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 In this work, differential evolution based compressive sensing technique for 

detection of faulty sensors in linear arrays has been presented. This algorithm 

starts from taking the linear measurements of the power pattern generated by 

the array under test. The difference between the collected compressive 

measurements and measured healthy array field pattern is minimized using a 

hybrid differential evolution (DE). In the proposed method, the slow 

convergence of DE based compressed sensing technique is accelerated with 

the help of parallel coordinate decent algorithm (PCD). The combination of 

DE with PCD makes the minimization faster and precise. Simulation results 

validate the performance to detect faulty sensors from a small number of 

measurements. 
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1. INTRODUCTION 

Antenna arrays are commonly used in radars, microwave and satellites [1]. The array consist of a 

radiating elements. Therefore, the failure chance of one or more sensors increases as the array size increases. 

As a result, the pattern generated by the antenna is considerably damaged. Therefore, it is important to design 

an efficceint algorithm for the detection of  defective elements before correction the patterns. The failure of 

sensor disturbs the pattern of the antenna array in terms of sidelobes and nulls [1], [2]. In normal scenario, the 

antenna array are located on the ground, the issue can be easily resolved by changing the defective elements 

but difficult to replace in case of satellite communications. In literature, there are numbers of available 

techniques for array detection [3], [4]. Although, these algorithms are expensive computationally because of 

the fact that these techniques require the same measurements as the number of sensors deployed in the 

antenna array.  

In antenna array detection, the target is to diagnose the defective elements. Compressed sensing 

(CS) algorithm have benn developed for the detection of defective elements in the antenna community [5]. 

CS algorithms reduces number of linear measurements for the detection of defective elements in antenna 

array. The sparse vector is the difference of excitation weights of original antenna array and actual array [5]. 

In CS, sparsity in signals allows to under sample the signal i.e., below the Nyquist sampling criterion and 

small number of linear measurements in the signal consists the whole information compared with its 

dimensions, so the accurate diagnosis from a small number of linear measurements is possible [6]. The CS 
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has applications in the field of magnetic resonance Imaging [7]. The measurement matrix should follow the 

restricted isometry property to avoid information in the signal from damaged. For the detection of the 

defective elements with high probability, the required number of linear measurements should be, where m 

number of linear measurements are required from an antenna array of length having the number of defective 

elements [5]. 

In this paper, a differential evolution based compressive sensing technique for detection of faulty 

sensors in linear arrays has been presented. This algorithms works from taking the linear measurements of 

power pattern generated by actual signal. The difference between the measured original reference antenna 

array field pattern and collected measurement is minimized using a hybrid Differential Evolution (DE) from 

compressive measurements. In the proposed method, the slow convergence of DE is accelerated with the help 

of Parallel Coordinate Decent algorithm (PCD). The combination of DE with PCD makes the minimization 

faster and precise. Simulation results of proposed compressed sensing based hybrid DE with PCD validate 

the detection of the faulty sensors performance from a less number of linear measurements. The rest of the 

article is organized as. The proposed solution is discussed in section 2. Section 3 states the numerical 

simulations, while section 4 concludes proposed work and recommended future direction. 

 

 

2. RESEARCH METHOD 

Consider an antenna array consist of N  number of radiating elements whose power patterns is 

given by [8] 
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where wn  is excitation weight of elements, the wave number is k , while the distance between the antenna 

element is d . The defective power pattern of the actual array is given by 
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where an is nth excitation of the actual array. In (2),  an  is given by, 
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where 1    is fraction of defective elements. The refecene and decetive pattern with  

16 35N and sidelobeslevel dB   are shown in Figure 1.The difference power pattern between the 

original and the actual array is given [5] by  
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x   is actual array vector is given by 
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To find the diagnosis problem in the antenna array, estimate the difference vector nx . In real 

situation, failures are very small as compared to the antenna sensors, thus the difference vector becomes 

sparse. The problem of diagnosis of defective elements can be reshaped in the frame of sparsness. The vector 

p is given to find the ol -norm which follows the equation 

 

p-Ex=r                                                         (6) 
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where E  is the measurement matrix [9]. If E is square matrix and invertible then through matrix inversion 

the unique solution can be found. In practical environment, the matrix E is ill-posed which is 

underdetermined. Thus to find the sparsest solution. Although, it has non-convex formulation as it involve  
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  exhaustive searches for the defective sensors. 
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The 1l -norm is convex and provides sparsity in the proposed solution, while l -norm is not tractable 

nor convex. Therefore replace l -norm by 1l -norm  as follows: 
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Now to developed hybrid DE which uses the mutation operator and crossover procedures of the 

conventional algorithm. DE is a nature inspired evolutionary technique and was introduced by Storn and 

Price to solve real problems [10]. The differential evolution is stochastic based searche technique. Although 

the earlier convergence ofdifferntial evolution results in a higher possibility of searching near a local 

optimum. The algorithm is based on an operator called mutation, which adds an amount get by the difference 

of two randomly selected chromosomes of the population. Finding the difference between two randomly 

selected chromosomes from the current population, in fact the algorithm calculating the gradient in that 

region and this algorithm is an efficient way to self adaption the mutation operator. The iterative algorithm 

called PCD is used to adjust the second good solution in the current population when the fitness of the best 

chromosome remains the same during the iteration. This will help us the convergence issue related with the 

NP problem of (8). The update equation of PCD is given by the following expression, 

 

 1 1k k s kx x e x                                                                     (10) 

 

where the constant   is estimated through line search. The initial value of proposed solution can be either an 

estimate of the least square solution or a zero vector. The term es is computed as follows. 
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Here k kr p Ex    is residue and     represents the shrinkage operator  
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3. RESULTS AND ANALYSIS 

In this simulation, consider a Chebyshev antenna array of 16 number of elements with   element 

separation is used as test antenna. The pattern denotes -35 dB sidelobe level and nulls directed at desired 

angles as depicted in Figure 1. To check the results the power pattern is sampled in the interval of 10 degrees, 

19 samples were taken from the damage power pattern. To check the validity of the proposed method, used 

the Matlab as a programming tool. At the instant, let us consider that the 3rd and 6th elements in the array 

become damage. Now to detect the location of faulty sensors, PCD algorithm is applied. After applying the 

PCD algorithm, the number and the location of defective elements is diagnosed. The blue (square) denote the 

Chebyshev original array weights, magenta (circle) shows defective elements and red (cross) the diagnosed 

fault which is shown in Figure 2. Similarly the same fault location is diagnosed with DE and hybrid DE with 

PCD. After applying the proposed DE hybridized PCD, the diagnosed fault is depicted in Figure 3 and  

Figure 4. By using the hybrid DE, location and number of defective elements precisely diagnosed than PCD 

and DE alone. 

The mean square error (MSE) is computed for PCD, DE and hybrid DE. From Figure 5, it obvious 

that hybrid DE along PCD outperforms than DE and PCD alone. 

 

 

  
 

Figure 1. The original array and defective array with 

3
rd

, 6
th

 elements 

 

Figure 2. Diagnosis of defective elements with PCD 

algorithm 

 

 

  
 

Figure 3. Diagnosis of defective elements with DE 

algorithm 

 

Figure 4. Diagnosis of defective elements with hybrid 

DE with PCD algorithm 
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Figure 5. Mean square error of PCD, DE and hybrid DE 

 

 

4. CONCLUSION 

A compressed sensing based array detection algorithm have been developed. The array detection 

problem is formulated using a DE, PCD algorithm and further DE hybridized with PCD algorithm. These 

algorithms are designed for the detection of defective antenna elements and the numerical simulation confirm 

that the proposed hybrid algorithm gives accurate detection of defective sensors in antenna array with a small 

number of measurements. The slow and early convergence of DE is prohibited by hybridizing with PCD 

algorithm. The hybrid DE-PCD algorithm perform the diagnosis of defective elements more correctly then 

PCD and DE alone. This algorithm can be extended to circular arrays. 
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