
� � 24 B � � 1 � � � 0 � t � * � > Vol.24, � No.1 �

� � 2006 � 3 5 PROGRESS IN ASTRONOMY Mar., 2006 � �

9 E | � � 1000-8349(2006)01-0081-08

H 
 � 7 A � � A ' ! 	 � :

O � S

1;2

 N Q L

1

 P Q R

1

 O � �

1

 KT M

3

(1. [ P L u 0 � E T � 1 � � E T 200030 � 2. [ P L u 0 � z 8 N 0 �# . 100039 � 3. A � Q � `

g u { 0 P � l / ; � � ` 318020)

D C � GPS K 9 a ` E q @ " 8 Z � 
 � 7 �E q G � 0 � 5 � � � � N 	 I r � � � � % � �

, a w X C � 	t e GPS C � } , a B V ) � r � � � � � , a w X C � N � � V Z � + N z

(MEO) � ' Z � + � A N z (IGSO) \ � + 4 P N z (GEO) � � \ = � W e } Z 5 N , a 	 )

= k C � GPS K 9 a ` E q X � MEO � IGSO \ GEO ,a } K 9 a ` � ` 0 � � 
 4 � v k

N z ' � � , % 0 } GEO , a } K 9 a ` � ` 0 � � 7 : ^ k M � } 2 ) i U 	 � { 1 � � � %

MEO , a � 2 h } K 9 a ` � ` 0 � ( C & ) V ) N k Y � � � � % IGSO , a \ N z ' �� m

} GEO , a � 4 h } K 9 a ` � ` 0 � 2 $ 0.1 m � 6 R ) V ; M 8 Y � i � � � � % N z '

� � , % 0 } GEO ,a � @ = C 2 
 n i U �  % N z ' � \ P � � 2 � � � M G � � K 9 a `

� ` 0 � c M � $ e � ^ k � \ z / h r $ � 	 C � e $ � g } K 9 a ` � ` 0 � N k 0.1 m � 6

R ) V ; M $ Y � i � 	

� � � � � � J i s � , a w X C � � K 9 a ` � Z � + N z (MEO) � ' Z � + � A N z

(IGSO) � � + 4 P N z (GEO)

G 5 � % � � P129 � � � 9 = } 0 ( � A

1 � � � � }

+ ` v W 
 ( B � d M 7 E c � � � � } K r y 7 • # � � v ] � x � | z a L T � |

O | GPS [ � y v | GLONASS d � # b # D ' ! | g l + ` v W B � � s @ g 7 B � D #

� � 2 � / , � 2005-07-20 � B � / , � 2005-09-08

� � > ) � P � p 9 L u { & l d P 	 (40374002) � [ L 0 J Z b ] > X ^ � % S l d P 	 (KJCX2-SW-T1)



� 82 � � � � � � � � � / � s � ) � = � �� � � � � 24 B �

E � B � � � & 	 l � l ? ! � 
 | : J i � � � l � O � [ � / � 1 k j � d � 4 o b |

v W + ` B � � � ~ G 7 � < � d | 4 * v W + ` B � ||GALILEO B � � � $ � / * � �

# � | | B � � | � �d / * i v W B � d ( � 1 � [ H Y | � � # � 4 O � � d � L j / *

i + ` 
 M v W B � � 0 B � d b � g J � * 3 O M y (Geostationary Earth Orbits, GEO) +

` # � l � ? Q y 
 ( � 
 � p q ! . � w [ k W . 9 | \ d � 4 � e � / * i | + ` 
 ( (

v W B �

[1� 4]
�

J 8 ` _ D p d + ` v W 	 . | ] � � = � J 8 ` _ 	 . Y + k � U + ` ( U | / 6 _

@ � > Q < 7 & P � + _ + | W 	 � � ' � _ + W O | F � U � $ M y ; p T � z + ` | (

U � �  H / � � ! C @ � 3
 | � � y d V ( � ! � < \ GPS ` _ 	 . � y d : � l � /

6 | e r � d w | ( � # ? p > h � l � f ? � z / 6 � � $ Y W H x � d < H Y | � # d j

� q 1 � t D p ( T K # J 8 ` _ D p ) � \ � l 
 7 + ` ` _ 	 . | g f < \ K 	 / 6 � D

� + ` ( U

[5� 6]
�

J 8 ` _ d � / � ` _ | + w y ? ' + � � � M � � R + w | ( < ! y ? p M � _ { x �

� | / � ` j l / � ` _ & M | / � W 1 � � 7 b l W � D o [ J 8 ` _ | D p q 1 ! F �

GPS [ GLONASS B � | J 8 ` _ D p ? ! < � | 	 � � GPS J 8 ` _ D p B � M y

; p � } ; p | Q � - n s [ b � | � _ � - n D p � GLONASS J 8 ` _ D p : B � + `

7 � E B | ( U y � [ < 4 � e I � � y � 9 ] � g ? / � L u � s d GPS J 8 ` _ | � �


 e � G � $ GLONASS | J 8 ` _ D p � % GPS J 8 ` _ | � l z � L � 
 q

[4]
� � d

M � H q $ � GPS J 8 ` _ D p � � $ � • | + ` v W B � �

< � | + ` v W B � 7 + ` ` { q 9 D ! ~ < � � GPS B � � 24 J + ` t U � + ` 4

� # 20182 km � ( $ 6 7M y & � # 55�
| M y � � � � M y _ � + 12 h � GALILEO �

( ? 7 3 7 M y � D | 30 J Y � * M y (Medium Earth Orbits, MEO) + ` A U � { 7 M y

� 10 J + ` � + ` v W B � M ? q � | + ` M � � � M y 	 � T / ( � b � ! � Y � * M y

(MEO) + ` � & Y � * � @ M y (Inclined GeoSynchronous Orbits, IGSO) + ` [ � * 3 O M

y (GEO) + ` � � Y MEO + ` [ GPS + ` | M y 	 E ( � V w � � IGSO + ` [ GEO +

` � $ ? ! [ MEO + ` < � | M y 	 E � ? L � � � GPS J 8 ` _ D p � � / � 9 < � 



 C  H �& . b � ( < B � GPS J 8 ` _ D p W � MEO � IGSO � GEO + ` | J 8 `

_ / � � � Y / � ` _ | / � < d ] � � = �& . ~ N | J 8 ` _ / � # � � _ / � �

2 GPS L : b a � m |  

GPS J 8 ` _ | � l z � 7 � � | � K o D D ! u �

[5� 7]
� 7 d ' x 
 q % H �

GPS J 8 ` _ D p ! 16 7 D p � ` j _ + W O toe � � o � S F � U 6 D p � +` M y

� Q a | � # ;

p
a � + ` M y � ^ s e �D H W O toe W | M y & � i 0 �D H W O toe W

6 n � X m 7 3 x + ` M y O � � | j 1 � 
 0 � + � � � A ! � D H W O toe W | � + � �

M 0 � � } M y I � 9 D p � � + � � � y � | 1 G p � n � O � � Z 1 | - n s

_
 � M y &

� | - n s

_i � O � � A | G & F � [ 1 G O | C - Cus � Cuc � M y & � | G & F �[ 1 G

O | C - Cis � Cic � � ^ A | G & F � [ 1 G O | C - Crs � Crc �



� 1 � t � � � � Z 5 N , a K 9 a ` 0 � ) = 83�

� J 8 ` _ D p � z + ` ( U | @ ^ M D 
 . I [5� 7] �

3 � L : b a F r ~ . "

GPS J 8 ` _ D p d � R p M � _ # � { x | � H # @ F | . I 6 ' 9 ] L � | � _ z

� � � d ! + � � J 8 ` _ D p | p M � _ # � x L � | � u �

� I � t / � ` _ � � @ � t / � ` _ M � � 	 � � L | # � - ! ] J 8 ` _ D p � I

I # W #

r (tk ) = r (X 0; t0; tk ); k = 1 ; 2; 3; � � � ; n ; (1)

^ Y r (tk ) 0 _ tk W O | ( U � � � U 3 7 ( U ( h � X 0 0 _ p - | J 8 ` _ D p � t0 # D

H _ + W O � (1) ^ # & K i # W � j K i n f � o - ! �

r (tk ) = r (X i; 0; t0; tk ) +
�

@r (tk )
@X 0

�

X i; 0

� (X i +1 ;0 � X i; 0); k = 1 ; 2; 3; � � � ; n;

y = r (tk ) � r (X i; 0; t0; tk ); B =
�

@r (tk )
@X 0

�

X i; 0

; x = ( X i +1 ;0 � X i; 0) ;

y = Bx :

(2)

^ Y � X i +1 ;0 [ X i; 0 ( 3 0 _ � i + 1 [ i f � o - ] | p D D p � M � L U � 
 | i f .

j � � o - ! L R i f �

j� i +1 � � i j
� i

< " ; (3)

@ ] � =
q

(y � Bx )T (y � Bx )
n � 1 # � f � o R W Y | � � : L � " M 1 # 0.01 �

� o � z | D p \ M L U > E � F � U 6 D p 1 # _ + W O toe | � $ M y ; p � � & 9

7 I � D p 1 0 �

D g ^ Y � B < D | � v p � z � / 6 � 4 } ( 3 � ! < ^ [ L ( # � - � � v p � {

] j � S | � Q � ! < ^ j � � v ( U [ h � p D D p | � v p � f ^ / 6 � � L ( # � - !

� v p ? ! f ^ 
 q � / � 4 | 	 � �, $ p M � z � � f ^ # �

@Y(x1; x2; x3; � � � ; xn )
@xk

=
Y (x1; x2; x3; � � � ; xk + " k ; � � � ; xn ) � Y (x1; x2; x3; � � � ; xk ; � � � ; xn )

" k
: (4)

j � e 
 | d � 7 L ( � z W � " k | q 1 < 
 � l � � < 
 � U � � l w R ] K i " " � �

U : < 
  H ! W ( p � � % � $ < � | D p � " k � w < � �

J 8 ` _ D p - ! � * f � b � J 8 ` _ D p � z 8 W O | + ` ( U � � / � ` _ ( � �

M � { ] J 8 ` _ | � _ / � � B % ( U L | RMS [ 5 Q ( U L | RMS ( 3 � # Prms �

Rrms �



� 84 � � � � � � � � � / � s � ) � = � �� � � � � 24 B �

4 � * > ] � w

& � ( < MEO � IGSO [ GEO + ` | J 8 ` _ � _ / � �

0 1 # � z / � ` _ ~ � | M y ; p �\ ] _ + W O # 2003 � 8 4 5 < o W (UTC) �

H q | e r � d ! � 16� 16 � f � * � e N � < 4 } � g ` � e � � • , J x [ S A I � �

~ 1 � 6 @ � � 1 " + $ � 3

a/m e i=( � ) 
 =( � ) != ( � ) M=( � )

MEO 27907000 0.0001 55 210.5 0.0 0.0

IGSO 42165000 0.0001 55 210.5 0.0 0.0

GEO 42165000 0.0001 0.02 210.5 0.0 0.0

l h � z 0 � � Q � / � ` _ p > s C [ ( � / � ` _ B � s � $ J 8 ` _ | � _ / �

� N < l � 7 f n � z Y � 4 } r d B � 60 s B � �

� $ � _ | / � ` _ j � Q � � J 8 ` _ | � _ / � � N b l � 0 2 9 ] j MEO + ` �

IGSO + ` [ GEO +` 7 < � � _ j Q E | � _ / � �

~ 2 � � 4 * � � � ; � � • @ & * �  � P rms

m

2 h 3 h 4 h 5 h 6 h 7 h 8 h 9 h 10 h

MEO 0.0114 0.0444 0.0663 0.3824 1.3487 2.7772 3.9062 4.4495 6.2840

IGSO F F 0.1366 0.3366 0.6209 0.8909 0.9862 1.0189 2.1276

GEO F F 0.1068 0.3409 0.8200 1.5574 2.3627 2.8371 2.8547

f � F 2 ` � a S � 


g 0 2 M � G ] � } k j Q ; � (2 h j Q � D ) � J 8 ` _ | � _ / � � � � @ d � # J

8 ` _ | I � D p Q H q j + ` ~ l I � | Q � O [ b � � _ � O � } k j � ; Q �% h t

| � • � s | � _ � � N 9 5 � % @ X I � D p ? i �g � v S � _ / � | � � � IGSO +

` [ GEO + ` 7 j Q � � W (2 h [ 3 h) � � _ R � � @ b � d � # D p L F � � z 0 � � �

_ j Q � � W � MEO + ` � _ W | D p L F i r d A $ IGSO [ GEO + ` | ( R � ! W �

� $ D p L F � ! | � _ R � � � F ! z D p 7 p d M g | � s d � � � � ? � ( R � 7 � E

| ( < � z Y � 4 } r d 7 ! z 15 7 D p | z a D v - u � � _ j Q �

j � u � | d �0 2 9 ] | � _ / � 6 < ? $ � f 
 � � � # < � j � M y 	 E 6 < �

4 L � � = c T u � � � 1 2 h � _ j Q �< � j � | 2 h j Q | � _ / � 6 < � 4 � � �

� MEO + ` �0 3 9 ] j < � j � | 2 h j Q | � _ / � �

~ 3 � � 4 � 
 � MEO 6 @ * �  �

m

Prms R rms

0� 2 h 0.0114 0.0047

2� 4 h 0.0182 0.0045

4� 6 h 0.0066 0.0027

6� 8 h 0.0059 0.0028

8� 10 h 0.0137 0.0037

10� 12 h 0.0059 0.0028



� 1 � t � � � � Z 5 N , a K 9 a ` 0 � ) = 85�

� $ IGSO [ GEO + ` � � 2 h y ? 3 h j Q � _ J 8 ` _ � w ] H ! z < i f ( R �

! | 2 
 i L � � � 4 h j Q � _ W � : z & M �  H � _ / � � IGSO [ GEO + ` 24 h �

< � j � | � _ / � 
 0 4 �

~ 4 � � 4 � 
 � IGSO 6 @ � GEO 6 @ � * �  �

m

IGSO - c GEO - c

Prms R rms Prms R rms

0� 4 h 0.1366 0.0411 0.1068 0.0171

4� 8 h 0.1153 0.0297 0.0786 0.0181

8� 12 h 0.0954 0.0242 0.1413 0.0331

12� 16 h 0.1350 0.0406 0.0411 0.0249

16� 20 h 0.2020 0.0605 0.0596 0.0103

20� 24 h 0.1804 0.0577 0.0406 0.0210

G 8 � � $ MEO + ` � 2 h | � _ j Q r d M � j x X • • | � _ / � � � � $ IGSO

[ GEO + ` � 4 h | � _ j Q d _ f | � � ! z 2 
 � ( U | � _ / � 7 0.1 m v # � 5 Q

( U : L 7 X • h • � � 1 � 2 � 3 9 ] j ? ! o0 i | MEO + ` 2 h � IGSO + ` 4 h [

GEO + ` 4 h | � _ / � �

� 1 MEO , a 2 h � ` 0 �

� 2 IGSO , a 4h � ` 0 �



� 86 � � � � � � � � � / � s � ) � = � �� � � � � 24 B �

� 3 GEO (i = 0 :02� ) , a 4 h � ` 0 �

� D ( < 6 z ! H q M y & � i � + $ 0 | GEO + ` | J 8 ` _ � _ / � � c Y D � �

$ U & � GEO +` � � $ O � � Z 1 
 [ + � � � A ! D p L F � > Q < B 1 	 m h T �

� | J 8 ` _ � _ / � � L � �$ l I � � N � GEO + ` | & � d } W 	 - n | � ! M 
 \

{ � � W 	 � � | M y & � � + $ 0 � ~ � + k H q U & � ( R | J 8 ` _ � _ / � �

� z 0 � � u M y & � E � x 0.0001� W � � 5 � G 6 � _ � u M y & � � + 0 W � M y

; pd  � | � O � � Z 1 
 [ + � � � A ! D p L F � # T `  � � J 8 ` _ D p M q 9

� • 5  � D p � s d # - h  Y J 8 ` _ D p | � S i � M � H q � 
 q | # � T `  � �

@ ] 4 } q 9 y . o g # � � ? � w � d � � y . B ; � � a o g � 
 � � � { x \ y . B E

| / � ` _ ( � E B ; Z a t W B o g GASTw + ! e(tk � toe) �{ x \ y . B | X a x # o

g a � � Y GASTw # D H _ + W O | 6 n � X d ` W � ! e # � * o g � y � ) � b � 0 /

� ` _ - ! J 8 D p �6 � z \ y . B E | + ` ( U � u f � \ y . B E | + ` ( U g q #

, y . B E | + ` ( U �

M y & � i = 0 :0001�
| GEO + ` � � $ c ( � | + ` O � � Z 1 
 - n � Q � 
 7 2

h � | - n M R R 100�
� % & K i - n � v S 
 | � _ / � � L � � N J 8 ` _ | / � � �

1 R y . g q K f 7 \ y . B E | O � � Z 1 
 : - n � p � o g 5�
f � 24 h � 
 | - n

< R R 0.1�
�

# d 4 } ( < j M y & � i = 0 :0001�
| GEO + ` y . g q # f | J 8 ` _ � _ / � �

� Q m $ 0 5 �

~ 5 � � � . � i = 0 :0001 �
� GEO 6 @ J } I � - � � * �  �

m

> i s (15 G s ) i s ( p i 5� , 15 G s )

Prms R rms Prms R rms

0� 4 h F F 0.1228 0.0329

4� 8 h F F 0.0700 0.0153

8� 12 h F F 0.0738 0.0212

12� 16 h F F 0.1120 0.0337

16� 20 h F F 0.0353 0.0077

20� 24 h F F 0.1078 0.0283



� 1 � t � � � � Z 5 N , a K 9 a ` 0 � ) = 87�

4 } � O h � y . o g 1�
[ 2�

� g q f | � _ / � [ o g 5�
| ( R V w �

5 � V � �  

& . b � ( < j B � GPS J 8 ` _ D p W � MEO � IGSO [ GEO + ` | J 8 ` _ �

_ / � � 	 3 � u j M y & � � + $ 0 | GEO + ` | J 8 ` _ � _ / � � 6 9 ] j L � | 1

( h T �

� R ( < � M � { ] � E \ @ � u �

(1) Q � / � ` _ p > s C [ ( � p > B � s � J 8 ` _ | � _ / � � N < l �

(2) � _ j � Q � � � _ / � � N � l � } k j Q ; � (4 h � _ j Q � D ) � / � � � �

@ d � # J 8 ` _ | I � D p Q H q j + ` ~ l I � | Q � O [ b � � _ � O � } k j � ;

Q �% h t | � • � s | � _ � � N 9 5 � % @ X I � D p ? i �g � v S � _ / � � � �

(3) # j 1 { u � � _ / � 6 %  H z � 2 
 � < � V d + ` | � _ j Q ! ~ < � � � $

MEO + ` � 2 h | � _ j Q ( ! 15 D p ) r M � j x X • h • | � _ / � � � � $ IGSO [

M y & � � l | GEO + ` � 4 h � _ j Q ( ! 15 D p ) d _ f | � � ( U � _ / � 7 0.1 m

v # � 5 Q ( U : L M j X • h • �

(4) � $ M y & � � + $ 0 | GEO + ` � � $ ; p � +  � � O � � Z 1 
 [ + � � �

A ! D p L F � > Q < B 1 	 m h T � J 8 ` _ � _ / � � L � #  Y J 8 ` _ D p | � S

i � M � B � y . o g # � � 4 J 8 ` _ | � _ / � �B � d # � f J 8 ` _ | B % ( U �

_ / � 1 # 0.1 m � 5 Q ( U : L # X • • �

F ? � 3 [ D S � . � 6 5 y 7 . [ l \ Z y 7 . � & . = x | � c �

� # 8 < �

[1] m � + �K x > X � 2001, 10(1): 1

[2] X � ' � T ~ K x � 2003, 23(4): 49

[3] ! ^ � ' h " K P u " � 1999, 18(4): 1

[4] i x � �; a x 1 � 
 . � 
 . n u � 2003: 45

[5] p { ' � \ F Y � ! 3 k � � 5 , � * D � - [ ~ � � � �# . �K x _ � K � 1993: 30� 35

[6] Kaplan E D. GPS - [ ) � � � ) T ^ � !  � � �# . � 
 n > � _ � K � 2002: 17� 24

[7] Navstar GPS Space Segment/Navigation User Interfaces, GPS Joint Program O�ce, 2004: 93 � 98



� 88 � � � � � � � � � / � s � ) � = � �� � � � � 24 B �

Precision Analysis of Broadcast Ephemeris for Medium

and High Orbit Satellites

HUANG Yong 1;2, HU Xiao-gong1, WANG Xiao-ya 1, HUANG Cheng1, GENG Yu-guang3

(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. Bureau of Land and Resources of

Huangyan District, Taizhou, Zhejiang Province, Taizhou 31 8020, China)

Abstract: The broadcast ephemeris parameters for GPS may be used in other satellite navigation

system. Usually a satellite navigation system includes di�erent kinds of satellites, for example,

MEO (Medium Earth Orbits) satellites, IGSO (Inclined GeoSy nchronous Orbits) satellites and

GEO (Geostationary Earth Orbits) satellites. This paper st udies the accuracy of broadcast

ephemeris for above di�erent kinds of satellite orbits using the broadcast ephemeris parameters

for GPS, and especially analyses the accuracy of broadcast ephemeris for GEO satellites with

near-zero-inclination. For MEO satellites, the �tting acc uracy for 2 hours �tting arc can reach

cm magnitude. For IGSO satellites and GEO satellites with not near-zero-inclination, the �tting

accuracy for 4 hours �tting arc can reach 0.1 m, and the radialposition error is cm magnitude.

For GEO satellites with near-zero-inclination, the �tting accuracy is not good enough because

of the correlation of parameters. A method of coordinate transformation is adopted to avoid

correlation and to improve the �tting accuracy. Using this m ethod for GEO satellites with near-

zero-inclination, the �tting accuracy for 4 hours �tting ar c can reach 0.1 m, and the radial position

error is cm magnitude.

Key words: astrometry; Satellite Navigation System (SNS); broad cast ephemeris; MEO

(Medium Earth Orbits); IGSO (Inclined GeoSynchronous Orbits); GEO (Geostationary Earth

Orbits)


