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Correction of failure in antenna array using matrix pencil technique
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In this paper a non-iterative technique is developed for the correction of faulty antenna array based on matrix pencil
technique (MPT). The failure of a sensor in antenna array can damage the radiation power pattern in terms of sidelobes
level and nulls. In the developed technique, the radiation pattern of the array is sampled to form discrete power pattern
information set. Then this information set can be arranged in the form of Hankel matrix (HM) and execute the singular
value decomposition (SVD). By removing nonprincipal values, we obtain an optimum lower rank estimation of HM. This
lower rank matrix corresponds to the corrected pattern. Then the proposed technique is employed to recover the weight
excitation and position allocations from the estimated matrix. Numerical simulations confirm the efficiency of the proposed
technique, which is compared with the available techniques in terms of sidelobes level and nulls.
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1. Introduction

In this work, we put an emphasis on the problem of fail-
ure correction in antenna arrays. In a communication sys-
tem there is a possibility of getting failure of sensors. The
failure of a sensor can damage the power pattern in terms of
sidelobes, null depth and shifting of nulls from their original
positions. Due to this failure, the communication becomes a
haze. To obtain the desired pattern with the active number
of sensors is very important in the case of radar and satel-
lite communication.!!! This technique focuses on achieving
the desired power pattern even in the case of sensor failure.
Identification and correction of failures in an antenna array has
received more attention in recent years. Once the locality of a
damaged sensor is identified by fault-finding techniques,*8!
some correction techniques can be used to obtain the desired
power pattern.[°!7] Recently, Zhu et al. designed an algo-
rithm for the detection of damaged antenna arrays and this
technique!®! requires no prior knowledge of the damaged sen-
sors.

Some available techniques have been applied to the cor-
rection of failure by changing the weights of the active sensors
in the antenna array by using nature-inspired heuristic opti-
mization techniques to achieve the desired pattern.!' =131 How-
ever, these available techniques require active sensors in the
antenna array to obtain the desired power pattern because of
the constraint of uniform sensor spacing. Peters!!4 proposed
a conjugate gradient technique to reconfigure the weights and
phase distribution of the active sensors in the array by reducing
the average SLL only. Lorenzo et al.!'> proposed a technique
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based on a time modulated array (TMA) for the correction of
failure. In the correction of faulty arrays, with the reduction of
SLL, a null steering and beam steering becomes an important

16.17] presented compen-

issue to be addressed. Hejres er al.!
sation for sustaining fixed nulls and null steering in phased
array antenna. Acharya et al. proposed a method for failure
compensation in faulty arrays. The first part of his study dealt
with the thinning in the faulty arrays, i.e., to find a limit to the
least number of working sensors of the array that can recover
the desired pattern while the second part dealt with the max-
imum number of faulty sensors that can be compensated for
by using particle swarm optimization,!'®! but this method only
reduces the SLL. Yeo and Lu proposed a genetic algorithm for
failure correction which reduces the sidelobes level only. "]
The symmetrical linear array is of great importance, which
has already shown useful results to achieve the desired pattern
for failure correction, where the failed sensor signal is recon-
structed from the failed sensors by taking its conjugate. >l Ar-
ray antenna provides higher gain and has many applications in
the field of engineering and technology.!>~%3!

Some of the optimization algorithms such as cultural al-
gorithm with differential evolution (CADE),[®! particle swarm
optimization (PSO) method,'?! cuckoo search algorithm, !
genetic algorithm along with pattern search (GAPA),** an-

16,171 and other synthesis techniques!!*+!>!

alytical methods, !
have used the active sensors in antenna arrays for failure cor-
rection but none of them can obtain the desired pattern with
the reduced number of sensors by matrix pencil technique

(MPT). Although the obtained desired pattern with nature-
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inspired evolutionary algorithms is capable of correcting the
failure, it is time consuming. The failure correction of sensors
by MPT is an interesting and efficient way to obtain the de-
sired power pattern with the reduced number of sensors. The
MPT!?>?7] readjusts the weight and position for the original
pattern with the reduced number of sensors. The SVD tech-
nique is used for the non-uniform and reduced number of sig-
nal sampling.[?8-30]

In this paper, a non-iterative technique is developed for
the correction of array failure based on matrix pencil technique
(MPT). The failure of sensors in antenna array can damage the
whole radiation pattern. In the developed technique, the radi-
ation pattern of the damaged array is sampled to form a dis-
crete power pattern information set. Then this information set
can be arranged in the form of Hankel matrix (HM) and ex-
ecute the singular value decomposition (SVD). By removing
the non-principal values, we obtain an optimum lower rank es-
timation of the HM. This lower rank matrix corresponds to the
desired pattern. Then the proposed technique is employed to
recover the weight excitation and position allocations from the
estimated matrix. The proposed MPT provides better power
pattern than the conventional techniques with fewer number
of sensors. The remaining paper is organized as follows. The
problem formulation is defined in Section 2 while the pro-
posed solution is described in Section 3. Then in Section 4
the simulation results of the proposed method are presented.
Finally, some conclusions are drawn in Section 5.

2. Problem formulation

Consider a linear antenna array consisting of N number of
sensors. The healthy array factor for this setup is given by3!]

ey

N

AFN(B) — ZAl'e_lktl',’(:Ose7
i=1

|

Min {C}
Cost fuction = )
Const. § Min {aLa’}

i=1

where A} and d/ (i=1,...,C <N) are the weight excitation
and locations for the corrected C number of antenna sen-
sors. In this work, a non-iterative technique is used for fail-
ure correction in antenna arrays. The method consists of two
stages. In the first stage, the singular value decomposition
(SVD) method is used to obtain low rank approximation in
least square estimation of the HM constructed by the array
power pattern samples. The lower rank matrix corresponds to
the corrected pattern that is comprised of a reduced number of
antenna sensors. In the second stage, an MPT is used to re-
configure the weight excitations and locations of the sensors
in antenna array. The array factor is defined by Eq. (1) and
let u = cos O and w; = kd;. The array factor in Eq. (1) can be

C .
HAFN (8) — ¥ Aeikdieod
c i=1

where A; is the weight excitation of the i-th sensor positioned
at x =d; and k =271 /A is the wave number. The non-healthy
setup for this damaged antenna array can be given by the fol-
lowing expression:

N .
AFj(0)= Y Ajeltdicos®, )

L
It is assumed that the sensors A, A,, and A5 become damaged
in the antenna array. One can clearly see from Fig. 1 that due
to A1, Az, and As sensor failure, the whole power pattern is
damaged in terms of sidelobes, null depth and null positions
shifting from the original locations. So, the main objective of
this work is to correct the failure pattern with the reduced num-
ber of sensors that has the same desired pattern as the healthy

one AFy (0).
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Fig. 1. (color online) Original and damaged (A;,A>,As) sensor radia-
tion power pattern.

3. Proposed solution

The proposed method is based on the matrix pencil tech-
nique (MPT) to correct the failure pattern with the reduced
number of sensors. The solution to this problem is given by
the following cost functions:

3

}Sg’
2

N
AFy (cos™'u) = ZA,-ejW"”.
i=1

written as

“

So, our desire is to set a few antenna sensors to obtain the orig-
inal pattern AFy (0). In signal processing, the MPT is useful
for the problems like the array factor defined in Eq. (1). Now
the procedure to select the minimum number of sensors C of
the corrected array in Eq. (3) is as follows. To sample the pat-
tern in the identical steps from u = —1 to u = 41, where the
sample length is 2M + 1,

0,....M

m
Up=mA=—, m=-—-M,... ,
M
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N
fn(m) = Fy (cos 'mA) =Y Aipl", (5)
i=1

where p; = e!"i4. As per Nyquist theorem, the sampling rate

must be foampling > 2fmax i.6., A <A/ (2dmax). As we con-
|

Y@M —K) y@M~K+1) - y(2M)

where y(m) = fy (m—N). The parameters M and K are cho-
sen as follows: 2M — K > N, and K + 1 > N. For instance, we
set that, N = K = M, then SVD of the matrix is

Y] =w]Ev), )
where [U] c S(2M7K+1)x(2M7K+1)’ [V] c S(K+1)><(K+1)’
and [X] = diag{oy,02,03,...,0N,...,0p}{0] > O >
03,...,> Op}o; are the singular values of [Y]. P =

min{2M —K+1,K+1}.

The rank of the HM [Y] and the number of nonzero sin-
gular values should be equal to the number of exponentials.
In other words, there will be N nonzero singular values for
the N number of sensors in the antenna array. To obtain the
lower rank estimation of [Y], we set the non-principal values
to be zero, which resembles the array with reduced number of

sensors C.

Ye] = [U][Zc] V", )

where [Z¢] = diag{o},072,03,...,0¢,0,...,0} and C < N.

IY]=[¥clllp = min

Y] - [X]|| =
i )= Xl

From Eq. (9), the error decreases as the number of sensors C
increases and approaches to zero when C = N. This implies
that the radiation power pattern of the corrected array achieves
a better estimation of the original array. In a normal scenario,
expression for the corrected pattern of minimum number of

sensors C can be written as follows:

P
L o
C=min{ ¢;—L 4 (10)

o’ <e
i=1

i=
where € is a small number and the setting of this positive num-
ber is dependent when the corrected pattern matches the orig-
inal pattern. When the lower rank matrix Y¢ is reconstructed,
the parameters p} equivalently corresponding to the locations
of the corrected array C can be obtained by determining the
eigenvalue problem

([Yes] =2 [Yeq]) =0, (11)

sider N number of sensors in the antenna array with a spacing
of d = A /2, we require 2N — 1 sample points for the array ra-
diation pattern. The HM that is built up from the sample data

of the radiation power pattern is given as follows:

y(K)
ey (K+1)

(2M—K+1)x (K+1)

where [Yc f| € SEM=K+1)xK j5 obtained from [Y¢] by remov-
ing the first column [Y¢,;] € SGM—K+1XK that is achieved by
removing the last one. The value 7’ is the location of the new
element of the array obtained by the proposed method of re-
covering the desired pattern. The values p) are equal to the
nonzero p’ eigenvalues. When we obtain the values p/, the

location of the sensors are given by!!%]

N 1
d = jk—Aln (p;) . (12)
Thus the estimated weights and locations obtained by the pro-
posed MPT are given by
A 1
di =y (vi). (13)
AqH raa\ L pan -
A= (1P]"[2]) " [P, (14
Al P;
where p; = EiR
Fu=(fur (=N) fu (=N+1),0, fu (N)T (15)
N — = L\ =N
G @ ()
A1\ —N+ AN+ AL\ T

AN o N AN
() (P3) (5c) (2N+1)xC

4. Simulation results

In this section, different numerical simulations for failure
correction are carried out to confirm the validity of the pro-
posed matrix pencil technique (MPT). Three types of patterns
are considered for the recovery of the desired pattern.

4.1. Case A: Recovery of Chebyshev pattern

In this case, the failure correction by matrix pencil tech-
nique (MPT) is carried out with a minimum number of sen-
sors. The matrix pencil is a non-iterative technique which is
used for performing the correction in a linear antenna array
to reduce the sidelobe level and null depth level and for keep-
ing the main beam in the direction of desired users. The MPT
starts with generating an HM with uniformly-spaced samples
from an identified far field beam pattern. A singular value
decomposition (SVD) along with conditions to find the num-
ber of principal singular values determines a corrected pattern
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with reduced number of sensors. First, consider a Chebyshev
power pattern of N = 20 number of sensors with sidelobe level
SLL = —30 dB as shown in Fig. 2 and assume that N = M for
the sampling parameter. As we have seen that due to the fail-
ure of sensors the whole power pattern is disturbed as shown
in Fig. 1 and communication becomes a haze in certain cases
like radar and satellite communications. But by applying the
proposed MPT, the failures can be recovered.

0 T T T T
original Chebyshey
pattern R
2 ——corrected by MPT

—40}

—60

Far-field pattern/dB

—80

0 20 40 60 80 100 120 140 160 180
Angle/(")
Fig. 2. (color online) Original Chebyshev array and the corrected array beam
patterns by MPT.

The Chebyshev samples of singular value spectrum is
shown in Fig. 3 and these values are reduced in magnitude.
The greater values in magnitude of singular value spectrum
(SVS) are taken which correspond to the number of sensors
in the corrected array while the smaller values are fixed to
be zero. Thus the corrected pattern can be obtained by fewer
number of sensors in the array by using the proposed method
called MPT. The weights and locations of the original faulty
and corrected array are shown in Table 1. The condition for
the minimum number of sensors in the corrected array are set
by Eq. (10). We make an assumption that an array contains
20 sensors, and 40% of sensors are damaged in the array due
to some reason. Because of these failures, the whole power
pattern is disturbed in terms of sidelobes, nulls and shifting of
nulls from their original locations. Now our desire is to re-
cover the pattern by the proposed method called MPT which
has the same pattern as that of the original one. By apply-
ing the proposed MPT, the corrected pattern is recovered with
C = 12 number of sensors at € = 102, This is the least square
error obtained by Eq. (10) for recovering the desired pattern.
Figure 2 shows the comparison between the original Cheby-
shev pattern and the corrected pattern obtained by the pro-
posed MPT. The uniform weights of the Chebyshev array and
the non-uniform weights of the corrected pattern obtained by
the proposed MPT are given in Table 1. The proposed MPT
recovers the same pattern as that of the original Chebyshev
pattern obtained by 20 sensors. Figure 3 shows the singular
values of HM in the decreasing order of magnitude. The first
12 greater singular values are taken which relate to the num-
ber of sensors in the corrected array while the remaining val-
ues are fixed to zero. The weights and sensor locations of the
corrected array are given in Table 1.

Table 1. Weights and locations of uniform Chebyshev array and cor-
rected non-uniform array.

Original Chebyshev ~ Damaged pattern ~ Corrected pattern weights
pattern weights weights by proposed MPT

i A Adamagcd dl'/l A;

1 1.0000 1.0000 0.4310 1.0000

2 0.9701 0.9701 1.2351 0.9201

3 0.9124 0.9124 2.0761 0.7612

4 0.8310 0.8310 2.9813 0.5720

5 0.7315 0.7315 3.8702 0.3433

6 0.6203 0.6203 47114 0.2754

7 0.5046 0.5046 47114 0.2754

8 0.3910 0.0000 3.8702 0.3433

9 0.2856 0.0000 2.9813 0.5720

10 0.3256 0.0000 2.0761 0.7612

11 0.3256 0.0000 1.2351 0.9201

12 0.2856 0.0000 0.4310 1.0000

13 0.3910 0.0000

14 0.5046 0.0000

15 0.6203 0.0000

16 0.7315 0.7315

17 0.8310 0.8310

18 0.9124 0.9124

19 0.9701 0.9701

20 1.0000 1.0000

Figure 2 shows the comparison between the original and
the corrected array beam patterns and both arrays approxi-
mately give the same results. After applying the proposed
technique, the corrected pattern overlaps the original Cheby-
shev pattern as depicted in Fig. 2. The weights of the corrected
pattern obtained by proposed MPT are shown in Fig. 4.
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Fig. 3. (color online) Singular values of Hankel matrix.
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Fig. 4. (color online) Weights of the corrected array obtained by pro-
posed MPT.
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4.2. Case B: Recovery of Taylor pattern

In this case, we consider a Taylor array pattern of 32 sen-
sors with SLL. = —25 dB as shown by the blue solid lines in
Fig. 5. Again we assume a failure of 40% of sensors in the
uniform Taylor array. Due to these failures, the sidelobe level
and nulls are damaged. After applying the proposed MPT, the
same pattern is recovered into that of the original Taylor array.
The weights of the corrected array obtained by the proposed
MPT is depicted in Fig. 6. The corrected pattern weights and
locations are compared with those of the original Taylor array
(Table 2). The original Taylor array and corrected pattern ob-
tained by proposed MPT are shown in Fig. 5. The corrected
pattern overlaps the original pattern. The weights obtained by
the proposed MPT are shown in Fig. 4.

Table 2. Weights and locations of uniform Taylor pattern and proposed
corrected array by MPT.

Original Taylor Damaged Corrected weights and
weights weights location by proposed method

i A; d,/l A;

1 1.4418 1.4418 0.9125 1.0000
2 1.4272 1.4272 0.8761 0.9534
3 1.3981 1.3981 0.8130 0.8639
4 1.3610 1.3610 1.7391 0.7518
5 1.2989 1.2989 2.7391 0.6527
6 1.2307 1.2307 3.4981 0.5216
7 1.1523 1.1523 4.5121 0.4156
8 1.0661 1.0661 5.3178 0.3284
9 0.9750 0.9750 6.7963 0.2176
10 0.8826 0.8826 6.7963 0.2176
11 0.7926 0.0000 53178 0.3284
12 0.7093 0.0000 4.5121 0.4156
13 0.6367 0.0000 3.4981 0.5216
14 0.5786 0.0000 2.7391 0.6527
15 0.5379 0.0000 1.7391 0.7518
16  0.5170 0.0000 0.8130 0.8639
17 0.5170 0.0000 0.8761 0.9534
18 0.5379 0.0000 0.9125 1.0000
19  0.5786 0.0000
20 0.6367 0.0000
21 0.7093 0.0000
22 0.7926 0.0000
23 0.8826 0.8826
24 0.9750 0.9750
25 1.0661 1.0661
26 1.1523 1.1523
27 1.2307 1.2307
28 1.2989 1.2989
29 1.3551 1.3551
30 1.3981 1.3981
31 1.4272 1.4272
32 1.4418 1.4418

The corrected array of 18 sensors is tapered a little as
shown in Fig. 7. The sensors spacing varies from 0.90 at the
centre to 0.85 wavelengths at the array ends and the spacing is
symmetric about the array centre. As we have observed, due to

the failure of sensors, the power pattern is damaged in terms of
main lobe and sidelobes level but after applying the proposed
MPT, the corrected pattern has the same main lobe and side-
lobes level as those of the original Taylor array. The weights
of the original Taylor array, damaged Taylor array, and Taylor
array obtained from the proposed MPT are given in Table 2.
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Fig. 5. (color online) Original Taylor pattern and the corrected array
beam patterns by proposed MPT.
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Fig. 6. (color online) Corrected array weights of 18 sensors.
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Fig. 7. (color online) Corrected array sensor spacing obtained by MPT.

From Fig. 6 it is clear that the corrected array weights of
18 sensors decrease from 1.00 at the center to 0.23 at the ends
and the array is symmetric about the centre.

Now we consider a large Taylor array of 64 sensors with
sidelobe level —30 dB and assume that 40% of sensors are
faulty in the array. The failure is produced in sidelobes level
and damages the nulls. The Taylor pattern is shown by the blue
solid lines while the corrected pattern obtained by proposed
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MPT is given by red solid lines as shown in Fig. 8. The cor-
rected pattern is obtained by the proposed MPT from 34 sen-
sors as shown in Fig. 9 and the corrected pattern overlaps the
original Taylor pattern in terms of sidelobes, nulls and main
beam.

The weights of the corrected array of 34 sensors obtained
by the proposed MPT are symmetrical about the centre of the
array. The corrected array weights decrease from 1.00 to 0.22
at the array ends which is shown in Fig. 9. The original Tay-
lor array simulated patterns for 64 sensors and the pattern ob-
tained by the proposed MPT from 34 sensors are the same.
Both the original and corrected patterns are approximately the
same in terms of sidelobes and main beam.
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Fig. 8. (color online) Original Taylor pattern (—30 dB, n = 3) of 64
sensors and the corrected array beam pattern by proposed MPT.
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Fig. 9. (color online) Corrected array weights obtained by proposed
MPT from 34 sensors.

4.3. Case C: Analysis of comparison between conventional
and proposed MPT

The performance of the proposed MPT is compared with
that from the available technique.!'®! In this case, we consider
a linear array of 32 sensors with sidelobes level —25 dB as
the test antenna. The failure is assumed to occur at location
(wp,ws,we), and due to this failure, the pattern is disturbed
in terms of sidelobes, nulls and positions of nulls which are

shifted from the desired location as shown by the pink solid
lines in Fig. 10. In Ref. [19] the desire is to recover the side-
lobe level only by varying the weights of the active sensors
but the null depth level and location of nulls to their original
locations are still problems to be taken into account. Our pro-
posed MPT deals with the problems of sidelobes, null depth
level and location of nulls toward the desired direction. The
sidelobes and null depth level of the original, damaged, con-
ventional technique in Ref. [19] and proposed MPT are given
in Table 3. From Fig. 10 it is obvious that the conventional
technique in Ref. [19] recovers the sidelobes only but the pro-
posed MPT overlaps the desired power pattern and obtains the
same power pattern as that of the original Chebyshev array.

0
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m :cor%%%%lonal[lg] 1
o —prgposed MPT
F —20}
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= 7YTIVTT
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Fig. 10. (color online) Analysis of comparison between conventional
technique in Ref. [19] and proposed MPT.

If the desired target changes its location, then the main
beam can be steered in the target direction. The main beam di-
rection in this scenario is directed at an angle of 6; = 52°. One
can clearly observe from Fig. 11 that for the pattern obtained
by the proposed MPT, its main beam direction is steered along
with the nulls at the desired angles. The pattern obtained by
the proposed MPT is given by the black dotted lines and the
conventional technique!!”! by the red solid lines.
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Fig. 11. (color online) Main beam steering at an angle 52° by the pro-
posed MPT and conventional technique in Ref. [19].

Table 3. Analysis of comparison between the proposed MPT and conventional technique in Ref. [19].

Original array Damaged array Proposed MPT Convention technique!'’!
SLL NDL Damaged sensor SLL NDL SLL NDL SLL NDL
—-25.00 -70 2,5,6 —16.07 —26.81 —25.00 —59.80 —25.21 —32.12
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Now if the target changes its location, then by the pro-
posed MPT the main beam direction can be steered at an angle
138° along with the nulls as shown in Fig. 12. The weights
of the original technique, conventional technique in Ref. [19]
and proposed MPT for Fig. 11 are given in Table 4.

0 ——original
o |
3 —— proposed MPT r
a —20¢
Wi
5740- Y |
L‘L% —601

80 100 120 140 160 180
Angle/(")
Fig. 12. (color online) Main beam steering at angle 138° by the pro-
posed MPT and conventional technique in Ref. [19].

0 20 40 60

Table 4. Analysis of comparison between proposed MPT and conven-
tional technique.

Original Chebyshev Conventional Proposed
weights Technique!!"! MPT

i A; Aconventional di/A Al

1 1.0000 0.0319+0.0008i 0.6179  1.000
2 0.9908 0.0000 1.4691  0.9457
3 0.9726 0.1429 —0.0005i 23150 0.9512
4 0.9458 0.2782 —0.0006i 3.2654  0.9107
5 0.9109 0.0000 4.1731  0.8371
6 0.8687 0.0000 4.8943  0.7631
7 0.8201 0.3169 - 0.0005i 5.7523  0.6195
8 0.7660 0.3846 4 0.0002i 6.7821  0.5897
9 0.7076 0.4031 —0.0001: 7.8649  0.5565
10 0.6459 0.4763 —0.0003i 8.7967 0.5431
11 0.5822 0.5696 +0.0001: 9.8761  0.4934
12 0.5176 0.5874 4 0.0003i 111057  0.4873
13 0.4533 0.61250.0002i 111057 0.4873
14 0.3902 0.6754 —0.0005i 9.8761 0.4934
15 0.3296 1.0128 4+ 0.0002i 8.7967 0.5431
16 0.8085 0.6754 4 0.0005i 7.8649  0.5565
17 0.8085 0.6125 —0.0002i 6.7821  0.5897
18 0.3296 0.5874 —0.0003i 5.7523  0.6195
19 0.3902 0.5696 4 0.0001i 4.8943 0.7631
20 0.4533 0.4763 4 0.0003i 4.1731  0.8371
21 0.5176 0.4031 —0.0001i 3.2654 0.9107
22 0.5822 0.3846 —0.0002i 23150 0.9512
23 0.6459 0.369 4 0.0003i 1.4691  0.9457
24 0.7076 0.3169 4 0.0005i 0.6179  1.0000
25 0.7660 0.3476 — 0.0005
26 0.8201 0.3014 — 0.0006i
27 0.8687 0.2986 — 0.0005i
28 0.9109 0.2782+ 0.0006i
29 0.9458 0.1864 —0.0005i
30 0.9726 0.1429 4-0.0005i
31 0.9908 0.7913 — 0.0003
32 1.0000 0.0319+0.0008i

5. Conclusions

In this paper, a non-iterative effective technique for fail-
ure correction in antenna array is developed. Due to sensor
failure, the whole radiation patterns are disturbed in terms of
sidelobes and main beam. Through the achievement of the sin-
gular value decomposition (SVD) of radiation power pattern
samples, we can find the minimum number of sensors in the
corrected array which has the same pattern as that of the orig-
inal array. After that, the MPT is used to find the weights and
locations of sensors of the corrected array. The failure of sen-
sors in the array is 40%. By applying the proposed technique,
the desired pattern is recovered by the non-uniform array with
the fewer number of sensors than by the uniform Chebyshev
array. The proposed technique is very suitable for failure cor-
rection in the case of large antenna arrays where we require
narrow beam and low sidelobe level. This method can be ex-
tended to circular and planar arrays.
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