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Graphical abstract 
 

 

Abstract 
 

In this paper, a wideband jean antenna with bending structure for flexible microwave 

imaging applications is presented. Coplanar waveguide (CPW) feeding structure with 

Koch shape ground slotted technique has been implemented for widening the 

bandwidth. The design evolution process of the proposed antenna is started from a simple 

CPW-fed monopole antenna to bending circumstance. The proposed antennas under 

normal condition, bending circumstance and as well as on-arm bending effect are 

simulated and optimized using CST microwave studio software and fabricated; also tested 

so as to validate the results . Under normal condition, the antenna provides measured 

bandwidth of 4500 MHz (1.5–6 GHz) in the case of |S11|≤−10 dB while 4360 MHz (1.44–5.8 

GHz) for the measured bandwidth under bending circumstance is obtained. Also, there is 

a slight degradation on the reflection coefficient of the antenna under on-arm bending 

so that measured bandwidth became narrower with operating frequency of 3800 MHz 

(2.2–6 GHz). The measured gain of the antenna fluctuates between 2.5–5.6 dBi and 1.5–2.8 

dBi with quasi-omnidirectional pattern within the expected frequency band for normal and 

bending condition, respectively. The proposed antenna provides a good performance in 

terms of its reflection coefficient and radiation characteristics. Therefore, due to 

insensitiveness to bending and body effect, the proposed antenna has become good 

candidate for microwave imaging applications. 
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1.0  INTRODUCTION 
 

Antenna is an integral component in communication 

systems. The possibility of implementing wideband 

antenna is highly advantageous including weight 

reduction, reduced fabrication costs, smaller 

installation area, and reduction in electromagnetic 

compatibility issue [1]. Wideband antennas are 

extensively used as premier parts for data 

interpretation and analysis [2]in various fields; for 

instances, satellite communications, wireless 

applications[3-5], and the currently proposed in 

microwave imaging field [6-8]. 

There are countless numbers of wideband microstrip 

antennas have been proposed for microwave 

imaging system. One of them is antenna in [9] that 

purposely design for breast imaging. The antenna is 

fabricated on FR4 substrate with overall dimension of 

100×100×100 mm3 and can be only fit the regular 

breast size. Therefore, scanning process cannot be 

performed for the samples which cannot fit the 

dimension. Hence, more prototyping cost is needed 

for different sizes of breast samples. There is almost 

similar limitation occurred for head imaging setup 

proposed in [10]. The array of antennas is designed 

specifically for head. The antenna that constructed by 

Rogers RO3010 is integrated into other mechanical 

parts to form an array for facilitating the scanning 

process. However, more spaces are needed to 

accommodate the device, besides the antenna can 
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be only used for head scanning. On the other hand, 

the proposed imaging antennas have limitations of 

their implementation on different and various sizes, 

shapes, and body parts. Moreover, the curvy structure 

of the human body is also important to be considered. 

Due to limitations of the substrate used in the 

previous imaging system, this study proposes more 

flexible substrate compared to printed circuit board. 

Therefore, by emphasizing the flexibility and robust 

bending capability which is not achievable in any of 

the counterpart microstrip antennas, textile antenna is 

seen to be the best option. Thus, this flexible material 

is able to be applied on any part of human body 

regardless hand, chest, breast, or head using the 

same antenna. Moreover, textile antenna provides 

further advantages due to its light weight, ease of 

integration with clothes, and low cost. Besides, textile 

antennas can be easily sewn, whereas sewing is not 

possible with the microstrip antennas. Therefore, the 

research that is carried out in this study provides the 

investigations on the antenna’s characteristics under 

bending condition. In addition, the performance of 

the textile antenna on real human arm is also 

presented. 

 

 

2.0  ANTENNA DESIGN EVOLUTION 
 

According to the requirement on a flexible material, a 

fully textile antenna which constructed from jean 

substrate has been proposed. The antenna has been 

designed and simulated in Computer Simulation 

Technology (CST) software. Dielectric constant values, 

εr of jean substrate are presented in Figure 1. 

According to the Figure 1, εr of jean is obviously much 

lower than FR4. On the contrary, tan δ of jean is larger 

than FR4. This is due to the FR4 is definitely created for 

electronic circuit and devices. Consequently, the 

substrate is manufactured with the intention to have 

very low loss values. Instead, jean fabric for clothing is 

targeted to provide comfort to the wearer without 

taking into account the losses. However, this study 

performs investigations on the antenna design and 

performance of using non-technical-material of jean 

as the substrate. The radiating elements (patch and 

ground) are designed and fabricated on polyester 

taffeta fabric (also known as pure copper fabric) with 

resistivity 0.05 Ohm/sq and thickness of 0.08 mm. 

 

 
 

Figure 1 Dielectric constant (εr) and loss tangent (tan δ) of FR4 

and jean substrate 

 

 

Based on εr values throughout the frequency range, 

all the values are uploaded in the simulator to monitor 

the changes of the antenna performance. According 

to [11], ground plane of a microstrip patch antenna 

has insignificant effect if the thickness of its substrate is 

very large. Therefore, it can be removed, so that the 

structure becomes similar to a monopole antenna. 

Thus, many researches have been conducted to 

constitute monopole antenna as a typical structure of 

microstrip patch antenna. Therefore, width, wp of the 

radiating patch is initially designed according to 

rectangular microstrip patch antenna equation in [12] 

as shown in (1). 
 

𝑤𝑝 =
1

2𝑓𝑟√𝜇0 𝜀0
√

2

𝜀𝑟+1
                                  (1) 

 

The resonance frequency, fris taken as 3.5 GHz with εr= 

2.25 at the selected frequency. The formula to 

calculate the length, lpof the radiating patch is 

indicated in (2).  
 

𝑙𝑝 =
1

2𝑓𝑟√𝜀𝑟𝑒𝑓𝑓√𝜇0 𝜀0
− 2∆𝐿                               (2) 

 

The effective dielectric constant, εreffand extension of 

the length, ΔL is given by (3) and (4) respectively. 
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ℎ
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                        (4) 

 

Figure 2(a)-(d) describes the steps on designing the 

antenna. The calculated wp and lp of radiating patch 

is 34 mm and 28 mm accordingly, while the dimensions 

of the antenna are performed in Table 1. The ground 

is designed with square slot of lk = 44 mm, and another 
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similar square is rotated 90° to perform the Koch slot as 

shown in Figure 2(d). 

 In addition, the simulated views of the antenna 

under bending and on-arm bending conditions are 

presented in respected to Figure 3(a) and (b). The 

bending performance of the antenna is simulated on 

Polyvinyl Chloride (PVC) that has ɛr=2.8 [13], curving 

radius of 40 mm, and thickness of 1.6 mm. The PVC has 

been used for bending support due to the antenna 

cannot be bent independently on air with any specific 

radius as shown in Figure 3(a).Nevertheless, the 

simulation on the antenna performance with the 

presence of the human body (on-arm bending) is also 

performed. Five layers geometry of the human arm is 

modeled in the simulator by concentric cylinders with 

a radius of 50 mm. The layers representing the 

thicknesses of the tissues of skin (1.5 mm), fat (8.5 mm), 

muscle (27.5 mm), cortical bone (6 mm), and bone 

marrow (6.5 mm) as described in Figure 3(b)[14]. 
 

 
 

Figure 2 Steps in designing the antenna  

 
Table 1 Antenna parameters and dimensions 

 

 

 
 

Figure 3 Bending illustrations on PVC and on-arm 

 
 

3.0  FABRICATION AND MEASUREMENT 
 

Radiating element parts of the antenna are printed on 

a piece of paper that later is pasted on the pure 

copper fabric using double sided tape. Both of the 

paper and pure copper fabric are manually cut using 

scissor. The radiating elements are then attached to 

the jean substrate by using hand-sewn technique. It 

should be noted here that a conductive thread is used 

for sewing the antenna. The prototype of the antenna 

is presented in Figure 4(a). The antenna is then 

attached to PVC using double sided tape as in Figure 

4(b), while in-arm band is done using masking tape as 

shown in Figure 4(c). 

 In this study, an Agilent Network Analyzer E5071C is 

used to measure the reflection coefficient while the 

radiation pattern is measured in an anechoic 

chamber. The antenna is firstly observed in the under 

normal condition, which its prototype stands upright 

during the measurement process. The strapping 

structure of the jean makes the textile could stand with 

no support requirement. On the other hand, antenna 

under bending condition and with the presence of the 

human body is discovered. In body communication 

system, it has been proven that the characteristics of 

antennas have been affected by the presence of the 

human body [15,16]. As earlier mentioned, the 

measurement of antenna radiation patterns under 

normal and bending condition have been done in an 

anechoic chamber. However, the radiation pattern 

measurement of on-arm bending cannot be done 

due to radiation, health, and safety factor. Results of 

|S11| and the radiation pattern of the antenna are 

discussed in the next section. 

 

Item Dimension (mm) 

L 72 

W 72 

wp 34 

lp 28 

lk 44 

lg 11.5 

wg 32.5 

g 0.5 ± 0.1 

s 1.5 
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Figure 4 Antenna under three different conditions. (a) Normal 

condition,(b) Under bending circumstance, and (c) On-arm 

bending 

 

 

4.0  RESULTS AND DISCUSSIONS 

 

Scattering parameter (|S11|), surface current 

distribution and radiation patterns of the antenna 

under three conditions (normal, bending, and on-arm 
bending) are performed in this section. 

 

4.1  Scattering Parameter 

 

Comparison on |S11| for the antenna design 

evolution is presented in Figure 5. According to the 

|S11| of the antenna while having the full ground 

plane, the antenna provides the bandwidth of 350 

MHz (3.6–3.95 GHz) base on the |S11|≤−10 dB. In 

addition, the bandwidth of the antenna with the CPW-

fed partial ground is increased, which covers 

bandwidth of 2530 MHz (1.97–4.5 GHz). However, while 

taking into account the bending formation for 

microwave imaging, directive antenna should be 

considered. As is well known, directive antenna is 

related to full ground plane microstrip antenna which 

limits the ability to obtain the antenna with large 

bandwidth. Therefore, ground slot technique has 

been introduced towards the wide bandwidth aim. 

Even though the square slot minimizes the impedance 

bandwidth; the implementation of rotated square 

(Koch slot) has obviously expanded the impedance 

bandwidth of 4750MHz (1.25–6 GHz). 

 The |S11| of simulated and measured result of the 

antenna under three circumstances are compared in 

Figure 6. In normal condition, the simulated 

|S11|covers 1.25–6 GHz (4750 MHz) while measured 

|S11| provides 1.5- 6 GHz (4500 MHz) with 

experimented fractional BW of 1.2 or 120%. This 

percentage indicates wideband characteristic of the 

antenna under normal condition. Compared to [17] 

less bandwidth is covered due to the Koch technique. 

This shows that, by using lower εr substrate of jean, the 

bandwidth can be improved [18]. 

 Simulated and measured |S11| of the antenna 

under bending circumstance are also presented in 

Figure 6. The simulated and measured |S11| under 

bending circumstance operates at 1.22–6 GHz (4780 

MHz) and 1.44–5.8 GHz (4360 MHz), respectively. 

Similar experimented fractional BW has been 

obtained of the bending antenna to the antenna 

under normal condition which is 1.2 or 120%. 

Nevertheless, simulated |S11| of the antenna while it 

is bent on arm operates at 1.75–6 GHz (4250 MHz), 

while the measured |S11| works at 2.2–6 GHz (3800 

MHz). The measured fractional BW of 0.93 or 93 % is 

obtained. This indicates that the |S11| of on-arm 

bending antenna may narrow the bandwidth due to 

the presence of human body effect. There is also slight 

deviation between simulated and measured results 

due to the numerical arm used homogeneous part, 

whilst real human arm  

 

 
 

Figure 5 |S11| of antenna design evolution 

 

 
 

Figure 6 Simulated and measured |S11| of the antenna 

under normal, bending, and on-arm bending 

 

 

consists of inhomogeneous part, for instance, nerves, 

blood, and skin pores. Performance of the antenna 

due to body effect is difficult to be estimated due to 

body absorption, movement and shadowing effect 

that could contribute more losses and will degrade 

the antenna performances. However, the effect of 

on-arm bending towards the proposed antenna gives 

reasonable and acceptable results. 

 

4.2  Surface Current Distributions 

 

Surface current shows the electric field distribution of 

the antenna. Referring to Figure 7, there were the 

depictions of simulated current distribution of the 
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antenna under normal, bending, and on-arm bending 

condition at 2, 4, and 6 GHz. It can be observed that, 

surface current at 2 GHz under normal condition has 

longer path on the edge of the patch and on the inner 

side of the Koch ground. Meanwhile, the distribution 

of electric field decreases at 4 and 6 GHz, where the 

current path is the shortest at 6 GHz. Moreover, surface 

current under bending condition concentrated on the 

lower part of the patch and ground at 2 GHz, with 

longer path of current than 4 and 6 GHz. At 4 GHz, the 

current is focused on the top, and re-concentrated at 

the lower part of the antenna at 6 GHz.In contrast, the 

on-arm bending antenna has longer current path on 

the sides of the patch and the triangular ground 

shape at 2 GHz. However, shorter current path 

focused on the bottom part of the patch at 4 and 6 

GHz. According to the results of surface current, the 

length of the current path presents the wavelength 

that generated by the antenna. Thus, the longer the 

current path shows the longer of wavelength that 

generates lower resonance of frequency, and vice 

versa.  

In addition, it can be also observed that, the electric 

field strength is concentrated on the feed of the 

antenna at most frequencies, instead of on the Koch 

slotted ground. Therefore, these show that the Koch 

ground plays an important role in electrical field 

distribution throughout the frequency bandwidth 

regardless under normal, bending, or on-arm bending. 
 

4.3  Radiation Characteristics 

 

The simulated and measured radiation patterns of 

antenna under normal, bending, and on-arm bending 

condition at 2 and 4 GHz are shown in Figure 8. It can 

be seen that simulated and measured E-plane 

demonstrates a bi-directional radiation pattern; while 

H-plane shows a nearly omni-directional radiation 

pattern for both 2 and 4 GHz under normal condition. 

However, there is nearly omni-direction for all 

simulated and measured E-plane and H-plane of the 

antenna at 2 and 4 GHz under bending circumstance. 

Moreover, there is slightly shift about 30° of the E-plane 

radiation pattern of both 2 and 4 GHz compared to 

normal condition. The shift angle occurs due to the 

bending effect of the antenna. Based on the Figure 8, 

it can be seen that there is good agreement between 

simulated and measured radiation patterns of the 

antenna in the normal and bending condition.

 

 
Figure 7 Simulated surface current distribution of the antenna under normal, bending, and on-arm condition 
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Figure 8 Radiation patterns of the antenna under normal and bending conditions at 2 and 4 GHz 

 

 

 Measured gain and simulated efficiency results of 

the antenna under normal and bending condition are 

shown in Figure 9. On-arm bending antenna is not 

measured in the chamber due to radiation and safety 

factors. As can be observed in Figure 9, measured 

gain of the antenna under normal condition increases 

proportionally to the frequency increment from 2 to 5 

GHz, except at 6 GHz. The gain value fluctuates from 

2.5–5.6 dBi throughout the frequency band. 

Subsequently, the gain of the antenna under bending 

circumstance provides lower gain compared to the 

gain under normal condition with fluctuating values of 

1.5–2.8 dBi at 2–6 GHz. The gain increases from 2–4 GHz 

and decreasing for the frequency higher than 4 GHz. 

It can be seen that; gain of the antenna under 

bending decreases near 50 % compared to the 

normal condition.  
 

 
 

Figure 9 Measured gain and simulated efficiency of the 

antenna under normal and bending condition 

 

According to the simulated efficicency, the values are 

decreasing proportional to the frequency increment. 

The efficiencies of the antenna decreases from 86–61 

% and 84–74 % for the condition of normal and under 

bending circumstances, accordingly. Nevertheless, 

the efficiency of the antenna under normal condition 

shows rapid decrement at higher frequency, while 

there is only 10 % reduction between 2 GHz and 6 GHz 

for the bending condition. It shows that the antenna 

under bending condition is less affect to the 

efficiency. 

 

 

5.0  CONCLUSION 
 

The investigations on jean antenna for microwave 

imaging application have been studied and 

presented in this paper. The CPW-fed structure with 

the Koch slot on the ground is implemented to 

increase the impedance bandwidth. There are good 

agreements between simulated and measured |S11| 

under normal, bending, and on-arm bending 

condition for |S11|≤−10 dB. The measured fractional 

bandwidth of 120% (1.5–6 GHz), 120% (1.44–5.8 GHz), 

and 93% (2.2–6 GHz) has been obtained according to 

the antenna under normal, bending, and on-arm 

bending. Also, the measured gains of the antenna are 

obtained more than 2.5 dBi in normal condition and 

1.5 dBi in bending condition. In addition, a nearly 

omnidirectional pattern within the expected 

frequency band is achieved for both normal and 

bending condition. These results show that the 

antenna has a wideband characteristic which is a 

potential candidate for microwave imaging 

application due to the insensitiveness to bending and 

insignificant effect on the presence of the human 

body. 
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