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Effect of Array Configurations on the Performance of
GNSS Interference Suppression

Chung-Liang Chang and Jyh-Ching Juang*

Abstract: This paper analyzes, through simulations, GNSS interference mitigation performance
against wideband and narrowband interferences by using spatial-temporal adaptive processing
(STAP). The mathematical analysis results demonstrate that the array configuration has a
considerable effect on the spatial-temporal correlation function. Based on the results, different
array configurations are presented to evaluate and observe the effect on interference mitigation.
The analysis results are further assessed through simulations.
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1. INTRODUCTION

In recent years, the Global Navigation Satellite
System (GNSS) has been widely used in military and
civilian application to provide users with information
of position, velocity, and time. Although the Global
Positioning System (GPS) system offers some
inherent anti-jam protection [1,2], owing to its low
signal power from satellite, an interfering signal with
enough power and a time/frequency signature could
adversely affect the use of GPS signal for navigation
[3]. It is necessary to suppress the interference well
below the weak GPS signal.

Throughout the years, many interference mitigation
techniques of GPS have been developed; see, e.g., [4-
11]. However, these approaches [4-7] may be
effective against a certain type of interferences, but
may not be applicable to all jammers. The traditional
adaptive antenna techniques [8-11] may ultimately run
out of degree of freedom as the number of
interferences increases and may be inadequate for
wideband operation.

Recently, the spatial-temporal adaptive processing
(STAP) techniques have been applied to perform 2D
(spatial and temporal domain) filtering on GPS signals
so as to eliminate narrowband and broadband/co-
channel interferences [12-15]. Most of the adaptive
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array algorithms function along with different array
configurations to proceed with interference mitigation
analysis, such as Uniform Linear Array (ULA) in [14],
Uniform Circular Array (UCA) in [10,12,13,15], and
Uniform Rectangular Array (URA) in [9,11,16].
However, the performance of the adaptive antennas is
susceptible to several factors, among which array
configuration is an essential one, as is mentioned in
[17].

In the traditional antenna systems, array configura-
tion consisting of array aperture, array elements’
locations and individual element pattern clearly
illustrates the characteristics of the associated steering
vectors, or the array manifold. For traditional narrow-
band adaptive antennas, spatial correlation coeffi-
cients play a prominent part in the output performance
[18]. The smaller the spatial correlation between the
desired and interference sources, the better the output
performance. Similar to the performance analysis of
the conventional adaptive antennas, the STAP
performance is also influenced by the configuration of
the employed antenna array [19,20].

In this paper, we present the notion of spatial-
temporal correlation function, which adequately
portrays the joint spatial and temporal correlation
relationship between the desired user signal and the
interference signals, as well as the influence of the
array configuration on the output performance of
STAP systems. Under the minimum mean square
error (MMSE) criterion, an analytical form of the
residual error power of array systems is obtained. We
aim to analyze and compare various array configura-
tion effects on the associated spatial-temporal
correlation function in interfered environ-ment. Three
general types of equally spaced arrays are considered
in this paper-ULA, URA, and UCA on the associated
spatial-temporal correlation function in an interfered
environment. The analysis results show that the array
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configuration has a significant effect on the associated
spatial-temporal correlation functions. The non-blind
array algorithm as a method to effectively mitigate
interferences is also presented. The design and
analysis results shall shed light on the use of antenna
array for GPS interference mitigation and multipath
attenuation.

The remainder of this paper is organized as follows.
Section 2 gives a description of the GPS signal model.
It also briefly reviews various types of antenna array
configurations. Section 3 describes the antenna array
manifold vector model and the array configurations
that affect system performance. The residual error
power based on MMSE criterion of STAP system is
evaluated. The algorithm for adaptive spatial-temporal
processing is also presented in the above section. In
Section 4, computer simulation results are provided
under a given interfered environment to show the
effectiveness of various array configurations. Finally,
a short summary follows in Section 5.

2. SIGNAL MODEL

In this section, the signal model in antenna array
processing is described. The GPS utilizes spread-
speetrum (SS) techniques with two carriers: L1
(1575.42 MHz) and L2 (1227.6 MHz) modulated by
binary navigation data and pseudorandom noise
(PRN) codes. The PRN code used for GPS contains
coarse acquisition (C/A) code and precision (P) code.
The C/A code has a rate of 1.023 Mchip/s with a
period of 1023 chips (1ms) and the P-code truncated
period is one week with chipping rate of 10.23
Mchip/s. The receiver can calculate its position and
time by measuring the distance to the satellites (at
least four) in relation to X, Y, Z, and receiver timing,
respectively, so as to calculate position-velocity-time
(PVT) solution. The GPS navigation data is
transmitted at an information bit rate of 50 bit/s. The
received antenna signal is RF filtered and down-
converted to IF, then sampled and quantized. The
quantized signal is then fed to the code and carrier-
tracking loops. The received GPS signal power from
the satellites is extremely weak because of the long
distance to the satellites. The signals are actually far
below the thermal noise floor according to the
spectrum-spreading property. In GPS operation when
the receiver is on the ground, the input signal-to-noise
ratio (SNR) value depends on RF-bandwidth of the
receiver front-end and is typically around -20dB
(2MHz C/A code bandwidth). Assume that blocking
within the radio front-end resulting in reduced gain
and intermodulation can be mitigated through STAP
or be ignored. The ideal received signal is composed
of the GPS signal, background noise, thermal noise
and a variety of interferences. The received baseband
signal at time instant £ of N antenna element with M

tapped delay-line can be described by an NM x1
vector as follows:

J
x(k) =[P, As() + 3" [P B i (k) + Cih, (1
j=1
where
x(k}:[x“(k)---xm(k) x12(k)"'xNz(k) cos xpp k)
Xvm (k)]H, M is the tap delay-line number of each

antenna, (o)H denotes the Hermitian transpose oper-

ator, A=Iyu ®a, o and skk)=[sk) stk ~1)--

H
(k-1 -0)]", BJ.:IMw@ag]?ﬂj

have the same structure as s(k), J is the total number
of interfering signals, ® denotes the Kronecker
product; C(k) is zero-mean, temporally and spatially

and i j th)

white noise with variance 0',%1. Assume that each
interference can be modeled as one of three types as
follows: (1) continuous wave cos2xf jkTS+«,z/ ih

where the f; and y; are the interference frequency

and phase, respectively. T, is the sampling inter-val,

(2) wideband cyclostationary signal or co-channel
interference. GPS signal is denoted by s(k) which is

essential modulated C/A code that is subject to data
modulation, time delay, Doppler shift, and phase
variation that uncorrelate with the channel noise
vector. P, and P; are signal power and j-th interference
power, respectively. a, g and agj?ﬁj denote the
N x1 steering vector with respect to GPS satellite
and j-th interfering source, respectively.

Two signal condition characterization measures are
considered; the input interference-to-noise ratio is
given by

P.
INR =10/0g;o—» @)
O'n

the input signal-to-noise ratio is given by

P,

SNR =10log;y —, 3)
Jﬂ

where the input noise variance crg is depicted in (1).

In the following, we mainly address the problem
regarding the effect of various types of antenna array
configuration on interference mitigation techniques.

3. PROBLEM FORMULATION

3.1. STAP technique

In this section we investigate an adaptive spatial-
temporal processing for GPS interference mitigation.
The guideline in designing adaptive antenna algorithm
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can be imposed in spatial domain or temporal domain.
One class of these algorithms is the non-blind
adaptive algorithm in which a training signal is used
to adjust the array weight vector. Another technique is
to use a blind adaptive algorithm which does not
require a training signal. Still another is semi-blind
adaptive algorithm in which the desired signal
information can be obtained by inertia navigation
system. In this section, a general non-blind adaptive
algorithm based on conventional least-squares
solution [20] 1is investigated for the weight
coefticients of antenna array. The output of the STAP
system is:

(k) =w"x(k), 4

where w denotes the spatial-temporal weight vector
and can be described as

wk) =[wy (k) -+ wyg (k) wip (k) wyo (k)
H )
1.

oy (k) - Wy (k)

In this case, both w and x(k) are NM x1

column vectors. Under the minimum mean square
error criterion, the optimal weights of STAP system is
the attempt to minimize the cost function

I = Efldtk-o)- ol }, ©®

where d(k—71) denotes the local replica, and 7>0

is the delay sample that is selected to output the best
performance. E{}, is the expectation value, and
|| denotes a Euclidean norm of a vector. The
optimal adaptive weights computed through the
adaptive array algorithms are multiplied by each
corresponding measurement data and summed up
altogether to give the output for acquisition/tracking
modules. The optimal weight vector, w,, , that

maximizes the signal to interference plus noise ratio
(SINR), satisfies the matrix Weiner-Hopf [20]

Wop = M_lrdx , @)

where M e CVMM g the signal plus interference
plus noise auto-correlation matrix, which is guaran-

teed to be positive definite and r; € c™ g cross-

correlation vector.

In practice, the auto-correlation matrix M in (7)
cannot be known a priori since it counts on the signal
environment. Due to the unknown statistics of the
interference, M must be determined adaptively from
the data, which is thus mathematically equivalent to

substituting sample estimate M in (8) for M.

M(k) =%X(k)xH ) ®)

and the cross-correlation vector is computed as
. 1
Ty (k) = ZX(k)d(k -7), &)

where
X(k) =[x(1+kL)], x(2+ kL), -+, x(k +1)L], k=0,1,--,
K, denotes the input data block which contains L

snapshots of the input data vector and is used in the
kth iteration. Where K is the number of iterations
required for the algorithm to converge, and d(k —7)

is the local replica data vector. The estimate weight
vector can also be written as

wik +1) =M L(k)F, (k) (10)

Some may find that equation (10) is very similar to
(7). However, in (10), M(k) is an estimate of the
correlation matrix of the input data vector, computed
over the kth data block containing L snapshots of the
input data vector, and f, (k) is an estimate of the
cross-correlation between the local replica and input
data vector. It is called time coherent block adaptive

beamforming [9,16] and the new weight vector is
updated in accordance with

w(k) = pw(k —1)+ 1 - w(k), (1D
where u is a variable between 0 and 1 that is chosen
to minimize the output variance ‘wH Mw‘. It is

assumed that the angle of arrival (AOA) of GPS
signal inside the received data is known exactly.
Therefore, with an attempt to increase the speed of
antenna array weight coefficients to converge, the
initial weights can be obtained by the following:

W,
wsr(0)= l ptz ’ (12)

where w,, is the optimal weight in (7). From (6),

Wopt

the output square error power under the MMSE
criterion of the system is obtained as

o =1-wiMw=1-rIM'r,. (13)

In practice, one hopes to output the residual error
power as small as possible to improve the STAP
system performance. Signals are processed through
the same non-blind array algorithm under three
different array configurations. We then observe which
array configuration can best upgrade system perfor-
mance. The output signal-to-interference-plus-noise
ratio after adaptation is given by
WHRddW

—, (14)
wi Mw

SINR =1 Ologl 0

where Rdd=rddrd}é +o-,%l is the desired signal
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covariance matrix and r,, represents one snapshot

of the desired signal. In the following, an analytical
form of the residual power is derived in order to
evaluate the array configuration effect on STAP
performance.

3.2. Influence of array configuration on STAP perfor-
mance

In this section, the effect of array configuration on
STAP system performance is analyzed. Based on the
supposed prerequisite (1), it is expressed that the
correlation matrix of signal M can be decomposed
both by signal cross-correlation and auto-correlation
matrix, respectively. Then we can rewrite M as
follows:

_ H H 2y H .
M= Yai¥qq + Yon¥ae + Gn‘ - Rdd RV AR (1 5)

Both the desired signal and noise vector are
uncorrelated. According to the Sherman-Morrison-

Woodbury formula {21], M1 canbe decomposed as
M =Ry - (RaimartlRah /(14 Ry, )). (16)

R;kl, can be denoted as

-
0 2, H
Rii =0, {I_rdd(lo'n”'rddrdd) rdd}' (17

Substituting (16) and (17) into (13), we have

-1

2 _ Hopp-

Siin = (1 +r R T )

-1 -1

| ratg Loy + x5l | elivs,
CZX —

2
Oy Gy

={l+

(18)
From (20), it is evident to see that &, is a

multivariable function of the associated array
configuration parameter and some observations on the
residual error power are as follows: (A1) In order to

minimize the residual error power, the ‘

rcg Y4 H must
be minimized subject to certain value of ulrdXC H . (A2)

For the case of sufficiently high input SNR, (18) can

. Hp-l 2L P
be approximated as 1 R 1, ~ 0o, |11y

, where

It =T-ryeiie,) vl is  the  orthogonal
complementary projection matrix. (18) also show that
the residual error power depends on the correlation
between 1, and 1y, . (A3) For effectual low input

SNR (o',zz >> rcg,rdd ), (18) approximately becomes

2
L L s v

residual error power in (18) becomes

-1

2= 1+ b2 I Ly (19)

Ty

n

From (19), it implies that the residual error power

highly depends on norm of r, and

rgrddH . In
practice, one hopes to output the residual error power

as small as possible to improve the system
performance. To reduce the correlation between rg

and r,; is one of the valid ways. The components of

rg ry,; are exactly the sidelobes of the auto-
correlation and cross-correlation function of the
desired signal and undesired signal (interference). The
spatial-temporal channel auto-correlation function of
the desired signal well describes the cross correlation
between the response vectors of the components of the
desired signal. The analytical forms can be obtained
as follows:

Fds (k)
L

=Py IZO[
NS [d” (k-DA As(l)] (20)
=0

L1 a7 (k1)1 ®a

:\/Ez @304 )H
AY

170 *Maras Oy, 0,8(0)

M+L-1
B X (300,80, 0,40=DsU=m) |,

m=0

(A d(k -1 As(z)]

~

where —~L<k<L,and P, is the power of spatial-
temporal auto-correlation. A, and local replica
vector d(k) have the same structure as A and s(k),

respectively. The spatial-temporal channel cross-
correlation function best depicts the cross-correlation
between the response vector of the desired signal
component and that of the components of the
undesired signal.

Fyi (k)

= Py Y[ (Agdk-1)"B,1,0)]
i

=By Y @ Ge-DAlBi,0)|

L] ¥ (k=10 @2, 00"

04,9

1=0| *Myrxar B2y, 0,)i; (1)
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Mgl
=./P; [a a, . ,dk—ls~l—m},
d] mzzo (/7d7€d (/7],9] ( ) J( ) (21)
j = 1’. . .’j’
where Fy denotes power of spatial-temporal cross-
correlation. The relationship between rg r;; and the

above correlation functions can be specified by the
following:

v

=F2(0)++Fa(k—1)+Fa(k+1)+--
+Fa(k+ L)+ FR(0)+-+Fh(k+L)+- (22)
+ Fjy (0)++ Fy (k+L)

L ) Ny L )
= 2 Eb + 3 X |Fy
k=—L

j=lk=-L

From (20)-(22), it is observed that the spatial

correlation a and aZ =1,

¢j,9ja(ﬂj, ' J
--+, j are important terms which can only be altered in

H
(7] ’gd aq’s aas ’

any time-invariant environment. It is known that

H H
’awdﬂda(pjﬂ“ and lawdﬂda(/,sﬂs’ depend on the

Plane wave

(a) Antenna array with plane wave input.

(c) UCA.

configuration of the employed antenna array, which
includes the distribution of antenna element positions,
orientations, and antenna patterns. The smaller

, the smaller

!

and thus the smaller the residual error power, which
leads to the better STAP performance. The same
analysis results can also be applied in the scenario of
multiple satellites.

and

H
’a(pd >9d aq’s 905

H
’a(ﬂdﬂd 9.0,

Fy (k) and Fy(k), so that the smaller ”rdlirdd

3.3. Antenna array manifold vector model
From the above analysis, the better performance of
the adaptive antenna under STAP can be obtained

under the array configuration where “rd[irdd H is

minimized. The basic array configuration model
consists of two parts, the element pattern and the
pattern of the array with the actual elements replaced
by isotropic point sources, namely array factor. The
entire pattern of the array is the product of element
pattern and the array factor. It consists of N omni-
directional elements, equally/unequally distributed at
the observation angle (¢,0), as shown in Fig. 1(a).

Figs. 1(b)-(d) shows several examples of planar arrays
that are of interest. The input is a plane wave
propagating in the direction with temporal frequency.

z

(b) ULA.

(d) URA.

Fig. 1. Antenna array cartesion coordinate system and examples.
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The first element is assumed to be located at the origin
of the coordinate system and as the phase reference
point. Therefore, the steering vector of the array is
denoted as [20,22]

a@,g

=7 ~J oy _; H
[emen gt et T o)
. . ) ;
= [1e“—31\pu2 P e'f/\ﬁmh s e'j/\puN :|[

where A=27/4 is the free-space wave number at
some IF frequency, A is the working wavelength,

p =lcos(8)cos(p) cos(P)sin(p) sin(8)),

6e{0,7/2], pel-n,x], @4

P is a unit vector in the direction of arrival signal,

and wu;, is the position vector of the A" array

element with respect to the phase reference point,
which is assumed as the origin of the orthogonal
coordinate system as shown as follows:

H
l{h = [xh yh Zh] . (25)
From (24) and (25), the inner product of p and uy is

p-uy, = cos(8) cos(p)x;, + cos(0)sin()y,

+sin{g)zy,. (26)

From the discussion of previous sections, we attempt
to utilize the vector model of ULA, UCA, and URA in
both (20) and (21). Consequently, the corresponding

calculations, we come to compare the resulting
minimal value and the STAP performance.

rgrdd H, can be obtained. From the results of above

4. NUMERICAL SIMULATION

4.1. Simulation parameter

In this section, computer simulations are conducted
to assess the performance under different forms of
antenna array configuration. For these array configu-
rations, two scenarios of simulation are considered.
All of these antenna array configurations have the
same antenna elements and equally spaced array with
half wavelength spacing so that the spatial aliasing is
avoided and the mutual coupling effect is ignored.

In all simulation, it is performed with N =9
elements in three array configurations, and with
M =5 taps behind each element. The one-half
wavelength of radius is considered in the UCA., These
scenarios encompass narrowband interference and
wideband interference.

Both Tables 1 and 2 summarize the parameters in
the two scenarios, respectively. In the first scenario,
the received signal consists of single GPS signal

Tablel. Scenario 1 for single GPS signal.

Freq.
. GPS q
Inter INR | sNR | Interference PRN30 offset
ference \ 0. ( ) .

) (dB) | (dB)| (9.6} (0.0, | Telative
ype %% | toIF
WBI | 10 (20°,15%) -
WBI | 15 (50°, 50°%) -
WBI | 15 | =20 | (45°-30°% | (0° 30 ~
WBI | 10 (=75%,~55°%) -
NBI | 15 (-20°,-65%) ~2.8KHz

Table 2. Scenario 2 for single GPS signal.

Freq.
. GPS q
Inter- | /v | sng | Interference | L 2| offset
ference . ( ) .

¢ (dB) | (dB) (@;.6)) (0,00) relative
ype 7 | torr
NBI | 10 (140°,20°) -1.1KHz
NBI | 15 (-50°,40°) —1KHz
NBI | 15 | -20 |(120°~50°) | (0° 30°) | ~1.8KHz
NBL | 10 (60°,45°) ~3KHz
WBI | 15 (—20°,-65°) -

(PRN30) of interest, four wideband interference {co-
channel interferences; WBI), one narrowband interf-
erence (NBI), and additional white Gaussian noise. In
the second scenario, the received signal consists of
single GPS signal of interest, one wideband
interference (co-channel interference), four narrow-
band interferences, and additional white Gaussian
noise. In both scenarios, each of the narrowband
interference has different frequency offsets relative to
the L1 carrier frequency. Also, the direction of desired
signal (PRN 30) is known and time between desired
signal and local replica is synchronized. The SNR of
the GPS signal is -20dB. For the tabulated parameters
and with respect to different array configurations, 50
Monte Carlo simulations are performed. In each
simulation, the noise and interference are generated
randomly and the spatial-temporal data processing
technique is used to process data and the average
performance metrics are assessed. In the adaptive
spatial-temporal data processing, the sampling rate is
16.368 MHz, each C/A code block lasts 1m sec, i.e.,
the block size is L=16368, and K=5 for block
averaging. Intermediate frequency is 4.092 MHz. The
length of the available data record is equal to 30ms.

4.2. Simulation results

The beam pattern of the spatial-temporal weights
for the three antenna configurations with half
wavelength spacing is shown in Figs. 2(a), 3(a), and
4(a) for scenario 1, and in Figs. 2(b), 3(b), and 4(b)
for scenario 2, which displays a well-defined null
depth perfectly suppressed by the adaptive spatial-
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Table 3. Antenna element N =9 and M = 5.

ULA for Scenarie 1

60 45 -30 <15 0 15 3% 45 60 75

50

SINR improvement (dB) (average value)
ULA UCA URA g
Scenario 1 38.6 40.8 42.2 ;: -
Scenario 2 41.8 423 44.1 H =
MMSE Criterion (dB) (average value) é— g
ULA UCA URA T £
Scenario 1 -9.1742 —-11.1892 —12.0821 §
Scenario2 | -10.9711 —11.8892 -14.1551

Elevation €°

temporal processing under various array configura-
P P s Y 8 (a) Beam pattern for Scenario 1 (ULA): 4WBI, 1NBI.

tions,

To verify the performance improvement, three same
STAP systems are constructed on the three array
configurations with 5 taps in each array channel. Note
that MMSE value is the average result of 50 different
simulations, based on the prerequisite of the same
numbers and types of interference. The SINR im-
provement versus array configurations is summarized
in Table 3. The SINR improvement is defined as the
difference between the output SINR and input SNR.
The residual error power under the MMSE criterion
for ULA in Scenario 1 is —-9.1742 dB, whereas
-11.1892 dB for UCA, and -12.0821dB for URA.
The residual error power under the MMSE criterion
for ULA in Scenario 2 is —10.9711 dB, whereas
—11.8892 dB for UCA, and -14.1551dB for URA.
The average results clearly show that the use of URA
can improve array output performance better than
other array configurations. The effect of the number of
time delay taps on interference mitigation is also
analyzed. From Fig. 5, we see that, as expected,
adding temporal taps does indeed improve the SINR.
As can be seen from Fig. 5, the SINR improvement is
always modest if five or more taps are employed in
first scenario and eight or more taps are required in
scenario 2, respectively. Nevertheless, the more the
tap numbers, the longer the system computation time

ULA for Scenario 2

Buseband frequency o ffyet(K)i2)
Power Crail

o
Elevation £°

(b) Beam pattern for Scenario 2 (ULA): 4NBI, IWBL

Fig. 2. Antenna array pattern response.

aseband freguency offset (KHz)
Power Gain (dB)

§9‘0 -5 60 45 30 -15 0 15 3B 45 60 TS S0
Elevation §°

(O[(NM )2]) and conver-gence time. In this paper, i
(a) Beam pattern for Scenario 1 (UCA): 4WB], 1NBIL

five taps are adopted for analysis.

Observe that the use of URA leads to the SINR
improvement. In Figs. 6 and 7, the performance result
for the signal correlation under different array
configurations is shown. We plot the amplitudes of

Fy(k) and Fy(k) in Figs. 6 and 7 for scenario 1

and scenario 2, respectively. The results demonstrate
that there are no discernible difference of the
correlation function peak from its correct location at
zero code phase offset in Figs. 6(a) and 7(a),
respectively. Even in the presence of several strong
wideband or narrowband interferences, there is not a
drastic broadening of the correlation function. This
result meets the expectation for very large tracking
errors. Small code tracking errors are defined by the

Baseband frequency offset (KHz)
Power Gain (dB3)

3
90 75 -60 45 30 -15 0 15 30 45 60 75 90

Elevation 8°

(b) Beam pattern for Scenario 2 (UCA): 4NBI, 1WBI.

Fig. 3. Antenna array pattern response.
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URA for Scenario 1

15 30 45 £
Elevation &7

(a) Beam pattern for Scenario 1 (URA): 4WBI, INBI.

Baseband Froquency offyet (KHz)

VR for Scenario 2

g 15 6 13 30 45 &0
Elevation §°

(b) Beam pattern for Scenario 2 (URA): 4NBI,

Fig. 4. Antenna array pattern response.

Wy
b

I
=]

SINR improvment (d13)

o
3

—w— ULA (5}
L UCA (3
—O— URA (3X3)

L i L L L

20
&

2

4 & 8 19
Number of taps for each amray channal{ 3¢ }

(a) Scenario 1.
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Fig. 5. Number of taps v.s SINR improvement.
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(b) cross-correlation function.
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shift and variance of the correlator in S-curve
position. Figs. 6(b) and 7(b) tell the fact that under
URA, the sidelobe levels of the associated correlation
functions are reduced in comparison with that of other
array configuration. Therefore, the increase in pseudo-
range error is limited.

In addition, we attempt to add antenna numbers to
observe its effect on STAP performance. To satisfy the
square configuration of URA, 16 as well as 25
antennas are also adopted to proceed with simulation,
the results of which are shown in Figs. 8(a) and (b).

These figures illustrate that adding antenna
numbers does enhance STAP performance. It is also
shown that the URA configuration in general has a
better performance in interference mitigation.
However, to constitute a URA configuration, the
antenna numbers are confined to 2x2, 3x3, 4x4,
etc, as opposed to ULA and UCA. When the antenna
number and cost are to be considered, the UCA
configuration appears to yield a better balance.

5. CONCLUSIONS

In this paper, a non-blind STAP is adopted for
interference mitigation. A criterion function is

developed to assess the STAP performance in various
array configurations. The performance improvement
of the STAP system based on different array
configurations is analyzed. Also, the associated
spatial-temporal correlation function through 50
different simulations of GPS orbit in interfered
environment under various array configurations is
assessed and compared. The performance of the STAP
system is illustrated via computer simulations in
scenarios with WBI, NBI, and noise. The presented
approach can serve as a tool in assessing the antenna
array configuration design in interference mitigation.

The analysis discussed in this paper is based on the
prerequisite of equal spacing of each antenna. In the
future, we will focus on the scenario of unequal
spacing and design the best array configuration to
reduce the effect of cross-coupling and interference.
Future researches will also address the generalization
of the proposed approach to account for the mitigation
of multipath effect in positioning and attitude
determination [23].
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