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ABSTRACT

Automatic spectrum management and monitoring systems are very useful to manage frequencies at test
ranges and assure interference-free transmission of telemetry signals. Spectrum management systems
assign telemetry frequencies using database information on available and occupied channels and analysis
tools which can determine whether a data link will support telemetry. Modern, DSP-based spectrum
monitoring systems, in fixed or mobile configurations, automate the process of performing spectrum
occupancy to verify clear channels and identify and locate sources of interference; they are integrated
with and utilize the management system database. Such systems are important to assure reliable
communications channels for telemetry.
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INTRODUCTION

As part of the overall management of programs requiring test range support, a test range officer faces a
number of communications problems. He may have difficulty in assigning clear and interference-free
communications channels for telemetry signals. He needs to assure that telemetry signals will propagate
over a given communications channel with the available communications equipment. He may have to
detect and locate the sources of interference to telemetry signals. These problems are aggravated by
increased use of the electromagnetic spectrum as well as by reduction in the allocation of spectrum
available to telemetry, as noted in papers presented in the ITC/USA ’98 and ’99 Conferences.1,2

These situations represent some of the problems of radio spectrum management and spectrum monitoring
with which the International Telecommunications Union (ITU), an agency of the United Nations, has



been concerned since its inception. The ITU has published a variety of Handbooks3,4,5 to address these
problems.

Automatic spectrum management and monitoring systems based on ITU recommendations are very
useful to manage frequencies at test ranges and assure interference-free transmission of telemetry signals.
Authors affiliated with Edwards Air Force Base have described a spectrum monitoring system not
directly based on ITU recommendations but with similar objectives.6  The Sea Range at the Point Mugu
Naval Air Warfare Center provides frequency management and interference resolution.7 The functionality
required of these systems is typically provided by a spectrum management system integrated with a
spectrum monitoring system.

SYSTEM DESCRIPTION

A modern spectrum management system consists of a database server with one or more workstations and
software as illustrated in Figure 1 which: (1) manages the database of frequency assignments, (2)
provides a variety of engineering analysis tools to analyze propagation and determine if a given path with
given communications equipment will support the desired communications, and (3) displays geographic
maps superimposed with results of analyses.  These three features are of importance to telemetry because
they address the communications problems faced by test range officers.  In addition, a complete
management system also includes paperwork automation functions such as automatic report generation
and graphical plot display.

Figure 1. Spectrum Management System

Monitoring systems automate the process of performing spectrum occupancy to verify clear channels for
telemetry and identify and locate the sources of interference to telemetry channels. In the past, monitoring
systems have included a large collection of test and measurement equipment to perform spectrum
occupancy and specific signal parameter measurements. With the recent revolution in Digital Signal
Processing (DSP), a monitoring system now consists of those few elements illustrated in Figure 2: (1) a
small group of sophisticated measurement equipment modules operated by a computer which is often
referred to as a measurement server, and (2) computer workstations or clients which are used for
operator interface and which contain computer software which make the system easy to use and easy to



maintain. A typical processor including receivers is illustrated in the high level block diagram of Figure 3.
The receivers may be wideband, with up to 10 MHz of instantaneous bandwidth to receive modern
wideband communications signals.

The DSP-based spectrum monitoring system is very compact. The electronics may be contained in a small
transit case as illustrated in Figure 4. A mobile station including antenna and electronics in a typical small
vehicle is illustrated in Figure 5. Mobile stations are particularly useful to search for, identify and locate
sources of interference.

SYSTEM OPERATION - MANAGEMENT SYSTEM

When a test range officer assigns a frequency for a new test program, he needs to know that the channel
he assigns is not already assigned to another use, and that the channel he assigns will support propagation
for the intended purpose. He can use a spectrum management system to address these problems.

The officer accesses a frequency assignment form such as the one illustrated in Figure 6, selects a
frequency band and presses a "show channels" button to display all the channels in that band, and any
existing assignments on those channels. The officer can assign a clear channel if one is present, or can
select a channel assigned to a distant transmitter and perform an interference calculation to determine
whether or not either use of the channel would create interference for the other use of the channel.

To assure that a frequency will support propagation, the officer can task the system to perform an
engineering analysis. By specifying the transmitting and receiving site parameters (transmitter power,
antenna type, etc.) the officer can have the system perform a link analysis, calculate a field strength
contour, or perform a service area analysis, to assure that the received field strength is acceptable. He
uses a screen such as is illustrated in Figure 7 to access the tools, and the requested calculations are
performed and the results displayed alphanumerically or on a geographic map as appropriate. Figure 8
illustrates a typical results screen showing a field strength contour displayed on a geographic map of the
local region. In this figure, the effect of irregular terrain on the displayed field strength contour of
70 dBµV/m is quite evident.

The system accesses its database of frequency allocations and assignments for telemetry, which provides
information on which channels should be available and which ones are occupied, and a database of
equipment types and characteristics to aid the officer in performing his tasks.



Figure 2. Spectrum Monitoring System



Figure 3. Spectrum Processor Block Diagram

Figure 4. Spectrum Monitoring Figure 5. Mobile Spectrum
System Electronics Monitoring Station



Figure 6. Frequency Assignment Form



Figure 7. Engineering Analysis Tools Form



Figure  8. Field Strength Contour Display

SYSTEM OPERATION - MONITORING SYSTEM

Operating modes of a monitoring system as it is used in telemetry applications include automatically
scanning a set of frequencies of interest, performing spectrum occupancy measurements, comparing
measurements against information in the database, determining the parameters of any signals in these
channels, and commanding DF on any signals which do not meet specified criteria as telemetry signals.
These operating modes of use to telemetry are a subset of the functions of an automated monitoring
station which include:

• monitoring, recording, demodulation and decoding;



• technical measurement and analysis including frequency and frequency offset, level/field strength,
modulation parameters and bandwidth;

• spectrum occupancy;
• direction finding;
• automatic detection of illegal or unknown transmissions.

Monitoring stations typically have three modes of operation which are used to perform these tasks:

• Interactive mode
• Automatic or scheduled mode
• Background mode

Interactive mode allows direct interaction with various functions that provide instantaneous feedback
such as monitor receiver tuning, demodulation selection and pan-display selection. DF homing to track
down the source of interference to a telemetry signal is an important example of interactive operation. DF
may be commanded in a mobile unit as the unit is in motion. DF results are presented with respect to the
front of the vehicle, as illustrated in Figure 9, and allow the driver to decide which direction to drive to
approach the interfering transmitter. DF results from different locations are also displayed on a
geographic map, allowing automatic triangulation by the system to locate the transmitter. The exact
location of the mobile unit is continuously updated by a high precision GPS receiver, and the orientation
of the vehicle with respect to North is measured by a compass.

Figure 9. DF Homing Display and Geographic Map



Automatic or scheduled mode may schedule tasks to be executed immediately or to be executed at
specified times in the future. Functions which are performed under the scheduled mode include technical
measurement and analysis, and direction finding.

Background mode is used for performing spectrum occupancy, DF scan and automatic detection of illegal
or unknown transmissions — tasks where it is desirable to collect data over long periods of time.
Wideband scanning for occupancy and DF may be specified, and the system may be scheduled to perform
an automatic scan over particular frequencies or ranges of frequencies, and upon detecting a signal,
initiate operator specified activity, such as DF or technical measurement.

When the client requests the results of measurements, he may see them displayed in convenient formats.
Much of the information is displayed graphically, in the form of occupancy histograms, field strength
versus frequency plots (See Figure 10), geographic map displays showing location results (See Figure 9),
results of DF scans as azimuth versus frequency plots which are useful for intercepting and processing
modern digital modulations, and other graphical displays.

Figure 10. Spectrum Occupancy Display



Of great importance for telemetry applications is the automatic detection of interfering or other signals
not in the database — a feature available from an automated spectrum management and monitoring
system. If the management system has a database of authorized and/or licensed users, the monitoring
system may compare the authorized frequencies in that database with measured signal activity from
occupancy data. The system then automatically detects unauthorized transmissions on channels which
may be dedicated to telemetry. The monitoring system makes signal parameter measurements on these
signals to confirm whether or not they are telemetry signals, and performs direction finding to locate
interfering signals.

CONCLUSION

A modern spectrum management and monitoring system can perform functions important to telemetry:
The database of occupancy data and frequency allocations and assignments allows a range officer to
assign clear telemetry channels for new test programs. The range officer can use analysis tools to ensure a
proposed channel will work for its intended application. The system can detect interference to telemetry
signals and geographically locate the sources of that interference.
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