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Single-RF Input Diversity System
Using Variable Directional Antenna

with Periodically Change Directivity*

Satoshi Tsukamoto

Abstract

This thesis presents a single-RF diversity scheme using an Electronically Steer-
able Passive Array Radiator (ESPAR) antenna with periodically changing direc-
tivity for mitigating the performance degradation due to fading. In Japan, the
penetration rate of smartphone and mobile phone exceeded 95 % five years ago.
Since the telecommunication services are well managed by carrier operators, users
of the system naturally regard that it is possible to use at any time. In addition,
the number of small wireless devices, such as a wireless sensor, an Radio Fre-
quency Identification (RFID) tag, and equipment with wireless communication
capabilities, are increasing each year offering energy saving and convenience. It
is difficult to maintain a high throughput and connectivity due to interference
and fading. However, whilst the deterioration due to interference can be reduced
when signal processing is applied to the received signals, the deterioration due to
fading cannot be avoided. While maximum-ratio-combining diversity is an effi-
cient technique to reduce deterioration due to the fading, the increase in power
consumption and device cost is not negligible. Though selection diversity has
an advantage in the power consumption and the cost, it makes a deterioration

due to an inappropriate choice of antenna. It cannot be applied to Orthogonal

*Doctoral Dissertation, Department of Information Systems, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-DD0761204, February 6, 2014.
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Frequency Division Multiplexing (OFDM) system, since the best antenna direc-
tion is different for each subcarrier under frequency-selective-channel conditions.
Then, a single-RF input diversity scheme using a variable directional antenna
with periodically changing directivity is proposed to reduce the deterioration by
the fading. We focused on an electrically steerable parasitic array radiator (ES-
PAR) antenna as a variable directional antenna and it is studied with application
to the ZigBee system with single carrier and the wireless local area network sys-
tem with OFDM. Through computer simulations, it is confirmed that the scheme

achieves diversity gain in a fast fading environment.

Keywords:

ESPAR antenna, Maximal combining diversity, OFDM, Wireless LAN, ZigBee
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