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Problem : All our algorithms need manual tuning !

Autoflag Algorithms Exist
tfcrop : Outlier detection on 2D time-freq slices [NRAO - CASA]
rflag : Heirarchical statistical approach [NRAO — AIPS,CASA]
aoflagger : Outlier detection on 2D time-freq slices [ASTRON]

 They all need tuning for different types of RFI and telescopes

« Goal : automate this tuning via a genetic algorithm that simulates
parameter evolution to optimize a “flagging quality” metric

* Intended use : Tune parameters on a small fraction of the data and
then apply the results to the entire dataset (or class of datasets)
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Adapted from U.Rau, A.P.Rao,
TFCI‘OP GMRT Tech Rep 2003
For each 2D time-freq plane ( per antenna pair )

(1) Form an average along one dimension

(2) Calculate a robust piece-wise polynomial fit
across the base of RFI spikes

(3) Flag un-averaged values deviating from the
fit by > N-sigma

(4) Repeat (1-3) along the other dimension.
Relevant Parameters :
timecutoff, freqcutoff : N-sigma thresholds

usewindowstats . Ways to detect
deviation from the fit

maxnpieces : Tuning the robust
polynomial fits

(1) 3C286_A
[spw:2] ealD-ea22 (LR

120 —
100 3
80
60 3
40
20 3

o —
0o 10 20 3I0 40 50 60 7O

flag:9.5% (pre-flag:0.0%)

o 10 20 30 40 50 80 7FO
Frequency

D—_ "= = = "= =
[TIT T[T I T T[T T I T [ TP T [ TI T T[T IT I[roor
1.131.141.151.161.171.181.19 1.2

— before:LlR == after:LlR — tfcrop
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Adapted from U.Rau, A.P.Rao,
TFCI‘OD GMRT Tech Rep 2003
For each 2D time-freq plane ( per antenna pair )

(1) Form an average along one dimension

(2) Calculate a robust piece-wise polynomial fit
across the base of RFI spikes

(3) Flag un-averaged values deviating from the
fit by > N-sigma

(4) Repeat (1-3) along the other dimension.
Relevant Parameters :
timecutoff, freqcutoff : N-sigma thresholds

usewindowstats . Ways to detect
deviation from the fit

maxnpieces : Tuning the robust
polynomial fits
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L1y SZdb A |5Can:su]

RFI A close copy of RFLAG from AIPS e
ag (E.Greisen, 2011) 100 -

Repeat* along time and frequency axes :

Time

(1) Calculate local RMS of real and imag parts
of visibilities within a sliding window.

(2) Calculate the median RMS across windows,
deviations of local RMS from this median, flag 8.4% (pre-flag:0.0%)
and the median deviation 1003

(3) Flag if
local RMS > N x (medianRMS + medianDev)

Time

0 10 20 30 40 50 60 70

(Most) Relevant Parameters :

timedevscale, freqdevscale : Threshold
scale factors

winsize . Sliding window

size | JJ/L M
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EXtend Flags (1) 3C286 A [scan:30] (1) 3C286 A [scan:30]

[spw:9] ea01&&eall ( RR) [spw:9] ea0l&beall ( LL)

o
o
|
[
o
o
|

(1) Fill flags if more than X%  so 80
is already flagged along 60 60 -
time(freq) 40 B 40 -
2[]_: i--iﬂ 2[]—:
(2) Merge flags across pols 3 HE 3
I T R O T
o 10 o 3 40 50 60 70O o 10 0 30 40 50 o 70
(3) Flag (based on)
surrounding cells
flag:9.0% (pre-flag:5.9%) flag:9.0% (pre-flag:0.0%)
.UU—_ 1[![]—_
Relevant Parameters : 80 80
60 60
growtime, growfreq e .
extendpols e 207
D__ am D_
[RARRN LY LN LN ERRRE RN LAY [RARRNLERRY RERLNLRRRY REREN ALY REREN
ﬂagneartlme, ﬂagnearfreq o 10 EDFrggu;DCyED 60 7O 0o 10 EDFrsgu:—i‘chyED &0 J0O
growaround

Example : Flag only RR (left panels) +
growtime=30.0 + extendpol=True
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Examples of Manual Tuning
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Examples of Manual Tuning

cmdlist = [ “ spw="9" mode="tfcrop' extendflags=F* ]

100

Time
11

P
=2
Litalatal

]

=]

o
|

80

Time

(1) 3C286_A [scan:31]
[spw:9] ea0l&&ea24 ( RR)

0 10 20 30 40 50 60 7O

flag:7.3% (pre-flag:0.0%)

N

0 10 20 30 40 50 60 70
Frequency

Prev Baseline

] [ MNext Baseline

100

Fix Antennal
Fix Antennaz

(1) 3C286_A [scan:31]
[spw:9] eall&&ea2d [ LL)

(1) 3C286_A [scan:31]
[spw:9] eal0l&&eazd (LR )

(1) 3C286_A [scan:31]
[spw:9] ea0l&&ea24 ([ RL)

100 o 100
80 80
60 60
40 o 40
20 20
0 - 0 -
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0 10 20 30 40 50 60 7O 0 10 20 30 40 50 B0 7O 0 10 20 30 40 50 60 7O
flag:7.0% (pre-flag:0.0%) flag:7.4% (pre-flag:0.0%) flag:6.8% (pre-flag:0.0%)
100 100

. 80 80
- 7 E
i 60 o 60 —
- . -
- | 40 40 3
i i 20 20 3
1 — -
: == 0 - 0 -
0 10 20 30 40 50 &0 7O 0 10 20 30 40 50 &0 70 0 10 20 30 40 50 60 7O
Frequency Frequency Frequency
Mext SPW MNext Scan ] [ Next Field Stop Display ] [ Quit




Examples of Manual Tuning

cmdlist = [ “ spw="'9" mode="tfcrop' extendflags=F “,
“spw="'9' mode='extend' growtime=50.0 extendpols=T ]

(1) 3C286_A [scan:31] (1) 3C286_A [scan:31] (1) 3C286_A [scan:31] (1) 3C286_A [scan:31]
[spw:9] eall&&ea2d (RR) [spw:9] ea0l&&ea2d (LL) [spw:9] ea0l&&ea2d4 (LR [spw:9] ea0l&&ea2d (RL)
100 100 100 100
80 80 80 80
2 60 60 60 - 60
= 40 - A0 - 40 — 40 —
20 4 20 20 20
0 - 0 0 - 0 -
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIII IIIIIIIIIIIIIII|IIIIIIIIIIIIIIIIIIII |IIII|IIII|IIIIIIIIIIIIIIIIIIIIIIIIl
0D 10 20 30 40 50 B0 70 0 10 20 30 40 50 60 70 0 10 20 30 40 50 B0 70 0 10 20 30 40 50 60 70
flag:12.3% (pre-flag:0.0%) flag:12.3% (pre-flag:0.0%) flag:12.3% (pre-flag:0.0%) flag:12.3% (pre-flag:0.0%)
§ |
@ :!-_ [} r‘ ¥ !
E 33 E H
[= =l =
£ | [ |
-:.q-l ' | |
-l* - | . . -I -Ei
e - x
=5 el |
0 10 20 30 40 50 60 7O 0 10 20 30 40 50 60 70 0 10 20 30 40 50 &0 70 0 10 20 30 40 50 60 7O
Frequency Frequency Frequency Frequency
5 5 Fix Antennal 5 5 5
Prev Baseline ] [ Next Baseline , Mext SPW ] [ Mext Scan ] l Next Field l [ Stop Display ] [ Quit
Fix AntennaZ2




Examples of Manual Tuning

cmdlist = [ “ spw='9" mode='"tfcrop' usewindowstats='sum’ extendflags=F “,

“ spw='9' mode="extend' growtime=50.0 extendpols=T *]

100

Time
|

100

Time
|

(1) 3C286_A [scan:31]
[spw:9] eaDl&&eaZd [ RR)

0 10 20 30 40 50 60 7O

flag:22.6% (pre-flag:0.0%)

0 10 20 30 40 30 &0 70
Freguency

Prev Baseling

Mext Baseline

(1) 3C286_A [scan:31]
[spw:9] ealDl&b&ea24 (LL)

(1) 3C286_A [scan:31]
[spw:9] eall&&eazd (LR )

(1) 3C286_A [scan:31]
[spw:9] eall&&ea24 ([ RL)

100 — 100 — 100 -
80 : 80 : 80 :
50 : 60 : 60 :
40 : 40 : 40 :
20 : 20 : 20 :
0 i 0

0 10 20 30 40 50 &0 70 0 10 20 30 40 50 60 70 0 10 20 30 40 50 &0 70

flag:22.6% (pre-flag:0.0%) flag:22.6% (pre-flag:0.0%) flag:22.6% (pre-flag:0.0%)

100 100 100
80 : A 80 : 80 :
60 : : e 60 - 60
40 : - 40 : 40 :
20 L j 20 20
0 ; 0 0

0 10 20 30 40 50 60 70 0 10 20 30 40 50 &0 70 0 10 20 30 40 50 60 70

Frequency Freguency Frequency
Fix Antennal MNext SPW Next Scan Mext Field Stop Display Quit

Fix Antennaz



Examples of Manual Tuning

cmdlist = [ “ spw='4" mode='"rflag' extendflags=F" ]

(1) 3C286_A [scan:30]
[spw:4] ea0l&&ea2d (RR)

(1) 3C286_A [scan:30]
[spw:4] ea0l&6&ea24 (LL)

(1) 3C286_A [scan:30]
[spw:4] ea0l&&ea24 (LR)

(1) 3C286_A [scan:30]
[spw:4] ea0l&&eazd (RL)

100 — 100 — 100 —
80 80 - 80 -
o 60 60 60
£ ] . m
= 40 40 40
20 20 20
0 - 0 - 0 -
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIII IIIIIIIIIIIIIII|IIIIIIIIIIIIIIIIIIII |IIII|IIII|IIIIIIIIIIIIIIIIIIIIIIIIl
0 10 20 30 40 50 60 70 0O 10 20 30 40 50 60 70 0 10 20 30 40 50 &0 70 0 10 20 30 40 50 60 70
flag:20.2% (pre-flag:3.1%) flag:21.3% (pre-flag:3.1%) flag:17.2% (pre-flag:3.1%) flag:17.1% (pre-flag:3.1%)
100 100 100 — 100
. 1 . 7 .
80 B0 80 — L i) 80 —
] ] 3 W 3
v 60— 60 — 60 - ""ﬁ 60 —
E . . ] Wy .
40 40 - 40 b N 40
] ] . oy ]
20 20 20 — i 'll' 20
: . : 3 'ln :
o - o - 0 - = - 0 -
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Frequency Frequency Frequency Frequency
X - Fix Antennal - X X
Prev Baseline ] [ MNext Baseline Mext SPW ] [ Mext Scan ] l Mext Field l [ Stop Display ] [ Quit

Fix Antenna2




Examples of Manual Tuning

cmdlist = [ “ spw="4

mode='rflag" freqdevscale=3.0 extendflags=F"]

(1) 3C286_A [scan:30]
[spw:4] eall&&ea2d [ RR)

100

Time
=3 5]
= =
Lot la g il

IJ
o

o

0 10 20 30 40 50 60 7O

flag:26.9% (pre-flag:3.1%)
100

Time
B
=

i1

20

0 10 20 30 40 50 60 70
Frequency

Prev Baseline ] [ Next Baseline

(1) 3C286_A [scan:30]
[spw:4] eall&&ea2d (LL)

(1) 3C286_A [scan:30]
[spw:4] eaDl&&ea24 (LR )

(1) 3C286_A [scan:30]
[spw:4] eaDl&6&ea24 (RL)

100 — 100 100 —
80 80 80
60 - 60 - 60
40 40 40
20 20 20
0 - 0 - 0 -

IIIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIIII |IIII|IIII|IIII|IIII|IIII|IIII|IIII| IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIl
0 10 20 30 40 50 &0 70 0 10 20 30 40 50 &0 70 0 10 20 30 40 50 &0 7O
flag:29.5% (pre-flag:3.1%) flag:19.5% (pre-flag:3.1%) flag:20.3% (pre-flag:3.1%)
100 100 100
80 80 | 80
7 . ‘*ll ]
60 - 60 — Y 60 —
] ol == wE ]
40 40 || I Y g
E- | |

- = W g
20 ] 20 ] — I.'.h. 20 ]
0 [y J - A o -

0 10 20 30 40 50 60 7O 0 10 20 30 40 50 &0 7O 0 10 20 30 40 50 60 7O

Frequency Frequency Frequency
Fix Antennal - 5 X
Mext SPW ] [ Mext Scan ] [ MNext Field Stop Display ] [ Quit

Fix Antenna2



Examples of Manual Tuning

cmdlist = [ “ spw='4" mode='rflag' freqdevscale=3.0 extendflags=F *,
“spw='4" mode='extend' growtime=30.0 extendpols=T “]

(1) 3C286_A [scan:30] (1) 3C286_A [scan:30] (1) 3C286_A [scan:30] (1) 3C286_A [scan:30]
[spw:4] eall&&ea24 [ RR) [spw:4] eall&&ea2d (LL) [spw:4] eall&&eaz2d (LR [spw:4] eall&&ea24 (RL)
100 100 — 100 — 100 —
80 80 80 80
E 650 650 60 60
i- 40 _: 40 —: 40 _: = _:
20 20 20 20
o - o - o - o -
[TITTTT I [T T[T IT T[T I [TTIT 71T T] rrrrl‘rrrrrrrrrrrrrrrrrrn‘rrrrq’rrrq
0 10 20 30 40 50 e0 7O 0 10 20 30 40 50 e0 7O 0 10 20 30 40 50 e0 70O 0 10 20 30 40 50 e0 70O
flag:37.4% (pre-flag:3.1%!) flag:37.4% (pre-flag:3.1%!) flag:37.4% (pre-flag:3.1%!) flag:37.4% (pre-flag:3.1%)
100 100 —
80 - 80 -
o 60 60
E 4 -
= a0 40
20 20
0 - 0 -
[TITTTT I [T T[T IT T[T I [TTIT 71T T] rrrrrrrrrrrrrrrrn‘rrrrrn‘rrrrq‘rrrq
0 10 20 30 40 50 e0 7O 0 10 20 30 40 50 e0 7O 0 10 20 30 40 50 &0 7O 0 10 20 30 40 50 &0 7O
Frequency Frequency Frequency Frequency

Mext Baseline ) Next SPW
Fix Antennaz

Prev Baseline ] [ Fix Antennal ] [

Mext Scan ] [ MNext Field ] [ Stop Display ] [ Quit




Examples of Manual Tuning

cmdlist = [ “ spw='4' mode='rflag' freqdevscale=3.0 extendflags=F *,
“ spw="4' mode='extend' growtime=30.0 extendpols=T flagnearfreq=T “]

[ [~
(1) 3C286 A [scan:30] (1) 3C286 A [scan:30] (1) 3C286 A [scan:30] (1) 3C286 A [scan:30]
[spw:4] eal0l&&eaZd ( RR) [spw:4] eall&&eaz2d ([ LL) [spw:4] eall&&eaz2d (LR [spw:4] eal0l&&eazd (RL)

100 100

80 - 80

. 'l E

v 60 " 60 3

E - E

[ . -

40 - 40

= » =

20 E " 20 E

o - i o - -
0 10 20 30 40 50 60 7O 0 10 20 30 40 50 60 7O 0 10 20 30 40 50 60 7O 0 10 20 30 40 50 60 70O
flag:47.8% (pre-flag:3.1%) flag:47.8% (pre-flag:3.1%) flag:47.8% (pre-flag:3.1%) flag:47.8% (pre-flag:3.1%)
100 100 100
80 - 80 - 80 -
w 60 650 60
E . ] E
= a0 40 40
20 20 20
o - o - o -
0 10 20 30 40 50 60 7O 0 10 20 30 40 50 60 7O 0 10 20 30 40 50 60 7O 0 10 20 30 40 50 60 70O
Frequency Frequency Frequency Frequency
: : Fix Antennal : 5 :
Prev Baseline ] [ Next Baseline Mext SPW ] [ Next Scan ] [ Mext Field ] [ Stop Display ] [ Quit

Fix Antenna2




Examples of Manual Tuning

cmdlist = [ “ spw='5" mode="tfcrop' extendflags=F" ]

| T,

(0) 0137+4+331=3C48 [scan:79]
[spw:0] eaDl&&eald7 ( RR )

100

Time

=y [y oo
= = =
Lotalat 11

)
=2
Lotalety

o

0 10 20 30 40 50 60 7O

flag:4.6% (pre-flag:0.0%)

]

o

o
|

20

Time

0 10 20 30 40 50 60 7O

Frequency

Prev Baseline

I

Next Baseline

(0) 0137+331=3C48 [scan:79]
[spw:0] ea0l6&&eal07 (LL)

(0) 0137+331=3C48 [scan:79]
[spw0] eaDl&&ea07 (LR )

(D) 01374+331=3C48 [scan:79]
[spw:0] eaDl&&ea07 (RL)

100 100 100
80 80 80
60 650 650
40 40 40
20 20 20 4
0 - 0 - 0 -
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
flag:4.6% (pre-flag:0.0%) flag:4.0% (pre-flag:0.0%) flag:4.5% (pre-flag:0.0%)
100 — 100 100
80 80 - 80
60 60 60
40 40 40 J e
20 20 20 -| EEES
3 3 1
0 - 0 - g |-
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Frequency Frequency Frequency
Fix Antennal - - -
Mext SPW ] [ Mext Scan ] [ Next Feld Stop Display ] [ Quit

Fix Antenna2



Examples of Manual Tuning

cmdlist = [ “ spw='5" mode="tfcrop' maxnpieces=4 timecutoff=2.5 freqcutoff=3.0
timefit="poly" extendflags=F “ |

(0} 0137+331=3C48 [scan:79]
[spw:0] eall&&eal7 (RR)

(0) 0137+331=3C48 [scan:79]
[spw:0] ea01&:&eal7 (LL)

(0) 01374331=3C48 [scan:79]
[spw:0] eall&&ea07 (LR )

(0) 01374 331=3C48 [scan:79]
[spw:0] eall&&ea07 (RL)

100 100 100 100
80 80 80 80
E 60 60 60 60
= a0 40 3 40 3 40 3
20 20 20 4 20
0 - 0 - 0 - 0 -
0 10 20 30 40 50 &0 7O 0 10 20 30 40 50 &0 7O 0 10 20 30 40 50 &0 70 0 10 20 30 40 50 &0 70O
flag:14.3% (pre-flag:0.0%) flag:14.4% (pre-flag:0.0%) flag:10.9% (pre-flag:0.0%) flag:8.8% (pre-flag:0.0%)
100 100 100
80 80 80
o 60 60 60
E - E
P a0 40 40
20 20 20
0 - 0 - 0 -
0 10 20 30 40 50 &0 70O 0 10 20 30 40 50 &0 70 0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Frequency Frequency Frequency Frequency
: , Fix Antennal : 5 :
Prev Baseline Next Baseline Next SPW Mext Scan MNext Field Stop Display Quit

Fix Antennaz




Examples of Manual Tuning

cmdlist = [ “spw='5'mode="tfcrop' maxnpieces=4 timecutoff=2.5 freqcutoff=3.0
timefit="poly' extendflags=F", “ spw='5" mode='extend' growtime=50.0
extendpols=T growfreq=50.0 “]

(I | R R s

(0) 0137+331=3C48 [scan:79] (0) 0137+4+331=3C48 [scan:79] (0) 01374+331=3C48 [scan:79] (0) 0137+331=3C48 [scan:79]
[spw:0] ea0l&&eadT (RR) [spw:0] ea0l&&ead7 (LL) [spw:0] ea01&E&eal7 (LR ) [spw:0] ea0l&&eald7 (RL)
100 100 100 100
80 80 80 - 80
E 60 60 60 - 60 -
= 407 40 40 40
20 20 20 5 20 5
0 - 0 - 0 - 0 -
0 10 20 30 40 50 60 70O 0 10 20 30 40 50 60 70O 0 10 20 30 40 50 &0 70 0 10 20 30 40 50 60 7O
flag:30.8% (pre-flag:0.0%) flag:30.8% (pre-flag:0.0%) flag:30.8% (pre-flag:0.0%) flag:30.8% (pre-flag:0.0%)
100 100 — 100
80 - 80 80 -
w 650 60 60
E 7 . 7
= 40 40 40
20 20 - 20
0 - 0 - 0 -
0 10 20 30 40 50 &0 70O 0 10 20 30 40 50 &0 70O 0 10 20 30 40 50 &0 70 0 10 20 30 40 50 60 70O
Frequency Frequency Frequency Frequency

: : Fix Antennal : 5 :
Prev Baseline Next Baseline , Mext SPWW Mext Scan Next Field Stop Display Quit
Fix Antenna2



Examples of Manual Tuning

cmdlist = [ “ spw="'5" mode="tfcrop' maxnpieces=4 timecutoff=2.5 freqcutoff=3.0
timefit="poly' extendflags=F", “ spw='5" mode='extend' growtime=50.0
extendpols=T growfreq=50.0 flagnearfreq=T flagneartime=T “ ]

1 | i it i i il il

(0) 0137+331=3C48 [scan:79] (0) 01374+331=3C48 [scan:79] (0) 01374+331=3C48 [scan:79] (0) 0137+331=3C48 [scan:79]
[spw:0] ea0l&&eal? (RR) [spw:0] ea0l&&eal? (LL) [spw:0] ea01&&eal7 (LR ) [spw:0] ea0l&&eald? [ RL)
100 100 100 100
80 80 80 80
E 60 650 60 60
F 40 40 40 3
20 4 20 20 20
0 - 0 0 - 0 -
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIII IIIIIIIIIIIIIII|IIII|IIIIIIIIIIIIIII |IIII|IIII|IIIIIIIIIIIIIIIIIIIIIIIIl
0D 10 20 30 40 50 B0 70 0 10 20 30 40 50 60 70 0 10 20 30 40 50 B0 70 0 10 20 30 40 50 60 70
flag:51.7% (pre-flag:0.0%) flag:51.7% (pre-flag:0.0%) flag:51.7% (pre-flag:0.0%) flag:51.7% (pre-flag:0.0%)

Time

0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Frequency Frequency Frequency Frequency

- - Fix Antennal - 5 5
Prev Baseline Next Baseline , Mext SPW Mext Scan Next Field Stop Display Quit
Fix Antenna2



Examples of Manual Tuning

cmdlist = [ “ spw="5" mode="rflag' extendflag=F “]

(0) 01374+331=3C48 [scan:79]
[spw:0] eaDl&&ea07 (RR)

60

Time

40

20

0 10 20 30 40 50 &0 70O

flag:16.2% (pre-flag:0.0%)

Time

0 10 20 30 40 50 60 70O

Frequency

Prev Baseline Next Baseline

(0) 01374+331=3C48 [scan:79]
[spw:0] eaDl&&ea07 (LL)

60
40

20

0 10 20 30 40 30 &0 70

flag:15.7% (pre-flag:0.0%)

0 10 20 30 40 50 60 70

Frequency

100
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Examples of Manual Tuning

cmdlist = [ “ spw='5" mode='rflag' freqdevscale=3.0 timedevscale=3.0 extendflag=F “ ]

|l i i

(D) 01374331=3C48 [scan:79] (D) 01374+331=3C48 [scan:79] (D) 01374+331=3C48 [scan:79] (0) D1374+331=3C48 [scan:79]
[spw:0] eall&&eal? (RR) [spw:0] ea0l&&eal? (LL) [spw:0] ea0l&&eal? (LR ) [spw:0] ea0l&&eal? (AL
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Examples of Manual Tuning

cmdlist = [ “ spw="5

mode='"rflag' freqdevscale=3.0 timedevscale=3.0 extendflags=F*,

“spw='5' mode='extend' growtime=50.0 growfreq=30.0 extendpols=T *“ ]

(0) 01374+331=3C48 [scan:79]
[spw:0] eall&&ea07 ([ RR)

100 —
80
v B0
E
= 404
20
o=
|IIII|IIII|IIII|IIIIIIIII|IIII|IIII|
0 10 20 30 40 50 60 70
flag:51.0% (pre-flag:0.0%)
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(0) 0137+331=3C48 [scan:79]
[spw:0] ea0l&&eald7 (LL)

(0) 0137+331=3C48 [scan:79]
[spw:0] eall&&eal7? (LR )

(0) 0137+331=3C48 [scan:79]
[spw:0] ea0l&&eal7 (RL)
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Frequency Frequency Frequency
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Can we automate all this tuning ?

« Examples show that the algorithms CAN be tuned for optimal results.

A human tweaks parameters and visually checks flagging quality on a
small fraction of the dataset before letting it run on all the data.

e Each algorithm has a small set of really relevant parameters.

General approach :
=> Quantify ‘flagging quality’
=> Apply an algorithm that optimizes it to find best-fit parameters

=> Auto-tune parameters on a subset of the data and apply to the rest

e
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A Genetic Algorithm for Parameter Evolution

« A search heuristic that mimics the process of natural selection, used to
solve optimization problems

« Random guided search

« Steps:
(1) Generate initial population randomly
(2) Breed new individuals through crossover and mutation
(3) Evaluate the population using a fithess metric
(4) Replace the least-fit population with new individuals
(5) Repeat from (2) and continue through several generations

(6) Pick the parameters of the best-fit individual
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Characteristics of an Individual (and the population)

« Candidate solutions (individuals) are represented by parameter sets
Individuals : TFCrop + Extend (or) RFlag + Extend

tfcrop : timecutoff, freqcutoff, maxnpieces, usewindowstats
rflag : timedevscale, freqdevscale, winsize

extend : growtime, growfreq, flagneartime, flagnearfreq, growaround

» Choices : Population size, Number of generations,
Dropout rate, mutation rate,

Allowed ranges for parameter values (from prior knowledge)
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Reproduction (crossover)

rflag =

parentl =

parent2 =

timedevscale | freqdevscale | winsize | growtime | growfreq | flagneartime | flagnearfreq | growaround
0.5 3.0 4 70.0 80.0 FALSE FALSE FALSE
1.5 5.0 2 50.0 90.0 TRUE FALSE TRUE

 Breed each new generation of individuals by mixing the
characteristics of all pairs of parent individuals

RFI2016 — Coexisting with Radio Frequency Interference
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Reproduction (crossover)

rflag =

parentl =

parent2 =

timedevscale | freqdevscale | winsize | growtime | growfreq | flagneartime | flagnearfreq | growaround
cut
0.5 3.0 4 70.0 80.0 FALSE FALSE FALSE
1.5 5.0 2 50.0 90.0 TRUE FALSE TRUE

 Breed each new generation of individuals by mixing the
characteristics of all pairs of parent individuals
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Reproduction (crossover)

A = timedevscale | freqdevscale | winsize | growtime | growfreq | flagneartime | flagnearfreq | growaround
Left cut
0.5 3.0 4 70.0 80.0 FALSE FALSE FALSE
parentl =
. 1.5 5.0 2 50.0 90.0 TRUE FALSE TRUE
parent2 =

 Breed each new generation of individuals by mixing the
characteristics of all pairs of parent individuals

U.Rau
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Reproduction (crossover)

A = timedevscale | freqdevscale | winsize | growtime | growfreq | flagneartime | flagnearfreq | growaround
Left cut Right
0.5 3.0 4 70.0 80.0 FALSE FALSE FALSE
parentl =
. 1.5 5.0 2 50.0 90.0 TRUE FALSE TRUE
parent2 =

 Breed each new generation of individuals by mixing the
characteristics of all pairs of parent individuals

U.Rau
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Reproduction (crossover)

A = timedevscale | freqdevscale | winsize | growtime | growfreq | flagneartime | flagnearfreq | growaround
Left cut Right
0.5 3.0 4 70.0 80.0 FALSE FALSE FALSE
parentl =
. 1.5 5.0 2 50.0 90.0 TRUE FALSE TRUE
parent2 =
child1 =

 Breed each new generation of individuals by mixing the
characteristics of all pairs of parent individuals

U.Rau
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Reproduction (crossover)

A = timedevscale | freqdevscale | winsize | growtime | growfreq | flagneartime | flagnearfreq | growaround
Left cut Right
0.5 3.0 4 70.0 80.0 FALSE FALSE FALSE
parentl =
. 1.5 5.0 2 50.0 90.0 TRUE FALSE TRUE
parent2 =
child1 = 0.5 3.0 4 70.0

 Breed each new generation of individuals by mixing the
characteristics of all pairs of parent individuals

U.Rau
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Reproduction (crossover)

A = timedevscale | freqdevscale | winsize | growtime | growfreq | flagneartime | flagnearfreq | growaround
Left cut Right

0.5 3.0 4 70.0 80.0 FALSE FALSE FALSE

parentl =
1.5 5.0 2 50.0 90.0 TRUE FALSE TRUE

parent2 =

. 0.5 3.0 4 70.0 90.0 TRUE FALSE TRUE
child1 =

 Breed each new generation of individuals by mixing the
characteristics of all pairs of parent individuals

U.Rau
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Reproduction (crossover)

A = timedevscale | freqdevscale | winsize | growtime | growfreq | flagneartime | flagnearfreq | growaround
Right
Left cut 8 \
0.5 3.0 4 70.0 80.0 FALSE FALSE FALSE
parentl =
1.5 5.0 2 50.0 90.0 TRUE FALSE TRUE
parent2 =
. 0.5 3.0 4 70.0 90.0 TRUE FALSE TRUE
child1 =
. 1.5 5.0 2 50.0 80.0 FALSE FALSE FALSE
child1 =

 Breed each new generation of individuals by mixing the
characteristics of all pairs of parent individuals
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Reproduction (crossover) + Mutation

A = timedevscale | freqdevscale | winsize | growtime | growfreq | flagneartime | flagnearfreq | growaround
Left cut Right
0.5 3.0 4 70.0 80.0 FALSE FALSE FALSE
parentl =
1.5 5.0 2 50.0 90.0 TRUE FALSE TRUE
parent2 =
. 0.5 3.0 4 70.0 90.0 TRUE FALSE TRUE
child1 =
. 1.5 5.0 2 60.0* 80.0 TRUE* FALSE FALSE
child1 =

 Breed each new generation of individuals by mixing the
characteristics of all pairs of parent individuals

U.Rau
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Reproduction (crossover) + Mutation + Dropout

A = timedevscale | freqdevscale | winsize | growtime | growfreq | flagneartime | flagnearfreq | growaround
Right
Left cut 8 \
0.5 3.0 4 70.0 80.0 FALSE FALSE FALSE
parentl =
1.5 5.0 2 50.0 90.0 TRUE FALSE TRUE
parent2 =
. 0.5 3.0 4 70.0 90.0 TRUE FALSE TRUE
child1 =
. 1.5 5.0 2 60.0* 80.0 TRUE* FALSE FALSE
child1 =

 Breed each new generation of individuals by mixing the
characteristics of all pairs of parent individuals

* Replace least-fit individuals with new ones
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Fithess metric to evaluate each individual

« Compare statistics of flagged vs unflagged data

- Flagged data should have a higher mean (or median) than unflagged data

- Unflagged data should look Gaussian (max ~ 3-sigma)

- Protect against over (or under) flagging (>70% flagged or 0% flagged)

« Use these criteria to compute a score that must be optimized.

1000 -

800

600 -

400 |

200

All Data

0.1 0.2 0.3 0.4 05 0.6 0.7 0.8

4 1000

4 800

4 600

{ 400}

41 200

Leftover
Signal

0.1 0.2 0.3 0.4 05 0.6 0.7 0.8

4 1000}

4 800}

4 600

{ 400}

4 200

Flagged
as RFlI

| i |

0.1 0.2 0.3 0.4 05 0.6 0.7 0.8

RFI2016 — Coexisting with Radio Frequency Interference 17-20 Oct 2016 36



Results
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Results

Data o Default Autoflag 5 Best-Fit Individual Fitness Evolution
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Frequency Frequency Frequency
Example : A mix of bright narrowband RFI and lower level broader RFI...
cmdlist=[" mode="tfcrop' timecutoff=5.0 freqcutoff=2.0 maxnpieces=3
usewindowstats='sum'", " mode='extend' growtime=40.0 growfreq=90.0
_ flagneartime=True flagnearfreg=False growaround=False"]
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Default Autoflag Best-Fit Individual Fitness Evolution
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Example : Most of the data are contaminated with RFI....
cmdlist=[" mode="tfcrop' timecutoff=1.5 freqcutoff=2.0 maxnpieces=7
usewindowstats='std", " mode="'extend' growtime=80.0 growfreq=70.0
_* flagneartime=True flagnearfreqg=False growaround=False"]
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Results

Default Autoflag o Best-Fit Individual
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30 First generation

produced

) 40
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H »

0 10 20 30 40 50 0 10 20 30 40 50 60 0 10 20 30 40 50 60
Frequency Frequency Frequency

Example : “Easy” RFI that our algorithms are already tuned for...

cmdlist=[" mode='rflag' timedevscale=3.0 freqdevscale=5.0 winsize=3 ",
mode='extend' growtime=70.0 growfreq=40.0 flagnheartime=False
flagnearfreq=False growaround=False"]
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flag:5L.7% (pre-flag:0.0%)

Data Default Autoflag Best-Fit Individual
D T T T T T T D' T T T T D T T T T T
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20 b 1 20 1 20
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) 40 # 1 40f 1 40
- 50 Fo 1 s0 1 50
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soHS . ] 80 L || 80
1 L 1 'l-‘JLH L. _ 1 -

& | | _ | Lo | ala
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60 |
Frequency Frequency Frequency 0 10 20 30 40 50 60 |

e

Example : Auto-tuning did not achieve results that matched hand-tuning
— Statistics didn’t match what the fitness function was designed for ?

cmdlist = [" mode="tfcrop' timecutoff=4.0 freqcutoff=5.0 maxnpieces=1
usewindowstats='std", " mode='extend' growtime=80.0 growfreq=70.0
flagneartime=True flagnearfreq=True growaround=False"]
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Tuning the tuner...

Initial population count, number of generations, dropout rate, mutation rate, etc...

- Healthy convergence

?_ijitness Evolutiolrl - Fe-nl'Scans_GSS_Slpwz_Sl:anEuU.ms nge; tfcrop “Fitness Evolulionl- FewScans_GS?_Sp\'fz_ScanSUl.ms Mode: tfcrop
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required evaluations \__, Bestfiess: 17101 Bestfitness: 15455 -
195 \ '.‘
i ) i 1 1200/2000 evaluati ol 480/800 evaluations
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. . Pl Ill'a | E 25f HIH'.
- Robust fitness function _ b S
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. but perhaps not.

FewScans G55 _Spw2_Scan50.ms Flagging - FewScans_G55_Spw2_Scan50.ms
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Summary + Future Work

* Prototype looks promising. Can apply to any parameterized auto-flagger

 Algorithmic improvements :

- Reproduction control, Improve population control (ageing),
better termination criteria, better evaluation function

- Include parameter evolution into the autoflag algorithms themselves

« Develop practical usage pattern
- For each spectral window, tune on 1 scan, 1 ant-pair, 1 pol
- Afew thousand evaluations of autoflag (~10min. Easy to parallelize)

.... Eventually, deploy on data reduction pipelines
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