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1 �T��)le��!
k0�A�&tOzY℄X��p
5℄1|�W8(�e
5�2$�<b�℄1�/�����;
5t (International Virtual Observatory, IVO) �L�DpT$v℄1z80Q(��8s#INqzh-}o�^�g|�y��G����℄1T�E�xI|��℄XF}}L��5A$v℄1��F�hu�zp+�5<0|}j5:�x5s8A�|�℄1���wy�}+�w / ���℄1�;�A	�K&S�#<P�xw�el
5℄1,'5h��}� (�[`��m���p.�GUV=���-&�=#)|��℄1^HWLFX�pL�z$+�5<vx�iL&x5Z=4��lFG)�#��*7�d�A|iL#-Kv��xG8x5+W�E/�)�#� (Neural Network, NN) kg�x)�#� (Artificial Neural Network, ANN) 5h0e�G^l�=$&D0>NE5p�8p5h8G
K�<0�
K[`�u��℄�}� (jr7�j�M�jGW) �EG^l�P��NE�v�0a)�#��*?:B�N^L<&�<�G8^i�N^�NE�|#y�sg`L�℄1�;�>�)���Æ=X��jNE&r+b:#�v���ÆT�W^��3s�
5�v:���ÆTEh|�W^��� ,�'"�2005-11-15 � A�'"�2006-04-10��<���fl�G�M�h^l1 (10473013 � 90412016)
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2 �+�%�!{e)�#�tpFw-�6|8�p�*�ES�� ([I�,Æ	)�xD[u�Æ	[�&U�) ��)�#�%��)�x℄0}LU�6�A|#��Sy�jq�6[dd�sF<O�A�6r7	�&��NE��:Kv5�*;[	�&G8�-�|LyP�Fe�|)�xÆT8sEh��#�$v)�x^ly)�#�I|+�|LD��{=u�℄Z�<s)�xHG�Rqsu��qh)�xTq�|Lw-s�T�=^PF�℄^iqW�Tq
zTq|+u[r)�x�5��j�T�Al<s N [)�#�[)<[ (m = 1) FT�[In<[ID[-U�[t5<[ (m = N) -Tq[�)�#�	��� 1 qA�T�[� n s)�x xi rh n .
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M Ft5 () N − 2 s) U�[)�x�s℄ ω

(N−1)
k,j F�t5U�[) j s)�x�Tq[) k s)�x�u�{= (Yg{P℄)  g FTq[�Pk�℄�)�#��jeU℄F{o|[q�[℄��[)�x℄UPk�℄8Ftp���s <�+�3:+�3�)�#��	��g{P℄P\�)�P�I)�x��xe<sHGgeIr��<s)�x�TqAT<s)�x��P�7�)�#��xw+F5QVu3<shÆ���3,℄1���"x��jL�(1�t[�u�{=Gt�j<(rsTqF^b:#��E=#�8�P\q3,�7���D5h<3�T:8pAl<su3�T�HG`/+G�Tq= [1] ��x)�#��}�w=lqS^��MiL&#�*���)�#�IÆh{=���g-�MiL (learning algorithm) HG3�(^hGT 3 _�

(1) l9WL (Supervised methods): :gh�1�M�"x�jIwVuq0>Tqv17TqqY'Tq�F^Z10#�{=�l9WL�dg<QEd��F5��<s+G�"x#H8F��O��
(2) [l9WL (Unsupervised methods): kgA�1�MP�!}�" P��℄1�.v�^��Z1�j'�U℄I	�GP\ PT�|L�.v�h}��$OWLd^ZA℄1��%o (�}.I/_) �
(3) 
Pk?�M�F? P=$AP�Tq	�AuqSj|L (|kIlK) ELFuq2���P���e:3vR|k�	�E�M [2] �)�#���U	�X5hGT{O�
(1) aV#��Y|L��) K [o) K + 1 [|GDL�=s8AT�wq�Qg�PW�
(2) PV (I�=) #��|LHG�=|G��Ay<sT�#�5�=D�R8wqPW�5���2O)�#��	�&Ww*�!}?\l[==��7P}�)�#���L�(N&*��j`/<s��yWL�-�=)�#�℄X8hu(xwqh�#��5��eY�b:�jAT�℄1��-&Ld��e<:5��YN�

3 �+�%�I`n8�Y`!Z7�-)�#�5qG8�
5℄1yI��ÆT�W^�l)�#�5h�D8t�_<P\
5℄1,'���},�
(1) 0�[`�\"�P�8p�Fh�3)
K�u�[`��℄\"�P8He.sD[)�#�G
K�<gG0��$Orh�xp��	�h��*�F[`�P�w*�huTkwAe)�#��yW�5n��[`��P�
5℄155h0��W^a!�
(2) A|L�D�^N�wW?�)�#����*8s#�	�UA|L�D�^N?�wh9�|��~sxwW?=[�A�|�
5℄1y55h<3�bE�
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(3) pe���8p�)�#��D�yNEU�p	�}�=[5h�e���}��p�|Ly�HE�&�#�8�A
5℄1LH5"��=ZqWej��
(4) A�M	��T:&jGW8p���G�"x�)�#�5hd��jGW*?KI|88Aq�|LgG^N?�w&T:$F[G8}��P5�Z:F=[h-y4�
5℄1P�<OG8:x5�yQ5<�

4 ��z+�%�8�K!Z7Y`,�)�#�Fe�|�p�)�xrh�[`�P��s)�x�	�&|882�p�E�|)�xr+`/�P��-�[d��s5h�e��M�^i�9	�GW��\"�`L����D�y&[`�a?#tOG8y8p�s5"���℄����3,�n&U℄NB�mUT�8&3<3�Tq��x)�#�$O*;�6Gp�}�R��X��p<PL&ÆT')��x)�#��*�[qLn�0a')&W^tD�[OK,*�Us �h�*�-D[l4^�jr7)�#��&oK�℄)�#�& Hopfield )�#�#��
5�W^IX5hGT[O*��
(1) ao)�#��$F<O^[E��#�	��<[�)�xTqA&T<[)�xu�$O#�	�}BG^l BP iL (Back Propagation, BP) sGl9�W?���M�A5uqhÆ���"xi#��"x5#�+5h0e�T:8p=�A
K24℄18HGvqwY�s5h;�Q&A[`�0���I#b,0a�
5�IF���[dÆT�W^X5^lY�3B [3] �~P�w^_ [4] #W$�elao#�	�5h0e�8s8p:dW^�A
5'}%�P�NEI [5] ��[�,F�MOvg<v��#���M`L5hL<3�&AU℄����-'l�
(2) jr7\"#� (Self-organizing maps, SOM): �$O#�	�I�<[5n��e8�s)�x5nh8E���P��[q[5n��PZC>FaV?�#�	��sS^[l9(/��MW?"x!}e℄1v5t)�x(/AT�*?�iWNDt5�<s)�x8h-(/�H0#Dz3vh��u�{=fewhllH0)�x(/�Wo10$<H0)�x+P\�AT�*?�^_ [2] �Al<su3�p.℄1jr7\"#�HGl^)�#��[`��P�s�[�<.IH.Mn�D�H8&my>℄1Mn��U	�7ZA℄1�}.=5w5hHL�G88w�(p.℄1�jr7\"#��
5�IX5^l^_�1~q~P�^_ [6] ��m^_ [7] ��W^_ [8] �x�"`(^_ [9] �~�^_ [10] #�� SOM :��<3��℄�Q-s�GTq[��s)�xZÆ�.<_*?qG<�Tq[I.sTq)�xn<�D�Cg)�xqÆ��g*?|L}P43��5elAT�℄1�}. SOMBt�T�℄1Mn�%YD,j�℄13,n�8�P�
(3) &oK�℄)�#� (Radial Basis Function, RBF): #�e 3 [rhT��,A|+T�|#�U�[U�[�,eqpb%�℄_d�b"w^�℄�hETq[�



� 4 Z gjj$��y*�$���6�J X_ 289�,�dFp��`��℄�U�[�,I�w^�℄ (K�℄) AT�|#z-P`/iW:+Fa�T�|#E�K�℄�I1R+5U�[�,z`/���Tqe�Cq$O#�5h-P0�8p�[u�{��MÆ2�HS^ BP iL���E( RBF#�& BP #� (=^ BP iL�ao)�#�pg BP #�) <3H�d
*u�[`��℄{#�X5sB�l=^L��w^�℄ BP #�I�U[�,=^�F Sigmoid �℄[�℄=�T�MnA_��R+7-[�=E RBF #��w^�℄�F-P� [2] �
RBF #�S^&3}-Ov�`�b:iLDi>5h,<td0�,�b,Q� RBF#�G[	�p�"x�jQg#b,��D�vw��4��h|��
5�IdW^l�W�j5^_��W:B���p [11] �1~&~P�j5^_ [12] #W$�

(4) Hopfield )�#��$F<OPVC�#�#�I��<s)�x8zj\�Tq��u�{=|euqh[r)�x�5k8�Oqh[r)�x|+�Z�|L�#�I�)�x� t 5J�Tqw7�n�(qj\ t− 1 5J�Tqwh��[w9:HG^^^WjZ�+�PV�#��<sP5},+Fs5h<3w��#�	�<3w5s�8|�℄ts�$i�8|�℄LFCKN��8|�℄AF��	�?�qCKN��8|�℄i?<CH�+#�w�9:rEFHG?1 Hopfield xw����L���w9:DtN8�	�.sQs=�0>�℄ [13] �#�Ov+F?8|�℄	�Qs=����<stb:=��0>�℄a?h#��8|�℄�=��9|AWl#��w3� Hopfield )�#�+8�^l=b:r+=��[�
5�IdW^l�mA [14] #xw�
(5) PCA )�#� (Principal Component Analysis Neural Network, PCA NN): <��h{[ (T�[&Tq[) �aV)�#��<sT�g{5Æ�PF�℄^iTq
�"<3���Æh{=L�(�M9B�q#��5pR	\�v1�M�?)�xn�PVu��?HG�#�	�^-^[?&P�?�^[?�Æh{=5WZp&�EP�?�-0�p&�Al[`�=�HG^[`� PCA )�#�Ie PCA )�#� (robust PCA

Neural Network, robust PCA NN) Zy�$vWL9�A℄1y�I�w}+;|��r���i|Q��Ap.
5℄1��wy5HG0�(7ZA℄1}.�}+o|�w��m%o&0>zY# [15] �
5 �+�%�8�K!Y`el)�#�[dG^ly℄1�[`���P�y�=�5L�5�#�7PqI/�	�9:QE+ÆT(W^l℄1�;&4:IZIGL��#�*�^B7Z℄1�/_�^_��s�C��*?:B#DO
E��l[OX5�)�#�*��b�,U[�
5�I�W^�� 1 qA�h�)�#��
5�IW^�fR� HUu5\ [16∼18]�T$zfR� <v)�#��
5�I�5�W^Dm�
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�� Ta�=U~M��Oh Z4C [3]

MLP ) BP jM) F	"X�Æ>℄b? =��Cd	℄b?� �Q�y`` [4]����G_Q}Hm: #ys["V_�J^o Q�OF [5]"X�#y|>�V;: .QRt�CV_��(rg
 m�V\�."�xBf���
ls8℄#&� (SOM) 7jBm:�l7�x <	���ao~/6E 2� / �Q`` [6]�.HV[`~`J�0 Cu_3o"	Q��U �n`q [7]`�7�)�.℄#%~ �-���6�``�� X`` [8]:�j^oIM;�:� �℄o-�U�"W6� �A`` [9]9[_3~/�Jao_ ��&�Æ�j �"13~;
 "Ry�O6�M:i�y"`C
'pM�_, &� Tam:XM�&��� M�_L{5H���C Xl7`` [11]

(RBF) q��Pwh=S�6# 4.{f:r����� 2� / �Q`` [12].QRt�℄b.Q1 �8d	"��)#yj� / ~.1�:r)<, MjPwh=�
:rg

Hopfield , &� m:�O�Iaotha :~�_=�^o.QR Æ9�nBd [14]M�{fd;?�%
 t>�,M:l7�s��GM:
�~.ut>�%4BMq�&�udÆ

PCA , &� 7jls8�l�O�� C�}$`<:r��G �.�x [15]j^o�x�.<~�I jMJ,:�{f℄b 1?{Z [15]Hao~/�u���G ?��Co℄b?�u 2�:ub`J [1,19]s��j~
 !a℄b PCA , &�Jg PCA , &�


5.1 �1=*}�m:BF��m^h�kst5}��svD�wl�y0>�℄X�j�
5�m��<smf=8F�*!�|#&
���|#52gQ��5QV���m:B�>d��m:BWLLGEy5h}S�H�
5�mQ-h�
5�m5h�`s�<#Z�Ds�|�L�n<�*�!�
�&Q9*!#�mU�5Q�
���m�zY^0i�HUD^�pb��-#w�g��m:B����
5�e�d9�l^�m�qZ�C�I�)��I-/�U℄A
�^_�E$OWL"5e�5
Y#DV4���*v�
Y#��0:D[i^_	��E��0D=���+GU℄���Q�EPs 5nL8I#042��z�.Iwp.�[�H.��L�=�D�
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H.}��le�xG8')�I�qZ�<vx�℄X&WLZ=$v=�)�#�+F[I�<O�-�=
5�m:B=�F�e ���ÆT�')�Bertin& Arnouts [20] �q�<Oj5(�
5�mI�w|�℄X (SExtractor) l^"xD[ao)�#�Z*;
5�m8�0�(!hA1~&~P�m�:B� SExtractor �X\}�F8A��mItO�&~#�
���j5yQ�}BG+l^H��- ~P
Y�m�Andreon#� [15] I��)�#��v% NExt 8�j5(A
�zYA1~ / ~P^_� NExtV^[`�Xh^^H�w}+z�smf�[�X;|MnI�H��}+o|=w-[l9)�#��T�=��[l9)�#��mf^-C�&*!{_
^<|U℄Z:BP2C�D�s ^tN=C�ÆY��:=�mwglK�5\ [21] �)�#�qsH9?	+A
��m��:B�Q-
5�mhL���<#Zr V^sH9?A�m��D^;�^H^q1~&)X
�zt��-
^ SOM A[pP^ (%W�|&*!) ��^�$OWLA�h�-�℄1�Zq)X��F�5"�	���<�m�)�#�$O*?:B℄X�
5����℄m!

Y��m:B&0>zYIF��Z�XAqb��w�����u��
5.2 �> / >9��)�#��
5℄1�;W^Itdu�+F1~ / ~P�^_�
5�eF�=^)�#��1~ / ~P^_Iv��|�xww��<3�h|� Andreon #� [15] l^D[l4N)�#� (Multi-layer Perceptron, MLP) A1~&~P^_r z℄1^h 3 s;o�iT^B^l"x�Sj&YN�VA℄1��}+�w
^�w�}+"x MLP)�#���L�"x�E=�M	�tb:t5ZSj"x	�G&3[G^l0s℄1� Miller & Coe [6] l^ SOM A1~&~P��^_z���	�q�x^_H��	���2��q SOM AlQ_~#- 20 mag �~P^_d��- 98% 	��q[r^_WL��`Q��"x5L�5�|��xUq7Z�^_�j5:�
5.3 ��!���W^_F1~&~P
5�I�<sP5�')K���d�1~�W^_Fe`eS^�xI"�x�WLz24W��1~�Wq>d�1~�Ww2��EH�1~��W��$OWLu�&Rs�X
Qf[i:2��4G�h�<�>d�le!
k0�|℄1�qZTh�5puid���Wj5yP��)�#�w-<OP5��xG8x5F��$W$���ÆTW^�

Vieira & Ponz [22] ^B^l9 BP #�&[l9� SOM A IUE >d~�&���W��^_Dq�x^_w�2�	�IZ^��0s�)${OWL887Z&2KN���W℄1j5^_EL�5�x^H�W}�Q�Aly�|℄15h0��KN�
Bailer-Jones#� [23] ')�l^)�#�A MK �W��j5^_Al%�Dp|L�1~�W℄1V^Xh^^H (Principal Component Analysis, PCA) WLA[��%ort�-̂ bq1�W
zy5�℄1w-)�#��T�=^D[l9�)�#�	�z MK ��W��<#Z��^_A�~&4~�^_d��	�� 95% a))�#�
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A0s��H?��W������^_�xtn&�Q [11] 	+�sH9?q&oK�℄)�#�A�Wj5^_[:B�2
PCA }+�w	+ RBF )�#��^_WL�p�0DEi[iL5h0���#�}�8p:0e[dG+|�2�&�
��W�j5:B5h0p�W^j=� Bai #� [12] � Kalman�^q&oK�℄)�#�	+A1~�W��j5^_��aSnider#� [24] �^)�#�WLAP�W~��.�W���^_�leDOWLq)�#�WL�	+=^�Wj5^_=�z��hu�=^_�g<&d��:�h�p�
5.4 �>9��.��~P��w^_�sV�n<')I0P5sh℄lw�(uq~P*�=� wIl~P�	�U[.:�j�A~P�w^_�dF
℄"'M�E$5ph<3�℄8&`;4:=LF�I�xw�0ale�K(b'}%&��*!
k0H��- ~P℄1�Z�D�*�$v℄1PIA~P��:B&^_F�a
5�e$��&���
��F^iN�I�&�xG8�qZ=�=�8��G=�

Goderya #� [25] �q� 3 Owo~Pj5^_P��W�[I<OGa�h��xW�F=^^iN�w~P �}+
l^�x)�#�woj5^_P�A~P�w��^_��5r uq��OW��<sy��Naim#� [26] Kl~P^H?Fs�Zq��wA~P��^_r ^)�#�j5(�w�m℄1Hw~P�J n<&�4℄#�w}+D^$v}+Z"x&YN#��E7ZA~P�w�^_�r zH��	�q 6 3`e�^_	�A2IZ^��[ds�))�#�HG0�(W^l~P�w�^_�
5.5 ���ÆF 	~P3B (Y~PbA
Y#���g<) �
YsV��IQ-P5�3BbH^�W℄1:H^Y�℄1ZY|̂ �W℄1k�Y��3Bd��"5e�Y�℄1kL�d�DhP�F^���IW^l��3,�Q�0aAl�3,H=^Zj�<D^IP��DH?�Y�℄1DH^�W3Bw-i#=^l9)�#�AY�3B��S��

Vanzella #� [3] =^ MLP ZY33B�G*�&$�<w-U℄W^�[hL�℄|)�x��[I[#�	�wYD�~� HDF-S �Y�3Bz[	�qFh5\I��W3B=wA2r �q� 0.1 < z < 3.5 �3BR+7Y�3B&�W3B;+����r kA SDSS )<�KZ��3,�W℄1�s3BR+ (0 < z < 0.4) 7��wY�3�����	���WLW^l�3,℄1P5^ig<0Q�A 105 s~P��3B�Y^ Pentium 3 � 1.1 GHz �^iN�^�[&�
Collister & Lahav[27] �q�<O=^�x)�#�ZS�Y�3B��v% ANNz s8�3BF4�"x#I�M3B&Y�℄1��P����|hÆ���"x#�mUT ANNz 2|��* KIWLw�w�bE� ANNz �v%�y SDSS )<�KZ℄1��jI��L3�3BR+- 0 ≤ z ≤ 0.7 5�3�3B=?WF^- 0.023 �
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5.7 #-GJ0a)�#�℄X�
5��vI�W^F��ÆTt��$q� �W^ >h�DP5W^�Av29���j5zY [28] �*;v2a&7�b��^^N [29] �j5�31~�_U℄ [30] �A_~� (QSO) &Q�3 ~P (ultraluminous IR galaxies)GUx�"`(#}S
��:B [31] �DO�*;℄1�^ [32] �Ak$DTq�F4||#�-�: [33] �DH?℄1�^_ [34] ��~F5 [35] ��sV`""S℄�eiI^;qx�"` [36] � CCD �℄�zY&^_ [37] �ZjC>a%�m�W�zY&�w [38] �L�#<&4<�w' [39] �'}%�~ [40] �HaU℄zY [41] �'}%�<� [42] ��~~��^_ [43] #�
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5�I���ÆT�W^�(A0a
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The Application of Artificial Neural Network in Astronomy

LI Li-li1,2, ZHANG Yan-xia1, ZHAO Yong-heng1, YANG Da-wei2

(1. National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100012, China; 2. Department of

Physics, Hebei Normal Unversity, Shijiazhuang 050016, China)

Abstract: Artificial Neural Netwoks (ANNs) are computer algorithms inspired from simple

models of human central nervous system activity. They can be roughly divided into two main

kinds: supervised and unsupervised. The supervised approach lays the stress on “teachin” a

machine to do the work of a mention human expert, usually by showing examples for which the

true answer is supplied by the expert. The unsupervised one is aimed at learning new things from

the data, and most useful when the data cannot easily be plotted in a two or three dimensional

space. ANNs have been used widely and successfully in various fields, for instance, pattern recog-

nition, financial analysis, biology, engineering and so on, because they have many merits such

as self-learning, self-adapting, good robustness and dynamically rapid response as well as strong

capability of dealing with non-linear problems. In the last few years there has been an increasing

interest toward the astronomical applications of ANNs. In this paper, we firstly introduce the

fundamental principle of ANNs together with the architecture of the network and outline various

kinds of learning algorithms and network topologies. The specific aspects of the applications

of ANNs in astronomical problems are also listed, which contain the strong capabilities of ap-

proximating to arbitrary accuracy, any nonlinear functional mapping, parallel and distributed

storage, tolerance of faulty and generalization of results. We summarize the advantages and

disadvantages of main ANN models available to the astronomical community. Furthermore, the

application cases of ANNs in astronomy are mainly described in detail. We here focus on some

of the most interesting fields of its application, for example: object detection, star/galaxy clas-

sification, spectral classification, galaxy morphology classification, the estimation of photometric

redshifts of galaxies and time series analysis. In addition, other kinds of applications have been

only touched upon. Finally, we discuss the development and application prospects of ANNs.

With the increase of quantity and the distributing complexity of astronomical data, its sci-

entific exploitation requires a variety of automated tools, which are capable to perform huge

amount of work, such as data preprocessing, feature selection, data reduction, data mining and

data analysis. ANNs, one of intelligent tools, will show more and more superiorities.
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