
Chapter 7 
Design of Compact Low-Profile Antenna 
for Wearable Medical Applications 

T. Sathiyapriya, K. C. Rajarajeshwari, T. Poornima, and Sumit Agarwal 

Abstract The development of Multifunctional Fabric Antennas for Biomedical 
Applications at 2.36–2.45 GHz ISM Band is proposed here. Using Wireless Body 
Area Network (WBAN) technology, a low-profile Wearable microstrip patch antenna 
is built and proposed in this study for continuous detection of patient monitoring, 
including cardiac output, heartbeat, and respiration. During the course of our work, 
we developed prototype antennas using a variety of substrate materials, including 
Teflon, Polyimide, Polytetrafluoroethylene (PTFE), Nylon, and Polystyrene. For 
metrics like Reflection coefficient, Gain, Directivity, VSWR, Efficiency, and Band-
width, the built-in antenna was simulated and compared. To achieve better return 
loss, VSWR, and gain, geometry is modified like S-shaped antenna that operates at 
2.5 GHz. At 2.5 GHz, the optimum reflection coefficient values of −45, −38, −25, 
and −28 dB were obtained against different substrates like polyimide, Teflon, PTFE, 
and polystyrene, respectively. 
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Introduction 

As a result of longer lifespans, which is mostly due to the significant advancements 
in public health, nutrition, and medicine, the world’s aging population has been 
quickly expanding. By 2035, it is expected that there will be an increasing number 
of older people; the number of people aged 85 years and over was estimated to be 
1.7 million in 2020 (2.5% of the UK population) and this is projected to almost 
double to 3.1 million by 2045 (4.3% of the UK population) (Office of National 
Statistics 2022), nearly two times as many people over the age of 65 in the United 
States (National Institute and on Aging (NIA) 2016), twice as many people over the 
age of 60 in the People’s Republic of China (https://worldpopulationreview.com/cou 
ntries/china-population, 2022), and by 2050, Japan will have the oldest population 
in recorded history, with an average age of 52 (https://worldpopulationreview. 
com/countries/china-population, 2022). In many affluent nations, public healthcare 
systems are simultaneously dealing with a rise in the number of individuals being 
diagnosed with chronic conditions like obesity and diabetes. These chronic diseases 
are caused by improper food, a sedentary lifestyle, and insufficient physical exercise 
rather than just the aging of the population (U.S. Department of Health and Human 
Services 2020; World Health Organization, Food and Agriculture Organization of 
the United Nations 2018). By 2030, diabetes is predicted to overtake heart disease 
as the seventh greatest cause of death, according to the World Health Organization 
(WHO) (https://www.who.int/news-room/fact-sheets/detail/noncommunicable-dis 
eases#:~:text=Key%20facts,%2D%20and%20middle%2Dincome%20countries). 
Diabetes is a significant condition due to its chronic nature, both for members and 
for healthcare organizations. These estimates and figures show that the expense of 
healthcare systems is rising dramatically as a result of the ongoing provision of 
medical treatment to patients with chronic illnesses and the growing population of 
older individuals with varied health issues (Switzerland. xxxx; Bodenheimer et al. 
2009; Hayes and Gillian 2020). As a result, healthcare systems cannot continue as 
they are now (Bodenheimer et al. 2009; Bhargava 2021). Early disease identification 
and diagnosis, in the opinion of scientists (Jazieh and Kozlakidis 2020; Botha et al. 
2014; Tossaint-Schoenmakers et al. 2021; Lehnert et al. 2011), is crucial because 
it both helps to successfully halt the progression of sickness (Lehnert et al. 2011; 
Yach et al. 2004; Leifer  2003) and greatly lowers the expense of healthcare systems. 

The use of wireless technology in medical devices has increased recently. 
Implantable and wearable wireless sensors may now include radio transceivers and 
biological sensor devices due to significant advancements in microelectronics. These 
gadgets record and keep track of a patient’s essential physiological data before 
sending it to a remote node within, on, or near the body (Levin and Stevens 2011) 
(Fig. 7.1).

https://worldpopulationreview.com/countries/china-population
https://worldpopulationreview.com/countries/china-population
https://worldpopulationreview.com/countries/china-population
https://worldpopulationreview.com/countries/china-population
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases#:~:text=Key%20facts,%2D%20and%20middle%2Dincome%20countries
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases#:~:text=Key%20facts,%2D%20and%20middle%2Dincome%20countries
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Fig. 7.1 Remote health monitoring systems 

The classification of body-centric wireless communication 

Off-body, on-body, or in-body wireless body-centric communication is categorized 
as part of personal area networks and body-area networks (Alzheimer’s Association 
Report 2011). The first kind of communication occurs between an off-body system 
or device and an on-body one. Within on-body networks and wearable devices, the 
second class serves as the wireless communication interface. The third class is wire-
less communication to sensor networks and medical implants (Fig. 7.2). In reality, 
all three types of body-centric communication are used in an integrated system, and 
clear distinctions between them may not always be made. Even yet, the categorization 
may be used to show the many difficulties that wearable and implantable antennas 
must overcome.

IOT-based Wireless Healthcare monitoring system 

The IoT-enabled health monitoring system is very different than the conventional 
health care system. Because of this, IoT makes it harder to get the results and perfor-
mance that are needed. As all sensors are connected to voltage signals, working with 
IoT systems is analogous to working in the embedded domain (Pahwa and Lyons 
2010). Initially, equipment such as sensors, detectors, monitors, and the microcon-
troller are connected so that they can operate in accord. The microcontroller performs 
the analog-to-digital conversion so that data may be read in the proper digital format. 
The converted data is sent as an input signal to a Microcontroller in an IoT Board, 
with Raspberry Pi being the most often used microcontroller these days (Fig. 7.3).
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Fig. 7.2 Body-centric wireless communication

Fig. 7.3 Autonomous health 
monitoring system 

System Support during Covid Pandemic 

The global spread of the COVID-19 pandemic has significantly altered people’s 
daily lives dramatically. The delayed manufacturing and distribution of vaccinations 
has put a strain on both developing and wealthy nations’ health systems (Garcia-
Pardo et al. 2018). Thus, various governments are quite concerned about the surveil-
lance of COVID-19 infected and recovered patients in the wards (Hall and Hao 
2006; Bhardwaj et al. 2022; Momtazmanesh et al. 2020; Iftekhar et al. 2021). As 
COVID-19 spread can be mitigated by implementing an Internet of things (IoT)-
based remote health monitoring system. Biomedical signals can provide informa-
tion about a person’s health; a large amount of data can be collected, and suitable 
conclusions can be drawn from observation. The Internet of Things has revolution-
ized the lives of individuals, particularly senior patients, by providing continuous 
monitoring of health issues. Wearables such as fitness bands and other remotely 
connected gadgets such as blood pressure and pulse monitors provide patients with 
access to individualized care. These devices may be customized to send reminders 
for step count, water consumption, doctor’s visits, blood pressure variations, and 
more. Pulse count, SPO2, temperature, blood pressure, and some other biological 
data might be detected to identify the COVID-19. Artificial Intelligence techniques 
might be used to detect COVID-19 patients from a vast quantity of data by monitoring 
health markers and storing them on the cloud via IoT (Thapliyal et al. 2021). The
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combination of machine learning with IoT will be beneficial in a variety of ways. IoT 
technology would assist public health officials in segregating patients who require 
immediate care from those who might be isolated at home removing the big patient 
bubble from hospitals and neighborhood health centers (Priesemann et al. 2021). 

The smart health monitoring system based on IoT might minimize the need for 
O2 in hospitals. This device might possibly be equipped with a GPS chip to track the 
position of the rescued patient. During a lockdown situation, the individuals’ data is 
shared with the health authorities, and the potentially contaminated individuals are 
isolated as soon as feasible. An autonomous health monitoring system that reacts 
or generates an alarm in the event of a patient’s severe condition is to be devised 
(Islam et al. 2020; Kumar and Mukesh 2013). The data is evaluated using the Node 
MCU microcontroller to deliver notifications to physicians and concerned individuals 
through emails. It also stores and keeps track of previous diagnostic information about 
the patient’s health. The patient’s real status is relayed to medical specialists via an 
Internet portal, and the right medication may be administered to cure the patient. 

System Requirements and challenges of WBAN 

1. Challenges Presented by E-Textiles 

The characterization of the physical layer of the network is an essential phase in the 
process of developing a WBAN. This step involves making an estimate of the delay 
spread as well as the path loss between any two nodes located on the body. In order 
to accomplish this goal, a comprehensive assessment of the electromagnetic wave 
propagation and antenna behavior close to the human body is required. For both 
the conductive portions and the substrate, textile materials may be used effectively. 
Electronic chips and, in general, surface-mounted components (SMCs) must be able 
to be soldered to the conductive sections using tin solder (Levin and Stevens 2011) 
(Fig. 7.4).

2. Data Rates 

Data rates vary significantly in the healthcare context due to the variety of Wireless 
Body Area Network applications. Low-data-rate sensors are required for On-Body 
sensors, while high-data-rate systems are encouraged for multimedia data transmis-
sion to the cloud (Khan et al. 2021). Burst transmission uses a lot of energy since 
it transmits data at a very high speed for a very short period of time. The reliability 
of wireless monitoring systems in medical applications depends on the data rates 
used. High data rate devices are best employed in low BER settings, while low data 
rate devices can survive high Bit Error Rate (BER) situations. 

3. Security and Privacy 

WBAN systems need security measures to ensure the safety, privacy, reliability, and 
confidentiality of patient health information. A supporting WBAN infrastructure 
must apply particular security processes (Khan et al. 2021). WBAN systems provide 
the security and privacy of patient information. Data is secure while sent, gathered,
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Fig. 7.4 E-textile challenges

processed, and stored. A patient may not want his/her information shared with insur-
ance companies, which might deny coverage. Intruders may also modify information 
by physically grabbing a node, which can lead to a patient’s death. Medical records 
may be used to find a patient’s rivals. This sensitive and vital information should be 
protected from unwanted access, usage, and alterations (Islam et al. 2020; Srividya 
and Satyanarayana 2018; Roges and Malik 2021; Rahim and Malik 2021; Malik et al. 
2020) (Fig. 7.5). 

Fig. 7.5 Body sample for 
designing biomedical 
antenna

Air 

Insulation 

Human 
skin layers 
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Antenna Layout 

Implantable antennas must be bioavailable in order to guarantee human community 
safety implant rejection. Moreover, cell lines are sensitive, and if enabled to come 
into direct touch with the implanted antenna’s passivation, they would short-circuit 
it. The prevention of unwanted short circuits is especially important in the case of 
antennas intended for long-term implantation. The hypothesized inverse E-shaped 
microstrip monopole antenna is mathematically constructed using ADS software to 
operate in the 2.5 GHz ISM band. The antenna is positioned on a different substrate 
material with a different dielectric constant. The overall dimensions of the antenna 
are 27 × 15 × 0.16 mm3, highlighting the design’s compactness when compared to 
current antennas. Initially, the proposed antenna was designed without any ground 
structure and the reflection coefficient was very low. Then defected ground structure 
was made to improve the reflection coefficient. Even another dielectric layer was 
added to improve the desired gain. Different substrates were used to obtain the 
required results. 

As shown in Fig. 7.6, the computed and measured reflection coefficients of the 
antenna in free space, with and without the DGS and dielectric ground structure, are 
compared. Meanwhile, the suggested EBG-enhanced antenna significantly increased. 
When the DGS and dielectric substrate is incorporated, both results show good 
impedance matching with a slight shift in the resonant frequency. The need for 
excellent dielectric (substrate/superstrate) materials: High-permittivity dielectrics 
are picked for surgically implanted radiating patch since they truncate the efficacious 
wavelength as well as lead to reduced resonance frequencies, aiding and abetting in 
antenna size reduction. Even with such high-permittivity dielectrics, the substrate 
layer insulates the antenna from the higher-permittivity tissue. Thicker substrates 
raise the working frequency of the antenna, necessitating larger physical dimen-
sions to refine resonance. Dielectric materials with high permittivity values and thin 
substrate layers are therefore sought.

Result and Comparison 

The return loss at 2.5 GHz seems to be good polyimide, Teflon, PTFE, and polystyrene 
substrate. The respective return losses are −45, −38, −25, and −28 dB. The 
comparison graph is given in Figure (Figs. 7.7 and 7.8) (Table 7.1).

Medical implant communication systems (MICS) are made up of an implanted 
screening tool and an additional surveillance device that is positioned a certain 
distance (usually 2 m) outward. Preferable connections are being used to alter 
device parameters, transmit stored information, and transmit effective performance 
measurement tracking data. Thus, irrespective of resource restrictions, the implanted 
antenna must pass the message powerful enough for it to be picked up by the external
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Fig. 7.6 Proposed antenna design a without ground structure, b with monopole ground structure, 
and c with dielectric structure

device. It is critical to emphasize that, in addition to patient safety, intervention diffi-
culties restrict the permissible limits intensity incident on the implanted antenna. The 
field strength of the proposed antenna is shown in Fig. 7.9.

The gain is high for Polyimide which is 7 dB and next to it Polystyrene which is 
6 dB and next is Polytetrafluoroethylene (PTFE) which is 5 dB. The comparison of 
the same is given in Fig. 7.10 and Table 7.2.

Conclusion 

In this work, we attempted to provide a quick summary of the issues encountered 
and remedies proposed for the development, modeling, and constraints of implanted 
antennas for biomedical applications. The development of implanted antennas is 
primarily concerned with miniaturization and nontoxicity, despite the fact that elec-
trically tiny antennas have poor transmission efficacy and generally limited band-
widths. Gain improvement is important since it affects the quality of the results. 
Patch antennas are fundamentally based on two numerical models: Finite-Element



7 Design of Compact Low-Profile Antenna for Wearable Medical … 85

Fig. 7.7 a Return loss for the proposed antenna with polyimide substrate, b return loss for the 
proposed antenna with Teflon substrate, c return loss for the proposed antenna with polytetraflu-
oroethylene (PTFE) substrate, d return loss for the proposed antenna with nylon substrate, and e 
return loss for the proposed antenna with polystyrene substrate
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Fig. 7.8 Comparison of return loss for various substrates at 2.5 GHZ 

Table 7.1 Return loss for various substrates at 2.5 GHz 

S. 
No 

Frequency 
(GHz) 

Return loss (dB) 

Polyimide Teflon Polytetrafluoroethylene 
(PTFE) 

Nylon Polystyrene 

1. 1.5 −8 −9 −7 −6 −4 

2. 1.6 −7 −8 −5 −9 −8 

3. 1.8 −8 −9 −11 −7 −7 

4. 2.1 −18 −12 −18 −16 −15 

5. 2.3 −23 −21 −19 −18 −17 

6. 2.5 −45 −38 −25 −18 −28 

7. 2.6 −12 −11 −9 −13 −7 

8. 2.7 −8 −7 −8 −6 −6 

9. 2.9 −9 −6 −6 −7 −9 

10. 3 −12 −13 −6 −7 −9

and Finite-Difference Time-Domain Methods. Simplified tissue models have been 
demonstrated to be capable of replacing sophisticated anatomical tissue models, 
therefore speeding up simulations. A bio-friendly antenna with dimensions of 27 × 
15 × 0.16 mm3 was developed and successfully simulated at various substrates with 
high gain, return loss, and field pattern at 2.5 GHz.
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Fig. 7.9 Field strength of the proposed antenna at ISM band

Fig. 7.10 Gain comparison for various substrates for the proposed antenna
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Table 7.2 Gain obtained for various substrates 

S. No Name of the substrate Dielectric constant Gain obtained at 2.5 GHz (dB) 

1. Polyimide 3.5 7 

2. Teflon 2 4 

3. Polytetrafluoroethylene (PTFE) 2.1 5 

4. Nylon 3.1 3 

5. Polystyrene 2.5 6
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