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Chapter - 6 

RESYNTHESIS IN THE PRESENCE OF ELEMENT FAILURES 

 Extending the discussion about necessity of multiple sensors as well with minimum 

number of measurements, compressive sensing used in the array analysis especially to 

find the fault elements is reported in this chapter. Since fault element existence in the 

array deteriorates the array performance, identification of the fault elements with 

minimum data processing and correction of degraded array patterns towards optimized 

side lobe levels is proposed and results are presented in this chapter. Proposed 

technique results in simultaneous and automatic calibration of phased arrays in real 

time, minimizing the errors in the excitation coefficients. Use of compressive sensing 

for antenna arrays, which requires minimum data acquisition helps in the design of a 

low-cost, high speed solution for array diagnosis in addition to array pattern 

resynthesizing. 

6.1. DEVIATIONS IN EXPECTED ARRAY PATTERNS IN PRESENCE OF 

FAULT ELEMENTS 

 Deviations in beam steering in a linear array may also result from the presence of 

fault elements, other than the noise effects or random effects which are due to 

environmental changes. Finding the fault elements in the linear array is necessary in 

order to analyze the radiation patterns to confirm that the error or deviation as a result 

of a particular fault element in the linear array. Henceforth analysis is carried on over a 

linear array consisting of 32 radiating elements. Initial analysis is carried out assuming 

that all the radiating elements are uniformly illuminated i.e. all the excitation 

coefficients of the array are equal to one. After the analysis of the outcomes based on 

uniform illumination, the analysis is extended using the True coefficients used through 

out this work which are computed using the Taylor method with 𝑁 = 32 as discussed 

in Chapter 2 and Chapter 3 of this thesis.  

 The 32-element linear array is assumed to have 10 element failures at 

𝑁 = [1,2,3,5,6,27,28,30,31,32], which can be treated a typical case of high probability 

of elements have failed. The current distribution along this array antenna is represented 

in the Figure 6.1 where the solid line along with star mark (Blue coloured curve) 
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represents the failed current excitations in comparison with that of the True array 

current distribution (Red coloured curve) without any element failures. 

 
Figure: 6.1. Normalised Current Distribution for True Array with 10 elements 

failures located at 𝑁 = [1,2,3,5,6,27,28,30,31,32] 

  
Figure: 6.2. Far field Patterns resulting from True Array for an array with and 

without elements failures 
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      From the discussion in the Section 2.5, Chapter 2 of this book, the element failures 

result in the beam broadening and deteriorated sidelobe levels (raised sidelobe levels). 

Also if the element failures are located at the extreme ends of the linear array antenna, 

they show considerably less effect on the array performance in the terms of beam 

broadening and as well as in the deterioration of sidelobe levels. Since the typical case 

considered here has the 6 failures at the extreme ends of the linear array and 4 near to 

the maximum current value in the distribution, the beam broadening and the increase 

in sidelobe levels are according to the earlier discussion and is as shown in Figure 6.2. 

6.2. FINDINGS ON ELEMENT FAILURES 

 Use of apriori information helps in decreasing the number of measurements and this 

concept results in estimation of the required signal using minimum data, taking the 

advantage of the compressive sensing. The same concept is used in findings the fault 

elements assuming that the number of failures in an array (𝑁𝑓) are less than that of the 

number of elements (𝑁) in the array, i.e.𝑁𝑓 ≪ 𝑁. Here the number of measurements 𝑀 

is chosen to be less than 𝑁, the number of elements in the array, i.e. 𝑀 ≪ 𝑁. The 

development of procedure to find the fault elements accurately demands a good 

regularisation technique which gives the accurate a-priori information [48, 49 and 50]. 

Hence a stable reconstruction technique using 𝑙1-norm for obtaining the minimum 

constraint with a unique solution is developed [48].  

 The idea behind the matrix 𝐀 in [48], which is used to satisfy the restricted isometry 

property (RIP or RIP (2) as 𝑙2-norm is used in the compressive sensing), is similar to 

the Hermitian matrix used in previous chapters in the sense that this matrix relates the 

difference between the reference signal and the measured signal from the Antenna 

Under Test (AUT). The innovation vectors [48] which are formed from the compressive 

sensing basics are generated using the below Equation (6.1): 

  𝐀𝒊𝐱 = 𝐲 (6.1) 

 where 𝐀𝒊 indicates a matrix which preserves the proper mapping information using 

the innovation vectors in the Equation (6.2)  

  𝐱 = 𝐱𝒓 − 𝐱𝑓 and 𝐲 = 𝐲𝒓 − 𝐲𝑓 (6.2)  
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 In the Equation (6.2), 𝐱𝒓 represents the True array excitation coefficients (computed 

for the linear array antenna without element failures) which are used as reference in the 

computation of matrix 𝐀𝒊 and 𝐱𝒇 represents the True array excitation coefficients 

computed for the linear array antenna with element failures. Similarly 𝐲𝒓 represents the 

excitation coefficients computed in the case of Actual array without element failures 

and 𝐲𝒇 computed in the case of Actual array with element failures respectively.  

 The innovation vectors 𝐱 and 𝐲 hence represents only the difference values 

computed in between the two cases of the linear array antenna with and without the 

element failures. This computation results in highly sparse vectors because of the 

assumption that the number of element failures are less than that of the number of 

elements in the linear array antenna and helps in proper mapping of the matrix 𝐀𝒊.  

 Here, field measurements obtained using the near field sensors in the previous 

Chapters are analysed using the above said innovative vectors and the reconstruction of 

the array patterns in the presence of element failures is discussed. 

6.3. RESYNTHESIS IN THE CASE OF ELEMENT FAILURES USING 

RICIAN DISTRIBUTION 

6.3.1 Rician Distribution 

 Numerical results are analysed for the 32-element linear array, which is considered 

in Section (6.1) with 10 element failures at 𝑁 = [1,2,3,5,6,27,28,30,31,32]. 

Comparative analysis of reconstruction is carried out, based on the proposed innovative 

vectors and based on Rician distribution [48] which has a non-zero mean. The Rice 

Distribution 𝑅 (𝑣, 𝜎) where  𝑅 = √𝑋2 + 𝑌2  and  𝑋 = 𝒩(𝜇1 , 𝜎2)  , 𝑌 = 𝒩(𝜇2 , 𝜎2) 

are statistically independent Gaussian random variables with common variance   𝜎2 and 

mean 𝜇1 and  𝜇2  with  

  𝜇1  
2 +  𝜇2  

2 = 𝑣2 (6.3) 

 Using the Equation (6.3), the Rice parameters 𝑣 𝑎𝑛𝑑 𝜎 are computed during the 

reconstruction process of the array patterns. 
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 For analysis, two cases of Rician distribution are considered with 

𝑆 𝑁𝑛𝑜⁄ = 35𝑑𝐵, where  

 Rician Case 1 is the set of values of 𝑅 calculated from the Rice parameter 

values 𝑣 = 0.59 and 𝜎 = 0.20. 

 Rician Case 2 is the set of values of 𝑅 calculated from the Rice parameter 

values 𝑣 = 0.998 and 𝜎 = 0.034. 

6.3.2 Results using Rician Distribution 

 Resynthesis of the linear array antenna is performed using the coefficients that are 

reconstructed using the above said two cases. The Figure 6.3 shows the normalised 

current distribution computed and plotted using the Rician Case 1 and Rician Case 2, 

with reference to the True array coefficients (without element failures and without 

noise) and the True array coefficients computed in the presence of noise. 

 
Figure: 6.3. Normalised Current Distribution for True Array without element 

failures and resynthesised (with correction) using Rician Case 1 and Rician Case 2 

 The same Set of Figure 6.3 illustrates that the reconstruction of the coefficients from 

Rician Case 2 fails to follow the “True-With Noise” curve with increased variations 

and completely deviating itself from the desired. Rician Case 1 approximately follows 

the true curve with noticeable error due to the presence of −35𝑑𝐵 noise with minimum 

variations. 
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  The reconstructed coefficients from Rician Case 1 and Rician Case 2 resluts in the 

far field patterns with similar deviations in following the True far field pattern in Figure 

6.4. The term Correction in the Figure 6.4 refers to reconstruction based on the Rice 

parameters. Rician Case 1  results in the reconstruction of the far field pattern only to 

some extent following the beamwidth initially and fails to result in low sidelobe levels 

or the desired sidelobe levels of −25𝑑𝐵. Rician Case 2 results in the reconstruction of 

the far field pattern following the beamwidth and as wll as resulting in the desired 

sidelobe levels below −25𝑑𝐵. 

 
Figure: 6.4. Corrected field Patterns resulting from True Array without element 

failures using Rician Case 1 and Rician Case 2 

 The Figs. 6.3 and 6.4 have the reference vector 𝐱𝒓 during the computation initially, 

i.e., assuming that there is no element failure in the array. Later the computations are 

performed based on the reference vector 𝐲𝒓, assuming the existence of the element 

failures. The coefficients that are reconstructed in the case of element failures, are 

shown in Figure 6.5.  

  The normalised current distributions computed and plotted using the Rician 

Case 1 and Rician Case 2, can be compared with that of the True array coefficients 

(without element failures and without noise) and the True array coefficients computed 

with element failures and without noise. The curve “Rician for broken – Case 2”, almost 
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overlaps with the curve “Element failures” especially at the failed element locations. 

The curve “Rician for broken – Case 1”, fails to follow both the “True” and “Element 

failures” curves. The far field patterns resulting from True array with element failures 

and using Rician Case 1 is plotted in Figure 6.6. 

 
Figure: 6.5. Normalised Current Distribution for True array with element failures 

and resynthesised (with correction) using Rician Case 1 and Rician Case 2 

 
Figure: 6.6. Far field Patterns resulting from True array with element failures using 

Rician Case 1 
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 The reconstructed coefficients from Rician Case 2 resluts in the far field patterns 

with small deviations in following the far field pattern of the linear array antenna with 

element failures in Figure 6.7. This curve has the beamwidth which is almost same as 

that of the True array with element failures.  Because of small deviations in following 

the True curves, the Rician case 2 curve has slightly increased sidelobe level. 

 
Figure: 6.7. Far field Patterns resulting from True array with element failures using 

Rician Case 2 

 By using resynthesis process, the results must at least satisfy one or more 

specifications of the desired patterns. Here, using the two Rician cases, the requirements 

are not completely satisfied either in terms of the beamwidth or in terms of desired 

sidelobe levels. Hence, reconstruction of the coefficients using the proposed innovative 

vectors is discussed, where the accurate reconstruction with desired sidelobe levels is 

obtained. 

6.4. RESYNTHESIS IN THE CASE OF ELEMENT FAILURES USING 

PROPOSED INNOVATIVE VECTORS 

 The proposed method for resynthesis of linear array with element failures is based 

on the set of innovative vectors, which uses a minimum number of measurements to be 

processed for generating the desired array pattern. From the basic concepts of 
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beamwidth and its dependency on the number of elements in the array, it is evident that 

if any of the element in the linear array fails, the beamwidth broadens. Any effort to 

decrease the beamwidth in case of element failures only through algorithms is not 

possible and this demands other hardware incorporation or replacement into the antenna 

system.  

 Also, the identification of the element failures within the array antenna is 

performed. The Figure 6.8 shows the reconstructed coefficients which are expected to 

result in resynthesis of array pattern with low sidelobe levels when compared to that of 

the deteriorated levels due to element failures. 

 
Figure: 6.8. Normalised Current Distribution for True Array with element failures 

and resynthesised (with correction) using Case 1 

 The current distribution clearly pointing the element failures at the respective 

locations of the 32-element linear array antenna with 𝑁 = [1,2,3,5,6,27,28,30,31,32], 

is shown in Figure 6.8. Here, Correction using Case 1 is computed and plotted by 

assuming the reference array with Uniform Illumination. This helps in identifying the 

element failures. The coefficients reconstructed in Figure 6.8 decreases the deteriorated 

sidelobe level of −21𝑑𝐵  towards the desired −25𝑑𝐵 value. The result in Figure 6.9 

shows an increase in the beamwidth of the array pattern preserving the total power to 

be constant. The power supressed in the sidelobe levels pumps into the main lobe.  
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Figure: 6.9. Corrected field Patterns resulting from True Array with element 

failures using Case 1 

  
Figure: 6.10. Normalised Current Distribution for True Array with element failures 

and resynthesised (with correction) using Case 2 

 The nulls in the corrected array pattern in comparison with that of the True pattern 

with element failures remains almost the same in Figure 6.9. Further, Correction using 

Case 2 is computed and plotted in Figure 6.10, assuming the reference array with True 
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coefficients (without failures). This also helps in identifying the element failures, but 

with some noticeable deviations in the sidelobe level values and as well as the null 

locations. 

 The coefficients reconstructed in Figure 6.10 also decreases the deteriorated 

sidelobe levels towards the desired −25𝑑𝐵 value, with an increase in the beamwidth 

of the array pattern in Figure 6.11 similar to the Corrected pattern in Figure 6.9, but 

with slightly shifted sidelobe level location and as well as the nulls in the pattern. 

 

 
Figure: 6.11. Corrected field Patterns resulting from True Array with element 

failures using Case 2  

 After observing the set of figures from Figure 6.8 to Figure 6.11, the corrected 

patterns in Case 1, which meet the same null location of the True pattern with element 

failures may be preferred over the corrected patterns in Case 2, where some deviation 

in null locations is observed. Hence the aim of identifying the element failures along 

with desired sidelobe levels is achieved. 

Summary 

 The main aim of the thesis is to correct the array patterns for on-board antenna 

systems which are already deployed into the field of operation. The possibility of 
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addition of new hardware to such antenna systems is not so preferred in real-time. 

Hence, efforts are put towards the correction of array pattern, so that at least the sidelobe 

levels are under control leaving apart the unavoidable broadened beamwidth. Also, the 

identification of the element failures within the array antenna is performed.  

 Since, the proposed algorithms, work on the control of the excitation coefficients of 

the working elements alone, there will be no change in the value of ‘zero’ of the failed 

elements. The active elements can have variations in their excitation coefficients 

according to the proposed algorithms and techniques. 

 

 

 


