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LAMOST K EEMERHFIKRKZRZS (Sloan Digital Survey System, SDSS) B K &
W R R AN T BT B, XS — Y4k e R kT R b L T A ) O e e AL —
FRICIERATHIR AR ENR, 2 TR AR ARG R 5 M BTG & 251 R S R B i i
O IR, FIRTAE SR 4% 8 W06 iy 2 Tl 2 i 22 B0/ DR RrtE, B — 2 AH ARG
VERFRALBER 6T, B LR & K S 2T UL BRI A AR 55 61 PR B R 5 2 1 R B hir
H, B EISUESAG A RIS & RS AR T B O ALE, DIRHE, WIS HE
B ARICIE R BPERRBUOALE,; BE, RIEESR6HE A S B0 DAL S S H X B P
BARAEMS HEEELS T RE, 7 6iEE R0 MR R ALE 5 HX B R R R,
Bioe i e brad fe. ICAT I, Btk @ T EEY, BEMNELERREFTE
RIS

B TG REAR XS R e, AR ZDGIE U0 B & HU it 264 BB B LA KK,
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HERE PRI TG LR P 5 B AR R @ W kT3, 8 AR R R AU 8 R AT 3 5 S S ARAT 1
MRRBBEK. W, WREKERE—NZSHIMME.

HHT LAMOST J SDSS #I4f# & @ vr BT R iy 2 2 PHESE FMOT 5. H5k, U
TR RBOATORE - MERBNE, RIEE TS EEREIZZE R Mg, HIK,
T RBZEMAE LA RE—R, FAREEIRT IR TR B AR S 2 R AR B A
REAEARIT G, THR AR A @ AR AT i 5 SE M E ARAT I AR G R B B, BREAHR
RECERHME R, Bl SR MPIaEEm R 5. AT #EPIa6E rE B, AT A A%
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PS&E YN Sy R ITA L i TN VAN
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FIEA, $2H—fk T PSO #y LAMOST MR E bR T 4.
EXALMT: 2 Fa PSO MEARKFHE, 5§ 3 kT PSO i LAMOST
VIR B BAR AR, B 4 R IMMREREREI . RIF, X&3CHETEL.

2 BRI

PSO J&H Kennedy M1 Eberhart fi1:F 1995 R4 HH Y, BRI A ETE T3 S #F
FEATREREL Bl X SRR ST RS SRR, BTSSR B 2R
HIRKEA PR E MR 28 MR ke, Wit2i i fad e TE
FEAR A (5 B AL ZALH AT RY .

Xt PSO #RAERY I AR AN . B B9 B 0RO AL EARSR T RS W] X AL
FES M — DT REMR; BRI LA 0 BT F bW 2R 10 B AN B Y B R BOR A 5
TERF—RE BN, R TEE A C Y I RBBRMAE K (MAR), R
AR B AT PR R B B AL E T I K E (FLate ). BB SR BT AR B
WSR2 B T AT RER e R U, IR AR T Y B R ZORE T BRI, MR T
BiF AT H XA T FE T TR

R AR T BB N BT H4ERCH D, 8T (1 < i < N) RAMTRERE
e FEF R S B RS ETALE X = (2131 1, T4, 2,--~,Iz‘,D), METHEEV, = (v; 15 Vi, 27---7'Ui,D)a
R P ARERT RO ERE Presti = (pi1, 02, pi,p). FEARME R TERRME
[ EERBIWBRBNALE Goese = (91,92, -,9p). TESR k (k= 1,2,...) WEH,
i MR, SLERE (1) R (2) AFEHr

k kl k—1 kl
U;,j = wWv +01T11(p7,_] ‘I )

f—
,J ! 1)

ko[ k-
+earialgi T — i),

j=12,..D, (1)

ab =2 ok j=1,2,...D, (2)

] ] 2,37

Hit w BHEHERER T, 28 a5 o BRMERTF, ) 5 ri, KBLE[0,1] FEE N
I ATHIPRERLEL. XTETA R i €{1.2,.. . N}, B (1) B b YO R AR iy B B
B, (1) REFESHBE 1 TOVKL T o ndE R REFOT, 28 2 IR “AHM 7 I, BPRT
B HBREE, B3I dha O, SR E1E.

R BCE N B RR B f R AL HARAL B %, AR T8I B AL 15 B8 3 vy =
-

k Plbccst Z f(Xf) f(PECS]é Z)
Pbesti = k k .
X7 (XD = f(Prg)

TR BARTE AT R L P F R BRINOLE Grese EFWT:

Glgest = arglglax f(Pﬁest,i)a 1 S { S N, (4)

best,i
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He arg RRBEH AT EWEZH. o KBORFXHT—REER R, HEHE
R 2R R IR AR . R BRENEA N T2RER OF &8 X)),
I 2Z /N B A EE RE AR (5 R AR X /R i XS R S S E 7800, N T BRI iy Sk Wie sl
AE, B R LB O, bR
Wmax — Wmin

- T(k - 1), (5)
ﬁt’j Wmax v  Wmin ﬁ%u% w E@%k{ﬁﬂ%lj\,fﬁa ﬁﬁ?-&ﬁ wmax:O-ga wmin:0-47 ;{FE.)I%
SV B RE ORI E A K.

KT SR T KEREMERZN, FMEMTF i (1<i<N)WE—4E5 (1<
J < D) WK RATHEE, SLE AR, 6FH 2 LT A

W = Wmax

k
Vmax,j ’Ui)j > Vmax,j
k k k
vi,j - Uihj _Vmax,j S viﬂj S Vmax,j ) (6)
k
_Vmax,j Ui i < _Vmax,j
Xinit.j zF > Ximax,j
init,j 0,7 max,j
k _ k k
zi,j - xi7_j Xmin,j < xi,j < Xmax,j ) (7)
k
Xinit, z; ; < Xmin,j
Xinit,j = Xmin,g + 7and() - (Xmax,j = Xmin,j) - (8)

HA Xoaxj « Xming ARRWERE j 409 L THFRBUE, Xinw,y A H 2 FBUERT

WEIE(E, rand() K [0,1] YEE A I ATHIRENLEL,  Vieax,; BRI (Xmax,j — Xminj)/2.
MEEF o1 5 co AR GUGENR PR FRBSIEE. B EI#8N 2.00,

BP0 B BN R T RESTAHE], ENTRALETIER N 1.

3 ETHRFEMA{LE LAMOST ¥ K KERA A

A TG R RERI N B, AR B 636 (U0 Y 8 B 2825 R B AL A KK,
LR T R R GER SR AR MEAN S — R . FATE B AR HEE S
IR, WORTTESe e EAr R R A =S R Y, R (I A AR 2 B AR R RO
WU ARAT I, FRRE AL U R E AR AT 75 LB AR AT IR VR A G2 B, R AR R AL
B K T Xt B B 5 B AR B A WD AR A B AR 4 R
3.1 ERRRKMET(E

LAMOST FiI SDSS 4 §if B K BRI I B AR s K0 3 Bk 2 i, Btk
WRBET 4 MRBEIRREN, BWH Peoe = [Peoe,0; Peoe, 15 Peoe,2; Peoe,3], A4 HIFEH 2
R R 2 B E AR R 2

3
)‘P(S) = choe,t X flt(s)a (9)
t=0
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Hor Ap(s) 4 CCD RRALE s AP I EAR IR BB,  fle(s) 50 ¢ Brpib 82 i
AR, T 4 kB2 mARAX T

flo(s) =1

fli(s) =s

Fla(s) = 0.5 x (352 — 1) 1o
fl3(s) = 0.5 x (55° — 3s)

PASER AR REL Pooe A HOBE—MERMASE, 272 W 7] ok br R B A%
TEEZE Cran = [cran,0, Cran,1, Cran 2, Cran 3] TR, BIEIR REEE— R BUETEE N [Peoe,: —
0.5 X Cran,t; Peoe,t +0.5 X Crang](t = 0,1,2,3). BTGB 2 bR RECHIRAGAE L3k 4 G2 1]
W, ZERBZEENE—H COE & 3CH:

COE = [coeg, coey, coey, coes] (11)
ﬁl:'j coey € [pcoc,t —0.5 % Cran,t; Pcoe,t T 0.5 x Cran,t](t =0,1,2, 3)

3.2 BEEMAYTHEMEIRLT EERK

TEHE A E VAT I 2 /T, S84 G SL I 2 brAT 3.

FRIANT A LAMOST 487 B R AR BAS B IRAT, T2 bnkT L0352 b kT 1 S 4%
B, HHLhmkR SR REZFER, MU EARIT 3% A B4 41 LAMOST #I4GH ik
SEVMRIE. LLUmAIPREE PRI T IR LR R 1 fra.

® 1 LAMOST REMRT R
Table 1 The emission lines of the arc lamp in the red channel of LAMOST

Wavelength Relative Wavelength Relative Wavelength Relative

(A) intensity (A) intensity (A) 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

SE Ay LAMOST ZL%5 48 2 bkl g i j5 A U ST A 250 x 4136 1 2 AR AT 14
P&, TR 250 SRICEFH —YE Rk, B (B 7 1) mp (B0 5 0 B 4% — 2 8 AR AT T R0 465
PR ENR. KT B ERR M, k% — 4 bRk il — A R ay (S5
W R BB RUER), BATR T IR G M IZ 5 — 4 B AR KT G BR A L 2 AR AT Are. 21
ity S SE AR AT i e H R Al T A& 1 R,
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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

BRMBEFNEE— R COE MMH @R a2t m el (9) XEX, ERe
PARAE A FTLASRAR KT CCD R LE s BB EL:

3

A=h(s) = Zcoet x fl(s) . (12)

t=0
I T A O R B B A, WORAS R R B
s=h"1(\). (13)

AR 1 AR R MR EE B d (13) XERE COE XA B E AT
W HERMT:

(1) WIEHAL 1x(4136+-2n,) BB ESRAT I Sim, Bl —PD2FHH. Hirn, A
B T RO ZM SR, RPN R L .

(2) ¥ 3% 1 FIEIRZ SIS N (m = 1,2,...,39) fEA (13) RIRBER A &
SR OPLE cenm(m =1,2,...,39).

(3) Wr AR R R BRBEAH int,,(m =1,2,...,39) FHIAN (14) . (15) XIGHES S
HBF DAL EAAT B R AL [sm,sm + 1(m=1,2,...,39).

Sim(ny + sm) = ity X [W(sm +1) = Ap] / [A(sm + 1) — h(sm)] (14)

Sim(ny + $m + 1) = inty, X Ay — h(sm)] / [W(Sm + 1) — h(sm)] - (15)
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(4) XF (14) |

(15) AREF GRS B R (SRR R S R BT

WIRE A A 0 MBFUZR, R COE X RLE R R B ML E 77 4T 1.
Bl 2 i RBEZE N — K COE (AIMZHERTH 2R RIUERRE0) B siny
TERRAT 1 SRR AT (-5 M@ ARAT IR B, RE G P S ¥ 2.

4
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NS}
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B2 Zoi—SBIE AT LRI Oel L 7, J6gF 111). (a) AR —MRERATIE,
1200 ~ 1800 #y—BeAT #4047

(b) HERN

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

Xt 2 g EARATIE S L RS EARAT 1, ATRAE HHPETE R R N Lo
T —2 B 3 4 MR — 25 Rt hr 2R RO B AR AL AU ARAT 38 B
HRTRAETT Rz HGIE PSR oY), S 1 e, 206 M R LA B A Bk
B 2.

3.3 ¥EEKEMFHEE

1E 3.2 o, BATH A EIESGE T W6 R B E AN — & COE A H
VT, LR Sim, HHIEM COE HHEIL B R BATRE, AT B E
PRATIE Sim S EIRATIE Arc B EASRRBORM R, HEAHRRECY:

Cov(Sim, Arc)

coe = ) 16
P \/D(Sim)\/D(Arc) (16)
o
Cov(Sim, Arc) = E{[Sim — E(Sim)][Arc — E(Arc)]} (17)
D(Sim) = E {[Sim — E(Sim)]*} , (18)
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D(Arc) = E {[Arc — E(Arc)]*} . (19)

LA B RARBEE. MHRERE peoe FIBUETEEN [1, 1], peoe BIHEERT 1, P
JEIERUEARDL, BIPDEIE PR R ATEE T 8, % COE MREIE.

(a)

> T T T T T T T
5 2+ .
g
k=
e 1
% 0 | P A A.A A A
M 1 1 1 1 1 1 1 1
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4

%10
> T T (bl) T T
E 2+ .
g
=
A
g, JA\
Q‘ 1 1 1 1 1

1200 1300 1400 1500 1600 1700 1800
CCD position/pixel
& 3 Ziu—2% AR AR R B I B B ARAT T X R OB 7, 064 111). (a) AR

SEFRATHE, (D) HRZ R 1200 ~ 1800 By —BLAT A YT
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 ETHTERCHVBERERSE

ik LAMOST #I8f 3 @ hn 2 R 250 P 2 RS, BAT5IA PSO 57

BOERFRL TR N @R AR TR . PSO ERM =M AERHN
A, BB YR B KL B R AE 4 QA9 SER iR, RRASRLTA9 L T S R
ZE P — COE, COE WEN ERBUESE (16) 2 MR REL.

HT PSO WP PRI AT

(1) PIgaAbBE R FROALE . AR M. PIRR LA B ST
x1,1 12 T1,3 T1,4
€21 T22 X233 T24
X = ; (20)
TN1 IN2 IN3 TINA4



5 E A% ETRTEMLR LAMOST Wik 2iiirk 421

v, V12 V1,3 Uid
Vg1 V2,2 U23 U4
V= . . . . ) (21)

UN,1 UN2 UN3 UNJ4

Tij = Pcoe,j—1 — 0.5 % Cran,j—1 T rand() X Cran,j—1 5 (22)

Vi = —0.5 x Cran,j—1 T Tand() X Cran,j—1 - (23)

HAri=1,2,---,N, j=1,2,3,4; Deoe,j—1 AF j— 1 ERVIBHERLEMRREG  canj—1
R G — 1 BrEmmIsh i s RE I R L

(2) HHEEEP R T RE N ERBAE. B AREE R T ERERRE
N —4FE K COE, okl 3.2 il iR 0y 7 i A BT X B B A i AT, AR5
W (16) ARG E TRAT 185 L & AR AT I I AH SC R L peoe, Peoe B ATZRLF I
EREME, FARENE.

(3) HBeHE P SRR T A E AR 5128 T P R BN B E NAE. AR
RLF Y BENAE K T IHSERTENAE, R4 F %0 B 24 AT AL e 3l (8 5 7 F 7 5
UL B T =X R By 38 Y AH

(4) HOBHEH Y YGE T AR D7 58 S NS R (E 5 A g S B s R (E. B BT RE
TR ENENENRRE, WRIESKERT IR ENE, WHZERREE
FRER D S A AE,  FE LR AL B T R T S R AL

(5) EFREAP R R TRIERE. K (1) . (6) . 6) REFEMRTEE, BT
146 2 b5 R B P BEIEE N Cran, B (6) H Vinax,j = 0.5 X cran j—1-

(6) EHRAPE DR THIAME. K (2) . (7). &) REFFEMRTAE, HA,
(8) H Ximax,j = Peoe,j—1 + 0.5 X Cran,j—1, Xmin,j = Peoe,j—1 — 0.5 X Cran j—1-

(7) W RAIIH WA BRI (B B AL BN T8 Y AH pmax) BB BRE pen, NWIBTEHEE
KT, ARIEAIR BB BB TR B R IEAIREL K LRI TR (2), 45 0F 1]
R (1).

RE PSO Bkih Rl MERIRE S8R, (HIMLEE RIEZHEN R SAER AT 6E
. FMER—HENRE 2R BMABOE R REBs A, T E iR R 500 & 09 6 H
i 206 5 PR AR RAEE R R M. 28R (7) WiKE, AMKT 2% 2R &EIEN
HETRE po SEFIB FNLEREGE T2RENENT, NmkeEstE R F—KIFMm
R, SRR DA R TG SRR T R A,

4 ZEERSHH
SRR, Xt—IFK H LAMOST 55 7 4 Y (b 23 — A i bk T i PRt T AL 2,

BPAR, Mik)m, S8Ry —4EEAn T ER, BOLFRE 111 20638 (i 1 B
) AR A E R g L4 TG P SR B R 1, =20.
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H T RIERTHE PSO FEMA RME, EEESCH [4) Y IGA SEFIRFIEVEXT . Xt
Ho SIS AE L (S  Intel Core i3, 2 x 2.93 GHz; 225N FF: 4 GB; R4, 64
fi#fERSE) LA IDL 6.3 $U47. PSO BASHURE NBETR FHE N N=60 ., H&KE
RREL kmax=150 . c1=c2 =2 | Wmax=0.9 , wmin =0.4 | pu,u=0.95; IGA LS E
AFREERAL 30 | X XHEH Po=1 . ZBRMZE P, =0.06 . FACEL knax=150. IR E
P BRSO B X R B B RT3 Sim 5 2@ ARAT IS Are BIEAEREL pmax
R, HABBIECH/NIR)E 6 i

4.1 ETFERERREY HERE) knax BIWIEREREFRBUELTERR

BT 3CHk [4) HOR A 4R EL Schaffer’s F6 IR IGA BIMCstE, 1 LAMOST #4h
Wk AR REAE UL 2 () IR, [RIAEA S0 A B 30 M 3 T B K IR BL (b
AREL) max BIRIAAIE A R PRSI LA E S Hh RS 50 T B SR 7 T A 23 () O B SR RE. T
F 3.4 TR (7) Bk WEIRBERR BB BRI T SR IERIREL Kmax TS 125 B
(2), 75 5E BT RH I 2 3.

TR 5 U (5 1~ b) #HIT, BREFRE Pee MIAEEEZH Cran 771
A [3.8585463, 0.0936567, -0.0079868, 0.00034257851] .  [3.8800567, 0.0844567, -0.0091243,
0.00029745682] N [3.8782531, 0.0973652, -0.0089534, 0.00025213471] N [3.8637521, 0.0834621,
-0.0073452, 0.00024636511] . [3.8895463, 0.0835567, -0.0076348, 0.00023657851] p o) [0.05007
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], &F2H 46
IBFT 40 K.

Bl 45 T8 4 AR 5L 58 A B S AL B RIS AE. pmax-

1.0 I - - -(a) T

V

0.8 PSO method i

0.6 b

Best fitness

0.4 1 1 1 1 1
5 10 15 20 25 30 35 40

Experiment number

(b)

1.0

0.8
IGA method

0.6

Best fitness

0.4 1 1 1 1 1
5 10 15 20 25 30 35 40
Experiment number

B 4 Pifh LAMOST Wl @ArI ML R AR, (a)  PSO JRERIER, (b) 7 IGA Jrikfy4iR
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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KT (FEAR AL E X G VAR pmax BB BIE pon) IKEL (Succeeded), FEAR
B AL E X S YR EIE (Mean) . Fr#EZE (Standard deviation), “F- IR FLE TS
[d] (Average CPU time) g2 . #£ 2 5 5 AN LR R ITTE R,
x 2 WHARRE MBS ENXLEER

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

Bl 4 figk 2 ¥RUIA SR PSO Sk iy e SHE A 724 LR S0 I2 4T B[] BT S A0 1
SCHK [4] IGA B0k, TESFMUREIZHITHE, PSO FELT IGA 7k, H—HNKLm s
R PSO LI MR EOR T 1GA 53k, WulEid, PSO FRAIMENRI AL E
BBV IGA 335, X538k PSO FkMi SR I T IGA Sk, e BT
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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
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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  53.9681
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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)

ABsTrRACT 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



