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Chapter - 1 

PART - B 

OVERVIEW OF ARRAY ANTENNAS 

 An overview of the concepts of array antennas is given in this part of the chapter, 

explaining the geometry and parameters of array antenna compared to single antenna 

focusing on high beam directivity, electronic scanning and side lobe suppression. A 

brief discussion about array antenna characteristics, terminology, signal processing 

concepts used in adaptive antenna arrays providing wide range of applications is also 

presented.  

1.2. CONCEPTS OF ARRAY ANTENNAS  

 An antenna array is an arrangement of 𝑁 number of individual and similar antennas 

each separated by a distance. Array antennas have superior characteristics when 

compared to an individual element especially with improved directivity. A group of 

similar antennas is an array if and only if the number of elements is more than one. A 

minimum number of elements that exist in an array are two. As 𝑁 increases the 

performance of the array antenna increases. Therefore, in practice, arrays have more 

elements sometimes with N value of several thousands of elements. A brief review of 

the concepts involved in understanding the array antennas and their characteristics is 

given in the following sections.  

1.3. ARRAY ANTENNA CHARACTERISTICS 

 The main characteristics of an array antenna are explained by the Array Factor and 

its Array Pattern. Interpretation of these two gives the efficiency of an array antenna 

for the specified values of design which involves the sidelobe levels, beam steering 

capability as major performance indicators.   

1.3.1. Array Factor 

 The Array Factor is calculated as a function of the arrangement of elements in the 

array and excitation to each and every element. By adapting these parameters the array 
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antenna performance may be optimized to achieve desirable array patterns.  The Array 

Factor 𝐴𝐹 of a linear array antenna  is given by Equation (1.1) 

𝐴𝐹(𝜃) = ∑ 𝑒𝑗(𝑛−1)(𝑘𝑑 𝑐𝑜𝑠 𝜃+𝜑)

𝑁

𝑛=1

 (1.1) 

 where 𝜃 is the angle between the axis of the array and the vector drawn from the 

origin to the point of observation 

 𝐴𝐹(𝜃) is the Array Factor plotted w.r.t variations in θ 

 𝑘 = 2𝜋 𝜆⁄   

 𝑑 is the distance between the two elements in the array 

 𝜑 is the phase shift  

 𝑁 is the Number of elements in the array antenna 

 The above expression holds good only for identical elements which are equidistant. 

From the above expression it is evident that the Array Factor depends upon the number 

of elements, the distance or spacing between the elements, their excitation magnitudes 

and phases between elements. 

 Once the array antenna is deployed into the field, i.e., after manufacturing the array 

of 𝑁 number of elements and with a fixed spacing between them, the only cause of 

deviations in the array factor and thereby the error in the array pattern will be due to 

the excitations that will be fed to the array. Hence the work on resynthesis of array 

pattern is made possible by correcting these excitation magnitudes and phases.  

1.3.2. Array Pattern 

 The array pattern is the resultant of the simple multiplication of the array factor with 

the radiation pattern of the individual element.  

𝐴𝑟𝑟𝑎𝑦 𝑃𝑎𝑡𝑡𝑒𝑟𝑛 = 𝐴𝑟𝑟𝑎𝑦 𝑓𝑎𝑐𝑡𝑜𝑟 × 𝑅𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 𝑝𝑎𝑡𝑡𝑒𝑟𝑛 𝑜𝑓 𝑠𝑖𝑛𝑔𝑙𝑒 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 

 This is the phenomenon which is referred to as “Pattern Multiplication” in the 

literature [40]. One may note that the array pattern is usually called on where the array 

is built from similar antenna elements. 
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1.3.3. Main Lobe and Sidelobe levels 

 Major lobe or Main lobe is a part of the radiation pattern or the array pattern which 

is expected to deliver the maximum of radiated power in the desired direction. Hence 

it is the important parameter of interest with respect to directive arrays. 

 The radiated power which is directed towards undesired directions is also 

concentrated in the form of lobes other than the main lobe and these lobes are referred 

to as “Sidelobes”.  The level of sidelobe is never expected to be more than the main 

lobe and if it happens to be dominating the major lobe, it is considered as a case of 

serious degradation in the performance of an array. So all the specifications come with 

a certain limitation on the sidelobe level that can be tolerated in the design of an array 

antenna.  

 Considering an example of an 8X8 planar array antenna with uniform illumination 

of all elements, the array pattern is computed at a frequency of 14,500 MHz and plotted 

as shown in Figure 1.1, which is a typical illustration of all the different types of lobes 

that exist in a planar array antenna.  

 The Main lobe, the First side lobe and other minor lobes are shown in Figure 1.1 

for an 8X8 planar array antenna. 

 

Figure: 1.1. The Array Pattern of 8X8 planar array 

Main Lobe 

First Sidelobe 

Minor lobes 
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1.3.4. Element Spacing  

 The spacing between the elements in an array plays an important role in minimizing 

the beamwidths of the array and as well as in minimizing the sidelobe levels. As the 

spacing between the elements increases, the sidelobe levels increase and also broaden 

the beamwidths. This can be assumed as the main reason in degradation of array pattern, 

whenever, element failures exist in between the array elements [61].  

 Suppose if one element fails in between two elements in an array antenna with 3 

elements which are spaced equidistant by half wavelength, then the practical distance 

between the 1st and the 3rd element is one wavelength, when 2nd element has failed. 

Hence, the array factor changes and results in deviations in the observed pattern from 

the expected one. 

1.3.5. Grating lobes 

 The lobes which contain same or more amount of radiated power when compared 

to the main lobe are called Grating lobes. High deviations in transmission or reception 

of signals occur due to grating lobes. A typical example worked out in [62] resulted in 

Grating lobes resembling the Main lobe and is shown in Figure 1.2 

 

Figure: 1.2. A typical example of Grating lobes resembling the Main lobe [62] 

Main Lobe Grating Lobes 
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 Grating lobes [5] can be avoided in the visible space if the spacing between elements 

is chosen such that    

  𝑑 ≤  𝜆 / (1 + 𝑠𝑖𝑛𝜃𝑠)   (1.2) 

 where 𝑑 is spacing between elements, 𝜆 is wavelength and 𝜃𝑠 is Scan angle 

 If 𝑑 ≈  0.9𝜆 in Equation (1.2), maximum directivity is achieved for an array [5]. 

However, for this spacing, the maximum scan angle in a given geometric plane is 

approximately 60. Since the requirement is to scan ±45º, the spacing needs to be less 

than 0.59𝜆. At the higher frequency this gives a spacing of 𝑑 =  1.18 𝑐𝑚. Hence, in 

both vertical and horizontal planes of the array, the spacing is chosen to be 1.0 cm. 

Since 30% bandwidth is required, at the lowest frequency, the spacing between 

elements is reduced by a factor of 1.35 in terms of 𝜆 and is equal to 0.437 𝜆, reported 

in [63]. 

1.3.6. Normalization 

 The term normalization is used in the context of the array pattern or radiation pattern 

in order to have a clear view of the differences in the main lobe level to the first side 

lobe level and other minor lobes. On a dB scale, the maximum value will be 0dB and 

for normal value representation, it will be Unity. The normalized array pattern is plotted 

using the Equation (1.3)  

AF(norm) =
𝐴𝐹(𝜃)

𝐴𝐹(𝜃)𝑚𝑎𝑥
 (1.3) 

 where  𝐴𝐹(𝜃) is the array pattern plotted w.r.t variations in θ 

 𝐴𝐹(𝜃)𝑚𝑎𝑥 is the maximum value of the array pattern of the array antenna 

 All the field patterns presented in the thesis are normalized patterns to show clear 

distinction between the main lobe level and the first side lobe level. 

1.3.7. Beam steering 

  A typical example for beam steering in a 4𝑋4 array is given in Figure 1.3 which 

shows the 3 dimensional array pattern with the presence of Main lobe and sidelobes.  
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Figure: 1.3. A typical example of beam steered array pattern of a 4x4 array [62] 

 The first most and an appreciated capability of any array antenna is observed by 

knowing how efficient it is while beam steering. As the phase shift 𝜑 varies, the main 

beam of the array is steered into the various directions for the purpose of either 

transmitting or receiving a signal. But the effect of this beam steering on the peak 

directivity of the array has to be observed as there is always a certain constraint on the 

peak directivity of any array antenna system.  

 

Figure: 1.4. Directivity of 8X8 planar array of rectangular patches without beam 

steering 

For a scanning angle 𝜃𝑠 = 00 in Figure 1.4, the directivity of the rectangular patch array 

is 22.70 dBi whereas for the same array if 𝜃𝑠 = 300 in Figure 1.5, the directivity as 

observed is 22.17 dBi. Further for scanning angle if 𝜃𝑠 = 600 in Figure 1.6, the 

Main Lobe Side Lobes 
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directivity of the array resulted is only 19.15 dBi. From this it is evident that as the scan 

angle increases, the peak directivity decreases. Figs. 1.4, 1.5 and 1.6 are the simulation 

results of an 8𝑋8 rectangular patch array. 

 

Figure: 1.5. Directivity of 8X8 planar array of rectangular patches for 300 scanning 

angle 

 

Figure: 1.6. Directivity of 8X8 planar array of rectangular patches for 600 scanning 

angle 

1.4. TERMINOLOGY USED IN UNDERSTANDING ARRAY ANTENNAS 

1.4.1. Active and Passive Array Antennas 

 Active array antennas are named by the use of active devices like power amplifier, 

Low Noise Amplifier within the Active array antenna system, whereas the Passive 
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Array Antennas use only the transmission lines and phase shifters within its system. 

Constrained feeds use a network of power dividers and transmission lines in order to 

bring the signal to each antenna or element in the array antenna. The power distribution 

models along with phase shifters and amplifiers for a passive array and an active array 

are different just by their arrangement. Performance of active arrays [64] is dominating 

over passive arrays because of the amplification process before the overall beam 

formation in the system. This improvises the Signal to Noise Ratio (SNR), which is due 

to the minimization of noise w.r.t the antenna elements. Hence the usage of active arrays 

has increased, but they have complex structure and are of high cost when compared to 

passive array antennas. 

1.4.2. Linear Arrays 

 A linear array consists of similar antenna elements arranged in a straight line in one-

dimension. Linear array can be used as feed for a parabolic cylinder antenna. A 

broadside array is one in which the direction of maximum radiation is perpendicular to, 

or almost perpendicular to, the plane of the antenna. An end fire array has its maximum 

radiation parallel to the array or at a small angle to the plane of the array. 

 

Figure: 1.7. Radiation pattern of a linear array at various scan angles 

 A linear array antenna with 𝑁 = 32 elements is considered with 0.5𝜆 interelement 

spacing and radiation pattern is plotted with ‘Theta0’ in figure to indicate  𝜃𝑠 in Figure 

1.7 at various scanning angles 𝜃𝑠 = −700, −450, 00, 300, 600. The Figure 1.7 
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illustrates that when the scan angle |𝜃𝑠| > 00 the beamwidth increases and since all the 

plots are normalized with respect to the maximum values in each case of 𝜃𝑠, all the plots 

have maximum value of the main beam at 0𝑑𝐵.  

 For the same linear array antenna with 𝑁 = 32 elements when the interelement 

spacing is chosen to be 0.7𝜆, the radiation pattern is plotted in Figure 1.8 at scanning 

angles 𝜃𝑠 = 00 and 250. The Figure 1.8 illustrates that when the scan angle 

𝜃𝑠 = 250, the beamwidth is increased and as well, since 𝑑 = 0.7𝜆, the existence of 

grating lobes results for the plot with 𝜃𝑠 = 250. 

 

Figure: 1.8. Radiation pattern of a linear array with grating lobes 

1.4.3. Planar Arrays 

 A planar array is a two-dimensional configuration of antenna elements arranged to 

lie in a plane. In both linear and planar arrays, the element spacing usually is uniform. 

The planar array may be considered as a linear array of linear arrays. Most of the phased 

arrays, which are of interest for Radar are planar. 

1.4.4. Phased Arrays 

 A directive antenna array, in which the relative phase and amplitude of the current 

in the individual elements are controlled to obtain the desired shape and direction of the 

radiation pattern, is called a Phased array antenna. The control of the relative phases 
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can be used to steer the beam, while the control of the relative amplitude may be used 

to synthesis the desired shape of the pattern with a minimum of side lobes. 

 A  Phased  array antenna is  a  directive  antenna  made  up  of  a  number  of similar 

individual antennas, or radiating elements. Its radiation pattern is determined by the 

amplitude and phase of the current at each of its elements. The phased array antenna 

has the advantage of being able to have its beam electronically steered in an angle by 

changing the phase of the current in each element. The beam of a large fixed phased-

array antenna therefore can be rapidly steered from one direction to another without the 

need for mechanically positioning a large and heavy antenna. Typical Phased Array 

Antenna for Microwave Radar might have several thousands of individual radiating 

elements. 

 Electronic steering capability of phased arrays is of the main interest as they 

provide:  

 Agile and rapid beam-steering  

 Potential for large peak, average power with each and every element having its 

own transmitter. Power-aperture product of the array antenna can be large, 

especially at the lower frequency range 

 Multiple-target tracking can be accomplished either by generating multiple, 

simultaneous, independent beams or by rapidly switching a single beam 

 Control of the aperture illumination through varying the excitation coefficients 

of the elements 

 The main disadvantages of phased array antenna are: complexity in its design 

structure and high cost. An advantage of a phased array is that it can perform multiple 

functions in a sequential (time-shared) manner; its ability to employ multiple functions 

requires serious compromises for some applications. 

1.4.5. Adaptive Arrays 

 The term adaptive array antenna is applied in the case of a phased array where the 

excitation coefficients of the array are dynamically generated, during the process of 

application so that the array’s performance always meets the specified level. 
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 As the array pattern is adapted according to the scenario of its deployed or the work 

field through the control of the antenna system, the completeness of an adaptive process 

has named this type of array antennas as “Adaptive Array Antennas” or “Adaptive 

Arrays”. A block diagram of “Proposed Resynthesis of Excitation Coefficients” which 

is built from the basic idea of Adaptive Array Antennas is as shown in Figure 1.9. 

 The 𝑁 number of individual antennas are represented along with their feed network 

connected to the main computation block where the process of Estimation, Error 

Minimsation and Correction takes place and the Resynthesized Coefficients are 

generated from this block, which are further summed up to produce the Desired Output.  

 

Figure: 1.9. Block diagram of Proposed Resynthesis of Excitation Coefficients 

 The main idea behind the Figure 1.9 is discussed in detail in each Chapter with all 

the necessary results. The Modified Gradient Based Algorithm has its basic formulation 

from the main block of the above Figure 1.9 and evolves out with the necessary 

corrections in the excitation coefficients which are referred here as “Resynthesized 

Coefficients”. 
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1.5. SIGNAL PROCESSING CONCEPTS USED IN ADAPTIVE ANTENNA 

ARRAYS 

 Over the last two decades, there is a lot of development in the field of antennas with 

the help of Signal processing techniques adapted into the synthesis and resynthesis of 

arrays. As the part and parcel the array antenna system is now-a-days coming up with 

embedded Digital Signal Processors (DSPs) for self-calibration of the system.   

 Signal processing in due course of time has gained major importance in the 

development and analysis of Adaptive antenna arrays, applications and systems 

employing them. Various optimization techniques and algorithms like Minimum mean 

square error algorithm [20], Genetic Algorithm [65], Particle Swarm optimization [66, 

67], Least mean square algorithm [69], Root mean square algorithm [70], Kalman 

filtering [71-77], H-Infinity filtering [78-84], etc. has been employed by researchers for 

more practically realizable adaptive array antennas. 

 Researchers at various locations concentrated to develop solutions for on-board 

resynthesis of array antenna systems, embedded with signal processing techniques. The 

work done covering the concepts of dithering the array coefficients for adaptive 

correction and further the reconstruction of array patterns from the concepts of 

compressive sensing has the basic ideas taken from signal processing.  


