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ABSTRACT

In this paper, we investigate methods for interference tiona
in satellite communication system using satellite muitadm an-

Common methods for determining interference locationtuae
location determination using low-altitude spacecraftd amerfer-
ence detection using aircraft based methads [7]. Howehieset
methods impose high computational burden and typicallyireq

tenna with subspace based schemes. A novel MUSIC based apigng observation time. A potential method which overcoris th

proach is proposed for estimating the direction of arriviathe
interfering sources. The proposed method provides supetue
tion and asymptotic maximum likelihood estimates of theachr
tion of arrivals even at low SNR values. Simulations were- per
formed using typical satellite multi-beam antenna configons
and results show that the proposed scheme can effectivély es
mates the direction of arrival in the azimuth and elevatipecsra.
Compared to the support vector regression method, the pedpo
approach offer improved estimation accuracy at low SNRe&lu
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1. INTRODUCTION

Geosynchronous satellite systems are open communicay®n s
tems that typical suffer from authorized and unauthorizatért
ference or operation. These radio frequency interferencses a
degradation in the normal traffic performance of the sagedlystem
[2] and the location of the interfering sources are diffi¢aliden-
tify due to the numerous potential locations for interfgriransmit-
ting stations. Another possible reason for the difficultypécause
most Earth to satellite transmitting stations direct theansmit
powers away from the Earth surface making the detectionref te
restrial station difficult except for short range commutimas [7].
Estimation of the location of interference radiating seurom sig-
nal received at the satellite is therefore necessary taccowes this
difficulty.

limitations involve the use of movable spot beam antennaan d
mestic spacecrafts for locating unauthorized interfezesmurces or
minimizing the effects of interference on the actual satettans-
mission. This require additional cost for spacecraft dgwelent
and launching into orbit. Satellite based location methe#sa sin-
gle non-geostationary satellite to measure the directi@nrival of
signals arriving from the interference sources. This caadbéeved
by using the relative movement information between thellgate
and source of interference. Although this approach looksnps-
ing, it is not suitable for satellite in geostationary (GEsDit.

Time difference of arrival (TDOA) interference location theds
[7,[3] which compares the uplink propagation time for twoeadint
satellites in different orbital locations has been veryyap The
fundamental idea is that since the relative position of tegatel-
lites with respect to the ground receive station is knowa,ttine
difference of arrival between these satellites can be uskxtéalize
the uplink transmitter onto a curve on the Earth surfaceTDOA
dual satellite based TDOA method offer the advantage oftiloga
interference sources regardless of their mission and wittigrup-
tion of normal transmissions via the satellite. No addiiospace-
borne hardware is also required for their implementatianweler,
these methods require that the transponders on adjacelitsabe
slightly occupied to prevent interference from each other.
Recently, interference location methods using singlelgatbave
been considered in literature. These methods are base@ @stih
mation of direction of arrivals using onboard multibeamesmias
(MBA). Such method is the focus dfl[8]. These techniques,-how
ever, suffer from low direction estimation accuracy. [, [8]lo-
cation estimation technique based on RBF neural networkgusi
satellite MBA model has been proposed. This offer a simpk: an
computationally efficient method due to its learning apidéihd par-
allel processing and its also applicable to satellites ostgtionary
orbit. A similar approach based on support vector regraessias
also proposed iri [2]. This method consider the directionrobal
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of the interference sources as a mapping from the MBA arragesp
to the space of arriving directions.

We present a subspace based method for interference locegio
ing MBA model in this paper, our method is based on the super-
resolution and asymptotic maximum likelihood Multiple B
Classification (MUSIC) which exploits the eigenstructuffetioe
covariance matrix of the MBA signal model to extract infotioa
about the direction of arrival.

The rest of the paper is structured as follows. Se¢flon ddlutces
the satellite multibeam antenna model upon which the doe&s-
timation is based. In sectidd 3, we present the proposed @USI
based approach for interference location. Sedfion 4 desctihe
simulation parameters along with a discussion of the resard
comparison with existing methods. Finally, conclusionraveh in
sectior®.

2. SATELLITE MULTI-BEAM ANTENNA SIGNAL
MODEL

This Section present the signal model for satellite systeitis
multibeam antenna array. Consider a satellite system withi-m
beam antenna (MBA) as shown in Figlife 1. The multibeam aatenn
consist of several feeder that illuminate a single refleictproduce
narrow spot beams directed in different spatial directidiee typ-
ical construction of satellite MBAs is such that the diffiece in
path length of propagating wavefronts are equal betweanesits

of the array. The propagating plane waves, therefore, hguale
phases but different amplitude. We consider an MBA with M el-
emental spot beams as shown in Eig. 2. Similafio [2], we assum
that P narrowband signal sources with known centre frequency im-
pinge on the multibeam antenna elements with directionsrivish

0= 101,05, ,0p]" €CP @)
in the azimuth direction and
¢:[¢17¢27"' 7¢P]T€(CPX1 (2)

in the elevation spectrum. The received signal at the mtmexé
of the multibeam array can be modelled as a superpositidmed?t
impinging waves as

P

Z m (0p, Pp)sp(t) + i (t) Ym=1,---, M (3)

p=1

Ym ()

wheret is the time instant at which the observation is maggt)

is the transmitted signal from the pth interferer apg(t) is the
combined signal from th& sources in noisen,, (t) is the received
noise at the mth element,, (6,, ¢,,) is the steering response of
the mth element to the wave arriving with direction andlgsand

¢p in the azimuth and elevation domain. The steering respanse i
defined as

7DJ1 (fmp)
Abbmp

where J; (-) denote the first order Bessel functiopis a measure
of the antenna efficiency anB is the antenna apertura.is the
wavelength of the transmitted signal defined as

a7n(0p7¢ﬁ) =1 4)

c

= onr (5)
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Fig. 1. lllustration of Satellite Systems with Multi-Bearm#enna Arrays
[1]. A satellite with multibeam antennas communicationharth stations.
The transmission may be interfered by other undesirecbstati

with ¢ equal the velocity of light and is the center frequency.
Imp IS given as[[?]

iy = S5 (10, 0,025 6, =00 )  ®

whereé,,, and ¢,,, are the azimuth and elevation angles of the
beam spot center, respectively. Denoting

y(t) = [y (t) 2(t) yu (D))" e M )

A vector form for the data from all the beam spots is thus

y(t) = (0, #)s(t) +n(t) ®)
where
s(t) = [s1(t) sm(8)]”
n(t) = [na(t) nar ()] ©)
The array steering matrix (0, ¢) is defined as
a1(91, ¢1) a1(02, ¢2) 061(9P, ¢>P)
2(01, 1) az(02,¢2) az(0p, pp)
a8, $) = : : . : c cMxP
OCM(G'lv #1) OéM(9.27 #2) OCM(01'37 ép)
(10)

Given the model in{8), the aim of the interference locaticinesne
is to extract theP parameter setlg,,, ¢,,] from the noisy observa-
tion data acquired using the multibeam antennas.

3. DOA ESTIMATION USING 2D MUSIC

In the previous section, we have described the data modéhéor
satellite multibeam antenna observation upon which the ROA
timation in this section is based. The 2-dimensional MUSET [
based estimation for interference location is presentatiinsec-
tion.



3.1 Covariance Matrix Estimation

Given the K observationsy(1),y(2),---
data matrix as

,y(K), we form the

Y =[y(1) y(2 yE)]eMxK (1)
The spatial covariance matrix is then estimated {sing
X+ Xt
R,, = == e C"*M (12)

where[-]" denote the Hermitian conjugate transpose.

3.2 Subspace Decomposition

Using the model in{8), the spatial covariance matrix cantosvs
to be [4]

Ryy E[yy"']
= (0, )E[ss'|a(6, ¢)' + E[nn'|
= a(67 d))Rssa(e, (ﬁ)T + ]E[IIIIT]

(13)

whereR,; = Ess'] is the covariance matrix of the transmitted
signals from the interference sources. Assuming that tbeived
noise is Gaussian with varianeg. (I3) can then be expressed as

R,y = a(0, $)R..a(0,¢) + 0’1 (14)

wherel is the M x M identity matrix. The eigendecomposition of
R,, is defined as

A, Ut
o i ][]
= U,A Ul + U,A, U (16)

whereU, andU,, are the signal and noise subspace eigenvectors,
respectively. The corresponding eigenvalues are cormtdimehe
diagonal matriced, andA,,.

(15)

3.3 MUSIC Pseudospectrum

Since the array steering vector in the direction of an in-
terferer is orthogonal to the noise subspace, the product
al(0,¢)U, Ul a(d,¢) = 0 when the angles corresponds to the
DOA of an interference transmitting source. The directibmter-
ferers can therefore be estimated asFhlargest peaks of

1
a0, ¢)U,Uha(d, ¢)

whereP,, is the 2-D MUSIC pseudospectrum. An alternative rep-
resentation fo (17) is

P (0,9) 7

_al(0,¢)a(d,¢)
Pa(6,¢) = al(0,¢)U, UhLa(é, ¢) (18)

4. NUMERICAL SIMULATIONS

In this section, we evaluate the performance of the proptsed
tion schen@and compare with the SVR and RBF neural network

INote that in practice, data preprocessing methods for ieguar elimi-

nating noise may be applied before the actual estimation.

2The MATLAB implementation of the MUSIC based approach isegiin

Appendix A. This is to allow reproducibility of our researcesults and
experimentation of the proposed scheme.
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MultiBeam Antenna Configuration
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Fig. 2. Atypical satellite multibeam antenna configurattvowing seven
feeders (spot beams) in an hexagonal lattice structure3dBéeam width
of each feed is about5°. A generalized structure with M spot beams will
be considered in this paper.

methods. The algorithms are evaluated in terms of root meaare
error defined as

c 2
RMSE(6,) = —Ze:i(% — ) (19)
and
c -
RMSE(¢,) = —Zc=1(¢éj — %)’ (20)

where G denote the estimated value 6f and C is the number

of Monte-Carlo simulations. The averaging is performedhirs t
paper using 1000 independent runs,G'e= 1000. We consider

a satellite multibeam antenna configuration as shown inrEig@u
with M = 7 beam spot (feeders) in an hexagonal lattice struc-
ture. We consider two different scenarios in our experiméhe
first scenario is a simplified case with only two interferingnsl
sources and the second scenario has four interferers. \Weessz -
imuth/elevation angles of the interfering radio sourcef-tb.0, 2]
and[—2.0, 2.5] in the two source scenario. In the four interferers
case, we additionally introdude-1.5, 1] and[—2.5, 0.9]. In Fig.[3,

we present a 2D plot of the MUSIC pseudo-spectrum for the two
sources case at a signal to noise (SNR) valueoalB. It shows
that the proposed scheme can accurately detect the azimadigl-a
evation directions of the two interference sources. A simglot
obtained at a lower SNR value o dB is shown in Figl4. As can
be seen from the figure, the two interference sources ardyctE
tected. This shows the high resolution performance of thpgsed
scheme. In Fid]5, we plot the MUSIC psedospectrum in three di
mensions showing the azimuth and elevation angles and therpo
of the detected sources. It shows that the MUSIC spectruritiexh
very large peaks where the angles corresponds to the dinecti
the interferers. Figurel 6 shows the 3D plot of the Pseuddspac
for the four sources case. We also observe that the algogdm



detect with high accuracy all the four interference sigmairses.
Fig.[d shows the root mean square error (RMSE) of the proposed
algorithm as a function of SNR. We observe that the estimatio
performance improves with increasing SNR for both the a#timu
and elevation angles. Note that the difference in RMSE fonath

and elevation angles is likely due to the difference in magta

of the actual directions. In Figl 8, we plot the RMSE versuskSN
for the MUSIC based algorithm and the support vector reggass
(SVR) method([2]. The figure shows that the algorithm outmenf

the SVR method at all SNR values.
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Fig. 3. 2D Plot of MUSIC Pseudospectrum for DOA Estimationinds
Satellite MultiBeam Antennas at SNR20dB. Two interference sources

with angles[—1.0, 2] and[—2.0, 2.5].
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Fig. 4. 2D Plot of MUSIC Pseudospectrum for DOA Estimationinds
Satellite MultiBeam Antennas at SNR10dB. Two interference sources

with angles[—1.0, 2] and[—2.0, 2.5].
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Fig. 5. Plot of MUSIC Pseudospectrum for DOA Estimation \gs8atel-
lite MultiBeam Antennas at SNR=10dB. Two interference sources with
angles[—1.0, 2] and[—-2.0, 2.5]. It illustrates that MUSIC exhibits peaks
at locations corresponding to the interference sources.
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Fig. 6. MUSIC Pseudospectrum with four interference soureg
SNR=10dB.

5. CONCLUSION

This paper investigates single satellite interferenceation
methods for communication satellite in geostationary and-n
geostationary orbits. A MUSIC based subspace method is pro-
posed for the estimation of the interference location udatg from
multibeam antennas onboard the satellite. The performahttes
proposed algorithm is analyzed and comparison is made tith t
RBF neural network and support vector regression (SVR) austh
using the root mean square error criterion. Simulationltesthow
that the proposed method offer improved location estimapier-
formance compared with previous method with a slight ineeea
in computational complexity. Future work will investigaitger-
ference location using subspace methods that eliminatpebk
search requirement.
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Fig. 7. Averaged RMSE versus SNR of the proposed algorithnibdth
the azimuth and elevation interference directions. It shtivat the estima-
tion accuracy increases with increasing SNR.
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Fig. 8. Averaged RMSE versus SNR for the proposed schemehand t
support vector regression (SVR) based interference ttatiethod. The
RMSE is averaged over the sources and all the elevation amithwdo-
main. We observe that our algorithm outperforms the SVR otbtit all
SNR values.
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APPENDIX

A. MATLAB CODE

%MUSIC based Satellite Interference Location Method
J%Estimates Azimuth and Elevation Direction from
7#Multi-Beam Satellite Antenna Array
%By R.0 Adeogun - Oct. 2013

)5
)5

%House Keeping

close all
clear all
clc

%

N=17;
M= 2;
ThetaC = [ -1.
PhiC = [0 0 O

Thetal = [ -1.
PhiI = [0 2.5]
eta = 0.1;

K = 1000;

D = 10;

c 3e8;

f = 2.9e9;
Lambda =
SNR=100;
SNR_linear=10.

%==MBA Array Steering Steering

Simulation Parameters

%Number of antennas
%Number of interference
501.5 -0.75 0.75 -0.75 0.75];

1.25 1.25 -1.75 -1.75];

0 -2.0];

c/ (2xpixf);

%SNR in decibel

~(-SNR./10);

for i = 1:M
T1 = ThetalI(i)-ThetaC;
P1 = PhiI(i)-PhiC;
ul=(pi*D)/Lambda*sin((sqrt(T1.72+P1.72)));
J1 = besselj(0,ul);
A(:,i) = sqrt(eta)*(pi*D)/LambdaxJ1./ul;
end
% Data Matrix
for k =1:K
s = 1/sqrt(2)*(randn(1,M)+1j*randn(1,M));
X(:,k) = Axs.?;
end
A Add Background Nois
X = X+1/sqrt(2)*SNR_linear*(randn(N,K)+1j*randn(N,K));
jy===============Covariance Matrix Estimation=======
R = X*X’/K;

R ——
[W Bl= eig(R);

[DD S]=sort(diag(B),’descend’);

Es=W(:,S(1:M))

s

En=W(:,S(M+1:end));
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for ii=1:length(ThetaS)

for jj = 1:length(PhiS)
T1 = ThetaS(ii)-ThetaC;
P1 = PhiS(jj)-PhiC;

ul=(pix*D)/Lambda*sin((sqrt(T1.72+P1.72)));
J1 = besselj(0,ul);

an = sqrt(eta)*(pi*D)/Lambda*J1./ul;
Pmusic(ii,jj)=1./abs(an*En*En’*an’);

end
end

YA Plotting
figure(1)
surf (PhiS, ThetaS, 10%1og10 (Pmusic))
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