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I Present work motivated by 2017 BYigVLA community Study
| SubArray Processing (SAP): RFI mitigation algorithm suitablenigy LA
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| Zero forcing or null forming algorithm to cancel RFI
I Assumes interferer is the dominant signal component

I Eigenvector analysis of sample spatial covariance matrix
N! 1
1 .

R, = 5 X[nx"n] a(') = " Ujn
n=0 " #
U
:[Uint|Usig+noise]! H P=1! Uiy (Uil;lnuint)' 1Ui|;|1t
Usig+noise

| Project RFI out of visibilities

R, = PR,P"
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Challenges with SP on Large Interferometers

I Projection works well for small arrays (e.g. PAFs, apeidoays)

I Spatial RFI Mitigation has been proposed for interferometer arrays (e.g. \
since 20001l[eshem van der Veen] again in 2004 [Jeffs, Warnick, etc.

I But no significant science has been reported using SP on large arrays.

I Why?
I Rapid correlator dumpmes are needed to track moving RFI (Rapid dur
times are now available at the VLA!)

I Canceling null depth is limited due to poor RFI subspace estimates ovi
long baselines (decorrelation of the RFI)

| We are proposing a solution!
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| Subspace projection becomes less
effective as the baseline lengths

Increase
| Sample estimation error from basellnes

where the RFI has becordecorrelated -
corrupts estimate of the RFI subspace 3
| RFI mitigation is ineffective over the
full array. S
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Element Positions

I Using the total phase propagation asa = s e ° s ;
metric partition the full array into > —
sections of Ksubarrays g o v

Le={'m "kia! 'm<™} " In -4 '
I = 2#($, # $)B *

"k = "k 1+ ! thresh " v

"O =0 3
! Groupin? elements in this way creates

arrays of elements perpendicular to the o
effective propagation vector o

I These groups are such that there is g
high mutual RFI correlation to better —
estimate the interferenseibspac ,. :

y (km)
2
<
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I Create a selection matrix, S, that orders ! Now project RFI out of visibilities
the output timeseries into their

corresponding subarrays Ry = STPSR,STPHS
X'(t) = Sx(t) = p'R,p'H
X(t) = STX!('[)

- ot - P'=S'PS
I Form a block diagonal projection matrix

where the diagonal elements are the

projection matrix for each subarray Note:
P, 0O 0 O PP =P

; 0
_ 0 P 00 P is still Idempotent.
#0 0 . 06 i.e. a projection

O 0O O Py matrix

P
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| ! Subarray processing provides
better RFI mitigation across the
' whole array as compared to
subspace projection
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| Evaluate SP and SARFI canceling performanaeeith VLA data
I Attempt to emulategVLA-like long baseline RFI decorrelation
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I Demonstrate SP RFI canceling wit
VLA small configuration C data

I |dentify decorrelation effects in
VLA large configuration A data

I If necessary to induce decorrelatio

use relatively large channel
bandwidth, B

I Attempt to demonstrate stasray
processing performance with A
config. data.

| Two observation campaigns:
summers of 2017 and 2018

Image courtesy of NRAO/AUI
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VLA C-config Positions
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I 3.4 km longest baseline

I Source:3C138: gooint calibrator in
southern sky

I RFI: GeostationaririusXM sat.
I Processing banckenter:2.34 GHz

I Correlator channel bandwidth:
62.5 kHz, 25&hans, 16 MHz total

I Correlator dump interval: 2@s
| 2 arcsec pixels, spans 6 integrations
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| Scatter plot otorrelator sel
powers ofevery baseline and
dump time vs channel.

I Channels 1105 areseverly
corrupted by RFI

I Some RFI residual power is
present outside allocated
downlink band due to filter
spectral leakage
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I From RFI corrupted data set

ground_1iruth_no_clean.image—raster

48
I Only relatively RFifree »
channels used (1d8256)
| This is the Dirty image; no 5 -
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I Formed from 60s of data g >
| Artifacts are dirty beam sidelol & *
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No RFI mitigation SP: 2 eigenvectors removed SP: 7 eigenvectors removed
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1 36.4 km longest baseline I Significant RFI decorrelation on

| All other parameters same as Set 1:/0nger baselinesgVLA-like)
| Source: 3C138, point calibratorin ! Only one subarray with sufficient

southern sky mutually RFI correlation to form
| RFI: GeostationargiriusXM sat. projection matrices: inner core of 9
| Processing band center 2.34 GHz antennas. (NatgVLA-like)
I Correlator channel bandwidth: | Full array SP did reduce RFI, but

62.5 kHz, 25&hans, 16 MHz total
| Correlator dump interval: 2Ms
| 2 arcsec pixels, spans 6 integration

performed much poorer than C confi
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12> 10° 08° 067 > 05%\21m165 12 105 08°

No mitigation 3 eigenvectors removed OGround truthO dirty image
from channel with no RFI
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I For compact interferometric arrays, subspace projection (SP) is effective.
I Longer baseline arrays will perform poorly with SP due to RFI decorrelatic

I In simulation, the subarray processing (SAP) algorithm works well for a
proposed geometry of timgVLA

I Very large numbers of elements (as wigfVLA) are needed to form
effective SAP subarrays for arbitrary RFI DOASs.

I RFI decorrelation for large arrays can be mitigated by using proportionally
narrower correlator channel bandwidths

I When not doing SP or SAP, RFI decorrelation helps, but we have
demonstrated scenarios where SAP is a much better option.



