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A1.1 ����

��������	
���� GPS������	���������������	 !�"#$

%&��'()*+,��-./012�34��56�78�9�: GPS	;<�=�2>?@AB

CD�EFG:HI�J18�KL��./0

MN	OPQ��	��������OP�R5+,/STU:VFW�STFX6YZ"#�56�7

W��	�./0GPS	[\�9	STU:]^���_`+,#a=���:bVW���ZFX6E

F?cd"#��{EFGe	fg6�7"�9,K=�56hiW�0jM	�9k 28G	 GPS��:l

mPnZ+,#a=�opq�(�� 6Grs�t��8� 10GuP	��vw	FX6���YZ8

�0��xs���#�yz{| 13 m}95%�~��z��u���7+,#a=�9,���t(	

����6�/W9�:8��	���,�0

GPS ��N�Z������:���&��K=��G�:�eZ����b+,#a=�~��

YZ�����1��"#���CD��A���	O�64�"/0 ¡	�����"#¢�£�K�

GLONASS :�=�¤/¥¦§\: Galileo����6�¨©��09,w	��������6 GNSS

}global navigation satellite system; ~��&����������ª«W�0¬Z�K.#�GPS	�

®�}��xsaK¯F°®�:±²W�:�9,6³L/´	³µ������¶��·A�¸¹ GPSº

»6©¼�"#W�t½:¾Z¿+,#a=�À�Á	YZÂÃ�\�Ä#ÅÆW�9�:8�0

ÇÈÉ�DÊ£¹��GPS/GNSS	YZ��/=Ë����ÌÍ&ÎÏ6ÐÑW�0��GPS6ÒÓ

�"#ÔÑW�:�GPS�ÕÖ�×Ø&ÙÚ6Û�#�Ü	 GNSS�����ÌÇ&��ÝÞ	ßà:

8�0

A1.2 GPS���

¤áâ���GPS�ã.#����	Ð�6ÑäW�0åo�À�Á:æW�	�çè	 GPSEFG	

��:�éê��ëì�����:íî"#ï¢�ð¹���	G�6¾j"#��0

A1.2.1 ������

zñP��2òvw	fg:�v,ó 2�	ô	õò�"#�56ö´�9�:8�03÷�øeù

�56ú7W��� 3òvw	fg6û7W�Ë�:�=�3�	ü	õò�"#�5:7¤�09	ýd

�Ìþ�#��{EFGe	fg	�7�K=�56ö´�	:GPS�=��7����Z	STFX6Z

��/´~�� 24pe�������:��+,�0

GPS��Ç��� 1	KL��6"#��0	
�':.#��	����B�¹���:Ë��W

��6��W�0©�	Ç�	��}Oü���t½�8�#����	�	:VF£A���99vw

��Z	STFX:bV+,�0
�	q"g,/�9k��åFZ	£A��}���´	��	�	��

��0� 2�lmP	 GPS��	�56�"#a=�jM	�9k 28G	 GPS��}�¢�C II�IIA�

IIR	 3���	��:�M�:lmP6 !"�:w�fFX6bV""�#��0

#s 2$ km6 !W�GPS���%&�����vw�À�Á�Ò"#'(��56)*�pe:+

��OzT	��,,/=� �=�Ü	��:-.#(����./9�:.9�0OzT	������

vw	/�0v��vw�YZ8�	��OzTK=�P�1*#�#�À�Á	 2	345�6
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� 1: GPS��	�7�8

� 2: GPS��	lm

/:9w,#�������L9����0/�*ó���p'�a�� GPS��	1*º6��!"/	

:� 3��09	�	©¼��:�;�	ô:OzT6!"#a=��	P�	
�<,=,>�?�@�

A�Ò¬W�0�©	½B:��	 IDCX�21C��:>@	ø	DE 30s�/=�5C����:F

G�1*#��9�:�v�09	�8�\h 9G	��:YZ8�vw�GPSEFG�HI�JK6

�.#��6¾LW�9�:8�0

� 4��GPS�K���MN	O��09	��OP�Õ7+,/ GPSEFG�K���MN	{|

6!�"#a=�ïP�	ýò�£A��	Q	�5�Ò¬W�0XR�A�YR�>ºS6!Wvw���

MN6<	¤¤OP��¢�D"/��ÔT"#�K�{|	ìUI�ýòFG6©¼�IV"#��:�>

@	ºS�ì8���{|6WX/peY:�./9�:�v�0

GPS:bV"#��STFX	 /½�ÌÇ&�� 1575:42 MHz}L1/��=�9	 /½��eZ

	 C/A@��}coarse/acquisition code��Zó,�FX:[Äw,#��0C/A@���K���G�6

\]������}SPS; standard positioning service�����̂GPS SPS Performance Standard_[10] �

6����	ù`�®�:�7+,�ab�c�+,#��0aº��Z��+w� 1227:6 MHz}L2/�

 P@��}precision code�:bV+,#��0P@���xd������}PPS; precise positioning

service�:��+,�:�9,��ZFX�=7�e�8	ù`�fd�+,#��0/�" P@��g

��c�+,#��vw�eZEFG� P@��fg6�7W�9�����=�9,6LL�	� 2

 /EFG�Zó,�0

P@��� L1/�bV+,#��vw�hdW��÷	KL���0

i«
 /½

@��
@��js

Z�MHz Mcps

L1 1575.42
C/A@�� 1.023 �eZ
P@�� 10.23 �Z

L2 1227.6 P@�� 10.23 �Z

GPS	~�����	Lklmøe���UI	9�6�n��eï7AD}space segment��OPUI

6@AD¢�¹eï7AD}control segment��<"#À�ÁEFG6À�Áeï7AD}user segment��

«W�}� 5�0�n��eï7AD��GPS��:o¤,�� 2	KL�op 24p28G	GPS��}jM

	�9k�¢�C II�IIA�IIR	 3���	��:�M�:lmP6 !"�:w�fFX6bV""�#
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� 4: GPS�K���MN	O}2001q 10r 19

s�tVç�

User Segment Control Segment

Space Segment

� 5: GPS����	~�u

��0

@AD¢�¹eï7AD��GPS��	nZ?vw6xyW��xvU}MCS; master control station�

z{@¢P�¦�6�X´���©� 4���|}�U}âG 5U�~R+,/���O	��åFZ	£A

��vw��+,�0À�Áeï7AD�À�ÁEFG<	�	6û"�GPS6��W�+¤�¤���	

�v�.��ðP��¶����UI��*�0

�n��eï7AD�@AD¢�¹eï7AD�z�:�¨?nZ"#��:�À�Áeï7AD���#

�À�Á�:Rh?��6"��,ó�w��09	/´�GPS��vwbV+,#���fFX	�Þ�Ù

Ú��7+,���:c�+,#��09,:�A������@AD¢�¹��É7AD}interface control

document��iF�w,#���	�jM	â��� GPS-ICD-200C�� [1]0
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A1.2.2 ��	


GPS	�¨	����<	¤¤��������	�¨���*� [2]0�´#¾Z¿+,/�����

����z���K� NNSS}Navy navigation satellite system; DPA��D��Zó,���]^��

vwVF+,�FX	���P���D6�7"#�56i�W�º»�./0���pe:vv�9�v

w�øG�	#j�îW�À�Á���*á�����	���YZ+,�½ 100mrs	��xs6¾j

"/0��&��	Lkvw�eZ����b+,��Z��	����Z+,/0

NNSS�K=���K���:����9�6��"/z����K=#xs���FX6bVW�/

´��ý�ph6]^���_`W���6L./0aº����P���D�K�º»����pe:v

v�9�vw�zø�� PN@���K��fº»	��6��"/01960q 	��=��jM	GPS�

v�=G��fº»:�¨+,#a=�PN@��º»	ÌÇ&×Ø�994�+,/��*�050 bps	

���)t�K=��hi�Ë������	lm� �66VF8�9��4)+,#�/0

1973q�<,¤���ø�:¡(�L.#�/��������	�¨6aÇ¿W�/´�{¢ª£�

JPO}joint program oéce�:R5+,/01974q�¤kP¥w,/ NTS}navigation test satellite�-I�

ý�ph6_`"/�´#	���.#�2Ì	¹�8¦�¨§¨6©.#�/0"( NTS-II��}1977

q����´#e�¦�ý�ph6_`W�����ø��K� PN@��¨W¨6_`"#a=�GPS�

Ë����×Ø�99ª�"/��*�0

ÝX«vw GPS��	�¢D���	�¨:�´w,�1978q 2r��â�	 GPS��:¤kP¥w

,/09	�¢D����Ê�¬��¢�C I���Zó,�1985q¤�\h 12G:��+,�¤kP¥

w,/}Lk 1G�¤kP¥�®�0¯(	 GPS�����w,#�� SVN}space vehicle number�C

X���¢�C I��	�XGvw°C���w,#��0

�¢D����K�±²��|A�D·��³A:ª´"/	k�1989qvwnZµ	�¢�C II��

:¤kP¥w,�´/01990q	âê�¤kP¥w,/�¢�C II	 10G¶vw�·¸	¹º:»*w,

#�¢�C IIA��=�1997qvw�+w��"��¢�C IIR�Ê�¬}̂ R_� replenishment�:¤k

P¥w,#��09,w	���À�Á	��¼1��½����/´¤./(ÝXKL�YZ8�:��

¢�C II��vw SA	G�:_`+,#��ò��¢�C I���	ì8�½���*�0�ê� 2006q

«vw�¢�C IIF�Ê�¬}̂ F_� follow-on�	¤P¥:h¾+,#a=�¿À?¿Á�e /½:Â»

+,��6ì8�¹º:�+,�9���.#��0

A1.3 GPS����

ÇÃ��GPS	�Ä�"#�GPS:ÅZ"#��fg�7	ýd���7�e�8	ù`�6��

��kJ./×Ø&ÙÚ6ÔÑW�0��7�e�8	YZ���5hi���#��ÐÆ	£¹ÇÊ¬��

�W9��W�0

A1.3.1 ����

GPSEFG��GPS��:bV"#����FX6EF"#�56hiW�0q��VFG�56�

7W����fg�/	ÈNºS	Éº6�7W,óK�}·���6�0/�"�9	º��#���

xs6Ê�	:Ë"�9�vw�GPS�fg	�7	��6¾LW�0EFG	 3÷��56ú´�

��fg��	�7	ÌL:Í\:º�9�vw������ab�fg}����fg	)¿�	6�

7W�0

/�K=fg6�7W�[\	;<��VFp'�EFp'	pe|+*34��7W,ó3"�fg
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6*�9�:8�ò���0/�"�9	/´���÷	KL�ÎÏ:��0

���1�| /	ÈÐ"/��ÑAï634��7"��,ó�w��

���2�| VFG�EFG34�ph6ÒÖ"��,ó�w��

ÓÔ:�(¤EFG�	ph6Ì]�"#/	ÈÐ"/��ÑAï634��7W�9�6ûW}�D�

�¦Õ�È6��&´�v�	�Ò"#�êÔ�VFG��EFG�	<,=,	ph634�\�Ä#a(

9�6Ö×W�}/:VF+,���ÑAï�34�Ý�"#�D��¦Õ�È6���D+Ä��,ó�

w���0STFX6ØÙ+Ä�9��W,óP	ÎÏ}2��ÚÛ"�(#K�:�GPS	KL�aºS�

fº»	[\�ÉÎÏ��:ÜÏ���0

���������

¤á��ÎÏ}1�	��ÑAï	�7���#Ú*�0/	ÈÐ��ÑAï6�7W���VFG6Ý

A?Ý�W�	:Þß�º���:�9	º���fg6/:àáW��/â:ã,#"¤�34��

�ÑAï6ö´�9�:8��0"/:.#�ST������/	ÈÐ��ÑAï6�7W����

/	�ä6Z��º�:ab&��0STFX	�ä	�7xs��aaK< 1 �	 1/100rs¤

���,��ZW�/	/�}ï= c=f�	 1/100rs¤	xsfg6�78�0

MN	�fgST���������ä�7��K=½ 100mrs	��xs6¾jW�/´� /½	

å�æ�/�����/Y	FX6Z���	:tv./} /½ 100 kHz�/�� 3 km����0fg

	�7xs6P¥���#� /½	/6�*óK�:��ä	�7� 2ôß�	±47®:��/´3

4��56ú´�	:çË���0

GPS	[\���fFX:#èìéê6åëW�/´�Z��� /½:æì/uP�ví+,�9�v

w�áV/	�ä6îæ�7W� �=�áV/�Ò"#@��)t6ï*�<	@���äK=��ÑAï

6�7W�9��+,/0

/�*ó� /½ fC [Hz]	áV/6 p(t))tW�9��W���VF/â�÷	KL��8!Ä�0

st(t) = p(t) sin 2ôfC t (1)

p(t)�áV/}sin 2ôfC t�K=�å� /½fp [Hz])¿"�+1�Ä16õð����	�W�}BPSK=binary

phase shift keying; 2ñ�ä)t�09	KL�W���EFG�� p(t)�ò¶"#�ä6�7W�9�:

8�vw��fFX	/�6 fp�K.#ú´�9�:8�0

¾ó	 GPS	VFFX6Ù"(�8!W��÷»	 st(t)	KL���0

st(t) = D(t) p(t) sin 2ôfC t (2)

99D(t)�Ü1	6kwv	ñ6�=�50 bps	���FX��7�e�8�Zó,�0p(t)�ÝÞ�Ü1

	6kwv�<	)¿W�js� fp = 1:023 MHz�@�� �N = 1023��}N!ô�ÝX@��:õ

=ö"j,��0sin 2ôfC t�áV/	÷pñ6Ö×"� /½� fC = 1575:42 MHz��0»}2���á

V/ sin 2ôfC t:���FXD(t)aK¯øùúX p(t)	ûº)t+,#��9�6�"#��0D(t); p(t)

�<,=, f+1;Ä1g	6kwv	ñ6��	�9,w�K=áV/	úX:)*w,#VFFX st(t)6

â�W�0

;<&�	� p(t)	B��A�+1�Ä16õð���	��(��wvX´ú´w,/üý	�a=

�)¿W�09,6�nCDP�øùúX����þ¡�½@��}PRN code��6����xh&�Ì��

½��Ä�KL�B��A��.#��0�½��vw<	�nCD¹�Ì����=�»}2�	VF
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}b� g�ä��äðä�

� 6: ¾ó	 PN@��

/	�nCD¹�áV/ /½6©¼�"#	
�':./�	���0GPS	[\�@�� �N = 1023

��vw�1023!)¿W�/¯�}�¤= 1 msô��ÝXB��A:j,�0GPSZ	 PRN@���"

# ICD-GPS-200C� 37	@��:ú´w,#a=���ô����@��6�ZW�}��	 PRNCX

� PRN@��	� 6!"#���0

EFG����	 PPN @��	ù`6*.#��vw�»}2�	 p(t) 6	j"�EF"//â���

"#
d���ÑAï6\�Ä�9�:8�09,: GPS	�fº»�=�@���ä	)¿W� �

}1:023 MHz��Ò¬W�/� 300 m6Q���"#fg6�7W�9�:8�0

� 6��GPS:¾ó��Z"#�� PRN@��	O��0}a�� PRN1��aK¯ PRN2��:<,

=,�Z"#�� PRN@���â�	 100È��6!�"#��0}b�� PRN1@��	g�ä�aK¯

PRN1@��� PRN2@���	e	äðä���0g�ä��½�pe|ú= 0��C6�W:���

�@��e	äðä����C6©/á�o�Ì��¢��.#��09,����@��Ý�ð���

�"\���9�6Ö×W�vw�W�#	��:Ýa	áV/ /½FX6VF"#��FW�9���

(�¶&	��	FX��6Â�W�9�:8�0

����

+#��L
��	ÎÏ��34�ph	ÒÖ��0STFX	VF��ÑAï�EF��ÑAï6�

7W����VFG�EFG	Éº�34�ph6�*#��Ë�:��0

GPS	[\�VFG���#�GPS���ý�ph6_`W�9�Ôú"#��0ý�ph���e�

¦��¹�8¦���./ý�:¨W��	/�6YZ"#34�ph6¾jW��	�<	xs� 10Ä12

rs���,�}GPS�����_`+,#��ý�ph	p'{|��7+,#a=�EFG��9

,6³3"#+w�34�}��	�p'� 6Ê��0

EFG��ý�ph6_`W,ó34�ph6ÒÖ8�9����:�ý�ph�/���#I��5

����Ë"(�j¾&���*��0<9�åo	GPSEFG��EFG	©�ph��{|:o¤

,#��9�6Ó��"#fg6�7"��56hiW�9���.#��09	[\�EFG�5 x; y; z	

Ìv�ph{|��*½���/´�����ab� 4GuP	��:Ë����0
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24 ���

300 ��� = 6 �

1 ��� = 30 ���

������
�����

1 31 61 181 211 241 271 300

}b����·����

� 7: ��7�e�8	�Õ���D

A1.3.2 �������

À�Á:��hi6¾LW����GPS��	�56*.#���,ó�w��09	/´�GPS��

���FX���7�e�8��L���6[Ä#a=�9	�v�lm� :o¤,#��0��7�e�

8	���js� 50 bps��0

��7�e�8	 1��C¹��·����Lß�Zó,�� 7}a�	KL�����.#��01�

·��� 1500��D�	�9,6VFW��� 30�	pe:vv�0�·��� 5Ä	���·��}�

300��D�vw��+,#a=����·�� 1vw°C�VF6�´����·�� 56VF"����

	¯���·�� 1	VF���0

5Ä	���·��	Lk����·�� 1p3�VF"#����g�	C¢�C³3� �lm� 

}���7Ê��:o¤,#a=�ô!ÝXù`:õ=ö"VF+,�09,�Ò"#���·�� 4aK¯

5�~��:ÝXù`6VF"#a=�<	ù`�lmP	W�#	GPS��}âì 32���	ÐÆ	lm

� }£¹���C��gè³3� ��.#��:�9,w����>:t�/´+w�n�8ß��I

�+,#���·����`+,�0�¤=����·�� 4aK¯ 5�K=VF+,�����<,=,n

�8 1p25�I�+,#a=��·��������n�8	ù`:°C�Vw,�0W�#	n�8	ù`

6VFW��� 25�·��6Ë��"���7�e�8	~� 6Ê��� 12I 30�	pe:vv�9�

���0

���·��	ùU��� 7}b�	KL� ����Lß��I�+,#��01 ��� 30��D 1

���·��� 10 ���Ò¬"�� ��� 24��D	���U�BÊ�¶È��CZ	 6��Dvw�

�+,�0���·��	!"�� TLM}telemetry� ���"�# HOW}handover� ��:VF+,

�9��+,#a=�TLM ����Ý�Z	B��A�HOW ����GPSFX	p'� :o¤,#

��0

GPS�a��p'��1#e6ß��"#$d+,#��0#	�´�ô#s%s	 0p}&%s	 24

p��p'�<,vw	+ëpe!+,�0HOW ����9	+ëpe6 1.5�ß�!"/½:o

¤,#a=�EFG:jMp'6*�1:v=6ï*�0<,=,	#��CX:��w,#a=�1980q 1

r 6s 00:00:00��¤�#:#CX 0�+,/0âG	#CX�! 1	�a=��0

+#�5Ä	���·�������7�e�8:÷	KL�I'"#�`+,#��0u��9,w	

ù`���#(��:�ÙÚ���#� ICD-GPS-200�66)*	9� [1]0
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! 1: GPS	#CX

q r s #CX q r s #CX q r s #CX
1980 1 6 0 2004 1 11 1253 (229) 2004 5 30 1273 (249)
1980 1 13 1 2004 1 18 1254 (230) 2004 6 6 1274 (250)
1980 1 20 2 2004 1 25 1255 (231) 2004 6 13 1275 (251)
1999 8 16 1023 2004 2 1 1256 (232) 2004 6 20 1276 (252)
1999 8 23 1024 (0) 2004 2 8 1257 (233) 2004 6 27 1277 (253)
1999 8 30 1025 (1) 2004 2 15 1258 (234) 2004 7 4 1278 (254)
2003 10 5 1239 (215) 2004 2 22 1259 (235) 2004 7 11 1279 (255)
2003 10 12 1240 (216) 2004 2 29 1260 (236) 2004 7 18 1280 (256)
2003 10 19 1241 (217) 2004 3 7 1261 (237) 2004 7 25 1281 (257)
2003 10 26 1242 (218) 2004 3 14 1262 (238) 2004 8 1 1282 (258)
2003 11 2 1243 (219) 2004 3 21 1263 (239) 2004 8 8 1283 (259)
2003 11 9 1244 (220) 2004 3 28 1264 (240) 2004 8 15 1284 (260)
2003 11 16 1245 (221) 2004 4 4 1265 (241) 2004 8 22 1285 (261)
2003 11 23 1246 (222) 2004 4 11 1266 (242) 2004 8 29 1286 (262)
2003 11 30 1247 (223) 2004 4 18 1267 (243) 2004 9 5 1287 (263)
2003 12 7 1248 (224) 2004 4 25 1268 (244) 2004 9 12 1288 (264)
2003 12 14 1249 (225) 2004 5 2 1269 (245) 2004 9 19 1289 (265)
2003 12 21 1250 (226) 2004 5 9 1270 (246) 2004 9 26 1290 (266)
2003 12 28 1251 (227) 2004 5 16 1271 (247) 2004 10 3 1291 (267)
2004 1 4 1252 (228) 2004 5 23 1272 (248) 2004 10 10 1292 (268)

���·�� 1 ���	�+�C¢�C³3,½

���·�� 2 ���	lm� }���7Ê��| 1

���·�� 3 ���	lm� }���7Ê��| 2

���·�� 4 gè-.³3,½�UTC�,�£¹���C

���·�� 5 ~��	lm� }£¹���C�

�	
��� | ������

��7�e�8	���·�� 1���7�e�86VF"#����g�	�+6!W½ñ�C¢�C

³3,½:�´w,#��}! 2�0̂�/�¹_���7�e�8�"#01+,#��½ñ}��D	2¯

°�!�VF+,�ÌL:P���D�3½ò	�5�â����D	
�vwÇN	½ñ�)4W�/´

	,½6!"��/�¹: n	�8�7�e�8©	ñ� 2n6[X��ÇN	½ñ:Êw,�0úXF8	

½ñ���#��2	³½�K=!j+,#��0

SVhealth���	�+6!W@���0u;	[\�5wv	�o:��9�6�W0URA�<	��

�K=þ¡fg6�7"/[\	�fxs	¶H�15	[\���=5wv	�o:��9�6Ö×W�0

TGD��eZ L1FX	6-.�À�Á:�7"/þ¡fg� TGD���(�.#��9�6Ö×W�0

<	Ü	BP7�������_`+,#��C¢�C	³3��Z+,�0GPS����ý�ph:_

`+,#a=34���ÑAï�fFX6VF"#��:��(3+�{|�7�w,��09	/´�C

¢�C	{|6vwU87"/L*��7�e�8	aU�"#bV"�À�Á�³3W�9���.

#��0

toc�9	³3	Ì]���p'�#	�´vw	+ëpe!+,�0C¢�C	³3� 2÷»L�

,�af0; af1; af2	 3�	BP7��:ZÖ+,#��0!	6-.BP7�� TGD�ÚÛ�J,����f

FX:VF+,/p' tt��÷	³36»*�9����0

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

2 +Åtr Ä TGD

â
(3)

8



! 2: ��7�e�8}���·�� 1�

���
��� ���

���	 
��� � ���� �
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: ��7�e�8}���·�� 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

Åtr�äÒà&9N	³3	/´�Ë��Ï���lmBP7��K=

Åtr = Ä2e
p
ñeA

c2
sinE (4)

�"#ö´�0Oü:�7½�"#��ñe = 3:986005Ç 1014 m3/s26Z��0IODC�uP	C¢�C³3

� 	ð�8³ACX6!"#a=�C¢�C³3� :;�+,�� IODC:)¿W�vw�À�Á�³3

� 	ù`6��"�(#�;�	ÖS6*�9�:8�0

�	
��� | ��������
���

���·�� 2aK¯ 3������	lm� :01+,#��0<	ù`�! 3, 4	�a=�GPS

��	lm�ÌÇ&���<�lm	 6���K=!j+,�+w�xs6P¥�/´	³3BP7��:Â

»+,#��09,w	lm� ����7Ê�}ephemeris��Zó,�=Ö	p'�a��GPS��	�

56hi8�KL��.#��0

� !"#�right ascension of the ascending node; ä�ýò�-õò6M>îT}	-õò	����

Ì]���XR�	e	Es0?ph¤�=���0

��$%&�inclination angle; i�lmñ	�@mñ�ÒW�AB	Es0-õòvwýò61/�8	?

phºS63�W�0%&��� 0s�GPS	[\�C 55s���0

'(!)*�argument of perigee; !�ýòvw1/GOò	ºS6�WBP7���-õò6Ì]�"

/Es!W0

9



! 4: ��7�e�8}���·�� 3�

���
��� ���

���	 
��� � ���� �
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

i

Z

Y

X

Ω
ω

P

���

���

���

}a�lmñ	�5

E

y

x
θ

�� ���
F

1

b

a

F
2

P

�	�

C

O

M

M’

r

}b�Dôlm

� 8: ]^��	lm

������semi major axis; a�Dô	�E0ìE b�� b = a
p
1Ä e2	�,���0

�	
�eccentricity; e�Dô	Fz+6!WBP7���0 î e < 1	G2��=�e:3+�Ì6Qô

�G(��0e = 0�ô�e = 1�b5T6!W0

����true anomaly; í���;7	p'}�H�C epoch��L��a��]^��	�56!W/

´�Z��0GOò6Ì]�"#�Iò¤�=�?phºS��./Es�W�0

uP	 6�	BP7��6lm	 6������]^��	lm6J(W�ó��å�Z�w,�}� 8�0

/��QGòE�p'�	�,:Tâ��w��9�vw���(�/´�GPS��	�56hiW�ó�

�z�GòE:Z�w,�0z�GòE}mean anomaly�M�/�P�ºr»

M = E Ä e sinE (5)

vwö´w,�099E�Dô	©¼ =��v./Es�g¼GòE}eccentric anomaly�����Q

GòE�	e�

siní=

p
1Ä e2 sinE

1Ä e cosE
; cosí=

cosE Ä e

1Ä e cosE
(6)

	�,:��0z�GòE6Z�����H�Cp' t0�a��z�GòE	��ñ6M0�"/�8�

10



M (t) =

r
ñe

a3
(tÄ t0) +M0 (7)

��=�p'�Ò"#Tâ��½��	�56!Ä�0�a�99M(t) = M0 + 2ô�W����:lm

6a W�pe�W��k ! �:

T = 2ô

s
a3

ñe

(8)

�ö´w,�0GPS	lmKE� 26562 km�	�T = 11pe 58IOü6a W�09,�kLL6

0.5M�s��vw�1M�s=23pe 56I:+��Oü�	�5�,:����9����0"/:.#�

��Oòvw��ú¤./ GPS��6N�W��ôsÌ�ÝXp'�ÝX�5�1*�:�9	p'� 1s

�/= 4Irsá�O¤�0GPS��	 !js��g¼P:3+�	�ôlm��Äó�3:874 km/s

���0

+#���7�e�8vwGPS��	�56hiW����¤á��	�56hiW�p' t��H�C

p' toe�	|vwz�GòEM6hiW�0

M = M0 + (n0 +Ån)Å(tÄ toe) (9)

÷��9	z�GòEvwQGòE í6ö´�09	/´���¤á»}5�	�,6YZ"#g¼GòE E

6ö´�0÷	» E0 = M�"#�10!rshiW��HI�G¡ñ:Êw,�0

Ei+1 = Ei + e sinEi (10)

+w��»}6�vwQGòE í6Ê�0

���lmñù�a����	�56hi"#�ECEFQ\ü�)4W,óK�0QGòE�GOò:Ì

]��vw�9,6-õò6Ì]�"/Es û�)4W�0

û= í+ ! (11)

+w��³3ñ C6Z��:w-õòvw	Es u�O¼fg r�lmABE i6hiW�0

2
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)

âê��-õò@+6ö´�ECEFîõQ\ñ�)4W�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)

OügREjs�� _äe = 7:2921151467Ç 10Ä5 rad/s��0

uP�K=�=Ö	p'�a��GPS��	�56hi8�0�a�IODE� IODC�ÝÞ����7

Ê�� 	ð�8³ACX6Ö×W�0¤/����7Ê�� 	Es	ß��"#�Kô}sc=semi-circle;

1 sc = ô rad�:Z�w,#a=�ô P���#� 3:14159265358986Z��0

11



! 5: ��7�e�8}£¹���C�

���
��� ���

���	 
��� � ���� �
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: ��7�e�8}���·�� 4�n�8 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

�9k�#sC 2$ km��� GPS��:bVW�FX:OP¤ÈÐW�����j� 70 msS

	pe:vv�0GPS���Oü�Ò"#�j 3 kmuP	js�î"#a=�Oü�¤/gR"#��9

�vw����5���#�9,w	äÒ&��5)¿6ÚÛ"��,ó�w��0W��k GPS	��h

i��/.#��GPS�����#��fFX	VFpò	�56Z��9��"�EFp'vw�fFX

	àápe}���������6|"T�/p'���#���56hiW�0+w��àápe©	Oü

	gR�K���6�=Û(/´�����7Ê�vwhi"/���5�Ò"#Oü	gRI��U�!R

6»*#vw��hi��ZW�09L"/��6 Sagnac}�} �̧C�9N��L0

������� | ������������

���·�� 1p3:��7�e�86VF"#����g�	� "vo¤��	�Ò"#����·

�� 4aK¯ 5��~����,"/� :�´w,#a=�6	���ÝX� 6bV"#��09,w	

� ����>:t�/´n�8ß��I�+,#��	�Ó(	�a=�6kw	���·��� 1p25

	�á,v	n�8:°C�VF+,�0

12



0 6 12 18 24
0

10

20

���, t�h�

�
�

�
�
,
 
D
i
o
n
o
�
n
s
�

AMP

PER/2

� 9: gè-.|�¹

~��	ÐÆ	lm� �£¹���C� �Zó,����·�� 4	n�8 2p5aK¯ 7p10���

�·�� 5	n�8 1p24��´w,#��0\h 32n�8�32G	���Ò¬W�0£¹���C�

 	ù`�! 5	�a=�C¢�C³3� aK¯���7Ê�� 	aUvw��+,�0ÝXBP7�

�����7Ê�� ���#��D½:Vw+,#a=���	WX�âåíË��� �Y*w,#�

�0£¹���C� 	�H�Cp'� toa�7+,�0

������� | ���� !"#$

#s 100 kmuP�IVW�gè��GPS	�ZW���C¢/Y	/	ZL6-(+Ä�[8:�

=�9,�K=WX�gè-.���#��wvX´ú´w,/|�¹»�K=-.>687"#³3W�

9���.#��09	/´	� �����·�� 4	n�8 18�[Äw,#��}! 6�0ã0pã3; å0p

å3	h 8¯	BP7���K=~��	gè-.6³3W��	�9	gè-.³3,½�W�#	�

��Òå��0

GPS��÷	|�¹»6�L9��+,#��}ß� [s]�0

Tiono(tL) =

8<
: F

h
5Ç 10Ä9 +AMP

ê
1Ä x2

2 + x4

24

ëi
; jxj < 1:57

5Ç 10Ä9F; jxj ï 1:57
(15)

9	|�¹6��W��� 9	KL�@��A�½	PKI	â���9�vw�@��A|�¹�Zó,�0

»}15�	 x�@��A�½	�ä6!"#a=�

x =
2ô(tL Ä 14Ç 3600)

PER
(16)

vwhi+,�0tL����vwVF+,#8/FX:gè�J\W��5}�£��H�AD pierce point

��L��a��Oºp�GPSp' t�	�,� tL = 12Ç 3600ïi + t ��0gè	�+�p'�K.

#ì]�)��/´�Oºp	� :Ë���.#��0@��A�½	:ò�Oºp	 14p�Ò¬"�^

e�@��A�½�K�G¡:�¤/_e�7½ 5 ns:Z�w,�9����0

AMP�@��A/â	§]6!"�gè-.³3BP7�� ã0pã3vw

13



AMP = max

(
0;

3X
i=0

ãi ûm
i

)
(17)

�"#hiW�0gè��W�jÓ�O`é��,"#���	�Ú*w,#��9�vw�̀ éasûm [rad]

:»©�j,#��0

PER�@��A/â	 ��.#�gè-.³3BP7�� å0på3vwhiW�0

PER = max

(
20Ç 3600;

3X
i=0

åi ûm
i

)
(18)

F���fFX:�:ºSvw��(B´	ºSvwgè�J\W�/´gè	åëfg:�(�

���6ÚÛW�/´	�	�ê�ÑäW�»}38�	KL���DE ELvwö´w,�0/�"�»

}38�6<	¤¤hiW�	�bc:ì8�9�vw�¾ó	 GPSEFG�

F = 1 + 16 (0:53ÄEL)3 (19)

6G¡»�"#Z��0

�£��H�AD	`éas ûm��u�	�,»vwö´�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���	º�E�ûu;ïu�EFG	asaK¯+s�ûi;ïi��£��H�AD	a+s�†��£��H

�ADaK¯EFG:Oü©¼�	e�(�Es��0Es	ß��W�#Kô}semi-circle��W�0

������� | UTC%#

GPS:Ì]�W�pü� GPSp'�Zó,�GPS��aK¯OP	MCS}�xvU��W�#9	p

ü�"/:.#íî"#��0GPSp'�MCS�R5+,#��e�¦�ý�ph�K=$d+,#��

:�<	Q����.#��	�z����d}USNO; US Naval observatory�	ý�ph��0À�Á

: GPSEFG�K=Ê�ph�GPSp':Ì]���vw�USNOp'��Ý�"#��9����0

���·�� 4	n�8 18���GPSp'� UTC}e7��p��	�,6!W)4BP7��:01

+,#��09	� 6YZW,ó�EFG� UTC� JST}sÇ\]p�:Êw,�0GPSp' tvw

UTC�K�p' tUTC�	)4��÷»�K=LL0

tUTC = tÄÅtUTC (24)

ÅtUTC = ÅtLS +A0 +A1 (tÄ tot) (25)

14



A0; A1� USNOý�ph	 UTC�ÒW�á,6!"#a=��H�Cp' totvw	+ëpe	a÷»�K

=³3W�0ÅtLS�L�L��1999qpjpò¤ ÅtLS = 13 s��0L�L��±7��¾f+,�

9�vw�GPS��:bVW� UTC�,	� }! 6���÷!	L�L�	;�g7s:o¤,#��0

L�L�� 23:59:60��L)h&�p'�"#iJ+,�vw�EFG�9	����jÖW�Ë�:��0

A1.3.3 &�'()*+,

�� i �EFG	e	fg	�7ñ6 ri [m] ��(9��W�09,�34�fg öi [m] �EFG	

ph	Z é [s] �K�{|:»�.#�7+,/�	��9�vwþ¡fg}pseudo-range��Zó,�

ri = öi + cé= öi + s	�,���0EFG	ph:Z������fFX:ÈòW�÷e�ÇNK=�Z

��p':N�+,�/´�1v�PJI�pe:vv./9���=�fg	�7MN:�´���0

��	�5�k*�"#��7"/þ¡fgvwEFG�56ö´�9�6Ú*�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)

�!+,�}ß��W�# [m]�0þ¡fg�ÇN	fg�	�,K=�EFG�5x6ö´�/´���§�

ºr»

8>>>>><
>>>>>:

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���#Ô�óK�03÷�	�56ú´�/´���*½�âå 3����:�»}27��

EFG	ph{| é��*½�"#��,#��/´�*½�\h 4���=�9,6Ô(/´��âå 4�

	ºr»:Ë����0"/:.#�4¯uP	��6�Z"#þ¡fg6�7W�Ë�:��9����0

§�ºr»}27�	<,=,	»��2[W��üñ6!W»���0l5m&���EFG�5 x; y; z

�9,w	üñ	õò�"#ö´�9�:8�03"(fg:�7+,#�,ó 4�	üñ� 1òõ��

�á�:�þ¡fg�EFGC¢�C{| s = cé���(�7+,#��vw�1ò�õ�w��09	

/´�� 10	KL�üñ: 1òõ��KL� s6)¿+Ä#ü	ì8+6thW���<	�8	õò�

"#EFG�5:ö´w,�05¯uP	��6�ZW�[\�<,� 1ò�õ�w��	�EFG�

5 x; y; z��üñ�	fg	 2[n:�.��3+(��KL� s6thW�}â3À[��0

+#�»}27��oTâ	§�ºr»��/´�åo�pq���ñ	¤�=Tâ¿6L��r÷G

¡��K=Ô6Ê�0

-.�1�x; y; z; s���#�pq���ñ x0; y0; z0; s06ZÖW�0

-.�2�x0; y0; z0; s0�"/�8�þ¡fg�"#�7+,��8ñ6hiW�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)

-.�3�¾ó��7+,/þ¡fg ri�Ò"#�s| Åri = ri Ä r0i6ö´�0
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���#1

���#2
r
1

r
2

���#3

r
3

r
2
-s

���

r
1
-s

R
3
-s

� 10: üñ	õò�"#�56ö´�

-.�4�x0; y0; z0; s069	s|�äqW�I��t3W,ó�3"�Ô�Gþ(9�:8�09	/´�

��ri	 x; y; z; s�K�FuI

@ri
@x

= Ä(xi Ä x0)=r0i ;
@ri
@y

= Ä(yi Ä y0)=r0i ;

@ri
@z

= Ä(zi Ä z0)=r0i ;
@ri
@s

= 1

6Z��0x0; y0; z0; s0	)¿>6 Åx;Åy;Åz;Ås��(��

8>>>>><
>>>>>:

År1 = @r1
@x

Åx+ @r1
@y

Åy + @r1
@z

Åz + @r1
@s

Ås

År2 = @r2
@x

Åx+ @r2
@y

Åy + @r2
@z

Åz + @r2
@s

Ås
...

ÅrN = @rN
@x

Åx+ @rN
@y

Åy + @rN
@z

Åz + @rN
@s

Ås

(29)

��L§�ºr»:Êw,�0Åri��v.#��vw�9	§�ºr»6 Åx;Åy;Åz;Ås���#Ô

�óK�0

-.�5�Êw,/ Åx;Åy;Åz;Ås�K=���ñ6;�W�0

x1 = x0 +Åx; y1 = y0 +Åy;

z1 = z0 +Åz; s1 = s0 +Ås

-.�6���ñ6 x1; y1; z1; s1�;�"#�1°}2����0uP	1°6�Åx;Åy;Åz;Ås:HI�3+

(��¤õ=öW0

9	KL�1°Ô6ö´�9�:8�0åo�<,Ì6
d���ñ�Ë���(}Þß� x0 = y0 =

z0 = s0 = 0vw�´#�v¤�����½!rs	õö"3"�Ô��vW�0

P�(�/Ô��.��1e:vv�	��1°}4�	UI	ºr»6Ô(9����,�0¤á����

6Þß�W�/´��ºr»6Lý�K=!jW�0QCD¹Åx = [ÅxÅyÅzÅs ]T;År = [År1 År2 ÅÅÅÅrN ]T

6YZW���1°}4�	ºr»�
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GÅx = År (30)

�Þß��(9�:8�0G�

G =

2
666664

@r1
@x

@r1
@y

@r1
@z

@r1
@s

@r2
@x

@r2
@y

@r2
@z

@r2
@s

...
...

...
...

@rN
@x

@rN
@y

@rN
@z

@rN
@s

3
777775 =

2
666664

Ä(x1Äx)
r1

Ä(y1Äy)
r1

Ä(z1Äz)
r1

1
Ä(x2Äx)

r2

Ä(y2Äy)
r2

Ä(z2Äz)
r2

1
...

...
...

...
Ä(xNÄx)

rN

Ä(yNÄy)
rN

Ä(zNÄz)
rN

1

3
777775 (31)

�GPS���EFG	äÒ&��5�,�K=ú¤�0»}30�	§�ºr»	Ô��ºr»: 4�}G

: 4L 4ý	3ºLý	[\��,ó G	ULý6ö´�9�Êw,�0

Åx = GÄ1 År (32)

ºr»: 5�uP��}G: 5LuP���[\��*½K=�ºr»	ÌL:½:t�9����:�

9	KL�[\��â3À[��K=Ô6Ê�	:ab&�

Åx = (GTG)Ä1GT År (33)

�"#;�>6ö´�0

/012*+,

N > 4	[\��*½K=�ºr»	ÌL:t��w��vw��"�X´vw{|:ì8���v.

#���7ñ:��	�wó�<	�7ñ��W�ºr»�YZ"�(#�Ô6ö´�9�:8�0/�*

ó N = 5	[\�W�#	����W�þ¡fg6Ý���.#��hi6W�K=��Ü	�����#

þ¡fg	�7{|:�.��ì8����,���6Û�#hi"/ÌL:MN&���{|:3+(��

��®:��0

�¤=�þ¡fg	�7ñ r1; r2; ÅÅÅ; rN�o¤,�{|	rs:�wvX´�v.#��[\���<	

9�6YZ"#Ô�o¤,�{|63+(W�9�:8�0{|:ì8����,��7ñ��¤=:�x

Äá�34�Ú*w,��7ñ6:ò&��=�L9��Ô�o¤,�{|}	�yñ�6���(3+(

���ê(W�KL� GPS	[\�DE	å�����W�þ¡fg��7xs:º(��9�:�v.

#��vw�9L"/1��Ö9��0

þ¡fg�o¤,�{|6ÚÛ"#��hi6LL���:�8	â3À[�6YZW�09	hi	

/´���¤á÷	KL�:LýW6ZÖW�0

W =

2
666664

w1 0 ÅÅÅ 0

0 w2 0
...

. . .
...

0 0 ÅÅÅ wN

3
777775 =

2
666664

1=õ1
2 0 ÅÅÅ 0

0 1=õ2
2 0

...
. . .

...

0 0 ÅÅÅ 1=õN
2

3
777775 (34)

õi�þ¡fg ri�o¤,�{|	\]F|��}
P

i wi = 1��Ë�����09	:Lý6YZ"#

ºr»�:þ�6"#�{|	�yñ:�.��3+(��KL�Ô6ö´����

Åx = (GTWG)Ä1GTW År (35)
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	KL� Åx67´,óK�0N = 4	[\�Ô�aÖ�ú¤�vw:6��#hi6L.#�;�Ö×�

��:�»}35�6hiW�9��8�0

345��6*%#

�9k�»}27�	§�ºr»	Ô6ö´����P(	KL�EFGC¢�C{| s = cé6�*½

�"#Ô(Ìv��<,=,	»Ý	T8i�K= s6z{W�º�:��0

8>>>>>>>>>>>>>><
>>>>>>>>>>>>>>:

r1 Ä r2 =
p

(x1 Ä x)2 + (y1 Ä y)2 + (z1 Ä z)2

Ä
p

(x2 Ä x)2 + (y2 Ä y)2 + (z2 Ä z)2

r2 Ä r3 =
p

(x2 Ä x)2 + (y2 Ä y)2 + (z2 Ä z)2

Ä
p

(x3 Ä x)2 + (y3 Ä y)2 + (z3 Ä z)2

...

rNÄ1 Ä rN =
p

(xNÄ1 Ä x)2 + (yNÄ1 Ä y)2 + (zNÄ1 Ä z)2

Ä
p

(xN Ä x)2 + (yN Ä y)2 + (zN Ä z)2

(36)

s:z{+,#�*½� x; y; z	 3��vw�3ÄuP	»:�,óÔ6ö´�9�:8�0/�"�	|

������W�þ¡fg	|��vw�3Ä	»6�(�����= 4G	��:Ë����02òvw

	fg	|:a7���ñ6}(�!Rû~ñ}û~T6!R+Ä#8�ñ����9�vw�9	§�º

r»	Ô�l5m&�� 3�}uP�	!Rû~ñ	õò�"#ö´w,�0

fg	|:a7���~T6}(��û~T���09	9�6YZ"#�56ö´�º��û~T��

}hyperbolic navigation��Zó,�¢PA C�Ý7��6Z�w,#8/0GPS	[\�þ¡fg	|6

YZ"#À�Á�56ö´�9�:8�:���C¢�¢e��	���K=���°.#�56ö´�Ë

�:�(�./jM��DOP	hi��v®�6	Í\vw s6�*½�"#Ô(º�:ab&��0

A1.4 ����

GPS��:VFW��fFX��2$ km	fg6àá"/	k� GPSEFG�ÈÐ"#fg	�7�

Z�w,�09	e��+¤�¤����K={|6WX�9����:���¡�{|	;<6ÔÑW�0

¤/��f{|vw��{|6hiW�º�����xs	û\�� DOP���#�(��0

A1.4.1 78��

GPSEFG��GPS��:VFW��fFX6Z�#���EFG	e	fg6�7"���hi6¾

LW�09	�8��	�5� �{|:����îæ&���{|��.#j,�9����0

GPS��	lm�34�g�+,#��7�e�8�"#bV+,#��:�jM	×Øy]�½mp

10 mrs	{|�7��9�:8á�9	g�{|:��lm{|�"#s�9����0� 11���l

m{|	O���7�e�8�"#bV+,#��bVlm�}broadcast ephemeris�vwhi"/��

�5��Îê�¡�hi+,�34�lm��xdlm�}precise ephemeris��K��5�	|6!�"

/09	O���7�e�8	bVîê�6	ºS�� 1:5 mu�	{|��.#��:�2p3pe:+

ëW��÷¿�{|:øìW�Þ�:�v�0xdlm�� IGS}international GPS service���L{ó&

G�:��"#a=�â4ñ	c«xs� 5 cmrs�+,#�� [3]0

��lm{|�K����xTºS}À�Á�GPS��6M>îT	ºS�	�5{|:ÜÏ�9,�

îõW�ºS	{|���MN���6��+��0]^���<,Ì6Úv�§î6W�9����vw�

��lm	g�{|� �	��ð�£�®	�I���0
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� 12: #èìéê	��

A1.4.2 ������

GPS�����p'Ý�Z	34�¨§¨�"#�e�¦�ý�ph:_`+,#��0lmZe�¦�

¨§¨	xs�aaK< 10Ä13rs���,�:�9,� 1s}=86400��	e�� 10Ä8�rs	Ý��

	p'{|6WX�9����09,6fg�4iW��C 3 m�.#�³36"�����½s	L

k�ì8�{|���"#"¤L0

9	/´���C¢�C6³3W�/´	� :��7�e�8�o¤,#��09	C¢�C³3� 

�K=³3"#��as�{|:���C¢�C{|��0e�¦�¨§¨�ì�&��H7"/�î6�

Wvw���C¢�C{|� �	��ð�£�®	�I���0

�a�ê(W� SA:¾f+,#��[\�����C¢�C�]^&���:»*w,#��0�¤=

��C¢�C	xs}H7®�:Ö�&���+,#�����:�9,���7�e�8�o¤,�³3�

 �³3W�9�:8��vw�YZÔ��.#���{|��.#j,�9����0SA�K���

� �: 100�rs�ì(�PA��®{|���0

A1.4.3 ���	


ìéê��� 12	KL���6©.#��0#èìéê�é�I�: XT��;T�6	��g

"�g��	ds:#��P¬����.#��09L"/��6gè����GPS�ì8���:�

�	�#s 100 kmuP�j,��HP�¶�C Eè}Esè�aK¯<,K=#�#s�¨WW� Fè}F1

èaK¯ F2è���0gè	�+����î	�¨+����p'�[���./���K=)¿"�

GPS�ÒW����'(�)�.#��0

GPS:�ZW���C¢/Y��gè	��P:�ds�/	 /½�K.#)¿W�9��K

=�ZLjs:-(��9�:������*�09,��:ºS 5p100 nsrs	-,��=�9	-,

pe	I��fg	�7�{|6WX�¾óK=�(�w,�9����09,6gè-.}ionospheric

delay��Z>0

gè�K�-.>6Diono [m]�W���

Diono =
40:3

c f2

Z
N dl =

40:3

c f2
TEC (37)
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� 14: ��	¦Õ¹��ò½}��: d�q!�

���0f�/	 /½��eZ L1 FX� 1575:42 MHz ���0N [mÄ3] �g��ds�	�R
N dl�EFG���6M>îTP���g��	ª½��=�TEC}total electron content���Zó,

�}ß�� [mÄ2]�0� 13�gè-.>6¾�"/O�gè-.�^e�ì8(�_e�3+(��Þ

�:�v�0�7�� 2 /EFG6�Z"��:ºS-.>�4i"#!�"#��0

¾ó���fFX��:ºSvw��(B´	ºSvwgè�J\W�vw�gè	åëfg:�

(�=�-.�+w�ì8(��0�:ºS	-.pe6Diono(90
é)�W���DE ELºS	��	g

è-.>�

Diono(EL) = Diono(90
é)

,r
1Ä

Re cosEL

Re +Hiono

(38)

���0Hiono [m]�gè	z�#s�ab�� 350 km�W�0DE 5s	�����:ºS	C 3

�rs	-.6WX�9����0

30 m�����f{|�Sx8��vw�GPS�gè|�¹6YZ"#9	{|6³3W�9�

��.#��}A1.3.2�6)*�0<,�³3"8,��{|�gè-.³3{|�"#j,�9,�ì

8(#�åo� 10 mrs¤�+,�0

�9k�»}37�vw�v�KL�gè-.>� /½	 2 [�?�OW�09	®�6YZW�

���eZ L1FX�»*#�Z	 L2FX�EF8� 2 /EFG��gè-.>6îæ�7"#x

sº(³3W�9�:8�0�¤=�L1 FX�K�þ¡fg PRL1� L2FX�K�þ¡fg PRL2	|

PRL1 Ä PRL26Z�#�

Z
N dl = (PRL1 Ä PRL2)

û í
40:3

c f2

L1

Ä

40:3

c f2

L2

ì
(39)

�K= TEC6ö´w,�0"/:.#�2 /EFG���7�e�8	@��A|�¹��ZÄá�-

.>6îæ�7W�9�³3W�	:ab&��0

�9k�GPS���W��:ì8�ÂÃ��	
�������î	�¨+:��0��	�î� 11

q ���6õ=ö"#��9�:*w,�:���:�¨��îW��ì>	c��:Oü��=j

�9�vw�gè:�(������gèùU	)î:�"(�=�-.>	87:Ë"(��0¤/�
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GPS��:���	��6E��9�vw�lmg�	xs:å�"¤W0� 14���	�ò½	N�ñ6

q °�!�"/�	�11q ��ò:~V"#��Þ�:�v�0ab��ò:t�p�����î

:�¨�jM���� 2001q«6©¼�W��î�}solar high�	��=���0

A1.4.4 �����

ìé-.}atmospheric delay��I +,�-.���gè-.	Ìv�Ò ê-.}tropospheric delay�

:��09,�ìé	��P}refractive index�: 1K=��ì8�ñ}1:0003rs���/´�WX�

-.�ìéds:¡�O!FGì8(��0

ìé�K�àá-.6!W|�¹	
����Hopåeld|�¹�K,ó���P n	ìé�K�-.>

}ß� [m]��

Dtropo(h; 90
é) = H

n0 Ä 1

5

í
1Ä

h

H

ì 5

(40)

��� [4]09	» n0�OP�a��ìé	��P�h��7ò	#s�H�9	|�¹ÚÛW�ìé	

�+ 43 kmrs�+,�0#s:P:��Ò ê-.:3+(��9����:�9,�Pø�P:��

�fFX:åëW�ìé	�+:VqW�/´��0OP�G�Ì6ìéds:#�	�#s	P-��

��¢j�-.>:3+(��0

ìé	��P n����C¢/u�	 /½�÷	KL�!+,� [5][6]0

n = 1 +

í
77:6

Pd

T
+ 3:73Ç 105

Pw

T 2

ì
Ç 10Ä6 (41)

99�Pd [hPa]�ìé£}y¤é£6Û(��Pw [hPa]�y¤é£�T [K]�¥Ò¦s6Ö×W�0/�*

ó�OPFG6§7"# Pd = 1000 hPa; Pw = 10 hPa; T = 300 K �W���aK< n = 1:0003rs���0

9	Ü��Ò ê-.6!W/´	+¤�¤�|�¹:Ú*w,#��:��å	 GPSEFG�é£

�é¦6*�9�:8��0�>Z��6#�xs6Ë��W�[\��¡�éÓ��6�7"#³36

LL:�åo	YZ��ab&�éÓ��6§7W���HI���,�09	/´��.��Þß�º

��"#��+¤�¤�éÓ���a��Ò ê-.>	z�ñ:��,�0/�*ó�»}40�6���"

/÷	»:��0

Dtropo(h; 90
é) = 2:47

Ä
1Ä 2:3Ç 10Ä5 h

Å5
(42)

¾ó���gè-.	[\�ÝXKL���vw	FX��:�Ò"#B´	ºSvwÈNW�vw�Ò 

ê-.>aK¯³3{|�9,K=ì8�ñ���0��	DE6 EL�W���

Dtropo(h;EL) =
2:47

Ä
1Ä 2:3Ç 10Ä5 h

Å5
sinEL+ 0:0121

(43)

��=�DE 5s��:ºS	 10�����0

|�¹�K�Ò ê-.³36f"/ê	³3{|��aK< 0:5 mrsu��+,�0Ò ê-.>�

GPSEFG	#s�K=)¿W�	��¶��·A�¸¹GPScd6LL[\��À�Á�Ì]U	#s

|�jÖ:Ë���0

A1.4.5 ���	


GPS	�Z"#����C¢/��îZ®:µ�Ü�5��>�v��?\"�W�®�:�=�¨�©

ª«��kk�¬5	�Oñ�`®�?\W�0aº�GPS���o��î"#a=�EFGvw1�
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� 16: DE��f{|	�,

�+¤�¤�ºS�j,�/´�GPSEFG:�L£A����w<�ºSvwÈNW�/6EFW�K

L��.#��09	/´GPSEFG���� 15	KL���vwîæÈNW�îæ/	Ü� 2	¬5�

6�K�?\/:EF+,#"¤L09L"#EF+,�/6�¹ÈB�}multipath�/��L0�¹È

B�/�îæ/�����+¯6/6.#��/´�Èò¤��W�pe:Jh�vv�09,:îæ/�

Ýp�EF+,���îæ/	/â6ã"#EFG	î����6��W9���=�°�&���f{|�

�.#j,�0

¬5�±²�6	345�O!FG���9�:t(�O!<	�	�K�?\���/´��¹ÈB�

/�O!G(t(¨WW�09	/´��¹ÈB�6Y*�/´���}i�DE	å���6�Z"���}ii�

åDEvwÈNW�/6��DW����./Ò³:Ö9��0DE	å���vw	FX�O!G(6

åë"#(�/´�¹ÈB�6t(o�a=�9,6�Z"��9��¹ÈB�67�w,�09	Ò³

����	DE:�v,óK(�ê(W�DE��C�6�K=Ò¬W�0

aº�DE	#���vw	FX�.#��345�?\+,#ÈNW�9�:��09L"/?\/

���=O!G(vwÈNW�vw�Ò³�"#��}ii�	KL�DE	å�UI���#�/<	�	6

EF"��9�:Ú*w,�0GPS£A���ÌÇ&��6kw	ºSvwÈNW�/�EFW�KL�

�(w,#��vw�åDEvw	/6��DW�/´��È³�CÊAï}choke ring��Zó,�U´

6Â»"#ÒcW�0

A1.4.6 �������

GPS:�¨+,/q�	EFG�EF!¯6 1È¸A�¹"v©.#awá�t½	��vw	FX6Ý

p�EFW�9��8�v./0"/:.#°÷��6µ=¶*�:wEF?�fcd6LL9���=�

���EFG	�î��7��	)î�6�K=�7{|6WX/0jM	EFG� 8p12È¸A�¹rs	

EF!¯6©��	:�å�t��	� 16È¸A�¹	�´���0Pø	��	ìUI¤/�W�#

6Ýp�cd8�°÷�7�K��7{|�¨W"��0jM	EFG�W�#�¶8�¹cd!¯6ÅZ

"#��vw�È¸A�¹e	�7{|	ów�8�ÜÏ��w��0

<,��EFGùU	+¤�¤����K=�7{|:¨WW�09L"/���¦s�K���6E

��9�vw�EFG	·��}thermal noise��Zó,�9�:��0¤/�EF£A���EFGÇ�6

æ"W�# //��¹���#��´�	º��	6�Z"#â3í	�+�W�8��0EFGùU

	�7{|��#s�cd!¯6ÅZ"#��EFG� 0:5 mrs6WX����,�0
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! 7: ��{||�¹

{|�� ð�£��I}m� PA���I}m� \h}m�

��lm 2.1 0.0 2.1

��C¢�C 2.0 (20.0) 0.7 2.1 (20.0)

gè-. 4.0 0.5 4.0

Ò ê-. 0.5 0.5 0.7

�¹ÈB� 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¸¿ê	�f{| 5.1 (20.5) 0.4 5.1 (20.5)

yz��{|}HDOP = 2:0��\]F| 10.2 (41.1)

¹î��{|}V DOP = 2:5��\]F| 12.8 (51.4)

���Global Positioning System: Theory and Applications [8]

! 8: GPS	��xs��W��7

SA:�./p�	�7 [9] SAÔÛê	�7 [10]

yzºS
100 m }95%� 13 m }95%; ~��z��

300 m }99.99%� 36 m }95%; âºO��

¹îºS
156 m }95%� 22 m }95%; ~��z��

500 m }99.99%� 77 m }95%; âºO��

���GPS SPS Signal Speciåcation[9]�GPS SPS Performance Standard[10]

A1.4.7 ����

uP�(�/KL����K=�GPSEFG	fg�7��{|6»L0��¡����á,�½mr

s	{|��:�ª\W��q�(�� 5 muP	�f{|���0

��¡�{|	ì8+6¤�´���! 7	�a=�� [7]0!©	ñ�\]F|!�+,#��vw�

aK<9	 2�: 95%ñ�äqW�0̂ð�£��I_��<.(=�"/)¿6W�{|�I6û"�Þß

���=Û(9�:8��0aº^PA���I_��7	/¯�)¿W�{|�pq��¶¹��K�

z¸¿åVW�9�:8�0! 7��ª\&��f{|� 5:3 mrs��¶¹��K=PA���I6

åV"/[\� 5:1 m���0�a���@ù� SA:��[\	�7{|6!W0

ê(W� DOP6Z������{|��f{|	ÐÆ	�,6

yz��{| = �f{|ÇHDOP

¹î��{| = �f{|Ç V DOP

����0yzºS���#HDOP = 2:0�¹îºS� V DOP = 2:56§7W���À�Á	��{|�y

z?¹îºS�<,=, 10:2 m���� 12:8 m���0SA:��[\�ÝX( 41:1 m; 51:4 m���:�

9,w��á,�\]F|��vw 95%ñ�9	 2����0

aº�GPS	��{|���#�z��K��7:��09,��L1FX	�K�GPS	\]����

��6�e��bW���/=���W���xs	�í67´#���	�1995q�¹¼�:¨L+,/

^Global Positioning System Standard Positioning Service Signal Speciåcation_[9]:Öi�./:�2001

q 10r�� SA 	ÔÛ6?½"/^Global Positioning System Standard Positioning Service Performance

Standard_[10] :¨L+,/09,w	���K��76! 8�¤�´�0��xs	�7�yz?¹îºS
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	¡� 95%ñ�+,#��:����7��µñ��9��jÖ"��,ó�w��0��	�5�K.

#���7K=��xs	º�O�:¨WW�9�:��0

A1.4.8 �����

1970q �GPS	�¨:�´w,�����	OP±²�¾²Z���K���¾²:Z¾W���,

#�q��y"#�/K=���v�º¿�½ 10 mu�	��®�6¾j8�9�:Àä"/0qp¾Z

+,#�/���P�º»	�������� NNSS�W��eZ���b+,#a=�GPS���#�

��ÒZ�����W�Ú*�./z���H~Á3P	d��K=�9	#���®�6<	¤¤�bW

�9��pq����ÀÂ"/0

9	/´�GPS	�eZFX���#��ÃÖ�xs6Ä¿+Ä�Å56ÆJW�9��+,/09,:

SA}selective availability; ÅÆYZ®��Zó,�Ç��.#�q�� 95%ñ 500 mrs	{|6ï*

�ºÈ�./	:��e�	µ��É 100 m�Y*w,/�	9���0

1978qK= 11G:¤kP¥w,/}Lk 1G�¤P¥®��¢�C I�Ê�¬	¾²Z����SA	

G��©.#��v./01989q 2rK=nZµ����}�¤= SA	G�6©���¢�C II�Ê�

¬	¤P¥:��+,�9,: 6G��./ 1990q 3r 25s�c»� SA:¾f+,/09	�8�¢�C

I��� 6G:lmP��./vw�K½	��� SA:¾f+,/9����0

qÊ	9��:w SA��eÀ�Á�/���±Ë�1996q���PDD}Presidential Decision Directive;

ìx�Ì³ûÍ��K= 10quù� SA6ÔÛW��	ºÈ:�+,/0¾ó��9,K=O(�2000q 5

r 2s�ìx�Îä:�+,�SA�ÔÛ+,/09,��SA	��6Û�##�xs6Êw,��¶��·

A�¸¹ GPS×Ø:¨¾"���� SA6v�#��Ö×:Ï,/�	ÀÂ�K��	���,�0�ê�

� SA�	¾f"���	ºÈ:äwv�+,#��0

2001q 10r�¨L+,/GPS	�"�®��7��̂ Global Positioning System Standard Positioning

Service Performance Standard_[10]��SA	ÔÛ6?½"/��xs:�7+,#��0

A1.4.9 ���
�

þ¡fg	�7xs����	DE�ì8(ÐÑ"#��0DE:å�����åëW�ìéê	fg

:��/´-.{|:ì8(�=�FX:O!G(6åëW�/´�¹ÈB�	���E��W(��0� 16

�9L"/�,6¾�"/O�DE:å(����f{|:ì8(��Þ�:�v�09	/´�DE	å

���6��hi�����KL�W,ó��xs6P¥�9�:8�0

DE��C}elevation mask angle��9	/´���,�BP7���©ÒuP	EFG�Z��¬

X#9	ñ6R78�	:ab&��0ÓA�¶EFG�6�R78��:�9	[\���C<	

�	6L���v�����EFG:gî&���6ÅÆ"#��0

ab&��DE��C� 5p15srs	G2R7"�R7+,/ñK=�DE:å����aÔ��Z

+,�(��0DE��C6ì8(W�Ì6þ¡fg	�7xs:º(��}3"(��7xs:º�N�ñ

6�������	��xs�SPW�:��¤=ì8(W���Z�����	½<	�	:Vq"#"

¤��U���xs:�:�v�������Õi:¾L8�(�.#"¤L9����0

�øG���	��Z������� |�345:q��ÂÃ���9�����Õi6©Â+Ä�

�/´���½68���t("/�9��6vw�DE��C� 5srs:ab&��09,�Ò"

#� |�345:t��>IÖ��ú¤./Oò�pe	N�6LL/´N�����tq	×�:

�.#�<,Ì6±Í\:�(� |	ÂÃ�K= 15p20srs	DE��C:R7+,�0

¤/���	DE�ÒW�{|	aaK<	;®��wvX´�v.#��vw�9	9�6K=ØÙ&
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�YZ"#��xs6P¥�º�:��0DE��C	KL���6�Lv����v	6kwv�I�#"

¤L	��(��7ñ�:6��#��Õi6¾LW�	:<,�A1.3.3�(�/KL���Õi

�:�8	â3À[�6Z��9����0çè	EFG��DE��C�K�Å¡6"/L*+w�

:6��#��hi6W��	:t�KL��0

A1.4.10 �����DOP

þ¡fg�3+�)î År:�./�8�EFG�5 x; y; z; s}s�EFG	C¢�C{|��ï*���

Åx��»}30��K=!+,�

GÅx = År (44)

��0G	ULý6�L��Åx6

Åx = GÄ1 År (45)

��8!Ä�0

þ¡fg	�7ñ��f{| e:o¤,#����<	{|�K�)î�»}46��ÝXâ»��=�

Åx = GÄ1
e (46)

�!+,�0W��k����	�f{|62�# e�W���<,�K���{|�»}46��K=Åx�

"#Êw,�0â3À[��K=��hi6L.#��[\�

Åx = (GTG)Ä1GT
e (47)

���"�:�8	hiº�6ÅZ"#��[\�

Åx = (GTWG)Ä1GTW e (48)

�K=��{|6hi8�0

A1.4.11 DOP

�9k�)½e	{|	äð�,6!W��ÒIù}covariance���L!j6Z��	:ab&��

*�0N÷�QCD¹ a = [a1 a2 ÅÅÅaN ]	ÒIùLý}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

(49)

	N ÇNLý���0õaiaj
�)½ ai� aj�	e	ÒIù�)½e	ä��,	µ+�<,=,	)½	I

ù	ì8+6!W}�yñ6!WJX E [Å]6�*ó�)½ a; b	ÒIù�õab = E [ (aÄE [ a ])(bÄE [ b ]) ]

���0�¤=�)½ ai� aj	<,=,	Iù�¬X#ÒIù�ì8(��:�<,w	e	ä�:S�

,óÒIù�3+�ñ��6¤�0�a�i = j	�8�õaiai
�)½ ai	Iù6!W0

»}46�vw Åx	ÒIùLý6ö´���{|àá	�hK=
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cov(Åx) = GÄ1 cov(e) (GÄ1)T (50)

	�,:��099 e	���	e�ä�:�(��7{|	Iù: õ2�!+,��	�W���cov(e) =

õ2 I���vw}I�ß�Lý��

cov(Åx) = GÄ1 (õ2 I) (GÄ1)T = õ2 (GTG)Ä1 = õ2 C (51)

���0cov(Åx)� Åx	ÒIùLý�

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

(52)

����09	Lý	ÒE���;� x; y; z; s	Iù6!Wvw�{|6!Wû\�"#Ö9��0

��xs6ú´������}i�þ¡fg	�7xs}�fxs��}ii�YZÔ����	l5m&�5�

,�	À�:��09	Lk}i����#� õ:!"#��vw�P»6 õ2ÛW��}ii�	��6 !

W�BP7�����0C = (GTG)Ä16Z�#�+w�fg	÷����KLzºÚ6����

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 =
q

C2
11 + C2

22 (53)

V DOP =
1

õ

p
õ2
zz = jC33j

TDOP =
1

õ

p
õ2
ss = jC44j

���09,w6°�ÑäW���

GDOP�G=geometric �5�p'	ú7xs6ª\&�!W0

PDOP�P=position õx;õy;õz��,"#a=��5	ú7xs6!W0

HDOP�H=horizontal �,"#��	� õx;õy�yzºS	�5	ú7xs6!W0

VDOP�V=vertical õz��¤=¹îºS	�5	ú7xs6!W0

TDOP�T=time p'	ú7xs6!W0

��0â3À[�6YZW�[\�ÝX( C = (GTG)Ä1:�*�0

GPS �K�aaK<	��xs��fxs� DOP 6[X�9�Ði8�̂ �fxs Ç HDOP =

yzºS	��xs_�̂�fxs Ç V DOP = ¹îºS	��xs_	�,:��0/�*ó��fxs:

õPR = 10 m 	�8���	�5:HDOP = 2; V DOP = 2:5�./�wó�yzºS�� 20 m�¹îº

S�� 25 m rs	xs��:L�,�0¤/�TDOP = 1:5�W��p'	ú7xs� 15 m���:�

ß�6pe�W���9,6�j cÛ"#C 45 ns��L9����0�a�HDOP���� VDOP6h

iW�ó���G�UOQ\ü�K=hi+,#��Ë�:��0

:�8â3À[�6Z��[\�Ô�o¤,�{|	ÒIù6!W»}51��
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� 17: �¶��·A�¸¹ GPS

cov(Åx) = (GTWG)Ä1 (54)

���09	»���xs6ÐiW����*�:�DOP���#�»}53��K=7Û+,#a=�:

6��#hi+,�9����0

A1.5 �������

uP¤�GPS	��ýd���{|	®����#(�/0ÇÃ����xsSP	©¼&1�

���¶��·A�¸¹ GPSº»6�X´�"#�¬Z��/.#Ë���� |*Ü���#ÑäW�0

A1.5.1 !"#$%&'(���

GPS	{|��	Lk	ìUI�EFG6R5W�[���,�(Òå�j,�vw�g,/[����

Ý½	EFG:ÝX��6E��9����09	9�6YZW���k*	Oò� GPSEFG6Õ7"#

{|6�7W,ó�9	{|� �K=g,/Oò	 GPSEFG�WX�{|6g�"�³3W�9�:

8�0

9	KL��k*	Oò GPS	{|6�7"�9,6YZ"#{|	³36��º»6�¶��·A

�¸¹GPS}DGPS; diãerential GPS���L0�¶��·A�¸¹GPS��k*ò�Õ7+,�EFG

6Ì]U��îW�À�ÁEFG6�îU�Z>0

Ì]UN�+,��� i¤	þ¡fg r0i��Q	fg ö0i�÷	KL��,:��0

r0i = ö0i +éi +Å0 +ó0i (55)

{|�I	Lk�éi��� i�.�W�{|�Å0�Ì]U£A��	�5�ÐÑW�{|�.#�ó0
i�<	

6kw��(N�ô�WX�PA��{|�W�0Ì]U���#��5:�wvX´�v.#��vw�

Q	fg ö0i�hi�K=ö´w,�0"/:.#�{|�I��6 r0i Äö0i = éi +Å0 +ó0
i 	KL��=�

W9�:8�0

�îU��ÝÞ�þ¡fg�"#
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! 9: �¶��·A�¸¹ GPS�K=³38�{|��

{|�� ³3	�Þ @7AD

��lm ß �ÌT�xså�

��C¢�C à K(³38�

gè-. ß �î:�"��xså�

Ò ê-. á #s|�jÖ:Ë�

�¹ÈB� â ³38��

EFG�� â ³38��

r1i = ö1i +éi +Å1 +ó1i (56)

:N�+,�9����0�îU	[\�Q	fg ö1i��*�=�{|�I��6îæ�=�W9��

8��0

+#�5wv	1��K=Ì]UN�+,/{|� 6àVW,ó��îU�{|�I	³3:��

���09	/´����îUN�+,�þ¡fg r1ivw�Ì]U	{|�I (r0i Äö0i )6VX,óK�0

r1i Ä (r0i Äö0i ) = ö1i +éi +Å1 +ó1i Ä (éi +Å0 +ó0i )

= ö1i + (Å1 ÄÅ0) + (ó1
i Äó0

i )

�¤=�éi	Ï:�¸Ae¹"����.�W�{|��=Ûv,�9����09,:�¶��·A�¸¹

GPS	ÌÇ&�ýd�.#�ìUI	{|6�=Û(9�:8�:�EFG�	�5�K=ú¤�Å;ó

��¸Ae¹Äá�ã"kÌ]U��îU	Éº	{|:�JW�9����0

GPS	+¤�¤�{|�����#�<,=,�¶��·A�¸¹GPS�K=³38�v6Lv6!

9�¤�´/0��lm{|���#�Ì]U��îU�Ì�Òå�j,¤W	�¶��·A�¸¹cd�

K=³38�:�Ì]U��îU�	e	fg}ÌT��:�(����Òå®:VqW�9�vw³3x

s:å�W�0��C¢�C	���Ì]U��îU	�5�,�KwáÒå�j,�	�º¿�³3:

8�0SA���C¢�C�{|6ï*#]ä&���xs6��W�	��:��¶��·A�¸¹º»

�W�9�9	����=Û(9�:8�0

gè-.���#��ÌT�:<,Ì6�(��,ó}300p1000 kmu�rs��¶��·A�¸¹³

3:����:����î:�¨gè	)î:�"��³3xs:å�W�0Ò ê-.�ÌÇ&��

�¶��·A�¸¹cd�K=³38�:�EFG	5v,#��#s�K=-.>:)��/´�|�¹

�K�³3#s	��6Û(9�:Ë���0

aº��¹ÈB����#��¶��·A�¸¹cd�K�³3:8��09,���¹ÈB��EF

G	 2	/ÂÃ�K=ú¤��	��/´�Ì]U��îU�Òå�j,�{|���9��K�0

¤/�EFGùU¨WW�{|���#��Òå�{|�I���vw³3�8��09,w	{|�

��#���¶��·A�¸¹cd�K=Ì]U�	{|	���E��ßå��º»	[\���#ã"k

{|:~»W�9����0

A1.5.2 )*+���

!� A1.3.1�����������	[\�#� /½	/6���(#��w��/´�/	

�ä6�7W�º»�±47®6�=Û(9�:Ë"��(�/0GPS 	[\�9	±47®	 ��
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19:03 cm ��vw�áV/	�ä6Z�#fg6�7W����7ñ�� 19:03 cm	h½�	±47®

:o¤,�9����09	KL�±47®:�.#��î�����Sv��:�IÖ�K.#�áV/	

ì�/�6YZ"/xd��:L�,�0

¸æ��º»:<,��¶��·A�¸¹GPSº»�ÝXKL���56�7"/�Oò�R5W�N

�U�k*	Oò�5v,�Ì]U�6ZÖW�0<,=,	EFG�ÈòW��fFX	áV/	�ä6½

*}�µ&�� 1/1000/�¤½*���ú¤./peô}�H�Cp'��L���7ñ�"#JçW�0

½peIrs	���6è´/�9k�76�´"�ÉEFG	N����6�8\�Ä#��ò	Q\6

hiW�0áV/	�ä:N�ñ��vw 19:03 cm	±47®:ð�£��I�"#o¤,#��:�9

,�pe�Kwáa7��vw��pe	���6cdW,ó9	±47®}h½£A�éÉ��¶�6�

�L�634�87"�xd��7ñ6Ê�9�:8�0

¸æ��º»��pe	N����:Ë��/´����>IÖYZ+,#8/0/�"�asN6ú

7"#"¤*ó<	ê�±47®	ÜÏ��(�N�U:�î"#�|"ê*���09	9�6YZW�º

»:����¶�C GPS}kinematic GPS��â��±47®6Û{W�/´�½ 10Ie	N�6L./

����î"�:w÷(�t½	N�ò	Q\6ö´�9�:8�0����¶�C GPS�Ò"#�Õ7

òLL¸æ������¶�CGPS}static GPS��������¶�C�>}static surveying��6�Z

ó,�0

jM������¶�CGPS6+w�Z´#��î��áV/�ä�K���:����.#8#��0

Ê£¹�������¶�C GPS}realtime kinematic GPS; RTK-GPS��Zó,�º»�N�U:�î

©�.#�Ê£¹����±47®6Û{"�xd���6LL9�:8�0Ê£¹�������¶�

Cº»���î©	N�U�Ì]U	���6àVW�/´ST���ÊAC�Ä\�Ä#�Z+,�9

����0

���¶�Cº»�±47®	Û{�pe	+ë6YZ"/:�Ê£¹�������¶�Cº»�

Ê£¹����±47®6ú7W�/´�ë����6YZW�0�¤=�jM�op 6p8GrsuP	�

�:1*�vw��567´�	�Ë��âåí	 4G���#ë���.#��9�6YZW�0YZ

8���W�#	Lkvw 4GI	Ä\Ä6t½�=�"#<,=,���#ºr»6�#�6��Ä\Ä

��6L.#�MN�ÝX�5��w��,ó�w��9�6YZ"#±47®	���Ä\Ä6í7"#

�8�aå=�ú¤./�9k�5:ú7W���L9����0Ê£¹�����.#�/�k�±47

®:aå=�ú¤�����(���¿��½Irs6�W�0Ê£¹�������¶�Cº»�¸æ�

�º»	a���:�Ê£¹����Õicd6LL/´¸æ��Lìí��¤=Z�w,á�áV/�ä

�¶��·A�¸¹GPS}CDGPS; carrier-phase diãerential GPS��6�Zó,�9����}9,�Ò"

#�@��þ¡fg�K��¶��·A�¸¹GPSº»6@��DGPS}code DGPS��«"#î¡W�9

�:��0sÇ��ß��¶��·A�¸¹ GPS��*ó@�� DGPS6ûW�0

áV/�ä���#��9,6îæN�ñ�"#Z��	��(�PN@���K=�7"/þ¡fg	

xs6SP+Ä�/´�YZW�9�:����@��þ¡fg�±47®:�� �=�xs}xd+�

:<,Ì6#(��:�áV/�äN��9,�U�xd�N�ñ�±47®��Lð�£��I:»*w

,#���	�Ú*w,�09L"/ÉN�ñ	®�6L¤(YZW���áV/�äN�ñ6���@��

þ¡fg	ów�86Y*�9�:8�09	KL�º»6�¸Ê£���8Aï}carrier smoothing��

���jMçè+,#��©ÒCP�uP	EFG�\]&�ÅZ+,#��0�¸Ê£���8Aï�a

�#� RTK-GPS�ÝÞ���=��¿:Ë��Ö9�9N:j,�¤��EFG:î�6��"#v

w½Irs6�W�0�¸Ê£���8Aï���¶��·A�¸¹ GPS��kk��ßå��º»�Ö

9�º»��0
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�9k�ßå��	[\��EFGC¢�C{|6�*½�"#l5m&��ü6!Wºr»6§�+

Ä#�5Ô6Ê�:�¸æ��	[\�A1.3.3�(�/û~T���ÝÞ	l5m&�,»:Z�w,�0

W��k��îUaK¯Ì]U�a�����H�C	áV/�ä	N�ñ6<,=,

à1
i = ö1i +éi +Å1 +ë1i +N1

i (57)

à0
i = ö0i +éi +Å0 +ë0i +N0

i (58)

�"/�8�¸æ��cd�¢ïP���a:�ä|}single diãerence�

Åà
(0;1)
i = à1

i Äà0
i (59)

��À:�ä|}double diãerence�

Å2à
(0;1)

(i;j)
= Åà

(0;1)
i ÄÅà

(0;1)
j (60)

6YZ"#EFGC¢�C������C¢�C	��6Û{"�¸æ��hi6LL	:ab&��09

	KL�|IÕi��h½£A�éÉ��¶	¯½6Vq+Ä�ºr»6Ô8�W(W�9N:��0

A1.5.3 �,��-./0123"

����øG	���������34�jM�56ï*w,�9�	Ìv�F°®:#�9���ö+

,�0�øG	òï�����	òð�����ñ&�O��:�ÝÞ�xdòó�gî¬RGô��./

¬Z�������	F°®�H~®�îMW�:��®�����0

¤/�ï¢�ð¹��������"#������*��	��9��:���0À�Á�~�

��IV"#��vw�~���Ò"#op����6��"��,ó�w��0���©Â:�.#��w

��vw�����:o�§""#íî"#��9��Ë���0

ÉÔ6��Ä#F°®�«W�9����:�;���IÖ	Zõ��ÓÔ6�A�ïÊ�¶}integrity;

ª~®��êÔ6£Q�P�Ê�¶}availability; YZ®���.#î¡W�0£Q�P�Ê�¶���#+

w�
d�7Û6W��������:��+,#��pe�\6£Q�P�Ê�¶�����:§""#í

î"#��®�6@A�¶}É��¶}continuity; §"®���L0

/�*ó�§� 4GuP	 GPS��:1*#�,ó����:YZ�����"/[\�

£Q�P�Ê�¶=
4GuP	 GPS��:1*#��pe	\h

ªpe
(61)

��09,���xs�±H:���"# PDOP < 6��9�6����:YZ�������"

/[\�

£Q�P�Ê�¶=
PDOP < 6��.#��pe	\h

ªpe
(62)

���"�yzºS	�ò¶"#��6HDOP < 3�"���	Ã3��*�/´� 5GuP	��:1

*#���,ó�w��9��W��wó

£Q�P�Ê�¶=
5GuP	��:1*�v�HDOP < 3��.#��pe	\h

ªpe
(63)
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����kL0

�9k�F°®�
�9�ìL�ß�����:Ã3"��9��)Ü+,:k��:��A�ï

Ê�¶��LÚ*º��Lq"'(�����:�7	®�6¨ö"#��9�6Á�W�9�6Ö×W�0

/�*ó�������	��{|���#æ*#��w��í�G2}÷ í��:7´w,#a=��A

�ïÊ�¶����j¾	��{|:9	í�ù���9�6Á�8�®�6ûW0<"#�<L��[

\��<	ø	÷ 6�Ä����oã0

�A�ïÊ�¶G��K.#÷ :�+,#��[\��<	e������:YZ8��9����0

9	pe�£Q�P�Ê�¶aK¯@A�¶}É��¶���"��¤=÷ :t�������"#	F°

s:å���L9����0»!Äó�

£Q�P�Ê�¶= 1Ä
÷ �K=����:YZ8��pe

ªpe
(64)

��L9����0

£Q�P�Ê�¶6P¥����±��÷ :���KL�W,óK�09	/´����{|	ù`G

26'(}�·��³¹�6ì8(�W,óK�:�<LW��j¾	��{|:í�ñ6æ*�4P:#(

�=��A�ïÊ�¶64Á8�(�.#"¤L0?Ò���A�ïÊ�¶6#´�����{|	ù`G

26ú´,óK�:�9,�÷ óv=:û¨"#£Q�P�Ê�¶:�:.#"¤L0�A�ïÊ�¶�

£Q�P�Ê�¶�9	KL�ä?W�®�:�=�ûº6#´���Ý��£¹ÇÊ¬�:Ë���0

������	�A�ïÊ�¶6Ú*�L*��j¾	À�Á{|�o��*��9��üÖW�Ë

�:��0À�Á�����ý�ù	69���v�vw��:�/�*69�./�"#����{|:

÷ í�ù���9�6Á�W�v�+���,ó÷ 6ï*���:þ©+,#���,ó�w��0�A

�ïÊ�¶G��°�&��|}�U6R5W�9�¾j+,�:�<	½�IV��A�ïÊ�¶®�6

îæ	
W�BP7�����0

�A�ïÊ�¶6�7W�÷ í�����xs����Ð���0��xs�ab�\]F|���

� 95%F°îe�6�K=!j+,�9�:t(�������:��W��5� �o¤,�{|	ìUI

	IV��W�� 6ï*��	��07o�+�a������	®����xs�K=Ì�J(+,�

����	ab&���6!jW�	�p"#��09,�Ò"#÷ í���j¾	��{|:9	ñ6æ

*����&�ÎÃ�M¯�8v���9�vwR7+,��	�.#�<	KL���{|:WX�	

�¤,�ÎÓ��}U��*ó�¤,�(#��w���0�øIÖ�a�#�ö+,#���A�ïÊ

�¶��¶\ÎÃPvwi�+,�ù`Ê�C6+¤�¤�Ê�C����IW�9��������ÒW

�ù`Ê�C67´�9,K=Æv,/�	��0

A1.5.4 45'
36�/&3723"

GPS6<	¤¤YZ"/	��������"#	®�:±²W�[\��<,6³L/´�Â»+,

�	:³µ����}augmentation system���0³µ����� GPS�a���.#î�"�À�Á

:Ë��W���xs����F°®6�./������6¾jW�0

jM¤	�9k�øIÖu;��A�ïÊ�¶���#	�ö:<,Ì6
"(�(�³µ����

	G��"#���xs	SP:©¼��0°�&���¶��·A�¸¹GPSº»�K�9���=��

�Z©/ DGPS��@A6�X´+¤�¤�����:¾Z¿+,#��0àV�Õ���D�"#�ê(

	 RTCM-104����åg	�Õ���D:�Z+,#�(	ST7�¶£�K�����:��+,#a

=��A����D�K�àVº»���:Z´w,#��0

�e�øIÖ�a�#��ICAO}international civil aviation organization; {ó�e�øG��:âG

31



GNSS	\]�Þ}SARPs; standards and recommended practices�67´/�9k��099�GNSS

�]^��	Ü�GPEFG�OP|}�fR�66�o´/7Û��.#�#�°�&��� GPS}@£

������³µ����6Â»"/���+,#�� [11]0ICAO GNSS��³µ�����÷	 3� 

�îI+,#��0

SBAS satellite-based augmentation system; %&��µ����³µ����0%&��vw³µ� 6V

F"�ìï��	'���/.#GPS	³µ6LL0	P�ø¯vw��Ñ�¹ø�¤'�G2	�

øG6ÒÓ�"/³µ������0

GBAS ground-based augmentation system; OPµ����³µ����0OPVFUvw	³3� �K

=�UO&� GPS6³µW�0ø
 |ZJòï©	�øG�Ò"#³µ����6��W�0

ABAS aircraft-based augmentation system0GPµ����³µ����0�øGPÊw,�� �K=

GPS6³µW�0EFG	ùUcd¾j+,� RAIM}receiver autonomous integrity monitoring�

	Ü�é£#sh��®eA��6GPSu;	eA�6YZW�AAIM}aircraft autonomous integrity

monitoring�:o¤,�0ABAS���#���¤	�9kÙÚ��7��+,#���0

�øZ'�GPS³µ����	\]�Þ�� SBAS�³µ� 6%&��vwbVW��	�¾ó	�

����"#��z{	WAAS}wide area augmentation system��¥¦	EGNOS}European geostationary

navigation overlay service��<"#sÇ	 MSAS}MTSAT-based satellite augmentation system�:<,

=,h�©��0�ZW�����WAASaK¯ EGNOS��A�¹��D�MSAS�MTSAT}multi-

functional transport satellite; n�t¶&�����.#��0z{ FAA:�¨©	WAAS� 2003q 7r

�)��ó:ª´"�¾Z:��+,/0SBAS�K=VF+,�FX��À�Á�øG�Ò"#}i�·A

8AïG��}ii��A�ïÊ�¶� �}iii��¶��·A�¸¹³3� �6��W�09,w�W�#GPS

L1�ÝX 1575:42 MHzbV+,�vw�£A��� GPS�ÒZ8�7Ê�D:��0

aº�GBAS�xdZJZ	³µ�����ø
 |�R5+,#UO&�³µ� 6�øG�VFW

�09,�K=�SBAS�¾j8��#y]	ZJòï6¶ûW�	�z{ FAA: LAAS}local area

augmentation system��Z�h�W�ºÈ��0�¹ÈB�YvaK¯�A�ïÊ�¶4Á	/´GBAS

OPU��Ý½	Ì]EFG:R5+,�VHF/�K=³µ� 6bVW�0

³µ�����a�#�A�ïÊ�¶64ÁW�/´���OP	|}�UGPSFX6x"��fF

X	xsaK¯3q®6opÈ��CW�9�:Ë���0SBASaK¯GBAS��°�&���¢�C

�³A·Q¹}protection level; Á�·Q¹�º»�K=�A�ïÊ�¶64ÁW�Rh��.#��09	

º»��j¾	��{|:�¢�C�³A·Q¹6æ*�4P:����ý�ù	�/�Oò����

A�ïÊ�¶�öy]}/�*ó 10Ä7�u���9�6Á�W�9��"�9	�¢�C�³A·Q¹:

÷ í�ù�,ó�����YZ���<L��,óYZ±��"#÷ 6�W9��W�0

�¢�C�³A·Q¹º»��� 18Ñä8�09	�	�R�j¾	��{|��R��¢�C�³

A·Q¹��vw��A�ïÊ�¶�9,w	�,:ÒETK=		�����4P��0ÒETK=�

�	���J�9�6MI}misleading information����� HMI}hazardous misleading information�Î

Ó����9,��A�ïÊ�¶:�/+,#����w��0£Q�P�Ê�¶��¢�C�³A·Q¹

:÷ í�ù���4P��vw�PL = AL	yzTK=��UI���0

�¢�C�³A·Q¹�yz?¹îºS���#¡(�hi+,�<,=, HPL}Horizontal Protection

Level�aK¯VPL}Vertical Protection Level��«W�0�A�ïÊ�¶:�/+,����á,	ºS�

��#���{|:�¢�C�³A·Q¹6æ*#��w��vw�»!Äó÷	KL���0
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MIMI

	���	���

��������������
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HMIHMI

	�����	�����

ALAL

MIMI

00
00

��������������OKOK

� 18: �¢�C�³A·Q¹º»�K��A�ïÊ�¶

�A�ïÊ�¶= Prob(yz��{| < HPL \¹î��{| < V PL) (65)

SBASaK¯GBAS	³µ� ����¢�C�³A·Q¹6hiW�/´	��ô	� :o¤,#�

�0À�ÁEFG��9	� vwjM�5�a���¢�C�³A·Q¹6ö´�jME�#�����

��Ò¬"/÷ í����"#��	�Þ6ÀÂW�0bV+,�� :��ô�	��À�ÁEFG:¾

ó�6	��6�Z"#��v:±ä��9��K�0

A1.5.5 �89

GPS�K=Êw,/�5� ��5wv	Q\ü�Ìþ�#!j+,��,ó�w��0OüP	�56

!jW�/´�7Ûþ�w,/Q\ü��Oü�Zó,��>×Ø	Z����Ä#¨¾"#8/��:��0

�N	�Oü��{ô�7Û+,#a=<,=,	{��.#Í\	º��ü:��+,#��:�GPS	K

L���©YZ+,������9,�±HI�=��{Òå��Z8��Oü:Ë���./0

jM GPS:ÅZ"#��	����OüWGS-84�=�â�	���O×Ø�Ìþ�#�(w,#��0

:;�<;

OüP	�56!�W���+as:��,�09,�O!ñP	Q\ò6Oü	©¼6ýò�"#ÙQ

\!�"/�	�DE�as�º�E�+s�Ò¬W�0ýòvw	fg�o�OüKE��"�vw�!

�W�Ë����0

as	Ì]�@mñ�=�@mP	Oò�W�#as: 0s���0@mK=>�6>a�?�6?a

�Z�î¡"�>Ùò�>a 90s�?Ùò�?a 90s���0>a??a�!JÄá�
��	½ñ

!�W[\��ab��3	ñ6>a�b	ñ6?a�Ò¬+Ä�0aº�+s���#�ïÊ}�8��

T6Ì]�W�09,�¢A�AG���./ïÊ}�8��d6å���T	9��Ç���T}prime

meridian���Zó,�0ïÊ}�8��T:+s 0s�9,K=A�6A+�@�6@+����/�*

ósÇ\]p����ä�ç6å�A+ 135s	��T6Ì]�ú´w,#��0A+?@+6¤�´#
�

�	½ñ!�W[\�A+63	ñ�@+6b	ñ!�W�0
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as�+s6û7W���O!ñP	ò6aÖ�7´�9�:8�0/�*ó�A�ÍtVç���

��������aK<A+ 139.56s�>a 35.68s	Oò���0

WGS-84�=>�89

+as�K=Q\6!�W�[\	ýò�Oü	©¼}:¼���0"/:.#�ÇN�ýò634�

7´�/´�Oü	â���W�ÙÚ�*Ü:��,ó�w��:�9,�/���Ë"�0<9��{�

a�#<,=,	�Oü:7´w,#a=�9,�Ìþ�#�>:L�,�9���.#��0�:{�N

ÅZ+,#�/�	�sÇ�Oü}Tokyo datum��Zó,�sÇ¨L+,�O���sÇ�Oü�K�+

as:!�+,#�/}ê(	KL��âG����Oü6�ZW�KL¹´w,/�0sÇ�Oü	+as

ýò�A�Í
î�Vd��=�9	Oò	+as:�>��K=�7+,#��0Ó��(�/����

��	�5�WGS-84�a��+as�./:�sÇ�Oü�ÝX+asñ:C 450 m��>@	Oò

6ûW9����0

9L"/�{ÕÖ	�Oü�{ù	�>�ó��Í\:º(�+asýò6Ì]�"#t½	ÁEò	+

as67´#a�ó�9,w6Ì]�"#�>6L��ÒÓOò	Q\6ú7W�9�:8�0/�"��

Oü	���{�	{Ã�ÝaOò�.#�Q\ñ:½.#!+,�9�:�=�Òå	Q\ü:Ë��

[\�±Í\6WX�0GPS	KL�~���Z���������9	KL��{ß�	Q\ü�Í

\:º�/´���©Òå��*��Oü�"#�z{�K=���Oü}WGS; world geodetic system�

:�¨+,/0WGS���(�v	ð�8³A:��:�jM GPS:ÅZ"#��	�WGS-84�Zó,

��Oü�=�Q\ýò�Oü	:¼�Oü	â�6!�WBP7���â�	ñ�+,#��0

GPS	Q\hiYZ+,� ECEFQ\ü��WGS-84�]�"/îõQ\ü��0âG�xd�>

IÖ ITRF}international terrestrial reference frame; {óOüÌ]Q\ü�â��� ITRF94���LQ

\ü:�Z+,�KL��.#8#��:�jM	WGS-84�¹¼6+# ITRF�G��	��.#a=�q

�(����Z��ÉÔ�Ì�Ýa	�	�"#�=�*�0

âG�GPS�K��>:��W��6"#�Oü	½��K�±�+:�M¿"#8/9�vw�+as

	Ì]67´#���>�:¹3+,�+as	!������Oü6ÅZW�9��+,/09,�K=�

2002q 4r 1svwsÇ{ù	�>ó���~ñ&����Oü6�ZW�9���=�{&Od :¨L

W�O������Oü�K�+as:!�+,�9���./0�Oü	½�:;�±�6WX#�/�P

IÖ���#��ÝÞ����Oü�Ìþ(��:YZ+,�9��+,/0

?@�AB/C@

��Oò	�5634�!W/´���Oñ	#+6!W\#�Ë��BP7����0\#6�7W

��ó6y]�>����Ì]ñvw	!îfg6\#��L0sÇ	[\�\#	Ì]�A�"	z��y

ñ#s�+,�A�Í# $î%$&���sÇy]ýò:\# 24:4140 m�7´w,#��0

GPS	[\�9	KL�y]ýò�ÑM"��:�¾ZP�WGS-84:ÅZ"#��OüDô�}]�

Dô�; reference ellipsoid�	!ñvw	#s:��,�09,6Dô�#}ellipsoidal height�����A

�G|�\#K=� 40 mrsì8�ñ���0

Dô�#�d'&�â�	!RDô�vw	#+��vwz��yñvw	#+��\#�	|�O

��K.#��=���~��âì 100 mrs���09	/´�\#:Ë��[\�������	

IÖ�8Ý��}geoid���LÚ*º:Z�w,�08Ý�����Oü~��y6(./�§7"/�

8	<	yñ�äqW�ñ}�:�H�A�¸¹ñ��L0)*�K����Û(��z��yñ�a�W

��	6�L0Oü	ì8+���W,ó8Ý��ñ�¸wv�~ñ��:�Úv(��U�&�:�	
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� 19: \#�8Ý��# � 20: ~��	8Ý��#	IV}��: d�q!�

µS���+,#:�	µ�+O�8Ý��ñ:,��- |�8Ý��ñ:.��.#��0

Dô�# h�8Ý��ñvw	\#H	�,�� 19	�a=�

H = hÄN (66)

��vw�8Ý��#N:�v,ó�Dô�#vw\#6*�9�:8�0� 20� NASA:t/"/~

��	8Ý��	Þ��25 kmrs	e08Ý��#}8Ý��ñ	Dô�vw	#+�:ö´w,#�

� [6][12]0�-	���¶Ê�A |�8Ý��ñ:#(�1�P2+3 |�?Ò�å(�.#��

Þ�:�v�0sÇ |���#��+O��-�2¤,#��9�vw8Ý��:Ý��â�6"#���

�LÎ���=�sÇ	{&Od :+w�IÔ�	#����6��"#��0t(	 GPSEFG�9L

"/���6ù4"#a=�\#6��8�KL��.#��0

A1.5.6 ?D#EF�GH

GPS	��������GPSÀ�Á:K(�ZW�������#��J��â»	\]¿:Z´w,

/ [13] [14]0Ç��� !&�����Õ���D���#Z��;<6Þß�56W�0ÙÚ��0ù`

��<,=,	�0�����EFG	�}É£¹�66)*"#Ì"�0

NMEA | �IJK�LM

z{	 NMEA}national marine electronics association; z{�	�G¨^ó%�:v7"/\]�Õ

���D��������ù	���G¨	�����6Òå��A�������=�*�KL�Ú

*w,/�	��0jM\]&�Z�w,#��	� 1983q�v7+,/ NMEA-0183�Õ���D�

<	ê5sv¹¼:»*w,#��0

NMEA-0183� ASCII@���K����Dâ»	�Õ���D��.#a=����6<	¤¤¶x

4)8�0�Ê£¹åF}RS-422�RS-232C�6��K�àV���4800 bps�8��D�1�D����

D�BÊ�¶�"�	S1°�¢D@¹:\]&���,�9��+,#��0����eA�A���Lß

�àV+,�eA�A�	â���^$_�B�eA�A�	� 6�W�Bý:VF+,�0eA�A�

	âê��È��C��:�=�CR�LF@��eA�A�:�´W�0

eA�A�	� � 5�B!+,�0â�	 2�B����6VFW�G¨6�"�GPSEFG	[\

�99:^GP_���0"( 3�B:���	� 6!"�/�*ó! 10	KL�eA�A�:7Û+,#
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! 10: NMEAeA�A�}aU�

eA�A� ù7`

GGA GPS��MN
GPSEFG8Z GSN GPS��	 S/N

GSS GPS��|��aK¯ PDOP
GLL jM�5	+as

GXP jM�5�p'
HVD jM�5�a��F|

TGA £A��#saK¯8Ý��#

ab	 XTE @��F|

eA�A� VHW È¯aK¯js

WPL ¦��H�AD�5

ZDA jMp'}UTC�
ZTA g7Èòp'

ZTG ¶&O¤	ÈÐpe

��0�5����Ë��� 6ab&��=�LeA�A�	Ìv���	G¨�8Z	eA�A��t½

ZÖ+,#��0

GPSEFG	[\��GPGGAeA�A��K=�5� 6��W���º: !&��*�0/�*

ó�÷	KL�eA�A�:EFGvw��+,�0

$GPGGA,011723,3801.334,N,14058.127,E,1,8,1.3,58.3,M,37.2,M,0,0*7A

NMEA-0183�Õ���D�p'� hhmmssâ»!+,#a=�P	O� 01:17:23��0+as�

��#� ddmm.mmmâ»�100	�vwP:Es	s�100	�K=��}3½òu��oã�:I6!

W0P	O��>a 38s 1.334I�A+ 140s 58.127I����0

$GPGGA,<time>,<latitude>,<NorS>,<longitude>,<EorW>,<status>,
<#sat>,<HDOP>,<MSL height>,<unit>,<geoidal height>,<unit>,

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

<time> jMp'}UTC�6 hhmmss!"¤W
<latitude> as}ddmm.mmmâ»�
<NorS> >a}N�����?a}S�
<londitude> +s}dddmm.mmmâ»�
<EorW> A+}E�����@+}W�
<status> 0=o���+�1=GPSßå���2=DGPS
<#sat> ����Z"/��½
<HDOP> HDOPñ
<MSL height> �9#s
<unit> �9#s	ß�}M=7�D¹�
<geoidal height> 8Ý��#
<unit> 8Ý��#	ß�}M=7�D¹�
<age> DGPS³3���	:+
<station ID> DGPSÌ]U ID
<checksum> È��C��

RTCM | !"#$%&'(�GPS4N!FO

z{ RTCM ��1985 q��¶��·A�¸¹ GPS ³3���àVZ	\]�Õ���D6v7"/

}RTCM-104�Õ���D�<	ê½!��/=¹�::�w,#���[15][16][14]09	�Õ���D��

��PZ�6'7"#��:�Ì��6	�¶��·A�¸¹ GPSEFG:Ò¬"#��9�vw�IÖ6

Ü�át(	�¶��·A�¸¹GPS����YZ+,#��0
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1 ��� = 30 ���
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1 31

N-1

…

…

� 21: RTCM7�e�8	�Õ���D

! 11: RTCM7�e�8	���}ð�8³A 2.2�

��� ù7` �w ��� ù7` �w

1 DGPS³3ñ 47 15 gèBP7�� §

2 �¹� DGPS³3ñ 47 16 �n�¸¹7�e�8 47

3 Ì]U ECEFQ\ 47 17 xdlm�  §

4 Ì]U��� § 18 RTKZáV/�ä}o³3� 47

5 ��	;<�+ 47 19 RTKZþ¡fg}o³3� 47

6 �¢�·�� 47 20 RTKZáV/�ä}³3ñ� §

7 STfR£¹���C 47 21 RTKZþ¡fg}³3ñ� §

8 þ¡��£¹���C § 22 #xs�Ì]U��� §

9 DGPS#j³3ñ 47 23p30 �7Û

10 L2 P@��³3ñ Áü 31p36 GLONASSZ §

11 L2 C/A@��³3ñ Áü 37 GNSSp'Ý�e�D §

12 þ¡��BP7�� Áü 38p58 �7Û
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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���¹	� �)4�¢ïP���W�� 
<2> N�ò	aaK<	Q\
<3> N�ñ	� 
<4> �H�C 1	p'aK¯N���	Ê�D
<5> �H�C 2	p'aK¯N���	Ê�D
<6> N�ñ	Ê�D

� 22: RINEX���¹	O

���¹iâ» ssssdddf.yyt

ssss EFUCX
ddd q�vw	åis}1p�
f N�CX
yy N�q}@�	� 2E�
t ���¹���

O=N���� G=�����}GLONASS�
N=����� H=�����}%&���
M=éÓ���

N�������¹���÷	KL��Õ���DN����:Jç+,#��0� 22�¾ó	���

¹	O6�W0
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F��� 
...

yy mm dd hh mm ss.sssssss ff ss p1 p2 p3 ... G �H�C 1
ooooooooo.ooooo ooooooooo.ooooo ÅÅÅ
ooooooooo.ooooo ooooooooo.ooooo ÅÅÅ
ooooooooo.ooooo ooooooooo.ooooo ÅÅÅ

...
...

9=
; ��½I

yy mm dd hh mm ss.sssssss ff ss p1 p2 p3 ... G �H�C 2
ooooooooo.ooooo ooooooooo.ooooo ÅÅÅ
ooooooooo.ooooo ooooooooo.ooooo ÅÅÅ
ooooooooo.ooooo ooooooooo.ooooo ÅÅÅ

...
...

9=
; ��½I

yy mm dd qrs
hh mm ss.sssssss pI�
ff 0=3o�1=H�o�2=<	Ü
ss ��½
p1 p2 p3 ... ��CX	Ê�D
ooooooooo.ooooo N�ñ

¤á����¹	!"��F��� :�=�EFU	i«�ÐÆ	�5�N�ñ	ùI	Ìv�N���,

"/��� :J`+,#��0/�*ó�� 22	O��N�ñ: C1}L1 C/A@��þ¡fg; ß�m��

L1}L1áV/�ä; ß� cycle��D1}L1���P���D; ß� Hz��P2}L2 P@��þ¡fg��L2}L2

áV/�ä��D2}L2���P���D��	°�2�w,#��9�:�v�0

F��� 	ê��N����:"�w,�01!	�76�H�C��Lß�!"�N������

H�C���Jç+,�0¤á�H�Cp'�N�+,/��	½aK¯CX: 1L�J`+,�+w��

�½�äqW�L½��N�ñ:Jç+,�0� 22���	CX�^G_��LJX:J*w,#��:�

RINEXð�8³A 2.10�^G_����ø�:GPS�̂R_�GLONASS�̂S_�%&��6!W9���.

#��0

N�ñ��Ýa�H�C�N�+,/�	:������# 1Lá�}6¯uP	[\�÷	L�õ=K

W��¤�´w,#a=�9,:��	½��"(9����03½òu� 3E¤:Ö9�4E¶�EF

!¯	Ý��+}LLI=loss of lock indicator; 0¤/�ø��3o�1�¢�C;,��5E¶�FX	µs}1

E	½Bû\¿+,#a=�5uP�wóÜÏ�(�*��6!W0¢�C;,	[\�îÓ	�H�C	

N�ñ�	§"®��(�<	�����#�£A�éÉ��¶6	s��¿W�Ë�:��0

SP3 | STUVW

GPS�56hiW��8�±�×� GPS��	�5���#��ab����7�e�8�K=bV

+,#����	lmBP7��:YZ����0��	�5{|���{|	�����:��¶��·

A�¸¹GPS����¸æ��º»	[\�! 9��"/�a=�¶��·A�¸¹cd�K=äL+,�ì

8������0"v"�N�U:Ì]U�g,#ÌT�:�(���äL	9N:Ï(�=���{|��

�:j,�0;�¸æ��	[\������	��xs:#�/´�ÌT�:½ 10 kmrsuP����

���5{|�K���:j,�X´����,�0

9L"/[\���Ë��¬X#xdlm�:YZ+,�0âG� IGS:��W�xdlm���g 

��j �}N�K= 1sêvwYZ����6�(�v	� :��:��.��34�â�MN:���
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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> �H�C 1	p'
<2> �H�C 2	p'
<3> ��	X;Y; ZQ\aK¯C¢�C³3ñ

� 23: SP3���¹	O}IGS���

IGS	xdlm���SP3}standard product 3��Õ���D��+,#��0SP3�Õ���D

��F��� �"�#�H�C������	 3÷��5:�´w,#a=�RINEX�Õ���D�ÝÞ

����Dâ»���¹��.#��0� 23�xdlm����¹	¾O�2001q 10r	�	�� [18]0

F����xdlm�	ÒÓ�e�Q\ü�hiÒÓ��./��	Ê�D�hi6L./ IGSeA��i

�6:�v,#��0�H�C�åo 15Ie0���H�Cp'�a����	�5}X;Y; Z; ß� km�

�C¢�C{|}ß� [ñs]�:�PRNCX���� 1Lá�J`+,#��0

A1.5.7 XYZ[
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�K�H7"/nZ�M���0lmP��¤�t½	�¢�C II/IIA��:��:�jM¤kP¥w,#
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���./7Ê�D:��0â�&���2004 qu�	¤P¥6g7"#���¢�C IIR-M ��}M�
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