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Abstract 

This paper proposes an approach to study the effect of faulty array element 
on the accuracy of the parameter estimation of direction of arrival of the plain waves 
and their amplitudes from sources that are considered to be far field sources. In this 
approach we require only one snapshot. The cost function is developed for heuristic 
computation using genetic algorithm (GA). Cost function is based on 𝐿ଶ norm of the 
difference between actual observation vector and the constructed vector plus the 
correlation between the two normalized vectors. The results have been given for 
different length of array i.e. 10, 15 and 20.Longer array is able to minimize the effect 
of faulty array element. 

Keywords: Direction of Arrival, Uniform Linear Array, Parameter Estimation, 
Faulty Array. 

I. Introduction 
 

Beam forming is a technique that uses array of sensors for directional signal 
transmission and reception. In directional transmission and reception we focus our 
main beam in only one direction and setting nulls in for unwanted signals such as 
jammers as discussed in[XV],[VII],[VIII],[IX]. Against this background Direction of 
Arrival (DOA) is the first and the foremost requirement. Direction of arrival mainly 
deals with the estimation of azimuth and elevation angle. However, sometimes the 
frequency and amplitude are of interest. Some of the most common techniques 
include MUSIC, ESPRIT and others are discussed in [X], [I], [XI], [XII]. In [XIV], 
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authors proposed algorithm to for reducing computational load of the scheme 
proposed in [XII].We also find in literature techniques called as heuristic techniques 
to find direction of arrival (DOA). These techniques are Genetic algorithm, Particle 
swarm optimization (PSO), Differential Evolution (DE) and proposed in [II],[XIII].  
Heuristic computation techniques offer more accuracy and reliability when they are 
mixed with any other algorithm such as, active search algorithm, pattern search (PS) 
and interior point algorithm as discussed in [VI],[III],[IV].The different geometric of 
array used by researchers has been Linear arrays ,1-L & 2- L Shaped array, Planar 
array, Circular arrays and Even elliptic arrays 

The most common problems encountered during estimation of these parameters has 
been the element failure, estimation failure, pair matching, ambiguity problem, 
computation complexity. In our paper we have dealt with the array element failure 
when one or more element has failed partially or fully. This is a practical issue that 
can occur at any time and need to be addresses. In this we have seen that element 
position and array length both are important. 

I. Problem formulation 

 
Fig.1 Signal Model for far field sources. 

 

Let there be N sources which are considered as far field sources. Assuming that signal 
from source 𝑖  falls on an array sensor [ 1 2 3 … … … 𝑀] . They are given 
as[𝐴௜ , 𝐴௜𝑒௝ఝ೔ , 𝐴௜𝑒௝ଶఝ೔ , … … … , 𝐴௜𝑒௝(௠ିଵ)ఝ೔]. Where𝜑௜ an electrical angle due to the 
extra distancecovered by the array and is given by  
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𝜑௜ =
2𝜋

𝜆
𝑑 sin 𝜃௜ 

(1) 

If 𝑑 =
ఒ

ଶ
, eq.1 can be written as 𝜑௜ = 𝜋𝑑 sin 𝜃௜. On any 𝑚௧௛element, the signal from 

N sources are given by  

𝑋௠ = ෍ 𝐴௜

ே

௜ୀଵ

𝑒௝(௠ିଵ)ఝ೔
 

(2) 

𝑤ℎ𝑒𝑟𝑒 𝑚 = 1,2 … … … 𝑀& the net array vector signal is given as follows 

𝑋  ሬሬሬሬ⃗ = [𝑥ଵ 𝑥ଶ … … … … … … … … … … … … … … 𝑥ெ] 

II. Cost Function  
On the receiver side we receive array vector signal �⃑� containing information about 
amplitude and Angles of the all 𝑁 number of targets. We define our Cost function as 

𝐸 = 𝐸ଵ + 𝐸ଶ 
 

(3) 

Where, 

𝐸ଵ = ฮ𝑋 − 𝑋෠ฮ
ଶ

ଶ
 

(4) 

 

𝐸ଶ = ቮቤ
𝑋

‖𝑋‖
.

𝑋෠

ฮ𝑋෠ฮ
ቤ − 1ቮ 

(5) 

𝑋෠Is the estimate of �⃑� generated using randomly generated amplitudes and angles of N 
number of targets and is optimized using “Genetic Algorithm”. 

III. Genetic Algorithm  
Genetic algorithm works through following steps  

Initialization 
We generate S number of chromosomes randomly. As we have only considered two 
targets therefore, each chromosome is of the length equal to 4. Where first two genes 
represent amplitudes whereas, the next two represents the angles.   

Evaluation  
Based on these angles and amplitudes we calculate 𝑋෠ and evaluate the error of each 
chromosome.  If the least error is below a certain threshold level we move to step 6 
otherwise go to step 3.  

Selection 
Select the best chromosome to be a part of next generation of chromosomes. 
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Crossover 
Producing new children from parents is crossover. One can formulate a new 
generation from the old parents and new children.  

 
Fig. 1 Flow chart for genetic algorithm. 

 

Mutation 
In case crossover dose not bring a substantial change, we mutate a gene at random of 
any chromosome taken at random. 

Termination  
If the error is below a threshold we choose the chromosome with least error as our 
solution and quit the process.   

IV. Simulation and result 
We have assumed two sources in the far field zone with amplitudes𝐴ଵ = 1,𝐴ଶ = 5 
and respective angles 𝜃ଵ = 50° , 𝜃ଶ = 65° from the broad sides. 
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We have used different number of array element ( 𝑀 = 10,15,20,25).  All the 
elements one by one have been made 100 % faulty starting from 1 to M. The result 
reveal that, the effect of the faulty element is position dependent. In general the effect 
of the faulty element is more pronounced if element is toward the end of the array. 
Also we note that if the number of elements increases, the fault  |Δ𝜃ଵ| and  |Δ𝜃ଶ| 
decreases. Moreover, the variances in the fault decreases as the number of elements 
increases. 

Fig. 2  Antenna array with 10 elements 

Fig. 3  Antenna array with 15 elements 
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Fig. 4  Antenna array with 20 elements 

 
Fig. 5  Antenna array with 25 elements 

 

V. Conclusion 
The main purpose of this contribution was to make a critical study of the 

effect of faulty array elements on the estimation of direction of arrival and amplitude 
of far field sources. As we see situation is improved in general if number of elements 
is increased. Moreover, the entire faulty element does not have the same effect on the 
error, it is position dependent. As the fault is decreasing with the increase in the 
number of arrays therefore, it is recommended to use antenna array of large sizes for 
encountering the problem of faulty array. 
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