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The present status and specification of the satellite laser ranging system at
the Shimosato hydrographic observatory
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Abstract

The Shimosato hydrographic observatory has been carrying out for satellite laser ranging observation

since 1982. In 2009, the satellite laser ranging system thoroughly replaced. In this report, we overview the

present status and specification of the upgraded system.

�
 �x�a�Š�t

�H�’���à�‚	Í�-�†�Š
æ�<�l
+�Ï�
��	t�x�|�f�U��

�w�–�‚�s���Ë�‚�¬�w�¬���q�‚�8���•�â�w�Ï�™�t�|
^

�S�¡�Ë�›�è�$�q�`�o�
 �������å�Ž�R�|
��»�ô
U�è�”�²�”

���‘�¢ SLR : Satellite Laser Ranging�£�
���›�æ�l�o

�S�“�|�‚	Í�-�†�¿�U�å�æ�b�”�‚
$�w�&�¢�S�w�,	j�q

�s�”
H�„���•�%�t�S�Z�”�<�l�w�•�”�›
^�µ�t�>���`

�o�V�h�}�<�l
+�Ï�
��	t�t�S�M�o�'���`�o�˜�’�•�h

�
���Ã�”�»�x���M�è�”�²�”���‘�Ä�À�¢ ILRS : Inter-

national Laser Ranging Service-Pearlman, Degnan

and Bosworth, ���������£�w�î
Ê�ˆ�w�¤�p���M�Ã�”�»�·

�ï�»�”�t
ù
Ç�^�•�| ���M�•�•�,	j�2
ª�%�¢ ITRF : In-

ternational Terrestrial Reference Frame-Boucher,

Altamini and Sillard,�
�������£ �w�Ï�™�~�¡�Ë�t�‹�G�V�X

�é�Y�`�o�M�”�}

�<�l
+�Ï�
��	t�x�\�w�‘�O�t�Õ�å�t�˜�h�l�o���M

�$�s SLR�
���Á�w�°�m�q�`�o�
���›�æ�l�o�V�h�}�<

�l
+�Ï�
��	t�w SLR
÷�”�x�|�� �������å���D�‡�p�
 �������å

�w�
���‰�•�Ì�t�‹ �Ö�^�•�h�‹�w�U�–�˜�•���Z�o�V

�h�}�\�w���|�2���w�~	.�~�‘�U�æ�˜�•�h�\�q�t�‘�“

�����å
²�w
÷�”�p�x�K�l�o�‹�q�O�w���M�$�s SLR�
��

�w
+	j�p�w�
���›���Z�”�\�q�U	Z�R�h�}�`�T�`
÷�”


¶�.�w�Ý�z�=�x
q�Š�c�|�Ù�å�x�&�å�¼�=�t�‘�”�q�ß

�Q�’�•�”�Ä�å�Ò�ç�U
Ã
C�`�h�\�q�T�’�|�� �������™�� ������

�å�w�ÿ���å�›�»�Z�o�Ý�z�=�w�¶�`�M
æ
ü�w�~	.�^�À

�›�æ�l�o�V�h�}�\�w�~	.�^�À�U�� �������å�
 �
�D�t�ì�ƒ�`

�h�w �p�| ���~	.�t�‘�l�o	H�R�w
÷�”�T�’�G�V�X�!

�˜�l�h SLR
÷�”�t�m�M�o�Ë	ý�^�•�h�U	t�›�¤	ú�q�`

�o	º�p�b�”�}

�ø
��
 �~	.�™�w�4�-�3 �;�l���¸
�1�I�P�U�P���
 �5�I�F �U�F�M�F�T�D�P�Q�F �P�G �U�I�F �4�I�J�N�P�T�B�U�P �4�-�3

�T�Z�T�U�F�N �B�G�U�F�S �U�I�F �V�Q�H�S�B�E�F��

�µ 116�µ



�� �~	.�w�“�A

SLR
÷�”�x
:���X�w�;�+�|�¹�Ñ�Ä �¢�£�ž�t�‘�l�o

�Ï
R�^�•�o�S�“�|�f�w
¶�o�›�‰�Ì�t�^�“�Ú�b�\�q�x

���É�p�K�”�\�q�t�|�|�~	.�8���p�K�l�o�‹�p�V�”�v

�“�
���›�'���b�”�q�M�O�
�:�T�’�|�� �������å���D�T�’

���������å�
 �
�D�¤�‡�p�w�ÿ���å ���ò �D�w�Ì���›�T�Z�o 	q

�Í�|�¤
æ�w�;�+�|�¹�Ñ�Ä�¢�£�ž�w�~	.�›�æ�O�\�q�q

�`�|�~	.�¤�‹ SLR�
���› �î�ª �`�h�}

�~	.�^�À�x�|�G�V�X�� �������å�w�~	. �^�À�q�� �������|

���������å�w�~	.�^�À�q�t
ü�Z�”�\�q�U�p�V�”�}

�¢�
�£�� �������å�w�~	.

���������å�t�x �›�t�Ý�z�=�w �9�`�M�è�”�²�”
C 	ü�+�t

�|�?�  
÷�”�w�~	.�› 	��t�æ�M�|�� �������å���D �¤�‡�p�t

�^�À�›�ì�ƒ�`�h�}�~	.�›�æ�l�h 	��s
÷�”�x�Ž�<�w�q

�S�“�p�K�”�}

�~�è�”�²�”
C 	ü�+

�~�Ì �-
÷�”

�~�³�µ�Â�Ü�¯ �ï�Ä �é�”�ç �â�Ç�¿ �Ä�¢ SCU : System

Control Unit �£

�~�¯�ï�Ð�á �”�» � �ï�»�”�Ñ�£�” �µ�â�Ç�¿ �Ä�¢ CIU :

Computer Interface Unit�£

�~�×�ˆ
M�š 
÷�”�¹�Ñ�Ä�¢�£�ž

�~���¥ �¡�Ë
÷�”�¢ �«�æ�”�ï�Ò�” �µ�›���‰ �£

�¢���£�� �������|�� �������å�w�~	.

���������|�� �������å�w�~	.�x 	��t�«�¶ �%�q
ù 	!	ô�« �w�U

�Œ�+�t�m�M�o�æ�M�|�� �������å�
 �
�D�¤�‡�p�t�^�À�›�ì�ƒ

�`�h�}�~ 	.�›�æ�l�h 	��s
÷�”�x�Ž�<�w�q�S�“�p�K

�”�}

�~�l���¸ �¢�«�¶ �%�t�| �¸�u 
æ�£

�~�«�”�Ã �Í�µ

�~
ù 	!	ô�?�  
÷�”�¢ 	!	ô 
æ�£

�¢�
�£ �¢�� �£�w�~	.�w���w�|�� �������å���D�™�� �������å���D

�w�8���x�|�~	.
² �™�w
÷�”�U�Ö�“ ���a �l�h 	Ý�6 �p�x

�K�l�h�U�| SLR
÷�”�U �T�‡ �b�” 	Ý�6�p�K�l�h�h�Š�|

SLR�
���› �î�ª �`�h�}

�� �~	.�™�w
M�š�è�º

�~	.�^�À 	4�ƒ�™�w
M�š�è�º �w�+�; 
��”�w 	Ý�¯ �x�ø


����w�q�S�“�p�K�”�} 
M�š�è �x SLR�
���Ì�t�
�� 	�

�U�×�ˆ
M�š 
÷�”�›�p�`�o �l���¸ �p�w
��»�ô
U �å
Œ�•

�è�”�²�” �«
C�ù�s�w 
M�š �›�æ�O
æ�0�p�K�”�}

�×�ˆ
M�š 
÷�”�| SCU�| CIU�|�Ì�-
÷�”�s�| 	��t�l��

�¸�• �è�”�²�”
C 	ü�+�› 
M�š �b�”�h�Š�w �?�  
÷�”�x �ø


����w �(�� �t
ƒ�”�^�•�o�M�”�}

�ø
� ���w �È�� �t�x �«�æ�”�ï�Ò�” �µ�w�¤�t �ò�Š�’�•

�h�¬�è�”�w�è�”�²�”
C 	ü�+�Š�.�q �Õ
(	í �¢�1
X �x��

	í�£�w�è�”�²�” �«�à���¹ 
÷�”�U ���• �}�è�”�²�” �«�à

���¹ 
÷�”�w ���t�_�Q�” ��	í �w
÷�”�x
ù 	!	ô�?�  
÷�”

�p�K�”�} �«�æ�”�ï�Ò�” �µ�w	�
²�t �_�Q�” 
6�� �w�Ë�m

�w
÷�” �x�|�è �”�²�”
C 	ü�+�t �?�—�›�™�…�b�”�è�”

�²�”
C 	ü�+�;�Í�ë �”�â�Ç�¿ �Ä�¢ �È�£�t �|�©�ß�Í�³

�»�” �Ì�ï�«�¢�(�£�p�K�”�} �«�æ�”�ï�Ò�” �µ�w���|
(

�H�

$ 
��»�ô
U�è�”�²�”���‘
÷�”�w�~	.�U	t
�'�J�H���
 �5�I�F �V�Q�H�S�B�E�F �P�G �U�I�F �4�-�3 �T�Z�T�U�F�N�� �3�F�E �B�O�E

�Z�F�M�M�P�X �Q�B�S�U�T �X�F�S�F �V�Q�H�S�B�E�F�E �J�O �������� �B�O�E
�������������������
 �S�F�T�Q�F�D�U�J�W�F�M�Z��

�ø
��� �~	.�™�w
M�š�è�º
�1�I�P�U�P���� �5�I�F �4�-�3 �T�Z�T�U�F�N �J�O �U�I�F �D�P�O�U�S�P�M �S�P�P�N �B�G��

�U�F�S �U�I�F �V�Q�H�S�B�E�F��

�µ 117�µ



�Ú�t 	ó�|�” ��	í �w���u�� �w�Ï ��
ú �x�l���¸�• 
ù	ô�;

�è�”�²�” �«�›
ù�“	Z�`�|�‡�h �l���¸ �p	!	ô �`�h�ô
U

�T�’�w 
S�ù�« �›
ù 	!	ô�?�  
÷�”�t�‹�X �«�¶ �%�| �«�”

�Ã�Í�µ �w�°
æ�p�K�”�}


$�¤�w
÷�” �Ê	¶ �›�Ô�`�h 
'�V	Z�`�w 	í�w�§�M�x�|

�f�• �g�•�w
÷�”�U�~	.�^�•�h�å�w �§�M�p�| 
z	í �x

���������å�w�~	.�›�| �+	í �x�� �������|�� �������å�w�~	.�› 
¯�`

�o�M�”�}

�è�”�²�”
C 	ü�+�x �9�ê �S�w�!�=�t 
Ä�ò �p�K�“�|�‡

�h
��•�• �x
•�” �p�K�l�o�‹ �‚	Ë �w�j�¼ �q�s�”�\�q�T

�’�| 
M�š �è
¶�.�x ���¥ �¡�Ë
÷�”�t�‘�l�o 	×�t�>�9

�����Æ�¶ �
�Æ�|�ê �S�����Ë�¶ �
���Ë�|�w 
� �Ñ �Ÿ �ç �» �” �t

�‘�l�o �«�æ�”�ï�ç�” �Ü�=�`�h ���¥ �t�-�h�•�o�M�”�}

�h�i�`�|�
�� 	��w	Z�Ö�“�t 
P�l�o �Ž
æ�T�’�Ë �j�� �‡

�•�” 
��• �w�ð�J �U�K�”�h�Š�|�è�”�²�”
C 	ü�+�Š�.�x

�^�’�t �E�y �=�`�h �«�æ�”�ï�Ò�” �µ�p
ô�O�\�q�p�| 
�

�•�s�t�‘�” �‚	Ë �w�'�w �›
$�l�o�M�”�}

SLR�
���›�æ�O 	Ô�ù �|�
�� 	��x�\�w 
M�š�è �p�| �×

�ˆ
M�š 
÷�”�t 
¯�Ô �^�•�” 	Ø�C�T�’�f�• �g�•�w
÷�”�w

	Ý�6 �›�Þ�Ç �»�”�`�| 
ž�A �t� �a �o
ƒ���‹�w�!�Ë�s �r

�›�æ�O�\�q�p �¤
÷�”�› �¯�ï�Ä �é�”�ç�b�”�q 
P�t�|
�

�»�ô
U�T�’�w 
S�ù�« �w���Á �›�T�“�t
��»�ô
U�w 
Þ�g

�q�å
Œ�›�æ�O�}

�� �~	.�^�•�h	��s
÷�”

�¢�
 �£�è�”�²�”
C	ü�+


$���t	ý�`�M�è�”�²�”
C 	ü�+�w
æ 
¼
� �”
$�›�| �ø


����t�x �î�M�w�è�”�²�”
C 	ü�+�º
æ�w �ø
� �›�Ô�`

�h�}
$���| �ø
� ���› �_
z�‚ �•�y�|
æ 
¼
� �”
$�w �¤
æ


¼�U�è�”�²�”
C 	ü�+�w�¤�t �r�w�‘�O�t �î
÷�^�•�o�M

�”�T�U�˜�T�”�} �ø
� ���t�x �î�M�w�è�”�²�”
C 	ü�+�º

�p
ÿ
ï �^�•�| �ù	Z�^�•�”�‡�p�w�è�”�²�” �«�w�«�Ï�›


z	í �t�| �˜	í �w�ü�¹
¢ �p�Ô�`�h�}�\�\�p �ü�¹ �w�²�V

�x�è �”�²�” �«�w
��‰ �M�²�›�| 
¢�w	í�q
¢	� �x�è�”

�²�” �«�w�þ�Õ�q �§�^�›�f�• �g�•
¯�`�o�M�”�} 	í�t�|


¢	� �w�Ô�b�º�0 �x�Í�w�q�S�“�}

�~
¢	í �¢�è�”�²�” �«�þ �Õ�£


z	í �•�
 ������ nm �˜	í �•������ nm

�~
¢	� �¢�è�”�²�” �«�§ �S�£

�:
¢ �» �I�î
¢ �» � �î
¢

�H�
 
¯�t�è�”�²�”
C 	ü�+�w 	��s�!�Ë�:�› �Ô�Š�b�}

	ý�è�”�²�”
C 	ü�+�x�|	H�R�w
C 	ü�+�t 
z�‚ �
�Í�ç�µ

�K�h�“�w �¤�É �ç�ª�”�x�
 / ���i�U�| �\�•�x �Í�ç�µ
ï

�U�y�X�s�l�h�h�Š�p
C �«�`�o�M�”���w �¤�É �ç�ª�”�›

�o�•�Ì���t �õ�‰�`�h 
‘�„�‹ �p�x 
��Ž	Í�q�s�”�}

�‡�h�| 
z�±
¯ �w
: �‹�q�`�o�x 
¯�•�s�M�U SHG�t

�9�Ð 
÷�”�U 	��“
Ç�Z�’�•�h�\�q �•�|�f�• �g�•�w�ž�ï

�Ó�›� �q �`�o �¬�k �b�”�M �Ü�q�s�l�h�\�q�s �r�T�’

�H�

¯ �è�”�²�”
C	ü�+�w	��s�!�Ë�:
�5�B�C�M�F�
 �$�P�N�Q�B�S�J�T�P�O �C�F�U�X�F�F�O �O�F�X �B�O�E �P�M�E �M�B�T�F�S

�H�F�O�F�S�B�U�P�S�T��

�H��
$ �è�”�²�”
C	ü�+
æ
¼
��”
$
�'�J�H���� �5�I�F �M�B�T�F�S �H�F�O�F�S�B�U�P�S��

�³�æ	F�¿ �—
R�>�*�¹ �—	y�M���˜ �—�•�>����

�µ 118�µ



�è�”�²�”
C 	ü�w�†���S�x �¨�ˆ �t�²	Í�`�o�M�”�}

�¢�� �£
ù	!	ô�«�¶�%

���s�w�~	.�p�|	H�R�w
ù 	!	ô���«�¶ �%�T�’
ù 	!	ô

�‰�°�«�¶ �%�t 
~�“�8�˜�“�|�è�”�²�” �«�U�h �r�”�«�Ï

�U
ó�v �t�s�l�h�}�f�w �7�  �›�Û�Ü �$�t �Ô�`�h�‹�w�U

�H��
$�p�K�”�}


$�¤ 
h�ü�¹
¢ �p�Ô�`�h�‹�w�U
ù 	ô�« �w�&�Ï�| 
z�ü

�¹
�
¢ �p�Ô�`�h�‹�w�U 	!	ô�« �w�&�Ï�p�K�”�}


ù	!	ô�« �U�è�a �b�”
÷�”�› 	q�t�Ô�d�y�Í �w�q�S�“

�p�K�”�}

�¢
ù 	ô�« �£ �¢ 	!	ô�« �£

�¢ a�£�è�”�²�”
C 	ü�+ �¢ d�£�l���¸

�ã �ã

�¢ b�£
ù 	!	ô�«
~�8 �+ �¢ c�£�«�”�Ã �Í�µ

�ã �ã

�¢ c�£�«�”�Ã �Í�µ �¢ b�£
ù 	!	ô�«
~�8 �+

�ã �ã

�¢ d�£�l���¸ �¢ e�£	!	ô�U�Œ �+�¢ �«�? ���£


ù	!	ô�« �q�‹�| �l���¸ �q�«�”�Ã �Í�µ �x�ž�è �w�&�Ï

�q�`�o�M�”�}�f�w �«�w�&�Ï�› 
~�“�8�Q�”
÷�”�U�|
ù

	!	ô�«
~�8 �+�p�K�”�}

�¢�� �–�
�£
ù	!	ô�«
~�8�+


ù	!	ô�«
~�8 �+�x�è�”�²�”
C 	ü�+�p�^�“	Z�^�•�h

�y�T�“�w�è�”�²�” �«�U�§�X
(�Ú� �« �`�o�M�”�:�t �£

�è�` �o�| �è�”�²�” �«�w
��æ�M �²�q� �« �M�²�w�§�M

�‘�l�o �«�w�&�Ï�› 
~�“�8�Q�”
÷�”�p�K�”�}


ù	!	ô�«
~�8 �+�º�w�«�Ï�w �Û�Ü
$�›�H ��
$�t�| �î

�M�w
ù 	!	ô�«
~�8 �+�º�w�«�¶ 
æ
¼�w
��”	Ý�¯ �›�ø
�

���t�Ô�`�h�}�H ��
$�| �ø
��� �w�¤�w BS�x�Ï�”�Ü�µ�Ó

�æ�¿�»�”�¢ Beam splitter�£�q �z�y �•�” �«�¶
É�  �p
+

�ø
��� �è�”�²�”
C	ü�+�º
æ
�1�I�P�U�P���� �5�I�F �Q�I�P�U�P�H�S�B�Q�I �P�G �U�I�F �M�B�T�F�S �H�F�O�F�S�B�U�P�S��

�H��
$ 
ù	!	ô�è�”�²�”�«�&�Ï
$
�'�J�H���� �5�I�F �V�Q�H�S�B�E�F�E �4�-�3 �P�Q�U�J�D�B�M �T�D�I�F�N�B�U�J�D

�T�I�P�X�J�O�H �U�S�B�O�T�N�J�U �B�O�E �S�F�D�F�J�W�F �P�Q�U�J�D�T��
�H��
$ 
ù	!	ô�«
~�8�+�º
æ�w�«�Ï
$

�'�J�H���� �5�I�F �P�Q�U�J�D�B�M �C�F�B�N �T�F�Q�B�S�B�U�P�S���#�M�V�F �B�O�E �S�F�E
�M�J�O�F�T �T�I�P�X �U�S�B�O�T�N�J�U �B�O�E �S�F�D�F�J�W�F �M�B�T�F�S �M�J�H�I�U�

�S�F���T�Q�F�D�U�J�W�F�M�Z��

�ø
��� 
ù	!	ô�«
~�8�+�º
æ�ø
�
�1�I�P�U�P���� �5�I�F �Q�I�P�U�P�H�S�B�Q�I �P�G �U�I�F �P�Q�U�J�D�B�M �C�F�B�N

�T�F�Q�B�S�B�U�P�S��

�<�l
+�Ï�
��	t�w
��»�ô
U�è�”�²�”���‘
÷�”�w�q �¯�q	~�i

�µ 119�µ



��� �« �w�«�x�•�a �`�|�f�•�Ž �Ž�w�«�x
S�ù �b�” �‡�V

�›�` �o�M�”�}
ù 	!	ô�«
~�8 �+�x�• 
ì
X �t�|�Ñ �•�å

�Ã�” �é�”�Â�”�»�q �z�y �•�” �«�w� �«�Ø �w�¯�S�› 
M�š

�b�” �«�¶
É�  �q BS�›�–�M 
~�8�+�º�›�è�a �b�” �«�w

�«�Ï�› 
~�“�8�Q�o�M�”�}�• 
ì
X �x�f�\�› �•�a �b�” �«

�w� �«�Ø �›�� ���Ã�|�����Ã �w�‘�O�t�°�� �¯�S�| �s�8 �^�d�”


ó�ö
‚�«�¶
É�  �p�K�”�}�Ñ �•�å�Ã�” �é�”�Â�”�»�x �Ó

	Ô�›�T�Z�h 
ú�í �w�¤�› �Ó	Ô�t���æ�s �²�V�t �è�“
H�Z

�”�«�w� �«�Ø �U�s�8 �b�”�q 	Å�¢�Ñ �•�å�Ã�” �®�L �£�›

�b�; �`�h �«�¶
É�  �p�K�”�} �†	� �w�G�V�s �§�M�x � �«

�Ø�w�s�8 �M�²�U�«�w
��æ�M �²�t�‘�l�o�!�=�b�”�T
q

�T�p�K�”�}

�H��
$�p�ß�Q�”�q�|
÷�”�t �0�b�” �«�w� �«�Ø �w�s

�8�w�²�V�x�|�• 
ì
X �p�x
$�w �(�t�²�T�O �«�q�È�t�²

�T�O�«�q�p�x 
S�0 �q�s�”�U�Ñ �•�å�Ã�” �é�”�Â�”�»�p

�x�!�=�`�s�M�}�\�w�h�Š
$�¢ a�£�|�¢ b�£���› �è�a �b�”


ù	ô�« �¢�(�² �V�£�q 	!	ô�« �¢�È�² �V�£�w � �«�Ø �w�¯

�S�w�!�=�x�f�• �g�•�Í�w�‘�O�t�s�”�}

�~
ù 	ô�« �¢�¢ a�£�à�¢ b�£�£�•�����´ �¢�����´ �����£ �¹�
�����Ã

�~	!	ô�« �¢�¢ b�£�à�¢ a�£�£�•�µ �¢�����´ �����£ � �́� ���¹ �µ�� ���Ã

�\�w�‘�O�t�‰ �a�&�Ï�›�h �r�”�«�p�‹�f�w 
��æ�M �²�t

�‘�l�o � �«�Ø �w�s�8�¯ �U�!�˜�”�}�\�w �“
Ê�ˆ�q BS

�›�¼�ˆ�t 
��b�”�\�q�t�‘�l�o�|
ù 	!	ô�«
~�8 �+�x 
�

�æ�M�²�w�Ÿ�s�” �§�—�s
ù 	ô�« �q
•	� �s	!	ô�« �w�«�Ï

�›
~�“�8�Q�o�M�”�}

�¢�� �–���£�«�à���¹
÷�”

�«�à���¹ 
÷�”�¢ �ø
��� �£�x�|�è�”�²�”
C 	ü�+�T�’

�w�è�”�²�” �«�U
Y�`�M�•�”�q �¯�S�p
ù	Z�^�•�o�M�”

�T�› ���¹ �b�”
÷�”�p�|�è�”�²�”
C 	ü�+�Š�.�q ���œ �p


ƒ�”�^�•�o�M�”�}

�\�w
÷�”�x���~	.�T�’	ý�h�t�‹�Ö�^�•�h�‹�w�p�|

�\�w
÷�”�›�–�O�\�q�p�è�”�²�”
C 	ü�+�w �Ð
T�™�t�I

�\�”�è�”�²�”�w �«�à �w�c�•�› �0�› �t�¬ �Ý�|	. 
Y�p�V

�”�‘�O�t�s�l�h�}

�¢�� �–���£
ù	!	ô�?� 
÷�”���w
��”	Ý�¯

�ø
��� �x�|
ù 	!	ô�?�  
÷�”�s�w 
��”�w 	Ý�¯ �›�ø�`

�h�‹�w�p�K�”�}�è�”�²�”
C 	ü�+�w�è�”�²�”
ù	Z �±�q

�«�”�Ã�Í�µ �Ö�±�w���t�|��
:�w �U�Œ�+�U ���œ �p�M

�”�}�q�O�x�f�• �g�•�w
÷�”�U �­�”�µ�t	)�Š�’�•�o�M

�”�¢ �ø
��� �x�>
Ê	Ý�6 �£�}


ù	!	ô�?�  
÷�”�w�¤ �©�›�•�b�è�”�²�”�w
ù 	ô�U�Œ

�+�q 	!	ô�U�Œ �+�¢ �«�? ���£�U
ù 	!	ô�«
~�8 �+�› �¬�‰

�‘�O�t 
ƒ�”�^�•�o�M�”�} 	!	ô�U�Œ �+�x	H�R�x �l���¸

�t�Ú 
€	��“
Ç�Z�’�•�o�M�h�U�|���~	.�p �9�S�Ð
T �^

�•�h �è�º �t
ƒ�”�^�•�h�\�q�p�|���‘�Ã�”�»�w�†���=

�U
$�•�”�‹�w�q�8 �4�`�o�M�”�}

�¢�� �£�l���¸�¢�¸�u
æ�£

���s�w�~	.�p�è�t �_�Q�o�G�V�X�!�=�`�h
æ
ü�U �l

���¸�¸�u 
æ�p�K�”�}	H�R�w �l���¸ �t�x�è�”�²�” �«�›


ù	Z�b�”�h�Š�w
ù 	ô�;�l���¸ �¢�±�� �
���� mm�£�q
��»

�ô
U�T�’�w 
S�ù�« �›�
�Q�”�h�Š�w 	!	ô�l���¸ �¢�±��

������ mm�£�w�Ë�m�w�l���¸ �U���œ�i 
ù	!	ô���«�¶ �%

�p�K�l�h�}�\�•�›�� �s�w�~	.�t�‘�l�o�|
ù 	!�q�‹�t

�‰�° �w�l���¸ �›�–�O
ù 	!	ô �°�. ���w�l���¸ �¢�±��

������ mm�£�t�!�Ë�`�h�}

�ø
��� �«�¶�Õ�ï�½	Í�w
��”	Ý�¯
�1�I�P�U�P���� �5�I�F �P�Q�U�J�D�B�M �C�F�O�D�I��

�ø
��� �è�”�²�”�«�à���¹
÷�”
�1�I�P�U�P���� �5�I�F �M�B�T�F�S �C�F�B�N �B�Y�J�T �N�P�O�J�U�P�S��

�³�æ	F�¿ �—
R�>�*�¹ �—	y�M���˜ �—�•�>����

�µ 120�µ



	ý�l���¸�¸�u 
æ�w
G�O�|�«�¶ �$�s 
Q�ó �t�m�M�o

�x�|�H�� 
¯�w�q�S�“�}

�s�S�| �l���¸ �M�F
æ�x���~	.�t�x ���X�‡�•�o�S�’

�c�|	H�R�w�‹�w�›�'���`�o�– �;�`�o�M�”�}

�H��
$�x	ý �l���¸�¸�u 
æ�w�#�…�Ø
$�p�K�”�}

�«�¶ �%�x �Æ�µ�Û�µ�Ü �p�K�”�}�h �i�`�| �Æ�µ�Û�µ�¸

�t�x ������ nm�w�è�”�² �”�«�x
S�ù �`�| ���w�þ�Õ�w �«

�x�•�a �b�” �›	��s�» � �Ó �w�¸�›�– �;�`�h�h�Š�|�è�”

�²�” �«�Ž�Ž�x�Æ�µ�Û�µ�¸ �›�•�a �b�”�w�p�| �§�·�¬�è

�ï�Ü�q�M�Q�”�¢ �Æ�µ�Û�µ�¸ �x	��“�Ž�`�U �D�ó �s�Ï ��

�t�s�l�o�M�”�h�Š�| 	��“�Ž�d�y �è�”�²�” �«�‹�§�·�¬

�è�ï �Ü�q�s�”�£ �}

�H��
$�¢ a�£�x�«�”�Ã �Í�µ �w	4�z�p�\�\�T�’
ù 	ô�;

�w�è�”�²�” �«�U�l���¸�¸�u�º �t�‹�T�•�| �Æ�µ�Û�µ�¸

�t 
S �ù �`�|�Ú �������� mm �w �˜ 	í �w �« �� �q �s �l �o

�¢ b�£�T�’
ù	Z�^�•�”�}


��»�ô
U�T�’�w 
S�ù�« �x�¢ b�£�›�è�“�| 	B�«�^�•�o

�Æ�µ�Û�µ�¸ �p
S�ù �^�•�¢ a�£�›�è�l�o �«�”�Ã �Í�µ�• �‹

�T�•�”�}�°�M�| ������ nm�Ž�Ž�w�þ�Õ�w �«�x�Æ�µ�Û�µ�¸

�›�•�a �`�o�¢ c�£�p	¯�:�› �A�•�}�¢ c�£�t�x �è	× CCD

�§�Ý �å�U 	��“
Ç�Z�’�•�o�S�“�| �«�”�ô
U�w�
�� �•�l

���¸ �w�Ð
T �^�À�t �b�; �^�•�o�M�”�}

�\�w�‘�O�t 	��l���¸ �w�D�¹�« 
þ�›�Ú 
€�¬�Ý	Z�R�”

�;�Ï�x	H�R�w �l���¸ �t�‹ ���O�`�h�U�|�f�w �D�¹�« �w

�•�a �p�x�Ã�Š�o �ÿ�X�| �z�Ã 
U�s�w �K
U�p�‹�f�w �¹�Ý

�U���É �i�l�h�\�q�t 
z�‚ �|	ý �l���¸ �w�D�¹�« �w�•�a

�p�x�ô�X�| �A
þ �w	Ý�6 �‹�‘�M�\�q�T�’ ���™���s
U �«

�å�µ�w�‰�M�Ã
U�p�‹ �0�› �t�¬ �Ý�p�V�”�‘�O�t�s�“�|

�Ã
U�›�–�l�o �l���¸ �w�Ÿ
N 
M�š�Í �å�Ý�”�»�› 	��˜�b

�”�µ�»�” �©�ß�æ�Ò�è�” �³�ã�ï�¢ �ø
� ���£�s �r�w�^�À

�w�®�p�U�¨�ˆ �t�‘�X�s�l�h�}

�s�S�| �¢ c�£�x �è	× �x
M�š�è�º �t
ƒ�”�^�•�o�M�” 	!

	ô�«�U�Œ �+�¢ �«�? ���£�w 	��“
Ç�Z�U �D�ó �s�‘�O�t 
M

�š�è�º �w	!	ô�«�U�Œ �+�w 	��“
Ç�Z
æ�q�‰ �a��	Ý �~�Ï

���t�^�’�•�o�M�”�}�\�•�x �«�”�Ã �Í�µ �s�t 	Ë�•�U
\

�a�h	Ô�ù �t�‹�
���U�'���p�V�”�‘�O 
��€�`�h�‹�w�p

�K�”�}

�l���¸�¸�u �w�u
Œ�t�K�h�”�¢ b�£�t�x�| �l���¸�º �w

�«�¶ �%�s�› 
��•�• �A�Ð�T�’�- �¢�b�”�è�$�p ���Ø �¨�å

�µ�U	��“
Ç�Z�’�•�o�M�”�} �ø
� ���w �l���¸�ø
� �p�¸

�u�w
Œ�z 
æ�t �í�w	í�›�ø�`�o �‰
h	í �t�_�Q�”
æ
ü�U

�f�w ���Ø �¨�å�µ�p�K�”�}

�¢ d�£�x
ù 	ô�è�”�²�” �«�w�í�“�«�w�­�;�Ï�p�K�”�}

�\�•�x�|
ù 	ô�; �w�§�—�s�è�”�²�” �«�U�«�¶ �%�› �o�t

�H��
¯ 	ý�l���¸�w	~�i
�5�B�C�M�F�� �5�I�F �T�Q�F�D�J�G�J�D�B�U�J�P�O �P�G �U�I�F �O�F�X �U�F�M�F�T�D�P�Q�F��

�H��
$ 	ý�l���¸�#�…�Ø
$
�'�J�H���� �/�F�X �U�F�M�F�T�D�P�Q�F �X�I�J�D�I �U�S�B�O�T�N�J�U �B�O�E �S�F�D�F�J�W�F

�M�B�T�F�S �M�J�H�I�U��

�<�l
+�Ï�
��	t�w
��»�ô
U�è�”�²�”���‘
÷�”�w�q �¯�q	~�i

�µ 121�µ



�h�r�l�o 	!	ô�?�  
÷�”�s�› 
��u�b�”�\�q�w�s�M�‘�O

�t	��“
Ç�Z�’�•�h�‹�w�p�K�”�} �>�t
$�w �«�¶ �%�T�’

�¢ d�£�q�\�•�t ���È�b�” �Ë�•�w�*�����Ø�¸ �U�Á�Z�•

�y�|
ù 	ô�; �t
ù	Z�^�•�h �§�—�s�è�”�²�” �«�w�O �j�|

�l���¸ �w
í�¸�¤	ú�¢
ù 	!	ô�«�¶ �%�w�«�à 	Í�t�K�”
æ


ü�£�p 
S�ù �b�” �«�x�|
ù 	ô�«�¶ �%�› �o�t�h �r�l�o
ù

	!	ô�«
~�8 �;�Ï �•�|	!	ô�?�  
÷�”�t �a�b�”�\�q�t�s

�”�}
ù 	ô�« �x�G�! �§�—�s�«�p�K�”�h�Š�\�w�‘�O�s �í

�“�«�U
C 
\�b�”�q�| 
•	� �s�ô
U�T�’�w 
S�ù�« �›�U�Œ

�b�”�h�Š�t�^�’�•�h�Ã �æ�­�”�Ä�s 	!	ô �%�w�+�;�› 
�

���^�d�”�S�f�•�U�K�”�\�q�T�’�|�f�•�› �w�Y�h�Š�t

�¢ d�£�U 
ƒ�Z�’�•�h�} �ø
� ���w �l���¸�ø
� �w�¸�u 
²
æ

�<
æ�t �_�Q�” 
(	í �w	–�^�s �q�M�.�w 
6	Ý �w�‹�w�U�H

��
$�¢ d�£�t 
ì�p�b�”�‹�w�p�K�”�}

�H��
$�¢ e�£�t�x 	–�� �w� �̧¢�¯�”�Æ�”�©�á �”�Ò�£�U

	��“
Ç�Z�’�•�o�S�“�| 	H�R�x
: 
¦ m�™
: km �m�•�h

�•	Í 
ú
ª�t �{���`�h �¸�›�–�l�o�ô
U���‘�
��
² �™�t

�æ�l�o�M�h �©�ß�æ�Ò�è�” �³�ã�ï�
���›�| �l���¸ �Š�.

�w�ˆ�p�æ�Q�”�‘�O�t�s�l�h�}

�ø
� ���x	ý �¸�u �w
��Ø�w�ø
� �p�K�”�} �ø
� �p
Q�”

�q�S�“ 
��Ø�t�x ���U	t�t �D�ˆ�Ü �w�Ì�å�ï �µ�¢�£ � �Ä

�U
ƒ�”�^�•�o�S�“�|�
���t 
ž�A �s�¤	� �+�;�w 	��“
Ç

�Z�| 	��“�Ž�`�›�æ�l�o�‹�\�w �Ì�å�ï �µ�¢�£ � �Ä�w�•

�”�Ð
T �t�‘�l�o �0�› �t�¸�u 
æ�w�Ì�å�ï �µ�›�q�”�\�q

�U�D�ó �p�K�”�}

�l���¸ 
��Ø�¤���t	��“
Ç�Z�’�•�h �q�M�.�w 
6	Ý �w

�‹�w�x�|�\�w �¸�u �w�§�·�¬�è�ï 	¯�:�¢�H ��
$�¢ c�£�£

�t�K�h�”�U	t�p�| �è	× �x�è�”�²�” �«�Ž�Ž�w�«�U	¯�:

�›�A�œ�p�S�“�| CCD�§�Ý �å�t�‘�l�o�f�w �é
þ �›�
�Q

�o�M�”�}

	ý�¸�u �›�L�d�o
��»�ô
U�› �å
Œ�b�” �M�F
æ�t�m�M

�o�x�|	H�R�T�’�– �;�`�o�M�” �M�F�›�f�w�‡�‡ �b�; �`

�o�M�”�U�| 	!	ô�?�  
÷�”�w 	��“
Ç�Z 	Ô	t�› �¸�u �Š�.

�T�’ 
M�š�è �t� �`�h�\�q�p�|�f�•�‡�p �¸�u 
æ�T�’ �M

�F
æ�› �è�`�o 
M�š�è�º �w SCU�s�q �›�A�œ�p�M�h 	ô

�ø�­ �”�Ò�ç�w
:�U �n	—�`�| �M�F�w�ˆ�^�U�Ž
²�‘�“ �È

�’�T�t�s�l�h�}

�¢�� �£�×�ˆ
M�š
÷�”�t�|	*�%�+�;

�×�ˆ
M�š 
÷�”�x SLR�
���t�S�Z�” �„�q�œ�r �K�’ �•

�”
æ 
ü�t ���˜�”
÷�”�p�K�”�}�f�w�Š�.�x 
M�š�¯ �ï

�Ð�á �”�»�q �z�y �•�” �¯�ï�Ð�á �”�»�Š�.�q�| 	*�% �+�;

�ø
��� �µ�»�”�©�ß�æ�Ò�è�”�³�ã�ï
�1�I�P�U�P���� �4�U�B�S �D�B�M�J�C�S�B�U�J�P�O���ø
��� 	ý�l���¸
²�Ø�ø
�

�1�I�P�U�P���� �/�F�X �U�F�M�F�T�D�P�Q�F�¢�G�S�P�O�U �T�J�E�F�£��

�ø
��� 	ý�l���¸
��Ø�ø
�
�1�I�P�U�P���� �/�F�X �U�F�M�F�T�D�P�Q�F�¢�S�F�B�S �T�J�E�F�£��

�³�æ	F�¿ �—
R�>�*�¹ �—	y�M���˜ �—�•�>����

�µ 122�µ



�›
€���b�”�h�Š�w 
ó
:�w 
•�;�  �ï�»�”�Ñ�£�” �µ�Ø�”

�Å�t�|�| 
M�š�; �¹�Ñ�Ä�¢�£�ž�t�‘�l�o�Ï
R�^�•�o�S

�“�| 
•�;�  �ï�»�”�Ñ�£�” �µ�Ø�”�Å�T�’ 
Œ�t�x�| SCU,

CIU�|�è�”�²�” I/F �â�Ç�¿ �Ä�| �>	Å �·�ï �±�”�| � �Õ�ï

�Ä�» � �Ú�”�q�M�l�h�+�;�U 
€���^�•�o�M�”�}

���~	.�p�~	.�|�Ë	ý�^�•�h�‹�w�w�O �j�×�ˆ
M�š 
÷

�”�t ���È �b�”�w�x �Í�w�q�S�“�}

�~�¹�Ñ�Ä�¢�£�ž�¢ WSRS Ver���} ���£

�~ SCU�¢�l���¸ 
¶
`�w
M�š �£

�~ CIU�¢�Ì �-
÷�”�|
ù 	!	ô 
÷�”�w�Ã�”�» 	��˜�£

�~�è�”�²�” I/F �â�Ç�¿ �Ä�¢�è�”�²�”
C 	ü
M�š �£

�~� �Õ�ï�Ä�» � �Ú�”�¢�è�”�²�” ��
î �Ì�� �-���£

SCU�| CIU�|�è�”�²�” I/F �â�Ç�¿ �Ä�x�| �†
÷�”�w�;

�ó�›�”�V �õ�Q�h�‹�w�p�| 
â�^
Q�•�†�� 
Q�x
ÿ�`�o�M

�”�U�|�,�Š�$�s 
Q�ó �U�!�˜�l�h�˜�Z�p�x�s�M�}

�0�`�o � �Õ�ï�Ä�» � �Ú�”�t�| 
M�š�; �¹�Ñ�Ä�¢�£�ž

�x	H�R�w�‹�w�T�’�!�Ë�^�•�h�:�U�K�”�}

�¢�� �–�
�£� �Õ�ï�Ä�»� �Ú�”�¢�"�� �����–�&�5�£

� �Õ�ï�Ä�» � �Ú�”�x�è�”�²�” �«�w��
î �Ì���› �-��

�b�”�h�Š�w
÷�”�p�K�”�}	H�R�x�» � �Ü�  �ï�»�” �Ì�ç

�§�¢�ï�» SR�������›�;�M�o �� �� �` �o�M�h�} SLR�
 ��

�x�|�è�”�²�” �«�w��
î �Ì���t�‘�l�o
��»�ô
U�‡�p�w

�‘�m�›�����b�”�
���s�w�p�|�f�w
^�S�U�Ú 
€�
��
^

�S�t �è�¹ �b�” 	O�A�s
÷�”�p�K�”�}	H�R�w�» � �Ü�  �ï

�»�” �Ì �ç�§�¢�ï �»�q �  �Õ�ï �Ä�» �  �Ú�” �w
ü �r �ó

�¢ Resolution�£�t�|
^�S�¢ Precision�£�x�H�� 
¯�w�q�S

�“�} �r�j �’�‹�G 
ï�t�²	Í�`�o�M�”�}

�¢�� �–���£�¹�Ñ�Ä�¢�£�ž�¢�8�4�3�4 �7�F�S���} ���£

WSRS�x�T�m�o�‚�8 	Ø�C
æ�U�æ�l�o�M�h�° �Í�,	j

�: �
 �� �t �– �; �^ �• �h �D 
V �Ü �è �” �² �” �� �‘ 
÷ �”

�¢ HTSLR-�
 !Sasaki,�
�������£ �w
M�š �¹�Ñ�Ä�¢�£�ž SRS�›

�Õ�”�µ�t�`�o�^�’�•�h�� �ˆ�w SLR�
�� �;
M�š �¹�Ñ�Ä

�¢�£�ž�p�K�”�} �q�O�w �Ì�”�´�ã �ï�x Windows��������

�‡�h�x�| Windows-XP	Í�p �ˆ�^�b�”�ž �Ó�æ�­�³�ã�ï

�ø
��
 �� �×�ˆ
M�š
÷�”���È�;�+
�1�I�P�U�P���
�� �&�R�V�J�Q�N�F�O�U�T �S�F�M�B�U�F�E �U�P �B�V�U�P�N�B�U�J�D �D�P�O��

�U�S�P�M �V�O�J�U��

�ø
��
 �
 �8�4�3�4�¢�ô
U���‘�Þ�”�Å�£
�1�I�P�U�P���
�
 �8�4�3�4�¢�4�B�U�F�M�M�J�U�F �S�B�O�H�J�O�H �N�P�E�F�£��

�H��
¯ �è�”�²�”�«
ˆ�3�Ì���-���;�+�w	ý�†
z�±
�5�B�C�M�F�� �$�P�N�Q�B�S�J�T�P�O �C�F�U�X�F�F�O �O�F�X �B�O�E �P�M�E �U�J�N�F

�J�O�U�F�S�W�B�M �N�F�B�T�V�S�F�N�F�O�U �F�R�V�J�Q�N�F�O�U�T��

�ø
��
 �� �8�4�3�4�¢�Ã�”�»	r�g�Þ�”�Å�£
�1�I�P�U�P���
�� �8�4�3�4�¢�%�B�U�B �Q�S�P�D�F�T�T�J�O�H �N�P�E�F�£��

�<�l
+�Ï�
��	t�w
��»�ô
U�è�”�²�”���‘
÷�”�w�q �¯�q	~�i

�µ 123�µ



�q�s�l�o�M�”�¢�h �i�`�;�+ 
M�š �t�x 
•�;�w� �ï�»�”

�Ñ�£�” �µ�Ø�”�Å�U
ž�A �£�}

���s�‹�Ö�`�h Ver���} ���x�|
² 	\�`�h � �Õ�ï�Ä�» � 

�Ú�”�w 
M�š �U�D�ó �p�| ILRS�U
�
Í�`�o�M�” �7	ý�w �J

�“�A
É CPF�¢ Ricklefs,���������£�t�0� �`�o�M�”�} �‡�h�|


^ �S �² 	Í �w�h �Š�t �< �l �p �‰
C�^ �• �h TTS�O�t �|

CMD �O�¢��
’�| �˜�~ 
ñ�‘
$� �~�q�����°�~ �ª	Ó	2

�°�~ �> �¤ �® �‰�~�³ �æ 	F �¿�~�Õ �, �'�~ �Ð 
’ �� 
ñ�|

���������£�t�‹ �0� �`�h�¹�Ñ�Ä�¢�£�ž�p�K�”�}

�� �S�˜�“�t

���å�Ù �M�Ì���›�»�Z�h�~	.�p�<�l
+�Ï�
��	t�w

SLR�
��
÷�”�x�f�w�G
æ
ü�U	ý�`�M
÷ �”�t�”�V �õ

�˜�l�h�}�f�• �g�•�w
÷�”�w 
Q�ó �x�¬ �î�t�²	Í�`�o�M

�”�x �c�i�U�| �¾�V�I�`�› 	!�Z�h �y�T�“�w�q�Ì�:�p

�x�| �†
÷�”�p�w�
���Ã�”�»�t
^�S�s�w �Ø�p�å�M�m�M

�o�M�s�M�}

�f�• �g�•�w
÷�”�› �r�w�‘�O�t
Ê�ˆ �ù�˜�d�|�r�w�‘

�O�t 
ƒ���b�” �‚�V�T�|�\�•�T�’ �¼�æ�h�¡ �›���“�&

�`�|�° ���‹
ã�X�†
÷�”�w�Ã�”�»�t �å�M�m�V�|�f�`�o

�å�M�ý�d�”�‘�O�t �R�—�q�» 
É�›�`�o �•�\�O�q 	ì�» �°

�‰�ß�Q�o�M�”�}

�€ �ß �� �Y

Pearlman, M.R., Degnan, J.J., and Bosworth, J.M. :

ªThe International Laser Ranging Serviceº,

Advances in Space Research, Vol.30, No.2,

p.135-143,July 2002, DOI : 10.1016 ; S 0273-

1177 (02) 00277-6.

Boucher, C., Altamini, Z., and Sillard, P. : The 1997

International Terrestrial Reference Frame

(ITRF 97), IERS Technical Note 27, Observa-

toire de Paris, Paris, 1999.

Sasaki, M. : Completion of transportable laser rang-

ing station (HTLRS), Data Report of Hydro-

graphic Observations, Series of Satellite Ge-

odesy, No.1, p.59-69, (1988)

Ricklefs, R.L. : Consolidated Laser Ranging Predic-

tion Format Version 1.01, (n.d.) Retrieved

from http : // ilrs.gsfc.nasa.gov/docs/cpf_

1.01.pdf, (2006)

��
’�| �˜�~ 
ñ�‘
$� �~�q�����°�~ �ª	Ó	2 �°�~�>�¤ �®

�‰�~�³ �æ 	F �¿�~�Õ �, �'�~ �Ð 
’ �� 
ñ�•�< �l

SLR�
 �� �w 	ý 	� �O�|�‚ �8 	Ø �C 
æ �Z �€ �C

���|�����|�� ���–�����| �¢�� �������£

�³�æ	F�¿ �—
R�>�*�¹ �—	y�M���˜ �—�•�>����

�µ 124�µ


