
International Journal of Advances in Engineering Research                                 http://www.ijaer.com  

 

(IJAER) 2014, Vol. No. 8, Issue No. V, November                       e-ISSN: 2231-5152, p-ISSN: 2454-1796  

 

61 

 

INTERNATIONAL JOURNAL OF ADVANCES IN ENGINEERING RESEARCH 

ALL-ORGANIC FLEXIBLE FABRIC ANTENNA FOR 

WEARABLE ELECTRONICS 

Arun C A 

Head of Department in Electronics Engineering, Govt. Women's Polytechnic College,  

Nedupuzha, Thrissur Dt, Kerala 680007 

 

ABSTRACT 

Modern electronic gadgets would greatly benefit from flexible electronics combined with textile substrates 

that have the mechanical ability to bend and twist.For instance, a wearable antenna is capable of sensing, 

communicating, gathering energy, and operating while it is worn. There has been a lot of interest lately in 

wearable technology, especially in antenna sensors because of their inexpensive manufacturing costs, 

multimodality, sensing, and straightforward designs. Cutting-edge wearable frameworks call for 

adaptable, breathable, and skin-accommodating remote transmitters for acknowledging body region 

organizations and the web of things. This work presents the first completely useful poly(3,4-

ethylenedioxythiophene):polystyrene sulfonate (PEDOT:PSS) screen-printed texture fix radio wire for 

cutting-edge wearable radio wires. A portion of the ordinarily utilized radio wire innovations incorporate 

microstrip receiving wires, printed dipoles, monopoles, printed circles, opening receiving wires, and planar 

upset Fs (PIFAs) receiving wires. Microstrip radio wires are metallic strips or fixes mounted on a substrate. 

This multi-strand wire structure supplies the conductive filaments with a high surface region that is like 

high-recurrence Litz-wire, bringing about an incredibly high RF conductivity. The manufactured fix radio 

wire in view of this conductive texture shows a very low return deficiency of −50 dB and a good radiation 

proficiency of 28% at its full recurrence of 2.35 GHz, and jelly its presentation qualities when twisted 

around a delegate ghost. Moreover, the Doppler radar framework, in light of the texture-fixed radio wires, 

exhibits good speed and distance location with high accuracy, making it appropriate for future applications 

as a short-range detecting gadget for blind help. This improvement clears a better approach to 

manufacturing all-natural adaptable RF gadgets for remote correspondence, with significant ramifications 

for the field of coordinated wearable electronic organizations. 

 

Keywords: flexible antenna; wearable antenna; 3-D printing; specific absorption rate (SAR); Internet of 

Things (IoT), frequency, flexible RF 

INTRODUCTION 

The "Fourth Industrial Revolution" is now possible thanks to the availability of 5G networks, 

which offer fast speed, large capacity, and low latency [1]. 5G networks will benefit every industry, 

including streaming services, smart cities, 3-D imaging, and improved healthcare, to mention a 

few [2]. Furthermore, the Internet of Things (IoT) devices need a robust 5G network in order to 
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operate properly [3, 4]. Figure 1 illustrates the relationship between IoT devices and the 5G 

network visually. 

 
Figure 1: Connection architecture between 5G and Internet of Things (IoT). 

 

Wearable radio wires are intended to work while being worn. These radio wires are ordinarily 

utilized in wearable remote correspondence and bio-clinical RF frameworks. Wearable receiving 

wires are utilized in the setting of Remote Body Region Organizations (WBAN). In a WBAN, the 

radio wire is the key part that upholds remote correspondence, which includes body 

correspondence, on-body correspondence, and off-body correspondence. A WBAN interfaces 

sensors, actuators, and IoT hubs on the human body, on fabrics, or under the skin, laying out a 

remote correspondence channel. Wearable receiving wires can be utilized on individuals of any 

age, competitors, and patients for the persistent observation of essential signs, oxygen level 

(oximetry), and feelings of anxiety, among others. Adaptable gadgets coordinated with material 

substrates whose mechanical properties can curve and turn would extensively offer many benefits 

in present-day electronic gadgets. A wearable radio wire, for instance, can detect, impart 

information, collect energy, and have capability while being worn [1]. Recently, there has been a 

ton of interest in wearable gadgets and radio wire sensors, specifically because of the basic setups, 

detection, multimodality, and minimal-cost fabrication [2]. The plan of the radio wire differs 

depending on the climate, recurrence reach, and transmission strength [3]. However, the exhibition 

of the radio wire relies on the materials utilized. to plan the receiving wire, for example, the 

substrate properties as far as its capacity to adjust to a cruel climate like bowing and winding, 

conductive materials regarding opposition, and high resilience to debasement because of 

mechanical misshapening. In [4], the creators had planned a round radio wire, expected to quantify 

the mugginess content of muck tests as another strategy for deciding the dampness content of 

dielectric materials. The wearable material radio wire turns out to be more engaged with on-body 

applications because of its capacity to recognize microstructure twisting and human movement 

and to screen and regulate human health [5]. In an examination with regular receiving wires, 

material receiving wires enjoy the benefits of being coordinated with the outfits and deal with 

many key elements like lightweight, solace, and wash capacity. There are a wide range of sorts of 
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adaptable receiving wires, for example, a miniature strip fix receiving wire, monopole receiving 

wire, and planar reversed F receiving wire. Conductive materials like gold, silver, and copper are 

broadly utilized as emanating components because of their high conductivity. High-conductive 

materials guarantee a high increase in productivity and transfer speed. Silver, for instance, had a 

conductivity of 6.173 × 107 (S/m). Another significant consideration in planning the adaptable 

radio wire is the actual substrate. Felt fabric[6],Jeans[7],and polyethylene clairvoyant a late 

(PET)[8] are among numerous different substrates utilized because of low dielectric steady. 

One of the basic boundaries to the mechanical progression of cutting-edge IoT-related gadgets is 

resoluteness, which comes from structure components and weight considerations. While there have 

been requests for the extent of advances in scaling down, adaptability is a component that is 

difficult to prevail. Late developments in designed materials have been utilized to expand the field 

of adaptable hardware. Adaptable electronic gadgets are often lightweight, versatile, more 

affordable, climate-friendly, and expendable [6]. The adaptable gadget market is supposed to reach 

$40.37 billion in income by 2023 [7, 8]. Figure 2 shows the different utilizations of adaptable 

electronic gadgets. Adaptable electronic frameworks require the reconciliation of adaptable radio 

wires working in unambiguous recurrence groups to provide remote networks, which is a need in 

the present data-situated society. The business sectors for adaptable remote gadgets are quickly 

expanding, mostly because of the requests for wearable and implantable gadgets for wellbeing 

observation frameworks and day-to-day existence of remote gadgets (e.g., PDAs, PCs). 

Consequently, the requirement for adaptable printed radio wires has expanded lately, particularly 

for biomedical applications [10, 11]. In particular, adaptable receiving wires play a significant role 

in the execution of in vivo observing of imperative signs, guidelines for organ capabilities, brain 

interfaces, ceaseless stride examination, intracranial sensors, drug conveyance frameworks, and 

endless other capabilities [12]. To incorporate the gadgets onto the human body described by 

curvilinear surfaces and progressively evolving movements, the gadgets should be conformal, 

adaptable, or even stretchable. Since the bowing firmness of a slender film structure that describes 

its opposition against twisting disfigurement generally scales with the cubic of its thickness, 

weakening the thickness of the design addresses a powerful means to empower adaptable and 

bendable receiving wires.[6] 

Aside from biomedical applications, there is divided interest among government organizations, 

industry, and the scholarly world in fostering an adaptable receiving wire for outrageous 

circumstances. Government organizations' applications for high-temperature adaptable gadgets 

include: the new gas-cooled atomic reactor (high-temperature H2 wellbeing screens) and severe 

car outflows control prerequisites (tailpipe sensors) from the Division of Energy (DOE); necessity 

of adaptable receiving  wires and receiving  wire radomes with outrageous warm shock opposition 

for rocket applications and high-temperature substrates for hypersonic radio wires for the Branch 

of Safeguard (DoD); correspondence answer for past view interchanges on little to medium-scale 

automated airplane frameworks (UAS) for the Public Air transportation and Space Organization 
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(NASA); and Remote Physiological and Natural Observing (WiPEM) framework necessity (for 

people on call) from the Branch of Country Security (DHS).[8] 

 
Figure 2: Application areas for flexible electronics. 

 

WEARABLE ANTENNA APPLICATIONS 

The coming of high-effective, smaller-than-usual radio wires is significantly empowering 

obtrusive and painless gadgets in shopping, medical services, and a few military applications. A 

couple of instances of customer-bound wearable gadgets that utilize wearable receiving wires are 

smartwatches (coordinated Bluetooth receiving wires), savvy glasses (incorporating Wi-Fi, GPS, 

and IR radio wires), body-worn activity cameras (Wi-Fi and Bluetooth), and little sensor gadgets 

in sports shoes (Wi-Fi and Bluetooth) that can be matched with cell phones. A WBAN gadget 

guarantees the ceaseless wellbeing of an older individual or patient without impeding his everyday 

exercises. Implantable wearable radio wire sensors are likewise utilized for a few biomedical 

applications like heart pacemakers, cochlear inserts, and intraocular inserts, among others. In the 

military, wearable receiving wires find a few applications, for example, warrior's live-area 

following, constant transmission of pictures and video for momentary decentralized 
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correspondences, and so on. These receiving wires are additionally utilized for accessing and 

characterizing the board, routes, RFID applications, and so on.[9] 

WEARABLE ANTENNA TECHNOLOGIES 

Wearable gadgets can incorporate compact antennas as a component. The implementation of 

wearable antenna designs is contingent upon several factors, including the wearable device's 

application, size, electrical performance, efficiency, and polarization effects. Microstrip antennas, 

printed dipole, monopole, printed loops, slot antennas, and planar inverted-Fs (PIFAs) antennas 

are a few of the frequently utilized antenna technologies.[10] 

Microstrip Antennas 

Metallic strips or patches installed on a substrate are known as microstrip antennas. Because of 

their two-dimensional shape, microstrip antennas are easy and affordable to produce. Making them 

with contemporary printed circuit technology is simple. Low-profile microstrip antennas may 

adapt to both planar and non-planar surfaces. These antennas support both circular and linear 

polarization. These antennas come in a variety of shapes, including rectangle, square, round, 

triangle, and elliptical, and they are simple to mount on hard surfaces. Most GPS systems have a 

patch or microstrip antenna. 

Printed Dipole Antennas 

The low profile, ease of production, affordability, polarization purity, and broad frequency band 

coverage of printed dipole antennas make them desirable. This antenna's structure—two arms 

printed on each side of a dielectric substrate—large bandwidth, and single-ended microstrip input 

are among its other key advantages. Due to their comparatively high size, dipole antennas can be 

challenging to construct in spaces that are limited in size. Furthermore, issues with compact form-

factor designs could include the deterioration of omnidirectional radiation patterns and the 

probable requirement for a balun. Printed dipole antennas are extensively employed in mmWave 

and wireless communication applications. 

Monopole Antennas 

Monopole antennas are often installed above a ground plane and are half the size of dipole 

antennas. Monopole antennas are perfect for situations when a smaller antenna design is necessary 

because of their comparatively smaller size. If monopole antennas are positioned above high 

impedance surfaces (HIS), they perform well in terms of radiation. Monopole antennas satisfy the 

fundamental needs for wearable antennas since they are low-profile, inexpensive, and simple to 

construct. Monopole antennas' lightweight, straightforward design makes them perfect for 

incorporation into clothing.[11] 
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Printed Loop Antennas 

The printed loop antenna is constructed from one or more loops that can be arranged to resemble 

a square, circle, or any other closed geometric shape. The Loop Antenna maintains the phase of 

the current throughout the loop by having a dimension smaller than a wavelength. These antennas 

have a compact, straightforward design and are lightweight. Due to their extremely low radiation 

resistance and relatively low efficiency, the Loop Antennas lose power through heat generation 

from high current flow. There are two different types of loop antennas available: small loop 

antennas and large loop antennas. While small loop antennas are primarily utilized for reception, 

large loop antennas are used for both transmission and reception. These antennas are perfect for 

military applications such as body-worn communication systems and tiny radio equipment.[9] 

Slot Antennas 

A flat metal surface with tiny, narrow slots is what makes up the Slot Antenna. Usually utilized at 

frequencies between 300 MHz and 24 GHz, slot antennas are incredibly adaptable. The radiation 

patterns of this antenna are omnidirectional and its polarization is linear. The antenna's operating 

characteristics are determined by the slot's dimensions (length and breadth), shape, and material 

properties. Small form-factor wearable applications can benefit from its flexible nature and 

straightforward structure. Medical and military applications can benefit greatly from the antenna's 

ease of implementation on flexible surfaces such as denim. Even when a person's posture changes, 

this antenna can still transmit wireless data effectively.[10] 

Planar Inverted-F Antennas (PIFA) 

Most uses for the Planar Inverted-F antenna (PIFA) are found in portable smart gadgets. As their 

name suggests, these antennas have an inverted "F" appearance. Wearable product developers like 

the antenna because of its omnidirectional layout and minimal profile. With the use of this 

technology, PIFAs can also be printed like microstrips, enabling the printing of antennas on 

substrates or circuit boards. The Planar Inverted-F Antennas are ideal for body-worn electronics 

devices due to its small size, dual-band capability, and excellent on-body performance (good SAR 

values). 

IMPACT OF HUMAN BODY ON WEARABLE ANTENNA AND VICE-

VERSA 

The human body's near proximity to wearable antennas in WBAN presents considerable obstacles, 

and vice versa. 

• The body's reaction to electromagnetic radiation and 

• The antenna's decreased efficiency as a result of frequency detuning, radiation pattern 

fragmentation, impedance changes, and electromagnetic immersion in bodily tissue. 
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While designing antennas for wearable technology, these considerations must be made especially. 

When designing wearable antennas, developers should pay close attention to structural 

deformation, accuracy and precision in antenna production techniques, and size.[11] 

EFFECTS OF ANTENNA ON HUMAN BODY 

Not at all like ionizing radiation, the non-ionizing radiation, for example, microwaves, apparent 

light, or sound waves, might not have adequate energy to ionize iotas or particles in a body, but 

this energy can build the cell temperature by moving molecules or making them vibrate. This climb 

in temperature because of dielectric warming, a warm impact because of microwave radiation 

when a dielectric material is warmed by revolutions of polar particles prompted by the 

electromagnetic field, may have extreme impacts on human tissues. The Government 

Correspondence Commission (FCC) presented explicit assimilation rate (SAR) limits for remote 

gadgets to guarantee an OK radiation level in human body. As far as possible is set to 1.6 W/kg 

arrived at the midpoint of over 1g of genuine tissue, while the cutoff is set to 2W/kg found the 

middle value of over 10g of real tissue by the Chamber of European Association. SAR is a 

boundary that is utilized to gauge the rate at which RF (radiofrequency) energy is consumed by 

human tissues. SAR values guarantee that any wearable gadget or remote savvy device doesn't 

surpass the most extreme reasonable openness levels.Wearable receiving wire plan without a 

ground plane display higher SAR esteem since the SAR of on‐body radio wires depends on near‐

field coupling to the body. Subsequently, large numbers of the techniques to decrease SAR esteem 

depend on adjusting the ground plane. One of the methods is to utilize Electromagnetic Bandgap 

(EBG) structures, or Intermittent Conductive Designs to channel electromagnetic waves inside 

specific recurrence groups. Likewise, utilizing High Impedance Surfaces (HIS) assist with 

obstructing electromagnetic waves inside a specific recurrence band. High Impedance Surfaces set 

behind wearable receiving  wires increment the front-to-back radiation proportion lessening the 

Particular Retention Rate (SAR) in a human body. HIS additionally forestalls proliferating surface 

waves and reflects electromagnetic waves with no stage inversion. Another compelling strategy is 

to incorporate Fake Attractive Guide (AMC) ground plane, which fills in as an isolator. The SAR 

decrease procedures, for example, combination of Ferrite Sheets and Metamaterials are 

additionally well known among receiving  wire planners.[4-5] 

EFFECT OF HUMAN BODY ON WEARABLE ANTENNA 

The human body likewise somely affects wearable receiving wire when it is in closeness. The 

lossy, high dielectric steady attributes of human body might bring about the variety of info 

impedance, recurrence moves and diminished productivity of Receiving  wire. It upsets the 

correspondence interface among receiving wire and the outside have gadget. In view of the 

application, different methods can be taken on to address the impact of human body on radio wire. 

One of the key perspectives is the arrangement and direction of radio wire. An optimal 

position/direction of the radio wire, area and distance from the body essentially decrease the effect 
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of human body on receiving  wires. For superior execution gadgets, programmed tunable circuits 

and reconfigurable receiving wires can likewise be carried out. Receiving wire creators likewise 

execute EBG ground plane and High Impedance Surfaces to address the effect of body on wearable 

receiving  wires.[6] 

ADAPTABLE RADIO WIRE FOR FUTURE REMOTE ARRANGEMENTS 

Adaptable radio wires for future remote arrangements are supposed to work in a wide scope of 

frequencies because of the expanded interest for remote applications like the Web of Things (IoT), 

body region organization (Boycott), and biomedical gadgets. There are different receiving  wire 

strategies, single-band radio wire, multiband receiving  wire, and reconfigurable radio wire. 

Multiband configuration is many times important, for instance, gadgets in remote LAN ought to 

work in both 2.4 and 5 GHz range. Moreover, the plan ought to guarantee that the radio wire's 

qualities stay reliable under twisting circumstances. A minimal expense inkjet-printed multiband 

receiving  wire was created in a previous article [6]. A clever three-sided iterative plan with 

coplanar waveguide (CPW) feed imprinted on Kapton polyimide-based adaptable substrate was 

utilized to accomplish multiband activity with wide data transfer capacity. The receiving  wire 

covers the GSM 900, GPS, UMTS, WLAN, ISM, Bluetooth, LTE 2300/2500, and WiMAX norms. 

Inward and raised bowing was utilized to assess the radio wire. Raised bowing shows no critical 

reverberation recurrence shift, while during curved twisting, there is a most extreme 3% shift. A 

planar upset F radio wire (PIFA) made of an adaptable printed circuit (FPC) with multi-band 

activity accessible for Bluetooth and IEEE 802.11a/b/g principles were grown before [8]. The radio 

wire's attributes stay predictable while the point of collapsing is under 90 degrees. Adaptable and 

wearable receiving  wires were planned in [9] for remote and satellite-based Web of Things (IoT) 

and remote body region organization (WBAN) applications. The radio wire works in the C-band 

(4-8 GHz) for satellite correspondence to keep away from blockage in lower recurrence satellite 

groups. 

There are various sorts of reconfigurable radio wires, including polarization, recurrence, and 

reconfigurable example receiving  wire. The critical advantage of a reconfigurable receiving  wire 

is its capacity to switch groups in light of the end-client's application prerequisites. In a past work 

[7], an adaptable, winding molded recurrence reconfigurable receiving  wire is fostered that covers 

aeronautical radio route, fixed satellite correspondence, WLAN, and WiMAX norms. Recurrence 

reconfiguration is accomplished by the consolidation of a lumped component in the strip with the 

goal that the radio wire can switch between various resonances.[6] 

CONCLUSION 

One of the most important new technologies is the wearable antenna, which has numerous uses in 

the medical field, the military, navigation, and entertainment. WBAN technologies, particularly 

wearable antennas, offer reasonably priced ways to monitor and sense a number of the 
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physiological aspects of the human body remotely. Electrical engineering, materials science, and 

mechanical engineering are all involved in the exciting and multidisciplinary topic of flexible 

antennas. One of the essential elements in the creation of flexible electrical devices is flexible 

antennas.  The flexible antenna's low weight, small form factor, cheap production cost, and 

capacity to fit non-planar surfaces make it perfect for both present-day and future wireless 

communication and sensing applications. Application preferences such as environment, easy 

integration with both rigid and non-rigid devices, cost, and mass production features of the 

fabrication process all influence the choice of materials for antenna fabrication. The conductive 

patterns in the antenna have generally been implemented using highly conductive materials, such 

as graphene-based materials, Cu tape or clad, Ag nanoparticle inks, conductive polymers, and 

PDMS embedded conductive fiber.  The effects of wearable antennas and WBAN on the human 

body should be taken into account in addition to their benefits. When designing wearable antennas, 

antenna designers should take into account the right radio frequency technology to minimize the 

impact of electromagnetic radiation on human tissue and maximize gain. 
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