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(Joint Institute for VLBI - internal since 1997)

 ALMA

(Atacama Large Millimeter Array - ASDMY)

 EVLA

(Expanded Very Large Array - SDMY)

* MeerKAT

(More Karoo Array Telescope(s) - 7 = 64)

* LOFAR

(SKA?)
o 000
*SDM = Science Data Model
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$> python
>>> import pyrap.tables

old module: pyrap
new module: python-casacore

https://github.com/casacore/python-casacore

verkouter@jive.eu



0.018 -

0.016 -

0.014 -

0.012 -

0.01 -

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

e e e e e e ey

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

verkouter@jive.eu




||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

0.018 -

A,

0.012 -

0.01 -
)

x1073 L 4+ N

e e e e e e ey

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

-V (MHZ )

a.k.a. “channels”

- amp 1 i tude (arbitrary units)

verkouter@jive.eu



Visualizing
raw radio
data




Visualizing
raw radio

data

and why that 1s a
challenge




J17 )
187
1075
017
517
795
097
495
7375
327
5775
907
657
007
6275
747
047
657
387
7875
305
857
1775
7275
007
7875
1175
8975
017
087
3075
837
027
585
667
1075
5775
137
1375
7375
897
747
507
077
287
437
057
807
8875
997
995
927
487

VeV TUess )

0.69+0.727
0.72+0.457
0.57+0.457
0.94+0.537
0.70+0.507
0.86+0.717
0.87+0.287
0.13+0.217
0.44+0.157
0.86+0.117
0.30+0.767
0.61+0.247
0.63+0.517
0.07+0.187
0.24+0.327
0.40+0.297
0.18+0.577
0.80+0.767
0.20+0.067
0.32+0.937
0.43+0.237
0.24+0.227
0.92+0.987
0.43+0.427
0.46+0.777
0.92+0.207
0.21+0.817
0.81+0.427
0.25+0.757
0.39+0.717
0.10+0.267
0.66+0.697
0.50+0.327
0.10+0.587
0.35+0.297
0.96+0.587
0.65+0.457
0.03+0.107
0.94+0.117
0.76+0.607
0.32+0.297
0.35+0.087
0.00+0.177
0.34+0.097
0.25+0.017
0.87+0.507
0.48+0.097
0.11+0.247
0.40+0.877
0.58+0.977
0.86+0.727
0.03+0.347

VeUDOTUe. /)

0.63+0.537
0.04+0.277
0.53+0.597
0.53+0.877
0.81+0.167
0.22+0.207
0.93+0.427
0.17+0.547
0.20+0.307
0.96+0.147
0.88+0.207
0.89+0.107
0.11+0.347
0.97+0.727
0.60+0.817
0.51+0.847
0.72+0.447
0.44+0.997
0.82+0.587
0.47+0.197
0.44+0.727
0.14+0.617
0.89+0.717
0.09+0.057
0.89+0.757
0.33+0.137
0.52+0.357
0.26+0.127
0.52+0.447
0.61+0.597
0.99+0.767
1.00+0.883
0.61+0.187
0.23+0.457
0.32+0.367
0.08+0.607
0.47+0.657
0.14+0.857
0.48+0.567
0.51+0.907
0.86+0.707
0.29+0.787
0.49+0.027
0.76+0.947
0.87+0.417
0.22+0.317
0.46+0.947
0.06+0.307
0.84+0.477
0.47+0.037
0.27+0.957
0.70+0.867

Ve /ITTUeJT )

0.74+0.657
0.06+0.427
0.24+0.697
0.43+0.877
0.14+0.547
0.76+0.397
0.65+0.587
0.84+0.627
0.66+0.137
0.47+0.857
0.46+0.347
0.34+0.167
0.51+0.937
0.54+0.287
0.49+0.487
0.87+0.117
0.20+0.757
0.59+0.847
0.41+0.727
0.91+0.647
0.49+0.357
0.3140.677
0.40+0.537
0.49+0.607
0.80+0.087
0.35+0.767
0.24+0.837
0.31+0.777
0.40+0.217
0.70+0.887
0.07+0.627
0.3240.777
0.44+0.467
0.98+0.907
0.47+0.897
0.79+0.307
0.70+0.417
0.24+0.617
0.51+0.327
0.32+0.077
0.02+0.917
0.46+0.137
0.93+0.707
0.75+0.897
0.06+0.477
0.76+0.567
0.97+0.107
0.45+0.167
0.06+0.997
0.19+0.327
0.21+0.107
0.29+0.457

VeUUTUe.JI )
0.79+0.107
0.94+0.447
0.224+0.037
0.77+0.317
0.76+0.497
0.4140.99j
0.38+0.667
0.71+0.027
0.88+0.147
0.64+0.367
0.62+0.957
0.48+0.787
0.78+0.707
0.87+0.467
0.12+0.937
0.37+0.647
0.96+0.297
0.77+0.097
0.83+0.957
0.87+0.507
0.63+0.9975
0.67+0.807
0.96+0.457
0.89+0.177
0.38+0.777
0.61+0.887
0.30+0.107
0.42+0.8173
0.85+0.497
0.09+0.847
0.84+0.187
0.73+0.987
0.47+0.707
0.61+0.227
0.51+0.077
0.55+0.267
0.65+0.757
0.99+0.687
0.86+0.727
0.04+0.417
0.47+0.317
0.03+0.177
0.67+0.477
0.26+0.257
0.24+0.077
0.76+0.617
0.69+0.017
0.81+0.647
0.74+0.227
0.03+0.017
0.39+0.027j
0.08+0.987

u.oaTu.:oJ
0.26+0.957
0.88+0.737
0.56+0.357
0.30+0.637
0.48+0.747
0.93+0.647
0.18+0.927
0.16+0.407
0.88+0.087
0.15+0.577
0.55+0.347
0.49+0.947
0.60+0.327
0.54+0.207
0.33+0.727
0.61+0.637
0.87+0.687
0.33+0.787
0.36+0.657
0.59+0.177
0.85+0.307
0.29+0.637
0.95+0.617
0.31+0.827
0.43+0.417
0.75+0.307
0.63+0.117
0.11+0.947
0.03+0.877
0.20+0.767
0.04+0.287
0.34+0.017
0.26+0.817
0.02+0.427
0.63+0.047
0.48+0.187
0.98+0.517
0.94+0.257
0.37+0.077
0.68+0.157
0.95+0.487
0.06+0.507
0.91+0.837
0.84+0.087
0.27+0.327
0.59+0.987
0.22+0.507
0.87+0.817
0.89+0.457
0.84+0.697
0.72+0.977
0.84+0.457

UonTU-JDJ
0.11+0.407
0.31+40.217
0.09+0.367
0.86+0.427
0.49+0.207
0.76+0.577
0.34+0.887
0.57+0.147
0.81+0.767
0.46+0.597
0.20+0.927
0.85+0.287
0.65+0.757
0.58+0.407
0.47+0.117
0.64+0.227
0.99+0.827
0.88+0.197
0.01+0.257
0.06+0.257
0.67+0.897
0.92+0.917
0.69+0.907
0.60+0.617
0.98+0.507
0.79+0.267
0.52+0.377
0.98+0.697
0.74+0.987
0.01+0.577
0.41+0.797
0.92+0.507
0.01+0.427
0.85+0.887
0.78+0.177
0.18+0.587
0.76+0.777
0.77+0.487
0.14+0.987
0.66+0.927
0.87+0.027
0.91+0.367
0.09+0.257
0.68+0.507
0.96+0.797
0.42+0.147
0.37+0.7773
0.78+0.887
0.96+0.997
0.59+0.977
0.57+0.207
0.36+0.617

O OO O OO OO OO OO ODODODODODODODODODODODODODODODODODODODODODODODODODODODODODODOOOOOOO OO o oc

e JI T Ue
.27+0
.36+0.
.26+0.
.79+0
.83+0
.01+0
.62+0.
.46+0.
.76+0.
.71+0.
.55+0.
.23+0.
.48+0.
.29+0
.82+0.
.21+0
.03+0.
.35+0.
.70+0
.03+0
.71+40.
.49+0.
.45+0
.80+0.
.20+0
.13+40.
.95+0
.22+0
.10+0.
.67+0.
.01+0
.91+0
.33+0.
.26+0
.82+0.
.42+0.
.61+0.
.71+40.
.56+0.
.85+0.
.14+0
.49+0.
.71+0.
.58+0.
.21+40.
.48+0
.00+0.
.05+0.
.41+0.
.71+4+0
.93+0.
.98+0.

Tl )

.827

743
927

.25
.53
.26

107
4875
995
917
767
315
8875

445

145

.29

097
55

.215
.667

697
857

.335

475

.367

417

.27
.90

8375
677

.245
.945

507

.687

037
195
5275
5575
7875
487

.767

395
5475
057
7475

.13

4375
7475
917

.887

577
467

O OO O OO OO OO ODODODODODODODODODODODODODODODODODODODODODODODODODODODODODODODODOOOOOOO OO o oc

verkouter@jive.eu

e L/ T VU
.02+0
.6240.
.99+0.
.60+0.
.55+0
.91+0.
.21+0
.49+40.
.234+0
.71+4+0
.6340.
.2740.
.60+0.
.56+0
.02+1.
.23+0.
.31+40.
.2740.
.71+40.
.43+0
.64+0.
.85+0.
.15+0
.61+0.
.50+0.
.86+0.
.64+0.
.85+0.
.17+40.
.17+40.
.29+0
.91+0
.52+0.
.75+0.
.76+0.
.44+40.
.61+0.
.68+0.
.60+0.
.97+0
.334+0
.19+0.
.21+0.
.09+0.
.38+0.
.14+0
.35+40.
.87+0.
.14+0.
.95+0
.01+0.
.09+0.

e &)

.887

68
797
877

.757

387

.29

92

.26
.207

795
907
357

.097

007
145
3375
195
947

.793

307
657

.057

51
135
125
057
067
417
357

.245
.835

867
617
7575
8275
357
8775
967

.27
.915

115
047
367
097

.383

5475
437
995

.235

957
017

O O O O OO OO OO ODODODODODODODODODODODODODODODODODODODODODODODODODODODODODODODODOOOOOO OO o oc

e LT T U o
.62+0
.83+0.
.43+0.
.55+0.
.66+0.
.09+0
.16+0.
.97+0.
.40+0.
.77+0.
.63+0.
.22+0.
.86+0.
.54+0.
.86+0.
.35+0.
.43+0.
.40+0.
.76+0.
.48+0
.04+0.
.89+0.
.77+0.
.83+0.
.31+0.
.04+0.
.10+0.
.49+0.
.33+40.
.57+0.
.19+0.
.59+0.
.77+0.
.42+0.
.96+0.
.79+0.
.34+0.
.06+0.
.57+0.
.06+0.
.24+0.
.78+0.
.21+0.
.64+0.
.58+0.
.14+0
.71+40.
.04+0
.57+0.
.53+0.
.92+0
.61+0.

Va )

.867

087
647
5175
3375

.23

4175
047
8775
937
487
847
027
857
7575
657
5875
8175
607

.067

5975
387
977
697
337
877
125
477
817
957
557
567
387
115
135
467
115
5175
375
367
877
7175
167
3375
607

.16

93

277

5175
027

.287

067

O O OO OO ODODODODODODOODODODODODODODODODODODOODODODODODODODODODODODOODOOOOOO0OO0OOOOO OO OoOoc

o [/ T T Ue
.90+0
.51+0.
.22+0.
.77+0.
.3340
.13+0.
.19+0.
.98+0.
.23+0.
.09+0.
.89+0.
.98+0.
.61+0.
.06+0.
.23+0.
.70+0.
.41+40.
.74+0.
.69+0.
.85+0
.04+0.
.79+0.
.69+0.
.92+0.
.90+0.
.91+0.
.56+0.
.55+0
.22+40.
.71+0.
.91+0
.59+0.
.99+0.
.76+0.
.08+0.
.42+0.
.10+0.
.41+40.
.25+0.
.41+0.
.41+40.
.55+0.
.03+0.
.12+40.
.74+0.
.73+0
.92+0.
.63+0.
.97+0.
.114+0
.43+0.
.48+0.

Va )

.637

017
507
59

.245

017
8275
185
647
607
997
937
817
547
167
597
115
175
307

.547

14
18
14
867
395
5475
767

.28

617
8975

.215

567
7775
5775
827
807
677
857
157
7275
387
817
837
7775
167

.833

4975
877
745

.225

837
357

v
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

e JI T Ue
.39+0
.92+0.
.30+0.
.65+0.
.46+0.
.00+0.
.35+0.
.31+0.
.66+0.
.70+0.
.28+0.
.67+0.
.81+0.
.02+0.
.45+0.
.19+0.
.60+0.
.11+0.
.98+0.
.98+0
.98+0.
.71+0.
.31+0.
.48+0.
.80+0.
.05+0.
.30+0.
.30+0.
.30+0.
.06+0.
.23+0.
.47+0.
.33+0.
.26+0.
.34+0.
.08+0.
.11+0.
.62+0.
.81+0.
.16+0.
.10+0.
.73+0.
.48+1.
.27+0.
.34+0.
.67+0
.08+0.
.99+0.
.57+0.
.11+40.
.32+0.
.13+0.

vJa

.557

5075
097
647
3575
657
747
12
817
657
877
195
723
267
567
087
2575
767
017

.697

6275
2475
907
7575
4175
677
4975
007
175
567
607
7775
507
647
5775
3975
5575
3075
017
7075
7475
467
007
807
367

.333

347
357
7075
877
567
667

O OO O OO OO OO OO O OO OODODOODOOODODOODOOODODOODODOODODODODOOOOOOOOOOOOOoOoc

e UL T VUe
.33+0
.78+0.
.48+0.
.70+0.
.45+0.
.75+0.
.52+0.
.32+0.
.45+0.
.38+0.
.56+0.
.62+0.
.05+0.
.99+0.
.05+0.
.78+0.
.30+0.
.72+0.
.14+0.
.02+0
.12+0.
.77+0.
.10+0.
.08+0.
.18+0.
.14+0.
.58+0.
.71+0.
.75+0.
.10+0.
.87+0.
.84+0.
.80+0.
.85+0.
.45+0.
.33+0.
.40+0.
.01+0.
.24+0.
.48+0.
.07+0.
.13+0.
.73+0.
.85+0.
.34+0.
.91+0
.34+0.
.38+0.
.96+0.
.26+0.
.28+0.
.06+0.

vdi)

.333

2975
097
047
417
207
8475
907
917
407
467
387
195
817
997
027
947
7875
4175

.577

627
4175
467
997
7375
907
677
917
567
195
3275
757
7575
437
027
987
567
175
267
597
997
135
567
667
5475

.19

145
387
397
587
987
8175

O O O O OO OO OO OO O OO0 OO OODOOODODOODOOODODOODODOODODODODODOOOOOOOOOOO O Ooc

e / L T U
.54+0
.71+0
.54+0
.94+0
.03+0
.10+0
.63+0
.65+0
.85+0
.35+0
.08+0
.00+0
.54+0
.11+0
.18+0
.39+0
.88+0
.34+0
.26+0
.34+0
.05+0
.154+0
.31+0
.88+0
.64+0
.18+0
.60+0
.18+4+0
.58+0
.77+0
.424+0
.24+0
.88+0
.30+0
.51+0
.08+0
.01+0
.40+0
.83+0
.724+0
.40+0
.82+0
.824+0
.84+0
.40+0
.30+0
.74+0
.48+0
.53+0
.67+0
.05+0
.284+0
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A REALLY SMALI
MeasurementSet

no seriously, it’s tiny
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A

Tm{z}

weighte R

0.0 0.5

1.0




welght-vs-time
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welght-vs-time

* excellent indication of data quality
* where (i1n time) 1s my data good (or bad)?
* simple plot, should be fast
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File Export Summary View Help

X| PlotMS

Plot | Flag | Tools | Annotate | Options | (0.6 —

I
m

Browse... |

Selection

field A

SpW

timerange

uvrange

antenna

scan

corr

array

observation LI

Averaging

[T Channel |0 channels

[T Time 0 seconds
[T Scan [~ Field
[~ All Baselines [~ Per Antenna

[~ All Spectral Windows
& \ector ¢ Scalar

Canvas | Display | Transform | Page | Axes | Calibration | Data

0.0 —

|| [o.6 -

Add Plot | I~ Reload Plot || -ol.s -

-0.4 -0.2 0.0

HJ « ‘ > »IH Hold Drawing;




CASA plotms tool

*slow
*no idea what looking at
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"It"'s so easy,

everyone writes their own”

(*) plotting raw radio data
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$> python




$> python
>>> import matplotlib.pylab, pyrap.tables

>>> data = pyrap.tables.table('EG087A-unb.ms').query(
'ANTENNA1=3 AND ANTENNA2=4 AND FIELD ID=2
AND DATA DESC ID=3').getcol('DATA’)
Successful readonly open of default-locked table
EGO87A-unb.ms: 22 columns, 1763520 rows

>>> matplotlib.pylab.plot(data[0,:,0])
[<matplotlib.lines.Line2D object at 0x20b2cl1l0>]

>>> matplotlib.pylab.show()
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>>> import matplotlib.pylab, pyrap.tables

>>> data = pyrap.tables.table('EG087A-unb.ms').query(
'ANTENNA1=3 AND ANTENNA2=4 AND FIELD ID=2
AND DATA DESC ID=3').getcol('DATA’)

>>> matplotlib.pylab.plot(data[0,:,0])

>>> matplotlib.pylab.show()
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>>>

>>2>

>>2>

>>2>

import matplotlib.pylab, pyrap.tables
data = pyrap.tables.table( 'EG087A-unb.ms').query

'ANTENNA1=3 AND ANTENNA2=4 AND FIELD ID=2
AND DATA DESC ID=3').getcol('DATA’)

matplotlib.pylab.plot(data[0,:,0])

matplotlib.pylab.show()




>>>

>>2>

>>2>

>>2>

import matplotlib.pylab, pyrap.tables
data = pyrap.tables.table( 'EG087A-unb.ms').query(

'ANTENNA1=3 AND ANTENNA2=4 AND FIELD ID=2
AND DATA DESC ID=3').getcol('DATA')

matplotlib.pylab.plot(data[0,:,0])

matplotlib.pylab.show()




jplotter

Python, MeasurementSet, Plotting

L Harro Verkouter
O

JIVE
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$> ~/jiveplot/jplotter

+++++++++++++++++++++ Welcome to cli +++++++++++++++++++

$Id: command.py,v 1.16 2015-11-04 13:30:10 jive cc Exp $
'exit' exits, 'list' lists, 'help' helps

jcli>
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—G102c

weight versus time data: 221471.ms [DATA]
unique: sess218.C1024e/J0854+2006 verkout@<?7??> 2019-08—-12T15:55:40
Pol=RL,LL,LR,RR;Nsub=x:;:Ch=x: page: 1/7
i | | | | | Hhib | | | ]
05 L .J0854+2006 N
0 | | [ | | =
1 L | | | | | | | | JbMc | | ) | “ | | | | ]
0.5 _ .J0854+2006 _
0 i I j | ] | 1 ]
T T T T I T
1 L Iblb ]
0.5 _ J0854+2006 _
0 | | [ | | =
i | | EfNt | | | ]
05 L .J0854+2006 i
0 i ‘ ‘ ' ] i i ‘ I ' i ‘ ]
11148™ 50™ 52M 54M
—— LR/SB4 ——— LR/SBS ——— LR/SBS8 — — — — —
IR R R MR R R W W D M R R
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weight versus time

0854+2006

Pol=RL,LL,LR,RR;Nsub=x;;:Ch=x;

0.5

0.5

0.5

0.5

data: 221471.ms [DATA]

- ~
byt
J0854+2006
. | | , , | Y |
I I ] I I =F I
. : . ; : , . .
JO854+2006
. | \ . , |
t f i i f f I i i i
. : ; : o : ,
e
o
JO854+2006
| , , | ’
I - l I #
: . : : .
JOB54+2006
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jcli> r




jcli> r

listFreqgs: FREQID=0 [sess218.Cl024e]

listFreqgs: SB 0: 4926.5056MHz/16.0MHz nch=1024 P0=RR,LL,RL,LR
listFregs: SB 1: 4942.4900MHz/16.0MHz nch=1024 PO=RR,LL,RL,LR
listFregs: SB 2: 4958.5056MHz/16.0MHz nch=1024 P0=RR,LL,RL,LR
listFreqgs: SB 3: 4974.4900MHz/16.0MHz nch=1024 P0=RR,LL,RL,LR
listFregs: SB 4: 4990.5056MHz/16.0MHz nch=1024 PO=RR,LL,RL,LR
listFregs: SB 5: 5006.4900MHz/16.0MHz nch=1024 P0=RR,LL,RL,LR
listFreqgs: SB 6: 5022.5056MHz/16.0MHz nch=1024 P0=RR,LL,RL,LR

listFreqgs: SB 7: 5038.4900MHz/16.0MHz nch=1024 PO=RR,LL,RL,LR
listAntennas: Ef ( 0) Jb ( 1) Mc ( 3 Nt ( 4) Ys ( 6) Hh ( 7) 1Ib ( 8)
listSources: J0854+2006

listTimeRange: 19-Jun-2018/11:47:00.500 -> 19-Jun-2018/11:54:31.240 dT: 0.9
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jcli> r

listTimeRand 19-Jun-2018/11:47:00.500 -> 19-Jun-2018/11:54:31.240

Only 7 minutes
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Focus
on
data selection




7-dimensional data

Label Is short for Description

TIME TIME The time stamp of the data point

SRC SOURCE The name of the associated FIELD of this data point

BL BASELINE The baseline on which this data point was measured

FQ FREQUENCY The frequency group name (a.k.a. the frequency setup name or observing mode)
GROUP

SB SUBBAND The subband number within the frequency setup

P POLARIZATION The (human readable) polarization combination of the data point

CH CHANNEL The channel number of the data point

note: the “r” command is short for “range along axes”
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jcli> bl auto
baselines: EfEf JbJdJb McMc NtNt ¥Y¥sYs HhHh IbIb




jcli> bl auto
baselines: EfEf JbJdJb McMc NtNt ¥Y¥sYs HhHh IbIb

jcli> bl (ef|ys)* -auto -hh +(hh)ys
baselines A EfJdJb E Ef Ef ks EfIb JbYs McYs Nt¥Ys YsHh YsIb

4. but add Hh-Ys back 1in
3. remove baselines to Hh
2. remove all autocorrelations

1. Select all baselines to Ef and ¥s




jeli> fq */p
fregsel:

/0:7/0:RR,LL

2. and subselect all parallel polarizations

1. Select all subbands (frequency bands)
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jeli> fq */p
freqgsel: 0/0:7/0:RR,LL

Same command also works for XX, YY polarization
(or HH, VV 1f CASA will support that)
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jeli> fq */p
freqgsel: 0/0:7/0:RR,LL

jcli> fq 1:3/rr,rl
fregsel: 0/1:3/0:RR,RL
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jcli> time 0/11:51:00 to 19-6-2018/11h52m0s
time: 9ATun-2018/114A51:00.000> 19-Jun-2018/11:52:00.000

4. 00hOOmOOs time format
3. D-M-Y date format

2. H:M:S time format

1. Day offset wrt day of observation




jcli> time Sstart + 1mlOs to +30s
time: 9-Jun-2048/11:48:10.500 -> 19-Jun-2018/11:48:40.500

3. with 0dOhOm0.0Os time offsets

2. support arithmetic

1. Sstart, Send, Smid always dynamically
computed from time range of current MS




Averaglng
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jcli> avt scalar

T :
I W.MMWM m
! s
N -
|
ﬂ
WWWMWMW
/
@WWW'M |
+++++++++ E
= h m
F | avt = average time
@ '° choice of “vector” or “scalar”
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jcli> avec vector; nchav 2;

LT IV
e N " ' LY AN un‘“ﬁ =
[ | [ | I'MEM “\ ] [ | [ | N"‘“h [ |
| w M1 E m = j -
e sl sty
‘ \.ﬂnl\lm' » \ : | — 3
T ‘|‘|M o MW\ - n ] t
T HA
E’W*”WE R
mmlmnwi MW A : | - l = 2
fl-L--- - T : |
WWWW: R ¥ *
O
AT il E | l ca—— l
‘Ji‘f ]
- :
‘Ei‘fww‘l "M C I o=
- -
s & = = = = &= @®
R 't: () avc = average channel
- choice of “vector” or “scalar”

nchav = #-of-channels averaged
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Screen Shot
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% PGPLOT Window 42

amplitude versus channel N 1 8 I—5 : n1BI3_nc0010_2x32MHz_bf_0_lag.m3 [LAG_DATA]
unique: sess318.L512/13:15:04.898/J1848+3219 verkout@<7e7> 2019-09-27T10:32:36
Pol=RL,LL,LR,RR;Naub==;;; page: 1/2
[ Yecter avg'ed 01—Nov—2018/13:15:00.060—>01—-Nov—2018,/13:15:09.900]

T . T T T

Eftde

1.5x107 |

10> F

4. verkout@jop89: /export/jive/verkout (ssh)
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phase versus time

unique: sess115.L.1024 /CHx/0234+285
Pol=LL,RR;Nsub=8;;Ch=384:640;
[Vectoraveraged channels 384:640]

FGO3 /A

data: EGO87A—onehour—sfxc.ms [DATA]
verkout@<???> 2019-09-27T16:03:54
1/4

page:
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EGOS7A EGOS7A data: EGOB87A—onehour.m:

phase versus time data: EGO87A—onehour—sfxc.ms [DATA] phase versus time

unique: sess115.L.1024/CHx/0234+285 verkout@<???> 2019-09—27T16:03:54 Unique: sess115.L1024/CHx/0234+285 verkout@<777> 2019-09-2/T
Pol=LL,RR;Nsub=8;;Ch=384:640; page: 1/4 POIZLLRRINSUb=8;;Ch=2384:640; pe
[Vectoraveraged channels 384:640] [Vectoraveraged channels 384:640]
100 - 100
0 t . 0
100 —-100
100 ~ 100 R S *v
S e et
0 : , 0 ﬁik'. : . .
~100 S =100 STt
el ) -
. - ozs'jtjrisz. ;)’M .l. Ml.m‘—.,,..(“""
100 S 100
0 t . 0
~100 B —100
100 S 100
0 t : 0
~100 S =100
14hom ' ' 14PoM
. o o L L . . LL/S86 —— RR/SB1 —— LL/SBO —— LL/SB7 —— RR/SBS  RR/SBO —— RR/SB2 —— RR/SBS — L1/SB4 —— LL/SBE — RR/SB6 —
U/SB6 —— RR/SBY — L/SE0 — LL/SB7 — RR/SES  RR/SE0 — RR/SEZ — RR/SE  L/SB —L/SBS — R/SBS —U/ses Lo o O T
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jcli> win 42
jcli> ms EGO87A-onehour.ms
jcli> ..

# : ek a variable

cli> store as phatime_unb
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phase versus time

unique: sess115.L.1024 /CHx/0234+285
Pol=LL,RR;Nsub=8;;Ch=384:640;
[Vectoraveraged channels 384:640]

FGO3 /A

data: EGO87A—onehour—sfxc.ms [DATA]
verkout@<???> 2019-09-27T16:03:54
1/4

page:
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# Repeat for data from the other correlator
jcli> win 43

jcli> ms EGO87A-onehour-sfxc.ms

jeli> ..

jcli> store as phatime_ sfxc




EGOS7A EGOS7A data: EGOB87A—onehour.m:

phase versus time data: EGO87A—onehour—sfxc.ms [DATA] phase versus time

unique: sess115.L.1024/CHx/0234+285 verkout@<???> 2019-09—27T16:03:54 Unique: sess115.L1024/CHx/0234+285 verkout@<777> 2019-09-2/T
Pol=LL,RR;Nsub=8;;Ch=384:640; page: 1/4 POIZLLRRINSUb=8;;Ch=2384:640; pe
[Vectoraveraged channels 384:640] [Vectoraveraged channels 384:640]
100 - 100
0 t . 0
100 —-100
100 ~ 100 R S *v
S e et
0 : , 0 ﬁik'. : . .
~100 S =100 STt
el ) -
. - ozs'jtjrisz. ;)’M .l. Ml.m‘—.,,..(“""
100 S 100
0 t . 0
~100 B —100
100 S 100
0 t : 0
~100 S =100
14hom ' ' 14PoM
. o o L L . . LL/S86 —— RR/SB1 —— LL/SBO —— LL/SB7 —— RR/SBS  RR/SBO —— RR/SB2 —— RR/SBS — L1/SB4 —— LL/SBE — RR/SB6 —
U/SB6 —— RR/SBY — L/SE0 — LL/SB7 — RR/SES  RR/SE0 — RR/SEZ — RR/SE  L/SB —L/SBS — R/SBS —U/ses Lo o O T
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# Plot straight difference for all plots!
jcli> load phatime unb - phatime sfxc




FGO8/A

data: phatime_unb — phatime_sfxc [DATA]
unique: sess115.L1024 /CHx*/0234+285 verkout@<7???> 2019-09-27T16:03:34

phase versus time

Pol=LL,RR;Nsub=8;;Ch=384:640; page: 1/4
[Vectoraveraged channels 384:640]
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Built-1n
help




jcli> help mark




jcli> help mark
mark [index:] [expression]
mark points satisfying [expression] 1in a visually distinctive manner

Sometimes you want to be able to quickly find points satisfying a special
condition, or just see IF there are data points satisfying a particular
criterion. For those needs there is this 'mark' command.

Without arguments or just an index it will print the current marking
expression for that y-axis type or for all of the y-axis types if no specifi
index was given. The colon separates an index from an (optional) expression.

The expression 1s a boolean condition which is evaluated for every data poin
Points for which the evaluated expression yields 'True' are drawn in such a
way

they stand out w.r.t. the rest of the plotted points.

For plots where two quantities are plotted (e.g. "amplitude and phase versus
...") it 1s possible to specify a different marking condition per y-axis typ
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jcli> help mark
mark [index:] [expression]
mark points satisfying [expression] in a visually distinctive manner

Sometimes you want to be able to quickly find points satisfying a special
condition, or just see IF there are data points satisfying a particular
criterion. For those needs there is this 'mark' command.

Without arguments or just an index it will print the current marking
expression for that y-axis type or for all of the y-axis types if no specifi
index was given. The colon separates an index from an (optional) expression.

The expression i1s a boolean condition which is evaluated for every data poin
Points for which the evaluated expression yields 'True' are drawn in such a
way

they stand out w.r.t. the rest of the plotted points.

For plots where two quantities are plotted (e.g. "amplitude and phase versus
...") it 1is possible to specify a different marking condition per y-axis typ




jcli> help mark
Examples:

Display marking conditions for all data sets:
> mark

In a weight-versus-time plot (plottype 'wt'), mark all points that
have a weight below 0.98:

> mark y<0.98

Mark all points that are more than 2.0 standard deviations away from the
average:

> mark abs(y-avg)>2.0*sd

Or mark all points that have an x-axis value between 33 and 65 in the
'phase’ sub plot of *-and-phase-versus-*:

> mark phase: x>33 and x<65
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amplitude versus channel Nl 8L3 data: n1813_no0010_2x32MHz_bf_0_lag.ms [LAG_DATA]
unique: sess318.L.512/13:15:04.98/J1848+3219 verkout@<??77> 2019-09-25T16:33:27
Pol=RL,LL,LR,RR;Nsub=%;;; page: 1/1
[ Vector avg 'ed 01-Nov-2018/13:15:00.060->01-Nov-2018/13:15:09.900]
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jcli> mark y > avg + 4.5*sd
mark[ampchan/amplitude]: vy > avg + 4.5*sd




amplitude versus channel
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[ Vector avg 'ed 01-Nov-2018/13:15:00.060->01-Nov-2018/13:15:09.900]
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« very flexible organization

e separate data into plots/datasets
e sorting of plots, layout on screen
e programmable data set colouring

* handles flagged data

e under all combinations of averaging
e options to (not) read/show/hide flagged data

* insert own Python postprocessing func
 after data read, before display, dynamically loaded

e automation methods

« defining macros
e play scriptfile w/ arguments
e read commands from Python generator/list

« output to file

e PGPLOT backend: PostScript
e Glza backend: PDF, PNG, PostScript

* batch plotting direct to file (no X11)
e write out current selection as new MS
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For all discussed commands below the reader is cordially invited to read the online help
inside jplotter for the command of interest. The help <command> tells all.

The time command allows selection of (multiple) time range(s) of interest.
time The symbolic constants $start, $mid, $end and $t_int (which dynamically
evaluate to values for the current data set) can be used together with arithmetic
and human readable time formats. This allows for natural-looking time
selection commands like time $start to +1hrlOm to select only the first hour-and-
ten-minutes from the experiment. Also check the scan command further down for

(134

convenient scan-based selections. Multiple time ranges are separated by “,” (a comma):

jcli> time $start to + 5 * $t_int , S$end - 1lh to +20m
time: 06-Mar-2014/12:30:00.500 -> 06-Mar-2014/12:30:05.500
time: 06-Mar-2014/14:29:59.481 -> 06-Mar-2014/14:49:59.481

The baseline selection command bl was already introduced earlier. It supports

bl the pseudo baseline names auto and cross which select what one would
imagine. “All baselines to Ef” becomes bl ef*. Or try this: “all baselines to
either Jb or Hh”: b1 (jb|hh) *

The b1l command supports multiple arguments. Each argument is a ‘selector’ and selects one
or more baselines. The arguments are evaluated from left-to-right and a set of selected
baselines is built. Each selector can add (default) or subtract baselines from the set so far. All
cross-baselines to Ef would easily be selected as bl ef* -auto. The minus sign indicates
to remove baselines matching the selector from the set.

The src source selection command is much like the bl command: it compiles
sSsrc a set of sources (de)selected by the argument(s) to the command, evaluated
from left-to-right. Being a text based selection mechanism, common UNIX
shell wildcards (“*”” and “?”’) are supported: src j19* selects all sources
whose name start with ‘j19° (case insensitive). A limited form of regular expression syntax is
supported: sre 3c (18] 192) selects both sources 3C18 and 3C192.

This is the main subband/polarization selection command. Subbands are

f q numbered 0..n (as relabelled by jplotter?) within a frequency setup or group.
For most data sets it will present the frequency information in a natural
manner, to wit the output of the r command.

A bit was unveiled earlier when only the parallel polarization combinations for all subbands
were needed. The very short £q */p effected just that. The £q command also accepts
multiple arguments to select multiple, specific, subband+polarization combinations. For
example £fq 1,2/rr 5:7/1* would select the RR polarization from subbands 1 and 2
and LL and LR from subbands 5 through 7 (inclusive).

The frequency selection is completed by the ch command, to select channels

ch inside all selected subbands (see the £q command above). Channels are
numbered 0..n. The pseudo values first, mid and last are defined, which can be
used in simple arithmetic expressions. The author’s favourite is the magic

ch 0.1*last:0.9*last which selects the inner 80% of the channels of each band, or
this one: ch mid-2:mid+2 to select just a few channels around the center.

4 Read the help for both the ¥ and mS commands, specifically about how meta data is dealt with in jplotter and
what you can do to alter the behaviour in case it is not appropriate. ALMA Measurement Sets do come to mind.
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ptsz If the default point-size when drawing the plots with points or the width of the
linew lines when drawing with lines are not to taste, add a bit extra using the ptsz or
linew commands. The argument to both commands is just a number; the
requested point size/line width (this should, however, not come as a total surprise).

v[01] Jjplotter’s default behaviour is to give each plot the same scale such that the plots
x can be directly visually compared. Under certain circumstances this may be
undesirable, e.g. when both auto- and cross-correlation spectra are plotted.

Using the x and y command the scaling of the indicated axis of the plots can be set to either
of the three values as described in the table below. In multi-panel plots (e.g. amplitude and
phase versus *), the scale of the individual panels can be set using the yO command for the
bottom panel or y1 for the top panel.

The scaling settings are kept on a per-plot type basis.

global The scale of each panel is set to fit the global minimum and
maximum over all data sets displayed in all plots.

local Each panel will be scaled to fit the minimum and maximum of all
data sets displayed in that panel.

<min> <max> Set an explicit scale by manually providing a minimum and
maximum value. All panels get this scaling.

Another command that combines a mini-language and label types. jplotter’s

default data set colouring algorithm is quite simple: each unique data set label

gets its own color. Again, not always is this the best choice. Specifically for
those occasions jplotter allows (very) fine grained control over the data set
colouring algorithm via the ckey (colour key) command. If desired specific values can be
given a specific colour. The syntax is documented in the ckey help documentation.

ckey

The two plots below should give an idea of what the ckey command does. The same plot as
under the description of the multi command is used.

oot SRR ' Each data set - a combination of a
subband and a polarization - has its own

| A
001 E \ [ "M | colour. Presented like this, the colours
5x10 ME/ ‘ J ||l per subband do not add information
i ss | | | ‘ I~ whilst at the same time it is difficult to

0 e e e e e e e e e e
° __ see which polarization(s) fail in subbands
ws 6 and 7.

T g 1 After issueing the following command:

0.01 ;F’“M\\ ‘w /\j [M/ \ ,(\N/\ jecli> ckey p
sx10-] | | the plot looks like this. This instructs
Bmuii s8 U e ' I} ... jplotter to colour the data sets by

p(olarization) only and the affected
polarization is readily identified.

0 50 100 150 200
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https://github.com/haavee/jiveplot

Dependencies

Python binding to MeasurementSet
https://github.com/casacore/python-casacore

Python PGPLOT interface
https://github.com/haavee/ppgplot
Can be linked against:
- PGPLOT (the fast FORTRAN version)
- Gliza (slower but very nice graphics)
https://github.com/danieljprice/giza
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https://github.com/haavee/jiveplot

Dependencies

Python binding to MeasurementSet
https://github.com/casacore/python-casacore

Python PGPLOT interface
https://github.com/haavee/ppgplot
Can be linked against:
- PGPLOT (the fast FORTRAN version)
- Gliza (slower but very nice graphics)
https://github.com/danieljprice/giza

Also available on

Docker: https://hub.docker.com/r/haavee/jiveplot/
Singularity: shub://haavee/jiveplot
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jcli> 1p

Known plot-

phatime =>
rnichan =>
imchan =>
ampfreq =>
uv =>
imtime =>
phafreq =>
anpfreq =>
amptime =>
anptime =>
ampchan =>
rechan =>
wt =>
retime =>
anpchan =>
ampuv =>
rnitime =>
phachan =>

types:

phase versus time

real+imag versus channel

imag versus channel

amplitude versus frequency

V versus U

imag versus time

phase versus frequency
amplitudet+phase versus frequency
amplitude versus time
amplitudet+phase versus time
amplitude versus channel

real versus channel

weight versus time

real versus time
amplitude+phase versus channel
amplitude versus UV distance
real+imag versus time

phase versus channel
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jcli> 1p

phatime => phase versus time

uv => V versus U

anpfreq => amplitude+phase versus frequency

anpchan => amplitude+phase versus channel
ampuv => amplitude versus UV distance
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$> python
>>> import pyrap.tables

>>> ms = pyrap.tables.table(’221471.ms’)

Successful readonly open of default-locked table 221471.ms: 22 columns, 101248 rows

# Access row #0, column ‘DATA’ - a numpy array
>>> ms[0][ 'DATA'].shape
(1024, 4)

>>> ms[0][ 'DATA'].dtype
dtype( ' complex64"’)

old module: pyrap
new module: python-casacore

https://github.com/casacore/python-casacore
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+Tm{z}

%eiz}




Im{z}

9?6{;2}

r = “amplitude” = V(%He2+Im2)

0 = “phase” = tan-1(Im/Re)
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—> Il freq «—

nfreq = 16 coe 2048
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1427 ... 1+27 14211427 ... 1+27 1427 ... 1+21 .. 1+27 1+2i

—> Il subband €<—

Nsupband = 4 .. 64
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tobs = hours, nint = 4:103/hour
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