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Ì Í � �jX Ì Í � �jX Ì Í � �jX
1980 1 6 0 2006 1 1 1356 (332) 2006 5 21 1376 (352)
1980 1 13 1 2006 1 8 1357 (333) 2006 5 28 1377 (353)
1980 1 20 2 2006 1 15 1358 (334) 2006 6 4 1378 (354)
1999 8 16 1023 2006 1 22 1359 (335) 2006 6 11 1379 (355)
1999 8 23 1024 (0) 2006 1 29 1360 (336) 2006 6 18 1380 (356)
1999 8 30 1025 (1) 2006 2 5 1361 (337) 2006 6 25 1381 (357)
2005 9 25 1342 (318) 2006 2 12 1362 (338) 2006 7 2 1382 (358)
2005 10 2 1343 (319) 2006 2 19 1363 (339) 2006 7 9 1383 (359)
2005 10 9 1344 (320) 2006 2 26 1364 (340) 2006 7 16 1384 (360)
2005 10 16 1345 (321) 2006 3 5 1365 (341) 2006 7 23 1385 (361)
2005 10 23 1346 (322) 2006 3 12 1366 (342) 2006 7 30 1386 (362)
2005 10 30 1347 (323) 2006 3 19 1367 (343) 2006 8 6 1387 (363)
2005 11 6 1348 (324) 2006 3 26 1368 (344) 2006 8 13 1388 (364)
2005 11 13 1349 (325) 2006 4 2 1369 (345) 2006 8 20 1389 (365)
2005 11 20 1350 (326) 2006 4 9 1370 (346) 2006 8 27 1390 (366)
2005 11 27 1351 (327) 2006 4 16 1371 (347) 2006 9 3 1391 (367)
2005 12 4 1352 (328) 2006 4 23 1372 (348) 2006 9 10 1392 (368)
2005 12 11 1353 (329) 2006 4 30 1373 (349) 2006 9 17 1393 (369)
2005 12 18 1354 (330) 2006 5 7 1374 (350) 2006 9 24 1394 (370)
2005 12 25 1355 (331) 2006 5 14 1375 (351) 2006 10 1 1395 (371)
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�·�����Ô����"#��+,#��»Ú

}�ÔD	�á����VF+,��L:P��Ô

D� »*	�5�Ñ���ÔD	=�vwËN

	»Ú�ó!W�/²	�»6!"����·: n

	�8��Ô���§	Ú� 2n6�~��ËN	

»Ú:´w,�0äXm8	»Ú���#��2	

±»�K=!j+,#��0

SVhealth���	J�6!W@���0ub

	[\�"wv	ïo:��9�6MW0URA�

c	���K=ê�fg6�7"/[\	�fxs

	ìH�15	[\���="wv	ïo:��

9�6¿ÀW�0TGD��eZ L1FX	#���

¾�¿:�7"/ê�fg� TGD��K(�.#

��9�6¿ÀW�0

c	
	Bw��������_`+,#��

C ÔC	±3�ÎZ+,�0GPS����3û

ph:_`+,#a=34��NºA(�fF

X6VF"#��:��( +�{|�$�w,�

�09	/²�C ÔC	{|6Ç�U%7"/

LV���Ô���	�{�"#bV"�¾�¿

F±3W�9���.#��0

toc�9	±3	øî���pT��	Ð²v

w	W�pe!+,�0C ÔC	±3� 2/¹

sÂ,�af0; af1; af2	 3�	Bw���:Z¿

+,#��0�	#��Bw��� TGD�ÃÄ�

J,����fFX:VF+,/pT tt��/	±

36ÚV�9����0

Ått = Ä à
af0 + af1(tÄ toc) + af2(tÄ toc)

2

+Åtr Ä TGDg (3)

Åtr�Íþ�&&u	±3	/²�÷��û��

�lmBw���K=

Åtr = Ä2e
p
ñeA

c2
sinE (4)

�"#.²�0O2'C7»�"#��ñe =

3:986005 Ç 1014 m3/s26Z��0IODC �uP	

C ÔC±3ýþ	���(AjX6!"#a=�

C ÔC±3ýþ:)Ò+,�� IODC:ó½W

�vw�¾�¿�±3ýþ	��6��"�(#�

)Ò	�S6*�9�:8�0

������� | ������
�� !"

6Ó�µ�� 2aKá 3������	lmý

þ:��+,#��0c	���! 3, 4	�a=�

GPS��	lm�øË&��Â*�lm	 6� 
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���	 
��� � ���� �
1 1 22 TLM ��������
2 31 22 HOW ���������
3 61 10 WN ��� 0

73 4 URA ��� 
77 6 SVhealth !"#$%&
83 2 MSB IODC '(�')*��

7 197 8 TGD +,- Ä31 . s
8 211 8 LSB IODC '(�')*��

219 16 toc /0�'123'(�'4 4 s
9 241 8 af2 '(�'567� Ä55 . s/s2

249 16 af1 '(�'567� Ä43 . s/s
10 271 22 af0 '(�'567� Ä31 . s

! 3: ���Ô���}6Ó�µ�� 2�

���
��� ���

���	 
��� � ���� �
1 1 22 TLM ��������
2 31 22 HOW ���������
3 61 8 IODE 89)*�� 8

69 16 Crs 89567� Ä5 . m
4 91 16 Ån Ä31 . sc/s

107 8 MSB
M0 :;<=> Ä31 . sc5 121 24 LSB

o
6 151 16 Cuc 89567� Ä29 . rad

159 8 MSB
e ?@A Ä337 181 24 LSB

o
8 211 16 Cus 89567� Ä29 . rad

227 8 MSB p
A 89BC Ä19 m1=2

9 241 24 LSB

o
10 271 16 toe /0�'123894 4 s

�K=!j+,�+w�xs6PÏ�/²	±3B

w���:ÙÚ+,#��09,w	lmýþ�¡

�©�ö�}ephemeris���+,�+¿	pT�

a��GPS��	�56hi8�KL��.#

��0

#$%&' �right ascension of the ascending

node; ä"3*�Y-*6t,×T}	Y-*

	F���øî��� Xy�	e	ls0-

ph¢Â=���0

��()*�inclination angle; i"lm)	�.

m)�þW�/0	ls0Y-*vw3*6\

/�8	-ph¸Ê63�W�0àá���

0s�GPS	[\�1 55s���0

+,%-.�argument of perigee; !"3*v

w\/nO*	¸Ê6MWBw����Y

-*6øî�"/ls!W0

��/01�semi major axis; a"2,	K30

Õ3 b�� b = a
p
1Ä e2	ç����0

234�eccentricity; e"2,	4z+6!WB

w����0 î e < 1	5]��=�e: 

+��ñx,�n(��0e = 0�,�e = 1

�b`T6!W0

5+%*�true anomaly; í"��;7	pT

}¡�ÔC epoch��L��a��]^��	

�56!W/²�Z��0nO*6øî�"

#�6*¢Â=�-ph¸Ê��./ls�

W�0

uP	 6�	Bw���6lm	 6� ����

]^��	lm67�W�Ü����Z�w,�

}: 8�0/��xn*l�pT�	ç�:TË��

w��9�vw���(�/²�GPS��	�5

6hiW�Ü��z�n*l:Z�w,�0z�n

*l}mean anomaly�M��Ow�¸r¹

M = E Ä e sinE (5)

vw.²w,�099 E�2,	§º×=��

v./ls�gºn*l}eccentric anomaly��
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���
��� ���

���	 
��� � ���� �
1 1 22 TLM ��������
2 31 22 HOW ���������
3 61 16 Cic 89567� Ä29 . rad

77 8 MSB
ä0 DE=FG Ä31 . sc4 91 24 LSB

o
5 121 16 Cis 89567� Ä29 . rad

139 8 MSB
i0 89HI> Ä31 . sc6 151 24 LSB

o
7 181 16 Crc 89567� Ä5 . m

197 8 MSB
! <J=K� Ä31 . sc8 211 24 LSB

o
9 241 24 _ä ä0LMNA Ä43 . sc/s
10 279 14 _i i0LMNA Ä43 . sc/s

���xn*l�	e�

siní=

p
1Ä e2 sinE

1Ä e cosE
; cosí=

cosE Ä e

1Ä e cosE
(6)

	ç�:��0z�n*l6Z����¡�ÔCp

T t0�a��z�n*l	��Ú6M0�"/�8�

M(t) =

r
ñe

a3
(tÄ t0) +M0 (7)

��=�pT�þ"#TË�ç»��	�56!

Ã�0�a�99M(t) = M0 +2ô�W����

:lm6�×W�pe�W�Âí×Q×�:

T = 2ô

s
a3

ñe

(8)

�.²w,�0GPS	lm83� 26562 km�	

�T = 11 pe 58pO26�×W�09,�

í9Lñ 0.5:����vw�1:��=23pe

56p:W��O2�	�5ç�:��
�9��

��0"/:.#���O*vw��0¢./GPS

��6;�W��Ý��ì�~pT��~�5�\

V�:�9	pT� 1 ��/= 4 prs��<¢

�0GPS��	×Q�s��gº=: +�	�

,lm�¬�Ã+�3:874 km/s���0

+#����Ô���vwGPS��	�56h

iW����¢���	�56hiW�pT t�¡

�ÔCpT toe�	|vwz�n*lM6hiW�0

M = M0 + (n0 +Ån)Å(tÄ toe) (9)

/��9	z�n*lvwxn*l í6.²�09

	/²���¢�¹}5�	ç�6YZ"#gºn

*l E6.²�0/	¹ E0 = M�"#�10Q

rshiW��op�n�Ú:´w,�0

Ei+1 = Ei + e sinEi (10)

+w��¹}6�vwxn*l í6´�0

���lm)��a����	�56hi"#�

ECEF >�è�ó!W,+K�0xn*l�nO

*:øî��vw�9,6Y-*6øî�"/l

s û�ó!W�0

û= í+ ! (11)

+w��±3Ú C6Z��:wY-*vw	ls

u�Oºfg r�lm/0l i6hiW�02
664

u

r

i

3
775 =

2
664

û

A(1Ä e cosE)

i0 + _i (tÄ toe)

3
775

+

2
664

Cuc Cus

Crc Crs

Cic Cis

3
775

"
cos 2û

sin 2û

#
(12)

Ñ$��Y-*.W6.²�ECEF×->�Ú�ó

!W�0

ä = ä0 + ( _äÄ _äe)Å(tÄ toe)Ä _äe toe

(13)2
664

x

y

z

3
775 =

2
664

cosä Ä sinä cos i

sinä cosä cos i

0 sin i

3
775

"
r cosu

r sinu

#

(14)

O2�?l�s�� _äe = 7:2921151467 Ç
10Ä5 rad/s��0

uP�K=�+¿	pT�a�� GPS ��	

�56hi8�0�a�IODE � IODC���

�¡�©�ö�ýþ	���(AjX6¿ÀW�0
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1

b

a

F
2

P
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C

O

M

M’

r

}b�2,lm

: 8: ]^��	lm

¢/�¡�©�ö�ýþ	ls	È��"#�8,

}sc=semi-circle; 1 sc = ô rad�:Z�w,#a=�

,×=���#� 3:14159265358986Z��0

�9k�Rs1 2S km��� GPS��:

bVW�FX:OP¢²¹W����ü��

70 ms@	pe:vv�0GPS���O2�þ"

#�� 3 kmuP	�sA'"#a=�O2�¢

/�?"#��9�vw����5���#�9,

w	Íþ&��5ó½6ÃÄ"��,+�w��0

W�ÂíGPS	��hi��/.#��GPS��

���#��fFX	VFp*	�56Z��9�

�"�EFpTvw�fFX	ÉÊpe}����

�ï���6|"B�/pT���#���56h

iW�0+w��ÉÊpe§	O2	�?�K�÷

ø6�=	(/²��¡�©�ö�vwhi"/�

��5�þ"#O2	�?p��C�Q?6ÚV#

vw��hi�ÎZW�09L"/÷ø6 Sagnac

}6�¶ÔC�&u��L0

������� | �	
��������

6Ó�µ�� 1�3 :���Ô���6VF"

#������	ýþ"v�¢��	�þ"#�6

Ó�µ�� 4 aKá 5 ��~���ç�"/ýþ

:²w,#a=�ñ	����~ýþ6bV"#

��09,w	ýþ����>:t�/²���È

��p�+,#��	�¼�	�a=�ñíw	

6Ó�µ��� 1�25 	��,v	���:�j

�VF+,�0

~��	ü¯	lmýþ�¡·��ÔCýþ�

�+,�6Ó�µ�� 4	��� 2�5aKá 7�

10�6Ó�µ�� 5 	��� 1�24 �²w,#

��0\h 32 ����32 G	���þ«W�0

¡·��ÔCýþ	���! 5	�a=�C Ô

C±3ýþaKá¡�©�ö�ýþ	�{vw��

+,�0�~Bw����¡�©�ö�ýþ��

ù#�ÔD»:Dw+,#a=���	EF�ÑÏ

Ö÷��ýþ�GVw,#��0¡·��ÔCýþ

	¡�ÔCpT� toa�7+,�0

������� | ���������

Rs 100 kmuP�p|W�@gÒ��GPS	

ÎZW��NC Ø�	@Ø	ßs6�(+Ã�

H8:�=�9,�K=}~�@gÒ�����#

��wv~²0²w,/��·¹�K=��>6%

7"#±3W�9���.#��09	/²	ýþ

��6Ó�µ�� 4	��� 18��Ãw,#��

}! 6�0ã0�ã3;å0�å3	h 8I	Bw����K

=~��	@gÒ��6±3W��	�9	@g

Ò��±3�»�Wù#	���»���0

GPS��/	��·¹6ÎL9��+,#�

�}È� [s]�0

Tiono(tL) =

8>><
>>:

F
Ç
5Ç 10Ä9 +AMP

Ç
ê
1Ä x2

2
+ x4

24

ëi
;

jxj < 1:57

5Ç 10Ä9F; jxj ï 1:57

(15)

9	��·6:MW��: 9	KL�@6NAç»

	P8p	Ë���9�vw�@6NA��·��
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���	 
��� � ���� �
1 1 22 TLM ��������
2 31 22 HOW ���������
3 63 6 SV ID ����

69 16 e �� Ä21
4 91 8 toa !"�#$% 12 s

&'�()�#*
99 16 éi +,-./ Ä19 0 sc

5 121 16 _ä ä0123 Ä38 0 sc/s
137 8 SVhealth ��4567

6 151 24
p
A +,89 Ä11 m1=2

7 181 24 ä0 :;<=> Ä23 0 sc
8 211 24 ! ?@<A� Ä23 0 sc
9 241 24 M0 BC?</ Ä23 0 sc
10 271 8 MSB af0 #D�#EFG�

279 11 af1 #D�#EFG� Ä38 0 s/s
290 3 LSB af0 #D�#EFG� Ä20 0 s

! 6: ���Ô���}6Ó�µ�� 4���� 18�

���
��� ���

���	 
��� � ���� �
1 1 22 TLM ��������
2 31 22 HOW ���������
3 63 6 SV ID H�I ID = 56

69 8 ã0 J�KEFG� Ä30 0 s
77 8 ã1 J�KEFG� Ä27 0 s/sc

4 91 8 ã2 J�KEFG� Ä24 0 s/sc2

99 8 ã3 J�KEFG� Ä24 0 s/sc3

107 8 å0 J�KEFG� 11 0 s
5 121 8 å1 J�KEFG� 14 0 s/sc

129 8 å2 J�KEFG� 16 0 s/sc2

137 8 å3 J�KEFG� 16 0 s/sc3

6 151 24 A1 UTCLM��N Ä50 0 s/s
7 181 24 MSB

A0 UTCLM��N Ä30 0 s8 211 8 LSB

o
219 8 tot !"�#$%&UTC*

12 s
227 8 WNt

o
0 weeks

9 241 8 ÅtLS OP1QRQS 0 s
249 8 WNLSF QRQS1TUV 0 weeks
257 8 DN QRQS1TUW 0 days

10 271 8 ÅtLSF TUX1QRQS 0 s

+,�0

¹}15�	 x �@6NAç»	�Í6!"#

a=�

x =
2ô(tL Ä 14Ç 3600)

PER
(16)

vwhi+,�0tL����vwVF+,#8/

FX:@gÒ�JJW��5}ó¡���NAD

pierce point��L��a��O¸p�GPSpT

t�	ç�� tL = 12 Ç 3600ïi + t ��0@g

Ò	J��pT�K.#òK�óÂ�/²�O¸p

	ýþ:÷���.#��0@6NAç»	ð*�

O¸p	 14p�þ«"�Le�@6NAç»�K

�n�:�¢/Me�7» 5 ns:Z�w,�9�

���0

AMP�@6NAØË	NK6!"�@gÒ�

�±3Bw��� ã0�ã3vw

AMP = max

(
0;

3X
i=0

ãi ûm
i

)
(17)

�"#hiW�0@gÒ�çW�j��OOÓ�ç

�"#���	�ÃVw,#��9�vw�OÓP

sûm [rad]:¹§�j,#��0

PER�@6NAØË	×��.#�@gÒ�

�±3Bw��� å0�å3vwhiW�0

PER = max

(
20Ç 3600;

3X
i=0

åi ûm
i

)
(18)

F���fFX:ïð¸Êvw��(0²	
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PER/2

: 9: @gÒ����·

¸Êvw@gÒ�JJW�/²@gÒ	��fg:

K(��÷ø6ÃÄW�/²	�	�$�ý�W

�¹}37�	KL���kl ELvw.²w,�0

/�"�¹}37�6c	¢¢hiW�	�QR:ò

8�9�vw�¼Ü	 GPSEFG�

F = 1 + 16 (0:53ÄEL)3 (19)

6n�¹�"#Z��0

ó¡���NAD	OÓPs ûm��u�	ç

�¹vw.²�0

† =
0:00137

EL+ 0:11
Ä 0:022 (20)

ûi0 = ûu +†cosAZ

ûi =

8>><
>>:

ûi0; jûi0j î 0:416

0:416; ûi0 > 0:416

Ä0:416; ûi0 < Ä0:416

(21)

ïi = ïu +
† sinAZ

cosûi

(22)

ûm = ûi + 0:064 cos(ïi Ä 1:617) (23)

AZ���	¸�l�ûu;ïu�EFG	PsaKáW

s�ûi;ïi�ó¡���NAD	PWs�†�ó¡�

��NADaKáEFG:O2§º�	e�(�

ls��0ls	È��Wù#8,}semi-circle�

�W�0

������� | UTC�	

GPS :øî�W�pè� GPS pT��+,�

GPS��aKáOP	MCS}�ÆÇU��Wù#

9	pè�"/:.#&'"#��0GPSpT�

MCS�R5+,#������3ûph�K=�

d+,#��:�c	Q����.#��	�ãS

�ï¨T}USNO; US Naval observatory�	3û

ph��0¾�¿:GPSEFG�K=´�ph

�GPSpT:øî���vw�USNOpT���

�"#��9����0

6Ó�µ�� 4	��� 18���GPSpT�

UTC}U7��p��	ç�6!Wó!Bw���

:��+,#��09	ýþ6YZW,+�EFG

FUTC� JST}�Ë�îp�:´w,�0GPS

pT tvw UTC�K�pT tUTC�	ó!��/

¹�K=sL0

tUTC = tÄÅtUTC (24)

ÅtUTC = ÅtLS +A0 +A1 (tÄ tot) (25)

A0; A1� USNO3ûph	 UTC�þW��,6

!"#a=�¡�ÔCpT totvw	W�pe	�

/¹�K=±3W�0ÅtLS�L�L��1999Ì

�jp*¢ ÅtLS = 13 s��0L�L��¯

7��¼V+,�9�vw�GPS��:bVW�

UTCç�	ýþ}! 6���/Q	L�L�	)

ÒW7�:�¢,#��0L�L�� 23:59:60 �

�LóX&�pT�"#YJ+,�vw�EFG�

9	����Z¿W�÷�:��0

A.1.3.3 
������

�� i�EFG	e	fg	�7Ú6 ri [m]�

�(9��W�09,�34�fg öi [m]�EF

G	ph	ß¬ é[s]�K�{|:ÚÂ.#�7+

,/�	��9�vwê�fg}pseudo-range�

��+,�ri = öi + cé= öi + s	ç����0E

FG	ph:ß£�����fFX:²ÛW�à

e�ËNK=�ß£�pT:;�+,�/²�\v

�Pqp�pe:vv./9���=�fg	�7

tu:K²���0

��	�5�[*�"#��7"/ê�fgv

wEFG�56.²�9�6ÃV�0���EFG

	e	34�fg öi��EFG�56 (x; y; z)��

� i	�56 (xi; yi; zi)�W���

öi =
p

(xi Ä x)2 + (yi Ä y)2 + (zi Ä z)2 (26)



�!+,�}È��Wù# [m]�0ê�fg�ËN

	fg�	ç�K=�EFG�5x6.²�/²�

��¥�¸r¹8>>>>><
>>>>>:

r1 =
p

(x1 Ä x)2 + (y1 Ä y)2 + (z1 Ä z)2 + s

r2 =
p

(x2 Ä x)2 + (y2 Ä y)2 + (z2 Ä z)2 + s
...

rN =
p

(xN Ä x)2 + (yN Ä y)2 + (zN Ä z)2 + s

(27)

6�x; y; z; s���#��+K�03/�	�56

0²�/²���*»�ÑÏ 3����:�¹}27�

�EFG	ph{| é��*»�"#�Â,#

��/²�*»�\h 4���=�9,6�(/²

��ÑÏ 4�	¸r¹:÷����0"/:.#�

4IuP	��6ÎZ"#ê�fg6�7W�÷�

:��9����0

¥�¸r¹}27�	c,d,	¹��2�W�

�2)6!W¹���0\"]&���EFG�5

x; y; z�9,w	2)	-*�"#.²�9�:

8�03"(fg:�7+,#�,+ 4 �	2)

� 1*-Â����:�ê�fg�EFGC Ô

C{| s = cé��K(�7+,#��vw�1*

�-Âw��09	/²�: 10	KL�2):

1*-Â�KL� s6ó½+Ã#2	ò8+6�

éW���c	�8	-*�"#EFG�5:.²

w,�05IuP	��6ÎZW�[\�c,�

1*�-Âw��	�EFG�5 x; y; z��2

)�	fg	 2�^:�.�� +(��KL� s

6�éW�}Ñ Ö���0

+#�¹}27��_TË	¥�¸r¹��/

²��o������Ú	¢Â=TË½6s��

`/n���K=�6´�0

���1�x; y; z; s ���#������Ú

x0; y0; z0; s06Z¿W�0

���2�x0; y0; z0; s0�"/�8�ê�fg�"#

�7+,�ù8Ú6hiW�08>>>>><
>>>>>:

r01=
p

(x1 Ä x0)2 + (y1 Ä y0)2 + (z1 Ä z0)2 + s0

r02=
p

(x2 Ä x0)2 + (y2 Ä y0)2 + (z2 Ä z0)2 + s0

...

r0N=
p

(xN Ä x0)2 + (yN Ä y0)2 + (zN Ä z0)2 + s0

(28)

���#1

���#2
r
1

r
2

���#3

r
3

r
2
-s

���

r
1
-s

R
3
-s

: 10: 2)	-*�"#�56.²�

���3�¼Ü��7+,/ê�fg ri�þ"#�

a| Åri = ri Ä r0i6.²�0

���4�x0; y0; z0; s069	a|�Í�W�p��

b3W,+�3"���n4(9�:8�0

9	/²���ri	 x; y; z; s�K�4cp

@ri
@x

= Ä(xi Ä x0)=r0i ;

@ri
@y

= Ä(yi Ä y0)=r0i ;

@ri
@z

= Ä(zi Ä z0)=r0i ;

@ri
@s

= 1
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�¯±"/0

9	/²�GPS	�eZFX���#��²¿

�xs6³½+Ã�´56µJW�9��+,/0

9,: SA}selective availability¨ÄÅYZ��

�+,�¶m�.#���� 95%Ú 500 mr

s	{|6ØV�¸·�./	:��eF	³�

�¸ 100 m�GVw,/�	9���0

1978ÌK= 11G:ÎíPÏw,/}Lí 1G

�ÎPÏ¹º�Ó ÔC I�ö�±	¼¬Z����

SA	G��ô.#��v./01989Ì 2ÍK=n

Zâ����}�¢= SA	G�6ô��Ó Ô

C II�ö�±	ÎPÏ:�Ð+,�9,: 6G�

�./ 1990 Ì 3 Í 25 ���¹� SA :¼V+,

/09	�8Ó ÔC I��� 6G:lmP��.

/vw�8»	��� SA:¼V+,/9����0

�»	9��:w SA��e¾�¿�/��£

¯¼�1996Ì���PDD}Presidential Decision

Directivë òÆu½ 1¾��K= 10Ìu�� SA

6�	W��	¸·:M+,/0¼Ü��9,K=

<(�2000Ì 5Í 2��òÆu¿�:H+,�SA

��	+,/09,��SA	÷ø6	�#R�x

s6´w,��´��µA�¶·GPS��:¦

"���� SA6v�#��¿À:À,/�	¯±

�K��	�eÂ,�0�$�� SA�ñ¼V"�

��	¸·:�wv�+,#��0

2001 Ì 10 Í�¦s+,/ GPS 	Ò"��

�7���Global Positioning System Standard

Positioning Service Performance Standard�/1/

��SA 	�	6-©"/��xs:�7+,#

��0

A.1.4.9 �����

ê�fg	�7xs����	kl�ò8(Á

Â"#��0kl:Ï�������W�òÓÔ

	fg:K�/²��{|:ò8(�=�FX:O

!n(6��W�/²�·ôB�	÷ø�E��W

(��0: 16�9L"/ç�6¼�"/v�k

l:Ï(����f{|:ò8(���û:Âv

�09	/²�kl	Ï���6��hi�ÎÂ�

�KL�W,+��xs6PÏ�9�:8�0



! 7: ��{|��·

{|�j �N¡��p}m� wA���p}m� \h}m�

��lm 2.1 0.0 2.1

��C ÔC 2.0 (20.0) 0.7 2.1 (20.0)

@gÒ�� 4.0 0.5 4.0

þ�Ô�� 0.5 0.5 0.7

�·ôB� 1.0 1.0 1.4

EFG 0.5 0.2 0.5

�f{| 5.1 (20.5) 1.4 5.3 (20.6)

z¦½$	�f{| 5.1 (20.5) 0.4 5.1 (20.5)

yz��{|}HDOP = 2:0���î4| 10.2 (41.1)

§×��{|}V DOP = 2:5���î4| 12.8 (51.4)

���Global Positioning System: Theory and Applications /9/

! 8: GPS	��xs�çW��7

SA:�./p�	�7 /2/ SA�	$	�7 /1/

yz¸Ê
100 m }95%� 13 m }95%; ~��z��

300 m }99.99%� 36 m }95%; ÑªOv�

§×¸Ê
156 m }95%� 22 m }95%; ~��z��

500 m }99.99%� 77 m }95%; ÑªOv�

���GPS SPS Signal Speciåcation /2/�GPS SPS Performance Standard /1/

kl��C}elevation mask angle��9	/²

�ÎÂ,�Bw����§ÃuP	EFG�Z

��«~#9	Ú6R78�	:��&��0

ÄA�´EFG�ñ�R78��:�9	[\

���Cc	�	6sÂ��v�����EFG:

�'&���6ÄÅ"#��0

��&��kl��C� 5�15srs	5]

R7"�R7+,/ÚK=�kl:Ï�����

Å�ÎZ+,�(��0kl��C6ò8(W��

ñê�fg	�7xs:É(��}3"(��7x

s:ª�;�Ú6ÎÂ�����	��xs�Ê

PW�:��¢=ò8(W��ÎZ�����	»

c	�	:Dq"#"¢��C���xs:�:�

v�������Æi:¼s8�(�.#"¢L

9����0

�ÞG�ÇÈ	��Z�������×É�

^_`:q��ÀÁ���9�����Æi6§±

+Ã��/²���»68���t("/�9�

�ñvw�kl��C� 5srs:��&��0

9,�þ"#�×É�^_`:t��>pÊ��

0¢./O*Kpe	;�6sL/²;����

�tq	Ër:�.#�c,�ñ¯¶\:�(�×

É	ÀÁ�K= 15�20srs	kl��C:R7

+,�0

¢/���	kl�þW�{|	aaKc	;

��wv~²Âv.#��vw�9	9�6K=

ÌÍ&�YZ"#��xs6PÏ�¸�:��0k

l��C	KL���6ÎLvÎÂ��v	ñíw

v�p�#"¢L	��(��7Ú�'¬6��

#��Æi6¼sW�	:c,�A.1.3.3y�

ù/KL���Æi�'¬�8	Ñ Ö��6Z�

�9����0!"	EFG��kl��C�K

�Äk6"/LV+w�'¬6��#��hi6

W��	:t�KL��0

A.1.4.10 
���DOP

ê�fg� +�ó' År:�./�8�EF

G�5 x; y; z; s}s�EFG	C ÔC{|��Ø



V�÷ø Åx��¹}30��K=!+,�

GÅx = År (43)

��0G	Csé6ÎL��Åx6

Åx = GÄ1 År (44)

��8!Ã�0

ê�fg	�7Ú��f{| e:�¢,#��

��c	{|�K�ó'�¹}45���~Ë¹�

�=�

Åx = GÄ1
e (45)

�!+,�0W�Âí����	�f{|6�ù#

e�W���c,�K���{|�¹}45��K=

Åx�"#´w,�0Ñ Ö���K=��hi6

s.#��[\�

Åx = (GTG)Ä1GT
e (46)

���"�'¬�8	hi¸�6®Z"#��[

\�

Åx = (GTWG)Ä1GTW e (47)

�K=��{|6hi8�0

�9k�ó»e	{|	ÍÙç�6!W��

»pã}covariance���L!j6Z��	:��

&��V�0N/�QCD· a = [a1 a2 ÅÅÅaN ]	

»pãsé}covariance matrix�� cov(a)��8�

cov(a) =

2
666664

õ2
a1a1

õ2
a1a2

ÅÅÅ õ2
a1aN

õ2
a2a1

õ2
a2a2

õ2
a2aN

...
. . .

...

õ2
aNa1

õ2
aNa2

ÅÅÅ õ2
aNaN

3
777775

(48)

	 N Ç Nsé���0õaiaj
�ó» ai� aj�	

e	»pã�ó»e	Íçç�	³+�c,d

,	ó»	pã	ò8+6!W}�iÚ6!W7

X E [Å] 6ÎV+�ó» a; b 	»pã�õab =

E [ (aÄE [ a ])(bÄE [ b ]) ]���0�¢=�ó»

ai� aj	c,d,	pã�«~#»pã�ò8(

��:�c,w	e	Íç:@�,+»pã� +

�Ú��ñ¢�0�a�i = j	�8�õaiai
�ó»

ai	pã6!W0

¹}45�vw Åx	»pãsé6.²���{

|ÉÊ	�XK=

cov(Åx) = GÄ1 cov(e) (GÄ1)T (49)

	ç�:��099 e	�� 	e�Íç:�

(��7{|	pã: õ2�!+,��	�W���

cov(e) = õ2 I���vw}I�È�sé��

cov(Åx) = GÄ1 (õ2 I) (GÄ1)T = õ2 (GTG)Ä1 = õ2 C

(50)

���0cov(Åx)� Åx	»pãsé�

cov(Åx) =

2
666664

õ2
xx õ2

xy õ2
xz õ2

xs

õ2
yx õ2

yy õ2
yz õ2

ys

õ2
zx õ2

zy õ2
zz õ2

zs

õ2
sx õ2

sy õ2
sz õ2

ss

3
777775

(51)

����09	sé	þl� �;� x; y; z; s	p

ã6!Wvw�{|6!W1��"#�&��0

��xs60²��j���}i�ê�fg	�7

xs}�fxs��}ii�YZ½����	\"]&

�5ç��	Ö�:��09	Lí}i����#�

õ:!"#��vw�P¹6 õ2	W��}ii�	

�j6 !W�Bw������0C = (GTG)Ä1

6Z�#�+w�fg	/����KLz¸Î6�

���

GDOP =
1

õ

q
õ2
xx +õ2

yy +õ2
zz +õ2

ss

=
q

C2
11 + C2

22 + C2
33 + C2

44

PDOP =
1

õ

q
õ2
xx +õ2

yy +õ2
zz

=
q

C2
11 + C2

22 + C2
33

HDOP =
1

õ

q
õ2
xx +õ2

yy (52)

=
q

C2
11 + C2

22

V DOP =
1

õ

p
õ2
zz = jC33j

TDOP =
1

õ

p
õ2
ss = jC44j

���09,w6��ý�W���

GDOP �G=geometric��5�pT	07xs

6©\&�!W0

PDOP �P=position�õx;õy; õz�ç�"#a

=��5	07xs6!W0

HDOP �H=horizontal�ç�"#��	�

õx; õy�yz¸Ê	�5	07xs6!W0

VDOP �V=vertical�õz��¢=§×¸Ê	�

5	07xs6!W0



TDOP �T=time�pT	07xs6!W0

��0Ñ Ö��6YZW�[\��~( C =

(GTG)Ä1:ÎV�0

GPS �K�aaKc	��xs��fxs

� DOP 6�~�9�üi8���fxs Ç

HDOP = yz¸Ê	��xs����fxs Ç

V DOP =§×¸Ê	��xs�	ç�:��0/

�V+��fxs: õPR = 10 m 	�8���	

L5:HDOP = 2; V DOP = 2:5�./�w+�

yz¸Ê�� 20 m�§×¸Ê�� 25 m rs	x

s��:sÂ,�0¢/�TDOP = 1:5�W�

�pT	07xs� 15 m���:�È�6pe�

W���9,6ü� c	"#1 45 ns��L9�

���0�a�HDOP����VDOP6hiW�

Ü���G�UO>�è�K=hi+,#��÷�

:��0

'¬�8Ñ Ö��6Z��[\����¢,

�{|	»pã6!W¹}50��

cov(Åx) = (GTWG)Ä1 (53)

���09	¹���xs6üiW���ÎV�

:�DOP���#�¹}52��K=7Ï+,#a

=�'¬6��#hiW�9����0

A.1.5 �������

uP¢�GPS	��3d���{|	~

���#�ù/0Ë¬����xsÊP	§º&

1����´��µA�¶·GPS¸¹6�~²

�"#�«Z��/.#÷����×É*Ð���

#ý�W�0

A.1.5.1 ���� !"#�
�

GPS	{|�j	Lí	ò{p�EFG6R5

W�[z�ç��(»��j,�vw�g,/[z

���Ñ»	EFG:�~÷ø6E��9���

�09	9�6YZW���[*	O*�GPSE

FG6�7"#{|6�7W,+�9	{|ýþ�

K=g,/O*	GPSEFG�}~�{|6W�

"�±3W�9�:8�0

9	KL��[*	O*GPS	{|6�7"�

9,6YZ"#{|	±36:�¸¹6�´��µ

���
���

����
����	


����

�
�
�
�
�
�
�

�
�
�
�
�
�
�

�������������

���������������

: 17: �´��µA�¶·GPS

A�¶· GPS}DGPS; diãerential GPS���L0

�´��µA�¶· GPS��[**��7+,

�EFG6øîU�A'W�¾�¿EFG6A'U

��,0

øîU;�+,��� i¢	ê�fg r0i��

x	fg ö0i�/	KL�ç�:��0

r0i = ö0i +éi +Å0 +ó0i (54)

{|�p	Lí�éi��� i�ZjW�{|�Å0�

øîU¡A��	�5�ÁÂW�{|�.#�ó0i

�c	ñíw��(;�Ý�}~�wA��{|

�W�0øîU���#��5:�wv~²Âv.

#��vw�x	fg ö0i�hi�K=.²w,�0

"/:.#�{|�p��6 r0i Äö0i = éi+Å0+ó0i

	KL��=HW9�:8�0

A'U�����ê�fg�"#

r1i = ö1i +éi +Å1 +ó1i (55)

:;�+,�9����0A'U	[\�x	fg

ö1i��*�=�{|�p��6× �=HW9�

�8��0

+#�"wv	1��K=øîU;�+,/

{|ýþ6ÉVW,+�A'U�{|�p	±3

:�����09	/²���A'U;�+,�

ê�fg r1ivw�øîU	{|�p (r0i Äö0i )6D

~,+K�0

r1i Ä (r0i Äö0i )

= ö1i +éi +Å1 +ó1i Ä (éi +Å0 +ó0i )

= ö1i + (Å1 ÄÅ0) + (ó1
i Äó0

i )

�¢=�éi	û:ª¶A�·"����ZjW�{



|��=	v,�9����09,:�´��µA

�¶·GPS	øË&�3d�.#�ò{p	{

|6�=	(9�:8�0EFGF	�5�K=

0¢�Å;ó�ª¶A�·Ã��øîU�A'U�a

��{|	|	�p:j,�9����0

GPS	+¢�¢�{|�j���#�c,d,

�´��µA�¶·GPS�K=±38�vñL

v6! 9�¢�²/0��lm{|���#�øî

U�A'U��ì»��j,�	�´��µA

�¶·cd�K=±38�:�øîU�A'U�

	e	fg}øTK�:K(����»�:Dq

W�9�vw±3xs:Ï�W�0��C ÔC	

÷ø�øîU�A'U	�5ç��Kw�»��j

,�	�É®�±3:8�0SA���C Ô

C�{|6ØV#]Ò&���xs6r�W�	

��:��´��µA�¶·¸¹�W�9�9	

÷ø��=	(9�:8�0

@gÒ�����#��øTK:c,�ñK(

��,+}300�1000 kmu�rs��´��µA

�¶·±3:����:�>?w':w¦@g

Ò	ó':�"��±3xs:Ï�W�0þ�Ô�

��øË&���´��µA�¶·cd�K=±3

8�:�EFG	5v,#��Rs�K=��>

:óÂ�/²���·�K�±3Rs	÷ø6	

(9�:÷���0

�¸��·ôB����#��´��µA�¶

·cd�K�±3:8��09,���·ôB�

�EFG	×]	@ØÀÁ�K=0¢��	�

�/²�øîU�A'U�»��j,�{|��

�9��K�0¢/�EFG�{¦}W�{|�

��#��»��{|�p���vw±3�8

��09,w	{|���#���´��µA�¶

·cd�K=øîUF	{|	÷ø�E��ÈÓ�

�¸¹	[\��ù#Ô"k{|:�ÚW�9��

��0

A.1.5.2 $%&	��

��A.1.3.1y����������	[\

�R�×Ø»	@Ø6ÎÂ�(#��w��/²�

@Ø	�Í6�7W�¸¹�¯476�=	(

9�:µ"���ù/0GPS	[\�9	¯47

! 9: DGPS�K=±38�{|�j

{|�j
±3

@�AD
�Õ

��lm Ö KøT�xsÏ�

��C ÔC × K(±38�

@gÒ�� Ö w':�"��xsÏ�

þ�Ô�� Ø Rs|�Z¿:÷�

�·ôB� Ù ±38��

EFGpq Ù ±38��

	×�� 19:03 cm��vw�ÊVØ	�Í6

Z�#fg6�7W����7Ú�� 19:03 cm	

é»}	¯47:�¢,�9����09	KL

�¯47:�.#�A'9����Êv��:�

pÊ�K.#�ÊVØ	Õ�ØK6YZ"/x��

�:sÂ,�0

ÚÛ��¸¹:c,��´��µA�¶·GPS

¸¹��~KL���56�7"/�O*�R5W

�;�U�[*	O*�5v,�øîU�6Z¿W

�}9,w	e	fg6øTK��L�0c,d,

	EFG�²ÛW��fFX	ÊVØ	�Í6»V

}�â&�� 1/1000 ØK¢»V���0¢./

peÝ}¡�ÔCpT��L���7Ú�"#7Ü

W�0»peprs	���6Ý²/�9k�7

6	Þ"�³EFG	;����6G8\ÂÃ#�

�*	>�6hiW�0ÊVØ	�Í:;�Ú�

�vw 19:03 cm	¯47:�N¡��p�"#

�¢,#��:�9,�pe�Kw��7��v

w�Kpe	���6cdW,+9	¯47}é

»¡A�ßõN�´�ñ��L�634�%7"�

x���7Ú6´�9�:8�0

ÚÛ��¸¹�Kpe	;����:÷��/

²����>pÊYZ+,#8/0/�"��s

N607"#"¢V+c	$�¯47	Å¸��

(�;�U:A'"#�|"àV���09	9�

6YZW�¸¹:ªB�� ỐCGPS}kinematic

GPS��Ñ��¯476	�W�/²�» 10

pe	;�6s./���A'"�:w/U�t

»	;�*	>�6.²�9�:8�0ªB�

� ỐC GPS�þ"#��7*sLÚÛ���

��� ỐCGPS}static GPS�������� Ố



C�>}static surveying��ñ��+,�0

'(�)*+,-�.�/�01�RTK-GPS�

jM��ªB�� ỐC GPS6+w�ß²#�

A'9�ÊVØ�Í�K���:����.#8

#��09,:ö¡·�N�ªB�� ỐC GPS

}realtime kinematic GPS; RTK-GPS���+,�

¸¹�;�U:A'§�.#�ö¡·�N��

¯476	�"�x����6sL9�:8

�0ö¡·�N�ªB�� ỐC¸¹��A'§

	;�U�øîU	���6ÉVW�/²ST��

�öAC�¬\ÂÃ#ÎZ+,�9����0

��� ỐC¸¹�¯47		��pe	

W�6YZ"/:�ö¡·�N�ªB�� ỐC¸

¹�ö¡·�N��¯47607W�/²�á

K���6YZW�0�¢=�jM�op 6�10G

rs	��:\V�vw��567²�	�÷��

ÑÏÖ	 4G��ù#áK��.#��9�6YZ

W�0/�V+�YZ8���Wù#	Lívw

4Gp	\Ã6t»m=H"#c,d,���#

¸r¹6�#�ñ£�\Ã��6s.#�tu

��~�5��w��,+�w��9�6YZ"#

¯47	���\Ã6Ö7"#�8���=�

0¢./�9k�5}aKá¯47�:07W

���L¡·°ö±�:����0ö¡·�N�

��.#�/�í�¯47:��=�0¢�Â�

��(���½��»prs6�W�0

ö¡·�N�ªB�� ỐC¸¹�ÚÛ��¸¹

	�ð��:�ö¡·�N��Æicd6sL/

²ÚÛ��Lâã��¢=Z�w,��ÊVØ�Í

�´��µA�¶·GPS}CDGPS; carrier-phase

diãerential GPS��ñ��+,�9����}9,

�þ"#�@��ê�fg�K��´��µA�¶

·GPS¸¹6@��DGPS}code DGPS��ª"

#äkW�9�:��0�Ë��È��´��µ

A�¶· GPS��V+@�� DGPS61W�0

,#'(�+23!4

ÊVØ�Í���#��9,6× ;�Ú�"

#Z��	��(�PN@���K=�7"/ê

�fg	xs6ÊP+Ã�/²�YZW�9�:�

���@��ê�fg�¯47:�� Â=�

xs}x�+�:c,�ñR(��:�ÊVØ�Í

;��9,�C�x��;�Ú�¯47��L

�N¡��p:ÚVw,#���	�ÃVw,�0

9L"/³;�Ú	~6L¢(YZW���ÊV

Ø�Í;�Ú6���@��ê�fg	+w�8

6GV�9�:8�09	KL�¸¹6ª¶ö¡

����A(}carrier smoothing�����jM!

"+,#��§ÃCw�uP	EFG��î&�

®Z+,#��0ª¶ö¡����A(�a�#�

RTK-GPS������=��½:÷���&�

&u:j,�¢��EFG:'m6�Ð"#vw

»prs6�W�0ª¶ö¡����A(���´

��µA�¶·GPS��ík£�ÈÓ��¸¹

��&�¸¹��0

56�7�86�7

�9k�ÈÓ��	[\��EFGC ÔC

{|6�*»�"#\"]&��26!W¸r¹

6¥�+Ã#�5�6´�:�ÚÛ��	[\�

A.1.3.3y�ù/ååT�����	\"]&ç

�¹:Z�w,�0W�Âí�A'UaKáøîU

�a����¡�ÔC	ÊVØ�Í	;�Ú6c,

d,

à1
i = ö1i +éi +Å1 +ë1i +N1

i (56)

à0
i = ö0i +éi +Å0 +ë0i +N0

i (57)

�"/�8�ÚÛ��cdO (w����'�Í

|}single diãerence�

Åà
(0;1)
i = à1

i Äà0
i (58)

��Ö'�Í|}double diãerence�

Å2à
(0;1)

(i;j)
= Åà

(0;1)
i ÄÅà

(0;1)
j (59)

6YZ"#EFGC ÔC������C ÔC	

÷ø6	�"�ÚÛ��hi6sL	:��&�

�09	KL�|pÆi��é»¡A�ßõN�´

	I»6Dq+Ã�¸r¹6�8�W(W�&u:

��0



A.1.5.3 -/9:2�RTK

ö¡·�N�ªB�� ỐCGPS�A'9	x

���56ö¡·�N���7���æY�¸¹

��:���½�pe:vv��v��øTK:

10 kmrs¢�ÇÖ+,�}øîUvw 10 km

rsu������½:L¢(8�����.
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j¼	��{|:9	Ú6ÐV��þ�&�ú²
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ì�ú²=vwiH+,�÷�ö�C6+¢�¢�

ö�C�j�LpW�9��������þW�
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GPS6c	¢¢YZ"/	��������

"#	�:¯°W�[\��c,6±L/²�Ù

Ú+,�	:±³����}augmentation system�

��0±³�����GPS��9��.#'m
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99� GNSS�]^��	
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VW�0
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�An���./(ö�Ô�ï¨T6��û�T	
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Ú!ÂW[\�hW63	Ú�gW6Q	Ú
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c9��ä�a�#c,d,	�Oè:7²w,

#a=�9,�ø4�#�>:sÂ,�9���.

#��0è:ä�N®Z+,#�/�	��Ë�
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}$�	KL��Ñn����Oè6ÎZW�KL
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�7+,#��0¼y��ù/@û����z	�
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}g'C��A�¶·)��L0'(�K�÷ø�
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,#'C	³�)O��ÆN�):*¬�S+×
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"/~��	�ÆN�	�û�25 kmrs	eç
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EFG GSN GPS��	 S/N
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NMEA | �NOP	QR
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î�¾��ÔD������ÇÈ�	�ð@ûG

n	HC���6»��NA���©���=�
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,#��0
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2 ¨i����6VFW�Gn6M"�GPSEF

G	[\�99:�GP����0æ( 3¨i:�

��	ð�6!"�/�V+! 10	KL��A�
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2Z	�A�A��t»Z¿+,#��0
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$GPGGA,<time>,<latitude>,<NorS>,<longitude>,<EorW>,<status>,
<#sat>,<HDOP>,<MSL height>,<unit>,<geoidal height>,<unit>,

<age>,<station ID>*<checksum> CR LF

<time> jMpT}UTC�6 hhmmss!"W
<latitude> Ps}ddmm.mmmË¹�
<NorS> eP}N�����fP}S�
<londitude> Ws}dddmm.mmmË¹�
<EorW> hW}E�����gW}W�
<status> 0=_��J��1=GPSÈÓ���2=DGPS
<#sat> ���ÎZ"/��»
<HDOP> HDOPÚ
<MSL height> S6Rs
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<geoidal height> �ÆN�R
<unit> �ÆN�R	È�}M=��D·�
<age> DGPS±3���	7+
<station ID> DGPSøîU ID
<checksum> ô©ÔC6�

GPS �	ò8����
��	�Ô���� 2

�32�����+,�0RTCM�¾��ÔD

�;�ÉV��´¡�7²w,#���:��ÔD

�s���#� 50 bpsuP:¥æ"#4°8�

9��+,#��0Wù#	�Ô����Oö¡A

Ó·��+,��01100110���L�ÔDB��A

Ð¢.#a=�EFG�9,6�H"#�Ô��

�6�8W�0

�Ô������(�v	ð�:�=��NO

��LjXÐk+,�0�NO:ï���Ô��

���ï��ýþ	ÉV�ÎÂ,�0�´��µA

�¶·GPS±3�����±3Úc	�	ub�

�øîU�5�ñ+¢�¢�ýþ:�¢,´�L

V�«Z�����K.#÷��+,�ýþ:ï�

�:�RTCM�¾��ÔD�VFW��Ô��

�69:�¬\ÂÃ�9�K'�Z��þ«W

�9�:8�KL��.#��01998Ì�Ç7

+,/���(A 2.2���Ô���	�NO�

! 11	KL�0²w,#��0�´��µA�¶

·GPSøîU��9,w	�Ô���	Lívw

÷���	6Z��«~/ùsVFW,+K�0

�NO 1aKá 2�Ô������´��µA

�¶·cdZ	±3Ú6�£��0�NO 3�Ô

����øîU	�56 ECEF>�VFW�/

²	�	�=�øË&��9,w	 3ð�	�Ô

���:�,+�´��µA�¶·cd6sL9�

1 2 3 4 N���

����

6 ���

�	


24 ���

30�N ���

1 ��� = 30 ���

������
�����

1 31

N-1

…

…

: 21: RTCM�Ô���	�¾��ÔD

:8�0�NO 6�Ô����;�ýþ6�¢�

��Ô����.#�QTüô	/²�÷�:�

,+YJW�9��+,#��0

RTCM�¾��ÔD�øË&��@��ê�f

g¸¹	/²	�´��µA�¶·±3���ÉV

�ÎZ+,�:�A.1.5.2y�ù/ÚÛ��¸¹

�÷��ÊVØ�Íýþ6�=�L/²	�Ô��

��NO�Z¿+,#��0�NO 18�21:9	

/²	�Ô����ö¡·�N�ªB�� ỐC
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�NO �1� Jf �NO �1� Jf
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2              OBSERVATION DATA    G (GPS)             RINEX VERSION / TYPE
Convert                                 12-Apr-02 17:04     PGM / RUN BY / DATE 

MARKER NAME         
OBSERVER / AGENCY

NovAtel GPSCard REC # / TYPE / VERS 
ANT # / TYPE        

-3899014.0352  3166952.4225  3917266.0181                  APPROX POSITION XYZ 
0.0000        0.0000        0.0000                  ANTENNA: DELTA H/E/N

1     1     7   G 1   G 3   G 6   G13   G15   G17   G19WAVELENGTH FACT L1/2
1     1     7   G20   G22   G25   G28   G29   G30   G31WAVELENGTH FACT L1/2
1     1                                                WAVELENGTH FACT L1/2
1     1                                                WAVELENGTH FACT L1/2
6    C1    L1    D1    P2    L2    D2                  # / TYPES OF OBSERV 
2                                                      INTERVAL            

2000    12    12    04    20   28.000000      GPS         TIME OF FIRST OBS   
2000    12    12    06    36    6.000000      GPS         TIME OF LAST OBS    

13                                                      LEAP SECONDS        
END OF HEADER       

00 12 12 04 20 28.0000000  0  9G25G20G 6G28G 1G22G17G30G29     
20458936.994 9 107512550.013 9      -767.884 9  20458939.362 6  83775990.991 6

-598.505 6                                                       
25107086.904 3 131938620.382 3      1223.334 3  25107095.015 1 102809353.797 1

953.123 1                                                
21716443.668 8 114120930.844 8      1522.553 8  21716447.197 5 88925478.159 5

1186.255 5                                                
24612837.075 3 129341432.168 3     -2704.353 3  24612849.051 1 100785495.894 1

-2107.447 1                                                      
24878792.376 3 130738912.253 3     -3182.166 3  24878799.035 1 101874490.606 1

-2479.798 1                                                      
21263161.779 8 111738848.837 8     -1979.384 8  21263167.300 4  87069357.811 4

-1542.533 4                                                      
25517085.514 2 134093176.727 2     -2619.791 2  25517086.792 1 104488202.116 1

-2041.427 1                                                      
23822020.164 4 125185547.032 4      2991.897 4  23822024.403 1 97547168.240 1

2331.219 1                                                
22634672.701 5 118945919.619 5      3361.397 5  22634681.308 2 92685049.218 2

2619.130 2                                                
00 12 12 04 20 29.0000000  0  9G25G20G 6G28G 1G22G17G30G29     
20458790.907 9 107511782.354 9      -767.634 9  20458793.188 6  83775392.816 6

-598.309 6                                                       
25107319.823 2 131939844.164 2      1223.647 2  25107325.358 1 102810307.393 1

953.318 1                                                
21716733.470 8 114122453.695 8      1522.991 8  21716736.968 4 88926664.795 4

1186.594 4                                                
24612322.441 3 129338728.015 3     -2704.416 3  24612334.457 1 100783388.758 1

-2107.476 1

<2>

<3>

<4>

<6>

<5>

<1>

<1> RINEX��N·	ð��ó!O (w��çW�ýþ
<2> ;�*	aaKc	>�
<3> ;�Ú	ð�
<4> ¡�ÔC 1	pTaKá;���	ö�D
<5> ¡�ÔC 2	pTaKá;���	ö�D
<6> ;�Ú	ö�D
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23�x�lml��N·	¼v�2001Ì 10Í	
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#aP2001 10 14  0  0  0.00000000      96 ORBIT IGS97 HLM  IGS
## 1136      0.00000000   900.00000000 52196 0.0000000000000
+   28     1  2  3  4  5  6  7  8  9 10 11 13 14 15 17 18 20
+         21 22 23 24 25 26 27 28 29 30 31  0  0  0  0  0  0
+          0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0
+          0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0
+          0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0
++         4  4  4  4  5  4  4  4  4  4  5  5  4  4  0  4  4
++         4  4  5  4  4  4  4  4  4  4  4  0  0  0  0  0  0
++         0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0
++         0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0
++         0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0
%c cc cc ccc ccc cccc cccc cccc cccc ccccc ccccc ccccc ccccc
%c cc cc ccc ccc cccc cccc cccc cccc ccccc ccccc ccccc ccccc
%f  0.0000000  0.000000000  0.00000000000  0.000000000000000
%f  0.0000000  0.000000000  0.00000000000  0.000000000000000
%i    0    0    0    0      0      0      0      0         0
%i    0    0    0    0      0      0      0      0         0
/* FINAL ORBIT COMBINATION FROM WEIGHTED AVERAGE OF:        
/* cod emr esa gfz jpl ngs sio
/* REFERENCED TO GPS CLOCK AND TO WEIGHTED MEAN POLE:       
/* CLK ANT Z-OFFSET (M): II/IIA 1.023; IIR 0.000            
*  2001 10 14  0  0  0.00000000
P  1   2577.761601 -21835.220820 -14712.549479    198.778899
P  2 -21348.331334 -10704.183787  12708.564513    -89.471215
P  3  16688.226956   -181.307198  20640.343833     74.187203
P  4 -15735.326864  -3483.737220 -21081.421220    505.918274
P  5 -11587.512452  13585.724486 -19667.788034    318.559378
P  6   4861.431409  25048.557218  -6804.931048     -0.631012
:          :             :             :             :

*  2001 10 14  0 15  0.00000000
P  1   3441.924962 -20219.781916 -16693.235024    198.781718
P  2 -19869.417555 -10878.023972  14847.380018    -89.477305
P  3  17641.718799   1942.017959  19748.426925     74.191294
P  4 -14268.613758  -5453.503738 -21675.285797    505.897745
P  5 -13758.118441  13328.579944 -18388.490668    318.560018
P  6   4195.522052  24296.987233  -9423.982951     -0.631264
:          :             :             :             :

<1>
<3>

<2>

<1> ¡�ÔC 1	pT
<2> ¡�ÔC 2	pT
<3> ��	X;Y; Z>�aKáC ÔC±3Ú
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