PDO-Antenna Reserve) 
 z • � A  L T � N B 2 6 �

� 1 =

2

6
4

� 1:4880

0:0

� 0:3928

3

7
5 ; � 2 =

2

6
4

� 1:7389

0:0

� 0:2606

3

7
5 : (23)
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� � K �

(2) + ] A  L T � A ! w M � c p % r _ � = 9 �7 � L Y LEO $ W A � A x � B �

E a ? 0 � � � � LEO R G ` i A � A x � B � GPS W • c O N �

(3) • 0 LEO $ W R G ` i � 7 + ] GPS R G ` i � f U �  O { B � d � T � � G �

_ 9 � � n � ` V ' � �

(4) ! LEO ` i + ] A  L T � A ! w M � � = 9 � E a = 9 k � A  R G ` i �

(5) \ 
 LEO $ W � = E a LEO $ W ` V p 2 c O N V 7 �

(6) \ 
 GPS $ W W • � LEO $ W ` V p 2 c O N V 7 � r U w B �

� c =
p

(xG � xC )2 + ( yG � yC )2 + ( zG � zC )2 + c � tC + E � B ;

(7) \ 
 = 9 k � A  R G B c � r B � � r D N � � � = � o � � c �

(8) � � 2 � r 1 N + Z 8 h 8 6 �7 ( t �

(9) � � 8 h 8 6 i � p � � ( t k � 1 N + Z 8 h 8 6 D @ � t �

(10) � r � n � B h �

(11) z t / ' p 2 = 9 f c O N V 7 �

(12) p 2 c O V 7 G R k � R 9 (6)� (11) � A ~ ] d $ g �

(13) \ 
 O-C D N + } > � G D � T � 7 _ 9 � R R + ] B h ' r �

(14) E a LEO $ W W • c 0 � V 7 




� 88 � � � � � � � � � ' � h � , � 0 � �� � � � � 23 > �

� 3 � X ) GPS B ! 0 O $ � h � X ) o [ �

4 � t _ 4 5

F : D e # � g � W U w � � � � ( & ! 2001 � 7 ! 16 ; � CHAMP $ W W • + ] g

� W � ! L ` i A x � B � 10 s 




� 1  ; n n � � X ) GPS B ! S H C 0 O $ � h � X � � 89�

(1) � r x � � 
 P 8 L p 2 � � 7 g 0 �

+ • \ 
 e � - Q � Z c � � } 
 R G ` i � 4 � g CHAMP $ W * 
 P 8 L � W • p

2 ( = � 4) 


� 4 CHAMP % X q 3

� 5 c � 6 2 6 � O-C D N 2 < c ~ C Z � O G � � 7 g 0 � RMS 
m � F � A a �

W • � 7 g 0 � * 10 cm l � 
| 6 � � 7 g 0 � ? 7 ; � l � � W 0 � ? � z G l � W •

� t Z ] d � � v y � ] � 7 g 0 � @ � j f � W 0 � 


� 5 O-C E O 3 = � 6 � � 8 h 1 � RMS

(2) ` i \ 
 s

+ • \ 
 e � - Q � GPS � f U Z c ! ` i + ] g f U 
 # � g � W ! GPS $ W ` i

� � ` y / ( ~ C Z � I G ! ] 5 C GPS $ W ` i ) � U � ! ` i \ 
 s p p � 	 
 � 7 Z �



� 90 � � � � � � � � � ' � h � , � 0 � �� � � � � 23 > �

f U & k ~ C GPS $ W ` i � \ 
 C h c ) ^ 
 � L � A 4 X � V ` i C h � B 4 X \ 


Blewitt + ( T � � G f U k � ` i C h � C 4 X \ 
 ( Z c e C T � � G � �

[8]
f U k �

` i C h � D 4 X B ` i 2 A � ) ^ (70%� 80%) � E 4 X C ` i 2 A � ) ^ (60%� 70%) �
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(3) O N = 9 V 7

� 8 c � 9 2 6 < X g GPS $ W c CHAMP $ W O N � 0 t 
 F � A a � GPS O N =

9 0 t ) � * � � Z � � 0 t G � 2 � L I S � � � . @ ^ 0 t � % CHAMP $ W D � GPS

! ] � O N = 9 0 t � p � ) i ; * � 


� 9 CHAMP % X P O 1 u

(4) � GFZ W • ) �

� 10 � , � 5 � � X � � GFZ 3 ^ X � � *  

# N � # 2 Q � 0.381 m.
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Discussion on the Kinematic Orbit Determination by the

Onboard GPS Zero-Di�erential Phase Observations

ZHENG Zuo-ya1;2;3, CAI Wu-san4, HUANG Cheng1, CHENG Zong-yi1, FEGN Chu-gang1

(1. Shanghai Astronomical Observatory, Chinese Academy of S ciences, Shanghai 200030, China; 2. Graduate

School of the Chinese Academy of Sciences, Beijing 100039, China; 3. Shandong university of Science and Tech-

nology, Qingdao 266510, China; 4. Shanghai Science and Tech nology Committee, Shanghai 200003, China )

Abstract: Based on the geometric, dynamic and reduced dynamic preciseorbit determination

(POD), a kinematic POD by the onboard GPS zero-di�erential p hase observations was discussed

and programmed. It applies the observations of GPS receive onboard LEO (Low Earth Orbit)

and the precise GPS ephemeris of IGS rather than the complicated dynamic models and ground

observations. It is simple and convenient in computation, rapid and precise in orbit determination

and could provide estimations of some dynamic parameters too. However, it is unable to predict

the orbit. The coe�cient matrix of the normal equation is ver y huge and so in its reverse it

is divided into sub-matrixes and then is transformed into upper-triangular. As an example of

application of this new method the CHAMP data are analyzed in order to estimate the precision

of POD.
Key words: celestial mechanics; onboard GPS; phase measurement; zero-di�erential; kinematic

POD


