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((�R�f��v�2n� . 100012)���d���7G�	}V=$�gS�=)/(D'�7Z2�q>��1gl=qg1�J$O�C�n0#��S�=)$!4�F<�`Qgar}0�'$�E�JM�9*�'`E$	SS�=)$`Q�a HyperZ ��� − l( − =)Æ=Q (CMR) �GV6P��\S Kd O$GV6P��#"WYQ��mZ}_ (SVMs) ����2�! (ANNs) �Q+�Y K +�YQ1.P�(��-t�1.���e`Q$�1uF�,�Dm-$Hy0(s�\M�D+e$S�=)`Q�7(s�~"�g p ^�}z7p��S�=)�Fm��oYQ��sj�P141.2 ��� ��Yzt�A

1 �<���R�<(<�sD&AA0[AA#R�R�X��X!�#<(�:��R�<(5�<Lk<#��I8#�v�����R�<(LS0D�_X�?d=�R'MRd:|�
R�<(�?D<$xi4��lPtuEq Puschell'� (1982) [1] #/�&�PuschellsD[�R�R��R��4k<#<(�qÆxX1b��AqTD� (1) 3D�*<�
(JHKs) 0��AA (RI) � (2) KD� χ2 P_#[E|bF� (3) q�R<(!j&�?D�D�jn#6��6��`*�I#)k<�dFR Bruzual # SED o�6��0f	.��4k<!�# SED �R6��

Loh 0 Spillar(1986) [2] -$�q/�x< (Photometric Redshifts of Galaxies) &3D�
R�<(�#H��k,~T#��/qR3D4,V4d� (Charge Coupled Device ��e CCD) S0�R�k' I = 21.5 mag#k<��+sD 6 x&AA#��W0 χ2 P_#6�� {eyv�2007-06-12 � �myv�2007-09-20nq�u��vG�R�℄%C8W> (10473013 � 10778724 � 90412016)



� 3 _ ���(�S�=)`QqM 267��ROXP!��R�<(��<k,jDXP#DM�{qR�3D� 3 x)k<# SED6�d�<jN<(��#k<jn�q 20 9t 30 J�9� Vandererkoven [3] :.1	o���3S0|�k<�[q
5 000 Å l*#kg=�_<(��	Æ
FAAR�XP?D�<(�R~T&#<
Baum � 1957 J� Baum [4] vusDR�R��6<(�?R 1962 JLN�$)�nR�<(#_P [5] �i3D�4�=n0 9 x��W�� 9 x��Whs�	 3 730 Å� 9

875 Å#�[V%�sD�x<
�kW!� 6 x-Æ�#-RBNk<� (Virgo) #�bk<#[E|bF��Q!�� C1095+2044 k<� (Qe& Abell 0801) &# 3 x�bk<#[E|bF�sDAb#CRp=�k
XJ#BNk<�#[E|bFWXJ#
C10925 k<#[E|bFGq�$���'r-Æ�_u{xE|bF�}#-(�	JS0W! C1095+2044 k<�#<(�sD�)XP�R# C1095+2044 k<�#<(
z = 0.19 ��WsD�[XPR!#<( z = 0.192 )b�*� Baum s~b}�)XP�?d*�<(#k<�t�k<#<(V%S0Æ� z = 0.46 � Baum #�)XPDRR|<(+-Æ/|��<LR`&Oq 4 000 Å{#�[�Bu�d�R<(�j0�>4DR�bk<�

Koo [6] q 1985 JKD�$)i#D�R Baum #XPdR|<(�FA�ksD�N+W�{�=n��)XPS0q�$+}C!��Qk<#<(�`��kD 4 x��W
(UJFN) �{� Baum 3D# 9 x��W����k(N3D1�#[E|bF�J<3D�
Bruzual #o�6� [7] ��)6�CjN#k<jn:>D�v��Lv�#k/D���
Koo W Baum XPP5�#D�qRC��#3D�� Baum <
��:If*b8�#�[�J Koo z<
 Bruzual #6�:If���NCR�[<(dU�R�XP�R<(#G/qR℄=ÆY�D�[�R#XPR|<(+�&�!�uju-#�[��_:w�Æb#ab+}��<CRR�dU��w�8�#℄�+}:S0!�W�[�RN�#ju-��XrRdhs#|o-F<:�[,#�!F��:6,?DR�#XPS0�+!�}Fk<#<(�R�<(.1'C&�6k<#
nJt0�I��#NbXP�lS0
$d�RMR (t	����k') :Ifk<#6oJt (t	�<(�jn0�=) �W�[R<(#XPN-Æ�R�XP�R<(#P�x/</=Æ*��R�<(>DRu<(���)R��R�<(.1�W,?D�|/�zÆ[#}FQ��6��?.�℄�If�65��RY1�#,�~B�<e�R�<(q���6&C8u`<N#,�t�

(1) �!�R U AA# Lyman �6d�6<( z > 3 #_4k< [8−10] �
(2) �6u<(jkyXeEl�4k< [11] �
(3) �6℄k<#�IX�k<#�=&R [12−15] �
(4) obk�0dk� [16,17] �
(5) �RY1#k3�� [3] �
(6) �6�=/=#�I0Y1t^#�%|k<#R< [18] �
(7) �6k<p=#�I [19,20] �
(8) |8Y1&,E06%/= [21] �
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(9) �6q SDSS �|#�XR�&�<k<#?j [22] �
(10) q$;v5�#?Dd�66%#bF [23] �q*)J&�Æq'r0.1�f#�|U<�|/R�Æ0�Rp5{b�|/��1�?R��+�/|#�XW�[�|U<�t	� SDSS �| (Sloan Digital Sky Survey ��e SDSS [24]) � VLT/VIRMOS �| [25] � VST �|� Keck DEEP2 �| [26] '&�6Y1#bW�Iv���|dk#R�B�&�}Nb,3D�dR�d�w�LN$QNb#F9Ib9~B�CR�6R�<(J��N1�rsz)R�<(_P�?�NN?#~B�	J�7|/�u�r/|#�Nb#R|<(#_P�CR SDSS �|J��lv��$5Fxk<#/|R�R���<�C`&$��xk<'r��[�R�W!��dk<#�[<(�CR`k#5�[�R#k<#<(z<*�#�	�E��r�Nb#XP�sD SDSS �|#R�R��Rk<#<(��
C�6k<#pfW�I0Y1�p=��:BNH+�#68�

2 �T�>*%aR?|/R�|#�R{b�R�0 TB |j�!! PB |jn|�|/R�hs�zx4�AA�|/�.G
vAA|/�+��	�dk#R�&z)_P#�6v��8)#.���N?#R��n_^Q��
n��^d���~$E�R�X'�Q#_℄N}�&i_P#u�58�(.#[x�`kNÆ[#�if�S08X5,?D�|/�&�<e�F)XP.f�,?D��RR�<(3x��_D#XPb&{j�6�ROXP0
ydXP�6�ROXP�:<[E|bF (Spectral Energy Distribution ��e SED) H4XP�q SED H4XP&�FAw��u$<�6��*x6�:<1!<IaÆ#�?i1!�^�oÆ�
1!�LQT�!�#��W.r�R!�#k<#��'rC-��_� χ2�P_+�:�&!��mk<#<(��)R<(#XP��?in_|Æ_�qEq#utEn_^�8�3.E�P3n SED H4XP#?D< HyperZ � SED #6�b&{j�$jdFRkN4f (t	� Bruzual 0 Charlot [27] #~T) ��$j<		.k<#�[&!�#��$�D�k<#pq0�= (t	� Coleman � Wu 0 Weedman '� [28] #~T��e CWW) ��{)6�:NF�#x/�dFRkN4f#6�SE�`DÆ|#MRX�*�`$d.�#MRj:�?ddFR	.k<#6�kA:<L�#*<(k<!��:�ÆA��u<(k<#6��
ydXP<0^d�;&[x�KD
no��R<(#XP��)XPw�$xN�<t#
yd�̀ &�`�k<#R�R�f�[<(���[<(DdS&gQ�3R�R�W�[<(�}�u$)H4<��)XP#x/qRDE?D��R�R���Ji�lDBN��#Ev�iDEdh
yd�)#K#�	�
y�)D��iD�%�D��#
y�)!�#O�d�Ri�)<(+�b3[#UY��J�
ydXPN`uN#G;�lS0|�R�#j:�F9H4�Dw�I�#k<pf0�Ij:���`Gx/�
ydXPu>>DR{)R�d#w4�t	 VLT/VIRMOS �|0 Keck DEEP2 �|�



� 3 _ ���(�S�=)`QqM 269��{xR�d#w4S0v�d!)k�k<#�[<(� SDSS �|v��dk#�[<(�S0T&oR#R�d�<e�?DP�W#
ydXP�	 Brunner [29] �Wang [30] 0
Budavari [31] #FU5O�XP�Firth [32] 0 Tagliaferri [33] #�~�1� (Artificial Neural

Networks ��e ANNs) �Wadadekar [34] #�l2|^XP (Support Vector Machines ��e
SVMs) '�q
ydXP&�LN$)Dw�
y#�R<(XP —— :t�;XP�Qei�;XP�:t�;XP<u�{qRDw�
y!j�jN#
y�):�\RC�&��i#RE�)I
+�RE�)w�9rC�&#jN#
y�)d��g4��#�)/��!n_�d�)/#wuXJ�dW!RE�)#<(�:t�;XP�`P*
� K *
�<HwuO�0-O�XP'��1C/H&.D�#z)R�<(XP#_o0?D'r��#"��

(1) HyperZ XP [35]

HyperZ XP<[E|bFXP#3n?D [35] �l<[RC�[y�#H4�i5�&gRC Lyα ��� Balmer �6�jC6�[u�#rR�H4!j<�!W	�$R�<
!�#�[6�'r-Æd.E#� HyperZ XP&#6�dFR.r�RXkN4f�sD χ2 P_I#XP�in_k<# SED W�$<
�!�#k<6��}#Y>�
χ2 �rP_#6�C?#<(i'|�&m|y#R�<(�

χ2 =

Nfilters
∑

i=1

[

Fobs,i − b × Ftemp,i(z)

σi

]2`& Fobs,i �Ftemp,i 0 σi b>&��W i&#�R�|�6��|fR|8Y�b &�$I_R�Nfilters &�R3D#��WR<�Csabai'� (2003) [36] D CWW 6��R<(#$U:=UY σrms = 0.066 6 �D Bruzual-Charlot6�R|<(#$U:=UY σrms = 0.055 2 �
Mobasher '� (2007) [37] KD� χ2 P_I#XP�R� COSMOS �|#R�<(��

(2) �� − k' − <(<P�$)�RR�<(#XPe&�� − k' − <(<P (Color-Magnitude-Redshift

Relation ��e CMR) �/j0��k<#<(D&Wl,#��0�[nN�Ji�Wk'N��#<�?ik<#R�JtW<(�}D<��#Lt<�:�DED��#Lt<d2L�CMR XP���k'���0<(#>�dRHIÆ��}#<��14,0��'� (2006) [38] #~T&tdQ?"� CMR XP�FA��� SDSS �|&# rk'�
�)bf 7 xEo} r1 � r7 ���*xk'o}G{�T���b>& u-g vs.g-r�0 g-r vs.r-i ����:[#� 14 �T���
*�T��'bf 400×400 xwE�

y�)��D�# r k'�qT��&��N?#wE�jN#
y�):��W�NC?#wE�� 1 xwEC�
#k<R<d! 25 x+�n_�
mwE#
y�)�[<(#&��?D�&�T&mwE#<(�	��
 1 xwE&#�)R<�R 25 x+�
wE#V%b�f 2 xwE#�_�pn_�+ 2 xwE&#�)R<�	�d! 25 x�n_&��	��
�{xwE&#�)R<��(NÆ� 25 x�s~
wE�_b�� 3 x�&�j����wE#�_Æ� 5 x��+�i3�)R<�R 25 ��Db�wE#�_��



� 270 �������}�0���(�~������� 26 H��n_�)<(#&� [39] �.r��x!j:<F>?XF���:[#� 1 x��0<(#>��T��&D�#N=��<D�#<(��RE�)��q[##>�&��C?/�:S0|�m/#N=�!�<(���)XP_o8���|/�u-Æ�3o�0�G��<�)XP#/|=Du��R<(#$UOY σrms = 0.032 �JiLND�j=#f&���k' r = 21 mag +�f&�& 5% �J�k' r = 23 mag +�f&�{! 10% �
(3) FU5O�PFU5O� (Polynomial Regression) P<�6 1 x:6|W 1 xXFxF6|#FU5O�b9XP�	�F6|�N 1 x+�e&$℄FU5O��	�F6|NFx+�e&F℄FU5O��`P�G/:<S0�!{w x #u�UC.R/'r,*��!#6&��FU5O�S0{o8F℄Lt3x�:&�3&R:S0bADFU5d,*�:�lqO�b9&�N,�#,-�Connolly [40] 3D�FU5O�#XP�R<(�H4u��[<(Wk'X����}#℄LtC��$℄O�#$UOY σrms = 0.057 �L℄O�#$UOY σrms = 0.047 �Æ℄O�#$UOY σrms = 0.042 �C��?O��R#{w�$UUY3C�_��<LRÆ℄LpO�#A9t-Æ��:��_�6&3DL℄LpO�#ÆF�	�L#��&S0Mu��)XP#�R/=Du�:&l�<�[<(Wk'�}#*Z<�&�-Æ=|,<8<(W���}#<�S0KDbAH4#X5��:<sD<(
�)bfkxo}�D�<(o}C3DD�#FU5<'rH4�
(4) [R Kd N#FU5O�P
KdN<?D� K*
_o
W�o[bo#Y℄W�XP [41] �[R KdN#FU5O�#[)_o&�AD KdN#XP
��V}bf�t_V}�*x_V}&�)#R<<$�#���q*x_V}C'rL�FU5O��mXP�R<(#$UOY σrms = 0.023 [35] �
(5) "!VXPD"!VXPR<(.r<df�6�ROXP0"!VXP�LR3D�A�p�04dImK�S0�$$d`kR<(XP�3B�#Nj:�t	<(bF#\^p;�k<jn�D"!VXP�R<(83C,h_�R�<(#.��q z < 6 +�(N9_�0<
UY��R<(#$UOY σrms = 0.047 6 �	�A�j:xO�S03DW!R�<(#R�#A�bFd{��qu<(��!�	�_#8Y<�3
ydXP:5P.E#�qR�xO+��)XPSE�dN{�#���Ji	�A�p�Wk<#R�Jt(<�[R"!Vo�#R<(XPS0Nb,vuR�<(#/=�-�"!V#XPG/8C6��<�)XPNSE�d$dyyE\ [42] �
(6) �lY|^P�lY|^ (Support Vector Machines ��e SVMs) <L Vapnik [43] vu#
Cbj0O�3x#
n�o�� SVM XPBN}F;�9<#u/0Ne�#E�tE�hdhG�,C� SVM XP<[R��eDP_I_o#XP�3CGR}
#[R1�eDP_I#�1� XP�_D#-&R<uV-&R�m-&R�N$xS6MR�5RQT�:J�_
`T&:�#-&R� SVMs D�q ANNs #4Fx/�t	�!=H4�<Hb_'� Wadadekar(2005) [34] sD SVM XP�RR�<(��R<(#$UOY σrms = 0.027 �4,�D SVMs XP�RR�<(�^E�z)MRO4�PG#
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(7) �~�1� P�~�1� (ANNs) �Qe�1� �b&|;5#�;XP0℄|;5�;XP�q|;5#�;XP&�� <q�;!j&�u#�Ji<|�u,DB6#���qP��A[#�q℄|;5�;XP&�
y!j&Dv�Fr6� �̀ $�>DRz)R�h�t	�)X?j��~�1� BNeY50�Y5{)� �Z���qeY5� &�Dl}NO��:�8Y,[#���q�Y5#� &�l}O�[#�:�Æ�3[#oR#����<wÆb+}XS�f�`&qR�<(?D&P�W#<FV�1� 

(Multi-layer Perceptron ��e MLP) �MLP <LV0�/Of�-$V<I
V (k'X���0f�[<() �P�$VIu�R#R�<(��"RI
0IuV�}#Ve&>PV�>PV#xR0f�/R<6I#��$V#�/1{WN
V#�/Nx��1� #��S0hf Nin:N1:N2: · · · : Nout �`& Nin <I
V#�/R� N1 <-$x>PV#�/R�t	���& 9:6:1 <8I
VN 9 xI
MR�>PV�N$V�$ 6 x�/�IuVIu 1xMR�*x�/:N$xu,�q
 ANNs ?D�R�<(#�n�e�w�Y��)0RE�)d�r� ��0
y�)#MR���Æ��PG� �pD�� d�RRE�)#<(�D ANN XP!�#R�<(/|=eeuR6�ROXP!�#/=�<e.NFT~T<[R ANN XPd�RR�<( [32,33,44−48] �
(8) P*
X K *
XPP*
X K *
XPJJR:t�;�C K *
XP�< K �#|8��_KD��8XP (Cross-Validation ��e CV) d�r� CV 8YP_�+C?# K �&PG

K ��P*
XPqR<(+�*$xRE�)w�q��V}C��
y�)&l`P*#
y�)#<(T&mRE�)#R�<(�K *
z<rlRE�)P*#
[C
K x
y�)<(#XJ�T&RE�)#R�<(�*
P#){<�lDD;
6n#p5�:�u>>4(NA��0#m℄ ((NA��0:5Py86n#p5) ��<.r���W!ÆoR#���w�-MRI�!F#�)d�N�RD�R�d.BA��0#DM�*
P$xÆ,/<w��yvH
y�)RC�&��w�*`�#C��0fT,#Eln_�qoRm℄��	�
y|�)M���Ji�$�jN#k<jn��R/=R8u�<e���N�<t#
yd<8A��#�	mK=�db9��#
yd\8?
y+}#{w��:w�3DNb#F)W�mK�t	�D Kd N�{LtW�X5�<e�C`o'#XP�"b&{)�$)<C�)d'rO�Wo�b~bV�-SE
n_h�q�*RE�)
[#_V%C�30'<,W
y�)d&*x�)'rEln_��$)z<q_N�)d&��uCbjn_Nb#�)�3�)KR4o,�����qS0Æ���n_|�QS���y|#T,b�� Csabai (2003) [36] DP*
XP�RR�<(#$U:=UY σrms = 0.033 �

(9) -O�XP-O��JR:t�;uN&#$a�lDw�
y!j�

y�)�\qC�&��!�RE�)+�*xRE�):w�9r
y�)���q$8~[V%C#
y�)�
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m̂n(x, hn) =

n
∑

i=1

Khn
(Xi − x)Yi

n
∑

i=1

Khn
(Xi − x)

,`&� hn &~[�Khn
<-&R�D-O�XP�RR�<(#�qR~[#|8�|8-O�~[#XPNF)�	��8XP�roj:=z (Akaike information criterion ��e AIC) �(��=z (Schwarz Information criterion ��e SIC) '�`&P�5#XP<��8XP�� CV 8YÆ�P_�+C?#~[&PG~[�4,F�^ED-O�#XPd�Rk<#R�<(�NE`/=uR$�#
ydXP�eeGR6�RO#XP�PG�R<(#$UOY σrms = 0.019 2 [44] �jZR Collister 0 Lahav [46] sD ANNs �

Wadadekar [34] sD SVMs �Rk<#�[jn eClass(ANNs � σrms = 0.052; SVMs � σrms =

0.057) ���'� (2007) [44] D-O�XPC eClass 'r��R�?r!���#6#��
(σrms = 0.033 7) ���'� (2007) [44] D-O��RR�<(+�3D��[jnMR eClass T&I
MR� eClass < SDSS k<&#$xDd: �[jn#MR�<�!C�[R�'r5b|b9!�#$)jnMR�<$x 0.5 ∼1 V%C#.R��h_<8&tnk<���+C?�nk<�{wmMRS0Nb,o'R�<(#�R/= (σrms = 0.018 9) �N���[jnN7RvuR�<(#/=�
k<AbjJ��R<(���T?�R (c) 
�)b&tnk<W�nk<<u�R<(�Ctnk<dU�/=vu!8S��S�C
k<AbjJ��R<(<D#XP�
3 �{+ZRIz1/�[R�1IL#z)�RR�<(XP#_of`Gx/��+N���R#<(/=D&&gR�R<(#XPJiL&gRj3D#�)fj�x#MR�:�4,�ECzxXP�R<(#b�'r
�#-Æ�&}lwb��< 1 �u�<e#8)�RR�<(XP#Gx/�0fDRR|<(+#$U:=UY σrms ��	< 1 &4,S0Mu�-O�0 ANNs #�R/=Pu�JGR SVMs �[R Kd N#FU5O��CMR 0FU5O��?iee)R6�ROXP�6�ROXP<[RC�[y�#H4�i5�&gRC Lyα ���Balmer �6�jC6�[u�#rR�*xk<#R�R�'�vf[E|bF (SED) ��!W	�$R�<
!�#�[6�'rRO�n_6�0.r�[�}# χ2 ��3 χ2 P_Id|8<(�D6�RO#XPD&S0!�<(��LS0�+!�j��6k<#jn0�=�LR6�ROmKsbsD�k<# SED �:�lq�R?d8�X(N�[<(#k<�)#<(+b�8,�#TD�?i`PÆu#G/<_o���Dw��[�)�6�ROXP#�R/=f�,&gR=|#BN�<t# SED 6���_#6�dFRkN6n0	.#k<6��Ce�J���_�$�D	.#MRX�*�$vH.��)j:�C��



� 3 _ ���(�S�=)`QqM 273�J��6�$�dF�#*<(k<�)�JB��u<(k<�)�C6�ROJ��P�#x/:<6��v#D�%t��"`�R#<(/=��R`kXP!�#���Z 1 9 �f\\hk	}a_x`owÆ����_��[ S J 2 { 2 %V;>VZ σrms`q���Ex��\� 
U0?g�'hT>} CWW 8��8�SP *�T2	-"�m>& &DP�=v& SED 8 σrms = 0.066 6 [36]

(SED) ko2�?	E
U)P �Z/U8�	�a�w Bruzual-Charlot 8���\?+&m>�*?+ ��&8�=0�_B&	 σrms =0.055 2 [36]-�9.�&UF	�� − m) `q9����2�v� 
U?+0}?Ev�j
− ?+�> 4q�2�H�Kjmb PE	k?&g'�	 σrms = 0.032 [38]

(CMR) ^?�Z	q����Kjs�z& I5&'S�>SeAE"k(Ex�p-~	 	�U>�2�*e&7 %^Q��σrms = 0.057[40]HW7Q� ^Mv�>KT2LFH KK7K�sv?+p� M^Q��σrms = 0.047[40]W7Q�	 �\?+�*9E�&� �^Q��σrms = 0.042[40]
U ;9ETP	℄T Kd P& X�bS^?�&�E�HW7Q� 
U0?�v	 SA~�z�*x�Ea σrms = 0.023 [35]9-~	8�SP[S2$#X[ B�r�&=�TG��$#X[S S&�5	T2U(|q zzG℄�
U0?Ev	 σrms = 0.047 6 [41]�f)P?+SA&Ct[S	Ex�7� "���� P&/'S&T7NSE�n[~` x�y5?&/'S2	 �%y�KjNS�>=
(SVMs)  &NS�	NS7�" W5s%�7�f0 σrms = 0.027 [34,44]��vX/T2"��( �_B�x�!8B�3qS&� 	 �	�z "&�s�(jo�
U?+0?O�v�K DI��*jo�T� Collister: σrms = 0.023 [46]�� 3 " jNSiH�
U0?S AvZ�4wh"?I5 Firth: σrms = 0.021 [32]

(ANNs) OAwv	 2J�=I`��z- Vanzella: σrms = 0.022 [47]~�	Ex��	8o���'h �zwI�z�*TD�R,�Z K ,� TSA�?5)PB��1 (�+a�&D��2h σrms = 0.033 [36]&n^	 U.&Gnpb	`q���
U0?�v	 2|�yRJ�\	�zFT
U�\o eClass wI�z�*TD�(�/Q� - s"���$7 +a�&D�2pb-~	 σrms = 0.019 2 [44]&� 	 �\�`-4whg'2&|x	
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�)� r k'�bo�C*xk'o}�uFl#T����!T���#N=�d�R<(��)XP8�3.E�q_o�}�*R|/�u#Y���<LR�XP<�k'o}Hb�C?dqk'b�Ll*#k<<(�RD�=|�Jiq�R<(+�du;xk'+�<(�Rf&�Rw���)f&<DS.B#�FU5O�XPq�R<(+<
<(H4fk'X���#&R<�sD�)&R<d�R?d*�<(#k<�)�?iDw�� k<�[�Ij:�`A|G;<_o�-Æ���|/�u�3o��Jiq
y!j&Dw�ob+}��R<(℄=8Y�CR��)J��NG;��<`x/�83C�i�R/=Du�FU5H4#&R<R?D��R<
0�)d#6IJ6I�qu<(o#�[<(�)8D�%���CRu<(k<�)#<(�R�:8DSO�
Benitz vu�$) HyperZ 0 Bayesian marginalization 4?#XP�mXPN7R�8|y#Nj:�t	�<(bF#\^p;0k<jn��/Æ<`kXPjB�#��)XP��vu� HyperZ XP�R<(#/=��<q?D!j&;dBy#UxSE"
yy:\#BT�Ji�R<(/=Du�:���)4?XP�ET&{o?d(N<(R�#BsXP�W ANNs N-ÆJ�� SVMs �I�
y!j� SVMs Dw�
y� �l�w��x4>#-&R0MR�	�MR6�!��P��#uV-&R�S0r!Æ)#�R����< SVMs #MR6w�A��0�?iMR}#V4<3MR6#!j}win�
y+}�Æb�
ANNs M	
7P���EM�l#I
0Iu�.r�l#CH��)bin�S��tY�?il(N�8#� ���(N1�#DC�q.�&D`8F#+}0/vd5i	36� 0MR�� ANN � hin�I
MRhF+�ANNs E�CR�'rÆ/|#H4�z8�3vf!=H4�JiqMRV}'r<[[i+�__I
<[b_�������wVR0�/R+w�,i
y� �N?#
y+}�R{w�	�R<(/=J�� ANN XP5-<8)#�x��`
y℄=NCÆ%�-O�B%:t�;#$hGx/�`u/<�
y�)R<8�+�w�D`Æb#RE+}�?i�D8�#C���$xu/<�~[Æ_+�NdRE�)qC?#~[C�D�
y�)���RE�):5P!�<(���d/e`&f&/��~[{�+�f&/#-�R3��j0CR-O�XP#o'<w�v�ub�#W�XP0KDF>?~[���l#<uG; —— �R/=N�u�KDo'#-O�XP
Nb,vu�RR�<(#b��

4 �L�X�#	R�<(#pL��6E;�Q�68f`R|XPuN�,/�L�R�<(_P#bj�z)R�<(_P#_of`?D��dXP[)%s�mÆ[#XX11�[R6�RO# HyperZ P�[R6oM|W<(<#�� − k' − <(<P�[R
n�_o#FU5O�P�[R Kd N#FU5O�0"!VXP�[R-o�#�l2|^�[R^
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X K *
XP�*)XPzN`Gx/�	|/�u3Ro�0QTf℄=#=N��6�RO��� — k' — <(<P0FU5O�<D#�x�	/=J���1� �-O�Æ)�qN�/=QN�SW#t��l2|^XP�)d�N��)#D�%0℄Jkt�:t�;-SE30�)#�dxI�6�RO#��{qR6�#���6�<fGh��BT�R����1� w�q	3�r� VR�zV#�/R0f3+��
y�TÆ�#Mv�Ji`b3KR<HP_��l2|^qR�x4>#-&Rf`N?MR#6�-O�,�#~TqRPG~[#|8� K *
z<qR K �#�x�:�q.r#?D&�wI4N��L#z):\��r>�#XPd�R<(�Æ<LRz)XP��qDM�{�J3!q�X1#ri##D:��Æ<�dDMf&�9�Æ[N}#f�9v�q*d#~T&�N�KDD�#R��)0o'_P�CRR��)�
?D`kAA#F�R�R��	dFRD�AA# GALEX R��dFR<�AA# Spitzer R��-O�N8�#Vt�lD&S0{M-&R�El�5�X�3DF>?~[#-O��`&F>?~[#-O�S030f&/#3x�Jiq�R/=���uR�8~[�&�wY-O�#b��S03D Deng 0 Moore [49] vu#Fb8�:t�;XP���S0h�:t�;jD#+}��)XPN{xÆu#G/�V,QT<H0v<R���
y�)o6+Dw�,i
y�C SVMs S0^EDD�#-&R�X�sD�l2|^#o'_PP_Li2|^�R<(����qR�\{o�A�Cu)R�'ru�vr�u��xdNb,�)�o'#-O�XPXF)XP#U4XP
<�RR�<(XP#�+�x��dXPD&>4RR�R���S0DR�[R��t	�6�|y�[<(#R|�;k6oMR (Nb.=�$Jd=�<1,vw℄=) #R8�K`C
d�n�[�|
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Overview of Photometric Redshift Estimators

WANG Dan, ZHANG Yan-xia, ZHAO Yong-heng

(National Astronomical Observatories, Chinese Academy of Sciences, Beijing 10012)

Abstract: With the establishment and development of large digital sky survey projects, astro-

nomic data are measured by TB, even PB, including various photometric and spectroscopic data.

Photometric redshifts have shown their superiority compared to spectroscopic ones. So far pho-
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tometric redshifts have been regarded as an efficient and effective measure for studying the sta-

tistical properties of the large-scale structure of the universe and the formation and evolution

of galaxies. We illustrate the conception, background and approaches of photometric redshifts,

as well as its application in astronomy, then mainly summarize nine approaches to determine

photometric redshifts, namely HyperZ, Color-Magnitude-Redshift relation (CMR), polynomial

regression, polynomial regression based on KdTree, Bayesian method, Support Vector Machines

(SVMs), Artificial Neural Networks (ANNs), K-nearest neighbor and kernel regression. Pho-

tometric redshift techniques have been divided into two broad categories: template matching

method and empirical training-set method. The former includes HyperZ, and the latter contains

CMR, polynomial regression, polynomial regression based on KdTree, Bayesian method, SVMs,

ANNs. Another interpolative training-set methods are instance-based learning techniques, which

are composed of nearest neighbor, K-nearest neighbor and kernel regression. There are advan-

tages and disadvantages to each approach. Template matching technique relies on fitting model

galaxy spectral energy distributions (SEDs) to the photometric data, where the models span

a range of expected galaxy redshifts and spectral types. The Achilles heel of the technique is

the shortage of large and complete template sets. The training set method depends on repre-

sentative and complete training sets, moreover it is difficult to extrapolate to regions that are

not well sampled by the training set. Unlike the traditional training methods, the best merit

of instance-based learning approach is the ability to make predictions with different parameters

without needing a retraining phase, moreover it doesn’t seriously depend on the size of sample.

Nevertheless, instance-based learning approach has the obvious disadvantage that is a significant

computational cost on large data sets. In summary, only regarding the accuracy of estimating

photometric redshifts, ANNs and kernel regression are best choices. In terms of understanding

and easy implementation, HyperZ, CMR and polynomial regression are better. In the end, the

prospect of algorithms for measuring photometric redshifts is described.

Key words: astrophysics; photometric redshifts; distances; statistical methods


