
� � � � � � � � � 	 
 � �  � � � �

� � � � � � � � � � � �
� � � � � �! "

· # $ % & ' ( ) *
B044138 + , - ./ 0 1 2 3 4 5 0 6 7 8:9 ;
<>=

20 ? 5 @ 13 A



�

�
1 � ��� 5
1.1 1.5m ���	��
��	�	�������� . . . . . . . . . . . . . . . . . . . . . . . . 5
1.2 ���������������	���	 �!�"�# HOWPol . . . . . . . . . . . . . . . . . . 6
1.3 ���	
���$&%('�) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
1.4 *	 �+�,.-0/�13254�68791 . . . . . . . . . . . . . . . . . . . . . . . . . . 8
1.5 /�13254�68791�:<;�=?><@&A�B8C . . . . . . . . . . . . . . . . . . . . . . 9

�
2 � D	EGFIH�J�K	EML�NPO 10
2.1 QSRUT�V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
2.2  �W�XY-[Z\�<#�]&^P_M`�B�# . . . . . . . . . . . . . . . . . . . . . . . . . 11

2.2.1 Z���a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
2.2.2 b	c · d�e�X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

2.3 /�13254�68791fd�eGgihY2kj�l	min9o . . . . . . . . . . . . . . . . . . . . 14
2.3.1 CCD %�'�)�d�e . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
2.3.2 b	c�XSpfd�e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

2.4 �����q����Spfd�e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
2.4.1 ����r:<stA<u&RPvMw�x�y . . . . . . . . . . . . . . . . . . . . . . 20
2.4.2 �(���q�	��.-�p<z�{ . . . . . . . . . . . . . . . . . . . . . . . . 21

�
3 � |	}�~k�����i� 22
3.1 ����!�� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
3.2 ����bMc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

3.2.1 2 � 4 � . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
3.2.2 2 � 5 � . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

3.3 ����B�C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
3.3.1 /81�����2�)S�P��:8��AP/�13254�6����G�qpq���Spq��c . . . . . . 24
3.3.2 /813254�6��I�U���	�q���Spq��c . . . . . . . . . . . . . . . . . . 26

�
4 � �(~f� 31

�
5 �  	¡ 32

¢¤£
A 34

A.1 ¥	¦(1�§qd�e�¨�©Uªt��� . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
A.2 ¥	¦(1�§qd�e�¨S«�¬ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
A.3 z�{�¨((132 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
A.4 ®�¯Spq°t� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
A.5 FWHM pq°�� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
A.6 g�±²�t2³z�{�¨S«�¬ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

1



¢¤£
B 42

B.1 gf1�¥&©�13� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

2



�

1.1 �����q���� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
1.2 HOWPol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

2.1 /�13254�68791�p�� a�� . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
2.2 BTRAN ������	 CCD %('�) . . . . . . . . . . . . . . . . . . . . . . . . 10
2.3 x,θ 
 -���1� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
2.4 y 
.-���1� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
2.5 CCD p������U$ (BITRAN ��� ) . . . . . . . . . . . . . . . . . . . . . . . 11
2.6 ���������&-�������� f . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
2.7 ¥	¦(1�§	p �"!&�P�#� . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
2.8 d�e�XSp$�"!&�P�%� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
2.9 CCD d�e�¨�p GUI &(' . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
2.10 ¥	¦(1�§qd�e�¨�p GUI &%' . . . . . . . . . . . . . . . . . . . . . . . . . 18

3.1 ¦�¥ 2³!�")&i" . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
3.2 *�+�XSpUu&R�«-, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
3.3 ®�¯Sp/.10 p/2$354 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
3.4 ®�¯Sp/.10�-�7	w . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
3.5 .80 p/29354"6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
3.6 ®�¯Spq��c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

3



�

1.1 �����q����Sp���� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
1.2 HOWPol p���� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
1.3 ���	
���$&%('�)�p���� . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

2.1 ��	 CCD %('�)Mp���� . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
2.2 ��1�91��\�U^M¥	¦�1�§Mp���� . . . . . . . . . . . . . . . . . . . . . . . 14
2.3 ¥	¦(1�§	p���� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

3.1 *�+�XSpM¥�±�1	� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
3.2 /�1����?2�)&�P��p .80 . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
3.3 /�13254�6��[��
\���q���Sp/.10 . . . . . . . . . . . . . . . . . . . . . . 29

4



1

1.1 1.5m
� � � � � � � � � 	 


�����<�M����� 2006 �r:����������������������������� "!t>�@(�$#��"% 1.5m p<�
����
��M�M��'&)(�A$*'+fp<�M�����,���������.-0/q6q+�,�1S:,(�A32	�	 	W	
��M�M
� 465'7�A$8"&�9�¨:5�A +�,MQ&R�p9nio · ;,<���5�A�=?>@&:����������A"B	T �9:?C:!t>
@(��Dfp@&)(�A.E�@5'7�A�p�F��9+�,MQ&R�nio'EHGJI�K�Lr�<��M�ON	;JE�PRQ?ITSP��+�-
D?UHV²>�@@�W"X�>M����� · Y)Z�[�\]�@^�_r:$`�¨:5�A?a9&8�cb�dG�<�q����2	W)�� �e²>
@8�@*�#��f��^:_)%gE 1540mm &��%�h � 0��0]r^ji�¥0k�¥��"�\:��8�(A-�"�"'&¥�±(1
�g� 11.15 l�m /mm #����� �T� 18501.7mm - �'Q$I:n(A$*.o 1.1 :i�����<�M��&p � �
�Op"qJ5&A�*
�����<�M�����¨'n��$#&��[�\r=?>���M4S� ªP$"s�1�¥�2 �ut p$v�o,�"w&p$x)2U+�,S:
�9A3ygz]{��T|�1$})Z@~"�������@&)(:�$*�+3���3�$xg�.�"�T�,�:�"���������j�"�)E��f�
�T�@E�,�:wf>]�:�.�g�f���@���]�T�j� Swift �"�J �� 2008 ¡¢� NASA £¥¤§¦©¨�ªJ«¢¤
���3¬�"®��T�O�H���,� GLAST ¯ut°E]�T�O�H�"s���±²�´³T�$v"µ,¶"wu·3¸R¹�º$»��)�j¼
�@����{�½T�§·¿¾ÁÀcÂ�µ)Ã��,�"�����§·cÄ"Å¥ºcÂ��O¶"w���Æ�Çu·3È�É¥ºÊ�uËÍÌ�Î"�OÏ:Ð,�
�)Ã��'Ñ)Ò�·gÓÍÔrºcÂ:n'�$Õ���»�� X ���,� Suzaku ¯ut�Ò�Ö"×rº$»�Ø�Ù,Ú��"� ( Û"Ü'£�¤
�R�?�@�"Ý�Þ ) ß°à©á�Â]âg��Õ

£]¯"»$ã,ä:å����Hægç]è.éTê��$~"���]ë.ìfßí�HÈT�?�"�'î:ï�ð�¯��T�O�H�"ñ���±²���?òó ·�ô,â:»�õ�öu·c÷,øÁºcÂ:â'�$Õ)Ñ3��¤3�$ù"µ,¶"ú����"û,��µ,ü"ý'£�¤ÿþ�Î"�����'î����
º �,�:�gî]ï.ðf�,¯J��Õ	��
�����:µ��.ý (1000 ����� ) �����"�:�R��ÑO���Hì��uÒ����
à�"�"Â���¤ ���.ñ���±²� �"!$#"������»$%:�gß�Ñ�&°â)á.»('g�H���,�"���()�~Jî+*�%¢¤
�"Â:â'�$ÕgÑ���»$%���Ñ3��¤3�$¶"úu·c�"�)Ã���»$%:�,��µ,ü"ýT��â'¨(,.- ã,ä:åu·JÓ?Î$¶
úR��/0]�JÑ'Ò¿î21�*43$����Õ�£)¯:»�ã�ä)åT���R�?�@�:ñ��j± �ÿ���:�R�$�"�JÃ��j»�%��
'g�.�"��ú�5u·�6�
.��7$8 ÒjºcÂ�£]¯"»$ã,ä:åu·��T�O�H�"ñ���±²��µ,ü"ý 1 9�:��'ì0ËÍÌ
Î:���)£�;2':ÆR�RÓ$Î�¶:úR��/<0)�JÑ'Ò¿î�Û�="ì?>]��Õ�ÑO�J��ò:å�@ 1.5m A���±'��ã�ä
åJì'��<B�C"æ<D�ER�(F�Jì�>)��Õ
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�
1.1: �������	��


�
1.1: £)¯:»�ã�ä]åT����

� Ó ��
����� �@½�� · A����:ç¢� �����
ò:å ���@ 1540mm/ ò]åT� F � =2.0��� �)�! "$#&%���� ��� · ']±)(O± ��� Ò�ß (F/12.01)���+* ±�,)�Hé "$#-%.��� · ')±)(O±0Ò�ß 11.15 ��/ /mm����0+1 ����0+1

18,501.7mm
9:��= 1”FWHM
Ü+2 15 9�/ ϕ

C�354,Ì$F � 6�7�8 5 9 /sec
æ<��8 2 9 /sec

C�3�:�F� 1 9 /sec2 �)ª;&< =�>-< 6+?

1.2 @
A BDC E F G F H I J K L M

HOWPol
HOWPol �ONQPO3+�+R5SUTV�W#u�@���@ì+X�µR·¿ø�%�Â"â'�3ù�µ,¶�úT�$È$Y¥º?»"�	���"�Z ôjì�>)��Õ\["ÚR� �.]�û 1m �$^�_�` 200kg � Z ôjì?>ba �)£)¯]»�ã�ä]åT�U']±)(O± �� �dc�e 3?�"Â:â'�$Õgf�h�Î,¯��$� Z ô"�?¾�c��ji"�+k�¯\':±.(3± �+� �jlmaon 0:�'Ñ)Ò
�,¯,âjî���ù"µ,¶"ú-p$�"�T�dq &rcJ�segô�pOt$1+uJ£�¤ÿ��f Z ô"��>	
jÂV':±.(3± �+� �
lmaon 0f¤�v"Â:âxw$ÕgÑgv"£�¤r3+y�Y¥ºcÂ:â - ã,ä:å'ì)�V"U#Q%z�H� �+� î]¯ - ¯ba ��'
±.(3± �+�&{ p$| Z ô'·�;?0�w'Ñ)Ò°î�¸+} 3jv"Â:âxw ��ß�>~a��jûVpd�&�@ìfß��\':±.(3±���z{ l�a�n�0��$��� Z ôjî4��v � �jpOu =T·Oµ+�gìz�VwH£�Ò3â4& � ì\�ÁÓ23jv]Â]âWw$Õ� »���¸u¹�� {������-����� A�±:ì�X�µ�î�ø %���v�»s�+[��5�+y CCD ·j��� ºOÂ)âQw�Õ
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Ñ�p CCD
� Ú]Ù:Ú:Þ�ì p � � {�� v$� 1000-1100nm ì ����� p CCD p 2 ���
	5p � �

·��uáOÂ:âxw'Ñ)Ò°î�È�'ì > w$Õ � »O� HOWPol p����  {V��� ���"�$�����  p�� {��
2.2 ��/&p�� ��� ���j����� ��A {! â�"�9��#�$�! �$���9��#�$�! î?>5w�Õ]ì ��% p�

1.2
{ � HOWPol p�&�f��� ��'!(*),+ � - Õ

�
1.2: HOWPol

�
1.2: HOWPol p ��

� Ó �� �.-
Ü+2 15 9�/ (56 % /�0�������� 0.3 ��/ /pixel)132 � �$[�� �+y CCD 2k×4k×2

Ù�Ú:Ý�Þ 4500-11000 Å4�5 é76 N�8:Þ (B,V,Rc,Ic,z’) ��9;:�<�8"Þ
�$�  ����=;>���=;>���9����<���<9��#�?�! @ B�A;B � �#�$�! (10min exp, S/N = 50 19.8 mag)

���C�$�! (10min exp; δP = 0.2% 15.9 mag)

1.3
E F D E F G H I

J�K�L�M�N#O$P�Q ��R#S�T�U�V$W�X�U
Y7Z 6���[�\�] �_^a`�+;b?c!d;e "gf�h�iCj O Yk3l Znm�oqp�r;s�t;u j�=�> O?P�Q [$vxwzyg{�] · |;}�~;�$��y�{;]a��|;}����
���#�$��a���g��� � J�K�������L�M�N jg�����
[;��� p������ � [C� c��C� [�v c, �¡ j O$P�Q¢ J�K���£q¤.¥¦��§�¨
2k × 4k ©�ª�«;¬� CCD1 ®�¯�y ��L�M�N�£q¤.¥¦��§�¨ 2k × 2k j

VIRGO y±°a² pC³C´¶µ?·�¸ j 2k × 2k j £�¤�¥ 1 ®�¯7j�¹ 3 ®�¯x�,º�»�� cgt�u [�y�¼½ y�¾ � y�¿ � j 3
· j � �ÁÀ ��Â
� c�  J�K�L;M�NCO
P�Q j�Ã?Ä e!Å�Æ ��Çaj�È 1.3

p
�
�  
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È 1.3:
J;K�L;M;NCO?P�Q j Å�Æ

��� Å�Æ����
£7¤g¥

2k × 2k
L;M�N;£3¤g¥

2 ®�¯
2k × 2k

J;K
CCD 1 ®�¯K��

10 ¿
	�� Y �����?���
0.3 ��	 /pix� � À ¼ ½ · ¿ � · ¾ �

1.4
� � � � � � � ��� � � �

f�h;i ¢ � r y"!�#aj%$'&)(;} p+*-,+. /
0�1�2 ��Â §�¨ b?c43 y!���65+7 � � c � #3�µ98;:ap <>= ²;?
@ l �BA ,!cg #¡DC � /
0�E)F � b±´  #¡ j E)FG3IH K [a� e�b ¿ �J�K jML ´_e ���65+7 � �DNO � � cBJ�K [ ¢ y J�K�P�3"J�K �Q4R §�¨ f�h;iCjTSVU$�WX � c?¡ � [ /
0�E)F � WX §�¨ b$cg �¡ jML ´_eTY 5!�[Z�\aj+]±°��4^4_$� c j 3I`a \�]$� ccb �edgf�hGi�� [$v cg cj6k�p y�¿ � J�Kap�·;b ¨mlona§ y
p�jTq p�eIr�b �dsf�hoi�� 3 N�O d �BtGu c� 7¡ j J
K ¢ j�k j ÆCecY6v ��wMx  

1. f�h�iaj4y�z�{
| ��§�¨ f�h�i � J�K #ajcS9U"}oU�~ cg �d$e
. f�h$iajT��Uc�
�
3 ��	 (r.m.s)

pT� §�¨m�o�6�
HOWPol j ���m��d�� ¢ 2.2 ��	 e j�[�y ¡ j�� o [���m��d p+J
K # 3 | c
¡ � ¢ = ? e�b� 

2.
���I�>d���� � 3 |�� ¨ b
c+��� [ 1 ��¼�� § y � O h"�-� � k QG� Z À j n d w
���6� §,¨ ���m��d j h P �6� �D�
�?� c� 

3.
���m��d � M § .c�
� [ � � � � c ~;�aj ½ � 1 ��¼��
� c� 

4. 2
�

3 j h P ��� �T�6u ¨ ���m��d � J6K # � j)@ l ��� ¤C§ y!f�h?i �p;j!¿% 
~�} d �  

5. 3
�

4 ��¡ w�¢ §�¨ y ���m��d ��p+J
K # 3 | c L ´,pT£�¤ � c� 

6.
���m��d ��p+J
K # 3 |�� ¨ b�c ��� [�¿ � J
K \I¥

7. ¦�¿ J6K � c � J6K # 3 @ l ¨ y �§�[��d d ² M Cqc j�[�y 3
�

4 �+¨ b y ���m�d ��p+J6K # ��| CG© § y J
K �Dª#\�� c� 
·V= w y �§�m��dg� 3 2.2 �
	�[�v*wzy)#7j4« ��3 ���m��d QT¬ d ² 1.1 � j� @ l c� � � T ��®B¯ � §�¨�§ =q´�¡ � p�e�cg  � c � ¦�¿±° � p J�K �Q4R §�¨ f�h;i#j[@ l
� £² § e ~ C$e ²;?�y�¿ � J�K ��� cI ["³ rap Y 5 3�d�d�cg  § d3³�¡ j Y�v [ J�K
�D¨ ´ � f�h;iCj WX j .�`;p!µ � J�K �)Q4R)´µ � e ² e�b y J�K �Q4R�� c?¡ � ¢¶
² C�. �65 � [$j J�K [��65�� p�³ y·���$� c4¸ � �T33¡I=B¹GC
p�e$c � b±´ o [ ³ Z�\3 ] b� 
p ¡ [�y b �edgf�hGi�� � � b?c?¡ � p�e$cg +b �edgf�hGi�� � ¢ #aj+º�} d ²�f�h;i p
A , ¨ b?cB/
0�E)F � £q¤#§ yp C � WX °�´ c f�h;iCj%» } /
0�¼ �½�¾ [$v c.  b �dgf�hGi�� � � b?c �  j Y�v j 7

3m¿ � � e wzycÀ�Q![ J�K �Q4R�� c?¡ � ³�e ® e$c
j�[����65�j J�K�3"ÁG2 � e$cg =[. y b �edgf�hGi�� ¢ ¿ � J�K  �~IÂ ¢ e ® � r jg¼
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½ J�K Â ³ p�j 1M263 N�O � ° Cac�  �V��� y £7¤ ¶�� p � � ~�� � J6K � c � �¢ y���¿ e ��� ����	$��
 .� ���65�j J�K �DNO � ��
   ���65�j J�K ����
 � y J�K
Q p p�j���� � Â
j)@ l 3 A , 
  �µ SGÂ�~;�aj J
K ¢ £3¤�¥ j�� ,��6: y ·o= w CCD j;� , ���� � p ~�� � ��� u�� § .G=
= Â J6K � § .��� ��[r�� ² ~$� 3 @�� ¨ �
® � ½ 3 �"! ~ ¨�§ =#� ¿�$ 2�3 ] ® � wzy�Äm«
�65 %+��² C 
'& � ( d 3#)�� ® � 
+*,'- «%5�� � $ ½ � ³ ] ® � � ¨ § =3´  7¡�.�.�� % b ��dsf�hMi�� 3 N�O � ° C 
  ` a/+0 § .mb � dsf�hMi�� ¢'1 �32��'4 5 %7698 ° C 
 J
K ¥ HOWPol :�� .C³�. Â; 
 3 - 1.4

² Â+< = § .TÁ9>�?A@ B &DC E% ³�¡ C � ¢ ¸�.mb�F dgf�hMi F�G 8V~9
IHJ Â ;LK - 1 ¥�M�NAO"P�QSR�T d ¢ ` a"/#0VU 
 ³7. % � ²+� ¨�W X U 
�YVZ G H J\[^]� 
�_

1.5
� � ��� � � � ` a b c d egf h

i Fkjml�nDo#F�prq�s9t�.ru vxw %y"z+{#| } �7~������3G���A���I� K���� �I��D��9� _r�D�#� � � y K��9��� G C++ ��x�����Ay����� �¡S¢�£ j�¤�¥#¦�D§'¨I]�©�ª¬«I� _ �® y¯ �A° { � ���� �¡ ®�±A²´³ µ j�¶I·�¸ C++ �� �D§ � ¢�£ j�¤�¥#¦ �#�¹ �º �"»�¼�½ ��D�V�9�r¾�¿+À#� i�Á jml�nDo Á ®7Â ÁkÃ ¤�¥#¦"p 2008 Ä 10 Å °�Æ��7Ç"ÈÉ »9� ��¾
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2 �
� �

�

2.1 � ��� �
iDÁ j l n�o Á p øxß	� Æ �V��
� CCD Î�Ï Ð � 20×20mm 45 � ô�� ³�� ä Q ��� =
� ��p CCD Î�Ï ÐA� 2

	i��Æ � = «� � X
�

Y
P � Á�� ����z ��¾���®�� ��p Ú�� uAv� ��� � ¶DÔ8V � ¢ Ô Ð Ô ³ â ¶DÔ8V � ¢ Ô Ð Ô ³�® ß É�� � �J��� θ

P � Á�� � ùAú« � »V� ��¾ 	 ®�� 2.1
� iDÁ j l n�o Á � � ®"!�# �%$�à ¾'&)(�®"*,+ Æ�-D° � »9� �®+� P � Á�� � =V� ® ) ÁDÖ+Á â/. Æ ����¾�0��<�#® ç ®+� X . �)1��N�#® ç ®+� Y .Æ �9�r¾�2 � *3+ �4-�° � »A� �+®'� ¶VÔ V � ¢ Ô Ð Ô ³ �"ß É5� � à �'6�® θ . Æ �"7(�®�+ �8-D° � »V� � � Ú � CCD Î�ÏAÐ � �:9 « � »9� ��¾

�
2.1: ;=<8>@?�ACB=<=DFEHG:I

�
2.2: BTRAN J5K L/M CCDN5O�P �

2.3: x,θ Q"RTS�<VU �
2.4: y Q"RTS�<VU
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2.2 � � � ��� ��� 	 
 � �  �
2.2.1 � ����AÁ��������7Á ® ø�ß:����� � � 20×20mm 45 � ô�� ³ � ä Q (

�0�"! � � RPB2-20-550)
â$# BITRAN % 
�� CCD ÎVÏ�Ð BS-41L ÑLÒ È'& ¾´û7® ÎVÏ�Ð(�") f ,+*�\ 1360×1024,(* # , �.-./ 8.8× 6.45mm( Ñ ¿.02143�5�687 å:9<; 0�=?>A@CB � 97.8× 73.6 D � ) EFHG # USB I�J 6LK MAN<O(P � PC QSR > CCD

>AT4UWVYX[Z]\C^_N�` &2acb >
CCD degf � 1×1 # 2×2 # 3×3 # 4×4 # 8×8 # 16×16 # 32×32 pixel

>
7 hCi >[j.k_l�knm"op \

0.001 D ∼ 6553 D qrE 0.001 DCs�E >8tvun=�wg>Ao pyx X�Z E F &8agz � P �{�4�� P Ey� j�k"lck(m � 4× 4 E�| p ^ # tcu(=yw Ey� 0.001 D ∼ 6553 D >4w E X.}~\C^0 a j?k"lck(m4V
4× 4

6 | p ^202�W� �A� > I G E F &2a8�.�.� >+� �g� ( � P � k(m� � �
= �.�g�4� >8�.�y� ) �2�C�<�v��En� 1 Dg�yEy�+� V 3×3 ∼ 5×5 ���A� � >8�[�6"�g� E<  & \¢¡g£g¤ �yE F &8aLb >8¥4¦<6(§.` N �2¨C©�ª[« xn¬A.®°¯ 6C± 4×4

j.kl'k+mCV³².´µ^"0 a t'u+=.w�V³XC}�\�^"0C>C± ¬_¶g· =�6_¸g¹4º � >C» «.¼A��½ >2¾�¥g¦E t�u(=�w?V�}[¿ « ¡C£ x F «rQ]RÀE F « arÁ PÃÂ:ÄgÅ�ÆnP E ´y`.Ç CCD d e4f >2ÈgÉ\¢ÊCË.ÌCÍcV � >CÎ 2.2
¬ �

2.1
6"� ª a

Î
2.5: CCD Ï$Ð$Ñ8ÒÔÓ

�
2.1: ÕCÖ CCD d egf >2ÈgÉ×ÙØ ÈgÉe P d P BITRANI.JgÚCÛ USBÜgÝLÞ(ß à

1360×1024
Þnßágâgã4ä

8.8×6.45mm(97.8×73.6 Dg� )���A��� ��Å � 6.45×6.45µm
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f

Î
2.6: ������������������ f

� © ^AÇ������
 f
\(j?k"lck(m"!�§�`gN$#&%(' ^�)S^+*-,°»�^YN�`.* a q0/ ¬ Î 2.3>[K1% �02�3 V54.¿ « a"6 `87:9 ± Ü<; �0=] 4¼ V?>WM(Ç2¸�@ ¬BA `57$9C± Q?� ÇDC�EF >�G F.¬
H�I >�J x ¸�@ � E F « a G F ±LKnk � E ± � ` xNM ±8,°»yVPO&QSR ª°« ÇT !UG F \-V
W �PXBY Krk � \�^³N0ZL`�N4` « a ¸
@[>P["\ QµR u�Ç â x G F V I G ¬"¶·
]<^ E � VU_1`W\g^YN ¬ Î E ± �(�&a(� >DbdcPe'> â�f VSg8J E �Ù^YN?` « a θ

±A¸
@�>0h�i<j �[E F « ¬ G F QSR �?� q(E >�g5J��� �±0������ f E ¬ Q�� Ç0C�E F E ±
f=18501.7mm E F « aCÁ P~Â ÄCÅyÆ+P
!Uk Gml1n R � N4` « CCD d eCf > �(�2�(� �yÅ� ±

6.45µm�/pix E F « > E 1 ���A� � FgÇ]G >�h"i1j � ±
θ = arctan

0.00645mm
18501.7

' 0.072”\ ��« aWb.b E ¸�@ x(�4� > 2�3 V84�¿ « a �4� ±�o�pq!PEr*�!gF « > ESs�t ¯ !Du�vw >D� â�x \�44¿CN � ` xn¬�y�z =�{1|8} ` E Ü1; |D=µ g¼ V�>y§ a�b |~=µ g¼ (
�.�y�

FWHM)
V � P Å°k+m_�yÅ � \��B` a � |4� P Å°k+m_�yÅ � ±"¥g¦ x ���[���ÀE 1” � * R` ��|�E j.k_l�k(m � ^ |D���+� \ �4� ± 14×14 � �A��� * R ` |~=µ g¼ ! �?« a�b |qgqN|��
�1� \(� � � ±~o�p<! � ` x
� P�� |�� jyu[^D!S�.w x QgQ G ¬ u�� x5��� « a� Ú?E ¬ � P Å°k+m_�yÅ � x 1×1 �(�2�(�N�C� ! ��« \�� ^ º · â |D�N� x =v  * ��« a� Å��0� Â

·
�Wk��$�Ak+m p � ��½ V�40� ªL« \ 1” � x 3 �(�2�(�N�C� ! ��« K�%�!yj4kl�knm ª[«N| x8� � K2` a � bU� j.k_l�knm4V 4×4

V�²�´]^8Ç a

2.2.2 ��� · ���¡ Á�¢ Â{ÄgÅLÆ ¢ |D£ @<!C± CCD d egf V 2 ��¤ �"¥"¦ ¼U}°« X
¬

Y
�B§ ¢�¨ \ � â ¶· ´ |ª© k¬«¡��Ck f k�� ¬ © k¬«¡��Ck f k��4V�uL^® �CªL« θ

�"§ ¢�¨rx0¯B° ¼_�
±` « a X
¬

Y
¬

θ
�"§ ¢�¨ ± �r��ar� 1

§ |S² ¢ ��\ 2
§ | �0³B´'Â � k � ¢ ( µ�¶ Â Å°k� ¢ f ���

) · >�§ a �+��a+��|N² ¢ �n± © k?§d´ �U¸ AL � � ¢ �8¹
º 2
b&�B§d´ � km ² ¢ �¼» f Å�½q¾�¿ © kcÂ�À ¢ f �LK Å�Á CD-772/ADB5331A ·�Â ^ ± PC ÃÅÄ-Æ�}¼Ä� Ç ©DÇ k:»�!�È5É ± ¥N¦ ªL« a �1| Î4± Áª¢ Â ÄCÅyÆ ¢ ¾�Ê | �"§ ¢�¨ | O�Ë � Á
À�´� Î:ÌÍ
Î
Ï | Á�À+´ � Î �(¬ �'± ² ¢ � ¢ Ì��B§ ¢�¨ | ÈgÉ �ªÐ «~Ñ
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2.7: ������� Ï����
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Î
2.8: �����YÏ����
	���
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�
2.2: ² ¢ � ¢�� È��B�B§ ¢�¨ | ÈgÉ

×ÙØ
X
b

Y
b

θ
b

� ¢���¢
KSS/THK KSS/THK �	�0Ç â	
� Û TS3667N14E2/SRS12M TS3667N14E2/SRS12M SGSP-60YAW-0B

1
«�ª��� ¦��

4µm 4µm 0.005 ���� ÚCÛ � ´��:��� � K � � ´D�:��� � K¬� � ¶ ¢��� ¢ �	� � Û � ¢ �	� � Û � ¶ ¢���� Å ¢ �� � b�� 
4mm 4mm -

!
2.3:

�B§ ¢�¨ | ÈgÉ×ÙØ ÈgÉ"	# ÚCÛ USBb
X · Y · θ 3

b
� ÂÀ ¢%$

X
b

115mm
Y
b

115mm¥"¦�&	'
X,Y

b
HIGH SPEED 11.06mm/s
LOW SPEED 0.66 mm/s

2.3
( ) *,+ - . ) / 0 1 2 *43 5 6 7 8

9;:�<>=,?A@�BDC�=%EGF�HJILKNM�O�P�Q;R�ST? �VU�W EYX
Visual C++ Z�[ EG\>]�^�_�`a O�b

Visual C++ Z�[ EG\D]%Odcfe�:�X C++ Z�[ ELgihjO�k;l�Oim>noX�p;h CCD qDr =sut�v Q�O�P�Q	w�B	x�wzy�n a ^
Visual C++

\DQ|{dQ�}D~�=���=D�;������IL��^�]ODmjn
� ��Mdb<>=,?�@�B|C�=�F�H	\NQ;RVS�?�� U�W � :dX

PC � Q��V�iQG�����;�fn����Xj��D�D= s k����j�iQ��	��n
FWHM

EL�	� a ^��	�zQ��T��nd �=�Bz¡�¢�QG£j¤�EY¥§¦ a Xkj¨Od©�ª	« � Q%S	¬�=,¯®T°�± t�v EL²´³¶µ>·j¨J¸�Eº¹�»>¼;ML½�¾D}%¿%MGb

2.3.1 CCD ÀTÁÃÂzÄ�Å
BITRAN Æ�ÇÈ�É CCD

�%~�w�Q t�v \ÊR�S�?�� U�W Q�_�` � :�Ë Æ�ÇjÌ ¡�ÍdÎiÍÏ¢wVÐ|EYÑ|Ò � _�`JEuÓiPO�bV<>=Ã?�@�BDC�= �ÕÔ�Ö IÕ�;M
CCD

�%~�w � ¾×ÊIÕ�NMLµD·:GX@�B,Ø�;QÕÙ�Ú �ÕÛ	Ü K>OÕÝz¦VÞ	ß�à�Ý�Ù a X	á�Q
2 â	ã ���§EuäN�N��¡J?åà�æ>�j¦a Xdç�è|¨G����é�ê§Euëz¦ a ^%á�Q��ì�îí�Eu¥z¦�¼|M%mjnïàj¿	MÕb�mdQÕð>àj:|mdQ Vñ�òÐjQdó�ô ��õ ]�^Vö>÷	^	]ùøåb�à%:jú�ûdX

CCD
Qdü�>kì��ê�ýþ�ÿiQG¥�¦ú�à%Q�����E

â � �D¼�b
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1.
@B� �zQ�Ù	Ú �dÛ%Ü K|O�Ý�¦�Þ%ß�à

CCD
ü	�X>���>� s EGæ|������à

C++
ÍÏ¢�wVÐ��	Q��	��£	
 ���� ¼;M

2.
������¬>¡f���� � �V�����j\NQ�ñ��>=�ñNE�����XJá|m � 1 � ±���Îjû õ�� E��Êl^	]��uX��	��Eº���>¼;MGb

3.
@�BÃ �zQ��Ú�	�;QG���é�êJEº×;P%MGb

mdQ
1
kÊ�

3
Q � �§E��Ã�! a ^V²D]�X����NQ�"$#dé�êNQ&%�'(§Eu×NPdXiáDmYkÊ�A���é�ê;Q����ÕE�)�n�ú�û � ±���Î�*+">àV×iP%MGb

m�m�údàDE
CCD

�	~�w�Q t�v n a ^% �ñ�ò�Ð>Euó�ô a ^�]ìø b�¨�,�X
CCD

� �VMuü���X
- ¡/.z¡V¢10;Q�243���|¨§¸Y:

BITRAN Æ BS
 �y =��&5	64748�9	: Ö Q<;&=z¡� EY\%]^�²Jl�O�b

PC > CCD ?�@A�B	C
BITRAN È�É CCD

�>~	w�Q&5D6DàD:
PC E }F;G=J¡ÊïE�¦GH a ^�X& �I|}D¿%M<;G=�¡ ��J a ^%Q��

CCD
�%~�w�}+KL�E1 D¼�nº]Ê³NMJE;ndMGbO;�=�¡fA:

1
®|BÃ? E/PQ�n

a ^�X½�¾;¨&R Û :�Szw�~�= s }�T ø k�X	U;:&K	L�n a ^�V�� �%= s }�W�MGb
CCD

�%~w�Q$;G=J¡Ê ��õ ]�^>:�µ�X	Y	Z	[�\
( ]D^ )

Q�_�`	azQ���}�bj\>àc��M|m>n � ¨Dld^%]^+d a ø :�e�f�àc��¨�]	Q�à+g$hGb	\ a Oi;�=§¡f¶Qkjmlkn	�&o<* ��pq ¼NMGb

CCD
t�v \r;�=�¡f

1.
�%~�w�Qìys�f°�?

2. tu ��� (A/D
£	v q�w4x ?�y @Q&b	\�0JE���� )

3.
- ¡�.�¡�¢����

(4× 4
- ¡k.�¡�¢ � ¼;MDmDnuà

16 � ±y��Î§E 1 � ±y��ÎTn a ^+z]�X
1 � ±���ÎF{�Oì� Q�|�Ú�Ey�D}jM )

4.
Ý§¦�ÞjßQ����

5.
ü~D_y�

6. È�É S��d=&��� (CCD
�j~�w���� � ¿	M	��B��DEdà���M+n���$�%M�O�P � È�É ¼|M )

7.
�%~�w�Q

ID
;�=, E��§M

(
�%~�w�Q&�� � ��lG^%:%w�Bjx�w�y ���Û a ¨�]imjn�}¿jM�Q�àDáV�;E1�r�jM�O�P
)

8.
�>~	w�Q����JEk��M

(
mL� � �z���>~	wV} W B VyV¡�¢	��¨jQ�k�X�;G=�¡ì¶Q�¹	²

��¨Q�k�0iQ&���EY�	�%¼NM
)

9. CCD
Q����iQ���Ú�E/�§M

(CCD
Q&��Ú�E���� ��� c>¼;M�Q �

CCD
�4�iQ&��Ú�EY�

� a TF�jM
)

10. � �fIÕ�DO����%�%= s E/�§MmmÕkù�L:
CCD

tv Q��zQ��µ|·ìn���czQG�>� ��õ ]�^�eFf a ^%]Tø b��
2.9
: ÇD�a O�<D=,?�@�BDC�= t�v \|Q

GUI
Q��G�Dà%¿%MGb
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�
2.9: CCD ������� GUI �

1.
��;QG��|�G�
CCD

�j~�w�à�ü4~ a OÕ���§Ejm�m � ���j¼>MÕb�mdQ���� � ���fIL�|M����|:
JPG

0Q����NQkM4� � K�ûGX
CCD

kÊ�	���o�%O���
 s�
256(0-255) ��������� � £4v a ^� ���� a�� ��
 s�� 1

�
1
� �fl����Tø�n �Ê³ ��! �#" ���#$�%�mD³ " ��& }('� eFf�¼)$Õ�	� q FWHM
n*�|l � { � � ¥J¦V¼)$ � ��+	Û }�,-� "�. m � ���|à��Nàc�$

340× 256 � ±y��Î�/Ú � ���|à10d�	� � ��! � � �12�¸uÞ>ß�}�3�3��¨4� � à+g$h�0-5 � �|³u¨ ��6 �87 � � %
2.
�� � ��|�G� (CENTER OF GRAVITY)9 
;:=<�>Ã µ>·�à4�@?�A	2CB�DFE " ��G�H ��I # � � H B " � 2 âjã à G�H1JLKMON�P�Q $�3 � R $ �4S ��T4U�V %

3. δx,δy ��W�X�Y�Z[T4U�VG1H ��\^] δx _ δy ��W#X`Y1Z ��a Q ��S �-T�U�V % T�U�V���b B�c�$ Average
X,Yaxis _ Standard Deviation

0 ��d�e�d G4H 3gf �(\L]���h(i4jk_Ol�mn�oqp ar %

4. FWHM ��W�X�Y�Z[T4U�V
x,y
�`d#e`d � &)s � FWHM ��j)�W�X�Y�Z[p a Q �S ��T4U4V % T4U�V��b B4c$

Average X,Yaxis _ Standard Deviation
0 �(d-e(d

FWHM ��h�i�j^_tl�m�n�ogpa�r %

5.
<�>vuxw �4y)z�{ : ��W�X�Y�Z|T4U�V<(>}u~w � ��y1z@{ :�� ��WX�Y�Z-p ag" � T`U@V % T`U@V���b B`c4$ Average Count
_ Standard Deviation

0 �`d#e(d y)z�{ : ��hi�j}_�l4m�n4o|p a�r %

6. Start AutoGuid �-��{9#� :	<�>�u��@� �)�#{ %q5�� �)�1{8� CCD
� ���������gp����^_��*��� �v� <
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>vu p � S�������C��� d
:

(a) CCD
��	qE W�X1p�
 �

(b) CCD
��������

(c) ��{��q{(T �����
(d) ��
k��� 	[E W�X�p CCD

B�������� Q �
(e) ���
(f) ���k����� � �4p CCD y� �U"! f ��
 Q �
(g) ��
#� � ��p 256(0-255) $"%'&�(�)
(h) (�) ����� � �4p a�r+*-, & a�r
(i) ��
k����� � ��! f G�H _/.�y�0"132-4�T4U#z�{ u p65 E
(j) 5 E ��� G4H _7.�y80�192�4T�U�z4{ u ��� jFp ar �;:=< G4H � ar#*�,�> &G�H I+?1p�@�A+2 �
(k)
w � � ��y�z{ � _�B � h@i4j8:*l�mn�oqpC5 E �D:�h@i4jk_	l�m4n�oqp ar :
<FE�0 uxwC� y)z�{ � � W�X�Y�Z[T�U�V > &8�)y)z�{ � p8@�AG2 � Q �

(l)
w � � G4H � \L](_�B � h@i4j8:*l�mn�oqpC5 E �D:�h@i4jk_	l�m4n�oqp ar :
< δx,δy

� W�X�Y�Z[T4U�V > &�\ ]�H|p8@�A+2 � Q �
(m)

w � � FWHM _�B � h�i�j�:�l�m�n�oLp�5 E �I:�h4i�j^_�l�m�n�ogp a�r :
< FWHM

� W�X�Y�Z[T4U�V > & FWHM
� j[p8@�A+2 � Q �

(n) (e) &KJ K��
7. Stop AutoGuid �-��{
� �;� E�0 uDL�M �)��{ �

8. N�O w�PGQ E�0 uxw�R�S a�rK*",
N�O wC��T�U :�V�l ( W�X�W�Y ) :�Z�[�:'E�0 uxwF� V�l ( W�X�W�Y ) :|p(y#�8A�T-!f]\�^ : a4r �_:�B ��R�S ! fa`#b��8w)��c ��V4l (∆α : ∆δ ) p/5ed�:#B d f ��R�S
p a�r Q � ( f�g�h )

�

9. Shoot �-�1{
��i � �)��{ �kj � �)��{*� 1 l�m�n���i#�'o ������C��� d

:

(a) CCD
��	 d(W�X1p�
 �

(b) CCD
��������

(c) ��{��q{(T �����
(d) ��
k��� 	 d(W�X�p CCD & ������� Q �
(e) ���
(f) ���k����� � �4p CCD y� �U"! f ��
 Q �
(g) ��
#� � ��p 256 $-%'&�(�)
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(h) (�) ����� �4p a�r+*-, & a�r
(i) ��
#� � ��! f���� p \ d

10.
	 d(W�X �����
0.001 �#! f 6553 ����� �����
	 ������ �#���#� :���V���� � � 1 � �

11. $-% �����
y-z�{ � � � �p 256 $�%G&�(�) Q ��� & 0 _ 255 &8��� Q � y-z�{ � (0 ∼ 65535)
p B d#e(d ��� Q ���

12. ���=d����-��{
CCD

� ���|p Q � �-��{ � CCD ��� ���! J R �#j _ J �'o ������C��� d
:

(a) ���#"%$ � j[p6��

(b) CCD &&���#"%$ � j[p � � :���� �`�
(c) ' � W�X)(1_�& CCD

���! p���
k� � a�r
13. CCD

�! a�r
CCD �*� ���� p(y� �U"! f ��
k�I: a�r Q �

2.3.2 +-,/.10%2-3
PC 465*7�8:9<;�=!>*?!@
.�A �#B ��C!D � :!E � � u U�0"1 CD-733 &GF�H%I d �#J �GK
L d-�NM:O � STATUS

PORT
�

1∼5 _]:GP9oNQ L M�O � DRIVE COMMAND PORT :6R�S Q PkoTQ L _ K�L d#��&U O�� c � DRIVE DATA PORT
�

1∼3
��VXW �;� &GM�O �#Y�� pZO[J��]\�^F{ u p �� :!_!`�a�b�c � "FU� � ��d�egfD! :*�!h^_� ��i � j[d�jkI d �#j _�pml-n ��oqp �

\�^F{ u PKQ "CU� � � � 1
W � �

1 1 0 � pmr�s}_ Q ��� � �Kj�j ! f � :�.*A ��B CDC��tC��V�u
	 _ ���F��� d & b J4�<v)wq� �:Jxf �*y 2.10
� � � � E�0)z � C�D O �

GUI
*", � L �=J�.�A �#B C�D p{oqp *", � c ���

y
2.10: |~}������T�m��� GUI �
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1. Open �-��{
l��#O � 1K08. � � � @�{�_mE � � � ��V���������� p{oqp���C��� d

:

(a) x,y,θ
V��C� E � � � � l��#O ��1+08.�p � f

(b) DRIVE TYPE _ LIMIT STOP TYPE p ��� Q �-�
	 l � DRIVE TYPE
�

L-
TYPE : LIMIT STOP TYPE

��� W
 M p���� ��� �
(c) E � � � ����� · � � W ��� _ DRIVE

�
LOW SPEED _ HIGH SPEED p 3� & b J�� ����� �-��	 l � W ��� p ��� · � � _�J & 50ms/1000Hz : LOW

SPEED p 3000Hz : HIGHT SPEED p 50000Hz & ��� ��� � W ��� _ SPEED
& b J@� ��� &8B ��� jK& C�� � a f : j � j������ � ��! a%f#"%$L� �!J ���

(d) �1��{ ��& O C�� p�')()�D:�.A �!B �ZC*D &Z_`
a@�#��{�p & O ��	 & � ���
2. Close �-�1{
l��#O � 1K08.�p+*�n � :�.�A �#B C!D &&_�`]a�-��{�& & O C,� p-!#n �

3. End �-��{
� �;� E�0
z � C!D O.-�@0/21 ��304 {(p 5,6XI 7 �

4. Stop �-�1{
E � � � � DRIVE p � W
 M I�7 �

5. Origin Drive �)��{
.!A �:B ��8�9 p \ dC�I:GB j �`� .!A �:B � DRIVE pGo p � X,Y

� & b J4� �
CW(+) : s � /
;�2 �#< {>=Fp 8�9 _� : θ

� & b J� � CCW(-) : s � /
;�2 �< {>=Fp 8�9 _ � ���kj p@��� � � : X,Y
�C�?8�9 d+@�:1�=J j ��A�B _DC=&*a�E

�#J � _ θ
� pGF�"k� �]\�{�"H/�I4{+J1{�@�p d��2K d � ��� &�J1{"@�d
L�K�O �

h ,�M &%N b !.E��g��� p6��O� c ������C��� d
:

(a)
8�9 _� �+P � ���Q/+;�2 �#< {�=:d ON &�a � ��� DRIVE

� �
(b)
8�9 ! f 200pulse CR: s &�"#! �

(c) /
;�2 � & s !�E8� 5pulse m�n�"#!|� :S/+;82 �#< {>=:d+T!� ����!�U�V 2�4� ��� j d pXW � j � �
(d) (c) pXW � j^� �
Y � &Q/
;�2 � d�T!�k��� 9 p 8�9[Z\� �

X,Y
� & b J@� ��] ��� � � 8^9���\ d�p�o.E��6d�: θ

� & b J(� � _�` � ORIGIN
DRIVE \�^|{ u p&O
J���: j d � U�a ��� �cb & �.d ��: ORIGIN DRIVE \6^[{u � � CW : s � /
;�2 �#< {>=Fp 8�9 &�P � �'o�a�J8! f �fe ���

6. Stage Drive �-��{
E�0 u w d CCD

��g%h=L{� &�K � S
p6&?i^" IX7 � ����{ � 7 �
j�k � � �=2�4�.
&�N O wlZ E�0 u wF� V�lgp K�� � �Kj Z � CCD

��g�hkL&� &�E�0 u w dqf � S
p�&�.�A �#B p�i%"%I 7 ������C��� d

:

(a) .�A �#B � ����m|p \ d � �
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(b) �k2-4-.�&?K:��I��#� � j[p6��
 � :+B ��� j[p*�#����� �� &�(�) � �
(c) 2 �"5=d-����N�O w Z E�0 uxwC����� (arcsec

�<�
) pZ"���. � &�(�) � �

(d) .*A ��B � ���%m Z 3 �-5ed�����"!� . � !��/E�0 u w d������Go � m 9 ���
.�A �#B p�i%" I 7 �

7. V�	�K:���k2-4-.
N�O�
 Z E�0��
 � V�	��XK:� � ���

8. Scan Drive �-���
Scan Drive �#I 7 ����� � � Scan Drive

�
Stop

��� ����� � ! /
;�2 � &�K � ���
P � ����:���&�" o�e'n � DRIVE

�

9. Index Drive
��� �

P � ��� pulse ��� m n DRIVE ��o p ��� � �"!�# � 2C4�.�& pulse �$�>K!�&% Drive��� ����� � Z DRIVE �{oqp �
10. V�	�'�( � 2-4-.
.�A�) B # 8�9 !*�+#���� � ?,�Z"���.&� �<� - '�( � ���

2.4
. / 0 1 2 3 4 5 6

7 )98;:�< =�)�#?>A@�B�CADFE�#+GFH�I�J��LK$MONQPSRA#�I�J��"CADFE�TFU�V&)9WYX�Z[ N"\&CADFE^]"_�`OaFb&ced^]Lf�g�h�ikj lLT�m�n�oqpsr�tvuOikwkx+T�yvi�z�w�w�{kB�|}v~ C�D�E�x 7O� 8�:F<O= � b��k��x�GkHkI�J�]ABS����x�u$i?���F�Sb����x,�"T��k�
\e���SNL\v��p�z

2.4.1 ����� �S�������� ¢¡£�¤
| }�~ CADFEv¥�¦��kuOi?§S¨©GFH�I�J�ª�«�B?P 7�� 8;:�< = � {&¬SMk+® ~e¯*° ]&±�²
X7eP�,³�T�´�µ �·¶ U,¸ [�¹ � ]�|�h ~Oº b�T } i�zv»�¼v±�²�½�¾^]"¿$hFi·À�P�cF�kBÁ ´^ÂL´&Ã�d�TAyvi�Ä ��Åk� ¹ b�±�²$T j�iLÆ�Ç À�P º l 1 �kB�È�É�b�ÊË�sÌ�h�Í�Î�T j
i 7 U·Ï^Z�8�Ð�b�Æ�Ç�xÑÀkyvi�z?Ò�ÓOÔ�b�CADFE�{kB?P�_�Õ^]"Ö�×¢N"\F��i�x�Ø9Ù·x�_�ÕÚ ÀF±�²�N"\�N·»$l ~ ��wL®�]LÛ�Üku,i�Ä ��Åk� ¹ À&ÝAÞ$T } i�À�PFwL®�]Lß�à�á�T�âFã
N"\�Pvyvi�ä�å�b?æAç�b�Î ¨�Teè·å¢N"\·GFHkuOiLé�ê�Àky��ëP�RAb�Î ¨�]·ì&í¢N } pî\kB} ³ } ��z�Ä �eÅ�� ¹ B�ï�Ï�ð °�ñ Ã�d · òkc Á ´�Â+´�Ã�d$T�ó�ÉO�®F\v�,i?z
wL®*³Lb�Æ�Ç�]Lôk®�\&õ Ú b?öOÉ�]v÷ [ Ï ¶Fø ö�|�³úù�ûAùAÓv¥���ükuOi�TAB+ý�b�þ�]
ã � i

(

δα
δ∆

)

= A×SF

(

cosθ sinθ
−sinθ cosθ

)(

δx

δy

)

w�w�{ SF Be´�µ �·¶ U,¸ [�¹ � { ø ö�B (arcsec/pix) {kyvi�zkÄ ��Åk� ¹ T j�iLÆ�Ç�B�ÿ������� bA±·²F½F¾$T,j���\
	��®�i?z
SF T�� �F\v{Oy ieÀAP 7O� 8î:v<�= � b CCD ï����B 1 ÷ [ Ï ¶ y ~ � 0.072 �kÐ

(2.2.1 � f ��x�� ñ��Sñ ð���� ) P�� ñ��Sñ ð�À 4×4
} b�{ SF B SF = 0.072”×4 x } i�z
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» ~ P�±�²�½�¾�b���� θ B Å ¹ b�������� ñ	�,ñ ð ¶ θPA x Å ¹ b�
�d�{kb
ùFû�ùvÓ�x 	�����$b����x�b ¯¢° θ0 ]?ã �A\ θ = θPA +θ0 x��Shki?zGFH�I�J$TABvÄ ��Åk� ¹ x�B���T�E�b����$T j�iLÆ�Ç º ì� } pî\kB } ³ } ��z"õ�b��
À 7 � 8 :�<,= � b CCD T�� pL»&{ T?ò�FE�P� Fôvã�!��vE�b 2 "$b�E�b����^T,jei�õÚ b��A²�b�#�$ À&%('�i�z A À�E�T j�iLõ Ú b��A²�b�#�$�]�	�NQP A = 1 or -1 {kyvi�z*)
b�+ � � ¹ B&,�-$b���ü�þ�x/.$�"{kyvi�z�0,±Fb�é�ê�B?E�T j�i1�A² À 2 ±�{ky�� P�2�$
xANL\ A=(1,1) {eoO�$w�x�À�354�ÖF×�b	2�$7678�{S¨ ~ z

2.4.2 9;:=<¢����� >@?BADC
E�FHGJILKM

| }�~ CvD E9x 7O� 8î:v<�= � x�b·�k�^B�N�µ�Z�8ë����]�O �·\�½Ël�j$l+T^N ~ zJN
µ�Z�8 �F�^]+ã�� ~ b�B�| }�~ CADFE�b?r�t�P�Ä·Ï�´ (UNIX Q�� ñ a�{&RS ) À�RAb,j,l}&T5U x } ��\k�Oi ~ �A{ y�i�z Windows Socket b T5U B�V5WSákT UNIX x�.^�+{ y�i
be{�P UNIX ∼ Windows X�bYSZ�8[Z � [ �k��B	\7]�T�^_ u�i w x�À�{ ~ z
N�µSZS8 �F��TABe´Ë8�` ��a N�µ^ZS8�xcb � ¹ ð�� a N�µ^Z^8 b 2 d�e Àky��ëP;f�g�³
bhN�µSZ�8 ºji�k�l b�.nm&o�Í�Î+�F�^]L½�l&wkx©À�{�¨�i�zp0,±nq�r¢N ~ 7�� 8;:�< = �
{ B�´ 8�` ��a N�µ�Z�8 ]?ãO��\v| }v~ C�D�E�x�b��k��]s6t�N�\��,i�z,´ 8�` ��a N
µSZ�8�x�BsuFg�á } b � ¹ ]wvx�b } ��y�þ {&¦Si�wkxLb�{�¨�i�ÍAþk{�Pw^{zvb*b � ¹ ¦| ��T*z^N"\h}�Y [ �~� ñ ]/6�t�N"\���psÝAÞ Àkyvi·À ( }�Y [ �~� ñ�� �F��ÍAþ ) P�w�b~ �FT�������b�yvi	b � ¹ b�¦ | ��À�{�¨ei�zsb � ¹ ð�� a N�µ$Z$8 BOw�w�{kB��*N,p©B
@���uOi·À�� ø T?�O��uOi�x�yviw��¨A&b ° } � W�] ø ö�xeN ~ }�Y [ ��� ñ ° ´ � �F�
Í�þ,{ yki?z
�����n��������� KM �*�5�

w�w�{�| }�~ CADFE�x 7�� 8;:�< = � x�b+�F��b��k®�]��O��uOi�z�w�w�{kB�| }�~ CAD
E^]Lr�t¢N"\F��i PC ]s� � XAP 7�� 8;:�< = � ]Lr�t¢N"\F��i�Í^] [ ��< �,ñ 8�x�N�\� ]w�S��\v��p�z

1. socket ����]��7�kM�NL\@N+µ�Z�8Q]1���u�i?z
2. connect �+��]��5�kM�NL\n� � X�T��Fg�N P�}�Y [ �H� ñ ]16�t u�i
3. recv

º NOp[� send �+��]��7�kM�N©PA¦ | ��]�½qlsz
w·bX&� � X�x [ �n� �Oñ � b@f�g$³©|�À&¦F��¡ º l�c�Í�À | �¡�xL��l�¢£�{�y
i+Ý�Þ,À yki�be{�¤$�@f�g$³ÑÀ*¥~¦ | �¡~¦ } �¨§ º lQcAÍ À | �¡~¦ } i&|*©��ª ��| } p ª � } ³ } ��z

4. close �+�H«��5�(¬h ª �k�@«1®h¯O�°J±�²
³³s´ ¬ ª ¨�µ	¶~�s·~¦*¸5¹ ª ��Ìº A «�� �J» ³�¼ ²
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3
�

3.1 � � � �
CCD ���	��»�
	����	������������� �µ ¼n³���´�� �"!�#%$'&�(*)�+	,.-�/�0�132
µ	²54J»�6�7�8�» ����9 � ´;:�<=$ 
">@?�µBA�» ´�C ±�²ED�FHG /5I�J �	KMLON 2P0�Q RS 7 < S�T.U 0 QVREW	XY$ 
�>Z?\[�]@^`_ C R\a�bBcedgf�hji S [�k /5l	m N S 7 l�n$po k R [�k SEq"r $ts�u _.v R w�x _ C	R � :�y*z`c {;c SE| : > SE}�~ :�< S5���ETU /E�"� ?E[ 9 � S"� K $t� 0%x��BR w�x ]�^ wt� 7"�E����N Q.w�x ����] REa�� [ :.wS �	�"!�# ]M^ 9 � /5��� �.R;�"� c	�.x����"��� S ���"� SE�*S\�B���E� A�� � ?5[ a4 S 6 3.1

:
3.2 7 �	��!�# _�
�>�?5[ < S 9 � x ����� S\�H� �E� $t� ?\[�6�_ C�R\a

6 3.1: �� �¡£¢�¤P¥¦¤

6 3.2: §O¨O©'ª¬«'¯®±°
6 3.2

S I�²	/�C	Rt³�´ � GUI
SEµ � SE¶ �V9�· S �"�"� _ C	REa�I�²�$t¸"¹�x ? 0�9· S�º�» v5� Y

S5¼�½.» :"¾ » v5� X
S5¼	½.» _ C�R\a�w'�V/\� ? :V�"��c	� S �����
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7 9 · S ² » v5� �"� �
X
S5¼	½.» :"¾ » v5� Y

S5¼�½.» /\��� �HR5a�� [ ���"�	�/ � Q"0 7 �	� S\¼�½*» � 9;· S Y
�=S\¼�½*» x

15
� S���� $�� ? 0�QBR\a%w	w _�7 :

DEC 7 ����: RA 7 �	�3$t����a.� [ : 4 S5¶ /Bw'� ^ S ����� S ��	�c�
�$t�V��a
¶

3.1: ����� S ��	�c�

����� � ��	�c�
 �������

,
���

12.5 pix/arcsec 13.9 pix/arcsec�"� c��
X,Y 314 pix/10000pulse 310 pix/10000puls (1/20

S��
)

3.2 � � � �b c d¦f"h��;c����  S ������� ���������¬_.v C � 2 [ x�w;� _ &�(B)5+",H-�/;0;����� Y$'132 [ a 2
<

4 !E7 f�hei µ x ? 0 HD43384(V "�# 6.25)
$%$�& ? : 2

<
5 !P7'�( � SAO96084(V "�# 6.4)

$�f�hji µ x)$�& ?5[ a

3.2.1 2 * 4 +�-,5:"b c d¦f"h��;c�$  Q�0	f"h i µ $�.�/ ? :�s10 ?E[32 z r $54�6�738�
 _"]	N[:9<;�=?> bA@5BDC.d�$ ] U RHxpQFE ½�G _�2 z S�H�¼ $t1�2 [ a�wt� 7:I�JBN �=$ ]	N[�9�;K= /:L3R�w�x _3M�N�O $QPSR3T�UHRVw�x ��N QWVAEt/�X D $%Y ? 0 S w�x _ C�REaw S�H�¼ 7 EP� L Q	2 [ S _ b c d¦f"h�� c _�7 ¼�Z / 2 zP$tsW0 _Hv 0"Q R�w�x � Z�[_.v [ aHw S�\ : ]	N�[:9<;�=?> S @�]\c i_^`CEy"$ ] U RtW�X=$ ��a@? 0�w S ! S ���b<c 75dfe�?5[ a

3.2.2 2 * 5 +w S !'7 b c d¦f"h ihg	c i�$  Q�0�i<�� =$t1*2 [ a � �kj /��� =$-l�m ?E[ x�w;�f�h i µ � sD0�nAo�p�q ]@^�r%s`rQs?2 z�0�QB2 [ S _���t �K Y$�u�v ? : ���	�����S �Aw ? $ ?E[ a;�BRHx¬:�@<]�c i_^`CEy"$ ] U RtW�X _ L�x��BR 2 z r.SE¼�y ��zB6 x{ / N 2'0�Q R w�x � � � ?E[ a 8 w _ RA
:

DEC | ½H» _�}A~ 0�� [ x�w;� ¼ J / b cd¦f"h ihg	c i � c�� ?E[ a3���;:3w S !'7 b c ��� d � C\y _ 4 � :�b c d¦f"h ihg	ci¯$  Q�0 9 � :� 13 � S �� 3$'1Y2 [ a�f�hei µ 7 Q�,�� A '�(�� SAO96084
$%$�&

?5[ a

3.3 � � � �
2
<

5 ! S ������ _B7 : �W� / ]�N [59?;�= /�bBc d¬f	hW��c _ s�0 ?�[�2 z r $@?]�c i�^kC y ? 0 9�;�= S �K�Y$5132 [ a � ½ :���� S [	k /�@?]�cji�^kC y�$E1 �N Q3x v (
b c ��� d � C5y )

S 9<;�= S:� c / � Q�0 A �� S:� i":���u (2 � )
: ��\ /� c�{����3$'1Y2 [ a
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3.3.1 � ��� �����
	������� ����� ��� ����������������Zx N R b�c �A� d � C�y _ S! �"$#�� / � Q�0V�5, Z�[ ? 0&% L a 6 3.3 7	8 S��S l�n S 2 z S3�(' }$) $ ��� C.d ?E[BA S _ C�REa�wt�H$t��RHx 2 z � w�* G / }$) �RHxpQFE,+ » � C	R w�x � � ^�]"_ C	REa 8 w _ :.w S }$) $�w�* G�N\�&-"� X�x 8 ���. S ��� � � � X�xP/EX0/ ? 0$132 �BR w�xP/ �BREa	w"w _�7 : ��� C*d ¹./E� ? 0?w�*$�@?] Cp�1] ���V?5[ a 8 � A54 U�0 6 3.3
/E� ? 0�C�R5a

6 3.3: 687'ª59;: ª5<>=@?5ABDCFEHG�I
1 JLK ∼4 JLKNMPOOª5QSR>TVU\¡HWFXZYDOOª\[>]^`_

δ z(arcsec) a,b _5c R>Ted,f (4sec/1loop)
−8 ≤ δ z ≤ 8, 0 ≤ roop ≤ 99
1 dLK : g¯«Dh -12 ijaekDl 67 ija 4 dLK : g¯«Dh -62 ijaekDl 52 i
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T ^�� @<] CO��] �����E[ w�*�x S��	� ( 
�� ������ ) ������� x � y ���������������

��! ��"� �	#%$�&(')��*+�!,�-.�	/ 3.4 0�132�4

/ 3.4: 687�559;:7698;:BDCFEHG�I
1 dLK ∼4 dLKNMPO;55QSR>TVU�<HWFXZYDO;5\[>]^`_

δ z(arcsec) a,b _5c R>Ted,f (4sec/1loop)
−1 ≤ δ z ≤ 1, 0 ≤ roop ≤ 99
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/ 3.4 ��� 2�� x � y ������� �+
��  ���� ���
	�� �� ±1” ��� �����
��� 2 4��
����� �� ��� �"! 2 ,��$#&%�!�'!2��)("* ',+�-� .*3��/"01�32
4�5��76
8(�:9������
!<;)��=?>A@�B3� C�DFE"G
HFI ,�E��?�&J��LK��	0�M�N3� �FO�0���(P* 'Q+F-SR ,�T�U
��V�W.V�0��X�ZY�V�2�4�J$[\J �
M�N  ±1” ]�^,_ ��` W30&��0�K��X��,�a�b�J;�3M�N
����O�YX] 2Z("* ',+�-cR 03_ � Y76
8�0�%!2$�1deJ�,3fL��* 4�- �7g  ("*+#�� ' 
�&h =�>�0��ZiAjP�k�mln��
��  ��"� � ��	�� � �A�����+*����!0�132�4

g 3.2: (X*%# � ' 
�& h �
�o�
iAjP�o� 
��! ��"� (σ )

=F>pN q α(arcsec/ r ) δ (arcsec/ r ) α(arcsec) δ (arcsec)

1 -0.0346 +0.0211 0.310 0.822
2 -0.0258 +0.0095 0.649 0.738
3 -0.0243 +0.0011 0.295 0.716
4 -0.0153 +0.0003 0.967 0.562s
t

- - 0.555 0.710

3.3.2 uwv x�ycz {F|n}�~k�o�k���k�w�
/ 3.5

 � move factor � 0.1 � 0.3 � 0.5 � 0.7 � 0.9 Y�J���(X* 'm+A-�R ��9���*1�%��H
I ���F� �����w� x � y �.�"�1�o���
�?�����(�$geJ�*�� � 0�132�4
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/ 3.5: ��� 5�������	
��
δ z(arcsec)(−8≤ δ z ≤ 8),  � Time(4sec)(0 ≤ Time ≤ 99)�����

move factor 0.1 0.3 0.5 0.7 0.9
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/ 3.6: ����5����� �
move factor 0.1 � �
	 0.3 � ��� 0.5 �� � 0.7 �� 	 0.9 �� ��������� <��
���
��
x(arcsec) �  � y(arcsec)

−8 ≤ x,y ≤ 8
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/ 3.3 � / 3.5 �:��� ���32p� ( ' +
-<R �����"2p� i1j"�\� ,Fb	� [?Y ` W�
 VA�
��0�2"�?� ,��[�2 4"�)�A[�� ("* ',+�-� .* ,38���Y7���oJ ��������(��6
8kJ:��0�2
�"� ,��F[ 2�4"-�Y / 3.4 �$� 2�� � move factor , 0.1 ∼ 0.7 �L�.%  ����,���.�����
0����eJ��?0�2p�X�),��?[ 2�4 move f actor = 0.9 � ��%  �F� �Z�?��,�#o%�
9��(P* '
+�-�R �"! 2 #%$�& 0��F� �('*)+���?E"G
HFI�,1E��?�&J.�?� *�4 move f actor = 0.1 �
�3%  '	),��� �%-$�"[��/.oJ10�2��+3������3GF��� *+4pB!0.�A��,"���oJ * 4�g 3.3


�o��� s
t � j�5P�o�mlP[6� ��7��98�=F>�:�YF���,;+*�� �!0�132�4

g 3.3: (X* 'm+A-SR<8=�>��*�?�@ �1�o�
�k�ml.� s
t A �! CBED�# (σ )

=�>�: move factor ∆x(arcsec) ∆y(arcsec) α(arcsec) δ (arcsec)

1 0.7 -0.234 -0.052 1.126 1.126
2 0.9 +0.189 +0.417 2.640 3.097
3 0.5 -0.256 -0.057 0.308 0.658
4 0.3 -0.372 -0.096 0.322 0.647
5 0.1 -0.542 -0.233 0.371 0.583

g 3.3 8�� 2�� ��� � s1t�F  move factor , 0.3 G 0.5 
H� 0 0CI ` ��VF����0�2 4F�!*A �! CBED�#  move factor 0.3 G 0.5 �L�.%�YJI ` 8�� 2X�"� ,��?[ 2�4w� � A �! (BED
# � F  (X*%# � ' A & h 0�=�>kJ�*L��%�� s
t YJK�0 4F�ML3���"� [6� move factor �F 

0.3 ∼ 0.5 ,EI�N 0�1�2X�"� ,��?[�� *�4
move factor ,�� � F Y�OC��0�% 2 � EP"Q 3.3.2 0L��R�SeJ�*ZiAj�D�#w� A �! CBED�#
��T%ULY�] 2P��� 0�1�2�4�i�j�D%#n� �V - �,W�X��"Y�ZH[]\,^"_��E`�aM#\W�Y�] 2Jb
�(c%&.�(d�W,e�f%g%hji(��k�*  ,����8,lnm\J�*��M�M���<�$�%o6� �G?(p* ' +�-SR Y
] 2�6A8 �p Y����E���q8J.�Vr
 ! 2p�X�E8,s � *����	0�1�2 4%����G A �  CB"D�# 
#�t ��u�v�YP]!2�H�I�4�B+��w���e12�4�5Mx1�Ai ��`�yz*8,lMm&J�*+D�#w� �%o9� ��2 4
���"0  VE{ 0.1 e 0.7∼0.9 �:0?� *7q�|�0  0%�1V
0+��[j8~}pb�J:��0�
 4F���+G 0.1 �
?%@>��� g 3.3 ���k�Ql � sAt ,Hd�0&��0�K�� 0 0.3 ∼ 0.5 ��0p� * F Y"�o� 2�4L� ��Y� o
�"G �X���"�,�1�k�ml�]�^Z� ` W 0 leJ$[�6�8�����G�2A4F5�,E���eJ��F0%*�4�B ( M
��?M@�/ 3.6 �nY A%� -J� ) ��0��^�%�����Y�.eJ7�o��*C4�B 0����eJ�� J���K 4���LM��*� [�� 0.1

 M�N��H�kJ+��(X*��m+A-j��*AY  N%@oJ7VA0�4�-�Y 0.7 ∼ 0.9 ��?�@�0  G
/ 3.6 ����L(G"�	-"� /�8��"�����AK1����[�2 ,3�A���+4pB!,H`����Y1V32 (0.9 Y,���7�J� -�0.������'�)J���P[6� H�I�,�E��F� J3��K ) 4o�~�  GP�k����'>).[�� 2�4F5?Gj�� XZ*<R���� h YM�3-B A Y��31%2"� 0E'	)3�%���\��� 214�5��36
8>8�!�;%23�%�����:Y
�� n�H¡r¢�2�4L�~�PYP]1����2�4F5��E�%�kJ��F0%�(4�B�]�^,9\%�£\' 2,¤�¥��H¡L�(��2 4
���L(G 0.7 ∼ 0.9 0  A�¦ ��BCD�#��3#&%Z0 ( g 3.3 §�¨ ) � 03�A���"��%���+G1("*©�,+
-n��*�� move factor �
J��  N%@kJ7VA0 4 ��ª�« Y  (X*��Q+A-n��*  iAj�D�#����n8
'	)pJ<G%�C�XYJ¬oJ:�.6
8*8�9nK3�?����0�%!2���P0�� 0CG 2
4�5�8H®��+2~¯�4�0.i�j�D
#��,K�°j±�²�8�³>)pJ<G~'	)pJJ���(´X[�� 6
8��C!P�j�3-B A Y�8Z�Cµ\JJ���\�,l��J�A>F 8�8$2�4F5�YJ¶9·"]pK$YH¸�%·�¹ move factor 8~��ºP!�·,»�¼�½¾
¿G�c�&	��p0��%�98À�Á ¸�%·�¹:��o��Â��·+Ã

move factor 8 0.3 ∼ 0.5 Y�Ä��kJ~Å.=�>"!�·nÆ�¹�¸�iAjjÇ�Èml	É�Ê�Ë 0 ¹�Vo^¿G An¦ �
BED�#�YP]"·EÇ�ÈEÌ 0.7 r�Í�$�&�YJÎ�oq�Â��·+Ã*Æ~�nÉ_Ï\H�*�/�+ÐnÑ 1.1 r�Í�V�Ò�J+É
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��� « V%^ � ¦ Y����Ç 1.0 ∼ 1.5” Y�� Å3_�#�Y ` W Ã*Æ=�XYX]�^¿GfP�F���>)C¸
�
	��98����¹���·+Ã
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������ �!�" HOWPol #%$�&('���)�*,+.-
Å�/6Æ�0��21.3 	 �
4
"�5(6(7�8�9,:<;���=�9
�2>�?A@��.B�C(�ED�FHGJILKNM�O�PRQ

CCD S(T
U�VXW�Y�Z X,Y �.B�[�\�V^]`_AG�acb�d�Yfeg0^7(hjiX��k�l�m.U�CjV C++ no V�p(q�rts.u�vj7^+.+�w�GJ/ CCD S�T.U�5R 
!x-JZ�y�[(zcV{I|K~}^��/ PC &����R!�V�
� -g/E���
���^�������2�A�Rv�7.k�l�m.U�CjV�s.u�-�ZtQ�djeJG
�.���������^�%iJ$J/
50×50 ���R���j�2�.�j5t���
/�S�����:�/
���H���x�JV����^-�/��.���x�<��V�1. �v^7
h�i<�c	���G2a�b.¡.¢�V{£�7(¤�+�G�h�¥�r�]¦b�§
¨%d�Yj7c@t��B
C�Vª©c«�-JZ2Q�¤X0�G�h
K¬/%`®(5�6�¥�Zt8([¯:N;.°,±²4(³.´tµ·¶Jh�iXG��¸K¬/.���
ZJ�c	�������X�R�.�(5��J¹º�» ]¦bc¼
½(´R¾�³�+X��¥2Z�Q�¿EZ�/ GUI V�a�Àx-JZ�k
l
mcURC�VXs.ux-JZj¤�+Á5t/��c�Â ��Ã�Ä���Å
!�V.�AÆ�ÇJ��v.0(ÈtvÊÉÁG.���JÅ
!HV�p�q�ZR8([¯:Ë;.°¯±~´�DRÌ(5�ÍE7j+{q
iÏÎ
Ð���4�³�wgÑ�Ò�5HÍtZRQ
¿EZ�/c8([¯:N;.°,±<�JÓ�³jVXÔ�ÕE¼
½�VªÖf×{rtØcÙ�-JZ�Q�8([¯:N;.°,±`V{ÚHÛcZJÜ
Ýf+
ÚHÛ��E��¥2ZJÜ
Ýf+��JÅ
!c�
�^� º�»JÞ
ß /.àHh2á�8([¯:N;.°,±<�2âHU.T�z (move factor)
VRqx¶¦ã.� Þjä r º�»JÞ
ß V{I
åx-æ/R�c�E�¸�N����ç.è^é�u.�f+�U���=2CRu.��+2V�êEë�-
rR/�ì�Ã^� move factor( íjî.Z����Ë��G�ï�v�7X/�ðEñJ[ò±²ó�Ç��ª�^�2ê ) ��ô�´ 0.3 ∼ 0.5 5
6�7�¤�+�Vªíjî.Z�Q^¤���Ü.Ýj�X§
¨.õEö^÷�/ 0.7” øc��5�6�K¬/Jù.���JÓ(³�´Råfeæ0.r.q�7�Qú�û ÷JÅ
!^�J�
�.�
�j�Jü
ô(ýjVt;^���(þ�ÿ�ð�ñæÇH:¦G�h�K�]¦b^é�G�í�î�7J�j[�����´����� �2óAm��.Zcî���uA¿�5�÷	�òe{�E��¥2Z�Qc¿EZ�/�
.Å^S�z�l
m2��e{;.°,± ÅÊ+Ï¼
½cÅ
�	���VX���./ �.� 5�ÍE7ck
l
mcURCHw � ��u(5�6�7JQ ú�� ÷c��7��ò¶��¯¶�¤X0¸eX��4(³
��Ñ
Ò�Vj��f-XrE/�hHKNÎ
Ð���ã���p��E8�[,:<;
°·±`@��.B�C����cu�Vj��Ê-�Zcq�Q
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A

A.1 � � � ��� � � � 	 
 �
1. 00H:NO OPERATION COMMAND

STATUS1 PORT % DREND BIT � ERROR BIT ����������
2. 01H:SPEC INITIALIZE1 COMMAND�������  *������! 
3. 03H:ADDRESS INITIALIZE COMMAND"�#�$�% �&�*('*),+!-�. ADDRESS �0/�132�4�� · 506,���7 
4. 06H:RATE SET COMMAND8�9

· : 9�;7<�=?>!8�9�@ 4�A�20: 9�@ 4�A(CB�4D���! 
5. 07:LSPD SET COMMAND

DRIVE
;7<�=E>

LOW SPEED CB�4D�E�7 
6. 08:HSPD SET COMMAND

DRIVE
;7<�=E>

HIGH SPEED CB�4����7 
7. 12H & 13H:+/-SCAN COMMAND

SCAN DRIVE GFIHJ 12H K +(CW) LEM!2 13H K -(CCW) LEM� 
8. 14H:INCREMENTAL INDEX COMMANDN .EO >QP�RDS &�4 ;,T � DRIVE GFIHJ 
9. 1EH:ORIGIN COMMANDS�UDVXW�Y!Z�[ G\�]�/^2�_a`3b�K Y DRIVE GFIHJ 

10. FFH:FAST STOP COMMAND
DRIVE �c @Qd�e 'CfE�7 

A.2 g h i j�k l m n oS�UDVXW*p�qXrEs Atvu Y,wQxzy|{ G} ;7~ � s A ;!��� �E�a`���K���� Y�{��0�D����S�U,V,�QSDY���� ]/QGF�HJ (`�`CK���b��72 s A|�!K r��(� )��G� =E>�� A ;3�X� 1v���3���! 
hDev → �v� �0S3��y({�R G �¡D����+�¢ Y7£ Aa¤ �¥yv�
psResult →

s A Y7¦ F�§�¨©G �¡�����+�¢ Y ¤ �?yv�
Cmd →

w�x�y({^wvV�{
psData → ª|«¬�®�� V���¯  �¡('*)X1 � �Q¤ �¥yv�
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pData →
�a� ¬����v� � G �¡�����+�¢ Y ¤ �?yv�

1. �v� �0S���V��ay�s Aª	� :AC05 BOpen(WORD IfNo, WORD SlaveAddr, WORD Axis, WORD SlaveType,
DWORD FAR ∗phDev, AC05 S RESULT FAR ∗psResult)� A :IfNo → AC05 USB

SlaveAddr→
S�
�V�� � {�
 S

Axis→X ?� AC05 X 2 Y ?� AC05 Y 2 Z ?� AC05 Z  
SlaveType→

S�
�VX���Q��� �&�4�2����X� AC05 SLAVE CD773 �� r
phDev 2 psResult

2. �v� �0S ��� V���s Aª�� :AC05 BClose(DWORD hDev, AC05 S RESULT FAR ∗psResult)� A :phDev 2 psResult

3. DRIVE COMMAND ����ª|«¬ �Ds Aª�� :AC05 IWDrive(DWORD hDev, DWORD Cmd, AC05 S DATA FAR ∗psData, AC05 S RESULT
FAR ∗psResult)� A :hDev 2 Cmd 2 psData 2 psResult

4. DRIVE DATA PORT ����ª|«¬ �Ds Aª�� :AC05 IWData(DWORD hDev, AC05 S DATA FAR ∗psData, AC05 S RESULT
FAR ∗psResult)� A :hDev 2 psData 2 psResult

5. DRIVE COMMAND PORT ����ª|« ¬ �Ds Aª�� :AC05 BWDriveCommand(DWORD hDev, WORD FAR ∗pCmd, AC05 S RESULT
FAR ∗psResult)� A :hDev 2 pCmd 2 psResult

6. STATU1 PORT
�,� ]�/ s Aª	� :AC05 BRStatus1(DWORD hDev, WORD FAR ∗psStatus, AC05 S RESULT FAR

∗psResult)� A :pStatus→
�,� ]�/7+���� ¯  �¡('*)E�Q¤ �?yv�

hDev 2 psResult

7. STATUS2 PORT
�,� ]�/ s Aª	� :AC05 BRStatus2(DWORD hDev, WORD FAR ∗psStatus, AC05 S RESULT FAR

∗psResult)� A :hDev 2 pStatus 2 psResult
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8. DRIVE DATA PORT � �,� ]�/ s Aª�� :AC05 IRDrive(DWORD hDev, AC05 S DATA FAR∗psData, AC05 S RESULT FAR
∗psResult)� A :hDev 2 psData 2 psResult

9. � V�������� s Aª�� :AC05 SetData(DWORD Data, AC05 S DATA FAR ∗psData)� A :Data→24 � ��� Y � V��  ���
psData

10. � V��	�
��� s Aª�� :AC05 GetData(AC05 S DATA FAR ∗psData)� A :psData

A.3
� � m  i �

1. STATUS1 PORT��� Y  Y "�# Y����  �,� ]Q��� Y ¤ V��
D7 D6 D5 D4 D3 D2 D1 D0

D0:BUSY BIT
0 K3.��D��� �� COMMAND

¯ ª|«¬ �	�����  ~ �� `�` ¯ 0 K >�� � COMMAND
Y ª|«¬ �0¯ K?« >��  

D1:DRIVE BIT
1 K3.��D���  ¯ DRIVE ��K� ���`��� ~ �� 

D2:DREND BIT
1 K3.��D���  Y DRIVE

¯"!$#&% +E`D�� ~ �� 
D3:ERROR BITª|« ¬©b�),+ COMMAND

�
DATA

;�',��Vv¯  % +�`D�� ~ �� 
D4: (�� r
D5:LSEND BIT

D1 = 1
Y�@ 2��*) ���,+.-,¯v�$/ '*)�+E`D�� ~ �� 

D6:SSEND BIT
D1 = 1

Y�@ 2 FAST STOP COMMAND
¯3�$/ '*)�+�`D�� ~ �� 

D7: � �X�	(�� r

2. STATUS2 PORT��� Y  Y!��/0+.-?Y����  �,� ]Q��� Y ¤ V1� ��� Y  Y "�# Y����  ��� ]��� Y ¤ V��
D7 D6 D5 D4 D3 D2 D1 D0

D0: (�� r
D1: ¯ORG

+.-
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ORIGIN SENSOR
Y����  ~ �� 

D2: (�� r
D3:CWLM

+.-
CW LEM Y LIMIT

Y����  ~ �� 
D4:CCWLM

+.-
CCW LEM Y LIMIT

Y����  ~ �� 
D5: (�� r
D6: (�� r
D7: (�� rS�UDV,��S ¤ V1� � 1 ∼ 5 b�K� �� ¯ 3 ∼ 5 ��������KD��(�� r  

A.4
� � � � 	

�
���DK����/*+�� S0U
� K����
� Y���� � ���v� �vR,Y�����y�� A �|� � Y��
�  �]�/7+Q a_ Y�!�" � � �DY�#%$ K� ��7 
1. &'�'(
) Y+*-,�Y 10× 10 ��� �0REY (�) Y
�.�Xy � 0/¥¢�2 �.�Xy�� A Y�1�2 
/E¢�1�`C)E SKY � ���7 

2. 1 K�/E¢�+ �3��y
� 04
&��
(�) � �C� «�2©`G)E05�6 Y87�9 � ���7 
3. 2

Y87�9  x 2 y _Q)�:Q) Y LEM ;3�X� 1 1 }<;�=D���
4. 3 K � % + 1 }>;�= '7),+ 7'9 �?� Y@���  ra� 1 �'� A/E¢,�7 �'� 0/¥¢����RCB � ��� �7} Y�#D$ K� ��7 

xG =
∑(xi ×Counti)

∑Counti
(A.4.1)

EXY�!'F K x 2 y _Q)�:3) ;3�X� 1 ��� A/E¢��7 

A.5 FWHM
� � 	

FWHM GIHCJ
� ���K /!+ ��V1�ML���N3V KD�8��� Y � V��EyPO<QSR�T K?«�� T H ; FWHM

Q@�3�y�� � �����|� �¥]�KE«v� T H ;�� � O0�-� AU �0K$ X�* V&
��/*+��
��� 2 }';XK$ X�Y K FWHM
Q

x 2 y _v)+:v) Y L¥M ;���� 1P/?¢,�! 8�W���,K,�8&W� /!+@� Y��X�Xy ��3��Y�1 L3�*S�7'9E;�Z H Q�Y �0/�13��[�\©GFIH  L]�CS-7
9 �. X�0^ µ  � �E; /�1K_I`�.�a >�b8c � >d$ 2 x zAeIf c ��/�2v}���K-g'*)��! 
f (x) =

1√
2πσ

exp(−(x−µ)2

2σ 2 ) (A.5.1)

��� Y8h�i 2 7'9�Y � � µ � ��� xG
;  �+D�7 X+��¥/ � � Y�h'i 2@j� 
=('7)�1 ��>��L3�*SK7�9?s A©0/E¢�+ �XY K L3�*S�7'9?s A©
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G(x) = Aexp(−(x−µ)2

2σ 2 ) (A.5.2)

� %�� `D� ; ���! A � σ ����� ��U � yKOCP����X� K� D�7 � ^�4	��2 # a FWHM � LX�!SK7W9EY�
� ^ Y���� H�� �'7?Y ^z?���E�0`�� Y �XK32L3�*SK7�9�Y8������
σ � } YaT H >�s�� �� �  

FW HM = 2σ
√

2ln2 (A.5.3)

FWHM  �¥]��a�v+0¢ ; b!��` Y σ  /�¢��D`�� ; �a�* σ  /�¢�� Y�; b!�!2 x 2 y _)�:Q) Y LEM ;3��� 1 1 }W;�= /7+ 7�9  � $ 2�_ Y@7�9  L3� ��� y K���� �U � yKO���E� � H L " E�!�7 
C++
Y�� � O��@��;DT ��� � ��U � y-O �3/1�� x�VI�0V � " (Levenberg-Marquardt

"
) r�� �! v} ;vx�V��XV1� "?;3��� 1 u YE�! 

x�V���V1� "
(Levenberg-Marquardt

"
)

1. �� ��� /7+ ��! � R (
L3�*S�7'9?s A ) �"�¢D�7 

2. χ #�$ s A
χ2(a) =

N

∑
i=1

[
yi − f (x;a)

σi
]2 (A.5.4)

% /E¢D�7 a ���� ��U � yKO*P¥���X� A & σ  
3. 2 } Y�')( � R β & 2×2 F�* B

Y
kl + 7 αkl

% /E¢D�! α 2 β
;v�X� 1��,�- YaT H ; /E¢D�! 

βk = −1
2

∂ χ2

∂ak
αkl =

1
2

∂ 2χ2

∂ak∂al
(A.5.5)

+��?/^2 k = A,σ 2 l = A,σ  
4.
')( ��R

δal = 1
λαll

%/.�0 ���! (`�`CK λ ��132 > ^ % ��� ���7 	� �� λ = 0.001
% r�� +� 

5. a+δal
%

χ #�$ s A ;�4 6 ��� /�1 χ2
% /?¢D�7 

2 ∼ 5
%

1 � Y�R,V	�65 & ; λ
£	7 1 ( 8 7�9 10

7�Y
1 : ) ; $=< / .>0 'Gfv2

χ2
Y ^ ;*p	? % BA@2�_ Y ^¥b�K R,V	� % F HJ � ��F % +��� �^U � y�O K��2 χ2(a + δal) ≥ χ2(al) K  v) 9 λ

%
10 B / 2 χ2(a + δal) < χ2(al) K� v)9

λ
%

1/10 B /�1 RaV�� 'Cfa+� E,Y
1 ∼ 5

¯ ��C©O >�xaVW��V � "zY�D )�K  	EGFvK���} � � � � rE� +32
��� � U � y�OGP?�����7¯ 2

��Yv@XYvxXV���V � "E;Q��� 1�H / �JI � /�1 �� Fb��72��>C?O > χ2
Y�s A?�

χ2(a) = γ −d ·a+ 1
2a ·D ·a (A.5.6)

&Mf�K�K�«�E (a � £ A�2D`0`�KX���>� � U � y@O�PE����� %ML�N ) FX`0`�KGO>PY
a
Y ^ % acur 2 χ2

% 
�Q & N E a
%

amin & N E�& amin � ∇χ2 =−d +D ·a = 0TX$ 2 amin = d
D `�R � � 2

amin = acur +D−1[−∇χ2(acur)] (A.5.7)
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& > E/FD/ � / 2 ¦�� χ2 � E�Y 2 }�� Y���; H�b � �0f�KXK�« >���Y K�� anext%
acur
Y f � Y![ & N E &��

anext = acur − ( ��A )×∇χ2(acur) (A.5.8)

& ª � `�& ¯ KE« E�FD` Y � % anext
¯

χ2
% 
�Q & N E T H > ^¥b�K	� $ ¬ �K � � Y3¯ ��� � U � y�O & � H�
�DK$ E�F�� � ��� E�Y �E�a` Y b�b�K��� � O��K�D; U � ¬¥¢ >��XY K Q0% & � �������¥; ��� � � FKD��b����A2�����¢�� ��! � REs A % "�¢�E�F,`�`CKD� LX� ��� y % r�� E F` Y &Q« χ2 �

χ2(a) =
N

∑
i=1

[
yi − y(xi;a)

σi
]2 (A.5.9)

&�� ��� & ¯�� «�� LX� ��� y % r�� � h�i �
χ2 =

N

∑
i=1

1

σ 2
i

[C−Aexp(−(x−X)2

2σ 2 )]2

&��@E�F ��� � � x �+� ( �! ��
� � X � ���#"@�
� � C � �
� x
��"��3�y
�%$ � σ ����� "'& 6 7�9("8�������)�  �E F* ���!+,�

a , �X� � " χ2
".-./ � χ2

¯ 
�Q#" &Q«., 0 ,10�E "��

∂ χ2

∂ak
= −2

N

∑
i=1

1
σi

2 [yi− y(xi;a)]
∂y(xi;a)

∂ak
(k = A,σ ) (A.5.10)

� R %32 � , ��4
7 N E)&
∂ 2χ2

∂ak∂al
= 2

N

∑
i=1

1
σi

2 [
∂y(xi;a)

∂ak

∂y(xi;a)

∂al
− [yi − y(xi;a)]

∂ 2y(xi;a)

∂al∂ak
]

� � �5� ¦(� ,�� 2 6@� s7$�"'8�7�9 0 &�:;�=<�> "!�

∂ 2χ2

∂ak∂al
=

N

∑
i=1

1
σi

2 [
∂y(x;a)

∂ak

∂y(xi;a)

∂al
] (A.5.11)

&�0�E F�?�@�A�, (A.5.10) B & (A.5.11) B 9'C�" <ED7,1�!F�RAE�F
βk = −1

2
∂ χ2

∂ak
, αkl =

1
2

∂ 2χ2

∂ak∂al� R % ����GIH)��J O *LK �3M A,σ ,�N3>1� I � &
βA =

N

∑
i=1

1
σi

(C−G(x))exp(−(x−X)2

2σ 2 )

βσ =
N

∑
i=1

1

σ 2
i

(x−X)2

σ 3 (C−G(x))G(x)

αAA =
N

∑
i=1

1

σ 2
i

exp(−(x−X)2

σ 2 )

ασσ =
N

∑
i=1

1

σ 2
i

(x−X)4

σ 3 G(x)2

αAσ = ασA =
N

∑
i=1

1

σ 2
i

A(x−X)4

σ 3 exp(−(x−X)2

σ 2 )
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&�0�E F N E)& [α] = 1
2D F�� B (A.5.6)

9�C�" <ED�,�� @E F
∑

l=A,σ
αklδl = βk (A.5.12)

� ���1B (A.5.8)
9'C�" <ED�,�� � & N E

δal = ( � $ )×βl (A.5.13)� +��3+
	 " ,�� >� 9 βk
9

1/ak &��� C�� %�� N "!� B (A.5.13)
" � $9

ak
2
"'C�� %���� � [α]

"�����9 � R &��� C�� %�� N�� "�9����! �"("�#$
1/akk $�% ��& E�F <('�� � R�)	B (A.5.13)

" � $�"�*,+ 2 "�-/.10 032�4
��F � � "�-5.#9�*6+ N�7 2	F���� R)0�> "1� � $98�:�; ,�<�= 8�>@? 0�>A3B G�C A3B�D M	+ λ

�FE '��!�HG � � DJIK2 � 0 � λ � 1
0 �1>!��LNM "�*+ 2 8�O 2 G�� �P+ 2�4�N �RQ B (A.5.13)

8
δal =

1
λαll

βl (A.5.14)0 � +TS@? 2�4 ��U , 0 ��0V'�WNXHY7>FZ�[ [α ′]
8�C�"�\ ,�]�^3I_2�4

α ′
ii = αii(1+λ )

α ′
i j = α ji (i 6= j)

� D`I_2 � 0 � B (A.5.12) )
∑

l=a,σ
= α ′

klδal = βk (A.5.15)

0 � % 2�4 � "�a B 8�b >�WFc�d#,�e!f�Y�g 1 ∼ 5
"�h�i�8�j Qlk YJZ D � 08 � +!�3+m	onp0�q�r 4

A.6 s t u vRw x y z {
1. socket |�}��B : SOCKET socket(af, type, protocol);~ } :

int af → �����5� A�� + � G 	 4 AF INET( �=J M.+�� G 	 )
0

AF UNIX( ���9� ) �
>(� U F 8�� ]�4��@� 9 USB

8�� ��W PC F� 8���� IP2(�(� AF INET
8���b YgF4

int type → ���;G 	 M ����4T� 	��5+F� ����G 	�8T�!b Y5W1>�2���� SOCK STREAM8�� ]�4
int procotol → ��� G 	 �3  	�¡�¢ 4 type £ SOCK STREAM

8�� ]¤YFg���� IP-
PROTO TCP

8�� ]�4
2. connect |�}��B :int connect(sock, addr, len);~ } :

SOCK sock → ¥ %�¦ U 2V��� G 	J8�� ]
struct sockaddr *addr →

��� I_2������/� 8�§�¨ Y�g sockaddr ©(ª�«�¬V�(���J M8�� ]
int len → sockaddr ©(ª�«P�F®V�(¯ 8�� ]
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3. send |�}��B :int send(sock, buf, len, flag);~ } :
SOCKET sock → ���@��g����@��� G 	`8�� ]
char *buf → ����� +;M�� G APB
int len → ����� +;M ®V�(¯ 8�� ]
int flag →

q�	�
 Y� n�8�� ]

4. recv |�}��B :int recv(sock, buf, len, flag);~ } :
SOCKET sock → ¥��@��g����@��� G 	`8�� ]
char *buf → ¥�� � G A@B
int len → ¥�� � G A@B ®V�!¯ 8�� ]
int flag →

q�	�
 Y� n�8�� ]
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B

B.1 s � � � � �
// AutoGuiderDlg.cpp : ����	��
�
#include <stdlib.h> include "windows.h" include "stdafx.h" include

#"AutoGuider.h" include "AutoGuiderDlg.h" include "communi.h" include

#<math.h> include <windows.h>

#ifdef _DEBUG define new DEBUG_NEW undef THIS_FILE static char

#THIS_FILE[] = __FILE__; endif

// �������������������	����� ��!�"�# $�%�&(' CAboutDlg ) 
 ��*�+
class CAboutDlg : public CDialog { public: CAboutDlg();

// ) 
 ��*�+-,.�./ enum { IDD = IDD_ABOUTBOX };

protected: virtual void DoDataExchange(CDataExchange* pDX); //

DDX/DDV 0�1��32
// ��� protected: DECLARE_MESSAGE_MAP() };

CAboutDlg::CAboutDlg() : CDialog(CAboutDlg::IDD)

{

}

void CAboutDlg::DoDataExchange(CDataExchange* pDX)

{

CDialog::DoDataExchange(pDX);

}

BEGIN_MESSAGE_MAP(CAboutDlg, CDialog)

END_MESSAGE_MAP()

// CAutoGuiderDlg ) 
 ��*�+
CAutoGuiderDlg::CAutoGuiderDlg(CWnd* pParent /*=NULL*/)

: CDialog(CAutoGuiderDlg::IDD, pParent)

, m_Stop_AG(false)

{

m_hIcon = AfxGetApp()->LoadIcon(IDR_MAINFRAME);

}

static DWORD hDev1;

// ,� 
546 ��7 �8�9
static DWORD hDev2;

// ,� 
546 ��7 �8�9
static DWORD hDev3;

// ,� 
546 ��7 �8�9
static DWORD hPort;

// :�; I/O PORT
6 ��7 �58�9

static ALK_S_RESULT AlkResult;

// RESULT <�=.>?���
static ALK_S_SLAVE_INFO AlkSlaveInfo;

// SLAVE INFO <�=(>@���
static AC05_S_DATA Ac05Data;

// ,.�./�>?�A�
static AC05_S_RESULT Ac05Result;

// RESULT <�=.>?���
static ACIO_S_RESULT AcIoResult;

// RESULT <�=.>?���
static WORD Cmd;

// B C���7ED�F 8�9
static WORD Data;

// ,��(/�D�F 8�9
static WORD Status1;

//
4 /��(/ 4 >?�A�

static DWORD Signal;

// SIGNAL
8�9

static WORD SignalStatus;

// SIGNAL
4�G �(/ 4 8�9

static BYTE StopCode;

// STOP CODE

static WORD StopFlag;

//
4 2IH � ��J +

static char Buffer[20];

static char Buffer_x[20];

static char Buffer_y[20];

static char Buffer_z[20];

static WORD x_flag;

static WORD y_flag;

static WORD z_flag;

static WORD Status1_x;

static WORD Status1_y;

static WORD Status1_z;

static AC05_S_DATA Ac05Data_x;

static AC05_S_DATA Ac05Data_y;

static AC05_S_DATA Ac05Data_z;

static WORD Status2_x;

static WORD Status2_y;

static WORD Status2_z;

void CAutoGuiderDlg::DoDataExchange(CDataExchange* pDX)

{

CDialog::DoDataExchange(pDX);

DDX_Control(pDX, IDC_OPEN, m_open);

DDX_Control(pDX, IDC_CLOSE, m_close);

DDX_Control(pDX, IDC_END, m_end);

DDX_Control(pDX, IDC_STOP, m_stop);

DDX_Control(pDX, IDC_ORIGINDRIVE, m_origindrive);

DDX_Control(pDX, IDC_SDXPL, m_sdxpl);

DDX_Control(pDX, IDC_SDXNE, m_sdxne);

DDX_Control(pDX, IDC_SDYPL, m_sdypl);

DDX_Control(pDX, IDC_SDYNE, m_sdyne);

DDX_Control(pDX, IDC_SDTPL, m_sdtpl);

DDX_Control(pDX, IDC_SDTNE, m_sdtne);

DDX_Control(pDX, IDC_INDRIVE, m_indrive);

DDX_Control(pDX, IDC_LABEL_MESSAGE, m_label_message);

DDX_Control(pDX, IDC_ADRESS_XAX, m_adress_xax);

DDX_Control(pDX, IDC_ADRESS_YAX, m_adress_yax);

DDX_Control(pDX, IDC_ADRESS_ZAX, m_adress_zax);

DDX_Control(pDX, IDC_EDITX, m_edit_x);

DDX_Control(pDX, IDC_EDITY, m_edit_y);

DDX_Control(pDX, IDC_EDITTHETA, m_edit_theta);

DDX_Control(pDX, IDC_COOLER, m_Cooler);

DDX_Control(pDX, IDC_SHOOT, m_Shoot);

DDX_Control(pDX, IDC_CCD_STATUS, m_CCD_Temp);

//DDX_Control(pDX, IDC_COMBO2, m_Region);

//DDX_Control(pDX, IDC_COMBO1, m_Expo_Time);

DDX_Control(pDX, IDC_STATIC_SCREEN, m_Static_Screen);

DDX_Control(pDX, IDC_CGravity_Graph, m_CGravity_Graph);

DDX_Control(pDX, IDC_CENTER_OF_GRAVITY, m_Center_of_Gravity);

DDX_Control(pDX, IDC_SKY_LEVEL, m_Sky_Level);

DDX_Control(pDX, IDC_AVERAGE_CREEP_X, m_Average_Creep_X);

DDX_Control(pDX, IDC_AVERAGE_CREEP_Y, m_Average_Creep_Y);

DDX_Control(pDX, IDC_SD_CREEP_X, m_SD_Creep_X);

DDX_Control(pDX, IDC_SD_CREEP_Y, m_SD_Creep_Y);

DDX_Control(pDX, IDC_AVERAGE_COUNT, m_Average_Count);

DDX_Control(pDX, IDC_SD_COUNT, m_SD_Count);

DDX_Control(pDX, IDC_TIMER_SET, m_Timer_Set);

DDX_Control(pDX, IDC_CHIGH, m_CHigh);

DDX_Control(pDX, IDC_CLOW, m_CLow);

DDX_Control(pDX, IDC_POSITION_ANGLE, m_Position_Angle);

}

BEGIN_MESSAGE_MAP(CAutoGuiderDlg, CDialog)

ON_WM_SYSCOMMAND()

ON_WM_PAINT()

ON_WM_QUERYDRAGICON()

//}}AFX_MSG_MAP

ON_BN_CLICKED(IDOK, &CAutoGuiderDlg::OnBnClickedOk)

ON_BN_CLICKED(IDC_OPEN, &CAutoGuiderDlg::OnBnClickedOpen)

ON_BN_CLICKED(IDC_CLOSE, &CAutoGuiderDlg::OnBnClickedClose)

ON_BN_CLICKED(IDC_END, &CAutoGuiderDlg::OnBnClickedEnd)

ON_BN_CLICKED(IDC_STOP, &CAutoGuiderDlg::OnBnClickedStop)

ON_BN_CLICKED(IDC_ORIGINDRIVE, &CAutoGuiderDlg::OnBnClickedOrigindrive)

ON_BN_CLICKED(IDC_SDXPL, &CAutoGuiderDlg::OnBnClickedSdxpl)

ON_BN_CLICKED(IDC_SDXNE, &CAutoGuiderDlg::OnBnClickedSdxne)

ON_BN_CLICKED(IDC_SDYPL, &CAutoGuiderDlg::OnBnClickedSdypl)

ON_BN_CLICKED(IDC_SDYNE, &CAutoGuiderDlg::OnBnClickedSdyne)

ON_BN_CLICKED(IDC_SDTPL, &CAutoGuiderDlg::OnBnClickedSdtpl)

ON_BN_CLICKED(IDC_SDTNE, &CAutoGuiderDlg::OnBnClickedSdtne)

ON_BN_CLICKED(IDC_INDRIVE, &CAutoGuiderDlg::OnBnClickedIndrive)

ON_BN_CLICKED(IDC_COOLER, &CAutoGuiderDlg::OnBnClickedCooler)

ON_BN_CLICKED(IDC_SHOOT, &CAutoGuiderDlg::OnBnClickedShoot)

ON_BN_CLICKED(IDC_AUTOGUID, &CAutoGuiderDlg::OnBnClickedAutoguid)

ON_BN_CLICKED(IDC_STOP_AG, &CAutoGuiderDlg::OnBnClickedStopAg)

ON_WM_LBUTTONDBLCLK()

END_MESSAGE_MAP()

// CAutoGuiderDlg K	H�L.��� 6 ��7 J
BOOL CAutoGuiderDlg::OnInitDialog()

{

char buf[30], Mes[30];

CString Mes2((const char*)Mes, 30);

CDialog::OnInitDialog();

// " �(�������M!�" ..." KN.O��P�� 45G�Q K�N(O���#�R�S?T�U�V�W
// IDM_ABOUTBOX XIY�� 4�G�Q BIC(�	7Z�I[�\�] #�^�_�&�`^�aAU�b�c W
ASSERT((IDM_ABOUTBOX & 0xFFF0) == IDM_ABOUTBOX);

ASSERT(IDM_ABOUTBOX < 0xF000);

CMenu* pSysMenu = GetSystemMenu(FALSE);

if (pSysMenu != NULL)

{

CString strAboutMenu;

strAboutMenu.LoadString(IDS_ABOUTBOX);

if (!strAboutMenu.IsEmpty())

{
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pSysMenu->AppendMenu(MF_SEPARATOR);

pSysMenu->AppendMenu(MF_STRING, IDM_ABOUTBOX, strAboutMenu);

}

}

// ����) 
 �*�+��� 
 B5�IP�D�F TIU�V�W���(� ���.���A�5K 
 �������7����	) 
 ��*�+��.^
	����Y
// Framework X�Y�� ��D�F�P�������#���	�U�V�W
SetIcon(m_hIcon, TRUE); // ����	(� 
 B	��5DF
SetIcon(m_hIcon, FALSE); // ����	(� 
 B	��5DF
// TODO: �
����P�
�#IR�S@TU�V�W
CCDOpenDevice();

CCDControllerReset();

CCDGetInfomation(NULL);

// �� �D�F"! 9 X�Y.������������� � ���
���#�$��%'&#%�#	T() �'	�W
ALK_EnvironmentInfo_Tool( &AlkResult );

//
4�* �#+��?7 *�4 1 # C-772 �',
-.��& ( 	�^
	����Y.������������ �P0/�1	TU�V�W

ALK_SlaveInfo_Read( ALK_USB, &AlkSlaveInfo, &AlkResult );

sprintf_s( buf, " %02x %02x %02x", AlkSlaveInfo.ALK_SlaveType[0],\

AlkSlaveInfo.ALK_SlaveType[1], AlkSlaveInfo.ALK_SlaveType[2] );

if( AlkSlaveInfo.ALK_SlaveType[0] != ALK_SLAVE_CD773 ){

sprintf_s( Mes, "
42* ��+��@7 * 443 X C-773 5�6I^$	�

�$/71W %s", buf );

AfxMessageBox( Mes2, MB_ICONEXCLAMATION | MB_OK );

CDialog::OnOK( );

return TRUE;

}

if( AlkSlaveInfo.ALK_SlaveType[1] != ALK_SLAVE_CD773 ){

sprintf_s( Mes, "
4�* �+��37 *A4 2 X C-773 5$6 ^
	�$�'/�1�W %s", buf );

AfxMessageBox( Mes2, MB_ICONEXCLAMATION | MB_OK );

CDialog::OnOK( );

return TRUE;

}

if( AlkSlaveInfo.ALK_SlaveType[2] != ALK_SLAVE_CB34 ){

sprintf_s( Mes, "
42* ��+��@7 * 443 X CB-34 5�6I^$	�

�$/71W %s", buf );

AfxMessageBox( Mes2, MB_ICONEXCLAMATION | MB_OK );

CDialog::OnOK( );

return TRUE;

}

m_open.EnableWindow( TRUE );

m_close.EnableWindow( FALSE );

m_end.EnableWindow(TRUE);

m_stop.EnableWindow( FALSE );

m_origindrive.EnableWindow(FALSE);

m_sdxpl.EnableWindow(FALSE);

m_sdxne.EnableWindow(FALSE);

m_sdypl.EnableWindow(FALSE);

m_sdyne.EnableWindow(FALSE);

m_sdtpl.EnableWindow(FALSE);

m_sdtne.EnableWindow(FALSE);

m_indrive.EnableWindow(FALSE);

m_edit_x.EnableWindow(FALSE);

m_edit_y.EnableWindow(FALSE);

m_edit_theta.EnableWindow(FALSE);

char c10[30] = " 8.���(��T (49;: �<	 ";
CString Op3((const char*)c10, 30);

m_label_message.SetWindowText(Op3);

return TRUE; //
�#= ��> 4 P	B �32I*�� � #�D(F T$?$�"� P
@2��Y

TRUE P0A?T�U�V�W
}

void CAutoGuiderDlg::OnSysCommand(UINT nID, LPARAM lParam)

{

if ((nID & 0xFFF0) == IDM_ABOUTBOX)

{

CAboutDlg dlgAbout;

dlgAbout.DoModal();

}

else

{

CDialog::OnSysCommand(nID, lParam);

}

}

// ) 
 ��*�+�#0B�
�#C	/��PIR�S(V('0���Y	� 
 B��P0D7E�V('$?
F��
//

) �	B5� 7G��H
I���VW 7�J�O�K(� 2 / K5O��ML�, � P�$N% MFC �.� �A������ � �����Y
// ��&�X�Y Framework #7&�O ( ������# D�F2� &(U�V�W
void CAutoGuiderDlg::OnPaint()

{

if (IsIconic())

{

CPaintDC dc(this); // D�E��5,5� 
�4 B�� G J 4 2
SendMessage(WM_ICONERASEBKGND,

reinterpret_cast<WPARAM>(dc.GetSafeHdc()), 0);

// P J5
 �	��2 �7QSR�TU$V ]��#W�X
int cxIcon = GetSystemMetrics(SM_CXICON);

int cyIcon = GetSystemMetrics(SM_CYICON);

CRect rect;

GetClientRect(&rect);

int x = (rect.Width() - cxIcon + 1) / 2;

int y = (rect.Height() - cyIcon + 1) / 2;

// � 
 B�� ��D7E
dc.DrawIcon(x, y, m_hIcon);

}

else

{

CDialog::OnPaint();

}

CWnd *h = GetDlgItem(IDC_CGravity_Graph);

CDC *pDC=h->GetDC();

CRect graph;

h->GetClientRect(&graph);

pDC->FillSolidRect(graph, RGB(255, 255, 255));

int pw,ph;

pw=graph.right;

ph=graph.bottom;

CPen p(PS_SOLID,1,RGB(0,255,255));

CPen *oldp=pDC->SelectObject(&p);

pDC->SelectObject(oldp);

CPen pen(PS_SOLID,2,RGB(0,0,0));

CPen *oldpen=pDC->SelectObject(&pen);

int cx,cy;

cx = pw/2;

cy = ph/2;

pDC->MoveTo(0,cy);

pDC->LineTo(pw,cy);

pDC->MoveTo(cx,0);

pDC->LineTo(cx,ph);

pDC->SelectObject(oldpen);

h->ReleaseDC(pDC);

CWnd *h2 = GetDlgItem(IDC_CREEP);

CDC *pDC2=h2->GetDC();

CRect creep;

h2->GetClientRect(&creep);

pDC2->FillSolidRect(creep, RGB(255, 255, 255));

int pw2, ph2;

pw2 = creep.right;

ph2 = creep.bottom;

CPen p2(PS_SOLID,1,RGB(0,255,255));

CPen *oldp2=pDC2->SelectObject(&p2);

pDC2->SelectObject(oldp2);

CPen pen2(PS_SOLID,2,RGB(0,0,0));

CPen *oldpen2=pDC2->SelectObject(&pen2);

int cy2 = ph2/2;

pDC2->MoveTo(10,cy2);

pDC2->LineTo(pw2,cy2);

pDC2->MoveTo(10,0);

pDC2->LineTo(10,ph2);

pDC2->SelectObject(oldpen2);

h2->ReleaseDC(pDC2);

CWnd *h3 = GetDlgItem(IDC_FWHM);

CDC *pDC3=h3->GetDC();

CRect fwhm;

h3->GetClientRect(&fwhm);

pDC3->FillSolidRect(fwhm, RGB(255, 255, 255));

int pw3, ph3;

pw3 = fwhm.right;

ph3 = fwhm.bottom;

CPen p3(PS_SOLID,1,RGB(0,255,255));

CPen *oldp3=pDC3->SelectObject(&p3);

pDC3->SelectObject(oldp3);

CPen pen3(PS_SOLID,2,RGB(0,0,0));

CPen *oldpen3=pDC3->SelectObject(&pen3);

pDC3->MoveTo(10,ph3-5);

pDC3->LineTo(pw3,ph3-5);

pDC3->MoveTo(10,0);

pDC3->LineTo(10,ph3-5);

pDC3->SelectObject(oldpen3);

h3->ReleaseDC(pDC3);

CWnd *h4 = GetDlgItem(IDC_COUNT);

CDC *pDC4=h4->GetDC();

CRect count_sum;

h4->GetClientRect(&count_sum);

pDC4->FillSolidRect(count_sum, RGB(255, 255, 255));

int pw4, ph4;

pw4 = count_sum.right;

ph4 = count_sum.bottom;

CPen p4(PS_SOLID,1,RGB(0,255,255));

CPen *oldp4=pDC4->SelectObject(&p3);

pDC4->SelectObject(oldp4);

CPen pen4(PS_SOLID,2,RGB(0,0,0));

CPen *oldpen4=pDC4->SelectObject(&pen4);

pDC4->MoveTo(10,ph4-5);

pDC4->LineTo(pw4,ph4-5);

pDC4->MoveTo(10,0);

pDC4->LineTo(10,ph4-5);

pDC4->SelectObject(oldpen4);

h4->ReleaseDC(pDC4);

}

// Y��<Z(�'�'B���@T�?�������7��5P@7 J H�+(T ( 	�'�[��5#0\�].V(''>��7^ � P_` V	'$?�F�#�Y
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// � 45G�Q �"���
! 9 P������	TU V�W
HCURSOR CAutoGuiderDlg::OnQueryDragIcon()

{

return static_cast<HCURSOR>(m_hIcon);

}

///////////////////////////////////////////////

// ! 9 � F��
///////////////////////////////////////////////

void CAutoGuiderDlg::XAxiOpen() //X �	�1��2 8��.�.�
{

AC05_BOpen( AC05_USB, 1, AC05_X, AC05_SLAVE_CD773,

&hDev1, &Ac05Result );

Cmd = 0xF9;

AC05_BWDriveCommand( hDev1, &Cmd, &Ac05Result );

}

void CAutoGuiderDlg::YAxiOpen() //Y �	�1��2 8��.�.�
{

AC05_BOpen( AC05_USB, 1, AC05_Y, AC05_SLAVE_CD773,

&hDev2, &Ac05Result );

Cmd = 0xF9;

AC05_BWDriveCommand( hDev2, &Cmd, &Ac05Result );

}

void CAutoGuiderDlg::ThetaAxiOpen() // 	
�.�15�2 8��.�.�
{

AC05_BOpen( AC05_USB, 2, AC05_X, AC05_SLAVE_CD773,

&hDev3, &Ac05Result );

Cmd = 0xF9;

AC05_BWDriveCommand( hDev3, &Cmd, &Ac05Result );

}

void CAutoGuiderDlg::OriginDrive() // �������Y�����
X ��Y Y ��Y�	��

{

AC05_BWaitDriveCommand( hDev1, 0x00, &Ac05Result );

AC05_BWaitDriveCommand( hDev2, 0x00, &Ac05Result );

AC05_BWaitDriveCommand( hDev3, 0x00, &Ac05Result );

Cmd = 0x12;

AC05_BWDriveCommand( hDev1, &Cmd, &Ac05Result );

Cmd = 0x12;

AC05_BWDriveCommand( hDev2, &Cmd, &Ac05Result );

WaitLimit();

AC05_SetData( (DWORD)-200, &Ac05Data );

AC05_IWDrive( hDev1, 0x14, &Ac05Data, &Ac05Result );

AC05_IWDrive( hDev2, 0x14, &Ac05Data, &Ac05Result );

WaitLimit();

do{

AC05_SetData( 5, &Ac05Data );

AC05_IWDrive( hDev1, 0x14, &Ac05Data, &Ac05Result );

AC05_IWDrive( hDev1, 0x14, &Ac05Data, &Ac05Result );

//ReadyWait( &Ac05Result, &StopCode );

//ReadyWait2( &Ac05Result, &StopCode );

AC05_BRStatus1( hDev1, &Status1_x, &Ac05Result );

AC05_BRStatus1( hDev2, &Status1_y, &Ac05Result );

NowAddressDisplay( &Ac05Result );

}while( Status1_x & Status1_y & 0x00 );

NowAddressDisplay( &Ac05Result );

}

void CAutoGuiderDlg::Reset()

//ADDRESS COUNTER PRESET
�����

X ��Y Y ��Y�	��
{

AC05_SetData( 0, &Ac05Data );

AC05_IWDrive( hDev1, 0x03, &Ac05Data, &Ac05Result );

AC05_SetData( 0, &Ac05Data );

AC05_IWDrive( hDev2, 0x03, &Ac05Data, &Ac05Result );

AC05_SetData( 0, &Ac05Data );

AC05_IWDrive( hDev3, 0x03, &Ac05Data, &Ac05Result );

}

void CAutoGuiderDlg::CCwScanXaxis()

{

AC05_BWaitDriveCommand( hDev1, 0, &Ac05Result );

Cmd = 0x12;

AC05_BWDriveCommand( hDev1, &Cmd, &Ac05Result );

// -SCAN DRIVE COMMAND

}

void CAutoGuiderDlg::CwScanXaxis()

{

AC05_BWaitDriveCommand( hDev1, 0, &Ac05Result );

Cmd = 0x13;

AC05_BWDriveCommand( hDev1, &Cmd, &Ac05Result );

// +SCAN DRIVE COMMAND

}

void CAutoGuiderDlg::CCwScanYaxis()

{

AC05_BWaitDriveCommand( hDev2, 0, &Ac05Result );

Cmd = 0x12;

AC05_BWDriveCommand( hDev2, &Cmd, &Ac05Result );

// -SCAN DRIVE COMMAND

}

void CAutoGuiderDlg::CwScanYaxis()

{

AC05_BWaitDriveCommand( hDev2, 0, &Ac05Result );

Cmd = 0x13;

AC05_BWDriveCommand( hDev2, &Cmd, &Ac05Result );

// +SCAN DRIVE COMMAND

}

void CAutoGuiderDlg::CCwScanThetaaxis()

{

AC05_BWaitDriveCommand( hDev3, 0, &Ac05Result );

Cmd = 0x13;

AC05_BWDriveCommand( hDev3, &Cmd, &Ac05Result );

// -SCAN DRIVE COMMAND

}

void CAutoGuiderDlg::CwScanThetaaxis()

{

AC05_BWaitDriveCommand( hDev3, 0, &Ac05Result );

Cmd = 0x12;

AC05_BWDriveCommand( hDev3, &Cmd, &Ac05Result );

// +SCAN DRIVE COMMAND

}

void CAutoGuiderDlg::RateSet()

{

/*** RATE SET ***/ //X � � RATESET

// DRATE : 10ms/1000Hz URATE : 10ms/1000Hz

AC05_BWaitDriveCommand( hDev1, 0, &Ac05Result );

Data = 0x15;

AC05_BWDriveData2( hDev1, &Data, &Ac05Result );

Data = 0x15;

AC05_BWDriveData3( hDev1, &Data, &Ac05Result );

Cmd = 0x06;

AC05_BWDriveCommand( hDev1, &Cmd, &Ac05Result );

/*** LSPD SET ***/

// LSPD : 1000Hz

AC05_BWaitDriveCommand( hDev1, 0, &Ac05Result );

AC05_SetData( 3000, &Ac05Data );

AC05_IWDrive( hDev1, 0x07, &Ac05Data, &Ac05Result );

/*** HSPD SET ***/

// HSPD : 5000Hz

AC05_BWaitDriveCommand( hDev1, 0, &Ac05Result );

AC05_SetData( 5000, &Ac05Data );

AC05_IWDrive( hDev1, 0x08, &Ac05Data, &Ac05Result );

/*** RATE SET ***/ //Y � � RATESET

// DRATE : 10ms/1000Hz URATE : 10ms/1000Hz

AC05_BWaitDriveCommand( hDev2, 0, &Ac05Result );

Data = 0x11;

AC05_BWDriveData2( hDev2, &Data, &Ac05Result );

Data = 0x11;

AC05_BWDriveData3( hDev2, &Data, &Ac05Result );

Cmd = 0x06;

AC05_BWDriveCommand( hDev2, &Cmd, &Ac05Result );

/*** LSPD SET ***/

// LSPD : 1000Hz

AC05_BWaitDriveCommand( hDev2, 0, &Ac05Result );

AC05_SetData( 3000, &Ac05Data );

AC05_IWDrive( hDev2, 0x07, &Ac05Data, &Ac05Result );

/*** HSPD SET ***/

// HSPD : 5000Hz

AC05_BWaitDriveCommand( hDev2, 0, &Ac05Result );

AC05_SetData( 5000, &Ac05Data );

AC05_IWDrive( hDev2, 0x08, &Ac05Data, &Ac05Result );

/*** RATE SET ***/ // 	��	� RATESET

// DRATE : 10ms/1000Hz URATE : 10ms/1000Hz

AC05_BWaitDriveCommand( hDev3, 0, &Ac05Result );

Data = 0x11;

AC05_BWDriveData2( hDev3, &Data, &Ac05Result );

Data = 0x11;

AC05_BWDriveData3( hDev3, &Data, &Ac05Result );

Cmd = 0x06;

AC05_BWDriveCommand( hDev3, &Cmd, &Ac05Result );

/*** LSPD SET ***/

// LSPD : 1000Hz

AC05_BWaitDriveCommand( hDev3, 0, &Ac05Result );

AC05_SetData( 3000, &Ac05Data );

AC05_IWDrive( hDev3, 0x07, &Ac05Data, &Ac05Result );

/*** HSPD SET ***/

// HSPD : 5000Hz

AC05_BWaitDriveCommand( hDev3, 0, &Ac05Result );

AC05_SetData( 5000, &Ac05Data );

AC05_IWDrive( hDev3, 0x08, &Ac05Data, &Ac05Result );

}

UINT CAutoGuiderDlg::ReadyWait( AC05_S_RESULT *Result, BYTE *StopCode

) //X �	� Message

{

do{

//
� �5�<W�Y���������/ 4 P # ��!.P#"5V%$�# PeekMessage P���V	' W

while( PeekMessage( &Message, NULL, 0, 0, PM_REMOVE ) ){

if ( Message.message == WM_QUIT ){

return( Message.message );

}

TranslateMessage( &Message );

DispatchMessage( &Message );

}
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// ������� ADDRESS \�]
NowAddressDisplay( Result );

AC05_BRStatus1( hDev1, &Status1_x, Result );

//AC05_BRStatus1( hDev2, &Status1_y, Result );

//AC05_BRStatus1( hDev3, &Status1_z, Result );

}while( Status1_x &0x01 );//& Status1_y & Status1_z & 0x01 );

// ������� ADDRESS \
]
NowAddressDisplay( Result );

/*** DRIVE 	�

I����5L�H 2 ***/

if( Status1 & 0x20 )

*StopCode = 3; // LSEND

else if( Status1 & 0x40 )

*StopCode = 2; // SSEND

else if( Status1 & 0x80 )

*StopCode = 1; // FSEND

else

*StopCode = 0; // PASS

return TRUE;

}

UINT CAutoGuiderDlg::ReadyWait2( AC05_S_RESULT *Result, BYTE *StopCode ) //Y

� � Message

{

do{

//
� �5�<W�Y ��������/ 4 P # ��!.P#"5V%$�# PeekMessage P���V	'�W

while( PeekMessage( &Message, NULL, 0, 0, PM_REMOVE ) ){

if ( Message.message == WM_QUIT ){

return( Message.message );

}

TranslateMessage( &Message );

DispatchMessage( &Message );

}

// ������� ADDRESS \�]
NowAddressDisplay( Result );

AC05_BRStatus1( hDev2, &Status1_y, Result );

}while( Status1_y & 0x01 );

// ������� ADDRESS \
]
NowAddressDisplay( Result );

/*** DRIVE 	�

I����5L�H 2 ***/

if( Status1 & 0x20 )

*StopCode = 3; // LSEND

else if( Status1 & 0x40 )

*StopCode = 2; // SSEND

else if( Status1 & 0x80 )

*StopCode = 1; // FSEND

else

*StopCode = 0; // PASS

return TRUE;

}

UINT CAutoGuiderDlg::ReadyWait3( AC05_S_RESULT *Result, BYTE *StopCode ) //

	��	� Message

{

do{

//
� �5�<W�Y ��������/ 4 P # ��!.P#"5V%$�# PeekMessage P���V	'�W

while( PeekMessage( &Message, NULL, 0, 0, PM_REMOVE ) ){

if ( Message.message == WM_QUIT ){

return( Message.message );

}

TranslateMessage( &Message );

DispatchMessage( &Message );

}

// ������� ADDRESS \�]
NowAddressDisplay( Result );

AC05_BRStatus1( hDev3, &Status1_z, Result );

}while( Status1_z & 0x01 );

// ������� ADDRESS \
]
NowAddressDisplay( Result );

/*** DRIVE 	�

I����5L�H 2 ***/

if( Status1 & 0x20 )

*StopCode = 3; // LSEND

else if( Status1 & 0x40 )

*StopCode = 2; // SSEND

else if( Status1 & 0x80 )

*StopCode = 1; // FSEND

else

*StopCode = 0; // PASS

return TRUE;

}

void CAutoGuiderDlg::StopCodeDisplay( BYTE StopCode )

{

char c1[30] = "FSSTOP ����2��&	U.T�? ";
CString s1((const char*)c1, 30);

char c2[30] = "SLSTOP ����2��&	U.T�? ";
CString s2((const char*)c2, 30);

char c3[30] = "LIMIT ����"� &(U(T�? ";
CString s3((const char*)c3, 30);

char c4[30] = "DRIVE �$/�1	TU.T�? ";
CString s4((const char*)c4, 30);

switch( StopCode ){

case 1:

m_label_message.SetWindowText(s1);

break;

case 2:

m_label_message.SetWindowText(s2);

break;

case 3:

m_label_message.SetWindowText(s3);

break;

default:

m_label_message.SetWindowText(s4);

}

}

BOOL CAutoGuiderDlg::NowAddressDisplay( AC05_S_RESULT *Result )

{

AC05_IRDrive( hDev1, &Ac05Data_x, Result );

sprintf_s( Buffer_x, "%ld", AC05_GetData( &Ac05Data_x ) );

CString Bux ((const char*)Buffer_x, 20);

//SetDlgItemText( IDC_LABEL_NOW_ADDRESS, Buffer );

m_adress_xax.SetWindowText(Bux);

AC05_IRDrive( hDev2, &Ac05Data_y, Result );

sprintf_s( Buffer_y, "%ld", AC05_GetData( &Ac05Data_y ) );

CString Buy ((const char*)Buffer_y, 20);

m_adress_yax.SetWindowText(Buy);

AC05_IRDrive( hDev3, &Ac05Data_z, Result );

sprintf_s( Buffer_z, "%ld", AC05_GetData( &Ac05Data_z ) );

CString Buz ((const char*)Buffer_z, 20);

m_adress_zax.SetWindowText(Buz);

return TRUE;

}

void CAutoGuiderDlg::ButtonDisable( void )

// ���7C(/.�P���� #V	'
{

m_open.EnableWindow( FALSE );

m_close.EnableWindow( FALSE );

m_end.EnableWindow(FALSE);

m_stop.EnableWindow( TRUE );

m_origindrive.EnableWindow(FALSE);

m_sdxpl.EnableWindow(FALSE);

m_sdxne.EnableWindow(FALSE);

m_sdypl.EnableWindow(FALSE);

m_sdyne.EnableWindow(FALSE);

m_sdtpl.EnableWindow(FALSE);

m_sdtne.EnableWindow(FALSE);

m_indrive.EnableWindow(FALSE);

m_edit_x.EnableWindow(FALSE);

m_edit_y.EnableWindow(FALSE);

m_edit_theta.EnableWindow(FALSE);

}

void CAutoGuiderDlg::ButtonEnable( void )

// ���7C(/.�P���� #V	'
{

m_open.EnableWindow( FALSE );

m_close.EnableWindow( TRUE );

m_end.EnableWindow(FALSE);

m_stop.EnableWindow( FALSE );

m_origindrive.EnableWindow(TRUE);

m_sdxpl.EnableWindow(TRUE);

m_sdxne.EnableWindow(TRUE);

m_sdypl.EnableWindow(TRUE);

m_sdyne.EnableWindow(TRUE);

m_sdtpl.EnableWindow(TRUE);

m_sdtne.EnableWindow(TRUE);

m_indrive.EnableWindow(TRUE);

m_edit_x.EnableWindow(TRUE);

m_edit_y.EnableWindow(TRUE);

m_edit_theta.EnableWindow(TRUE);

}

void CAutoGuiderDlg::WaitLimit()

{

flagx = 0;

flagy = 0;

while( flagx == 0 || flagy == 0){

if( flagx == 0){

AC05_BRStatus2( hDev1, &Status2_x, &Ac05Result );

NowAddressDisplay( &Ac05Result );

if( Status2_x & 0x08 ){

flagx = 1;

}

}

if( flagy == 0){

AC05_BRStatus2( hDev2, &Status2_y, &Ac05Result );

NowAddressDisplay( &Ac05Result );

if( Status2_y & 0x08 ){

flagy =1;

}

}

}

}

void CAutoGuiderDlg::Jushin(unsigned int pix[][NY], double &x_grav,

double &y_grav, double &SkyLev)

{

int i, j, x, y;

double sigma_x = 0.0, sigma_y = 0.0, count = 0.0;

double Sky = 0.0;

int n_Sky = 0;
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x = NX;

y = NY;

for( j = 0; j <= 10; j++)

{

for( i = 0; i <= 10; i++)

{

Sky += pix[i][j];

n_Sky++;

}

}

for( j = 0; j <= 10; j++)

{

for( i = y-11; i <= y-1; i++)

{

Sky += pix[i][j];

n_Sky++;

}

}

for( j = x-11; j <= x-1; j++)

{

for( i = 0; i <= 5; i++)

{

Sky += pix[i][j];

n_Sky++;

}

}

for( j = x-11; j <= x-1; j++)

{

for( i = y-11; i <= y-1; i++)

{

Sky += pix[i][j];

n_Sky++;

}

}

SkyLev = Sky / n_Sky;

for( j = 0; j < y; j++)

{

for( i = 0; i < x; i++)

{

sigma_x += i * (pix[i][j] - SkyLev);

sigma_y += j * (pix[i][j] - SkyLev);

count += ( pix[i][j] - SkyLev );

}

}

x_grav = sigma_x / count;

y_grav = sigma_y / count;

if( x_grav < 0.0 ) x_grav = x / 2.0;

if( x_grav > x ) x_grav = x / 2.0;

if( y_grav < 0.0 ) y_grav = y / 2.0;

if( y_grav > y ) y_grav = y / 2.0;

}

void CAutoGuiderDlg::Jushin_smallpix(unsigned int pix[][ny],

double &x_grav, double &y_grav, double &SkyLev, double &StarCount)

{

int i, j, x, y;

double sigma_x = 0.0, sigma_y = 0.0, count = 0.0;

double Sky = 0.0;

int n_Sky = 0;

x = nx;

y = ny;

for( j = 0; j <= 5; j++)

{

for( i = 0; i <= 5; i++)

{

Sky += pix[i][j];

n_Sky++;

}

}

for( j = 0; j <= 5; j++)

{

for( i = 45; i <= 49; i++)

{

Sky += pix[i][j];

n_Sky++;

}

}

for( j = 45; j <= 49; j++)

{

for( i = 0; i <= 5; i++)

{

Sky += pix[i][j];

n_Sky++;

}

}

for( j = 45; j <= 49; j++)

{

for( i = 45; i <= 49; i++)

{

Sky += pix[i][j];

n_Sky++;

}

}

SkyLev = Sky / n_Sky;

for( j = 0; j < y; j++)

{

for( i = 0; i < x; i++)

{

sigma_x += i * (pix[i][j] - SkyLev);

sigma_y += j * (pix[i][j] - SkyLev);

count += ( pix[i][j] - SkyLev );

}

}

x_grav = sigma_x / count;

y_grav = sigma_y / count;

StarCount = count;

if( x_grav < 0.0 ) x_grav = 24.5;

if( x_grav > 49.0 ) x_grav = 24.5;

if( y_grav < 0.0 ) y_grav = 24.5;

if( y_grav > 49.0 ) y_grav = 24.5;

}

double CAutoGuiderDlg::Average( unsigned int pix[][NY])

{

int i, j, x, y;

double Sum_Av = 0.0, Average2;

x = NX;

y = NY;

for(j = 0; j < y; j++)

{

for(i = 0; i < x; i++)

{

Sum_Av += pix[i][j];

}

}

Average2 = Sum_Av / (x*y);

return Average2;

}

double CAutoGuiderDlg::Ave_smallpix( unsigned int pix[][ny])

{

int i, j, x, y;

double Sum_Av = 0.0, Average2;

x = nx;

y = ny;

for(j = 0; j < y; j++)

{

for(i = 0; i < x; i++)

{

Sum_Av += pix[i][j];

}

}

Average2 = Sum_Av / (x*y);

return Average2;

}

double CAutoGuiderDlg::SDevition( unsigned int pix[][NY], double Aver)

{

int i, j, x, y;

double Sum_Dev = 0.0, Devition;

x = NX;

y = NY;

for(j = 0; j < y; j++)

{

for(i = 0; i < x; i++)

{

Sum_Dev += pow((pix[i][j] - Aver), 2.0);

}

}

Devition = sqrt(Sum_Dev / (x * y));

return Devition;

}

double CAutoGuiderDlg::SD_smallpix( unsigned int pix[][ny], double Aver)

{

int i, j, x, y;

double Sum_Dev = 0.0, Devition;

x = nx;

y = ny;

for(j = 0; j < y; j++)

{

for(i = 0; i < x; i++)

{

Sum_Dev += pow((pix[i][j] - Aver), 2.0);

}

}

Devition = sqrt(Sum_Dev / (x * y));

return Devition;

}

double CAutoGuiderDlg::Count(unsigned int pix[][NY], double SkyLev)

{

int i, j;

double CSum = 0;

for(j = 0; j < NY; j++)

{
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for(i = 0; i < NX; i++)

{

CSum += (pix[i][j] - SkyLev);

}

}

return CSum;

}

double CAutoGuiderDlg::Count_smallpix(unsigned int pix[][ny],

double SkyLev)

{

int i, j;

double CSum = 0;

double SumSkyLev = 50 * 50 * SkyLev;

for(j = 0; j < ny; j++)

{

for(i = 0; i < nx; i++)

{

CSum += pix[i][j];

}

}

CSum -= SumSkyLev;

return CSum;

}

void CAutoGuiderDlg::Maximam(unsigned int pix[][NY],

int &M_x, int &M_y, int &M_count)

{

int i, j;

int Max = -100;

for ( j = 0; j < NY; j++)

{

for ( i = 0; i < NX; i++)

{

if(Max <= pix[i][j])

{

Max = pix[i][j];

M_x = i;

M_y = j;

}

}

}

M_count = Max;

}

void CAutoGuiderDlg::Max_smallpix(unsigned int pix[][ny],

int &M_x, int &M_y)

{

int i, j;

double Sum1 = 0.0, Sum2 = 0.0;

int Max = 5;

int Min = 1000;

for ( j = 0; j < ny; j++)

{

for ( i = 0; i < nx; i++)

{

if(Max <= pix[i][j])

{

Max = pix[i][j];

M_x = i;

M_y = j;

}

else

{

Max = Max;

M_x = M_x;

M_y = M_y;

}

if(Min >= pix[i][j])

Min = pix[i][j];

else

Min = Min;

}

}

}

void CAutoGuiderDlg::ffunc1(double distri[], double grav, int n,

double sig, double A, double &al_AA, double &al_ss, double &al_As,

double be_A, double be_s)

{

double sigma;

al_AA = 0.0;

al_ss = 0.0;

al_As = 0.0;

be_A = 0.0;

be_s = 0.0;

for(int i = 0; i < n; i++)

{

sigma = sqrt(distri[i] / 100);

al_AA += 1. / pow(sigma, 2.0) * exp(-(pow((i - grav),

2.0) / ( sig * sig ) ) );

al_ss += pow(A, 2.0) / pow(sigma, 2.0) * pow((i -

grav), 4.0) / pow(sig, 6.0) * exp(-pow((i - grav),

2.0) / ( sig * sig ));

al_As += A / pow(sigma, 2.0) * pow((i - grav), 2.0) /

pow(sig, 3.0) * exp(-(pow((i - grav), 2.0) / ( sig *

sig )));

be_A += (distri[i] - A * exp(-pow((i - grav), 2.0) /

(2 * sig * sig ))) * A * exp(-pow((i - grav), 2.0) /

(2 * sig * sig));

be_s += pow((i - grav), 2.0) /(pow(sigma, 2.0) *

pow(sig, 3.0)) * (distri[i] - A * exp(-pow((i - grav),

2.0) / ( 2. * sig * sig ))) * A * exp(-pow((i - grav),

2.0) / (2 * sig * sig));

}

}

void CAutoGuiderDlg::ffunc2(double ram, double al_AA, double al_ss,

double al_As, double be_A, double be_s, double &del_A, double &del_s)

{

double determ = pow((1 + ram), 2.0) * al_AA * al_ss - pow(al_As, 2.0);

del_A = ((1 + ram) * al_ss * be_s - al_As * be_A) / determ;

del_s = ((1 + ram) * al_AA * be_A - al_As * be_s) / determ;

}

void CAutoGuiderDlg::Gaufits(unsigned int pix[][NY], double A0, double

sig0, double ram, double grav_x, double grav_y, double SkyLev, double &fwhm)

{

double distri_x[NX] = {0.}, distri_y[NY] = {0.};

double A_x[100], A_y[100], sig_x[100], sig_y[100],

chisq_x[100] = {0}, chisq_y[100] = {0.};

double AA_al = 0, ss_al = 0, As_al = 0, A_be = 0, s_be = 0;

double del_A, del_s, seido1, seido2, sigma;

int i, j, k;

char gauf[300];

sprintf_s(gauf, "A=%10e sig0=%10e ram=%10e grav_x=%10e

SkyLev=%10e", A0, sig0, ram, grav_x, SkyLev);

AfxMessageBox(gauf);

for(i = 0; i < NX; i++)

{

for(j = 0; j < NY; j++)

{

distri_x[i] += (pix[i][j] -SkyLev);

}

}

A_x[0] = A0 * 4.;

sig_x[0] = sig0;

for(i = 0; i < NX; i++)

{

sigma = sqrt(distri_x[i] / 100);

chisq_x[0] += 1 / pow(sigma, 2.0) * (distri_x[i] -

A_x[0] * exp(-pow(i - grav_x, 2.0) / (2 * pow(sig_x[0], 2.0))));

}

sprintf_s(gauf, "A=%10e A_x[0]=%10e %10e %10e %10e", A0,

A_x[0], sig_x[0], sigma, chisq_x[0]);

CString gg ((const char*)gauf, 300);

AfxMessageBox(gg);

for(k = 1;k < 100; k++)

{

ffunc1(distri_x, grav_x, NX, A_x[k-1], sig_x[k-1],

AA_al, ss_al, As_al, A_be, s_be);

ffunc2(ram, AA_al, ss_al, As_al, A_be, s_be, del_A, del_s);

for(i = 0; i < NX; i++)

{

sigma = sqrt(distri_x[i] / 100);

chisq_x[k] += 1 / pow(sigma, 2.0) *

(distri_x[i] - A_x[k] * exp(-pow(i - grav_x, 2.0) / (2

* pow(sig_x[k], 2.0))));

}

if(chisq_x[k] >= chisq_x[k-1])

ram *=10.;

else

{

A_x[k] = A_x[k-1] + del_A;

sig_x[k] = sig_x[k-1] + del_s;

ram /= 10.;

seido1 = fabs( del_A / A_x[k] );

seido2 = fabs( del_s / sig_x[k] );

if(seido1 <= 0.01 && seido2 <= 0.01)

break;

}

}

fwhm = 2 * sig_x[k] * sqrt(2 * log(2.0));

}

void CAutoGuiderDlg::Gaufits_smallpix(unsigned int pix[][50], double

sig0, double ram, double grav_x, double grav_y, double SkyLev, double

&fwhm_x, double &fwhm_y)

{

double distri_x[NX] = {0.}, distri_y[NY] = {0.};

double A_x[100], A_y[100], sig_x[100], sig_y[100],

chisq_x[100] = {0}, chisq_y[100] = {0.};

double AA_al1 = 0, ss_al1 = 0, As_al1 = 0, A_be1 = 0, s_be1 = 0;

double AA_al2 = 0, ss_al2 = 0, As_al2 = 0, A_be2 = 0, s_be2 = 0;

double del_A1, del_s1, del_A2, del_s2, seido1, seido2, sigma;

int i, j, k;

double Max_x = 10;

double Max_y = 10;

for(i = 0; i < 50; i++)

{
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for(j = 0; j < 50; j++)

{

distri_x[i] += (pix[i][j] -SkyLev);

}

}

for(j = 0; j < 50; j++)

{

for(i = 0; i < 50; i++)

{

distri_y[j] += (pix[i][j] - SkyLev);

}

}

for ( i = 0; i < 50; i++)

{

if(Max_x <= distri_x[i])

Max_x = distri_x[i];

if(Max_y <= distri_y[i])

Max_y = distri_y[i];

}

A_x[0] = Max_x;

A_y[0] = Max_y;

sig_x[0] = sig0;

sig_y[0] = sig0;

for(i = 0; i < 50; i++)

{

sigma = sqrt(distri_x[i] / 100);

chisq_x[0] += 1 / pow(sigma, 2.0) * (distri_x[i] -

A_x[0] * exp(-pow(i - grav_x, 2.0) / (2 *

pow(sig_x[0], 2.0))));

sigma = sqrt(distri_y[i] / 100);

chisq_y[0] += 1 / pow(sigma, 2.0) * (distri_y[i] -

A_y[0] * exp(-pow(i - grav_y, 2.0) / (2 *

pow(sig_y[0], 2.0))));

}

for(k = 1;k < 100; k++)

{

ffunc1(distri_x, grav_x, 50, A_x[k-1], sig_x[k-1],

AA_al1, ss_al1, As_al1, A_be1, s_be1);

ffunc2(ram, AA_al1, ss_al1, As_al1, A_be1, s_be1,

del_A1, del_s1);

for(i = 0; i < 50; i++)

{

sigma = sqrt(distri_x[i] / 100);

chisq_x[k] += 1 / pow(sigma, 2.0) *

(distri_x[i] - A_x[k] * exp(-pow(i - grav_x,

2.0) / (2 * pow(sig_x[k], 2.0))));

}

if(chisq_x[k] >= chisq_x[k-1])

ram *=10.;

else

{

A_x[k] = A_x[k-1] + del_A1;

sig_x[k] = sig_x[k-1] + del_s1;

ram /= 10.;

seido1 = fabs( del_A1 / A_x[k] );

seido2 = fabs( del_s1 / sig_x[k] );

if(seido1 <= 0.01 && seido2 <= 0.01)

break;

}

}

fwhm_x = 2 * sig_x[k] * 4 * 0.072 * sqrt(2 * log(2.0));

for(k = 1;k < 100; k++)

{

ffunc1(distri_y, grav_y, 50, A_y[k-1], sig_y[k-1],

AA_al2, ss_al2, As_al2, A_be2, s_be2);

ffunc2(ram, AA_al2, ss_al2, As_al2, A_be2, s_be2,

del_A2, del_s2);

for(i = 0; i < 50; i++)

{

sigma = sqrt(distri_y[i] / 100);

chisq_x[k] += 1 / pow(sigma, 2.0) *

(distri_y[i] - A_y[k] * exp(-pow(i - grav_y,

2.0) / (2 * pow(sig_y[k], 2.0))));

}

if(chisq_y[k] >= chisq_y[k-1])

ram *=10.;

else

{

A_y[k] = A_y[k-1] + del_A2;

sig_y[k] = sig_y[k-1] + del_s2;

ram /= 10.;

seido1 = fabs( del_A2 / A_y[k] );

seido2 = fabs( del_s2 / sig_y[k] );

if(seido1 <= 0.01 && seido2 <= 0.01)

break;

}

}

fwhm_y = 2 * sig_y[k] * 4 * 0.072 * sqrt(2 * log(2.0));

}

void CAutoGuiderDlg::CTransformation(double dx, double dy, double

&dalp, double &ddel, double pangle)

{

double dtheta, thetaorg, SF;

thetaorg = 15.;

dtheta = 0.0174533 * (pangle + thetaorg);

SF = 0.072 * 4;

dalp = SF * (dx * cos(dtheta) + dy * sin(dtheta));

ddel = SF * (-dx * sin(dtheta) + dy * cos(dtheta));

}

void CAutoGuiderDlg::TransStage()

{

double obj_RA, obj_DEC, guid_RA, guid_DEC, dRA, dDEC, SF,

dtheta,thetaorg, pangle;

int Px, Py, time_ob_RA, min_ob_RA, time_guid_RA, min_guid_RA,

time_ob_DEC, min_ob_DEC, time_guid_DEC, min_guid_DEC;

CString object_RA, object_DEC, guid2_RA, guid2_DEC, pulse;

double sec_ob_RA, sec_guid_RA, sec_ob_DEC, sec_guid_DEC,

sign_obj_DEC, sign_guid_DEC, RA_ob, RA_gui, DEC_ob, DEC_gui;

SF = 0.072 * 4;

thetaorg = 15.;

AC05_IRDrive( hDev1, &Ac05Data_x, &Ac05Result );

int PS_x = AC05_GetData( &Ac05Data_x );

AC05_IRDrive( hDev2, &Ac05Data_y, &Ac05Result );

int PS_y = AC05_GetData( &Ac05Data_y );

m_Position_Angle.GetWindowText(pulse);

m_Obs_Coord_RA.GetWindowText(object_RA);

m_Obs_Coord_DEC.GetWindowText(object_DEC);

m_Guid_Coord_RA.GetWindowText(guid2_RA);

m_Guid_Coord_DEC.GetWindowText(guid2_DEC);

pangle = atof(pulse);

obj_RA = atof(object_RA);

obj_DEC = atof(object_DEC);

guid_RA = atof(guid2_RA);

guid_DEC = atof(guid2_DEC);

if(obj_DEC < 0){

obj_DEC *= -1.0;

sign_obj_DEC = -1.0;

}

else

sign_obj_DEC = 1.0;

if(guid_DEC < 0){

guid_DEC *= -1.0;

sign_guid_DEC = -1.0;

}

else

sign_guid_DEC = 1.0;

time_ob_RA = obj_RA/10000;

min_ob_RA = (obj_RA/10000 - int(obj_RA/10000)) * 100;

sec_ob_RA = (obj_DEC/100 - int(obj_DEC/100)) * 100;

time_guid_RA = guid_RA/10000;

min_guid_RA = (guid_RA/10000 - int(guid_RA/10000)) * 100;

sec_guid_RA = (guid_RA/100 - int(guid_RA/100)) * 100;

time_ob_DEC = obj_DEC/10000;

min_ob_DEC = (obj_DEC/10000 - int(obj_DEC/10000)) * 100;

sec_ob_DEC = (obj_DEC/100 - int(obj_DEC/100)) * 100;

time_guid_DEC = guid_DEC/10000;

min_guid_DEC = (guid_DEC/10000 - int(guid_DEC/10000)) * 100;

sec_guid_DEC = (guid_DEC/100 - int(guid_DEC/100)) * 100;

RA_ob = (time_ob_RA * 3600. + min_ob_RA * 60 + sec_ob_RA) * 15.0;

RA_gui = (time_guid_RA * 3600. + min_guid_RA * 60 + sec_guid_RA) * 15.0;

DEC_ob = time_ob_DEC * 3600. + min_ob_DEC * 60 + sec_ob_DEC;

DEC_gui = time_guid_DEC * 3600. + min_guid_DEC * 60 + sec_guid_DEC;

RA_ob *= cos(DEC_ob/3600 * 0.0174533);

RA_gui *= cos(DEC_gui/3600 * 0.0174533);

dRA = RA_gui - RA_ob;

dDEC = sign_guid_DEC * DEC_gui - sign_obj_DEC * DEC_ob;

dtheta = 0.0174533 * (pangle - thetaorg);

Px = -1 / SF * 100 / 3.0 * (dRA * sin(dtheta) + dDEC * cos(dtheta));

Py = 1 / SF * 100 / 3.0 * (dRA * cos(dtheta) - dDEC * sin(dtheta));

AC05_BWaitDriveCommand( hDev1, 0, &Ac05Result );

AC05_SetData( (DWORD)-(CStage_x + Px - PS_x), &Ac05Data );

AC05_IWDrive( hDev1, 0x14, &Ac05Data, &Ac05Result );

ReadyWait( &Ac05Result, &StopCode );

StopCodeDisplay( StopCode );

AC05_BWaitDriveCommand( hDev2, 0, &Ac05Result );

AC05_SetData( (DWORD)-(CStage_y + Py - PS_y), &Ac05Data );

AC05_IWDrive( hDev2, 0x14, &Ac05Data, &Ac05Result );

ReadyWait2( &Ac05Result, &StopCode );

StopCodeDisplay( StopCode );

}

///////////////////////////////////////////////////////////////

// �����
///////////////////////////////////////////////////////////////

void CAutoGuiderDlg::OnBnClickedOk()

{

//CString aa;

//int aa_i;

//char buf[30];
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//aa = "10000";

//aa_i = atoi(aa);

//sprintf_s(buf, "%s %d", aa, aa_i);

//AfxMessageBox(buf);

//OnOK();

}

void CAutoGuiderDlg::OnBnClickedOpen()

{

XAxiOpen();

YAxiOpen();

ThetaAxiOpen();

AC05_BWaitDriveCommand( hDev1, 0, &Ac05Result );

Data = 0x08;

AC05_BWDriveData1( hDev1, &Data, &Ac05Result );

Cmd = 0x01;

AC05_BWDriveCommand( hDev1, &Cmd, &Ac05Result );

AC05_BWaitDriveCommand( hDev2, 0, &Ac05Result );

Data = 0x08;

AC05_BWDriveData1( hDev2, &Data, &Ac05Result );

Cmd = 0x01;

AC05_BWDriveCommand( hDev2, &Cmd, &Ac05Result );

AC05_BWaitDriveCommand( hDev3, 0, &Ac05Result );

Data = 0x08;

AC05_BWDriveData1( hDev3, &Data, &Ac05Result );

Cmd = 0x01;

AC05_BWDriveCommand( hDev3, &Cmd, &Ac05Result );

RateSet();

//char c5[30] = " �������.W ";
//CString Op1((const char*)c5, 30);

////SetDlgItemText( IDC_LABEL_MESSAGE, " �������2W " );

//m_label_message.SetWindowText(Op1);

//OriginDrive();

//ReadyWait( &Ac05Result, &StopCode );

//ReadyWait2( &Ac05Result, &StopCode );

//AC05_BWaitDriveCommand( hDev3, 0x00, &Ac05Result );

//Data = 0x0B;

//AC05_BWDriveData1( hDev3, &Data, &Ac05Result );

//Cmd = 0x1E;

//AC05_BWDriveCommand( hDev3, &Cmd, &Ac05Result );

//ReadyWait3( &Ac05Result, &StopCode );

//Reset();

//ReadyWait( &Ac05Result, &StopCode );

m_open.EnableWindow( FALSE );

m_close.EnableWindow( TRUE );

m_end.EnableWindow(FALSE);

m_stop.EnableWindow( FALSE );

m_origindrive.EnableWindow(TRUE);

m_sdxpl.EnableWindow(TRUE);

m_sdxne.EnableWindow(TRUE);

m_sdypl.EnableWindow(TRUE);

m_sdyne.EnableWindow(TRUE);

m_sdtpl.EnableWindow(TRUE);

m_sdtne.EnableWindow(TRUE);

m_indrive.EnableWindow(TRUE);

m_edit_x.EnableWindow(TRUE);

m_edit_y.EnableWindow(TRUE);

m_edit_theta.EnableWindow(TRUE);

char c6[30] = " 8��.�.�$� &(U(T�? ";
CString Op2((const char*)c6, 30);

//SetDlgItemText( IDC_LABEL_MESSAGE, " 8.�.�.�$��&	U(T�? " );

m_label_message.SetWindowText(Op2);

}

void CAutoGuiderDlg::OnBnClickedClose()

{

char c7[30] = " 8��.�.��T (�9�: �'	 ";
CString Cl((const char*)c7, 30);

AC05_BClose( hDev1, &Ac05Result );

m_open.EnableWindow( TRUE );

m_close.EnableWindow( FALSE );

m_end.EnableWindow(TRUE);

m_stop.EnableWindow( FALSE );

m_origindrive.EnableWindow(FALSE);

m_sdxpl.EnableWindow(FALSE);

m_sdxne.EnableWindow(FALSE);

m_sdypl.EnableWindow(FALSE);

m_sdyne.EnableWindow(FALSE);

m_sdtpl.EnableWindow(FALSE);

m_sdtne.EnableWindow(FALSE);

m_indrive.EnableWindow(FALSE);

m_edit_x.EnableWindow(FALSE);

m_edit_y.EnableWindow(FALSE);

m_edit_theta.EnableWindow(FALSE);

m_label_message.SetWindowText(Cl);

}

void CAutoGuiderDlg::OnBnClickedEnd()

{

CDialog::OnOK( );;

}

void CAutoGuiderDlg::OnBnClickedStop()

{

Cmd = 0xFF;

AC05_BWDriveCommand( hDev1, &Cmd, &Ac05Result ); // FSSTOP COMMAND

StopFlag = 1;

Cmd = 0xFF;

AC05_BWDriveCommand( hDev2, &Cmd, &Ac05Result );

StopFlag = 1;

Cmd = 0xFF;

AC05_BWDriveCommand( hDev3, &Cmd, &Ac05Result );

StopFlag = 1;

ButtonEnable( );

}

void CAutoGuiderDlg::OnBnClickedOrigindrive()

{

char c8[30] = " �������2W ";
CString OD1((const char*)c8, 30);

char c9[30] = " �������
/�1�� ";
CString OD2((const char*)c9, 30);

//SetDlgItemText( IDC_LABEL_MESSAGE, " �������.W " );

m_label_message.SetWindowText(OD1);

ButtonDisable( );

OriginDrive();

ReadyWait( &Ac05Result, &StopCode );

ReadyWait2( &Ac05Result, &StopCode );

AC05_BWaitDriveCommand( hDev3, 0x00, &Ac05Result );

Data = 0x0B;

AC05_BWDriveData1( hDev3, &Data, &Ac05Result );

Cmd = 0x1E;

AC05_BWDriveCommand( hDev3, &Cmd, &Ac05Result );

ReadyWait3( &Ac05Result, &StopCode );

// DRIVE /�1��
	
if (AC05_BWaitDriveCommand( hDev1, 0, &Ac05Result ) &&

AC05_BWaitDriveCommand( hDev2, 0, &Ac05Result ) &&

AC05_BWaitDriveCommand( hDev3, 0, &Ac05Result )) {

Reset();

ReadyWait( &Ac05Result, &StopCode);

ReadyWait2( &Ac05Result, &StopCode);

ReadyWait3( &Ac05Result, &StopCode);

//NowAddressDisplay(&Ac05Result);

ButtonEnable();

m_label_message.SetWindowText(OD2);

}

}

void CAutoGuiderDlg::OnBnClickedSdxpl()

{

ButtonDisable();

AC05_BWaitDriveCommand( hDev1, 0, &Ac05Result );

Data = 0x03;

AC05_BWDriveData2( hDev1, &Data, &Ac05Result );

Data = 0x03;

AC05_BWDriveData3( hDev1, &Data, &Ac05Result );

Cmd = 0x06;

AC05_BWDriveCommand( hDev1, &Cmd, &Ac05Result );

AC05_BWaitDriveCommand( hDev1, 0, &Ac05Result );

AC05_SetData( 1000, &Ac05Data );

AC05_IWDrive( hDev1, 0xF7, &Ac05Data, &Ac05Result );

CwScanXaxis();

ReadyWait( &Ac05Result, &StopCode );

StopCodeDisplay( StopCode );

RateSet();

ButtonEnable( );

}

void CAutoGuiderDlg::OnBnClickedSdxne()

{

ButtonDisable();

AC05_BWaitDriveCommand( hDev1, 0, &Ac05Result );

Data = 0x03;

AC05_BWDriveData2( hDev1, &Data, &Ac05Result );

Data = 0x03;

AC05_BWDriveData3( hDev1, &Data, &Ac05Result );

Cmd = 0x06;

AC05_BWDriveCommand( hDev1, &Cmd, &Ac05Result );

AC05_BWaitDriveCommand( hDev1, 0, &Ac05Result );

AC05_SetData( 1000, &Ac05Data );

AC05_IWDrive( hDev1, 0xF7, &Ac05Data, &Ac05Result );

CCwScanXaxis();

ReadyWait( &Ac05Result, &StopCode );

StopCodeDisplay( StopCode );

RateSet();

ButtonEnable( );

}

void CAutoGuiderDlg::OnBnClickedSdypl()

{

ButtonDisable();

AC05_BWaitDriveCommand( hDev2, 0, &Ac05Result );

Data = 0x03;

AC05_BWDriveData2( hDev2, &Data, &Ac05Result );

Data = 0x03;

AC05_BWDriveData3( hDev2, &Data, &Ac05Result );

Cmd = 0x06;

AC05_BWDriveCommand( hDev2, &Cmd, &Ac05Result );
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AC05_BWaitDriveCommand( hDev2, 0, &Ac05Result );

AC05_SetData( 1000, &Ac05Data );

AC05_IWDrive( hDev2, 0xF7, &Ac05Data, &Ac05Result );

CwScanYaxis();

ReadyWait2( &Ac05Result, &StopCode );

StopCodeDisplay( StopCode );

RateSet();

ButtonEnable( );

}

void CAutoGuiderDlg::OnBnClickedSdyne()

{

ButtonDisable();

AC05_BWaitDriveCommand( hDev2, 0, &Ac05Result );

Data = 0x03;

AC05_BWDriveData2( hDev2, &Data, &Ac05Result );

Data = 0x03;

AC05_BWDriveData3( hDev2, &Data, &Ac05Result );

Cmd = 0x06;

AC05_BWDriveCommand( hDev2, &Cmd, &Ac05Result );

AC05_BWaitDriveCommand( hDev2, 0, &Ac05Result );

AC05_SetData( 1000, &Ac05Data );

AC05_IWDrive( hDev2, 0xF7, &Ac05Data, &Ac05Result );

CCwScanYaxis();

ReadyWait2( &Ac05Result, &StopCode );

StopCodeDisplay( StopCode );

RateSet();

ButtonEnable( );

}

void CAutoGuiderDlg::OnBnClickedSdtpl()

{

ButtonDisable();

AC05_BWaitDriveCommand( hDev3, 0, &Ac05Result );

Data = 0x03;

AC05_BWDriveData2( hDev3, &Data, &Ac05Result );

Data = 0x03;

AC05_BWDriveData3( hDev3, &Data, &Ac05Result );

Cmd = 0x06;

AC05_BWDriveCommand( hDev3, &Cmd, &Ac05Result );

AC05_BWaitDriveCommand( hDev3, 0, &Ac05Result );

AC05_SetData( 1000, &Ac05Data );

AC05_IWDrive( hDev3, 0xF7, &Ac05Data, &Ac05Result );

CwScanThetaaxis();

ReadyWait3( &Ac05Result, &StopCode );

StopCodeDisplay( StopCode );

RateSet();

ButtonEnable();

}

void CAutoGuiderDlg::OnBnClickedSdtne()

{

ButtonDisable();

AC05_BWaitDriveCommand( hDev3, 0, &Ac05Result );

Data = 0x03;

AC05_BWDriveData2( hDev3, &Data, &Ac05Result );

Data = 0x03;

AC05_BWDriveData3( hDev3, &Data, &Ac05Result );

Cmd = 0x06;

AC05_BWDriveCommand( hDev3, &Cmd, &Ac05Result );

AC05_BWaitDriveCommand( hDev3, 0, &Ac05Result );

AC05_SetData( 1000, &Ac05Data );

AC05_IWDrive( hDev3, 0xF7, &Ac05Data, &Ac05Result );

CCwScanThetaaxis();

ReadyWait3( &Ac05Result, &StopCode );

StopCodeDisplay( StopCode );

RateSet();

ButtonEnable( );

}

void CAutoGuiderDlg::OnBnClickedIndrive()

{

ButtonDisable();

int xx_i, yy_i, zz_i;

CString xx, yy, zz;

m_edit_x.GetWindowText(xx);

m_edit_y.GetWindowText(yy);

m_edit_theta.GetWindowText(zz);

xx_i = atoi(xx);

yy_i = atoi(yy);

zz_i = atoi(zz);

AC05_BWaitDriveCommand( hDev1, 0, &Ac05Result );

AC05_SetData( (DWORD)-xx_i, &Ac05Data );

AC05_IWDrive( hDev1, 0x14, &Ac05Data, &Ac05Result );

ReadyWait( &Ac05Result, &StopCode );

StopCodeDisplay( StopCode );

AC05_BWaitDriveCommand( hDev2, 0, &Ac05Result );

AC05_SetData( (DWORD)-yy_i, &Ac05Data );

AC05_IWDrive( hDev2, 0x14, &Ac05Data, &Ac05Result );

ReadyWait2( &Ac05Result, &StopCode );

StopCodeDisplay( StopCode );

AC05_BWaitDriveCommand( hDev3, 0, &Ac05Result );

AC05_SetData( (DWORD)zz_i, &Ac05Data );

AC05_IWDrive( hDev3, 0x14, &Ac05Data, &Ac05Result );

ReadyWait3( &Ac05Result, &StopCode );

StopCodeDisplay( StopCode );

m_edit_x.SetWindowText("");

m_edit_y.SetWindowText("");

m_edit_theta.SetWindowText("");

ButtonEnable();

}

void CAutoGuiderDlg::OnBnClickedCooler()

{

m_Cooler.EnableWindow(FALSE);

m_Shoot.EnableWindow(FALSE);

CCDCoolerPower(80);

BYTE data2[4];

int temp;

char ss[50];

do{

AfxMessageBox("OK");

while( PeekMessage( &Message, NULL, 0, 0, PM_REMOVE ) ){

if ( Message.message == WM_QUIT ){

//return( Message.message );

}

TranslateMessage( &Message );

DispatchMessage( &Message );

}

WaitTimerMessage(1000);

//CCDGetTemperature(0, temp);

OutPort(NULL, 0xa2);

InPort(data2, sizeof(data2));

AfxMessageBox("OK2");

temp = (data2[2] >>4) *100 + (data2[2] &0xf) *10 +

(data2[3] &0xf);

if (data2[3] & 0x80)

temp = -temp;

sprintf_s(ss, "%02x %02x %02x %02x", data2[0],

data2[1], data2[2], data2[3]);

CString temp2 ((const char*)ss, 50);

AfxMessageBox(ss);

//AfxMessageBox(ss);

m_CCD_Temp.SetWindowText(temp2);

}while(temp > -10.0);

m_Cooler.EnableWindow(TRUE);

m_Shoot.EnableWindow(TRUE);

}

void CAutoGuiderDlg::OnBnClickedShoot()

{

char expres[50];

CSize size;

HGLOBAL hCCD = NULL;

int i, j;

CString timer;

double timer_f, Ti = 0.1;

m_Timer_Set.GetWindowText(timer);

timer_f = atof(timer);

if(timer_f<0.1)

timer_f = 1.0;

Ti = timer_f * 10.;

BYTE data1[] = {0x20, 0x10, 0, 0, 0};

OutPort(data1, sizeof(data1));

size = CCDSizeExposure(0, 3, 0);

BYTE data3[] = {0x22, LOBYTE(Ti), HIBYTE(Ti), 0};

OutPort(data3, sizeof(data3));

BYTE data4[] = {0x23, 0};

OutPort(data4, sizeof(data4));

Sleep((DWORD)Ti*100);

hCCD=::GlobalAlloc(GMEM_MOVEABLE | GMEM_ZEROINIT, size.cx * size.cy * 2 );

CCDTransferImage(0, hCCD);

CCDFinishExposure();

LPBYTE pCCD = (LPBYTE) ::GlobalLock(hCCD);

unsigned int pixel[NX][NY];

unsigned int pixdata[NX][NY];

for ( j = NY-1; j >= 0; j--)

{

for ( i = 0; i < NX; i++)

{

ULONG data = MAKEWORD(pCCD[0], pCCD[1]);

pixdata[i][j] = data;

pCCD += 2;

}

}

::GlobalUnlock(hCCD);
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int C_high, C_low;

CString high, low;

m_CHigh.GetWindowText(high);

m_CLow.GetWindowText(low);

if(high == "")

C_high = 65535;

else

C_high = atoi(high);

if(low == "")

C_low = 0;

else

C_low = atoi(low);

for( j = 0; j <NY; j++)

{

for( i = 0; i < NX; i++)

{

pixel[i][j] = (pixdata[i][j] - C_low) * 256 / (C_high - C_low);

if(pixel[i][j] < 0)

pixel[i][j] = 0;

else if(pixel[i][j] > 255)

pixel[i][j] = 255;

}

}

double Ave, hensa, GX, GY, LOS;

int Max_x, Max_y, Max_count;

Ave = Average(pixdata);

hensa = SDevition(pixdata, Ave);

Jushin(pixdata, GX, GY, LOS);

Maximam(pixdata, Max_x, Max_y, Max_count);

CClientDC myPictDC(&m_Static_Screen);

CRect myRECT;

m_Static_Screen.GetClientRect(myRECT);

myPictDC.FillSolidRect(myRECT, RGB(255, 255, 255));

for( j = 0; j < NY; j++)

{

for( i = 0; i < NX; i++)

{

myPictDC.SetPixel(i, j, RGB(pixel[i][j],

pixel[i][j], pixel[i][j]));

}

}

sprintf_s(expres, "%6.2f, %6.2f", GX, GY);

CString value ((const char*)expres, 50);

m_Center_of_Gravity.SetWindowText(value);

sprintf_s(expres, "%6.2f", LOS);

CString LeSky ((const char*)expres, 50);

m_Sky_Level.SetWindowText(LeSky);

sprintf_s(expres, "%ld %10e", Max_count, LOS);

CString ff ((const char*)expres, 100);

AfxMessageBox(ff);

double FWHM_x;

Gaufits(pixdata, Max_count - LOS, 100, 0.001, GX, GY, LOS, FWHM_x);

char expres2[100];

sprintf_s(expres2, "%6.2f", FWHM_x);

CString tt ((const char*)expres2, 100);

AfxMessageBox(tt);

}

void CAutoGuiderDlg::OnBnClickedAutoguid()

{

char expres[50];

CSize size;

HGLOBAL hCCD = NULL;

int i, j, lp;

double gx_cre[100], gy_cre[100], delta_x[100], delta_y[100], star_count[100];

MSG msg;

CString timer;

double timer_f, Ti;

m_Timer_Set.GetWindowText(timer);

timer_f = atof(timer);

Ti = timer_f * 10;

int C_high, C_low;

CString high, low;

m_CHigh.GetWindowText(high);

m_CLow.GetWindowText(low);

C_high = atoi(high);

C_low = atoi(low);

CBrush brushRed(RGB(255, 0, 0));

CBrush brushBlue(RGB(0, 0, 255));

m_Stop_AG = FALSE;

for(lp = 0; lp < 100; lp++)

{

if(m_Stop_AG)

break;

BYTE data1[] = {0x20, 0x10, 0, 0, 0};

OutPort(data1, sizeof(data1));

size = CCDSizeExposure(0, 3, 0);

BYTE data3[] = {0x22, LOBYTE(Ti), HIBYTE(Ti), 0};

OutPort(data3, sizeof(data3));

BYTE data4[] = {0x23, 0};

OutPort(data4, sizeof(data4));

Sleep((DWORD)Ti*100);

hCCD=::GlobalAlloc(GMEM_MOVEABLE | GMEM_ZEROINIT,

size.cx * size.cy * 2 );

CCDTransferImage(0, hCCD);

CCDFinishExposure();

LPBYTE pCCD = (LPBYTE) ::GlobalLock(hCCD);

unsigned int pixel[NX][NY];

unsigned int pixdata[NX][NY];

for ( j = NY-1; j >= 0; j--)

{

for ( i = 0; i < NX; i++)

{

ULONG data = MAKEWORD(pCCD[0], pCCD[1]);

pixdata[i][j] = data;

pCCD += 2;

}

}

::GlobalUnlock(hCCD);

for( j = 0; j <NY; j++)

{

for( i = 0; i < NX; i++)

{

pixel[i][j] = (pixdata[i][j] - C_low)

* 256 / (C_high - C_low);

if(pixel[i][j] < 0)

pixel[i][j] = 0;

else if(pixel[i][j] > 255)

pixel[i][j] = 255;

}

}

double Ave, hensa, GX, GY, LOS;

int Max_x, Max_y, Max_count;

Ave = Average(pixdata);

hensa = SDevition(pixdata, Ave);

Jushin(pixdata, GX, GY, LOS);

Maximam(pixdata, Max_x, Max_y, Max_count);

CClientDC myPictDC(&m_Static_Screen);

CRect myRECT;

m_Static_Screen.GetClientRect(myRECT);

myPictDC.FillSolidRect(myRECT, RGB(255, 255, 255));

for( j = 0; j < NY; j++)

{

for( i = 0; i < NX; i++)

{

myPictDC.SetPixel(i, j,

RGB(pixel[i][j], pixel[i][j],

pixel[i][j]));

}

}

sprintf_s(expres, "%6.2f, %6.2f", GX, GY);

CString exp1 ((const char*)expres, 50);

m_Center_of_Gravity.SetWindowText(exp1);

sprintf_s(expres, "%6.2f", LOS);

CString exp2 ((const char*)expres, 50);

m_Sky_Level.SetWindowText(exp2);

CWnd *COG = GetDlgItem(IDC_CGravity_Graph);

CDC *pDC=COG->GetDC();

CRect graph;

COG->GetClientRect(&graph);

int gw,gh;

gw=graph.right;

gh=graph.bottom;

int cx = GX * 97 / 340;

int cy = GY * 85 / 256;

CRect rect1(cx-1, cy-1, cx+1, cy+1);

pDC->FillRect(rect1, &brushRed);

star_count[lp] = Count(pixdata, LOS);

CWnd *h4 = GetDlgItem(IDC_COUNT);

CDC *pDC4=h4->GetDC();

CRect count_sum;

h4->GetClientRect(&count_sum);

int contgra;

contgra = count_sum.bottom;

cy = contgra / 2 - (star_count[lp] * 40 / (NX * NY * 255));

CRect rect2(lp*5+9, cy-1, lp*5+11, cy+1);

pDC4->FillRect(rect2, &brushRed);

Sleep(500);

gx_cre[lp] = GX;

gy_cre[lp] = GY;
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double sum_star_count=0, sum2_star_count=0,

sum_delta_x=0, sum_delta_y=0, sum2_delta_x=0,

sum2_delta_y=0;

if(lp >= 1)

{

for(i = 0; i <= lp; i++){

sum_star_count += star_count[i];

}

double Ave_star_count = sum_star_count / (lp + 1);

for(i = 0; i <= lp; i++){

sum2_star_count += pow(star_count[i] -

Ave_star_count, 2.0);

}

double SD_star_count = sqrt(sum2_star_count / 2);

sprintf_s(expres, "%8.1f", Ave_star_count);

CString exp3 ((const char*) expres, 50);

m_Average_Count.SetWindowText(exp3);

sprintf_s(expres, "%6.1f", SD_star_count);

CString exp4 ((const char*) expres, 50);

m_SD_Count.SetWindowText(exp4);

delta_x[0] = 0.0, delta_y[0] = 0.0;

delta_x[lp] = gx_cre[lp] - gx_cre[0];

delta_y[lp] = gy_cre[lp] - gy_cre[0];

CWnd *h2 = GetDlgItem(IDC_CREEP);

CDC *pDC2=h2->GetDC();

CRect creep;

h2->GetClientRect(&creep);

int ddelta_y;

ddelta_y = creep.bottom;

cx = ddelta_y / 2 - (delta_x[lp] * 40 / 340);

cy = ddelta_y / 2 - (delta_y[lp] * 40 / 256);

CRect rect3(lp*5+9, cx-1, lp*5+11, cx+1);

CRect rect4(lp*5+9, cy-1, lp*5+11, cy+1);

pDC2->FillRect(rect3, &brushRed);

pDC2->FillRect(rect4, &brushBlue);

if(lp >=2)

{

for(i = 1; i <=lp; i++){

sum_delta_x += delta_x[i];

sum_delta_y += delta_y[i];

}

double Ave_delta_x = sum_delta_x / lp;

double Ave_delta_y = sum_delta_y / lp;

for(i = 1; i <= lp; i++){

sum2_delta_x += pow(delta_x[i]

- Ave_delta_x, 2.0);

sum2_delta_y += pow(delta_y[i]

- Ave_delta_y, 2.0);

}

double SD_delta_x = sqrt(sum2_delta_x / lp);

double SD_delta_y = sqrt(sum2_delta_y / lp);

sprintf_s(expres, "%5.2f", Ave_delta_x);

CString exp5((const char*) expres, 50);

m_Average_Creep_X.SetWindowText(exp5);

sprintf_s(expres, "%5.2f", Ave_delta_y);

CString exp6((const char*) expres, 50);

m_Average_Creep_Y.SetWindowText(exp6);

sprintf_s(expres, "%4.2f", SD_delta_x);

CString exp7((const char*) expres, 50);

m_SD_Creep_X.SetWindowText(exp7);

sprintf_s(expres, "%4.2f", SD_delta_y);

CString exp8((const char*) expres, 50);

m_SD_Creep_Y.SetWindowText(exp8);

}

}

if(::PeekMessage(&msg, NULL, 0, 0, PM_NOREMOVE))

{

if(!::GetMessage(&msg, NULL, 0, 0))

return;

::TranslateMessage(&msg);

::DispatchMessage(&msg);

}

}

}

void CAutoGuiderDlg::OnBnClickedStopAg()

{

m_Stop_AG = TRUE;

}

void CAutoGuiderDlg::OnLButtonDblClk(UINT nFlags, CPoint point)

{

// TODO: �
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CBrush brushRed(RGB(255, 0, 0));

CBrush brushBlue(RGB(0, 0, 255));

CBrush brushWhite(RGB(255, 255, 255));

FILE *fp;

char logfn[50];

char expres[50];

CSize size;

HGLOBAL hCCD = NULL;

int i, j, lp;

double gx_cre[100], gy_cre[100], delta_x[100], delta_y[100], star_count[100];

MSG msg;

double StarCount;

CString timer;

double timer_f, Ti;

m_Timer_Set.GetWindowText(timer);

timer_f = atof(timer);

if(timer_f<1.0)

timer_f = 1.0;

Ti = timer_f * 10;

int C_high, C_low;

CString high, low;

time_t current_time;

struct tm *local;

time( &current_time );

local = localtime( &current_time );

sprintf( logfn, "ag%02d%02d%02d%02d%02d%02d.log",\

local->tm_year-100, local->tm_mon+1,

local->tm_mday, local->tm_hour,

local->tm_min,\

local->tm_sec);

m_CHigh.GetWindowText(high);

m_CLow.GetWindowText(low);

if(high == "")

C_high = 65535;

else

C_high = atoi(high);

if(low == "")

C_low = 0;

else

C_low = atoi(low);

CWnd *h = GetDlgItem(IDC_STATIC_SCREEN);

CDC *pDC=h->GetDC();

CRect graph;

h->GetClientRect(&graph);

int ccx = point.x - 13;

int ccy = point.y - 11;

CRect rect(ccx - 25, ccy - 25, ccx + 25, ccy + 25);

pDC->FrameRect(rect, &brushWhite);

CRect rects1(ccx - 25, ccy - 25, ccx + 25, ccy );

pDC->FrameRect(rects1, &brushWhite);

CRect rects2(ccx - 25, ccy - 25, ccx, ccy + 25);

pDC->FrameRect(rects2, &brushWhite);

m_Stop_AG = FALSE;

for(lp = 0; lp < 100; lp++)

{

if(m_Stop_AG)

break;

BYTE data1[] = {0x20, 0x10, 0, 0, 0};

OutPort(data1, sizeof(data1));

size = CCDSizeExposure(0, 3, 0);

BYTE data3[] = {0x22, LOBYTE(Ti), HIBYTE(Ti), 0};

OutPort(data3, sizeof(data3));

BYTE data4[] = {0x23, 0};

OutPort(data4, sizeof(data4));

Sleep((DWORD)Ti*100);

hCCD=::GlobalAlloc(GMEM_MOVEABLE | GMEM_ZEROINIT,

size.cx * size.cy * 2 );

CCDTransferImage(0, hCCD);

CCDFinishExposure();

LPBYTE pCCD = (LPBYTE) ::GlobalLock(hCCD);

unsigned int pixel[NX][NY], small_pixel[50][50];

unsigned int pixdata[NX][NY];

for ( j = NY-1; j >= 0; j--)

{

for ( i = 0; i < NX; i++)

{

ULONG data = MAKEWORD(pCCD[0], pCCD[1]);

pixdata[i][j] = data;

pCCD += 2;

}

}

::GlobalUnlock(hCCD);

for( j = 0; j < NY; j++)

{

for( i = 0; i < NX; i++)

{

pixel[i][j] = (pixdata[i][j] - C_low)

* 256 / (C_high - C_low);

if(pixel[i][j] < 0)

pixel[i][j] = 0;

else if(pixel[i][j] > 255)

pixel[i][j] = 255;

}

}
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for(j = 0; j < 50; j++)

{

for(i = 0; i < 50; i++)

{

small_pixel[i][j] = pixdata[ccx-24+i][ccy-24+j];

}

}

double Ave, hensa, GX, GY, LOS;

int Max_x, Max_y;

Ave = Ave_smallpix(small_pixel);

hensa = SD_smallpix(small_pixel, Ave);

Jushin_smallpix(small_pixel, GX, GY, LOS, StarCount);

Max_smallpix(small_pixel, Max_x, Max_y);

GX -= 24.5;

GY -= 24.5;

CClientDC myPictDC(&m_Static_Screen);

CRect myRECT;

m_Static_Screen.GetClientRect(myRECT);

myPictDC.FillSolidRect(myRECT, RGB(255, 255, 255));

for( j = 0; j < NY; j++)

{

for( i = 0; i < NX; i++)

{

myPictDC.SetPixel(i, j,

RGB(pixel[i][j], pixel[i][j],

pixel[i][j]));

}

}

CRect rects3(ccx - 25, ccy - 25, ccx + 25, ccy + 25);

pDC->FrameRect(rects3, &brushWhite);

CRect rects4(ccx - 25, ccy - 25, ccx + 25, ccy );

pDC->FrameRect(rects4, &brushWhite);

CRect rects5(ccx - 25, ccy - 25, ccx, ccy + 25);

pDC->FrameRect(rects5, &brushWhite);

int gxi = int( GX );

int gyi = int( GY );

CRect rects6( gxi - 2 + ccx, gyi - 2 + ccy, gxi + 2 +

ccx, gyi + 2 + ccy);

pDC->FrameRect(rects6, &brushRed);

sprintf_s(expres, "%+6.2f, %+6.2f", GX, GY);

CString exp1 ((const char*)expres, 50);

m_Center_of_Gravity.SetWindowText(exp1);

sprintf_s(expres, "%6.2f", LOS);

CString exp2 ((const char*)expres, 50);

m_Sky_Level.SetWindowText(exp2);

CWnd *COG = GetDlgItem(IDC_CGravity_Graph);

CDC *pDC=COG->GetDC();

CRect graph;

COG->GetClientRect(&graph);

int gw,gh;

gw=graph.right;

gh=graph.bottom;

int cx = (GX + 24.5) / 50. * gw;

int cy = (GY + 24.5) / 50. * gh;

CRect rect1(cx-1, cy-1, cx+1, cy+1);

pDC->FillRect(rect1, &brushRed);

star_count[lp] = StarCount;

CWnd *h4 = GetDlgItem(IDC_COUNT);

CDC *pDC4=h4->GetDC();

CRect count_sum;

h4->GetClientRect(&count_sum);

int contgra;

contgra = count_sum.bottom - 5;

cy = contgra - ((2/3 * contgra) / star_count[0]) * star_count[lp];

if(cy >= contgra)

cy = contgra;

else if (cy <= 5)

cy = 5;

CRect rect2(lp*2+9, cy-1, lp*2+11, cy+1);

pDC4->FillRect(rect2, &brushRed);

//CWnd *h3 = GetDlgItem(IDC_FWHM);

//CDC *pDC3 = h3=>GetDC();

//CRect FWidth;

//h3->GetClientRect(&FWidth);

//int widgra;

//widgra = FWidth.bottom - 5;

//cx = widgra - FWHM_x;

//cy = widgra - FWHM_y;

while( TGetValueInt( 138 ) == 0 )

Sleep(500);

Sleep(3000);

gx_cre[lp] = GX;

gy_cre[lp] = GY;

double sum_star_count, sum2_star_count, sum_delta_x,

sum_delta_y, sum2_delta_x, sum2_delta_y;

if(lp >= 1)

{

sum_star_count = 0;

sum2_star_count = 0;

sum_delta_x = 0;

sum_delta_y = 0;

sum2_delta_x = 0;

sum2_delta_y = 0;

for(i = 0; i <= lp; i++){

sum_star_count += star_count[i];

}

double Ave_star_count = sum_star_count / (lp + 1);

for(i = 0; i <= lp; i++){

sum2_star_count += pow((star_count[i]

- Ave_star_count), 2.0);

}

double SD_star_count = sqrt(sum2_star_count /

(lp + 1));

sprintf_s(expres, "%8.1f", Ave_star_count);

CString exp3 ((const char*) expres, 50);

m_Average_Count.SetWindowText(exp3);

sprintf_s(expres, "%6.1f", SD_star_count);

CString exp4 ((const char*) expres, 50);

m_SD_Count.SetWindowText(exp4);

delta_x[0] = 0.0, delta_y[0] = 0.0;

delta_x[lp] = gx_cre[lp] - gx_cre[0];

delta_y[lp] = gy_cre[lp] - gy_cre[0];

CWnd *h2 = GetDlgItem(IDC_CREEP);

CDC *pDC2=h2->GetDC();

CRect creep;

h2->GetClientRect(&creep);

int ddelta_y;

ddelta_y = creep.bottom;

cx = ddelta_y / 2. - (delta_x[lp] * ddelta_y /

2. / 25);

cy = ddelta_y / 2. - (delta_y[lp] * ddelta_y /

2. / 25);

//sprintf_s(expres, "%5.2f %5.2f %d %d",

delta_x[lp], delta_y[lp], cx, cy);

//CString qq ((const char*)expres, 50);

//AfxMessageBox(qq);

CRect rect3(2*lp+9, cx-1, 2*lp+11, cx+1);

CRect rect4(2*lp+9, cy-1, 2*lp+11, cy+1);

pDC2->FillRect(rect3, &brushRed);

pDC2->FillRect(rect4, &brushBlue);

CString PA;

double PA_f, dalp, ddel, dx, dy;

m_Position_Angle.GetWindowText(PA);

if(PA == "")

PA_f = 0.0;

else

PA_f = atof(PA);

dx = delta_x[lp];

dy = delta_y[lp];

CTransformation(dx, dy, dalp, ddel, PA_f);

//sprintf_s(expres, "%5.2f %5.2f", dalp, ddel);

//CString ww ((const char*)expres, 50);

//AfxMessageBox(ww);

if(TELFLAG == 1){

double movefact = 0.1;

SendTelescopeOffset( dalp * movefact,

ddel * movefact );

}

if(lp >=2)

{

for(i = 1; i <=lp; i++){

sum_delta_x += delta_x[i];

sum_delta_y += delta_y[i];

}

double Ave_delta_x = sum_delta_x / lp;

double Ave_delta_y = sum_delta_y / lp;

for(i = 1; i <= lp; i++){

sum2_delta_x += pow(delta_x[i]

- Ave_delta_x, 2.0);

sum2_delta_y += pow(delta_y[i]

- Ave_delta_y, 2.0);

}

double SD_delta_x = sqrt(sum2_delta_x / lp);

double SD_delta_y = sqrt(sum2_delta_y / lp);

sprintf_s(expres, "%5.2f", Ave_delta_x);

CString exp5((const char*) expres, 50);

m_Average_Creep_X.SetWindowText(exp5);

sprintf_s(expres, "%5.2f", Ave_delta_y);

CString exp6((const char*) expres, 50);

m_Average_Creep_Y.SetWindowText(exp6);

sprintf_s(expres, "%4.2f", SD_delta_x);

CString exp7((const char*) expres, 50);

m_SD_Creep_X.SetWindowText(exp7);

sprintf_s(expres, "%4.2f", SD_delta_y);

CString exp8((const char*) expres, 50);

m_SD_Creep_Y.SetWindowText(exp8);

}

/*** log file ***/
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time( &current_time );

local = localtime( &current_time );

if( ( fp = fopen( logfn, "at" ) ) == NULL ){

AfxMessageBox( "Cannot open log file" );

return;

}

fprintf( fp, "%03d %04d%02d%02d %02d:%02d:%02d

%+6.2f %+6.2f %+6.2f %+6.2f %6.1f %8.1f\n",

lp, local->tm_year+1900,

local->tm_mon+1, local->tm_mday,

local->tm_hour, local->tm_min,\

local->tm_sec, dx, dy, dalp, ddel, LOS, StarCount );

fclose( fp );

}

if(::PeekMessage(&msg, NULL, 0, 0, PM_NOREMOVE))

{

if(!::GetMessage(&msg, NULL, 0, 0))

return;

::TranslateMessage(&msg);

::DispatchMessage(&msg);

}

}

CDialog::OnLButtonDblClk(nFlags, point);

}

//

// Initializing Socket communication

//

int CAutoGuiderDlg::SockInit( void ){

WSADATA wsa;

int ret;

if( (ret=WSAStartup(MAKEWORD(1,1), &wsa))){

char buf[80];

wsprintf(buf, "%d is the err", ret );

AfxMessageBox( buf );

exit( -1 );

}

return FALSE;

}

//

// Socket Connection (for Client)

//

int CAutoGuiderDlg::SockConnect( void ){

SOCKADDR_IN cl_sin;

sock = socket( AF_INET, SOCK_STREAM, IPPROTO_TCP );

if( sock==INVALID_SOCKET){

AfxMessageBox( "Socket() failed" );

return TRUE;

}

memset( &cl_sin, 0x00, sizeof( cl_sin ) );

cl_sin.sin_family = AF_INET;

cl_sin.sin_port = htons( PORT );

cl_sin.sin_addr.s_addr = inet_addr( HOST_NAME );

if( connect( sock, (LPSOCKADDR)&cl_sin, sizeof(cl_sin))==SOCKET_ERROR ){

if( WSAGetLastError()!=WSAEWOULDBLOCK){

closesocket( sock );

sock=INVALID_SOCKET;

AfxMessageBox( "connect() failed" );

return TRUE;

}

}

return FALSE;

}

int CAutoGuiderDlg::TGetOffset( TELEPARAM *offset ){

char wbuf[1024], rbuf[1024];

memset( wbuf, 0, sizeof( wbuf ) );

memset( rbuf, 0, sizeof( wbuf ) );

sprintf( wbuf, "A %03d %03d %03d %03d %03d %03d\n",\

50, 51, 52, 53, 54, 306 );

if( send( sock, wbuf, strlen(wbuf), 0 )==SOCKET_ERROR ){

AfxMessageBox( "Sending Socket connection failed." );

}

Sleep( 100 );

if( recv( sock, rbuf, 1024, 0 ) <= 0 ){

AfxMessageBox( "Receiving null data in Socket Connection." );

}

//AfxMessageBox( rbuf );

sscanf( rbuf, "A %lf %lf %lf %lf %lf %lf", &offset->ra, &offset->dec,\

&offset->azi, &offset->al, &offset->ir1, &offset->ir2 );

return FALSE;

}

int CAutoGuiderDlg::TOffset( const TELEPARAM *offset ){

char wbuf[1024], rbuf[1024];

memset( wbuf, 0, sizeof( wbuf ) );

memset( rbuf, 0, sizeof( wbuf ) );

sprintf( wbuf, "P %.1lf %.1lf %.1lf %.1lf %.1lf %.1lf\n",\

offset->ra, offset->dec, offset->ir1, offset->ir2,\

offset->azi, offset->al );

// AfxMessageBox( wbuf );

if( send( sock, wbuf, strlen(wbuf), 0 )==SOCKET_ERROR ){

AfxMessageBox( "Sending Socket connection failed." );

}

Sleep( 100 );

if( recv( sock, rbuf, 1024, 0 ) <= 0 ){

AfxMessageBox( "Receiving null data in Socket Connection." );

}

//AfxMessageBox( rbuf );

return FALSE;

}

//

// GetTelescopeValue

//

int CAutoGuiderDlg::TGetValueInt( int command ){

char wbuf[1024], rbuf[1024];

memset( wbuf, 0, sizeof( wbuf ) );

memset( rbuf, 0, sizeof( wbuf ) );

SockInit();

SockConnect();

sprintf( wbuf, "A %03d\n", command );

if( send( sock, wbuf, strlen(wbuf), 0 )==SOCKET_ERROR ){

AfxMessageBox( "Sending Socket connection failed." );

}

Sleep( 100 );

if( recv( sock, rbuf, 1024, 0 ) <= 0 ){

AfxMessageBox( "Receiving null data in Socket Connection." );

}

closesocket( sock );

sock=INVALID_SOCKET;

return atoi( &rbuf[2] );

}

//

// Move Telescope (sending offset)

//

int CAutoGuiderDlg::SendTelescopeOffset( double dalp, double ddel ){

TELEPARAM *offset;

offset = (TELEPARAM *)malloc( sizeof( TELEPARAM ) );

memset( (TELEPARAM *)offset, 0.0, sizeof( TELEPARAM) );

SockInit();

SockConnect();

TGetOffset( offset );

offset->ra = offset->ra - dalp;

offset->dec = offset->dec + ddel;

offset->ir1 = offset->ir1 * 3600;

offset->ir2 = offset->ir2 * 3600;

TOffset( offset );

free( offset );

closesocket( sock );

sock=INVALID_SOCKET;

return FALSE;

}

void CAutoGuiderDlg::OnBnClickedDraveStage()

{

TransStage();

}

54


