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1 �Z��>#Ii�	��h�rm�	�*:�	��B�	�o_�	Z���Æ�	ZMn�	Z7/JV�Z�;*\�5�D3F^�h<C-�L���	�,w���	�o_LS�	
LI�	Z��4��D3�y�� 1∼2 m g1R�H�*\�5�?Ga[�PR*\0�1sn�Hg1In�H�*\�5�L�va RTK �x�Za�B~X 10∼15

km �Rp RTK Za�BF0��� 100 km Xh��rPR��B}X 100∼150 km �A�wS	ZT�B*\n�Æ�D3��rPR�Za�Bw�Z~xg�4��
~�rPRyC[��\,e�8-;��o��K
D3F!e� GPS �%*\k�B�4�
�y�B�	�Z� IGS Q�896Æ�
Loran-C~����8�y_k�'�ÆyC�j 1958�j\�WgADajÆ	�&<�i�wajÆ.�d"�(�)e Loran-A ~f{��#�w{w�� ℄B��� �p���2007-05-30 � *z���2008-01-17
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~�;jI��<!�N*!D3Ae�yC�LP>�.℄P�&9	Ziq��ayC��XUyC��<!�,'!�N*!$f�0A1Wg1A�*�yCKZ�X1eyC��<,'!�1^'DIi*UyC9_�yC�"COI	IiyCh�|�9�I�}F/3}�^IiyC�yJ-%/�O��<<�$lg1�Æ�I 1 X{�x 1997�� 2005 �; Loran-C yC�JzGMCQ/3 [1−3] �#7�"℄56y�U�R℄56y�QGM (�\� 106 {v) �xCQI7,O!h�"�z��JzGMgjgm�
~Q6���JzGM^�Zj4}�"F(���{�;j Loran-C yC�<�_5A
xg�ma	G?�ja	�AIo �{w#'j�;j Loran-C yCF~<~<��

J 1 �|�	 Loran-C zD8�K{HNDR
2 Loran-C M��D�E}
�h5
2.1 Loran-C j�5es7�

Loran-C yC��Æ;,wC~ [4] ��1^ 3 iN+d"H$�Z�3B`)�IiA) (M )) � 2 iY) (X )� Y )) � Loran-C yCEar�>LS� X )� Y )n
M )�o℄P�l��8�wC��*\��6<���d"H$�:B 100 kHz ��ZX�<�vf���HavfC�\Ri�t�L*	Za*�Ri�Æ)��B,P�

J 2 �n= -C zDCa��zTJ
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C��K�8-,r�N/u7AY)OCN/LSoP�
2.2 Loran-C ���L�� Loran-C vf�\1q�;lZ�;vf��\Z#')4� Loran-C vf,O��n<��t�LPR%%�t� GNSS �t�g1aj℄F��8�t	��F�~���Ha Loran-C ��Æ*\r��Ao���<� Loran-C �?�r���<��
Loran-C ?�yCAD"7 3 iDR����B`G3����r�G3����1q���Ha Loran-C �Æ��ZX�6jJ��?4yC�(a�tx��; Loran-C ��vfo℄�\3��)4�O�:JxB�ka*�a*r�>��� Loran-C ��&��x��)47v)h����_~�~&�h�Z,X Loran-C ��O [4−6](dI 3) �

J 3 Loran-C ��PzDzTJ":\Z)4�'kD:B�j����x��t�\Z)4� Loran-C ��ZAo:B�D3TDN\,yC
Q���o�Gn�iA℄℄Xu?_	wgyC�oZ_+Ca*�%Sr�*\�Xu�":\Z)4'DwS� (1) l� Loran r�>r�*\wC�X$bwg�Æ*\�r�� Loran-C vf?�) 2 ivfA�+)4� (2) ":\Z)4A�Y�mO�3�'Ga�#)4� (3)XUM/ga���S$l�)4�+�℄℄�SÆ�": Loran-C��O,Ox Loran-C)��a*o��t�w�Z,O�a*o�G��x��t�℄��O,O��N$� GNSS yC�PR�t�0,Oaj#'���?��
2.3 �d8g"�

Loran-C ��
d"b�x6 (L"��"6�KA) �_	&�\�R+�b��\o<D-	Z/3��<�� Loran-C��xd"�M	Zo:o��	�\�Qi&_��	��℄	���
Loran-C��O�~eK
f3~Bioq��\uf3�ADwX~
C�"7B�7
C�r�7
C�B�7
CAD~k��B�� Loran-C B`>Zo
� Loran-C���
C�r�7
CAD"7�'Æh
C�L,<
C� Loran-C )O,℄�nO
C�Xu�Z HX�`�9P�to�J��ADgRiJ��f3� (1) R+�P��\<
� (2) 	��℄� (3) 
Cf3�
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2.4 Loran-C #�gn}fjGPS�1�Æ{�I���!�{�F1W8{F�aa*�ICB�nva Loran-

C yC� Loran-C�5rZb��Æ�X�B�;j|&a*k Loran-CyCZX GPS yC�Ii*UyC1~<D� Loran-C yC�_�AD"7O}RiJ� [7] �
2.4.1 �JQRD

Loran-C '<o:%%�:
�GkU$f Loran-C ���Nf.℄�Iw�\XL SF,M�^ZI
\Z�w�\XL ASF(Additional Secondary Factors �Gfd"9	��℄YM��;j	Zo:�\o<��S) �T� DGNSS � Loran-C ���Ao�ro"Ha
DGNSS ���% Loran-C �Æ�g�"1eyC��5�,'!�N*!��IC�k<,Ok Loran-C H$�ZX[`� (9(�`�) <_W GPS �.℄I�w��
2.4.2 �IKGZ[X9� Loran-C �5rZbHV~℄yC�^Ii<��=m�F,wS EurofixyCL�\r&���=m�� Chayka :B�Z℄a�i���T���	N�;,Zbi��	r�
)� Loran-CyC"�xgN<Zb<2�
N�ZbU�DR�oGB��X"5�"7�{��Z���=m��[5��?j��y-"5�T/�;>�X��
2.5 Loran-C #�g��"�N GPS �^N<NWO&�{�HX GPS N<,O�7�g�&g�ÆyC� 20 {W
90 ���� 21 {Wg����~o	|fB{�Y!_4U; Loran-C yC�!E� 1996��Ii~o�o℄W
���MU GPS 047��#7I)`�bf�0~o:BU 6 ��`����:�G�t��2{�-D	� 1/8 �>Rp (X� 100 i�>RpyC) ��o�l��!���"~��RpACyC0f GPS 1J04�t� [8] �Xu PCCIP(the

President’s Commission on Critical Infrastructure Protection) �w<�<� Loran-C yC�
1998 ��� ICAO
 International Civil Aviation Organization) 4WZ�{�-B�\ “GPS8A~WIva��ÆyC�/)DgIi*UyC	��%�AC�gU{� GPS yC&�i�0DADB�T���yC�xO}IiAAo5-j�

1) i�`g 18 000 <uE	���T:�	��℄℄`g�X�X1J04�y_�Æ�9� GPS "�
f{��J04�i�ZXA;1J��X�A,��NJ��Æ*\'DPL�M��J04;lZ�
2) Loran-C 64x�O�K
o5$f0OS��i���/�
3) yC�a*
*vaJ3�!�,'�[h�M��*�IG*j�a*�;l��I℄aj	Z�Æ�d"�Æ.��}�PR�	o�J��{wZ
).� Loran-C64��Xg6?�7��T/�J,�
��s��E������U�"7	�S�H�
{�Z�O;�({��sg�Z���{��-��=m���PZ&��i~/)`g�X,�1J04�y_�ÆyC�#!�℄℄�wSAD��Æ'D�GPS yC9#'yC℄℄:
�F,OHa�
~A��7,�NJ�j��ÆyC�
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3 ��3 GPS {E�\�����#�kMf��
)X/ GPS ~WN*�W,'�e�5�<9%�<2Zb�<2*\n�ÆyC�
~�� GPS y�B*\n�Æ�_7�{�I���!�
3.1 ��+{l1'i~+��Gv�DRr�>g�;eg�"'BN�K [9] �'BN7/��.!
CI�ÆON<
k��> X 11 a Xh�*BE�7/eV ��"td��A�5�'BN7/��.!
CnZ+Y��":/3}�*<r�>,�4�IiÆomOA�`��*BE�7/
C�	:SUZ~,Ou'��
~�6�	r�>Z�ÆOu'�
3.2 SA 1'

GPS �We�5q (P-code) 0;{�9+	;�'��Jva�?#'a*0�va;M�N���5
�4� C/A q�-� 2000 � 5 � 1 J�
j{�VX�O�a*��5K�9
U SA _	�C/A q�5��U!��1e�
~�{�,O�}Fo-k SA <�℄aj USCG �Æ�tWn7 [10] � SA _	�<�ZM,Ov C/A *\�5��m�����i~,OGaPR*\�xk�DRoP
k�
~� SA;O{��J�a*�_	L�{��
3.3 �o�5��� GPS ��-7�Ii<D�K�~1er�>���"
C!�{�N��"J�YU�S:
�
~N<"
C�KL�A,�r�����UZg<i�X�j GPS 
CK
�g1,Oxt�
C
*�0D 1 W �
C<��B`�,O
C 85 km HV� GPSWn5��zQ [2], 1 W �'L"�k4�2��Z 350 km HV� GPS ��7:�;jN/�Æ℄a,�?+�
3.4 �-�	y)�DR GPS ���.AD~
C�"��
~� 2001�{���� 911 	/Ex:&�{�Su�D�8#',�#;;l
m�.�L GPS yC��.�L�"�A0��\0��CM��
��.��yC�5k4F�}m�nZ[��fNw�q:.℄`�yC�,�!N���-j [3] �
3.5 �
�.��
)X/� GPS yC08OIiOSN{�*\n�ÆyC��	�/3}L�-pzP�?-�� GPS ��-�_7�0g!<f3_�v��LN*!�GPS �*\�5�
GPS <b���F�~�� GPS 8OIi 100% ,'��<�.℄*\n�ÆyC�
4 Loran-C � GPS V�{E�	Z9.℄�Æ7�i~AD
5~>$�<g���Æ�X��"i
5�i~/)'D 2 i1J,'��ÆyC� Loran-C ~�)�y�B�Æ7WI�ZX GPS *U�yC� Loran-C ~ GPS 9#' GNSS �g��e��VyC [18−20] � Loran-C � GPS T��ÆyC�~Ha Loran-C ��O�� GPS(F,O�� GLONASS/Galileo �#'�t) �P
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[+℄o��8�^b�� 283�R%%�t�T\U Loran-C � GNSS �T��ÆyC�"RiLyC,℄{�!+�)�!�}�`�-j Loran-C � GPS T��ÆyC�I:ADT����T�yC�
%�OC
)�UZT�yC�℄a/3�
4.1 �?w�(l� Loran-C� GPS�PRnOP,ORX���(1) DLoran-C� GPST��ÆyC�Gfd"<i Loran-C:B�;a*:BPR���Ao:B��� GPS�t�(2) DLoran-C� DGPS T��ÆyC�Gfd"<i Loran-C :B�;a*:BPR���Ao:Bji�� GPS PR_%�t� (3) Loran-C � GPS T�yC� (4) Loran-C � DGPS �
4.2 �?w#�g4i

Loran-CyC� GPSyCjNgA,7��
%�R ,℄g!+�)�!��6"l�T�&�yCAD�gO}IiJ��
%�
1) fj GPS �ge�g (L <9) �8<T (} 20 cm) �;�jBm�E`�KP�/%� Loran-C �g��g (100 kHz) �T<T (3 km) �;jBm�geE`�K�/%�R �\)��Gv�I��jBm�B5�F���%S*\n�Æ�
2) ;jy�B�*\� DGNSS �tkE-rB�ka*�?�.℄7V`�FB�yC[�?-\,e�&O,O?��t)4&?� Loran-C �Æ��9#'B`&:B�
3) T� GNSS yC� Loran-C yC���RiyCjN0�g�Ær�� GNSS *\�5e�
~KR7:9��4Q� Loran-C "�*\�5p� (10∼20 m) �
~��L,�"C�Gv GNSS ��7:IÆo� Loran-C I�,OV,�Æ*\�)�$�MDN*!��<!_��Za�?-��6Æ"5�,OHa Loran-C *\t�<%[ GPS �>>��(5�OuZX�(5�%�gw.���1e�(5�%n}*��g�
4)� GNSS ��L,o�f GNSS ��L,A:�% Loran-C���k�%&� Loran-C��ZX*U�"C��+T�yC�,'!�L,!�

4.3 �?w#�/2Æ�
4.3.1 Eurofix ℄Y

Delft �0
� 1989 ��1hU Eurofix �a� [10−13] � Eurofix ~Bk�'�Æn?4jI6� 8 ?��T�B��<9�a Loran-C ��ZX�<�e,'!:ByC�℄ajÆ.�Æ�"��Æ�	Z�Æ�℄yC�;,�b~��H$�Z�3 GPS r�> (�SHa
Loran-C :B�ZXH$�O�<[j�) �Q!H$�k*��>℄5�f GPS �L�tQ!�℄5,℄�P.�HX���uE�ja*�oP_	�A�k GPS PR�t (9 DNSS)�t5!� Loran-CyC,e��Æ��Z�f Loran-CyC�	Za*:B�	Za*aE}�r�> (DGPS/Loran-C T�r�>) r� Loran-C :B��t�v)&Q!a*\3�"C�gRi
%� (1) gR:�Æ�t�R7X GPS �Æ�t� Loran-C �Æ�t�g<m�L.�$�)�_�Za� (2) uaIiH$��I)B\�r�>�O�<[j� (dI
4) �
.�CS�~�0g�g��BHV�� GPS _%�tFg��?-#I�B���
GPS _%�t�g�!~<~P�g1 GPS _%�t~N<~o��Xu�GPS _%�t�g��B��4~℄yC�Ii~e4}�
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J 4 Eurofix zDzTJ [15]

4.3.2 �\LCBPFM℄YT���yC [14] ~�X>*�<%o_

�F~i�N�
Q�j
�#Ii��y_e�5��k�'�ÆyC��jd;����vf�\�Æ64�ZXd;�ÆyC�T���yCfd;
m�a*
*�o:yx�℄aJE��DRT\�oZ��X 100

kHz �T���yCn�UZ� Loran-CyC���#a*
*�)^K�T���yC
Qg 6 i"�B`)� 3 iyCoZ5\L�� 3 i)O047��W�Za�BX 900∼1 300	E�*\�5�
	 600 	EO��-(	 1 000 	EO�
j 0.4 	E�W�Za�BO�
j 1.2 	E���,Ha!
j 99% �ZbHVX?	�1	�-	�
	�I'<D	5�DR℄�	5�u	OC-(�+(�+-�+
DR�d�)�RB��[�U-��3��-��s 5 ik�OCZ	��RX(	)O�-	)O�
	)O��gy�B��o�r��T���yC�wSi�	Z�Æ'3�yC�j
���GJ��i���/�K�j
�B�i��T����ÆyC�|9I�~/D��<D��
4.3.3 �UW℄Y
4.3.3.1 �TL SYLFA(Synchronised Low-Frequency Augmentation of GPS) ℄Y

1957 �{�j\#Ii Loran-C )O�� 50 ��o℄E� Loran-CyCK
�
*�j
�℄a0�A:"B��1e� 1974 ��{�'X� Loran-C �ÆyCXX{�	�5a5�AD�Æ�9�x?v℄yC%xf�aFX��va�
4.3.3.2 �ESV ChayKa ℄Y

ChayKa~=m�� Loran-CyC�Ii�� Loran-C r�>F,Or� ChayKa���Xu�AC ChayKa F,O� GNSS B\IieN*!��ÆyC�
4.3.4 �_`^C Loran-C N GNSS aO℄YHAZ �Z�I:J�;lZ�t�U'~�
%�#;"I:yC�AS�1hUI
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[+℄o��8�^b�� 285�:;j�H$��t�5r	Z GPS ro*\n�ÆK
J��℄J��;,�b~�Ha�H$�Z GPS �L�tG!��L�Z,d GPS `�℄�`�9P�℄PR�t�kn	Za*v��`����t�A�v�`�9P�℄PR�t)4��T���	yC,e��Æ��7�f�T���	yC�	Za*:B�	Za*aE}�r�>
(GPS/Loran-C T�r�>) r� Loran-C :B��t�fjo:o℄<
�'D;H$�`�9P�t��8 u' (u'o℄T5Xo:<
o℄) �	Za*Hav)& IGS X2�G����t (�5 10 cm) �fH$�o��<�u'&9P�t;Ne��ro/+�%*\n�Æ (LI 5 &y) �

J 5 �<k�I%��u�6s
[sp GPS �&+℄o��zTJ;j�H$��t�5r	Zro GPS �%*\n�ÆK
 [16] TAAjoC RTK �Rp RTK �T;�PR
+*\��rPR��rPR��;*\�x�FAAj~Ha IGSQ��
+9ro/+�%*\�OC Eurofix � DGNSS � Loran-C T��ÆyC�"~Ii�g5r	Z�HV*\n�Æ/S�AAj�gG�*\�x�s�!K
J��PR*\�x
�B�4��y�B�	Z*\9�ÆÆOr��~Ha IGS Q���%*\�
IGS Q�BBo℄<
T�GvX2Q�FD 6 h O&F����ro℄ao/)u'���?-`�9P���5� 5∼10 ns �gog1X� 20 ns �oP�ZZ��oP�u'oP���oP��;�J�ZoP�� 2 m OZ�"9<_	�(5��No℄�}*�5�
DGNSS � Loran-C T��ÆyC~kH$�Z� GNSS _%�t)4� Loran-C �Æ��Z�(F
g��B��4�,J��s�,n�jroHa�H$�Z�`�9P�t�0'Du'9P�to:<
o℄�,O1se�5�ro�`�9P�t�℄
�5�1ey�U�(5��No℄�}*�5�x?F1eU*\n�Æ��5�Xu�℄K
J��g�\,�k�B�4�e�5�ro/+�/%���	�0xgH$��/3}�Had"eH;HR��	�0�
Iia/H$�,X	Z�Æo�`�9P�t��6"��;j�H$��t�5r	Zro GPS �%*\n�ÆK
J�gO}/%�

1) KZ`��0'DIiH$��a*r�>�`���JWf IGS X2Q�1s�`�9P�tf�H$�1s�rm	Zro/+�%*\�
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2) ZaHVCjZ�Zb 15 000 km Xh�HV�N<wSi�	r�*\n�ÆHVD3�
3) *\�5e�,J�-rfH$�v!��`�9P��℄PR�t�?A���z)`��1J`�9P�H$�ZHa�℄PR�x�IC
k9bPUDRuvoP�_	�1eUH$�`�9Pv!��5�e�5�9P�tFZ U�(5��No℄�;ja*?=�℄�x�IC
kUL�9P�v!�b^U�zH�i���IC1eUH�v!�5��N 5�Xu�
+9/+*\�54ej
)�℄�
+9/+�%*\K
�
4) �*�%*\�&g
%�A
ACD3��4���nCJ3�`��
5) A~�aj	Z*\n�Æ�?-�ajd"�*\n�Æ�e#I�=f>Z"5��%*\℄a�
6) Ha�T���	ZXH$���:B�6��T���	yC,e�g�Y*\n�Ær��
%�Gv� GPS ��7:/3}�8 � (I h) I�,O;	Za**\n�Æ�0~*\�54}m (} 10∼20 m) �

5 �ulp�T
Loran-C ���/!�*U#+E`�K�Xu� Loran-C A~�I℄aj	Z�Æ�?-�d"�Æ.��}�PR�	oJ�Fg�I�℄a�l� GNSS yCOC Loran-C�/%�GNSS/Loran-CT��[�/�}�*\n�ÆyC�℄aFkgIi!��)	�b� %�
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Progress in Applications of Integration System of Loran-C and GPS

in Marine Positioning and Navigation

ZHENG Zuo-ya, LU Xiu-shan

(Geomatics College, Shandong University of Science and Technology, Qingdao 266510, China)

Abstract: There are more and more marine campaigns and marine science is carrying out with

the development of marine stratagem and marine applications, such as marine research, marine

exploit, marine engineering, marine precise navigation and marine affairs and so on. Marine

exploit and its applications are the main research area for the future, long-distance marine precise

navigation is the precondition and insurance of marine exploit and applications. The Long Range

Navigation radionavigation system (Loran) is a main means to position over the marine for

long time, is a terrestrial, high power, hyperbolic navigation system operating in the 90 to 110

kHz frequency band. The Loran system became operational in 1958 and has been in service

since then primarily serving the maritime community. Now, to ensure the security of rapidly

positioning and navigation, multi-sensors integration is a optimal way in dynamic positioning

and navigation. Firstly, the development and limits of Loran-C is introduced in this paper,

what is more, based on the limits, the improvement of Loran-C system, abandon or saving

attended by people is also discussed, next, we introduce the others system by Loran-C, such

as Eurofix system, SYLFA system, ChayKa system and so on, is an integrated radionavigation

and communication system which is proposed and developed by Delft University of Technology.

Loran-C or Chayka stations are upgraded to broadcast low-speed data reliable over ranges up

to 1,000 km. Data are separated into 8 channels which are assigned to DGPS, DGLONASS,

DLoran -C/DChayka, navigation integrity messages and short message services. Three channels

are reserved for future applications; secondly, the limits of only GPS in marine navigation and

others sensors are discussed, including the effect of sun active, SA, disturbance, and vulnerable

and so on; thirdly, we investigate the integration of GPS and Loran-C, including integration

type, the merit of integration, and applications of integrations and so on. Finally, based on

above mentioned ideas, a new integration idea of GPS and Loran-C, that is regional marine GPS

real-time positioning and navigation based on single reference station information for discussion.

Key words: Loran-C; Marine Navigation; Reference Station Information; GPS; Real-time

Precise Point Positioning (RT-PPP)


