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 ABSTRACT Since the Internet of Things (IoT) enabled medical diagnostic system requires 

unprecedented precision and automation for better health care delivery, therefore in such systems, the 

performance of antennas for efficiently transferring data (vital functions of the human body) is an important 

task. To address these concerns, a mechanically robust, novel hybrid wearable on-body antenna inspired 

by Moore’s fractal- based geometry and conventional rectangular loop for a diagnostic health monitoring 

system is proposed. The structure developed involves the etching of Moore’s curve onto a conventional 

rectangular patch and subsequently encasing it in a rectangular loop along with a defected ground 

structure. The proposed antenna exhibits dual-band with bandwidth ranging from 1.38 - 1.8 GHz and 2.25 

- 4.88 GHz respectively, covering WMTS, ISM, and Personal Communication band besides covering a

portion of UWB band also. The two operating bands of the antenna offer a fractional bandwidth of

38.5% and 73.7% respectively. It is observed that the average specific absorption rate (SAR) over the

multi-layer phantom is 0.025 W/kg for an input power of 24 dBm. In comparison to the recently

reported wearable antennas, the design proposed has a compact footprint of 0.135 λo x 0.093λo x

0.004λo besides offering a dual- band of operation, peak gain of 2.2 dBi, overall radiated efficiency of

95% and SAR below 0.025 W/kg. The design is fabricated using Rogers 5880 substrate (semi-flex) of

thickness 0.75 mm. The experimental results validate the simulated results making the proposed antenna

a promising candidate for the bio-medical application. On analysing the performance of the proposed

antenna onto the human body (human body loading), it is concluded that the proposed antenna structure

is appropriate for bio-telemetric application in diagnostic health monitoring systems wherein data is

relayed from all bio-sensors to remote control systems.

 INDEX TERMS Bio-sensor, Internet of Things (IoT), personal communication band, specific absorption, 

rate (SAR), ultra-wideband (UWB), wireless medical telemetry services (WMTS). 

I. INTRODUCTION

From the last two years, our society at large is facing the

disastrous outcomes of the pandemic. It is an undeniable
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fact that the healthcare sector is the worst hit and there has 

been tremendous pressure on its resources. People working 

in the biomedical field are not only trying to fix the challenge 

arising due to the unexpected situation but also aim to pro- 

vide a steady solution for the future whenever such a critical 

situation arises. In light of this situation, a lot of work has 
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been done to decrease the workload of doctors by reducing 

the number of visits of patients to the hospitals. This has been 

achieved by ensuring proper telemonitoring of vital functions 

of critical patients and a timely diagnosis by the healthcare 

professionals. 

In a biomedical diagnostic system, an antenna is not only a 

vital part of the system but it defines the overall efficacy of the 

system [1]. A schematic of the biotelemetry-based diagnostic 

health monitoring system is illustrated in Fig. 1. Designing an 

antenna for on-body application is a herculean task. In such 

scenarios, the RF waves interact with different tissues of the 

body resulting in internal reflection and scattering phenom- 

ena which makes the impedance matching a hectic issue. Not 

only this, the placement of the antenna once fixed over a 

human body is liable to change whenever any body movement 

occurs. This results in a change in the resonant frequency, 

impedance bandwidth, and reflection coefficient [2]. 

To alleviate the shifting of operating frequencies in such 

scenarios, it is always better to design a wideband antenna. 

Taking into consideration above mentioned challenges, there 

is a dire demand for the design of a robust, compact, 

conformal, multiband/ wideband antenna for body-worn 

applications. 

A CPW-fed octagonal shaped UWB antenna for WBAN 

application is reported in [3]. When the reported antenna is 

operated in close proximity to a human body, the radiation 

pattern of the antenna being bidirectional increased the spe- 

cific absorption rate. To address this concern, authors in [3] 

have employed a full ground plane that is placed beneath 

the substrate layer to avoid the effect of radiations emitting 

from the antenna on the human body. A Bow-Tie antenna for 

biomedical applications is reported in [4]. When this antenna 

is placed over the skin, it operates in the frequency range of 

0.5-2 GHz. However, the reported prototype is fabricated on 

a rigid PCB, which limits its application for the cases where 

conformality is required (on-body affixation). 

In [5] and [6], authors have reported a biconical antenna 

for the body area network as it provides a directional pat- 

tern with minimum back radiation. The serious drawback 

of this antenna is its larger size which inhibits its usage in 

large-scale integration. Furthermore, in [7] the researchers 

reported that a big ground plane in an antenna shields the 

body from the electromagnetic (EM) radiation arising out of 

it by reducing the backward radiation. Nevertheless, antennas 

with large ground planes resulted in an increase in size and 

loss of flexibility in the wearable antenna. A pliable on-body 

antenna is presented in [8] which is compact, conformal, 

and has a unidirectional radiation pattern. The prospective 

antenna operates in the frequency band of 0.55-3 GHz when 

placed at different parts of the human body. In this antenna, 

the maximum SAR values remain well below 0.8 W/kg (10 g) 

for the maximum input power limited to 10 dBm. In [9], a uni- 

directional antenna meant for head imaging is reported. The 

dimensions of the prototype are 60 85 4 mm3 and work in

the operational frequency range of 1.1-1.9 GHz. For the same 

application, an improved compact antenna is reported in [10] 

operating in the frequency band of 1- 4.3 GHz. A triple- 

band implantable antenna meant for biotelemetric applica- 

tion is proposed in [11], wherein the performance of the 

design is reported to have been achieved by utilizing the split 

ring resonators loaded with meandered lines in the radiating 

patch of the antenna. The fractional bandwidth achieved in 

all three operating bands of the antenna reported in [11] is 

less than 20% signifying the fact that the design is a narrow- 

band antenna. In [12], a flexible and compact circularly polar- 

ized monopole antenna is proposed for wearable applications. 

To achieve good performance in terms of gain and Specific 

Absorption Rate (SAR), the antenna is backed by an Artificial 

Magnetic Conductor (AMC) that acts as a reflector. A con- 

formal wideband patch antenna backed by AMC for better 

SAR, impedance matching and high efficiency is reported 

in [31]. However, such types of designs as proposed in [12] 

and [31] have larger sizes and a higher degree of complexity. 

A low-profile Koch curve-inspired hybrid antenna is pro- 

posed in [13] for on-body WBAN applications. By virtue of 

fractal geometry with meandering slits and defected ground 

plane, the effective size has been miniaturized and bandwidth 

improvement has been achieved in the reported design [13]. 

In nutshell, it is observed that apart from the slot and 

traditional patches, versatile antenna designs for body worn 

applications with improved efficiency and performance have 

been recently reported [14], [36]. Keeping these challenges 

in mind, there is a dire need for new antennas that are more 

suitable for on-body operations. 

The contribution of this paper can be summarized as: 

• The fractal-based design used in this work ensures

that the antenna is optimal in size by providing an

increase in electrial length without an increase in area

and offers dual-band of operation for interoperability

covering WMTS (1395-1400, 1427-1432 MHz), ISM

(2.4-2.484 GHz) and a portion of UWB bands [15], [35].

• A hybrid design is evolved by using the concept of frac- 

tals and rectangular loop; thereof the performance of the
design is evaluated.

• The mathematical model of biological tissues and

Moores curve are thoroughly discussed and are extended

to this work.

• The bio-compatibility of the design is ensured by keep- 
ing the SAR well below the standard thresholds.

So, this work is a step toward mitigating the difficul- 

ties faced while designing the body-worn antennas for EM 

biomedical diagnostic systems. 

Here FEM- based commercial software   ANSYS 

HFSS v. 15.0 is utilized for designing and analyzing the 

prospective antenna. Furthermore, this writeup is divided 

into five sections; Section I provides a brief motivation about 

the work and insight into the latest designs proposed by 

the researchers, Section II discusses the geometrical layout 

of the proposed design and MTM properties of Moore’s 

curve, Section III discusses the mathematical model of 

Moore’s curve and biological tissues, results are analyzed and 
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FIGURE 1. Bio-telemetry-based diagnostic system. 

justified in Section IV, On-body performance(SAR analysis) 

in relation to bio-compatibility is evaluated in Section V, state 

of art comparison is carried out in Section VI and at last, the 

paper is concluded in Section VII. 

II. PROPOSED DESIGN

A. GEOMETRICAL LAYOUT

This work is attributed to the development of an antenna

for EM medical diagnostic systems and here forth we have

chosen Moore’s fractal-based antenna for this crucial appli- 

cation. The final design achieved in this work has undergone

a number of evolutionary stages to achieve its optimal per- 

formance. Fig. 2 illustrates the schematic diagram of the

proposed hybrid antenna fabricated on a 0.75 mm thick

Rogers 5880 substrate with a loss tangent of 0.0009 and

relative permittivity of 2.2. It is worth to mention that

the Rogers RT/Duroid 5880 [16] is a high-frequency lam- 

inate made from a PTFE composite reinforced with glass

microfibers. Furthermore, Rogers 5880 has an extremely low

dielectric constant, low coefficient of thermal expansion,

low dissipation factor and is remarkably resistant to corro- 

sion, moisture and abrasion. Also, the Dielectric constant of

the material remains constant over a wide frequency range.

The glass-microfiber-reinforced PTFE laminate is ideal for

single-bend applications. All these features make it an ideal

material for forming, bending, broadband and high-frequency

applications.

The prospective antenna consists of a top radiator that 

is evidently a hybrid version of the fractal-based Moore’s 

antenna. The term hybrid used for the radiating element holds 

true in the context that the geometry of the antenna is a 

mixture of fractal concept and the conventional rectangular 

loop. To build the design, Moores curve of n 4 is etched 

onto a rectangular patch succeeded by a rectangular loop 

TABLE 1. Parameters of the geometrical layout of proposed design. 

 

within which it is enclosed. The fractal is excited through 

the rectangular loop (the fractal is connected to the loop 

through the patches at the diametrically opposite sides) that 

is connected to the feedline. Furthermore, the ground of the 

proposed antenna is partial and the three slots are embedded 

within it for achieving impedance matching and suppressing 

the back lobe radiation. For the size reduction of the antenna, 

we employed Moore’s fractal geometry which in turn low- 

ered the operating frequency of the antenna by increasing its 

electrical length that results in achieving the required com- 

pactness [13]. 

It is a well established fact that the dimensions of the 

ground if modified can change the antenna impedance and 

therefore can help in selecting the desired band of opera- 

tion [17]. The overall planar size of the prototype is 0.135λ0 

0.093λ0 where λ0 is the wavelength of the lowest resonating 

frequency. The radiating element is fed by a rectangular feed- 

line of length Lf and width Wf . All the optimized parameters 

of the geometrical layout are tabulated in Table 1. The width, 

length, and position of the slots etched in the ground have 

been optimized for achieving better performance. 
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FIGURE 2. Geometrical layout of the antenna a) top view b) bottom view 
c) perspective view.

B. METAMATERIAL PROPERTIES(MTM)

The Moore curve being a variant of Hilbert curve with the fea- 

ture of end points connected belongs to the class of continu- 

ous fractal space-filling curve. The MTM behavior of Hilbert

curve has been reported extensively in [18], [19], and [20]

recently. The EM behavior of the hybrid fractal reported in

this article is discussed in light of the simulations carried

FIGURE 3. Complex effective permeability of M3 curve. 

out. To demonstrate the MTM property of a Moore curve, 

an M3 curve is modeled as PEC on a Rogers/RT Duroid 

5880 substrate with permittivity of 2.2, and a loss tangent 

of 0.0009. In a two-port system, the M3 curve modeled is 

put under test (located between two waveguide ports) with 

orthogonal electric and magnetic boundary conditions. 

Fig. 3 shows the extracted real and imaginary parts 

of the effective permeability based on the calculated S-

parameters [21], [33]. In Fig. 3(b), negative permeabil- 

ity is observed in the frequency range of 1.25-2 GHz and 

2.4-4.4 GHz. It demonstrates the metamaterial behavior of 

a Moore curve resonator. 

In order to understand operation of the proposed antenna 

in two different case scenarios (on-body and free space), the 

mathematical modeling of the human tissue and the proposed 

design is discussed in detail in next section. 

III. MATHEMATICAL MODELLING

A. BIOLOGICAL TISSUES

In this section, a mathematical model of the tissues is dis- 

cussed thoroughly as our work involves the human body. A lot

of effort has been put in by researchers to model the tissues

by studying the dielectric properties of biological tissues.

The frequency-dependent electrical properties of the tissues

were lately discussed by Schwan and Foster in 1957. It is a

well-known fact that above 100 Hz, the relative permittivity

decreases in a three phased staged manner; in α, β and γ

dispersion regions. The well-known Debye equation (Equa- 

tion1), a first order approximation of the complex permittivity

ε as a function of the angular frequency ω can be used to

mathematically define the dielectric property of tissues in

these regions [22].

ε(ω) ε 
εs − ε∞

(1) 

1 + jωτ 

The intensity of the dispersion is given by ∆ε = εs − ε∞, 

where ε∞ denotes the permittivity at ωτ 1, εs the permit- 
tivity at ωτ 1 and ττ as the time constant assigned to each 
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n=1 
1 + (jωτn)

1−αn
 jωεo 

V ρ(r) 

, 
2n − 1 

In order to extend this equation to all of the three regions, 

summation from n      1 to 4 is introduced in the equation. 

To cover the static conductivity of body tissues an additional 

term, σi is introduced in the equation. 
4 

ε(ω) = ε∞ + 
Σ ∆εn

+
 σi

(3) 

The constants ∆εn, τn, αn with n    {1, 2, 3, 4}, ε∞, and 
σi are Gabriel parameters. On taking into account all these 
parameters, the mathematical model of the multilayer tissue 

model for this work is developed. 

The frequency dependent plots of electrical properties of 

human tissues (skin, fat muscle and bone) are illustrated in 

Figure 4. 

The important parameter for an antenna utilized for 

biotelemetric application is the amount of power absorbed 

by the human body or in specific terms Specific absorption 

rate (SAR). Researchers, academicians and engineers have a 

concern about the health impact of radiation and therefore it 

is important to keep a check on it for determining the biocom- 

patibility of the device. SAR is defined as the rate at which 

the body absorbs EM power per unit mass and is expressed 

by Equation 4 [23], [24]. 

SAR =
1 

∫ 
σ (r)|E(r)|2

dr (4)

FIGURE 4. Frequency-dependent plots of human tissue a) Relative 
permittivity b) Loss tangent c) Conductivity. 

of these relaxation regions. To extend this equation to other 

dispersion regions, a distribution parameter α is introduced 

in the above equation. The distribution parameter describes 

the bandwidth of the related relaxation region and thereof the 

Debye equation is extended to the Cole-Cole equation in the 

manner of 

where σ , ρ and V represent conductivity, mass density 

and volume of the sample tissue, respectively and E is the 

rms electric field. The average value (over 10 g) of SAR 

should not exceed 2 W/Kg as per the IEEE C95.1- 2005 

standard [24]. 

B. MOORES CURVE

This section deals with principles behind the Moore curve.

It is a well-established fact that Moore’s fractal curve as

well as the Hilbert curve belongs to the group of space- 

filling types. Over and above, it needs to be mentioned that

the Moore curve is a variant of the Hilbert curve with its

ends connected. In this case of Moore’s inspired antenna, the

length of each Moore segment with a side dimension L and

order n, dn is expressed in equation 1. Fig. 5 demonstrates

Moore’s curve for the first four iterations. After studying the

two curves, it is observed that the perimeter of a closed Moore

pre-fractal is equal to the total number of line segments of

Hilbert curve plus one. Furthermore, the perimeter for the

Hilbert space-filling curve is given by Sn,H [25]. Also, the

length of the line segment of the curve is given by dn

dn = 
L 

(5) 

Sn,H = 2n + 1 L (6) 

On extending the Equation 6 to the Moore space-filling 

curve of the same order, n, the total perimeter will be 

∆ε 
ε(ω) = ε∞ + (2) Sn M = 2n + 1 +

 1 
L (7)1 + (jωτ)1−α 
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FIGURE 5. The Ist, the 2nd, the 3rd and the 4th iteration for Moore fractal 
curves. 

Extending these equations to the current work, the perime- 

ter of the rectangular loop is also included. Therefore, the 

total perimeter of the radiating element is 

S 2n 1 
1 

L 

2n − 1 

+ 2 (Lr1 + Wr1) + 2 (Lr2 + Wr2) (8) 

The external side length of the slot, Ln,ext at any iteration n, 

taking into account the slot width w and the spacing between 

slots g, can be expressed as [26] 

Ln,ext = 2n (w + g) − g (9) 

The lowest resonant frequency, f01 of the structure relative 

to the perimeter is formulated by [27] 

FIGURE 6. Reflection coefficient of prospective design with simple 
Moore’s fractal radiating patch. 

f01 

c 
= 

2Ln,ext 
√

εeff 
(10) 

FIGURE 7. Effect of slots on the return loss characteristics of the design. 

IV. RESULTS AND DISCUSSION

A. DESIGN EVOLUTION OF PROSPECTIVE ANTENNA AND

PARAMETRIC ANALYSIS

The prospective antenna offering dual-band performance was

developed in four main stages. First, the dimensions of the

design were calculated in free space wavelength at the lowest

operating frequency (1.4 GHz). Then, the current path was

increased by introducing the fractal structure on the radiator

resulting in the compactness of the design and shifting of

resonant frequency towards lower values. Fig. 6 illustrates the

response of the design on the phantom with radiating patch

consisting of only Moore’s fractal curve. It is quite evident

from the simulated results that the prospective antenna at this

evolution stage is a single band antenna with a wideband

resonance ranging from 2.2 to 4.2 GHz. It is apparent from

the simulated results that the rectangular loop along with the

open-ended slots placed on the ground plane affects the lower

band, the upper band is more influenced by the current flow

in the fractal curve of the radiating patch.

In the next step, the fractal structure was enclosed in a 

rectangular loop resulting in the creeping in of an additional 

(small) resonance at 1.32 GHz. Fig. 7 shows the return loss 

of the antenna with and without the slots in the ground plane. 

On using an open-ended central slot in the ground, the 

impedance bandwidth of the antenna gets enhanced. With 

the incorporation of two extreme symmetric open-ended slots 

in the ground in the final stage, the impedance matching of 

the design improved in both of the bands and the resonant 

frequency in the upper band is shifted towards a lower value. 

As observed in Fig. 7, incorporation of slots in the ground 

plane helps in achieving dual-band characteristics. 

B. EXPERIMENTAL VERIFICATION OF THE PROSPECTIVE

DESIGN

The proposed antenna was fabricated and then the return

loss and radiation pattern measurements of the prototype

were performed at the University of Kashmir, SPACE lab- 

oratory. Fig. 8a illustrates the simulated and measured return

loss of the Hybrid antenna in free space. It is evident

that the prototype exhibits dual-band operation with cen- 

ter frequencies at 1.4 GHz & 3.58 GHz in free space.
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FIGURE 9. Antenna under measurement a) in anechoic chamber 

b) Placement of antenna over different parts of the body.

FIGURE 8. a) Reflection coefficient vs frequency of antenna in free space 

b) Gain of the design with and without slots incorporated in free space
for ∅ = 0◦.

The corresponding impedance bandwidth of 170 MHz (1.3-

1.47 GHz) and 1750 MHz (2.5-4.25 Hz) is achieved 

respectively. However, there is a slight shift in the upper- 

frequency band towards lower values in the measured return 

loss characteristics as is evident in Fig. 8a. On rigorously 

analyzing the frequency of operation, the lowest resonant 

frequency of the hybrid design can be approximated by Equa- 

tion 11 where ss is the perimeter of the design. 

Fig. 9 b illustrates how the antenna has been placed on a 

human arm and chest for evaluating its efficacy. 

Furthermore, Fig. 10 demonstrates the measured and sim- 

ulated variation of the reflection coefficient over a frequency 

range of 1-5GHz when the antenna is placed at different 

positions (chest and arm) on the human body. Measured and 

simulated return loss shows good agreement in terms of return 

loss characteristics and bandwidth. The measured bandwidth 

of the antenna, when placed on the arm, is approximately 

420 MHz (1.38-1.8 GHz)/ 2630 MHz (2.25-4.88) whereas the 

simulated bandwidth of the design for the same configuration 

is 420 MHz (1.42-1.84 GHz) /2440 MHz (2.42-4.86 GHz). 

In the second scenario when the prototype is placed on the 

chest, the measured bandwidth of the design is approximately 

400MHz (1.30-1.70 GHz) / 2420 MHz (2.38-4.7) and the 

f01 

c 
= 

ss
√

εeff 
(11) 

simulated bandwidth is 160 MHz (1.3-1.46 GHz) /2360 MHz 

(2.50-4.86 GHz). When the prototype is placed over the arm 

(cylindrical model), there is a slight change in the reflection 

The effect of slots incorporated in the ground plane of 

design (in free space) on the radiation pattern is analyzed in 

Fig. 8b. It is observed that the incorporation of slots results 

in the reduction of the back lobe that is likely to interact 

with the human tissue. The directional radiation of antenna 

is improved in the final design of the proposed antenna. 

For validating the simulated results, the performance of the 

antenna is measured using Keysight N5247A Microwave Net- 

work Analyzer. In real scenario, the antenna is placed at two 

different positions on the body for measuring its performance 

(Fig. 9). The idea behind placing of the antenna at different 

positions is to determine its robustness to bending and also 

to evaluate the effect of variation in electrical properties of 

different parts of the body on the performance of antenna. 

coefficient i.e., the frequency range of the second resonat- 

ing band gets slightly shifted towards the lower frequencies 

owing to the detuning effect of the human body. 

One of the parameters utilized in this work for comparing 

the performance of our design with the other reported designs 

is Fractional Bandwidth (FBW). It can be calculated using 

Equation 12. 

FBW 
fh − fl

200% (12) 

fh + fl 

The value of FBW varies between 0 and 200%. Antennas with 

FBW greater than 20% are referred to as wideband antennas 

and those with greater than 50% are ultra-wideband antennas 

respectively. 
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FIGURE 10. Simulated and measured reflection coefficient of the antenna 
when placed on a) chest b) arm. 

On comparing the simulated and the measured results, the 

simulated bandwidth is less than the measured bandwidth; 

this difference is attributed to small geometrical inaccuracies 

that occur during fabrication and measurement assembly. The 

antenna covers the bands meant exclusively for bio-telemetry; 

ISM/WMTS/UWB/Wireless Personal Communication. The 

designed antenna is validated for both the free space and 

on-body operating conditions. 

The 2D radiation pattern as shown in Fig. 8b and 11 

endorses the observation that there is a significant reduction 

in gain value from 2.5 dBi in free space to 1.1 dBi when 

placed over the phantom. Due to the stark disparity between 

the dielectric properties of human tissues and air, the process 

of absorption and reflection is responsible for the significant 

decrease in the value of gain. Since the back lobe of the 

radiation pattern of the antenna has already been reduced in 

the design by incorporating the central slot as illustrated in 

Fig. 6b, therefore the prototype maintains a low-key interac- 

tion with the body in comparison to the design without a slot. 

In addition to this, on analyzing the surface distribution 

current in Fig. 11, it is observed that the stronger surface cur- 

rents are concentrated towards the center of the vertical slot 

which is directed oppositely on either side of the slots in the 

ground. The oppositely directed current with equal amplitude 

FIGURE 11. Simulated radiation Pattern of the design at a) ∅ = 0◦

b) ∅ = 90◦ on placing the antenna on a phantom.

on either side of the central slot leads to a transmission line 

mode; thereby the E & H fields in the perpendicular direction 

get canceled out and hence the back lobes are minimized. 

This technique of etching the slots in the ground has also been 

utilized in [28] and [37]. 

In nutshell, it is observed that the reduced reflected currents 

in the prototype lead to the reduction of back lobe radia- 

tions to below -7 dB. Also, the 3D radiation pattern of the 

prospective design on the human body is illustrated in Fig. 13. 

To analyze and clearly understand the bio-compatibility of the 

reported antenna, its on-body performance is realized in the 

next section. 

V. ON-BODY PERFORMANCE

The effects of high conductivity and permittivity of human

tissues on the performance of the antenna is thoroughly stud- 

ied in this section.

In body-worn antennas, EM waves interact with the body 

and therefore, it becomes imperative to understand the bio- 

logical and thermal aspects in such situations. A multi-layer 

tissue has been utilized in the simulating environment for 

understanding the behavior of the prospective antenna in 

comparison to an average body model. The reason for uti- 

lizing the multilayer model is that it provides a clear picture 
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TABLE 2. Dielectric characteristics of human tissues [30]. 

TABLE 3. Main performance parameters of the designed antenna. 

FIGURE 12. Surface current distribution in a) radiating patch element 
b) ground.

FIGURE 13. 3D radiation pattern of the prospective antenna. 

of the effect of a human body on the performance of the 

antenna than an average body model (single tissue model). 

For numerical simulation of the antenna, a multilayer human 

tissue (100 mm  100 mm  45 mm) is modeled as illustrated 

in Fig. 13. The dielectric characteristics of a modeled multi- 

layer tissue at 2.45 GHz in the present work are tabulated in 

Table 2. Fig. 13 gives us clear insight into the manner in which 

the antenna is placed over the phantom. The multilayer tissue 

modeled in this work consists of skin, fat, muscle, and bone 

tissues with thicknesses of 2mm, 8mm, 23mm and 12mm 

respectively. 

FIGURE 14. Electrical field distribution over the antenna. 

In order to understand the incidence of hot spots on the 

body beneath the antenna, the distribution of the electric field 

is analyzed at the resonant frequencies. It is observed from 

Fig. 14 that the magnitude of the electric field is higher at the 

edges of the ground and the slots incorporated in it. In cor- 

respondence to this, hot spots are observed on the skin at 

these points. Furthermore, the hot spot is also found where 

the maximum electric field is observed on the top radiating 

element. 

The radiation pattern of the prospective antenna provides 

insight into the SAR distribution. It is observed that the 

antenna radiates maximum energy away from the prototype 

International Journal of Engineering Research & Technology (IJERT)

ISSN: 2278-0181Published by, www.ijert.orgVolume 12, Issue 02

CONFCALL – 2024

www.ijert.org


≈ 

VI. PERFORMANCE COMPARISON

On comparing our prototype with the recently reported ones, it

is observed that the average SAR is very less than the other

designs for the maximum input power. Furthermore, it is evi- 

dent from Table 4 that the antenna is semi-flexible as reported in

[12], [33], and [34], wideband (in both of the bands) with a

reduced back lobe and above all offers a dual-band of oper- ation

making it a better choice for interoperability. While studying

antennas for biotelemetric/diagnostic systems, it is to be noted

that lower SAR seems to be of significance when the power

input to the design is sufficient enough for the optimal working

of the system. So, in the reported works, the value of input power

is noted for comparison of the efficacy of the system. Designs

reported in [8] and [9] have minimal size, offer a wideband

frequency range but are single band limiting their interoperability

usage, and have a higher magnitude of SAR for a lower value

of input power in comparison to this work. Even though the

design reported in [29] has a miniature size, offers less SAR, and

offers a triple band but it suffers due to its narrowband

characteristics making it susceptible to frequency detuning due

to body postures and movements. Here forth, it can be

concluded that the performance of the proposed prototype is

far better than the others making it an ideal candidate for

wearable applications.

VII. CONCLUSION AND FUTURE WORK

A compact, robust and flexible body-worn antenna is pro- 

posed for biotelemetry in biomedical diagnostic systems. The

fractal-based design increased the length of current flow thereby

ensuring that the antenna is of optimal size and is operating at a

lower frequency of interest. The antenna offers dual-band

operation (1.38-1.8 GHz and 2.25-4.88 GHz) cov- ering WMTS

and ISM bands simultaneously; making it an ideal candidate

for interoperability in biomedical applica- tions. The hybrid

antenna reported in this paper offers a fractional bandwidth of

about 38.5% and 73.7% in the dual

bands 1.38-1.8 GHz and 2.25-4.88 GHz respectively. The back 

lobe has been minimized to some extent in this work by inserting 

the vertical slots in the ground. The peak gain of 

2.2 dBi has been achieved in the free space and 1.1 dBi when the 

proposed design is placed on the phantom. The specific 

absorption rate is well below 0.025 W/kg for an input power of 

24 dBm which is generally used for SAR measurement in the 

case of mobile application devices. The prospective antenna has 

an edge over the recently proposed antennas due to its compact 

size, interoperability, and above all its low specific absorption 

rate for high power input. Mathematical models of entities 

involved in this work are also discussed to provide insight into the 

designing of the radiating element of the antenna and phantom 

respectively. To validate the simu- lated results, the device was 

fabricated and its performance was evaluated using Keysight 

N5247A Microwave Network Analyzer. To the best of our 

knowledge, the proposed design is the most compact antenna that 

offers the lowest SAR for maximum power input and dual-band 

covering most of the bands allocated for biotelemetry. This work 

can be extended to investigate the device for imaging 

applications. Also, the device (because of its minimized size) can 

be employed in an array configuration for further improvement of 

gain. 
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