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Humanity has always been seeking the meaning of existence, the definition of
nature, and the understanding of the Universe.
The possibility that forms of intelligent life exist outside our planet and the very meaning that such
intelligent life can assume is one of the central themes of this questioning. With the progress of science,
this inquiry has taken more concrete forms, given the awareness of the multitude of systems present
in the Universe, up to the present day looking for signs that can confirm the existence of life forms on
other celestial bodies.

This scientific investigation is collectively known as SETI,
defined by the International Academy of Astronautics as “an
acronym for the search for extraterrestrial intelligence”.

The first, and still controversial, issue concerns the definitions of life and intelligence. For this reason,
attention today focuses on technology as an indicator of intelligence. In 1961, during a conference,
Frank Drake found an equation to estimate the number of civilizations in the Milky Way that
can communicate. Rough estimates suggest that there may be somewhere in the region of 20-50,000
civilizations of intelligent extraterrestrial life. The question then arises: “Where are they all?” This
was notoriously proposed by Enrico Fermi and is now known as the Fermi paradox. The lack, until
now, of concrete scientific results in this area and the consequent absence of answers to these
questionings, have led to a gradual depletion of resources dedicated to this field of research, and
growing assimilation of this scientific interrogation to mere science fiction.

Extraterrestrial Intelligence: The Search, the Science, and the Significance aims to
propose an action plan for the next decade, which is capable of opening new routes in this area, both
scientifically and in the collective perception.
OUR MISSION IS:

TO EXPLORE
extraterrestrial intelligence from multiple angles, including the science and technology behind the
search, the legal and policy implications of finding it, and the outreach required to engage different
audiences in this initiative.
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THE SEARCH
By addressing these different aspects of the search for extraterrestrial intelligence, this work puts
forward a comprehensive analysis linking technology, law, and outreach. The development of these
three fields is essential to the advancement of this initiative, and one cannot be successful without
the others. Whereas the science and technology are required to detect extraterrestrial intelligence, this
potential detection cannot be adequately handled without a well-thought-out legal and policy approach,
combined with a wide-reading outreach and public engagement plan, to ensure that the public and
involved parties are prepared to deal with a discovery of this magnitude effectively.

This project represents the end of our first steps towards a comprehensive understanding of the
search for extraterrestrial intelligence as a discipline, and the challenges involved in an eventual future
detection. Many challenges remain ahead but the team has established the basis of what we believe
humanity should accomplish in the next decade. We believe that our proposal is possible but it requires
the awareness of humanity as a whole. Science and technology is progressing to help illuminate our
path and bring ideas to life. We strongly believe that we should envision a future wherein all sentient
beings are recipients of the same rights. Ultimately, we all evolved from the same stardust,

and our hope is to be part of a unified galactic civilization driven by self-awareness
and empathy.
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THE SCIENCE
The search for extraterrestrial intelligence can be considered of as the search for biosignatures and
technosignatures.

Biosignatures:
There are different types of biosignatures, which are
classified as either gaseous, surface, and temporal. These
may indicate evidence of life but not necessarily of intelligence.

Gaseous
Gas produced by life and accumulated in the atmosphere at
a detectable level (for example O2 in Earth’s atmosphere)
Temporal
Observed and time-dependent changes of a planet (for example, the seasonal
change of CO2 in Earth’s atmosphere)
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Surface
Evidence of life on the surface/exterior of a planet (for example,
absorption, reflection, or scattering of electromagnetic radiation)

Technosignatures:
These are signs that suggest the presence of some form
of technology. They are considered a better indicator for the
search of extraterrestrial intelligence.

Initial searches were
conducted solely in radio
wavelengths.
Radio telescopes are
sensitive to the radio part
of the electromagnetic
spectrum.
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Current searches are
conducted in either radio
or optical wavelengths.
Thanks to technology
development like optical
photometry, high contrast
imaging systems, and
infrared photometry.

In the last 60 years, many projects took place to search for evidence of
existing extraterrestrial forms of life. The focus is on signals which could prove
that a form of intelligence, similar to ours, is somewhere in the Galaxy.
The SETI Institute has created a database that holds 103 publications on
radio and 50 on optical research projects.
Find the link inside the circle

Limitations to the technosignature searches of the past and present are related to:
•
•
•
•
•
•

Projects - The limited number of projects and collective efforts.
Instruments and infrastructures - The limited number of instruments and infrastructure,
especially considering their limited capabilities and time commitments.
Frequencies - The ‘water hole’ frequency of 1,400-1,700 MHz (frequency that hydrogen emits at)
gives researchers a target but limits the frequencies that are tested.
Search targets - Various projects have different search targets (All sky, Northern sky, Southern
sky, targeted search) and each method has limitations associated with its searching capabilities.
Time resolution and survey lengths - Inconsistent documentation and many projects were
limited by time.
Post-processing and data analysis - Limited by bandwidth and processing power.

THE FUTURE OF TECHNOSIGNATURES

Scientific
Considerations

Practical
Considerations

Several next-generation technosignatures have been proposed, for example:
• Targeted Asteroid Mining.
• Heat Signals.
• Observing Light Curves of Stars.
• Detecting Stellar Engines.
The axes of merit for technosignatures is a tool for ranking existing and proposed technosignature
searching methods to determine what will be the most feasible given available technology and related
factors.
Can only be done in the far future

Can be done now

Costly

Cheap

No ancillary benefits

Many ancillary benefits

Short-lived

Long-lived

Ambiguous

Unambiguous

High extrapolation from Earth-tech

Low extrapolation from Earth-tech

Contrived / Specific

Inevitable

Non-detectable

Detectable

Information-poor

Information-rich

5

PROPOSAL FOR
TECHNOSIGNATURE DETECTION
IN SPACE INITIATIVE
Our Science and Technology proposal is a two-part initiative that aims to detect technosignatures
from exoplanets using space telescope data as well as examine Earth’s technosignatures with a
dedicated 6U CubeSat.

GALACTIC TECHNOSIGNATURE OBSERVATORY

Uses the data from existing or future space telescopes to
search for artificial objects in transiting exoplanets or within
the vicinity of their stars.

The data will be used to define parameters for the search for
artificial objects orbiting in the proximity of exoplanets.

The discovery of a planet with orbiting artificial objects
could be a strong indicator of an intelligent civilization.

This project takes advantage of the growing number of
current and upcoming space telescope missions researching
to exoplanets, as well as proposes the opportunity to develop an
exoplanet database that accounts also for technosignatures.
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NOISYCUBE MISSION
The mission intends to be a low-cost solution for looking back at our planet as a starting point for
characterizing Earth’s technosignatures and space debris for the future.

Characterize the Earth’s
technosignatures as seen
from the journey from
Earth to Mars and beyond.

The mission will piggyback the launch vehicle
of an existing mission to Mars. The CubeSat
payload will include a radiometric sensor,
spectrometer and hyperspectral imaging camera,
which will obtain data on the ‘noise’ produced by
Earth from a distance.

The objective is to quantify the ‘signature’ produced as a result of satellite constellations and space
debris, which will enable scientists to focus their search on similar signals obtained from exoplanets.

Overall, the work presents the current state of the search for extraterrestrial intelligence,
highlighting general recommendations, and proposing a new initiative.
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GENERAL RECOMMENDATIONS IN
THE SEARCH DOMAIN
The proposal covers a wide array of limitations associated with current research. Ultimately, it aims
to move the field towards more consistent and innovative approaches to searching for evidence of
intelligence beyond Earth.
Recommendation

Relevance in Proposal

Concurrent efforts in biosignatures with a
greater focus on technosignatures.

Considering
both
biosignature
and
technosignature data but focusing on the
technosignatures.

Continued continuity of missions and
experiments.

Incorporates opportunities for graduate
research for the development of these
projects.

Increased involvement in citizen science
programs.

Not applicable.

Greater emphasis on Earth applications.

Further extension of this work could make
external tracking of space debris possible,
contributing to kessler effect mitigation.
Partnerships with space telescope operators

Additional multi-purpose missions or
multi-organizational partnerships.

and using existing data for alternative
purposes. Piggybacking CubeSat launch
and considering partnerships.

Greater emphasis on data-sharing from
telescopes and missions.

Galactic Observatory focused on data
sharing and NoisyCube data should be open
access.

Increased participation with space projects
and missions.

Going beyond ground-based searching
to space-based telescopes and an
interplanetary mission.
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LEGAL AND POLICY PROPOSAL
Since there are no regulations related to the search for extraterrestrial intelligence, the primary
objective is the creation of a comprehensive legislative framework, which can be applied after a signal
detection.

The IAA provides a set of rules related to post detection
actions. However, these are not binding for researchers.

1985
Allen Goodman proposes
an idea of guidelines related to

1989
The International Academy
of Astronautics develops

2010
The International Academy
of Astronautics updates the

the search of artificial signals
of extraterrestrial origin, the
so called Four Protocols.

the post-detection principles,
starting from the Goodman’s
First Protocol.

post-detection principles.

Through an analysis of the IAA’s post-detection principles and the UN Outer Space Treaty is possible
to update the First Protocol, taking into consideration the means to communicate a positive detection
to the public.

To create a legal framework to bind the search for
extraterrestrial intelligence research to international law, it is
proposed to use a first case.

As mentioned in the 1989 First Protocol
initial statement, the search for extraterrestrial
intelligence is considered part of the space
exploration activities by the IAA.
However, while this assumption may appear
appropriate from an operative point of view, there
are no examples of regulations or cases in which
SETI is treated as part of space exploration.

The idea is to create an initial case for this,
which could be utilized later to bind researchers,
research institutions, countries and international
bodies, to the post-detection principles.
Launching a space exploration mission (as
proposed here) with the aim of researching
extraterrestrial technosignatures, provides a
platform for SETI activity outside the Earth’s
atmosphere. In such a scenario, it then
becomes possible to consider the search for
extraterrestrial intelligence as in line with space
exploration, and the Outer Space Treaty.
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THE SIGNIFICANCE
However, the SETI research is complex not only from a techincal point of view. Moving forward, a
more comprehensive understanding of human nature, and how it could impact interaction with any
extraterrestrial intelligent life, needs to be investigated.
The first question which could rise is:

WHAT IS INTELLIGENCE?

The answer is that there is no clear definition of intelligence.
Moreover, it is complex to create a framework for a relationship where only one of the two factors
is known (the humankind).
It is possible to considers the relationship between
human civilization and the environment, and with
the most comparable form of intelligence available
on Earth, animals. By connecting the concept of
extraterrestrial intelligence to comparable parallels on
Earth, it may be possible to simulate a scenario wherein
evidence of extraterrestrial intelligent life is found, and
which behaviors to avoid based on historical notions.

The search for extraterrestrial intelligence is nothing more
than a mirror, through which humanity can be able to observe
itself from another perspective.

What is needed is to move away from the anthropocentric vision of the world that currently
characterizes society, and recognize the value of each individual component of the cosmos instead.
Then, humanity may be sufficiently prepared to face the discovery of new forms of intelligence in a
constructive and non-destructive way.
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OUTREACH AND
PUBLIC ENGAGEMENT
Outreach is an essential component of the SETI initiative. Public perception of certain issues greatly
influences the steps undertaken by the scientific community, in part due to funding restrictions.
An outreach plan, which includes the development of a children’s book, a website, a pilot survey,
and merchandise related to the search for extraterrestrial intelligence, can help in this field.

Audience groups
General Public: no
specialized knowledge in
the field or experience in
the space industry, with
large age variations and
differing backgrounds
SETI and Space
Community: aboveaverage knowledge of
space exploration, SETI,
and similar topics in the
field
Young Children: need to
be targeted early enough
that they engage with
the topic and begin to
understand the science
behind it

Objectives

Communication channels

1. Normalize the topic
of SETI to a variety of
audiences, encouraging
more funding for research
and preparing the general
public for the possibility
of making contact with
extraterrestrial intelligence

Some of the channels
that will be leveraged
in this project include
the International Space
University community
(social media, website,
word-of-mouth), the
International Astronautical
Congress 2020 in Dubai,
where this project may
be presented, and the
project-specific website,
which can be found in the
link below.

2. Disseminate related
science to change
the “extraterrestrial
intelligence is sciencefiction” narrative
3. Share the findings and
proposals developed by
the team

A social media communication plan can be useful to engage
with the general public, but requires continuous upkeep and is
outside the scope of this project.
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PILOT SURVEY
This aimed to gain some insight into the general public’s perception of the topic. The survey was
released in several languages on February 11th and as of March 11th, 2020, there were a total of 1266
responses. Some interesting results are presented below.

Age distribution of survey respondents

“Do you believe in life beyond Earth?” as compared to “Do you believe in
intelligent life beyond Earth?”

Distribution of country of origin vs. country of residence

“Do you believe that the search for extraterrestrial intelligence has
benefits on Earth?” as compared to “Is any of your higher education spacerelated?” and “Do you have any experience in the space industry?”

CHILDREN’S BOOK
The book plot incorporates the key elements
of the Hero’s Journey, as well as links with the
SETI initiative and this project. The central idea
of the Hero’s Journey is of a protagonist that
embarks on a journey after receiving the “call to
adventure”, facing many challenges along the
way, leading to the return of a transformed and
enlightened protagonist.
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MERCHANDISE
The aim of this merchandise is to communicate
the real science behind the search for extraterrestrial
intelligence. Designs are based on the Allen
Telescope Array, Hubble Space Telescope, and
more.
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Products can be found here

WHAT IS NEXT?
Preparing for the detection of an extraterrestrial intelligence signal is undoubtedly an ambitious
goal.
To achieve this, the project proposes an approach on three different paths, which inevitably end up
intersecting: the scientific project, the legal and ethical approach, and the outreach plan.

The route starts with
a proposal aimed at
improving the current
knowledge and skills used
to detect extraterrestrial
intelligence. The proposed
mission, and in particular

Consequently, the legal
and
political
aspects
related to the possible
detection were analyzed.
Appropriate scientific and
legal instruments are,
however, not enough in

It is also crucial to
consider
the
impact
that it can have on the
general public. Therefore,
an ethical reflection of
the role of humanity
within the Universe is

the NoisyCube, also has
the function of changing
the legal approach to the
search of extraterrestrial
intelligence, making these
investigations fall within
the area of exploration of
outer space.

case a signal is detected.

proposed, followed by the
development of outreach
instruments.

Overall, ideas and action plans were proposed and developed to foster the search scientifically
and legally, as well as raise human awareness and consciousness as it relates to the existence of
intelligence beyond our home planet.

With the light of science and the power of technology, near-future detection
can easily be dreamt. We are looking forward to that day, and we hope that by
that moment, we will have already reflected as a human species and developed
the adequate instruments to treat any extraterrestrial being with the deserved
kindness and empathy.
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The front cover is an original art piece created by Aelyn Chong Castro.
Technology, represented here as part of the James Webb Telescope, enables humanity to open a
window to the stars, creating a bridge between two pieces of the same universe. The space telescope is a mirror through which we can see our reflection, while birds represent both a different form of
intelligence of our planet and our desire to fly. The book then is a key to understand our essence as
humans and increase our awareness as parts of the universe.
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You can reach us here:
seti.contact@community.isunet.edu
Or here:
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