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International radio arrays  pace VLB

Omitting specialised e.g. CMB, solar arrays (Rué?gablé?)panl
WSRT (NL)
e-MERLIN (UK)  LOFAR (NL/W.Europe) JERD (J20)
BN cRA (Jap
VLBA (USA) RAM AR KVASAR

SMA, CARMA (USA)
VLA(USA/Mexico)
GMRT (India)

And rnore geing davelooead all the tirme!

ALMA (ESO/N.America - )
/E.Asia/Chile) ATCA, LBA (Aus)

SKA and pathfinders (S.Africa/Aus/Global;
project office UK)

Global Very Long Baseline Interferometry
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New-generation array demands

+ Wide-field imaging iy

- Mixed antenna diameters /Al
- Narrow channels, short integrations ¢ [ - léggﬂlz
» GB - TB data sets ey

- Subtract confusing sources

* 3D faceting and w-projection _25-m4 GHZ

- Mosaicing

- Non-isoplanatic fields - see LOFAR talk
 Huge raw data volumes

- Pipelines and parallelisation

- Automate flagging where possible
« Wide-Band imaging

- Spectral curvature
- Mixed spectral and continuum configurations
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Atmospheric correction techniques

* Low frequencies - ionosphere ..
umMﬁl

- Polarization affected
* GPS measurements w

« High frequencies - water in
* | 1ALMA WVR phase corrections

troposphere

- Phase rotated rapidly i Raw  Corrected

~ Absorption affects amplitudes '

- Rapid switching between phase- ref/target :

 Solve for rate or fit polynomials to phases
- Water vapour (WVR) & T . measurements

* Apply correction tables
- Refractive phase effects « v - “delay”

e Transfer solutions between data sets



A Astronomical Image
0¥ Processing System

« Originated by NRAO for VLA in 1978

- Fortran, C
- Limited built-in scripting/math operations
- Historically most widely used package for cm-wave

VLA, MERLIN, most VLBI ... many more
interferometers

« Some support for single dish and any FITS images
- Very wide functionality from calibration to analysis

« Especially good for specialised VLBI calibration
« Many sophisticated image analysis tasks
« Python wrapper (Parseltongue) for easier scripting

SIS




Starting AIPS

- I xterm | = [ X

""""" | [amsr@kALL IHTEHFEHIII]
ASTART_AIFS: Will use or T a5 lable Unix Socket based TV

ESTHHT_HIPS: Uzer data area assignments:
| (Uzing global default file Ahomedamsr/aips/DACOSDADEYS,LIST for DADEYS,PL)
Disk 1 (1) i=s Ahomedamsr/aips/DATASRALI_1

ASTART_AIPS: Starting TPMON daemons on KALI asynchronously,,.

Starting up 31DECO3 AIPS with normal priority

|Begin the one true AIPS number 1 feslsase of Z1DECOA) at priority = 0
AAIPS 1: You are not on a_le@al TV device, welcOme, stranger

JAIPS 1: You are aESIQHEJ TV devicedserver 2

, iqﬂ;QEEiFS device/server 2
Enter uszer I numDes

A1DECO3 AIPS:

: Copyright (C) 1995-2009 Aszsociated Universities, Inc,
JAIPS 13 AIPS comes with ABSOLUTELY MO WARRAMTY

AIPS 1: for details, type HELFP GNLUGPL

AIPS 1: This is free software, and you are welcome to redistribute it
AIPS 1: under certain conditions: type EXFLAIN GHUGPL for details,

AIPS 1: Previous seszion command-line history recovered,
I:I].I:": 1+ TOP—l-=n1 —eme ] afF 3 cns ==k 1 =d +romae HET P DEATIH THME Lo A=t =i 1=

| ML ]

}[ A AIP59.. TESRV1 MS55R... xterm ‘ N




Lia

F,g X-AIPS tv Screen Server 98 - UNIX 1

CJAIPS_TEKSH
Erter TEKSERY, Unix (local) domain

- Clxterm

[am=r@KALT INTERFEROI$ aips tw=local
START_AIPS: Will uze or start firet available Unix Socket ba
START_AIPS: Your initial RIPS printer iz the

START_AIPS: - suztem name . AIPS type

m AIPS_MSGSRV_1 | — [

MSGzerver: Starting AIPS task logging, Unix §local) domain

: hostha> task #: Message
STRRT_AIPS: Uszer data area assignments:

(Using global default File Ahomedamsrdaips/DAOO/DADEYS,LIS
Disk 1 (1) is fhomeamsr/aips/TATAAKALI_1

Tape aszsignments:
Tape 1 i= REMOTE
Tape 2 iz FEMOTE

START_AIPS:
START_AIPS:
START_AIPS:
START_AIPS:
START_AIPS:
Starting up

I am GUESSING youw are at & workstation called ka
- but have chozen to run the TV locally on KALI
Starting TV zervers on kali asynchronouzly

- WITH Unix Sockets as requested,,.

Starting TPMON daemons on KALI asynchronously,,,
S1DECOS AIPS with normal priority

NIXSERVERS: Start TV LOCK daeman TYSEYL on kali
Begin the ore true AIPS rumber 1 (release of 31IECO3) at priority = 0
STARTPHOM: [KALI] Starting TPHMOM1 with output SUPPRESSED

UNIXSERMERS: Start ¥AS1 on kali, DISPLAY 0.0




AIPS jargon

Major operations are performed using Tasks

- FITLD loads data, CALIB performs calibration etc.
Input parameters to Tasks are set by Verbs

- >Task 'CALIB': CALSOUR 'MKN273": SOLINT 1
— Words/names in 'inverted commas': numbers bare
- Not case sensitive, in general

- Inside AIPS, 12-character limit on file/source names
To set all defaults: >RESTORE 0

- Beware: will give values typical for VLA data
* You will have to set parameters suitable for your data

To exit and kill all AIPS windows: >KLEENEX




Loading data into AIPS

- ] xterm | = OO

Fo Ly + Tazk to sztore an image or N data from a FITS tape

AIFS 1: Adverbs Yalues Comments

AIPs 1 ---—-——————"--—"4>4"4"4"4H""=H—r

HIPS 1: INTAPE 1 Input tape drive # (0 = 1)

AIPS 1: NFILES ] # of files to advance on tape

AIFS 1: DATAIN *5ll " Dizk file name

AIFS 1: OUTNAME b File name {name)

FIPS 1: OUTCLASS " File name fclass)

RIPS 1: OUTSEQ i File name [zeq, #)

AIPS 1: 0 = highest unique number

HIPS 1: =» matching {on YLBA)

AIPS 1: -1 => FITS tape walue

AIPS 1: OQUTDISK 1 Dizk drive # (0 =F any)

AIPS 1: OPTYPE b Type of data to load.

AIPS 1: Y =k oall types

AIPS 1: UV = Y data

AIPS 1: "IM' =% images

AIPS 1: MCOUMT ) Mumber of filesz to load,

AIFs 1: DOTARELE 1 True (1,0) means load tables

AIPS 1: for images,

RIPS 1: DOUVCOMP 1 »0 = compressed data (FITS)

AIPS 1: DOCOMCAT -1 20 =% if VLBA correlator data

AIPS 1: append data to exizting

AIPS 1: filez, or if no appropriate

HEFS 1: ** preszs RBETURW for more, enter 0 or next line to quit print *%*

#




Loading data into AIPS

T xterm | — [
CIxterm | — [ =

AIPS 1 -—-——o sdatain 'PWD:MKNZ73_MER,FITS
AIPS 1: INTAPE Fdouvconp —1
AIPS 1: MFILES Finp
BIPS 1+ DATHIN apan : ore an image or UV data from a FITS tape
AIPS 1+ OUTMAME AIPS 1: Adverbs Yalues Comments
AIPS 1: OUTCLASS AlPs 1 —————————
AIPS 1+ OUTSED AIPS 1: IMTAPE & Input tape drive # (0 => 1)
ARIPS 1: AIPS s hr ILES 0 # of filez to advance on tape
AIPS 1: AIPS(1l: DATAIN "PUD:MENZYS_MER,FITS' ) Disk file name
AIPS 1: AIPS TP=OLITNAME ' File name {name)
AIPS 1: OUTDISK AIPS 1: DOUTCLHD S —— File name [class)
AIPS 1: OPTYPE aIPs 1: OUTSEQ 0 File name (seq, #)
AIPS 13 AIPS 1: ) =» highest unique number
AIPS 1: AIPS 1: =+ matching faon YLEBA)
AIPS 13 AIPS 1: -1 =* FITS tape walue
AIPS 13 NCOUNT AIPS 1: OUTDISK 1 Dizk drive # (0 = any)
E%Eg %i IOTAELE HIPS 1: OPTYPE ' Tupe of data to load,

: AIPS 1: 't =k oall types
AIPS 13 DOUVLOMP AIPS 13 ‘W= Y data
s 13 DOLONCAT AIPS 13 'IH' => images
aIFs 1s AIPS 13 NCOUNT (0 Mumber of files to load,
AIPE 1+ AIPS 13 DETABCc 1 True (1,0) means load tables

P opress R |nips 428 for ima
#] - HE5,

AIPS e, DOUYCOMP -1 #) =¥ compressed data (FITS)
gy P BETLIRN £owe mcssmemier [ or next line to guit print **
g 4

ATPS




Where does AIPS put data?
Ml =aesvsona S [l

hozthnar task #: Message

KALI > FITLD1: Task FITLD ({release of Z1DECO9) begins

EALT > FITLD1: Found MEMZY3R  obzerwed on 14-FEB-2004

KALI > FITLD1: Create MEM273_MERE LINDATA, 2 (UMW) on disk 1 cho 35

EALT > FITLDL st it S lename=MENZF3_MEE  UVDATA, 2
kaLl > FITLIL: Check message Server 'ceivers

EALT > FITLDL: Oozerver= uzer #= 89

EALI > FITLD1: Obserw, date=14-FEB-2004 Map date=30-AUG-2009

EALT > FITLD1: # wisibilities 40382 Sort order TR

KALT > FITLD1: Rand axes: UD-L  WY-L  WW-L BASELIME TIMEL

EALT > FITLDlf ——————————— e e e e e e e e e e
KALI > FITLD1: Type Pixelz Coord walue at Pixel Coord incr  Rotat
EALT > FITLD1: COMPLEX 3 0,0000000E+0 1,00 1, 0000000E+00) 0,00
KALT > FITLD1: STOKES 4 =1, 0000000E+00 1,00 -1, 0000000E+00 0,00
ALT > FITLD1: FRED 1 4,9344300E+03 1,12 1, 2000000E+07 0,00
KALT > FITLD1: IF 1 1, 0000000F+00 1,00 1, 0000000E+00) 0,00
EALT > FITLD1: RA 1 13 44 42,142 1,00 AR00, 000 0,00
KALT > FITLD1: DEC 1 Oh b3 13,150 1,00 AE00, Q00 0,00
KALT > FITLD1: ————————————
KALI > FITLD1: Coordinate equinos 2000, 00

KALT > FITLD1: Rest freq 0,000 Vel type: OPTICAL wrt LSE

EALT > FITLD1: Alt ref, walue -4, 2076Z2E+05  wrt pixel 8,00

KALI > FITLD1: Maximum wersion number of extension files of type HI iz 1

BALI > FITLD1: Maximum werszion number of extenzion files of type AM iz 1

EALI > FITLD1: Maximum wersion mumber of extenzion files of type BL iz 1

BALI > FITLDL: e Tium wersion number ot eifmsion files of type FG iz 1

KALI > FITLFL: Appears to have ended successtully

BALT > FITLDSs kali Z1DECOT T5T: Cpu= 0,1 _gfeal= o I0= 4




Where does AIPS put data?

Ml € wmapsmscsRvl 5 [gmipg

hiosthar

-------- ibiandlBl 00 mxterm [IE=PX
FITLD1: Task FIT [amarBKALLD ~1%
FITLOL: Found MH| | [amer@KALI 0% 15 Ahomedamsrdaips/DATAKALT_1/
FITLDL: Create M aNDoo1001, 0105w CED005046, 00k CCOODANEZ , 02Ha CCIOOMILY, 00U
FITLI; vl AMDOOL001, 0232 CCIUUSUSTSaRe=0000dauns , UR0:  CCDOOMOLZ, 00U
FITLIL Chec ANDOCLOGL,02H:  CCOOOG048,00R:  CCIOOAOTO,02H:  CCIOOMAZG, 0L
FITLID S UDservern | |aNDoolool, 05K CCOO0R049,00R+  CCOOOAOTO,0RD:  CCIOOMOZL, o0l
FITLOD: Dbserw, || (gDootool,0I1s  CCDOOGO4A,00R: CCDOOAOTL,02H:  CCDOOMOZZ, 001
FITLIL: # wisibl| |gNpooiool,oM3: CCDOOSO4E,00R+  CCOOOACTL,ORD:  CCOOOMOZE, 00
FITLIL: Rand axq|  |gNDoolool,o0l: CCDOOGO4C,00R+ CCOOOAOTZ2,02H:  CCIOOMO24, 000
FITLINY —=———=—1 ANDOOL001,00%:  CCOOOG04D,00R:  CCDOOAOTZ,0RD:  CCDOOHOZS, H0U:
E%¥tg%: EHEELEH AHDOOLOM APAs  CETONGEAAE ANRs  CETIANAATZ PH+  CETOOMAE, a0l +
FITLDL: STORES || |minoci: ACtUal data location - usually no EESH
FITLD1: FREQ ANTIO0LL need to look there g, 00l
FITLDL: IF ANTIOOLO o lALnOUe
FITLI1: RA BHDOOLO0L, ORS:  CCOOOGO4T, 00R:  CCIODAOTS,0R0:  CCOOOHOZE, o0l
FITLIN: DEC ANDOOLO0L, OUK:  CCOOOS04K,00R s  CCOOOROTE, 02H:  CCDOOMOZC, ol
FITLID: === *¥lgNDo01001, 0KC:  CCOO0G04L, 00R:  CCOOOAOTE,ORO:  CCDOOMOZD, 00U
FITLIN; Coording|  |aNDooloo1,118+ CCDOOGO4H,00R+ CCOOOAOTZ.02H:  CCIOOMOZE, o0l
FITLDL: Rest fra| |awDoolool,1CH: CCOOOS04N,00R+  CCOOOROF?,ORQ:  CCDOOMOZF,00U:
FITLDI: ALL refd)|  |gnDool0o1,586: CCDOOGO40,00R: CCDOOAOFS,02H: CCDOOMOZG,00U;
FITLOD: Maximum | [aNDOOL002,0RT:  CCDOOS04P,00R:  CCOOOAOTS,0RO:  CCDOOMOZH, 00
FITLD1* Maximum
FITLD1: Maximum wersion mumher of extension files of type BL iz 1
FITLD1 = e Tmum version number ot extmsion files of type FG is 1
FITLEL: Appears to have ended successfully
FITLI% kali 31DECOS TST: Cpu= 0,1 Jeal= 0 I0= 4

7
I
—
—
B T N e R L Y "

FLOOOZO0L , 05k
FGOOOZ00L, 00U
FLOOOZO0L, 00X
FGOOOZ001, PO
FLOOOZ00L, ORN:
FLOOOZ001 , 10N
FLOOOZ00L, 5506
FLOOOZO0Z, Q0L
FGOOOZ00L, 010
FLOOOA00L, 02H:
FGOOOE00L, 000
FLOOOA00L, O0x:
FGOOOE00L, PO
FGOOOA00L, OR0:
FLOOOA00L, Ok
FLOOOA001, 10N
FLOOOA00Z, 02H:
FGOOOZ003, 02H:
FLOOO4001 , 0bk:
FGOOO4001 , 0G0

&




Where does AIPS put data?

Ml € wmapsmscsevl 5 0 0 [gmipg

hiosthar

7
I
—
—
B T N e R L Y "

tazk #:

FITLDL1:
FITLI1:
FITLI1:
FITLD1

Mess

Task
Foun
Cres

FI7LD1. Che

FITLDL:
FITLDL:
FITLDL:
FITLDL:
FITLDL:
FITLDL:
FITLIL:
FITLDL:
FITLDL:
FITLDL:
FITLDL:
FITLDL:
FITLDL:
FITLDL:
FITLDL:
FITLDL:
FITLDL:
FITLDL:
FITLDL:
FITLDL:
FITLRL:
FITLD%s

D=6
Ob=s
# i

b I xterm | — [ =
g .
alng . g 1 Data are accessed via the

AIPS 1: Cat Uszid Mapname AIPS catalogue. : Stat.
AIPS 1% 1 839 SPER_RY LVIDATA, 1 Y a0-AlG=-2009 14:46:03
AIPS 1% & 89 SPMCALS_EY UMDATA, 1 Y 16-AUG-2009 16:39:01
AIPS 1% 4 839 SPWCALS LNMDATA, 1 Y 17-AUG-2009 03:50:03
AIPS 1% 4 89 SPER_RY . TASAY 1 Y 17-AUG-2009 09:55:03
AIPS 1% b 89 0200+539 LACLO0L, 1 MA 18-AUG-2009 21:37:14
AIPS 1% B 83 SPER_332 LLBHOOL, 1 MA 18-AUG-2009 21:37:14
AIPS 1% § 89 SPER_332 LCLOOL, 1 MA 13-AUG-2009 21:37:14
AIPS 1% 2 89 SPER_RY ITHOD 1 Y 183-AUG-2009 21:37:14
AIPS 1% 5 839 SPERE_EY LACLO0L, 1 MA 18-AUG-2009 21:37:14
AIPS 1: 10 83 SPER_EV LICLOOL, 1 MA 18-AUG-2009 21:37:17
AIPS 1: 11 83 SPER_EV LICLOOL, 1 MA 18-AUG-2009 21:37:17
AIPS 1: @53 1IRMNSFA_ENVH L UWLHTH, Gl 19-AUG-2009 14:49:36
AIPS Towe, 13 B3 MEMZYE_MER UVDATA, 1N A0-AUG-2009 1h:10:15
AIPS 1: 14 S FRRZrooowrsovhon ., 1 Y 19-AlG-2009 22:05:19
AIPS 1: 1% 89 ME/S_ME_.002, DBCON | 1 Y 20-AUG-2009 16:48:34
AIPS 1: 16 89 WMEMZ27E_EWM [ IBMOOL, 1 MA 19-AUG-2009 14:13:507
AIPS 1: 17 89 MENZVE_EWM L ICLOOL, 1 MA 19-AUG-2009 14:47:06
AIPS 1 ** press BETUEN for more, enter U or next line to quit print **

Helnum version number of eXfmsion files of type FG is

Appears to have ended successftully
kali Z1DECOT T5T: Cpu=

0,1 Sfeal=

0 I0=

1
4




What's in the data?

- I xterm | . [
piee T otalog on disk 1
AIPS 1: Cat U=zid Maphame Clazs 5Seq Pt Lazt access Stat
AIPS 1% 1 839 SPERE_GY LINDATA, 1 UV 30-AUG-2003 14:46:53
AIPS 1: 2 89 SPHCALS_E? UVDATA, 1 UV 16-AUG-2003 16:39:01
arec i+ £ 29 ChliCol © LWIIATA, 1 W 17-AG-2009 03:55:03
You can select data by ASAY 1 Y 17-AUG-2009 (03:55:03
CLOoL, 1 WA 18-AUG-2003 21:37:14
name or catalogue BHOOL, 1 MA 18-AUG-2009 21:37:14
number CLool, 1 MA 18-AUG-2003 21:37:14
AIPS 1: 7 84 SPER_R/ ITHOD 1 UV 18-AUG-2003 21:37:14
AIPS 1% 9 89 SPER_GY LCL001, 1 MA 18-AUG-2003 21:37:14
AIPS 1: 10 89 SPEE_EV LACLOOL, 1 MA 18-AUG-2003 21:37:17
AIPFS 1: 11 89 SPER_EZ LIC1 e 1 MA 18-AUG-2003 21:37:117
AIPS 1: 2 09 MENZVS_EVM L UNDATA, 1 U CIaL-2009 14:49:36
AIPS 1% 13 89 MENZ7S_MER  UMDATA, 1 UV 30-AUGZ 2003 15:10:15
AIPS 1: TS MENZFS EVM O UYMOD 1 LB RUL-2009 22105519
AIPS 1: 1% 89 M2¥a_ME_,00Z, LBLUN | 1 UV 20-AUG-2003 16:48:34
AIPS 1: 16 893 MENZFE_EWM  , IBMOOL, 1 MA 19-AUG-2003 14:12:57
AIPS 1: 17 89 MENZFE_EWM L ICLOO1, 1 MA 19-AUG-2003 14:47:56
HEFS 1+ ** press BETUEN for more, enter U or next line to quit print **
#




What's in the data?

- - T Ixterm | — [

< |#;etn 13 :/5
P Latalog on dij TN dizk=1 wuzer= 83  type=lV  HEMZ7V2_WER,UVIATA I

AIPS 13 Cat Usid Mapd|  [Siph

AIPS 13 1 83 SPER|  |nIPS 13 Image=tKNZF3A (LW Filename=HKNZT3_MER .IVIATA. 1
AIPS 1: 2 83 SPML) JaTps 1y Telescope=HERLINZ Receivers
Y lect datz AIPS 1: Obserwer= User #= 09
OU Can SEIeCt Gatd | |4Ips 1: Ohserv, date=14-FEE-2004  Hap date=19-AlG-2009
name or catalogue AIPS 13 # viszibilities 40382 Sort order TE
number AIPS 13 Rand axest UU-L W9-L WW-L  BASELINE TIMEL

. RIPS 12 ————————————— — — — — — — - — — ——————————————————————————
E%Eg 1; g gg gEEE AIPS 1: Type Fixels Coord walue at Pixel Coord incr  Rotat

BIPS 1: 10 29 SPEF AIPS 1: COMPLEX 3 0, QOOQOO0E+]0 1,00 1, 0000000E-+0 0,00
AIPS 1: 11 23 SPEA AIPS 1: STOKES 4 =1, 0000000E+00 1,00 =1, 0000000E-+00) 0, 00
AIPS 1t e ug Menl| [PIPS 13 FRED 1 4,3344300E+03 1,12 1,2000000E+07 0,00
gIFS 16 13 29 HENS AIPS 1: IF 1 1,0000000E+00 1,00 1,0000000E+00 0, 00
AIFS 1t e HIH AIPS 1: RA 1 12 44 42,142 1,00 AR00, Q00 0,00
AIPS 1: 15 83 M27] HIFS 1: DEC 1 Oh b3 13,150 1,00 AE00, OO0 0,00

AIPS 1: 16 83 HEKN AplPS 13 —m——————————— =
AIPS 1: 17 839 HEN] AIPS 1: Coordinate equinos 000,00

AIPS 1: ** press RETUAR AIPS 1: Rest freq (1, (00 Wel type: OPTICAL wrt LSE

#{] AIPS 1: Alt ref, walue —-4,2076B2E+05  wrt pixel g .00

AIPS 1 Maximum wersion number of extension files of type HI i=
AIPS 1% Maximum wersion number of extension files of type AN i=s
AIPS 1: Maximum wersion number of extension files of type BL i=

AIPS 1 Maximum wersion number of extension files of type FG is
AIPS 1: Eeyword = 'MAXABSU ' walue = —1,000000E+00

]




What's in the data?

v - TIxterm | = O

piee ot alog on dig
AIPS 1: Cat Uszid HMap

RS B Inage=HKNZ7 3 Fi lename=HKN273_MER
N he 1  am oo AIPS 1: Telezcope=MERLINZ Receiver=

i AIPS 1: Obszervers Uzer #= 83
You can select datd| |41ps 1: Ohserw, date=14-FEE-2004 Map date=19-AUG-2009
name or catalogue AIPS 13 # viszibilities 40382 Sort order TE
number AIPS 1t Rand axes: UU-L  Wv-L WW-L BASELINE TIMEL

. RIPS 12 ————————————— — — — — — — - — — ——————————————————————————
E%Eg 1; g gg gEEE AIPS 1: Type Fixels Coord walue at Pixel Coord incr  Rotat

JNWIATA, 1

BIPS 1: 10 29 SPEF AIPS 1: COMPLEX 3 0, QOOQOO0E+]0 1,00 1, 0000000E-+0 0,00
AIPS 1: 11 23 SPEA AIPS 1: STOKES 4 =1, 0000000E+00 1,00 =1, 0000000E-+00) 0, 00
AIPS 1t e ug Menl| [PIPS 13 FRED 1 4,3344300E+03 1,12 1,2000000E+07 0,00
gIFS 16 13 29 HENS AIPS 1: IF 1 1,0000000E+00 1,00 1,0000000E+00 0, 00
AIFS 1t e HIH AIPS 1: RA 1 12 44 42,142 1,00 AR00, Q00 0,00
AIPS 1: 15 83 M27] HIFS 1: DEC 1 Oh b3 13,150 1,00 AE00, OO0 0,00

AIPS 1: 16 83 HEKN AplPS 13 —m——————————— =
AIPS 1: 17 839 HEN] AIPS 1: Coordinate equinos 000,00

AIPS 1: ** press RETUAR AIPS 1: Rest freq (1, (00 Wel type: OPTICAL wrt LSE

#{] AIPS 1: Alt ref, walue —-4,2076B2E+05  wrt pixel g .00

Maximum werzion number of extension files of type HI i=
Maximum werzion number of extension files of type AN i=
Maximum werzion number of extension files of type BL i=

Maximum werzion number of extension files of type FG i=s
keyword = "MAXKABSU ' walue = -1, 000000E+00




w

AIFS
AIPS
AIFS

Axes:

Visibilities
| ares

AIPS

Amp, f, welght : z
LL RR LRRL *
Hz * 4
1
Sub-ba;)rgg: IF 1 1. O000000E+00 1,00 1,0000000E+00 0,00
: 1
1

Pos *

HIF:2
AIPS
AIPS
AIPS
AIPS
AIPS
AIPS
AIPS
| el TP

13
13
13

T T TT

s

1-I-

13
1z
13
13
1z
13
13
13
13

CIxterm | [
— Type — Name ~ Class — Seq. No

UV d ata h ead d €I 1 tuype=l¥  HKNZ73_MER,LWIATA,1

Image=HENZ73A (V) Filename=MkM273_MERE UNDATA, 1
Telezcope=MEELINZ Feceiver=

Ubzerver= Uzer #= 83

Ubzerw, date=14-FEB-2004 Map date=19-AUG-2009

# vizibilities 40852 Sort order  TB

Fand axes: UU-L WW-L WW-L BASELINE TIMEL

Type Fixelz Coord walue at Pixel Coord incr  Eotat
COMPLEX 0, DOQCCCODE -+ 1,00 1,0000000E+00) (0,00
STOKES =1, DOQOOOOE+C0) 1,00 -1, 0000000E+00) 0,00
FREL 4 ,9344 300 +05 1,12 1,2000000E+07 (0,00

12 44 42,142 1,00 AE00, Q00 (0,00
Oh 53 13,150 1,00 AE00, Q00 (1, 00
Coordinate equinox 2000, 00

Fest freg (), CaCac) Vel type: OPTEu

ALt ref, value —4,20762E+05 urt pixel Extension tables
Maximum wersion number of extension files of type HI is
Maximum wersion number of extenzion files of type AN i=
Maximum wersion number of extension files of type BL i=

Maximum wersion number of extension files of type FG is
Eegyword = "MAXABSL ' walue = =1, 000000E+00




Image data

- T Ixterm | = O X
H T tlaic dizk= 1 wuszer= 83  type=MA  MENZVS_MER, ICLOOL1,1
AIPS 1: Image=HENZT3A  [MA) Filename=MEM272_MEE ICLOO1, 1
AIFS 1: Telescope=MEELINZ Feceivers
AIPS 1: Ob=erver= Uzer #= B3
AIFS 1: Obszerw, date=14-FEB-2004 Map date=13-AUG-Z009
AIFS 1: Minimum=-4,23469685E-04 Maximum= 7, 4b20L70a7E-02 JY/BEAM
pIFS: 1+ ———————m————————————
AIFS 1% Type Fixelz  Coord walue at Pixel Coord incr  Eotat
AIPS 1: BA——5IM 512 13 44 42,142 2ab, Q) =0, L5000 0, 0
AIPS 1: DEC--5IW  &1Z Oh ha 15,150 20F 0 0, L B000 0, 0
AIFS 1: FREL 1 4,3329902E+03 1,00 1, 2000000E+07 0,00
AIFS 1: STOKES 1 1, 0000000 +00 1,00 1, 0000000E+00) 0,
pIF: 1+ —/——————————/———7"H—"—H——1—1—1—— -
AIPS 1: Coordinate equinos 2000, 00
AIFS 1% Map type=MOEMAL Mumber of iterations= Lacacy
AIPS 1% Conw size= 0,137372 K 0,06835 Poszition angle= -2¢,E9
AIFS 1: RFest freq (1, Q0 Vel type: OPTICAL wrt LSE
AIPS 1: Alt ref, walue -4, 20F6ZE+05  wrt pixel H, 00
AIPS 1% Maximum werszion number of extenzion tiles of type CC iz 1
AIPS 1% Maximum wersion number of extenzion files of type HI iz 1
AIFS 1: keyword = 'CCFLUX ' walue = 4, 341595E-0%
lTES 4+ Fainmead — 'CCTATAl ' aalie — A4 TAICOQEE—f0




T I xterm | — [

AIFS
HIFS
AIFS

ST

13
13
13

b I

Axes .
Pos

Hz

1 = | = total
intensity .
+ TAmedimata amid mess 20 i

rnmLi -2

AIFS
HIFS
AIFS
AIFS
HIFS
AIFS
HIFS
AIFS
HIFS
AIFS

L
L
+
L
Pos .
L
+
+
L

13
13
13
13
13
13
13
13
13
13

stuwlottuzoomttyps

Type ~— Name ~ Class ~ Seq. No.

= 89 tupesHA  MKNZTE_MER, ICLOOL,1
Ima ge data Filename=tKNZT3_MER  .ICLOOL. 1

Feceivers
bzerver= User #= B9
Obzerw, date=14-FEB-2004 Map date=13-AUG-Z009
Minimum=—4, 2946368504 Maximum= 7, 45257037E-03 Y/ BEAK
Type Fixelz Coord walue at Pixel Coord inck  Eotat
FA——-5IM &l 13 44 42,142 2ok, 00 =01, (15000 0, L0
DEC--5IN &1 0L BE 135,150 20F 00 0, LB000 0,00
FEEL 1 4,9929902E+03 1,00 1, 2000000E+07 0, 00
STOKES 1 1,0000000E+00 1,00 1, 0000000E-+00) 0,00

Restoring beam Maj, Min (arcsec), position angle (degrees)

Conv size= 0,13732 ¥ 0,06835 Poszition angle= -22.69

Fest freq (1, 00 Vel type: ORLIGOL et LED

Alt ref, value —4,20762E+05 wrt pixel | EXtENsion tables
Maximum wersion number of extension files of type CC iz 1
Maximum wversion number of extension files of type HI iz 1

kegyword = 'CCFLUYE " walue = 4, 341595E-02
kegyword = 'CCTOTAL ° walue = 4, 341595E-02
keyword = "PARANGLE'  walue = -1,739448E+02
keyword = "ZENANGLE'  walue = B, 472008E+00




i The Astronomical
i\ Image and Table Format

FIGKILIG IINdY G 1 Falishurt oyswein

e Standard astronomical data format:
- See Greisen, Calabretta & Valdez or FITS web home
- UVFITS or IDE FITS for visibility data
- Image files for 1, 2, 3+ D images

« Unfortunately several dialects
— AIPS uses FITS
— CASA can read/export FITS
o Structure of FITS file
- Header
- (Binary) data
- Extension tables



The Astronomical
Image and Table Format

- I xterm | = [ =
SIMPLE = T/

o BITPIY = 32 F
MAKIS = 4
KIS = S FITS Header
MAKISZ? = BE /

MAKISE = 280
MAXIS4 = 1/
EXTEND = T /Tables following main image
BLOCKED = T /Tape may be blocked . .

. ' CTYPE1 = 'RA-—-5IN
O e tgpe el TG - /E0UrCE nane CRYALL =  3,45128515485E+01
INSTEUHE; . ' 2 CDELT1 = -1,111111123E-05
OBSERVER= ' 2 CRPIX1 = 3, 300000000E+01
DATE-DES= '1999-05-25" /Obs start date YYTY-HH-DD il A
DATE-MAP= ' 2000-01-11" fLast processing date YYYY-MH-D CRYALZ : B GTEIPE51TISE+01
BSCALE = 1, 00000000000E+00 /REAL = TAPE * BSCALE + BZEROD CIELTZ B *1 111111193F-05
BFERD = 2, QO0AQOA0OA0E+D] £ CRPTHD B 3+4DDGDDGDDE+01
BUNMIT = "I¥/BEAM ° flnits of Flux CROTED B G+DDDGDDGDDE+GD
EPOCH = 1.,950000000E+02 /Epach of RA DEC CTYPES _ 'HELD—LSH'

o YELREF = 207 /»256 RADIO, 1 LSE 2 HEL 2 0BS CRYALZ B B 9R035G4E77RE+03
ALTEVAL = 1.6671099765EE+0T AAltenate FREQAVEL ref wvalue CIELTZ B :1 FEE09OE09E+0D
ALTRFIX = =1,390000000E+02  fAltenate FREQAVEL ref pixel CRPTXZ B —1+EEDGDDGDDE+GE
OBSEA = 2,48128015485E+01 SAntenna pointing RA CROTAZ : G+DDDGDDGDDE+GD
OBSDEC = 5,83092651738E+01 AAntenna pointing DEC CTYPEA _ 'STDHEé .

RESTFREDN= 1,66730806400E+09 fReszt freguency CRYALA : 1. DO000OON000E+00
DATAMAX = 0, 200AEZE0R0E+00 Maximum pixel walue CIELT4 : *1 AOOONO00E+00
DATAMIN = =0, 429587513E-02 AMinimum pixel walue CRPTH4 _ 1+DDDGDDGDDE+GD

FROTAR4 = 0, QO0QQOCOE+(0

- Fortunately there are tools
« IMHEAD in AIPS or CASA

ISTORY A

IPS HEALERZ  WTHOTSE

More—1{ 0z 1

TT T ™l ™l ™ M T Tl Tl Tl T Tl T Tl Tl Tl Tl T Tl Tl T

1,058




Polarization jargon

CIRCULAR LINEAR

Left-hand Stokes Q = (RL + LR)/2
LHC, L, LL Stokes U = (RL - LR)/2i

Right-hand Polarized intensity
RHC, R, RR P =v(Q*+ U+V)

Stokes V = Polarization
(RR-LL)/2 angle x = ¥ atan2(U/Q)

Cross hands | jnear feeds X XX, Y,YY

hﬁeF;.Lf make Cross hands XY YX
make circular

Stokes | = (LL + RR)/2 = (XX + YY)/2

beware, some packages' definitions differ by
X2

Diagrams thanks to Wikipaedia

\

A

XY DL




FITS axes labels

« Axes contain one+ pixels

« Quantization of physical
variable e.q.

- Position in RA
- Frequency
- Label

» Types of polarization =
- | (one 'pixel")
- IQUV (four 'pixels')

CASA

e Polarizations also termed
correlations

Polarization
type
Total
Linear
Linear
Circular
Circular
Circular
Linear
Linear
Linear
Linear
Circular
Circular
Undef
Linear
Linear

UNDEF
POLI
POLA



CASA developed to meet NG needs

 alips++ development in c++ started in ~1994

- Easier to maintain/develop/parallelise

User-friendly python wrapper since 2007
- common 4astronomy software 4application
- '"Task' interface or scripting
- Underlying aips++ toolkit available

Measurement Set data format

- uv data and images in subdirectories
 [n working directory or wherever you want

Prime motivation (& funding) for ALMA and EVLA
- ALBIUS (RadioNet) for interoperability with AIPS

Easy to install
CASA



Libraries use Measurement Equation

V. = T (1 1) o-iZn(uifl+vijm) 77y
vV, = M;B,G;D,JE, P, T, F,SI, (1,m)e 200l m +A

Vectors - Jones Matrices [E=iE
Visibility = f(u,v) = point = Multiplicative baseline error

I mage Goal ' Bandpass response

A dditive baseline error Generalised electronic gain
Dterm (pol. leakage)

Scalars Methods

S (mapping | to observer E (anten.na voltage pattern)
polarization) Parallactic angle

[,m image plane coords  Tropospheric effects

u,v Fourier plane coords

i} telescope pair Faraday rotation



Using the Measurement Equation

« Hamaker, Bregman & Sault 1996
- Decompose into relevant calibration components e.q.

o obs — 1/, ideal
Vo> = ByG;Dy P, Tk, V0

— Chose one (or a few) at a time

» Usually solve fastest-varying first
- (so averaging over slower-varying)
« Might have to iterate

- Linearise and solve by y2 (or other) minimization
- (Same principles as AIPS etc. gain calibration)

 Visibility data are stored in Measurement Sets
— Accessible directories of tables

CASA



Measurement Set visibility data

> tree jupiterallcal.split.ns

Jjupiterallcal ,split. . m=

 Directory of

Tables | — AMTEMNMA
| | —— table,dat
| | —— table,fd
| | — table,info |—— OBSEEWATION
® ]\/I/—\“\J table I ‘—— table,lock | |—— table.dat | —— SPECTRAL_WINDOL
|— DATA_DESCEIFPTIO | |—— table,f0 | |—— tahle,dat
_ I | — table.dat | |—— table.info | |-—— table,.fd
One row per | |-— table.fo | "—— table.lock | |—— table.fOi
" ' | | — table,info |— POINTIMNG | |-—— table,info
Integration | "—— table.lock | |-- table.dat | "—— tahle.lock
: |— FEEI I |— table.fO |-—— STAETE
per baseline |  1-- table.dat | |-—— table.f0i | |- table.dat
I | — table.f0 | |— table.f1 | |— table,f0O
per SpeCtral | |- table.f0i |  I-- table.info | |-— table.info
' I |—— table, info | "— table,lock "—— table, lock
window | "= table.lock |-— POLARIZATION |—— table.dat
|— FIELD I | — table.dat |—— tabhle,fd
I | — table.,dat | |— table,fi |—— table.,fl
e Cells hold | |-—— table,f0 | 1-— table,f0i  |—— table. f2
| | — table,f0i | |—— table,info |— tahble,f2 TSHL
COmp|eX | | — table,info | "—— table,lock |—— tahle,f3
icihihi e | "—— table, lock | —— PROCESSOR |—— table,f3_TSHM1
VIS(IjbI|ItI.e..?.‘ | -— FLAG_CHD | 1-— table.dat  |—— table,f4
I | — table.,dat | |— table,fi |—— table.,f&
an Welg tS I | —— table,fd | |—— table,info |— table,fE
E;' 'l f t I [—— taEie+inFE | ‘—— table,lock |—— tahle,fE _TSHO
PY | —— table,loc | —— SOURECE |— table, f7
Imll ar Orma | — HISTOEY | |-—— table.dat |—— table,.f7_TSH1
I | —— table,dat | | — table.f0 |-— table,f2
fOr Images I |—— table,fo I |—— table.f0i | —— table, fS_TSHL
I | — table.info | |-— table,info |— table,info
| |

"—— table, lock "—— table,lock —— tahle,lock



Measurement Set MAIN table

. PAGE NAVIGATION
-

ITable Browser | e O X

File Edit View Tools Export Help
= @ V2R N | BEY SRR 7
3C277.1Cms (%]
8 UVW v  FLAG WEIGHT ANTENNAl ANTENNAZ2 EXPOSURE FIELD_ID TIME DATA =
=
L 53 |[-131860,-138051,85180.9]  [4, 1. [52,5.. 1 5 7.99 0 1995-04-15-17:14:22.00 JENSRReTRIIEN
m
~ 88 |[-131776,-138090, 85247.1] [4,1.. [52,5.. 1 5 7.99 0 1995-04-15-17:14.39#0 [4, 1] Complex
@ 83 |[-131692,-138129,853133] [4,1.. [52,5.. 1 5 7.99 0 1995-04-1
S
s 98 [-131609, -138168, 85379.5]  [4,1.. [52,5.. 1 5 7.99 0 1995-04-1 3c277.1Cms[53, 21] =
£ 113 [[-131525,-138207, 854456]  [4,1.. [52,5. 1 5 7.99 0 1995-04-1§ Complex Array of size [ 41
ik}
o 128 [-131441,-138246,855117]  [4,1.. [52,5.. 1 5 7.99 0 1995-04-1 0

143 [-131357, -138285, 85577.7]1  [4,1.. [52,5.. 1 5 7.99 0 1995-04-1
w 0 (-0.164379,-2.63613)
E 188 (T.1317273 130373 8GRARA3T T1 ra 1 [E2 B 1 = T a0 M TCG5.MA
€ || Restore Columns |Resize Headers 1/(0.446854,0.111045)
=
@

First = [1/211]] >> Last 1 2 (-0.0716612,0.223381)

3 (-2.49088,-0.869153)

Some of the columns per visibility
Data: Complex value for each of 4 correlations

(LL RR LR RL) per spectral channel

« Inspect in CASA br owset abl e (rarely necessary) %ﬂ



Visibility data: Measurement Set format

MAIN Flags

Original (Edits are
visibility stored here

first; backup
gate tables can be

made and
used to
modify)

« Unix-like directory structure with binary data and ascii
metadata files arranged in subdirectories
« Additional tables in MS and free-standing:
- Admin: Antenna, Source etc.
- Processing: calibration, flags, etc.
« ~interconvertible with FITS; similar image format



Science data

Hid_ a002 X10e085 X148

model format
 Native format for ALMA,

|—— &SDM. zanl

| --, ASOMBinary EVLA etc.
|-- uid_  &002 X10e085 X149 .
|-- uid__ a002 %10e085 %lda - Compact, static binary
|-- uid  A002 ¥10e085 ¥14b data

|-- unid_ A00Z E10eld85 Xlel
"--u1d  ADOE H10eO35 Hlea

almaBadiometer. zml

antenna. 7zl | —-
Calampli. >ml | —-
CalBandpass. xml | —-
CalData. zal | —-
Callewvice. 2ml | —-
CalPhase. 2l | —-
CalReduction. 2ol | —-
CalWvE. ml | —-
Configlescription.» |_-
CorrelatorMode. 2ol | —-

— Accessible xm| metadata
« CASA converts to MS

Datalescription. xml
ExecElock. zml

Feed. xml | -- Receiwer.z>ml
Field. zml | -- SESummary. xml
Focus. 2l | -- Scan. xml
FocusModel, sml | —— Source.zml

Main. xml |-- SpectralWindow. xml

| -- State.xml

| -- Station.zxml

| -- Subscan. zml

|-- SwitchCycle. smll]
" —— Weather.zml

Pointing. bin
Pointing. >ml
PointingModel. =
Polarization. »m
Processor. 2aml

1 directory, 196 files



Starting CASA

« See web links for downloads (or http://casa.nrao.edu)
- Don't forget the Cookbook!

 Start by typing casapy (or set up your choice)

— This starts the iPython environment
* Interactive input to tasks in the xterm
* Logger (see toolbar for display, export options)

- Access to shell
e Direct simple commands e.qg. | s
 Prefix any unix command with ! e.g. ' nore file

e Python
- Take care with indentation
- Case sensitive

- Zero indexed (e.g. 27 antennas numbered 0~26)
 Run any scripts or functions you want
CASA



Using CASA

« Use inp tasknare to view inputs
- Greyed parameters are expandable

| = O X

v ] xterm
CASA «<37x: inp gaincal
————————— » inplgaincal )
vis = "aldV7 A0 ms
caltable = H
field = H
Spul = H
selectdata = False
solint = “inf

#

H OH O H H H H H H H H

# ogaincal :: Determine temporal gains from calibrator observations

Mome of input wiszibility file

Mame of output gain
calibration table

felect field uzing field
id{=) or field name(s)

Select spectral
window/channel s

Other data selection
parameters

Solution interwval: egs,

“inf', 'BOs' [=zee help)

CASA



Using CASA

T Ixterm | = O X
CASA <38:: =zelectdata = True
CASA <391 inp gaincal
————————— » inphgaincal )
# ogaincal :: Determine temporal gains from calibrator obzervations
Wiz = "AC2F7 L 10, ms! # Mome of input wizibility file
caltable = v # Mame of output gain
# calibration table
tield = v # Select field using field
# idis) or field nameis)
Spl = v # BSelect spectral
#  window/channels
zelectdata = True # [Other data =zelection
# parameters
timerange = v # BSelect data bazed on time
#  range
LY ange = H # BSelect data within uwvrange
#  (default units meters)
antenna = v # Select data based on
# antennarbazeline
SCaN = v # Scan number range
mazelect = v # Optional complex data
# =election (ignore for now)
solint = Yinf! # Solution interwal: egs,
#  'inf', 'B0s' (=zee help)

CASA



Using CASA

« Simplest input to tasks is par am~val ue

- In this mode, variables are global
e solint="1m n' will appear in all tasks until reset

- def aul t (gai ncal ) resets default values
- tget gai ncal restores last successful execution
- savei nput s(gai ncal ,"' gctryl') saves inputs at
any stage
- execfile('gctryl') restores
» gctryl is a text file, view using e.g. I'more gctryl

 Hel p(' gai ncal') for more details
- Use the Cookbook for fuller examples

« Export data as FITS files
— Apply all calibration/flagging first

CASA



Running tasks

* In Interactive mode
- Just type e.g. gail ncal
- Tasks are normally run sequentially per session
- See the logger for progress

* Assign measurements to your variables
- e.g.noise target = instat()
« Task i nst at gives python array of image measurements
ernms _target = noise target['rns' ][ 0]
e Beware re-assigning/mistyping task params
-nolint = '"1sin" won'tgivean error
- cal node = 'del ay' does show up inred

CASA



AIPS or CASA? (either? both?)

« Either package for straightforward data

- Might need 'native' package in early stages
« Raw data format:

— CASA for SDM, MS, UVFITS, IDI FITS
. Good for comblmnq dlfferent data shapes

zlecd b o bpana —
Saaoz| Cime —
Zaeoz|  Hine —
= le0z [
=
=
Teco

eeeeeeeeeeeeee

- AIPS also for FITS (but harder for Imearly pol. feeds)

* Calibration
— CASA especially for EVLA and ALMA
« Apply Water Vapour Radiometry etc.corrections
 Flexible bandpass and polarization calibration
- Simple delay corrections
- AIPS for combined delay and rate calibration

« ALMA task being developed



AIPS or CASA? (or either or both)

* Imaging
- CASA

« Wide-band MFS with spectral index/curvature
« w-projection and/or faceting (3-D sky)
e Multi-scale clean
« Heterogenous primary beams
« Mosaicing
- AIPS
 Faster, especially sparse multi-facet wide-field images
« Maximum entropy methods
« At present, more measurement/analysis tools

 Interoperability
- Script both in Python
- Easy to swap data but apply calibration/flags first

 Most extension tables lost
« May need to re-calculate/apply weights



PJ

(Jy)

[y

* 'Small' field of view
(single star,
galaxy...)

- Easy to identify
line-free channels

NGC 3256 114 GHz

* Subtract
continuum in uv
plane

- CASA or AIPS
« CASA Dbetter for

N L CASA bt

0 50 100 150 200 channel




Groeningen Image Processing SYstem

. . SR AR
3 - -|:. N &= ¢ .' g i ) ; i
: Bt IR
i e PR A N
ik " R g : . e
Y FhEEIT b T T e )

« Data cubes with many

3-D sources

- No spectral channel
IS free of a line
somewhere in the
spatial field of view

Have to make 'dirty’

Image cube first

- Select sub-cubes

- Subtract continuum
In image plane

- Deconvolve beam

Possible in AIPS/CASA

GIPSY specialised for
this and further
analysis




GIPSY overview

* (see website and M Verheyen, Fri am for details)
« Unigue capabillities:

- Operations on
1-, 2- or 3-D
subsets
(frames)
without
splitting

ij- AT58

2-(ETEHR

box lina



GIPSY overview

* (see M Verheyen, Friday am for details)

« Unigue capabillities: plane subset
// plane headers
- Operations on d i
1-, 2- or 3-D 4
subsets -
row subse
(frames) : ,.// g —
without B
splitting ¥
2-QILS
- Heirachical
ixel sub
headers for _ el hesders
easy cube or set I-ﬂizumn shet T
SeleCtiOn cube headers_] column headers .
GIPS




What you can use GIPSY for

e Operates on image-plane data
- Apply all calibration, FT (clean) in favourite package

 Input FITS cubes, preferably:
- 32-bit
— SIN or NCP projection

- Frequency units on spectral axis
 but conversions are possible

e Continuum subtraction
- Start from dirty image and beam cubes
 [nput must be 2x2" pixels/side for output 2" pixels/side
- Select, subtract, clean

« Spectral analysis of subtracted, cleaned cubes
- Fit Gaussian profiles, ellipses etc.
- Make moments
- Compare models with data etc. etc.




Keep sight of the physics

« Brain gets filled with package jargon

- task 'CALIB'; calsour 'phaseref'; solint 0.5;
docal 100; aparm(7) 3; gainuse 5; solmo 'p'

« Rember this means

- Take the visibility data for the phase ref and apply
existing calibration table 5; minimum snr 3

- If no other model is given, a point source at the field
centre will be used

- Compare the data with the model phase and calculate
the corrections needed

e That way you will know to expect
- and what to check if you get



Keep sight of the physics

« Brain gets filled with package jargon

- task 'CALIB'; calsour 'phaseref'; solint 0.5;
docal 100; aparm(7) 3; gainuse 5; solmo 'p'

« Rember this means

- Take the visibility data for the phase ref and apply
existing calibration table 5; minimum snr 3

- If no other model is given, a point source at the field
centre will be used

- Compare the data with the model phase and calculate
the corrections needed

e That way you will know to expect
- and what to check if you get




Keep a full processing history

. ;o g "-_::. M —m— e S
e Use scripts, or C‘ ( ;)%“tOPSY Lm
shterg TooOIS CRE e

e Note parameter | R pm—

values

—Examples for
further
processing

—Troubleshooting
postmortem




An expenenced radlo astronomer
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¥ task 'KETTLE'
source ="tap"’
docoffee = 2
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