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Abstract—A class of linear derivative constraints, which provides
robustness to the conventional narrowband uniform linear array
configuration so as to handle broadband and moving jammer sources
problem is presented. The robust modification of linear constrained
minimum variance (LCMV) algorithm is given to broaden the null
widths in the jammer directions. Numerical results show that the
proposed algorithm has a better performance in broadband and moving
jammer scenarios in terms of maintaining beamwidth broadening and
capability of rejecting interferences.

1. INTRODUCTION

Smart antenna technology has found applications in radar, sonar
and communication systems for minimizing degradation in signal-to-
noise ratio performance owing to unwanted interference [1–9]. One
of the important applications of optimum adaptive beamforming is to
suppress jammer signals [10, 19]. Usually, the directional pattern nulls
formed by beamforming algorithm are extremely sharp. However, in
practical communication systems, the high speed jammer motion or
broadband signal may bring the jammers out of the nulls.

Recently, a wide number of papers have been devoted to
the problem of robust adaptive beamforming algorithm [20]. The
limitation of these algorithms is they only consider broadening the
beamwidth in the desired signal direction. Derivative constraints
are proposed to improve the performance of beamforming algorithm
in a broadband element space antenna array processors [21]. The
robustness against fast jammer motion is considered in [22], where the
robust Hung-Turner (HT) algorithm is proposed. [23] further develop
the approach of [22], and incorporate the robustness property into
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SMI, LSMI and EP algorithm. In a subsequent paper, the derivative
constraints of jammer directions are incorporated with a maximum
likelihood characterization of the so-called jammer subspace [24].

The main idea of this paper is to present a new set of constraints
for broadening the width of the nulls. For this purpose, the derivative
constraints are added to the LCMV beamformer. The simulation
results show that the proposed algorithm increases the width of the
nulls and performs better than the conventional LCMV algorithms in
moving jammer scenarios.

2. DERIVATIVE CONSTRAINTS

We assume the problem for a uniform linear array of M antennas
at d = λ/2 spacing. Here λ is the wavelength. Let L (L < M)
narrow band jammers impinge into the array from the direction of
{θJ1, θJ2, . . . , θJL} while the look direction is θs. Let the jammers be
uncorrelated with each other as well as with the signal.

Therefore, the nth snapshot of n × 1 received data vector can be
represented as:

x(n) = AJJ(n) + Sda(θs) + N(n) (1)

J = [J1(n), J2(n), . . . , JL(n)]T is the jammer signal waveforms,
and AJ = [a(θ1), a(θ2), . . . , a(θL)] is the M×L matrix array manifold
of them. The vector N(n) denotes Gaussian White Noise. As
plane waves, a(θi) = [1, ejϕi , . . . , ej(M−1)ϕi ]T , i = 1, 2, . . . , L, and
a(θs) = [1, ejϕs , . . . , ej(M−1)ϕs ]T .

To broaden the width of the nulls, the pth-order derivative of
directional pattern f(θ) respect to ϕ = 2πd

λ sin θ at θJi(i = 1, 2, . . . , L)
is set to be zero as follow:

∂pf(θ)
∂ϕp

∣∣∣∣
θ=θJi

= 0, i = 1, 2, . . . , L; p = 1, 2, . . . , P (2)

where f(θ) = wHa(θ), and let w be the adjustable weights defined by
w = [w1, w2, . . . , wM ]T .

And hence,

∂f(θ)
∂ϕ

= jw∗
2ϕejϕ + . . . + jw∗

M (M − 1)ϕej(M−1)ϕ = jwHBa(θ) (3)

where B = diag(0, 1, . . . ,M − 1).
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Similarly we have

∂pf(θ)
∂ϕp

= jpwHBpa(θ) (4)

So Equation (2) becomes

wHBpAJ = 0 (5)

3. ROBUST MODIFICATION OF LINEAR
CONSTRAINED MINIMUM VARIANCE
BEAMFORMING

In the previous section, the derivative constrained algorithm is
discussed. It set the high order derivative of directional pattern in
the directions of nulls to be zero to broad the null widths. With
the derivative constraints, one can expect a better performance of the
algorithm in the broadband and moving jammer scenarios. Below, how
to use these constraints in the LCMV algorithm is studied. Besides
the original linear constraints of LCMV algorithm, the derivative
constraints are added. Moreover, we add enforcement constraints to
deepen the null depth. Finally, the derivative data control parameter
is discussed in this section.

The weights of an optimum antenna array processor are often
obtained by solving a LCMV problem. The objective function is the
mean output power (variance), and the constraint space is a set of
linear equations that ensure a constant gain in a specified direction
known as the look direction. The LCMV optimization results in a set
of weights that attenuate all signals except for the look direction signal.

This is expressed mathematically as:
{

min Pout = E[wHRxxw]
s.t. SHw = 1

(6)

where Rxx denotes the covariance matrix of x(n), i.e., Rxx =
E{x(n)xH(n)} where E{ } denotes expectation. The constraints
vector S is a column vector, which is to assure the output desired
signal power to be a constant. The optimal weight vector wopt to (6)
is given by

wopt = (STR−1
xx S)−1R−1

xx S (7)
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Adding the derivative constraints into the constraint matrix,
Equation (6) becomes:




minPout = E[wHRxxw]
SHw = 1
wHBpAJ = 0

(8)

The algorithm with the derivative constraints of directional
pattern steer wider nulls in the directions of the jammer signals, but
the depth of the nulls is reduced correspondingly.

To overcome the depth decrease, enforcement constraints of the
interference signal directions are added. Then the problem becomes:



minPout = E[wHRxxw]
SHw = 1
wHBpAJ = 0
wHAJ = ε

(9)

where ε is a small quantity which is discussed in the following
paragraph.

Let us discuss the choice of the parameter ε in the robust LCMV
methods. The real positive weight ε controls the relative contribution
of the “derivative” data. With ε increasing, the contribution of the
derivative data decreases. The optimum choice of ε is depend on the
practical situation. If ε is small, the enforcement constraints make the
antenna pattern severely decline in the jammer direction. But in this
situation, the antenna pattern is too sensitive to the direction error.
Conversely, when ε is large, the nulls is wide enough, but the depth
decreased significantly. As a result, the jammer power is not sufficiently
suppressed. Therefore, we should find a value of ε from the compromise
between null depth and width of the adapted pattern. In Fig. 1, the
null depth and width performance of the derivative constrained LCMV
algorithm is presented in terms of ε. It is observed that the null depth
decrease with the increase of ε while the null width does the opposite
way.

4. NUMERICAL RESULTS

4.1. Directional Patterns

Before testing wideband and moving jammer scenarios, it is useful
to consider how the constraints modify the directional pattern of
adaptive array. Experiments on system identifications are carried out
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Figure 1. The null depth and the null width versus ε.

to evaluate the performance of the proposed derivative constrained
LCMV algorithm, referred as LCMV. It is parameterized by the size
of the 8-element linear antenna array.

Figure 2 shows the beam pattern of the conventional LCMV
algorithm and the robust LCMV algorithm for a desired signal
direction at 80◦ while two narrowband nonmoving jammers impinging
from the directions 30◦ and 140◦. We assumed INR = 40 dB for each
jammer and SNR = 0 dB in each sensor, respectively. The value of
the ε is 0.001. The results of computer simulation verify that the
derivative constrained LCMV algorithm achieves broader nulls in the
jammer directions. The influence of the ε on beam pattern is given in
Fig. 3. It obviously shows that when the ε increases, the null depth
decreases fast, but the raise of the null width is not so distinctly.

4.2. Moving Jammers

In this example, we considered the case of two moving jammers. The
jammer angular change with the snapshots, the trajectories of which
are θJ1(i) = 30◦+5 sin(i/10), θJ2(i) = 140◦−5 cos(i/15). The value of
the ε is 0.002. The array element number is 16, and other conditions
are the same as that in the last example. Fig. 4 shows the output SINR
of the LCMV algorithm and the proposed algorithm for 200 snapshots.
Simulation results show that the proposed robust algorithms perform
better than conventional algorithms in a moving jammer scenarios. By
using the derivative constraints, the output SINR is improved about
4 dB.
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Figure 2. The beam pattern of an 8-element linear array with two
nonmoving jammer sources impinging from direction 30◦ and 140◦.
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Figure 3. The beam pattern with different ε.
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Figure 4. The output SINR of a 16-element linear array with two
moving jammer sources.
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Figure 5. The output SINR of a 16-element linear array with
broadband jammer source.

4.3. Broadband Jammers

The single broadband jammer source is considered in the next example.
The jammer imping on the 16-element array from the direction 30◦ and
has the bandwidth 10% as compared with the central frequency. The
value of the ε is the same as that in the last example. Fig. 5 shows
the output SINR of the conventional LCMV algorithm and constrained
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LCMV algorithm. It clear from the figure that the conventional LCMV
algorithm fails when the jammer is broadband signal while the robust
LCMV algorithm retains low losses.

5. CONCLUSIONS

This paper has imposed additional constraints known as the derivative
constraints on LCMV algorithm to maintain a broader null of the
spatial power response width in the vicinity of interference directions.
The optimal weight vector is solved by minimizing the weight vector
subject to linear and derivative constraints on the weight vector.
Results of computer simulations have demonstrated the effects of
introducing derivative constraints to the optimum processor. As a
consequence of derivative constraints, the null widths are broadening
to alleviate the broadband and moving jammer problem.

ACKNOWLEDGMENT

The author is grateful to the anonymous reviewers for their comments
and suggestions that significantly improved the presentation of this
paper.

REFERENCES

1. Gao, F., R. H. Shan, and Q. Z. Liu, “A novel circular smart
antenna array implementation and its analysis with mutual
coupling,” Journal of Electromagnetic Waves and Applications,
Vol. 18, 1671–1678, 2004.

2. Fakoukakis, F. E., S. G. Diamantis, A. P. Orfanides, and
G. A. Kyriacou, “Development of an adaptive and a switched
beam smart antenna system for wireless communications,”
Journal of Electromagnetic Waves and Applications, Vol. 20, 399–
408, 2006.

3. Dessouky, M., H. Sharshar, and Y. Albagory, “A novel tapered
beamforming window for uniform concentric circular arrays,”
Journal of Electromagnetic Waves and Applications, Vol. 20,
2077–2089, 2006.

4. Guo, B., Y. Wang, J. Li, P. Stoica, and R. Wu, “Microwave
imaging via adaptive beamforming methods for breast cancer
detection,” Journal of Electromagnetic Waves and Applications,
Vol. 20, 53–63, 2006.



Progress In Electromagnetics Research C, Vol. 4, 2008 51

5. Dessouky, M., H. Sharshar, and Y. Albagory, “Improving the
cellular coverage from a high altitude platform by novel tapered
beamforming technique,” Journal of Electromagnetic Waves and
Applications, Vol. 21, 1721–1731, 2007.

6. Jeong, Y. S. and J. H. Lee, “Estimation of time delay using
conventional beamforming-based algorithm for UWB systems,”
Journal of Electromagnetic Waves and Applications, Vol. 21,
2413–2420, 2007.

7. Mahmoud, K. R., M. El-Adawy, S. M. M. Ibrahem, R. Bansal,
K. R. Mahmoud Visiting, and S. H. Zainud-Deen, “Performance
of circular Yagi-Uda arrays for beamforming applications
using particle swarm optimization algorithm,” Journal of
Electromagnetic Waves and Applications, Vol. 22, 353–364, 2008.

8. Mahmoud, K. R., M. El-Adawy, S. M. M. Ibrahem, R. Bansal, and
S. H. Zainud-Deen, “A comparison between circular and hexagonal
array geometries for smart antenna systems using particle swarm
optimization algorithm,” Progress In Electromagnetics Research,
PIER 72, 75–90, 2007.

9. Gozasht, F., G. Dadashzadeh, and S. Nikmhr, “A comprehensive
performance study of circular and hexagonal array geometreis in
the LMS algorithem for smart antenna applications,” Progress In
Electromagnetics Research, PIER 68, 281–296, 2007.

10. Mouhamadou, M., P. Vaudon, and M. Rammal, “Smart
antenna array patterns synthesis: Null steering and multi-user
beamforming by phase control,” Progress In Electromagnetics
Research, PIER 60, 95–106, 2006.

11. Mukhopadhyay, M., B. K. Sarkar, and A. Chakrabarty, “Aug-
mentation of anti-jam GPS system using smart antenna with a
simple DOA estimation algorithm,” Progress In Electromagnetics
Research, PIER 67, 231–249, 2007.

12. Gu, Y.-J., Z.-G. Shi, K. S. Chen, and Y. Li, “Robust
adaptive beamforming for steering vector uncertainties based
on equivalent DOAS method, “ Progress In Electromagnetics
Research, PIER 79, 277–290, 2008.

13. Gu, Y.-J., Z.-G. Shi, K. S. Chen, and Y. Li, “Robust adaptive
beamforming for a class of Gaussian steering vector mismatch,”
Progress In Electromagnetics Research, PIER 81, 315–328, 2008.

14. Sharma, A. and G. Singh, “Design of single pin shorted three-
dielectric-layered substrates rectangular patch microstrip antenna
for communication systems,” Progress In Electromagnetics
Research Letters, Vol. 2, 157–165, 2008.

15. Azmi, P. and N. Tavakkoli, “Narrow-band interference suppression



52 Li, Zhao, and Shi

in CDMA spread-spectrum communication systems using pre-
processing based techniques in transform-domain,” Progress In
Electromagnetics Research Letters, Vol. 3, 141–150, 2008.

16. Gao, G. P., X. X. Yang, and J. S. Zhang, “A printed volcano
smoke antenna for UWB and WLAN communications,” Progress
In Electromagnetics Research Letters, Vol. 4, 55–61, 2008.

17. Sotiriou, A. I., P. T. Trakadas, and C. Capsalis, “Uplink carrier-to-
interference improvement in a cellular telecommunication system
when a six-beam switched parasitic array is implemented,”
Progress In Electromagnetics Research B, Vol. 5, 303–321, 2008.

18. Babayigit, B., K. Guney, and A. Akdagli, “A clonal selection
algorithm for array pattern nulling by controlling the positions
of selected elements,” Progress In Electromagnetics Research B,
Vol. 6, 257–266, 2008.

19. Aldirmaz, S. and L. Durak, “Broadband interference excision
in spread spectrum communication systems based on short-time
Fourier transformation,” Progress In Electromagnetics Research
B, Vol. 7, 309–320, 2008.

20. Gaudes, C. C., I. Santamaria, J. Via, E. M. Gomez, and
T. Sese Paules, “Robust array beamforming with sidelobe control
using support vector machines,” IEEE Transactions on Signal
Processing , Vol. 55, 574–584, 2007.

21. Meng, E. and A. Cantoni, “Derivative constraints for broad-
band element space antenna array processors,” IEEE Transactions
on Acoustics, Speech, and Signal Processing [see also IEEE
Transactions on Signal Processing] , Vol. 31, 1378–1393, 1983.

22. Gershman, A. B., G. V. Serebryakov, and J. F. Bohme,
“Constrained Hung-Turner adaptive beam-forming algorithm
with additional robustness to wideband and moving jammers,”
IEEE Transactions on Antennas and Propagation, Vol. 44, 361–
367, 1996.

23. Gershman, A. B., U. Nickel, and J. F. Bohme, “Adaptive beam-
forming algorithms with robustness against jammer motion,”
IEEE Transactions on Signal Processing [see also IEEE Transac-
tions on Acoustics, Speech, and Signal Processing] , Vol. 45, 1878–
1885, 1997.

24. Agrawal, M. and S. Prasad, “Robust adaptive beamforming
for wide-band, moving, and coherent jammers via uniform
linear arrays,” IEEE Transactions on Antennas and Propagation,
Vol. 47, 1267–1275, 1999.


