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1. AstroPy
fraAstropysicsEIERMNARGER R F T E/AAES

1.1 EHEEEETNIER

Data Structure & Transformations

LITABHIREE, [EE astrophysicsES, MAEX—MREET. IRFERXEHLEFANNAZE
ic,

o E# ( astropy.constants )

o BUFYIIRE ( astropy.units )

o NAEHMWERZE ( astropy.nddata )

o HUEFRIE (astropy.table )

o AFEISHER ( astropy.time )

o RIARERS ( astropy.coordinates )

o HFUIRERSE (world coordinate system) ( astropy.wcs )]

o RAISHIE ( astropy.modeling )
1.1. 188 .units & 2 Quantities ¥

(1) 8fi

e astropy.units RMEENTERNENX. #iE T8, SFENAEENESE. o2, ERGIERERALTR
(HB—MEEIE)

o B{{LE: q.decompose(bases[]=) , I Quantity MRAVRLMLEHRIABELILAIAI, bases SEEIEE
R EIERIERRL, FfEA UnitBase sequence

>>> q = 3.0 * u.kilometer / (130.51 * u.meter / u.second)
0.022986744310780783 km s / m

>>> g.decompose()
22.986744310780782 s

o BENRNI: WESUEFRMG

cms = u.cm / u.s
from astropy.units import imperial # ZEfH|EA(
mph = imperial.mile / u.hour

ERNBAAERSE TTEN, B ' Fx

>>> u.m / u.m
Unit(dimensionless)

2
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o Quantity EJEEYE (value) FIEALI (unit) Bt
e Bl Quantity Xi5:
o FREUE (scalar, list, arrayiya]) sREkER—ARIBE( (built-in units)

>>> 42.0 * u.meter
<Quantity 42.0 m>

>>> [1., 2., 3.] * u.m
<Quantity [ 1., 2., 3.1 m>

o HiEMA u.Quantity() 75iAEUR, TIREEZ, EIERE value F unit

>>> u.Quantity(15, u.m / u.s)

<Quantity 15.0 m / s>

>>> u.Quantity('15 m/s") # AT IS TTEAS
<Quantity 15.0 m / s>

e XK18 Quantity WERAIBME .value . .unit :

>>> q = 42.0 * u.meter
>>> g.value

42.0

>>> q.unit

Unit("m")

o it : BJLAF Format String Syntax IREFJENFE

# TEERIHAY/ R
>>> "{0:0.03f}".format(q)
'0.472 m / s'

# AMYATLAR B valueRIt8=, FREIREunitAgE=!
>>> "{0.value:0.03f} {0.unit:FITS}".format(q)
'0.472 m s-1'

iE: BUAER MRARIEIES RIS W (copied), FEEAHBANIHEALAESIE view() RIBHRIRE copy =

False
« BAREZH
o INELE: REENERAIER N4 THT
ERNAR, BIHRRRAIANRHITRE
A32FF Quantity WRIMEBHFREZAIEE (TENERI)
o FEIRIL: STFHHAENAY Quantity WRIUR SEBHFRE L AINEHE
AILASE{UERR, BAMYEERG{ER
* Quantity JSREM numpy.ndarray HFEFEE, ALAERRSE/LVFREINIIIE
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# BUBRYRIT DA

>>> q = np.array([1., 2., 3., 4.]) * u.m / u.s
>>> np.mean(q)

<Quantity 2.5 m / s>

>>> np.std(q)

<Quantity 1.118033988749895 m / s>

# BRE (=R, 188 ...)

>>> q = 30. * u.deg

>>> np.sin(q)

<Quantity ©0.49999999999999994>

SB21TQRBLMWIEE N TTRERRE Quantity MR, (BEERE units FEEMIE array() EME!

>>> np.array([1, 2, 3] * u.m)
array([ 1., 2., 3.])

>>> np.array([1, 2, 3]) * u.m
[1, 2, 3Im

o ({7 python EiBicE
o float() RWTLENEEH, BUSIRE:

>>> float(3. * u.m)

TypeError: only dimensionless scalar quantities can be converted to Python scalars
>>> float(3. * u.km / (4. * u.m))

750.0

o EE{EE"JE;% gq.to_value() , ,E}('LA}EI, Quantity Xj%ig;ﬁﬁjz Va|ue’ %&ﬂiﬁ?@\ig}ﬁﬂggﬁi
e X#% Quantity SSAVLAE]
o {ERIERA:

>>> from astropy.visualization import quantity support
>>> quantity_ support()
<astropy.visualization.units.MplQuantityConverter ...>

o ZJGH plot() £ERY, SENBRAIRREIMRE E, BNRESEHIUIEREE—KEE, SEEREIR
RBRSLEREN,;, BUNRSHEIUEEN G —=IRSE UnitConversionError

o TJLAA with quantity_support(): EEHRIHR unit support FE{FEFEE#HXF
(3) ER{ibEHR & HAE

o BA{yEih
o0 g.to() FiEk, fEANRIBEEA UnitBase I
o HREA{H:
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>>>q=2.4*u.m / u.s
>>> q.si  # EPRHF
<Quantity 2.4 m / s>
>>> q.cgs # =
<Quantity 240.0 cm / s>

TEALREFEEREHN, SRS unitConversionError (XAHMEMBEZEFREI TEJLENEH

equivalence)

UnitConversionError: 'nm' (length) and 'Hz' (frequency) are not convertible

® Equivalencies : IRHIEARREINE (context) FHIEA(HRE

o ABRETANFIE, 8N THES41IT=: (from unit, to_unit, forward, backward)
o BHEMREEANSTEMEME: q.to(equivalencies = [unitl, unit2])
o FJ .find_equivalent_units FiZAIEIIEMNRSEMBANEOAEZLS

o #E&%E: http://docs.astropy.org/en/stable/units/equivalencies.html#unit-equivalencies
e BHENX Equivalency (E§)
o TEMNMBILA “built-in equivalencies” (BLEIRIERAREISHIES)

o #ZE .parallax() : BAE < IFE

>>> (8.0 * u.arcsec).to(u.parsec, equivalencies=u.parallax())
<Quantity 0.125 pc>

o il .spectral() : SR, WIK. BEL. BEEZIEAVIRE

>>> ([1eee, 2000] * u.nm).to(u.Hz, equivalencies=u.spectral())
<Quantity [2.9979246e+14, 1.4989623e+14]Hz>

o BEMMM: HE < i
fo BRLLSTER, f SEBRER, V RINSEHERE, c G

LA E=DMFSBINETF u.doppler _radio() . u.doppler_optical() .
u.doppler_relativistic()

>>> restfreq = 115.27120 * u.GHz

# rest frequency (BRIESAER) of 12 CO 1-0 in GHz

>>> freq_to_vel = u.doppler_radio(restfreq)

>>> (116e9 * u.Hz).to(u.km / u.s, equivalencies=freq_to_vel)
<Quantity -1895.4321928669085 km / s>

o B .spectral_density(wavelength/frequency) (iRKIBIE...)
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>>> (1.5 * u.Jy).to(u.photon / u.cm**2 / u.s / u.Hz,
equivalencies=u.spectral_density (3500 * u.AA))
<Quantity 2.6429114293019694e-12 ph / (cm2 Hz s)>

o BRESEIRKFBIRT pixel/plate_scale()

# EA—MEENNAGKA (RREEHIR) | KEKEKR

>>> sdss_pixelscale = u.pixel_scale(@.4*u.arcsec/u.pixel)
>>> (240*u.pixel).to(u.arcmin, sdss_pixelscale)

<Quantity 1.6 arcmin>

# 5 EHER

>>> tel platescale = u.plate_scale(7.8*u.m/u.radian)
>>> (@.5*u.arcsec).to(u.micron, tel platescale)
<Quantity 18.9077335632719 micron>

(4) JER A

o 2% (mag). 2 W(dB). log;,(Dex) EF LogQuantity XIZR, units BI—FK?
o GIEE: 0 Quantity —iF, BEAEREBIEAR unit REXR

>>> u.Magnitude(-10.)
<Magnitude -10.0 mag>

o FRARPLAERIE, A logg.physical &%
1.1.2 %1 .constants
* 2 Quantity XJ&R (BILAEF Quantity WRIFIEL EMEY) , B—LEIMI meta-data AR HAbEL
THREE
e Class Inheritance: ndarray = Quantity = Constant = EMConstant (EBf&a{1])
» SANFTGIE:

from astropy.constants import G

# B

from astropy import constants as const
const.G

o BUANERERRBAS, PAAEHRR E—
T MBIEHEASSIREY, FEFIERMHAEER, MERNESBEERER Typekrror i#7R

o HTFastropyRAFIE A IREIARIESRT, const BFIBMAARIMARIELR, ZEIHMERIKSAREBERLL
5 (B unit fERNEEFINRA)
o E1XJ astropy: astropyconstl3 . astropyconst20

o £t%d Physical CODATA (Committee on Data for Science and Technology BRI AZRE):
codata2010 . codata2014
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o #%FIAU: iau2012 . iau2015

1.1.3 #UEETIE .table

from astropy.table import Table, Column, MaskedColumn

(1) BUEBFNIRMFAE table
o L AEHENGIEAEEE:

t = Table([a, b, c], names=('a', 'b', 'c"))

TEISHE “t” X3 “astropy.table.table Table” K — Y15
o BEXRBIER:
EEBMARBET t, REFETEH. ®RENE. S7E0ERE
print(t) , A—Fhtbi+AIREIIREIZRNE
t.colnames , ﬁi[]ﬁﬂé%ﬁU%E
len(t) , IR[EIFRIEITE (table rows)

o BEXRBNZA: M numpy RRISHEEETERBIN
t[1] IREIFRIESE21T (row index = 1), REWESEE
t['a'] REIEZA a' B951, FEGESRE
t[1]['a'] 8L t['a'][1] HIRMEIFE21TE ' FIRITTER
t[e:2] IREIFE1. 217 (BAUAAEHE row index = 2 AUEB—17! )
t['a', 'c'] REIEA Q' 1 'c BIFFY
o EHUTER: TR+ WE, TRAGXIRENE
o IBKITE:
o EAN%: t.add_column(Column(data=[1, 2, 3], name=str), index=int))

ERE—NESEHER “Column Object” , EEES T import Column A47

O O O o

O O O O o

o FBB%I: t.remove column('columnName')

o Efpf: t.rename_column('FE', 'BMHZF")
o IEHN4T: t.add_row([-8, -9, 10])

CE] U EREITLIN— s RRERZIT. 251

e every table can have meta-data attached to it via the meta attribute, which can be used like a Python
dictionary:

In []: t.meta['creator'] = 'me’
t.meta
Out[]: OrderedDict([('creator', 'me')])

(2) EEBFEIE v
o BRNER, ERNEERIE RS S T RIER R RIRE, HRERRIE R,

6 130


af://n360
af://n362
af://n432

o RREFALMEEREIMA) masked values, NaN SLEHELE numpy BUERIFHRERE, ECEAXT—A nparray 3K
FORY, GNEREAE NaN, NKRFIAERBSE NaN, TEAMNIHER T X FUMTHE numpy 2 FBEEEER
AESEEE: http://www.numpy.org/NA-overview.html

o —IRAVBIETTIER:

import numpy as np

import numpy.ma as ma

X = np.array([1, 2, 3, -1, 5])

mx = ma.masked_array(x, mask=[06, 0, 0, 1, 0])

o BRI = ndarray#A + /REER, MREEBEPENTruelTTRFREREETIN MRIWETL, False
=AM AIERT! )

o WIDFEERBE=1JE: data, mask, fill_value; dataZ/RRIREUBEEIE, maskFRERIBAERIMKR
A, fill_value R SERBEERITHEZGHIEAE

o 1E astropy EBRIBIEESIER:

t = Table([a, b, c], names=("'a', 'b', 'c'), masked=True)
# maskedBEUNRIXN RIS ERHE(EEIEINEE
t['a'].mask = [True, True, False]

BEBEIE(FH MaskedColumn 28, {HREZES import:

a = MaskedColumn([1, 2], name='a', mask=[False, True], dtype='i4")
b = Column([3, 4], name='b', dtype='i8")
Table([a, b])

o BEXRENITRAVEIEER, BEBA t.mask , REIRRERS;
B EIRLITTEMIE Y, FH t[colname].mask.nonzero()
o XTIER

t['a'].fill_value = -99

# HARFEFINHdETE, BIUFREEN—ME?
print(t.filled())

# BEERGEHVEE
print(t['a"'].filled(999)
print(t.filled(1000))

# HR+EE RPe—

(3) IEEFE

o Table HRMHTIESREL

t = Table.read('filename', format = '...")
t.write('filename', format = '...")
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o HEAYESHEIL: ASCII, FITS, HDF5, VO Tables

"Suffix(fR8R) X— =Rl X ARIRHEREEE X4, autoZmpython2BaaiZ 4NN EAENAYE

2X
éﬂl
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Format

ascii

ascii.aastex

ascii.basic

ascii.cds

ascii.commented_header

ascii.csv

ascii.daophot

ascii.ecsv

ascii.fixed_width

ascii.fixed_width_no_header

ascii.fixed_width_two_line

ascii.html
ascii.ipac
ascii.latex

ascii.no_header

ascii.rdb

ascii.rst
ascii.sextractor
ascii.tab

fits

hdf5

votable

Write

Yes

Yes

Yes

No

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

Suffix

.CSV

.ecsv

.html

itiex

.rdb

.rst

auto

auto

auto

130

Description

ASCIl table in any supported format (uses
guessing)

AASTex : AASTeX deluxetable used for AAS
journals

Basic : Basic table with custom delimiters
cds : CDS format table

CommentedHeader : Column names in a
commented line

Csv : Basic table with comma-separated
values

Daophot : IRAF DAOphot format table

Ecsv : Basic table with Enhanced CSV
(supporting metadata)

Fixedwidth : Fixed width

FixedWidthNoHeader : Fixed width with no
header

FixedWidthTwolLine : Fixed width with
second header line

HTML : HTML table

Ipac : IPAC format table

Latex : LaTeX table

NoHeader : Basic table with no headers

Rdb : Tab-separated with a type definition
header line

RST : reStructuredText simple format table
SExtractor : SExtractor format table

Tab : Basic table with tab-separated values

-+

its : Flexible Image Transport System file

HDEF5: Hierarchical Data Format binary file

votable : Table format used by Virtual
Observatory (VO) initiative



http://docs.astropy.org/en/stable/api/astropy.io.ascii.AASTex.html#astropy.io.ascii.AASTex
http://docs.astropy.org/en/stable/api/astropy.io.ascii.Basic.html#astropy.io.ascii.Basic
http://docs.astropy.org/en/stable/api/astropy.io.ascii.Cds.html#astropy.io.ascii.Cds
http://docs.astropy.org/en/stable/api/astropy.io.ascii.CommentedHeader.html#astropy.io.ascii.CommentedHeader
http://docs.astropy.org/en/stable/api/astropy.io.ascii.Csv.html#astropy.io.ascii.Csv
http://docs.astropy.org/en/stable/api/astropy.io.ascii.Daophot.html#astropy.io.ascii.Daophot
http://docs.astropy.org/en/stable/api/astropy.io.ascii.Ecsv.html#astropy.io.ascii.Ecsv
http://docs.astropy.org/en/stable/api/astropy.io.ascii.FixedWidth.html#astropy.io.ascii.FixedWidth
http://docs.astropy.org/en/stable/api/astropy.io.ascii.FixedWidthNoHeader.html#astropy.io.ascii.FixedWidthNoHeader
http://docs.astropy.org/en/stable/api/astropy.io.ascii.FixedWidthTwoLine.html#astropy.io.ascii.FixedWidthTwoLine
http://docs.astropy.org/en/stable/api/astropy.io.ascii.HTML.html#astropy.io.ascii.HTML
http://docs.astropy.org/en/stable/api/astropy.io.ascii.Ipac.html#astropy.io.ascii.Ipac
http://docs.astropy.org/en/stable/api/astropy.io.ascii.Latex.html#astropy.io.ascii.Latex
http://docs.astropy.org/en/stable/api/astropy.io.ascii.NoHeader.html#astropy.io.ascii.NoHeader
http://docs.astropy.org/en/stable/api/astropy.io.ascii.Rdb.html#astropy.io.ascii.Rdb
http://docs.astropy.org/en/stable/api/astropy.io.ascii.RST.html#astropy.io.ascii.RST
http://docs.astropy.org/en/stable/api/astropy.io.ascii.SExtractor.html#astropy.io.ascii.SExtractor
http://docs.astropy.org/en/stable/api/astropy.io.ascii.Tab.html#astropy.io.ascii.Tab
http://docs.astropy.org/en/stable/io/fits/index.html#module-astropy.io.fits
http://www.hdfgroup.org/HDF5/
http://docs.astropy.org/en/stable/io/votable/index.html#module-astropy.io.votable

o FEFEFEMN: http://docs.astropy.org/en/stable/io/unified.html#built-in-readers-writers

1.1.4 XX YIEZES . coordinates
PREFANEXE S

e Coordinate Representation: a particular way of describing a unique point in a vector space. = Efgit
. BRAAR, 1EARFR

e Reference System: a scheme for orienting points in a space and describing how they transforms to
other systems. = ICRS (FREALFRZwith mean equinox), WGS84 geoid (MIEKELHE)

e Frame: a specific realization of a reference system. = CRF, or J2000 (B% system RE—1NEBEHY
Frame, MELAEEEF/IT)

e Coordinate = Representation + System + Frame

(1) SkyCoord 2

e Quantity XI5 (FFE{]) + frame %5143

o EHARY frame = icrs , BIFREARE (ra, dec)
o —EENEF—MUBREMERERM, FiLE Quantity BRI, EREID unit 5|AAY

o frame HABANEAYMIRER:

o MIFARER altaz (az, alt) (FG1zfE, BERM) / Altaz
o fRIBEMMRER galactic (I, b) (RE, R46) / Galatic

'altaz', 'barycentrictrueecliptic', 'cirs', 'fk4', 'fk4noeterms', 'fk5', 'galactic’,
'galacticlsr', 'galactocentric', 'gcrs', 'geocentrictrueecliptic', ‘'hcrs’,

"heliocentrictrueecliptic', 'icrs', 'itrs', 'lsr', 'precessedgeocentric', 'supergalactic’

o TEJUMEANRZFNRY:

SkyCoord(10.625, 41.2, frame='icrs', unit='deg')

= SkyCoord('00h42m30s', '+41d12m@0s', frame='icrs')
SkyCoord('00h42.5m"', '+41d12m")

SkyCoord('00 42 30 +41 12 ©0', unit=(u.hourangle, u.deg))
SkyCoord('00:42.5 +41:12", unit=(u.hourangle, u.deg))

In []: c

Out[]: <SkyCoord (ICRS): (ra, dec) in deg

( 10.625, 41.2)>

(o o N o NN o NN e}
I

o TJLUA—EEMF skycoord XIHAYENAE, FHENTEMA ndarry BYR(E
(2) Coordinate Access

o TLUEIT skyCoord XHREIBFEMIREHEMAILIME, BIARY IcRS
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¢ = SkyCoord(ra=10.68458*u.degree,dec=41.26917*u.degree)
>>> c.ra  # HRE-FE(BIA)

<Longitude 10.68458 deg>

>>> c.ra.hour # 7REZ-AIFE

0.7123053333333335

>>> c.ra.hms  # FREZ-EFOFER
hms_tuple(h=0.0, m=42.0, s=44.299200000000525)
>>> c.dec

<Latitude 41.26917 deg>

>>> c.dec.degree

41.26917

>>> c.dec.radian # FREE-INE
0.7202828960652683

o JEAJLAR to_string() FIiRISATRILCLANFITER (FREMT) itk

>>> c.to_string('decimal') # I\
'10.6846 41.2692'

>>> c.to_string('dms") # EpFL
'10d41mo4.488s 41d16me9.012s’

>>> c.to_string('hmsdms"') # D+ EDTY

'00h42m44.2992s +41d16me@9.012s"

(3) Aetragin
e F3 skyCoord XZERIEE:

>>> c_icrs.galactic
<SkyCoord (Galactic): (1, b) in deg
( 121.17424181, -21.57288557)>

e M transform_to() J3i%, SEUEELEMAY frame NBFEHIF:

>>> ¢_fk5 = c_icrs.transform_to('fk5")

# c_icrs.fk5 does the same thing

>>> c_fk5

<SkyCoord (FK5: equinox=]2000.000): (ra, dec) in deg
( 10.68459154, 41.26917146)>

>>> from astropy.coordinates import FK5
>>> c_fk5.transform_to(FK5(equinox="31975"))
# precess to a different equinox FIFHZNTEREISEMHAIALTR
<SkyCoord (FK5: equinox=J1975.000): (ra, dec) in deg
( 10.34209135, 41.13232112)>

(4) Representation (3X-Ef-+)
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e SkyCoord HY2# representation BILUREBEARRRIMIRER: BOARIKAR, BT LR ERA/HR/RUER
cartesian (x, y, z)’, “tF4%x cylindrical (rho, phi, z)"

>>> ¢ = SkyCoord(x=1, y=2, z=3, unit='kpc', representation='cartesian')

>>> ¢
<SkyCoord (ICRS): (x, y, z) in kpc
( Loy Bop o)

>>> c.representation = 'cylindrical’

>>> ¢
<SkyCoord (ICRS): (rho, phi, z) in (kpc, deg, kpc)
( 2.23606798, 63.43494882, 3.)>

(5) IEE
o IEE frame R, BAMAE + —NES SELMESSSERRE— N RIONE, HATIURTRRL

representation iy

>>> ¢ = SkyCoord(ra=10.68458*u.degree, dec=41.26917*u.degree, distance=770*u.kpc)

>>> c.cartesian.x
# BEISFJET transform F1 access
<Quantity 568.7128654235232 kpc>

o HR3DTEFFWNRAIIEES, BILAA separation() / separation_3d() 73i&, BHANERSZ—ITRH
SkyCoord X35

>>> cl.separation_3d(c2)
<Distance 1.5228602415117989 pc>

(6) Convenience Methods

o vy BITEAIRKRME(SesameZRIGEMFR, (BUARELM :

>>> SkyCoord.from_name('2MASS_J11080002-7717304")
<SkyCoord (ICRS): (ra, dec) in deg
( 167.000103, -77.291801)>

e cross-matching catalog coordinates (_E)RsfwiHIBRN? )
e A EarthLocaiton FRISMIEK R R IR E / W) FELAMERER O AR AR AR BB RYALYR -
o A .of site() ERAFFENMNE, ETBLMREIE, BA

astropy.coordinates.EarthLocation.get_site names()

o FH .of_address() BEzlskBiGoogleithE
o EAXLTARAABEERRITN, HMESLRIBERERERIE! EXREERIE
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>>> from astropy.coordinates import EarthLocation
>>> EarthLocation.of_site('Apache Point Observatory')
<EarthLocation (-1463969.30185172, -5166673.34223433, 3434985.71204565) m>

>>> EarthLocation.of_address('1002 Holy Grail Court, St. Louis, MO')
<EarthLocation (-26727.24739672, -4997012.16094607, 3950268.27273576) m>

(7) B1T (proper motion) & fMEE (radial velocity)

BREZY, FIE Working with velocities in Astropy coordinates

1.1.5 World Coordinate System .wcs
(1) Introduction &7t

FA>k5ERk FITS files BY wes transformation, BIEHRGEASFESTREKMAMTZ [BRVERIR: pixel < sky
3 separate classes of WCS transformations:

e Core WCS: as defined in the FITS WCS standard, based on Mark Calabretta’s wcslib. (Also includes
Tpv and TPD distortion, but not SIP ).

e Simple Imaging Polynomial (SIP) convention. (See note about SIP in headers.)

e table lookup distortions as defined in the FITS WCS distortion paper.

(2) Workflow T{Eifi2

from astropy import wcs

2. Call the WCS constructor with an astropy.io.fits Header and/or HDUList object.
3. (&) N FITS file BISRAIRE, BEEA fit HiENEHITEIE
4. EREAP TSR, IEELATERE wes objects BIGERE!

o [pixels = world coordinates]

p——

= all_pix2world : [[AFEHUT=FEEH75T, core WCS, SIP and table lookup distortions (FEAENE
ZFT ABBHEREIXAN)
B wcs_pix2world : HFH core WCS transformation

o [world \Rightarrow pixel coordinates}
all world2pix . wcs_world2pix [E_L
o HHSIP

®  sip_pix2foc : Convert from pixel to focal plane coordinates using SIP
B sip foc2pix
o KHH distortion paper transformations
®  p4_pix2foc : Convert from pixel to focal plane coordinates using the table lookup distortion
method described in the FITS WCS distortion paper (& & ZlIdocH)

= det2im : Convert from detector coordinates to image coordinates. Commonly used for
narrow column correction.
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(3) Load WCS information from a FITS file

hdulist = fits.open(filename)

# Parse the WCS keywords in the primary HDU / IEEwcs{SR
w = wcs.WCS(hdulist[@].header)

# BINBGEHRAIAAR
pixcrd = numpy.array([...... 1, numpy.float_ )

# FAwcsXIRAVERLT R THER

world = w.wcs_pix2world(pixcrd, 1)

pixcrd2 = w.wcs_world2pix(world, 1)

# (1R? ) BINSEE ra_dec_order”, BMAF/RE, MRETrueliREIRIMTINF—ER (ra,dec), FTIHE
headerEBFYCTYPE|REEN{E]

o TLAEREVHAI wes (SR, fildn:

In []: w
Out[]: WCS Keywords

Number of WCS axes: 2

CTYPE : 'RA---ARC' 'DEC--ARC'

CRVAL : 165.74767294849346 -77.455490189207822
CRPIX : 861.0 1074.0

NAXIS : 1722 2146

1.2 XHAYENEE(1/0)S51& 5%

1.2.1 & FITS 34 ( astropy.io.fits )

(E] RAXNEHREE, AFHEIREE, gitRITAZCMERT, FILREERS.....

astropy.io.fitsEfREXIFITSIUHAYIAIE.  FITS (RIEBIGERMARSR) BRXFR ZERANESEANHNE, B
TEEIGAIERS.

SN fits f252:  from astropy.io import fits
1.2.1.1 fitsSHRIZGENI & HBXCIRME

o F—F: HDUlist , 1 "HDUXISAYFIZE

e $5”F: Hou =Header Data Unit, BHEIE—" header #] data array & table, BILUBISHERE %
BY: .header & .data

O hdulist[@] & primary HDU, hdulist[1] 25— extension HDU, LU (FEpythonkH
A92"zero-based indexing")
o =2 header , HDURIE—EB

o BEER, BB Aheaderfi8B=, & print(repr(header))
o HALBEEIRREEBDEE, WA header[:2] RERIMTERER
o BEMBcardfXHER, B header.keys() , IREIFFFEFIFE
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e HIE: card , HDU.header &fF—" card A9%IZ, &1 card KEJ 80-bytes, &—> card = keyword
+value + comment, HlERNREEEFFFHREE

o RXBIAMHERERILAZRS] card:

>>> hdulist[@].header['targname']
'NGC121*

>>> hdulist[@].header[27]

96

o {3 / B card SRIFFIRHER! BFMITIE:

# BEEE

prihdr = hdulist[©].header
prihdr['targname'] = 'NGC121-a’
prihdr[27] = 99

# (EFsetRREL

prihdr.set('observer', 'Edwin Hubble')

o AL ATAERA X ERTEH value 1 comment:

>>> prihdr['targname'] = ('NGC121-a', 'the observation target')
>>> prihdr['targname']

'NGC121-a'

>>> prihdr.comments['targname’]

'the observation target'

o comment F history XF/MARJLUEANESRIXEIAMERE, BERIGNXER MR card_EY
= NINRY, SBmFINEEEREXERENcardiEE, BNBESKEDR (EEFEMEBcard 2EaY

commentigig 7! )

» EHEAH COMMENT ] HISTORY card B, FHiStrEZ=3|:

prihdr['history'][@] = 'I updated this file on 2/27/09"'
prihdr['comment'][1]

'I like using JWST observations'

1.2.1.2 fitsHAIZE(SIRIE
o F¥JFF: nhdulist = fits.open('filename.fits")
(BNRHARK, FTLURESEL memmap = True , (BRXSLEHRATFRIXG)
e XM hdulist.close()

o FXEYSE: hdulist.info()

Filename: 2MASS_J11070925-7718471 cont.fits
No. Name Ver Type Cards Dimensions  Format
© PRIMARY 1 PrimaryHDU 1682 (350, 350, 1, 1) float32
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o EEHT (B2 / 77NI0) header FAYEE., {#F fits.setval() REL:

fits.setval(fileObject, 'keyword', value = str/float, ext = int)
# ext=0 1&XprimaryHDURY; ext=1 (& E—"PextensionHDURYE

1.2.1.3 L IEEIGEE

1.2.1.3.1 Image Data as an Array

o fNE— HDU WSESEGEIE, FATH data BHSIRE— ndarray (IXEKE—IIEHRERTT
ndarray RY7355T#T 7))

scidata = hdulist[1].data
# BEME hdulist[1] (EFZERER image data
# BE—RRIERT, EWRESEEBEFE primary HDU (ext=0) B! ! |

RTLAE#EA fits.getdata() KRB
image_data = fits.getdata(fileObject, ext=0)
o X4 ndarray WSEADEETLERMEES

>>> scidata.shape
(800, 800)

>>> scidata.dtype.name
'float32'

o datatype B HDU header iy BITPIX Z5H:

BITPIX Numpy Data Type

8 numpy.uint8 (note it is UNsigned integer)
16 numpy.intlé

32 numpy.int32

-32 numpy . float32

-64 numpy . float64

o shape B NAXIs Z5HH:
N5’ NAXIS1 =300, NAXIS2 = 400, ] shape = (300, 400)
e A ndarray BEIMEIEIEEY / EHIEGRI—ERS

scidata[30:40, 10:20] # get values of the subsection
# from x=11 to 20, y=31 to 40 (inclusive)

o FEFRLUFHRAITTE, WFIA “mask array” BIMEE:
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scidata[scidata < 0] = @
>>> scidata[scidata > @] = numpy.log(scidata[scidata > @])

o iE ndarray FRUEIRLIEGRIA N ERHEK, BJH astropy EEFHIEEET astropy_mpl_style :

import matplotlib.pyplot as plt
from astropy.visualization import astropy_mpl_style
plt.style.use(astropy_mpl_style)

plt.figure()
plt.imshow(image _data, cmap='gray"')
plt.colorbar()
1.2.1.3.2 Scaled Data
(EEREA R ELIRIXFfits, HESIE)
o BLEGEHIEAASESHMIRENE, MERBEMLL4RIry, EA sscate 1 Bzero RYERR:

physical value = BSCALE * (storage value) + BZERO

9NER BSCALE = 1, BZERO = 0, iBEEUER ERRAY
1.2.1.3.3 Data Sections ¥

o XIF—AMRAH fits file, URBEHEHH—NFEAET, AR section BUKBENE

fl = fits.open('filel.fits")
for i in range(50):

j=1* 100

k =3j + 100

x1 = f1[1].section[j:k,:]

o YT section MENSEASHRIFEIRBHISIAS
1.2.1.4 L IBJIGEUE
1.2.1.5 [EEEH

o IXLLREUE—LLThRERERGER, FRERIFRSE, BRMNMENRET, FEINE application code A,
MRABELEESFA, RIFERSHERT..

e fits.info('filename') ¥TEMZIHHIFFBEE:

No. Name Type Cards Dimensions  Format

&7 Creating a New FITS File FifS!

1.2.2 ASCII F|#& (astropy.io.ascii)
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astropy.io.asciifgfit 7 iEEEFNIS ABMASCIEIERIZASE (BIEWERJExtension Readerg) .
REMMZ AN, EEEBILUSRFERRIETREEMEEEIFAIC / Cython5 |[EHITIEE.

UTERT—LaTBAASCIHE:  (Supported formats B8 T 5585I%K)

* Basic: WEAERDRAAMTREHNERRS (B

Ipac: IPACIHETVZER

SExtractor: SExtractorf&={z%

EREBTR

convert_numpy (numpy_type)

get_read_trace ()

get reader ([Reader, Inputter,

Outputter])

get_writer ([Writer,
fast_writer])

read (table[, guess])

set_guess (guess)

write (table[, output, format,
Writer, ...])

1.2.2.1 ZIFR9HEL

HTML: B&7ERCHHIHTMUSE
Latex: £ tabular NEPTHEBEEUEENLaTeXE
Rdb: HIFRFDREVE, EIEXITZENLE—T

CD: CDStEHER (tBRVizierflAp)AJiZAIEI)

Daophot: 3HIRAF DAOphotBHIFRIE

Ecsv: ECSVIER, AATHIRRILIRIER

Fixedwidth: EBEIEREEFINE (BESHEEEENERE)

EREIINRE

ENERET

RE—1NTE, EREERIIRERAnumpysERIREL, LR

S HRRR SN A PRI EY

REIEE—RENIEEERIERIEN, FZEEESRAIRIE D

VIIRHERIEITIERE, ARERINBEENX

IIRHRIRIEEARE, AIRERINEENX

ERFRARSAS, FHRE

IRE read() HRERY guess SHHIFIAE

BB AU NRIRS SRS E SR RIS
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Format Write Fast Description

AASTex : AASTeX deluxetable used for AAS

aastex Yes .
journals
basic Yes Yes Basic : Basic table with custom delimiters
cds cds : CDS format table
CommentedHeader : Column names in a
commented_header Yes Yes .
commented line
csv Yes Yes Csv : Basic table with comma-separated values
daophot Daophot : IRAF DAOphot format table
ecsyv Yes Ecsv : Enhanced CSV format
fixed_width Yes Fixedwidth : Fixed width
FixedWidthNoHeader : Fixed width with no
fixed_width_no_header Yes
header
FixedwWidthTwoline : Fixed width with second
fixed_width_two_line Yes .
header line
html Yes HTML : HTML format table
ipac Yes Ipac : IPAC format table
latex Yes Latex : LaTeX table
no_header Yes Yes NoHeader : Basic table with no headers
Rdb : Tab-separated with a type definition
rdb Yes Yes .
header line
rst Yes RST : reStructuredText simple format table
sextractor SExtractor : SExtractor format table
tab Yes Yes Tab : Basic table with tab-separated values
1.2.2.2 EENERHR

o KEPDIBRIRIASCIRIETTLAEER read() EEY, REI— table IJH
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>>> from astropy.io import ascii
>>> data = ascii.read("sources.dat")
>>> print(data)

obsid redshift X Y object
3102 0.32 4167 4085 Q1250+568-A
877 0.22 4378 3892 Source 82

o —RRULEEY read() SERFERBIRIEHN, MBERTTHBEAE Line SHEFIANAT
B

>>> lines = ['objID & osrcid & xsrcid 9

'277955213 & S000.7044P00.7513 & XS04861B6_005',
'889974380 & S002.9051P14.7003 & XS©3957B7_004" ]
>>> data = ascii.read(lines, data_start=2, delimiter='&")

o WIRFEAE IFVER"E, IPAEEE format SEEISHHENT
(1) #5E header f data Y&

O header_start , data_start # data_end =PSEATLULEAIEFAEXIIERIEEIE (TEGIF
FREOO—FIARFEN—EBD, REATESR io.ascii BEAITEITER)

# This is the start of my data file

I
I
© | Automatically generated by my_script.py at 2012-01-01T12:13:14
1 | Run parameters: None
2 | Column header line:
-
3 | xyz
-
4 | Data values section:
-
5 | 123
6 | 456
-
7 | Run completed at 2012:01-01T12:14:01
(2) SRR /ER RO ENHE
o WRFIBBRKAEIE, read() FIEERISIREI— masked table, BIERRICALIRE mask value =
True

o JNFABFERRIAMENFFERNE, MIREREE—FIH fill value El:
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>>> dat['precip'].fill_value = -999
>>> dat['type'].fill_value = 'N/A’
>>> print(dat.filled())

day precip type

Mon 1.5 rain
Tues -999.0 N/A
Wed 1.1 snow

o WNRBEZ N AREERIER RN REEFERR, B fill_values 24, BRREREIUOT:

fill _values = [<missing_specl>, <missing spec2>, ...]
<missing_spec> = (<match_string>, '0', <optional col name 1>, <optional col name 2>,

)

 FEEINSEWINIRENFRE 0 (BIRAIRE TRAY)
= NREEALNSE(column name) A~ E89E, BRENAMBTFES

o read() BRIARY fill_values = ('', '0') , MIRNMEISAIZINEEEFIMRZE fill_values = None
(3) BB BUEIE

o FIA convert_numpy() BILAMG—EEFIRIEIESEEER, (BRRAVEIEEELLZEBRIART numpy type

o £ read() B converters SEEIREEILIAIFIFIZRE:

>>> converters = {'coll':[ascii.convert_numpy(np.uint)],
'col2':[ascii.convert_numpy(np.float32)]}
>>> ascii.read('file.dat', converters=converters)

1.2.2.3 BAFEIG (B8)

write(table, file, ...)

1.2.3 48 VOTable XML {4 ( astropy.io.votable)

astropy.io.votablei&§Votable XML& 5SNumpyic F&E K EEEE,

1.2.3.1 astropy.io.votable

XMEFLIEBAISNEMARN G (VO) ENEREIEEN, %AI2V0Table XMLIEZ(,
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BB

parse (source[, columns, invalid,
pedantic, ...])

parse_single table (source,
**kwargs)

validate (source[, output, xmllint,
filename])

EE 1

FRATVOTABLE xmI3Zf4 (83 43539%), FHRE—D
VOTableFile XJ&

fEHT—NVOTABLE xmISZf4 (BSSIISIHATRISR), RISEENAD
REIFE—Tableskfl

FTENEETES I AYIRIER &

LEE—NTableXd5, IRE—1MEE1ZENERR voTableFile

from table (table[, table_id])

is_votable (source)

writeto (table, file[,
tabledata_format])

1.2.3.2 astropy.io.votable.tree

1.2.3.3 astropy.io.votable.converters {&iR

SR

B4k (headen LAFBEEEE /IVOTable3Z {4

1% voTableFile S AVOTABLE xmISZ{&

IZIEHRAMB R FVOTABLERIEUESEELS TABLEDATA F[1 BINARY SEEUATEEHE,

EREBTR

get converter (field[, config, pos])

table column_to votable datatype (column)

1.2.3.4 astropy.io.votable.ucd &R

EREIINIRE
JEETEF BIRENE S AR AR S

Z#5TE— astropy.table.Column SCfFl, R[EISi%
FISEBUERINAY. BUEVOTable FIELDJTERRIFE:
)

IZIRRFITFISIUEUCD(unified content descriptor)/Zi—RBHIA T RIIERIE. s

BB EREILRE

parse_ucd (ucd[, ...])

check_ucd (ucd], ...])

1.2.3.5 astropy.io.votable.util &R

RS EFRIN B ESFMENRE.

22

FUCD(E X ™ A EARERD

WMRUc IR BBERIR—NBHRIART, NiR[EIFalse
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af://n1202

BB ERERE

convert to writable filelike (fd[, RE—MESstreaming output/iRzUisHAY I 5304
compressed]) SO

coerce_range_list param (p[, frames, ﬁ%ﬂiﬂﬁiﬂa‘%p%E&&E’\J?@l@ﬁﬂi‘%’fﬁﬁ(range-list-
numeric]) format)&24

1.2.3.6 astropy.io.votable.validator &R

WIEXEREIWebiRIRIVOTable3XX 4, FAERMIRSIFAHTMLIEGEIE RN,

EREBR ERENTNRE
make validation report ([urls, destdir, ...]) NP AERNEIT/NZE58HY voTable 314

1.2.3.7 astropy.io.votable.xmlutil &R

EMS5XMLBEXAIN A,
ERERTR EREThEE
check id (ID[, name, config, pos]) WRIDAEBHAIXML ID, M5|A& voTableSpecError

EREE— 1 FMEH, SIE— P ILBExmI idi=FH
=S

fix_id (ID[, config, pos])

check token (token, attr_name[, config,

WNRIREARBHAIXMLERIE, M5|%& valueError

pos])

check _mime content type (content_type[, N content_type AE2BEXAIMIMERBSSE, 5|
) /% VOTableSpecError

check_anyuri (uri[, config, pos]) WMERUNAEERIURI, NZ|A voTableSpecError
validate schema (filename[, version]) RIBIESAIVOTabletE T34 BRI

1.2.3 34284 HDF5, YAML, ASDF, pickle ( astropy.io.misc )

astropy.io.misciERE EAREEREBS ERNSMBN/MmLER, FEESEREEMAstropyFE(EH. Fl
9, astropy.io.misc.hdf5 & AFTMN/AHDFSXHEIEEANRISIISRAINEE, (EIXLINEEARN iR
e, &, BPELUBIT Table EABIFEILINEE (5405 Unified file read/write interface),
astropy.io.miscEBo %It 7T E AR EREFERRIGIFE

23 130


http://docs.astropy.org/en/stable/api/astropy.io.votable.util.convert_to_writable_filelike.html#astropy.io.votable.util.convert_to_writable_filelike
http://docs.astropy.org/en/stable/api/astropy.io.votable.util.coerce_range_list_param.html#astropy.io.votable.util.coerce_range_list_param
http://docs.astropy.org/en/stable/api/astropy.io.votable.validator.make_validation_report.html#astropy.io.votable.validator.make_validation_report
http://docs.astropy.org/en/stable/api/astropy.io.votable.xmlutil.check_id.html#astropy.io.votable.xmlutil.check_id
http://docs.astropy.org/en/stable/api/astropy.io.votable.xmlutil.fix_id.html#astropy.io.votable.xmlutil.fix_id
http://docs.astropy.org/en/stable/api/astropy.io.votable.xmlutil.check_token.html#astropy.io.votable.xmlutil.check_token
http://docs.astropy.org/en/stable/api/astropy.io.votable.xmlutil.check_mime_content_type.html#astropy.io.votable.xmlutil.check_mime_content_type
http://docs.astropy.org/en/stable/api/astropy.io.votable.xmlutil.check_anyuri.html#astropy.io.votable.xmlutil.check_anyuri
http://docs.astropy.org/en/stable/api/astropy.io.votable.xmlutil.validate_schema.html#astropy.io.votable.xmlutil.validate_schema
af://n1215
af://n1225
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HE A EREINEE
fnpickle (object, fileornamel[, usecPickle, ...]) B— N IRBRARFEEIS G+

fnunpickle (fileorname[, number, usecPickle]) B AR E PRI sEEE HFREIERS

1.2.3.1 astropy.io.misc.hdf5 &R

This package contains functions for reading and writing HDF5 tables that are not meant to be used
directly, but instead are available as readers/writers in astropy.table . See Unified file read/write

interface for more details.

R EREITEE
read_table hdf5 (input[, path]) MHDFSS{4EFEEH Table XS
write table hdfs (table, output[, path, ...]) EIHDF53A4E XN Table TSR

1.2.3.2 astropy.io.misc.yaml &R

ZIERE BT YAML il EizDAstropy ST SREVEREFF UL .
i IZEREELREE PyYaml 3.12 s ERIRRAS,

EREBTR Esb

FAAstropyLoaderf#r&dEim RIS —INYAMLIE, FHAEMAERAIPython
POEL

FBAstropyLoaderfBiT &R RFAIFFBYAMLI A, FAERMERAIPYthon®T
e

load (stream)

load all (stream)

dump (datal,

{EFAstropyDumperz&EPythonXI&R F5 L IYAMLAR
stream])

1.2.3.3 astropy.io.misc.asdf &

ZTFEEERTEIAstropysBIRIES, LUERTLUERERREFEIERSL (Advanced Scientific Data
Format, ASDF) SRR TEN]. XN FEEN T, #RAtags, BIIEI T FRIUAIR B UCEZEE,

1.2.4 SAMP (Simple Application Messaging Protocol ( astropy.samp )

astropy.sampESAMPEEZEFAIPython3LHL,

SAMP/{EEEN FiEREIRIMY E—MHE BB ERS, ERFARZEFIHER (EFE2ETER—AITEN L
1Y) B3 HEE] BES | FSMREIR SUARIEEERIBEES. ZIMUEREIVOA (EFREIR X S8R WA AR,
SN R REERRETRES, BIETOPCAT, SAO, Ds9%dAladin,
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Eitt, @I ERastropy.sampRIE, PythonfNABRILASHEMIEEETHIREE FinitiTRE, FINITEDs9
PRI MEAFTSHMY, FARdINfESERIRSVEEHET, BiESRAFREITOPCATHRILH RITE
THP—1TRIHEE.

1.3 itE5NMA

1.3.1 FHE1THE ( astropy. cosmology )

astropy.cosmology FEEHATHRAFEHFAE, UKRATIHERRTFFEFEENENESNRE. W
S5NERLTFREINAYEES. SFRFIEIEATE, SESNEr0AESEEMAYER ER.

KEBHTHEEERH FLRW XISREAH, XAERT M99 BZRREMNFE (LAFriedmann-Lemaitre-
Robertson-WalkerEHIA4FE, LAMHZREEIEZGHEHOAIIGR) . BIREEERERE, REmER
Hep—/NF25 (40 FlatLambdacDM ) SRISERSREEIREY,

EE= ERENINEE
z_at_value (func, fval[, zmin, zmax, ztol, ...]) B func(z) = fval SRHELRIE 2

1.3.2 &R 5iEiE ( astropy. convolution )

astropy.convolution 124t 7 HRREELAR fEscipy scipy.ndimage&hti FXOHAIRZ (kernels), B4E:

ERENENaN(E (EEI R 2R 15 FRIEEE NN E)
—tf, TSNS R

Bt 7 QMR IR

ETHERITR R I 254 (FFT)

FST RS PRI E I

O O O O o

EREBTR EREIINRE

convolve (array, kernel[, boundary,

)]

B—1array SIEERIZHITEIR

convolve fft (array, kernell,

¥ndarraySisE Rz TETH
boundary, ...])

convolve models (model, kernell,
mode])

F convolve fft HFIFMERYL

discretize model (model, x_range[,

PO E U T ZURIIR B RN

y_range, ...])
interpolate replace_nans (array, LTE—IAENaNBIEYESE, BNaNEE ARZFXINAY
kernel, ...]) TRSBEE RAYTERE

kernel arithmetics (kernel, value,
operation)

R0, FERERERA %
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1.3.3 #ETI# ( astropy.visualization )

astropy.visualization 2t T el EERT B FBRYEREL. J‘&@S‘EﬁﬁMatplotlib (ZRIEMZAwsaxesE) &
FIRZEGAR, SEBRIT—EXE0TIEE (BE4ERFNRMR)  SeEHESH, NRIKEREIZERGB
FEER, LAkBEXMatplotlibfY4LEHF.

HE A ERETNREE

hist (x[, bins, ax]) FRAFEIREREL

make lupton_rgb (image_r, image._g, {FEasinhhAr{B M\ =22 35K EIRIR BILL/ 4R/ IE R B E
image_bl, ...]) &

ERYSZa#E] astropy.units.Quantity ZEEIELIE
quantity support ([format])

AISZHF
simple norm (datal, stretch, power, asinh_a, RE—AILABMatplotlibzElAINormalization
)| 3

1.3.3.0 Astropy Matplotlib style

.visualization SEMNHILIERIZELEXEIIFH:
0 astropy mpl_style : £ mpl BRAXIE b T 7 R RAARA

import matplotlib.pyplot as plt
from astropy.visualization import astropy_mpl_style
plt.style.use(astropy_mpl_style)

- ---

2000
17

El""l

Ln
[ ]

1250

1000

750

500

250

0
0 250 500 750 1000 1250 1500

0 astropy mpl_docs_style : Astropy docs FARIXIE
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2000

1750

1500

1250

1.3.31

(1) Initializing axes with world coordinates

o BIE— wcsaxes NHEEARFGE: FIA wes 38, IBEIESN projection SEUEIRE!
plt.subplot() L., JAALUEBEZEIEMENEL, 40 axes() . add_subplot() . add_axes()

®  get pkg data_filename() & fits MHFHREIBRINHESR

from astropy.wcs import WCS
from astropy.io import fits
from astropy.utils.data import get_pkg data_filename

filename = get pkg data_filename('galactic_center/gc_msx_e.fits")
hdu = fits.open(filename)[0]

wcs = WCS(hdu.header)

# key: Mheader EEIERwcs{EE

ax = plt.subplot(projection=wcs)

# 7= keeping a reference to the axes object!

= INEREIADIZEATRH E TR, AT ax.set_xlim()
o FEEMICIESE: BIER wesaxes() BlIEXISR, ABIBEINZE figure h (X—FA4

anp
aYay
S

from astropy.visualization.wcsaxes import WCSAxes
fig = plt.figure()

ax = WCSAxes(fig, [0.1, 0.1, 0.8, 0.8], wcs=wcs)
fig.add_axes(ax) #X{TAAER

® WcsAxes() HUEESE
» fig: ERIMTEM figure XI5

= rect: axes fE figure }WSREAIEXIIE [left, bottom, width, height]
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= wcs: the WCS for the data
(2) L£E & ESERZE Plotting images & contours

O ax.imshow() / plt.imshow()

O ax.contour() / plt.contour()
(3) ZIE tick, ZIEIFE tick label, Rt grid
o AMRXISR

= 53 FILUBE plt.gca() (get current axes) 3X1GERALEEKAY axes XI5
o AFRATLAEIT ax XIZREY .coords EBMIXE:

lon = ax.coords[9]

lat = ax.coords[1]

o WMNRATRRFLAFHIRIRIAINR, FLIBTIEERFHRIKE:

lon = ax.coords['glon']
lat

[‘ra’]

#
# ['dec']

ax.coords[ 'glat']

o ARHREMFRE (axis labels)

» (FRARXISRAY .set_axislabel(‘.’) Fi&
» |abel & axes BImiEALUBIE FIAEPEY minpad SEEEIRE, BNANRT, SILARGRE (X
ENZESREHRTERES...)
o ZIEREHEX (tick label format) Yy

s BJLUEIS .set_major formatter() A FAFE T NIRE, W:

lon.set_major_formatter('dd:mm:ss.s")
lat.set_major_formatter('dd:mm")

. INENEFERRE: 'dd:mm:ss. 'hh:mm:ss'. 'd.dd'. 'm.m'. 'xxxx'. '%.2f'. '%d'. jFT=F
d, h, m, s BRI LIATRZEAENYTR, (B x FRBOZATIFEELR
o ZIE / t=EHERRFIMENR (tick/label spacing and properties)
= .set_ticks() J5i% + Quantity FrmSBZIEMS. [@iE. #HE I

lon.set_ticks([242.2, 242.3, 242.4] * u.degree)
lon.set_ticks(spacing=5. * u.arcmin)
lon.set_ticks(number=4)

= B .set_ticks() EAUREAEAOMT, HAIRE, A\ EENEEZS

lon.set_ticks(spacing=10 * u.arcmin, color='white', exclude_overlapping=True) #/f i
2=

o

o ZERIZIE (minor tick)
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» RARARET + BRNEZIEREBSY, XEALFNEN:

lon.display_minor_ticks(True)
lat.set_minor_frequency(10)

o ZIE. ZEFRE, WIRHEE EAIE (position)

®  .set ticks position() . .set_ticklabel position() . set_axislabel position() , S%{E
HRMERFFEH: 1, b, r, t, all EULER left, bottom, right, top, lbrt&fa, BIFUFREILA
BHEHEAE?

o AEBTZIEFRE (hide)
BRHIEFEE/UIEEIHAMSIRAEE, RNEZZELRHERE, F
.set_ticks_visible(False) . .set_ticklabel visible(False) . .set_axislabel('')
o AARRIFE (coordinate grid)
» RERIEMRAAITIRA grid() F5iARIE:

lon.grid(color="yellow', alpha=0.5, linestyle='solid")

» RERHITRRE:

ax.coords.grid(color="white', alpha=0.5, linestyle='solid')

(4) #H0 markers & artists
BAEETRRIIRCH AT TR R S -
o {&ZEMHR / pixel coordinate
wcsAxes FIIEFHY axes MFIRHAARRE, FrLURERIEIARGERYIR
» 5%, ERIMRCHRESBEER:

# The following line makes it so that the zoom level no longer changes, otherwise
Matplotlib has a tendency to zoom out when adding overlays
ax.set_autoscale_on(False)

from matplotlib.patches import Rectangle

r = Rectangle((30., 50.), 60., 50., edgecolor="yellow', facecolor='none')
# BHHBIR: POMSR, BE, BE

ax.add_patch(r)

# SHHBN: x, yAiR, EFR, BI(RGB,alpha)
ax.scatter([40, 100, 130], [30, 130, 60], s=100, edgecolor='white', facecolor=(1, 1, 1,
0.5))

o WCS 44#x / world coordinate
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s 7E(FEF_LEHAEFER, TEBERINSEL transform = SRIEEI NG REEIR R G2 AAR
= WCSAxes SSRIABE—F5iAR .get_transform() RM wes RFFRBUERAVEIENS, &R
B9SEE 'world' F1 'pixel' ({BZR pixel HAAtransformSEUTAEZIEN—HF)

ax.scatter([34], [3.2], transform=ax.get_transform('world"'))

o KEKALER / celestial coordinate

{E{7] astropy.coordinates EBEIEZIAY frame EBTLUEASEUEN .get_transform() , JILPNHTEM
x=:

= 'fk4' :B1950 FK4 equatorial coordinates

®m 'fk5' :]J2000 FK5 equatorial coordinates

m  ‘icrs' :ICRS equatorial coordinates

®  'galactic' : Galactic coordinates

MZ scatter() BERHTAMRERR, EAtARCHIT:
o patches / shapes / lines

» EIREST AT

r = Rectangle((266.0, -28.9), 0.3, 0.15, edgecolor="'green', facecolor='none',
transform=ax.get_transform('fk5"))

# XNEFSETEATR/I FKS 12000 (266deg, -28.9deg) HINVE

ax.add_patch(r)

EFEIENRXNEEA—EE™1&AY 0.3°(because longitude is not the same as the angle on

the sky ?7?) , BUEIIAER / IESHABEIHRAIA—ERERT / SRI—HF

from matplotlib.patches import Circle

¢ = Circle((266.4, -29.1), 0.15, edgecolor="yellow',
facecolor="none',transform=ax.get_transform('fk5"))
ax.add_patch(c)

» FTLANRAREEEEENR, RIFA scatter() , BRRIEEILRMNE—NEE
" RE—EER .add_patch() EBIRREFHIRCHIZIEEE!

o Spherical patches

WMREBHUR—SSETENNXE, FEMA Sphericalcircle MIE circle , HAGESBRE

7

from astropy.visualization.wcsaxes import SphericalCircle

# IERRNRATA RS I E TR

r = SphericalCircle((266.4 * u.deg, -29.1 * u.deg), 0.15 * u.degree, edgecolor="yellow',
facecolor="none', transform=ax.get_transform('fk5"))

ax.add_patch(r)

o IERL / contours

» FPSEIEEHERNEG, AF add_patch
® transform SEEENEZER WCS
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ax.contour(hdu.data, transform=ax.get_transform(WCS(hdu.header)), levels=[1,2,3,4,5,6],
colors="white")

(5) AREARAI4HRE Overlaying coordinate system

o F .get _coords_overlay('frame') SIR[E— CoordinatesMap XI5, BF0 ax.coord Z—FfEHY,

BREAE. &, YIRmRSHTsE:

ax.coords['glon'].set_axislabel('Galactic Longitude')
ax.coords[ 'glat'].set_ticks(color="white")

overlay['ra'].set_ticks(color="'white")
overlay[ 'dec'].set_axislabel('Declination’)
overlay.grid(color="white', linestyle="'solid', alpha=0.5)

Right Ascension
266°00° 265°40"

0°15" |

29°20

Galactic Latitude
uoieuIaa0

-0°15°

0°30" 15 oo 359°45"
Galactic Longitude

(6) IEEVEUELERE Slicing multidimentional data Yy
o TEBIE WCSAxes WRAIFHRIZESEL slices

ax = plt.subplot(projection=wcs, slices=(50, 'y', 'x"))
# XBHNNEE_NMEEREE y L, F=MEEREE ' il
# '50'FTNERE not shown dimension HYZESONMIIF (slice)

(7) ig B 44174 Controling axes

o MEAAFREHER{S:  .set_format_unit()

31 130



ax.coords[2].set_format_unit(u.km / u.s)
ax.coords[2].set_major_formatter('x.x")

# R x.x' REEATIERERMUBER

o AAAFREHISE:  ax.invert_xaxis()
1.3.4 KXNHBITH ( astropy.stats)

astropy.stats 2R FHFEANRITREEEE. 2 scipy.stats fllstatsmodel B&T 2T TR,
EERERNERE, HERO—SSIERaEETFANENIR. XNMEEEREXENgE, BR
BEBURRERE R L F R FEKA scipy.stats FB5.
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BB

akaike info criterion (log_likelihood,

)

akaike info _criterion_lsqg (SSf,

n_params, ...)

bayesian_blocks (t[, X, sigma, fitness])

bayesian_info_criterion (log_likelihood,

...)

bayesian_info_criterion_lsg (Ssr,

n_params, ...)

binned _binom_proportion (X, success[,
bins, ...])

binom conf interval (k, n[, conf,
interval])

biweight location (data[, ¢, M, axis])

biweight midcorrelation (X, Y[, ¢, M, ...])

biweight midcovariance (data[, c, M, ...])

biweight _midvariance (data[, ¢, M, axis,

)

biweight scale (data[, c, M, axis, ...])

bootstrap (data[, bootnum, samples,
bootfunc])

cdf from_intervals (breaks, totals)

circcorrcoef (alpha, betal, axis, ...])

circmean (data[, axis, weights])

circmoment (data[, p, centered, axis,
weights])

circvar (data[, axis, weights])

fold intervals (intervals)

freedman_bin width (data[, return_bins])

33

ERERE

it& Akaike Information Criterion (AIC).

BRAERSH2HR, THHEAIC

FAScargleRy UM TR S RIS M2 Bl

EERMGTT (S0 TSH) SERNTGERIISARERIXT
., SEHEFFAREE, 1HE Bayesian
Information Criterion/IAMER{EE/EN (BIC)

BRMNERESHS, HHEBIC

A EXRIbin R — UL AIFNES X E]

LERENREIRKR BRI — UL FI B S X B

It biweight B8

HERNZER biweight midcorrelation (FFHEX1E)
HEZANTEITZIER biweight midcovariance (i
&)

118 biweight midvariance (F/5%)

11HE biweight scale (%)

Xtnumpy array$ifTs5 | SEXREE

MBS — AT E R EREMECDF
THEMNMEAEIERES ) Z [Bfcircular correlation

coefficient
TTEBIREIEEEER circular mean angle
THEEIAEIREEERYSE N trigonometric circular

moment
THEEIAEUEEEA circular variance
BINRBFEITEEIBFE0,1)

{EFAFreedman-DiaconisfilRERIEE HEDbINFEE
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http://docs.astropy.org/en/stable/api/astropy.stats.biweight_scale.html#astropy.stats.biweight_scale
http://docs.astropy.org/en/stable/api/astropy.stats.bootstrap.html#astropy.stats.bootstrap
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BT

histogram (a[, bins, range, weights])

histogram intervals (n, breaks, totals)

interval overlap length (i1, i2)

jackknife resampling (data)

jackknife stats (data, statistic[,
conf_Ivl])

knuth _bin width (data[, return_bins,
quiet])

kuiper (data[, cdf, args])

kuiper false positive probability (D,
N)

kuiper two (datal, data2)

mad_std (datal, axis, func, ignore_nan])

median_absolute deviation (data[, axis,

)

poisson_conf_interval (n[, interval,
sigma, ...])

rayleightest (data[, axis, weights])

scott_bin width (data[, return_bins])

sigma_clip (data[, sigma, sigma_lower,
)

sigma_clipped stats (data[, mask, ...])

signal to noise oir ccd (f, source_eps,

...)

vonmisesmle (data[, axis])

vtest (data[, mu, axis, weights])

34

EREIINRE
FRMNESERE, RBEBERbinning

S ERIEENE (piecewise-constant weight)IE /5 EIH
”

HERMXENESKE
FEnumpyB&Fl_EHifTjackknifeBESREE

tRiEjackknifeEEREF A Tjackknifefdit

FERKnuthMNNREIGAHETS EbinZEE
IHE&KuiperftitE
& Kuipergtit 2AYBRBEMEREEE

BiditEKuiperF it &R MER

{ERH{ELEIT{RZE/median absolute deviation (MAD)
HESEMRERE

HHEPELEHRE (MAD).

R ENETH RIS E S X EPoisson

AT MHER SR (Rayleigh test of uniformity)

{ERScotthiIMNIR BRI ES EbinZEE
XIRAAIEIER Tsigma-clipping

X REAIEIETE sigma-clipped&tit
THEENZF/ LIHNKRERFCCORLNRTRAYSIERLL

7avon Misesp ST ERALIZAMKITE (Maximum
Likelihood Estimator, MLE)

LENRIRH1 BEAEMNEIAE v B, HITHS
szl
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1.4 Nuts and Bolts

1.4.1 BB ES( astropy.config)

astropyfIECER SR T 1L AP REE astropyE iy BRI FE P ERRNSHSER OizE, MAFTRAFRIR

RIBSREHITES.

EREBTR

get _cache_dir ()

get_config ([packageormod,
reload])

get _config dir ([create])

ERELINEE
HEAstropy BIFEREIR, NRIZEFAMFENEZEZER

SRS E B BRI RERAIEC EXISREECERR D

HEAstropyECEERETR, MRZEFRAFENLEZER

NEKRAIE A/ R AECE 4, EFTINEES

reload config ([packageormod])

EiRE

1.4.21/0 ¥#A3E( astropy.io.registry)

/0O registryFIEERFISRTE X AT FiF TablefsINDDataZsAYisEENES /BB

it XARGFEEENXRIBR FA

sk e

register reader (data_format,
data_class, ...)

register writer (data_format,
data_class, ...)

register_identifier (data_format,
data_class, ...)

identify format (Origin,
data_class_required, ...)

get reader (data_format, data_class)
get writer (data_format, data_class)
read (cls, *args[, format])

write (data, *args[, format])

get formats ([data_class, readwrite])

delay doc_updates (cls)

EE

iERIFERRINRE.

EMMZRISEANINRE

FARRFF R E SIS E R EAXEX

BERFF AR EEWRLAR U LIPS

SREX data_format HJIEENER

FREX data_format HUEAZE

EIN 6/

BSNHE

LAFRIS R ZURENE R / OfSURIFIER

ik E RS TESE (contextmanager/{E E AL S S8Rd 2L
FESCASEEET
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1.4.3 HEICR RS (Logging System)

Astropy B EICRAREENAFPRMRIEFNIEE, MREER. KB, REEIMHPLEEER.
EAstropyiRERIZBF TEDRIFME HBE N (FRNERBECRTE (IEERprint() 13X sEMABHHESRITED
BHRILSERT) o IHERRIRBIBI T

o DEBUG: F4ER, BERBEZHIEEINAEEN.

o INFO: BABEXLEFESFEEER, FASBRIUEITIE

o WARNING: FEERETEIIEY, FHETRREERFEE.

o ERROR: FRER—EFEMEM, SEHIIMER

ZUABER T, RERWARNINGFIERROREE, HIEEAXFEIITF ~/.astropy/astropy.log BIRESHE
(RZ = ER)

(EEBJ TR developer/ FRAREN, FHSEEIET)

2. Astropysics

2.1 SR

Astropysics@— NI RZMATEN. DM EURNELREFIELNE. REENE, TE
{FREFIFAPythonfYIIEINEE, EXMIRE. BR, FEEXNRRFEZTUSSIATIMFRENL. 2R, £8
HfttPythonIHE EEX N IBEN—LINgE, (EE2X M NENBIREBEXLINEEEmE—IE, FIURT
BEEIERY ST UHITRE.
AstropysicsHITIREE BIITEEANAstropyliiE. Astropy2— 1B z8, ATERREZBZRE, &
NEEFHIAstropysicsBIRER D IHREE #E78 R Astropy, AL, AstropysicsABIAEHAITHRE, EET
SRE9JLMAstropyhrAH, AT EBE&AstropysicsIFTAINEE (LUREZS)

2.2 igEER

Astropysicsp AMNEEIPD — R MERB S BT IHHEALEURNREFIES, URESITFEERI
SEEIR M ARIGUIRLR,

2.2.1 Core Modulestz (&R
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Module X

constants -physical constants and cosmological calculations YIREHIIFEFITE
coords - coordinate classes and coordinate conversions ARSI AR 1R
models -astronomy-specific models for pymodelfit pymodelfitAIR X & FiEE

=F YENSEFHHBE R
objcat -flexible, dynamically updated object catalog BRSBTS

R
ccd - image processingtools CCOEBSHEETER
spec - spectrumand SED classes and tools FEFSEDEiEREE D TR
phot -photometry/flux measurement classes and tools HESemBNEXTE
obstools -miscellaneous tools for observation BRI TE
i);c;tl':ng -astronomy-oriented matplotlib and mayavi plotting AR TR
pipeline -classes for data reduction and analysis pipelines FURE4EF DT
publication -tools for preparing astronomy papers in LaTeX FElLaTeXEFIEXHNITR
utils - utilityclasses and functions SCAIFE 2 FNEREN
config -configuration and setup ECEMIRE
2.2.2 GUI applications (GUIt&ER)
GUI MODULE Y&
Spylot -Spectrum Plotter FOBLREIY
Spectarget - MOSTargeting MOS

2.3.2 coords MAHRSEFNAIRIE R

coordinate classes and coordinate conversions

(1) HRi
ZRRESTEERMIBRIRE, LIRBRERIIEEITE, BEFHIEEMABIE,
EXZRIN TSN -

from astropysics.coords import CoordinateSystem

SEIL
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(2) coords.coordsys- coordinate systems and transforms
IZIEREARTTNE, RAFEERAIRRFAITAYTE, LISIFS SRR Z BRVEEIREREL
EELTEMELY:

class astropysics.coords.coordsys.AngularCoordinate(inpt=None, sghms=None, range=None,

radians=False)

getDmsStr(secform="%05.2f"', sep=(u'xbo',"'", '""'), sign=True, canonical=False,

inclzero=True)

getHmsStr(secform=None, sep=(‘'h', 'm','s"'), canonical=False, inclzero=True)

class astropysics.coords.coordsys.AngularSeparation(*args)
separation3d(*zordl*, *zord2*, *usez=False*, **\*kwargs*)
class astropysics.coords.coordsys.CIRSCoordinates(*args, **kwargs)

class astropysics.coords.coordsys.CoordinateSystem

delTransform(fromclass, toclass)
convert(tosys)
delTransform(fromclass, toclass)

getTransform(fromclass, toclass)

class astropysics.coords.coordsys.EclipticCoordinatesCIRS

class astropysics.coords.coordsys.EclipticCoordinatesEquinox

class astropysics.coords.coordsys.EpochallLatLongCoordinates

class astropysics.coords.coordsys.EquatorialCoordinatesBase
convert(tosys, optimize=False)

class astropysics.coords.coordsys.EquatorialCoordinatesEquinox

class astropysics.coords.coordsys.FK4Coordinates

class astropysics.coords.coordsys.FK5Coordinates

class astropysics.coords.coordsys.GCRSCoordinates

class™ astropysics.coords.coordsys.GalacticCoordinates”

class astropysics.coords.coordsys.HorizontalCoordinates

class” astropysics.coords.coordsys.ICRSCoordinates’

class astropysics.coords.coordsys.ITRSCoordinates

class astropysics.coords.coordsys.LatLongCoordinates
convert(tosys, optimize=False)
getCoordinateString(sep=" ', labels=False,canonical=False, hmslong=False)

matrixRotate(matrix, apply=True,fixrange=True, unitarycheck=False)

class astropysics.coords.coordsys.RectangularCoordinates

class astropysics.coords.coordsys.RectangularGCRSCoordinates
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class astropysics.coords.coordsys.RectangularGeocentricEclipticCoordinates
class astropysics.coords.coordsys.RectangularICRSCoordinates

class astropysics.coords.coordsys.SupergalacticCoordinates

class astropysics.coords.coordsys.angular_string to_dec

class astropysics.coords.coordsys.objects_to_coordinate_arrays

(3) coords.ephems——ephemerides and proper motions

IZIERE AT EAREENANE R RIMEMNEN TENLARER, URBTXINRBERY AT
EERITE.
BEr%E
astropysics.coords.ephems . Ephemerisobject (name,validjdrange=None
astropysics.coords.ephems.KeplerianObject (**kwargs)

astropysics.coords.ephems.ProperMotionObject(name,rad, dec@, dra=0, ddec=0, epoch©=2000,

distpc@=None, rv=0, coordclass=None)
astropysics.coords.ephems.earth_pos_vel(jd,barycentric=False, kms=True)
astropysics.coords.ephems.get_solar_system_ephems(objname,jds=None, coordsys=None)
astropysics.coords.ephems.list_solar_system_objects()
astropysics.coords.ephems.set_solar_system_ephem_method(meth=None)

(4) coords.funcs -coordinate and distance utility functions

IZIERE) AR IR IR R ITERIINEE. BREFRIEEEXNHE, SFE BFEFPES
BE3p%SE:
astropysics.coords.funcs.angular_to_physical_size(angsize,zord, usez=False, **kwargs)
astropysics.coords.funcs.cartesian_to_cylindrical(x,y, z, degrees=False)
astropysics.coords.funcs.cartesian_to_polar(x,y, degrees=False)
astropysics.coords.funcs.cartesian_to_spherical(x,y, z, degrees=False)
astropysics.coords.funcs.colatitude_to_latitude(theta,degrees=False)

astropysics.coords.funcs.cosmo_dist to_z(d,derr=None, disttype=0, inttol=1e-06, normed=False,

intkwargs={})
astropysics.coords.funcs.cosmo_z_to H(z,zerr=None)

astropysics.coords.funcs.cosmo_z_to_dist(z,zerr=None, disttype=0, inttol=1e-06, normed=False,

intkwargs={})

astropysics.coords.funcs.cylindrical to_cartesian(s,t, z, degrees=False)
astropysics.coords.funcs.earth_rotation_angle(jd,degrees=True)
astropysics.coords.funcs.equation_of_the_equinoxes(jd)
astropysics.coords.funcs.equation_of_the_origins(jd)

astropysics.coords.funcs.geocentric_to_geographic_latitude(geoclat)
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astropysics.coords.funcs.geographic_to_geocentric_latitude(geoglat)
astropysics.coords.funcs.greenwich_sidereal_time(jd,apparent=True)
astropysics.coords.funcs.latitude_to_colatitude(lat,degrees=False)
astropysics.coords.funcs.match_coords(al,bl, a2, b2, eps=1, mode='mask"')
astropysics.coords.funcs.match_nearest_coords(cl,c2=None, n=None)
astropysics.coords.funcs.obliquity(jd,algorithm=2006)
astropysics.coords.funcs.offset_proj_sep(rx,ty, pz, offset, spherical=False)

astropysics.coords.funcs.physical to_angular_size(physize,zord, usez=True, objout=False,

**kwargs)

astropysics.coords.funcs.polar_to_cartesian(r,t, degrees=False)
astropysics.coords.funcs.radec_str_to_decimal(*args)
astropysics.coords.funcs.separation_matrix(v,w=None, tri=False)
astropysics.coords.funcs.sky sep to 3d_sep(posl,pos2, di, d2)

astropysics.coords.funcs.spherical_to_cartesian(r,t, p, degrees=False)

2.3.3 models Ei&Et&EiR

astronomy-specific models for pymodelfit

(1) #iz

IZRHR{E A pymodelfitlRFEHRE X —ERICAFERIEIEM SRS, 51, pymodelfit&iIZ{EH
astropysicsf—#BRwmEN, ELECERERAMMERPIER, FSEMERDBastropysics REEER.

HEERAZAIRESA
from pymodelfit import ...

(2) FTEERIAPIE

class astropysics.models.BlackbodyModel (unit="'wl")

getFlux(x,radius=None, distance=None)
getFluxDistance(radius)
getFluxRadius(distance)
setFlux(radius,distance)
setIntensity()
wienDisplacementLaw(peakval)

class astropysics.models.BurkertModel

class astropysics.models.DeVaucouleursModel

class astropysics.models.EinastoModel

class astropysics.models.ExponentialDiskModel

class astropysics.models.ExponentialSechSqDiskModel
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class astropysics.models.GaussHermiteModel
gaussHermiteMoment(l, f=None, lower=-inf,upper=inf)

class astropysics.models.HernquistModel
class astropysics.models.InclinedDiskModel
class astropysics.models.JaffeModel
class astropysics.models.King2DrModel
class astropysics.models.King3DrModel
class astropysics.models.MoffatModel
class astropysics.models.NFwWModel
static Cvir_to Mvir(Cvir, z=0)
staticMvir_to_Cvir(Mvir, z=0)
staticMvir_to_Rvir(Mvir, z=0)
staticMvir_to Vmax(Mvir, z=0)
staticMvir_to Vvir(Mvir, z=0)
staticRvirMvir_to_Vvir(Rvir, Mvir)
getMv(z=0)
getRhoMean(r)
getV(r, **kwargs)
getVmax()
setC(c,Rvir=None, Mvir=None, z=0)
toAlphaBetaGamma()
class astropysics.models.NFWProjectedModel

integrateCircular(lower,upper, method=None, kwargs)

class astropysics.models.PlummerModel

class astropysics.models.RoundBulgeModel

class astropysics.models.SchechterLumModel

class astropysics.models.SchechterMagModel

class astropysics.models.SersicModel
sbfit(r, sb, zpt=0, **kwargs)

sbplot(lower=None,upper=None, data=None, n=100, zpt=0, clf=True)

2.3.4 objcat t&EIR
flexible, dynamically updated object catalog

(1) i
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objcatlZRBZATEMMNRERIIEINRL. ZERIPREZAETEFHREE, FEILUSESHE
B, XEHETRENNNEEH. SREHTEXENSRERTEMREFELRIEETRITE, FEARE
BE— I WebRELIEBT BEMNSBRHITRE.

SEHHE
(2) FrE@&ERYAPI
class astropysics.objcat.ActionNode(parent,name=None)
class astropysics.objcat.AstronomicalObject(parent=None, name='default Name")

class astropysics.objcat.Catalog(name='default Catalog', parent=None)

getFieldNames()
getFieldValueNodes(fieldname,value)
insertInto(insertnode)

isRoot()

locateName(name)

mergeNode(node,skipdup=False, testfunc=None)

class astropysics.objcat.CatalogNode(parent)
exception astropysics.objcat.CycleError(message)
exception astropysics.objcat.CycleWarning(message)
class astropysics.objcat.Derivedvalue

class astropysics.objcat.Field

class astropysics.objcat.FieldNode

static setToSourceAtNode

class astropysics.objcat.FieldValue

class astropysics.objcat.GraphAction

class astropysics.objcat.LinkField

class astropysics.objcat.LinkValue

class astropysics.objcat.MatplotAction

class astropysics.objcat.ObservedErroredvalue
class astropysics.objcat.Observedvalue

class™ astropysics.objcat.PlottingAction2D

class astropysics.objcat.SEDField

class astropysics.objcat.Source

exception astropysics.objcat.SourceDataError
class astropysics.objcat.StructuredFieldNode

class astropysics.objcat.TextTableAction

2.3.5 ccd {&EiR

image processing tools (CCDE{&4METH)
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(1) i

CCOERE S ATAIECCOEIRESUEIGRISEAMRE. HFADT LRSI RIS - ZEREERT
R, WEREEER. UEFERE.

SEHEHE

(2) FFE@&ERYAPI
class astropysics.ccd.ASinhScaling
class astropysics.ccd.ArrayImage

class astropysics.ccd.CCDImage)

activateRange(range)

clipInvalids(action="mask")

clipOutliers(limits=(1,99), percentage=True, action='noclipmedian")
clipSigma(sigma=12,fullsig=True, action='noclipmedian"')
clipThreshold(thresh=0,action="mask', comp='<")
offsetData(offset="minpl")

plotHist(perc=None,gauss=None, clf=True, **kwargs)

plotImage(valrange='p99',flipaxis=None, invert=False, cb=True, scalebar=None,

axes='image',clickinspect=True, clf=True, colormap='gray', **kwargs)

setScaling(scalefunc=None, **kwargs)

class astropysics.ccd.CCDNoise

class astropysics.ccd.DataScaling

class astropysics.ccd.ExponentialScaling
class astropysics.ccd.FitsImage

class astropysics.ccd.GaussianNoise

class astropysics.ccd.ImageBiasSubtractor

plInteract(data,pipeline, elemi)
plProcess(data,pipeline, elemi)

subtractFromImage(image)

class astropysics.ccd.ImageCombiner

class astropysics.ccd.ImageFlattener

class astropysics.ccd.LinearScaling

class astropysics.ccd.LogScaling

class astropysics.ccd.NoiseModel

class astropysics.ccd.PoissonNoise

class astropysics.ccd.PowerScalingastropysics.ccd.SurfaceBrightnessScaling

class astropysics.ccd.UniformNoise
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2.3.6 spec &R

spectrum and SED classes and tools

(1) i

spectRREZMETLLFIFSHTICE. SEDLARIBXRSEAREL.

TERIZIERAIEND

| Spectrum

I

--"'"-FFFH-

HasSpecUnits }—-| KnownFeature |

——
—
T

SpectralFeature

BIRRERIRESE ik
(2) FREERIAPI

FunctionSpectrum

ModelSpectrum

class astropysics.spec.FunctionSpectrum(xi,fluxf, errf=None, ivarf=None, unit='wl')

class astropysics.spec.HasSpecUnits(unit)

class astropysics.spec.KnownFeature(loc,name="", strength=None, unit='wavelength')

class astropysics.spec.ModelSpectrum(xi,model, noisetype=None, noisefunc=None, unit='wl')

class astropysics.spec.SpectralFeature(extent, unit='wavelength',continuum="'fromspec")

class astropysics.spec.Spectrum(x, flux,err=None, ivar=None, unit='wl', name='', copy=True,

sort=True)

2.3.7 phot &R

photometry/flux measurement classes and tools

(1) #iA: photRESATNEEMETRENRFIMINEE. BXEEESE IR

A
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| SExtractorError ‘

SExtractor

FPhotometryBase

FhotChservation |

‘ ModelFhotometry |

IsophotalEllipse

CMDARalyzer

. Magnitude ay

HasSpeclnits

(2) FREERIAPI

class astropysics.

name=None)

class astropysics

class astropysics.

class astropysics

class astropysics.
class astropysics.
class astropysics.
class astropysics.
class astropysics.
class astropysics.
class astropysics.
class astropysics.
class astropysics.
class astropysics.

class astropysics.

GaussianPointSpreadFunction

ModelPointSpreadFunction |

AsinhMagnitude ‘
—
_——"'_'_'_'_
—
— PogsonMagnitude
— » Band [
___hhil GaussianBand
phot.ArrayBand(x, S, copyonaccess=True, normalized=True,unit="angstroms',

.phot.

phot.

.phot.

phot.
phot.
phot.
phot.
phot.
phot.
phot.
phot.
phot.
phot.

phot.

AsinhMagnitude(b=1e-10)

Band

CMDAnalyzer

FileBand(fn, type=None)

GaussianBand
GaussianPointSpreadFunction(sigma=1)
IsophotalEllipse(imdata, isolevel=None)
KernelPointSpreadFunction(kernelarr2d)
Magnitude

ModelPhotometry(model, magzpt=0)
ModelPointSpreadFunction(model)
PhotObservation

PhotometryBase

PogsonMagnitude
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class astropysics.phot.PointSpreadFunction

class astropysics.phot.SExtractor

2.3.8 obstools {&EiR
miscellaneous tools for observation

(1) #ix
obstoolstERIFE T FTWNAIREL, LARRIFSIMRIEMERIT R, S50

HEE, EEMERT, REdatetimespERNUTCEUTT (BFIHHEARIVT) HERE.

ZEFIE:
| Site |

| mExtinctinn .

+| LMCExtinction |

—

SMCExtinction

CardelliExtinction

Extinction CalzettiExtinction

Y

(2) FFEERYAPI
class astropysics.obstools.CalzettiExtinction(A@=1)
class astropysics.obstools.CardelliExtinction(EBmv=1, Rv=3.1)
class astropysics.obstools.Extinction(f=None, A0=1)
class astropysics.obstools.FMExtinction(C1, C2, C3, C4, x@, gamma,EBmV=1, Rv=3.1)
class astropysics.obstools.LMCExtinction(EBmV=0.3, Rv=3.41)
class astropysics.obstools.SMCExtinction(EBmV=0.2, Rv=2.74)

class astropysics.obstools.Site(lat, long, alt=0, tz=None,name=None)

2.3.9 plotting &R
astronomy-oriented matplotlib and mayavi plotting tools

(1) #Ri

LEWEHRE S RFThEE, LAIFSEIHEWER RIMIIRE BB, H, XAMERPIZHEEERFERmatplotlibik
48, m=#EREmatplotlibfimayavifJE& .

BURSE
(2) FREERISEMEL (API)
class astropysics.plotting.ScatterlLasso
callback(verts)
deactivatelLasso()
getLastInds()

getlLastKeys(d=None,xattr="x", yattr="y")
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getLastXYs()
matchLastXYs(xyin,map=None)

class astropysics.plotting.add_mapped_axis

class astropysics.plotting.ax3d_animate
{FAmplot3d 3D4E T B ymatplotlibRRERZHEIERNE.
class astropysics.plotting.cumulative plot
class astropysics.plotting.dual value plot
class astropysics.plotting.logerrplot
class astropysics.plotting.make_movie
class astropysics.plotting.mlab_anaglyph

class astropysics.plotting.mlab_animate rotzoom

XEfER mlab.animate () HUBIER—NENE, ZASIETIEEE D RH A BEEREE S R TIRATS:E

N,
class astropysics.plotting.mlab_camera

class astropysics.plotting.mlab_checkerboard
class astropysics.plotting.mpl_context

class astropysics.plotting.mvi_texture

class astropysics.plotting.plot_histogram

class astropysics.plotting.scatter4d

class astropysics.plotting.scatter_select
BREE R ESRFI R ERN SR ENSHEIERE ISR
class astropysics.plotting.split_histograms

class astropysics.plotting.square_subplot_dims

class astropysics.plotting.subplots _adjust_points

2.3.10 pipeline &R
classes for data reduction and analysis pipelines

(1) BEix

pipeinnet& 8 & TSR pipe RIS AEF—— MBI NSURIIAM 1S, BEERZIFrBpipeM
E&.

BRSNS E

LEFIE:
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FipelineErrar

PipelineElement

Pipeline AccumulateMessage

,ﬁﬁ“JFHﬂ’fﬂﬂr

CallMethodMessage

9

I PipelineMessage

T
SetAttributeMessage |

(2) FREBERIZEFNERLL (API)

class atropysics.pipeline.AccumulateMessage

class astropysics.pipeline.CallMethodMessage

class astropysics.pipeline.Pipeline

class astropysics.pipeline.PipelineElement
plInteract(data,pipeline, elemi)
plProcess(data,pipeline, elemi)

resaveData(data,pipeline, elemi)

exceptior1 astropysics.pipeline.PipelineError
class astropysics.pipeline.PipelineMessage
deliverMessage(elem)
isTarget(elem)

class astropysics.pipeline.SetAttributeMessage

2.3.11 publication {&iR
tools for preparing astronomy papers in LaTeX

(1) WE

IZAR AT B B RA S HAT EARE S E R R AR R L, XBENTREETERLaTeX{FISThRRY
=N

BE{NMERRES &t
FHE:
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Command

TrailingCharCommand

Comment

Document

J_._._'________—r

Environment

—_——_hhhh“““==h

Figure

/ | EnclosedDeclaration

{ —

i o~

||IIIH'|I .___.-"""-

If - ‘ MathMode

TeXNode [

Mewline

‘-T e i
\ D ptionalArgument |
\ Freamble
‘quwedhrgument

TEKFHE

(2) FREERIFERL (API)

class astropysics.publication.Command
AlLaTeX command

class "astropysics.publication.Comment
TeXSZHRIRITIERR

class astropysics.publication.Document

class astropysics.publication.EnclosedDeclaration

class astropysics.publication.Environment
A LaTex environment
static getEnvironments()

getSelfText() .
postParse(nodes)
static registerEnvironment(envclass)
static unregisterEnvironment(envclass)
class astropysics.publication.Figure(parent, content, envname=None)
class astropysics.publication.MathMode(parent, content)

class astropysics.publication.Newline(parent)
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class astropysics.publication.OptionalArgument(parent,text)

class astropysics.publication.Preamble(parent, content)
getSelfText()

class astropysics.publication.RequiredArgument(parent, text)

class astropysics.publication.TeXFile(fn=None, flatteninputs=False)

class astropysics.publication.TeXNode(parent)

children = ()

getSelfText()
isLeaf() ——ReturnsTrue if this node is a leaf (has no children)
isRoot() ——Returns True if this node is aroot (has no parent)

prune(prunechildren=True)

visit(func)

class astropysics.publication.Text(parent, text)
FEBAN AT R

class astropysics.publication.TrailingCharCommand(parent, content)
class astropysics.publication.environment factory(parent,texstr)
class astropysics.publication.prep_for_apj_pub

class astropysics.publication.prep for arxiv_pub

class astropysics.publication.text_to_nodes
= rr eI 9MER TeXNodeXISRATFIER
2.3.12 utils &R

utility classes and functions

(1) #ix

utilstERE B ENastropysicsHESAMB A FRANE R BEFIZEMNEE. HP—LESEETFEUESN
8%, MB—LNEEZHpythoniFIs, utilstERBA=NFAERER, XEFERFIEZAE, BFEEN
BREFEEXEAHERHASETRNNA, B, BfiIaTLATEastropysicsaEtE A B BRIt
BEEFA.

BirsEitz
(2) FrEERYSEFNHRL (API)
SF—NFIRIR: utils.gen (gentRIRBEZATFE M astropysicsHN G AIERZREFNEMEL. )
class astropysics.utils.gen.DataObjectRegistry
AT EREE MER P EFRRVEUEESRIZE, FERFAREIRINEETE
class astropysics.utils.gen.SymmetricMapping

PINTI R L BReS

class astropysics.utils.gen.add_docs
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ZRB—EIDEE, ERRITIRNIZISHERD (BEed) XEFHRERABZ— MRS FRF
£,

class astropysics.utils.gen.add_docs_and_sig

class astropysics.utils.gen.change_indentation

class astropysics.utils.gen.check type

AR REIEERE S SRR ITA
EZANFIER: utils.alg
utils.alg - common/repeated algorithms (algiEREEZBEAHX, HASHBIHHIERLIELEESS)

astropysics.utils.alg.angle_axis(matrix, degrees=True)

TH R A TENERE AR N AV S F EANhE L

astropysics.utils.alg.centroid(val, axes=None, offset=None)
astropysics.utils.alg.crossmask(x, threshold=0, belowtoabove=True)
astropysics.utils.alg.estimate_background(arr, method='median')
astropysics.utils.alg.intrinsic_to_observed ellipticity(ei, i,degrees=True)
astropysics.utils.alg.lin_to_log rescale(val, lower=1, upper=3,base=10)
astropysics.utils.alg.nd_grid(*vecs)

astropysics.utils.alg.nearestsorted(a, val)
BRAFIES LRGSR RYE

astropysics.utils.alg.observed_to_intrinsic_ellipticity(eo, i,degrees=True)

astropysics.utils.alg.rotation_matrix(angle, axis="'z', degrees=True)
R RRAIRRPERN—3x3ederEs, LIESHE eIt TR E.
astropysics.utils.alg.rotation_matrix_xy(x, y)

astropysics.utils.alg.sigma_clip(data, sig=3, iters=1,cenfunc="'median', varfunc=<function var at
0x10c747e60>, maout=False)

classastropysics.utils.stats.Pca(data, names=None)
EMZ ST (PCA) £
astropysics.utils.stats.binned_weights(values,n, log=False)

FFE—MUEHE, XENERBIBXEEAD ININDRENRRY, LEBNSHEESETRESHER
RO ER.

astropysics.utils.stats.biweight_midvariance astropysics.utils.stats.interquartile_range

astropysics.utils.stats.moments

FE=AMFIRER: utils.io

utils.io (iofRIREEZAFMBEFFREFRCEPERNSHEXENEIRNXNELS, LIRATFRERER
BE&iEREFIIIEE)

astropysics.utils.io.FixedColumnDataParser(skiprows=0, firstcolindx=1,commentchars="#")
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astropysics.utils.io.VOTable(*args, **kwargs)

astropysics.utils.io.VOTableReader(s, filename=True)
astropysics.utils.io.fpickle(object,fileorname, usecPickle=True, protocol=None, append=False)
astropysics.utils.io.funpickle(fileorname,number=0, usecPickle=True)
astropysics.utils.io.get_data(dataurl,asfile=False, localfn=None)
astropysics.utils.io.get_data_download_reporter()

astropysics.utils.io.get _data_store()

astropysics.utils.io.get _package_data(dataname)

astropysics.utils.io.load_all_deimos_spectra(dir='."',pattern="'specld*', extraction="horne’,

smoothing=None, verbose=True)

astropysics.utils.io.load_deimos_spectrum(fn,plot=False, extraction="'horne', retdata=False,

smoothing=None)
astropysics.utils.io.load_tipsy format(fn)

astropysics.utils.io.loadtxt_text_fields(fn,fieldline=1, asrecarray=True, updatedict=None,

**kwargs)
astropysics.utils.io.open_with_pyfits(*args,**kwargs)

astropysics.utils.io.set_data_store(store=True)

2.3.13 config &R
configuration and setup

(1) #ix

configiEth & SEEFAEF A tastropysicsELERIINEE, TRERLTEEFREEHIZEipythonI EAISE
FBfER.

(e S = kR

FHIET
VersionError
InstallErrar

FarserBase | ——m HTMLParser

k|

Fackagelnstaller

DownloadErrar

(2) FREERIXFEHEL (API)

exception astropysics.config.DownloadError
exception astropysics.config.InstallError

class astropysics.config.PackageInstaller

FERETHHZENpythonik4+-E
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class astropysics.config.add project(name,dir=None, scriptfile=None)
EFIERINEIIE B iR+

class astropysics.config.del project(name)

class astropysics.config.get config(name)

class astropysics.config.get config_dir(create=True)

class astropysics.config.get data_dir(create=True)

class astropysics.config.get projects()

class astropysics.config.run_install _tool(sudo="auto')

class astropysics.config.run_ipython_setup()

2.4 GUI Application R FTER

2.4.1 SR
Astropysicst SEFEF MR, ATSMEESTIS. ERERERNIENHAN—SERR, ©
(IMLEBINAER (T, (BRGLAHENWERITHGSIT TRIET.

astropysicsHR{ERRIB— N ERAIEXGUIZRBpymodelfithIFitGUl . IXAMEFZAFRE A LIHEHIRE
RENMEH G ER. BaERIGUI, DHIRE:

Spylot - GiELERIF
Spectarget - MOSHg
BiMERIRRIEESEE

2.4.2 Spylot GUI

(1) #ig

N R E— N ET TraitshiEBLH/ZER ST TR, BARLEE— M ESE
astropysics.spec.Spectrum XIRESHIGUIEEFKE.

ey LUWEApythonf IR —3BoiE1T, tBeJLUBIZ 4R, astropysics.gui.spylot.Spylot XIERELIEF
astropysics.gui.spylot.spylot_specs () ER&F{EipythonFLARZRESFIEIT.

WmzdEastropysicshf, REZEERSITHIZA spylot',
BRI SRS B =
(2) astropysics.gui.spylot.Spylot XJ&R

class astropysics.gui.spylot.Spylot(specs, **traits)
Fspyl ot FBREFFARES

(3) @M astropysics.gui.spylot.spylot_specs () %

astropysics.gui.spylot.spylot_specs(specs,block=False, newapp=False)
4R B BRMAEIE F5H B RAISpylotsLf)
2.4.3 Spectarget GUI
(1) #ix
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R ARRFEETTraitsiI TR, ATFRERAISSXNEE—EFEREEBir.
(2) B

class astropysics.gui.spectarget.DEIMOSMaskMaker (spectargobij)

class astropysics.gui.spectarget.MaskMaker(spectargobj)

class astropysics.gui.spectarget.ODHandler

class astropysics.gui.spectarget.OffsetDialog(cmda, st)

class astropysics.gui.spectarget.SpecTarget(*args,**kwargs)

class astropysics.gui.spectarget.spec_target(*args)

4R FE—SpecTarget GUIRME

3. astLib

3.1 ik

astLib B—EPythont&iR, ARNZERIEMET —LALIATAEGE. FIHEURITE. MREEIARIED
PyWCSToolsi{FRHB HFRAUTRSE (WCS) SRERIFITSERRITER. H, PyWCSToolsfEastLibA—aR
DHTHR.

Bik&E&5EE: http://astlib.sourceforge.net/

3.2 @ EEIR

astLib.astCalc FHITEER

astLib.astCoords REKMITIREIER (Fe18, 1TES)
astLib.astImages IR EGESHIELR
astLib.astPlots RIRERIRRIR

astLib.astSED JEEREE DT (SED) iHERR
astLib.astStats FINTERR

astLib.astWcs RLIRtHFFARRSE (WCS) 1RIR

3.3 {ERESINEE
3.3.1 astCalc
BFTERITERIEDR

BRnziENER R EAEFEFPHIEES. FHERNSHFERERSRTEFHNTE
OMEGA_MO , OMEGA_LO , OMEGA_R® , He H{TiZ®
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HE=
d1(z)
da(z)
dm(z)
dc(z)
dvedz(z)
d12z(distanceMpc)
dc2z(distanceMpc)
te()
tl(z)
tz(z)
t12z(t1Gyr)
tz2z(tzGyr)

absMag(appMag, distMpc)

Ez(z)

Ez2(z)

OmegaMz(z)
Omegalz(z)
OmegaRz(z)
DeltaVz(z)

RVirialXRayCluster(kT, z,
betaT)

3.3.2 astCoords
FEME (Wi, itES)

Bkt

ATt BN ERE R

DIt BAERES

TRzt ERERIEACIES (B SiaaliERs)
ATzt B EAEAZEE RS

LIRS A I BANEAR AT
THRREN SRR A MAYI S22
TR

ELRMFHEFSHETIT Rz = 0GyrhFHEIVFR
THREEIE (Gyr) |, LIBzZASRIFEFSHE
RaBt BLRFEFSHERNFTEFR
HESGYrihisHAIEIBRIE (tIGyr) HEXIRAYEIREZ
RN T Gyr S HAYFETFR (tzGyr) ALz
THRAERCEIREMIIARRILEII A/

HEE (2) BYE, ZEHEISRN—BFHSHELR 8008
HEHRE

AL — EFHSHEAB AN S RS
EAB AU BEFHEIREE

HEABAH EFHIEEEEE

EAR T BFEIENEE

THE— 4 X ERY E IR

XS ERE (KT BEAB A NERFRIERFE
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E<E
hms2decimal
dms2decimal
decimal2hms

decimal2dms
calcAngSepDeg

shiftRADec
convertCoords

calcRADecSearchBox

3.3.3 astimages

fEERRY.fitsEUSA Rl (HE%E,

ERERE
FH:M:SIE RIS TR SRR T HI 2N
FD:M:SIET Vi HIEETE.

B HI =Sl IHM:STEEL,

Pt HHI RSN DM ST,

BgE— TS (TAFERSN) | UHESETEREHHR
MUE (MEERRDBIZIRKARIFRAEAIRAVM<IE) .

BYEAN—LESITEFNARIRS., (THEER)
7£)2000, B1950F0GalacticZ [EJEHiEERIAER,  (HHEHEISL)
HTERRHNRE,

#;BIED, HMEpngF) .

56 130


af://n3019

B

clipImageSectionWCS

clipImageSectionPix

clipRotatedImageSectionWCS

clipUsingRADecCoords

scaleImage

intensityCutImage

resampleToTanProjection

resampleToWCS

generateContourOverlay

saveBitmap

saveContourOverlayBitmap

saveFITS

histEq

normalise

3.3.4 astPlots
FIERSTIER

EEITNEE

METER AR NS AR PRI EIE S R AERZ S Y. ATtk E]
BUIER O RIEFAIWCS, LARRIREIG IR TEIIRR D AIX, yi&
AT,

MEETEBR R AR EGEE B IE S AE /AR S

MEETER AR B AERE R ES BN E S TEEAE 2R . R 4ERYES
IBHEREA/EESE, [HE18NorthfIFTRER, MEastuTAMl. BUiEfE
AR RIE T ERIWCSBRIREL,

XN TR ER R ABIRAVG AL, MEIGAERE BTN —FR.,
AR ERIEL DI A F A ESABREAIWCS,
BlEE—1> matplotlib.pylab 2E, HPNATEERTIEEE.

BEGFIWCSERFRFERS,. AREANTLEB/R (Flu,
F{RRA, dec, AMRIMEE) .

BN FEG2 (BBEYEIMm2Data, WCS im2WCS) BIEIEER
HEIER1 (im1Data, imTWCS) BIWCSE, HHERFERRY
BESEGINGERTIER. WHRERTREAE - REINER
H_ ERATE.

BERERFRERENNEGER, ERSEREGESHERER
R, FEM—ERE, ZISEEREHERE RS H T B
i

MEGREFFRIEEER BEEXBXXET BRigEe. (Bl
a“.jpg’= JPEG, “.png"=PNG) ,

MEG eI EEG, HEEHE N EGEEER—AR
BR. (FEERECERRIEIGMEYIRNTIET, AILUSR R EEmERES
TR, )

BEIGIEMES NFTY. fits ST,
XIHINEY numpy.array HITE G ESE.
IEERE, IR TIE—{LabE,

IRMESEDZERIRE, FRIEBRISIFAIBruzual & Charlot 2003, Maraston 2005F0Percival et al 2009
BEEFSMER, HERARHFATIHEXEERPLTBIMEBFIRNEANET, IR FERIXLER

BIERINE.
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B ERERE

TSGR T E AT RERIAMRItRC S, dict(FEREL:

DEC_TICK_STEPS I
{'deg', 'unit't

/TR N E R A RS E BR.  dict(GFESL:

RA_TICK_STEPS I
{'deg', 'unitt

DECIMAL_TICK STEPS DG wtial it i W Vs S M el = 2 R Y A i Twai

3.3.5 astSED

HATOEREE DT (SED) ITHEAUMER
ZIEHURHER{ESEDRYZE, BRI BaiziEaYBruzual & Charlot 2003, Maraston 2005F0Percival et al
20091EEMBFS RS, IRARSBTIEIXLABEEEFEEFA/NNITN, LA ERXLETR

NEEECENE.

Bk 6 ERENTNEE

X/MFIFEISEDDIict=Elist (2 Mmags2SEDDict) fEFfitSEDDicti#{THL
makeModelSEDDictList N

Ho

(EFR¢EERYSED=BRY I R ITEL .S TERYSED=ER ({fEFEmags2SEDDictHl

fitSEDDict {"E) )

pe—— %%—ZE:EMESABIDE{E, THEMENET, HRE—EEEE", B
RE", RK'HFH,

mag2F Lux BEEABIBEMIREERNER, B Nerg/s/cm A2/ Angs,

flux2Mag ¥gerg /s /cm A 2/ AngsheaERIBEFI A REER M IABE.

mag2Jy Ay EABIREEHE A HB R E

Jy2Mag BlyhriEEREEi% IABE,

AB: YESED, HFITEABREFRIEE.
3.3.6 astStats
PTFRIHTE.

XMERIBE TRONFRITER. A, SHSRETUEMRENEE (i) @fitE, WBeersH
ABT&. 1990 (A), 100,32) , LARERNENERRIISEERNRIUSIERF.

STFIozaFHERR, BIYFHRAGNU R (http://rpy.sourceforge.net) &
SciPy (http://www.scipy.org) BIPython4Bze.
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B

Bk
HHE—EHFIFAE.

mean
weightedMean THEHEFIN"HIIR (E, NE) IMREIIE,
stdev HE—RHFN (BX) fREE.
rms TR ERR.
weightedStdev HE—HHFN (BF) AIMREEE.
median THE— BRI,
modeEstimate R FEIROfETT
MAD THE—EHFPEEHRE,
biweightLocation TE—EHFINENEMNITE (WrobustSEYE) .
biweightScale THE—AHFINELFIRMGEITE (I—MRIRERE) .
biweightClipped J‘%ﬁﬁ%biweight{fﬂiiﬂ’ﬂ{ﬁ%%ﬂtWU, ﬁﬁ?sigmaﬁ‘z%, REUBSIZE.

(ES245%RF, ZtERES I LT, BRI, )

biweightTransform IHE—AENNETIR,
OLSFit TR ETE BRSNS, EUERE>=5).
clippedMeanStdev HE—RHFHIchippedIYEMITERE.
cLippedWeightedLSFit ?Sigma@ﬁiﬁﬂy—iﬂiﬂ$, B TINERN RS, SROHEREE
weightedLSFit HEHFX, y, y_errorlI=4E51R EHITINNE/ N SRS .
biweightLsrit f;fffll\:%wé, Ho{E RN E R ESSCRIRIEUSRIINGES
cumulativeBinner KITRANEUE.
binner DECHNEIE,
weightedBinner MRANEUEHITOME, ICRABRERE D FEFRIIIAREF],

3.3.7 astWCS

TR FRAIRRSE (WCS) AYtELR

XEPYWCSToolsHRg—LEFIFE (ffEastLibs k) HESRAIANELO, PyWCSToolsZElessica
Mink (http://tdc-www.harvard.edu/software/wcstools/) IFWCSToolsHIfRESWIGEZE., BREm
REXMEOEBTE, AAFTEEREFERPYWCSTools,
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B ERERE

BHRwcs1FIwcs2Z AIEENG/N, AWCSHR, IREIXLAME, 1 LD
wesHIRMN &AL YR, AT EIIRMER ZARES X,

findWCSOverlap

4. APLpy

4.1 5H5A

APLpy(Astronomical Plotting Library in Python), FEBRFRXNEEERIE. TEtza, EERENTEHRE
NEEE, AERTEREFISAN: import aplpy F import numpy . BEARILAGIFESEHEE

4.2 FrE &RYFunctions
A& Iheg
make_rgb_cube M=5KFITSEGRHHIERGB=4E]

MRGBZAEHIRERE=FITSSU4HIFRGBE]
&

make_rgb_image

test([package,test_path, args, plugins,

. 1B1THERpython B

4.3 ZIER B ERYE
IZER—HE R, BRINT:
4.3.1 aplpy.AxislLabels(parent) XFHIRHAIEE

hide() Hide the x- andy-axis labels.
hide x() Hidethe x-axis label.
hide_y() Hidethe y-axis label.

set_font(family=None,style=None, variant=None, stretch=None, weight=None,

size=None, fontproperties=None) Set the font of the axis labels.
set_xpad(pad) Setthe x-axis label displacement, in points.
set_xposition(position) Set the position of the x-axis label (‘top’ or ‘bottom’)
set_xtext(label) Setthe x-axis label text.
set_ypad(pad) Set the y-axis label displacement, in points.
set_yposition(position) Set the position of the y-axis label (‘left’ or right’)

set_ytext(label) Setthe y-axis label text.
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show() Showthe x- and y-axis labels.
show_x() Showthe x-axis label.

show_y() Showthe y-axis label.

4.3.2 aplpy.Beam(parent) EFHEANGE

hide() Hidethe beamf&iy¢eR

set(**kwargs) Modify the beam properties.

set_alpha(alpha) Setthe alpha value (transparency)

set_angle(angle) Setthe position angle of the beam on thesky, in degrees.

set_borderpad(borderpad) Setthe amount of padding within the beamobject, relative to the canvas
size.

set_color(color) Setthe beam color.

set_corner(corner) Set the beam location.

set_edgecolor(edgecolor) Setthe color for the edge of the beam.
set_facecolor(facecolor) Setthe color for the interior of thebeam.
set_frame(frame) Setwhether to display a frame around thebeam.
set_hatch(hatch) Setthe hatch pattern.

set_linestyle(linestyle) Setthe line style for the edge of the beam.
set_linewidth(linewidth) Set the line width for the edge of thebeam, in points.
set_major(major) Setthe major axis of the beam, in degrees.

set_minor(minor) Setthe minor axis of the beam, in degrees.

set_pad(pad) Setthe amount of padding between the beamobject and the image corner/edge,
relative to the canvas size.

show([major,minor, angle, corner, frame, ...]) Displaythe beam shape and size for the primary
image

4.3.3 aplpy.FITSFigure XFfitsEURLHIFNIZE

Z52EE Faplpy.layers.Layers,aplpy.regions.Regions,aplpy.deprecated.Deprecated
add_beam(*args, **kwargs) Add a beam to the current figure.
add_colorbar(*args,**kwargs) Add a colorbar to thecurrent figure.
add_grid(*args, **kwargs) Add a coordinate to thecurrent figure.
add_label(x, y,text[, relative, color, ...]) Add atext label.
add_scalebar(length,*args, **kwargs) Add a scalebar tothe current figure.
close() Close the figure and free up the memory.
hide_colorscale()
hide_grayscale(*args, **kwargs)

pixel2world(xp,yp) Convert pixel to world coordinates.
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recenter(x, y[,radius, width, height]) Center the imageon a given position and with a given
radius.

refresh([force]) Refresh the display.

remove_beam([beam_index]) Removes the beam from the current figure.
remove_colorbar() Removes the colorbar from the current figure.

remove_grid() Removes the grid from the current figure.

remove_scalebar() Removes the scalebar from the current figure.

save(filename[,dpi, transparent, ...]) Save the currentfigure to a file.
set_auto_refresh(refresh) Setwhether the display should refreshafter each method call.

set_nan_color(color) Setthe color for NaN pixels.

set_system_latex(usetex) Setwhether to use a real LaTeXinstallation or the built-in matplotlib LaTeX.

set_theme(theme) Set the axes, ticks, grid, and image colors toa certain style (experimental).
set_title(title,**kwargs) Setthe figure title

set_xaxis_coord_type(coord_type) Set the type of x coordinate.
set_yaxis_coord_type(coord_type) Set the type of y coordinate.

show_arrows(x,y, dx, dy[, width, ...]) Overlay arrowson the current plot.

show_circles(xw,yw, radius[, layer, zorder]) Overlaycircles on the current plot.

show_colorscale([vmin,vmid, vmax, pmin, ...]) Show a colorscaleimage of the FITS file.
show_contour([data,hdu, layer, levels, ...]) Overlaycontours on the current plot.
show_ellipses(xw,yw, width, height[, ...]) Overlayellipses on the current plot.

show_grayscale([vmin,vmid, vmax, pmin, ...]) Show agrayscale image of the FITS file.
show_lines(line_list[,layer, zorder]) Overlay lines on thecurrent plot.
show_markers(xw,yw[, layer]) Overlay markers on thecurrent plot.
show_polygons(polygon_list[,layer, zorder]) Overlay polygons onthe current plot.
show_rectangles(xw,yw, width, height[, ...]) Overlayrectangles on the current plot.
show_rgb([filename,interpolation, ...]) Show a 3-colorimage instead of the FITS file data.
show_vectors(pdata,adata[, phdu, ahdu, ...]) Overlayvectors on the current plot.

world2pixel(xw,yw) Convert world to pixelcoordinates.
4.3.4 aplpy.Frame(parent) EEELZSIEE

set_color(color) Set color of the frame

set_linewidth(linewidth) Set line width of the frame

4.3.5 aplpy.Grid(parent) BIGME=BXSEHISTE

hide()

set_alpha(alpha)

IREMISEAERE
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set_color(color)

IRE NSRS
set_linestyle(linestyle)
set_linewidth(linewidth)

set_xspacing(xspacing)
FEES R EIZENRSIELE
set_yspacing(yspacing)
HEEEAR LIRENIELIELE
4.3.6 aplpy.Scalebar(parent) EbBIR/HFENGEE

hide() Hidethe scalebar.

set(**kwargs) Modify the scalebar and scalebar properties.
set_alpha(alpha) Setthe alpha value (transparency).
set_color(color) Setthe label and scalebar color.
set_corner(corner) Set where to place the scalebar.
set_font([family,style, variant, stretch, ...]) REFRSHIFARED,
set_font family(family)

set_font_size(size)

set_font_style(style)

set_font_weight(weight)

set_frame(frame) Setwhether to display a frame around thescalebar.
set_label(label) Set the label of the scale bar.

set_length(length) Set the length of the scale bar.
set_linestyle(linestyle) Setthe linestyle of the scalebar.
set_linewidth(linewidth) Set the linewidth of the scalebar, inpoints.

show(length[,label, corner, frame, ...]) Overlaya scale bar on the image.

4.3.7 aplpy.TickLabels(parent) HiRMZIEBXIEE

hide() Hidethe x- and y-axis tick labels.

hide_x() Hide the x-axis tick labels.

hide_y() Hide the y-axis tick labels.

set_font([family,style, variant, stretch, ...]) Setthe font of the tick labels.
set_style(style) Setthe format of the x-axis ticklabels.

set_xformat(format) Setthe format of the x-axis tick labels.
set_xposition(position) Set the position of the x-axis tick labels(‘top’ or ‘bottom’)

set_yformat(format) Set the format of the y-axis tick labels.
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set_yposition(position) Set the position of the y-axis tick labels(‘left’ or right’)
show() Show the x- and y-axis tick labels.

show_x() Show the x-axis tick labels.
4.3.8 aplpy.Ticks(parent) ZIEi&E

hide() Hidethe x- and y-axis ticks

hide x() Hide the x-axis ticks

hide_y() Hide the y-axis ticks

set_color(color) Setthe color of the ticks
set_length(length[,minor_factor]) Set the length of theticks (in points)
set_linewidth(linewidth) Setthe linewidth of the ticks (inpoints)
set_minor_frequency(frequency) Set the number of subticks per major tick.
set_xspacing(spacing) Set the x-axis tick spacing, in degrees.
set_yspacing(spacing) Set the y-axis tick spacing, in degrees.

show() Show the x- and y-axis ticks

show_x() Show the x-axis ticks

show_y () Show the y-axis ticks

5. Cosmocalc

5.1 SfLiA

HESEFHFNERE.

AHER(EAMCC.py (JamesSchombert) BURTIRAINGD, ERFHITERAIPythonikA, BIKERAIES
EER

ZEREGEEEES TARSEFRAANNEENSHE, JUBEEFER. BEitt, R8285/F 1 LARKRE.
mXZE, FELTFHTEEcosmocalc-.tar.gz, AREELZERRRS,

SANG&: from cosmocalc import cosmocalc

5.2 calculated values

LN SHETIEEREENER
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Name

HO

WR

WK

WM

WV

DTT

age

zage

DCMR

VCM

DA

DL

PS

5.3 B ERYEHEE

Value
IREBAN
IaZhEEL
Omega(t&59)
OmegafhZk = 1-Omega(2)
Omega¥If&
OmegaE=
M2z EHERIATE)
FHER
FEORENZEIFEFR

IEIER[AEEE

Comoving volume within redshift

BRJIES
FEERER
FIFRIIEES

5.3.1 cosmocalc.cosmocalc

TR TFEHEEE. S

PA<B#R>, <E>RIZzUREL. 15, 25T SMEREaaLste, FBEEN _:

A/INERS

DA 0.38250549415474988,

il

DA_Gyr 5.2678010166833023,

DA Mpc 1615.1022857909447,

DA_cm' 4.9836849147807571e+27

5.3.2 cosmocalc.get_options()

6. Kapteyn
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Units

/

Gyr

Gyr

Gyr
Gyr Mpc cm

Gpc3
Gyr Mpc cm
Gyr Mpc cm

kpc cm

FEEREFS. fla:
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{E&: Hans Terlouw
KapteynE{FENERHRIETEEER, S TFEBHFRAR, SERHFRUIRAHIEGETE.

6.1 wcs {&5iR

westEERZSMark CalabrettafIWCSLIBRYEM, FHEERM T —EIMIAIRIREERR, WCSLIBIZRRIRF L
THTSHFAIRRE (WCS) frfE, ZREEX T BIRIGRLIRSHRLIFREES .

(e]

BE—NHTEXTHABITRS (WCS) LEMSRAIFITSSLEREPython= 8, FILAFEGRERATRFOHFAL
IR BB ThE R,

FERMIRRTE RN (FRETdH, NumPyiEF)

REMSERFZENER, CHHEICIERFREHEERNYIR. SEFRHAFK4, FK4-NO-E, FK5,
ICRSFIENZS)2000LA R RFNMEE RLIFR. )

FEFERATE (R LBZNWCSTHER)

o FFRGAMNER (RANRSMARYGRLIROHEFAR) |

(e]

FEIBAMREEHR, GIAIS SRR IR0y IR,

6.2 Celestial f&iR
CelestialtEtRTZRF RISM T —EEARIFIE:

o

(e]

(@]

LR RIMNS E RS B TR, haBigERwesEkE

ATHAEEHR, tBalEdERwWesIKE

YFZSLRINREFIMNEEIREHME, TEN SkyFISERAN=ZHE, ITEERE, #HE (EEH) NEE
HrhskyfiEsky system (FRE. =&, B, BER) , %K%, Ho~M0WNHET. BallE
(—EFR. 88— ES N TENTE. — M E—TE) .

6.3 wcsgrat f&EiR

O O O o

IZARRPRIAZ EIREE R BT R R maputilssP P R IFRI7 AR AT,
RIEEERWHERREESEAINSLE, RZTA,
IRESTCERR (WAELZ, XELIREIAITE) BIEIITE.
IHEERIREERNSE (Pl MTREXRZE) .

6.4 maputils =R

o

O O O o o o

ZFSMatplotlibZE &R

ERwes, KK, wesgratfU7aARER A

AEtgE (BMEFARNXREZRSR) | KEEERTU EHIEEENSIEDRE (i, BEBkE
Tt T (R BIEERIFITS )

BEYOEFR ISTEMAE (AR ESNERE)

FEHFRUTHEBERNRGE, WRFHTRIE.

BERENRTHIEUEE (allskyE)

ZPEGNSER (flan, HIEER)

—MERNEREIMEFEEE E TE.

RE{HEMEEFEIMEX,

6.5 positions &R
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BRI GE A FRAATRRRILE,

6.6 Rulers &R

Pt RARREEIERNE— R B, TSRS RmaputilsFRaT
6.7 shapes &R

BREESHAPRZE. BREEGTENTR (Z10, R, BEZ, B, HRis)  FERRUED
Elg(EE (UHFRLR) . PRERIREGEER (LMEERABRAM) LIRFPRRRYGEREM. NXEiRErTLA
&k,

6.8 tabarray {&iR

A& EASCISZIHEERITRIE! / O,

6.9 mplutil &R

FAFMatplotlibFR B 44BN EFISRIARER. BRIAER D TIseEERERmaputilsH{ER,

6.10 kmpfit {&iR

ZIEHIR tFitterss, 1ZZ&(FAMPFITERAICSCIN, Craig Markwardtst3d1DLAYEEL S/ N SREREL A& 151
2.

MPFIT{&EFLevenberg-Marquardtie RSRARR /N _FREIRE, XIS RRIET T ZAVEIRRES, EHEER

MA®, MPHTH#HATEISEE—ESHRGAFRHIGE (BS") RELSAFRUINEER ("8
&) . MPRTETMoré REGIFERBEARGITMINPACK-1 (LMDIFF) .

plan, ARARDEEAN—ENNEHE RS AR, SEHEBTEIE, WEREMRE
WHITSE., MPHTRE—ERRESEERBIIRESHIRN—ESH. TR/ SREX E, X
BREFREHER, REMEIEZENIMTE S ZMEHIHRERIML.

7. Pyflatuion

7.1 SHLiA
Pyflation (Cosmologicalsimulations in Python)2—/NAF & BRI E PRI EINIhAEE, TTLUEEF
FA—M =B ra kR =275 72 (Klein-Gordon equation)iAFIX B REEAFIITH.

—B7fEpyflationLiETHEIR, PythonB AU BRENIREIFENRRIRSEZER, FEF92E (class)
B E&EcosmomodelstEiReh, GIESSEFFI—MFA_MIUENAYERLL. S5, sourcetermU4EEEITE M
WaEWFrEARIBT RIS,

FELbzRl, FEAEEM N HFHRRZED
ZEEEEIN 8, DHIRE:
analysisPackage
solutions Package

sourceterm Package

67 130


af://n3669
af://n3672
af://n3675
af://n3678
af://n3681
af://n3690
af://n3691
http://pyflation.ianhuston.net/downloads/

BB R S E R

7.2 FRrE S RIRIR

PyflationBlEZ6 M AEIR, HBIZ:
cmpotentialsModule
cosmographsModule
cosmomodelsModule

helpers Module

rk4 Module

sohelpers Module
THEORIHFIX6MER
7.2.1 cmpotentials {&EiR

ZAEHIRM AT LA S cosmomodels. py—#e (s FERIIHAE
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Bt
pyflation.cmpotentials.bump_nothirdderiv(y,params=None)
pyflation.cmpotentials.bump_potential(y,params=None)
pyflation.cmpotentials.hilltopaxion(y,params=None)
pyflation.cmpotentials.hybrid2and4(y, params=None)
pyflation.cmpotentials.hybridquadratic(y,params=None)
pyflation.cmpotentials.hybridquartic(y,params=None)
pyflation.cmpotentials.inflection(y,params=None)
pyflation.cmpotentials.lambdaphi4(y,params=None)
pyflation.cmpotentials.linde(y,params=None)
pyflation.cmpotentials.msqphisq(y,params=None)
pyflation.cmpotentials.msqphisq_withVe(y,params=None)
pyflation.cmpotentials.nflation(y,params=None)
pyflation.cmpotentials.phi2over3(y,params=None)
pyflation.cmpotentials.productexponential(y, params=None)
pyflation.cmpotentials.quartictwofield(y,params=None)
pyflation.cmpotentials.resonance(y,params=None)
pyflation.cmpotentials.ridge twofield(y,params=None)

pyflation.cmpotentials.step_potential(y,params=None)

7.2.2 cosmographst&EiR
kit
cosmographs.py - Graphing functions for pyflation package

IZRRRA T BN REY, AT ERMatplotlibE4-RLFIpyflationBAIEIER. FFalE%T
multi_format_save BRE, BARBBERGIEEEMRFAFREIE.
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Bt

pyflation.cosmographs.LogFormatterTeXExponent(*args, **kwargs)

pyflation.cosmographs.calN_figure(ts,ys, fig=None, plot_fn=None,
models legends=None, ylabel=None, size='large',ls=['r-', 'g--', 'b:'],
halfticks=False)

pyflation.cosmographs.generic_figure(xs,ys, fig=None, plot_fn=None,
models legends=None, xlabel=None, ylabel=None,size='large', ls=['r-', 'g--',

'b:'], halfticks=False)

pyflation.cosmographs.makeklegend(fig,k)

pyflation.cosmographs.multi_format_save(filenamestub,fig=None, formats=None,

overwrite=False, **kwargs)

pyflation.cosmographs.reversexaxis(a=None)

pyflation.cosmographs.save(fname,dir=None, fig=None)
pyflation.cosmographs.save_with_prompt(fname)
pyflation.cosmographs.set_size(fig, size='large')
pyflation.cosmographs.set_size_half(fig)
pyflation.cosmographs.set_size_large(fig)

pyflation.cosmographs.set_size small(fig)

7.2.3 comomodels &R
(D#Ei&: cosmomodels.py- Cosmological Model simulations
IRHBEEFHFEKERE, 5IEEEE:
FOCanonicalTwoStage - IXEI—MiTE
SOCanonicalThreeStage -BKEU::&Tffgg
CanonicalFirstorder - G&—MitERITEYIRIZE
CanonicalRampedSecondOrder - B& it EHSEFNIERRIAAIZE,
(2) EZERISEFNEREY

class

pyflation.cosmomodels.BasicBgModel
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class

pyflation.cosmomodels.CanonicalBackground

class

pyflation.cosmomodels.CanonicalFirstOrder

> —MiEEERefoldE ARG SN FRIMEEE

class

pyflation.cosmomodels.CanonicalHomogeneousSecondOrder

class

pyflation.cosmomodels.CanonicalRampedSecondOrder

class

pyflation.cosmomodels.CanonicalSecondOrder

class

pyflation.cosmomodels.CombinedCanonicalFromFile

class

pyflation.cosmomodels.CosmologicalModel

createhdf5structure(filename, grpname="results', yresultshape=None, hdf5complevel=2,

hdf5complib="blosc")

derivs(yarray, t)

findH(potential, y)

gethf5paramsdict()

potentials(y, pot_params=None)

run(saveresults=True)

saveallresults(filename=None, filetype='hf5',yresultshape=None, **kwargs)
saveresultsinhdf5(rf, grpname='results')

class

pyflation.cosmomodels.FOCanonicalTwoStage

class

pyflation.cosmomodels.FONoPhase

class

pyflation.cosmomodels.FOSuppressOneField

class

pyflation.cosmomodels.FixedainitTwoStage
exception pyflation.cosmomodels.ModelError

class

pyflation.cosmomodels.MultiStageDriver
findHorizoncrossings(factor=1)

find_efolds_after_inflation(Hend,Hreh=None)
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class pyflation.cosmomodels.PhiModels

class

pyflation.cosmomodels.SOCanonicalThreeStage

class

pyflation.cosmomodels.SOHorizonStart

class

pyflation.cosmomodels.TestModel
pyflation.cosmomodels.make_wrapper_model(modelfile,*args, **kwargs)

pyflation.cosmomodels.profile(f)

7.2.4 helperstgiR
(1) B
helpers.py- Helper functions f@{t4HRN REMHE bt 5 AR EE .
(2) EEAIHL

pyflation.helpers.cartesian(arrays,out=None)
pyflation.helpers.cartesian_product(lists,previous_elements=[])
pyflation.helpers.ensurepath(path)
pyflation.helpers.etol@(number)
pyflation.helpers.find_nearest(array, value)
pyflation.helpers.find_nearest_ix(array, value)
pyflation.helpers.getintfunc(x)
pyflation.helpers.getkend(kinit, deltak, numsoks)
pyflation.helpers.invmpc2mpl(x=1)

pyflation.helpers.ispower2(n)

pyflation.helpers.klegend(ks, mpc=False)
pyflation.helpers.mpl2invmpc(x=1)
pyflation.helpers.nanfillstart(a, 1)
pyflation.helpers.removedups(1l)

pyflation.helpers.seq(min=0.0, max=None, inc=1.0,type=<type 'float'>, return_type='NumPyArray')

pyflation.helpers.startlogging(log, logfile, loglevel=20, consolelevel=None)

7.2.5 rk4tgEiR

(1) B

rk4.py- Runge-Kutta (JBi&-EEt85I%) ODE solver, 12tETFRunge-KuttaBJODEKA#SSE, FIFpyflation
R,

(2) FEESHELY

exceptionpyflation.rk4.SimRunError
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pyflation.rk4.rk4stepks(x,y, h, dydx, dargs, derivs)
H—S2 BRIPURRunge Kutta73ixk, MBJEEAK/IhADTFTER, HderiviSHHRISEN
pyflation.rk4.rkdriver_tsix(ystart,simtstart, tsix, tend, allks, h, derivs)
£288Runge KuttalubiERYIREIREL,
7.2.6 sohelperst&EiR

(1) R
sohelpers.py- Second order helper functions J93&Ecosmomodels.pyB9 N EE R HAEEN R L.

(2) EEMIRH

pyflation.sohelpers.combine_source_and_fofile(sourcefile,fofile, newfile=None)

SHIRAHD

8. Galpy

8.1 B iR

galpy2— 1TATHRAzIHZFHPythonl, BXFEEfMpotentialsHUHIETRS . WALGFIRIFESTIOMEREL, LA
KitERrasaSpotential (UMAEAER, galpy2— MEastropyliBIRER, BTLANZEEIRMXFastropy #18
EZNE SRR SN

galpy REANF REREE B HZH XMERE SN potentialsE THIERD . B, SEARITIEEEE
EXE N DEE: galpy.potential F[] galpy.orbit ,

FLbZ R, (RREERRRGapyE, FARTINFRSERERR:

condainstall galpy -c conda-forge
#2)
pip install galpy

8.2 XEIaE
ZBEBEES P ARINRELAR RS/ INRE
8.2.1 Potentialsin galpy

import galpy.potential
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Funtion i

Potentials andforces BeerEE
Densities R
Modifyingpotential instances using wrappers (NEW inv1.3) /

B/ (kR
Close-to-circularorbits and orbital frequencies B (\;CRL) TEEN

Cl
Usinginterpolations of potentials BEERE
Initializingpotentials with parameters with units IR EIVE ST
Generaldensity/potential pairs with basis-function HRE RN —REE/E
expansions (UPDATED inv1.3) TEBexy
The potential of N-body simulations N{AERL
Conversion toNEMO potentials NEMO#E{L,
Addingpotentials to the galpy framework /
Adding wrapperpotentials to the galpy framework (NEW in v1.3) /

8.2.2 Two-dimensional disk distribution functions — B9 iEFEE
XN FRAREEENEEER P IENINFEEE R

from galpy.df import dehnendf
from galpy.df import shudf
from galpy.df import schwarzschilddf

Ige iz
Types of diskdistribution functions REoHmEa
Evaluatingmoments of the DF DFAYZ
Using correcteddisk distribution functions /
Oort constantsand functions OortFEEFNIREL
Sampling datafrom the DF MDFREFEGE
Non-axisymmetric,time-dependent disk distribution functions /

8.2.3 A closer look at orbit integration iEIEEMEES
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from galpy.orbit import Orbit

TgE
Orbitinitialization
Orbitintegration
Displaying theorbit
Animating theorbit (NEW in v1.3)
Orbitcharacterization
Fast orbitcharacterization (NEW inv1.3)
Accessing theraw orbit
Fast orbitintegration

Integration ofthe phase-space volume

8.2.4 Action-angle coordinates FI{E-FIRER

galpy.actionAngle

Ihse
Action-anglecoordinates for the isochrone potential
Action-anglecoordinates for spherical potentials
Action-anglecoordinates using the adiabatic approximation

Action-anglecoordinates using the Staeckel approximation

Action-anglecoordinates using an orbit-integration-based approximation

Action-anglecoordinates using the TorusMapper code
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R
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LI =Eabaplin (s

TorusMapper{{i3

8.2.5 Three-dimensional disk distribution functions =4E &£ 5 HIEE

FEESAN

from galpy.potential import MWPotential2014
from galpy.actionAngle import actionAngleAdiabatic
from galpy.df import quasiisothermaldf
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InRE ABig

Setting up the DF and basic properties REDFINEAREY
Evaluatingmoments AT ZY
Evaluating andsampling the full probability distribution function MIXFAIREMER D EREL

8.3 2R

HATFESNREEEEIEES, AlkrA—%H, SERNSBETRITE: http://galpy.readthedocs.io/en/latest/
genindex.htm| BZ&REUEF R,

9.alipy

9.1 2Hfi#
AlipyBE—MTILMRIE, BEARIESRXEISZETEREpythontRiFE.

—HBMER, DHIE:
align Module

ident Module

imgcat Module

pysex Module

quad Module

star Module

BIERRBRESEEN

9.2 IR IRE
BRI EuREEEXE
9.2.1 align &R

(1) #k: EERTFEIEHFT
(2) FRBSRIRL

alipy.align.affineremap(filepath,transform, shape, alifilepath=None, outdir='alipy_out"',

makepng=False, hdu=0,verbose=True)
XIERN BRI RIESR, FIBERRFAFITS.

alipy.align.irafalign(filepath,uknstarlist, refstarlist, shape, alifilepath=None,

outdir="alipy out',makepng=False, hdu=0, verbose=True) :

{EMiraf geomap#lgregisterXJFE%
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alipy.align.shape(filepath,hdu=0, verbose=True) :
IREI”4EER (FITS)
alipy.align.tofits(outfilename,pixelarray, hdr=None, verbose=True) :

R4 numpyjuzhfBfEFHIEE B N\FITSI 4,
9.2.2 ident f&EiR

(1) #hix: EFERTFEGRB
(2) FrESRIEEL

class alipy.ident.Identification(ref, ukn)
TN ImgCatid g 2 [BRYEEIEIRIR
calcfluxratio(verbose=True)
findtrans(r=5.0,verbose=True)
showmatch(show=False,verbose=True)

alipy.ident.run(ref, ukns, hdu=0,visu=True, skipsaturated=False, r=5.0, n=500,
sexkeepcat=False, sexrerun=True,verbose=True) ——FFRBIBIZBNTNERLEL. REIESFFEE
BROWRRNISRANGIZR, LMEH—SER

9.2.3 imgcat &R

(1) #R: MRRBXY, BEXERALSEE
(2) FEESZHXMILY
class alipy.imgcat.ImgCat(filepath, hdu=0,cat=None)

AE—TRRNEGRERXINBERNERS
makecat (rerun=True, keepcat=False, verbose=True)
makemorequads (verbose=True)
makestarlist(skipsaturated=False,n=200, verbose=True)
showquads (show=False, flux=True, verbose=True)

showstars(verbose=True)

alipy.imgcat.ccworder(a) ——HEFIAARENE CCWLLLHI 18T
9.2.4 pysext&EiR
(1) HEi:

Small module wrapping sextractor. The idea is to have a singlefunction taking an image and returning
a sextractor catalog.

(2) FRBEREL

alipy.pysex.run(image="",imageref="'", params=[], conf_file=None, conf_args={},

keepcat=True,rerun=False, catdir=None)

(EFLES TS ERE biE{Tsextractor, REIE S sextractoriiHiasciidataB R,
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9.2.5 quadi&EiR

(1) iz
Quads are asterisms of 4 stars, used to match the catalogs (FHF{EEERIITED)
(2) FRESRIERELE
class alipy.quad.Quad(fourstars)
alipy.quad.makequadsl(starlist, n=7, s=0,d=50.0, verbose=True) ————%UVEHjﬁﬁg%EgﬂiEEﬁﬁfﬁ

alipy.quad.makequads2(starlist, f=5.8, n=6,s=0, d=50.0, verbose=True)— F1_EE— AL
1, REsArhidIE8 XigmshIES

alipy.quad.mindist(fourstars)

alipy.quad.proposecands(uknquadlist,refquadlist, n=5, verbose=True)
alipy.quad.quadtrans(uknquad, refquad)

alipy.quad.removeduplicates(quadlist,verbose=True)

9.2.6 star &R

(1) #h&: ATFERcosmoulineRIEEER, X MERBEALEEE,
(2) FrEERIEFNERE

class alipy.star.SimpleTransform(v=(1, 0, 0,0))
AT HhEse. SaEM AR E AR hET R
apply ((x,y))
applystar(star)
applystarlist(starlist)
getrotation()
getscaling()
inverse()
matrixform()

class alipy.star.Star(x=0.0, y=0.0,name='untitled', flux=-1.0, props={}, fwhm=-1.0, elon=-1.0)
faiE oy RIEE——Simple class to represent a single source (usually stars, butnot necessarily)
coords(full=False)
copy ()
distance(otherstar)
distanceandsort(otherstarlist)
trigangle(otherstar)
alipy.star.area(starlist, border=0.01) —IR[EEEBE=AIXIH
alipy.star.findstar(starlist, nametofind)
alipy.star.fitstars(uknstars, refstars,verbose=True)

alipy.star.identify(uknstars, refstars,trans=None, r=5.0, verbose=True, getstars=False)
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alipy.star.listtoarray(starlist, full=False) —— I&starlisti&ia/92 DREFLIHITIRERE(E
alipy.star.printlist(starlist)
alipy.star.readmancat(mancatfilepath, verbose='True') —HIELIEEXN SR IRE]

alipy.star.readsexcat(sexcat, hdu=@,verbose=True, maxflag=3, posflux=True, minfwhm=2.0,

propfields=[])
alipy.star.sortstarlistby(starlist, measure)

alipy.star.sortstarlistbyflux(starlist)

10.Pyregion

pyregion@—MEHTdsOXIE I ARIpythont&tR, B3 fFciaoXiM K. ZRHBEREEERRIEZINHISI
RBERRKE . BIZERdsIBIBRIARRD KIES. (B2, BPMEdsOaJLARIHIEE LA eI
(BREEMIEFEIERY) XS, BRRETAEIE ). TR, iERsfiRe SN2,

10.1 Read Region Files

pyregion.open EXIFEZFRMENSEFHREI—" ShapeList WFR, ZXIREAR LR — shape JIKRFIF (
ShapeList &PythonWEFIZFRERIFE) .

pIF

import pyregion

region_string = """

# Region file format: DS9 version 4.1

# Filename: test@l.fits

global color=green dashlist=8 3 width=1 font="helvetica 10 normal" select=1 highlite=1
dash=0 fixed=0 edit=1 move=1 delete=1 include=1 source=1

k5

circle(11:24:24.230,-59:15:02.20,18.5108") # color=cyan background
box(11:24:39.213,-59:16:53.91,42.804",23.616",19.0384) # width=4

r = pyregion.parse(region_string)

o name :FfiZK(shape)RdZFR. 530 circle, box&EE

>>> print r[0].name
circle

o coord_format :ARFRIETL. BIUN“FKS”, “image”, “physical"EE

>>> print r[0@].coord_format
k5

o coord_list : coord_format FRAJALKRFIER,
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>>> print r[@].coord_list
[171.10095833333332, -59.250611111111112, 0.0051418888888888886 ]

o comment : SHZR(shape)REXAYEREFFTE (FJLLZNone)

>>> print r[@].comment
color=cyan background

o attr :fZR(shape)RYEE.

>>> print r[@].attr[0]

[ "background']

>>> print r[0].attr[1]

{'color': 'cyan',
‘dash': '@ ',
'dashlist': '8 3 ',
‘delete': "1 ',
‘edit': "1 ',
'fixed': '@ ',

'font': '"helvetica 10 normal"’,
‘highlite': '1 ',

‘include': '1 ',

'move': '1 ',

‘select': "1 ',

‘source': '1',
'width': '1 '}

10.2 Draw Regions with Matplotlib

pyregiona] LA{FEREmatplotlibfaHdsOX s, ShapeList.get_mpl_patches_texts IR[E]—%
matplotlib.artist.Artist XJ&8

r2 = pyregion.parse(region_string).as_imagecoord(f[@].header)
patch_list, artist_list = r2.get _mpl_patches_texts()

ZE—INE matplotlib.patches.Patch 53R, F_MEBEMEENZAR (BEEXX) .

# ax is a mpl Axes object

for p in patch_list:
ax.add_patch(p)

for t in artist_list:
ax.add_artist(t)

10.3 Functions
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get mask(region, hdul, origin]) SREVERS

open(fname) EEENFOfEMT DSOX 8 314
parse(region_string) 1B DSIX =T ER fEMT aShapelist,
test([package, test_path, args, plugins, ...]) {ERpy.testizfT Ml

10.4 Classes
Shape(shape_name, shape_params) AR
Shapelist(shape_list[, comment_list]) ShapeXd&FIzR

11. ChiantiPy

11.1 #ifid

ChiantiPy 2—/MEFEAIPythoni4-E, FTFERCHIANTIRFEIRERITRAYIEGERITE., ChiantiPy
#90.6.4 R A S CHIANTIEUE BN A8 0362,

CHIANTIEHH—MNEFEUERER, FLAFRBRNGR, SYeFERMIRRA HANEAFIESGE. CHIANTIIR
BT —EfAREIEIEES (IDL) ®"ENGIE, BT NIRRT BRSNS A tIERIS
MRE.

11.2 @ &R
11.3 RREUSINEE

11.3.1 Level populations

FeE—matplotibREEN, KRN0 (BUA) KFRIEELH ERERIREL,

WMRERITERBEE, popplot() VB populate() FFiEKITERBIBEFEENIFiEEPopulation=
irh, ErArfEA[protonDensity’, ‘population’, ‘temperature’, ‘density’],

protonDensity: JRFZEE
population: A
temperature: JEE

density: ZE

11.3.2 A ChiantiPy Convention
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BB EREIRE

fel4.populate() BlzEfe14.Population, HFESKIWALGE
fel4.emiss() SIEE & ARIIEERAfe14.Emiss
fel4.intensity() tliERfe14, BECSLEERER
fel4.spectrum() BlEfe14, SMEEASEAELGEER

11.3.3 Spectral Line Intensities

BAFIBEREENINED (EA=10) &REE., WRintensityBERARITE, BSEIHEE. BF$R21
NEE, FRLUEEBRANEE (21/2=10) , BN, SHEE=t[2]=7.9e + SABRE, EXMER T,
B, BigiEEEsd=1, REREHLH RN TRIEL.

11.3.4 G(n,T) function

IRHET— matplotlib LEEN, HFPER 7 M210F220REESEEINTRE (FRIR) 35KLHIATIE,

11.3.5 Intensity Ratios

Lo B RFe XIVER BRI ET=RA0E]

11.3.6 Spectra of a single ion

HEEERSEERRYGE, FUBTRE DHER", ERIR DHERBIBOAIEEKES ( filters.gaussianR )
XYEHA TR,

11.3.7 Free-free and free-bound continuum

BRI T ERESR NS FRIEHE BB RREIEMIRE.

11.3.8 The multi-ion class Bunch

ZEFERV0.6HMEIARER T ionZEMERNTSERENG A, HlllintensityList, intensityRatioF]
intensityRatioSave, Widing#Feldman (1989, Ap), 344,1046) {ENEARBMMNEIGIER, HRAMg VIF]
Ne VIR EARBERSHeRFEELRNIZHT. ATHER, RMEFIEERV/RESHEBRNEREIILN,

11.3.9 Spectra of multiple ions and continuum

LA HECHIANTIEEREE P RrE B FAYEEL.

WAL E CHIANTISGREF A B FRUIEERE.

B3GR,
spectrum - B] LATE(H{aIitE 5 {E ARV B ER 2SS T
mspectrum - fEEFAPythonZZ4b#E2E, AEEFEIPythonqgtconsoleByEICAH R
ipymspectrum [vO.6FAYFRINEE] - (FMIPythonH1735, BJFTFIPython gtconsoleskZEiCAS

11.3.10 Radiative loss rate

82 130


http://chiantipy.sourceforge.net/quick.html#spectral-line-intensities
af://n4429
http://chiantipy.sourceforge.net/quick.html#g-n-t-function
af://n4434
http://chiantipy.sourceforge.net/quick.html#intensity-ratios
af://n4437
http://chiantipy.sourceforge.net/quick.html#spectra-of-a-single-ion
af://n4440
http://chiantipy.sourceforge.net/quick.html#free-free-and-free-bound-continuum
af://n4443
http://chiantipy.sourceforge.net/quick.html#the-multi-ion-class-bunch
af://n4446
http://chiantipy.sourceforge.net/quick.html#spectra-of-multiple-ions-and-continuum
af://n4449
http://chiantipy.sourceforge.net/quick.html#radiative-loss-rate
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YL REIATE RERYGEH T RFIMAZ KA.
X FminAbund = 1.e-6, +E1E3.5 GHZRbHRES FFE209 s,
XJFminAbund = 1.e-5, IHEE3.5 GHZAMERE FFE122 s,

T ER MERTELA, ERSpectrumtE R TIHE A REAFRFERT.

—MEET B EHRER S AR ER onListRFIRHE 74, FEiigdoContinuumXEFIRE N5,
FalseskiEtoRiEsEit &,

12.PvEphem

12.1 §fig

{E&: Elwood Downey

PyEphemEPython RFSREHT R I E— MEFE, MESKSERYBIFERE. R
VOSS7{TESETIEIE, HEBEIATI T RSIEE, EUBE—RIOTUEE,

EBEIRERENAEIUE, EUTLUTEARMNAK, TEREREE, LIKAFPTLRMNETRANED
IMTE, EESMIKDENNE, WINHEERTHEXRTPR MR BNAESS, BEWMRTNE
B, LAREBMIMESERR LT, JiEFIRERIRTIE.

12.2 ERBFIEE

12.2.1 Bodies

1. f8&(Sun), 172(Moon, Mars etc.), EE, /IMTESEESFZBEHEGECIY. W0:

>>> m = ephem.Mars()
>>> m.name
'Mars'

2. PyEphemB 2 —MERNEREFNEEBR. W0:

>>> a = ephem.star('Arcturus"')
>>> a.name
'Arcturus’

3. BodysLAIRIEREA] name  ({REJLAREHTFEERT)

>>> m = ephem.Mars('2003/8/27")
>>> print('%s %s %.10f"' % (m.name, m.elong, m.size))
Mars -173:00:34.2 25.1121063232

4. FATEEEBodyRIRIEIMSE R T HUTHIMRIRIE compute()
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12.2.1.1body.compute(date) (CAR{FHH )

BIHIERE body (EREEERNPNSOEIFRMAE. OSFRMAE. B EF AEE. &EE. HE
ZA R TR Z E(TF).

B body , TIERITE, BE, IMTELRREE, HEEEKXRTITEEMIRIHRE=HMIMIEGR
HEFEE( Astrometric geocentric))),

a_ra , a_dec — Astrometric Geocentric Positionfor the star atlas epoch you've specified
g_ra, g_dec — Apparent Geocentric Positionfor the epoch-of-date

ra , dec — Apparent Topocentric Positionfor the epoch-of-date

For Earth satellites that are given an Observer to compute,there is an important difference:
a_ra , a_dec — Astrometric Topocentric Positionfor the epoch of your Observer

g ra, g dec — (same as above)

ra, dec — (same as above)

elong — Elongation (angle to sun)

mag — Magnitude

size — Size (diameter in arcseconds)

radius — Size (radius as an angle)

circumpolar — whether it stays above the horizon

neverup — whether is stays below the horizon

Body 1K HZ(Solar System)Hif

hlon B
hlat EZH
sun_distance KPHEEES(AU)
earth_distance MBEREEEI(AU)
phase #8{
body Z1EZ{TZH9/F Bk planetary moons) A7
BB F BRI B (U TEFRNE)
x - w8 +E 8 -W
y - fmiEE +N 5 -N
z - {w# +F 5% -B
B=Ea0N:
earth_visible — HBERAIED
sun_visible — APE#IE
body FA & EZartificial satellites) A7
HWIRAMTR TR EUE:
sublat — ZE[E (+N)

sublong — ¥5/E (+E)
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elevation — iEik=E (M)
range — MUIRENEEI P2/ (M)
range_velocity — ZHMYZRX|E)(m/s)
eclipsed — DEREEMIEKIIIEE
body 5 /5#kET
SCAFHREA(libration):
libration lat — &EF
libration long — f5E L
colong — Selenographic colongiude(Z4HEIRG 1)
moon_phase — BHEIEB=EDEL
subsolar_lat — BEKHIKIHESISHE
body Z1KEJupiter) fif
cmlI — fEjovialFRiE EBENPOEREEE
cmlIl — ERHHE LNEBENPOFFEREE
body #1+Z(Saturn)ff
earth_tilt — {HEHEER
sun_tilt — AKX

12.2.1.2 body.compute(observer) (LAIRERZ ey &)

>>> gatech = ephem.Observer()

>>> gatech.lon = '-84.39733"'

>>> gatech.lat = '33.775867'

>>> gatech.elevation = 320

>>> gatech.date = '1984/5/30 16:22:56"'
>>> v = ephem.Venus(gatech)

>>> print('%s %s' % (v.alt, v.az))
72:19:44.8 134:14:25.3

{#ERdatellz=E,

{#FHepochilZRE.

IREFTERIBodyRI—mHFIHRAYEY ({BraftdecfBEIAERNE, WTFX) .
BT EMRESHRHINAERT (BitFELT) ZE, FRESINIBodyElt:

Apparent topocentric position

ra — Right ascension
dec — Declination

Apparent position relative to horizon

az — Azimuth east of north
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alt — Altitude above horizon

XEARN B BIERELMEI ARSI AMEERItempfllpresure; MR E IR Epressure AFLIZBEITST .
NFHEKEEXARMS, KABIIAEIOMIRa_ra, a_decEHOATR, MARMOMALIR, RAKHEEE

HINE)2000 (ERfERRYEERNMT) 2B ERNENTT bk,

12.2.1.3 catalog format

>>> line = "C/2002 Y1 (Juels-

Holvorcem),e,103.7816,166.2194,128.8232,242.5695,0.0002609,0.99705756,0.0000,04/13.2508/200

3,2000,g 6.5,4.0"
>>> yh = ephem.readdb(line)

>>> yh.compute('2007/10/1")

>>> print('%.10f" % yh.earth_distance)
14.8046731949

>>> print(yh.mag)

23.96

o

O O O o

Bodiese] LAFAXEphemiEEANFISH,

SEEMTENEER, HNESHSKEREN, (REBBESRIURTET — M XEphemXHHFIEE

SN

EEEXEphemiENA9—1T, 1BVEF readdb() EREL:
FELXEphemiE S Hbody, BB writedb() FEK body BI/5iE:
DERZEELFRATLEARRITE, PESMHE—ITLE, THEE rMEmiTL.
VA readtle() REVGTLER B IPyEphem Body .

12.2.1.4 bodies with orbital elements

INEEBEFIMTEIXFRVNISRET, ERAINISIEESIFXEphemFTNIE I BRIIETTE.
HiBTTRIHECENER,

MR OENFIMEISHER, UETLSESBR TR —NRAFAFHEFRE TR,
TERUSTRUTRIETL, URDENIS Body (ENERERIZBENEMNEM conpute() .
&/ FixedBodyRE=TERITE:

_ra, _dec —UE

_epoch — IZ{UBRIATER

FixedBody RUELfth/EM:

_class — 33l

_spect — SEHHD

_ratio — KERMR/NERZERILLER

_pa —it& (°) LURNEAKIMITFR=HRBE

EllipticalBody %%

_inc — 2] )

_on — FRRFRRIZE (°)
_om — FRRRHIGE (°)
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_a — SAMENTAYIEE (AV)

M — BRI (°)

_epoch_m — UEHEH M

_size — AEA/IN AURTEIRTLED)

e —BIDZE

_epoch — Epoch for _inc, _om,and _om

_H, _G — Parameters for the H/G magnitude model

_g, _k — Parameters for the g/k magnitude model

12.2.1.5 other functions

©  ephem.constellation() EREIREI—TTH(tuple), HPEESNSENEERENBMEERNESES
FREIEA.
{REILMEBE—METERY body BIRIE, EE—ITHE (ra, dec) AR - EIXFIER MMERERTE
2000, BRIFRIAEE epoch = KEFESHISER—ME.

O ephem.delta_t() EREUREIMENEFIHAN Bz BEEBRNER (LIARR) . 12H pate 5
Observer ngeﬁﬁo

RBSE, £ ephem.now() .

>>> ra, dec = '7:16:00', '-6:17:00°'
>>> print(ephem.uranometria(ra, dec))

V2 - P274
>>> print(ephem.uranometria2000(ra, dec))
V2 - P135
>>> print(ephem.millennium_atlas(ra, dec))
V1l - P273

O ephem.uranometria LArafldec/FASELIREIGEEE EARATERIAFRFOIE.

Johannes BayerfUranometria, Wil Tirionfgi8AYUranometria 2000.0, FHRoger W. SinnottF[]
Michael A. Perrymangll{EgIMillennium Star Atlas,

12.2.2 Coordinate Conversion

>>> np = Equatorial('e', '90', epoch='2000")
>>> g = Galactic(np)

>>> print('%s %s' % (g.lon, g.lat))
122:55:54.9 27:07:41.7

o BE=MIRE, BMMREE= BN
1. N8

ra — right ascension

dec — declination

epoch — epoch of the coordinate
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2. =8

lon — ecliptic longitude (+E)

lat — ecliptic latitude (+N)

epoch — epoch of the coordinate
3. {RiE

lon — galactic longitude (+E)

lat — galactic latitude (+N)

epoch — epoch of the coordinate

o BUEFTAMREY, SRILUEIEEEMSEMARE—XREHAE (BRETHELESELA) .

o FEQUERAMREY, EALAGRERISELITRBHITAY epoch = XEF. BN, BNEAERBBRERSHERM
AR ERIHTT, BiE 2000 FRUAME.

o BXESHMER, BSIIAIREHEI,

12.2.3 Observers

>>> lowell = ephem.Observer() # HoAERZFEEII—MIE,

>>> lowell.lon = '-111:32.1" # Longitude (+E)
>>> lowell.lat = '35:05.8" # Latitude (+N)
>>> lowell.elevation = 2198 # Elevation (m)

>>> lowell.date = '1986/3/13' # Date and time(ZXIAJInow)
>>> j = ephem.Jupiter()

>>> j.compute(lowell)

>>> print(j.circumpolar)

False

>>> print(j.neverup)

False

>>> print('%s %s' % (j.alt, j.az))

0:57:44.7 256:41:01.3

ephem.Observer()  FYERSEL

o epoch — Epoch for astrometric RA/dec (BRIAZ2752000)

o temp — Temperature (°C) (BkiA25°C)

o pressure| — Atmospheric pressure (mBar) (BXiA91010mBar,
o HREMEIASL0

# FREMRERSIHTENERE ZRIEELIESD.
>>> lowell.compute_pressure()

>>> lowell.pressure

775.6025138640499

>>> boston = ephem.city('Boston') #RISBEE, ZEMEK.
>>> print('%s %s' % (boston.lat, boston.lon))
42:21:30.4 -71:03:35.2

o XEphem&&—MUFIRHYNELETERE.
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o ER(EF ephem.city() EFSIREI—1FHT observer |

# XEphemZFAJ L1 TGoogl et IRIRIDEIE
>>> from ephem import cities
>>> ven = cities.lookup(‘Ven, Sweden’)

12.2.3.1 transit, rising, setting (EF. &3, 185)

>>> sitka = ephem.Observer()
>>> sitka.date = '1999/6/27'
'57:10'
'-135:15"

>>> m = ephem.Mars()

>>> sitka.lat

>>> sitka.lon

>>> print(sitka.next_transit(m))

1999/6/27 ©4:22:45

>>> print('%s %s' % (m.alt, m.az))

21:18:33.6 180:00:00.0

>>> print(sitka.next_rising(m, start='1999/6/28"))
1999/6/28 23:28:25

>>> print('%s %s' % (m.alt, m.az))

-0:00:05.8 111:10:41.6

o ephem.Observer M8/ NFEIMIE

previous_transit()
next_transit()
previous antitransit()
next_antitransit()
previous rising()
next_rising()
previous_setting()

next_setting()

12.2.3.2 observer.horizon

>>> sun = ephem.Sun()

>>> greenwich = ephem.Observer()
>>> greenwich.lat = '51:28:38"

>>> print(greenwich.horizon)
0:00:00.0

>>> greenwich.date = '2007/106/1"'
>>> rl = greenwich.next_rising(sun)
>>> greenwich.pressure = 0

>>> greenwich.horizon = '-0:34'

>>> greenwich.date = '2007/10/1'
>>> r2 = greenwich.next_rising(sun)
>>> print('Visual sunrise: %s' % rl)

Visual sunrise: 2007/10/1 ©5:59:30
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>>> print('Naval Observatory sunrise: %s' % r2)
Naval Observatory sunrise: 2007/10/1 ©5:59:50

ephem.Observer().horizon (MELR)MEEN TIRBIMEF, BHANZTE

o ZETE body MITSEEEEMESY LT BES", BHNFRENIEHE.
o HMTESFHTHERS, JLUERMEFLAIRIE.

12.2.3.3 Other observer methods

© ephem.city().sidereal_time() : TREZEIAM, REIMEEER TRIEEE.

>>> madrid = ephem.city('Madrid")
>>> madrid.date = '1978/10/3 11:32°'
>>> print(madrid.sidereal_time())
12:04:28.09

0 ephem.city().radec_of(az, alt) :iR[EIRZTHLETESSEAIEZATHMLER,

>>> ra, dec = madrid.radec_of(9, '90')
>>> print('%s %s' % (ra, dec))
12:05:35.12 40:17:49.8

12.2.5 Equinoxes & Solstices

>>> d1 = ephem.next_equinox('2000")

>>> print(dl)

2000/3/20 07:35:17

>>> d2 = ephem.next_solstice(dl)

>>> print(d2)

2000/6/21 01:47:51

>>> t =d2 - dl

>>> print("Spring lasted %.1f days" % t)
Spring lasted 92.8 days

BRZKF pate B2,
iR

[A] pate ,

B FEThAE:

previous_solstice()
next_solstice()

previous_equinox()
next_equinox()

previous_vernal_equinox()
next_vernal_equinox()
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12.2.6 Phases of the Moon

>>> d1 = ephem.next_full_moon('1984")
>>> print(dl)

1984/1/18 14:05:10

>>> d2 = ephem.next_new_moon(dl)

>>> print(d2)

1984/2/1 23:46:25

ERZEKF pate B2,
JR[E] Date .

AJAALEE:

previous_new_moon()
next_new_moon()

previous_first_quarter_moon()
next_first_quarter_moon()

previous_full_moon()
next_full moon()

previous_last_quarter_moon()
next_last_quarter_moon()

12.2.7 Angles

>>> a = ephem.degrees('180:00:00")

>>> print(a) # KZ# Angle EBRLNEHEERT,
180:00:00.0

>>> a

3.141592653589793 # S MAE G —PythonfJiFEmEY,
>>> print("180° is %f radians" % a)

180° is 3.141593 radians

>>> h = ephem.hours('1:00:00")

>>> deg = ephem.degrees(h)

>>> print("1h right ascension = %s°" % deg)
1h right ascension = 15:00:00.0°

© % Body [l Observer BIEEGHEEIENAE Angle R[],
o REFRZERLVNTIHER.
o FLUBIEEEA ephem FREIE COIREMAE:

" degrees() — returnan Angle indegrees

®  hours() — returnan Angle in hours

JURARESC
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ephem.degrees(ephem.pi / 32)
ephem.degrees('5.625")
ephem.degrees('5:37.5")
ephem.degrees('5:37:30")
ephem.degrees('5:37:30.0")
ephem.hours('0.375")
ephem.hours('0:22.5")
ephem.hours('0:22:30")
ephem.hours('0:22:30.0")

o HRAEEHTHFITEN, SREFSEIAENIESER. RIS MRERHTRIENE:
norm — returns angle normalized to [0, 21)

znorm — returns angle normalized to [-T1, TT)

12.2.8 Dates

>>> d = ephem.Date('1997/3/9 5:13') # iR[E|float{d

>>> print(d)

1997/3/9 @5:13:e0  # RBFITENRT, (EiBiastr (VEER" %s BT, BEAASR77/98Mm 8RR
FrrER, BHEARAERHRRE, MARAAX,

>>> d

35496.717361111114

>>> d.triple() # JAF.triple () EEADHE, BHIA.

(1997, 3, 9.21736111111386)

>>> d.tuple() # JAM.tuple () BBEEDAE, B, H, /N8, oHF0RD.
(1997, 3, 9, 5, 13, 2.3748725652694702e-07)

>>> d + ephem.hour

35496.75902777778

>>> print(ephem.date(d + ephem.hour))

1997/3/9 06:13:00

>>> print(ephem.date(d + 1))

1997/3/10 ©5:13:00

MRAFRFBTRIENBE, LAKR15824108 158 Z28iHIBERBE.
Date AYFEZ(

ephem.Date(35497.7197916667)
ephem.Date('1997/3/10.2197916667 ")
ephem.Date('1997/3/10 ©5.275")
ephem.Date('1997/3/10 ©5:16.5")
ephem.Date('1997/3/10 ©5:16:30")
ephem.Date('1997/3/10 ©5:16:30.0")
ephem.Date( (1997, 3, 10.2197916667))
ephem.Date( (1997, 3, 10, 5, 16, 30.0))

AEFHER1899FMNRE—RPFHARBEILISKET ZRIRE. BINBETINEFARNEEE, JLEIE
BARKBELR, NREEERHNBR\NSE, UITEEESEEE:
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ephem. hour
ephem.minute
ephem.second

12.2.9.1 local time

>>> d = ephem.Date('1997/3/9 5:13")

>>> ephem.localtime(d) # JEPyEphemHEftEIRAEARNIA X FERAIPythonfdatetime XI5,
datetime.datetime(1997, 3, 9, 0, 13, 0, 6)

>>> print(ephem.localtime(d))

1997-03-09 00:13:00.000006

12.2.9 Stars and Cities

# PyEphemiZ2it T —PMESHEZEER,

>>> rigel = ephem.star('Rigel') # &XEMHstar()&=IREI—1FAUFixedBody, HARERIEEESHY
e

>>> print('%s %s' % (rigel._ra, rigel. dec))

5:14:32.30 -8:12:06.0

s

# PyEphemfliE122MEFRgM.,

>>> stuttgart = ephem.city('Stuttgart') # city()EZUREI—"0bserver, BHRE, SEIEKEE
LT,

>>> print(stuttgart.lon)

9:10:50.8

>>> print(stuttgart.lat)

48:46:37.6

12.2.10 Other Constants

o PyEphemZAJ/INEEREEERRETEE:

B1900 B1950 | J2000
o PyEphemiZHIUNMEBIISERE, £EBLLKASM:

ephem.meters_per_au ephem.earth_radius ephem.moon_radius ephem.sun_radius
o PyEphemigHt TEILLKABMAIICE:

ephem.c

13. pysofa

ZINE BN RLREFREHE— M python RERSEZZAAIEMNLL (SAO) Fk. EF—EEHIrEE
EXPASsE python shellfdsHHITIBISINY. ERAXPAREFIFEIRM T pythonB 2R TXPAREIRAIdSORY
pythont&iR,

>>> import pysao
# run new instance of ds9
>>> ds9 = pysao.ds9()
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>>> import numpy

>>> im = numpy.reshape(numpy.arange(100), (10, 10))
# display 2-d array

>>> ds9.view(im)

>>> import pyfits

>>> £ = pyfits.open('test.fits")

# display first extension of fits file
>>> ds9.view(f[0])

# access with XPA method.
>>> ds9.set('file test.fits')

>>> ds9.get('file')

# list available xpa commands
>>> ds9.xpa_help()

# help on the specific xpa command
>>> ds9.xpa_help("tile")

14. spectrum

SpctrumBEFERETEMMER, SEGASIHHES RS A G IIREEENTE:

o BYMTEETEXE, FHEMB/REET. mENEIRED (&, XB, mee) MESHHY
B[O (DPSS, Z=%p, ..) .

o B¥TixET Yule-Walker, BURG, MAFIARMA, 175 ZEFUEIERIMNTTETTIZ,

o ETHHIESMT (BN, MUSIC) &/ INSESHTRIAFSETT A BHEEIL,

o MultitaperingtBa] FB

BirZRETH. REESHNRENERTESTE (PINALREE, X)) T2EFYN, BeRar
ZINFFEE, WFEF (a0, 20165 RN510KKR) BER (RIUel) sEws (FE) .

14.1
14.2 Overview of available PSD methods

14.3 Tutorials
14.3.1 Yule Walker example
LATFRBIRBEY aryule() BREBORE, IZREAIF ST —EEIENBRIAZRE.
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import scipy.signal
from spectrum import aryule

a = [1, -2.2137, 2.9403, -2.1697, 0.9606] # TENX—MARIERIEREFIE

y = scipy.signal.lfilter([1], a, randn(1, 1024)) #Sfth{iIQIE—LEIRSZHIETE

ar, variance, coeff_reflection = aryule(y[0], 20) #XMNEUEER LK Yule-Walker FEAIEDE, BD
aryule(), FEAIRIBERSMEITYRIAREE. BRTFHRNAEERFMGETHINE, RiI&TEINFRE 920,

1. BIIEZE coeff_reflection i, FERXITFME> 4, ARREHEZ/N (BUTE) . NETKRE, iE

B TMESUFR— GIEAvI%E

Evolution of the first AR parameters

1.5

1.0

0.5 1

0.0 - 3 'l*l—o—.—'—.—l—l—l—.—l—.—.

—0.5 1

=1.0 1

—1.5 1

25 5.0 15 10.0 125 15.0 17.5 2000

2, AILAERATATMar{E4:HPSD:

from pylab import logle, linspace, plot, xlabel, ylabel, legend, randn, pi
import scipy.signal

from spectrum import aryule, Periodogram, arma2psd

# Create a AR model

a = [1, -2.2137, 2.9403, -2.1697, 0.9606]

# create some data based on these AR parameters

y = scipy.signal.lfilter([1], a, randn(1l, 1024))

# if we know only the data, we estimate the PSD using Periodogram

p = Periodogram(y[@], sampling=2) # y is a list of list hence the y[0]
p.plot(label="Model ouput"')

# now, let us try to estimate the original AR parameters

AR, P, k = aryule(y[0], 4)

PSD = arma2psd(AR, NFFT=512)

PSD = PSD[len(PSD):1len(PSD)//2:-1]

plot(linspace(@, 1, len(PSD)), 10*logl@(abs(PSD)*2./(2.*pi)),

label="Estimate of y using Yule-Walker AR(4)')
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xlabel(r'Normalized frequency (\times \pi rad/sample)’)
ylabel('One-sided PSD (dB/rad/sample)’)
legend()
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14.3.2. PBURG

PburgiR#§: THRE:FFEBuUrg /T A TIIZIE b1t

A AB—FET arburg() fEIHTARERIRITTIE,
XAMEIFHI R Bk A MarpleBHpg—MEI 7,
from pylab import logl@, pi, plot, xlabel, randn

import scipy.signal
from spectrum import arma2psd, arburg

# Define AR filter coefficients
a = [1, -2.2137, 2.9403, -2.1697, ©.9606];

[w,H] = scipy.signal.freqz(1, a, 256)
Hp = plot(w/pi, 20*logl@(2*abs(H)/(2.*pi)),'r")

X = scipy.signal.lfilter([1], a, randn(256))
AR, rho, ref = arburg(x, 4)

PSD
PSD

arma2psd(AR, rho=rho, NFFT=512)
PSD[len(PSD):1len(PSD)//2:-1]

plot(linspace(@, 1, len(PSD)), 10*logl@(abs(PSD)*2./(2.*pi)))
xlabel('Normalized frequency (\times \pi rad/sample)")
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14.3.3 Variance outputs

arburg() ERENREIARSEL, (BHRTLUGITTTE.

TGl H TIT5E (ERarburgiRdl) SAENEENELSE. BOIER, H(1EH TITETLUK
T AERE,

from pylab import plot, xlabel, ylabel, plot, axis, linspace, randn
import scipy.signal
from spectrum import arburg


af://n5012

# Define AR filter coefficients
a = [1, -2.2137, 2.9403, -2.1697, 0.9606];

# for different variance,

true_variance = linspace(0.1, 1, 20)

estimated_variance = []

for tv in true_variance:
x = scipy.signal.lfilter([1], a, tv**@.5 * randn(1,256))
AR, v, k = arburg(x[0], 4) # we estimate the AR parameter and variance
estimated_variance.append(v)

plot(true_variance, estimated_variance, 'o')
xlabel('true variance')

ylabel('estimated variance')
plot([e,0],[1,1])

axis([e0,1,0,1])

10

0.8 1

0.8

0.4 - .

estimated variance

0.2 4 L

I:I{:I T T T
0.0 02 0.4 0.e g 10

true variance

14.3.4 Windowing

ESmEoT, EEBEASIERIIZZAIEN.
FEBEOEBORRPSTIATA, UUREREMBRREGHEFEONIAER. —LEESHNENR:
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BEER

spectrum.

window.

window

bartlett (N)

spectrum.

window.

window

blackman (N[, alphal)

spectrum.

window.

window

gaussian (N[, alpha])

spectrum.

window.

window

hamming (N)

spectrum.

window.

window

hann (N)

spectrum.

window.

window

kaiser (N[, beta,

method])

spectrum

.window.

window

lanczos (N)

spectrum

.window.

window

nuttall (N)

spectrum

.window.

window

tukey (N[, r])

EREITNEE

BartlettE[0 (numpy.bartlettiI0ZE) IR
Fejer

Blackman&[O
Gaussian&[O
Hann &0

Hann [ (or Hanning).
Kaiser &

LanczosBE O #EFR AsincE .
Nuttal iZ &2 4RYE

Tukey#iZEO (SRZHEEL)

52 window HRUEREGTENENSR, EEIFRRHE TEIMY waveforn

14.3.4.1 Window object

# B EREOTLISCEEEE O RIERE.
from spectrum.window import Window

N = 64

w = Window(N,

"hamming"')

w.plot_time_freq()

# NERTREEONRKE
# “hamming” 282K
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Hamming Window (64 points) ENBW=1.4
0
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BREARENEND, Hf—LFESY,
14.3.4.2 Simple window function call

SJLURRERLGAENE OIS, HIa0, WNREEHK Hamming B0, MRLZHKEI—PNEH
window_hamming() BYEREY, {RAILABEECUT:

from spectrum.window import window_hamming
from pylab import plot

N = 64
w = window_hamming(N)
plot(w)
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14.3.4.3 Window Visualisation

5 window_visu() MHEEFEOMRKKEIIRITA

from spectrum.window import window_visu
N = 64

window_visu(N, "hamming"')

Hamming Window (64 points) . ENBW=1.4
|
104 — - | l ﬂ
_Eu - I

0.8
" —40 -
T 06 -
g
g

0.4 1

Frequency response {(dB)

0.2 1

Du T T T T ]-uu T T T
0o 02 04 08 08 10 -04 -02 00 02 04

Fraction of sampling frequency
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14.3.4.4 Window Factory

RNEFERNSRGE, NWolEEREFERARB create_window() HY Factory EREL (WindowZS{KEiFILEER

#) . LARIRYINBBE LRI LAGER:

from spectrum.window import create_window
from pylab import plot

N = 64
w = create_window(N, "hamming")
plot(w)

1.0~

0.8 1

0.8

0.4 1

0.2 1

14.3.5 All PSD methods

XAMIFRTEAERERG. B2 7 iEfERSpectrum R LIEIRARRIPSDE,

import spectrum

from spectrum.datasets import marple_data
from pylab import legend, ylim

norm = True

sides = 'centerdc’

# MA method
p = spectrum.pma(marple_data, 15, 30, NFFT=4096)
p(); p.plot(label="MA (15, 30)', norm=norm, sides=sides)

# ARMA method

p = spectrum.parma(marple_data, 15, 15, 30, NFFT=4096)
p(); p.plot(label="ARMA(15,15)"', norm=norm, sides=sides)
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# yulewalker
p = spectrum.pyule(marple_data, 15, norm='biased', NFFT=4096)
p(); p.plot(label="YuleWalker(15)', norm=norm, sides=sides)

#burg method
p = spectrum.pburg(marple_data, order=15, NFFT=4096)
p(); p.-plot(label="Burg(15)', norm=norm, sides=sides)

#covar method
p = spectrum.pcovar(marple_data, 15, NFFT=4096)
p(); p.plot(label="Covar(15)', norm=norm, sides=sides)

#modcovar method
p = spectrum.pmodcovar(marple_data, 15, NFFT=4096)
p(); p.plot(label="Modcovar(15)', norm=norm, sides=sides)

# correlagram
p = spectrum.pcorrelogram(marple_data, lag=15, NFFT=4096)
p(); p.plot(label="Correlogram(15)"', norm=norm, sides=sides)

#minvar
p = spectrum.pminvar(marple_data, 15, NFFT=4096)

p(); p.-plot(label="minvar (15)', norm=norm, sides=sides)

#music
p = spectrum.pmusic(marple_data, 15, 11, NFFT=4096)

p(); p.-plot(label="music (15, 11)', norm=norm, sides=sides)
#ev
p = spectrum.pev(marple_data, 15, 11, NFFT=4096)

p(); p.plot(label="ev (15, 11)', norm=norm, sides=sides)

legend(loc="upper left', prop={'size':10}, ncol=2)
ylim([-80,10])
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14.3.6 What is the Spectrum object ?

AR ~an{a)fsERSpectrum,

from spectrum import Spectrum, data_cosine, speriodogram, minvar
p = Spectrum(data_cosine(), sampling=1024) #GliE—"SpectrumsLffl (FF—PMSHEMEFY/EUE)

p.N # —WEREFEFRITLREREER

p.sampling

p.psd # XTSIt AERER

psd = speriodogram(p.data) # BIREI—]MELEE(SIFRPSDEFWITE) ATLURSIITEE, HFNgE
psd/EtE

p.method = minvar # BEFLUE—MRECKEAZImethod /B4
p(15, NFFT=4096) # FREXNAIANIESEIERREL

U EXFFER T, PSDITEEMRIE EpsdEE,
LR, MRGEBRIEEFERANGE, BAAEEERABENIEHEES T, WREmaIERSFmGIRR:

p = pminvar(data_cosine(), 15)
p(O)
p.plot()
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14.4 Reference

14.4.1 Fourier Methods

14.4.1.1 Power Spectrum Density based on Fourier Spectrum

default NFFT =4096 // BT TEFFTROBRAREARZEL
randn (d0, d1, ..., dn)

For random samples from

Nip,0?)

, use:

sigma * np.random.randn(...) + mu

>>> np.random.randn()
2.1923875335537315 #random

# Two-by-four array of samples from N(3, 6.25)
>>> 2.5 * np.random.randn(2, 4) + 3

array([[-4.49401501, 4.00950034, -1.81814867, 7.29718677], #random
[ ©.39924804, 4.68456316, 4.99394529, 4.84057254]]) #random

spectrum_set_level (level) IZEHUEM T EHAE (classics, daniell, bartlett)
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1RREZTR tRIRTNRE

The Periodogram class
class Periodogram(datal, sampling, window, NFFT, ...]) provides an interface to
periodogram PSDs

Return Daniell's

DaniellPeriodogram(data, P[, NFFT, detrend, ...]) )
periodogram.

Simple periodogram, but

speriodogram(x[, NFFT, detrend, sampling, ...]) )
matrices accepted.

Simple periodogram
WelchPeriodogram(data[, NFFT, sampling]) wrapper of numpy.psd
function.

Simple periodogram, but
matrices accepted.

speriodogram(x[, NFFT, detrend, sampling, ...])

CORRELOGRAMPSD (X, Y=None, lag=-1, window="hamming',
norm='unbiased', NFFT=4096, window_params={},
correlation_method="'xcorr")

PSD estimate using
correlogram method.

class pcorrelogram (data, sampling=1.0, lag=-1, The Correlogram class

window="hamming', NFFT=None, scale_by_freq=True, provides an interface to
detrend=None) CORRELOGRAMPSD() .

14.4.1.2 Tapering Windows
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RIRBTR

Window(N[, name, norm])
window visu([N, name])
create window(N[, name])
window_hann(N)

window_hamming(N)

window_bartlett(N)

window_bartlett_ hann(N)

window_blackman(N[, alpha])

window_blackman _harris(N)

window blackman nuttall(N)

window bohman(N)

window _chebwin(N[,
attenuation])

window_cosine(N)

window flattop(N[, mode,
precision])

window_gaussian(N[, alpha])

window_hamming(N)

window_hann(N)

window kaiser(N[, beta,
method])

window lanczos(N)

window_nuttall(N)

window parzen(N)

window taylor(N[, nbar, sli])

window tukey(N[, r])

tRIRTIEE

Window tapering object

A Window visualisation tool

Returns the N-point window given a valid name
Hann window (or Hanning).

Hamming window

Bartlett window (wrapping of numpy.bartlett) also known

as Fejer

Bartlett-Hann window
Blackman window
Blackman Harris window
Blackman Nuttall window

Bohman tapering window

Cheb window

Cosine tapering window also known as sine window.

Flat-top tapering window

Gaussian window
Hamming window

Hann window (or Hanning).

Kaiser window

Lanczos window also known as sinc window.
Nuttall tapering window

Parsen tapering window (also known as de la Valle-
Poussin)

Taylor tapering window

Tukey tapering window (or cosine-tapered window)
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http://pyspectrum.readthedocs.io/en/latest/ref_fourier.html#spectrum.window.window_flattop
http://pyspectrum.readthedocs.io/en/latest/ref_fourier.html#spectrum.window.window_gaussian
http://pyspectrum.readthedocs.io/en/latest/ref_fourier.html#spectrum.window.window_hamming
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14.4.2 Multitapering

ZERREM T BTEEITRIZ DA #EORNTEEHE LRSRM, GERBTIHHE#HIZED (21

spectrum.mtm.dpss() ) .

AT ABALAER  spectrum.mtm.pmtm() EREUALT

RIRETR 1EiRTIEE

class MultiTapering (data, NW=None, k=None, NFFT=None,

e=None, v=None, method="adapt’, scale_by freq=True, BXREFEMER, 1555 pntm()
sampling=1)

THEEBUKIZEEK RS IBFR A

dpss (N, NW=None, k=None) TR, LRSS,

pmtm (X, NW=None, k=None, NFFT=None, e=None, v=None,
method="adapt’, show=False)

ZEIEhIT

14.4.3 Parametric methods

14.4.3.1 Power Spectrum Density based on Parametric Methods

14.4.3.1.1 ARMA and MA estimates (yule-walker)

ARMAFIMAITE, ARMAFIMA PSDit£.
ARMA model and Power Spectral Densities.

arma_estimate BEIFAMBNFIMITE. mna BEIFIEITE. armazpsd IRIBARMAEITEINRER
E. class parma {FFIARMAfGITESCIFEPSDRYZE. class pma {FRIMAfLITES6IEEPSDRYZE, .

&%

14.4.3.1.2 AR estimate based on Burg algorithm

BURGFARIARIEEL T,
arburg(X, order[, criteria]) Burg’,%}.,i{ﬁrl‘%z—’“:ﬁﬂ@@l)ﬂ%éﬂlo

class pburg(data, order[, criteria, NFFT, ..]) EHFBurgELEIZEPSDAIZE

14.4.3.1.3 AR estimate based on YuleWalker

Yule Walker/3iA&K{dITAR(E.
aryule (X, order[, norm, allow_singularity]) {fEFEYule-Walker/5; &1+ EAREE]L
class > pyule (data, order[, norm, NFFT, sampling, ...]) EFYule Walker/5;£832PSDAYZE

14.4.3.2 Criteria
IZIRRIRH T BEERSEPSDitEfmiE it (PINER) MIRFEINE.

14.4.4 Other Power Spectral Density estimates

14.4.4.1 Covariance method
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arcovar (X, order)

(1 ER B RIESEIL T ZARTELT.

arcovar_marple (x, order)

ERINSEIEAETTARREISEL,

class  pcovar (data, order, NFFT=None, sampling=1.0, scale by freq=False)

BT ERLLIZEPSDRISE

arcovar_marple (x, order)
ERN T EEAETTARRELSEL

14.4.4.2 Eigen-analysis methods

eigen (X_ P, NSIG=None, method="music’, threshold=None, NFFT=4096, criteria='aic’, verbose=False)

ERFEREIE (EVEKMusic) RYDE, ZUIREHTEEREHEE (EV) BEFESRERMbITEs.

class pev (data, IP, NSIG=None, NFFT=None, sampling=1.0, scale by freqg=False, threshold=None,
criteria='aic', verbose=False)

{EFIARMAfE 2RI PSDAYZE.

14.4.4.3 Minimum Variance estimator(&/\AZEiE{kit)

pminvar (data, order[, NFFT, sampling, ...]) EFR/NA =L G alEPSDAYZE

minvar (X, order, sampling=1.0, NFFT=4096)

BANSERET (MV)

T
-1
(f)R, e(f)
class | pminvar (data, order, NFFT=None, sampling=1.0, scale_by_freq=False)

ETF &/ GEEMTHREIEZPSDAYSE

Py (f) = A

14.4.4.4 Modified Covariance method

Smodcovar5iEEXAUER

modcovar (x, order)

B B RERSEIL N T ZARTG LT

modcovar _marple (X, IP)
KEMEIER A ER/NSRAENSERIPIREE
class  pmodcovar (data, order, NFFT=None, sampling=1.0, scale by freq=False)

ETHERRINTTERLCIEZPSDAYE

14.4.4.5 Spectrogram

class  Spectrogram (signal, ws=128, W=4096, sampling=1, channel=1)
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periodogram ()
plot (filename=None, vmin=None, vmax=None, cmap='jet_r")

pmtm ()

15. pywcsgrid2

pywcesgrid2@—pythont&tR, Smatplotib—EERAXETANHEFER. CRET—MERTETIE
EGIBENXAxesE (MmpliIRIaAxesRIRE) . HEENRERESENRTSITPEHZIEL, ek
FORIAE

o IMHET mpl toolkits.axisartist HHRATEHIMatplotlibiizE
© 5 mpl toolkits.axes gr‘_idl] RERIZINER AR
o HXHE, EESIEE

15.1 pywcsgrid2.axes.wcs

15.1.1 class pywcsgrid2.axes_wcs.GridHelperWcsBase

110 130


http://leejjoon.github.io/pywcsgrid2/index.html
af://n5354
http://matplotlib.sourceforge.net/mpl_toolkits/axes_grid/index.html#toolkit-axesgrid-index
http://matplotlib.sourceforge.net/mpl_toolkits/axes_grid/index.html#toolkit-axesgrid-index
http://leejjoon.github.com/matplotlib_astronomy_gallery/
http://leejjoon.github.io/pywcsgrid2/api/axes_wcs.html#pywcsgrid2-axes-wcs
af://n5367
af://n5368

EREBTR
set_ticklabell type
set_ticklabel2 type
set_ticklabel type

update_wcsgrid_params

15.1.2class pywcsgrid2.axes_wcs.AxesWcs

RE R
add_beam_size
add_compass
add_inner_title
add_size bar
set_default_label
set_default_path_effects
set_display_coord_system
set_label type
set_ticklabell type
set_ticklabel2 type
set_ticklabel type
swap_tick_coord

update_wcsgrid_params

16. Aperture Photometry FLEEM5%

16.1 Introduction {7}

o TEMFAY Aperture Class B:

Circular / Elliptical / Rectangular + Aperture / Annulus = 659F5IIHE

from photutils import CircularAperture
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o ES—FRKEERIRITTIRZSFR: SFRINE Sky, thEew
16.2 Creating Aperture Object SIS

o B Aperture WREPENE. KNS

= position : REMIT, FH (x, y) J7tH, FITHNFIFR, T Nx2 RYEEE, tEETLAZ Quantity
POEA

= Circle- r: FLRH¥ER, BAAGER

= Elliptical - a, b: 34K / 154

= Elliptical - 0: FKIMARIAIAE, MXEFHAEENEHT

positions

[(30., 30.), (40., 40.)]
apertures = CircularAperture(positions, r=3.)

o BlEESky Aperture X3ZAY, position SEFEEHN skyCoord X, r SHEFEIN LAESRM

positions = SkyCoord(1l=[1.2, 2.3] * u.deg, b=[0.1, ©.2] * u.deg, frame='galactic')

apertures = SkyCircularAperture(positions, r=4. * u.arcsec)

ITRIXETIE R RAERER O ER AT REKETR, FUIERNRZE
FEIRE/R (BNAYIEapertureFiAE BRIV T)

16.3 Performing AP SEiEFLERNYE

16.3.1 aperture_photometry() HE{

o MAS#
B data .

® 2D array-like, Quantity, ImageHDU, HDUList

n FREIEER (background-subtracted) AYEHE!

» W0 data AEATHRA, AILUEE unit SEUEN; JRE HDU, £BIM BUNIT 5|
= apertures : ZJUE Aperture Bf SkyAperture XJ&

| error .

= array-like, Quantity
» ZF0 data — 2R
= The pixel-wise(82{8:2%) Gaussian 1-sigma errors of the input data

= method : WE[itE aperture WRSGFEAZNAIED, B=ME%:

= exact: BN, BERSEESERIE

= center: APLEEWEE, RREBMEEREGHESE, BERRKERSEHR

EEREMGRERAER, FRE

» subpixel: IBEMEEDHETMMER, B center INEREFNIMERREHEE | F

RE subpixels SECRAE/IMEERAI N, AR5
o REIS#L: Qrable , HILHETERAIATY Table, BIFRMEUER Quantity

= 'id' : The source ID.
m  'xcenter' , ‘'ycenter' : FLERHFUHANRZEATR
m  ‘celestial_center' : FLEFOBIKREKALER, RBEHAN SkyAperture XSRATAIR(E]
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= ‘aperture_sum' : FLAMEEREUERA
= aperture_sum_err' : SINMIARRERE, REXY error B2 None Bt AIR[E]

o BEEARMEFERAARREA aperture, BILAE aperture_photometry() {&A list of aperture objects,
XEFERIREZS sum R

EEIXYE column name & aperture_sum i, i=0,1,2, ..

radii = [3., 4., 5.]
apertures = [CircularAperture(positions, r=r) for r in radii] # ISAYIRESS

phot_table = aperture_photometry(data, apertures)

16.4 Background Subtraction 55iH&

16.4.1 Global

BN “Background Estimation” photutils.background , S15R bkg EREE S 4EEEE, T data
SHAHEE RRZERA

phot_table = aperture_photometry(data - bkg, apertures)

16.4.2 Local ¥¥
o BIEEMYFRINIERRITEREINER:

apertures = CircularAperture(positions, r=3)
annulus_apertures = CircularAnnulus(positions, r_in=6., r_out=8.)

o (BRBEEIZERAMA sum BUEUEER, EAFLSHIERA—E, SEERLIANEREREIESFYE,
HEFEIF area() J73iA15E:

bkg_mean = phot_table[ 'aperture_sum_1'] / annulus_apertures.area()
o REAERFIERLLIER, MRENENERE:

bkg_sum = bkg mean * apertures.area()
final _sum = phot_table[ 'aperture_sum 0'] - bkg sum
phot_table[ 'residual_aperture_sum'] = final_sum

# [RENS BB =R Fre Y

16.4.3 Pixel Masking

o R mask SECRBE / AFRRELERAVEE, NIRRT ERESEIINRSICR
o mask FEMAS data FAR—HEAIR/REEEE

16.5 Error Estimation izZ=&{&it

o 'aperture_sum err' HIEIE:
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AF = Z o.%ot,i

€A

» AF 2B source AUIRZE, A 2 non-masked pixels, o0r; REINAY error #1482
o XMENARE error BMANZREETIBERNRERIEURE, TTiCRRIRIEKA Poisson noise iXEH
AEXAERSE, Bt LEREETASRIES, IEHEES Poisson noise, EF
calc_total_err() RRZY

= S
» data: [RIGEUE
» bkg_error: fESSRIEEEA
= effective_gain: Ratio of counts (e.g., electrons or photons) to the units of data used to

calculate the Poisson error of the sources

= NREFERANE, SEPSEEMARIEMSE Quantity R

0 calc_total err() HYEX:
9 I
Otot = 4|0y + —
g

o oy, = bkg_error, I=data, g = effective_gain

o #0 SEtractor AEMIZ, I < 0BYHEERAY Poisson noise ANt oo

o XTFSHBHMUMINIMNIKE: If yourinput data are in units of ADU(analog-to-digital unit #&#{57T),
then effective_gain should represent electrons/ADU. If your input data are in units of
electrons/s then effective_gain should be the exposure time or an exposure time map

>>> from photutils.utils import calc_total_error

>>> effective_gain = 500 # seconds, exposure time

>>> error = calc_total_error(data, bkg_error, effective_gain)

>>> phot_table = aperture_photometry(data - bkg, apertures, error=error)

16.6 Pixel Masking & Aperture Mask

16.7 AP using Sky Coordinates

o aperture_photometry() BREISBEFIM hdu SEFIRE wes (E8., AEIHENRY SkyAperture #1TK
BRAMREING R AARAVEE(L -

hdu = datasets.load_spitzer_image()
# hdu 2687 data & header B HDU Xi5:!
catalog = datasets.load_spitzer_catalog()

positions = SkyCoord(catalog['l'], catalog['b'], frame='galactic"')
# positions & SkyCoord Xy

apertures = SkyCircularAperture(positions, r=4.8 * u.arcsec)
phot_table = aperture_photometry(hdu, apertures)

o TERLRTRITEEERE !
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SAEFIETSEURMSEL, —ARESEIENSRAE m), MELASXXAAuxEBIZZ Mly/sr, TEIEIRN

mJy/pixel: ss

# 1.2 REREEXINATKE

factor = (1.2 * u.arcsec) ** 2 / u.pixel

fluxes_catalog = catalog['f4_5']

converted_aperture_sum = (phot_table[ 'aperture_sum'] *
factor).to(u.mly / u.pixel)

17.Metpyﬂ

MetPy 2B UCARFARIPythonFRI— 1M THEES, FATFEN. JMARMSSEUEITR. MetPySESHM
Pythonf, &#ENumpy (RUEITESE) , ScipyfMatplotiib (4EE) WB, FHMINEFETSSITIEE,
MetPylI BREEIBEHRIFPYythonESRFHIRIGEMPAK (RTEERITFNCL) BI2KINEE, BFENumpy,
Scipy#IMatplotlibZIng.

MetPyRUIZITIE S —3 2 2EERIFRERT LR FEES5Python S FBER, XEKRET LRSS SHHLCL
HEHFERE, &R EE SRR EHRERSkew-T, MetPyiRLIHE RIFAISXHCFAILT RIFMLi
mES, FAFENEFRE2EE,

EXXEREY, ZB8FBZETITERS (\KX178) AR, AASRES, ZE8FERTIERAS
EFfERSSINAHTR.

FEIhgE:

o LISSEAERRILE (FlanT-Inp, SubE)
o SZHRITE (HINFR, BN, BESHESEEITH)
o FEENMNSSIUHERN (FINNCZHE, =3, GINIEEZES, NEXRAD Level 2F13)
o MIEFIHRETR
o BEEIRE
AR

pip install metpy
=

conda install -c conda-forge metpy

MetPy (E/E. 25717 Z4] THIE:

o NumPy>=1.10.0
o SciPy>=0.14.0

o Matplotlib >=1.4.0
o pint>=0.8

17.0 The MetPy API
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metpy.constants q%ﬁ%%ﬁ

metpy. units B HF

metpy.io BB

metpy.io.cdm RIGEAEIEEE (CDM) MAPIRITE,
metpy.calc SEItEER

metpy.plots SSRIRERIR

metpy.plots.ctables ERBEMEEE

metpy.gridding BN EfREtEPEE SRS TR (EE)

BMERNEERHABEESRIRR: (WindowHR%/951)
C:\Python27\Lib\site-packages\metpy\*.py

17.1 ConstantsE ISR
IISsFEEEHNES.
HBEMHKEE. KEEE. TS EEFEER.

EERLEIR 2R, FESNIXIER:

from metpy import constants

17.1.1Earth EYIIRE R
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Name

earth_avg_radius

earth_gravity

gravitational_constant

earth_avg_angular_vel

earth_sfc_avg_dist_sun

earth_solar_irradiance

earth_max_declination

earth_orbit_eccentricity

earth_mass

17.1.2 Water

Symbol

ReRe

g8

GG

QQ

dd

SS

68

meme

Short
Name

Re

omega

delta

117

Units

ms—2m s-2

m3kg—1s-2m3kg-1s-2

rad s=1rad s-1

W m-2W m-2

degreesdegrees

NoneNone

kgkg

130

Description

Avg. radius of the Earth

Avg. gravity acceleration
on Earth

Gravitational constant

Avg. angular velocity of
Earth

Avg. distance of the Earth
from the Sun

Avg. solar irradiance of
Earth

Max. solar declination
angle of Earth

Avg. eccentricity of Earth's
orbit

Total mass of the Earth
(approx)
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Short

Name Symbol Units Description
Name
water_molecular_weight’K7> &
o - MwMw Mw mol-1g Molecular weight of water
FEE
mol-1
Kk
. J(Kkg) Gas constant for water
water_gas_constant S{REEL RVRv Rv -1J (K
vapor
kg)-1
8 Nominal density of liquid
_ . ominal density of liqui
d t t V2= Ipl ho_| -3k
ensity_water 7KEZE plp rho_ m-3kg wallr ot OC
m-3
Kk
wv_specific_heat_press 7K# J(Kke) Specific heat at constant
i CpvCpv Cp_v -1J(K
RIBEEECR @)1 pressure for water vapor
Kk
wv_specific_heat_vol 7KZ&5, J(Kke) Specific heat at constant
. CwCwv Cv_v -1 (K
TEEAFRELHR @)1 volume for water vapor
Kk
water_specific_heat 0°CHJ#& i P £ J—(U (Kg) Specific heat of liquid
SIKAIEL R P = water at 0C
kg)-1
water_heat_vaporization 0°C &9 Ly ) kg=1) Latent heat of vaporization
HRASIKESE R kg—1 for liquid water at 0C
water_heat_fusion j&ZS7KHY ] kg-1) Latent heat of fusion for
o LfLf Lf o
YALER kg1 liquid water at 0C
Kk
ice_specific_heat 0°CukAILL . _ J(Kke) n _
s CpiCpi Cp_i -1 (K Specific heat of ice at 0C
kg)-1
kg
density_ice 0°CykHIZZRE pipi rho_i m-3kg Density of ice at 0C
m-3

17.1.3 Dry Air
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Short

Name Symbol Units Description
Name
g/ Nominal molecular weight of
dry_air_molecular_weight Mdmd Md molg / dry air at the surface of th
mol Earth
Kk
drv air sas constant T Rd J_(” (f) Gas constant for dry air at the
YAl Bas_ surface of the Earth
kg)—1
J (Kkg) -
) Specific heat at constant
dry_air_spec_heat_press CpdCpd Cp_d -1J (K .
pressure for dry air
kg)—1
Kk
) J(Kke) Specific heat at constant
dry_air_spec_heat_vol CvdCvd Cv.d -1J (K )
volume for dry air
kg)-1
kg Density of dry air at 0C and
. . ity y ai
d density_st dpd ho_d -3k
ry_air_density_stp pdp rho_ m-3kg 1000mb
m-3
17.1.4 General Meteorology Constants
Short . .
Name Symbol Units Description
Name
Reference
pressure for
pot_temp_ref_press POPO PO PaPa )
potential
temperature
Exponentin
. Poisson’s
poisson_exponent KK kappa NoneNone _
equation
(Rd/Cp_d)
. The dr
dry_adiabatic_lapse_rate F4a3 B, K km-1K ) y'
ydyd gamma_d adiabatic
= km-1
lapse rate
Ratio of
molecular
molecular_weight_ratio KBI5 ¥ &S €€ epsilon NoneNone weight of
TFRESMS TR (HE) P &
water to that
of dry air
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17.2 units EA{IELR

This makes use of the  pint library and sets up the default settings for good temperature
support.

pint.UnitRegistry -ENEAPERINSTEMR. FHAEMetPyhERRMERNIZSNXNEMRAER
ESRAMENERAL,

17.2.1 Functions

atleast 1d (*arrs) BRAERAZELEE—MEERNEA
atleast 2d (*arrs) BRNEIRAEDERNMERERIEE

check units (*units_by_pos,

. BlEE— decorator>kiGERES LIRS L,
**units_by_name)

. Concatenate multiple values into a new unitized
concatenate (arrs[, axis])

object.
diff (x, **kwargs) BEBMEEEED
) Create a numpy.ma.MaskedArray with units
masked array (data[, data_units])
attached.
17.2.2 Classes
PintAxisInfo (units) SZISEOAMANZI B R AR RRABR .
PintConverter (registry) fEmatplotlibAYE I EEAIELE RTINS pintAYSZF.
17.2.3 Exceptions
DimensionalityError (units1, units2[, Raised when trying to convert between
dim1, ...]) incompatible units.

Raised when the units are not defined in the unit

UndefinedUnitError (unit_names) .
registry.

17.3 io t5iR

MetPyRIIORIR B SIEBCUARIZE., XL BENLRBOIEFE (FAAFTAMIE) s4E%R; IXFiFisEEL
BEEERFEHEIYE (FF io.stringlo ) BIFEMX(H (f8EA urlopen () ) . EE—LERATLASCIIATEE]
JEIEEY (CDM) AaItEE.

H5R, BETLUFER netcdf4-python HRHSIATTN SRR
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17.3.1 Functions f%4

get upper air data (time, site_id[, source]) MRE L FE TEH AT WNEE.
is_precip mode (VCp_num) HBENEXRADEIX BB ERKERN FIE T

17.3.2 Classes 3

GiniFile (filename) WIEEMNWSIEBIGINIE P ERE

Level2File (filename) QMESEEUNEXRAD Level 2#4E

Level3File (filename) QMEIEENAENEXRAD 34% (NIDS) F=ER3Z{4,
17.4 CDM &R

RMERATEGEREIEREE (CDM) RIAPINIE,
COMERTHRFSMEUERNEIEEE. BN aA ARSI REARE.

This APl is a Python implementation in the spirit of the original Java interface in netCDF-Java.

17.4.1 Functions

H& L

Convert a Variable with projection information to a Proj.4 Projection

cf_to proj (var) .
instance.

17.5 calc itEtER
ZIERE EEMESSRITE.

REREUCEEEME: C:\Python27\Lib\site-packages\metpy\calc

17.5.1 Functions if%4
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A&

add_height to_pressure (pressure, height)

add_pressure_to_height (height, pressure)

advection (scalar, wind, deltas)

bulk_shear (pressure, u, v[, heights, ...])

bunkers_storm_motion (pressure, u, v, heights)

cape_cin (pressure, temperature, dewpt, ...)

convergence vorticity (u, v, dx, dy[, dim_order])

coriolis_parameter (latitude)

density (pressure, temperature, mixing|, ...])

dewpoint (e)

dewpoint rh (temperature, rh)

divergence (u, v, dx, dy)

dry lapse (pressure, temperature)

dry_static_energy (heights, temperature)

el (pressure, temperature, dewpt)

equivalent potential_ temperature (pressure,...)

find_intersections (X, a, b[, direction])

first derivative (f, **kwargs)

friction_velocity (u, W[, v, perturbation, axis])

frontogenesis (thta, u, v, dx, dy[, dim_order])

geopotential to height (geopot)
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L

HEESTA— M EKFEESENE
A

Calculate the height at a certain
pressure above another height.

Calculate the advection of a scalar field
by the wind.

Calculate bulk shear through a layer.

Calculate the Bunkers right-mover and
left-mover storm motions and sfc-6km
mean flow.

THECAPEMICIN{E
HEKFEXAKFEENEERE
TR MERIIRIERFISH,
Calculate density.
RIERSENITENEERRE

REESIREMESEEH BINRERR
=

THEKFE XA,

Calculate the temperature at a level
assuming only dry processes.

Calculate the dry static energy of
parcels. ITEESEEE

Calculate the equilibrium level.

Calculate equivalent potential
temperature.

Calculate the best estimate of
intersection.

HHERR LIS

RIEEE D ENREF T EEREE
THEREZN 4 EE
mBBEHE/IEE
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https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.convergence_vorticity.html#metpy.calc.convergence_vorticity
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.coriolis_parameter.html#metpy.calc.coriolis_parameter
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https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.divergence.html#metpy.calc.divergence
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.dry_lapse.html#metpy.calc.dry_lapse
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.dry_static_energy.html#metpy.calc.dry_static_energy
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.el.html#metpy.calc.el
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.equivalent_potential_temperature.html#metpy.calc.equivalent_potential_temperature
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.find_intersections.html#metpy.calc.find_intersections
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.first_derivative.html#metpy.calc.first_derivative
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.friction_velocity.html#metpy.calc.friction_velocity
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.frontogenesis.html#metpy.calc.frontogenesis
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.geopotential_to_height.html#metpy.calc.geopotential_to_height

&

geostrophic_wind (heights, f, dx, dy)

get layer (pressure, *args, **kwargs)

get layer heights (heights, depth, *args, ...)

get perturbation (ts[, axis])

get wind components (speed, wdir)

get wind dir (U, V)

get wind_speed (U, V)

h_convergence (u, v, dx, dy[, dim_order])

heat_index (temperature, rh[, mask_undefined])

height to geopotential |(height)

height to pressure_ std (height)

interp (X, Xp, *args, **kwargs)

interpolate nans (X, y[, kind])

isentropic_interpolation (theta_levels,

)

kinematic flux (vel, b[, perturbation, axis])

laplacian (f, **kwargs)

lat lon _grid spacing (longitude, latitude,...)

1cl (pressure, temperature, dewpt], ...])
1fc (pressure, temperature, dewpt)

log interp (X, Xp, *args, **kwargs)

mean_pressure_weighted (pressure, *args, **kwargs)
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THENSEE AR,

Return an atmospheric layer from
upper air data with the requested
bottom and depth.

Return an atmospheric layer from
upper air data with the requested
bottom and depth.

R B FRFIRSHETT SN,

Calculate the U, V wind vector
components from the speed and
direction.

HE v ER9XE
HEUFIvo E2RIXUE,

Calculate the horizontal divergence of
the horizontal wind.

TRIE SRR EAER RE T ERIEE
HEEEBENUEEE
BEHIERIEAED (ZB)

LAERE M AR E R,
fEyFiEANaN{E,

B R PSR R E SRR
HEE N EFFRER,
THEMIE R ERSR T E R ETE T

Calculate the distance between grid
points that are in a latitude/longitude
format.

ITERSRESELCL
TEBEBEMRESELFC
TEIEE M _ R EH R ERIEUE.

BYEET SIS ENEDIMFY
{E.


https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.geostrophic_wind.html#metpy.calc.geostrophic_wind
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.get_layer.html#metpy.calc.get_layer
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.get_layer_heights.html#metpy.calc.get_layer_heights
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.get_perturbation.html#metpy.calc.get_perturbation
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.get_wind_components.html#metpy.calc.get_wind_components
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.get_wind_dir.html#metpy.calc.get_wind_dir
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.get_wind_speed.html#metpy.calc.get_wind_speed
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.h_convergence.html#metpy.calc.h_convergence
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.heat_index.html#metpy.calc.heat_index
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.height_to_geopotential.html#metpy.calc.height_to_geopotential
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.height_to_pressure_std.html#metpy.calc.height_to_pressure_std
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.interp.html#metpy.calc.interp
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.interpolate_nans.html#metpy.calc.interpolate_nans
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.isentropic_interpolation.html#metpy.calc.isentropic_interpolation
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.kinematic_flux.html#metpy.calc.kinematic_flux
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.laplacian.html#metpy.calc.laplacian
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.lat_lon_grid_spacing.html#metpy.calc.lat_lon_grid_spacing
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.lcl.html#metpy.calc.lcl
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.lfc.html#metpy.calc.lfc
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.log_interp.html#metpy.calc.log_interp
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.mean_pressure_weighted.html#metpy.calc.mean_pressure_weighted

&

mixed layer (p, *args, **kwargs)

mixed parcel (p, temperature, dewpt][, ...])

mixing ratio (part_press, tot_press|, ...])

mixing ratio from relative humidity (...)

mixing_ratio from specific_humidity (...)

moist lapse (pressure, temperature)

moist static_energy (heights, temperature, ...)

montgomery streamfunction (height, temperature)

most_unstable cape cin (pressure, ...)

most_unstable_parcel (pressure, temperature, ...)

nearest_intersection_idx (a, b)

parcel profile (pressure, temperature, dewpt)

potential temperature (pressure,temperature)

precipitable water (dewpt, pressure[, ...])

pressure_to_height std (pressure)

psychrometric_vapor pressure wet (...[, ...])

reduce_point_density (points, radius[, priority])

relative

relative humidity from mixing ratio (...)

relative humidity from_ specific_humidity (...)

relative humidity wet psychrometric (...)

124

humidity from_dewpoint (temperature, ..

)
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Mix variable(s) over a layer, yielding a
mass-weighted average.

Calculate the properties of a parcel
mixed from a layer.

HESIFRIRSGEL
RIEEEE, BEEMENHERESH

Calculate the mixing ratio from specific
humidity.

Calculate the temperature at a level
assuming liquid saturation processes.

Calculate the moist static energy of
parcels.

Compute the Montgomery
Streamfunction on isentropic surfaces.

IHECAPE/ CIN (BRATRRE)
HESMIERERE

Determine the index of the point just
before two lines with common x values.

Calculate the profile a parcel takes
through the atmosphere.

HEBTEE
BERNRETEARKE

Convert pressure data to heights using
the U.S.

PRI TR ERSED

Return a mask to reduce the density of
points in irregularly-spaced data.

THEAXSEE
RIEESLL, BEEMEDTTEENEE.

RIEFERNEE, BEMEDHERNE
E.

FRERMTFIRERE T EAERE.,


https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.mixed_layer.html#metpy.calc.mixed_layer
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.mixed_parcel.html#metpy.calc.mixed_parcel
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.mixing_ratio.html#metpy.calc.mixing_ratio
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.mixing_ratio_from_relative_humidity.html#metpy.calc.mixing_ratio_from_relative_humidity
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.mixing_ratio_from_specific_humidity.html#metpy.calc.mixing_ratio_from_specific_humidity
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.moist_lapse.html#metpy.calc.moist_lapse
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.moist_static_energy.html#metpy.calc.moist_static_energy
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.montgomery_streamfunction.html#metpy.calc.montgomery_streamfunction
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.most_unstable_cape_cin.html#metpy.calc.most_unstable_cape_cin
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.most_unstable_parcel.html#metpy.calc.most_unstable_parcel
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.nearest_intersection_idx.html#metpy.calc.nearest_intersection_idx
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.parcel_profile.html#metpy.calc.parcel_profile
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.potential_temperature.html#metpy.calc.potential_temperature
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.precipitable_water.html#metpy.calc.precipitable_water
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.pressure_to_height_std.html#metpy.calc.pressure_to_height_std
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.psychrometric_vapor_pressure_wet.html#metpy.calc.psychrometric_vapor_pressure_wet
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.reduce_point_density.html#metpy.calc.reduce_point_density
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.relative_humidity_from_dewpoint.html#metpy.calc.relative_humidity_from_dewpoint
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.relative_humidity_from_mixing_ratio.html#metpy.calc.relative_humidity_from_mixing_ratio
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.relative_humidity_from_specific_humidity.html#metpy.calc.relative_humidity_from_specific_humidity
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.relative_humidity_wet_psychrometric.html#metpy.calc.relative_humidity_wet_psychrometric
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resample nn_1d (a, centers)

saturation _mixing ratio (tot_press, temperature)

saturation_vapor pressure (temperature)

second_derivative (f, **kwargs)

shearing_deformation (u, v, dx, dy)

shearing_stretching_deformation (u, v, dx, dy)

sigma_to_pressure (sigma, psfc, ptop)

significant tornado (sbcape, ...)

specific_humidity from mixing ratio (Mixing_ratio)

storm_relative helicity (u, Vv, heights, depth)

stretching_deformation |(u, v, dx, dy)

supercell composite (mucape, ...)

surface_based_cape_cin (pressure, ...)

thickness hydrostatic (pressure, temperature, ...)

thickness hydrostatic_from_relative humidity (...)

tke (u, v, w[, perturbation, axis])

total deformation (u, v, dx, dy)
v_vorticity (u, v, dx, dy[, dim_order])

vapor_pressure (pressure, mixing)

virtual potential temperature (pressure, ...)

virtual temperature (temperature, mixing|, ...])
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Return one-dimensional nearest-
neighbor indexes based on user-
specified centers.

THEKESHEIRS LA
HEIBFKES (885) E
THERE LR S
THEKFEXTIZE

Calculate the horizontal shearing and
stretching deformation of the
horizontal wind.

MsigmafBEit&ED
HHEERENSH (BER)

Calculate the specific humidity from the
mixing ratio.

THEXBEXS R

Calculate the stretching deformation of
the horizontal wind.

Calculate the supercell composite
parameter.

THEETREAICAPEFICIN,

Calculate the thickness of a layer via the
hypsometric equation.

Calculate the thickness of a layer given
pressure, temperature and relative
humidity.

HHEimiRagE.
THEKFEXAIZK TR ZER
HEKFNHERRE
HEKS (&9) E
HEENEEERE
HEER


https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.resample_nn_1d.html#metpy.calc.resample_nn_1d
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.saturation_mixing_ratio.html#metpy.calc.saturation_mixing_ratio
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.saturation_vapor_pressure.html#metpy.calc.saturation_vapor_pressure
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.second_derivative.html#metpy.calc.second_derivative
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.shearing_deformation.html#metpy.calc.shearing_deformation
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.shearing_stretching_deformation.html#metpy.calc.shearing_stretching_deformation
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.sigma_to_pressure.html#metpy.calc.sigma_to_pressure
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.significant_tornado.html#metpy.calc.significant_tornado
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.specific_humidity_from_mixing_ratio.html#metpy.calc.specific_humidity_from_mixing_ratio
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.storm_relative_helicity.html#metpy.calc.storm_relative_helicity
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.stretching_deformation.html#metpy.calc.stretching_deformation
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.supercell_composite.html#metpy.calc.supercell_composite
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.surface_based_cape_cin.html#metpy.calc.surface_based_cape_cin
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.thickness_hydrostatic.html#metpy.calc.thickness_hydrostatic
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.thickness_hydrostatic_from_relative_humidity.html#metpy.calc.thickness_hydrostatic_from_relative_humidity
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.tke.html#metpy.calc.tke
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.total_deformation.html#metpy.calc.total_deformation
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.v_vorticity.html#metpy.calc.v_vorticity
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.vapor_pressure.html#metpy.calc.vapor_pressure
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.virtual_potential_temperature.html#metpy.calc.virtual_potential_temperature
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.virtual_temperature.html#metpy.calc.virtual_temperature
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Calculate the vertical vorticity of the

vorticity (u, v, dx, d . .
vorticity ( y) horizontal wind.

windchill (temperature, speed], ...]) ITEXSRESE (WCTI)
{SERSEM:

from metpy import calc

# 5|FcalcFERRE]
metpy.calc.add_height_to_pressure(pressure, height)
HIEE T NEIK I ERENESD

17.6 plots 2EIER
RHISSER

= XN

17.6.1 Functions

add_metpy logo (figl, x, y, zorder, size]) Add the MetPy logo to a figure.
add_timestamp (ax[, time, X, y, ha, ...]) N INAT(E)4H
add unidata_logo (fig[, x, y, zorder, size]) Add the Unidata logo to a figure. (tmizi0)

17.6.2 Classes

Make a hodograph of wind data.fl{E—/NRIDEHREAY
iR,

Hodograph ([ax, component_range])

Make Skew-T log-P plots of data. &% REXSEUET-

skewT ([fig, rotation, subplot]) InPE]

StationPlot (ax, X, y[, fontsize,

FF— MR ERNSREUE

spacing, ...])
P —— make a layout to encapsulate plotting using
StationPlot
SnfaIfsERa?
BSCeRS R

from metpy.plots import add_metpy_logo, Hodograph, SkewT
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https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.vorticity.html#metpy.calc.vorticity
https://unidata.github.io/MetPy/latest/api/generated/metpy.calc.windchill.html#metpy.calc.windchill
https://unidata.github.io/MetPy/latest/api/generated/metpy.plots.add_metpy_logo.html#metpy.plots.add_metpy_logo
https://unidata.github.io/MetPy/latest/api/generated/metpy.plots.add_timestamp.html#metpy.plots.add_timestamp
https://unidata.github.io/MetPy/latest/api/generated/metpy.plots.add_unidata_logo.html#metpy.plots.add_unidata_logo
https://unidata.github.io/MetPy/latest/api/generated/metpy.plots.Hodograph.html#metpy.plots.Hodograph
https://unidata.github.io/MetPy/latest/api/generated/metpy.plots.SkewT.html#metpy.plots.SkewT
https://unidata.github.io/MetPy/latest/api/generated/metpy.plots.StationPlot.html#metpy.plots.StationPlot
https://unidata.github.io/MetPy/latest/api/generated/metpy.plots.StationPlotLayout.html#metpy.plots.StationPlotLayout
https://unidata.github.io/MetPy/latest/api/generated/metpy.plots.StationPlot.html#metpy.plots.StationPlot
af://n6252
af://n6257
af://n6268

RETLISE ki, BEEEETRSES, SR,
17.7 ctables &R
NGz

17.7.1 Functions

convert _gempak_table (infile, outfile) 1SGEMPAKEREFREE R I Met Py ] LAIERNRIER B,

read_colortable (fobj) Read colortable information from a file.

17.7.2 Classes

S L]
ColortableRegistry %ﬁ%ﬁ%ﬁﬂ’ﬂﬁéo

MetPy colormaps

Carboned?2

MNWSBbitvel

MNWSSpectrumWidth

NWSStormClearReflectivity

MNWSVelocity

WWCIMSS

3
.

ir_bd

ir_drgb
ir_rgbw

ir_twl

rainbow

test

viridis

wy_tpc

EALEENHEER
17.8 gridding &R
REATEAANEMREIRBAZIRN RS L (hREUEHREEER L)
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https://unidata.github.io/MetPy/latest/api/generated/metpy.plots.ctables.convert_gempak_table.html#metpy.plots.ctables.convert_gempak_table
https://unidata.github.io/MetPy/latest/api/generated/metpy.plots.ctables.read_colortable.html#metpy.plots.ctables.read_colortable
https://unidata.github.io/MetPy/latest/api/generated/metpy.plots.ctables.ColortableRegistry.html#metpy.plots.ctables.ColortableRegistry
af://n6289
af://n6292
af://n6300
af://n6312

17.8.1 Functions

interpolate (X, Y, z[, Interpolate given (x,y), observation (z) pairs to a grid based
interp_type, hres, ...]) on given parameters. SE i {TiHE(E?

inverse distance (Xp, YP, Generate an inverse distance weighting interpolation of the given
variable, grid_x, ...) points. REEEINSUEHE

natural neighbor (Xp, Yp, Generate a natural neighbor interpolation of the given points. B
variable, grid_x, ...) R EEE

17.9 5l

EN_EHRESSEETTE. SEF6F
XELRFIT-InpERIXI NMAIXBERE AR SRiHiE—T

17.9.1 Skew-T with Complex Layout

Combine a Skew-T and a hodograph using Matplotlib's GridSpec layout capability.

import matplotlib.gridspec as gridspec  #5|F4ES
import matplotlib.pyplot as plt

import numpy as np

import pandas as pd

import metpy.calc as mpcalc  #5|HmetpyEREAIZFER: TEHEIR, SENEDR. B{UGEIGHER
from metpy.cbook import get_test_data

from metpy.plots import add_metpy_logo, Hodograph, SkewT

from metpy.units import units

EEMNEHER LAERsiphon package FEZXE, (EXTFXAMIIFHIEHENIR B metpy & B HHIEEAREUE.

col _names = ['pressure', 'height', 'temperature', 'dewpoint', 'direction', 'speed']

df = pd.read_fwf(get_test_data('may4_sounding.txt', as_file_ obj=False),
skiprows=5, usecols=[0, 1, 2, 3, 6, 7], names=col_names)

df['u_wind'], df['v_wind'] = mpcalc.get_wind_components(df[ ' 'speed'],
np.deg2rad(df['direction']))

# Drop any rows with all NaN values for T, Td, winds ITERINEZUEH TR
df = df.dropna(subset=('temperature', 'dewpoint', 'direction', 'speed’,
'u_wind', 'v_wind'), how='all').reset_index(drop=True)

We will pull the data out of the example dataset into individual variables and assign units.

df[ 'pressure'].values * units.hPa

o
1}

—
I

df[ 'temperature’'].values * units.degC
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https://unidata.github.io/MetPy/latest/api/generated/metpy.gridding.interpolate.html#metpy.gridding.interpolate
https://unidata.github.io/MetPy/latest/api/generated/metpy.gridding.inverse_distance.html#metpy.gridding.inverse_distance
https://unidata.github.io/MetPy/latest/api/generated/metpy.gridding.natural_neighbor.html#metpy.gridding.natural_neighbor
af://n6315
https://unidata.github.io/MetPy/latest/examples/index.html
af://n6328
https://unidata.github.io/MetPy/latest/examples/plots/Skew-T_Layout.html#sphx-glr-examples-plots-skew-t-layout-py
af://n6333

Td = df['dewpoint'].values * units.degC

wind_speed = df['speed'].values * units.knots

wind_dir = df['direction’].values * units.degrees

u, v = mpcalc.get_wind_components(wind_speed, wind_dir)

# Create a new figure. The dimensions here give a good aspect ratio
fig = plt.figure(figsize=(9, 9))

add_metpy_logo(fig, 630, 80, size='large')

# Grid for plots A%I&S
gs = gridspec.GridSpec(3, 3)
skew = SkewT(fig, rotation=45, subplot=gs[:, :2])

# Plot the data using normal plotting functions, in this case using
# log scaling in Y, as dictated by the typical meteorological plot
skew.plot(p, T, 'r') #E&HEIKXSEEMLZ

skew.plot(p, Td, 'g') #&RHKSERREMZ

skew.plot_barbs(p, u, v) #4&%IRI

skew.ax.set_ylim(1000, 100)

# Add the relevant special lines

skew.plot_dry adiabats() #4&HIEET4HNLE
skew.plot_moist_adiabats() #&H|EEIZMEHNLE
skew.plot_mixing lines() #&%|EESIBFILLENE

# Good bounds for aspect ratio
skew.ax.set_x1im(-30, 490)

# Create a hodograph

ax = fig.add_subplot(gs[@, -1])

h = Hodograph(ax, component_range=60.)
h.add_grid(increment=20)

h.plot(u, v)

# Show the plot HE
plt.show()
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