
� � 23 Q�� 2 6 ,�F���?�W Vol.23, � No.2 ��� 2005 & 6 I PROGRESS IN ASTRONOMY Jun., 2005 ��by�9�1000-8349(2005)02-0000-00{\L%0/v CCD ℄\#H�,oq���������	�����
({dX�E�℄i-G �℄i 200030)wm��Xz	4�,�[E~d&1H-&~#Vlqp(-?`Æ2Oz:-&(-4�,|bi1K|;6mf~>$Æ:`zj�M CCD �[E~d&1H�G>V	2O6mE|a�3�Æd&1H-&Z�O CCD |biz\2#��-ÆO!kQ.P�j�,&pY~2jÆ0h� CCD �[E~d&1H (`v4n[E�M) ÆZ6AM�~AVwÆ> ly<[J=AV"�#Da�5fC�~�~	5 > )�+&Ex
�d&1H���AVT~^2D9�P123 ��� bg�RI�A

1 �&����\z� 19 z��9[_�B,%Tt^+',3*%Dw�9�^}�}_�Dw��7�$;�UW� (1) N�L*>!��WB�Uv7*E�0�m� (2) �,�}�+���y��ha�0 (*E�0N�+0�\}4*) 5w��0 (vfDw�0) o#}YS6m,�Uv}w��0oha�0P��y��� (3) +���y',3qDvJLqDv}w��0P�7ha�0=�{x*E�0�Y&[_�B,%}�U�
}�+\�Uv�TS}I<�U!�8}�Uv2�0v�%Z}ME�U!�/3�Uv}Bvow��0�hNMG/�Uv`�{x}�+��8Y(���hNMG=�IqDv}`�BvodS3~*b��s�1�*H?,1�}�Uv/3w��0MG}hNg81�+`�{x}1��qDv}Bvo#TQhNS3G"�',%0G,%}�℄�}H}m,~�ZD}��d%h_^}G""C`�4e}S�~�e9/33�ah�0ZD�{_u3bm�LS��Uv��#e%0G}��G.	H}"U;ZI<�U!,�`�4e}S3MG��� W4NM�2004-12-16 � k;NM�2005-01-18 � Xu4<�hJ�d��RX�
;Æ�e� (10333050 � 10173019 � 10473019) �{dX�EnodsOVÆ�e� (KJCX2-SW-T1)



� 2 6 4�+��d&1H-&O CCD +&Exz~(- 111�$D� 2 3$r�Wy�3�+~�ZD}%0G,%}"Ukpo',>_1Ny9,%',3~��+ah�0J{:5le}=#�� 339_y�3i�L CCD~�ZD}%0G,%}�F=U��x$r1Ny CCD %0G,%}>N',�F\$�
2 ��-e'2I.'
2.1 �.xFS

1887∼1920%#��*D�=|y�)m}�s�ZD�}�[_*5v2 (AC)�?yAY"h_[_�+N[�ZD4e}*bZDi?Jy0�yt}~�,usÆWv0S^ZNvY�+\�N AC �+}ahgUy Donner [1] ��x81�+`�4eo#hN�S3G"?e�℄;"^y~��+�9`�}a% [2] 6',3 AC v2
Helsingfors H9}�+�{ah� Donner S?/g�+~���Ys�+��}{uMG�%x=d} 1/4�t}/3�mw(�~7}��N AC v27�*H�+`�y6�0?,^���xd Lacroute [3,4] ;=y Donner },%��X�ÆY�+15=|r�`�Qx+�+~�H9!1��0}81`�4eJ0S6+o~rK,3r�+`�~7�\gUpx�u�

1960 % Eichhorn [5] ,ha�0*qy%0G}=h~,U�
ξν = Ξµναν , (1)7y xiν ?� ν WLv}ha�0 Ξµν ?9vN� µ Y�+\}w��0 αµ ?� µ Y�+}�y���u� ν WLv?�UviR0

ξν = ξν0 . (2)7y ξν0 /�Uv}v2Bv��{x�sq (1) � (2) u/g�i!TY7�^�0�+}�y��o�0Lv}ha�0� Jefferys [6] r^\�,U�N Guass-Seidel �p7�gUy�uÆ
!5}uLvD�3�Uvi���)mKa}F$K�^wuy
Eichhorn o Jefferys ',\�,U�ah AC v2 Helsingfors H9}~��+iA"J{SP�9,%+�0�+4*t1�G0�\��8"',3m*H~��+}%0Gah�xd Eichhorn [7] �\�,U��y;=*qy�3E��0}%0GRu+Lv}*E�0 (α, δ) 5�+�y���9�?%0G}qF���Q�^�,%�l�',le6�0Y�;Z�

1981 % Stock [8] *qyE�%0GRu�+�+\}vf4*tE�6/g�	Ka*q59v*EZzp0�0}sSN%?
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, (3)7y (ξi, ηi, ζi) ?� i Wv}*EZzp0�0� [α] ?�Y�+��'}�	Ka7<�Y2wS�+�	}*E�0��w��0S�5ZDS�,g (� y �5Z�S�,g) �
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umi = xmi cos r

vmi = ymi cos r

wmi = F cos r

, (4)^j
r = arctan

(
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. (5)Ue�Wv^ZN� m o� n Y�+\RY*qUWsS,U�
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. (6)sq (3)� (6) vu/g�i!T,%Y7^ÆY�+}Ka [α] �Stock*q},U�Q{u$rt}TQhNUWI$��XL%
P(��	N�+\}Bv�7f8"/�	Ka [α] ;���+7L}Sf_��Ue8+g/~?�3Ka [α] �� [α] ��	�Ka�/�	KaR�QY�P��n7L}�,tl�\�s�l3�G!�}Xf�+�y�M℄�+}v�GL%#Ka [α] P��#e Stock ,%8N04~~�

2.2 �npj7r1d�g Eichhorn I^%0G=h~,U�x��*%Dw	�H~�[_�+}%0GahTUy��1NN�� Googe [9] lZy%0G,Uy�+�y��oLvBv}1gF7mm%^y%,US�KaF$}K�w� de Vegt o Ebner [10] �3ui}���.("2ylZ%0G}U��%�oxVon der Heide [11] �e�%*py���U�� Von der Heide [12∼15] �gh�\1Nym,%0G,%�Y"�{}�0�BB��t}�p�d%0G',3~��+}ah6�0{x:5le�Eichhorn o Gate-

wood [16] � AC v2 Northern HyderabadH9�+}~r`��� Führmann [17] � AGK2�+�{}ah�N��2�_%3r�+`�%0GN�y��}7�B�\6�0"C_)O�YS�y��w�F7=#J�S?��%ZNUWv	�
(1) *%Dw,}[_=DE�L��1mg�0,�x 100 0,��QN=DEE+wQi�DU�yAY"h_H}fGt/3E��N��qlR�H}7L#�N=DE-�a}2�|�\Sf_�Æ77Ls0N℄�8�>Y"lZ℄~Sf*g℄�GDRSf_�G7L�^wuNui}�Uv2.(W8Y"�{~,3Y�+}CB�}�+���y�
(2) �L)C}vf_y/℄	S3N[Y"Kg}fG9�hN/K�MG (5vf��0Y) �1G\a (5*�O0Y) o1G℄|G (5ZD�Z��ZD�30Y) �#�%9}MG�fG$e5vf}ytO�v��0Y�#e�+)C}vfMG/O7L^�}gLrY[_�+`�iOOsm,�+ytH9�{}��=#�\�MG#�wuyY�+w��0xw}83�A ��K=�*by�+O�}7�B��



� 2 6 4�+��d&1H-&O CCD +&Exz~(- 113��o/3[_�+}X*8�v  j�+�y}
P~o��}7�B���%0G}`�4e�e3�0�+�y};"C_e�y8;ZR'+I�|4eodS3~*b� Eichhorno Jefferys [18] "xm,%0G,%ah AC v2 HyderabadH9}~��+i/3�0gPU�v�G`�{x}�+��7B�ft8Ur�+`�4e� de Vegt [19] S?Nah AGK2-3 } Strasbourg �+�{i`��yy%V}v�G8t�0h_S3G)�+S3GoVy`�4e� de Vegt [20] 1Nr^A\',%0G,%Nh�\Y��{%r�+7LSJ}4et}SP=|%0G}�`};�}r�+7#?s0^�>"[1�KH�+}Sf_��{l\;�}r�+7���CB��C��}�Uv22�F��+w��0xw}
P�K�NP5ah[_�+}%p̂ vG.(�L%	�̂ �}?k�%0GNh�\0vm.|tNl��+ahyOv^',}��=#�
1984%ZachariasTty0Y�+}%0G�FN�6�}m,%0Gah CPC2~��+ZD [21] ��/g�#��"ZN Hipparcos �Uv2.(W%0G4e}B�_%3r�+`�,%6�0Y�"C�Ve 1999 %^�} CPC2 v2 [22] TQ}�3

Hipparcos �Uv2}r�+`�4e�'9r^}} Zacharias N�#��y d�+\}vf�E�ta��4*YS6|�ym:\aoS1v�|}*b#��#�L}Kgg3ha~�U Zacharias [23] N1N CPC2 �+S3GiTr^/3�℄+}/SJ~���+��ah��}\w CPC2 �+4/hN�7L}L�, (FDP) �5 1 �w}} CPC2 �+}L�,C_7y�m�,wF? 160 mas 0S? 57 mas ��,Kg}=#v7L81�+}�,,~_� ��K��SP=|%0Go;����0

6 1 CPC2 �,~�M-D` [23]
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3 �k�N CCD e'2I
3.1 �iV& CCD z[K$*Y(� 20 z� 80 %p9 CCD {xy^+',6�)Jp[_�+�5[_�+_%
CCD N0w�l�C�℄~b'~"mo"Uliah�.	�t CCD }��Xi< 2∼5

cm�3P-O=DE7�Ls0�1o�0,��u3�L!�j�Uv/Ov0\�/3�UvBvMG}hN/�w8��19*>Vi}�UvTS}I<�U!_�3ME�U!hN0���	o'I�{u7L}S3*G�#�/e{x}�0�B4e}sh~�xI\N%%ZN�W�G,��
(1) u CCD ,3��v2ir4 CCD `�"Q}��v27S3N$MI�u~oS3SJ~��U1�GG�q} ” 7Æ ” 5��*H�^�{x}��v2Nh�\YQhNN[�Ue,^}��v2M�?7�[_Dw�Uv2MG'+t`�4ey�
(2) u CCD ,3*qwv�U!oa
�U!}t2i#?/gr4 CCD \}�UvIHa
�=|�B_u3+a
�15sSx�GGI< (CCD) wv�U!\^�{x}t2l�\68}Ga
�^!5MEwv^!o#}sS�f�Ym�3wv�U!5�r	�U!o#}t2C_����
(3) u CCD ,3wv�|Dwi/3qDw/OiI<�U!}N[�Dw4e}*bY"L��~�
(4) u CCD ,3�F�n*%S3 (oUm|v�7CvS3�
Yv7) iI<}

CCD �U!}S3*G+�IS3S?od8gP}BvYSo� }K�uRg�p2*b��}K�	�F4e��9L?�~}}0iNVi} CCD �L!ftZ8x�U�w}�Uv�uL%=|
P�B^�\wyi�L CCD N*DZD�Fy}',�`�\�I$Y"hNUW7R,��
(1) ,��Uv}B�0
N!��Uv2yÆZ)pv�uQ!��Uv}%V'Q�*bqD�0}�BB��
(2) s,m�L�-O=DE�S��5�}�Uv���t}�-O=DE}�+%oX/Ovm�u1.�Y�,�8m3vf}BP�B�
(3) ?,i�L~�ZD,%6�ZD�{�%0Gah��3P-O=DEiXi CCD 2�|�sJ=DE�Ly�H9w��0}�u%1$rAH���9 CCD℄~b'~"m/O8�v�G}*b�#es�?,$r}�u�yHY�vm��� CCD Sf_����*D� 2.16 m =DE} CCD ZD?o5 2 }7r4�+`�x�Uv}BGC_�9=DE-OF? 13 m CCD �LF? 10′× 10′ �/5Y&�UvBG�{�0S3G|^:w� CCD Sf%[_�+0Y�;Z	�%0G}�;��r�+7 ” �F#eY�?,%0G,%�i�L CCD �{=|ah�i�L CCD D



� 2 6 4�+��d&1H-&O CCD +&Exz~(- 115�g/2xY�5�1mZD*H^� Wy�NSf,�}H.	20m3"C�Uv�=�0="C[_*%Dw}B��

6 2 �j�M CCD [EAVw~CHD`
3.2 CCD z[K$sE*TG�U813�<	℄}�FJ�Nrw*%Dw	}�`\JL ” S1vN�Uk<0Bv_� ” }=R8wy CCD %0G}�Erw2ku [24] �9,U{u$r+3h7o���*UN%UW�

[PN ]2
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0∆ρpm2 , (7)7y H � I ?�+���y2ku a1 . . . an � b1 . . . bn ?vfZD}�+��℄q
∆a1 . . . ∆an �∆b1 . . .∆bn ?�+��℄q};gq(x1 , y1)�(x2, y2) ?S1vNH� CCDZD5f\}w��0 [PN ]1 o [PN ]2 }g�i_Bvt�Uk<0Bv}�GX�	�Ka Ẅ s1 o Ẅ s2 ?vfZD}�0�\ha�0StZz�0S}	�Ka K1 � K2?`�~S�←→T 1 o ←→

T 2 ?�i_Zz�0SX<�←→T 0 ?k<0Zz�0SX<�
∆ρ1 o ∆ρ2 ?*b*%,g}H;goo ∆ρpm1 o ∆ρpm2 ?�|;g�/gS1v}FÆ,U+�0~� CCD 5f/2S�Ym4� CCD \��Qxm,GZD*H!}�UvI^9\�}℄#�g��+O��x{x�0v}qDBv�
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3.3 �A[Qe}O3Z*1d?ySPlZ CCD %0G'�sh7RW��G,�}I$��X5�3~��+ZD}%0G81/3 CCD �Lvi/Or4 CCD �L!�UvQ^ft�0�uL%��0 CCD 5f�=|r�+`��NeC_W�� CCD5f}�+�u8M/�UvR��}/S1vR�^H�F~�H9}�+��'9vm�p24 CCD 5f�8 h7W�+���y?℄~�y798~YQ.3/℄~�y�t}/3�L�,� CCD Bo3=DE-0��℄`�i�	?,qg1*g_q�#�}hN CCD Sf�y0i}/℄~}�#e%0Go;��� CCD Sf�y}!~0�Sn6Am,i�L CCD w��0�uH�}.	�/℄~�u}ZD�{=|:X�g�7f CCD 5f��yZDi[*%o#}_�Bv�/3�1Gm:�1G℄|G�#�}*b*%o#}_�Bv�"g;,UrP vfha�0ow��0o#N0$rAH�}YS}SPlZ%0G}Y'I$o���m:\a?oJLh�Ru��0vf}ha�0=|m:\a;g��Qh�Ruy}\aS�0MG (F 0.2′′) t}�N CCD i�L! (10′ × 10′) }1Gw (l0�w�) Y�;M|��#�U�^n#�}h�;gY�sÆ4 CCD 5f\vf}ha�0o#N01?_l}_�BvYS^mm$~y�+�u�JL (7) uYm�3t�ZD�_~ CCD o#}ZDk<#Fv� (i3 1 GH) 7S1v}�|1GwY�|��tN0nC_W8{8ahi##FPk�%ft�%}ZDei�|8"#|�3RDg�+~�`�x+wujM}4e�W^i	��F}S1v��g^8��
PFÆ~��+�y#}YS+wu~�`�h��^}C_WJ�*!x!��Uv2yÆZN0�|�L}S1v��Q^nS1v}�|8BPt/37MG/O%�|$ei�G�w�#�N,3FÆvY~��+��o#}sSiYQ�%;M8,^nS1vL?YJ��9m,%0G,%ah CCD ~�ZDiqF��?�0�5`�} CCD 5f}�+O��/3ÆY CCD 5fs5_~} CCD 5f/gS1v,U*qsS#e%0G}%,US�Ka?�Q
yKa�UeZD�{)m��p2�S�KaF$+/Onift/3���!h\w�8YlZei��K,0`�~}KaF$,%�Q
Ka���
3.4 CCD z[K$*Qe='!npJ�JL CCD %0G}rw2ku*py FORTRAN 7�}lZU��a�L���:ah�0G54e	^ 3 G;�6+9,%℄;',3lD�{}ah�

2004 %J�m,�*D�x�ZD�� 2.16 m =DE�{y 4 Wt9a
��� Stone 0
*H [25] }ZD�{�9=DE�" CCD }�L? 1◦ × 1◦ f�Xi?
2048×2048f�%oX?Æf� 0.015 mm �/g�0
*HZD�{}r�+`�J��XP�^9 CCD ��Sf�y? 8 ���y7{uUW�

{

ξ = ax + by + c + px2 + qxy

η = a′x + b′y + c′ + pxy + qy2
. (8)



� 2 6 4�+��d&1H-&O CCD +&Exz~(- 117�/3/℄~#�}hN�+��NQ
�Uv.(W8"sh98#e%0Go;��8�0
*HZD�{}`�4e�/℄~=|;g [24] �5 3 w^;g;x?,℄~�y`�i�Uv}BG19C_�?y�UUF/℄~!b5 3 ? 20 Y CCD 5f��N�9}4e�g5 3(a) Y&/℄~#�}hNs{�0 CCD 5f\}�UvBG19N0Y�A3�}S3G|�5 3(b) y}�UvBGR2Z?��192�ea}/℄~;g}sh}��\� 8 ���y�3 2.16 m =DE} CCD ZD}~,}� ����

6 3 �>}0^�d<h<yn-^��za�AVw~CH2:
(a) =i=� (b) =iz


6 4 �u:b�A~�[E�vx 68{ “⋆” 4y�1B
 (a) �) 1252+119 � 1307+121 q 1743+173 � (b) �) 1749+096 
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�}~�ZD�u7y� 1252+119 � 1307+121 o 1743+173 �0�15ZDy 5 Gi*H� 1749+096 ZDy 13 Gi*H�ÆW�}ZD�}N�*o!t�=|}#eS1v}�|*bY�|��t9a
�}℄	�B4e&2 1 7y� Nr �? UCAC2 [26] �Uv}��� Nc �?_~ CCD ZD~�H9!S1v}0S��� ∆α cos δ �o� ∆δ �S?℄	 — a
BvG�?y+3%12 1 1i}^yr�+`�4e�qD�0}`�BvMG��JR3w�MGo�+O�MG�/3r�+`�o%0G`��s,_1}w��0#ev}`��{`�BvMG}G"��JR3�y��}7�MG�U2 1 �w%0GbmyZD*H}5�*>S�y�Uv}�w1i�"�yS1v}�,#eYY�"C�y��}7�B�=�s{%0G4e}B�m3r�+`���9g�U!}t20�U�m,L�}�Uv�t9a
�=|�BY�,��UvG5MG�`�4e}*b0m3"C℄	5a
�U!o#}t2B��  1 4 C:_P-t+6l`|?8�1 f(3J s�.b�
α/(h m s) δ/(◦ ′ ′′) Nc Nr α/(h m s) δ/(◦ ′ ′′) Nr

σα /mas σδ/mas σα/mas σδ/mas

(∆α cos δ)/mas ∆δ/mas (∆α cos δ)/mas ∆δ/mas

1252+119 12 54 38.2551 11 41 05.868 6 15 12 54 38.2582 11 41 05.854 6

±17 ±17 ±37 ±28

−7 −27 38 −41

1307+121 13 09 33.9320 11 54 24.563 5 25 13 09 33.9331 11 54 24.563 5

±22 ±22 ±43 ±43

−6 11 10 11

1743+173 17 45 35.2094 17 20 01.411 42 149 17 45 35.2083 17 20 01.395 17

±11 ±14 ±30 ±31

17 −12 2 −28

1749+096 17 51 32.8182 09 39 00.770 25 409 17 51 32.8189 09 39 00.760 28

±10 ±11 ±14 ±15

−5 42 4 32

4 �6���8$D�Wy�3*D�+ZD%0G}"Ukpo',>_1NygL%0G',3~��+ah�0J{:5le}=#�J�S?[_�+Sf_�}7L~ow��0xw}83�QSy%0G_%3r�+`�74e6�0Y�"C0ift8Ur�+`�4e��\z� 80 %p9CCD �)Jp[_�+��3P-O=DEiXi CCD 2�|�sJ=DE�Ly�H9w��0�u$rAH�#e7Sf%[_�+0Y�;Z



� 2 6 4�+��d&1H-&O CCD +&Exz~(- 119�^:w�%0GY�N CCD �{ahy[1"��,�i�L CCD Dg/2Y�5�1m}ZD*H^� Wy�NSf,�}H.	20m3"C�Uv�=�0="C[_*%Dw}B��J�S3�=|y CCD %0G}1NN��a CCD %0Grw2ku}8w� FORTRAN 7�lZU�}*w�N%lZyWBI$1N�6+9,%℄;',3lD�{}ah�4e2�/g��4i�L CCD ZD}%0GahY�N jP-O=DEi�+%oX.|}1ilZbmZD*H5�*>�S��Uv�w=�kx;ZI<�U!}�}�Y�:& CCD %0GN�USt2�wv�U!���|vS3�v7S?Bv5K�YS}D���F\$y+N0Mm}',>r�"Baf�
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Progress of the Block Adjustment of Overlapping

Plates in CCD Astrometry

YU Yong, LI Jin-ling, TANG Zheng-hong, ZHAO Ming

(Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China)

Abstract: The history and application of the block adjustment (BA) in the reduction of over-

lapping photographic plates are reviewed in this paper. The reasons that the anticipated results

have not been obtained by this method are analyzed. The new progress in the BA of overlapping

CCD frames with small field of view is introduced. Investigation and reduction of CCD frames

show that BA can play an important role in the reduction of overlapping CCD frames. In the

case of long focal length of telescope and small plate scale, the BA of overlapping CCD frames can

enlarge the field of view, cover more reference stars, and consequently improve the local reference

frame and the precision of reduction results.

Key words: astrometry; block adjustment; review; reference systems


