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SIGNAL STATISTICS 101: KURTOSIS VS SPECTRALKURTOSIS

RFI2022, 14- 18 Feb. 2022, Virtual Event hosted by ECMWEF, Reading, UK



Contaminated
S, = z p, [SRECtuUm

RF == Cleaned
filter =2 §pectrum

signal

REI
SK flags

k=1
_M+1/MS,
The unbiased SK =57 2 1
. 1
Spgc’rrol Kurtosis E(SK) = 1
Estimator ) 4
o CS}() ?S'XZ

RFI2022, 14- 18 Feb. 2022, Virtual Event hosted by ECMWEF, Reading, UK

5/25



Theorem: Given that, for a particular signal, the set of its power estimates = obeys a gamma distribution characterized by

the shape parameter , the infinite series of statistical moments , Were and , 1S given
by:

Md + 1 [(MS,
K=——(—2-1

M-1\s5,°

E[SK] =1

RFI2022, 14- 18 Feb. 2022, Virtual Event hosted by ECMWEF, Reading, UK




Pearson Ty

(Pearson 1895; Nagahara 1999)

pe IV PDF

f(mﬂ‘;lf(mf;){]

r(r— 2)\/E1

(Heinrich 2004) v =—

16(r—1)— B(r—2)

x—AY X—
+ Exp| —vArcTan
a

p(x) = a\I/E r(m—;jr(m)

Pearson IV PDF vs. Monte Carlo Simulations

v

6(8, ~
ey a=gm[s-)-AC-]

r+2
m= > /’L:,Ul __(7'_2)\//'12161

RFI Mitigation Workshop, Groningen RFI Mitigation Wo%rkshop, Groningen
March 29, 2010 The Netherlands 15 March 29, 2010 The Netherlands 18
IDL code for computing GSK thresholds may be found at: //
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https://github.com/Gelu-Nita/GSK

Raw power estimates based on time domain real signals
Gamma distribution of shape factor (Chi-Square distribution)

Raw power estimates based on time or frequency domain complex signals

> ion of shape factor (Exponential distribution)
N De factor
d=Né§
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SK DEPENDENCE ON THE INTEGRATION-RELATIVE DUTY-CYCLE

RFI AND GAUSSIAN TRANSIENT SIGNALS
(NITA ET AL. 2007, PASP, 119; NITA 2016, MNRAS, 458)
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SK Estimator vs. Spectral Power
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THEORETICAL
BACKGROUND

A series of 10 papers on Spectral Kurtosis Theory and Applications



World-first frequency agile interferometer equipped with a hardware embedded SK real-time computation engine

Table 1: EOVSA Specifications

Frequency range

1-18 GHz

Number of data
channels/antenna

2 (dual polarization)

IF bandwidth

500 MHz single
sideband

Frequency resolution

4096 spectral channels per
600 MHz band)

500 science channels

variable ~1-40 MHz

Time resolution

Sample time: 20 ms
Full Sweep: 1s

Polarization

Full Stokes (IQUV)

Number correlator inputs
per poln

16

Flare on 2014-12-14
EOVSA  15:54:16 UT

Number and type of
antennas

Thirteen 2.1-m
One 27-m equatorial (cal.

RHESSI  15:54:20 UT
12-18 keV

System Temperature

570 K (2 m); 35 K (27 m)

Baselines for imaging

78 6

Angular resolution

56/ngy, x 51/ngy, arcsec

Array size

1.1 km EW x 1.2 km NS e, a2 S eplists 150 200 2

Time [s after 19:27:40 UT]

The EOVSA correlator outputs integrated power and squared power for all 14 antennas and R and L circular polarizations

with 20ms-0.125MHz time-frequency resolution




EOVSA CORRELATOR HIGH BIT RESOLUTION POWER

AND SQUARED POWER OUTPUTS @
via 10 Gbe switch

NITA, HICKISH, MACMAHON, AND GARY 2016, J. ASTRONOMICAL
INSTRUMENTATION 5(4)

X;
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Fig. 1. Block diagram of EOVSA correlator. Quantities with no bit-truncation are shown without an underbar, while quantities
with potential truncation are shown with an underbar. Truncation is performed via the "Cast” blocks, which change the output
hit-width for practical purposes of data volume and compatibility with standard computational data types, e.q. 32-bit data for
wecumulated power (Y P) and cross-power (Y 12) and 64-bit data for power-squared (ZBZ)



ANTENNA AUT
CORRELATION SPECTRA
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EOVSA SK RFI DETECTION EXAMPLE

Accumulated Power (M=1792, §t=20ms)
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EOVSA correlator raw data

4096 spectral channels per 600 MHz band, 20ms, M=1792 accumulation length
Normal Mode of Operation:

1-18 GHz RF band swept in 1 second

500 science bands having variable 1-40MHz spectral width

High Time Resolution Mode (recently implemented, used for this

.
10 (I

EOVSA FREQUENCY AND TIME
RESOLUTIONS
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EOVSA SOLAR RADIO BURST OBSERVATION: ANTENNA SK FLAGS
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ANT 1: SK-S, Diagram
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» OR Operator Flagging (OOF)
» Mean Auto-Correlation Flagging (MACF)

RFI FLAGGING STRATEGIES
FOR ARRAY CROSS-CORRELATION DATA
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This strategy flags antenna cross-correlations depending on the OR

operation between the flags evaluated on the independently computed
antenna auto-correlation Spectral Kurtosis RFI flags.

For any given pair of antennas, the probability of false alarm RFI flagging,
PFAor, May be computed in terms of the individual antenna PFA ¢, QS

PFAOR —

PFA,g

PFAguto =1 —+/1 — PFApp

requires

PFAOR — 0135% —)PFAauto — 007%
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OOF CROSS-CORRELATION FLAGGING EXAMPLE OOF A3-A4 (35 m)

ANT 4: Accumulated Raw Power ANT 3: RFI Flags

:‘ ::l o :‘II Il Il II IIIIIIII T HI H‘IIIII I IIIIIIIIIIII IIIIIIIIIII 1l A n -I-e n n G 4
LI e ) IM{Iq IIIHIJI!II "II { "uﬂl '
P':IAII 0| 07 ‘Ib 1l IIIIlII IIIMI:M‘ ]III il ::II'II II III IIIII‘ IIIIIII |

125 meRF | (total): 13:18% II‘I My IM" e i
1.20 RFI(dC<50 AI) JIHI' 5 /au Rt III I:+H N IIIIIIII II
1.15 IIIRﬁlgdl‘IﬁI OIT/I?III ] 6II ] IICI II IIIIII IJ'II'II HllIIII

e v amy o j

Frequency (GHz)
Frequency (GHz)

BLN 3-4: OOF RFI Flags

Time (s)

' II IIN;HI' |.|.."|.'I'.'.'I'.II'|"|.|..1I ”
I PO |II II II II
PFI‘AII 6'.|1I3°/Iﬁ'II ImuIIIIHMqu IImIII ) bt i IIIII| A
125 e total)” in,IJ.WH.JIIII,HJ' wﬁ II' o .‘II.III.
REl(do=5086) 4 4aehL Ll

RFI dﬁl OI%}I II#IIIIIII$IIIIIEI

II‘*II IIII IIIIIIIIIIIII I Iy

ANT 3: Accumulated Raw Power

Frequency (GHz)

! IIII [l IIIIIIII III III

e Antenna 3

Tl Pl IIIIIIII " ”I ! i ‘Ih |

! Lo w1
PFA: IOO?% L I I [ TR

RPI(total)! 7.97% 1w I-Hf

|

RFl(dC<500ﬂl): 6'02% ! IIIIIIIIIIIII IIIIII 11
RFI(dc>50%6): 1.96% N o

[} I [ I I IIIIIIIII IIIIILI IIIIII =4

||HIIIIIIIIII m'uI II III !

o -
N N
I I
Q Q
> >
Q 1%}
(=3 =
o '3
3 3
o o
o 5
w 'S

’ 'IWW%WWWn

P'I:IAII I(I) ]-IIB%III IIIII IIIHI lmr n IIIIIIII'II I| IIIII |||II| IIIIIII I I

129 i total). 1049646 | 1) | i HII|.'..."||.I||I|M

dc<50% I I T
EEI(d%quff;)l III;I Iy:rIIu i IHIIl il IIIIII !
RT3 TR TR IV Y YT IIIIII*

My} Antenna 13 e
| R b T Time (9
RN i TR

PFA: 0.07%

Rl 126l e 1 ) it
RFI(dC<500ﬂI) JIJI II IIIIIIIILII III“II III IIIIIIII H | ! | T
RFI(EID%O%) II'II $HI

300
Time (s)

Freguency (GHz)

ANT 13: Accumulated Raw Power

Frequency (GHz)
Frequency (GHz)

300
Time (s) Time (s)

RFI2022, 14- 18 Feb. 2022, Virtual Event hosted by ECMWEF, Reading, UK 21/25



The MACEF strategy, proposed by Taylor et al. 2019, JAI, 08 (01) (“Spectral Kurtosis-Based
RFI Mitigation for CHIME") consists in averaging individual, antenna-based SK estimators,

The (SK) estimator has unity expectation and a variance that is N fimes smaller than that
of the individual antenna-based estimators

M- N XM
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AII Antennas Mean SK Flagged Power
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MACF CROSS-CORRELATION FLAGGING EXAMPLE
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13-Antenna Array | Auto-Correlation Flags OOF Baseline Flags MACEF Baseline Flags

Duty Cycle <50% 24.56% 18.95% 18.23%

Duty Cycle>50% 10.69% 10.12%

35.24% 29.32% 27.82%

We tested the ]performonce of the Spectral Kurtosis estimator using RFI-contaminated data
ohb’rol,neqrg\/ljrrh he Expanded Owens Valley Solar Array during the evolution of a solar radio burst,
showing that:

» The autocorrelation SK estimator is a statistical tool capable of automatic, real-time
discrimination of arfificial and natural signals

» The two autocorrelation SK estimators corresponding to the baseline antennas may be
combined to compute OOF or MACF baseline estimators that perform comparably well in
selectively detecting RFI, while ensuring minimal astrophysical data loss, provided that the
o?fTrr?nom|c<|JI %lqnol of interest varies ar a temporal scale larger than the accumulation leng
of fhe correlator '

» Nevertheless, given the fact that the natural transient siqnd‘IS"meﬁ‘-e‘rﬂ\’) produce statistic
significant SK values larger than unity, while the RFI SK may deviate in both directions, t
flags corresponding to SK values lower than unity. y be always safely employed to

remove RFI sigrnols aving relative duty cycles Icuﬁ’rhon 50%, even in the presenceg’of
es, pulsars, or FRBs.

astrophysical fransient signals such as solar radio .
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