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 

Abstract—      This paper presents the design and development 

of Koch fractal dipole antenna for wearable applications at 

5.25 GHz. Common jeans cotton is used as a flexible substrate 

material having a dielectric constant of 1.6 for the design and 

fabrication of the proposed antenna. Increasing the number of 

iterations increases the number of sections, which eventually 

results in 120% reduction in size. Size miniaturization is 

obtained using second iteration Koch geometry with the 

antenna bandwidth of 10%, and the return loss of −20.02 dB is 

achieved under the flat condition. The investigations are to 

characterize the antenna in flat condition.  
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I. INTRODUCTION 

earable antenna bonds cloth into the communication 

system, making electronic devices less obtrusive. 

Recently, wearable antennas find profound 

applications: assistance to emergency services such as police, 

paramedics and fire fighters, military applications including 

soldier location tracking. In addition, it is used for image and 

video transmission for instant decentralized communications, 

access/identification systems by identifying individual 

peripheral devices, navigation support in the car or while 

walking, pulse rate monitoring, RFID applications, in sports, 

etc. 

 In supporting the increasing interest in antennas and 

propagation research for body communication systems, the 

IEEE 802.15 standardization group has been established to 

standardize applications intended for on-body, off-body or in-

body communication. Body worn systems with new 

generation of clothing endowed with sensing, processing, 

actuation, communication, energy harvesting and storage 

abilities are emerging as a solution to the challenges of 

ubiquitous monitoring of people in applications such as health 

care, lifestyle, protection and safety . Wearable antennas 

designed for military applications should meet the following 

requirements: thin, lightweight, low maintenance, robust, 

conformal, easy integration into clothing and should not affect 

the movement of the soldier. 
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Wearable antennas are realized using flexible substrate 

materials, and they are made up of textile and electro textile 

materials. Textile materials must be inexpensive, comfortable, 

lossless and easily available in the market. In four decades, 

many researchers have developed flexible wearable antennas 

using different textile materials such as flannel fabric, felt 

fabric, cotton. Gupta et al. reported electrical properties of 

different substrate materials such as jeans cotton, poly cotton, 

Shield It fabric and jean fabric, in the frequency range of 0.3–

3 GHz. 

The major challenge in the design of wearable antenna is 

the size reduction, especially one resonates 

at single or multiband frequencies. Self-similarity of the 

fractal geometry can be used for size reduction with multiband 

characteristics. Von Koch introduced the Koch geometry in 

1904, and it can be designed using an iterative function system 

by a set of affine transformation. Fractal shaped dipole 

antennas with Koch curves are generally fed at the centre of 

the geometry. By increasing the fractal iteration, the length of 

the curve increases, reducing the resonant frequency of the 

antenna. These geometries have a large number of tips and 

corners, a fact that helps to improve antenna efficiency. 

Several other self-similar geometries, Sierpinski gaskets, Koch 

curves, Minkowski curves, Sierpinski carpets, are the fractal 

shapes widely used in antenna design to obtain multiband or 

broadband miniaturized antenna. 

II. PROPOSED SYSTEM 

The proposed project has second iteration Koch fractal 

antenna with Jean substrate material. Size miniaturization is 

obtained results in 120% reduction in size using second 

iteration Koch geometry. The return loss of −20.02 dB is 

achieved under the flat condition at frequency 5.25GHz. The 

Koch antenna is designed for the frequency band of 3GHz-

6GHz. Maximum gain of 20.80dB is achieved using Koch 

antenna. 

III.  IFS FOR KOCH 

The first iteration for the Koch curve consists of taking four 

copies of the unit horizontal line segment, each scaled by r = 

1/3. Two segments must be rotated by 60°, one 

counterclockwise an/d one clockwise in Figure . Along with 

the required translations, this yields the following IFS. 
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Figure 4.1 Counterclockwise and clockwise rotation 

 

 

 

 

 
 

For the design of Koch antenna , Jean cloth(Roger RT 

Duroid) is considered as substrate and Copper is used for 

Koch structure. This layout of the Koch antenna is drawn 

using HFSS software. The overall area of the wearable Koch 

antenna is reduced to 26mm from 220mm.The Koch antenna 

is designed for the frequency band of 3GHz-6GHz.The 

original layout view and rotated layout view are shown in 

figures 5.1 a-c. 

 

 

 

 
 

Figure 5.1 Design of Koch fractal antenna 

 

Antenna 

Dimension 

Koch fractal 

II iteration 

dipole 

Length (mm) 26 

frequency (GHz) 6 

Return loss (dB) −20.02 

length reduction 120% 

 

Feed Line 

 

The trapizoidal shape feed line is used for the 

designed antenna. 

 

 
 

Figure 5.2 Feed Line 

Ground 

 

The cotton is considered as ground plane which is  

shown in figure 5.3. 
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Return Loss 
 

The s-parameter is calculated using HFSS and the return loss 

value from the figure  5.4 is -20.02 dB at the frequency 

5.25GHz .This shows that this value is very low and all the 

signals are transmitted in the forward direction.3 dimension 

and 2 dimension views are shown in figures 5.4a ,5.4b.  

 

 

Figure 5.4 (a) Return loss plot for 2nd iteration of Koch 

Antenna 

 

 
 

Figure 5.4 (b) Return loss 3D plot 

FAR FIELD 

 

It can be seen from the figure 5.5 that the far field 

distribution of the antenna is symmetric about 0 degree on 

either side of the Koch antenna and gain is 20.80dB at 3GHz-

6GHz .The polar plot for the same is also given in figure 5.6. 

 
 

Figure 5.5 Far field 2D pattern in xy plane 
 

 
 

Figure 5.6 Polar plot 

IV. CONCLUSION 

A flexible wearable Koch fractal dipole antenna is 

constructed using fractal geometry for 6 GHz band of 

operation with jean substrate material. The initial design is 

started by using a single element equation of dipole antenna 

with scaling factor of 1/3. In this design, the highest iteration 

is Koch second iteration, and the overall simulated result is 

verified with the measured one under flat condition. The 

reflection coefficient of the antenna is changed and a 

significant shift in resonant frequency designed 6 GHz with 

Jean (Roger RT duroid). The above study shows that the 

antenna can be operated at VHF band suitable for military 
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application. The main contribution of this design is 120% 

reduction in size compared to the conventional antenna. 

REFERENCES   

[1] Adams and M. Sasse. (1999) ―Users are not the   enemy,‖  Commun. 

ACM,  vol. 42, pp. 40–46. 
[2] Alain Forget, Sonia Chiasson, & Robert Biddle.‖ Shoulder-Surfing 

Resistance with Eye-Gaze Entry in Cued-Recall Graphical Passwords‖ 

School of Computer Science, Carleton University, Ottawa, Canada 
[3] ARTigo, http://www.artigo.org/.2 

[4] Birget, J.C., D. Hong, and N. Memon. (2006).‖ Graphical Passwords 

Based on Robust Discretization‖ IEEE Trans. Info. Forensics and 
Security, 1(3). 

[5] Chiasson, S., R. Biddle, R., and P.C. van Oorschot. (2007) ‖A Second 

Look at the Usabilityof Click-based Graphical Passwords.‖ ACM 
SOUPS. 

[6] Dinei Florencio, Cormac Herley. (2007) ‖A Large-Scale Study ofweb 

password habits. International World Wide Web Conference Committee 
(IW3C2). Banff,Alberta, Canada,pp.657:665,  

[7] F. Aloul, S. Zahidi, and W. El-Hajj. (2009) ―Two factor authentication 

using mobile phones,‖ Proc. Comput. Syst. Appl. pp. 641–644. 
[8] FurkanTari,‖A Comparison of Perceived and Real Shoulder-

surfingRisks between Alphanumeric and Graphical Passwords‖ Dept. of 

Information Systems, UMBC 
[9] G. E. Blonder.(1996) ―Graphical passwords,‖ U.S. Patent 5 559 961,. 

[10] Goldberg.I. (1996) ―Visual Key Fingerprint Code‖ 

http://www.cs.berkeley.edu/iang/visprint.c. 
[11] J. Bonneau, C. Herley, P. C. van Oorschot, and F. Stajano. (2012) ―The 

quest to replace passwords: A framework for comparative evaluation of 

web authentication schemes,‖ in Proc. IEEE Symp. Security Privacy, pp. 
553–567. 

[12] Jiangsu, 210016, P.R. China 

[13] Jonathan M. McCuneand Adrian Perrig.‖ Seeing-Is-Believing: using 
camera phones for human-verifiable authentication‖CyLab, Electrical 

and Computer Engineering Department, Carnegie Mellon University, 
Pittsburgh, PA, USA 

[14] Laur, S. and Nyberg, K. (2006) ―Efficient mutualdata authentication 

using manually authenticated strings ―Proceedings of Cryptology and 
Network Security (CANS), pp.90–107. 

[15] M. Adham, A. Azodi, Y. Desmedt, and I. Karaolis. (2013) ―How to 

attack twofactor authentication internet banking,‖ in Proc. 17th Int. 
Conf. Financial Cryptography, , pp. 322–328. 

[16] R . Biddle, S. Chiasson, and P. van Oorschot.(2012)―Graphical     

passwords: Learning from the first twelve years,‖ ACM Comput. 
Surveys vol. 44, no. 4, p. 19. 

[17] S. Chiasson, P. C. van Oorschot, and R. Biddle. (2007) ―Graphical 

password authentication using cued click points,‖ in Proc. 12th Eur. 
Symp. Res. Comput. Security, pp. 359–374. 

[18] S. Man, D. Hong, M. Matthews, and J. C. Birget. (2006) "Ashoulder-

surfing resistant graphical passwordscheme," 
[19] S.Chiasson, R. Biddle, and P. van Oorschot. (2007) ―Asecond look at the 

usability of click-based graphical passwords,‖ in Proc. 3rd Symp. Usable 

Privacy Security, pp. 1–12. 
[20] Sonia Chiasson1,2, P.C. van Oorschot1, and Robert Biddle2. ―Graphical 

PasswordAuthentication Using Cued Click Points‖                                      

1.School of Computer Science, Carleton University, Ottawa, Canada          
2.Human-Oriented Technology Lab, Carleton University, Ottawa, 

Canada (chiasson,paulv)@scs.carleton.ca, Robert biddle@carleton.ca 

[21] Zhipeng Liu. ‖ A Large-Scale Study of Web Password Habits of 
Chinese Network Users‖ College of Information Science and 

Technology, Nanjing University of Aeronautics and Astronautics, 

Yudao Street 29, Nanjing, 

  

  

  


