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Abstract: Research and technology development on textile antennas has rapidly emerged during the 
last decade, due to their numerous applications in health and safety sectors in combination with smart 
textiles technologies. Having already demonstrated that it is feasible to fully integrate electronic 
components in textiles, researchers are recently focusing on deploying antenna systems that are 
either fully made of textiles or embedded in clothing. Wearable antennas exhibit multiple beneficial 
characteristics, such as light weight and low profile, increased degrees of freedom from a designer’s 
point of view, as well as their ability to conform to the body's surface. On the other hand, due to the 
inherent impairments of antenna operability when integrated into clothing (i.e. bending and crumbling 
due to the user’s mobility), the field of textile antennas is active and promising for researchers 
worldwide. Currently, there are very few reports in the literature dealing with the realistic operating 
conditions of textile antennas. We report the intention to design and develop a spiral antenna 
prototype for overcoming most of these issues. Spiral antennas are ultra-wideband antennas and the 
proposed concept consists in employing such an antenna in order to retain functionality at least at 
specific parts of the antenna’s bandwidth. Herein, a brief literature review of textile and spiral antennas 
is presented and followed by initial simulation results of such a spiral antenna design. 
Keywords: Conductive Fabrics, Wearable Electronics, Textile Impedance, Textile Resistors, Textile 
Inductors, Textile Capacitors. 

 
 

1. INTRODUCTION 
 
Advances in conductive textile materials and wearable electronics have been of great 
interest during the last decades, mainly due to their applications in the fields of human safety, 
health monitoring and security sector. Smart textiles may be used as a platform carrying 
smart sensory and actuator systems, mainly for developing applications that interact with the 
user’s body. A wearable sensory and communications system will ideally comprise several 
components, like sensors, actuators, processing units, energy supplies, and a 
communication system. Most of these units are related to low-frequency activities, like body 
sensing, local data processing etc. [1-2]. 
On the other hand, wireless transmission and communication of data involves high-frequency 
signal generation and processing that needs specialized textile functionality. Other 
applications, like electromagnetic shielding, have been successfully applied for the protection 
of human health from hazardous electromagnetic radiation [3]. High frequency 
characterization of textile materials is a demanding task since in such frequencies the 
electormagnetic properties of textiles become extremely sensitive to their geometry, 
dimensions, conductivity, symmetry and dielectric characteristics [4-5].  
In this context, there has been lately an intense research effort regarding the design and 
development of textile antennas and integrated textile elecrtonic systems within the 
Department of Electronics, TEI of Piraeus, Greece. Textile antennas are a key component in 
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wearable electronics evolution since they do carry out the entire process of wireless signal 
transmission and reception.  
Electrotextile wearable antennas have been proposed for various applications in the 
literature [6-7]. However, the development of textile antennas still remains a pioneering work 
due to the underlying nature of electromagnetic propagation phenomena and the related 
difficulties in both theoretical and practical aspects of textile antenna development 
processes. the inherent anomalies and discontinuities on textile substrate and textile 
conductors pose severe restrictions on the specifications and performance of textile 
antennas. Given that regular clothing use also involves bending, crumbling and other 
unforeseen anomalies on the shape of the antenna, it becomes evident that textile antennas 
developers need to overcome a demanding amount of limitations and restrictions. The 
respective research field is very active and ongoing research includes new materials and 
techniques for robustness, durability and credibility of designs. 
Since bending and crumbling seriously affects the functionality of textile antennas, it is 
straightforward to investigate the possibilities of using ultra wideband antenna designs for 
incorporation into textiles. The concept is that with an extremely high frequency bandwidth, 
the antenna will remain functional even under bending and crumbling conditions. Herein, we 
propose a planar spiral antenna design for overcoming most of these difficulties and present 
initial results of a preliminary spiral antenna design simulation.  
 

2. TEXTILE ANTENNAS IN THE LITERATURE [1] 
 
Textile antennas is a very recent and novel research and applications field. To the best of our 
knowledge wearable antennas partially based on textiles were firstly presented by Salonen et 
al. [8]. Salonen et al. investigated the radiation characteristics of the antenna while in 
consequent publications the same research group extended its studies in dual-band 
antennas as well as operation under bending etc. Similarly, wearable antennas using both 
metallic and textile parts have been investigated by Klemm and Troester, Santas et al. and 
Nurul et al. in independent works [9-11]. Wearable antennas made from textile components 
only (purely textile antennas) have been also proposed. Hertleer et al. [12] and Vallozzi et al. 
[13] reported purely textile antennas operating at 2.4GHz. Other works include a parametric 
study of textile antenna performance vs. distance from human body by Alomainy et al. [14], 
dual-band antennas reported by Zhu and Langley [15], as well as studies of the effect of 
bending and crumbling by Bai and Langley [16]. Kennedy et al. presented a textile antenna 
array for body - centric applications. Results have shown to have robust performance with 
moderate amounts of bending, similar to that which might be seen with body-worn arrays 
[17]. 
Sankaralingam and Gupta developed a rectangular patch for deployment on different cotton 
substrates, while comparing rectangular and circular shapes [18]. It is interesting to point out 
the advantages of rectangular wearable antenna compared to a circular antenna of same 
design, which might be the reason for the popularity of the former vs. the latter: (i) the 
bandwidth of a rectangular wearable antenna is marginally higher due to its larger physical 
area. (ii) Higher order modes are separated far apart in the case of rectangular patch 
antenna whereas the circular patch needs a shorting pin at its center to suppress higher 
order modes. (iii) Design of a rectangular patch is easy and its electromagnetic simulation 
takes less time. (iv) Analysis of slots on rectangular patch antenna is easier compared to that 
on circular patch antenna.  
Finally, Hao et al. presented the analysis of antenna diversity for on-body communication 
systems, at 2.45 GHz and 5.8 GHz [19], while Osman and Rahim investigated the relative 
permittivity on different textile materials for the application of a microstrip antenna [20] and 
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Osman et al. developed an Ultra-wideband (UWB) antenna using Jeans fabric as a substrate 
while the radiating element and ground plane are made from copper tape [21].  
Besides a growing number of textile antenna examples, specific applications of such 
antennas have also been reported. Coosemans et al. manufactured and tested a prototype 
baby monitor suit, in which they integrated a textile antenna and a sensor for 
electrocardiogram monitoring (ECG) in order to observe the symptoms of children with an 
increased risk of Sudden Infant Death Syndrome (SIDS). The ECG signals measured with 
textile electrodes displayed lower frequent base line drift, and a lower signal-to-noise ratio 
than conventional gel electrodes. The signal quality on textile electrodes was adequate for an 
accurate beat to beat detection of the infant's heart rate [22]. Catrysse et al. manufactured a 
textile belt in order to monitor the electrocardiogram and respiration rate on children [23]. The 
belt consisted of a textile sensor for the monitoring, a textile antenna for the data 
transmission, a PIC microcontroler for the data handling and a EEP-ROM memory module 
for storage knitted on the surface of the wearable belt. Wearable electronics surpasses the 
skin irritation and skin dermatitis reported by the use of conventional electronics for 
monitoring. The advantage of the textrodes (textile electrodes) is their non irritating character 
in contrast to the gel electrodes and their possibility of integration on a shirt or a suit. Several 
similar health-oriented application systems are also available in the literature. 
 

3. SPIRAL ANTENNAS IN THE LITERATURE  
 
Spiral antennas are a well-known genre of antennas that exhibit frequency-independent 
radiation characteristics. Due to their particular spiral design with extending arms of 
increasing width they provide efficient matching of incoming signals over a large frequency 
range and also provide an efficient means of coupling with the environment and, hence, 
radiation. The fractional bandwidth of a spiral antenna may be as large as 30:1 and has a 
radiation pattern with a maximum at a direction perpendicular to the plane of the antenna. 
Due to the efficient coverage of a very large bandwidth, as well as their circular polarization, 
spiral antennas may be used in sensing applications despite their relatively lower achieved 
radiation gain.  
Depending on the shape of a spiral antenna’s extending arms, the former may be defined as 
a linear, Archimedean or logarithmic spiral antenna. Herein, we are specifically interested in 
logarithmic spiral antennas but intend to further investigate other antenna layouts as well. In 
such an antenna the radius of each arm grows exponentially with its angle, i.e. it is calculated 
by  

0

aR R e 
,                                                              (1) 

where R  and   are the radius and angle of the antenna’s arm, 0R
 is the initial antenna’s 

radius and the parameter a  controls the rate at which the spiral grows as it turns.  
Depending on the antenna’s parameters selection, it is possible to design an antenna with 
extremely large bandwidth and convenient radiation characteristics. There is a large amount 
of relative work in the literature, and we briefly present herein a small fraction of it.  
In [24], a 1.2 to 40 GHz spiral antenna with impedance matching is presented. The antenna 
is placed inside a conductive cover (cavity) and used together with an impedance 
transformer for feeding with a coaxial cable. In [25] the wideband modes of multiarmed spiral 
antennas are studied in order to develop nulling patterns over a large bandwidth. The study 
showed that a maximum of 2N nulls may be implemented, N being the number of arms of the 
antenna. The authors also studied a delay-line compensation technique for mitigating 
frequency-dependent null steering. In [26], an unbalanced cavity-backed spiral antenna is 
presented; the contribution of the paper mainly lies in the fact that a very small form factor 
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cavity is designed and used. In [27] the technique of Maxwellian circuits is employed in 
developing equivalent circuit models for spiral antennas. The authors used full wave 
solutions to establish the technique and respective circuit models, and then used them for 
the fast and accurate design of spiral antennas. In [28] a metamaterial-based spiral antenna 
design is presented. The main advantage of the proposed antenna is that is radiates at both 
right- and left-handed circular polarization over the same direction and verified by numerical 
and experimental results. In [29] a slot-spiral antenna is presented for thin conformal 
implementations that are appropriate for integrating into space and aircraft vessels. In [30], 
spiral antennas are investigated with respect to their ability of implementing MIMO systems 
and compared to simple dipole antennas. In [31] a frequency-selective surface (FSS) is 
placed in a spiral antenna as its grounding plane in order to achieve dual-band operation. In 
[32] a reconfigurable spiral antenna design is investigated. The authors examined a large 
spiral antenna design that can be reconfigured to an array of smaller spiral antennas offering 
increase gain and directivity. Finally, in the pioneering report of [33], a slow-wave based 
technique is presented in order to predict the radiation patterns of spiral antennas. 
In the following Section a logarithmic spiral antenna design with favourable characteristics is 
presented.  
 

4. SPIRAL ANTENNA DESIGN FOR TEXTILE DEVELOPMENT 
 

Figure 1 presents a typical logarithmic spiral antenna. The main arm of the antenna has been 
designed using the parametric 

equations ( , ) cos( )uvX u v re u , 

( , ) sin( )uvY u v re u with  max0,u  and 

 ,v a a da  , where r is the initial spiral 

radius, a and a+da are the inner and the 

outer radius increase factors and max is 
related to the total spiral turns. The second 
arm of the structure is an identical copy of the 
first one rotated by 180 degrees. Setting the 
design parameters a = 0.22, da = 0.02, 

max = 8.68 and r = 2.05 we get a planar 
structure with dimension that do not exceed a 
24 cm by 28 cm plane, which is compatible 
for an application such as a wearable 
antenna. In case that it is preferable to 
decrease the size of the spiral a little more, it 
is possible to truncate or tapper the ends of 
the spiral arms without strongly affecting the 
performance of the antenna. Furthermore, for 
specific applications it may be desirable that 
a back grounding plane protects the wearer 
from radiated fields, but for our purposes 
herein neither a grounding plane nor a 
dielectric substrate were used. 
The radiation properties of this antenna have been studied using the full-wave 
electromagnetic simulation software CST Microwave Studio. Figure 2 presents the reflection 
coefficient of the antenna with respect to the radiating frequency; for this figure a source 

 

Figure 1. Logarithmic spiral antenna with 

design parameters a=0.22, da=0.02, 

max=8.68 and r=2.05 
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impedance equal to 1000 Ohms has been considered. In practical applications there must be 
designed and implemented a broadband transforming network that will match the actual 
source impedance used to the input impedance reported herein. The broadband properties 
of the antenna under study are evident. Simulation results show that the real part of the 
antenna’s input impedance lies within [836, 1177] Ohms for the entire frequency range; this 
means that a realistic broadband matching network is feasible. The antenna’s bandwidth is 
approximatelly 700 MHz, ranging from 470 MHz to 1200 MHz with a reflection coefficient 
lower than -10 dB.  
 

 
 

Figure 2. Reflection coefficient S11 (Return Loss) in dB with respect to the frequency 

 

 
 

Figure 3. Radiation pattern of the spiral antenna for frequency 2.32 GHz 
 



ARTTE 

 

 

Applied Researches in Technics, Technologies and Education 

Journal of the Faculty of Technics and Technologies, Trakia University 
https://sites.google.com/a/trakia-uni.bg/artte/ 

 

ARTTE Vol. 2, No. 1, 2014 ISSN 1314-8788 (print), ISSN 1314-8796 (online) 

44 
 

 

For this frequency range, a maximum gain of approximately 4.4 dBi is obtained. Figure 3 
depicts a typical radiation pattern of the proposed antenna for a frequency of 1000 MHz, with 
a gain of 4 dBi approximately. 
From the aforementioned figures and the respective discussion, it follows that the proposed 
antenna exhibits ultra-wideband behavior, which was our initial purpose, with an adequate 
gain and matching over a range of 700 MHz.  
 

5. CONCLUSIONS 
 
In this paper a literature review of textile antennas is presented that demonstrates the 
advantages and challenges of such kind of antennas. In order to overcome most of the 
limitations of the operating environment of textile antennas a spiral design approach is 
proposed. A literature review of spiral antennas is followed by the design of a new spiral 
antenna that we intend to further investigate in the future with respect to its ability to maintain 
its radiation characteristics under bending and crumbling conditions. Furthermore, future 
work also includes the implementation and experimental evaluation of such a textile antenna.  
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