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Studies on high efficiency antennas
for the digital mobile communications®

Tomohiro Komai
Abstract

In mobile communication environment, the received signal is attenuated due to
shadowing and multipath fading in addition to path-loss in mobile propagation. In
order to ensure the transmission quality, the mobile communication system requires
various kinds of technique to combat shadowing and multipath fading. Among these
techniques, an antenna is one of the key components for improving the transmission
performance.

This paper deals with the efficient antenna for mobile communication systems. In
the following, this paper focuses on two systems; one is a base station antenna for
micro-cell system, whose cell size is a several hundred meters, and the other is a
vehicle antenna for mobile reception of digital terrestrial television broadcasting. First
of all, this paper proposes a V-shaped antenna, which is composed of two collinear
array antennas. In urban area, cross-polarization component arises due to multipath
propagation. The conventional diversity antenna, which is composed of two vertically
aligned parallel collinear array antennas, is not efficient because it can not make use
of cross-polarization component. In order to improve the gain of the diversity antenna,
this paper proposes a V-shaped diversity antenna as a base-station antenna of micro-
cell system. Each of two diversity antenna elements, which are composed of collinear
array, is slightly tilted in order to make efficient use of cross-polarization component.
The field test shows that the proposed diversity antenna gives extra diversity gain
against the conventional one. Since the proposed antenna does not require horizontal
support beam for supporting two collinear antenna elements. It is cost-effective. Fur-
thermore, its style matches a cityscape.

This paper then introduces the efficient antenna attached to the rear window of a
car for mobile reception of digital terrestrial television broadcasting. Since the size
and place of the antenna to be attached onto the vehicle are strictly limited, conven-
tional antenna is usually attached onto the rear window. However, the heat-wire,
which is also placed onto the rear window, decreases the antenna gain as well as the
body of the car. In order to solve this problem, the proposed antenna makes efficient

use of heat-wire as a reflector element. The proposed antenna improves the direc-
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tional gain toward the horizontal direction.

The thesis is organized as follows.

Chapter 1 introduces technical requirements and problems of antennas for mobile
communication systems in order to clarify the objective of our study.

Chapter 2 derives the space-domain fading correlation characteristics in multipath
propagation environment for evaluating the performance of the diversity antenna
proposed in the following chapters. The analysis method of the antenna characteristic
is shown. And the measured receiving characteristic propagated from a handheld PC
is shown.

In Chapter 3, I will propose a V-shaped diversity antenna for a base-station an-
tenna of the micro-cell system. Computer simulation shows that the proposed V-shaped
antenna gives extra diversity gain against the conventional one in multipath fading
environment.

Chapter 4 introduces a rear window attached antenna for mobile reception of digi-
tal terrestrial television broadcasting. Computer simulation and field test show that
the proposed antenna improves the directivity gain toward the horizontal direction.

Chapter 5 is the concluding remarks.

Key word
Multipass, Antenna, Collinear, Micro-cell, Cross-polarization, Diversity,

Rear window, Digital terrestrial television, Heat wire, Yagi-Uda array.
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