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Abstract 
 
Wearable technology has experienced a quick growth because of its 

contribution in different wireless applications. Compact antenna design is the 

crucial component in this technology. A presentation of the machine learning 

technique based antenna design is dealt in this work. This is to improve the 

behaviors from a set of examinations to analyze a microstrip circular patch 

antenna using a multiple objective Jaya algorithm and genetic algorithm to 

develop fitness terms, which is used in wearable devices. The three 

objectives which are considered here are the bandwidth, central frequency 

shift and return loss. Every objective (demonstrated as reliant on of antenna-

slit dimensions width and length of ground slit) is used in a cumulative   

fitness function that assessments the multiple objective performance in the 

work flow. The outcome of both the algorithms are compared and analyzed 

for the best performance. Machine learning techniques is incorporated with 

the efficient evolutionary computational Jaya algorithm to yield better  
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optimization. The design is also verified using optometric tool of the 

electromagnetic solver. It is found that Jaya algorithm is providing the better 

performance during parametric analysis. 

 

Keyword: Machine Learning, Jaya Algorithm, Genetic algorithm, 

Microstrip circular patch antenna 

 

 

1 Introduction 
 

The modern realm has become more flexible with the advancements in 

wireless communication. In the near future, when wearable devices are 

becoming popular it is expected that they will become an indispensable part 

of our daily life.  Wearable devices like smart watches, fitness trackers etc 

have integrated Bluetooth antennas which operate in the frequency range of 

2.45 GHz [1]. Here, our work deals with the design of 5G antenna that can be 

implemented on wearable devices operating in existing LTE frequency range 

(600MHz to 6GHz) within a limited range of 3.2GHz to 3.6Ghz for 5G 

communication, acceptable by Indian Government.  

 In a wearable device there is large reduction in antenna efficiency due to 

absorption of electromagnetic waves by the human body. Also, space is an 

utmost difficulty. To overcome these difficulties our work has come up with 

an idea of designing microstrip patch antenna which will be compact in size 

and having good radiation efficiency. In addition to these, antenna 

parameters such as bandwidth, gain, return loss and radiation pattern will 

also be taken into consideration which is similarly important for a microstrip 

patch antenna [1]. The MATLAB tool is used for designing and simulating 

the required antenna fulfilling parameter criterions.  

Here, we will deal with the problem of multi-objective optimization 

which comprises of a few objective functions which are to be increased. 

Numerous fitness functions that are involved in multiple objectives have to 

be measured concurrently to resolve a particular problem [7]. Evolutionary 

algorithms (EA) is one method for solving the multiple objective 

optimization problems [4]. 

It permits the calculation of the whole Pareto front function within one 

cycle of the algorithm and thus optimizes various sets of solutions. Thus, it 

discovers one of uses of machine learning (ML) where a modified version of 

multi-objective Genetic Algorithm comes into picture [5]. 
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2 Methodology 
 

The concept of machine learning is used to improve a multiple objective 

algorithm in order to find out the fitness function behaviors of a few set of 

experiments and there by analyze a micro strip patch antenna which has its 

applications in wearable devices [6,9]. The three objectives which are 

considered here are the bandwidth, central frequency deviation and return 

loss [3]. Genetic algorithm (GA) is an algorithm motivated by the technique 

of natural selection. It comes under the category of evolutionary algorithms 

(EA) [2]. The flow chart for basic genetic algorithm is shown in Figure.1. 

Biologically derived operators are used in the GA to great quality 

optimization solutions. Optimization problems which constrained or 

unconstrained can be resolved by using a metaheuristic such as the Jaya 

algorithm. Some of the advantages are that this method is a gradient free 

optimization algorithm and that it is a population-based technique which 

continuously mutates a population of solutions [8]. Particle swarm 

optimization, genetic algorithm, artificial bee colony algorithm, etc. are a few 

optimization methods. But one main feature of this algorithm is that it does 

not include any hyperparameters. The flow chart for Jaya algorithm is shown 

in Figure.2. 

 

 

 

 

 

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1 Flowchart of the Basic Genetic Algorithm 
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3   Implementation 
 

Appropriate machine learning method is selected to generate the initial 

population and to calculate the fitness function [3]. By analyzing the 

behavior found from each trial and its results, the initial population is 

generated. The next step is to contemplate restrictions on each objective 

using a Pareto filter and thereby restrict the search space [1,10]. An 

aggregate objective fitness function (AOF) can be obtained from the 

behavior calculated by the machine learning technique and this AOF is used 

to assess each chromosome in the population. When a result is further added 

to the collection of examinations, the AOF is also modified. Choosing an 

appropriate machine learning method is difficult as there are a lot of methods 

in the vast research area. One good choice would be the technique called 

interpolation. This technique is easier to implement, faster and flexible. 

Hence, a modified approach of the Interpolation technique would be an ideal 

solution. The interpolation variant that is chosen should reflect the 

framework of a classic multiple objective Jaya calculating weighted and 

compound AOF. Hence, a different approach based in an interpolation 

procedure for a surface and not line linked with the different objectives 

should be considered for the design decision.  Interpolation is the process of 

creating fresh data points in the sequence of a discrete set of already existing 

data points. So, interpolating to get the middle value of the autonomous 

variable is often needed. This process of curve fitting also known as 

regression analysis can be used for this. A spline which is a kind of piecewise 

polynomial is used in the process of spline interpolation. Spline interpolation 

connects between every neighbouring points and totals all the curves together 

and produces the concluding estimate, while the polynomial interpolation 

only fits a curve through all the data points at once. When a function can 

only be approximated sufficiently with a polynomial of a very high order 

over the complete domain, but can also be approximated well with a series of 

low order polynomials for diverse parts of the domain then this is a good 

approach. Microstrip patch antenna comes under this case. Spline 

interpolation is diverse and has several methods such as cubic, linear and 

quadratic interpolation. Cubic interpolation is used for interpolating data the 

optimization technique by varying the antenna length and width. This 

computes the spline in three-dimensional format. The results obtained using 

this spline interpolation technique is used in simulation to design the 

proposed antenna.  
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4   Results and Discussion 
 

The circular patch antenna is selected for this implementation. The 

design specifications are achieved through incorporating machine learning 

concepts in Jaya algorithm and then finalizing the design specifications. The 

proposed design implemented is shown in Figure.3 and the specifications are 

shown in Table.1   

The circular patch antenna is simulated using HFSS electromagnetic 

solver. The reflection coefficient characteristics is shown in Figure 4. The 

design is also analyzed by modifying the dimensions of the patch in the 

antenna, thus satisfying best results. Results from HFSS simulation by 

varying the length and width of the ground slit is shown in the Table 2. 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
              Figure 2 Flowchart of the Basic Jaya Algorithm 
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Figure 3 Simulated Design 

 

Table 1 Design Specifications of the proposed design 

 

 
Parameter Value 

Width of the substrate(Ws) 28mm 

Length of the substrate(Ls) 33mm 

Length of the ground(Lg) 12mm 

Width of the feed(Wf) 2.7mm 

Length of the Feed(Lf) 12.5mm 

Slot width(a) 5mm 

Slot length(b) 1mm 

Radius of outer circle(Roc) 8.8mm 

Radius of Inner circle(Ric) 5mm 

 

 
  

   Figure 4 Reflection coefficient of the simulated Design 
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Table 2 Design Specifications varying the length and width of the ground slit 

 

 

 

 

 

 
 

The length of the slit is selected as 1mm and width as 5mm is selected 

for the design. This is also cross verified using MATLAB tool by applying 

the machine learning concept in the design. The optimetric analysis available 

in HFSS is also used to validate the design and is shown in Figure 5. The 

optimized value is listed in Table 3. 

 
 

 

 

Figure 5 Reflection coefficient using optimetric 

analysis 

 

 

 

 

Ls(mm) Ws(mm) Return 

Loss(dB) 

Frequency 

deviation 

(GHz) 

Gain(dB) 

1.8979 4.0202 -22.2112 0.35 1.84 

2.3877 3.6122 -21.3143 0.3897 1.83 

1.00 5.00 -25.2894 0.300 1.86 
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           Table 3 Inference from Optimetric analysis  

 

Length(mm) Width(mm) Frequency(Ghz) Return 

Loss 

Ground length-

10 

Substrate 

Length-33 

Ground width-28 

Substrate width-28 

3.2 -25.9 

 

 
The sample algorithm applied was verified for datasets for the proposed 

antenna set of restrictions empirically defined. These datasets contain a 

various number of trials in a growing way to reveal that: as the number 

grows, the sample algorithm rises its perception on the conduct of the 

objectives and on the combined conduct of the whole. Every optimization 

objective is linked with a restriction that must be perceived in the 

optimization process.  

 
 

Table 4 Comparison of Results 

 

 

 

 

A good improvement was experienced with Jaya algorithm as compared 

with genetic algorithm and is listed in Table 4. Observing the table, it can be 

noticed that in all the circumstances, the restrictions have been met and the 

last set of trials gave the best results with a bandwidth of 9.38 GHz, Return 

Loss of -25.42 dB and central frequency deviation of 0.090 GHz. 

 

 

 

 

Algorithm Datasets LS(mm) Ws(mm) BW(GHz) RL(dB) CFS(GHz) 

Genetic 

Algorithm 

72 1.89 4.02 9.27 -20.21 0.357 

Jaya 

Algorithm 

with Spline 

interpolation 

72 1.05 4.8 9.48 -28.32 0.009 
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5 Conclusion 
 

An antenna for wearable applications is designed and enhanced using 

self-organizing multiple objective Jaya algorithm improved with Spline 

interpolation Machine Learning technique. This technique permitted an 

active method used in the algorithm thus reducing the return loss and 

improving the bandwidth of the antenna structure. The antenna offered a 

reasonable gain in the operating range of 3.5 GHz. From the results obtain 

we infer that the Jaya algorithm produces a better and optimum result in 

comparison with the genetic algorithm. 
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