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Abstract 
 

In this paper, a consistent technical survey of the useful optimization 

methods to building a highly efficient antenna that can be used for numerous 

applications will be done. Initially, the paper will discuss briefly the normal 

industrial applications of the antennas and the different simulating softwares 

used for the antennas. Thereafter, there will be a brief discussion on the 

necessity, goal and significance of the optimization for the antennas. After 

that, various antenna post parameters (some of them are taken as individually 

or few are interrelated) to illustrate the working of antenna are analyzed. A 

range of some important post parameters have been optimized in the different 

literatures and further them will be reviewed. Lastly, this paper will discuss 

some of the typical quotidian (classical) optimization techniques and the 

modern nature based optimization techniques (along with their merits and 

demerits) used for the antennas in detail.  

 

1 Introduction 
 

Antenna is just a transducer that converts the waves from the electronic 

domain to the space propagation and back. Antenna design is like “Less we 

know, more it is like sorcery and more we know, more it is like technology”. 

It is the beginning of a new era of manufacturing personal machines which 

has started showing its influence on the way the antennas are being 

manufactured and designed. These machines can print “things” rather than 

just printing  
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images on paper. “Things” that were conventionally three dimensional, now 

can be built around five axis of the objects. This is the advent of “micro-

fabrication” based on which antennas may be fabricated at low cost. These 

antenna types may have various applications in aerospace [1], broadband 

[2],[3], cellular [4],[5],[6],[7], satellites [4],[5],[6], military [8], micro-

stations [5], RF micro wave, Radio Frequency Identification (RFID) [6],[9], 

Global Positioning System (GPS) [6], Wireless Local Area Networks 

(WLAN) & Wi-MAX [10], Space-born etched antennas [11], space-fed lens 

antennas [8] & Wireless Sensor Networks [12],[13]. All these can be 

fabricated in various shapes (so as to suit the appropriate application) which 

may include not just the conventional shapes but also conical horn [14], helix 

[15], spiral [16 & 17] shapes and so many other shapes with the different 

properties in terms of flexibility, strength and weight. However, the 

challenge remains to build burr-free antenna geometries especially bio-

inspired geometries [18],[19] that can meet the engineering specifications 

and antenna performances with correct engineering application. This is an 

age of learning from nature and building solutions inspired by nature and 

applying them to engineering problems to get the most optimal solutions, for 

example the design of microstrip antennas for applications in  explosion 

detection [20]. 

Nevertheless, to overcome the above discussed issues and challenges, it 

seems that prototyping based upon computer simulations is the best way to 

build reliable and nature-inspired engineering solutions. In the field of 

building antennas, following simulation based softwares are available to 

design and experiment new designs of the antenna that may be applied to 

new applications like capturing signals under water. Following are the 

software applications available for simulating the above scenarios in antenna 

designs: 

 a)    Ansys HFSS 

b)    CST Microwave Studio 

c)    ZELAND Fidelity 

d)    ZELAND IE3D       

        However, it must be noted that the selection of the simulation software 

depends mainly on the geometry of the structure and the required accuracy of 

the solution. For example, ZELAND IE3D is based on the Method of 

Moments (MoM) solution [21] of integral equations which has an excellent 

accuracy for frequency domain analysis but it lacks the facility of minute 

details on the geometry of the structure required to get desired antenna 

designs. If the structure is regular like a rectangle [22], Linear [5],[23],[24] 

or a circular [4],[5],[25],[26], then IE3D software [21] would be the best to 

simulate. On the other hand ZELAND Fidelity [3],[27],[28] is based on 

Finite-difference time-domain (FDTD) [3],[27],[28] analysis. It is based on 

the combination of specific geometries. It is also mainly suitable for regular 

shapes like cylindrical DRA [3]. Both MoM and FDTD are not suitable for 

large antenna structures like reflector antennas or large antenna arrays. 

However, HFSS [7],[10],[22] is based on Finite Element method and CST 

[29] is based on a method which is similar to FDTD [3],[27], [28]. Both 
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techniques are still suitable for small or moderate objects compared with the 

operating wavelength. In supposition, a good designer should be able to use 

the different CAD tools with a deep understanding of the limits of their 

numerical techniques and also additionally use toolkits from software like 

MATLAB especially when the geometries are complex and nature-inspired. 

Hence, it must be kept in mind that it is not as simple as it may appear to 

choose the simulation software. It must be able to match the measured results 

with the electrical circuitry and above all, it must be able to meet the 

specifications needed to manufacture at a particular local facility. EM 

Simulation is a much needed task in antenna design and the time required for 

EM simulation for any type of solution ranges from a few seconds to tens of 

minutes. Therefore, before we move ahead in this research, the various 

parameters involved in designing an antenna along with the references from 

current state of art designs of antenna and the parameters used to get specific 

performance of the antennas will be discussed. 

In the subsequent section, the optimization with its objectives and 

benefits will be discussed. Next section will focus on the different 

electromagnetic parameters (in antenna) that may be optimized. In the very 

next section, the quotidian (i.e. classical) optimization approaches as applied 

to antenna will be discussed.  

 

2 Types, Necessity, Objectives & Significance of 
Optimization 
 

The optimization refers to attempting to get the best possible or optimum 

(i.e., extreme) or most satisfactory result. In today‟s scenario, many of the 

antenna designs depend on the implementation of optimization techniques. 

The optimization technique is very much necessary for almost all the EM 

applications. Optimization has been a very active research area because all 

the real world optimization problems are very hard problems. 

Optimization process determines the optimal set of the variables so as to 

minimize or maximize fitness function or cost function. The function 

evaluating the device performance is called fitness (or cost or objective) 

function while the value assumed by this function for a specified input is 

called fitness (or cost or objective) [30]. 

Most of the optimization methods are applicable only for some particular 

types of antennas. Many of the optimization methods don‟t yield the 

satisfactory solution during a single run.  So, these techniques are executed 

iteratively by comparing the different solutions created by using a priori 

problem knowledge and they immediately stop when a satisfactory or 

optimum solution is found. So, the implementation of optimization algorithm 

may be a tedious and computationally over-priced [31]. 
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Optimization techniques can be global or local. The global optimization 

techniques can handle even those objective functions that are non-

differentiable and discontinuous but these types of techniques are having 

slow convergence rate. In opposition to the global techniques, the local 

optimization techniques are concerned with rapid convergence rate but they 

react poorly to the non-differentiable and discontinuous objective functions. 

Global techniques are very much useful when we deal with the problems in 

which the nature of the solution may not be known accurately [32].  

The advantages [30] of the global optimization techniques are: 

(i) They avoid the need to find the derivative of the fitness function 

(ii) They can be applied on both discrete as well as continuous variables 

(iii) They can be easily adapted to be suitable for running on a parallel 

processing 

(iv) They can tackle all the multi-dimensional problems 

(v) Their final result doesn‟t depend on the initial guess 

Further, the optimization techniques (or algorithms) may be single 

objective algorithms or multi-objective algorithms. Multi-objective 

optimization algorithms are very much complex and uneconomical. Due to 

this, the most important objective may be chosen as the objective function 

and less important objectives may be chosen as the constraints by bounding 

their values within some pre-specified range [33]. 

Also, the optimization techniques may be deterministic or stochastic or 

meta-heuristic. When the gradient of an objective function is known, the 

optimization methods are deterministic (and hence they converge fastly but 

prone to getting trapped in local minima). In some cases, deterministic 

methods are not appropriate and in those cases, the other two methods are 

easier to apply [34].   

Evolutionary Algorithms (EAs) come under the stochastic optimization 

methods that can simulate the process of natural evolution. 

There are many considerations like design variables, constraints, 

objective function and variable bounds which the designer needs to choose 

[35]. 

The main goal of the optimization is either to maximize or minimize 

some objective function. Some duality principle may be used so as to use the 

same algorithm for the minimization or maximization with a slight change in 

the objective function [35]. The aim of antenna optimization is to make very 

complex EM devices that must have best performance, serviceability and low 

cost [34].   

The main objectives [36] of the optimized design are 

(a) to minimize production cost  

(b) to minimize the overall weight (or size) of a system  

(c) to maximize the production efficiency  

(d) to maximize the total life (reliability) of a product – Metrological 

Reliability and Failure Free Operation 
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(e) to decrease the instrumental error of the measuring the antenna 

characteristics 

(f) to optimize the power input 

(g) to optimize the exploitation conditions etc.  

For most of the applications, accuracy is taken on most priority for the 

optimization while production efficiency, cost, size, reliability, input etc. are 

taken on less priority [36].    

The benefits concerned with the optimization can be listed as [37]: 

(a) It saves the time 

(b) It defines the termination condition 

(c) It can avoid distraction/ hindrance 

(d) It can produce the measurable results 

(e) It can predict the performance  

To further increase the speed of optimization, Maxwell‟s equations are 

solved so as to yield a matrix equation indicating the relation between the 

optimization variables and fitness function. Global optimum can be found 

very easily just by applying the optimization technique to this equation but 

there are some restrictions on the variables and the fitness function as far as 

the application of these techniques is concerned [38]. 

Optimization can cause some side-effects also like performance 

regressions or collateral damage (i.e., speeding up a task can slow down 

another task)[37]. 

During the optimization, there must be a balance between exploitation 

and exploration. The exploitation usually refers to a certain region of a 

design space (in the vicinity of a local optimum) while the exploration 

usually refers to performing a global sampling of the search space [39]. 

 

3 Optimization Parameters in Antenna Theory 
 

Antenna measurement techniques correspond to the testing of antenna so 

as to know whether it meets the general designations and specifications as far 

as the different parameters are concerned. There are various antenna 

parameters (some of them are interrelated) so as to describe the performance 

of antenna. The various important parameters that have been optimized in the 

different literatures are as follows: 

 

Sr. 

No

. 

Optimized 

Parameter  

 

Purpose Reference 

1. Gain / Directivity 

(Maximization) 

To increase the directional 

capabilities of antenna 

[36] 
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2. Side Lobe Level 

(Minimization) 

To reduce unwanted radiations 

(i.e., radiations in the undesired 

directions) or interference or 

wastage of energy 

[31] 

3. Radiation Pattern 

(Optimization of 

Magnitude & 

Phase 

Characteristics) 

To have a particular far field 

strength of an antenna at a 

particular phase angle 

[31] 

4. Polarization 

 

To increase co-polarization* & 

decrease cross-polarization** 

characteristics*  

[40] 

5. Bandwidth 

(Maximization) 

To use it for the Broadband 

characteristics/ higher gain/ low 

VSWR 

[40] 

6. Resonant 

Frequency 

To optimize the dimensions of an 

RF antenna 

[41] 

7. Impedance To satisfy the condition of 

impedance matching 

[42] 

8. Effective Height 

(also called 

Effective Length) 

To have maximum voltage at the 

output of receiving antenna load 

[42] 

9. Radiated Power 

(Maximization) 

To have the maximum far-field 

power in a desired angular sector 

[43] 

10. Surface Current 

(Minimization) 

To minimize the spurious 

radiations which don‟t contribute 

to the main radiation 

[43] 

11. Size / Volume of 

antenna 

(Minimization) 

To reduce the dimensions of 

antenna  

[44] 

12. Shape of antenna To use it for a specified 

application 

[45] 

13. Return Loss 

(Maximization) 

To have the minimum reflection 

and maximum radiation from the 

antenna 

[45] 

14. Feed Position To have better impedance 

matching 

[46] 
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15. S/N Ratio 

(Maximization) 

To have the maximum level of 

desired signal with minimum 

background noise 

[47] 

16. Quality Factor 

(Maximization) 

To have lower energy loss rate 

w.r.t, the stored energy 

[47] 

17. Standing Wave 

Ratio (SWR) 

(Minimization) 

 

To have better impedance 

matching of antenna load with 

the characteristic impedance  

[34] 

18. Reflection 

Coefficient 

(Minimization) 

To maximize the radiated part 

and minimize the reflected part 

[48] 

19. Harmonics 

(Minimization) 

To reduce the spurious 

components of radiation 

[49] 

20. Front to Back 

Ratio 

(Maximization) 

To have much more gain in a 

specified azimuth than the gain 

in direction 180
0
 to the 

specified azimuth 

[50] 

 

Co-polarization refers to transmitting and receiving in the same 

polarization states. 

Cross-polarization refers to transmitting in one polarization state and 

receiving in the orthogonal polarization state. It indicates that a spurious 

signal is present with the polarization exactly reverse to the design 

specifications.   

 

4 Quotidian Approach  
 

The origin of optimization concepts in the Engineering Product Design 

(e.g. antenna design in our case) has given motivation to a field „Problem-

Solving‟ by learning from the „Nature‟ around us. 

It is a very well known fact that nature‟s way of operation is based on 

„patterns‟ & „algorithms‟ which can be derived from the basic mathematical 

foundation. Right from the invention of the calculus of variation, the 

mathematical problem solving has resulted into sophisticated methods which 

are used to solve the specific problem by means of optimization [35].  

For clear understanding of the current context of research with regard to 

optimization in antenna design, a brief look at traditional/ usual methods of 

algorithms is necessary as discussed in the following section: 
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4.1 Single Variable Optimization 
 

As the name suggests these algorithms use only one variable (In antenna 

design, it may be any one of the antenna parameters discussed in table) for 

the optimization and hence they are quite simple and easy to understand. 

These algorithms are used either to find a minimum or maximum of the data 

points [35]. 

The word „optimization‟ implies an existing tested mathematical solution 

to a problem which is already available. The need is to optimize the 

mathematical function involved which can be done in multiple ways. 

However, there are fundamentally two ways in which we can do the 

optimization [35] : 

•Using direct search techniques: They use only the objective function values 

• Using gradient techniques: They don‟t use the objective functions values 

directly. Rather they use their first order derivatives or/and their second order 

derivatives. It is not necessary that an objective function should be 

differentiable or continuous to calculate the gradient. 

The most commonly used methods [35] used for the single-variable 

optimization are: 

(i) Bracketing Methods: These methods are based on the lower and upper 

bounds and then searching within these bounds to find the most optimal 

solution. These methods either work exhaustively by partitioning the search 

space into uniform intervals followed by searching feasible values after each 

interval or use instinctive guess to find the direction of search so as to reach 

the optimal value. 

(ii) Region Elimination: The approximations and number of function 

evaluations can be reduced further by using the elimination methods for 

optimization. Here, the idea is to use the basic rule of elimination by 

evaluating the function values at two points and then using „greater than‟, 

„less than‟ and „equality‟ operators. These algorithms assume that there is 

only one minimum or maximum optimal value. 

The methods include „Internal Halving‟, „Fibonacci Search‟ and „Golden 

Section‟ search methods. In internal halving method, three points partition 

the whole search space into four different regions and then region elimination 

method is used to eliminate some portion of the search space depending upon 

the function values at three chosen points. 

It is worth mentioning here that the methods like fibonacci series & 

golden section take the inspiration   from „nature‟ patterns and assume that 

the high or low optima can be captured in intervals that follow mathematical 

series like fibonacci series and golden section : 

Fibonacci series sequence (defined by the recurrence relation): 

Fn = Fn-1 +Fn-2  (where F0=0 & F1=1)  

 ………………………………..(1) 

Golden section (or Golden Ratio) equation: 
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(a+b)/a = a/b = ψ (where a>b>0)         

……………………………………(2) 

 

(iii) Point Estimation: The region elimination methods basically take 

relative function values of two points to reach the optima. Point estimation 

algorithm seeks optima also based on the information about the magnitude of 

the function values at the chosen points. 

(iv) Gradient Method: In certain cases, the derivative information is 

considered to be more reliable and more effective for finding the optima. The 

logic for the optimality is that at a local or global optimum, the gradient is 

zero.  

 In Newton-Raphson method, a linear approximation to the derivative of 

the objective function is made at a point using Taylor‟s expression. However, 

the calculations related to the second derivatives can be avoided if we use 

Bisection Method in which the bracketing methods explained earlier will be 

useful to find the boundary points (upper and lower bounds). This bisection 

method also uses the region elimination criteria mentioned previously to 

eliminate the regions and reduce the function evaluations. In Secant Method, 

magnitudes as well as sign of the derivatives are used so as to form a new 

point for evaluation. This method, in one iteration, may be able to eliminate 

more than half of the search space thus improving the efficiency of the 

algorithm. Cubic Search Method is almost identical to the point estimation 

discussed earlier but uses the derivative information to reduce the number of 

desired initial points. It must be noted however no matter which methods we 

choose for optimization, a well behaved objective function is required and 

convergence to the optimal points is faster with Powell‟s Method than the 

region elimination method.  

 Without derivative information, for a unimodal objective function, the 

golden search method that takes the inspiration from the nature is more 

reliable than the other methods described in this section. 

 

4.2 Multi-variable Optimization 
 

According to the first order optimality condition, the components of the 

gradient vector should be zero in case of multi-variable optimization (In our 

case of antenna design, the multi-variable optimization refers to the 

optimization of at least 2 parameters discussed in table). Hence, any point 

that satisfies this logic is bound to lowest ebb based on any multi-objective 

function. The second order optimality condition for finding the minimum 

point requires Hessian matrix to be positive. If both these conditions satisfy, 

the search method will arrive at the minimum point [35]. 

(i) Direct Methods: Among the various direct search multi-variable 

optimization methods, the Evolutionary methods compare 2
N
 function values  
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at every iteration so as to locate the most appropriate  current point where 

„N‟ is the number of design variables e.g., antenna beamwidth, side-lobe 

level, radiation pattern, gain, directivity etc. are the design variables in 

antenna optimization. This method of searching optimal point can further be 

improved by reducing the total number of function evaluations. The Simplex 

Technique uses total N+1 points at every iteration so as to calculate a new 

point which may be then used to substitute the worst point. The Hooke-

Jeeves Method of search has two stages: Exploratory & Pattern matching. 

The pattern performs search in the orientation from the previous point to the 

current point which consequently may also lead to the creation of large 

explorative paths. Because of this, a large storage is required to store large 

number of candidate search points making the algorithm inefficient. 

However for quadratic objective functions, this method is convergent [35].  

The most famous method amongst all the direct search methods however 

is Powell‟s Conjugate Method that can find „N‟ conjugate search directions 

so as to find the best optimal points [51].  

(ii) Gradient Methods:  First and second order derivatives can be calculated 

if the information of derivative is not available. Typically, all gradient 

methods are based on the principle of iterative generation of new search 

directions and carrying out a unidirectional search along each direction. 

 The gradient direction is a direction opposite to the direction of steepest 

decent. In Cauchy‟s Method, the steepest decent direction can be used to find 

the solution and this method is very much appropriate for the solutions that 

are away from the authentic minimum point. Newton‟s Methods can be used 

to find the direction of search by using the second order derivative and this 

technique is very efficient although the direction of search may not be in the 

right search direction. Marquardt‟s Method uses a trade-off between both the 

above mentioned methods by adaptive transition from Cauchy‟s to Newton‟s 

method to create the directions of search. The Fletcher-Reeves Method 

generates the conjugate search directions with reference to the objective 

function and is similar to Powel‟s conjugate method. DFP Method 

(suggested by Davidon, Fletcher & Powell) eliminates the direct use of 

Hessian matrix and based more on Newton‟s method [35]. 

A non-linear Conjugate Gradient Method may also be used for the multi-

variable optimization of the large scale problems using the strong Wolfe line 

search conditions. The optimization achieved converges simply & globally 

[52].    

 Further development in this context of optimization is based on those 

basic methods of optimizations which involves constraints, multi-variables 

and complex conditions. 

 

4.3 Constraints Based Optimization 
 

Most of the engineering design problems have an objective of 

optimization as well as a requirement to satisfy some constraint 
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 (e.g. constraints in antenna design may be like minimum and maximum 

distance between the adjacent elements of an antenna array or it may be side-

lobe level suppression or pre-specified  main lobe beamwidth etc.) [23]  

(i) Direct Methods: Among the direct methods, the most commonly used 

method is Penalty Function Method. In this method, non-viable solutions are 

penalized for the violation of constraints. There are two kinds of penalty 

functions: interior penalty functions (that penalize only feasible solution 

points close to the constraint boundaries) and exterior penalty functions (that 

penalize infeasible solution points). This makes the external penalty methods 

more famous. In successive iterations, these penalty function methods may 

distort the objective function. This problem can be solved by using method of 

lagrange multiplier which may also be used in solving sensitivity analysis of 

a constraint problem. It has also been observed that typically equality 

constraints slow down the process of search and may lead to non-

convergence. Hence variable elimination method by using the equality 

constraints may be considered. The Complex Search Method has provisions 

for checking the viability of the intermediate solutions. If viability of the 

solutions is not found, some modifications are used to make them viable. 

Random Search Method makes a collection of huge number of random points 

in the search space and compares those points to calculate the best possible 

point along with the constraints. These techniques may be quite beneficial in 

the problem where the structured optimization techniques are unable to find 

the best solution. The Frank-Wolfe Method  makes the objective function as 

well as the constraints to be linear at any point and solves the resultant linear 

programming problem using LP technique. The Cutting–Plane Technique 

works with a vast search space formed by the linear constraints with 

violation of constraints checked. At each iteration, the cutting planes are 

made so as to reduce the initial vast space. The Feasible Direction Method 

makes the search from an initial feasible point towards a feasible direction. 

If, at each point, the constraints are not active, the steepest decent direction 

may be used. This method is sometimes called „Zoutendijk‟s method‟ [35].   

Simplified Quadratic Interpolation (SQI) Technique can be used to 

improve the local search ability. This technique can find the minimum 

function value very accurately [53-54]. 

To approximate the quadratic constraints, some linear constraints are 

used . 

(ii) Gradient Methods: A very sophisticated method called Generalized 

Reduced Gradient Method (a type of variable elimination method) which is 

capable of handling equality constraints is used to solve the problem of 

optimality. Some non-basic variables are used to express the gradient of 

objective function. One more technique to handle the equality constraints is  

 
 

 

 

 



 

                                                                                                                  
 

 

 

12414 Paras Chawla 

 

the Gradient Projection Method in which every infeasible point is made 

feasible after projecting onto the constraint surface [35]. 

 

4.4 Specialized Optimization Algorithms 
 

In addition to constraints, some of the optimization problems are having 

restrictions of integer variables. In these cases, discrete or integer 

programming may be used.  In Discrete or Integer Programming Methods, 

the points in the neighborhood of a feasible point are not feasible (viable). 

The optimization methods in such specialized cases are either based on 

penalty functions or based on recursive branching (in various regions of the 

search space) followed by bounding so as to reach the optima. Besides, In 

Geometric Programming Methods, the original problem is converted into a 

dual solution and thereafter, best dual solution is converted back to an 

equivalent original solution. This method is quite famous in the optimization 

of engineering design problems [35].  

  

5 Conclusion 
 

In this article, a detailed survey of the modern optimization methods and 

of the fractal antennas useful for building a highly optimal antenna has been 

done. Some normal industrial applications of the antennas have been 

discussed along with some commonly used simulating softwares. Necessity, 

goal and benefits of the optimization for the antennas have also been 

highlighted. After that, some of the typical classical / traditional optimization 

techniques and then, the modern nature based optimization methods (along 

with their advantages and disadvantages) used for the antennas have been 

discussed in detail. A little thought on the multi-objective optimization has 

also been given.  
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