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Abstract
Two crossed bowtie antenna with annular ring is a suitable 
candidate for Ground Penetrating Radars. Here annular ring acts as 
capacitive load, overcome the hurdle of resistive load, as proposed 
earlier.Impedance match is a great concern of this design. Here, 
with the help of Genetic Programming, we have proposed a model 
to get proper impedance match at antenna resonant frequency for 
particular values of substrate permittivity and spacing between 
antenna arm and annular ring.
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I. Introduction
Continuous and sustainable growth of technical research and 
innovative design in Ultra Wide-Band (UWB) radio has presented 
a myriad of exciting opportunities and challenges for engineers 
in the communications arena including antenna design. From 
the last couple of decades one of the most emerging research 
arenas under UWB becomes impulse radar, namely Ground 
Penetrating Radar (GPR) design to detect and locate buriedand 
sub-surfaceobjects.GPR finds applications in sectors like 
military (detection of landmines, unexploded ordnance, tunnel 
etc.), archaeology (inspection of buried archaeological objects), 
environment (locating geological structures, water levels, trenches 
and contaminated fluids), civil engineering (identification of 
buried pipes, imperfections and reinforcing rods within structural 
concrete, and laminations and voids in roads and bridges) and 
searching buried victims (avalanches, earthquakes). GPR is 
based on transmission and reception of electromagnetic (EM) 
waves. The electromagnetic wave is radiated from a transmitting 
antenna, travels through the material medium at a velocity which 
is determined primarily by the permittivity of the material as 
follows: 

A. Velocity= (Velocity of Wave in Air) / (Relative 
Permittivity of Material) 1/2 
The wave spreads out and travels downward until it hits an object 
that has different electrical properties from the surrounding 
medium, is scattered from the object, and is detected by a receiving 
antenna. The depth to the top of the object is computed using the 
following equation:

B. Depth= (two-way travel time) / 2 × (velocity of the 
wave)
UWB antennas are typically required to attain a bandwidth, 
which reaches greater than 120% of the centre frequency to 
ensure that a sufficient impedance match is attained throughout 
the band such that a power loss less than 10% due to reflections 
occurs at the antenna terminals. Aside from attaining a sufficient 
impedance bandwidth, linear phase is also required for optimal 
wave reception, which corresponds to near constant group delay. 
This minimizes pulse distortion during transmission. Also, high 
radiation efficiency is required especially for UWB applications. 

Since the transmit power is so low (below the noise floor), power 
loss due to dielectrics and conductor losses must be minimized. 
The physical constraints require compatibility with GPR. As 
such, a small and compact antenna is required. To achieve small 
antenna profile matching UWB specification and to apply in GPR, 
a small two crossed rounded bowtie antenna with annular ring as 
capacitive load has been designed and developed. 
The design draws inspiration from Congedo et al. [2]. Apart from 
basic UWB antenna requirements there are few crucial parameters 
considering ground influence and loaded antenna design. The 
range resolution of a radar system is defined as “the ability to 
distinguish between two targets solely by the measurement of 
their ranges (distance from the radar); usually expressed in terms 
of the minimum distance by which two targets of equal strength 
at the same azimuth and elevation angles must be spaced to be 
separately distinguishable” [2].
Range resolution ∆R is related to system bandwidth B and wave 
propagation velocity in the medium v by the expression

∆R= v/2B.

 High frequency provides better range resolution and more detailed 
echo to locate small size objects, whereas lower frequency preferred 
to locate deeply buried objects as soil attenuation increased with 
increasing frequency. 
Low frequency UWB antenna like bowtie is a good candidate 
to avoid ground influence with moderate resolution. Late-time 
ringing is a common nuisance in the response of pulse antenna 
radiation. It is caused by reflections at the antenna open end, 
the internal discontinuities, and is related to the antennas limited 
bandwidth. Large unexpected late-time ringing can mask the 
backscattered echoes and make it very difficult to pick up the 
necessary signals for target detection. Impedance
matching and antenna efficiency are other two important 
considerations. Impedance loaded antenna is a solution of 
bandwidth enhancement by rectifying ringing effect.
But antenna efficiency suffers from resistive loading and a good 
solution is capacitive loading where the impedance matching is 
a great concern.

II. Formatting Your Paper
A bowtie antenna is a planar dipole where a broadband behaviour 
is obtained by using triangular shaped monopoles. Bandwidth 
enhancement can be achieved by using triangular monopoles with 
rounded corners, coplanar waveguide as feeding lines, loading 
stubs etc. as discussed in [3]. To achieve small antenna profile 
matching UWB specification and to apply in GPR we developed 
a small two crossed rounded bowtie antenna with annular ring as 
capacitive load inspired from [3] and as shown in fig. 1.
The basic requirements of such an antenna are:

Wide relative impedance bandwidth of about 140% of center • 
frequency, keeping return loss less than -10dB within that 
frequency range.
VSWR< 2dB• 
Flat gain over the frequency range• 
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Minimal dispersion and ringing• 
Omni directional radiation pattern and high radiation    • 
efficiency.
Reduced back lobe radiation• 

By rounding the edge of the bowtie, the path length from the feed 
to the edge of the bowtie is the same in all directions, suppressing 
some higher order modes. This results in a flatter frequency 
response than that of the conventional (triangular) bow-tie.
Antenna length L can be selected using the expression 

Where f0 is the centre frequency, andc is the speed of light. FR4 
having thickness of 1.67mm has been chosen as our substrate 
material, which is easily available at a moderate cost. Without 
affecting radiation efficiency, a good way of improving relative 
impedance bandwidth and slightly reducing late time ringing is 
capacitive loading. To do so an annular ring is used. Spacing 
between the annular ring and rounded edge of the antenna arm 
(∆=ri−L) (see fig. 1) is a very crucial parameter, the capacitance 
varying conversely with it.The permittivity(ε) of dielectric material 
also affects the capacitive load in direct proportionality. Depending 
on these two parameters, the capacitance can be determined by,

Since we are working with UWB antenna based on narrow pulse 
transmission and reception considering the requirement of good 
transient response, Computer Simulation Technology Microwave 
Studio (CST MWS) is the most appropriate software for our 
purpose. It is equipped with a time domain solver along with a 
frequency domain solver.

Fig. 1: Schematic Diagram of a Generic Bowtie Antenna

III. Modeling and Soft Computing
Soft computing based techniques are gaining considerable 
attention in estimating the values of some desired output from 
design characteristics or parameters of the system. Artificial 
Neural Network (ANN) is one of the earliest and most popular 
of these soft computing techniques. Inspired by the functionality 
of human neurons, ANNs have the capability of learning from 
experimental/simulated data and predicting the outcome in 
an unprecedented situation by varying the weights of in-built 
functions. ANNs have been used successfully to design an adaptive 
bowtie antenna for different soil characteristics [5]. However, 
the problem with ANN is the black box nature of predictions, 
where it becomes difficult (if at all possible) to functionally relate 
the outputs with the input parameters. Genetic Algorithm (GA) 
is another classical technique for finding the optimal solutions 
to non-trivial or NP-hard problems through a heuristic search 
procedure inspired by Darwin’s principle of natural selection. In 

one recent work researchers have used GA for the design of UWB 
wired bowtie antenna [5].

A rather new branch of soft computing which—
(a) is able to predict at least as accurately as ANN, and
(b) can tackle more complex interrelations than GA,
with the bonus of—
(c) a distinctive simplicity of form, and
(d) intrinsic transparency in the parametric relations comes from 
the family of evolutionary computing.
Genetic Programming (GP): This technique was introduced 
by Koza [6] some twenty years back. As a legitimate member of 
the family of evolutionary programs, GP has a great similarity 
to its predecessor Genetic Algorithm (GA). However, GP has 
probably the most general approach among all evolutionary 
computation paradigms [7]. In GP, the evolving structures are 
hierarchically organized mathematical expressions generically 
called ‘computer programs’ whose size and form dynamically 
change during a process of simulated evolution. The computer 
programs are represented as tree-like structures. The sequence of 
evolution over generations occurs through the creation of child 
programs from parental computer programs. Each individual is in 
fact a mathematical expression commonly expressed in the form 
of (x−y)/z+xz or x(1+yz) as shown in fig. 2. They are constructed 
from the set of functions
 F ={+,−,∗,/}and the set of terminals T ={1,x,y,z} by taking into 
consideration the ‘arity’ of the functions — 2 (for binary)

Fig. 2: The Crossover Operator Applied on Two Parent Individuals 
of a Genetic Program, Producing Two Child Programs Containing 
Some Amount of Genetic Material From Both Parent, and Expected 
to Perform Better Than Either Parents

in each case here. It is also possible to include unary functions 
like sin, tanh, log, etc. in the function set, and a subset of real 
numbers, say P⊆R in the terminal set.
A population of individual solutions is initialized by creating a 
set of random computer programs through the combination of 
functions from the available set F with terminals from the available 
set T. Each program represents a random point (or trial solution) 
that at first blindly searches for the optimum solution in the huge 
space of possible solutions. The search is eventually guided by the 
calculation of fitness of each computer program, which serves as 
a measure for selecting individuals (parents) based on the extent 
to which a solution achieves the target property. Better parents 
are selected, through probabilities proportional to their fitness, 
with an expectation that they would lead to better off springs in 
the next generation. A computer program in GP evolves through 
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several genetic operators in analogy from nature: reproduction, 
crossover and mutation. The reproduction operator is a kind of 
elitism for preserving the few best individuals (with the best fitness 
values) that are copied unchanged into the next generation. The 
crossover operator encourages constructive exchange of genetic 
material between computer programs by grafting branches from 
one parent onto the stem of the other, and vice versa. Fig. 2 shows 
the crossover operation of two computer programs consisting of 
several function and terminal nodes. Mutation is the arbitrary (or 
guided) change of one node representing a function or a terminal. 
Finally, a termination criteria is set that determines the point to 
which the evolutionary iterations are carried on.
It is usually a fixed number of iterations, concluding which the 
best few solutions are printed along with their fitness values.
Depending on the set of operators considered in F, and the 
construction of the fitness function, GP may be utilized to 
perform diverse functions, like optimization of design parameters, 
discovering quantitative structure attribute
relationships, predicting the decision from a series of given inputs 
in an information system, selecting the most relevant variables, or 
deriving rules in a complex data set. However, the most common 
task, which is undertaken in the present article, involves finding 
a non-linear mathematical relationship
that relates the impedance match at resonant frequency with the 
substrate permittivity and spacing between the arm and ring. This 
is generically called the symbolic regression problem, which 
assumes no a priori form of the underlying relation.

Fig. 3: Simulation Results of Impedance (Z) Versus Resonant 
Frequencies (f) for Different Relative Permittivities (εr) and 
Spacing Between Antenna Arm and Ring

IV. Result and Discussion
The scheme of the present study is to generate a set of data from 
simulation by varying different antenna parameters, then construct 
a simple but accurate model that fits the simulated data, and finally 
determine the optimum design of the antenna characteristics.

A. Simulation of Dataset
By varying the gap between the antenna arm and antenna ring (∆) 
and the substrate permittivity (ε), we obtain the values of resonant 
frequency (f) and impedance match (Z) for each pair of values 
of ∆ and ε. ∆ was varied between 1 and 5.5 (taking 6 variations), 
while ε was varied between 3.5 and 5 (taking 7 different values). 
The resonant frequencies and impedance match obtained for each 
of these 42 pairs of antenna parameters are plotted in Fig. 3. This 
serves as the data set, from which the nature of dependence of the 
antenna features can be mapped as a closed form relation with the 
design parameters through Genetic Programming.

B. Modelling and Optimization
The above set of data generated was fit using a GP code for 
the symbolic regression problem. Two different models were 
developed separately. In the first model, the objective was to 
express the resonant frequency (f) as a function of ∆ and ε, while 
in the second model, impedance match (Z) was to be expressed as 
a function of f, ∆ and ε. The fitness of an individual (expression) 
was taken to be the correlation between the trial expression and 
the actual value of f (or Z). The code was run using the following 
settings:

Fig. 4: Prediction Accuracy of the Best Expressions Evolved 
Through Genetic Programming for Resonant Frequency (f) and 
Impedance (Z)

Population size : 500 to 700• 
No. of iterations : 200 to 400• 
Max. depth of tree allowed : 2, 3• 
Range of constants in expression : 0 to 2000• 
Ratio of individuals reproduced, crossed-over and mutated • 
: 0.02, 0.88, and 0.10 respectively. The fittest expression for 
the resonant frequencyf and the impedance match Z after 
fifty runs was found as follows,
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The graph of predicted resonant frequency versus actual (simulated) 
resonant frequency (f), and that of the predicted impedance match 
versus actual (simulated) impedance match (Z) is presented in Fig. 
4. Eq. 6 seems to fit the actual resonant frequency extremely well, 
with an R2 value more than 99.5%, while eq. 7 gives a fairly good 
approximation for the actual impedance match, with R2 value of 
about 81.5% (R = 90.3%).

Fig. 5: Set of Feasible Solutions Mapped on the Search Space

The parametric form of the equations bring out certain compact 
expressions, e.g. (9+εr)/(6−∆) in eq. 6, which gives very important 
insight into the behavioural nature of the particular antenna used. A 
closer look at the denominator suggests that the resonant frequency 
f increases as ∆ starts increasing, reaching a maximum as ∆ 
reaches 6, where the obvious effect is multiple resonant frequency, 
which causes ringing. Optimal design considerations: Using the 
expressions of frequency and impedance obtained in eqs. 6 and 
7 above, we try to find the optimal combination of parameters ε 
and ∆ with the objective of getting the desired impedance match 
at the derived resonant frequency. Fig. 5 gives the solution space 
in (ε, ∆) for which the above two conditions are satisfied. A small 
tolerance on impedance match is given, for which we see that the 
set of solutions start from a narrow spacing of 1.3 mm between 
antenna arm and the ring and a substrate permittivity of 3.5 (for 
the low resonant frequency range) to a liberal spacing of about 
3.8mm and permittivity 4.1(where the frequency tends towards its 
highest possible value). On increasing the tolerance for impedance 
match, the band of solutions gets wider, and the designer gets a 
wider choice of parameters.

V. Conclusion
Multiple runs of a modified two crossed bowtie antenna with 
annular ring are simulated in CST to get a set of values for antenna 
impedance and resonant frequency. Substrate permittivity (ε) and 
spacing between ring and antenna arm (∆). Impedance versus 
resonant frequency is plotted for varyingε and∆. Using Genetic 
Programming we get a couple of non-linear relations that express 
impedance (Z) and resonant frequency (f) in terms of ε and∆ quite 
accurately. Finally the best combinations of ε and ∆ that will give 
the proper impedance match at simulated resonant frequency range 
without ringing effect are obtained through exhaustive search.
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