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ABSTRACT

Efficiency in the radio frequency spectrum is difficult to quantify. By accurately accounting for the percentage of spectrum being used at particular time in a particular location, RF electronics manufacturers can take advantage of the environment in which their devices will operate and a new market for auctioning time slices of frequencies can be developed. This thesis pre-proposal sets out to investigate a possible research topic mapping the 300MHz to 2GHz frequency space and analyzing its usage within the Cambridge area.
1.0 Introduction
The demand for wireless data communications has never been greater and will continue to grow. With the expanding use the radio frequency bands for everything from multimedia video, music and text along with voice communications, understanding the underlying radio “ether” becomes vital for ensuring reliability and dependability of services that employ radio frequencies. Most recently, with the explosion in usage of electronic devices under 802.11b (or WiFi) under part 15 rules of the Federal Communication Commission (FCC), wireless technology is being embraces by the mass public. 
Radio frequencies are used for various purposes and services such as FM and AM radio, satellite to base communication, radar, and telephonic relay and communication. All of these various uses of spectrum have led to a fragmentation of the frequency space. More importantly, the future growth in new technologies that use the spectrum space may be limited by lack of sufficiently available frequencies. Many modern data transmission capabilities available to consumers are made possible through the sharing and reuse of spectrum under rules (FCC part 15). An example is the IEEE802.11b or Wireless Fidelity (WiFi) networking capabilities available at universities such as MIT. WiFi is an international standard that utilizes the 2.4GHz band. The part 15 rules govern all unlicenced uses of spectrum such as WiFi. At present there are about a million 802.11b devices being sold every month in the USA.
This implies an enormous economic benefit to spectrum use. Because the use of spectrum will only continue to grow, it is important to examine how densely the different parts of the frequency space are being used. This has economic, policy, and technological implications on how the frequency space can be used in the future. 
This thesis pre-proposal proposes to study the entire frequency space in the Cambridge area using spectrogram and analysis software such as MATLAB. I will categorize the presence of different waveforms (AM, FM, etc.) in the 300MHz to 2GHz band and create a statistical distribution (CDF) of the probability of finding periods within the spectrum space when a variable size frequency band is not being used.. In place of the spectrogram, a software defined radio system, which will perform the same functionalities as a spectrogram, will be used.
2.0 Overview of Research Area and Technology

The crux of the research area is the analysis of how spectrum is used by various entities with various technologies. It involves examining spectrum as a whole. This analysis encompasses the understanding of the technological aspects of spectrum usage. The technological aspects involves the various waveforms such as AM, FM, GSM, and CDMA that are used to transmit information on the frequency space. In order to be able to examine the frequency space, I will use a software defined radio system as a spectrogram to receive and record energies at different frequency bands.
2.1 Spectrogram: Software Defined Radio (SDR)
At the heart of analyzing the frequency space is the ability to receive and decode all the waveforms used in that space. With the use of software radio multiple communications standards can be incorporated into a single device. A software radio is a wireless communications device that uses software to perform all of its signal processing. Software radio technology allows a single communications device to communicate with many different wireless systems by simply running different software (figure 1). For example, a device can be re-programmed to be an analog cellular phone, a digital PCS phone, a cordless home phone or even a garage door opener, baby monitor or TV. In addition to incorporating multiple communication devices into one, a software radio can be upgraded to enable new standards and services.
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Figure 1. Software radio is one device for many functions. Hardware radios are separate devices for different functions. 
2.2 Overview of the Vanu SDR architecture

The Vanu Software radio system consists of hardware to receive the various waveforms and software to process those waveforms: signal processing and demodulation (figure 2).
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Figure 2. SDR architecture by Vanu Inc.
The hardware is the crucial part of the software radio system that greatly affects the capabilities and analysis in my MEng thesis. The hardware consists of an antenna, which is currently small and portable but must be large enough to be sensitive to a broad range of signals. Then there is the radio front end which tunes the radio to a 10 MHz band within its 1 KHz to 2 GHz range. It also performs the analog to digital and digital to analog conversion and channelization. The digital samples at the carrier frequencies are sent to a computer that runs the Vanu software. The radio front end will be controlled and tuned digitally by the Vanu software. This will allow for programmatic tuning of radio frequencies instead of manually tuning.
2.3 Vanu’s software architecture
The Vanu software consists of two parts as shown in figure 3: control and signal processing. The control part (left half of figure 3) configures and controls the system, and implements higher level functions such as network routing. It determines which waveform or communications standard the system will implement. The signal processing part implements the transforms between user data and a sampled representation of a RF waveform. The signal processing (right half of figure 3) consists of the Sprockit middleware which performs data movement, and a library of signal processing modules for functions such as FM modulation or FIR filtering. Both the control and signal processing are built upon the Linux operating system as shown in the figure.
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Figure 3: Vanu’s software architecture.

2.4 Current waveforms

The Vanu software is capable of processing waveforms listed in table 1.
	Cellular/PCS
	AMPS (IS-91), TDMA (IS-136), GSM (900/1800 and 1900 MHz)

	DATA
	Cellular Digital Packet Data (CDPD)

	Legacy
	AM/FM broadcast, Land Mobile Radio

	Public Safety
	APCO Project 25

	Television
	NTSC, HDTV

	Others
	802.11b, GPRS, Mobitex


Table 1. Currently implemented waveform processing capabilities by Vanu Inc.
3.0 Project Description

The MEng thesis consists of the mapping and quantization of spectrum usage in the Cambridge area. The completed analysis will both showcase the capabilities of the Vanu software radio and providing an accurate picture of how spectrum is being used within the Cambridge area. The latter will further enhance the FCC’s stated goals of examining the efficiency of spectrum usage.
3.1 Spectrum map

The spectrum map encompasses creating a list of waveforms that are being used in the Cambridge are and associating them to the frequencies that they are being used in. This map will then be compared to the frequency allocations of the FCC. Spectrum will be recorded in a 10MHz tune for a fixed interval of time. The Vanu software radio will attempt to detect whether any of the recognizable waveforms are present within the band. By comparing waveform observations in multiple locations, an accurate description of that band can be observed. It is expected that there will be many overlaps between various waveforms in the frequency space. The spectrum map will give a better picture of concentration of waveforms in the frequency space; some bands are occupied by more waveforms than others.
3.2 Sample Fragmentation 

This part of the MEng will require statistical analyze of the density in usage of the spectrum space. The underlying reason for this analysis is that spectrum is two dimensional. It has both a frequency component and a time component. Because spectrum is a finite resource and has an immense economic benefit, it is important to analyze how efficiently it is being use. Like land or even a hard disk, spectrum is fragmented. It is not all being used at one time. At any given frequency over time, an assigned user may enter and exit that frequency space (figure 4).
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Figure 4. Spectrogram of the 800MHz to 900MHz frequency space.
A frequency band will first be recorded and decode to determine what waveforms are present and a time stamp of their presence; accurate to milliseconds. I will write Java code to interface with the Vanu system so that it provides a recording of waveforms within frequency bands. I will then use MATLAB to accurate quantify how much of a particular frequency band is used throughout a given part of the day. I will create a cumulative distribution function to show the probability of finding a window of time (perhaps a few seconds) within a frequency band when that band or a part of the band is not in use. 
3.3 Tracing the Data Path

An antenna will be placed on the roof of the office of Vanu Inc. It will serve to receiving radio waves. The size of the antenna will be rather large in order to maximize the range and power of the receive signals. Another smaller antenna will be portable and moved to various locations in Cambridge. Because the ability to receive radio waves are partly determined by both the size of an antenna along with its location, I will have to be strategic and wise about both aspects in order to maximize the quality of the data I am analyzing.

After passing through the antenna, the RF signal will enter a radio receiver. The radio receiver is being used purely to receive radio spectrum. Its sole function is to generate a digitized representation of a downconverted slice of the radio spectrum; 10 MHz tunable. The receiver includes an AD converter and a PCI card to connect to a laptop. The Vanu radio receiver, RF-to-Digital, is capable of tuning through 1 KHz to 2 GHz. 

After passing through the receiver, the digital waveform will be received and process by the Vanu software radio. The software radio will determine what waveforms are present over time. In the method by which I am using the software radio system, as a receiver only, the software radio system acts simply as a spectrogram that can recognize waveforms and record when a waveform is present within a frequency band. This gathered data will then be further analyzed using MATLAB.
4.0 Technical Risks

In this thesis project I am relying heavily on the Vanu software radio to operate as a spectrogram. There are three main areas of risks: hardware and software issues, modification of the software to suit my thesis project, and accessibility to the Vanu radio.
The hardware being provided by Vanu, (i.e. the radio receiver front end) must be able to accurately receive radio signals with a high enough resolution and gain. There may be problems with the antenna gain especially because the radio receiver is capable of tuning to such a wide range of frequency. Because I am performing statistical analyses, I must be sure that the data I am using is accurate. Furthermore, because I am doing time critical analysis of spectrum usage, the radio receiver and the software radio must be able to scan the 10MHz wide band at the same data rate as all devices that emit waveforms in the frequency band. The antenna and the radio receiver must also be sensitive enough to receive radio signals from low power devices.
The software risks are that of the software interface. I am relying on the Vanu software interface to be very modular so that I can easily interface with the received waveforms. Because the interface is written in Java, I expect it to be modularized and hope that I do not have to write too many of my own software to interface it. I will have to mostly understand the interface components of the Vanu software architecture. This may present problems if I cannot have full access to some of the software. I am also planning on implementing the statistical analysis of the waveforms in MATLAB. I will have to write an interface between MATLAB and Vanu’s software. There is a risk that the Vanu software will not be capable of providing such an interface capability.
The last area of risk is the accessibility to the Vanu radio. Because of cost of acquire my own software radio system from Vanu is high, I will have to use the software radio at the Vanu office. This introduces the problem of when I can have access to the radio. As of now, I have arranged to have access to the radio at night or early mornings. If I do not get enough access to the software radio, I may pursue alternatives such as renting a spectrogram. 
5.0 Timeline and Milestones

	DATE
	ARTIFACT

	February 2003
	Finished learning the Vanu Software radion and writing an interface to it.

	March 2003
	Finished statistical analysis of the 800MHz to 900GHz band using Vanu’s SDR

	September 2003
	Finished frequency map of the 300MHz to 2GHz band within the Cambridge area.

	January 2004
	Finished statistical analysis of the time fragmentation in spectrum usage within the Cambridge area.

	May 2004
	Written Masters of Engineering Thesis Paper


Table 2. Timeline and Milestones
There are five milestones that I must accomplish by the specified dates. The first is the completion of the interface to the Vanu software radio system. This includes understanding how the Vanu software radio user interface works. Without this milestone I cannot acquire the waveforms that I need to analyze. The next milestone is the statistical analysis of the 800 to 900MHz which I must complete by the end of March 2003. This analysis is essential a repeat of the statistical analysis I performed for the FCC during the summer of 2002. This accomplishment will demonstrate the viability of my MEng thesis and perhaps allow me to acquire funding for the thesis. The next milestone is the completion of the frequency map of the 300MHz to 2GHz band in the Cambridge area by September 2003. This is the first part of my MEng thesis. The completion of the statistical analysis of the time fragmentation in spectrum usage is the second part of the thesis to be finished by January 2004. The MEng thesis paper is to be completed by May 2004. 
6.0 Resources Required

	Vanu Software

	Radio receiver: includes analog radio front end (1KHz to 2GHz), PCI card, AD and DA converters.

	Antenna

	Laptop with software: MATLAB

	Desk to Work


Table 3. Resources Required.
7.0 What’s next?

In the immediate future, I must learn everything I can about how the Vanu software radio system operates. I will both have to learn the interface to the Vanu software and the hardware limitations. The crucial aspects of the Vanu system to my thesis is how it recognizes the waveforms, how accurate is the entire system, and what its capabilities are in analyzing the waveforms. I will have to completely understand the specifications of the entire Vanu system because, it affects any conclusions I may make on the results of my work along with the ability to perform my work. 
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