Data Vetting and
Accessibility for the Study
of Unidentified Anomalous
Phenomena

By Dr. Randy Bostick,
Former Science Advisor,

All-domain Anomaly Resolution Office

n the middle of the twentieth century, the US Air

Force established several projects—Project Saucer,

Project Sign, Project Blue Book®>—to investigate the
origins and potential threats posed by unidentified flying
objects, or UFOs. Most of the evidence available to sup-
port investigation came from single-source observers who
were not well prepared to report strange or unidentified
events. They described these UFOs using familiar refer-
ences such as “cigars,” “wheels,” and, famously, “saucers.”
Except for a few cases, the conclusions they provided
were without supporting metrics or reasoning. Although
technical collection with advanced (for the time) instru-
ments such as radar began in the 1940s and 1950s, these
technologies were not without shortcomings. The initial
shortcomings of these new technologies, including system
anomalies in the earliest hardware, undoubtedly contrib-
uted to detections being interpreted as fantastic and unex-
plainable objects. The inability to save raw data from these
instruments prevented further analysis by systems experts.
UFO reporting became a social phenomenon which in
turn led to a proliferation of science fiction writing and
movies (which fed back into the reporting frenzy).> Any

Satellite flaring is an optical phenomenon which can be
misinterpreted as unidentified anomalous phenomena (UAP).
AARO, 23 January 2025

real, consequential evidence to support scientific analysis
was likely lost in volumes of summary reports.
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In the twenty-first century, sensing technologies have be-
come ubiquitous, and their capabilities greatly improved.
However, the reporting of UFOs, now referred to as un-
identified anomalous phenomena (UAP), has not likewise
improved. Despite the quantity and quality of data and
the general public’s exposure to and familiarity with new
air- and spacecraft, an era of quality reporting and data for
scientific analysis has yet to fully emerge. In reality, the
nature of the unknown and anomalous has evolved with
advancements in technology, as there will always be objects
observed that are outside of a particular sensor’s ability to
make a quality measurement. Ring doorbells, for example,
may detect insects in the near field that appear as far-off
blurry points of light moving in strange patterns. The pro-
liferation of sensors and the massive increase in airborne
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objects provide more ways to observe more phenomena in
some peculiar manner.” Though the data are there, they are
still not always understood, and the quality of the recorded
products, along with the rush to analysis and conclusions
based on misunderstood data, threatens to become a bar-
rier to scientific analysis and acceptance of UAP research
by the broader scientific community.

Nevertheless, scientific study of UAP is in a better position
today than it was in the days of Project Blue Book. The
shift from a lack of objective sensor data to having too
much data is at least a step in the right direction. There is
promise in this wealth of sensor data, but a vetting process
is needed to separate useful from useless data along with
supplemental information on collection and quality.
Dedicated collection with calibrated sensors is necessary
to advance scientific analysis. The All-domain Anomaly
Resolution Office (AARO), as the government lead for
UAP reporting and data collection, is in a position to col-
laborate with the UAP community to ensure quality con-
trol and consistency of UAP data products and to promote
guidelines for data collection. These are basic functions to
enable scientific analysis, results, and conclusions on the
nature of UAP. This article proposes a common approach
to UAP reporting by offering a definition of analyzable
data and associated quality that can support any derived
results and conclusions in the study of UAP.

The Definition of Data

The need for quality data and consistent definitions of
“quality” has been asserted by AARO and widely recog-
nized by others who study UAPS However, less discussion
has been afforded to the meaning of “data,” a term that
is often abused. While implying numerical or other
quantifiable information, “data” in the context of UAP
has come to be conflated with any general reporting that
may be received, including deductions, explanations, and
conclusions made while observing an event, monitoring
an instrument, or describing sensor output. Determina-
tions such as “It had a plasma field,” “It was very hot,” or
“It exhibited an advanced form of propulsion” are not
data—they are interpretations of what one has observed,
often with no objective, sensor-collected information.
When presented as such, even unintentionally, rejection
by the scientific community follows, as well as an overall
unwillingness to engage on the topic of UAP. Data must
be objectively collected and presented, with no prede-
termined conclusions stemming from attempts to better
understand UAP.

Many features or characteristics of an object can be learned
by collection with remote measurement devices. Most of
these are calculated or derived through analysis, not di-
rectly measured by the instrument. That which is directly
measured is what should be the basic definition of “data.”
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Radar display of pack ice about 100 nautical miles west of
Point Barrow, near Utgqiagvik, Alaska, 9 August 2012

For example, a simple electro-optical (EO) system such as
the WESCAM MX™-20 can measure the following:*

e Irradiance: the amount of power or energy incident
per unit area on a detector or pixel array.

e Time: the time at which a measurement of irradiance
is made on the array.

e Position: the location in the optical system image
plane of an irradiance measurement.

A simple radar system can directly measure values such as

the following:

e Pulse transmission and arrival time: the time that
an electronic signal is sent from the transmitter and
collected at the receiver after bouncing off an object.

e  Frequency shift: in a Doppler radar, the shift in the
frequency of the transmitted pulse due to reflection
from a moving object.

e Direction: the angular direction of the object from the
radar receiver.

e Received power: the strength of the signal received by
the receiver.

Display and control unit of a common maritime navigation
and search radar, 29 January 2006

Absolute position in space, size, speed, heading, pulse
delay, and acceleration are characteristics and features that
can be calculated from the above direct measurements.
With assumptions about the object’s material composition,
analysts can estimate characteristics such as temperature,
emissivity, reflectivity, and radar cross-section. Calculating
most of these derived quantities requires supporting data
specific to the detection sensor or instrument, called
metadata. Metadata may include sensor settings, platform
location and motion, and other ancillary values. Providing
metadata with measurements enables others to repeat and
independently verify calculated values. These measure-
ments and the resulting data and metadata are specific to
the sensor and do not require new definitions for UAP
collection. The science behind the data definitions and
calculated values is well known and does not need to be
reinvented just because the focus of study is UAP.

Sensor type is a key factor in UAP collection and inter-
pretation, as the calculations that can be derived, and

the types of errors that can occur, will vary dramatically
between, for example, a passive optical sensor and one that
is in motion. For example, the public is likely most familiar
with the optical sensors in digital or cellphone cameras,
and the images these sensors capture are commonly
provided as evidence of UAP. However, most calculations
or estimations from passive optical sensor measurements
require knowledge of the distance to the target. The range
to the target is usually impossible to calculate from a static,
monocular collection device. Inaccurate range assump-
tions lead to poor calculations of UAP speed, acceleration,
and size. For moving sensors, such as aircraft, further error
is introduced by the effect of parallax (measurement inac-
curacy introduced by shifting angles or positions).”

For those interested in using optical sensors for UAP
collection, deploying two (or more) sensors is highly
recommended. Range can be estimated from triangulating
lines of sight from multiple sensors separated by a baseline
distance.® Also, employing two sensors reduces the likeli-
hood of reporting sensor anomalies or other near-field
objects as UAP. For example, small bugs flying in front of
a camera create pinpoints of light that are often mistaken
for distant, erratically moving craft. If these lights appear
on only one sensor, we can conclude that they are likely
caused by bugs. If the lights appear on two sensors, we can
conclude that they are worthy of further analysis.

As a final point, many of the videos provided to AARO
(the “Go Fast” and “Mt. Etna” cases in particular®) or
posted on the internet as “data” have undergone image
processing. The FLIR (forward-looking infrared) sensors
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Alleged UFO photograph taken by Paul Trent. Suspected
of being a hoax by skeptics, |1 May 1950

on fighter aircraft, used to create infrared images, and

the multi-spectral targeting systems on remotely piloted
aircraft used for intelligence, surveillance, and recon-
naissance missions, almost always have some contrast
enhancement or edge detection applied to benefit the
sensor’s primary mission, which is threat detection, not
UAP detection. While the data from such systems provide
important information, it is nearly impossible to estimate
target brightness or even size for smaller objects.'” Care
must be taken to distinguish the properties of the object
being collected from the result of image processing.

The Need for Quality Data

Any substantive UAP claims must be founded upon
vetted, sharable data with a known and described quality.
The requirement is not necessarily for high-quality data—
only that the quality be known in order to determine

the confidence in any results derived from it. The term
“vetted” refers to data that has not been intentionally
altered or artificially
created to support a
desired conclusion.
“Quality” is usually
expressed through
figures of merit such
as spatial resolution
and radiometric
accuracy, along
with associated
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phenomenon—rarely the case with UAP instrumented
collections. This article focuses on data from instruments
and sensors. However, vetted oral reporting can yield a
quantity of data that may reveal some quality of patterns
of activity, common descriptions, or other trends. Many
documented studies related to Project Blue Book written
accounts have been conducted in this way, as well as
analyses of more recent reports. The point here is that if
only one or very few sensors collect data, then it is impor-
tant that the data be of high quality. However, if many
lower-quality sensors collect data, quality can be made up
for with quantity.

Any substantive UAP claims
must be founded upon vetted
and sharable data with a

known and described quality.

AARO has received many videos of purported UAP with
descriptors such as “spherical,” “circular,” “triangular,” and
“plasmoid” (a ball of light without sharp edges) that were
“moving at great speeds.” While these descriptions may not
be inaccurate or disprovable, they often cannot be verified
given the quality of the source data. The shape may be the
result of camera defocus, odd surface reflections, and ap-
parent speeds from misjudging distance or camera motion
and other effects not associated with the object of interest.

Figure |I: The quality of the image on the left cannot
support any conclusion about the subject’s identity.
The clear image in the middle allows identification as a
male human. The image on the right depicts a clearly
anomalous human.

Consider the pictures in Figure 1 as a simple example. On
the left is an image that cannot be immediately identified
as a known entity but might be identified as a gelatinous
creature of unearthly origin. We must know the quality
of the data to understand whether the image correctly
represents the subject or is due to an out-of-focus camera,
poor optics, or perhaps image processing (in this case, the
author has applied a filter to the image, which is shown in
original form in the center of Figure 1). The center image



is from higher-quality data, which allows for characteriza-
tion of the entity with high confidence as a male human
(not anomalous). This male human may still be unidenti-
fied, but not because of poor data. His face and features
are clear; the image supports further scientific analysis to
determine identity. On the right is a clear picture, but now
the human has a third eye. This entity would be considered
unidentified and anomalous as the third eye is not due to
data issues and likewise would demand further study.

The definition of “sufficient quality” and requirements for
sensors dedicated to UAP collection must be discussed and
agreed upon by the scientific community and be highly
dependent on assumptions about the UAP. However
“sufficient quality” is defined, data products with metadata
and other sensor phenomenologies must be provided to
substantiate analysis. The void of no data or poor data
cannot continue to be filled by conjecture, assumption,
and imagination. The scientific community will not
entertain results or claims with greater assurance than the
evidence warrants.'?

The Influence of Analysis and Results
on Data Collection
Data from sensor collections provide the basis for analysis

that leads to conclusions. Too often, results are presented
without supporting data, with poor or undocumented

analysis, or with conclusions the data cannot possibly
support. The effect of such presentations is twofold: 1) the
reporting stigma related to UAP continues due to con-
tinued false claims, and 2) the conclusions become more
prominent and energizing than the source data such that,
over time, “facts” evolve to support conclusions. Separating
data from lore becomes an afterthought, or even impos-
sible, after time has passed. This second effect exemplifies
the need for more rigorous approaches to UAP study.

However, the first effect may be more damaging as it,

along with the conflation of the terms UAP and UFO,

leads to suppression of reporting and recovery of data from
legitimate sources. The term “unidentified anomalous
phenomena” was introduced to describe an event that an
observer could not readily identify. The intent behind estab-
lishing this new term was to allow pilots, military personnel,
law enforcement officers, and others in sensitive positions

to communicate relevant information prior to analysis in a
noncontroversial way to inform objective assessments. The
UAP designation should not be considered the resolution or
the event itself and should not lead to quick conclusions and
dismissal of data, as has happened with UFO reports. All
UAP reports with supporting data must be taken seriously;
serious analysis will lead to determination.

Finally, UAP reporters (and anyone interested in or
pursuing UAP research) should not feel obligated or allow
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Crew monitor Aegis large-screen radar displays aboard USS Vincennes (CG-49), | January 1988

themselves to be coerced into providing an immediate
analysis of what they saw or what their instruments
detected. For example, the assessment of a hot, fastmoving
object should be left to validated analysis and not an
initial description. The self-assessment by an observer
that something is “weird” or exotic threatens to lead to
the UFO supposition and a reluctance to report and the
much-discussed reporting stigma."® The focus should be
on reporting the observable characteristics that led the
observer to deem the object as hot or fast moving and on
providing any associated oral, written, or instrumented
data. This information provides the basis for scientific
investigation; the reporter should be required only to
report, not to provide the assessment.

An approach to reducing the stigma of reporting is to use
the term UAP in its proper context as an object that is
literally unidentified and/or is behaving anomalously with
no assumption of origin based on the initial sighting. To
alleviate the implied association of UAPs with UFOs, the
initial UAP report may be designated a “potential UAP,”
indicating that data and information have been provided,
but that further analysis is needed before concluding

that it is truly unidentifiable or anomalous and why. This
suggestion is analogous to a citizen reporting suspicious
activity to law enforcement and letting those professionals
investigate whether a crime is actually being committed
and by whom. Perhaps the potential UAP ends up being
identified as a balloon, drone, or something incredible, but
that should not concern the observer making a report.

The Scientific Study of UAP

There is a need for leadership in organizing and developing
data standards to enable the scientific study of UAP.
Well-understood data are the foundation of such an effort,
whether that data is unintentionally or intentionally
collected. The analysis of the data must be documented
and repeatable by independent scientists. Any results and
conclusions must be traced back to the data through the
analysis and cannot assert anything more.

It is not a question of how to make the study of UAP
scientifically valid and acceptable; it is a question of ap-
plying scientifically valid and acceptable methodologies to
the study of UAP. The approach is the same as that for any
other domain awareness problem such as countering unpi-
loted air vehicles or achieving space domain awareness. It
is only after scientific analysis indicates that the collected
object is not identifiable or is technologically anomalous
that the disciplines diverge. Presenting UAP study as a
wholly separate field gives the impression of a presumed or
necessary outcome, which precludes scientific legitimacy.

The critical point is
that the properties of UAP
are not assumed to exist,

but are proven to exist.



To round out the application of the scientific method, a
hypothesis is necessary. Historical investigations such as
Project Blue Book and the Condon Report sought to dis-
prove the idea that there is an aspect of the natural world
not yet explored by science.' The inferred hypothesis, and
one commonly followed, is that if the UAP described in a
report do exist, they must be of extraterrestrial intelligence
and not of this world. This hypothesis, which requires only
existence to be “true,” cannot be proven or disproven, as

it requires no explanation of origin. Moreover, UAP, by
definition, are not specific, definable entities.” Rather,
the term “UAP” describes phenomena that cannot be
immediately explained, although they may eventually be
explained—perhaps as birds, balloons, or other prosaic
objects. A testable hypothesis is that the phenomena
described in reports and collected in sensor data exist,
and that they have physical, energetic, or other proper-
ties that current technology cannot explain (or the null
hypothesis that these objects can be explained by existing
technologies—a hypothesis easier to test because it lends
itself to requirements for collection). The properties that
UAP may display that are not presently explainable must
be determined by the scientific community. The critical
point is that the properties of UAP are not assumed to
exist, but are proven to exist.

The Way Ahead

Anecdotal reports and unverified claims are insufficient to
meet the rigorous standards of empirical science and lead
to skepticism and limited academic engagement. AARO
is in position to take the lead in a field of research that
struggles to gain acceptance within the broader scientific
community. This leadership can be accomplished, as in
other scientific, defense, or intelligence communities,

by establishing data standards to ensure interoperability,
discovery, assessment, and exploitation. Application
schemas and metadata should also be standardized

and documented.

Likewise, study and analysis should be aligned with the
standards common to scientific methods and intelligence
reporting. The guidelines for the study of UAP data
collected by sensors (analytic approaches to verbal and
written witness accounts are a separate area of study)

should include the following:

o  Objective and independent observation: A phe-
nomenon, which should initially be referred to as a
“potential” or “possible” UAP, must be recorded by
a sensor-based detection system (e.g., radar, infrared
sensors, visual recordings). The data from these
recordings should be provided without subjective bias,

preprocessing, or sensor error. While it is desirable
that sensors be calibrated as well as possible, it is more
important that the degree of calibration be known.
Any preprocessing sensor error that cannot be avoided
must be documented. Ideally, this documentation
would include corroborative multi-sensor data from
diverse detection methods (e.g., visual, electromag-
netic, acoustic), ensuring that the phenomenon is not
an artifact of a single type of sensor.

¢ Documented and transparent analysis: All data
analysis methods must be well-documented and made
available for scrutiny by the scientific community
to ensure transparency and to eliminate errors. The
analysis should be repeatable by independent entities.

e  Analysis of alternatives: To maintain consideration as
a “UAP,” the event must be thoroughly analyzed to
exclude all known natural phenomena, human-made
objects, and sensor anomalies as potential explana-
tions. This analysis includes levels of confidence in
ability to make a conclusion based on error analysis

and quality of provided data.

e Conclusions and results: Results must be presented in
a fashion that characterizes the observed phenomena
in terms of physical, radiometric, or other quantitative
means. The conclusions on identification and origin
are then put forward to the scientific community to
propose the employment of known or advanced tech-
nologies given the state of the art, potential function,
and intended purpose.

AARO, in collaboration with defense, intelligence,
academic, and industry partners, should consider these

guidelines and agree upon vetted methodology for
UAP study.
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