
ADVANCES in NATURAL and APPLIED SCIENCES 

 
ISSN: 1995-0772                                                                                                                                            Published BY AENSI  Publication 

EISSN: 1998-1090                                                                                                                                                           http://www.aensiweb.com/ANAS    

2015 Special 9(17): pages 108-115                                                                                                                          Open Access Journal                                                                                                                             

To Cite This Article: D. Selvathi and X. Sherin., Design and Parametric Analysis of UWB Mono-Cone Antenna for WBAN, 2015. Advances in 

Natural and Applied Sciences. 9(17); Pages: 108-115 
 

Design and Parametric Analysis of UWB 

Mono-Cone Antenna for WBAN 
 
1D. Selvathi and 2X. Sherin 

 
1 Department of Electronics and Communication Engineering, Mepco Schlenk Engineering College, India 
2 Department of Electronics and Communication Engineering, Mepco Schlenk Engineering College, India 

 
Received 12 February 2015; Accepted 20 March 2016; Available 25 March 2016 
 

Address For Correspondence: 

D. Selvathi, Department of Electronics and Communication Engineering, Mepco Schlenk Engineering College, India. 

E-mail: dselvathi@mepcoeng.ac.in 

 

Copyright © 2016 by authors and American-Eurasian Network for Scientific Information (AENSI Publication). 

This work is licensed under the Creative Commons Attribution International License (CC BY). 

http://creativecommons.org/licenses/by/4.0/ 

 

 

 
ABSTRACT 
Ultra Wideband in an emerging technology for short-range wireless communications with high data rates and low power 

operations. This paper presents a low-profile UWB antenna for wireless body area network (WBAN) applications. The proposed 

antenna design consists of a mono-cone which is modified by adding a cylinder on top and a top-plate to reduce the height. In this 

paper an existing monocone antenna is compared with two variations (Antenna2 and Antenna3). The frequency range is 3.4 GHz-

11 GHz for the antenna structure with rectangle ground plane, and 3.8 GHZ-15.25 GHz for novel antenna structure with circular 

ground plane, and from 3.5 GHz to 15 GHz for antenna design with reduced circular ground plane and a circular top-plate. The 

frequency domain results are simulated and compared. The voltage standing wave ratio is less than 2 within the frequency range 

for all the three antenna designs. The antenna radiates omni-directionally in the H-plane over the entire FCC defined bandwidth.  
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INTRODUCTION 

 
 Antennas are the fundamental element of today's wireless world. The exponential advances in technology 
over the last century have resulted in many miniaturized components, increase in the amount of information 
transmitted, higher data rates and saturation in the frequency spectrum for usage. Ultra wideband technology is a 
solution for all these technological advances. Higher data rates, low probability of detection, low power 
consumption, etc. are some advantages of Ultra-wideband. In UWB systems there is no interference produced, 
as the power level transmitted is almost at the noise level of the systems using the same spectrum, making it 
possible to share the spectrum and space with other established technologies like Wi-Fi and WLAN. 
  UWB technology has emerged as one of the  attractive solution for WBAN. The quality of the WBAN 
depends on the antenna design as the radiation characteristics tend to change near the proximity of the wearer. 
The ultra wideband radiation is based on a few principles like travelling wave structures , frequency independent 
antennas, self-complementary antennas, multiple resonance antennas and electrically small antennas. 
Electrically small antennas like printed planar log-periodic antennas; when used for any desired UWB operation 
are comparatively bad when concerning impedance matching and radiation. But with a proper impedance 
transformation, the antennas can be made UWB. Typical candidates are the different types of D-dot probe 
antennas and small monopole antennas. In bicone antennas it is observed that thickening the arm results in wide 
bandwidth (Rakesh Kumar Yadav et al., 2012). They are then modified as bow-tie and mono-cone antennas. 
The antenna has poor efficiency in low frequency ranges and the antenna height is 11.3mm. Biconical antennas 
are modified with top-loading and shorted posts to improve the radiation bandwidth (Raffi Bourtoutian et al., 
2007). Drawback of this antenna is that the functionality is disturbed due to unbalanced feed i.e) cable radiation, 
and hence baluns are used. This increases the size and gain is low for lower frequencies. In UWB textile button 
antenna a cylinder is added to improve the total bandwidth of the antenna as; when only a cone is used the 
radius required is large for more resonances (Y.Song-Tau et al., 2012). A bevel structure is used for broadband 
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impedance matching for planar monopole antenna used for body proximity applications. It is observed that 
when ground plane size is greater than main radiator, directional pattern is achieved (Cheng-Hung Kang et al., 
2012). It is observed that when omni-directional planar antennas are placed parallel to human body its efficiency 
reduced (Chahat. N, Zhadobov et al., 2011). A CPW-fed tapered slot antenna (TSA) is designed (Alomainy. A 
et al., 2011). In a planar cone antenna a strong resonance obtained at any one of the frequency of the UWB 
antenna response, causes large group delay variation and causes distortion in pulse shape. Wideband log-
periodic, cavity-backed spiral antennas and corrugated antennas can be used but they are very large and planar 
monoploe, discone and wide slot antennas have low gain and back radiation patterns thus a reversed T-match 
dipole is introduced (Shiran Wang et al., 2012). A square planar metal-plate monopole antenna discussed is fed 
by using a novel trident-shaped feeding strip(Kin-Lu Wonget al., 2005). The bandwidth is enhanced by top 
loading the structure with circular disk. A low-profile Ultra Wideband Planar inverted-F antenna is designed by 
modifying a monopole into a T-shaped structure to improve the bandwidth at higher end frequencies (Chan. H. 
S et al., 2013). By top loading in the antenna structure the lower frequency bandwidth is improved and the 
antenna has a height of 8.5 mm which includes the ground plate and top plate. A monocone antenna has the 
smallest size and this design is used in this research paper for analysis and further miniaturisation (Mohsen 
Koohestani et al., 2014). 
  
Proposed Antenna Design: 
 In this paper a low-profile UWB antenna is proposed and characteristics such as low coupling into human 
body, perpendicular polarization, low height with compact form and omni-directional radiation characteristics in 
H-plane are considered for efficient on-body communications. In this paper, a UWB antenna which is referred 
(Mohsen Koohestani et al., 2014) is designed and simulated.  The antenna design given in Figure-1 (Antenna1) 
is varied by introducing a circular ground plane (Antenna2) as in Figure-2. Figure-3 depicts an antenna with 
circular ground plane and a circular top-plate (Antenna3) instead of a top-cross-plate. The Antenna2 and 
Antenna3 are compared with the existing works in the given literature reviews. 
 The antenna structure is based on a conventional mono-cone antenna (Mohsen Koohestani et al., 2014). In 
order to reduce the height, a cylinder is added on top of the mono-cone and is covered by a top-cross-plate 
supported by four legs to enhance its -10dB impedance bandwidth. The antenna structure is shown in Figure-1 
and the antenna specifications are given in Table.1. 

 
Fig. 1: Design of antenna structure with rectangular ground plane(Antenna1). 
 
Table 1: Antenna design specifications. 

 
 
 A novel antenna design is proposed in Antenna2 as shown in Figure-2 with circular ground and a top-cross-
plate. The radius of the ground plane is 17mm which is smaller when compared to the rectangular ground plane 
in the existing work. The antenna structure is further modified for better results by adding a top-plate which is 
circular as shown in Figure-3 (Antenna3). The proposed designs are compared in terms of frequency parameters 
like radiation pattern, VSWR and bandwidth with the existing antenna design. 
 

 
 
Fig. 2: Design of antenna structure with circular ground and top-cross-plate(Antenna2). 
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Fig. 3: Design of antenna structure with circular ground and circular top-plate(Antenna3). 
 
Simulation Results And Discussions: 
 In this section the performance of the antenna in Figure-1 is analyzed with respect to its geometrical 
parameters like top-cross-plate, mono-cone and ground-plane. The existing antenna design is analysed to know 
the feasability and operating mechanism of the antenna structure such that the design can be effectiviely 
modified to provide further advantages to WBAN technology. The antenna structure in aim of reducing the size 
by using a circular ground plane is analyzed and the antenna structure is compared with antenna having circular 
top plate (Figure-3)and with antenna having corrugated top-cross-plate (Figure-2). The designs are then 
compared with respect to bandwidth of operation. 
 Parametric analysis of antenna design with rectangular ground and top-cross-plate(Antenna1) 
 A parametric study and the effects of the design structure on the performance are studied by varying one 
parameter at a time. The antenna shown in Figure-1. radiates from 3.4GHz to 12GHz as shown in Figure-4. 
 

 
 
Fig. 4: Return loss plot of the proposed antenna1. 
 
Effect of the Top–Cross–Plate: 
 The effect of top-cross-plate on the antenna design is studied by simulating the design with and without top-
cross-plate. Results shown in Figure-5, confirm that the higher band (8.5–10 GHz) is due to the modified mono-
cone structure, and that the top-cross-plate induces the lower band (3–8.5 GHz). To achieve wider impedance 
bandwidth the top-plate needs to be truncated by cutting the corners of the square-plate. 
 

 
 
Fig. 5: Effect of top-cross plate. 
 
Effect of the top–cross–plate legs dimensions (“i ” ×“e ”): 
 The dimensions of the legs are tuned and the antenna impedance bandwidth behaviours are studied from the 
simulation results shown in Figure-6. Parameter “i” (leg thickness) was kept constant and “e” (leg width) is 
changed. Figure-6, shows the antenna reflection coefficient when these two parameters are varied. These 
parameters influence mainly the lower frequency in the UWB. 
 

 
 
Fig. 6: Effect of the top–cross–plate legs dimensions. 



111     D. Selvathi and X. Sherin, 2015/ Advances in Natural and Applied Sciences. 9(17) Special 2015, Pages: 108-115 

Effect of the mono–cone top radius: 
 The top radius of the mono-cone directly influences the antennas input impedance.The effect of this 
parameter on the antenna input reflection coefficient is shown in  Figure-7.  
 

 
 
Fig. 7: Effect of mono-cone radius. 
  
 Simulation results depicted in Figure-7 shows that increasing or decreasing the radius leads to slight 
diminishing of the bandwidth and the reflection co-efficient values are found to be varying. 
 
Effect of the ground plane dimensions: 
 The antenna ground plane dimensions are varied and its effects on the antenna reflection coefficient 
characteristics are analysed. Figure-8 shows the simulated results for different ground dimensions. 

 
 
Fig. 8: Effect of ground plane dimensions. 
 
 From Figure-8, it is inferred that the ground should be at least 64mm×64 mm to achieve the FCC defined 
UWB bandwidth of 7.5 GHz. 
 
Analysis of radiation pattern and current distribution: 
 The radiation patterns of the antenna are observed and depicted in Figure-9 (a),(b),(c)  in 2-D view, in both 
E-plane and H-planes at 3.1 GHz, 6.85 GHz and 10.6 GHz (E-plane is the phi-0 plane and H-plane is the theta-
90 plane). 
 

 
 
Fig. 9: Radiation patterns of the proposed antenna at (a) 3.1 GHz, (b) 6.85 GHz, and (c) 10.6 GHz. 
 
 The operation of the antenna is also demonstrated by observing  the current distribution on the antenna at 
3.1 GHz (lower frequency), 6.85 GHz (middle frequency), and 10.6 GHz (higher frequency) and are shown in 
Figure-10 (a),(b) and(c). 
 From the current distribution pattern as in Figure-10, it can be inferred that there is no current distribution 
on the corners of the ground plane and the distribution is circular around the feed of the antenna design.  The 
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current distribution varies in linear scale represented by dark blue (weak current) to yellow and red (strong 
current).  
 

 
 
Fig. 10: Current distribution patterns of the proposed antenna at (a) 3.1 GHz, (b) 6.85 GHz, and (c) 10.6 GHz. 
 
Antenna Design with Circular Ground and Top-ross-Plate(Antenna2): 
 From the current distribution pattern shown in Figure-10 of a mono-cone antenna with rectangular ground 
the current density is mainly concentrated around the feed and increases away from the feed for higher end 
frequencies. The antenna size reduction is the main constraint in the WBAN. The return loss plot of antenna 2 is 
obtained and is shown in Figure-11. 
 In this antenna work, the circular ground plane is used instead of rectangular patch. Due to this the ground 
plane is with the size of 17 mm. 
 

 
 
Fig. 11: Return loss plot of the proposed antenna2. 
 
 The antenna design as shown in Figure-2 has return loss of -30dB at 8 GHz and the frequencies of operation 
at S11< -10dB are from 3.3 GHz-15.6 GHz. The radiation plots for the proposed design is obtained at 3.1GHz, 
6.85 GHz and 10.6 GHz frequency, and the E-plane and H-plane plots are shown in Figure-12 (a), (b) and (c). 
The current distribution on the antenna at 3.1GHz (lower frequency), 6.85 GHz (middle frequency), and 10.6 
GHz (higher frequency) are depicted in Figure-13 (a), (b) and( c). 
 

 
 
Fig. 12: Radiation patterns of the proposed antenna at (a) 3.1 GHz, (b) 6.85 GHz, and (c) 10.6 GHz. 
 



113     D. Selvathi and X. Sherin, 2015/ Advances in Natural and Applied Sciences. 9(17) Special 2015, Pages: 108-115 

 
 
Fig. 13: Current distribution patterns of the proposed antenna at (a) 3.1 GHz, (b) 6.85 GHz, and (c) 10.6 GHz. 
 
 Figure-13(a),(b) and (c) shows that the electric currents are mostly concentrated on the edge portions of the 
top-cross-plate at lower frequency (3.1GHz) and around the centre of the ground plane at 6.85GHz and almost 
in the entire ground plane at 10.6GHz. As the frequency of operation increases the current distribution also 
increases away from the feed. 
 A Novel Antenna Structure with Reduced Size Circular Ground Plane and Circular Top-Plate(Antenna3) 
  From Figure-13, it is observed that the lower end frequency (3.1GHz) is due to top-plate, as the current 
concentration is more on top-plate and the high end frequencies like 10.6 GHz are due to the ground plane. 
Therefore the antenna design is further analyzed by using a circular top-plate supported by four legs and 
simulated. The return loss, radiation pattern and current distribution are obtained and are given in Fig 14, Fig 15 
and Fig 16 respectively. 
 

 
 
Fig. 14: Return loss plot of the proposed antenna3. 
 
 From the Figure-14 it can be observed that the antenna radiates from 3.6GHz to 15.7GHz.  Figure-15 (a),(b) 
and (c) show the the radiation plots for the proposed design is obtained at 3.1GHz, 6.85GHz and 10.6GHz 
frequency, and the E-plane and H-plane plots. 
 

 
  
Fig. 15: Simulated radiation patterns of the proposed antenna 3 at (a) 3.1 GHz, (b) 6.85 GHz, and (c) 10.6 GHz. 
 
 From Figure-15 (a), (b) and(c), the radiation pattern is found and found to satisfy the perpendicular 
polarization condition with symmetrical E-plane in all the frequencies of operation and radiates omni-
directionally in H-plane. The radiation properties are acceptable over the entire ultra-wide bandwidth, and there 
is not much decrease in the radiation in the lower half when compared to Figure-9. 
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Fig. 16: Simulated current distribution patterns of the proposed antenna at (a) 3.1 GHz, (b) 6.85 GHz, and 10.6 
        GHz. 
 
 From the current distribution pattern in Figure-16, it is found that the current distribution is concentrated 
mostly on the top-plate at lower end frequency (3.1GHz) and confined to ground plane at higher frequencies as 
that of antenna2. It is also inferred that there is no current distribution around the edges of the ground plane and 
thus there will be less interaction of the EM-fields on the human body when on-body communications are 
considered. The comparative results of return loss and VSWR of antennas are given in Figure-17 and Figure-18 
respectively. 

 
 
Fig. 17: Return loss plot of three antennas. 
 

 
 
Fig. 18: VSWR plot of different antennas. 
 
 Based on the analysis of the results shown in Figure-18, for all the three proposed designs the VSWR value 
is below 2 in the desired range of frequency as defined in the FCC regulations and this ensures that there will be 
a good impedance matching between the transmitting waves. The proposed antenna designs are compared with 
the existing works in terms frequency range of operation and bandwidth of operation  and is given in Table-2. 
 
Table 2: Comparison of antenna bandwidth. 

Antenna design Lower freq(GHz) 
Upper 

freq(GHz) 
Bandwidth(GHz) 

Antenna1 3.4 12.3 8.9 
Antenna2 3.3 15.6 12.3 
Antenna3 3.6 15.7 12.1 

 
 From the Table-2 it can be inferred that all the three antennas satisfy the FCC regulated bandwidth of 
7.5GHz. Antenna1 has a bandwidth of 8.9GHz, Antenna2 has a bandwidth of 12.3GHz and Antenna3 has a 
bandwidth of 12.1GHz. The simulation results demonstrate the applicability of the proposed methodology, to 
design an antenna for WBAN to operate in UWB range.  
 
Conclusion: 
  The UWB antenna is designed and simulated using Ansoft HFSS. The antenna consists of a mono-cone 
and a top-plate supported by four legs. The total height of the antenna in the existing work is 8.5mm and a 
coaxial feed is used. In this paper, two types of UWB antenna designs (Antenna2 and Antenna3) is compared 
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with the existing work. The antenna design with a rectangular ground plane of size 64×64mm(Antenna1) is 
simulated and the frequency of operation exhibited by the antenna is from 3.4GHz-12.3GHz. The size of the 
antenna structure is reduced by using a circular ground plane of radius 17mm(Antenn2) and the resultant 
frequency of operation is from 3.3GHZ-15.6GHz.The design is analyzed further by replacing the corrugated 
square top-plate with a circular top-plate(Antenna3) and the frequency of operation obtained is from 3.6GHz to 
15.7GHz. This antenna with circular ground plane and a circular top-plate(Antenna2) has a minimum return loss 
of -30dB at 8GHz. The proposed antenna designs are analyzed using parameters such as radiation pattern, 
VSWR and bandwidth. Based on the value of bandwidth, Antenna2 chosen to have minimum return loss value, 
maximum bandwidth and also the radiation pattern is same throughout the frequency range. Simulation results 
confirm that all the antennas have omni-directional radiation properties. It is clear that the proposed antenna 
designs (Antenna2 and Antenna3) have higher bandwidth of operation and also they have compact size as their 
ground plane size is reduced than the existing works and thus suitable for WBAN applications. 
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