NUFORC Skywitness

An Invitation to Support Civic UFO Disclosure

Contact Mitch Randall, mitchrandall@ascendantai.com

Summary

NUFORC Skywitness is a three-part system combining a civilian passive radar
network, a mobile app capable of triangulation with video, and a reporting center that
together will prove the existence of unidentified flying objects (UFOs). The Skywitness
radar is a nationwide network of inexpensive citizen-owned radar receivers that work
together to map the paths of unnaturally fast or agile objects in the air. The
Skywitness mobile app provides video recording and triangulation to obtain
independent multisensor data from objects picked up on radar. These calibrated
measurements combine with eyewitness reports submitted to the National UFO
Reporting Center to create unprecedented documentation of anomalous events.
Skywitness makes it possible for ordinary people to own and deploy sensor
technology, working with others across the country to make citizen-driven
multi-sensor UFO disclosure happen.

The project team is led by Mitch Randall, an engineer who developed radar hardware
and software technologies that are used internationally by organizations like the
National Center for Atmospheric Research (NCAR), NASA, and the National Oceanic
and Atmospheric Administration (NOAA). Skywitness implements an inexpensive,
compact form of radar that is receive-only, piggybacking off the transmissions from
FM radio towers that already exist.

With philanthropic support of $3.5M, Randall and his team will develop a
plug-and-play consumer Skywitness radar receiver, the video recording and
triangulation mobile app, and the processing center that provides a birds-eye view of
anomalous objects in the sky wherever Skywitness receivers are located. As well,
significant upgrades and restructuring are planned for NUFORC to make it an even
more powerful resource in concert with these new Skywitness technologies.

Skywitness will capture precise, objective information from anomalous aircraft
suitable for scientific research. It will bring people together to answer a clearly defined
and crucial question that has transformative implications for society. It will



destigmatize the UFO topic. Skywitness represents an unprecedented effort to bring
scientific rigor, public engagement, and innovative technology to the study of UFOs.

Overview

A Nationwide Passive Radar Network

Skywitness radar receivers listen for signals that are first broadcast from normal FM
radio stations and then reflected from objects that accelerate quickly or that make
science-defying turns in flight. By connecting these receivers so they can combine
their data, the speed and direction of unordinary objects in the air can be drawn on a
map that’s shared by everyone who participates. Skywitness removes normal airplane
traffic from the map when it analyzes data — what’s left are flying machines that are
of unknown origin.

Radar systems usually determine the distance and velocity of an object in the sky by
sending out electromagnetic waves to bounce off of it, then measuring how long that
signal takes to return to the radar receiver. Military and airport radar systems usually
create, broadcast and receive their own radio signal.

Skywitness works differently. Using technology that was first demonstrated in the
1940s, the Skywitness radar receivers don’t send a radio signal outward. Instead, they
passively receive signals from normal radio stations. Those radio station signals fill
the sky across the country every day. A Skywitness receiver compares a signal that
arrives directly from a radio station with a signal from the same radio station that has
bounced from an object in the sky. When the data from four or more regional
Skywitness radar receivers are merged, a complete picture of the location, path and
speed of an object in the air can be mapped.



Map of U.S. FM radio service contours by Erin Davis, erdavis.com.

Skywitness consists of multiple passive radar detectors that collect data about a flying
object’s location in three-dimensional (3D) space, its velocity, and acceleration over
time. Skywitness processes this data to monitor and report the kinematics — the
geometry of the motion — of objects in flight. Kinematic data tells us if an object is
demonstrating instantaneous acceleration or change of direction, one of the five flight
characteristics that identify UFOs:

Sudden and instantaneous acceleration

Hypersonic velocities without signatures

Low observability

Trans-medium travel

Positive lift without the normally associated aerodynamic means for lift and
thrust
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Data can be gathered from objects up to 80 kilometers in altitude, horizontal distances
up to 150 kilometers, and speeds of up to six times the speed of sound. An object’s
velocity and position can be measured up to fifteen times per second. By measuring
both the velocity and position of an object, Skywitness can mathematically infer its
acceleration, which is key to determining if its characteristics are normal for known


http://erdavis.com

propulsion technologies. With enough data, an object’s radar cross section can also be
measured, providing an approximation of its size. Skywitness, made from many
passive radar receivers that share their data over a network, can be called a
‘decentralized passive multistatic radar mesh network.’” ‘Multistatic’ means there is
more than one radar and receiver in the network. Object tracks can be resolved with as
few as four receivers within 50 kilometers of an object, and Skywitness could
automatically guide optical instruments like cameras and telescopes to direct
themselves at a detected object.

Key elements of a passive multistatic radar network include the ability to listen to an
FM radio signal source and to the echoes of those transmissions that are reflected
from objects. The Doppler shift of echoes bounced back from an object are measured
to reveal its velocity, and the object is located in space through trigonometry that
solves the triangles composed by the object and four or more radars. Accurate
timekeeping contributes to generating kinematic data, and this data processing is
centralized. Failsafes are built into Skywitness, like the ability to compare reflection
data from a receiver that has a record of the original radio signal with that of data
collected by a completely separate radar receiver on the Skywitness network. That
kind of adaptation will happen automatically to make best use of available reflected
radio signals, wherever a Skywitness receiver is located.

Skywitness is able to remove civilian and military aircraft from its data because these
aircraft have a transponder. An aircraft’s transponder sends out a radio signal with a
unique four-digit code as it flies. This helps air traffic controllers recognize aircraft as
they guide them through airspace. These transponder signals are how popular apps
are able to show aircraft and their flight paths on a map on your phone or computer.
Skywitness uses this transponder information to delete normal aircraft from the map
that is its user interface. What remains on the map will be flying objects that are
unidentifiable by air traffic controllers, visible in real time to all Skywitness network
participants.



Image of real-time U.S. air traffic generated by the FlightRadar24.com application.

AVideo Triangulation App

Pew Research Center reports that 97% of Americans now own a cellphone of some
kind, and nine in ten own a smartphone. The first iPhone was released in 1997; now
more than 310 million Americans own a smartphone. This ubiquitous high technology
infrastructure will be harnessed by Skywitness to power the most complete and
inclusive civilian-deployed UFO identification, tracking and reporting system ever
conceived.

The Skywitness app transforms a common cell phone into a calibrated scientific
instrument. Within the Skywitness app, the phone's video camera will combine with
the motion sensor information provided by the phone while each frame is captured. A
phone’s accelerometer and gyroscope sensors fuse data to determine how a phone is
being held toward the sky and a magnetometer determines the direction it’s pointed.
With photos and data from more than one camera, optical triangulation will be
possible, resulting in multi-sensor reporting from both Skywitness passive radar and
the mobile devices of participants. Multi-sensor data is a high standard for
corroboration of UFO sightings.


http://flightradar24.com

Notices from the Skywitness central hub are provided to each Skywitness participant
who is in the path of an anomalous object, ensuring that the maximum number of
witnesses and phones with a camera might view and record the anomaly.

NUFORC UFO Reporting Center Upgrade

The National UFO Reporting Center will undergo a significant restructuring and
modernization while maintaining the integrity that the field has come to expect. It
will continue as a trusted centralized destination for the data gathered by the
Skywitness network. NUFORC was established in 1974 and has operated a 24-hour
UFO reporting hotline since then. Throughout five decades NUFORC has ensured the
anonymity of UFO witnesses while gathering more than 170,000 reports of UFO
sightings. The website and hotline are well known by law enforcement agencies,
Federal Aviation Administration Air Route Traffic Control Centers and flight service
stations, National Weather Service offices, military facilities, NASA, and 911
emergency dispatch centers across the United States and many parts of Canada. These
agencies routinely direct calls they receive regarding possible UFO sightings to
NUFORC.

Upgrades to NUFORC will include appending UFO records with AI-generated
summaries that include metadata in a consistent, searchable format. Advanced search
tools will be added to allow the records to be more easily accessed. NUFORC will be
modified with an application programming interface (API) to accept UFO reports from
the Skywitness app and others. The new API will help establish consistent data and
location formats to aid in searchability, as well as helping users include more relevant
data in their reports. NUFORC will be upgraded to include an extensive historical
database of newspaper and magazine articles and associated search tools.

Modernization will generate policies and procedures for operations; establish the
infrastructure to allow an expanded volunteer corps to intake UFO reports and
organize an investigative branch of volunteers. Fundraising events will become
formalized; a business model for sustained operations will emerge; and public and
partner outreach will expand. Skywitness will become the nation’s pathway of choice
for UFO reporting and civic disclosure.

An outcome of this work will be a Skywitness network that not only detects anomalous
aircraft automatically and with data of scientific quality, but also provides modern
tools for UFO reporting and analysis. By integrating and upgrading NUFORC,
Skywitness will provide an effective national-scale, public-driven and modern
platform for UFO disclosure.



The Skywitness interface on the NUFORC website will display a map that shows the
motion of an anomalous object: Its velocity, altitude, range and kinematics.

Mock active Skywitness sensor map.
Modified base map of Houston by Erin Davis, erdavis.com.

Globally, Skywitness participants will be able to access this map and its real-time
animations of anomalous objects, sharing the experience of collaborative civic
disclosure and strengthening the community of civilian researchers and witnesses.

Skywitness will continue the legacy of NUFORC as a UFO reporting center while
improving the quality of machine-captured sighting data and the manual reporting
gateway. Data captured by Skywitness radar and photos taken with the app will
automatically enter the NUFORC reporting archive, while first-hand reports will be
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submitted via the mobile app. The virtual NUFORC reporting path will be simple to
navigate.

Skywitness Passive Radar Skywitness Mobile App NUFORC Database
Kinematic Tracks Kinematic Tracks Integration
+/- Mach 6 Velocities Optical Triangulation Major Upgrades:
+/- 2700 G's Acceleration Citizen Deployed - Search Tools
Citizen Network Cryptographic Authentication - Standardization
30 km Mesh Spacing Multi-Sensor Corroboration - Historical Database
10,000 Sites Automatic Report Vetting - Al Summary
Nationwide Coverage NUFORC Report Gateway - Al Automation
Plug-n-Play Sustainable Operation
Real-time Display Volunteer Pool
Server Network Investigation Arm

An overview of Skywitness.

The simple and inexpensive Skywitness passive radar receivers will enable a dense
network across a larger geographic area and empower public engagement. Complex,
observatory-grade receivers would not be affordable or widely adopted. Cell phones
are a ubiquitous high technology resource for UFO reporting and data collection with
the Skywitness app. Skywitness is the ideal model for an accessible, economical
nationwide UFO disclosure network.

Skywitness gives everyone a way to be a part of the adventure. As a resource that
examines the skies from many locations, it demonstrates the exponential power of
crowdsourcing. In the NASA Unidentified Anomalous Phenomena Independent Study
Team report released in September 2023, one conclusion was the recommendation
“that NASA explore the viability of developing or acquiring a crowdsourcing system,
such as open-source smartphone-based apps, to gather imaging data and other
smartphone sensor data from multiple citizen observers as part of a wider effort to
more systematically gather public UAP reports.” Even NASA recognizes how powerful
this kind of information-gathering can be.

The foundation of Skywitness is radar technology that has existed for decades. Other
existing technologies bring Skywitness to life, too, but require professional designing
that’s specific to Skywitness. These include the physical engineering of the radar


https://science.nasa.gov/wp-content/uploads/2023/09/uap-independent-study-team-final-report.pdf
https://science.nasa.gov/wp-content/uploads/2023/09/uap-independent-study-team-final-report.pdf

receivers and their electronic beam-steering antenna; an algorithm for signal filtering
and processing of large amounts of data; and creating a user interface — the animated
map that displays information about objects that Skywitness finds. An associated
mobile app will leverage Skywitness data to give Skywitness participants a heads-up
so they can be ready to capture video of approaching anomalous objects - the coveted
‘multi-sensor data’ that scientists seek.

These next steps involve technologies that are already established, but require the
labor of specialized technicians like mechanical and software engineers. Philanthropic
or grant support is needed to make Skywitness complete, with inexpensive radar
receivers, centralized data processing, and a strategy for sustaining the network of
privately-owned Skywitness receivers. If you have capacity to support this important
project, please contact Mitch Randall at mitchrandall@ascendantai.com.

See a video about the capabilities of Skywitness at https://voutu.be/fb2igwfc4RIM. For
a technical description of Skywitness, see the paper Skywatch: A Passive Multistatic
Radar Network for the Measurement of Object Position and Velocity,’ below. (Note:
Skywitness was previously known as ‘Skywatch.’)

Who Skywitness Serves

For many decades, evidence has been surfacing that we are not alone on this planet.
Throughout modern times, flying craft have been witnessed defying the laws of
nature. They don’t have obvious engines or even wings; they hover, accelerate or
change direction instantly and fly at speeds that are faster than any airplanes ever
made. Whatever these flying objects might be, they’re up there. Skywitness serves
anyone curious about the mystery of what these are, where they came from, and why
they’re here.

These unidentified flying objects have flown fast and surprisingly close to military
planes and appeared in so many numbers they’ve made the skies unsafe for pilots. The
community of responsible, experienced aviators is now seeking the same answers
about what these ‘unidentified anomalous phenomena’ are. Skywitness will help
make America’s skies safer.

Skywitness identifies fast-moving objects in the air, including falling objects like
meteors. Astronomers and other scientists can follow the speed and direction of
meteors more easily than ever before, giving them an even better chance of recovering
rocks from space that hit the ground. Data about meteors that explode in the air will
be recorded, too.



https://youtu.be/fb2i9wfc4RM?si=Svx_aAS9P-YN61iB
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https://en.wikipedia.org/wiki/Bolide

Beyond the UFO community, pilots, and scientists, Skywitness benefits everyone. It’s
a citizen-organized project that shows off the best qualities of an
independent-thinking, freedom-loving country: Our skillful pursuit of knowledge and
cooperation to achieve great things, and our bold willingness to write the next chapter
of the human story. Without standing by for official answers, we can accomplish civic
disclosure.

The Impact of Skywitness

Skywitness will confirm the existence of things that are not made by humans. It will
give humanity a bigger universe to explore — one filled with stories that we have yet
to learn and intelligences to introduce ourselves to. Throughout our history we have
wondered whether we are alone. We can now move beyond our imagination into an era
in which science — and a spirit of mutual alliance and determination — delivers this
answer to all.

We don’t know the impact this discovery will have on society, the economy, or our
international relations. But we can share the conviction that humanity is curious,
resilient, and always leaning into a future where our worldview is expanding.
Humanity has sought, forever, to create something better for itself; we recognize in
ourselves a need for understanding, an optimism that it’s in reach, and the imperative
to use this knowledge to improve the lives of our societies, worldwide. The strength of
our intellect, relationships, and capacity for change is always growing. NUFORC
Skywitness will express these strengths, pointing us toward a new exotic and
potentially wondrous reality.

History

The concept of passive radar for UFO detection was originally proposed by Peter
Davenport, Director of the National UFO Reporting Center (NUFORC) since 1994.
Davenport proposed that UFOs could be identified by a network of passive radar

receivers.

Davenport described how passive radar is economical and does not require technical
acumen to operate within a network like Skywitness. He noted that it is a tool for
detecting fast-moving targets, and targets at large distances. Construction of a
passive radar receiver requires no government license and it can be operated almost
anywhere. Not only is passive radar an easy path to monitoring airspace for UFOs, but


https://www.youtube.com/watch?v=hxPbnFc7iU8

it has been implemented over and over again by agencies like the U.S. Navy, U.S. Air
Force, and U.S. Space Command. An early commercial passive radar system,
Lockheed-Martin’s ‘Silent Sentry,” was announced in 1998. Technologies have
improved since then and development of a consumer version of the technology is now
practical. Davenport’s 2004 presentation, ‘Using Multistatic Passive Radar for
Real-Time Detection of UFQ’s in the Near-Earth Environment’ is below.

Skywitness is an implementation of Davenport’s concept, led by Mitch Randall, an
expert in radar, artificial intelligence, machine vision, deep learning, neural networks,
and more. Mitch is an inventor, researcher and entrepreneur, responsible for the
design of multiple radar systems that set new international standards. His designs are
integral to radar systems operated by the National Center for Atmospheric Research,
NASA, and the National Oceanic and Atmospheric Administration. He pioneered
wireless charging and software defined radio receivers and his work was used in the
development of the 5G cell phone network. He is now CEO of Ascendant Artificial
Intelligence, serving customers from around the world.

A Doppler on Wheels ‘DOW-1’ storm-chasing radar truck in the 1990’s built as a
collaboration between the National Center for Atmospheric Research and University of
Oklahoma. Randall innovated a software Dopplerizer scheme enabled by the PIRAQ data



system that allowed the magnetron weather radar to sense Doppler. This was later adopted
by the greater weather radar industry.

Team Capabilities

Mitch Randall, (MSEE 1989, MS Phys 2000), began building scientific instrumentation
and research radars in 1984. He joined the National Center for Atmospheric Research
(NCAR) in 1989 and was responsible for the design of the receiver/exciter for the
Electra Doppler Radar (ELDORA) dual-Doppler airborne radar used for scientific
weather research. Randall pioneered the modern Software Defined Radio (SDR)
receiver with his patented PC Radar Acquisition( PIRAQ) and Versa Module Eurocard
(VME) Radar Acquisition (VIRAQ) digital radar receivers. These and other of his
inventions were installed in numerous NCAR, NASA, and NOAA radars. He developed a
software-based method for obtaining Doppler from incoherent magnetron radars and
applied these technologies to create the Doppler On Wheels (DOW) tornado-chasing
trucks, upon which was formed the Center for Severe Weather Research in Boulder,
CO. His digital receiver and Dopplerization technologies became the industry standard
for the meteorological weather radar community in the mid 1990s. Working for the
National Institute of Standards and Technology (NIST) in 2010, Randall developed a
high-resolution, Doppler millimeter wave (30 GHz, 70 GHz, and 90 GHz) channel
sounder to characterize real-world cell communications, which has been used to
develop today’s 5G networks.



Randall architected the Doppler on Wheels ‘DOW-5’ rapid scan storm-chasing radar truck
in the early 2000’s built as a collaboration between the National Center for Atmospheric
Research and the Center for Severe Weather Research. The system employed his digital
receiver system, data acquisition system, and frequency-steered X-band slotted waveguide
phased-array antenna.

Randall co-founded Binet in the early 1990s to bring bistatic 3D velocity measurement
to research weather radars all over the world, including the NCAR system in Boulder,
Germany's DLR, and national systems in Japan and China. Randall cofounded, with
NCAR, the Advanced Radar Corporation in the early 2000s to commercialize these
innovations for applications in the commercial weather radar market. In 2005 Randall
cofounded WildCharge to commercialize his wireless charging technology for use with
cell phones, laptops, power tools, etc., licensed by Duracell. His invention was
featured in TIME magazine's ‘Best Inventions of 2007’ issue. In 2012 Randall licensed
arobot toy bug currently available worldwide.

In 2018 Randall co-founded Ascendant Artificial Intelligence (AAI) and is currently
delivering custom Al solutions to global customers. In 2021 Randall became a
Research Team member of Harvard’s Galileo Project, where he developed the proof of
concept of a Skywitness receiver. Randall is the lead author of the paper describing the



Skywitness receiver for the Galileo Project in the Journal of Astronomical
Instrumentation.

Mitch Randall.

AAI was co-founded by Randall with Robert Banks and David LeFlore. AAI is primarily
engaged in computer vision and Al related consumer electronics, embedded design,
and Al web services development. In 2023 AAI launched its first consumer app based
on generative Al. The company utilizes in-house expertise augmented by outsourcing
to keep overhead low and agility and capabilities high.

AAI president and cofounder Robbie Banks, BSEE, has a strong background in
consumer electronics, expertise in Al, and is well versed in consumer electronics and
medical embedded design, manufacturing, and operations. Banks is an entrepreneur
and inventor, and well skilled at defining and managing outsourced talent.

AAI CIO and cofounder David Leflore has a strong background in Al including
enterprise web services, backend development, web APIs and UX design. Leflore is a
successful entrepreneur having recently sold his previous SEO services company.
Leflore brings important skills in server networks, app APIs, outsourcing, and web
ecosystem business acumen.



The work outlined to create Skywitness is well within AAI capabilities. The AAI team
will utilize its core competencies with specific outsourcing to complete Skywitness
development within two years. This includes the set-up of manufacturing,
distribution, and support functions to sustain consumer sales on an ongoing basis.
This also includes the business model to allow the web services and data management
to be indefinitely self-sustaining.

Budget

Year 1 Year 2 Total
Grant Writer $60,000.00 $60,000.00 $120,000.00
Operational Support $25,000.00 $25,000.00 $50,000.00
NUFORC Integration $500,000.00 $500,000.00
NUFORC Director $100,000.00 $100,000.00 $200,000.00
NUFORC Upgrades $40,000.00 $40,000.00
Legal $40,000.00 $30,000.00 $70,000.00
App; Small Network Receiver; Automatic
Antenna; Localization Servers; Consumer $1,240,000 $1,280,000 $2,520,000
Receiver
$2,005,000 $1,495,000.00 $3,500,000.00
Timeline

With $3.5M raised, the work to establish Skywitness will begin its 24-month duration.
The funds will acquire NUFORC and Skywitness will be established as an initiative of
NUFORC. In the first year, funds will be distributed for three positions: The NUFORC
director, a grant writer, and a contract administrator. Funds will be distributed to
begin planned upgrades to NUFORC including app-based reporting functions. Basic
features of a mobile app and upgrades will be available in six months. Full
functionality will be available within twelve months. Work will begin on the radar
receiver, starting with the deployment of a mock-up network serving as a testbed. The
various deliverables and their delivery schedule are below.



Within two years Skywitness will produce a consumer-deployable radar system. At the
end of the 24-month development period, Skywitness will have developed a
ready-to-manufacture low cost passive radar receiver product; a server infrastructure
to assemble and process data as it arrives from across the network of receivers;
manufacturing and distribution contracts, and a maintenance and support program to
serve receiver owners. Outreach and promotion of sales will begin. The passive radar
product will go on sale and consumers will be able to purchase it and begin deploying
it across the nation. The data will be available to the public through web servers in the
form of an animated map; the public will see data from the network in real time. The
app will be a reporting platform for eyewitnesses and sightings will be uploaded to the
public records of NUFORC.

Bona Fides

Early support and endorsement of Skywitness came from The Galileo Project for the
Systematic Scientific Search for Evidence of Extraterrestrial Technological Artifacts at
the Harvard-Smithsonian Center for Astrophysics at Harvard University. The Galileo
Project, like Skywitness, has a goal of discovering and revealing extraterrestrial
technology through transparent, scientifically valid research. The Galileo Project
hosted a proof-of-concept study of Skywitness technology on the Harvard campus.

Press

Matt Ford interviews Mitch Randall on The Good Trouble Show
https://voutu.be/fLiDDS6m9Cs?si=-eNAt8hVhoW4mmiS

Mitch Randall interviewed by Cheryll Jones on Coast to Coast AM, September 28, 2023
https://voutu.be/gOBF37L]IUk



https://projects.iq.harvard.edu/galileo/home
https://youtu.be/fLjDDS6m9Cs?si=-eNAt8hVhoW4mmiS
https://youtu.be/gOBF37LJIUk

Mitch Randall provides detail about the Skywitness UFO Radar Network in an
interview with Tim Ventura https://voutu.be/iPffL1YFtrU?si=2MILe1ejRd-Um7nhs

Skywitness at the Alternative Propulsion Engineering Conference

https://voutu.be/ozYbZOyO5E0?si=z-eaE28luSuF_ YDo

Contact

Mitch Randall can be contacted by phone at (720) 244-1441 and via email,
mitchrandall@ascendantai.com


https://youtu.be/jPffL1YFtrU?si=2MLe1ejRd-Um7nh5
https://youtu.be/ozYbZOyO5Eo?si=z-eaE28luSuF_YD0
mailto:mitchrandall@ascendantai.com
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USING MULTISTATIC PASSIVE RADAR FOR REAL-TIME DETECTION OF
UFO’S IN THE NEAR-EARTH ENVIRONMENT

Copyright 2004 Peter B. Davenport All rights reserved.

Author: Peter B. Davenport
Director, National UFO Reporting Center
Seattle, Washington

ABSTRACT:

The author proposes a system for the remote, real-time detection of UFQO’s in the near-
Earth environment, using passive, multi-static, frequency-modulated (FM) radar. The
system capitalizes on the use of multiple, time-synchronized radio receivers to capture
high-frequency radio signals reflected from a target. The time-lapse between received
signals, together with three-dimensional Doppler-shift analysis, permits calculation of a
target’s location, velocity, acceleration, flight path, and other parameters, possibly to
include target size estimation. Signal analysis of the reflected signal, combined with
analysis of target characteristics, will permit discrimination between suspected UFO’s,
and targets of terrestrial origin, e.g. aircraft, satellites, space debris, meteor trails, upper
atmospheric conditions, weather phenomena, migratory birds, the Moon, etc.. One
application proposed may allow detection of UFO’s out to a range of at least 27,600
kilometers from the Earth’s surface.

PREFACE

The national debate over whether UFQO’s are real objects, i.e. sophisticated,
extraterrestrial craft under intelligent control, was sparked on June 24™, 1947, by the now
famous sighting of a cluster of disc-shaped objects near Mt. Rainier in Washington State
by Mr. Kenneth Arnold, a former World War Il fighter pilot. Upon landing at Pendleton,
OR, after his sighting, Arnold was interviewed by reporters, to whom he reputedly
described the objects as “saucers,” a statement which quickly gave rise to the term,
“flying saucer.”

Whether personnel in the U. S. Government were aware of the existence of UFO’s, and
of their significance, prior to the Arnold sighting is unclear. However, the reports by air
crews during World War Il of “Foo Fighters,” peculiar objects seen to pace military
aircraft over Europe, must have captured the attention of senior military and intelligence
personnel, even if those personnel were unaware of their cause or origin.

Since those early events, the field of UFO investigation has relied primarily on
eyewitness accounts, hundreds of thousands of which have been collected by UFO
investigators and organizations over the last 57 years. Some of those sightings have been
supplemented by photographic evidence, physical trace evidence, or radar data, the latter
collected almost exclusively by government agencies, e.g. the Federal Aviation
Administration, the National Weather Service, or military facilities.



Many radar intercepts of suspected UFO’s have been captured since the early 1950’s, but
because of the limitations of traditional radar, those events have not been convincing, to
everyone’s satisfaction.

PURPOSE

This is not a technical paper. Rather, it is intended to convey a general concept to a non-
technical community of readers in the field of UFO research. Its principal purpose is to
alert the UFO community to the fact that new developments in passive, multi-static radar,
and in related technologies, will permit, for the first time in the history of ufology,
remote, real-time detection of UFO’s in the near-Earth environment. Moreover, not only
will the proposed system detect the presence of suspected UFQ’s, but also, it will permit
determination of their flight characteristic, e.g. velocity, acceleration, flight path, and
perhaps size.

The technology described here is not theoretical. Rather, it already exists, it is relatively
inexpensive, and it does not require a great deal of technical acumen to operate. Passive
radar is a quantum improvement over traditional radar, with regard to its capability to
detect fast-moving targets, and targets at large distances.

The author does not fail to recognize that this paper may cause some discomfiture in
certain circles within the U. S. government, and perhaps elsewhere. The technology
addressed here will permit detection of UFQ’s in the vicinity of our planet, if in fact such
objects exist, and if they reflect electromagnetic radiation. This new technical capability
may represent a challenge to the traditional monopoly that the world’s governments seem
to have enjoyed with regard to “hard” evidence surrounding the possible visitation of
Earth by alien life forms. In brief, the technology may allow the resolution of the
question as to the existence of UFQO’s.

DEFINITIONS

Electromagnetic Radiation—A term synonymous with “radio waves.” Radio waves
can vary in frequency, with the higher frequency radio waves having shorter wavelength,
and lower frequency radio waves having a longer wavelength. All radio waves propagate
at the speed of light. Examples of electromagnetic radiation are radio and television
signals, microwaves, infrared, visible light, ultra-violet, X-rays, gamma rays. All of these
forms of electromagnetic energy differ only by virtue of their respective frequencies.

Radar—Any system that uses reflected electromagnetic radiation to detect the presence
of an object. Analysis of the reflected radio signal can be used to calculate certain
characteristics of a target.

Active Radar--Traditional radar employs 1) a transmitter, which radiates a (usually)
narrow beam of radio waves, and 2) a receiver, which detects the reflected signal.



Passive Radar—A type of radar system which uses one (or more) receiver(s), but which
has no active transmitter. The system detects ambient radio signals, emanating from
nearby radio transmitters. Potential sources of electromagnetic radiation that can be
exploited by a passive radar system include 1) commercial radio and television signals,
2) signals from cell telephone towers, 3) sources from space-borne platforms, and others.

Mono-static Radar—A radar system in which the transmitter and receiver are
1) stationary, and 2) located at the same position.

Bistatic Radar—A radar system in which its elements, either the transmitter(s), and/or
receiver(s), are 1) stationary, and 2) in different locations.

Multistatic Radar—Similar to bistatic radar, except that it employs more than two
stationary transmitters and/or receivers.

Frequency Modulation (FM)—Alteration of the frequency of a transmitted radio signal.

Amplitude Modulation (AM)—Alteration of the amplitude of a transmitted radio signal.

Signal Analysis—Measurement of various characteristics of a radio signal, to include its
shape, duration, time of transmission or intercept, etc.. Many aspects of a signal can be
measured quite accurately, and very quickly, by modern electronic circuitry.

Doppler-shift Analysis—Measurement of the shift in frequency of a reflected radio
wave, caused by the motion of the target either toward, or away from, a receiver or
transmitter. Often, the frequency-shift usually is very small, but it nevertheless can be
measured quite accurately.

Phased-Array Antenna—A type of antenna, which employs a number of small
elements, instead of a single, large element. Phased-array antennas can be used either for
transmitting, or receiving, a radio signal. By precise timing of when each of the
individual elements transmits its respective portion of a radio signal, the direction in
which the overall signal is transmitted can be precisely controlled. If the time at which a
signal is received by each element in a receiver array is measured precisely, the direction
from which the signal was transmitted (or reflected) can be measured.

Continuous Wave—A radio signal, which is transmitted as an un-modulated sine wave.
Hence, its frequency is constant.

Global Positioning System—A system, referred to as “GPS,” which allows very precise
determination of location. The system employs time-synchronized radio signals
transmitted from overhead satellites, which allows very precise determination of not only
position, but time, as well. The system uses very precise time-lapse measurement to
calculate the distance from each of several transmitting satellites, which, in turn, permits
very precise calculation of the distance from each of the satellites transmitting the signal.




INTRODUCTION

The principle of radar employs the fact that some materials reflect electromagnetic
radiation (“ER”). Examples of objects that reflect ER are most metallic items, the Earth’s
ionosphere, ionized “trails” behind meteors, satellites, re-entering space debris, the

Moon, the surface of the Earth, migratory birds, etc.. Many materials, e.g. air, wood,
plastic, most glass, etc., may not reflect electromagnetic radiation. Whether a target
reflects a radar signal can depend on its size, the material it is made of, and the frequency
of the impinging electromagnetic radiation, etc..

Active Radar

Radar technology has become dramatically more sophisticated since its invention during
the 1930’s, but traditional “active” radar, which uses a co-located transmitter and
receiver, operates fundamentally the same as it did over half a century ago. The
transmitter radiates usually a very narrow, high-power beam of radio waves, which is
scanned over the target area. When the beam strikes a target, if the transmitted signal is
reflected by the target, that reflected signal is detected by the system’s antenna and
receiver. With signal analysis of the reflected wave, azimuth and elevation of the target
can be calculated. In addition, the range to the target can be calculated from the elapsed
time required for the signal to reach the target and return to the receiver antenna.

As effective as traditional, active radar has become since its invention in the 1930’s, it
nevertheless has certain characteristics, which make it less than optimal, particularly for
detection of very high-velocity targets. Some of those characteristics are the following:

e Given that active radar requires both a transmitter and receiver, an active radar
system usually is expensive and bulky.

e Because an active system requires a high power output, it is expensive to operate.
e Most active radar systems are not easily portable.

e When an active radar system is in operation, its transmitter is easily detectable.

e Operation of the transmitter requires an FCC operator’s license.

e Detection of a target often is intermittent, e.g. every few seconds, not continuous.
e Range and altitude data usually are limited by the power of the transmitter.

e Some systems require multiple transmitters and/or receivers for obtaining three-
dimensional information.



e “Raw” radar returns often have to be filtered, in order for an operator to be able to
make sense of them.

e An active system can be defeated by ground clutter, or debris in the atmosphere.

e False signals, called “aliases” or “ghosts,” can appear in the system, making
interpretation difficult.

Several of the characteristics listed above combine to limit the effectiveness for detection
of UFQ’s with traditional, active radar. The intermittent nature of the system, i.e.
illumination of the target only very briefly every few seconds, limits the system’s ability
to identify some targets unambiguously. If the target moves a large distance between
subsequent detections of the target, for example, the system operator might conclude that
the target is an anomaly, i.e. an “alias” or “ghost” return, and not realize its significance.

In addition, the expense of building and operating such a system can be prohibitive for
the average researcher, and operation of a transmitter requires a federal license. Except
for low-power navigational radar systems on private boats and aircraft, most radar
systems in the United States are operated by government agencies. Hence, government
employees are often the only ones to see the radar data collected by present-day, active
radar systems, and the information may not be freely available to the public.

Although there are many instances in the UFO archives of detection of UFO’s by active
radar, such intercepts are relatively few, compared to the number of eyewitness accounts
of reported UFO sightings. Hence, there is considerable room for improvement in radar
detection of UFQ’s, beyond what has been possible over the last half century with
traditional, active radar systems.

Passive Radar

The concept of passive radar detection, using reflected ambient radio signal emanating
from a distant transmitter, is not a new concept. The idea was first addressed seriously as
early as the 1950°s. The fact that various U. S. Government agencies have been
interested, for decades, in the possibility of detecting aerial or surface targets by using
passive radar is indicated by the conferences held during the late 1960’s, and the research
projects that those conferences addressed. The Project “May Bell” Technical Workshop,
sponsored by Raytheon Company, and held in Burlington, MA, on May 18-22, 1970, is
evidence of an early interest in this the application of passive radar. The list of attendees
of that conference reads like a “Who’s Who” of the defense and intelligence
communities.

One of the subordinate projects within Project “May Bell” that was discussed at that
conference was “Project Aquarius,” sponsored by the Advanced Research Projects
Agency (ARPA Order No. 1459), and conducted by the Sylvania Electronic Defense



Laboratories, Mountain View, CA. “Project Aquarius” was a research project, designed
to test the feasibility of detecting submarine-launched ballistic missiles and low-flying
aircraft, using a bi-static, passive radar system.
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Figure 1: Cover pages of the Project ""May Bell'* Technical Workshop and Project
"Aquarius' Quarterly Report ( 1970).

The fact that interest in passive radar for defense applications continues into the 21"
Century is indicated by the Third Multinational Conference: Passive and Covert Radar
(PCR: 2003), held at the Applied Physics Laboratory, University of Washington, Seattle,
Washington, on October 21-23, 2003. The attendees included personnel from the Office
of the Secretary of Defense, the Defense Intelligence Agency, the U. S. Air Force
Research Laboratories, the U. S. National Intelligence Council, NATO, the Lockheed-
Martin Company, The Boeing Company, and from several U. S. and foreign academic
institutions. The ranks and titles of personnel present at that conference underscore the
professional interest in passive radar, and the fact that it is a technology that today is
being viewed as having become technically feasible.

The principal host of the Seattle conference was Professor John Sahr, Ph.D., from the
Department of Electrical Engineering, University of Washington, in Seattle. Professor
Sahr currently operates a passive, FM radar for imaging small, i.e. meter range, changes
of the Earth’s ionosphere, using reflected FM radio signals from commercial radio and
television stations. Details of that system are discussed later, and can be seen at the
following website: http://rrsl.ee.washington.edu/Projects/Manastash/
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Figure 2: From a website announcing the University of Washington symposium on passive
and covert radar, held October 21-23, 2003.

That governmental, military, and intelligence offices are interested in passive FM radar
systems is explained by the fact that it has certain properties which make the technology
ideally suited to present day demands for surveillance and defense. Some of those
advantages, and some of the other attractive characteristics of passive radar, are listed
below:

e Passive radar requires no active transmitter, only multiple receivers.

e A passive radar system detects targets continuously, often, multiple times per
second.

e A passive radar system cannot be detected when in operation, since it has no
active transmitter as an element of the system.

e Passive radar can detect targets over a wide area, whose radius often is measured
in hundreds, or thousands, of kilometers.

e A passive radar system is relatively inexpensive, requiring nothing more than a
receiver, a very accurate time source, and adequate signal processing capability.

e Construction and operation of the system requires no government licenses, and
therefore, is not controlled by any governmental licensing agency.

e A passive system can be operated in virtually any location.

The principal hurdle encountered in the development of sophisticated passive radar
systems has been having enough computer computational power be able to process very
large volumes of data. Real-time signal processing for a small-scale passive system,
using two receiver stations, typically requires computer computational capacity in excess
of 10-giga operations per second (GOPS). Such computational capacity has become
available only relatively recently. Hence, computational capacity no longer is a limiting
factor, a fact which has given rise to renewed interest in passive radar systems for
applications other than just large-scale military purposes.

The relatively recent deployment of the U. S. Global Positioning System is another
development that has made passive radars feasible. GPS allows very accurate time
measurement, which is a necessary for very precise time synchronization of radio



receivers. The GPS system also allows very accurate measurement of the location of
receiver antennas.

Examples of Passive Radars

Although passive radar systems have been relatively rare over past decades, the concept
behind the principles they employ, i.e. reflecting a transmitted radio signal to a remote
receiver, has not been without precedent. Several examples of the use of reflecting a
radio signal to a remote receiver are cited below:

The Moon—The U. S. Navy began experiments in 1954, designed to bounce radio
signals off of the surface of Earth’s moon. The project was called “Communication by
Moon Relay” (“CMR”), and its principal objective was to allow direct radio
communication between Washington, D.C., and Hawaii.

Echo | and I1—The Echo I and II satellites, little more than gas-filled balloons with an

aluminized coating, were launched by NASA on August 12, 1960, and January 25, 1964,
respectively. The purpose of the project was to
create a high-altitude (800-900 km) “reflector” for
radio transmissions emanating from surface-based
transmitters. The satellites permitted “skipping” a
transmitted signal to a remote receiver at a
location over the horizon from the transmitter’s
location.

Figure 3: Postage stamp issued to commemorate the
launching of Echo 1. Note simulated radio signals
being reflected off the surface of the satellite.

Over-the-Horizon Radar--Military agencies have been interested in the concept of
increasing the range of a radar system by reflecting a transmitted radar signal off the
Earth’s ionosphere (e-region), thereby projecting it a signal to targets over the horizon.
Projects designed to achieve that goal have experienced varying degrees of success.

Meteor-Scatter Communications Technology--Ham radio operators have known for
years that the ionized trails of hot gas, generated by meteors entering the Earth’s
atmosphere, could be used for as short-lived, e.g. 1-5 seconds, reflection points for
transmitting radio signals over the horizon to a distant receiver. The system has been in
use for many decades, and commercial technologies have been built on the principle of
using ionized trails behind meteors for bouncing radio waves to distant receivers. Meteor
Communications Corporation, Kent, WA, has built “meteor-scatter” systems since 1975.

U. S. Space Command--The U. S. Navy operates an extensive radar system, often
referred to as “The Fence,” elements of which stretch from San Diego, CA, to Ft.
Stewart, GA. The system is designed to detect, and measure, the trajectories of objects in
Earth orbit. The transmitters radiate an extremely high-power (768 kW radiated power),
high-frequency (216.98 mhz) continuous-wave (“CW?”) radio signal, which is broadcast




through a series of phased-array antennas, forming a thin “fan” of electromagnetic
energy, radiating out into space above the Earth. When an orbiting object penetrates the
radiated beam, the signal reflected by the object is recorded by multiple, time-
synchronized receivers on the surface. The system is reported to be sensitive enough to
be able to detect an object 10 centimeters in diameter out to a distance of 27,600
kilometers from the surface, a distance equal to approximately two Earth diameters.
Presumably, larger objects can be detected to a considerably greater distance.
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Figure 4: Map showing locations of elements of the U. S. Naval Surveillance System, also
called “The Fence.” (lllustration provided by Ray-Paul Nielsen.)

Lockheed-Martin “Silent Sentry” Passive Surveillance System—A passive, all
weather surveillance system, designed to detect targets using reflected radio signals from
commercial FM radio stations. The system was first announced in 1998, and was
awarded the Aviation Week & Space Technology “Technology Innovation Award” in
1999.

University of Washington Passive lonosphere Imaging Radar System—The
University of Washington Department of Electrical Engineering maintains a passive FM
radar system for imaging small-scale fluctuations the Earth’s ionosphere, a project
supported by the National Science Foundation. The system employs commercial FM
radio signals (88 to 108 mhz) as a source, which are reflected off the ionosphere and
detected by receivers several hundred miles distant, on the opposite side of the Cascade
Mountains.

FUNCTIONAL ELEMENTS OF A PASSIVE RADAR SYSTEM

A detailed technical description of a passive, multi-static radar system is beyond the
scope of this paper. However, an attempt is made below to describe in general terms, and
step by step, the operational elements of a passive radar system.

Construction of System

Construction of a passive, multi-static FM radar system is a relatively simple matter,
compared to the complexity of building an active system. The principal elements of a
single, bi-static, passive radar system include the following items:



A sensitive FM receiver, designed to detect a radio signal, typically in the 30-230
mHz frequency range, depending on the type of target to be detected.

A modern, high-speed computer with sufficient capability to record a large
number of intercepts per second, and to perform very rapid signal processing.

Appropriate software for rapid signal processing, to include calculation of three-
dimensional Doppler-shift information.

Access to GPS equipment for accurate time and position measurement.

Knowledge about, or access to, the original transmitted radio signal.

Operation of System

Interception Phase

1)

2)

3)

4)

Multiple receiver antennas are deployed, such that they are shielded from direct,
line-of-sight communication with the FM transmitter of choice, but which are able
to detect any reflected signals from the target area.

The system antennas are connected to a radio receiver, which is tuned to the
original transmitter frequency.

Accurate time-measuring equipment (usually from the GPS system) is applied,
such that the time of arrival of a reflected signal at each receiver antenna can be
measured very accurately.

The precise frequency of each of the reflected signals received by each of the
receiver antennas is measured and recorded.

Signal Processing Phase

Once an intercept of a reflected signal is recorded, a process that can be effected
hundreds or thousands of times per second, the intercepted signal can be analyzed in a
number of ways, in order to extract information from the signal.

5)

6)

7)

The time that a reflected signal is intercepted at each of the respective multiple
antennas can be applied to triangulate the location of the reflected signal.

Multiple calculations of location of the target can be applied to calculate velocity,
acceleration, and flight path of the target.

Any very subtle shift in frequency (Doppler-shift) of a reflected signal, caused by
the movement of the target relative to the location of a fixed antenna, can be
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compared with the frequency of the original transmitted signal in order to
calculate velocity of the target.

Target Discrimination Phase

Once data are obtained for any given target or event, these data then can be used for
analysis of what the source, or cause, of the reflected signal might have been. Probably
the most useful elements information for determining what may have been the nature of a
target are its location, elevation, duration, velocity, acceleration, and flight path.

Analysis of any one of these parameters might be sufficient to rule out the likelihood of
one, or more, categories of targets. For example, migratory birds would not be expected
above a certain altitude or velocity. Similarly, most aircraft would be observed below a
certain altitude, and would not be expected to be stationary. A meteor would not be
stationary. Other categories of targets could be ruled out by similar lines of reasoning.

A typical bi-static system is illustrated in Figure 5. It indicates 1) exploitation of a
commercial FM transmitter, 2) the shielding (by a landmass) of the remote receiver from
the transmitter, 3) access to the original transmitted signal, and 4) the path of a reflected
signal.

Passive Radar

E-region Irregularities

Commercial
Transmitter

Reference
Receiver

Remole
Receiver

Figure 5: Schematic of typical passive, bi-static radar system. ( Note Reference Receiver on
left,, necessary for registering original transmitted signal.). (Source: Prof. John Sahr,
jdsahr@u.washington.edu; http://rrsl.ee.washington.edu/)

A multi-static system has at least three receiver sites, necessary for three-dimensional
triangulation to the reflection point, and also to allow calculation of Doppler-shift in three
dimensions. Figure 6 illustrates a multi-static passive system, which 1) employs two
transmitters, and 2) two sets of four antennas for each station. As the number of
transmitters and receivers is increased, the amount of information generated by the
system grows rapidly, and the amount of computational capacity grows exponentially.
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Figure 6: A multi-static, passive array, employing two transmitters, and two sets of

receivers, each with four antennas. (Source: Prof. John Sahr, jdsahr@u.washington.edu;
http://rrsl.ee.washington.edu/)

PROPOSED DETECTION SYSTEMS

Scenario 1: Use of Commercial FM Radio and Television Signals

Given the large number of high-power commercial broadcasting stations in the United
States, they offer a readily available source of broadcast FM signal (88-108 mHz, for
radio) for use by a typical multi-static radar system. Pre-requisites for operation of a
passive radar system are that 1) the signal processor have access to the original broadcast
signal, which serves as a reference, and 2) that the transmitter not be “visible” by the
receivers, i.e. it is over the horizon from the receivers, or somehow “shielded” from them.

With the receiver tuned to the operating frequency of any broadcasting station, intercepts
by the system can be ascribed to a nearby reflection point, either in the atmosphere, or on
the surface. Comparison of the received signal with the original broadcast signal will
provide information as to the nature of the target. With sufficient signal analysis
capability, location of the target, its velocity, acceleration, and flight path, and perhaps
estimates of its size, should be able to be calculated. This information should be
adequate for performing discrimination between different types of targets.

Scenario 2: Use of the U. S. Navy Surveillance System Transmitter

The nature of the phased-array transmissions used by the U. S. Navy Surveillance System
for detecting and tracking orbiting objects makes it ideal for amateur tracking of targets
in the near-Earth environment, or beyond. The system transmitters broadcast a very
high-power (768 kW), high frequency (216.98 mHz) continuous-wave signal, which
should permit of easy detection, and high-resolution, of objects in the vicinity of the

12



system’s three transmitters. Given that the system is designed to permit the detection of a
target approximately 10 centimeters in diameter out to a distance of 27,600 kilometers,
detection of a target whose diameter is on the order of ten meters out to that range would
be a trivial process.

Figure 7: Artist’s conception of the “fan” of radiated electromagnetic signal from the U. S.
Navy’s Surveillance System, and how a target might reflect the signal. (Illustration by Ray-
Paul Nielsen.)

Scenario 3: Adaptation of University of Washington Passive System

Personnel at the University of Washington, Seattle, have developed a working bi-static
radar system, sponsored by the National Science Foundation, for meter-scale imaging of
the e-region of the Earth’s atmosphere. The system may be able to be duplicated, and
adapted, for tracking objects in the near-Earth environment. The system probably would
have to be transformed into a multi-static
system, with multiple antennas, in order to
permit three-dimensional imaging
capability, and the signal processing
capability might have to be expanded
dramatically to permit real-time processing
of rapidly moving targets. However, with
sufficient resource and technical personal,
such a project seems feasible.

Figure 8: Photo of bi-static system currently
in operation at the University of Washington,
Seattle. (Source: Prof. John Sahr, jdsahr@u.washington.edu;http://rrsl.ee.washington.edu/)

CONCLUSIONS

e Within recent decades, because of both 1) the advent of high-speed computers,
and 2) the deployment of the Global Positioning System, passive, multi-static
radar systems have become technologically feasible. Passive radar technology
has developed to the extent that it is now being discussed for use not only in
defense and intelligence applications, but in the civilian sector, as well. The day
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is rapidly approaching, or perhaps has already has arrived, when the UFO
community will have the technical ability to operate radar systems, which should
allow unambiguous determination as to whether UFQO’s visit the near-Earth
environment.

e Whereas some projects, dedicated to detecting intelligent life in the Universe, cost
tens of millions of dollars per year to operate, a system of multi-static, passive
radar receivers may permit detection of UFQ’s for vastly less expense.

e If the application of passive radar for detecting UFO’s is successful in confirming
their existence in the near-Earth environment, the application of new technology
proposed by this paper will serve to challenge the apparent monopoly that the U.
S. Government, and other governments, presently enjoy with regard to knowledge
of that fact. Governments no longer will be able to conceal the existence of the
UFO phenomenon from the world community.
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