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Chapter 1: Introduction

One of a modern business' most valuable assets is its communications
infrastructure: without it, there is no connection to the outside world, no way to interface
with customers, and no way to move data to where it needs to go. As the need for fast
and convenient communication increases, the cost of wiring buildings and providing
mobility for individual employees is also increasing. Over time, more businesses are
employing high-speed wireless technology, either in addition to their wired
infrastructures or in place of them; however, attempting to use conventional wireless
products and methodologies to meet all communication needs can be problematic. First,
as access points (APs) tend to be centrally located, often in hallways, their signal tends
to illuminate corridors and other unpopulated areas better than the most important areas,
offices and conference rooms. Also, areas further from the access point tend to get
significantly lower signal quality and data rates.

A promising method for addressing the problem described above involves
installing wireless networking equipment in heating, ventilation, and air conditioning
(HVAC) ducts and using them as waveguides. The nature of ventilation ducts is such
that the signal they deliver will be strongest in areas where employees spend most of
their time--offices and conference rooms--because this is where vents open, both
ventilating the room and allowing transference of wireless signals. A group of students
within the Antenna and Radio Communications Group have been working on wireless-in-
duct technology for several years, sponsored by ABB, YIT, and the National Science
Foundation [1]-[17]. This project is a continuation of these efforts.

For much of the other research done on implementation of wireless networking
within HVAC ducts, an AP is pigtailed to an external monopole, which is then placed into
the duct. However, in many HVAC systems, the use of a directional antenna rather than

a simple monopole would improve performance significantly: a monopole placed in a
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duct transmits more or less bidirectionally, which can be unnecessary, as in the case
when only one section of a building needs to be illuminated, and signal transmitted in the
other direction is “wasted.” Bidirectional transmission can even, in many cases, increase
dispersion of the signal, which decreases throughput. For instance, the most convenient
placement of an antenna may be near air-handling equipment, tapers, end caps, or other
features of the duct which could disrupt the signal. A reflection from one of these
features will be offset in time and phase from the signal that was originally transmitted,
making reception and decoding of the original signal more difficult. if, however, a
directional antenna is used, then not only will there be an increase in the amplitude of
the original signal, but the amplitude of the reflected signal will decrease, perhaps
enough so that the reflected signal can be ignored by the receiver.

1.1 Project Description

For this project, | designed a two-element directional antenna for use in
networking via IEEE 802.11b/g within heating, ventilation, and air conditioning (HVAC)
ducts. My goal was to maximize for the best average forward gain, given a pre-chosen
driven element and a single other element acting as a reflector. In order to maximize
forward gain, | varied the length of the second element, as well as the distance between
it and the driven element. The test setup was designed carefully, so that the
configuration | determined to be optimal would work well in a general HVAC duct
environment.

Figures 1 and 2 show the results of a series of signal power measurements taken
by Ben Henty from a wireless-in-duct installation, first with a simple monopole, then with
an early prototype of a two-element directional antenna, which had not been optimized.
The prototype, a diagram of which is shown in Figure 3, consisted of the monopole, with
a reflector made of 1/16” diameter welding rod placed several inches away from, but in

line with it. Even without proper tuning of the length or inter-element distance of the



directional antenna, there is noticeable change in signal strength throughout much of the
building. The directional antenna gives an average gain of 1.1dB in the forward direction
and a loss of 0.8dB in the reverse direction. A properly designed directional antenna

would have better gain and therefore more striking results.
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Figure 1: Signal strengths for wireless-in-duct system, monopole antenna [17].
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Figure 2:" Signal strengths for wireless-in-duct system, untuned directional antenna 171
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Figure 3: Configuration of the prototype antenna.

There was a strong correlation between the received signal strength and the
throughput for IEEE 802.11g in this experiment, as shown in Figure 4. Given the strong
correlation between signal strength and throughput, in addition to rather promising
results for an untuned directional antenna, further optimization of the directional antenna

design seemed justified.
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Figure 4: Plot of correlation between signal strength and throughput [17].
1.2 Report Overview
The second chapter describes the steps | took in the antenna design and
provides a detailed description of each of the components used. The third chapter
describes the analysis performed on the data and the design | decided on. The fourth
and final chapter discusses my analysis of the design and several tests performed to

verify its utility.



Chapter 2: Iterative Design of the Antenna

This chapter describes the set of experiments performed in the process of
designing this antenna, as well as the materials used. Certain aspects of the
experimental setup are worth examining; explanations of the thought process leading to
these decisions are provided.

The goal was to create a two-element directional antenna, inspired by the Yagi-
Uda design [18] and [19], which would improve the strength and quality of an |EEE
802.11b/g signal being transmitted through an HVAC duct system. The design
progressed as a series of "experiments," iteratively determining the best combination of
distance between elements and reflector length. The first experiment consisted of
variation over inter-element distance; the second consisted of variation over length; and
the third consisted of variation over distance again. Before the experimental setup can
be described in detail, a full description of the components is in order.

2.1 Monopole

The monopoles, illustrated in Figure 5, are constructed from SMA female right-
angle panel mount connectors with extended dielectric, screwed to brass bases with
holes through the center. Metallic “teeth,” intended to snap the fixture into a ten
millimeter hole in the side of a duct, have been placed into the base, around the
dielectric. The dielectric has been cut down to be level with the brass base, leaving the
center conductor exposed. A brass cylinder with a hole in it has been fitted onto the end

of the center conductor.






