
ELECTROMAGNETIC
WAVES PIERC 38

Progress

In

Electromagnetics

Research C



c© 2013 EMW Publishing. All rights reserved.

No part of this publication may be reproduced. Request for permission
should be addressed to the Publisher.

All inquiries regarding copyrighted material from this publication,
manuscript submission instructions, and subscription orders and price
information should be directed to: EMW Publishing, P. O. Box 425517,
Kendall Square, Cambridge, Massachusetts 02142, USA.

E-ISSN 1937-8718



ELECTROMAGNETIC
WAVES PIERC 38

Progress

In

Electromagnetics
Research C

Chief Editor: Weng Cho Chew

EMW Publishing

Cambridge, Massachusetts, USA





PROGRESS IN ELECTROMAGNETICS RESEARCH C PIERC 38

CONTENTS

MODIFIED SQUARE SLOT ANTENNAS FOR BROAD-
BAND CIRCULAR POLARIZATION

Jianjun Wu, Xueshi Ren, Zhaoxing Li, and Yingzeng Yin
1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
2 Antenna Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
3 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

DESIGN OF A PRINTED LOG-PERIODIC DIPOLE
ARRAY FOR ULTRA-WIDEBAND APPLICATIONS

Giovanni A. Casula, Paolo Maxia, Giuseppe Mazzarella
and Giorgio Montisci
1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
2 Antenna Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
4 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

A NOVEL MICROSTRIP ANTENNA ARRAY WITH
METAMATERIAL-BASED ELECTRONIC BEAM
STEERING AT 2.4 GHz

Athanasia Symeonidou and Katherine Siakavara
1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
2 Theoretical Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
3 Synthesis of the Printed CRLH Leaky Wave Antenna and

Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
4 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

DIELECTRIC LOADED EXPONENTIALLY TAPERED
SLOT ANTENNA FOR WIRELESS COMMUNICATIONS
AT 60GHz

Subramaniam Ramesh and Thipparaju R. Rao
1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
2 Technical Challenges and Issues . . . . . . . . . . . . . . . . . . . . . . . . . . 44
3 Antenna Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
4 Results and Discussions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
5 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

v



PROGRESS IN ELECTROMAGNETICS RESEARCH C PIERC 38

A COMPACT COPLANAR WAVEGUIDE (CPW)-FED
DUAL-FREQUENCY ANTENNA WITH SINGLE-CELL
METAMATERIAL LOADING

Long Zheng, Guangming Wang, Lin Geng, and Yajun Hu
1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
2 CPW Structure ENG Transmission Line . . . . . . . . . . . . . . . . . . 57
3 Simulation for the Two Resonant Mode . . . . . . . . . . . . . . . . . . . 59
4 Full Wave Simulation and Measurement of the Dual-

frequency Antenna . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
5 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

DESIGN AND INVESTIGATION OF A DUAL-BAND
ANNULAR RING SLOT ANTENNA FOR AIRCRAFT
APPLICATIONS

Li Sun, Bao-Hua Sun, Guan-Xi Zhang, Dan Cao, and Bin Fan
1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
2 Antenna Structure and Cavity Model Analysis . . . . . . . . . . . . . 68
3 Validating the Novel Characteristic . . . . . . . . . . . . . . . . . . . . . . . 71
4 Parameteric Study and Discussion . . . . . . . . . . . . . . . . . . . . . . . 72
5 Experimental Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74
6 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

DESIGN OF MISSILE-MOUNTED SIW ANTENNA WITH
HIGH DIRECTIVITY FOR DATA TRANSMISSION

Wen-Chung Liu and Chih-Sheng Chen
1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
2 Antenna Design and Measurement . . . . . . . . . . . . . . . . . . . . . . . 80
3 Scale Model of Missile-mounted Antenna . . . . . . . . . . . . . . . . . . 83
4 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87

WIDEBAND OMNIDIRECTIONAL PRINTED DIPOLE
ANTENNA WITH COUPLING FEED FOR WIRELESS
COMMUNICATION APPLICATIONS

Zhi-Ya Zhang and Cheng-Bin Zhang
1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89
2 Antenna Design and Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . 91
3 Experimental Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94
4 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98

vi



PROGRESS IN ELECTROMAGNETICS RESEARCH C PIERC 38

COMPACT DUAL-MODE DOUBLE SQUARE-LOOP
RESONATORS FOR WLAN AND WIMAX TRI-BAND
FILTER DESIGN

Ji-Chyun Liu, Feng-Seng Huang, Ching-Pin Kuei, and Chin-Yen Liu
1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
2 Design of Improved DMDSLR Tri-band Filter . . . . . . . . . . . . . 103
3 Design of Miniaturized DMDSLR Tri-band Filter . . . . . . . . . . 107
4 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111

DIELECTRIC RESONATOR ANTENNA REFLECTAR-
RAYS MOUNTED ON OR EMBEDDED IN CONFOR-
MAL SURFACES

Saber H. Zainud-Deen, Noha A. El-Shalaby, Hend A. Malhat
Shaymaa M. Gaber and Kamal H. Awadalla
1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115
2 Numerical results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117
3 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127

PRINTED ANTENNA ON FLEXIBLE LOW-COST PET
SUBSTRATE FOR UHF APPLICATIONS

Diego Betancourt and Joaquin Castan
1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129
2 Related Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130
3 PET Substrate and R2R Machine . . . . . . . . . . . . . . . . . . . . . . . . 131
4 RF Characterization of PET Substrate . . . . . . . . . . . . . . . . . . . 132
5 Antenna Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134
6 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139

A SLIM WIDEBAND AND CONFORMAL UHF RFID
TAG ANTENNA BASED ON U-SHAPED SLOTS FOR
METALLIC OBJECTS

Tao Tang and Guo Hong Du
1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141
2 Antenna Design and Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143
3 Parametric Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 146
4 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149

vii



PROGRESS IN ELECTROMAGNETICS RESEARCH C PIERC 38

GAIN ENHANCEMENT OF REFLECTOR BASED
IMPULSE RADIATING ANTENNAS: AN INNOVATIVE
APPROACH

Dhiraj K. Singh, Devendra C. Pande, and Amithabha Bhattacharya
1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153
2 Conventional IRA Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155
3 New Feed IRA Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156
4 FDTD Analysis and Measurement . . . . . . . . . . . . . . . . . . . . . . . 158
5 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163
6 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163

W-L1-SRACV ALGORITHM FOR DIRECTION-OF-
ARRIVAL ESTIMATION

Ruiyan Du, Fulai Liu, and Lu Peng
1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165
2 Data Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167
3 The Proposed W-L1 SRACV Algorithm . . . . . . . . . . . . . . . . . . 167
4 Simulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 172
5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 174

DESIGN OF DIPLEXER WITH ROTATIONALLY
SYMMETRIC STRUCTURE

Sai Wai Wong, Xiao-Han Liu, Kai Wang, Ruisen Chen
Li-Sheng Zheng and Qing-Xin Chu
1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 177
2 Analysis of Rotationally Symmetrical Structure Bandpass Filter178
3 Design of Diplexer with Rotationally Symmetric Structure . . 182
4 Rotationally Symmetric Structure with Interdigital Coupled

Lines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 184
5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 188

THE ROUND-ENDED DESIGN AND MEASUREMENT
OF ALL SYMMETRIC EDGE-COUPLED BANDPASS
FILTER

Bao-Hua Yang, Ghulam Mehdi, Anyong Hu, Yan Xie
Xian-Xun Yao, Jin Zhang, Cheng Zheng, and Jungang Miao
1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191
2 Tolerance Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 192
3 Measurement Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 198

viii



PROGRESS IN ELECTROMAGNETICS RESEARCH C PIERC 38

4 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 201

GUIDED- AND RADIATED-WAVE CHARACTERISTICS
OF A RECTANGULAR PATCH ANTENNA LOCATED
ON A SINGLY-CURVED SURFACE

Keyhan Hosseini and Zahra Atlasbaf
1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 205
2 Problem Description and Basic Theory . . . . . . . . . . . . . . . . . . . 206
3 Verification and Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211
4 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 214

CROSS-POLARIZATION REDUCTION OF E-SHAPED
MICROSTRIP ARRAY USING SPIRAL-RING
RESONATOR

Chandan K. Ghosh and Susanta K. Parui
1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 217
2 Design of E-shaped Single Element Antenna . . . . . . . . . . . . . . . 219
3 Microstrip Line Feed Antenna Array Design . . . . . . . . . . . . . . . 220
4 Results and Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 223
5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 226

FAST DETECTION OF GPR OBJECTS WITH CROSS
CORRELATION AND HOUGH TRANSFORM

Jian Wang and Yi Su
1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 229
2 Reflection Model of a Buried Object . . . . . . . . . . . . . . . . . . . . . . 230
3 Detection Algorithm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 231
4 Experimental Results And Analysis . . . . . . . . . . . . . . . . . . . . . . 235
5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 238

IMPROVED METHOD OF NODE AND THRESHOLD
SELECTION IN WAVELET PACKET TRANSFORM FOR
UWB IMPULSE RADIO SIGNAL DENOISING

Abul K. M. Baki and Nemai C. Karmakar
1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241
2 UWB Impulse Radio Signal and Interferences . . . . . . . . . . . . . . 243
3 Wide Band Antenna for Impulse Radio Signal Detection . . . . 244
4 Wavelet Packet Transform . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 245
5 Experimental Results on Impulse Radio Signal . . . . . . . . . . . . . 251
6 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 254

ix


