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3.1 q-vu#n
<UYV�4� ;EkMGs'RAlH�kDy>�e�X�SI�s''xi�4;=�9�X>Ki�� [1]. v, f(i, j ) |;,s'is'E� g(i+u, j+v) |�^y>s'X{M (u, v) 'Sis'E� (i, j ) |6Ay\R)�� M×N |s'OW��<UYV�4HM|

R(u, v) =

M
∑

i=1

N
∑

j=1

f(i, j)g(i + u, j + v)

√

√

√

√

M
∑

i=1

N
∑

j=1

[f(i, j)]2
M
∑

i=1

N
∑

j=1

[g(i + u, j + v)]2

. (1)Ek (1) 9nUPI�s''xiV�4�M��1�4�M�GM��X4��kDN<iU� k�P�4HMiPZ)/UP�4�i�- (u, v), TiI�s''xi�X�
3.2 ='
72�2^*Q;^℄}|�)iu�7����U�F��s'RA|"q 256ji℄}s'��SÆP8�12�^y>s'z;,s'8�12iB)i|I�s



5 � wDDm�i�\�3u)'Jz�W�k#�K� 443''xi�X��U�{_`M�nUS}7�v, I (i, j ) ℄*�u℄}s1q i 9q
j Pi'Rsi℄})��8�12nU+9| [2]

x0 =

M
∑

i=1

N
∑

j=1

iI(x, y)

M
∑

i=1

N
∑

j=1

I(x, y)

, y0 =

M
∑

i=1

N
∑

j=1

jI(x, y)

M
∑

i=1

N
∑

j=1

I(x, y)

. (2)

3.3 Hough Vw

Hough '\;s'4xL;M4x'xiU5'\ [3]. 9k Hough '\y>�i~A��	v,�i;M�M| r =

√

(x − x0)2 + (y − y0)2, 91 (x, y) |s'1i8�Y<s� (x0, y0) |8�12�-� r |8����Ek Hough '\y>�4��Q}�1nP x0 � y0 i2k�)
z/�;M4x (x0, y0) �"Y����s'4x1i[U"Y<s℄ ;M�M�$!nU
A� 3 ~4x (x0, y0, r) iÆ �~�<s�9rw�oU�hwP��i|y>
A��U���;M4x�"Y��/M>K�}�;M4xhwP�isfq2k3{U�C�3nishei8�12�-B
!�Z�
3.4 k��t
�QlN� ;Ek�Q�\lN8�Æ5�k�QlNHMif)sQ|�12�- [4]. 8�i�~�QÆ52*:|

I(x, y) = Hexp

[

−
(x − x0)

2

2σ2
x

−
(y − y0)

2

2σ2
y

]

. (3)

(3) 91� H |�QÆ5i�)� σx � σy |I"�*i)BB��'9I%��M��(y�$��"A/{Y|�$9i89��q
z = p4 + p3y + p2x + p1y

2 + p0x
2 . (4)

(4) 91� p0 � p1 � p2 � p3 � p4 h z |z (3) 9�($�ei�$9�M��s'1iZq8�s (℄})3| 0 is) ℄ (4) 9�EkP-�L~Ai2Æh�$9#�M���$!I9�e4�2h8�12�- x0 = −p2/2p0, y0 = −p3/2p1.

3.5 3�t
`u�lNi8�12x�U�;$!P-�L~Ak�= �8�Y<���he8�12�-iU� [5]. v, E |8�Y<sigN��8�12R) (x0, y0) 2p�9he	














x0 = (x2x+xy2−x3−xy2)(y2
−y2)−(x2y+yy2−x2y−y3)(x̄ȳ−xy)

2(x2
−x2)(y2

−y2)−2(x̄ȳ−xy)2

y0 = (x2y+yy2−x2y−y3)(x2
−x2)−(x2x+xy2−x3−xy2)(x̄ȳ−xy)

2(x2
−x2)(y2

−y2)−2(x̄ȳ−xy)2

. (5)
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(5) 91� xmyk =

∑

i∈E

xm
i yk

i /
∑

i∈E

1, (m= 0, 1, 2, 3; k= 0, 1, 2, 3), (xi, yi) |8�Y<siR)��1 i ∈ E. �lN�ins;�US}�7��}T!���`�aG�)YT)ii"�C�3niT)4hei12tB'Y!�`��
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Gravity method
Hough transform method
Gaussian method
Circle method
Normalized cross−correlation methodu 3 x �+�YÆDz��C (µ = 0)

Fig. 3 Results of shift of x -axis (µ = 0)|M��k5U��9�U6{w�Ek (6) 9nU'Ju
s'i4
! [6], Æ�3n4
!
9�#U�i�Xy>
9�
SNR = 10lg

[ M−1
∑

x=0

N−1
∑

y=0

s(x, y)2/

M−1
∑

x=0

N−1
∑

y=0

n(x, y)2
]

. (6)

(6) 91� s(x, y) |A!s'� n(x, y) |
-4K�p'JÆ�℄�&g Hough '\�L�lN�iy>
A�x;�B�dT�T+�72���QlN�L<UYV�4��9Æ��s 4 i|4
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Fig. 4 Results of shift of x -axis
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Fig. 6 Results of stability measurement of y-axis
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Normalized cross−correlation method

u 7 r 5 Ou y �+�Yz�L{d>7rzY�#
Fig. 7 Results of image shift of y-axis in the fifth set
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A Comparison of Several Image Localization
Algorithms in Astronomical Instruments

WANG Li-li1,2,3 HU Zhong-wen1,2 JI Hang-xin1,2,3

(1 Nanjing Institute of Astronomical Optics &Technology, Chinese Academy of Sciences, Nanjing 210042)
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(3 Graduate University of Chinese Academy of Sciences, Beijing 100049)

ABSTRACT In some modern astronomical telescopes, improving the precision of fast image

tracking system can usually reduce the affect of astronomical seeing and suppress the track-

ing error. Thus, the luminous light and the quality of scientific data can be improved. The

errors of tracking/correction systems could be corrected by calculating the offset of images to

improve the precision. In this article, five algorithms, including normalized cross-correlation

method, gravity method, Hough transform method, Gaussian function fitting method, and

circle fitting method, are chosen and studied according to common practical applications.

The accuracies and stabilities of these algorithms are compared by experiments carried out

in different noise background. The experimental results show that the normalized cross-

correlation method and gravity method are of high accuracies and high stabilities, and will

be used in the high resolution echelle spectrograph for Xinglong 2.16 meter telescope and

instruments of the Stellar Observations Network Group project.

Key words telescopes, techniques: image processing, methods: numerical, methods:

laboratory


