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ABSTRACT: A P-shaped wearable antenna is proposed for the application of ISM (Industrial Scientific Medical) band at
frequency 2.45 GHz. This proposed antenna is studied using different numerical techniques. Those techniques are Method of
Moment (MoM) and Finite Element Method (FEM). This proposed structure is a high directive gain, low-cost, low weight base
station antenna. The characteristic analysis such as return loss (RL), VSWR and radiation pattern of this antenna has been
investigated numerically. Numerical study has been carried out by using Ansoft HFSS V13 simulating software.
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1 INTRODUCTION

Over the last two decades, microwave resonators have become very important subject of interest. Recent years have
observed the demand for reconfigurable antennas, these are used in a variety of applications, including sensors, filters,
oscillators, frequency meters and tuned amplifier [1]-[4]. Resonator elements based on microstrip antenna technology are
conformable and have minimized shape, low weight and cost. Hence, these are commonly used in many commercial
applications in the industry, such as mobile satellite communications or direct broadcast satellite services etc. In this paper,
modeling and study of P-shaped wearable antenna is investigated at frequency 2.45 GHz. The geometry of wearable antenna
is shown in the Fig.1. For achieving best performance of this antenna, a parametric study has been performed. The antenna
parameters, such as length (L), width (W), slot dimensions etc are also shown in the Figure 1. In order to satisfy IEEE 802.11 a
standard, the proposed antenna should operate at 2.45 GHz. Therefore, slotted antennas for WLAN applications become a
research point in the past decades and many different technologies for miniaturized antenna have been proposed [5]-[22]
and also slotted antennas for ISM band become a hot research point in the past decades and many technologies for
miniaturized antenna have been proposed. This proposed antenna is simulated by Ansoft HFSS V13 simulating software,
based on method of moment (MoM). In this article, a study for optimizing the performance of the proposed wearable
antenna has been carried out by varying the slot dimension (P) as illustrated in the Fig.1. The best performance is achieved
for P=2mm. The simulated results offer VSWR of 3.5, and return loss (RL) of -17.25dB. To meet the actual design
requirements i.e. operating frequency 2.45 GHz, band width and the radiation efficiency, some approximation has been used.
The dimension of the wearable antenna has been calculated based on transmission line model. The substrate duroid (tm) of
dielectric constant 2.2 has been taken in this design. The low-profile P-shaped wearable antenna is presented in this paper. It
is also very helpful to understand the interaction and performance of the antenna and the communication system in ISM
band. The results and design details on the antenna presented here, can be chosen as the initial design for professionals
interested in utilizing low-profile integrated antenna. A numerical study has been done to find out the exact feed location
and it is found that at (-44.59, 1.85, 0). Duroid (tm) substrate with electrical properties, €, of 2.2, thickness of 1.52mm have
been used. In this paper a new wearable antenna is design and simulates is used in the Industrial, Scientific and Medical ISM
band operating at the frequency 2.45 GHz as a P shaped wearable antenna with micro strip line feed.
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Fig. 1. Geometry of the P-shaped wearable patch antenna
2 SIMULATION RESULTS AND ANALYSIS

2.1 RADIATION PATTERN

This wearable antenna radiates normal to its patch surface. So the elevation pattern for ¢= 0 and ¢= 90 degrees are
important for measurement. Figure 2 below shows the radiation pattern at 2.45 GHz. The maximum gain is obtained at

design frequency for the P-shaped wearable antenna is 6.5 dBi for both ¢= 0 and ¢= 90 degrees. The 3D view of the polar
plot is shown in Figure 3.
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Fig. 2. Simulated result of radiation pattern at 2.45GHz
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Fig. 3. 3D view of polar plot of the proposed P shaped wearable antenna

2.2 RETURN LOSS AND VSWR

The Return loss characteristics are shown in the Fig. 4. From Return loss (RL) curves it is observed that the optimized RL at
2.45 GHz is -17.25 dB. It has been observed that as the feed location is moved away from designed location, the center
frequency deviates slightly but return loss changes noticeably. The optimum VSWR of the proposed antenna at 2.45 GHz is

3.5 as shown in Fig.5.
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Fig. 5. Simulated result of VSWR at 2.45GHz
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23 CURRENT DISTRIBUTION

The Current Distribution of proposed antenna is shown in the Fig. 4.
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Fig. 6. Simulated Current Distrubution at 2.45GHz

3  CONCLUSION

In this investigation, A new wearable antenna has been design and simulates to use in the ISM band at the center
frequency of 2.45 GHz. The proposed slotted antenna is applicable for ISM band. The P-shaped wearable antenna is
electrically small and it is suitable to handle easily. If the dielectric constant is high, the electrical length of the antenna will be
reduced but the bandwidth would be narrow. It is clearly observed that the bandwidth, radiation efficiency and VSWR
improve by introducing P-shaped wearable antenna at the receiver or transmitter ends.

ACKNOWLEDGEMENT

The authors like to acknowledge Dr. B. C. Roy Engineering College, Durgapur, India and Bengal Engineering and Science
University (BESU), Shibpur, India for providing necessary support during this research work.

REFERENCES

[1] C. A. Balanis, Antenna Theory: Analysis and Design, 2nd Ed. Wiley India Pvt. Limited, 2007.

[2] Pozar, D. M., Microwave Engineering, Addison-Wesley, New-York, 1990.

[3] Chandan Kumar Ghosh and Susanta Kumar Parui, “Reduction of Mutual Coupling Between Patch Elements Using Split-
Ring DGS,” International Journal of Electronics and Communication Engineering & Technology, Volume 1, Number 1, pp.
18-24, Sep — Oct 2010.

[4] Chandan Kumar Ghosh, Biswarup Rana, Susanta Kumar Parui, “Design and development of E-shaped array antenna
using Defected Ground Structure at 5.25 GHz band,” 2nd Annual International Conference IEMCON, 2012.

[5] Ang, B. K. and B. K. Chung, “A wideband E-shaped microstrip patch antenna for 5-6 GHz wireless communications,”
Progress In Electromagnetics Research, PIER 75, pp. 397-407, 2007.

ISSN : 2028-9324 Vol. 4 No. 3, Nov. 2013 500



Rajasree Hazra, Chandan Kumar Ghosh, and S.K. Parui

(6]
(7]
(8]
(9]
(10]

(11]

(12]
(13]

(14]

[15]

(16]

(17]

(18]
(19]
(20]
[21]

(22]

Chandan Kumar Ghosh, Biswarup Rana, Susanta Kumar Parui, “Design and development of E-shaped array antenna
using Defected Ground Structure at 5.25 GHz band,” Progress in 2nd Annual International Conference IEMCON, 2012.
Ge, Y., K. P. Esselle, and T. S. Bird, “E-shaped patch antennas for high-speed wireless networks,” IEEE Trans. Antennas
Propagat., Vol. 52, No. 12, pp. 32133219, Dec. 2004.

T. A. Denidni and N. Hassaine, “Broadband and high-gain E-shaped microstrip antennas for high-speed wireless
networks,” Progress In Electromagnetics Research C, Vol. 1, pp. 105-111, 2008.

Ahmed Al-Shaheen, “New Patch Antenna for ISM band at 2.54 GHz,” Progress in ARPN Journal of Engineering and
Applied Sciences, vol. 7, no. 1, January 2012.

Rabih Rahaoui and Mohammed Essaaidi, “Compact Cylindrical Dielectric Resonator Antenna excited by a Microstrip
Feed Line,” International Journal of Innovation and Applied Studies, vol. 2, no. 1, pp. 1-5, January 2013.

Mohammed Younssi, Achraf Jaoujal, M. H. Diallo Yaccoub, Ahmed El Moussaoui, and Noura Aknin, “Study of a
Microstrip Antenna with and Without Superstrate for Terahertz Frequency,” International Journal of Innovation and
Applied Studies, vol. 2, no. 4, pp. 369—-371, April 2013.

M. I. Hasan and M. A. Motin, “New slotting technique of making compact octagonal patch for four band applications,”
International Journal of Innovation and Applied Studies, vol. 3, no. 1, pp. 221-227, May 2013.

Tajeswita Gupta and P. K. Singhal, “Ultra Wideband Slotted Microstrip Patch Antenna for Downlink and Uplink Satellite
Application in C band,” International Journal of Innovation and Applied Studies, vol. 3, no. 3, pp. 680-684, July 2013.
Sonali Kushwah, P. K. Singhal, Manali Dongre, and Tajeswita Gupta, “A Minimized Triangular — Meander Line PIFA
Antenna for DCS1800/WIMAX Applications,” International Journal of Innovation and Applied Studies, vol. 3, no. 3, pp.
714-718, July 2013.

Tajeswita Gupta, P. K. Singhal, and Vandana Vikas Thakre, “Modification in Formula of Resonating Frequency of
Equilateral TMPA for Improved Accuracy and Analysis,” International Journal of Innovation and Applied Studies, vol. 3,
no. 3, pp. 727-731, July 2013.

Anshul Agarwal, P. K. Singhal, Shailendra Singh Ojha, and Akhilesh Kumar Gupta, “Design of CPW-fed Printed
Rectangular Monopole Antenna for Wideband Dual-Frequency Applications,” International Journal of Innovation and
Applied Studies, vol. 3, no. 3, pp. 758-764, July 2013.

Manali Dongre, P. K. Singhal, Sonali Kushwah, and Tajeswita Gupta, “Triple Band Hexagonal Meander-line Monopole
Antenna for Wireless Applications,” International Journal of Innovation and Applied Studies, vol. 3, no. 4, pp. 953-958,
August 2013.

Alak Majumder, “Design of an H-shaped Microstrip Patch Antenna for Bluetooth Applications,” International Journal of
Innovation and Applied Studies, vol. 3, no. 4, pp. 987-994, August 2013.

Pawan Shakdwipee, “Design and Simulation of Edge-Coupled Stripline Band Pass Filter for U band,” International Journal
of Innovation and Applied Studies, vol. 3, no. 4, pp. 1033—-1044, August 2013.

B R Koushik and B Ajeya, “Design of Rectangular Microstrip Antenna with Metamaterial for Increased Bandwidth,”
International Journal of Innovation and Applied Studies, vol. 3, no. 4, pp. 1094-1100, August 2013.

Rahul Yadav, “A Novel Approach for Gain and Bandwidth Re-Configurability in Helical Antenna,” International Journal of
Innovation and Applied Studies, vol. 4, no. 1, pp. 233-238, September 2013.

M. H. Diallo Yaccoub, Achraf Jaoujal, Mohammed Younssi, Ahmed El Moussaoui, and Noura Aknin, “Rectangular Ring
Microstrip Patch Antenna for Ultra-wide Band Applications,” International Journal of Innovation and Applied Studies,
vol. 4, no. 2, pp. 441-446, October 2013.

ISSN : 2028-9324 Vol. 4 No. 3, Nov. 2013 501



