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ABSTRACT 

The importance of wide band nulling arise from the fact that the array pattern is frequency dependent and the 

direction of arrival of the undesired signal is not always located exactly. The proposed method for wide band nulling is 

based on the minimax approximation. The algorithm depends on finding a set of new phases to reject a wide sector in the 

side lobe while not seriously affecting the other pattern characteristics. The method combines the advantages of the phase 

only techniques and the flexibility of the minimax algorithm. The phase-only nulling can provide the pattern synthesis at 

lower cost while the Minimax provides the designer with the ability to control the null depth and the side lobe level to 

obtain an acceptable signal to interference noise ratio. The method is tested for both linear and planar arrays and is proved 

to be effective for any initial pattern. The disadvantage of this method is that it is not capable of obtaining two nulls 

symmetrically distributed around the main beam which is not considered to be a common practical case. 

 
Keyword: communication, planar arrays, steering, mainbeam, null bands. 

 

1. INTRODUCTION 
Most work concerned with adaptive nulling has 

been directed towards maximizing a performance index 

such as signal-to-noise and interference ratio (SN1R) or 

antenna gain indices [1]. The main advantage of adaptive 

arrays is their capability of interference suppression by 

reducing the side lobe levels at the direction of interfering 

signals while keeping the main beam pointing towards the 

desired signal. The adaptive nulling mentioned previously 

gave a great importance to the synthesis techniques since 

the design of such adaptive systems includes many 

questions concerning the optimality of the system, the 

degrees of freedom, the perturbations of the pattern, and 

the depth of the null [2]. Another major reason that gave 

importance over the synthesis techniques studies is the 

increasing pollution of the electromagnetic environment. 

 

2. LINEAR ANTENNA ARRAYS 
Most of the communication systems involve the 

use of linear arrays. Such arrays are sometimes essential 

because of their special properties and high capabilities. 

For example, the signal to noise ratio can be enhanced 

using an array and the weak signals that are embedded 

under the noise can be magnified and detected [3].A 

uniform antenna array consists of N identical antennas 

arranged along a straight line with equal interelement 

spacing with identical excitations in magnitude and may 

encounter a progressive phase shift. Such array is shown 

in Figure-1, and the array factor can be written as: 

ܨ  = ͳ + ݁−௝௞ௗ௜ 𝑠௜௡𝜃 + ݁−௝௞ௗଶ 𝑠௜௡𝜃 +⋯+ ݁−௝௞ௗே 𝑠௜௡𝜃     (1)  

 

Where d1, d2... dN are the elements' spacing relative to the 

first element and k is the wave number= ʹ𝜋 𝜆⁄ . Assuming 

that the number of elements equal 2N and setting u sin() 

,where  is the scanning angle from broadside, the array 

factor is Written as 

ܨ  = ∑ ݁௝ௗ೙௞௨ଶே௡=ଵ                                                                 (2) 

 

Where 

 ݀௡ = ݀ ቀ݊ − ଶே+ଵଶ ቁ       (3)  

 

This function is plotted in Figure-2 for 2N = 20 

and d = O.A. The pattern has a main beam directed 

towards the desired signal while a group of sidobes lay 

around this main beam at lower power. The pattern 

consists of a total of 20 nulls in the domain u = [-1 1]. 

 

 
 

Figure-1. Phase delay between element excitations in a 

linear array. 

 

The beamwidth of the pattern has two definitions; 

the first null beamwidth which is measured between the 

first two nulls around the main beam, and the half power 

beamwidth FPBW which is measured between the half 

power points. 
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Figure-2. Radiation pattern of 20 elements uniform array. 

 

The received or the transmitted signals at the 

array elements are modified by a weight vector to enable 

the control of the radiation pattern. One of the most 

popular applications is the phase scanning system used in 

Electronic Scanning Radar System where the main beam 

position scanning is accomplished by varying the phase of 

the separate elements of a linear array in a predetermined 

manner [4]. 

The weighting vector applied to the elements of 

the array is also used in the radiation pattern shaping. 

Radiation patterns with lower sidelobe level can be 

obtained by weighted illumination. This lower sidelobe 

level is obtained at the expense of a loss in the directivity 

[5]. 

 

3. ANTENNA ARRAY SYNTHESIS TECHNIQUES 

Antenna pattern synthesis took a new direction 

towards the null steering algorithms. Although this method 

is considered to be the most costly choice [6], it offer 

excellent control over the antenna pattern. Several studies 

have addressed this method and many proposed techniques 

where studied. The early studies [7] used to find the 

complex weighting values that control the array pattern 

using analogue correlation between the sum channel and 

each element channel [8].  

Null steering can be achieved by controlling the 

current amplitudes only which very much simplify the 

adaptive system. Vu (1984) achieved null steering using 

amplitude only control method which limits the number of 

rejected signals to half the number of the array elements 

[9]. 

The amplitude only method allows the designer 

to put two symmetrical nulls with linear solutions to the 

problem. Mismar and Ismail (1995) presented a linear 

programming of an array by controlling the current 

amplitudes [10]. 

 

4. ELEMENT POSITION CONTROL 

Ismail and Dawoud proposed a method that uses 

LMS algorithm approximation to place nulls in the 

radiation pattern to suppress interference and undesired 

signals by controlling the element position [11]. 

 

5. PHASE ONLY CONTROL METHOD 

This technique is a very attractive choice since it 

provides the control of the phases of the elements at no 

additional cost [12].The procedure used for calculating the 

phases of the array uses a linear programming algorithm. 

This method is called the Minimax algorithm which 

depends on solving an over determined system of linear 

equations where several constraints are imposed upon the 

pattern to achieve a wide band sector below the side lobe 

level, while trying to maintain the side lobe level and the 

main beam characteristics within certain tolerance [13]. 

 

6. RESEARCH PROCEDURE 

The goal of this algorithm is to find a set of 

phases  that minimizes (p). The work done by HAUPT 

uses the gradient search minimization technique for 

narrow band adaptive nulling in monopulse Radar. The 

proposed algorithm imposes single or multiple wide band 

nulls in the array pattern by minimizing the power due to 

signals arriving in a certain band represented in the 

equation (4) 

 𝑃 = 𝑃ሺܣ, Φሻ,ܦ = ௠௡ܽ௡݁௝𝜙௡݁௝ௗ௡ ௞ ௨௠ேߛ∑∑|
௡=ଵ

ெ
௠=ଵ |ଶ         ሺͶሻ 

 

Where 

A = [ a1, a2, … , aN] , Amplitude weight vector,  

D = [d1, d2, … , dN],  element spacing in wavelengths, 

= [1, 2, …, N],  adaptive phase settings, 

mn represented to electric field at element  

 

Now we will assume one desired signal to arrive 

at u0 while an undesired signal orgroup of signals at a 

sector ݑ௡௨௟௟ ଵଵݑ] =  ଵଶ] , 0n and 1nare the electric fieldݑ

at element (n) due to the desired and undesired signals 

respectively[14], the value of 0nis normalized and 1n is 

assumed as a fraction of one, so a ratio E is defined as 

follows: 

଴௡ߛଵ௡ߛ  = ܴ௡                                                                                   ሺͷሻ 
 

Now, since the power is calculated over a region, 

the continuous summation over the undesired band is 

actually an integration, so the power can be rewritten as 

 P = |∑ a୬e୨ϕ ୬e୨dn ୩ us + ∫ ∑ R୬a୬e୨ϕ୬e୨dn୩uduN୬=ଵuଵଶuଵଵN୬=ଵ |ଶ(6) 

 

Assuming that the signals are uncorrelated then 

the power consists of two components; the power due to 

the desired signal Ps, and the power due to the undesired 

signal Pud.  
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𝑃 = 𝑃𝑠 + |∫ ∑ ܴ௡ܽ௡݁௝𝜙௡݁௝ௗ೙௞௨݀ݑே௡=ଵ௨ଵଶ௨ଵଵ |ଶ                   (7) 

 𝑃௨ௗ = |∑ ܴ௡݁௝𝜙௡ ௘೔𝑑೙ೖ𝑢భమ−௘ೕ𝑑೙ೖ𝑢భభ௝ௗ೙𝐾ே௡=ଵ |ଶ                          (8) 

 

The equations for the gradient search algorithm is 

given by:  

 𝜙ሺ௞+ଵሻ = 𝜙ሺ௞ሻ − 𝛼׏𝑃(𝜙ሺ௞ሻ)                                           (9) 

 

Where the gradient of P is given by:  

𝑃(𝜙ሺ௞ሻ)׏  = [𝜕𝑃(𝜙ሺೖሻ)𝜕𝜙భ , 𝜕𝑃(𝜙ሺೖሻ)𝜕𝜙మ , … , 𝜕𝑃(𝜙ሺೖሻ)𝜕𝜙𝑁 ]                  (10) 

 𝜕𝑃𝜕𝜙೙ = 𝑃೙ሺ𝜙+∆𝜙ሻ−𝑃೙ሺ𝜙ሻΔ𝜙                                                      (11) 

 

Where  is the phase shifter step size, a constant 

[15], An  that gives the minimum undesired power (P).  

limit exists on the value of,represented in equestion (12) 

 𝛼 = ∆Φ√(∑ ቀ∆𝑃೙∆Φ ቁమ𝑁೙=భ )                                                          (12) 

 

The gradient search algorithm depends on 

calculating the new phases that will put a wide null in the 

antenna array pattern using equation 7 which requires 

equations 10, 11, and 12 to be calculated at every iteration. 

The algorithm can be summarized as Figure-3. 

 

 
 

Figure-3. Steps of algorithm program. 

7. RESULTS AND DISSECTIONS 
The gradient search algorithm is used to calculate 

the phases required for the minimum power due to 

undesired signal so a null is formed in the band where the 

interfering signal is expected to arrive. The algorithm 

described above is programmed with different initial 

values of  chosen by the program. Several examples are 

considered in the following discussion. 

First, an interference is considered to arrive at u = 

0.85 with relative bandwidth of 5%. The gradient search 

algorithm is used to put a null in the band between 

u11=0.829 and u22 = 0.871. Figure-4 shows the output of 

the algorithm for =0.25  

A value of = 0.012 will not adequately form 

the nulls as shown in Figure-2: the null depth in the 

suppressed band is -42.74 dB while in the case of  = 

0.25 the null depth is - 45.7 dB. But it is obvious that the 

perturbations in the initial pattern are higher for larger 

values of . 

 

 
 

Figure-4. Linear array pattern with a wide band null for 

20 element uniform imposed u = 0.85 (RED), the 

undesired signal has a relative bandwidth of 5%. The 

gradient search algorithm is used with = 0.25. 

 

 
 

Figure-5. Linear array with a wide band null A for 20 

element uniform imposed, u = 0.85 (RED). The undesired 

signal has a relative bandwidth of 5%. The gradient search 

algorithm is used with = 0.012. 
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In the case of higher null bands, the maximum 

null depth that the algorithm can impose in the pattern is 

reduced. For example, if the same pattern is considered, 

with a relative bandwidth of 10%, the gradient search 

algorithm reduces the level of the side lobe at the 

prescribed location from - 25.7 dB to - 35.3 dB at  = 

0.35 This is shown in Figure-6. 

 

 
 

Figure-6. Linear array pattern with a wide band null for 

20 element uniform imposed u = 0.85 (RED). The 

undesired signal has a relative bandwidth of 10%. The 

gradient search algorithm is used with = 0.35. 

 

Now, another example is to be considered where 

a null is to be imposed in a band closer to the main beam. 

The interfering signal is considered to arrive at u = 0.35. 

Two cases of the relative bandwidth of the signal is 

considered. The results are shown in Figures (7) and (8). 

Figure-9 shows the case where the interference signal has 

a relative bandwidth of 5% so the suppressed band is u = 

[0.341 0.359] and the maximum null depth obtained in this 

case is -46 dB at  = 0.015 while in the initial pattern the 

sidelobe level at that band was -20.35 dB. 

 

 
 

Figure-7. Linear array pattern with a wide band null for 

20 element uniform imposed u = 0.35 (RED). The 

undesired signal has a relative bandwidth of 5%. The 

gradient search algorithm is used with = 0.015. 

 

In Figure-8 the relative bandwidth is 10% and the 

band to be rejected is u = [0.332 0.368]. In this case the 

null depth is -38.3 d13 at = = 0.015. 

 

 
 

Figure-8. Linear array pattern with a wide band null for 

20 element uniform imposed u = 0.35 (RED). The 

undesired signal has a relative bandwidth of 10%. The 

gradient search algorithm is used with  = 0.015. 

 

The next example will show the ability of this 

algorithm to impose multiple nulls in the array pattern. 

The algorithm first adjust the phases to obtain the first 

null. This perturbed pattern is considered as the initial 

pattern for the second nulling process so the algorithm 

modifies the phases again to put another null while trying 

to minimize the perturbations keeping the position of the 

first null nearly unchanged. Figure-10 shows three nulls 

located at u = -0.75, -0.55, and 0.35 with relative 

bandwidth of 5%. 

 

 
 

Figure-9. A 20 element uniform linear array pattern with 

three wide band nulls imposed at u = -0.75, -0.55, and 0.35 

(RED). The undesired signals have a relative bandwidth of 

5%. The gradient search algorithm is used with  = 0.25. 

 

- Phase Only Wide Band Nulling For Planar Arrays. 
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Planar arrays are widely used in the radar and 

sonar applications. They have very interesting properties 

that made them essential for many applications. With 

planar arrays higher levels and lower side lobe directivity. 

Planar array that will be considered is rectangular-shaped 

of discrete sensor elements arranged in the x - y plane. 

Figure-10 shows a planar array with 2N X 2N, where the 

coordinate origin is chosen at the center of the pattern. 

 

 
 

Figure-10. Rectangular planar array with isotropic 

elements. 

 

Where (m, n) is the phase of the array element 

m, n. 

Under the assumption that the phase perturbation 

is very small, the exponential function can be written 

using the first two terms of the series: 

ܨ  = ∑ ∑ 𝐼ሺ݉, ݊ሻଶே೤௡=ଵଶேೣ௠=ଵ (ͳ + ݆𝜙ሺ݉, ݊ሻ)݁௝ௗ೘௨݁௝ௗ೙௩    (13) 

ܨ  =∑ ∑ 𝐼ሺ݉, ݊ሻଶே೤௡=ଵଶேೣ௠=ଵ ݁௝ௗ೘௨݁௝ௗ೙௩ +݆∑ ∑ 𝐼ሺ݉, ݊ሻଶே೤௡=ଵଶேೣ௠=ଵ 𝜙ሺ݉, ݊ሻ݁௝ௗ೘௨݁௝ௗ೙௩                     (14) 

 

Now, due to the odd symmetry Of dm, and dn, the 

perturbed pattern can be rewritten as: 

ܨ  = Ͷ∑ ∑ 𝐼ሺ݉, ݊ሻܿݏ݋ሺ݀௠ݑሻே೤௡=ଵே௠ೣ=ଵ ሻݒሺ݀௡ݏ݋ܿ +݆ ∑ ∑ 𝐼ሺ݉, ݊ሻଶே೤௡=ଵଶேೣ௠=ଵ 𝜙ሺ݉, ݊ሻ݁௝ௗ೘௨݁௝ௗ೙௩                     (15) 

 

To obtain a real function, the phases of the array 

elements are chosen to have certain symmetry to cancel 

the j operator. Assuming that the phases are even 

symmetric about the y-axis and odd symmetric about the 

x-axis, it can easily be proven that the perturbed pattern 

becomes 

ܨ  = Ͷ∑ ∑ 𝐼ሺ݉, ݊ሻܿݏ݋ሺ݀௠ݑሻே೤௡=ଵே௠ೣ=ଵ ሻݒሺ݀௡ݏ݋ܿ −Ͷ∑ ∑ 𝐼ሺ݉, ݊ሻே೤௡=ଵே௠ೣ=ଵ 𝜙ሺ݉, ݊ሻܿݏ݋ሺ݀௠ݑሻ݊݅ݏሺ݀௡ݒሻ       (16) 

 

As a consequence of the difficulties encountered 

with a polar coordinate representation of a planar array 

beam pattern, it is convenient to introduce the 

transformation 

 

u = sin  cos  

v = sin  sin  

 

Where the ranges of u, and v are the interval [-1, 

1] [8]. Now a two dimensional representation for the 

planar arrays can be introduced, where contour lines are 

used to give information about the pattern characteristics. 

Figure-11 and Figures 12, 13, show the three dimensional 

view and the contour lines for a uniform planar array. The 

pattern is even symmetric about the u and the v axis. 

 

 
 

Figure-11. Three-dimensional plot of the initial pattern of 

a 10x 10 uniform planar array. 

 

 
 

Figure-12. Contour lines for 10 x 10 planar array pattern 

with unity current excitations. 
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Figure-13. The first quarter contour lines for 10 x 10 array 

pattern with unity current excitations. 

 

The problem now can easily be formulated n the 

same way as in the Lear array case. First we consider a 

desired pattern D. 

ܦ  = ,ݑ଴ሺܨ} ሻݒ ,ݑ א ݒ Ͳ݉ܽ݁ܤ ݊݅ܽܯ  ,ݑ א ݒ Ͳܾ݁݋ܮ ݁݀݅ܵ  ,ݑ א ݒ ݎ݋ݐܿ݁ݏ ݈݈ݑܰ                             (17) 

 

And the error function is again defined as 

ܧ  = 𝑊|ܦ −  (18)                                                               |ܨ

 

This error function is again given different 

weights in the different regions.  

 E = W୫b |Ͷ∑ ∑ Iሺm, nሻN౯୬=ଵN౮୫=ଵ ϕሺm, nሻcosሺd୫uሻsinሺd୬vሻ| (19) 

 

In the side lobe and the null sector the error is 

written as: 

ܧ  = 𝑊𝑠௟ |−Ͷ∑ ∑ 𝐼ሺ݉, ݊ሻே೤௡=ଵே௠ೣ=ଵ ሻݒሺ݀௡݊݅ݏሻݑሺ݀௠ݏ݋ܿ +Ͷ∑ ∑ 𝐼ሺ݉, ݊ሻே೤௡=ଵே௠ೣ=ଵ 𝜙ሺ݉, ݊ሻܿݏ݋ሺ݀௠ݑሻ݊݅ݏሺ݀௡ݒሻ|      (20) 

ܧ  = 𝑊௡௨௟௟ |−Ͷ∑ ∑ 𝐼ሺ݉, ݊ሻே೤௡=ଵே௠ೣ=ଵ ሻݒሺ݀௡݊݅ݏሻݑሺ݀௠ݏ݋ܿ +Ͷ∑ ∑ 𝐼ሺ݉, ݊ሻே೤௡=ଵே௠ೣ=ଵ 𝜙ሺ݉, ݊ሻܿݏ݋ሺ݀௠ݑሻ݊݅ݏሺ݀௡ݒሻ|      (21) 

 

To make an approximation of the perturbed 

pattern F(u,v) to the desired pattern we minimize a 

positive tolerance such that 

,ݑሺܧ|  |ሻݒ ≤  (22)                                                                 ߜ

 

The main objective is to have a suppressed sector 

at the band were the interference is expected to arrive 

while trying to keep the mainbeam characteristics as in the 

initial pattern within a certain tolerance 6. So the resulting 

perturbed pattern is expected to be in the following form 

,ݑሺܨ  ሻݒ = ,ݑ଴ሺܨ} ሻݒ ± ଵߜ ,ݑ א ݒ Ͳ݉ܽ݁ܤ ݊݅ܽܯ  ± ଶߜ ,ݑ א ݒ Ͳݎ݋ݐܿ݁ݏ ݈݈ݑ݊  ± ଷߜ ݁ݎℎ݁ݓ݁ݏ݈݁           (23) 

 

where ߜଶ <<  ଷߜ

The weighting function accordingly is defined as 

 

𝑊ሺݑ, ሻݒ = {  
  𝛿𝛿భ ,ݑ א ݒ 𝛿𝛿మ݉ܽ݁ܤ ݊݅ܽܯ  ,ݑ א ݒ 𝛿𝛿యݎ݋ݐܿ݁ݏ ݈݈ݑ݊  ݁ݎℎ݁ݓ݁ݏ݈݁                           (24) 

 

The problem now can be formulated as a two 

dimensional problem and we can deal with it in the same 

way for linear array. The problem now is:  

= 𝑧݁ 𝑔݅݉݅݊݅ܯ 
 [𝜙ଵ,ଵ, 𝜙ଵ,ଶ, … , 𝜙ଵ,ே೤ , 𝜙ଶ,ଵ, 𝜙ଶ,ଶ, … , 𝜙ேೣே೤ , [ߜ ∗

[  
   
 ͲͲͲ..Ͳͳ]  
   
         (25) 

 

Subject to the following constraints 

 

1-In the main beam region:  

 𝛿𝛿భ |Ͷ∑ ∑ 𝐼ሺ݉, ݊ሻே೤௡=ଵே௠ೣ=ଵ 𝜙ሺ݉, ݊ሻܿݏ݋ሺ݀௠ݑሻ݊݅ݏሺ݀௡ݒሻ ߜ− ≤ Ͳ|                                                                            (26) 

 

2- In the null sector and the sidelobe regions  

 𝛿𝛿మ |Ͷ∑ ∑ 𝐼ሺ݉, ݊ሻே೤௡=ଵே௠ೣ=ଵ ሻݒሺ݀௡ݏ݋ሻܿݑሺ݀௠ݏ݋ܿ +Ͷ∑ ∑ 𝐼ሺ݉, ݊ሻே೤௡=ଵே௠ೣ=ଵ 𝜙ሺ݉, ݊ሻܿݏ݋ሺ݀௠ݑሻ݊݅ݏሺ݀௡ݒሻ| − ߜ ≤ Ͳ  (27) 

 δδయ |Ͷ∑ ∑ Iሺm, nሻN౯୬=ଵN౮୫=ଵ cosሺd୫uሻcosሺd୬vሻ +Ͷ∑ ∑ Iሺm, nሻN౯୬=ଵN౮୫=ଵ ϕሺm, nሻcosሺd୫uሻsinሺd୬vሻ| − δ ≤ Ͳ   (28) 

 

8. CONCLUSIONS 

We have presented two techniques for wide band 

nulling. The first method uses the gradient search 

algorithm to impose single or multiple wide band nulls. It 

depends on minimizing the power due to undesired signals 

in a certain band. The method has the ability to achieve 

wide band nulls directly without imposing several narrow 

band nulls. 

The second proposed method uses the 

MLNIMAX technique which is based on linear 

programming solution for an over determined system of 

linear equations. It calls the built in linear programming 

routines in the optimization toolbox in MATLAB 

software. The method approximates the perturbed pattern 
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to a desired one by giving different tolerance values for 

the suppressed sector. 

Minimax algorithm perturbs the phases of the 

initial pattern to obtain wide suppressed sectors. The phase 

only algorithm comes out with very interesting results; the 

algorithm shows a high flexibility in error control in the 

perturbed pattern so it becomes the user's choice to 

compromise between side lobe and depth of the null while 

keeping the main beam characteristics unchanged within a 

very small tolerance. 

Several examples are examined to investigate the 

relations among the null depth and the mainbeam and side 

lobe perturbations. It turns out that the shift in the main 

beam increases as the null depth increases and at the same 

time the perturbations in the final pattern depend also on 

bow close the suppressed sector to the main beam. 

However the method can impose a wide band null without 

highly disturbing the pattern. Compared to the gradient 

search algorithm the proposed technique achieves deeper 

nulls and lower pattern distortion. 

The Minimax technique also has the ability to 

utilize the available degrees of freedom to impose multiple 

wide band nulls without highly affecting the HPBW or the 

side lobe level. Unlike the gradient search algorithms, the 

minimax algorithm calculates the new phases to 

simultaneously impose several null bands at there 

prescribed locations which is faster than the alternative 

nulling used in gradient search algorithm. The proposed 

algorithm also have the ability to drive the null depth at a 

certain band lower than the other bands in a manner to 

keep the SLL and the mainbeam characteristics not 

seriously changed. 

The algorithm was also used to impose wide band 

nulls in a rectangular planar array. Two initial patterns are 

examined, the uniform and the Chebyshev. The algorithm 

was able to impose symmetric and non-symmetric 

wideband nulls in the array pattern. As was shown by the 

contour lines of the array pattern the method achieves two 

symmetric nulls about the u axis while the side lobe at the 

opposite side of the pattern suffers from a rise in its level. 

This rise can be reduced by reducing the null depth. 
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