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Chapter - 2 

PERFORMANCE DEGRADATION IN ARRAY ANTENNAS 

 Finding the existence of errors and the deviations with an interest in analyzing the 

performance degradation of the array are discussed in this Chapter. Further, 

discussions on the effect of random errors on the sidelobe level and their analysis is also 

presented with the help of different values of deviation. Any misinterpretations related 

to concepts on look-alike features of thinning and element failures are also discussed in 

this Chapter. 

2.1. EXISTENCE OF ERRORS IN ARRAY PATTERNS 

 Most of the researchers looked at random errors and their influence on the array 

performance in an analytical way, but not towards the optimisation. From the literature, 

analytical studies stated that “the random errors in different array parameters were 

statistically independent, that the errors were small, and that the errors were normally 

distributed”. By considering the excitation current in the elements are independent of 

each other and hence developed the optimisation theory for improving gain and quality 

factor of the antenna system [11]. Later the assumptions on the random errors were 

pointed out in the theory of correlation between element excitations and mutual coupling 

[11, 16 and 22]. 

 Due to random errors, the sidelobe levels increase, directivity decreases and also the 

beam steering efficiency of the array decreases [1, 85 and 86]. The array antenna pattern 

characteristics can be controlled by varying the amplitude and phase of antenna 

elements. Considering the practical array pattern as a combination of signal and noises 

and any comparisons are made with the desired pattern, and then measure the accuracy 

of their pattern.  

 Usually some factors which affect the array pattern are such as inappropriate phase 

values, some approximations made during the analysis or simulations, etc. Sometimes 

the error may be small, but when the integration happens at times and these errors 

compute to a big error. Therefore error analysis is always important and this is presented 

in this Chapter. Then finally the precise argument and the approximate argument are 

compared and the error is estimated. 
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 In the simulation of array antenna, the error of approximate expression is very small 

and can be neglected near the antenna main lobe area. Along with that, if there is an 

increase in the angle deviation from the main lobe, the error becomes bigger. Hence 

importance is given to the literature on “Errors” and an appropriate model is chosen for 

the further simulation of the proposed system. 

2.2. CAUSES AND EFFECTS OF ERRORS 

 The causes for the deviations in array antennas are briefly discussed wherein the 

main focus is on excitation currents applied to the array elements. Reflections within the 

array structure and the environment are the major cause of error and can be reduced by 

proper choice of the environment and structural designs.  

 Phase errors result whenever the antennas are too close to each other and hence the 

minimum distance without degradation has to be maintained between the elements. 

Errors may also result when the illuminating source does not radiate exactly a plane 

wave at the surface of the aperture of the array antenna, and this may cause the sudden 

increase of few sidelobe levels in the array and these errors become very large during 

beam steering, and hence proper care must be taken with respect to the illumination of 

the array. 

 When the antenna measurements are performed in the near-field, the coupling effect 

causes errors and hence it is suggested always to make measurements in the far field. 

Other factors like angular errors in mounting and directing, instrument imperfections 

which are associated with the dynamic range of power meter, stability of the generator, 

bad cabling, bending of cables will also cause errors. 

 External noise and interference usually from nearby base stations also become the 

reasons for errors sometimes. Another type of error may be expected due to the 

uncertainty in reference antenna gain. 

2.3. DEGRADED ARRAY PATTERNS  

 Both random and correlated errors, reduce the value of the array excitation and they 

are expected to deviate both the magnitude and the phase of the excitation coefficients. 

It is evident that the excitation coefficients play the major role in the formation of array 
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pattern. Any deviation in the magnitude and the phase of the coefficients drastically 

changes the performance of the array and resulting patterns are degraded. 

 An example referred from ([5], Ch. 7) explains that an array antenna designed with 

the very low sidelobes without errors, may result finally “modest sidelobes in the 

presence of phase and amplitude errors”. Also, if errors are correlated between elements 

of the array, then the resulting radiation pattern may have “large and distinct sidelobes” 

in practice. 

 During the design part of the array, if one takes care of all correlated errors, then 

uncorrelated phase and amplitude errors only limit the performance of the array. The 

remaining errors are treated as random, and residual (average) sidelobe errors, peak 

sidelobe expectation, gain degradation, and beam pointing error are estimated by 

statistical procedures. 

 In addition to random phase and amplitude errors, there are several types of highly 

correlated errors that are vitally important in array design because they result in high 

peak sidelobes. Examples treated here include the periodic phase or amplitude errors 

caused by discrete phase shifters, quantized amplitude tapers across the array. 

2.4. ERROR ANALYSIS IN LINEAR ARRAY ANTENNAS 

 For analysis, a Hertzian dipole array is chosen, whose array length is along the 𝑥-

axis and the dipoles are arranged with their axes along 𝑧-axis, with a total number of 

elements denoted by 𝑁.  

 The excitation coefficients of this array are called by name “True Coefficients” 

throughout the analysis and are denoted by 𝑐𝑛 where 𝑐𝑛 = 𝑎𝑛𝑒𝑗𝜓𝑛 where 𝑎𝑛 is the 

magnitude of 𝑐𝑛 and 𝜓𝑛 is the phase of 𝑐𝑛. The distance of observation point 𝑃(𝑥, 𝑦, 𝑧) 

from the 𝑛-th element in the linear array is given by 𝑅𝑛 = √(𝑥 − 𝑥𝑛)2 + 𝑦2 + 𝑧2, 

where 𝑥𝑛 represents the 𝑥 - co-ordinate of the 𝑛-th element and is given by 

 𝑥𝑛 = −𝐿 + (𝑛 − 1)𝑑.  
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 Now, considering the complete array structure within the 𝑥𝑧-plane and 

𝐼0  representing the constant current amplitude of the Hertzian dipole, the magnetic field 

of the array is given by [60] and is given in Equation (2.1) as follows: 

𝑯 =
𝐼0
4𝜋

 ∑𝑐𝑛  
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 𝐠′ 𝐜 assuming that 𝐠′ = [g1, g2, ………… . , gN] represents the overall 

summation for 𝑛 = 1 𝑡𝑜 𝑁 except the vector 𝐜 and 𝐠′ also represents the vector magnetic 

field when 𝐼0 = 4𝜋 at 𝑥 = 𝑥𝑛. Otherwise the 𝐜 term multiplied with 𝐠′ results in the 

complete values in the summation term and the vector 𝐜 is given by  
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 For calculations, 𝑁 = 32 elements with an interelement spacing ‘𝑑’ of half 

wavelength (0.5𝜆) is chosen. The length of the array is given by the formula 

2𝐿 =  (𝑁 − 1)𝑑 assuming that the array is concentrated at the origin, and therefore, the 

total length of the array for the given above values is 15.5 𝜆.  

 The Figure 2.1 shows the current distribution curve among the elements of the linear 

array. The curve has been normalised and the maximum current value out of all the 

elements is one and it always occurs in the element located at the midpoint of the array 

length in the linear array.  

 To control the sidelobe levels of the array various array synthesis methods are 

studied [33] and out of them the Taylor line source method, which has complete control 

on required number of sidelobe levels (𝑛 ̅ = 5), is chosen to generate the true 

coefficients in the array. 
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Figure: 2.1. Normalised Current Distribution for 32-element linear array for 

𝑆𝐿𝐿 =  −25 𝑑𝐵 and (𝑛 ̅ = 5) 

 The Figure 2.1 shows the current distribution curve among the elements of the linear 

array using the coefficients computed using the Equation (2.2).  

 The current distribution curve shown in the Figure 2.1, is a result from the Taylor 

current source expression [14], where the samples of the current are collected based on 

the total number of elements in the linear array antenna. The current source always take 

the same shape of the curve for any length of the linear array antenna. The accuracy in 

the calculations purely depends on the number of samples that are collected from this 

curve in order to excite individual elements in the linear array antenna. 

 A series of figures are plotted in this Chapter, using the above current distribution 

curve. The far field of the array antenna is also plotted for various lengths of the linear 

array antenna in Figs. 2.2 and 2.7.  

 The Figure 2.7 is the far field pattern plotted for a 52-element linear array antenna, 

with the current distribution curve in Figure 2.6, which looks alike the Figure 2.1. but 

the only difference is that the Figure 2.1 is sampled for 32-element linear array antenna 

and the Figure 2.6 is sampled for 52-element linear array antenna. 
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Table: 2.1. Current distribution on the elements 

Element 

Number 

True 

Coefficient 

Element 

Number 

True 

Coefficient 

1 0.3991 17 1 

2 0.4023 18 0.9878 

3 0.4133 19 0.9650 

4 0.4360 20 0.9338 

5 0.4735 21 0.8954 

6 0.5266 22 0.8497 

7 0.5918 23 0.7954 

8 0.6627 24 0.7324 

9 0.7324 25 0.6627 

10 0.7954 26 0.5918 

11 0.8497 27 0.5266 

12 0.8954 28 0.4735 

13 0.9338 29 0.4360 

14 0.9650 30 0.4133 

15 0.9878 31 0.4023 

16 1 32 0.3991 

 

 The Table 2.1 shows the element number and the respective current amplitude on it. 

By this, the current in the element number located at a position (𝑁 − 1)/2 is supposed 

to have the maximum current in it. But, when the linear array size, (“Array Size of 32” 

refers to a 32-Element linear array), is even, the two elements which are at the middle 

of the array take this value of 1 in perspective of maximum radiation towards the 

direction of propagation.  

 If the array size is odd, the exact centre element has the maximum current amplitude 

of 1. The distance of the element with maximum current amplitude is computed by using 

the formula (𝑁 − 1)𝑑/2. 
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2.4.1. Observations in Far Field for True Array 

 The far field of the true array is shown in Figure 2.2, which is computed using the 

Equation (2.1) at a far field distance of 10 𝑅𝑓 where 𝑅𝑓  = 8𝐿2 𝜆⁄  is the minimum far 

field distance to be maintained. 

 Further the current distribution is calculated in order to steer the array pattern to 

different scan angles of 𝜃𝑠 = 200 𝑎𝑛𝑑 450 respectively. The formula used for 

computing the coefficients involving the scan angle parameter 𝜃𝑠 is given in Equation 

(2.3) as below: 

  𝑐𝑛𝑠 = 𝑐𝑛𝑒𝑗(𝜓𝑛−𝜓0) (2.3) 

 where 𝜓0 = 𝑛𝑘 cos 𝜃𝑠. As the normalised plot of coefficients always represent the 

magnitude of the current along the array they remain as the same set of true case even 

for beam steering and change is expected only w.r.t the phase of each element. 

   
Figure: 2.2. Far field pattern for True array 

 

 For perception, the values of 𝑐𝑛𝑠 the current amplitudes for scanning are shown in 

Figure 2.3 where the magnitude of 𝑐𝑛𝑠 is not considered (𝜃 = 0 represents no-beam 
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steering case in the figure and the curve is not normalized). The variations in the 

coefficients are due to the scan angle chosen for the beam steering. 

  
Figure: 2.3. Current Distribution for different scan angles 

 The far field at different scan angles compared to the no-beam steering case is shown 

in Figure 2.4 and Figure 2.5. 

 
Figure: 2.4. Far field patterns for 32 element linear array  

 It is observed from Figure 2.4 and Figure 2.5 that as the scan angle increases, beam 

broadening occurs and even the sidelobe levels tend to increase slowly. 
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Figure: 2.5. Far field patterns for 32 element linear array 

 Further the length of the array is increased from 32 elements to 52 elements and its 

current distribution as well as the far field pattern are plotted in Figure 2.6 for 

𝑆𝐿𝐿 = −25𝑑𝐵 and (𝑛 ̅ = 5).  

 

 
Figure: 2.6. Normalised Current Distribution for 52-element Linear array for 

𝑆𝐿𝐿 =  −25 𝑑𝐵 and (𝑛 ̅ = 5) 
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 The plots in Figure 2.6 and Figure 2.7 are used for further analysis of the near field 

sensor position and its effect on measuring the appropriate coefficient values and the 

random errors associated them. 

 
Figure: 2.7. Far field pattern for 52 element linear array 

2.4.2. Error Analysis Equations and Assumptions 

 Assuming that due to random errors, the coefficients are fluctuated and they cause 

the degradation in the linear array antenna, the error analysis is carried out and the 

equations required to represent the error are described. The disturbance or deviation in 

the coefficients is referred to as “perturbed” [60] coefficients. 

2.4.3. True Case 

 True case refers to the array without any random errors/fluctuations1 in its 

coefficients. For the true case 𝜓𝑛 = 0 and so 𝑐𝑛 = 𝑎𝑛. The normalized value of the 

                                                 

 

 

1Random errors/fluctuations tend to change for every instant of observation. Hence a set of random values 

generated at one instant of observation are recorded and are used throughout the analysis in this chapter 

and in next chapters.  
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coefficients represents the magnitude of 𝑐𝑛 which is nothing but the set of 𝑎𝑛 values. 

Hence the array of values of these true coefficients is represented by 𝐜. 

2.4.4. Actual Case 

 After analysing and understanding the effect of random errors on the deterioration 

of the sidelobe levels, the log-normal distribution is chosen to perturb the coefficients. 

An assumption of log-normal distribution with a standard deviation of 𝜎 dB for the 

magnitude and a uniform distribution with a deviation of ±∆ for the phase is made.  

 The value of standard deviation 𝜎 depends on the Root Mean Square (RMS) 

deviation in the magnitude and the maximum deviation ∆ corresponds to the Root Mean 

Square (RMS) deviation in the phase. The perturbing or fluctuating magnitudes and 

phases of the actual array are represented by the Equation (2.4) and Equation set (2.5) 

which are referred w.r.t. to actual array assuming that this is the array under observation, 

and are called as actual coefficients denoted by 

  �̂� =

[
 
 
 
 
 
 
�̂�1

�̂�2

.

.

.

.
�̂�𝑁]

 
 
 
 
 
 

  (2.4) 

�̂�𝑛 = �̂�𝑛𝑒𝑗�̂�𝑛 

  �̂�𝑛 = 𝑎𝑛𝑒𝛼𝜗𝑛 (2.5) 

 where �̂�𝑛 = 𝜓𝑛 + 𝜇𝑛∆, 𝛼 = 0.05 𝑙𝑛(10) 𝜎𝑑𝑏 , ∆ =  √3𝛿, 𝜗𝑛 is unit-variance, zero 

mean Gaussian random variable, and 𝜇𝑛 is a uniform random variable over [-1, 1]. Since 

the perturbations are always considered w.r.t that of true array coefficient components, 

the equations contains 𝑎𝑛 and 𝜓𝑛.  

 In Table 2.2, current distribution on the elements in the case of true and actual cases 

are given when the perturbations are simulated for 𝜎 = 2 𝑑𝐵 𝑎𝑛𝑑 𝛿 = 100. In this case, 

the maximum error has occurred at 13th element. When 𝜎 is varied from 2𝑑𝐵 𝑡𝑜 10 𝑑𝐵, 
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the results have shown the variation in the level of the amplitude but still the highest 

error is recorded at 13th element. 

Table: 2.2. Current distribution on the elements with perturbations for 

𝜎 = 2 𝑑𝐵 𝑎𝑛𝑑 𝛿 = 100  

Element 
True 

Coefficients 

Actual 

Coefficients 
Error 

1 0.399132687 0.357066485 -0.04207 

2 0.402291271 0.527797138 0.125506 

3 0.413337907 0.321390033 -0.09195 

4 0.435968553 0.445853218 0.009885 

5 0.473543836 0.343841865 -0.1297 

6 0.526605835 0.555385454 0.02878 

7 0.591789553 0.606513256 0.014724 

8 0.66272251 0.643709629 -0.01901 

9 0.732362467 0.881258019 0.148896 

10 0.795440866 0.635658149 -0.15978 

11 0.849705453 0.583170608 -0.26653 

12 0.895440015 1.222887167 0.327447 

13 0.933778509 1.994861116 1.061083 

14 0.964987202 0.86327846 -0.10171 

15 0.987783447 1.065296939 0.077513 

16 1 1.137170304 0.13717 

17 1 1.195424427 0.195424 

18 0.987783447 0.824964082 -0.16282 

19 0.964987202 0.857694091 -0.10729 

20 0.933778509 1.002273493 0.068495 

21 0.895440015 0.754860531 -0.14058 

22 0.849705453 1.012614673 0.162909 

23 0.795440866 1.049515026 0.254074 

24 0.732362467 1.045036367 0.312674 

25 0.66272251 0.515130418 -0.14759 
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Element 
True 

Coefficients 

Actual 

Coefficients 
Error 

26 0.591789553 0.817069214 0.22528 

27 0.526605835 0.447035196 -0.07957 

28 0.473543836 0.379673407 -0.09387 

29 0.435968553 0.491826398 0.055858 

30 0.413337907 0.376196837 -0.03714 

31 0.402291271 0.339446007 -0.06285 

32 0.399132687 0.433621412 0.034489 

  

 These calculations from the Table 2.2 have helped to continue the analysis of error 

based on change in the phase values by varying 𝛿 values from 100 to 900.  

 The plots shown in Figs. 2.8 and 2.9 are the true and actual array coefficients for 

𝜎 = 2 𝑑𝐵 and 10 𝑑𝐵, with constant value of 𝛿 = 100. These two figures shown 

distinctly the peak value of actual array coefficients to be located at the 13th element. 

 
Figure: 2.8. Current distribution for true and actual arrays when 

𝜎 = 3 𝑑𝐵 𝑎𝑛𝑑 𝛿 = 100  
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Figure: 2.9. Current distribution for true and actual arrays when 

 𝜎 = 10 𝑑𝐵 𝑎𝑛𝑑 𝛿 = 100  

 The plots from Figure 2.10 to Figure 2.16 show how the phase errors affect the 

amplitudes of the array coefficients. They are plotted with a constant value 

𝜎 = 2 𝑑𝐵 , but varying the value of 𝛿 = 100, 200, 300, 400, 500, 700 𝑎𝑛𝑑 900. The 

worst case out of all is 𝛿 = 900. 

 
Figure: 2.10. Current distribution for true and actual arrays when 

𝜎 = 2 𝑑𝐵 𝑎𝑛𝑑 𝛿 = 100  
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Figure: 2.11. Current distribution for true and actual arrays when 

𝜎 = 2 𝑑𝐵 𝑎𝑛𝑑 𝛿 = 200  

 

 
Figure: 2.12. Current distribution for true and actual arrays when 

𝜎 = 2 𝑑𝐵 𝑎𝑛𝑑 𝛿 = 300  
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Figure: 2.13. Current distribution for true and actual arrays when 

𝜎 = 2 𝑑𝐵 𝑎𝑛𝑑 𝛿 = 400  

 

 
Figure: 2.14. Current distribution for true and actual arrays when 

𝜎 = 2 𝑑𝐵 𝑎𝑛𝑑 𝛿 = 500  
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Figure: 2.15. Current distribution for true and actual arrays when 

𝜎 = 2 𝑑𝐵 𝑎𝑛𝑑 𝛿 = 700  

 

 
Figure: 2.16. Current distribution for true and actual arrays when 

𝜎 = 2 𝑑𝐵 𝑎𝑛𝑑 𝛿 = 900  
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 The Figure 2.17 is the far field pattern plotted for the values 𝜎 = 2 𝑑𝐵 𝑎𝑛𝑑 𝛿 = 100. 

Due to phase variations, the sidelobe level of the actual array has reached −19.27𝑑𝐵 

instead of the expected value −25𝑑𝐵. Similar results are plotted by keeping 

constant 𝜎 = 2 𝑑𝐵, but varying 𝛿 = 100, 200, 300, 400, 500, 700 𝑎𝑛𝑑 900. 

2.4.5. Observations in Far Field for Actual Array Compared with True Array 

 The far field of the actual array is also plotted as such that of the true array earlier 

shown in Figure 2.2, which is computed at a far field distance of 10 𝑅𝑓.  

 For the values  𝛿 = 100 𝑎𝑛𝑑 200, the far field plotted in the Figure 2.17 and Figure 

2.18 resulted in the rise of the sidelobe levels above the desired value of −25 𝑑𝐵 and 

the main beam is slightly displaced from the 00.  

 
Figure: 2.17. Far field with perturbations due to 𝛿 = 100 

 As 𝛿 is increased to 300, as shown in Figure 2.19, the direction of the main lobe has 

changed relatively deviating form  00 representing the curve as if it is under beam 

steering.  Its deviation is extremely high in the case of 𝛿 = 900 with a sidelobe level of 

−4.045𝑑𝐵 in Figure 2.23. 
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Figure: 2.18. Far field with perturbations due to 𝛿 = 200 

 

 
Figure: 2.19. Far field with perturbations due to 𝛿 = 300 
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Figure: 2.20. Far field with perturbations due to 𝛿 = 400 

 

 
Figure: 2.21. Far field with perturbations due to 𝛿 = 500 
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Figure: 2.22. Far field with perturbations due to 𝛿 = 700 

 
Figure: 2.23. Far field with perturbations due to 𝛿 = 900 

 Hence, the perturbations shown in the Figure 2.17 to Figure 2.23, clearly depict the 

high deviation of the sidelobe levels and as well as the deviated direction of the main 

lobe in the extreme case of 𝛿 = 900 by considering increasing phase error. In other 

words, the degradation in the array pattern is very high for large values of phase errors. 
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2.4.6. Observations in Near Field and Computation of Error Signal between True 

Array and Actual Array 

 The near field of the array is observed where the magnetic field is sampled at a rate 

suitable for reconstruction of the desired array pattern. The fluctuating/random errors 

deteriorate the near zone fields. Hence if the error between the near fields of the true 

array and the actual array is calculated, then an estimate of the desired pattern can be 

made by minimising this error signal. Here in this chapter, the error signal is plotted in 

comparison with the true and actual array near fields. 

 The near field of the array observed at a location 𝑃𝑠(1.1𝐿, 𝑅𝑓 100⁄ , 0)  is shown in 

Figure 2.24. It shows the near fields of the true array and the actual array along with the 

error signal computed between true and actual array patterns. The actual signal is taken 

as reference for all next calculations of the error at various 𝛿 values and hence the error 

variations are purely because of the variations or fluctuations in the actual array.  

 
Figure: 2.24. Near field with perturbations due to 𝛿 = 100 

 The error resulted in Figure 2.24 is computed and plotted in the case of perturbations 

due to 𝛿 = 100 and its overall range is around −25 𝑑𝐵. The maximum error computed 

is approximately −7 𝑑𝐵. The error is also observed for 𝛿 = 200, 700 𝑎𝑛𝑑 900  and is 

shown in the Figure 2.25, Figure 2.26 and Figure 2.27 respectively.  
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Figure: 2.25. Near field with perturbations due to 𝛿 = 200 

 

 
Figure: 2.26. Near field with perturbations due to 𝛿 = 700 
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Figure: 2.27. Near field with perturbations due to 𝛿 = 900 

 The overall range of the error tend to vary between −25 𝑑𝐵 to −15 𝑑𝐵 for different 

𝛿 values but the maximum value of the error is noticed to be 2 dB when the 𝛿 = 900 in 

Figure 2.28. This value of error at the extreme perturbations is considered to be very 

high and it causes high degradation as shown in Figure 2.23. 

2.5. EFFECTS OF ELEMENT FAILURE 

 One more reason for performance degradation in array antennas is observed as the 

element failures or faulty elements. Element failure means that whenever the radiating 

element fails due to the zero excitation coefficient and does not contribute to the major 

lobe power.  

 As a simple example, when an element fails in consequence of elements in the array 

which are spaced uniformly by 0.5𝜆, the distance between the successive elements 

increases to 𝜆 and hence the sidelobes, main lobe power and its direction even changes. 

 The execution of 5 random element failures in a linear array consisting of 𝑁 = 32 

is plotted and analysed. The random failures are at 𝑁 = [14, 15,18, 28, 29] (considered 

as Set 1) and is indicated by red colour star mark in the coefficients curve in Figure 2.28. 

The sidelobe level increased to −15.48 𝑑𝐵 instead of the true value −25 𝑑𝐵 and can be 

observed in Figure 2.29. 
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Figure: 2.28. Excitation coefficients with element failures for Set 1 

   
Figure: 2.29. Far field with element failures for Set 1 

  Further for a new set of random failures at 𝑁 = [5, 11, 14, 16,19] (considered 

as Set 2), the coefficient curve is given in Figure 2.30 and the far field with deteriorated 

sidelobe level of −15.82 𝑑𝐵 is shown in Figure 2.31. 



47 

Performance Degradation in Array Antennas   Chapter 2 

  
Figure: 2.30. Excitation coefficients with element failures for Set 2 

 
Figure: 2.31. Far field with element failures for Set 2 

     When the random failures are towards the extremes of the array length, the sidelobes 

do not increase much and are near to the desired values. The sidelobe level is only 

−23.51 𝑑𝐵 when the Set 3 of random failures at 𝑁 = [1,2,5,30,32] are considered and 

the corresponding results are shown in Figure 2.32 and Figure 2.33. 
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Figure: 2.32. Excitation coefficients with element failures for Set 3 

 
Figure: 2.33. Far field with element failures for Set 3 

 It is evident that, when the elements which contribute maximum towards the main 

lobe does not fail, the far field and the sidelobes are manageable or in other words there 

is less effect of failure elements on the performance of the array. 

 Hence element failures cause undesired increase in the sidelobe levels and also 

broadening the beamwidths. Instead of the radiation power being concentrated majorly 
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into the main lobe levels, sidelobe levels gain power due to the fault elements. 

Resynthesis of the array antenna in such a case is proposed in next chapters and the 

reconstruction of the desired array pattern is reported in Chapter 6. The observations and 

simulated results for a particular case of array antenna are reported in the Chapter 6.  

 At this point, one may not confuse in understanding the concepts of element failures 

with the resemblance of thinning of an array. Thinning is a concept which minimises the 

number of elements towards achieving similar performance when compared to that of 

the complete array. Thinning of an array is intentional minimisation of number of 

elements and thereby the minimisation of power usage, cost and weight of the array 

without much degradation in the performance of the array.  

Summary 

 The far field at different scan angles is compared to that of the no-beam steering case 

and it is observed that as the scan angle increases, beam broadening occurs and even the 

sidelobe levels tend to increase slowly. Assuming that due to random errors, the 

coefficients are fluctuated and they cause the degradation in the linear array antenna, the 

error analysis is carried out. 

 Current distribution on the elements in the case of true and actual cases are specified 

when the perturbations are simulated for various values of 𝜎 and 𝛿. In a typical case of 

randomness, the maximum error have occurred at 13th element. When 𝜎 is varied from 

2𝑑𝐵 𝑡𝑜 10 𝑑𝐵, the results have shown the variation in the level of the amplitude but still 

the highest error is recorded at 13th element. 

 The far field of the actual array for the values  𝛿 = 100, 200 resulted in the rise of 

the sidelobe levels above the desired value of −25 𝑑𝐵 and the main beam is slightly 

displaced from the 00. As 𝛿 is increased to 300 the direction of the main lobe has 

changed relatively deviating from  00 representing the curve as if it is under beam 

steering.  Its deviation is extremely high in the case of 𝛿 = 900 with a sidelobe level 

of −4.045𝑑𝐵. The degradation in the array pattern is very high for large values of phase 

errors. 



50 

Performance Degradation in Array Antennas   Chapter 2 

 The near field of the array is observed where the magnetic field is sampled at a rate 

suitable for reconstruction of the desired array pattern. The fluctuating/random errors 

deteriorate the near zone fields. Hence if the error between the near fields of the true 

array and the actual array is calculated, then an estimate of the desired pattern can be 

made by minimising this error signal. The near field of the array observed at a location 

𝑃𝑠(1.1𝐿, 𝑅𝑓 100⁄ , 0) and the error signal is computed between true and actual array 

patterns. The error at various 𝛿 values has variations which are purely because of the 

variations or fluctuations in the actual array. 

 It is evident that when the elements which contribute maximum towards the main 

lobe does not fail, the far field and the sidelobes are manageable or in other words there 

is less effect of failure elements on the performance of the array. 

 Element failures causes undesired increase in the sidelobe levels and also broadening 

of the beamwidths. Instead of the radiation power being concentrated majorly into the 

main lobe levels, sidelobe levels gain power due to the fault elements. Resynthesis of 

the array antenna in such a case using the proposed and the reconstruction of the desired 

array pattern is not simple.  

 The concepts of element failures are different from that of thinning of an array which 

actually deals with intentional minimisation of number of elements and thereby the 

minimisation of power usage, cost and weight of the array without much degradation in 

the performance of the array.  

 


