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Abstract — A design procedure for thinning of radar antenna 

arrays is presented. The removed elements are clustered in small 

groups of 2x2 elements. The area of these groups can be used for 

additional applications in the same aperture. It is shown that due 

to random choice of the thinned area (between 5% to 10%) the 

RMS side lobe level is reasonably enlarged. 

Index Terms — Thinned arrays, Shared aperture, RMS side 

lobe level. 

I. INTRODUCTION  

    Antenna arrays with large number of elements are 

frequently used in radars, communications, astronomy and 

other radio systems. In order to reduce the number of 

elements, the cost, the weight, the power consumption and the 

heat dissipation, thinning is sometimes applied by removing 

some percentage of the array elements according to a suitable 

strategy. 

     In other cases, thinning of the radar array is desired in 

order to implement other systems to the given aperture (for 

example communications, passive or active sensors, direction 

finding and mm-waves small size radars). These applications, 

known as "shared apertures" involve the removal of certain 

areas of the array and not just single elements. 

     The method presented in this paper involves the removal of 

several small areas from the array, while keeping the side lobe 

level of the array at a desired quality. The removed area is 

between 5% to 10% of the total area. The array factor of the 

thinned array is a nonlinear function of the element spacing 

The number of combinations of element locations is too large 

to be checked by a brute force. We use a random process to 

optimize the locations of the removed areas in respect to the 

sidelobes in Elevation cut and in Azimuth cut. 

 

II. OPTIMIZATION OF SIDE LOBES 

    The problem of minimizing the side lobe level (a cost 

function) is based on the difference between a desired 

radiation pattern and an actual radiation pattern. Any 

optimization method used, especially when the array size is 

large may face the following challenges. 

   Increased Solution Space. As the total number of antenna 

elements N increases, the solution space increases at a much 

larger scale. Table 1 depicts the relationship between solution 

space and the number of elements N in a linear antenna array, 

which has symmetry in respect to the center. The thinning 

factor is TF (relative number of removed elements). We see 

that a full search and comparison of all combinations is 

practical only for small arrays. 
 

                TABLE 1  Solution Space for s Symmetrical Array 

______________________________________________________________ 

No. of Elements           TF                N removed        Solution Space 

______________________________________________________________ 

       

8                           0.5                  4                      6 

8                           0.25                2                      4 

32                         0.5                  16                    12x10^3 

32                         0.25                8                      18x10^2 

100                       0.5                  50                    1.3x10^14 

100                       0.25                25                    4.6x10^12 

200                       0.5                  100                  1x10^29 

200                       0.25                50                    2.4x10^23 

 

   NP Completeness. Although numerical techniques may 

provide a better thinned array design, the computer runtime to 

solve the problem will increase exponentially as the array size 

increases. Thus, array thinning can be categorized as a 

discrete, combinatorial N-P complete optimization problem. 

Neither the analytical nor the gradient-based methods will 

provide a proper solution. Randomized search methods such 

as simulated annealing, genetic algorithm, particle swarm 

optimizer and colony optimizers, may be suitable [1]-[3]. 

The array factor of a thinned array can be obtained by 

considering some of the elements as switched off from the 

uniformly excited array. A typical expression for the far-field 

intensity pattern of an antenna array of M elements where the 

elements are simple and isotropic may be written as 

 

                               (1) 

where  refers to the radiation field in (θ, ϕ) 

direction,  refers to the complex weight of the antenna 

element k,  refers to the complex weight related to the 

array grid. By thinning, less number of antenna elements 

participate in the formation of the radiated beam in 

comparison to an non thinned array. Thinning factor (TF) is 

defined as 

 

,                   (2) 

 

              (3) 
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Here, , and  are total number of 

elements in the array and total number of active and inactive 

elements in the thinned array, respectively. 

    The method presented in this paper involves the removal of 

several small groups of 2x2 elements from the array, while 

keeping the side lobe level of the array at a desired quality. 

The removed area is between 5% and 10% of the total area. 

   We use a random process to optimize the locations of the 

removed groups in respect to the radiation pattern in Azimuth 

and Elevation cuts. The optimization algorithm has been 

programmed in Matlab for tests with simplified antennas and 

connected to CST MWS for final tests with suitable antennas. 

Table 2 shows the steps of the thinning algorithm. 

 

 

        

 

 
 

Fig, 1: 452-element array (Taylor 20 dB) thinned by 24 elements (5%)  

Directivity is reduced from 31.4 dBi to 31.2 dBi.  

(spacing between elements 0.5λ) 

Azimuth RMS SLL is enlarged from -38.6 dB to -36.2 dB  

Elevation RMS SLL is enlarged from -39.7 dB to -38.7 dB  

 

 

 

 

 

 

 

III. RESULTS 

    The main "test bed" of our method is an 452-element 

radar array with different amplitude tapers. We present 

here Taylor weight function (20 dB) and Chebishev 

weight function (26 dB). The thinning is done by 

removing small groups of 2x2 elements at random 

locations. The design procedure compares the RMS 

sidelobes in two major cuts (Azimuth and Elevation) and 

moves the small groups of elements until the lowest 

sidelobes are achieved.  Our definition for RMS is Root 

Mean Squared of the level of radiation in steps of 1 

degrees (not only the peaks of the side lobes).  

   
 

 

     

 

 
 

Fig. 2: 452-element array (Taylor 20 dB) thinned by 48 elements (10%)  

Directivity is reduced from 31.4 dBi to 31.0 dBi.  

(spacing between elements 0.5λ) 

Azimuth RMS SLL is enlarged from -38.6 dB to -34.6 dB  

Elevation RMS SLL is enlarged from -39.7 dB to -36.8 dB  
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Figures 1-2 show the arrays, with equal spacing of 0.5λ 

between all elements, originally taperd by a 20 dB 

Taylor function. Figure 1 shows a thinning of 5% (6 

groups of 4 elements) where the RMS sidelobe level in 

Azimuth increases from -38.6 dB to -36.2 dB and the 

RMS sidelobe level in Elevation increases from -39.7 dB 

to -38.7 dB. Figure 2 shows the same array with thinning 

of 10% (12 groups of 4 elements), where the RMS 

sidelobe level increases to -34.6 dB in Azimuth and to    

-36.8 un Elevation.  

     The main beam and the directivity are merely 

unchanged by the thinning. 

 
 

 

 

      
 

 
 

 

 
 

 

Fig. 3: 452-element array (Chebishev 26 dB) thinned by 36 elements (8%)  

Directivity is reduced from 35.2 dBi to 34.8 dBi  

(spacing between elements 0.8λ) 

Azimuth RMS SLL is enlarged from -42.5 dB to -40.3 dB  

Elevation RMS SLL is enlarged from -40.2 dB to -39.8 dB  

 

 

 

 

Figures 3-4 show the arrays with equal spacing of 0.8λ 

between all elements, originally taperd by a 26 dB 

Chebishev function. Figure 3 shows a thinning of 8% (9 

groups of 4 elements) where the RMS sidelobe level in 

Azimuth increases from -42.5 dB to -40.3 dB and the 

RMS sidelobe level in Elevation increases from -40.2 dB 

to -39.8 dB. Figure 4 shows the same array with thinning 

of 10% (12 groups of 4 elements), where the RMS 

sidelobe level increases to -39.4 dB in Azimuth and to    

-37.0 in Elevation. 

Thinning of more than 10% creates meaningful 

degradation of the sidelobes. 

 
 

 

 

     
 

 
 

 

 
 

Fig. 4: 452-element array (Chebishev 26 dB) thinned by 44 elements (10%)  
Directivity is reduced from 35.2 dBi to 34.6 dBi  

(spacing between elements 0.8λ) 

Azimuth RMS SLL is enlarged from -42.5 dB to -39.4 dB  
Elevation RMS SLL is enlarged from -40.2 dB to -37.0 dB  
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IV. CONCLUSION 

    A thinning of 5% to 10% of radar antenna area, 

with random locations of 2X2 element groups may 

increase the average sidelobes by 1 to 3 dB, without 

actual influence on the main beam and on the directivity. 

The optimization procedure for the random locations of 

the removed groups, based on Matlab, is applicable to 

any array size and weight function. 
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                                                                            TABLE 2  T\he steps of the thinning algorithm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

MATLAB 

Using Phased-Array Toolbox to create and simulate 

base (no thinning) antenna array with chosen weight 

function and save radiation responses as reference  

MATLAB 

Create and simulate thinned array with random 

thinned elements and same weight function 

First 

thinned 

array 

Save radiation 

responses 

MATLAB 

Using Parallel Computing Toolbox 

compare radiation responses to 

reference 

iter<=iter(max) 

MATLAB 

Show result and save thinned array to text 

file for further trial 

MWS  

Create and simulate antenna array from text file 

with different antenna elements (microstrip) 

Stop 


