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ABSTRACT 

With the rapid popularization of IOT applications, wearable devices have been widely used in many fields such as 

sports and health, entertainment and medical assistance. In addition to the early wearable form, more attachment and 

implantable wearable devices are constantly developed, and the development of these new wearable devices is largely 

due to the development of miniaturization antenna technology. This paper discusses the different realization methods 

and performance index requirements of wearable antenna, introduces the research situation of wearable antenna at home 

and abroad in recent years, and analyzes the development trend of wearable antenna. 
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1. Introduction

In recent years, the market for wearable devices 

has grown rapidly, and various forms of wearable 

devices continue to emerge, which has been widely 

used in entertainment and leisure, positioning and 

trajectory tracking, health management, medical 

assistance, and military fields[1]. Body area network 

communication and wearable devices have become 

one of the research hotspots in the field of scientific 

research. Figure 1 shows the trend curve of the 

search quantity keyword “Wearable Technology” 

with Google search engine since 2013. It can be seen 

that from 2013 to 2015, the search popularity of 

wearable technology showed a nearly linear upward 

trend. With the increasing maturity of wearable 

technology, various wearable products pour into 

ordinary lives on a large scale. Wearable devices 

refer to the application of wearable technology to 

intelligently configure people’s daily wear, and im-

planted various sensing, recognition, connection and 

cloud services into people’s glasses, watch-

es, bracelets, clothing, shoes and socks and other 

daily wear. Wearable devices are not only a tradi-

tional manufacturing hardware device, but also a 

kind of cross-border equipment that realizes data 

interaction and cloud interaction through mobile 

Internet. Its emergence will bring great changes to 

people’s life and cognition. 
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Figure 1. Search volume distribution map of “Wearable Tech-

nology” on Google since 2013. 

In wearable devices, the wearable antenna 

plays a crucial role. Wearable antenna plays a role 

of data transmission, and the performance of the 

antenna directly affects the performance of the 

whole system. Wearable antennas originated from 

military applications, and the earliest individual 

soldier equipped antenna was the whip antenna. 

This antenna was exposed to soldiers’ head, which 

could easily reveal the position of soldiers and was 

not conducive to combat. Subsequently, some an-

tennas hidden in clothes or helmets are gradually 

removed whip antenna was replaced. Wearable an-

tennas are antennas worn on the human body as the 

main component of wearable devices, it can be in-

tegrated into clothes, shoes, watches and other at-

tachments. In addition to realizing the basic func-

tions of transmitting and receiving electromagnetic 

waves, the wearable antenna needs to meet the 

comfort of the wearer to the greatest extent, and 

ensure the safety of the wearer[3]. 

This paper investigates the antenna perfor-

mance, classification of wearable antennas, and fu-

ture development trend of wearable antenna. 

2. Wearable antenna performance 

Compared with traditional antennas, wearable 

antennas have more special requirements in shape 

and size. When a wearable antenna is worn on the 

chest or back, it can be a little larger and not limited 

in shape. However, according to the appearance 

requirements, the thickness of such antennas should 

not be too thick. When the wearable antenna is 

worn at the back of the neck, arm and waist, the 

appearance can be designed in the form of belt and 

watch according to the different locations. At this 

time, due to the activities of the human body, high 

requirements are put forward for the bending char-

acteristics of the antenna. When wearable antennas 

are applied in the motion field, the quality 

and bending characteristics of antennas are rela-

tively higher. For applications in the medical field, 

wearable antennas require a more sophisticated de-

sign in the sensitivity of security and data transmis-

sion. 

2.1. Antenna efficiency 

Communication efficiency is seen as an im-

portant component in green radio and mobile com-

munication environments, especially in telemedi-

cine systems, and improving wearable antenna 

efficiency is expected to be a future research con-

tent. Firstly, the wearable device is equipped with 

light and small batteries to last for a long time. 

Secondly, when the wearable antenna is installed on 

the human body, the reflection coefficient and effi-

ciency of the antenna will be affected due to the 

destructive nature of the human body. Improving 

the working efficiency of wearable antennas can be 

used to solve the above problems. Improving the 

efficiency of the wearable antenna is to reduce the 

loss caused by the antenna radiation. Choosing the 

substrate material with the appropriate dielectric 

constant will help to reduce the loss brought by the 

antenna material. 

2.2. Robustness 

Because wearable devices are worn on the 

human body, human activities will bend the antenna, 

which will cause the working frequency of the an-

tenna deviation. Then in the design process, we need 

to consider the robust of wearable antenna nature. 

The robustness of the antenna is the property of 

maintaining certain performance when parameters 

such as structure and size are changed. Increasing 
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the bandwidth of wearable antenna and compensat-

ing the frequency through reconfigurable design are 

the methods used in most studies now. 

2.3. Specific absorption rate, SAR 

In the process of body domain network com-

munication, on the one hand, because the activities 

and posture of the human body will change, on the 

other hand, the position of the communication 

gateway relative to the device node is not fixed[3], 

therefore, the antenna is required to have a wide 

electromagnetic wave radiation angle. However, the 

radiation of electromagnetic waves is harmful to the 

human body, and the back radiation of its antenna is 

not the desired direction. Especially when wearable 

devices are worn on the human head, health con-

siderations become more important. In the process 

of energy transmission of wireless communication, 

part of the energy of electromagnetic field in the 

transmission process will be absorbed by human 

tissue, producing a heating effect on the hu-

man body. Therefore, semi-omnidirectional radia-

tion is a property pursued by wearable antennas. 

Wireless communication devices define the specific 

absorption rate to characterize how much of the ra-

diation dose generated by the antenna is ab-

sorbed by the human body. At present, there are two 

international standards, one is the standard of 1.6 

W/kg for 1 g of human tissue designated by IEEE, 

and the standard of 2 W/kg established by the In-

ternational Commission on Non-lonizing Radiation 

Protection (ICNIRP)[4]. Its specific meaning is to 

take 6 minutes as the timing unit, per kilogram of 

human tissue absorption of electromagnetic radia-

tion energy should not exceed 2 watts. In most cur-

rent studies, good conductor ground or metamateri-

al structure is often used to reduce the back 

radiation of antenna, improve the main lobe gain of 

antenna radiation, and reduce SAR. 

3. Wearable antenna classification 

In recent years, in addition to traditional an-

tennas, three new types of wearable antennas have 

emerged: Fabric antennas, button antennas, and 

flexible antennas. 

3.1. Fabric antenna 

Fabric antenna refers to a wearable antenna 

composed of fabric material, conductive patch and 

ground as the substrate plane. It has a planar struc-

ture and good integration, and it is a wearable an-

tenna type with great potential. Fabric antennas 

can be integrated into clothing, furniture, or other 

fabric materials. Compared with conventional an-

tennas, fabric antennas need to meet the additional 

requirements of drapability. Drapability means that 

it can be bent in any direction. Since the flexible 

substrate has only one specific bending direction, so 

that this characteristic of the fabric antenna is ex-

actly in contrast with a standard flexible substrate. 

In addition, in wearable applications, the fabric an-

tenna must be planar without affecting the wearer. 

Common fabric substrate materials include denim, 

wool, felt, etc. This material is light in quality, 

can be bent, similar to the material of clothes, and 

easy to integrate into clothes. Different types of 

fabric antenna characteristics are described in the 

literature[5]. In the wearable fabric antennas, the 

conductive materials are mainly woven, sewing, 

printed and copper-coated fabric cloth[3]. 

Joler et al. proposed an armband polarized 

wearable fabric antenna with a frequency band of 

2.45 GHz, as shown in Figure 2[6]. The antenna 

consists of pure fabric material, which is small and 

thin enough to facilitate integration into standard 

armbands. The fabric antenna can reach 5.6% im-

pedance bandwidth, gain 5.04 dBi at 2.5 GHz, and 

have a radiation efficiency of 55.3%[6], which can 

well meet the needs of wearable devices. 

 

Figure 2. Plane diagram of sleeve antenna. 
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Typically, dual-frequency, dual-mode antennas 

are achieved by integrating two radiators, these ra-

diators are powered by either single-port or two-port 

systems. Each radiator is operated at a different 

frequency and provides different radiation modes. 

Roy B. V. B. Simorangkir proposed a dual-frequency 

2.45 GHz and 5.8 GHz dual-mode wearable antenna 

with the structure shown in Figure 3[7]. Two kinds of 

radiation characteristics are realized by using the 

inherent TM11 mode and TM02 mode of the circu-

larly polarized patch antenna, namely, patch-like 

radiation for the external link and unipolar radiation 

for the internal link. The short pins and two arc 

grooves are used to tune the two modes to the desired 

operating frequency. This method can be used to 

implement a simple structured dual-frequency du-

al-mode antenna. Another advantage of the proposed 

antenna is that it uses a silver fabric integrated into a 

flexible polydimethylsiloxane substrate, making it 

more suitable for the wearable application[7]. Liter-

ature[7] simulated the performance of the antenna 

when attached to the human surface and showed that 

the human medium has little influence on the per-

formance of the antenna. When placed on the man-

nequin, the 84 MHz and 247 MHz bandwidth were 

measured at the 2.45 GHz and 5.8 GHz frequen-

cy bands, respectively, and achieved gains of 4.16 

dBi and 4.34 dBi, respectively, indicating their 

promising applicability to body area network com-

munications. 

 

Figure 3. Wearable dual-frequency dual-mode fabric antenna. 

Existing literature has disclosed a variety of 

design forms for wearable antennas, it mainly in-

cludes the dorsal cavity type[8] , microband[9] , fall F, 

flat surface[10], and with a vertical monopole anten-

na[11,12]. These antennas have narrow bandwidth, 

large area and high front-rear ratio (FBR), and are 

strictly affected by the body tissue repeat. Docu-

ments [13,16] propose using the electromagnetic band 

gap EBG structure in a 2.4 GHz metamaterial textile 

antenna. The introduction of an EBG structure in the 

wearable antenna design reduces the back-direction 

radiation, improves the front-rear ratio, and reduces 

the SAR in the tissue. However, such a structure has 

the obvious drawback that most EBG-based design 

sizes are relatively large[17]. Based on these features, 

Adel Y. I. Ashyap et al. proposed a 2.4GHz compact 

wearable antenna with a new miniaturized electro-

magnetic band gap structure, as shown in Figure 

4[18]. The EBG structure reduces the dorsal radiation, 

increases the front and rear ratio by 15.5 dB, and 

separates the impact of the antenna on the hu-

man body. When the antenna is attached to the hu-

man surface, the antenna resonance characteristics 

are basically unaffected. The proposed antenna has a 

27% (2.17 GHz–2.83 GHz) impedance bandwidth, 

with the gain increased to 7.8 dBi and a SAR reduc-

tion by more than 95%[18]. The resonant frequency 

and bandwidth are also largely constant in 

the bending test. 

 

Figure 4. Antenna and EBG structure. 

David Ferreira et al. introduced the influence 

of the bending of a rectangular textile patch antenna 

working at 2.4 GHz industrial, scientific and medi-

cal (ISM) frequency band on the performance. The 

substrate of the antenna is made of denim textile 

and conductive layers made of copper and nick-

el-coated polyester fabric. The substrate of the an-

tenna is made of denim fabric, and the conductive 
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layer is made of polyester fabric coated with copper 

and nickel. The antenna provides a maximum gain 

of about 4 dBi and a 70° half power beam width 

(HPBW) at the plane position. When subjected to 

wrist equivalent bending, the gain decreased by 2 

dB, HPBW increased by approximately 25°, and the 

anterior-posterior radiation ratio decreased. On the 

other hand, the antenna shown in Figure 5 bends in 

different directions, and the resonant frequency de-

viates to different degrees according to whether the 

antenna bends around its width direction or its 

length direction. When turning the antenna around 

its width in the bending of the direction, a shift to-

wards low frequency is observed, while bending in 

the direction of the antenna length results in a fre-

quency offset towards high frequency[19]. Therefore, 

when designing textile patch antennas for WBAN 

applications, research should be conducted accord-

ing to the possible bending degree in the application 

scenario, as the resonant frequency offset relative to 

the curvature angle of the antenna may seriously 

affect the performance of the antenna. 

Figure 5. Fabric antenna bending scenario. 

It can be seen from the above examples that 

the research on fabric antenna is particularly im-

portant in the selection of substrate materials, and 

substrate materials have a great impact on antenna 

efficiency. At the same time, the influence of bend-

ing effect on antenna performance will also cause 

different degrees according to the change of direc-

tion. In terms of considering the impact of the an-

tenna on the human body radiation, most studies 

choose a slightly larger bottom surface or EBG 

structure to reduce the back direction radiation of 

the antenna, so as to ensure the safety of the hu-

man body. Fabric antenna is a great type of antenna 

for wearable applications. 

3.2. Button antenna 

The button antenna is very practical. A hard, 

wearable antenna with a button-like shape that 

can be easily integrated into the wearer’s clothing. 

Common button antennas include circular patch 

antenna and monopole antenna. By designing dif-

ferent sizes of radiation patch, the resonant fre-

quency of the antenna can be adjusted, and mul-

ti-frequency characteristics can be obtained when 

multiple resonant structures are loaded. 

Zhang proposes a dual-frequency du-

al-mode button antenna for human center commu-

nication with the structure shown in Figure 6[20]. 

The button antenna in literature[21,23] has only one 

omnidirectional radiation mode. Zhang designs a 

dual-mode omnidirectional radiation antenna struc-

ture consisting of spiral inverted F antenna and 

metal reflector. In the low frequency band, the in-

verted F antenna forms a radiation direction map 

parallel to the body surface, which can realize the 

communication between multiple wearable devices 

on the body surface. In the high-frequency band, the 

high-order mode forms the radiation direction map 

of the vertical antenna surface, thus realizing the 

communication between the wearable device and 

the in vitro device. At the low and high frequencies, 

the phantom-measured peak gain was 0.6 dBi and 

4.3 dBi, respectively. The antenna has an efficiency 

of 46.3% in low frequency band and 69.3% in high 

frequency band. With the overall miniaturization, 

such button antennas can be integrated into the 

clothing, so it is expected to become the main form 

of wearable device antenna design in the future[20]. 

 

Figure 6. Button antenna figure. 

Compared to the button antenna in the litera-

ture[21,28], Hu introduces a new wearable button an-

tenna for wireless LAN. The antenna consists 
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of buttons approximately 16 mm in diameter with 

patches mounted on the top of the dielectric sub-

strate. The button is located on top of the textile 

substrate and conductive textile floor and will be 

integrated into the garment, structured as shown in 

Figure 7[29]. The main feature of this antenna is that 

it has two different types of radiation direction 

maps: Monpolar radiation for 2.4 GHz band 

for bulk communication and broadband radiation 

for 5 GHz band for in vitro communication. It 

achieves a radiation efficiency of about 90%, a re-

sult higher than the performance of other textile 

antennas in the literature[29]. 

Figure 7. Structure diagram of button antenna. 

Chen uses the antenna design concept of re-

movable radiation units to provide the geometric 

refactoring of modules for wearable applications[30]. 

Different modular interchangeable microband patch 

units with snap buttons, whether as RF connections 

or mechanical fixing mechanisms, obtain specific 

operating frequency and radiation characteristics. A 

unique source of the design sharing a common feed 

structure for all configurations, the feed structure 

consists of a snap button, a ground plane and a dou-

ble substrate coupled with the feed. Firstly, a re-

movable patch is proposed that provides an inter-

changeable right-handed circular polarization 

(RHCP) and left-handed circular polarization 

(LHCP) at 5 GHz. Secondly, a planar inverted F 

antenna (PIFA) with an interchangeable resonance 

frequency of the 2.4 GHz and 5.3 GHz frequen-

cy bands used for the wireless LAN is presented. 

Finally, a patch module was designed for the 8GHz 

operation to show the versatility of frequency mod-

ularity. This antenna design has the advantage of 

low manufacturing and maintenance cost, realizing 

the dynamic configurable feature of multifunctional 

wearable systems in a passive way[30]. 

3.3. Flexible antenna 

One of the main challenges for wearable elec-

tronic devices is to achieve flexible, ubiquitous, 

robust and low-cost wearable antennas, while ex-

hibiting RF properties similar to rigid copper. With 

this in mind, flexible wearable antennas can address 

this challenge very well.  

Roy BVB. Simorangkir proposed a new ap-

proach in 2018 to achieve a robust, flexible, and 

electronically tunable flexible wearable antenna. 

The conductive fabric forms a conductive part of 

the antenna on a polydimethylsiloxane (PDMS) 

substrate. The aggregate (active and passive) ele-

ments required for the antenna, electronic tuning, 

and RF choke control will be fully enclosed in the 

additional layer PDMS, as shown in Figure 8[31]. 

Close to the human model, continuous frequency 

tuning from 2.3 GHz to 2.68 GHz had an aver-

age bandwidth of 3.3% and an average peak gain of 

2.6 dBi. After extreme bending (bending radius of 

28 mm) and washing, the antenna can still maintain 

the overall antenna performance, including a good 

frequency refactoring from 2.3 GHz to 2.68 GHz[31]. 

 

Figure 8. Reconfigurable antenna diagram. 

Zahir Hamouda introduces an elliptic mono-

pole flexible antenna fed by a coplanar waveguide 

that uses a kapton substrate and optimizes for fre-

quencies from 1 GHz to 8 GHz[32] . Maximum gain 

as measured at 5.8 GHz is 1.86 dBi (without bend-

ing) and 3.1 dBi (under bending). Moreover, the 

conductivity of the polymer is changed by changing 

the MWNCTs concentration in the PANI matrix to 
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adjust the gain of the proposed organoflexible an-

tenna (PANI / MWCNTs)[32]. 

4. Future development trend of 

wearable antenna 

The wearable antenna in the bud has large size, 

poor bending performance and other aspects. In re-

cent years, the wearable antennas appearing in the 

market have been significantly improved in terms of 

wearability, intelligence and security, and have their 

own distinctive characteristics. “Wearable” indicate 

the need to have very efficient portability and com-

fort, as well as a stylish look that appeals to users. In 

the future, the following performance of wearable 

antenna still need to be studied and improved. 

4.1. Small in size, light and convenient 

The ideal state for wearable antennas is not 

to be perceived. When used for wearing occasions, 

the wearable antenna should be as small as possible, 

light and easy to carry. When integrating the antenna 

into clothes, the consideration needs the comfort of 

the original item and not destroy the comfort expe-

rience of the wearer. In particular, the implantable 

antenna, which has been studied more recently, has 

put forward new and higher requirements for its 

safety, digestibility and miniaturization. 

4.2. Multi-frequency ultra-broadband 

Because the wearable antenna is worn on the 

human body, the influence of human activities or 

external environment will affect the working fre-

quency of the wearable antenna, and bending or 

distortion will shift the working frequency of the 

antenna, and cannot work normally. In order not to 

affect the comfort of the wearer, the position of the 

wearable antenna should be more reasonable, which 

should not affect the working performance of the 

system. Especially when the wearable antenna is 

conformal with the human body, which need the 

normal connection to the mobile terminal device 

despite bending to communicate with the data. 

Therefore, expanding the bandwidth of the antenna 

and designing wearable antennas that can work in 

multiple frequency bands are also a direction of 

concern for researchers. 

4.3. Strong anti-interference ability 

Wearable antennas are a medium for data 

transmission and exchange, whose workplace is 

anytime, anywhere. However, the interference of 

other radio waves, changeable weather, accidents in 

the use of waves, will affect the reception and 

transmission of electromagnetic waves; this requires 

a wearable antenna with a higher anti-interference 

capability. For example, waterproof and dust-proof, 

and not afraid about the interference of electro-

magnetic are the characteristics of the future weara-

ble antenna pursuit. 

4.4. Low SAR 

Because the wearable antenna is close to the 

human body, the radiation of its electromagnetic 

waves will have a potential impact on the human 

health. How to reduce the back radiation character-

istics of the wearable antenna as much as possible is 

an important indicator to be considered in the design 

of the wearable antenna. How to balance the con-

tradiction between enhancing the communication 

ability of equipment and reducing the radiation to 

human body needs designers to study and optimize 

the design. 

5. Conclusions 

Wearable devices will still grow at a relatively 

high rate in the next few years, the research on 

wearable antennas will also continue to deepen and 

expand. The traditional communication antenna is 

further planar, miniaturization, and multi-frequency 

multi-mode design to make it more suitable for 

wearable devices and body sensor network applica-

tions. Combined with new metamaterials technolo-

gies, such as electric, magnetic and left-hand mate-

rials, you can obtain higher efficiency, better front 

and rear ratio of wearable antenna. And with the 

further research of electronic skin and implantable 

devices, the research of flexible antenna, fabric an-
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tenna and digestible antenna will be expected 

to become the hot spot of wearable antenna research 

in the future. 

Conflict of interest 

The authors declare no conflict of interest. 

References 

1. Cheng G, Li H, Zhao J, et al. Smart Wearable De-

vices. Beijing: China Machine Press; 2015.

2. Xu W. Wearable devices-the intelligent life of mo-

bile (in Chinese). Beijing: Tsinghua University

Publishing House; 2016.

3. Liu F. Research of textile wearable antenna and their 

applications [PhD Thesis]. Xuzhou: China 
University of Mining and Technology; 2016.

4. Liu N. Study on wearable antennas and propagation 
characteristics of human center network [PhD The-

sis]. Beijing: Beijing University of Posts and Tele-

communications; 2012.

5. Lilja J, Salonena P, De MP. Environmental charac-

terization of industrial fabric for soft wear antenna.

IEEE Antennas Propag. Soc. Int. Symp 2009; 68(5):

1–4.

6. Joler M, Boljkovac M. A sleeve-badge circularly

polarized textile antenna. IEEE Transactions on

Antennas & Propagation 2018; 66(3): 1576–1579.

7. Simorangkir R, Yang Y, Matekovits L, et al. Du-

al-band dual-mode textile antenna on PDMS sub-

strate for body-centric communications. Letters

2017; 16: 677–680.

8. Haga N, Saito K, Takahashi M, et al. Characteristics

of cavity slot antenna for body-area networks. IEEE

Transactions on Antennas & Propagation 2009;

57(4): 837–843.

9. Alomainy A, Hao Y, Owadally A, et al. Statistical

analysis and performance evaluation for on-body

radio propagation with microstrip patch antennas.

IEEE Transactions on Antennas & Propagation 2007;

55(1): 245–248.

10. PJ Soh, Vandenbosch G AE, Ooi SL, et al. Design of

a broadband all-textile slotted PIFA. IEEE Transac-

tions on Antennas & Propagation 2012; 60(1):

379–384.

11. Suma MN, Bybi PC, Mohanan P. A wideband

printed monopole antenna for 2.4 GHz WLAN ap-

plications. Microwave & Optical Technology Let-

ters 2010;48(5): 871–873.

12. Nechavev YI, Hall PS, Hu Z. Characterisation of

narrowband communication channels on the hu-

man body at 2.45 GHz. Iet Microwaves Antennas &

Propagation 2010; 4(6): 722–732.

13. Velan S, Sundarsingh EF, Kanagasabai M, et al.

Dual-band EBG integrated monopole antenna de-

ploying fractal geometry for wearable applications.

IEEE Antennas & Wireless Propagation Letters 

2015; 14(1): 249–252.  

14. Zhu S, Langley R. Dual-band wearable textile an-

tenna on an EBG substrate. IEEE Transactions on

Antennas & Propagation 2009; 57(4): 926–935.

15. Lago H, Ping J, Jamlos MF, et al. Textile antenna

integrated with compact AMC and parasitic ele-

ments for WLAN/WBAN applications. Applied

Physics A 2016; 122(12): 1059.

16. Yan S, Ping JS, Vandenbosch GA. Low-profile

dual-band textile antenna with artificial magnetic

conductor plane. IEEE Transactions on Antennas &

Propagation 2014; 62(12): 6487–6490.

17. Raad HR, Abbosh AI, Al-Rizzo HM, et al. Flexible

and compact AMC based antenna for telemedicine

applications. IEEE Transactions on Antennas &

Propagation 2013; 61(2): 524–531.

18. Ashyap A, Abidin Z, Dahlan SH, et al. Compact

and low-profile textile EBG-based antenna for

wearable medical applications. IEEE Antennas &

Wireless Propagation Letters 2017;16: 2550–2553.

19. Ferreira D, Pires P, Rodrigues R, et al. Wearable

textile antennas: Examining the effect of bending

on their performance. IEEE Antennas & Propaga-

tion Magazine 2017; 59(3): 54–59.

20. Zhang X, Wong H, Mo T, et al. Dual-band dual- 

mode button antenna for on-body and off-body

communications. IEEE Trans Biomed Circuits Syst

2017;11(4): 933–941.

21. Sanz-Lzquierdo B, Huang F, Batchelor JC. Covert

dual-band wearable button antenna. Electronics

Letters 2006; 42(12): 668–670.

22. Sanz-Lzquierdo B, Miller JA, Batchelor JC, et al.

Dual-band wearable metallic button antennas and

transmission in body area networks. Iet Microwaves

Antennas & Propagation 2010; 4(2): 182–190.

23. Sanz-Lzquierdo B, Batchelor JC, Sobhy MI. Button

antenna on textiles for wireless local area network

on body applications. Microwaves Antennas &

Propagation Iet 2010; 4(11): 1980–1987.

24. Mikolajczak BA. Miniaturized wearable button

antenna for Wi-Fi and Wi-Max application using

transparent acrylic sheet as substrate. Microwave &

Optical Technology Letters 2015; 57(1): 45–49.

25. Mandal B, Chatterjee A, Parui SK. A wearable but-

ton antenna with FSS superstrate for WLAN health

care applications. IEEE Mtt-S International Micro-

wave Workshop Series on RF and Wireless Tech-

nologies for Biomedical and Healthcare Applica-

tions; p. 1–3

26. Mandal B, Chatterjee A, Parui SK. Acrylic sub-

strate based low profile wearable button antenna

with FSS layer for WLAN and Wi-Fi applications.

Microwave & Optical Technology Letters 2015;

57(5): 1033–1038

27. Sanz-Lzquierdo B, Batchelor JC (editors). Button

Antennas for wearable applications; 2007 Apr

24–24; London. London: 2007 IET Seminar on An-



A review of wearable antenna research 

100 

tennas and Propagation for Body-Centric Wireless 

Communications. 

28. Salman LKH, Talbi L. G-shaped wearable cuff but-

ton antenna for 2.45 GHZ ISM band applications. 

International Symposium on Antenna Technology 

and Applied Electromagnetics & the American 

Electromagnetics Conference; 2010 Jul 5–8; Ottawa. 

Ottawa: IEEE; p. 1–4. 

29. Hu X, Yan S, Vandenbosch GA. Wearable button 

antenna for dual-band WLAN applications with 

combined on and off-body radiation patterns. IEEE 

Transactions on Antennas & Propagati on 2017; 

65(3): 1384–1387. 

30. Chen S, Kaufmann T, Ranasinghe DC, et al. A 

modular textile antenna design using snap-on but-

tons for wearable applications. IEEE Transactions 

on Antennas & Propagation 2016; 64(3): 894–903. 

31. Simorangkir RB, Yang Y, Esselle KP, et al. A 

method to realize robust flexible electronically tun-

able antennas using polymer-embedded conductive 

fabric. IEEE Transactions on Antennas & Propaga-

tion 2017; 66(1): 50–58. 

32. Hamouda Z, Wojkiewicz JL, Pud AA, et al. Flexible 

UWB organic antenna for wearable technologies 

application. Iet Microwaves Antennas & Propaga-

tion 2018; 12(2): 160–166. 

 


