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For the interferences suppression of a large-scale antenna array after a
subarray configuration (SC), a generalised sidelobe canceller (GSC)
weighting approximation at irregular subarrays algorithm is presented.
First, the SC is obtained by particle swarm optimisation. Then, digital
weights of the second-class subarrays and also the analogue weights of
the elements and first-class subarrays are optimised in two steps by
convex optimisation to approximate GSC weights to the maximum
extent, which are directly applied at the element level of the whole
array. Simulation results are presented that prove that the proposed
algorithm achieves better performance of anti-jamming than direct
GSC weighting at subarrays.

Introduction: Large and ultra-large-scale phased arrays have the advant-
ages of substantial gain, high resolution and far detection distance, but
they consist of hundreds or even thousands of antenna elements with
high cost, so an irregular subarray configuration (SC) is employed to
reduce the dimensionality without grating lobes. However, the perform-
ance of adaptive processing is degraded since the power of the noise of
each channel is different. Therefore, Hu and Deng [1] normalised the
subarray outputs, in such a way that the weight of each element should
be known first. Nickel ef al. [2] analysed the effects of the number of irre-
gular subarrays on the adaptive digital beamforming without the
optimum subarray configuration. In [3], Hu ef al. introduced direct gen-
eralised sidelobe canceller (GSC) weighting at subarrays (GSC-SA),
which can achieve a higher signal-to-interference-plus-noise-ratio
(SINR) than the linearly constrained minimum variance algorithm.
Nevertheless, the main-side lobe ratio (MSLR) is reduced. In this
Letter, a novel algorithm, referred to as weighting approximation at irre-
gular subarrays (WA-IS), aimed a suppressing interferences for at
large-scale antenna array (LSAA) is proposed. Simulations verify that
WA-IS has better performance in adaptive beamforming, i.e. a higher
output SINR compared with the GSC-SA.

Signal and array model: The SC of the LSAA is displayed in Fig. 1. Let
N, N1 and N2 be the number of the elements, regular first-class subarrays
and irregular second-class subarrays, respectively. Let 77 be the first-
class subarray transforming matrix of N x Nl. The arrangement of
second-class subarrays is optimised by particle swarm optimisation
(PSO) [4]. The TR modules at the antenna elements and first-class
subarrays can be controlled in amplitude and phase, while digital

weights are applied to the second-class subarrays.
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Fig. 1 Architecture scheme of subarray configuration

Subarray configuration optimisation: The evolution of PSO is operated
according to the fitness function, i.e. the weighted sum of the MSLR and
the half-power beam-width of main lobe (BWML) along the elevation
axis (BW_ELE)/azimuth axis (BW_AZI), respectively. Each can be
adjusted by wl, w2 and w3:

Fitness = maximise wl - MSLR
+w2-1/BW_ELE + w3 - 1/ BW_AZI 1)

where Fitness represents the value of the fitness function used to assess
the irregular SC during optimisation. After multiple iterations, the globe
best of individuals, i.e. gbest which decides the SC is finally determined.
Then the matrix 7, of N1 x N2 dimensions which transforms the first-
class subarray outputs into second-class subarray outputs is built.

WA-IS algorithm: The synthesised adaption beam pattern after subarray
partition can be expressed as

FADBF(QDv 9) :((TITZWUPI,subZ) ©) (leupt,subl) © Wele)Ha(¢a 0) (2)

where a(o, ) is the steer vector in direction (¢, 8). Wopt_sub2> Wopt_subl
and wej, denote the adaption weights applied at the second-class sub-
arrays, first-class subarrays and the elements, respectively. The equival-
ent weighting of the array is

Wopt = (TITZWopL_subZ) O] (leopt_subl) O Wele (3)

Wopt 1S Optimised in a least-mean-square-error (LMSE) sense to approxi-
mate Wer cle, Which is obtained by GSC [5] weighting at the element
level (GSC-EM) of the whole array, such that Fapgr(¢e, 6) differs as
little as much from the pattern produced by the Wi e Weighting.
Consequently the deep null in the direction of the interference and the
high SINR can be achieved

Wref_ele = dp — Cy (CrI;IRCV‘)71 (CrI:IRaP) (4)

Due to the reduction in the power of the signal produced by the attenua-
tors at elements and first-subarrays, two constraints are added as below:

W ml% H (TITZWopt,subZ) ©] (leopt,subl) O Wele — Wref _ele H2
opt2_sub2s Wopt _sub1

st [Wetellee < 1, [ Woptsut [ o« <1 )

where ||||? and « represent 2-norm and «-norm, respectively.
For wqp,e approximating wier ¢je to the maximum extent, the optimis-
ation is conducted in two steps.

Step 1: The weights of first-class subarrays wg,; and wee are optimised
to approximate Wyer cle!

: 2
min ”(T]Wsubl) O Wele — Wref,ele”
Wbl ,Wele 6
(6)
St [Welelle <1
Step 2: Wopt_sub2 and Wep sup1 are jointly optimised to approximate
Wsub1-

min ” (TZWr)pt,subZ) ©) Wopt_subl — Wsubl ”2
Wopt _sub2sWopt _subl (7)

st [ Wopisubt | < 1

In (6) and (7), it is necessary to evaluate the logarithm of the weights to
be optimised since they are the Hadamard production of wgy,; and weye,
Wopt_sub2  and  Wope sup1, Tespectively. Afterwards, (6) and (7) are
transformed into the following problem that can be solved by convex
optimisation (CVX) [6]:

min || Wb + Wele — W, ?
Wt W ” subl ele re[_ele”
. 2
min ” Wopt_subZ + Wopl_subl - Wsubl ” (8)

Wopt _sub2» Wopt _sub1

S~t-H Wele”vx =

opt_subl Hx = 1

Simulation results: A planar rectangular large array of 3840 active
elements is assumed. The maximum number of the elements along the
x coordinate is 64 while that along the y coordinate is 60, where x and
y denote the coordinates of the array in the aperture plane. Suppose
the carrier frequency is 1.5 GHz. The distances between elements are
set as dx=0.1 m and dy=0.08 m, respectively. There are N1=240
first-class regular subarrays, each containing 4 x 4 elements, and N2 =46
second-class irregular subarrays. In Fig. 2, first-class subarrays belong-
ing to different second-class subarrays are marked by distinct symbols.

Suppose the azimuth angle and elevation angle of the signal are (0,
0)° and those of the interferences are (—20, 20)° and (10, 25)°, respect-
ively. Let the signal-to-noise ratio be 0 dB and the interference-to-noise
ratio be 40 dB. The MSLR is given priority in the SC optimisation
in this Letter, so in (1) the weight coefficients are set as follows:
wl=0.6, w2=0.3 and w3=0.3.
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Fig. 2 Irregular subarray configuration

Fig. 3 shows the maximum gain of the adaption pattern of WA-IS is in
the direction of the signal and the nulls are exactly in the direction of the
interferences. It is shown that the performance of the adaption beam
pattern produced by WA-IS is better than that of GSC-SA in Fig. 4.
The comparison is provided in Table 1.

404, 3 4
jammer 1 b
j=J ‘\ ¥ [
100, ) 3 20} W
. | %)
o 50¢ R T k=
3 " & o (X
c ol ’ P, i
€ . s
= -100] PR e
50 ) ‘50 :
0 0 -40 73, 5
—50 -50
elevation angle, deg 50 azimuth angle, deg —40  -20 0 20 40
azimuth angle, deg
a b

Fig. 3 Adaption beam pattern by WA-IS and its contour plot

a Adaption beam pattern by WA-IS
b Contour plot of adaption beam pattern
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Fig. 4 Sectional view of adaption beam pattern by WA-IS, GSC-SA and
GSC-EM in direction of signal

a Azimuth view
b Elevation view

Table 1: Comparison of gain of main lobe (GML), MSLR and
BWML between adaption beam patterns produced by
WA-IS and GSC-SA

. BWML (deg)
Algorithm | GML (dB) | MSLR (dB) - -
Elevation angle | Azimuth angle
WA_IS 71.64 13.25 3.1 2.4
GSC-SA 62.44 12.18 3.9 2.7
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Fig. 5 SINR of output data by WA-IS and its comparison with GSC-SA

a SINR of output data by WA-IS
b Sectional view of SINR of output data by WA-IS and GSC-SA
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Deep nulls can be produced in the direction of interferences through
both methods, while the output SINR of WA-IS is much higher than that
of GSC-SA, as shown in Fig. 5.

Conclusion: A weighting approximation method for irregular subarrays
of the LSAA called WA-IS is proposed to suppress the interferences.
First, the LSAA is partitioned into regular first-class subarrays and
then the irregular SC is optimised through PSO. Secondly, the
optimum weights at the subarray and the element level are produced
through CVX to approximate the GSC-EM in two steps. Finally, it is
shown that the GML and MSLR of the adaptation beam pattern of
WA-IS are higher than that produced by GSC-SA, while the BWML
is narrower. As a result, the output SINR is higher.
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