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ABSTRACT

One of the main tasks of optical time domain survey is to discover transients
quickly and accurately. There are two general ways to detect transients: catalog
matching and image subtraction. These two methods rely on accurate image
astrometric calibration and photometric calibration. In this paper, the application
of software used in astrometric calibration, photometric calibration and image
subtraction are studied.

In order to explore the differences in the application of Astrometry.net and
SCAMP in astrometric calibration and the differences in calibration results
obtained by running them in different processes, the principles of the two suites
of software are introduced respectively, and 100 images from ZTF survey are
recalibrated in 4 difference processes, using Gaia DR2 catalog as the reference
catalog. The calibration results including those given by ZTF are compared in
terms of total time cost, catalog matching, and coordinate RMS deviation. We
find that if only Astrometry.net is used, the calibration results obtained by two-
step running are more accurate than those obtained in one-step running; and using
Astrometry.net and SCAMP in combination can be faster and obtain more
accurate calibration results than only using Astrometry.net.

For photometric calibration, SExtractor is used to perform growth curve
aperture, automatic aperture and PSF photometry on the same 100 images. We
use the aperture magnitude, Kron magnitude and PSF magnitude of the
PS1catalog to calibrate the instrumental magnitude obtained by SExtractor. The
single optimal aperture photometry and its calibration i1s also performed for
comparison. The calibration results obtained by these different photometry
methods are averaged over test images and then compared in the magnitude range
of 14 t0 20.5. The results show that the growth curve aperture photometry method
1s more suitable for the calibration of sparse field images compared to single

optimal aperture photometry, but there is a systematic darkening for sources
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darker than 19(SNR  30), with a maximum amplitude less than 0.05 mag. In the
dense star field however, there is an obvious systematic brightening for the dark
source of the growth curve aperture photometry compared to single optimal
aperture photometry. The systematic deviation of automatic aperture photometry
calibration is small(within 0.01 mag) only at brighter sources(brighter than 18
mag), while for darker sources, the calibration suffers obvious systematic
darkening in both sparse and dense fields. For PSF photometry, its advantage is
still mainly reflected in the dense star field photometry, especially for the dark
source(> 18 mag) in the dense star field where the systematic deviation can still
remain relatively small(within 0.01 mag). Compared with growth curve aperture
photometry and automatic aperture photometry, the calibration results of PSF
photometry for bright source in both sparse and dense fields do not show obvious
advantages.

Image alignment is important in image subtraction. We compare four
methods which can be used to perform image alignment: SWarp, adaptive
resampling method and spherical polygon intersection method in reproject
module, and astroalign.The comparison is based on alignment accuracy, flux
conservation, and time cost. The results show that SWarp is the optimal method
in all three aspects provided that the astrometric calibration accuracy is high

enough (RMS deviation less than 70 milliarcseconds) . Then we introduce the

principle of HOTPANTS, a software widely used for image subtraction, and
present a detailed description of its operational process. Finally,we uses simulated
transients to train a simple convolutional neural network model for the identification
of transients candidates detected in difference images. The results show that the
accuracy (99.46%) and precision (98.08%) are relatively high, but the recall rate is
low(93.05%). The main reason is that the model is prone to identify the low SNR

simulated sources (less than 10) as fake sources.
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1.1 St AR FE IR

ISR S0 A B R AT () PR R, — R R T E R 248 IR RN IEAT
% 7 Catalina Real-Time Surveyl!!, Panoramic Survey Telescope, and Rapid Response
System!?l (Pan-STARRS) , All Sky Automated Survey for SuperNovael®® (ASAS-SN) ,
Asteroid Terrestrial-impact Last Alert System!* (ATLAS) , Zwicky Transient Factoryl®!
(ZTF) J H:Hi 5 Palomar Transient Factory!® (PTF/APTF) %%, LK RN E KK Legacy
Survey of Space and Time!”l (LSST) THH . XL K I H I TR SR KH R AR
A, BRI R N AL DR B T S AR R IR SR RE I ] B A AR AT e, B L
(transient) 7EH A1 50/E HEZAY—FSIM B AR BTV R AEAE RO B I R RUBE A R
ARRCIER, BRI EEE 2, M5 a2, MWW IR, 31 BFEFAT i
FHEMFEE . T XX SR IR AT R BRI, 38 K B 4 AR A S R B i (13 R SR
W, B A — [ e R X AT m R R E M, @A T ToO (Target of
owmmm>$#%%ﬁWQM%%o&%E@M£ﬁmﬁﬁmmmﬁmﬁﬁ%ﬁm
LRI RADUERIE, MR FAGER AR, LT FBO6E R
111 005 5 e g e Holt 2 R R AL U

ey g e (AR 2D KB THAEE LRSS L2 RNNER, &K
FRAE AN 5 2R B AR bR i AT 2 (RREERF AN T 280 FIKE CRREERT TR T 280
WAIRGE R ISR ARG R, FFRARNET XD FERIFE, LM ir
— RO BRI, R R T AR, RE R T KR B E R4, FRa AR —
UK BB IE B, K e T K&, M52 B R e (W B i 2 BBE S
PR B FR g, YT 5 BRSO FAE A o 3 R 5 I B HEAT WL
W, FRATRBEX NSRBI BRE . BRIFEIEHAT 4, TR0 A R AR
PRI PR AL

b T s 27 B 0 4% — S e Je T A2 1) 5 R 12 T A RO T N 5 3 AT 5 B WL 1
RN 5 B AT R R 2 DE AR EM Swift TEM Fermi P&, B & WL 58 B %



ik (SwiftyBAT UMM GEEL A 15-150keVD) , HERG HBUEHARIEN (Swift/XRT 1%
BrRZE—B/NT 5 AP, SwityUVOT WIBEIE B A IO E NG 5 T fa & Ml e
BB RE BN S BEH . (Fermi/LAT HOMLI BBy 20MeV-300Ge V!, 5EfiiRZE— AL
1 LA ; Fermi/GBM [INLIIEE B A SkeV-40MeVIsl, sEL7iRZE/NU 1, KN 10 Z LA

) o KT SwiftBAT R BN MM 5%, a0k SwifXRT 45t 1 Ehr, FATR FLATH]
NP3 1 BRI % WA B AT FR Al B AT AR AR BRI . PROAARARRZEIR /DN, 5 K
B A WAE R — &, FA1PT LURZS 5 Hure BG5S i B 7 W7 2 75 S )
TRBERDCEEN RAR, PE AW B4k Sk, AT Fermi/LAT B 2RI NS
&, HTEMRERKR, FATLACIRE] B bR R0 1AL E A et 22 i MRER I . A
TR AT RE PR R BDG A0 R AK, FRATTL AUE AL A B B e oo B2 45 R ZE R
X AT Z 5078 S48 S0, AR RAE B, 8T R TURC AT B A 8 5 T 1244
TR AR S0 By B AR R A, R ARBN T, EAEA N B A AT S 4R
1) BRER AL A o
1.1.2 Al A B G 20t S A4 0 )

A7 T R R ¥ TeeCube FM R 3C G AT DARIN B 768 h i @ Re P i+ B R F 0, X i
R F AR R B AT A E, AR AR E RP, BRI A, WY
filr AT o n SR BB A A S UL A I B A R AR, FRATT R BRI LR
18 55 5 00 R R SCIR I AR S5 — P BT e AT 92

IceCube I i Ee P+ B K B G2 RATENR, 4B L HRZE, U
P BRI B AT 4 3o IceCube %5 VB A IR ZE LA E BN, ANVFZMEH Y
SR AT SO, i B SR U AN E RO IR S8 T 10 LA S RIS AE RO S X A . H
T AT R BEER R A — 8 & B R ILEUR, 7T Re & 5 BRI A R AR T ARk 1
YRU2), BRI R 5 AR S T BN AR AR DOREAT 0k, AT PR T R AE T
TR ZE P A A T AT SRR (RIS AT AR AR o mcide A E 4T M 0 o
1.1.3 51 F3BE A B 6200 A4 0 )

HEWEN AT, WRREFE. WP FEIFS. PFERRFAS, #ol
NEEW RSB 0. 2015 SRS, AATIFEAAE AL 51 7 BaR sk B 528 1 51 70805

BATERIN, EHIDATEM T 3. EH ZREWNMES, 51 7 FE 4 GW170817

Thttps://swift.gsfc nasa.gov/about_swift/bat_desc.html
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SEARINE],  IXALAF IR TR ROV E A 5 DB REBOR SR T, B2 E
RICEERRARRI B .

FERLAER I RN g, BT RS EARMEERN RG], —DFEARERX O E
BUBEEOR, DG bR 1 R B S AT 78 2 18 S, R EE
FRAG T 4 TR, BRSNS B xR 22 BBl P (R T R 5 I TE £ E R
(T R BEAT O, X b SR L RS A N R B R 1 51 i AT S
GW170817 M 22X Rifk AT 2017gfo Bl A& i 1X Fi 8 T ok BE USRI . [FIEE, F'AT
LAY H] B AR TTRC A G Ik 55777 1% 25 4R AT BE I D20 B A DA e HC AR A2 &, JF
AT EREE LI .

1.2 EIRIE T MM E

HH T R YR B DG 2 0 AR B 5 B — R AL T A A i, R IS RiAA, St AE B
FLSF AT W RS S e IR . B AT, et G R B A R B AR
FEOC, AT s R MG R G s AR IR B A, FRAT D A B T AR AT
I TAE. 2400, FATEZEE RA AT R DR T B R ILEA EHUG A .
12,1 BRILK

B R VLT A 4R 55 A7 A7 R 2 S {5 B B I 1 i — R IX B U R SRR [X
AR S % B RHAT S XITE, PAF 3B AR IR IR . B ER
TR AR B A R X B S, el Bk B e DA R ER, W Pan-
STARRS K. SDSS iK%, HikFEMFE—RIXK L LMMEESEER, BIFR
RS SEXT 7 SN o B S LA (Y R AT BN, AR N B T HRIEE S % B AR .
P8 B I A 1 Ak — 3 W] DASRAB AR I PR B S (13 2 % B RS AT R e 4 AR LE B 3R TT
T H A AR A IR R O, R T LR G IR E R L, I &R %, =2
A LA BR R MR P A AE R i TR AR, 1525 B R PR ] REHOE Bk
HZRTRGE D HEERR, —HolESASMER LS HEERIRLE &,
S8 B RO IZRE IR T B, BRIl AT LA HI AN o0 9% 232 o i 1) R B R AT TLAC



SN SR 1, Catalina Real-Time Survey!''fil Pan-STARRS ) 3l K 4IHIAE A %
J7E AT B IR BRI

fi B2 SR UCIC BEAT 8 BRGS0 3 A0 mONFEI . A5 MBI, EE S
ETHEGESBRES, SCEIHALRE FAENE SR E R Bl e SR
&, B TERMIE , XA ESEORITRBURIEIE I

BRI AE IS AR AR T 2 26 s (0 AR, T A 2 Y SR IR T B R i 2
&, DRI B R TUEC AT b i AL 38 o R 4 () R I r 58 A MR & A o
1.2.2 EIEAH

A5 P 1 T I ) BB 92 R AR AE TR — P R DX TR A5 A 2 R ASEAR
B, 1530 5K ReE S BRI 5K EUGAR A0 5 BB . RIS R B AT HRUR, whER
RIS IO D ) AR TP R A AR AE AR AR VR, s AR AR R, BB, TH R
s, Bahiass.

B A7 N TR SR B G 3 3 75 7525 T Phillips F1 Davis 42 H 9 PSF JGACMS)
JEIE . BT R AR RIRAR R A B AT, 3R R S s A s A (
M, RAREWE, BRI , XSBMREEEN Ay 8mE (PSP A5x4
—HE. ME VPRI A TEAE, AU IR B 2 I MR AE AR R . PSF LT
Bt 2403 — A g8t PSF W ERZ, AR K ER Ltz E R n B
BEBTEAR, IXREh AT OB RS G AT AR . Alard 28 AT H T — R T /s 5
FFEI MR AR T, R SRR R SR = A B R AR,
T PSF AR BB 0818 BT AR BOR, BT3P 7 i K A IS 4 R
SO IR B T AN R R EE AR AR, T Zackay AR T —
BT Gt FUOR R BAGAH TS ZOGY!2!, Sedaghat 1 Mahabel 22 7 — & 3T
U P8 25 ST A AR 22 I 4 ke S TR PR G AR R ) 77 722 o

13 H EHGAR IR T VA R IR 1) £ 2R mR A s AL T B R B How sl
RATE—RH B bR, XM B AR IDEA S FPRER T0. ShaiU7E TFE
AR, Y BMR 75 5 A7 AT ZR G 1 5 55 U 41201 5 35K S R R A R 0 A {328 A
DRUMTEAE 1 FLUR S5 BEVR ARAE —k, BR5 B ) M e AR R 3 (1 ] R

—RAFRT, SRR TR R 48 ) A e AR R 1K 2 BE R AR T
TR R DA R A AR R AL S b, A B R 2 i Bk E B A7
TEREARIR, HHERAT B IR 1T F 25T Rk B 5% . BRI Z 1



BB 55 T3 P M T R R R IUAE BE b, DRI AR PO 7 B 5 ook P B O (B 52 5 B
o Jish, MR TKEER DT S B IF AR, R 00 R R AL AR HT S5
Horp— R BRI E m A s — RGO 55, (A BB A% R R — B X g il T
EIFRAE A E P HES IR E S bR, B RTR) S 40 HOTPANTSIOME P BT
SRERNERNBEAN, PIEATEEHINATE LR TE, PRI,

1.3 IR LE#

WIRTPTA, ANt B R ITRCIE A BB, 18 545 A A0 ] SEPERS IO T A B AOXS
BR B R IUAL B E AR AT DG 5 T & e b HERA T, PRI 70 /S ml e HERA 17 B E Al
WEEIRITT I+ B o RSO BT T R PRI E b AR TS VA R R
. FE=mN TN SR E IR RAAMINER RO R . 0 A4 T BB
FERAE R A AN TE R 7 o 3 TR AR S B AT B 45T 18



BT KMNERTEMR

213|8

TR B 238 B R SR AR R Bt 85 L % fICCD  (Charge Coupled Device)
O AR RIFITS (Flexible Image Transport System) #2014 . N7 & BG4
EVRM B RS, — BCR B ZEMD B G 77 R X THIE, SefEm
Elg CHRFONIDEEGD RIS E, @it his% e 25Xk s
EEAAMRERTIEFNMEREBRE S, B LR g RO B S5 AT E A
1BIE, MIMARIZEE TR RERMMES. M TIERNSHE, Ll ALK
AR R AR B R (K% L B ARBEAT ISR LU R 1 07 B e bk i, BURIR S
S B R PUEHIALFRIC IS, R T 58, 0 sk ml g tH IR ICE. (RIS ITTR
¥ 2 R A IR A R RN ARG DO REMT 2 5 i e . R, SRAS IR R E
VR I AR AR AL RS B R MDCEIR B BAr . —. B, IEE &R
A7 B T AT AN M A PR R A IR

M EMGAG 22 A bR B AR 22 AR 2R AR (1 300 2 1 2R B DA A D015 B 1D S’ NFITS 3C
Tk — RIVFF B R BT B &G B, X SCH 7 W FCA A Hwe s
(world coordinate system) 155 . HRYEL[24], MBI A bR B K BRAGAR (1 56 e ] 43
=k D NN R AR (pixel coordinates) % #i B LL B g 407 () $5% 5 1 1 A8 bR
(projection plane coordinates): 55 5 i MBS TH AU AR 2 B A M SR T A4 FF (native
spherical coordinates); 55 = Jy M A Hb K I AR B 5% H 31) B 4 10 R BRAA A5 (celestial
spherical coordinates). 3 P MBAEM BRI M E, AEEMERAK, AERET
WAL OS EYIHE (TANRD, 55 = D A A FBRIALSS R T HABGRE e, AR
AR E 8, BRI B AR L bR 20 H S B — DR i e R A

FARAE LT, MR R AL AR BB RS- T AL AR 6 45 7T DA M R ok TR, 4
FEALBRCERE . R 4R, DTS, (HET KRAAMEERER GRS, X
himin, BIBICCDEG, JGRgERIG, EIRAS), HmbAintER G T E A
B HATAE — B R JE A . S T AR EHR & A X IR AL bR 1 B A R W i vk,



— IR T R AE LR A e 2 A BN w2 T 98 tE B3R A& BMR Ll DL 1E Hd
I AR IR ZE o B BT BRI/ BACERIRAS R4, TR B4 G 8 br s T 5 2 1
et 2B OasCRIRCAZR M E bR TRt 2 LUK R FF R, F0 TR BRI M 55
REEG 4D, B Ml am e, RS ZeMTE B ER
e Oa CRIFONA B IE) LIS R AR) SEhRss 3.

AT, Astrometry.neti0Ifll SCAMPILE W 3 %5 2 BT A R M4 B B bk fF,  #i
B L ER RONER A AT B E RS BRI LA — B 5580 WCS R, 1
Ja# LR AN —BHIIER WCS 5 B#ATIE IE. A SCE S/ E PR B AT (1 A J5 2
Bz DL ZTF (Zwicky Transient Facility, &35 E ) —TIE/EAT PR RIE D &
RISREE BGOSR R, THE IR TR N RAE S SR, B 4 FCARE TR
AT PR BRI RIS bR TS . BENE 7RIS R TH . SChprd
FI ) Astrometry.net i A< 4 0.89, SCAMP il A< A 2.10,

2.2 R E EARIRIR T 4R

WHTITIA, AR Z AR B R BR AR 40 1 O BEAE T8 3R 1 T AR AR B 45 521 T AR A
. EAZBMAUIEIE, W 3 Z [ RHEHIC R H FITS k1) CDi_j 455€, 1 M ]
BUE 18020 ZebHfn®y:

() = (e cpa2) % () e
Hrr Cu,v) RUZE RO E B RABE, () WEYLLRI—22% qON I S 3R
TIALRR, 2% R CEETCRPIX1, CRPIX245E. #% B iEIE, WIAKHE BT
B IERA, BUERBIEBRRALIR (u,v) HIATAM R, Bl i iT & i i
B IERFE T ITARAR (x, )

RITE bRAt— Mol it EHR E R N2 28 B 3R 2 R I E A o A ol v B AR A & e rh 1) 2%
TERE . X T Astrometry.net, 17 BT DU BB R 58 G-I A 1 B4 &
#x, WAl EER AT EG B RS BT B bR, AT SCAMP, fi A
P R AT 3 SExtractor[ 2914 G IR K, FIE Hi A SCAMP 1T E#rn &
1E,



2.2.1 Astrometry.net

Astrometry.net; &L LI EME E R T ER (asterism) NZFE R EFRKITH
HEBEWCSEER . —MNEFRHAMEH R, RIEX4RE R ARFRPT PATHE H— 1B
IREEANTZ IRAER AL B RAIPE AL G4 B E G B R S H R+,
I EATTRASR R AR T 5 H B RS A A A ER AT AE 225 B 3R v I R BRARFR T 5 HH I A
e i) (T B E v Z A M 77, BNIRNEAEATEMERD.

Astrometry net IRIEAF MR ER, ME T AFERER @A SR ER, X
6 B BRI IE A 55 LA S ZH RORH BB R () B R R BRABAR B A7 A E N — R P index ST BAHE
AL . Astrometry net MBS HRE, KU EIGE 3R T U 2 AR TSRS
Aihh, 7E index SCHF o FHRAE A RAAHIL I EFRVENTCECE bR o Astrometry.net 23R HE 4R
FIMILR EFrit B WCS 58, Rt H G EIL IR RERAR, IF5 index X
HEURH R BRABPREAT LB, 0T DI B e W 77 V2ok AW RC & 5 o H . A ILIREHN
B, Mgt s, &NE, ML e L 245,

VENAIETN, Astrometry.netn] LARRYRE UCEE I (M98 T 5 G40 dlfz 1E R 5L, HAR
F§93 B 4& 1F 2 15070 9 STPBY! (Simple Imaging Polynomial), &1ERT 5 AR R4 FR (u,
v), ARNM:

X\ _ (CD1_1 CDI 2\ _ (u+ f(u,v)
<y> = <CD2_1 CD2_2> X <u + o, u)> (2-2)
HAf G, vy Mg Gu, v 3R TT RALAR B IE 2 TR 2, B
f(u,v)= Y A_p_q uPv%, p-+q<A_ORDER (2:3)
P9
g(u,v)= Y B_p_q uv’, p+q < B_ORDER (24)
P9

A_ORDERMIB_ORDERANFANT7 M FME IEMr 4, —MAHSER, ml LS 21735
WH. A p gMB p ghZIRFFHRE

Astrometry.net;& FHC1E & % 5 IR % 98 B MF, AT LA/ELinux R 4t HMacOS R 4t b %
R, e fE @ T solve-field iy 4 KIEAT

Thitp://data.astrometry.net/

24235 7714 I hitps://astrometrynet.readthedocs.io/en/latest/
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2.2.2 SCAMP

SCAMP Z A Z FR it — DI IWCSIE B, BT ML H 0 5E o WCSTE B
FUBIE. P ANEEILAL (pattern matching), H K ZXHTHHWCS o EIZE I 2 b R %L
BEATIBIE; 5 A RIIfE Castrometric solution), [ {2 7E4S & L4k bR i L
FirEmiEIE. FHEDRERE, RigTHd—2, sEmPbHiEiT.

FERERITI T, SCAMPE SR IEHIEWCSIE R, B5% 2R P (KR ERAE IR
BB AN . BT HAHIC AT LB G B R AR R AR RIS B R AR F AL bR 1 T
PERITT R e A (WLSC[27]553 %), SCAMPH] LIS BIWILEWCS (115 2 Lh il )Y
FFER: LB IE S, HARILEHIWCSHI S % B RGHAhr. 0T R T7 % i E
B ERB R BN S H B RAGFAFAER Z T L9540, SCAMPR] LU 2 £ AL AR
Z R TR RE, M FIEWCSH K18 (5 ST B IE,

FEVFHARMAET, SCAMP Xt EE 2R M S B RIIFIATICR, @it &/ hMein
BUAERRZAE T 50 (L2715 4 ) 7535 S Mg E R 5. SCAMP KA (¥4 il
BIEZ Y TPVIZL, B IEM R S A BA 7R, B IEXN SOBGE IR (x,

y) » BIEARWSC[25] R 1 R 2.

2.3 ERRXE SRR

2.3.1 P BB aIE

ARCEPE T FEHLEII ST AT T AR K100 845,  FERRAS AT B A5k A
BLIFAR 7 PE AR AN PR 2 S5 I i BRZ TR IS RORE 22 B E NI B . 5K BRI
YIRS FTT Sy, BB BB 307253080, BERLEIR N1.012/M /M4 %K. K2-1/E
A TIKEE R m AT RIEE S UL T RIERE (2327 BESMGE
TiEle A T AR R 2 S8 R I FITS Sk 3R EL o

R #7550 hitps://irsa.ipac.caltech.edu/docs/program_interface/ztf api.html
YRR SRS 5 B R ST MR R B LR %


https://irsa.ipac.caltech.edu/docs/program_interface/ztf_api.html

2.3.2

2-1

ZTF FITS
WCS

1.46 0.75

WCS

2-3

WCS SExtractor
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IR R 0 B 45 AR E & T OB AR IR . SRR 1 B 2SR E K21, G
TEm,  WFPRI e 2 T8 BEAT 315 b e 22 0 10k A B~ v s S0 KRR, IR EHFLAGS
NORIIR LA I N B 45 R n] SEAERA IR, I L3R KT 0.5, (EHELART 10/
W, BURERIHTRIERNEGRER.

4.2-1 SExtractor® & A 4% F

ZH EVE[EN Vi 9
DETECT MINAREA 5 PRI B LA B/ MIARESR (B
)
DETECT THRESH 5.0 PRI B FrEE (sigmas)
ANALYSIS THRESH 5.0 i BEAREI{E (sigmas)
FILTER N AL S uE A%
PHOT AUTOPARAMS 25,35 MAG_AUTO%%&, Kron[XHll %

MR (BED

UL AR A R AR AT AL B EAR, 2R
(1) i&fTsolve-fieldfir 4, —IRMEBEAT LML bR R Hi4E 1F
2) HYciaiTsolve-field BT MBI (EH-TSHD, Kz Tsolve-field, fE5H
—YIEATHER B (R -vS 50 #HAT O ds B8 R E
(3) HGiaqTsolve-field#EAT Lk bR, $%4E121T SCAMPELIZHEAT HH 2 1
(4) HGiaqTsolve-field#AT LI T bR, #EEI81T SCAMPHEAT LIt B 2 1E
B S5 IE4TSCAMPHEATHI & 1F
TR MIEIE 4R, 5 EB AT RS IR B AR RT3 5 S
SO B4, ARFFRE IS 1T solve-fiel diN [ 5 1 iy 447 S Bk BURT ¥ B 0L % 2-
2, AEEMSHREGHEEROALFRIRE . BT S I S R B AU
WAL CATWCSIITE s ARV TS 4T SCAMPIN [ & 1 5 5 5 J ik B U W% 2-3,
A ER RA &S AT ATUR AL B IE . Astrometry.netf) 2 Findex L Fik AT
Tycho-2 &£ F# MGaia DR2ZE F 5200551, SCAMPFHE 3% £ £k HGaia DR2E
o IrATH RSN NI6GB, 5 NApple M1 Proff]145<~) MacBook Pro%&ic
A F1s17,

11



4%2-2 solve-field4 44T 5435 &

wITSH BUA Bt
--scale-low 0.7 G TR (D
--scale-high 0.9 EIGM EIR (B
--scale-units degwidth My BT B E AL
--radius 0.8 R (B
—-crpix-center fBERG T ONSE S
—-width 3072 R EIE (B3
--height 3080 Kig & (B
--x-column XWIN_IMAGE N BB B R PR AR ) 51 44 BR
—-y-column YWIN IMAGE N\ E1R B R P Y ARFRI T TR
--sort-column FLUX_AUTO XS B R AT HE T P AR

Yz AT S HCA I IUE, EERI .

#02-3 SCAMP® 24335 %

24 EVE[EN Bt
ASTREFMAG_LIMITS 12.0, 18.0 SXBRPHT EFRE
PIXSCALE MAXERR 12 S GRIN N
POSANGLE_MAXERR 5.0 BRI fARZE (B
POSITION MAXERR 1.0 RO EmMZE (50
PROJECTION TYPE SAME P

DISTORT KEYS XWIN_IMAGE, 114 B 2 TR AT % TF ik
YWIN_IMAGE JR ) 44 0
DISTORT DEGREES 4 1 & R 2

NTHREADS 1 BATERTERL

12



233 IHE R E

B S8 B AS RS PR B0 R 58 b (v PR ZER AN, AR SO S EAT S & AN
PRkt B RIEAREI R . S VRIRIRIL N E bR fE B BRI AL AR & R AE R EEH N 5
2% B RIFALVRAHICED, TCACEIEIE N 0.5 f B mate. TR S% ERik
N GaiaDR2 3. & B HRARIILE A E b5 5 B BRI AL AR 5 575 B 3R T xR 5 AL R
RMS fmZ . BARTHEINETR .

4, {3 F SExtractorX 5& b Ji G 43 50 LA A B ELEEAT 0 CER I, s 80 )
Ao AT BB 5.0, AR BB AN 43 Hr BB 9 1.00 BA52.3. 2795 R [R] I e S5 A 0
FBEERBATIRE, fHrsHERETRIRTR, BEES%EERMKBHEEGE
RITH . w05 & 2 RIFECN (2 % B R IEAE G E 2 R IR IR 22 2411 &
BIEE LR, WAE IRILE . fE & BREER D EHIA R, 5 R TR
EILE B2 B RWARPRZ A AEEE, (E VKR ERIBIFHIRmEZE. &2
J&, SExtractor AN B8 1R 7 FHSIPZ T s 3 (971 dh 42 1B OS5 7, (R X T Astrometry.net
SR EREG R, AV Hpythontlsip tpv 15 SIPREE F# o NTPVREE T, HAH
SExtractorid AT # I »

B, XEUERI 791047 107 BT RIREFEBY, KRS WAE A U5 A0 AL R A 22 5% LLO.5
BEB LR, BARSEIRAEZE"Z A R AE G, BUP AR 41T A% P U A4
PRAETPER S, 5513 B B B AT S i G & XA R R ZE G e BI2-4B R T
1200 B2 PR PG R BEAT Ao s BRoml #EAT T S 1 5 i A im 22 el o SR B2 A T A (B 3
NTL MCHER ERAESEVEHN 52 BRI, SRS R
HA KT HERA BT oE A L 10, e A e bn i & P A, 75 00E A E bR
BE,

B=00, WWEAR R EEER T IR ARG ARG ALIMRE CERR G ARFR R %
S B RIAAR) DA FIRMS, R % B RN e br i &= 12 =48 hR . BI2-5/E R
T R —5K B R BT 2 1 8 AR A AT 4 S 1 5 9 AL bR 2 4 A B

Thitps:/github.com/stargaser/sip_tpv
PREI AR EE, HAREE T EITRIE R 84 13 A 5 15.86 B ZHM— .
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Astrometry.net 0.72 29 40 31 329.18 314.60
SCAMP 4,59 63 32 0 184.17 169.82
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T4 B B be g BT M E E, I P e AR AT 1B IE AR R W 4R
T br R BHFE 8K . 5 Astrometry. net FISCAMP A LA Sz B BRI H,vH A it R I 47 B
SERR o

RIS 55 248 tH 02, (1) fn SR 5k bram 48 G g #1 th 72 F Ll A S0 A FH B9 Z TF
4 R ™, B4 4T T BE 5 B Astrometry.net£k P 5E AR R B K 22 M 1 1 5
SCAMPICILIE It BT M & (E 3R 43 R HERA I b,  BRRHR AT BB RR 2250 T — IR 2R I
SEARIVE IE AT A AE I, (2> ARRSEE Bk Bl G 35 i E B 1 B
AT HRER R T ERENEE (EBRIBMESREZ B0, AFERRTT R (6
ff b 25 SR AT Re s R AL (3) ZRSCAEMH ] Astrometry.netf¥solve-field iy 4 B 4 A [
O AR RS R CAWCSTE Bt B g soOAs bR, 1 SE R 408 b 22 4+
1R BEANTE MG OR B FR 1A A8 hR, DR SE PR B Al SEFERS R BE S TG

2.6 BFRE

H-TF3)iz3) SCAMP & 2 & 5tig 1T SExtractor KA K EZ IR, H SCAMP ig4T
FERJA R M S R E I WCS SCRSUHE, I F TG I i WCS 15 B3
AP B FITS Sk 2 A4, R ST, AETHAE H 5 I S s Ab 78 rp b
WA FIEREA python BEIE S 9m'E T — MEHL, & SCAMP 1 Astrometry .net [f]
TR AT ES, e iR L T SR A B T BE . IURLHR (A 4T T HAIME
A python BLZEFR /7 I I PIAME I 7720, AR AE R B E Sy dr 47 L HAE A #4T K3
N

BRI R A 24T TR 4 A astools, 24t 7 MAFMIFIhRE (RD 7 Mk
4, HrAE A Astrometry net f1 SCAMP DL A 4L P9 k3K A% 4 N\ G AT RN B
TN AT EIEE, BRILZ AMEIRAE 4 MRS B ThRE . B 2-13 JBOR T %6 24T
THMFEMEE. ST TAFERS 04 %% SExtractor, Astrometry.net il

SCAMP =AMikft,
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(pyraf) astrocn » astools -h
/Users/liuxing/work/astround/scripts/astro(netry_alt/astro<n/astro<n/main.py
usage: astrom [-h] [-v] {lazy,astnet,scamp,getcat, loadwcs,delwcs,segimg}...

Do astrometric calibration via Astrcxnetry.net and SCAMP.
positional arguments:

{lazy,astnet,scamp,getcat, loadwcs,delwcs,segimg}
functionalities.

lazy do "astnet% and “scamp® and %loadwcs% in one command.
astnet call Astrcxnetry.net

scamp call SCAMP

getcat retrieve catalogs

loadwcs load wcs from a head file.

delwcs delete wcs info frooi a image.

segimg segment image

optional arguments:

-h# — help show this help message and exit
-v, — version show program®"s version number and exit
2-13
26.1

astnet scamp lazy

astnet Astrometry.net 2-14
SExtmctor
solve-field
FITS SExtractor
solve-field
scamp SCAMP 2-15
SExtmctor
SCAMP WCS
FITS FITS
SCAMP
getcat scamp
SExtractor WCS
SCAMP WCS
WCS

21



(pyraf) astrom » astools astnet -h
[/Users/liuxing/work/astround/scripts/astronietry_alt/astroin/astrofl)/inain.py
usage: astrom astnet [-h] [ minarea int] [- dthres float] [~ athres float]
[ filter str] [ dbthres int] [~ dbcont float]
[ emax float] [-L float] [-H float] [-u str] [-3 str]
[-4 str] -5 float [-6 int] [-V str] [-to int] [-D str]
[-0]
inage

sex K
- python main.py astnet image.fits -3 20.184 -4 38.310 -5 1 1-to 4 -0 -D ,/ucs

filter),

<
- python main.py astnet image.fits ~minarea 5 --dthres 1.5 — athres 1.5 —

ter ./test/default.conv - -dbthres 64 — dbcont 0.0001 -L 0.7 -H 0.9 -u degw -3 20.184 -4 38.310 -5 1.0 -6 0 -to 4 -0 -D ./wcs

positional arguments:

inage input image

ename.

optional arguments:

-h,  help show this help message and exit
~ minarea int sex"s DETECT_MINAREA. (default: 5)
_ dthres float sex"s DETECT_THRESH. (default: 1.5)
athres float sex"s ANALYSIS.THRESH. (default 5.0)
— filter str sex"s FILTER_NAME. (default: None)
_ dbthres int sex"s DEBLEND_NTHRESH. (default 32)
dbcont float sex"s DEBLEND_MINCONT. (default: 0.005)
— emax Float max ellipticity. (default: 0.5)
-L float, — scale-low float
solve-fieldls --scale-low.

i float, — scale-high float
solve-field"s — scale-high,
j str, - scale-units str

solve-f
3str, - ra str solve-f
“str, - dec str  solve-field"s — dec.
i float, - radius float
solve-f ~ radius. (Required)
i int, - extension int
solve- — extension, (default: 0)

/str,  verify str solve- - verify.
ise 0 if distortion correction is not needed, (default: 2)
-0 str, dir str  place all output files/dirs in the specified directory

files, (default: False)

2-14 astnet

(pyraf) astron > astools scamp -h
/Users/liuxing/work/astround/scripts/astronetry_alt/astro«n/astron/mai
usage: astrom scamp [-h] [~ minarea int] [- dthres float] [~ athres flnat]
Iter str] [ dbthres int] [ dbcont float]

[ emax float] [ aheader str] - refcat str [ maglim str]
[--nkatch] [~ scale-err float] [~ pang-err float]
[-pbss-err float] [ solve] [- proj str] [-do int]

[ snthres float] [ xcol str] [ ycol str] [- ext int]
[-0 str] [-0]

input

Use SExtractor to obtain catalog as input to SCAMP.
A reference catlog is needed, which can be obtained via “astrom getcat ...".
Currently, only support one image at a time.

Idac 4
- python main.py scamp image.fits - refcat ref.cat.

ts match - solve -do 4 -D ./wcs

<ldac Idac header .- proj SAMEL  CTYPE TAN,
- python main.py scamp catalog.fits — refcat ref.cat.fits --aheader wcs.head match — proj SAME -D ./wes

Idac dac header 4
- python main.py scamp catalog.fits refcat ref.cat.fits - aheader wcs.head solve -do 4 -D ./wcs

It xshooter pos-err wes
- python main.py scamp ./test/testimg_xsh.fits ~~dthres 1.5 — atl > refcat ./test/test_xsh/legacy_22.91_-41.52_0.02. Idac.fits - match - —proj SAME -0 -0 ./test/test_xsh
input iinage/catalog filename.

optional arguments:
- help show this help message and exit

— minarea int sex"s DETECT_MINAREA. (default: 5)
— dthres float sex"s DETECT.THRESH. (default: 1.5)
athres float sex"s ANALYSIS.THRESH. (default: 5.0)
filter str sex"s FILTER_NAVWE. (default: None)
dbthres int sex"s DEBLEND.MTHRESH. (default: 32)
dbcont float sex"s DEBLEND.MINCOMT. (default: 0.005)
— emax float max ellipticity. (default: 0.5)
_ aheader str SCAMP*S AHEADER_NANE. (Required if the input is catalog with no wcs info)
refcat str SCAMP®S ASTREFCAT_NAME. . Required)
maglim str SCAMP"S ASTREFMAG_LIMITS. defualt: 0.0,99.0)
~ match SCAMP*S MATCH. . default: False)
— scale-err float SCAMP"S PIXSCALE.MAXERR. default: 1.2)
- pang-err float SCAMP*S POSANGLE . MAXERR. . default: 5.0)
pos-err float SCAMP*S POSITION.MAXERR, in arcmin= «. . default: 1.0)
solve SCAMP®S SOLVE_ASTROM. . default: False)
proj str SCAMP*S PROJECTION_TYPE. sovle, TPV. {SAME, TPV, TAN>. (default: TPV)
~do int, - distort it
SCAMP*S DISTORT.DEGREES. . (default: 3)
— snthres float SCAMP*s SNR lower threshold. SCAWPiS . default: 10.0)
— xcol str X coordinage colname. X . defaul XWIN_IMABE)
- yeol str Y coordinage colname. Y . (default: YWIN_IMAGE)
— ext int which fits extension to solve, (default: 0, same as astnet)

-D str, ~~d : files/d ed directory
-0, - overwrite overwrite any existing files. (default: False)

2-15 scamp

lazy Astrometry.net SCAMP
2-16 SExtractor

solve-field

22



SCAMP

solve-field SCAMP

solve-field

[(pyraf) astrom = astools lazy -h

/Users/1

ing/work/astround/scripts/astrofl
usage: astrom lazy [-h] [--minarea int] [ dthres float] [~
[ filter str] [ dbthres int] [- dbcont
[ emax float] [-L float] [-H float] [-u
[-4 str] -5 float [-6

nt] [-V str] [-to

[ maglin str] [--match] [- scale-err float]
[ pang-err float] [- pos-err float] [- solve] [ proj str]
[-do int] [ snthres float] [ xcol str] [_ycol str]

[-D str] [-0]
image

try_alt/astron/astron/main.py
athres float]
float]

str] [-3 str]
int] - refcat str

call solve-field to solve a pre-result as input for scamp to calibrate.

positional argumeni
inage

optional arguments
~ help
minarea int

— dthres float
— athres float
— filter str

— dbthres int

— dbcont float
— e<nax float

wes, astnet«4
- python main.py lazy ./test/testimg_hmt.fits

input image filenane.

scamp«d

show this help message and exit

s DETECT.MINAREA.
s DETECT_THRESH.
s ANALYSIS.THRESH.
s FILTER_NAME.
S DEBLEND_NTHRESH.
s DEBLEND.MINCONT..
max ellipticity.

-L float, =scale-low float

solve-field_s

(default:
scale-low.

scale-high.

(default 5)
(default: 1.5)
(default: 5.0)
(default: None)
(defaul
(defaul

0.5)

scale-units. {degw, am,

ra.
dec.

radius. (Required)

extension,
verify.

SCAMP  ASTREFCAT_NAME.
SCAMF ASTREFMAG_LIMITS .

-H float, scale-high float
solve-field"s

-u str, - scale-units str
solve-field"s

-3 str, - ra str solve-fieldls

-4 str, dec str solve-field"s

-5 float, - radius float
solve-field"s

> int

solve-field"s

-V str, - verify str solve-field"s

-to int, — tweak int tweak order,

— refcat str

maglim str
~ match SCAMF MATCH.

— scale-err float
— pang-err float
— pos-err float
- solve

~ proj str

— snthres float
— xcol str

-0, overwrite

26.2

SCAMF PIXSCALE.MAXERR.
SCAMF POSANGLE.MAXERR .

SCAMF POSITION_MAXERR,

SCAMF SOLVE_ASTROM.
SCAMF S PROJECTION_TYPE.

SCAMF>"s DISTORT_DEGREES.
SCAWF*s SNR lower threshold. SCAMP
X coordinage colnane.
Y coordinage colname.
place all output files/dirs in the specified directory
overwrite any existing files. (default: False)

getcat

2-16

GaiaDR3

(default: 0)

ZTF

SCAMP

refcat ./test/test_hmt/gaia_dr3_224.94_41.A8_1.00.1dac.fits

app>. (default: degw)

Required)

use 0 if distortion correction is not needed. (default: 2)

(defualt: 0.0,99.0)

default: False)
(default: 1.2)

in arcmine

Y

default: 5.0)

{default: 1.0)

(default: False)

SOvle, TPV. {SAVE,
default: 3)

default:

- default:

default:

2-16

Legacy Survey

10

0.5

TPV, TAN},

10.0)
XWIN_IMAGE)
YWIN_IMAGE)

23

ra 224.9376 m-dec 41.4842 - radius 1 -to 4 — solve -do 4 -0 -D ./test/test_hmt

(default TPV)

lazy

getcat loadwcs delwcs segimg
scamp
GaiaDR2

PanSTARRS

Gaia
PanSTARSS
Gaia PanSTARRS

Legacy



Survey

SCAMP

[(pyraf) astrwn » astools getcat -h
/Users/liuxing/work/astround/scripts/astrometry_alt/astro(n/astro(n/main.py
usage: astrom getcat [-h] ra str - dec str radius float

[ catname str [str eee]] [-D str] [-0]

Download catalog as .csv file, and generate .reg file and FITS_LDAC file which is required by SCAMP.
R.A# Dec, radius are required. Default catalog is Gaia DR3.

Example:
- getcat --ra 20.184 --dec 38.310 - radius 1.0 --catname -D ./test -0

optional arguments:

-h, — help show this help message and exit

- ra str center ra coordinate, degree of hh:mm:ss. (Required)

— dec str center dec coordinate, degree or [+-]dd:mm:ss. (Required)
— radius float radius, in degree. (Required)

catname str [str f]
catalog name. {gaia-dr2,gaia-dr3#legacy,panstarrs). (default: gaia-dr3)

-D str, - dir str place all output files/dirs in the specified directory
-0, - overwrite overwrite any existing files. (default: False)
2-16 getcat
loadwcs WCS FITS
2-17 astnet scamp
WSC
loadwcs WCS FITS
delwcs WCS
segimg 2-18
2
X Y
WSC
WCS WCS
WCS
WCS

https:"nadcchina-voorg
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[(pyraf) astrofn » astools loadwcs -h

/Us

ers/liuxing/work/astround/scripts/astro(netry_alt/astro(n/astro(n/main.py

usage: astrom loadwcs [-h] --header str [- ext int] [-D str] [-0] image

load wes froxn a head file to the image.
substitue the image"s wcs with the one in a head file.
a new image will be generated, the original one won"t be changed.

Example
- python main.py loadwcs image.fits --header image.head -0 -D ./wcs
positional arguments:
image fits image
optional arguments:
-h, — help show this help message and exit
— header str header file, generated fron “astrcxn astnet/scamp”. (Required)
— ext int fits extension, (default: 0)
-D str, - dir str place all output files/dirs in the specified directory
-0. — overwrite overwrite any existing files, (default: False)
2-17 loadwcs

(pyraf) astrom » astools segimg -h
/Users/liuxing/work/astround/scripts/astrometry_alt/astrom/astrom/main.py

usage:

astrom segimg [-h] -nx int -ny int [-o int] [-e int] [-D str] [-0]
image

This little script segment input image into several pieces.
Name of output images are like input_x_y.fits.

Exampl

e

2x2

- python main.py segimg ./test/testimg_not.fits -nx 2 -ny 2 -e 1 -0 -D ./segimg

positional arguments:
image input image

optional arguments:

-h, - help show this help message and exit
-nx int number of pieces along x axis. (Required)
-ny int number of pieces along y axis. (Required)
-o int, - overlap int
overlap in pixels, optional, (default: 0, could still be small overlap if size of image cannot be divided exactly).
-e int, extension int
fits extension containing imagedata and wcs header, optional, (default 0)
-D str, dir str place all output files/dirs in the specified directory
-0, — overwrite overwrite any existing files, (default: False)
2-18 segimg
Astrometry.net SCAMP ZTF 100
Astrometry, net WCS
Astrometry.net
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Astrometry.netE A7 br o AT BG4 T T HipythoniE 5 4 5 RO P AR L, A AT
FIT F7 A A0 PR AT AL, R AL T AR SCRH Bh ThRk . 755 Semwt 8 LAE,
Al DLt — PR A e AT AE A AR 77 30, AR RS B E DAt — R mE AR
P R A 1
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=% SExtractor ENXSEREEFRTHINA

3157

MG RARXHEP R B LR R ERITINE, WESR BRI ANESE.
WC— ey M A, Bl EHERAESES, A E S IERIRHENDE R5
IR TAMEESE. LA CCD G ], A B 55 M, IR AR & 7R B L STk T+ EuE
(ADU, analog-to-digital units) (L FISTHE IR, PIERRN:

M, = —2.510g,0(S) (3-1)

& Y5 B AR B A B J7 ik — T o P A e fLAR IO AT PSF (Point Spread
Function, A4 HAERED DG, ARG RIEXIRHAT EOG, B E RPN HTIRIIAL
A NG RBUE RTINS T RO TTR, SRR S T BSH AR 2
o SLARHIAR AT LLRRYE A RIS R, — e DA FLAR AR B L AR Dy BB DL R L
BRI PSFIMDERE— P LA MG, PSF & fa siUs AR IS 1 P g i — 4=
AR, AR EUE R (W SRR RED LSRR, X
A& RBATI 0 AR AR 2R SR &

WA BAFUE B R UM E S BN EEbr. F—KE& L, — DRI
s 255 5 HADREIN D R 50T BIRTIMLETE M, 2 18] )20 AR 0] 5 o4,

M., = M, + k, X airmass + k. X color + ZP (3-2)
Horh, k, NRAHICREL, airmass NRSFE, k ABESUEREL color MIEKIZT
(RN NEBINEFZE) , MZPHXEREF N .. B2 T EHAR
PR GA R i) B2 A5 22 LA A RO I PR ORI 1 22 55 B PTG B Y T A
B REATE EMFAIE RN EFRE . HEHRRRRAPTHS S AR EE NS EE
KEW. Z2FEMREFRAMMITR: (D EmH—HUDGRHEEP (X bRk 2 8
HAFGHE SR MEit, WA RN , RGO IX Lebr it 2 31T 2 JOu il
MIMAFBIA R & A2 S NS B SF 228, LA R R] SRR 6 R 2L
PR OE R DL SAER s, AT F 3R e 2 00 45— R R 2 AR A 5 A s 22 5

! http://spiff rit.edu/classes/phys445/lectures/color_terms/color_terms.html
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TN MSGEE R ES: (2 ZE£DAMKRERSFHFNEG FE SRR
HEENSEERBT W, HTHKREG ERIRK RS ETEHER, Kk 3-2
KPR E M BOIE N S F R AT A I — T, AIHON MR S, B & 2
kG PEFESEEATUA L DMEBF AN A EET RS, DX ER B SR
VRIS B E AT R SRAF B AL B 45 . ARTERAE 2 PR & e br T4

SExtractor /& Emmanuel Bertin f#H C & & %a 5 ¥ 824 B2 B AU S8 b
BB, ZEARAE BB ATIRIN . 6. WE GHO MES— R IhEe, 7]
D[R] B 6o R #E AT 2 AL R R B B AL 2 ok (MAG_APER)D « F 3h L& Wk
(MAG _AUTO, &—FlfESLZME) « PSF M5t (MAG PSF, 454 PSFEX!#{t
R ZEARFERIIE, A2 S5 SMEN ZTF BGIERIR K, 3
PanSTARRS1 EXRIEANSHER, 40MEHIEFLANDE, MEILEN A PSF Jly6xf
A AR BAT I ST bR, WX =S DG 745 th IR 5 5 AR ah R 3 AT X LB 52,
RS,  ZTF BH#EAR I FITS ki T ZTF RIEE A3 2411 H A3 B G = 05 R
P IREL, [N ZTF tAR itk G ER, FILAT NG ZTF Mg g RdtiT 7
XTHC R

32 M EREEIRKR

3.2.1 LA AR K il 2 I

AL E A B Al BRI A P A IR B A R AR N, R ESRAT BRI LA
B KB ERE T R P& 4 R IE R RER . & 3-1 () B T ARSLE
HE (BRHBAD b, 4 PAFRTEREKSLEM IR Z (H SExtractor [
MAGERR_APER %5 11) BEfLREAARIAZM, MR LA 1, LR K/NIDEIRZR
SRS T PR AR BN, AEX T REUR K. O 7 N IR G IR E, AL
CROLALEE T PO, RERR Mt R AR R LL LR DRI R AL RN B 3-1 (b)
FEos T ARE 4 DIRRIEMR R LR BRI AR, A H— AL HARBRIL) 4 5
HAETZ AT CLIER] T RmERLLL, X& - MHEXEANNLE, FOVERN 6 5
RIAETE B R AR AT E O, R AR ] R R A MR L BAT DG, b

! https://github.com/astromatic/psfex
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MAG-PSF (

2 32
3FLAGS SExdtactor

31 (b)

SExtractor

0.5

3.2.2

HTS

FLAGS O

FLAGS
99
4

SATURATE

Eg (growth curve GC)

24
1
a)
b)
3-1
10 32 2
03 MAG-AUTO 99 MAG-APER 99

1) 30 2)

32 0
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£ 100 BL By (3D #EZ/NT 0.3: (4 B0 10 f5Fma m e A e .
X FI# R IX 4 AR BT FE AT HEY . B FERT S0 JBRAE e AR Kt 2R 1)
E. 1HEEBMENERKIL, BTEE AR &R P SEE A A R A K 2k
K 3-2 fean T — skl G B A K 2k

423-1 SExtractor 54535 &

28 BB Vi B
DETECT_THRESH 1.5 PRI B FrEE (sigmas)
ANALYSIS_THRESH L5 b BFREIY (sigmas)

FILTER N e A L e AR
PHOT AUTOPARAMS 25,35 MAG_AUTOZ#, Kron[A¥ Mk

INER BFD

DEBLEND NTHRESH 64 it VR ) SIP )N B
DEBLEND MINCONT 0.001 N AT N R IE 210
BACKPHOTO_TYPE LOCAL S P enn -yl

MABER PN ER IR S (U EFRERD) AL, FEGBE
Kl b Z AR IR BB & KL N 2 SE 22 e A n,  RITRIAS 25 0 A Kl
LAZ IR, KB A5 BRI YRAE R L B R ALAR XS L SR 22 S5 AR N B R] 45 21 2 1k ) A
L2, |’ 3-3 Bon VA RZ5EN RS LE A, Al WG NI RE
AERVN (RIS mlEIR B LB CBIsALALAR/N) RIS B Al DL RS 1
B AR 0 9 B AT LE S IR A K

B 7R A RARB LR 25, LI PIC BT Dt LR T o AL
KR LR RME N e R AL AE, o R el T BAGE B SR E XS L. sk
kI, 100 BGRH, S8IKEGBIM e RRILAIEAR S MU (D203 fFFRER)
41 skEMR R B IALENE 4 MU (4 173 fFEmaet) 1 REGR2RRL
LN 3 MR (D 12 f5EEa5%) .

Lifizl 1.0857/MAG_AUTO 733,
2IFHERTE BHR B R 2K 4 SR S TRREEN R ENE, 28 4% sk L Era
Ji o AEMNALL R A — K MR A RE RIS 2 4 1R, DRGSR A 2 5 5 BRI LU 40 # .
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Aperture Diameter / FWHM
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3.2.2 PSF

PSF PSF PSF SExtractor PSF
PSFEXx PSF
SExtractor PSF PSFEX SExtractor
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PLEAB AR SRR TS, AW RSB —FEHNE.
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