PERFORMANCE ANALYSIS OF A HARDWARE IMPLEMENTED COMPLEX
SIGNAL KURTOSIS RADIO-FREQUENCY INTERFERENCE DETECTOR

. Motivation J
RFI compromises quality of
science products.

y Spectrum is becoming
& crowded and shared.

digital radiometry.

B Hardware capabilities allow for

J
)
s 72 Need more sensitive detectors
—-——= | for wide-band interference.
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Complex Signal Kurtosis
- J
Given a complex baseband signalz(n) = I1(n) +
jQ(n), moments a,,, of z(n) are defined as
apm = E[(z — E[z]D?(z — E[z])"™]|,£,m €R =0
With ¢ = a;; , Standardized moments g,,, can
then be found as
X m
Qem = ogftm
Leading to the CSK (Complex Signal Kurtosis) rfi
test statistic used [1,2].
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Real Signal Kurtosis
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Given a complex baseband signalz(n) = I(n) +
jO(n) , the fourth standardized moment Is
computed Independently for both the real and
Imaginary vectors, | and Q as was used In
SMAP[3].
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RSK; = — Pl 3 Rok =

E[(Q—E[QD*] 3
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The test statistic, RSK (Real Signal Kurtosis), Is

then defined as
|RSKI|+|RSKQ|

RSK = >

Adam J. Schoenwald!, Adam.Schoenwald@nasa.gov

Hardware, CW , N = 5760 , Monte Carlo Runs = 40000 Hardware, CW , N = 5760 , Monte Carlo Runs = 40000
0.9 0.9
QﬂQ 0.89 Q‘Q 0.8
2 o7 2 o7
o O
© 0.6 © 0.6
o] o]
O os O os
o e=e (, INR=-4.00db , AUC=1.000 Q- ®=® (, INR=-4.00db , AUC=1.000
g 0.4 % % R, INR=-4.00db , AUC=1.000 |] g 0.4 % % R, INR=-4.00db , AUC=1.000 |]
'43 s B=8 C, INR=-10.00db , AUC=0.843 43 s B=8 C, INR=-10.00db, AUC=0.843
O &4 R, INR=-10.00db, AUC=0.819 || O &= R, INR=-10.00db, AUC=0.819 ||
] - =& (, INR=-13.00db , AUC=0.610 || O - ®=e C, INR=-13.00db, AUC=0.610 ||
o < =« R, INR=-13.00db , AUC=0.600 a < =~ R, INR=-13.00db , AUC=0.600
0.1 =9 C, INR=-15.00db , AUC=0.524 |/ 0.1 =9 C, INR=-15.00db , AUC=0.524 |.
=% R, INR=-15.00db, AUC=0.522 > % R, INR=-15.00db , AUC=0.522
0'%.0 O.Il O.l2 0.]3 0.14 0.|5 0.l6 0.17 0.l8 0.19 0.%.0 0.11 0.12 0.l3 0.’4 0.‘5 0.I6 0.I7 0.‘8 0.I9
False-Alarm Probability, P. False-Alarm Probability, Py
Real vs Complex Signal Kurtosis , N = 9000
I o - S - SR - R - S - S S - R R R 0..g
2 R
\ 9 o —s—RSK,CW__ | INR=-4.39dB
\ , @ .
|:{ A —e—CSK,CWd=10 | INR=-5.76 dB
0.9 ) I m--RSK,PCW__ . |INR=-16.2dB
A T ©---CSK,PCW__ . |INR =-16.6 dB
08 - |- -RSK, DVB'82d=1.o | INR =-3.57 dB
i : - 0-:-CSK, DVB-SZd=10 | INR=-5dB

Area Under Curve
(@)
N
I

o
o
|

-’ < = o k...,
- - -~ SOt~ O - T -
-~ = = = - - = - h

O e il Rt~ B, ~ Sl i il i~ 2 - Ko iyl il ol it~ s e - i
04 | | | | | J
0 -5 -10 -15 -20 -25 -30
Interference to Noise Ratio [dB]
..........................................................................................
Simulation 2 . Hardware Verification
Noise + RFI : COMPUTER = | Noise + RFl AWG ROACH2
Test Signals a * | Test Signals
o afreors . : — |
- Matlab I [ er— X 1) ADC
ANANS . Python Pl A
l : = 1 ————— :
. Python E Matlab E FPGA : 1
: I-—--—--—--——I : S|mUI|nk ----: ----------- > F|rmware ---------- -’= Algorlthms :
- I Algorithms 1]} Xilinx . | :
N B R
l y " Ethernet
Performance . Python * m (10 Gbps)
Evaluation E : Performance
POW RMT | N=20000 | Mun_e Carlu Runs =10000 u Eva|uation

Using the nomenclature for raw moments of the rth
power, mI” = E[IP] , mQ" = E|QP], full band moments
produced to compute kurtosis include.

{fmI", mQ"}, r € {1,2,3,4}

Additionally the following cross complex moments are
generated.

{fmIQ, mIQQ, mIIQ, mIIQQ}

In the case of sub-banding , all 12 moments for each
polarization are produced for every sub-band.
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Simulation Results
" J
Cll RFI | N=OOO | Monte Carl Runs =1000 PW RFI | NOOOO | ont rIo Runs =10000
0 0
o o
o o
> 0 o
% 0 E 0
3 IS
S . S«
% —e C, A=1.00, AUC=1.00 % o—e C, d=1.00, AUC=1.00
o° vy R, A=1.00, AUC=1.00 | o vy R, d=1.00, AUC=1.00 []
) m—m C, A=0.60, AUC=0.98 ) m—m C, d=0.80, AUC=0.99
D o aa R A=0.60 , AUC=0.96 |] D o awa Ry d=0.80 , AUC=0.96 |]
"0_3 —e C, A=0.50, AUC=0.89 40_3 —e C, d=0.70, AUC=0.91
(@) <+mwq R A=0.50,AUC=0.84 || (A 0 <4 Ry d=0.70 , AUC=0.87 ||
=& C, A=0.35, AUC=0.64 =& C, d=0.60, AUC=0.73
> Ry A=0.35,AUC=0.61 > Ry d=0.60, AUC=0.69
¢ C, A=0.10, AUC=0.50 (] —¢ C, d=0.50, AUC=0.50 |]
ewe R, A=0.10,AUC=0.50 ewe Ry d=0.50,AUC=0.48
0.2 0.3 0.4 0.5 0.6 0‘.7 0‘.8 0‘.9 1.0 0.0 0.1 0.2 0.3 0.4 0‘.5 0.6 0‘.7 0‘.8 ‘
False-Alarm Probability, P False-Alarm Probability, P
Real vs ComEPIex Signal Kurtosis , N = 9000
1€ - = P - SN - RN - USR-S - OO - SO NAEE - SR - SO, YO ﬂ':.;;:-e,"
2 oNg n'. —s—RSK,CW__,  |INR=-4.39 dB
R . @ i
oY K ——CSK,CW__  |INR=-5.76 dB
0.9 - v Y [ T g~ RSK,PCW _  |INR=-16.2 dB
\ ° Y d=.01
' N A T (o ©--CSK,PCW __ . |INR=-16.6 dB
L © '
08l h‘ ) - @-RSK,DVB-S2__  |INR=-3.57 dB
AN i - ©-.CSK,DVB-S2__ , | INR=-5dB
-------- U ¥ ey '
\ \
\ % 3
0.7 - m o\ 1Q
\‘ \\ B
1 %
0.6 - i \\\ g
\ o,
\\ 0\ "8.':;.,,.‘
QA ¥ o ¥ N o o --.:::B..:::g.“__._, ........
OfpFr=-=== e === = -‘E- g, - e —_— - == -_-v - B — = '-; —— © i~ o= = = ST - -
0.4 | | | | | |
0 5 10 15 -20 25 30
Interference to Noise Ratio [dB]
4 I
Conclusions
" J
CSK (Complex Signal Kurtosis) provides a better
detection rate than real signal kurtosis.
Interference becomes detectable at an INR
(Interference to Noise Ratio) of 2dB lower than what
can be detected using RSK (Real Signal Kurtosis).
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