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LAMOST z�O�s���#L, (Sloan Digital Survey System, SDSS) p$?�� �C-*CQ*s(s	zS��℄3�=��s"l?3K� jl�?fp�&I"(sNe$?���r3Ne$?���Q:�i,"℄l:8�M℄-:pjo?f�'Y�℄*_nh&��I"pGF3℄ :�kp�u��L�&_nI"	:dSYpI"��I�p:�M℄jo?f
B:�&I"l�%�M℄p`e?f�G*rj�7�pn�&I"l:�M℄p-:jo?f��XW0�I�pn'�:&I"�M℄p-:jo?f��d�<<�&I"l�M℄jo?fz'�%Yy$?^�^QU�m�fhL��:�I"GF jh�?f6'�%$?�pDL�|3EU8��TI�.XI��Ne$?��mY(r�p���d~��0	0\�p(d�.3I"�u�_�D��(+ZJI"��%GF3℄:L�p�i(m�`�#X�LAMOST z SDSS Ne$?��	mr3S���L���y��s"℄�(sp�'r��
m	.FS���L���P�8U�m�fhL��r3.L��z�y��s"℄�lppJTEz���s"�
TEpz���s"6℄3��s"p_DL��`�I��Ne$?��m�8�.��+E���, LAMOST z SDSS Ne$?���-*pmr3~;�p�+ ��zS��S���L�:loOf�8	�"K��<<��-��/�.K�67i�'Y��3	�"K�67Ip����℄*�y��s"℄�lppJTE6.�_�%pz���s"��ÆTEpz���s"6℄3��s"p_DL���d�:�_DL��`p67���6m�+Ne��L��:l�4Ne��
��I
*[67	�6O67	�_�^p ��SI[67I:�Q�8��G�.67�:lop�8n9pO67I:��npNe��L��~;h�+pt�(�	/np"(��X:87�+p��
m	�"K�67Ip�+"�:lpn>4pNe��-��y�(�*Oi	�"K�p67�/"�g'pZ�Ha�N?�A[ [4] ��/(�UÆ� (Improved Genetic Algorithm, IGA) %*3 LAMOST Ne$?��p	4l�+~;�_��. �pEÆ
�0l��p�4�hm��p�Y�+�Q�0zD7+�+"pI��`|;+i (Particle Swarm Optimization, PSO) m�o�upr3; p87+i�~ [5−7]. `|�+pjj*:S� po%�W�aj�; lp��8 (D	�8 “ `| ”) I�=p	�"K�[%a���P�+"��8`|<<��Qz; p/�Y`���U�Qp
�\?f�:l℄YI��+2x�`|y��Q�+?fz; �+?f(s���6'�*�h	�Æ�(+�PSO E*po.CapuhS�-87	�z7+�4�
�=0EsZ���(Q7+�+^�
-v�� [8−10]. q2�.3 PSO ℄YÆe�wdP�+i-�4�_��UÆ� (Genetic Algorithm, GA) �=0``+l [8,11].

PSO ��L�%*3:o+iE�l�CR/6{.��g [12] �AH(� [9] ��W+i [13] ��u�
L,D�+O� [10].�3 PSO p+!u��G�� PSO $Dk LAMOST Ne$?��lp.��+



5 & 5 Vx�t5b~=-kr LAMOST Pg&A��"� 415E�l��Q�or3 PSO p LAMOST Ne$?�� ��8A�[CQ	| 2 �;Q PSO pr�<Y�| 3 �b�r3 PSO p LAMOSTNe$?��Æ�rI�| 4 �;Q_D℄��Qz'(I��d��8A(s���
2 T�^�C

PSO m. Kennedy 'j\ Eberhart 'j3 1995��Qp��p;Tm>3��;�\s:p�� [5]. ��;�\s:pF9�Q�
�; lp�88 �<�Q/�Y`z; l'�8 p/�Y`S�U'�\t3��6m�'�\TImr3U8; �ppJAeuh(sp�� PSO0	pÆe"qCQ	; lp�8`|p?f
�l	�"K���+iAHp�8I�"��8`|�%"pjj)T�.`|?f
Do%�W�Saj�I��Yp�
l�̀ |Cj���,:b	�kp�+?f%6 (8 BY), +Z�jU8; �,�	�kp�+?f j�
%6 (Nm�K). I�<Y�
CQ; lpÆ`|�YlI�p87�+"��}; lp'�8 �j.`|G*��.`|,*p19(sL(p	��O; l`|��: N .`|p=�: D, �8`| (1 ≤ i ≤ N) =0CQx�}u	I	�"K�lpi,?fX i = (xi,1, xi,2, ..., xi,D),i,
� V i = (vi,1, vi,2, ..., vi,D),	�"K�l8 S,�+?fbj P best,i = (pi,1, pi,2, ..., pi,D). ; pJ	I	�"K�l�	�kp; �+?f Gbest = (g1, g2, ..., gD). I| k (k = 1, 2, ...) Y�
l�|
i 8`|
��?f<< (1) h\ (2) h>n	

vk
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i,j + c1r
k
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k−1
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i,j ) + c2r
k
i,2(g

k−1
j − xk−1

i,j ), j = 1, 2, ..., D , (1)

xk
i,j = xk−1

i,j + vk
i,j , j = 1, 2, ..., D , (2)'l w :Hu7r#|�L� c1 6 c2 �i�
#|� rk

i,1 6 rk
i,2 :I [0,1] �9�CC()ph�u����0p i ∈{1,2,...,N}, . (1) h:� k Y�
Z�8`|p
�>n� (1) hvY2�| 1 f:`|�S,
�p�Jf�| 2 f�i “BY ” f�|`|p�G�F�| 3 fm “Nm ” f�
�`|�p^	�	Oo%�W� f m�`i��+iW���8`|p8 �+?f>n.Qh:�	
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


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best,i)

. (3)�U8; IS,	�*sl�np�+?f Gbest >nCQ	
G

k
best = arg max

P best,i

f(P k
best,i), 1 ≤ i ≤ N , (4)
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�p�J�u�'Mhz; p87	�z7+�4�
�p!a�`pHu7r0℄387	� (D�n19),�Z�kpHu7r�\
; �7+19p�4>L(�:l5n�XpÆ�wdu��)>-*℄u~�2x [6], .Qh:�	
w = wmax −

wmax − wmin

kmax
(k − 1) , (5)'l wmax � wmin (!m w p�`^\�k^�)>Of wmax=0.9, wmin=0.4, ".�D}p�`�
Y�Of: kmax.:l��`|%XO�p	�K��y��8`| i (1 ≤ i ≤ N) p��= j (1 ≤

j ≤ D) p�`%s
��?f��\h�
'|��QMM	
vk

i,j =















Vmax,j vk
i,j > Vmax,j

vk
i,j −Vmax,j ≤ vk

i,j ≤ Vmax,j

−Vmax,j vk
i,j < −Vmax,j

, (6)

xk
i,j =















Xinit,j xk
i,j > Xmax,j

xk
i,j Xmin,j ≤ xk

i,j ≤ Xmax,j

Xinit,j xk
i,j < Xmin,j

, (7)

Xinit,j = Xmin,j + rand() · (Xmax,j − Xmin,j) . (8)'l Xmax,j �Xmin,j :	�"K�| j =pI�Q�$5^�Xinit,j :BQ�$5^ZpwW^�rand() : [0,1]�9�CC()p�u��Vmax ,j )>5 (Xmax,j −Xmin,j)/2.�
#| c1 6 c2 +�Mh�Y�
l`|p��
��)>���	O: 2.0[6],|�i`|p�GBY6; �K�
_+���p7r!C^	: 1.

3 F�T�^�C' LAMOST  g��.�84.3I"�u�_�D��(+ZJI"��%GF3℄:L�p�i(m�`�R6:�l��L�6S���L�p :(mBT��p�9�G�l�Y�y��s"℄��CIIS���L�,*p"K��9��)T6^�TE����L�Qpz���s"�G�TEpz���s"6℄3��s"	_DEÆ�
n_DL��`Z��%p��L�|:Ne$?���Q�
3.1 +�ulKPG

LAMOST \ SDSS i,�-*pNe$?��W�: 3 �U�m�fh�|S���L��V 4 8S���L�f�O: P coe = [pcoe,0, pcoe,1, pcoe,2, pcoe,3], �}.S���L�:�p��GF3℄:
λp(s) =

3
∑

t=0

pcoe,t × flt(s) , (9)



5 & 5 Vx�t5b~=-kr LAMOST Pg&A��"� 417'l λp(s) : CCD h�?f s S��%p��dp$?^� flt(s) :| t �U�m�fh�%f�, 4 �U�m�fh�_hCQ	






















fl0(s) = 1

fl1(s) = s

fl2(s) = 0.5 × (3s2 − 1)

fl3(s) = 0.5 × (5s3 − 3s)

. (10)�S���L� P coe :loOf�8	�"K��.K�I*S���L�p�U�9.� Cran = [cran,0, cran,1, cran,2, cran,3]�i�|��L���=p5^�9: [pcoe,t−

0.5× cran,t, pcoe,t + 0.5× cran,t](t = 0, 1, 2, 3). CNe$?��L�p/"II� 4 =K��(s�.	�"K��p�� COE � :	
COE = [coe0, coe1, coe2, coe3] , (11)'l coet ∈ [pcoe,t − 0.5 × cran,t, pcoe,t + 0.5 × cran,t](t = 0, 1, 2, 3).

3.2 n++�ulv%}Y+�(Z`�ITEz���s"Z,�S%L℄3��s"���s: LAMOST i,�-*p$?��s�.3.��sb
��s"�M℄���.'b
�M℄p-�:!�`�C�b
��s":^%L LAMOST Ne$?��0	�b
p�y��s"℄�C� 1 �m�� 1 LAMOST �/,
)0_y
Table 1 The emission lines of the arc lamp in the red channel of LAMOST

Wavelength Relative Wavelength Relative Wavelength Relative

(Å) intensity (Å) intensity (Å) intensity

5852.488 740 6382.992 7000 7535.774 400

5881.895 650 6402.246 20000 8136.406 150

5944.834 1900 6506.528 10000 8300.326 300

5975.534 500 6532.882 2800 8377.607 1400

6029.997 550 6598.953 4000 8418.427 250

6074.338 2200 6678.276 6800 8495.360 800

6096.163 3900 6717.043 4200 8591.258 320

6143.063 7500 6929.467 5000 8634.647 300

6163.594 2000 7032.413 12000 8654.383 600

6217.281 1500 7173.938 850 8680.750 200

6266.495 4000 7245.167 4800 8782.189 600

6304.789 1400 7438.900 1500 8853.867 150

6334.428 5700 7488.871 500 8865.306 100℄3p LAMOST b
�=��s"/M"dTEK^: 250 × 4136 p��s"�<��i 250 &IUp�=��s"�5K� jl�?fpÆ&�=��s"�Ne$?���:l�yKS���p(d��.�=��s")T�8!hw$+ (64�[W���wEÆ), G��!hw$dp.&�=��s"D:℄3��s" Arc. b
℄3��s"z'7+O�C. 1 �i�
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/ 1 
Æ_5��u${)9,P� (K$�� 7, KW� 111). (a) <4Vr�=��u$� (b) <i��
1200 ∼ 1800 r��u$P�

Fig. 1 One certain observed arc spectrum in the red channel and its section (spectrograph: 7, fiber: 111).

(a) is a complete arc spectrum, (b) is a section of arc spectrum in the range of 1200 ∼ 1800 pixels	�"K��A��� COE �%p��GF3℄�IW� (9) h� ���dp$?^ λ I��i:D3 CCD h�?f s pW�	
λ = h(s) =

3
∑

t=0

coet × flt(s) . (12).3��GF3℄=0e�u�I/n'�W�
s = h−1(λ) . (13)℄*� 1 lpYy$?z'-�pJ. (13) hTE6 COE _�%pz���s"�'*sCQ	

(1) Nei 1×(4136+2np) pz���s" Sim, |�_�88o���'l np :�)4�[W� :p.���Y:�"ph��1�
(2) �� 1 lp�<�M℄Yy$? λm(m = 1, 2, . . . , 39) 
D (13) hpn�%p�M℄jo?f cenm(m = 1, 2, . . . , 39).

(3) ��<�M℄p-�^ intm(m = 1, 2, . . . , 39) (!
D (14) � (15) h6^k6'jo?f_nphh��I [sm, sm + 1](m = 1, 2, . . . , 39).

Sim(np + sm) = intm × [h(sm + 1) − λm] / [h(sm + 1) − h(sm)] , (14)

Sim(np + sm + 1) = intm × [λm − h(sm)] / [h(sm + 1) − h(sm)] . (15)
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(4) � (14) � (15) h6^d�Q64�[W� (6I"EhL,p�ROW�\!hw$+0D) ��wEÆ�TE� COE �%��L�pz���s"�. 2 ;Q	�"K��� COE (*~;�/np87�+��L�) �TEpz���s"z'7+O� (:6℄3��s"	���>nQI"h��1+().

/ 2 
Æ�'|���u${)9,P� (K$�� 7, KW� 111). (a) <4Vr�=��u$� (b) <i��
1200 ∼ 1800 r��u$P�

Fig. 2 One certain simulation arc spectrum in the red channel and its section (spectrograph: 7, fiber:

111). (a) is a complete arc spectrum, (b) is a section of arc spectrum in the range of 1200 ∼ 1800 pixels��. 2 lpz���s"6. 1 lp℄3��s"�I�EQhI"p�M℄()03�e�. 3 ;Q	�"K��8#87�+��L���TEpz���s"z'7+O� (>nQI"h��1+(), 6. 1 ���.I"p�M℄?f()0�`p :�
3.3 �d��+�K%?WI 3.2 �l�G�℄*6^�nklNe��L�"K���� COE TEpz���s"��: Sim, ::�" COE 6S℄��L�p�*I��G�*�%pz���s" Sim 6℄3��s" Arc pe_DL�Saj�e_DL�:	

ρcoe =
Cov(Sim, Arc)

√

D(Sim)
√

D(Arc)
, (16)'l

Cov(Sim, Arc) = E {[Sim− E(Sim)][Arc − E(Arc)]} , (17)

D(Sim) = E
{

[Sim − E(Sim)]2
}

, (18)
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D(Arc) = E

{

[Arc − E(Arc)]2
}

. (19)Ihl E �i��%7�_DL� ρcoe p5^�9: [-1, 1], ρcoe p5^A�* 1, MhI"6A_��|hI"l�M℄p()A03�e�" COE pjjA4�

/ 3 
Æ�'/$�-��N�VGr|���u${)9,P� (K$�� 7, KW� 111). (a) <4Vr�=��u$� (b) <i�� 1200 ∼ 1800 r��u$P�
Fig. 3 One certain simulation arc spectrum developed by a certain calibration coefficient (not the best

one) in the red channel and its section (spectrograph: 7, fiber: 111). (a) is a complete arc spectrum, (b) is

a section of arc spectrum in the range of 1200 ∼ 1800 pixels

3.4 D�R�\�A%�d��+�51I� LAMOST Ne$?��m	�"K�lp�L��+E��G�$D PSO Æ���4/"
�\jj�O�;l`|��: N "B�;l�8`|px�jj� PSO 	�"K�=�:
4, �8`|p
�z?fpJ	�℄I 4 =p℄�jjl��8`|p?fjj�%"K�lp�� COE, COE po%�W��L (16) hl� p_DL��r3 PSO pNe$?��Æ�CQ	

(1) Nei;l`|p?f�
�:T�Nei:T� CQ	
X =















x1,1 x1,2 x1,3 x1,4

x2,1 x2,2 x2,3 x2,4

...
...

...
...

xN,1 xN,2 xN,3 xN,4















, (20)
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V =















v1,1 v1,2 v1,3 v1,4

v2,1 v2,2 v2,3 v2,4

...
...

...
...

vN,1 vN,2 vN,3 vN,4















, (21)

xi,j = pcoe,j−1 − 0.5 × cran,j−1 + rand() × cran,j−1 , (22)

vi,j = −0.5 × cran,j−1 + rand() × cran,j−1 . (23)'l i = 1, 2, · · · , N , j = 1, 2, 3, 4; pcoe,j−1 :| j − 1 �S�Ne$?��L�� cran,j−1:| j − 1 �S�Ne$?��L�p	��9�
(2)�Æ;l�8`|po%�W�p^�;liY�
�8`|p?fm	�"K������ COE, SÆQ 3.2 �l	�p �TE.`|�%pz���s"�>d�< (16) h/nz���s"6℄3��s"p_DL� ρcoe, ρcoe |:.`|po%�W�p^�ÆDo%^�
(3)��;liY�
�8`|po%^6.`|\a�+?fpo%^�CQÆ8`|i,o%^`3'S,o%^��}*.`|pi,?fz'o%^>n'\a�+?fz'�%po%^�
(4)��;liY�
�0`|\a�+o%^6; \a�+o%^�5Q�0`|\a�+o%^p�`^�CQ.�`^`3\a; �+o%^�M*.�`^>n; \a�+o%^�"*'�%p?f>n; \a�+?f�
(5) >n; l�8`|p
���< (1) � (5) � (6) h>n�8`|
��.3Ne��L�p�U�9: Cran, C (6) hl Vmax,j = 0.5 × cran,j−1.

(6) >n; l�8`|p?f��< (2) � (7) � (8) h>n�8`|?f�'l�
(8) hl Xmax,j = pcoe,j−1 + 0.5 × cran,j−1, Xmin,j = pcoe,j−1 − 0.5 × cran,j−1.

(7) CQNe$?���Q (; �+?f�%o%^ ρmax) _k�^ ρth, MNe$?��3E�CQ�
Y��0_k:Op�`�
Y� kmax Mvj*s (2), )Mvj*s (1).,G PSO (Q7+�+^p�
�-�h�+�Qlm0zD7+�+^pI�u��+�Q�gzD X87�+��?p7+�+��MXZ��L�:�pGF3℄�6℄�GF3℄℄I``p :�*s (7) pOf�*Jy3/�87�+o%^p�^ ρth S���+�Qm)z387�+^,*�Z�B�m)r*Q�Y�+TI�#XÆ�I�0l{���+�Qz37+�+^�
4 b�J=	:t℄�,���*S� LAMOST| 7�I"�pb
�=��s".h(s:SY�|��z�M"d�nk�*b
�=��s".h�5'lp| 111&I" (C. 1 �i) �Ne$?��℄��℄�lI"h��1.� np=20.



422 % C � � 52 A:l�X�� PSO Æ�p0lu��LA[ [4] lp IGA .��+Æ�	�����℄�I�Æu (SY+	 Intel Core i3, 2 × 2.93 GHz; 
w�℄	 4 GB; L,Wr	 64?0	L,) I* IDL 6.3 ℄s� PSO Æ�.�Of:;l`|��: N=60 ��`�
Y� kmax=150 � c1=c2 =2 � wmax=0.9 � wmin =0.4 � ρth=0.95; IGA Æ�.�Of:o;M� 30��82v Pc=1 ��!2v Pm =0.06�(i
� kmax=150. Ne$?��"*; �+?f�%pz���s" Sim 6℄3��s" Arc pe_DL� ρmaxSaj�'0l?�:k��d 6 ?�
4.1 D��#*$"l (LA$l) kmax %�d��+�jU{�h.3A[ [4] l-*�=W� Schaffer’s F6 3t IGA pwdu�� LAMOST Ne$?��L�I�="K��	��#XI�℄�l\�(Ir3�`�
Y� ((i
�) kmax pNe$?��wdu�>X{
�hoÆ�I4=K��p�+u��3m 3.4 �l*s (7) /:	CQ�
Y��0_k:Op�`�
Y� kmax Mvj*s
(2), )M3ENe$?���℄�( 5 � (�Y 1 ∼ 5) (s�S���L� P coe \�U�9.� Cran (!: [3.8585463, 0.0936567, -0.0079868, 0.00034257851]� [3.8800567, 0.0844567, -0.0091243,

0.00029745682]�[3.8782531, 0.0973652, -0.0089534, 0.00025213471]�[3.8637521, 0.0834621,

-0.0073452, 0.00024636511]� [3.8895463, 0.0835567, -0.0076348, 0.00023657851]\ [0.0500,

0.0700, 0.0030, 0.00030] � [0.0200, 0.0500, 0.0020, 0.00020] � [0.0250, 0.0550, 0.0025,

0.00025] � [0.0450, 0.0500, 0.0035, 0.00030] � [0.0450, 0.0750, 0.0035, 0.00035], ��℄�Es 40 Y�. 4 ;Ql| 4 �3t℄�lp; �+?f�%o%^ ρmax.

/ 4 iq LAMOST Pg&A��"�5v_Æ!S� (a) < PSO "�r!S� (b) < IGA "�r!S
Fig. 4 Results of the two initial wavelength calibration tests for LAMOST. (a) is the results of PSO

method and (b) is the results of IGA method
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Table 2 Convergence test of initial wavelength calibration

No. of Method Succeeded Best fitness Average

experiment Mean Standard CPU

group deviation time(s)

1 PSO 39 0.974760 0.01938342 13.0882

IGA 23 0.892388 0.15120056 30.4894

2 PSO 40 0.977889 0.00008337 13.2381

IGA 34 0.936700 0.12474723 30.6553

3 PSO 40 0.977897 0.00005695 13.5327

IGA 34 0.958218 0.04399945 30.2326

4 PSO 38 0.971544 0.02782016 13.2024

IGA 25 0.910035 0.12701463 30.6125

5 PSO 39 0.974650 0.01983104 13.4756

IGA 28 0.900279 0.16023279 30.5418. 4 \� 2 C�
�A�� PSO Æ�pwdu\!CeY�+EsZ�
X+3A[ [4] IGA Æ��I�+E?v �� PSO Æ�+3 IGA Æ�����3t℄��Q PSO Æ��+E?Y�`3 IGA Æ���6m�� PSO Æ��+zD7+�+?fpY�k3 IGA Æ��R�je PSO Æ�"pjj �+3 IGA Æ��IÆ�
� �� PSO Æ�!CeY�+EsZ�� IGA Æ��Wl 50% �I�
4.2 �d��+�jU�[N��q
%�h. 4 ;Qp�Q�
�A��Æ�zD7+�+?fpI�u,G?k3A[ [4]Æ��hlm0�TpI�u�#XI�℄�l�hoÆ�(s3H�
Ne$?���wd387�+?f��3�AÆ�� 3.4�l*s (7) /:	CQ�
Y��0_k:Op�`�
Y� kmax Mvj*s (2); )M��; �+o%^ ρmax 6�^ ρth, E
ρmax ≥ρth MNe$?��3E�)Mvj*s (1). �A[ [4] IGA Æ��I�+d���+m)E? (|�� ρmax 6 ρth), E ρmax ≥ρth MNe$?��3E�)MrnDeQY�+TI�'�℄�.�6 4.1 �_+�. 5;Ql| 4� 1 Y℄�p; �+?f�%o%^ ρmax. . 6 ;Ql| 4 � 40Y℄�p; �+?f�%o%^ ρmax.-*; �+?f�%o%^ ρmax p�`^ (�TY�) ��k^�C^��y:�!CeY�+EsZ�aj℄��Q�� 3 mQ 5 �℄�p,��Q�. 6 \� 3 C�
�A�� PSO Æ�p�+jj\!CeY�+EsZ��
X+3A[ [4] IGA Æ��I"pjj �� PSOÆ�+3 IGA Æ��I���3t℄��Ql�(' PSO Æ��+pnp; �+?f�%o%^ ρmax p�`^zY���k^\C^`3 IGA Æ���. PSO Æ��+p�y:k3 IGA Æ��IÆ�
� �� PSO Æ�!CeY�+EsZ�� IGA Æ���WldK 50% �I�
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/ 5 iq�-"�="�-�g�'p'`yf4^� (a) < PSO "�r!S� (b) < IGA "�r!S
Fig. 5 Convergence curves of the best fitness with the two methods. (a) is the results of PSO method and

(b) is the results of IGA method

/ 6 iq LAMOST Pg&A��"�!S� (a) < PSO "�r!S� (b) < IGA "�r!S
Fig. 6 Results of the two initial wavelength calibration methods for LAMOST. (a) is the results of PSO

method and (b) is the results of IGA method
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Table 3 Results of initial wavelength calibration of LAMOST

No. of Method Best fitness Average

experiment Max(times) Min Mean Standard CPU

group deviation time(s)

1 PSO 0.977918(23) 0.976951 0.977831 0.00020380 13.9289

IGA 0.977911(1) 0.972108 0.976847 0.00123843 47.4486

2 PSO 0.977918(26) 0.977771 0.977906 0.00003453 13.8031

IGA 0.977904(1) 0.975309 0.977185 0.00056458 32.1357

3 PSO 0.977918(25) 0.977264 0.977865 0.00012711 13.5602

IGA 0.977918(1) 0.975804 0.977264 0.00051882 34.5290

4 PSO 0.977918(17) 0.976855 0.977798 0.00022907 14.6139

IGA 0.977824(1) 0.973579 0.976885 0.00081362 47.6264

5 PSO 0.977918(20) 0.977472 0.977829 0.00014294 13.9252

IGA 0.977798(1) 0.970913 0.976956 0.00112431 53.9681I�h�3t℄��Q�
�+A[ [4] lp IGA .��+Æ�_���A��pr3 PSO p LAMOST Ne$?��Æ�Iwdu�"pjj�EsZ� �	=0_i`p+l�
5 zJ�A<�lr3 PSOp LAMOST �=IUI"�<SYlpNe$?�� ��IS���L�p,*Of	�"K��I.	�"K�l�)T6^�TE����L�Qpz���s"�G�TEpz���s"6℄3��s"	_DEÆ�
n_DL��`Z��%p��L�|:Ne$?���Q�O�lr3 PSOpNe$?��Æ��"(slNe$?��3t℄��℄��Q�
��A��pr3 PSOp LAMOSTNe$?��Æ�Iwdu�"pjj�EsZ� �	+3A[ [4] p IGA .��+Æ��#Xm�o>0lpNe$?�� ��� O r w
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An Effective Optimization Method for Initial
Wavelength Calibration of LAMOST Based on PSO

WANG Sheng ZHU Zhang-qin ZHU Jia YE Gen-hong YE Zhong-fu
(Institute of Statistical Signal Processing, University of Science and Technology of China, Hefei 230027)

ABSTRACT The initial wavelength calibration procedure of Large Sky Area Multi-Object

Fiber Spectroscopic Telescope (LAMOST) consists of three steps. Firstly, for each certain

point in the search space near the prior calibration coefficients, its corresponding simulation

arc spectrum could be obtained with the interpolation method. Then, the cross correlation

between the simulation arc spectrum and the observed one will be calculated. Finally, the

result of initial wavelength calibration is the calibration coefficient corresponding to the

maximum correlation coefficient. Thus, multi-parameter optimization problem is essential

in the calibration procedure. Particle swarm optimization (PSO) is a stochastic global op-

timization algorithm that is based on swarm intelligence. It has the advantages of easy

to implement, high accuracy and fast convergence. Considering the excellent performance

of PSO, we propose an optimization method for initial wavelength calibration of LAMOST

based on PSO, and design the corresponding algorithm and the initial wavelength calibration

test experiments. The experimental results show that the proposed PSO-based algorithm

outperforms the improved genetic algorithm in terms of convergence speed, solution quality

and CPU time. Therefore, the proposed method is a more effective method for initial wave-

length calibration.

Key words telescopes, methods: numerical


