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FiG. 1.—Physical layout of a typical three-phase CCD.

Credits: Michael Lesser 2015 PASP
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« RXEMREIEFEMT: FITS

* Flexible Image Transport System
’ FlTS % It%ii{q:-rjj\-b\(i%ﬁ ( 1 9 7 9 ) Definition of the Flexible Image Transport System

* Primary header and data unit (HDU) (FITS)
. HeaderEIElé?/\blockQHJﬁ, ¢b|ock@jﬁ36*80=2880—byte
IR END 25 3R
. Data’%‘E|3$3'Z?—r1—9992E LLNAXIS?&%ﬂI&X QiESE
= ENAXISTFINAXIS2TEX Z 4K /M)

¢ B l TP l XEX%E IZi E/\] ;\"é ;—iF'l—J —*D 11\_L§i ( 8 ' 1 6 r 3 2 ' 6 4% ) Version 4.0: udetZZ)T;SJ:zd;dby the IAUFWG
* Multi—Extension FITS (MEF) Langme oo s e s 307 s 13
Position Keyword Position Keyword
, e =
3 NAXIS 4 NAXISna,n=1,..., NAXIS
4 NAXISn,n=1,..., NAXIS 2 gggg%
(other keywords) ( ofher keywords)

last END last  END
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* FITS#R{E (astropy.io.fits)

o -I;EEX Open(), |nf0() getdata(),
getheader()

« 5344 . PrimaryHDU(), HDUList(),
writeto()

 Header?®{E
o 00/ MERkeywords
o 15 HNkeywordsHYvalue

* Datat®{E

HIEZIRIE

In [1]: from import fits
In [2]: obj = fits.open('CSST_MSC_MS_CROSSTALK_25_0001.fits"')

In [3]: obj.info()
Filename: CSST_MSC_MS_CROSSTALK_25_0001.fits
No. Name Ver Type Cards Dimensions Format
PRIMARY 1 PrimaryHDU 28 O
SCI 1 ImageHDU 8 (16, 16) float32
ERR 1 ImageHDU 8 (16, 16) float32
DQ 1 ImageHDU 10 (16, 16) int32 (rescales to uint32)

In [4]: header = obj[@].header

In [5]: header['USEAFTER']
5]: '2025-01-01T00:00:00"

In [6]: data = fits.getdata('CSST_MSC_MS_CROSSTALK_25_0001.fits"')

In [7]: data.shape
9 (16, 16)




[In [1]: i

[In [2]: array = np.array([[1, 2, 3], [4, 5, 6], [7,

[In [3]: array.flatten()
31: array([1, 2, 3, 4, 5, 6, 7, 8, 9])

Z ARG IEREARIR(E

- EFEIRIE
Ik
* array[100:200, 100:200]

%E

* array.flatten()
* array .reshape(100, 100)

R=IR

[In [4]: np.flipud(array)

array([[7, 8, 9],
[4, 5, 61,
[1, 2, 311

In [5]: array[::-1]

array([[7, 8, 91,
[4’ 5! 6]!
[1, 2, 31D

[In [6]: a = np.random.random((3,3,3))

In [7]: a

array([[[@.9610923 , 0.20989562, ©0.69589999],

* numpy . flipud(array)
o FE¥Tarray[::—1]

ke

* numpy.rot30(array, k=2)
o ZE®Tnp.flipud(np.fliplr(array))

ZAFEREHER /Y1, master bias/flat/dark

* numpy .sort(ndarray, axis = 0)

* numpy . mean(ndarray_sort, axis = 0)

[0
[0

L[o
[0
[0

L[o
[0
[0

[In [8]: np

.92906225,
.14640188,

.6287261 ,
.7457779 ,
.15901851,

.82407722,
.8756162 ,
.76732293,

.38499607,
~33291293,

0.60961688,
0.
0.56605089,

26134888,

0.41190758,
0.
0.63074179,

86174875,

.mean(a, axis=0)

.0057568 ],
.29034816]],

.19397544],
.8459206 ],
.15058119]],

.21061846],
.00506587],
.71960938111)

array([[0.80463187, 0.41047336, 0.3668313 ],
[0.85015212, ©.5026979 , 0.28558109],
[0.35758111, ©.50990187, @.386846241])
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* index = (array == 3)

* array|index]

o 4 piymaskxE %

* mask = ((arrayl > 0.5) &

(array2 < 1.0)

[In [21]:
[In [22]:
[In [23]:
[In [24]:

[In [25]:

array(LL

a = np.random.random((5,5))

b = np.random.random((5,5))
index = (a > 0.5)

mask = ((a > 0.5) & (b < 0.7))
mask

True, False, False, False, False],

[False, False, False, False, False],
[False, False, True, False, True],
[False, True, False, False, True],
True, False, True, True, True]l])

[

[In [26]:

arrayE[G.
Q.
Q.

[In [27]:

array([0.
Q.

a[index]

95859947, 0.89533501, 0.53021969,
82154079, 0.91373615, 0.96626163,
87019978])

a[mask]

95859947, ©0.53021969, 0.82986006,
96696163, 0.77411869, 0.76758937,

0.82986006, 0.53884837,
0.77411869, 0.76758937,

0.53884837, ©.91373615,
0.87019978])
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* Astropy, NumPy ...
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1. Vizier

Python

* Finding chart plot
« JRENAMES% B3R ( Gaia , Pansstar... )

* from astroquery.vizier import Vizier

* from astropy.coordinates import SkyCoord
o« T E N ERMS]

e Gaia DR3 : 1/355/gaiadr3

* Pansstar : 11/349/psl

 BCE TR MR

vquery = Vizier(columns=['RA_ICRS', 'DE_ICRS',
'pmRA', 'pmDE', 'Plx', 'RVDR2', 'Gmag'],
row_limit=maxsources, column_filters={"Gmag": ("<%f" % maxmag), "Plx": ">0"})

coord = SkyCoord(ra=ra, dec=dec, unit=units.deg, frame="icrs")
r = vquery.query_region(coord, radius=rad * units.deg, catalog='I/355/gaiadr3"')
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TARGET = sn2021gno RA = 12:12:10.29
o DEC = 13:14:57.0 o
twighlight UT time twighlight
12 14 16 18 20

1151 . ephem §

70 A

Python

* Observation plan

* import ephem as ep (https://rhodesmill.org/pyephem/) .
¢ X)la/ﬂJA—Lﬁ{l:uu\

7’
_'"""_'"""/'7‘—___‘—""-'1—_"'"_"‘-"__" i e e s b e s e
TR s Ea e O e e G e e e e s s

observatory = ep.Observer() 2]
* observatory.lon = '117.5750’ £
* observatory.lat = '40.3933’ 7
observatory elevation = 950 o N
¢ X}L,/mJ E *Tfl:l /0N ¢ .
* star = ep.FixedBody() ol N
* star. ra = ep.hours(eq.ra)
e star. dec = ep.degrees(eq.dec) 10 |
- MR AT
* observatory.date = '2021-01-04' g - = m n
. Twighlight : Observatory: xinglont’“ "M€ Moon Phase = 13.1

DATE of OBS: 2021/4/15 Mean Moon Distance = 115.4 degree

* observatory.horizon =-18

* twightlight begin = observatory.next_setting(ep.Sun(), use center=True)

« twightlight end = observatory.next _rising(ep.Sun(), use _center=True)
Moon phase/distance .

* moon = ep.Moon()

* moon.compute(observatory)

» distance = ep.separation(star, moon)

* moon.phase


https://rhodesmill.org/pyephem/

PythonFH{51 . photutils
* tHEL FsextractorAY L

CEATREOHRIIL (R, B, FAE BT
I N JHDULists{ Zarray, VOEBLHE

 from photutils.detection import DAOStarFinder

mean, median, std = sigma_clipped_stats(data, sigma=3.0) # estimote globol sky
data = data - median # remove the sky background
daofind = DAOStarFinder(fwhm=fwhm, threshold=threshold * std, ratio=1, exclude_border=True, roundlo=roundlo,

roundhi=roundhi)
sources = daofind(data, mask=mask) # detect the stars

* from photutils.centroids import centroid_sources, centroid 1dg

X_new, y_new = centroid_sources(data, sources['xcentroid'], sources['ycentroid'], box_size=11,
centroid_func=centroid_1dg) # re-calculate the accurate positions
positions_new = list(zip(x_new, y_new))

radii = np.linspace(1, 20, 20)
apertures = [CircularAperture(positions_new, r=r) for r in radiil
phot_table = aperture_photometry(data, apertures) # aperture photometry



Python 151 . SkyCoord

* from astropy.coordinates import SkyCoord

» BIRR G IRIR

* ¢ = SkyCoord(ra=ra * units.degree, dec=dec * units.degree, frame='"icrs',
pm ra cosdec—pmra units.mas / units.yr,
pm_dec=pmdec * units.mas / units. yr,
obstime=T1me(2016.0, format='j ]year scale="tcb'),
distance= D1stance(parallax—parallax units.mas))

 c.galactic.l.degree, c.galactic.b.degree

- [hTiE
* ¢ new = c.apply space motion(Time(60718.90593, format="mjd’, scale="tcb"))

* ¢ _new.ra.degree, ¢ new.dec.degree

-



Python 45l . astrodrizzle

* from drizzlepac import astrodrizzle

« HSTEMR S X
« FIFHSTRE—KEE Rdrizzleg ik, HFEXHFIFTER
MERISRER A Re-/s, ERAE~EsciER (RIET

29MBF435WI B FYHSTEIER & Al AIM8 1 FRi X 4 ] 15
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< 1.5°% »
- e — Multi-color imaging
R 0.8 —— Slitless spectroscopy
0.7+ ’_\m
0.6 -
3
(= 05"
Q0 T
9 i ~ - N
g\! (C’D E 04 :xl/
- T 0.3 ||
|
0.2 L 4
|| %
0.1 | ll J J \
|
¥ 0.0 — "‘ . et J —— . -\\\\=
2000 3000 4000 5000 6000 7000 8000 9000 10000 11000
! A(A)
B 5 R B 7 CSSTMRFRWLM & Br RSl EHER
Table 3 Key parameters of the CSST survey
WFE e EAAG) PEBRE A5 (AR, S0, ABEE)
NV w . : ; .y From Zhan 2021
17500 150%2 25.4 25.4 26.3 26.0 259 252 24.4

ORI
400 250x8 267 267 27.5 27.2 27.0 264 257
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B REIRB hE D

e OZREVIEENX (raw data)
HDUO XB—"header, BFREEILEE AWM
55, WEFR, B, fEm. FeEEF

« HDU1. fB¥EheaderFldatafPER493 . headerZRs)
BERNRERS. BEH. Bm. FIBWCSE
B%., dataBfnBIEMNRNSEL . REE
pd A B R RE FE

« (HEERPI6EIE T AYCCO AN sxiE B

- WEHEBRRNBREATSIVE, BEFRIEBIEN
FIRFITSHR T XX I B4

-

global header

[0]

raw image

[1] or [SCI,1]

header

AVAN

image data
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o Reduced image generated by L1-MBI pipeline.

« Naming convention

° 1 Qﬁéi?EE"X o Format: CSST_{facility}_ {project}_{type}_{t_start}[14]_{t_end}[14]_{obs_id}[11]_{detector}[2]_L{level}[1]_V{version}[2]_IMG.fits
-

o Example: CSST_MSC_MS_SCI_20270626203558_20270626203828_10100000066_06_L0_V01_IMG.fits
o Tips: Click here for regular expression.

o dataXbB[EIRIE161B 1B 0ZR FIEH 7] E | FMoverscan, crosstaik
BUE f[EHF& R 9232%9216 R~ ARG X1t

© BICHROREIEIR. RRKE=MNEXDEMELNEE - BIZER
BRI R A A IR B A
© FHENBIETSICRETELIERERT. MiE. RAM

HEsRTEEES - NEER

HDU1
key value comment fill value type last modified w | s 2 n 2 n 1 0
VER_INST '0.01" Version of instrument processing '0.01" str c7
* mask &
STM_INST '2022-12-30T10:18:53" Time stamp of instrument processing - str {c74 a S .
STA_INST 0 0=done 1=wrong 1 int €7
a, 2 3 4 s 5 7 3
STA_BIAS 0 Status flag for bias frame correction 1 int c7
STA_DARK 0 Status flag for dark frame correction 1 int C7

STA_FLAT 0 Status flag for flat frame correction 1 int C7

SKY_BKG 0.1 Estimated sky background (e-/s per pixel) -9999 float c7 () i 1£F 9_
N

SKY_RMS 10.0 Standard dev of frame background (ADU) -> e-/s -9999 float c7

SATURATE 1833.333333333333 The flux limit of saturated pixel (e-/s) -9999 float C7

STA_CTE 0 Status flag for CTE correction 1 int Cc7

STA_SAT 0 Status flag for satellite correction 1 int Cc7

STA_CRS 0 Status flag for cosmic rays mask 1 int c7

CRCOUNT 66791 Cosmic rays counts -9999 int c7



Table Browser for 1: CSST_MSC_MS_SCI_20241219054224_20241219054454_10...

« 2REFRENX

- B

- %

- He

R20 R50

1878 0.047131  0.091372
M2 — EI IA—I \ 1064  0.049986  0.090532
2129 0.04895  0.088252
-~ 398 0.048555  0.087759
- 'y / D n e 1740 0.049792  0.087043
2348 0.047357  0.088581
379 0.050374  0.086474
2377 0.047442  0.087115
2386 0.047774  0.088566
1434 0.048627  0.087492
1190  0.946538  0.089603

95  0.048444  0.08812
4%  0.047868  0.088254
568 0.050619  0.086785
2694 0.045164  0.089972
2463 0.045821  0.089618
152 0.049623  0.085053

RN E SR
* FITS Tablef®z,, KB EZK_CAT fits,
e %%ﬂﬁ2§%125/{\%§i

o XREIRXNRIFTRAET =, 2 BREL
RN . MFEFIIERIL & EF—

\\/

(PSF) %,
RIHAIE . FrEmERX

BREREGRENAE.

KB IRERE

B R AN RIS F2 R A BY AOPSFAR T .
HER

o EINRKXDEFEEIRA/NKAX (3
BRICK, BEIE ijJO 25%0. 25 )

ERNZEZNEEREB
EHER

A REGE

AT =EGRFXM

BPNREBA—
LR B—BRICKHIA
XXM, £&. aFFIR. 52

R90
0.206372
0.202645
0.199944
0.195062
0.196243
0.198249
0.201406
0.177712
0.193649
0.197712
0.193338
0.195478
0.190462
0.196993
0.190765
0.191316
0.193512

X_PSF Y_PSF RA_PSF
4189.91023 6530.17699 89.79943
3000.05648 3884.5845 89.86445
9125.08933 7361.62597 89.73825
4394.45777 1421.10977 89.90269

605.2833 6028.61546 89.84172
5039.28464 8136.83739 89.75881
6414.62164 1370.29252 89.88571
1676.3759 9229.18987 89.76638
2593.53767 9186.09074 89.75908
6069.59534 4992.85055 89.81427
2698.01554 4207.81364 89.8605
8802.49997 395.01362 89.88447
5102.68553 1720.94817 89.8902
6292.54774 2003.68913 89.87377
1860.04861 8799.15071 89.77358
1715.91339 8616.20963 89.77863
4209.7095 573.39797 89.92178

L2 Data Model

Catalog

### File contents

HDU data note
HDUO None PrimaryHDU
HDU1 Table ImageHDU
### HDUO
#### Header of photometry
keyword value
APERSIZE '3,4,5,6,8,10,13,16,20,25,30,40,
NS_APER 75
APCORO -0.06074262037873268
APERRO 0.0
APCOR1 -0.01975813694298267
APERR1 0.0
APCOR2 0.0
APERR2 0.0
APCOR3 0.01290098764002323
APERR3 0.0
APCOR4 0.02804811112582684

DEC_PSF Chi2_PSF Flux_PSF FluxErr_PSF Mag_PSF
24.30308 0.00012 237.32... 0.736266 16.5617
24.30227 0.000195 178.22... 0.622533 16.8726
24.38871 0.000155 120.84... 0.501409 17.2944
24.34838 0.00038 112.45... 0.482108 17.3725
24.24003 0.000449 107.34... 0.471093 17.4231
24.30594 0.000462 86.1505 0.419992 17.6619
24.38663 0.000844 75.019 0.389678 17.8121
24.23412 0.023273 71.6024 0.384572 17.8627
24.25164 0.001789 49.9129 0.315126 18.2545
24.35075 0.004705 43.8118 0.29646 18.396
24.29399 0.004061 42.5338 0.290915 18.4282
24.43927 0.000685 41.8331 0.285664 18.4462
24.35921 0.005806 40.8447 0.285336 18.4722
24.3792 0.006022 39.1157 0.279423 18.5191
24.24105 0.005557 38.9008 0.277791 18.5251
24.23983 0.005639 34.6025 0.262634 18.6522
24.3518 0.005927 33.2612 0.257446 18.6952

comment fill value type

aperture radii in pixels '3,4,5,6,8,10,13,16,20,25,30,40, str

number of stars used in aperture correction
mag correction for aperture #0

mag correction error for aperture #0

mag correction for aperture #1

mag correction error for aperture #1

mag correction for aperture #2

mag correction error for aperture #2

mag correction for aperture #3

mag correction error for aperture #3

mag correction for aperture #4

0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

32

32

32

32

32

32

132

132

132

MagErr_PSF

OO0

003368
003792
004505
004655
004765
005293
00564

005831
006855
007347
007426
007414
007585
007756
007753
008241
008404

last modified

c7

c7

c7

c7

c7

c7

c7

c7

c7

c7

c7
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CSST#HIETHE

(6 & nadc.china-vo.org/lensfinder/cluster/mockcsst/

o [ ¥ Vvite App X +

Mock Observations For CSST

basic_config

run_option

work_dir: use_mpi:

/public/home/fangyued

/data/simudata/CSSOSI
TEST

n_cores:

data_dir:

run_name: Eui g

v Fang Yuedong / CSST simulatior X

O 8 https:/[csst-tb.bao.ac.cn/code/fangyuedong/csst-simulation v Qazn

& GitLab

= Menu Search GitLab

CSST simulation ®&

Project ID: 8 [3}

C CSST simulation

@ Project information

B Repository -0- 68 Commits § 4 Branches ¢’ 0 Tags 338 KB Files [ 338 KB Storage

MES
40

< - g

Y¢ Star | 3

O Issues 0
3% Merge requests 0 customizable_ca... csst-simulation History Find file & v
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add ignore
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@ Deployments

[3 Monitor

A Packages & Registries
[ README 38 No license. All rights reserved

L Analytics

3 wiki Name Last commit

Snippets
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csst_proto 1

csst_11 A

csst_common -
csst_ms_mbi_distortion A
csst_ms_mbi_instrument -
csst_ms_mbi_position
csst_ms_mbi_flux A
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- files
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def test_multichips(self):

Aim

Test the calculation of distortion for multiple chips.

Criteria

Get the correct results and all the header files created.

Details

This test is used to calculate for C6 version data.

The test data are fields of NGP, which have less than 100 gaia stars in each chip.

Coverage report: 93%

coverage.py v7.2.1, created at 2023-03-12 09:46 +0800

Module statements
csst_ms_mbi_distortion/__init__.py 3
csst_ms_mbi_distortion/pvfit.py 450
test_codestyle.py 16
tests/test_distortion.py 67
Total 536

csst-I1 > mbi > csst_ms_mbi_distortion

csst_ms_mbi_distortion ©

Project ID: 53 [3

-0-148 Commits & 1Branch ¢’ 0 Tags [ 594 KB Project Storage

Topics:  csst-I

CSST L1 pipeline - multi-band imaging - distortion fitting

missing excluded coverage
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main csst_ms_mbi_distortion / | + v

pointing_ra = header["RA_PNT1"] (e«

Zhang Tianmeng authored 1 week ago
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[} README | 38 MIT License || @ Add CHANGELOG | |

Set up CI/C

Name

B3 csst_ms_mbi_distortion
B tests

© .gitignore

B3 LICENSE

~+ README.md

G install.sh

3 install_local.sh

B requirements.txt

@ setup.py

3 Configure Integration:

Add CONTRIBUTING i

Last commit

pointing_ra = header["RA_PNT1"]

pointing_ra = header["RA_PNT1"]

updated package info

Add LICENSE

update README and extend fitting degree...

reformat package

reformat package

delete setuptools from requirements.txt

tweaks

Enable Auto DevOps | |

Add Kubernetes cluster |

Last update

1 week ago

1 week ago

6 months ago

6 months ago

4 months ago

6 months ago

6 months ago

2 months ago

6 months ago

67%
93%
75%
99%
93%



TEI5 |



