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3 ( & �z��>�kw��Ll_b"� 231hu���C�mL2#	u(Z3�ow� Smithx [5] ` Shamir x [6−7] �Zp�w'�Hu ����7mq1x�N0G�e.
N:U�ACD�Su
N~3*Æ���Jjuee�) �u��r}Æ"M�+^;D3V%iqiiRu7�+^
(��r0��) 1x�'�}tD�
N$5�Z}Æ�[eju7�+^�2'��H8�<�i\�6XM'uJj����[pejuJj�r��7X$uJj�C`+^$F�=��<�9�HuM��C2d�?Z�w��Jj+^uk-℄` ���Wmq�7�'�+^dP`Jj����<�?p 3 w\tu��Jj+^1xJjG����0 �uQxz�
2 eC3$H8�<�i�tSH8u8$/f�<�i1xp�����~�39�H�JX��C�x�Zj~ uZ�IO 3 000 m �\�.�`.;
�'{����R�Wo~.b!��w���Jjxx��7Jju����i\�;-p.b�r`~�JjV��^x}Æ�JjV�;- SBIG AllSky-340D�JjV��M�i")J�7��~���#tqM'u+^�C�JjV�uM�wJ2 135◦×180◦, ) CCD D3f9ux
��kÆ��iao&Ni�2 120 s ~ 300 s, Q���qDÆ7S
�Sqxuiq�F 10 mag.��Jj+^Pppmqu$5:U�%i�Q�-7G�e.
N�mqm�u(Z�ACe.
N`�Qb m−m0 = kM(z), )t m ` m0 $,rmqOe.�.uwqx� k re.
NL�� M(z) re.rj�)*doTO [8]:

M(z) = sec z − 0.0018167(sec z − 1) − 0.002875(sec z − 1)2 − 0.0008083(sec z − 1)3 ,

z r��E�+ 1(a) kT`*do?Zm7 3 mag umqqxG;��Eu�
+U��
Eor ∆m = Z0 + kM(z), )t ∆m rmquT;�Nqx`q*qxuGf���We.
N kM(z) `v�qxG Z0. mqu!�`qxGu���� 3 *�Z
�?9�H 2009 � 12 Gm 2010 � 3 Gu8$7�+^1xe.
NuG��+ 1(b)Ppe.
Nu�
+U
i�u$s�1+Q�MZ�e.
NL� k u$s�0r
0 ∼ 0.5, �mqu
N�-fe�v�qxG Z0 O 14.7∼15.4 mag u�0$s�$s(��fe�Q��OZÆi��9�Hue.
N$sr�'?�u�N 7�+^u
N:UQ�h*e.u
N�U�
3 PZ'�D�JjV�;-���^�o�+^tmqu�';~<��`~`7oVK�#`Q�$X�'�y ��mqu�<7o;)O+^tu7o1x!��ZjmquqxfQ�-�N �H���Q�1�3q*Ft�T`Q�H�k�qxG�qxG�*pe.3*Æ����N`JuZ`J{x�
pK���Y$�Ju(Zr�P~u�ACqxGuee;$5:UQ�js+^tuJj�
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Fig. 1 (a) Relation of differential magnitude values and zenith angles. The asterisk, diamond, and plus

signs represent the star magnitudes of Yale catalogue, the star magnitudes of photometry result, and the

magnitude differences of stars, respectively. The solid line shows the fitting result of the magnitude

differences of stars, the dashed line shows the magnitude differences at zenith point. (b) The fitting result

of atmospheric extinction changed with time. The triangle and square show the difference of magnitude

zero and the coefficient of atmospheric extinction, respectively.

3.1 NX*Q+^tumq�7}Æ;'D�uq*1x�'�Z
�?p�zmqq*�2�''���zq*sBp 9 110=wqxNX 6.5 magu���
n[7p~<\S
�Mqu�3iq�q*w�Dp��uW6�W5�%6�%5�wqx��OxpK�2pe)�'+^tumC`q*tumq�}Æ"gX1x!��!�u�CrmqO+`q*tug��'�=N Pickering[9] � MMT All-Sky-CamerauJj+^umq!� ��;- IDL u�<V���q*tumq1x�'�y�"mq1Ws�' (α, δ) ~%s�' (b, l) �yq~$�' (A, h ~ z). ~$�'r��'vo�+^�' (x, y) r}J��'vo��'�OmqOg=�'Ou7o�Q1�
 �H�g=�'
�u�'KL���' (R, θ) �y2+^�'�;-TOKLo	
x = x0 + R × cosθ , y = y0 + R × sinθ ,)t

θ = θoff − A , R = a × z ,

(x0, y0) r��O+^tu�'� θoff r��'u θ V�7 7% A u"�j (T+ 2 �p). 17V�u:
9(3'℄u>{g` (−0.47%), ���; R `��E z QTzKL�



3 ( & �z��>�kw��Ll_b"� 233

0 100 200 300 400 500 600
X / pixel

0

100

200

300

400

Y
 / 

pi
xe

l

0 100 200 300 400 500 600
0

100

200

300

400

*

N

S E

WDate: 2010-03-22
Time: 04:19:09.75
Exposure(s): 300.

- 2 osw�d-W<l��)w�(�ES_toswl��)�h�t�d-W�BBt z = 75◦, s_t��9p�W&tX�9�%�)M��w#�l θoff .

Fig. 2 The real coordinates of bright stars with “×” and the fitting coordinates of counterparts with “+”

plotted in the image. Asterisk is the position of zenith, the circle of zenith angle is 75 degree, the acute

angle, θoff , shows the offset angle relative to the north point.�?�(7�+^� �p 155 O~�q�umq1x�'��mqug��'1x�
����
+Ur	
x0 = 320.502 , y0 = 251.792 , θoff = 45.716 , a = 3.400 .+ 3?ZpZ 155Omqug��'u�'�g�'r1�zq*�yu~$�'�Æ�'r+^�'6�yu��'�1+ 3(a) Q�MZmqu��E;�;3f℄uTzKL�gXuGf'e�IO 3 pixel (1◦ = 3.4 pixel) ��+ 3(b) Æ�'r A = θoff − θ,�;mqu 7%V�'� 7%DGO 2◦ ���+ 2 �'p�'�ymq�7u5��DR*^rmqO+^tukÆ7o�g
*^rq*V'mq6�
KL�ytqu�'�gXu�e7oGF 5.88 pixel, $I7oGr 1.4 pixel. +tw?Zp+^uM�Q'�i��&Ni�` 4 = 7�AA*p��% z = 75◦.

3.2 
A"*kÆM�XTtD�JjV�J�3	�#`mqu�'�yKLr?�3$u��7Qxu+^�7 ����Q�"mq1q*�'�yq+^7o�1��07ouq�1x�N�+ 4 Pppqxm7 5 mag umq1q*�'�yq+^tu7o�J��mqu�y�';)kÆ�'
O"G�#`}ÆynH�mquto��#7�N�Z
;-�49��
 �H�mqu�Nto��
tor (x, y), �
�;?
5.5 pixel, 0XT|�\�
+U'Guq��
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Fig. 3 Relation of the fitting positions (A, R) of reference stars in the image and the horizontal

coordinates (A0, z) of the counterparts in the Yale catalogue. (a) Radii of stars from zenith point versus

zenith angles and their difference values; (b) Azimuth angles of stars from azimuth point of image versus

azimuth angles and their difference values.�N �;-T;�N��N�;2 5 pixel, 7o"Ge7 5 pixel umq"��\��77of3u�=C�)�N+Ur
=Cu
qx mphot, �q*tV'uqxf mtab �-07o�mquqxf���g=mqt3u:U���Xg=xm�ut3mq�)
qx;k=mqqx|3 0.75 maguG,�kÆ�NDGDe7 0.75 mag,0fQ�2�NDGu\S��7k��T7�uJj+^ (T+ 4), mq
� Ntotal 2
500 �O��N0[�lumq� Nphot F 400 O�2H�+^t��% z < 75◦ �0uJj��? z < 80◦ uq*mq�
\"/DG��NlQ��qxG ∆m = mphot −mtab, ��*poimq7oue.
N:U�RO2 “m�+,”. + 4 ?Zp�NmqO+^tu7o$5��_=�Sum�+,Q}Æm-Cf �1xH��Cf �3�E_�CCf��KrigingCf��21u
Shepherd ���e>{Cf��TzCf���3t�Cf���Jt�Cf��;a�\����>{R�` Quintic Cf�x����Zj ��pKx�)Cf+UI3`Y�Q�17Cf�u��'℄�dT+ 5(a) �p��Ppur�E_�CCf�u+U�l�? 1/3, +tu�f$s�0r 0.47∼1.70 mag (�-qxv�a2 10.8 mag).�Jnsp�
Rb�mrA8�^�'ÆP��Æk��T+^uCf+UQ�3���*D�S$Lum�+,�
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- 4 ��&f9 80◦ ws+osQqP-v� “+” Qq*9p�BBt z = 80◦.

Fig. 4 The positions of bright stars showed with “+” in the image, the circle is z = 80◦.
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Fig. 5 The floating of magnitude difference interpolated from bright stars of one image and 21 images

showed in (a) and (b), respectively.2ptq)3kÆu�'$quD�m�+,�Z
;-p��(7�+^u ∆m?tfuCf �����?3%G'3%iqiiRu 21 (7�+^�)
uCf�
∆m F 9 000 =�+ 5(b) ?ZpCf+U�+^�=7o (pixel) u�f1t3u 30 =
∆m ?tftq� ∆m $s�0r 0.13∼2.18 mag. 0+um�$s'$x�mP3��Nxue��Y7"+ 5(b) �2Jj��u=U'� ∆mstd, N�Jj+^umquqxG ∆m ;D7�$5 ∆mstd V�'� Acloud = ∆m − ∆mstd, ��*pJuJ{;.7:U��7 21 (7�+^�) Acloud '0r{�
32vu
�S�$5�&�$5+



236 � > � � 53 GU�*ÆZ��� 21 (+^u Acloud IQ'�u`�$5�+ 6 ?Zp)t�(+^
(+ 7(a)) u Acloud u&�$5+U��73Ju+^�) Acloud $5 Ja6?5l�#`Q�1 Acloud uee��3�
N(Zumq4{�	mqu��{�Z
� 21(7�+^u Acloud $51x9��
���$I+U σ = 0.37 (&�DG2 0.04). ?
3σ = 1.11 �2�f!��e70�fumCQO2�3Ju(Z�)D�&���2
Ngood. 1`�Q���Q�Nmq4{ Pphot = Nphot/Ntotal `���f!�umq4{
Pgood = Ngood/Ntotal. 21 (D7�+^u Pphot $Ifr 76.66% (&�DG2 0.024 3),

Pgood u$If2 73.28% (DG2 0.025 3). �$I4{ Pgood �2/D7�u4{'��QJju�fG��!2 Pcloud = 1 − Pgood/Pgood.
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Fig. 6 The distribution of Acloud from one of 21 images. The solid line shows the result of gauss fitting,

the dashed line shows the threshold value 3σ = 1.11.

4 0-$H2p��\� �uQ-z��?p 3 \Jj+^1x�x��W9(+.�8$3J`D8rJu:U��x+UO* 1 tsZ� 1 OY#G94
Table 1 The result of image testing

Image type Ntotal Nphot Pphot Ngood Pgood Pcloud

Clear night 578 449 0.777 432 0.747 -0.020

Icy lens 456 267 0.586 66 0.145 0.802

Part of cloud 564 341 0.605 244 0.433 0.410

Full of cloud 507 143 0.282 16 0.032 0.957* 1 ?Zp+^u\t�+^t��% z < 75◦ umq
��Q�Nmqu���)4{����f!�uAJmqu���)4{`+^uJjG��+ 7 PppV'
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Fig. 7 (a) The standard image and images with (b) icy lens, (c) part of cloud, and (d) full of cloud. The

signs of plus show the bright stars met the threshold value.7�u4{'�` 3 w\t+^uJj4{;�f!�uaoVK�+ 8 ?Zp��
�uKL�7�'�4{O 2σ ��3ÆP$s�&�'�DG�'e�
l?Kn?�3$�9(+.`8$3Ju:U�)4{
 σ uRe��e�O σ ∼ 3σ �0��gXu$s'$?�$s(�3e��7DJ:U�)Q�Numq��'℄�4{u$sS��fe�
n3��f!�u(Z�1`Q���?�f!�O 2σ ∼ 3σ �0��'
u�`iu4{'�?��>w:UuJj+U$s3e�
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Fig. 8 The standard probability of clear night and cloud cover of three kinds of image versus the threshold

value. Times sign and error bar show the standard probability and error. The symbols of asterisk,

diamond and triangle show the cloud cover of image with ice, part of cloud, and full of cloud, respectively.
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A Method to Measure Cloudiness of All-sky Images in
No-moon Nights

YIN Jia1 YAO Yong-qiang1 WANG Hong-shuai1,2 LI Lin1 YOU Xian-long1

ZHOU Yun-he1 MA Jiang-long1 LIU Li-yong1 LI Jun-rong1 QIAN Xuan1

(1 National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100012)

(2 Graduate University of Chinese Academy of Sciences, Beijing 100049)

ABSTRACT The site quality of astronomical observatory critically depends on cloud cov-

erage, and the measurement of cloudiness is particularly important for selecting a telescope

site. In recent site testing work, all-sky camera is widely employed to detect cloud. Due to

the impact of moon light, the measurements of cloudiness of all-sky images are considered

to be divided into two categories, no-moon nights and moonlit nights.

The method is described in this paper to deal with all-sky images in no-moon nights.

By identifying the positions of bright reference stars and making photometry for a set of

all-sky images in clear nights, we can set up a reference image with median smoothing of the

differential magnitude values. The standard image can be taken as the threshold for clear

nights, and the detectivity of stars in other images can be utilize to reveal cloud coverage.

Three types of all-sky images, icy lens, part of cloud, and full of cloud, are selected to check

up the method, and the effect of threshold determination on cloud estimates is discussed.

Finally, the limitation and uncertainty of the method are discussed.

Key words site testing, techniques: image processing, methods: data analysis


