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Abstract — In the present scenario, there is a rapid development in the field of designing
efficient medical devices for advanced health care purposes. A distinct hybrid fractal
approach for designing tree-shaped antenna using artificial neural network (ANN) and
particle swarm optimization is explored in this research paper. ANN modelling provides a
promising solution, especially for solving various problems that are usually encountered in
science and engineering. A Koch-like structure is added to a Giuseppe Peano-like structure
for the construction of a parent hybrid shape. The overall volume of the FR4 based designed
prototype is 24 x 20 x 1.6 mm?>. The tree-like geometry is excited by a microstrip line feed,
placed at the centre axis of the selected substrate. The ground plane dimension ‘L, has been
optimized specifically with particle swarm optimization technique. To realize the
effectiveness of the hybrid fractal approach, the projected antenna is experimentally
analyzed. The designed structure is compact, geometrically appealing and offers sufficient
bandwidth. The projected antenna operates over 2.41 to 2.44 GHz, with fundamental
frequency of 2.42 GHz. The S11 < -10 dB bandwidth examined at the working frequency is
1.44 % (35.1 MHz). Moreover, the projected antenna offers promising gain and stable
radiation patterns at the claimed frequency. A simplified ANN strategy is also utilized for the
estimation of selected output parameters. For completeness, simulated, estimated, optimized
and experimental responses are reported to examine the reliability of the proposed hybrid
fractal approach. Furthermore, the performance is effectively described by analyzing the
behavior of projected antenna with different excitation methods. Excellent outcomes validate
that this compact device makes it an ideal choice for bimedical applications.

Keywords- Tree-shaped hybrid fractal antenna, Excitation methods, Resonant frequency,
Biomedical applications, Bandwidth, Artificial neural network

1. Introduction

The health care industry is advancing rapidly towards the development of robust and efficient
antennas [1]. Biomedical applications mainly require miniaturized devices for proper
therapeutic and health care monitoring [2,3]. Antennas serve in two important fields related
to the biomedical sector such as biotelemetry and biomedical therapy [4]. Biotelemetry
involves the measurement of physiological parameters/ conditions of ambulatory patients



over a distance, whereas biomedical therapy focuses on the use of specific medical
procedures for the treatment of several mental and/or physiological disorders [5]. Nowadays,
glucose monitoring, neurostimulators, endoscopy, defibrillators, and retinal prosthesis, etc are
the few examples of medical applications that utilize the facility of remote monitoring [7]. In
this multidisciplinary domain, three important fields such as engineering, medicine, and
science are merged together to design innovative antennas for better health care facilities [8].
Fractal electromagnetics is a specific area in which electromagnetic theory is fused with the
fractal design concept that allows the development of distinct type of antennas, called fractal
antennas [9]. A fractal design is specified as a geometrical arrangement with self-similar
patterns. Fractal structures follow unique features like self-similarity and space-filling, that
result in compact, small size antennas with multiband/wideband functionality [10,11]. The
demand of the market for producing small size antennas forces the amalgamation of different
fractal configurations with enhanced characteristics [12]. Moreover, this revolutionary
innovative hybrid fractal procedure allows the creation of remarkable devices by merging
special kinds of fractals with well-defined features [13].

Several fantastic hybrid fractal strategies have been realized in the previous
literature [14-18]. Chen et al. [19] have practically realized a novel technique for suitable size
reduction. A circularly polarized antenna design based on Koch fractal was experimentally
investigated in [20]. Sharma et al. [21] have illustrated a fractal antenna that was
manufactured by the concoction of Koch and Hilbert shapes. Results were computed at two
different feed locations and then the performance was anticipated. Several nested hexagonal
fractal antennas using ring-like pattern were designed with different rotation angles.
Fabricated prototypes were analyzed and found that they are beneficial for wireless
applications [22]. Nowadays, researchers are showing keen interest in the study and physical
realization of antennas designed for biomedical purposes. Various miniaturization strategies
related to antennas have been proposed in the past [23-25]. Kaur et al. [26] have clearly
described the role of antennas in the biomedical sector. These antennas allow the treatment of
several harmful diseases in a much faster and comfortable way. Li et al. [27] have
experimentally demonstrated the behavior of a circularly polarized antenna and reported that
it is highly effective for Industrial, Scientific and Medical (ISM) band biotelemetry
applications. A novel triangular slot antenna was evaluated at 2.45 GHz [28]. An alumina
ceramic material based antenna of size 18 x 24 x 0.65 mm® was constructed. L-shaped slots
were etched from the patch and fed with coplanar waveguide fed structure [29]. Kumar et al.
[30] have reported the behavior of an FR4 based dual V-shaped antenna for ISM band
applications. In recent years, an artificial neural network (ANN) approach has been
successfully utilized in several engineering and optimization problems [31-33]. A vehicle
detection system based on a well-known ANN method was proposed for the effective
identification of vehicles with sufficient reliability [34]. Dhaliwal et al. [35] have performed a
deep experimental analysis of Sierpinski gasket fractal antenna with a widely explored ANN
approach. Various performance factors of a circularly polarized antenna fed with distinct
excitation methods are presented in [36]. The behavior of recommended structure with few
important feeding techniques was investigated in [37]. Rajpoot et al. [38] have utilized a
particle swarm optimization (PSO) technique for the optimization of fractional bandwidth of
an I-shaped microstrip antenna. Different types of evolutionary algorithms were used for the



implementation of circularly polarized antennas. The results were compared and discussed in
[39]. Two types of antennas such as Sierpinski gasket and Koch monopole were analyzed
using ANN-PSO [40].

An antenna is considered as a prime constituent of several medical devices because
it can communicate robustly with the outside environment [3]. For effective communication,
there must be suitable design criteria. This paper considers several aspects of the projected
tree-shaped antenna to point out how the hybrid fractal approach is useful in the design
process. After a brief and relevant introduction, the paper is structured in the following way:
Section 2 reveals the structural details of the projected prototype with two iterations. The
geometry of the designed radiator along with a modified ground plane is effectively
described. The suggested ANN approach for the prediction of desired parameters is
illustrated in Section 3. A brief description regarding PSO algorithm is given in Section 4.
Detailed results are elaborated in Section 5, after that the obtained results are compared with
previously constructed antennas. At last, Section 6 summarizes the entire design process and
the evaluated results of the projected antenna.

2. Evolution of the Antenna

(a) (b) (c)

Fig. 1 Design strategy (a) Generator curve (b) 1% iteration design (c) 2™ iteration design

The projected tree-shaped hybrid fractal antenna is designed by considering two iterations so
that it can operate effectively at the preselected frequency [13]. A systematic hybrid fractal
approach is employed to demonstrate the design concept. In the present work, the hybrid
fractal procedure involves the creation of a compact tree-shaped patch by the concoction of
two special kinds of fractals with significant attributes. The whole structure consists of a
hybrid fractal tree-shaped patch connected to a rectangular feed line, and a modified ground
plane. The Giuseppe Peano and Koch based hybrid curve is derived by amalgamating a
Giuseppe Peano and Koch-like structures. This curve is specified as the generator curve,
which is also the parent shape of the projected design [16]. Scaling factor of 0.6 is used in the
design process. This value helps in controlling the alignment of branches of the tree-shaped
antenna. After scaling, this hybrid curve is then applied to every branch of the tree, so as to
obtain the final shape. The radiating patch is backed by an easily available FR4 substrate of
height 1.6 mm. The basic characteristics of the selected substrate material are dielectric



constant (g;) 4.4 and mass density 1900 kg/m> [17]. The overall volume of this designed
prototype is 24 x 20 x 1.6 mm®. Especially, a modified ground plane of ‘L,’= 18 mm and
‘W’ =20 mm is positioned below the substrate.

Two slots of different shapes are etched from the ground structure, and the
dimensions of these slots are finalized after a comprehensive parametric analysis. For the
purpose of excitation, a 50-ohm connector is placed at the specified position and is connected
with the conducting patch [31]. To fulfill the necessary condition of impedance matching,
feed width is chosen as 2.4 mm. Detailed procedure followed during the generation of final
geometry is properly illustrated in Figs 1 (a-c). The design parameters of the projected
antenna are presented in Table 1. The geometrical configuration of projected tree-shaped
hybrid fractal antenna is reported in Fig. 2. Fig 2(a) portrays the final design of patch and Fig
2(b) illustrates the modified ground plane.

Table 1 Geometrical descriptors of Parameter Value(mm)

projected antenna Vertical dimension of 0" iteration ‘Lo’ 13.2
Vertical dimension of 1% iteration ‘L;’ 19.1
Vertical dimension of 2™ iteration ‘L.’ 22.8

Horizontal dimension of substrate ‘L’ 24

Vertical dimension of substrate ‘W’ 20

Horizontal dimension of modified ground
P 20
plane ‘W,
Vertical dimension of modified 13

ground plane ‘L’

18 mm

Wi=2.4 mm W.=W_=20 mm

(a) (b)
Fig. 2 Projected tree-shaped antenna (a) Designed patch (b) Modified ground plane



3. Artificial Neural Network

Artificial neural network is a special type of biologically inspired classification network that
can solve complex large scale real-life problems [10]. For efficient functionality, modern
technology employs artificial neural networks because these networks are extremely adaptive
and have the capability to learn very quickly [32]. ANN has multiple neurons that are
arranged in the form of layers. The first layer i.e. input layer is fed with the inputs from the
outside world. The intermediate layer i.e. hidden layer performs the required computations
and then forwards the output to the next layer [35]. At the last stage, the output layer
generates the overall output. In brief, the size of the input layer is determined by the number
of actual inputs, and the size of the output layer is specified by the number of outputs to be
estimated [41]. The size associated with the hidden layer varies according to the user
requirements and is determined by the hit and trial approach. During the training process,
weights and threshold values are automatically adjusted by the network so that the computed
error exhibits a minimum value [41]. The adjustments are carried out by the backpropagation
mechanism. Fig. 3 depicts the suggested feed-forward back propagation artificial neural
network (FFBP-ANN) containing three fundamental layers.

Hidden Layer Output Layer
Input " [ j Output
—— s VQ—"LH = e
IE %” | = .

Fig. 3 Suggested FFBP-ANN portraying the three fundamental layers

The suggested FFBP-ANN model has one input layer containing 2 neurons, one
hidden layer containing 12 neurons and at the end, one output layer holding 2 neurons.
Levenberg-Marquardt algorithm is employed to train the suggested FFBP-ANN network so
as to attain a high degree of accuracy [13]. The entire data pool is partitioned into three
classes. Each class contains different number of samples. 70% of total samples in data pool
are assigned for training the model. Rest 30% of samples are deputed for testing and
validation [31]. Training phase in FFBP-ANN considers these steps: transfer the inputs in
forward mode, computation and backpropagation of the error value and then weight value
adjustments. The transfer functions selected for the hidden and output layers are tangent
sigmoid (TANSIG) and pure linear (PURELIN), respectively.

4. Particle Swarm Optimization

Particle swarm optimization (PSO) is a powerful metaheurstic algorithm that was originally
proposed by Kennedy and Eberhart in 1995 [16]. This algorithm relies on the cooperative
behavior, found naturally in birds, fishes, and insects. Recently, PSO has gained huge
attention as it has the capability to efficiently handle complex multidimensional problems
related to engineering [38]. In this algorithm, each individual is considered as a ‘particle’
having no weight and volume. Each particle moves within the multidimensional search space



at a certain speed with reference to its own experience as well as the experience of other
particles present nearby [39]. The state vector corresponding to each particle represents the
position and velocity. Initially, the state of particles is defined randomly. Depending on the
research problem, this algorithm requires different boundary conditions, social and cognitive
rates [40]. This method iteratively optimizes the defined research problem based on the
fitness function. The fitness function plays an important role in evaluating the best solution.

During the search, there are two important parameters to be considered: first one is
‘pbest’ i.e. the best solution for each particle and the other one is ‘gbest’ i.e. the best solution
based on the entire population [46]. After obtaining the values of ‘pbest’ and ‘gbest’, the
updation process is followed using the equations given below [16]:

vi(t + 1) = wv(t) + ¢yri[pbest(£)—x;(¢)] + cory[gbest (£)—x;(¢)] (1)
xl-(t + 1) = xl-(t) + Ui(t + 1) (2)

where v; and x; represents the velocity and position of i particle, respectively. w
signifies the inertial weight. The parameters c; and c2 are the two different types of learning
factors. Here w is set to 1. ¢; = c2 = 1.5. The flow chart of PSO is presented in Fig. 4.

4.1 Development of cost function

Cost function is essential for solving the optimization problems. It is defined by considering
the target value. Firstly, 40 different geometries of projected tree-shpaed hybrid fractal
antenna with different values of ground length ‘Lg’ are designed and simulated in HFSS
software. The selected range of ‘Ly” is 12.2 to 20.2 mm. The resonant frequency
corresponding to each sample is noted down. Then, by using curve fitting approach in
MATLAB software, the mathematical equation of ‘f;’ is generated which illustrates the
relationship between ground length ‘L’ and resonant frequency °‘f;’. The developed
mathematical relation is given in Eq. (3), which is described below [16]:

fr = 2.874sin(0.1762Lg + 5.001) + 0.4387 sin(0.5223Lg + 2.467) + 3)
0.05189sin(1.558Lg + 1.359) + 0.03237 sin(1.907Lg + 5.146)

Cost function= 3/(2.45 — f,.)2 “4)

The formulated cost function is given in Eq. (4). By using the cost function and the
above mentioned PSO approach, it is possible to evaluate the optimum value.

5. Experimental Results and Discussion

In order to present several proofs of the reliability and effectiveness of the projected
prototype, results obtained from numerical simulations and experimental measurements are
described in this section.



Start

Initialization of PSO parameters as well as the position and velocity of
each particle belonging to the population

A

Compute the fitness value of each defined particle for local and global |
best solution

A 4

Modify the velocity of each defined particle

\4

Iter = Iter + 1

Modify the position of each defined particle

No

Is stopping
criteria met?

Yes

Extract the optimum value

End
Fig. 4 Detailed flow chart of PSO algorithm [16]

5.1 Projected antenna results

The projected tree-shaped hybrid fractal antenna is modeled in a systematic and accurate
way. The design criterion is properly selected by focusing on the desired performance [22].
The antenna must have lower S11 value (< -10 dB) and high gain at the frequency of interest.
The initial design dimensions of the designed structure are selected and then verified using a
finite element method based efficient and high-performance 3D simulator i.e. high-frequency
structure simulator (HFSS) software. Simulations up to 2™ iterations are conducted for the
effectiveness of the hybrid fractal concept [22]. Enhancement in the electrical length of
current flow paths is reported, which allows a reduction in the fundamental operating
frequency [31]. For validation purpose, experimental measurements along with simulations
are also conducted. The aforementioned antenna is fabricated after computing the results



through simulations. The fabricated device is pictorially represented in Fig. 5. S11 parameters
are measured using an Analyzer (Model No. MS46322A) of Anritsu company. It is noted that
step by step variation in the generator structure results in improved S11 characteristics.
Moreover, Antenna offers design flexibility and size reduction at the claimed frequency band.
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(a) (b)
Fig. 5 Fabricated tree-shaped hybrid fractal antenna (a) Front view (b) Rear view

Table 2 Results obtained after Parameter Simulated Measured
simulations and experimental Working frequency range
measurements glreq y g 2.43-2.46 2.41-2.44

(GHz2)

Fundamental frequency
(GHz) 2.45 2.42
Bandwidth (MHz) 35.9 (1.46 %) 35.1 (1.44 %)
S11 (dB) -21.01 -15.09

To aid better understanding, final results of the projected hybrid fractal antenna
obtained through simulations and experimental testing are revealed in Table 2. The resonant
frequency observed during simulation is 2.45 GHz, whereas the value of fundamental
frequency examined during the measurement is 2.42 GHz [18]. The observed value of VSWR
is within the acceptable limit (VSWR < 2) at the working frequency [32]. Fig. 6 shows the
S11 plot containing simulated and experimentally measured values. Measured bandwidth
compresses to 35.1 MHz, compared with simulated bandwidth of 35.9 MHz. Moreover, the
antenna gain examined at the frequency of interest is 3.69 dB. Minor deviations in the
evaluated results are mainly due to fabrication inconsistencies [35]. The designed antenna
when tilted by 5° to the left, provides a gain of 1.23 dB and S11 value less than -10 dB at 2.42
GHz. Similarly, when the same antenna is tilted by 5° to the right, it shows a resonance at
2.44 GHz with gain 1.39 dB. At this frequency, the S11 value investigated is -18.53 dB. Fig.
7 shows the S11 plot after tilting (5° left and right) the designed structure. The results of both
antennas after tilting by selected angle are compared with the reported results of the antenna
placed at the original position [22]. It is found that the antenna at the original position
(projected structure) shows better results in terms of gain.
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Fig. 9 Current distribution on a designed prototype at 2.45 GHz

A gain of 3.69 dB is examined at the fundamental design frequency. The values of

the gain computed after simulations and experimental testing are shown in Fig. 8. The current



distribution on the radiating patch of the designed prototype at 2.45 GHz is illustrated in Fig.
9. The computed current distribution on the designed patch is 1.4754e+003 A per meter at the
realized frequency. There is a large current distribution at the portion lies above the middle of
the conducting patch i.e. the encircled region [18]. Maximum flow of current is from the
endpoint of the generator curve to the top of the structure through all the branches [21]. The
projected antenna placed in anechoic chamber is shown in Fig. 10. Fig. 11 demonstrates the
radiation patterns for 2" iterated tree-shaped hybrid fractal antenna in E and H planes. The
experimental responses about radiation patterns are collected by performing measurements in
an anechoic chamber. The shape of the radiation pattern examined in E-plane is nearly
bidirectional, whereas the shape examined in H-plane is bidirectional. Minor distortions are
also observed in the patterns. The radiation characteristics are highly satisfactory according to
the requirements of medical systems [31]. Therefore, it can be stated that the compact
structure with favorable characteristics is well suitable for health care purposes.

(a) (b)

Fig. 11 Simulated (bold lines) and measured (dashed lines) radiation patterns for 2" iteration of
projected implantable antenna at 2.45 GHz. The patterns illustrate the co-(red line) and cross-polar
(blue line) components and evaluated at ®= 0° and &= 90°



5.2 Suggested FFBP-ANN model results

The FFBP-ANN trained with Levenberg-Marquardt algorithm is preferred for the estimation
of desired antenna performance parameters. A data pool of 25 antennas is used for the
behavioral analysis of projected implantable antenna [18]. Each antenna is designed with
different dimensions of the substrate (‘Is’ and ‘ws’), and then simulated results are interpreted
[31]. The neural network results are analyzed in MATLAB software. The FFBP-ANN is fed
with two inputs i.e. ‘I’ and ‘ws’ and the parameters predicted at the output of network are ‘f;’
and ‘g’. The values of resonant frequency ‘f;” and gain ‘g’ are noted down. The value of ‘Is’
lies in between 23.5 to 27.5 mm and the value of ‘ws’ is in the range of 20 to 26 mm. The
FFBP-ANN is trained several times so as to achieve accurate outputs. TANSIG and
PURELIN are the selected activation functions associated with the hidden and output layer,
respectively [32]. Fig. 12 specifies the performance plot of FFBP-ANN based on the
Levenberg-Marquardt algorithm. This plot provides the best outcomes for validation, testing,
and training. It is worth mentioned that the best validation performance examined from a
performance plot is 0.0089208 at epoch 12 from a total of 18 epochs. Fig 13 illustrates the
comparison of target and FFBP-ANN outputs. Table 3 reveals the comparison of simulated
and FFBP-ANN outputs (resonant frequency and gain) in tabular form. Fig 14 depicts the
plot of absolute error related to ‘f;” and Fig. 15 graphically represents the absolute error
related to ‘g’.
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Fig. 12 Performance plot of FFBP-ANN model Fig. 13 Target and FFBP-ANN outputs

Table 3 Comparison of simulated and FFBP-ANN outcomes

Dimensions

Errors corresponding

S.no of substrate Target output FFBP-ANN output to
Ls Wi fr gain fr gain fr gain
1 23.5 20 24639  1.127 2.4636 1.1265 0.0002 0.0004
2 24.5 20 2.4088 1.16 2.4145 1.3219 -0.005 -0.1619
3 25 20 2.3888 2.1023 2.3889 2.1024 -0.0001 -0.0001
4 235 215 2.4439  2.09 2.4450 2.0898 -0.0011 0.0001
5 25 22 23737 094 2.3733 0.9398 0.0003 0.0001
6 24 20.5 24188  0.78 2.4283 0.9986 -0.0095 -0.2186
7 25 21.5 2.3737 0.75 2.3823 1.1284 -0.0086 -0.3784
8 24 22 2.4038 1.73 2.4225 1.6737 -0.0188 0.0562



9 25.5 23 2.3687 1.5 2.3995 1.2716 -0.0308 0.2283

10 26 23 2.3637 1.13 2.3638 1.1298 -0.0001 0.0001
11 27 24 2.3737 1.35 2.3727 1.3501 0.0009 -0.0001
12 24.5 24 2.3737 1.11 2.3746 1.1105 -0.0009 -0.0005
13 25 25 2.3888 1.23 2.3876 1.2305 0.00117 -0.0005
14 24.5 25.5 2.3838 1.4 2.4148 1.5509 -0.0310 -0.1509
15 25 25.5 2.3687 1.42 2.3696 1.4204 -0.0009 -0.0004
001 : 03 '
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Fig. 14 Absolute error related to ‘f,’ Fig. 15 Absolute error related to ‘g’

Table 4 Performance determined by FFBP-ANN

Training Testing Validation
Mean square error 9.48e-7 4.07e-2 8.29e-3
Regression 0.99 0.97 0.99

The performance behavior of suggested FFBP-ANN is judged on the basis of
absolute error and mean square error. Absolute error provides knowledge about the quality
of training, whereas mean square error measures the mean of the squared difference between
the targets and actual outputs [32]. The value of mean square error indicates the effectiveness
of the network. Table 4 gives the performance determined by the suggested FFBP-ANN
model. In narrow sense, it is suggested that the FFBP-ANN model is an effective tool for the
prediction of selected antenna performance parameters.

5.3 PSO results

In this work, particle swarm optimization technique is employed during the designing of
projected tree-shaped antenna. This method helps in achieving the optimized value of ground
plane length‘L’. In this algorithm, the population size chosen is 40 and maximum iterations
are set to 80 [16]. Proper upper and lower bounds are provided during computation. The
formulated cost function generates 17.70 mm as the optimized value of ‘L,’. The best cost
value obtained is 2.0784e-04. This value of ground length successfully proves the
applicability of the suggested algorithm according to the design problem and requirements.
The plot of best cost is shown in Fig. 16.
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5.4 Impact of different excitations methods

(a) (b) (©
Fig. 17 Projected antenna with (a) Microstrip line feed (b) Coplanar waveguide feed (c) Coaxial feed

Feeding mechanism plays an important role in the antenna design process as it helps to reduce
the reflections by providing proper impedance matching [36]. Its main function is to effectively
couple the input signal to the device under consideration. Selection of an appropriate excitation
method is a crucial task as it requires deep knowledge about the designing criteria involved in
all excitation methods that are considered in this study [37]. The excitation criteria affect the
input impedance and other important characteristics associated with the device. In this work,
three types of excitation methods are chosen: microstrip, coplanar waveguide and coaxial probe
[42]. It is worth mentioned that during the designing of proposed geometry with different
excitation methods, same dielectric material and simulation tool are used. Fig. 17 reveals the
projected prototype with different excitation methods. In coplanar waveguide (CPW)-fed
structure, identical ground planes are placed symmetrically on both sides of the CPW line. The
length and width of the symmetrical ground structure are 2.5 and 9.3 mm, respectively. The
coaxial probe feed is located near the bottom of the designed antenna. The behavior of the
proposed hybrid fractal antenna with different excitation methods is analyzed and then the
generated results are compared. By doing this, the best excitation method is evaluated



according to the design requirements. The projected tree-shaped hybrid fractal antenna with

different feeds are designed and simulated individually. The details of the chosen excitation
methods are presented in Table 5.

Table 5 Design details of different feeds

Feed Type Parameter Value (mm)
Microstrip line Feed length 1.5
Fig. 13(a) Feed width 2.4
Coplanar waveguide Ler.lgth of symmetr.ical ground 2.5
Fig. 13(b) Width of symmetrical ground 9.3
Gap between feed and ground 0.4
Position along x-axis (from bottom) 1.25

Coaxial probe Position along y-axis 0.0(origin)

Fig. 13(c) Inner circle diameter 0.7
Outer circle diameter 1.5

The detailed description of the Sllbehavior of projected prototype with three
different excitation techniques is revealed in Fig. 18. The investigated simulated results of the
tree-shaped hybrid fractal antenna with different excitation techniques are summarized in Table
6. It is noted that there are entirely different outcomes. After comparing these outcomes, it is
stated that microstrip feed gives favorable performance as per the design requirements.
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Fig. 18 S11 plot with different excitation techniques

Table 6 Performance characteristics with different excitation techniques

ki Worki
Feeding ' 0ring orsms S11  Bandwidth  Gain Radiation
t frequency _frequency dB MH dB Patt
ype (GHz) Range (GHz) (dB) ( z) (dB) attern
icrostri Nearl
Microstrip 5 2431024669  -21.01 35.9 3.69 ey
line bidirectional
' |
Coaxial 278 2774427890  -11.63 14.6 -11.99 Nearly
probe omnidirectional
1
Coplanar 1.88 1.8500-1.9150  -21.61 65 0.82 Bidirectional

waveguide




Table 7 Comparison of projected tree-shaped antenna with previously developed antennas

Ref. no.  Substrate Volume Operating frequency Designed structure
type (mm?) band
Rogers . .
2] 310 10240  402-405 MHz (MICS band) Spiral shaped radiator
[3] FR4 1624 2.45 ISM band U shaped meandered slotted patch
(4] Rogers 643 402-405 MHz (MICS band) IT shaped patch a.llong with two L
3210 strips
402-405 MHz (MICS band) Multilayered model and split ring
Arlon 1 1524
[5] tlon 1000 > 2.4-2.48 GHz (ISM band) resonator based patch
[6] FR4 588 2.4-2.48 GHz (ISM band) Slotted patch
Rogers 402-405 MHz (MICS band) .
[7] 110 1265.6 2.42.48 GHz (ISM band) Serpentine geometry
[25] FR4 1925.6 2.45 GHz (ISM band) Two sleeve patch geometry
900-915 MHz (ISM band)
[30] FR4 1478.4 2.37-2.55 GHz ISM band) Dual V shaped patch
402-406 MHz (MICS band) .
[43] FR4 2897.2 2.42.5 GHz (ISM band) Spiral shaped patch
[44] FR4 9242 2.45 ISM band Rectangular patch with inset feed
[45] CSII; [;er 992 2.4-2.5 GHz (ISM band) Rectangular shaped patch
Projected
rojecte FR4 768 2.45 ISM band Tree-shaped hybrid fractal patch
antenna

Table 7 reveals the comparison of the projected antenna with few antennas that are
found in previous literature. The parameters considered for comparison are substrate type,
volume, operating frequency band and type of the designed antenna. Each designed prototype
is of different shape and size. Some antennas cover two biomedical bands like Medical Implant
Communication Service (MICS) and Industrial, Scientific and Medical (ISM). Based on this
comparison, it is clear that the projected hybrid fractal antenna satisfies the necessary
requirements of medical systems, in perspective to S11 characteristics, gain, and radiation
pattern. Here, it is worth mentioned that designed hybrid fractal biomedical device is a strong
claimant for health care applications.

6. Conclusion

In this paper, ANN and PSO based tree-shaped hybrid fractal structure which is visually
appealing, is practically analyzed for health care applications. PSO approach is employed to
obtain the optimum value of ground length. Radiation characteristics, gain, and bandwidth
are acceptable according to the biomedical sector requirements. The antenna is suitably
matched with VSWR < 2 in the desired operating band. It is examined that measured -10 dB
bandwidth is 1.44 % for the operating band (2.41-2.44 GHz). Apart from this, the antenna
provides bidirectional radiation patterns with suitable gain value. The developed ANN model
effectively shows its suitability for the prediction of antenna output parameters like operating
resonant frequency and gain. The designed prototype which is experimentally realized can
effectively support medical systems.
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Figure 1

Design strategy (a) Generator curve (b) 1st iteration design (c) 2nd iteration design
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Figure 2

Projected tree-shaped antenna (a) Designed patch (b) Modified ground plane
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Figure 3

Suggested FFBP-ANN portraying the three fundamental layers



Initialization of PSO parameters as well as the position and velocity of
each particle belonging to the population
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Figure 4

Detailed flow chart of PSO algorithm [16]




Figure 5

Fabricated tree-shaped hybrid fractal antenna (a) Front view (b) Rear view
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S11 behavior of projected antenna
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Gain vs frequency plot
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Current distribution on a designed prototype at 2.45 GHz
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Figure 10

Projected antenna placed in an anechoic chamber

Figure 11

Simulated (bold lines) and measured (dashed lines) radiation patterns for 2nd iteration of projected
implantable antenna at 2.45 GHz. The patterns illustrate the co-(red line) and cross-polar (blue line)
components and evaluated at ®= 00 and ®= 900
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Performance plot of FFBP-ANN model
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Target and FFBP-ANN outputs
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Variations of Best cost with iterations

Figure 17

Projected antenna with (a) Microstrip line feed (b) Coplanar waveguide feed (c) Coaxial feed
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S11 plot with different excitation techniques



