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ABSTRACT
The search for extraterrestrial intelligence is one of the most inspiring modern scientific endeavors
because of the profound impact that a positive detection would have on humanity. A literature review
highlighted that there are several challenges to the progression of this field, including those related to
science, technology, legal, and outreach endeavors. The current work is a multidisciplinary exploration
of extraterrestrial intelligence, including the science and technology behind the search, the legal and
policy implications of finding extraterrestrial intelligence, and the outreach required to engage various
audiences in these initiatives. The current state of searching techniques was first reported, followed
by general recommendations and a two-part proposal for technosignature detection in space. The
Galactic Technosignature Observatory project (part one) is the development of an analysis tool that
uses the data from space telescopes that detect exoplanets with light curves to detect prospective
artificial artifacts orbiting these exoplanets. The NoisyCube mission (part two) aims to characterize the
distortion of the Earth’s signature due to its satellite infrastructure. This work also contains a proposal
to update the International Academy of Astronautics’ post-detection principles and make these
principles binding. In addition, an analysis of current approaches to various prospective intelligence
forms, as well as insight into how the approach should be modified post-detection, is presented. This
work highlights the attitude towards and treatment of animals and the environment and analyzes the
ethical framework for perceiving the biological hierarchy. Lastly, an outreach plan to normalize the
search for extraterrestrial intelligence in terms of scientific advancement and space exploration is
proposed. The outreach plan contains a pilot survey to gain insight into public perception, which is
supplemented by additional outreach material such as a website. Overall, this work goes beyond
traditional approaches to the search for extraterrestrial intelligence comprehensively to contribute to
initiatives in science, technology, law, policy, and outreach.
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FACULTY PREFACE
In its 25th anniversary year, the MSS Program brought together graduate students from many
countries with training in different disciplines to study space. The class learned together through
lectures, workshops, assignments, professional visits, internships, individual projects and team
projects. Although these activities covered a broad range of topics, they all emphasized ISU’s
commitment to intercultural, international, and interdisciplinary education.
During MSS20, two team projects were completed: ChipSats and the Search for Intelligent Life in
the Universe. This report presents the findings of the Search for Intelligent Life in the Universe team,
now re-named Extraterrestrial Intelligence: The Search, the Science, and the Significance. The report
describes the team’s analysis of potential new strategies for seeking extraterrestrial signals, while also
considering the cultural, ethical, and legal implications of any discovery.
This team included 21 students from 17 countries, with similarly diverse backgrounds in
experience and education, working together for a five-month period. The team discovered a wealth of
documentation on previous searches for intelligent life beyond Earth and determined that new
technologies could enable entirely new kinds of search strategies. They also examined the stumbling
blocks encountered by previous searches and found that government funding and public perception
played important roles in limiting previous efforts. With this knowledge, the team chose to re-organize
themselves to address 3 focus areas: new scientific strategies for searching, legal & governmental
issues, and public outreach. Each sub-team chose a leader, their plan of action, their work style as a
group and proceeded to rapidly complete their portions of this document.
Many individuals leveraged their previous experience to move the project toward its goal, while
many others chose to work in new areas to gain new skills or knowledge. All learned more about
themselves as each completed their individual tasks, with continual communication and review by
other team members, moving their whole team closer toward their common goal of a high-quality final
report. We were impressed by the commitment and resourcefulness of the team, particularly as they
engaged the world’s foremost researchers in the area.
On behalf of the entire ISU faculty and staff, we would like to thank the team members for their
dedication and hard work and we are pleased to share this report with you.

Virginia Wotring, PhD and Bertrand Goldman, PhD

VI

AUTHOR PREFACE
In November of 2019, a team of 21 people started to investigate the topic of the search for
extraterrestrial intelligence. It was perhaps the first time that this number of graduate students formed
a team for such a large quest. The team represented 17 countries and was composed of professionals
with expertise in many disciplines, including engineering, science, law, and management. After an
initial phase of defining the team dynamics and planning the foundations of the project, the team
began working on various activities and the challenges were not long in coming.
In the beginning of our journey, we focused on defining the boundaries of our scope of study
before exploring the details analytically. At this point came our first challenge: What is intelligence?
How can we define it properly? What is life? What is the connection between life and intelligence?
Along this path of thought, we found that the distinction between us and extraterrestrials began to
get blurred. One could argue that this was one of the most important outcomes of our work, because
beyond the proposal and the work completed, we all reflected about ourselves as human beings and
how we should treat other beings if the moment of detection arises. We also realized that for such a
large project to succeed, a considerable amount of effort has to be allocated to initiatives that raise
public awareness because most often the topic of extraterrestrial intelligence does not fall within
serious scientific discussions.
This report 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. We reported an exhaustive current state of the research analysis and elaborated a threefold proposal including a scientific initiative, a legal approach, and an outreach plan. 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.
The Team
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1. INTRODUCTION
The possibility of life elsewhere in the Universe has been a topic of thought since the dawn of
humanity, but active searching has only become apparent in the last century. The International
Academy of Astronautics (2020) defines SETI as “an acronym for the Search for Extraterrestrial
Intelligence.” However, the definitions for both life and intelligence are complicated and controversial
(Ruiz-Mirazo, Peretó and Moreno, 2004). Due to the largely anthropocentric methods of defining and
measuring intelligence, there is not currently an accepted approach in the context of extraterrestrial
intelligence (Sternberg and Kaufman, 2011). For this reason, focus is placed on technology as an
indicator of intelligence.
In 1961, during a conference, Frank Drake came up with an equation to estimate the number of
civilizations in the Milky Way that have the capability to communicate (Drake, 2015). Rough estimates
suggest that there could be somewhere in the region of 20-50,000 civilizations of intelligent
extraterrestrial life. With the discovery of more exoplanets every day, this number continues to rise
(Veisdal, 2019). The question then arises: “Where is everybody?” This was famously proposed by
Enrico Fermi and is now known as the Fermi Paradox (Webb et al., 2015).
The lack of answers has caused many to question the relevance of this field. Consequently, this
has led to a significant lack of funding for research into extraterrestrial intelligence. In 1985, the SETI
institute formed. This is a non-profit organization with a primary focus on the search for extraterrestrial
intelligence and is funded through private grants from individual scientists. Many governmental
agencies have little involvement in the search for extraterrestrial intelligence and, therefore, projects
involving this rely on private funding from investors.
The existence of life on other planets is often perceived as science fiction due to the constant
conspiracy theories and inadequate media coverage. This has caused a bad stigma to be associated
with research carried out in the search for extraterrestrial intelligence. Therefore, there are few
projects which have been carried out with this as their sole purpose. However, the discovery of an
intelligent civilization has the potential to change the current anthropocentric view humans have on
the Universe, but this can only be achieved by changing the current perception of this research. As
technology develops, and the science behind the search for life becomes more prevalent, the question
becomes not “Will we find life?” but “When?”.
Extraterrestrial Intelligence: The Search, the Science, and the Significance is an MSS Team Project
at the International Space University (ISU). The project began in November 2019 with an extensive
literature review, covering all aspects of the search for extraterrestrial intelligence, including
foundations of intelligent life, theory and rationale, current advances, social impact of the discovery of
extraterrestrial intelligence, and future directions. The literature review revealed numerous gaps in
this field, and the team evaluated which of those needed to be addressed critically. Science, legal and
policy, and outreach and education were explored in more depth because they were considered
primary topics of discussion for the search for extraterrestrial intelligence. Consequently, the team
aims to legitimize the search for extraterrestrial intelligence as a recognized scientific field as well as
gain funding through a well-structured and maintained outreach program. The following report is
divided into three main chapters: Science and Technology, Legal and Policy, and finally Outreach and
Public Engagement (see Figure 1). Each chapter introduces a proposal designed to address the gaps
identified in the literature review.
The term SETI is used here to reference the search for extraterrestrial intelligence, in accordance with
the definition adopted by the IAA. In some cases, explicit references are made to projects or
institutions whose name includes this term, but these are clearly identified in the text.
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Figure 1. Report topics and subdivisions

The Science and Technology Chapter begins by giving a scientific background to the concepts
involved in the proposal, including a description of biosignatures and technosignatures. The team
focuses on technosignatures as they provide evidence for not merely life but intelligent life. The
background research led to the final proposal of a plan to use existing or future space telescopes to
search for technosignatures in other solar systems (Galactic Technosignature Observatory), coupled
with a separate interplanetary CubeSat (NoisyCube) designed to look back at Earth’s technosignatures.
This two-fold proposal is discussed in detail in the report, which includes the aims, objectives,
requirements, materials, technologies, and redundancies involved, as well as a timeline for the
initiative and a budget and expenditure breakdown. The challenges associated with the project, along
with a risk mitigation strategy, are also considered. The broader significance of the science and
technology proposal and its relevance to other scientific research is highlighted to justify the proposal
within the scientific community.
The Legal and Policy chapter begins by investigating the way that science is currently
communicated to the public and whether these methods would be effective in the event of finding
extraterrestrial intelligence. The report focuses on previous attempts to provide a universal set of
protocols for the search for extraterrestrial intelligence because this was identified as a gap during the
literature review. There is a particular focus on the First Protocol proposed by the International
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Academy of Astronautics (IAA), highlighting the weaknesses of the eight principles as well as reviewing
articles within the Outer Space Treaty which support the First Protocol. The NoisyCube technological
proposal is then utilized to provide a first case of space exploration mission in the field of
extraterrestrial intelligent detection, with the aim to use it as example for research binding. Therefore,
the team designed the proposal for an international legal framework, aiming to bind the search for
extraterrestrial intelligence to the post-detection principles. The report also addresses the ethical
considerations of finding extraterrestrial intelligence and discusses the need for humans to change the
current anthropocentric view of the Universe in order to move forward in uniting humanity in the
search for extraterrestrial intelligence.
The Outreach and Public Engagement chapter reports the process undertaken by the team to
establish a connection with different audiences, such as children and the general public, in order to
make a global impact. The report presents the three main communication objectives of the outreach
plan: to normalize the search, disseminate the science, and share the findings of this research, in order
to prepare people for a possible detection. To deliver a successful outreach plan, the team recognized
the importance of using the proper communication channels, and identified the responsibilities and
timing of the plan, which are also covered in the report. Consequently, the outreach plan has four main
deliverables that cater to the different needs of target audiences: pilot survey, merchandise, children's
book, and website. Each deliverable is detailed in the report, along with preliminary materials,
distribution mechanisms, as well as the challenges the team faced while developing the deliverables.
This culminates in a set of recommendations for each deliverable, identifying a path for completion.
By exploring these different aspects of the search for extraterrestrial intelligence, this report 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 is required to detect extraterrestrial intelligence, this
potential detection cannot be properly 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 effectively deal with a discovery of this magnitude.
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2.

SCIENCE AND TECHNOLOGY

The search for extraterrestrial intelligence is a field of study that is rooted in science and
technology, and with advancements in technology and science, searching initiatives can also move
forward. The current status of research into other life forms in the Universe, along with a comparison
of used or proposed research techniques, are presented in this chapter. General recommendations for
the research community are then proposed based on the insights from past initiatives and ideas.
Finally, a scientific and technological mission for the search of technosignatures in space is stated. The
aim of the proposal is to resolve some of the gaps that are associated with the search for
extraterrestrial intelligence. Going beyond ground-based telescopes to incorporate research
conducted in space into the search for extraterrestrial intelligence initiatives is an ambitious but
essential mission to move humanity towards understanding intelligent life in the cosmos.

2.1. Current State of SETI Research
SETI has been an ongoing initiative for many years, with different projects which have not yet
returned positive results. So far, all of the projects aimed at detecting extraterrestrial signals have been
focused on technosignatures, further analyzed in section 2.1.2. However, it is also important to
highlight biosignatures, because of their relevance for astrobiology studies and extraterrestrial life
research. Biosignatures and technosignatures are similar in some ways, but fundamentally different
due to their goals of finding life and intelligent life, respectively. This section presents an analysis of
technosignatures proposed over the years, highlighting their limitations. Analysis insights are used to
provide general recommendations for community of professionals working on the search for
extraterrestrial intelligence, aiming to propel the field forward.

2.1.1.

Astrobiology and Biosignatures

Life on Earth has left its biological fingerprint in the history of the planet through production and
emission of bio-gases in the atmosphere. Moreover, reflectance and scattering properties of our
atmosphere, derived from the presence of organic molecules, have resulted in the possibility to detect
life on Earth from space. Observing the properties of our planet’s biosphere, and how those properties
have changed over the past 4.5 billion years, gives researchers an analog that can assist in the search
for life elsewhere in the Milky Way (Schwieterman et al., 2018). The types of organic molecules present
here, as well as their structures and configurations, are considered to be biosignatures, and can serve
as a guide to searching for life on other celestial bodies, showing the possibilities of the different kinds
of life which may exist (Steele et al., 2006).
Simply put, there are two types of biosignatures; definitive and potential. A definitive biosignature
can be thought of as an object, substance, or pattern that has been produced exclusively by a biological
agent, such as bacteria, fungi, viruses, along with other microorganisms and their related byproducts
(Des Marais and Walter, 1999). A potential biosignature, on the other hand, may have been produced
by a biological agent, but could alternatively have arisen from abiotic origins. This could be caused by
volcanism, meteorite impacts, and other natural geographical and atmospheric changes (Steele et al.,
2006). A recent literature review from Schwietermann reported that It is difficult, for researchers, to
determine what level of certainty is required to define the features of a biosignature. Ideally, definitive
biosignatures are the only kind that tell us clearly that life is present on a planet. However, outside of
Earth, definitive biosignatures are nearly impossible to find without being in close proximity to the
celestial body in question. In many cases, observed biosignatures can have false positives, meaning
that they have a non-biological origin. There are different types of biosignatures that scientists search
for on other planets, and they can be separated into three categories: gaseous, surface, and temporal
(Schwieterman et al., 2018). Gaseous biosignatures can be considered products of metabolism, surface
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biosignatures are dependent on reflected or scattered radiation, and temporal biosignatures are timedependent modulations in a biosphere (Des Marais and Walter, 1999).

2.1.1.1.

Gaseous Biosignatures

Gaseous biosignatures should have a strong spectral signature, but do not exist naturally in a
planet’s atmosphere, and do not have a geographical or photochemical origin (Seager, 2010). Gaseous
biosignatures are created as a result of biological production or from the processing of biogenic
compounds, which result in the formation of secondary compounds (Schwieterman et al., 2018). An
example of this that takes place on Earth is the formation of O3, or ozone. As a result of photosynthesis,
O2, molecular oxygen, is produced and released into the atmosphere. In the stratosphere, these oxygen
molecules undergo photochemical reactions, which result in the formation of O3. While O2 can be
categorized as uniquely biological, O3 cannot. However, on Earth O3 can still be considered a biogenic
gas, due to the environmental context in which it is formed (Schwieterman et al., 2018).
On Earth, there are many gases in the atmosphere that have a biological origin, the majority being
microbial, and these are as follows: O2, H2, CO2, N2O, O3, NO, H2S, SO2, and CH4. Like O3, not all of these
gases can be considered uniquely biological, but when they are coupled with others, they can be
considered gaseous biosignatures (Seager, 2018). When searching for biosignatures outside of Earth,
researchers use these gases as analogs for finding life.

2.1.1.2.

Surface Biosignatures

When no atmospheric biosignatures are evident, scientists observe the surface of a planet for
variations in pigmentations and colors that could indicate signs of life (Schwieterman et al., 2018). The
presence of life can alter a planet’s surface in a variety of ways, including the absorption and reflection
of electromagnetic radiation by living organisms (Kiang, 2017). This could include individual organisms,
community structures and architectures, degradation products of biological molecules, or
bioluminescence (Schwieterman et al., 2018). Through the use of biology, physics, and chemistry,
researchers are able to classify how different pigment colors correspond to different planets being
observed (Kiang, 2017).
The vegetation red edge (VRE) is the only surface spectral signature known on Earth to leave a
distinctive biological fingerprint. The VRE is the region of high reflectance found in vegetation when
observed using near infrared, and is caused by the absorptive properties of chlorophyll found in plants
(Schwieterman et al., 2018). The VRE, while more promising than other biosignature measurements,
is still, however, highly conditional. Many of these measurements depend heavily on the surrounding
environmental conditions and vegetation species (Kiang, 2017).
While potential biosignatures may be found using these methodologies, surface biosignatures are
difficult to observe. In certain cases, it may be likely that biological phenomena are not prevalent
enough on a planet to detect from a distance, and further, there are many instances where detections
are caused by abiotic origins that give false positives (Schwieterman et al., 2018).

2.1.1.3.

Temporal Biosignatures

Temporal biosignatures are observable time-dependent modulations and are indicative of a
planet’s biosphere that is acting on the environment as a whole (Schwieterman et al., 2018). On Earth,
the most well-known temporal signature is the oscillations in the concentration of atmospheric CO2
caused by the change in seasons (Steele et al., 2006). While seasonal fluctuations on other planets may
simply be due to orbital eccentricity, axial tilt, or surface heterogeneity, temporal biosignatures do not
need to be specifically seasonal in nature, but instead must respond accordingly to another
environmental factor (Schwieterman et al., 2018).
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Temporal biosignatures are less understood than gaseous and surface biosignatures, due to their
complex nature and the difficulty that goes along with creating scientific models of them. Additionally,
observing temporal biosignatures is dependent on the viewing geometries between the observer and
the planet being observed, making it particularly difficult to view any seasonal changes that might take
place on a planet (Schwieterman et al., 2018).

2.1.1.4.

Biosignature Technology

When it comes to the search for biosignatures, future missions will most likely have a larger focus
on microbial life than any other form of life, due to the fact that microbial life is more likely to exist in
more places than multicellular organisms. Organic compounds that are possible indicators of life can
be measured through the use of mass spectrometry (MS), gas chromatography-mass spectrometry
(GCMS), and Raman spectroscopy, as well as culture-based methods (National Academies of Sciences
Engineering and Medicine, 2019). In other instances, if the capabilities to land a spacecraft on a
celestial body like Europa were possible, microscopy and DNA-based analyses would be ideal for more
accurate determination of biosignatures. Other more astrophysical methods for detecting
biosignatures could include the coronagraphs and interferometry, but these methods are less
understood in terms of astrobiology (Marais and Walter, 1999).

Mass Spectrometry
MS is a method used frequently in space exploration, which measures the mass-to-charge ratio of
ions, and presents the data in a mass spectrum graph, showing the intensity of different ions in a
sample. MS has been used for decades, and in many notable space missions. From the Apollo missions,
where MS was used to measure the composition of the lunar atmosphere, to the Pioneer missions to
Venus in 1978, and to NASA’s Phoenix Mars Lander in the early 2000s, which confirmed the existence
of water ice on Mars, MS has played an important role in many scientific initiatives (Brockwell et al.,
2016). Today, there are numerous space missions planned in which MS is a key player, including the
Europa Clipper orbiter, which will visit Jupiter’s moon Europa, as well as Enceladus Life Finder (ELF),
which is part of NASA’s Discovery Program (Brockwell et al., 2016).

Figure 2. Mass spectrum data of the lunar atmospheric composition collected during Apollo 17 mission to the
Moon (Hoffman et al., 1973).

Gas Chromatography-Mass Spectrometry
Similar to MS, GCMS utilizes aspects of both gas chromatography and mass spectrometry to
identify different ions and molecules in a test sample. The major difference is that gas-chromatography
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requires a physical sample present, and then the mass spectrum data can be taken on that sample.
GCMS has been used in space missions as early as the 1970s, particularly on the Viking 1 & 2 Mars
landers, which touched down in 1972 and have played a key role in providing the majority of our
knowledge about Mars’s soil and atmospheric composition (Palmer and Limero, 2001). GCMS was also
an important part of the Cassini-Huygens research mission, in which the Huygens probe was sent to
the surface of Saturn’s moon Titan, recording GCMS data during its descent (Schilling, 2005). This
mission helped researchers discover the presence of complex organic compounds in Titan’s
atmosphere, which are the building blocks of amino acids (Schilling, 2005). More recently, in 2012, the
SAM (Sample Analysis at Mars) instrument on the Curiosity rover was used to analyze gases and
organics from the Martian soil and atmosphere, which was done through the use of its three main
mass spectrometry instruments onboard, including GCMS (Cabane et al., 2012).
The only missions completed so far that have conducted a search for biosignatures on another
planet have been Viking and Curiosity, with a focus on organic compounds and metabolic indicators of
life. Currently, NASA is developing a lander, with the intent of sending it to Europa to search for
extraterrestrial life (National Academies of Sciences Engineering and Medicine, 2019).

Raman Spectroscopy
Raman spectroscopy is a specific kind of spectroscopy used to identify complex organic
compounds and mineral substances that indicate biological activity. It can also identify different
mineral phases that are produced by processes involving water (Popp and Schmitt, 2004). Raman is a
newer form of spectroscopy than MS and GCMS but seems promising for the future of space
exploration. Currently, the European Space Agency’s (ESA) Rosalind Franklin rover, which is planned to
land on Mars in 2021, will have a Raman Laser Spectrometer as part of its science payload (Popp and
Schmitt, 2004). Additionally, NASA’s Mars 2020 mission will carry SHERLOC (Scanning Habitable
Environments with Raman & Luminescence for Organics & Chemicals) electronics onboard, which will
be the first UV Raman spectrometer to reach the surface of Mars.

Relevance of Biosignatures
Actively studying and searching for biosignatures is at the forefront of the search for
extraterrestrial life in the Universe, and is naturally a steppingstone for searching for extraterrestrial
intelligence given that the only intelligence known is living. Although biosignatures have the
connotation of being more relevant to life rather than to intelligence, the growing interest in
astrobiology and biosignatures could benefit this field in the long run. Within just the last few decades,
astrobiology and the search for life itself was similarly viewed akin to pseudoscience and lacking in
merit, but today it is a respected field in which many scientists devote their knowledge and research
efforts. In terms of the search for intelligent life forms, an advancement in biosignature technology
will someday lead to more public interest and funding towards the search for both extraterrestrial life
and intelligence.

2.1.2.

Technosignatures

2.1.2.1.

Introduction to Technosignatures

The term technosignatures is derived from the combination of the words ‘technological’ and
‘signature,’ and the search for them involves detecting signs that suggest the presence of some form
of technology. Technosignatures can be thought to be similar to biosignatures and indicate the
presence of life, either present or extinct. Opinions about the relation between technosignatures and
biosignatures vary in the community; some think technosignatures are a part of biosignatures and, in
contrast, others think they are complementary. Broadly, the search for technosignatures and
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biosignatures are both considered as part of astrobiology (National Academies of Sciences Engineering
and Medicine, 2019).
There is debate in the scientific community regarding the detectability of biosignatures and
technosignatures, and what would be better suited in the search for extraterrestrial intelligence.
Primitive signs of life and intelligent life are mostly distinct from one another but may have some
overlap. For instance, some primitive life forms can evolve to communicate using radio signals, as Raup
showed in Nonconscious Intelligence in the Universe (Raup, 1992). Today, all the research surrounding
the search for extraterrestrial intelligence is based on technosignatures (Lingam and Loeb, 2019b).
Lingam and Loeb (2018) discussed the relative likelihood of detecting biosignatures (signs of
primitive life) to technosignatures (signs of intelligent life) using state of the art telescopes around Mdwarf stars. The research also assumes a number of parameters while calculating the relative
likelihood which can be found in Relative Likelihood of Success in the Searches for Primitive versus
Intelligent Extraterrestrial Life. The likelihood of finding primitive life through detecting biosignatures
is two magnitudes higher than detecting intelligent life through technosignatures. This stems from the
fact that not all life may evolve to be intelligent. Other factors also contribute to the likelihoods which
are explored in detail in the paper (Lingam and Loeb, 2019b). However, detecting technosignatures,
which could possibly mean the presence of intelligent life, would have a much higher impact on the
scientific community and the world in general. Additionally, technosignatures are capable of being
detected at large distances (Wright, 2018). This implies that, even though technosignatures are less
likely to be detected, the research still deserves funding given the broader impact it may have (Lingam
and Loeb, 2019b).
Theories on the types of technosignatures are modeled on the technology found on Earth. This is
due to the fact that humanity is unlikely to be able to detect a signature that is incomprehensible, or
out of scope, to humans. Therefore, searches are based on familiarities in the Universe.
Technosignatures are different from biosignatures as the former usually depends on the manipulation
of light and energy. It is possible that an extraterrestrial technology could spread throughout the
Universe, making it detectable in regions far from its point of origin. Hence, technosignatures are
thought to be more prevalent, more evident, and detectable on a larger scale of the Galaxy (Wright,
2018).
Current technosignatures searches are primarily conducted in either radio or optical wavelengths.
Radio telescopes are sensitive to the radio part of the electromagnetic spectrum. The radiation
received by a radio telescope is first separated into two polarized components, then it is amplified by
the receiving system before being detected by a detector (Burke and Graham-Smith, 2010). Initial
searches were only conducted in radio wavelengths, due to limitations in technology which will be
discussed in detail in later sections. However, with development in technologies like optical
photometry, high contrast imaging systems, and infrared photometry, the interest has shifted towards
optical and infrared searches which use detection techniques, in contrast with the optical one (Wright,
2018).
The detection of radio technosignatures is typically comprised of the following components
(Wright, 2018):
1.
2.
3.

An antenna to collect radiation
Analog and digital systems that ensure to record necessary frequencies that are relevant to
the search
Data storage, distribution system, and analysis by computational techniques for
technosignatures
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Some of the above-mentioned infrastructures, like the antennas, serve multiple purposes and can
be used to carry out radio astronomy as well. The techniques and systems that are employed to record
specific frequencies, mentioned in the second point, are also used in the detection of pulsars and fast
radio bursts. Hence, these systems have limited applications in other radio astronomy fields. The data
sets produced by the third step are significant in amount.
The 1961 concept of optical SETI (OSETI) research is a comparatively new method of
technosignatures detection. This technique seeks to detect compressed laser signals and uses different
instrumentation than the radio method. High-resolution spectrography is employed to detect
continuous wave laser signals. This can be applied to the existing spectral data of stars, in order to
discover new candidates of extraterrestrial civilizations. In contrast, pulsed lasers require photon
counting instruments (Wright, 2018).

Figure 3. Search methods in the different wavelengths.
Design: Nicole Repina, Infographic data: NASA (The Berkeley Science Review, 2017).

In 1959, Cocconi and Morrison proposed that all extraterrestrial intelligence searches should be
conducted using radio antennas (Cocconi and Morrison, 1959). At that time, radio communications on
Earth were well established, and the decision to search for extraterrestrial signals using radio
wavelengths was justified. Moreover, this was prior to the invention of laser in 1960, and when optical
was not a widely used concept for Earth-bound communications. Hence, the use of optical and laser
signals detection in the search for extraterrestrial intelligence projects was a fairly new concept when
it was first theoretically introduced by Townes and Schwartz in 1961 (Schwartz and Townes, 1961). In
the past few decades, many more relevant radio frequencies, also called astronomical lines, have been
discovered, making the neutral hydrogen line (wavelength of 21 cm) just one of the many wavelengths
where searches take place.
Since the search for signals was first proposed in the hydrogen line, there has always been a bias
towards radio researchers about the searching for extraterrestrial signals. Today, it is considered that
lasers or short pulses are more effective for communicating over interstellar distances and is probably
the technology that advanced civilizations might be used for communications (Townes, 1983). In
addition to this, because of the advancements in photon-counters and photomultipliers, detecting
short pulses is more effective and research in the optical range is much easier to conduct than when it
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was first introduced (Howard et al., 2004). Townes (1983) compared the signal to noise ratio (SNR) of
optical and radio wavelengths. After considering various parameters that might affect the SNR, it was
concluded that the SNR’s are comparable with a slight preference towards optical over radio searching
methods, urging the SETI community to rethink its bias towards the latter (Townes, 1983). Searching
in optical wavelengths has specific advantages over radio, like narrower beams and negligible
dispersion. The contemporary understanding of optical and laser communication through
technological advancements, and the possibility to detect optical pulses with simple telescopes, are an
opportunity for the research to widen its quest, also taking advantage of the astronomy amateur
community infrastructure (Howard et al., 2004).

2.1.2.2.

Technosignature Projects and Experiments

Despite the worldwide fascination for the topic, little progress has been made in terms of locating
sufficient evidence of extraterrestrial life or the existence of intelligence. The search for extraterrestrial
intelligence is considered an all-or-nothing initiative, because the success of the field is measured by
findings. It is also severely obstructed by the lack or limited-nature of its projects. Another challenge
for this research field involves the continuity of knowledge between different generations of scientists.
This is mainly related to the fact that there are researchers that are actively working on signal detection
projects, and research programs usually are conducted only for a few years, in different countries.
Moreover, there is no effort coordination between researchers, and this implies that access to past
data or documentation is not always easy. The term technosignatures is relatively new, and
publications regarding this topic appear in journals of variable quality and accessibility. Furthermore,
some of the older research may be particularly difficult to find. Although discontinuity may be
prevalent in most scientific fields, the nature of the search for technosignatures initiative, along with
the lack of funding, makes organization between projects imperative to ensure that efforts are
collective, and progress can be made. Recently, in 2019, Jill Tarter launched the database
Technosearch, to monitor the past, present, and future publications on original search for
extraterrestrial intelligence works (TechnoSearch, 2019). To date, the database holds 103 publications
regarding radio research projects and 50 publications regarding the optical ones. Major projects are
summarized in Table 1, as determined from general significance, number of targets, and hours
observed.
Table 1. Large technosignature projects over the past 60 years.
Year

Project

Telescope (d)

f
(MHz)

Target

Hours observed

Post-processing
and data
analysis

Result

References

1960

Ozma I

Radio: NRAO
Green Bank (26
m)

1420

Tau Ceti and
Epsilon
Eridani

200

Analysis by hand
on strip chart
recordings

None, false
signal

(Drake, 1985)

1972-76

Ozma II

Radio: NRAO (91
m)

1420

674 nearby
stars

500

Online
processing with
a 384 channel
correlator

None

(TechnoSearch,
2019)

19731998

Big Ear
Project

Radio: Big Ear
(52.5 m)*

1420

All-sky

5 (70 seconds
for Wow! Signal
specifically)

Map results
produced by
computer and
analyzed by
hand. Kraus’
Data reduction
algorithm

Wow! Signal

(Big Ear, 2005)

1981-82

Suitcase SETI

Radio:
Arecibo (305 m)

2840

250 nearby
stars

unknown

Doppler shift,
‘chirp,’
correction

None

(Horowitz et al.,
1986)
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1979,
1986,
1992,
2009
2014

SERENDIP I, II,
III, IV, VI

Radio:
HCRO (26 m)
(NRAO (90 m)
and Arecibo
(305 m)

400 5000,
mostly
1420

Northern sky

At least 40,000,
ongoing

Largely done
offline. Data
reduction
algorithms using
machine vision,
SETI@home
post-processing
to address chirp
and other
factors. Serendip
V.v uses FPGA
hardware and
digital signal
processing
software postdetection. Data
digitization and
packetization

400
candidate
signals,
none
confirmed

(Berkeley SETI,
2020)

1983-85

Sentinel

Radio: Arecibo
(305 m) and
HarvardSmithsonian (26
m)

1420,
2840

Northern sky

75

Suitcase SETI
backend

None

(Horowitz et al.,
1986)

1985-90

META I

Radio: HarvardSmithsonian (26
m)

1420
or
2840

Northern sky

80,000 overall
including META
II

128 parallel
processors, chirp
reduction

37
candidates,
none
confirmed

(Horowitz and
Journal, 1993)

19902010

META II

IAR (30 m)

1420,
1670,
3300

Southern sky

9000

DFT calculation
across128
channels and
then
perform a
megachannel
power spectrum
computation.
Probabilistic
calculations of
likelihood of
peaks

29
candidates,
none
confirmed

(Lemarchand, 1996;
Lemarchand et al.,
1997)

1992

HRMS

Radio: Arecibo
(305 m) and
Goldstone Deep
Space Network
Station (34 m)

1000 3000

Targeted
search
(~1000 stars)
and all-sky

1386

convolutional
filters matched
to appropriate
Gaussian.
Automatic
masking in
presence of RFI.
Strongest signals
reobserved

None

(Tarter, 1993)

19951999

BETA

Radio: HarvardSmithsonian (26
m)

1400 1720

All-sky

35,000

Real time finite
state-machine
implemented on
software. 3 state
bins store
frequency
information. RFI
considered as
signals

None

(Leigh and Horowitz,
2000)

19952004

Project
Phoenix

Radio: Parkes,
NRAO, Arecibo
(40-300 m)

1200 3000

800 stars
within 240 ly

1300

Targeted Search
System.
Hanning
weighting used
on Fourier
Transform.
Search is autoscheduled

None

(Cullers, 2000)

1994Ongoing

Project Argus

Radio:
5000 amateur

1300 1700

All-sky

ongoing

Project Phoenix
backend.
Distributed
computing
through amateur
telescopes to

Interesting
signals,
none
confirmed

(SETI League, 2020)
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achieve all-sky
detection in near
real time.
Amplification
algorithms
needed for low
decibel signals
20002010

SETI-Italia

2006Harvard
OSETI

2009
Project
Sazanka

2010,
2011

2016Ongoig

Project
Dorothy

Breakthrough
Listen

Radio: Medicinia
(30, 32 m)

408,
1400 2200

Northern sky
and target
stars

30,000

KL Transform
first applied to
SETI
applications.
Base functions
are matched to
the signal. May
be more
effective than
FFT (Fast Fourier
Transform)

None

(Montebugnoli et
al., 2006)

Optical: OSETI
(72 m)

-

All-sky

2400

7 detection
criteria to
measure the
‘soundness’ of a
signal. A ‘good
hits’ vs ‘bad hits’
system.

None

(Howard et al.,
2004, 2007)

14 Radio and 27
Optical

22,
30-35,
38,
1420,
8300

30 arcminute field
of the
constellation
Cassiopeia

N/A

N/A

None

Radio and
Optical from 15
countries (5-300
m).

1400 1500

5 target stars

Exact figure
unknown, but
done over 29
nights

N/A

None, New
RFI
discovered

(Project Dorothy,
2013a)

Radio: Green
Bank (100 m),
Parkes ( 64 m),
FAST (500 m),
Optical:
Lick Observatory

1000 10000

Northern
and
southern
sky: 1649
main
sequence
stars and
123 giant
stars

At least 400,
ongoing

SETI@home and
other BOINC
software.
turboSETI
software
(Python/Cython)
Tree summation
to increase
computation
speed

None,
Candidate
signals,
interference

(Breakthrough
Initiatives, 2019)

(Project Sazanka,
2010)

In 1960, the Cornell University astronomer Frank Drake pursued the first modern SETI project,
using the Howard E. Tatel Radio Telescope at the Green Bank National Radio Astronomy Observatory
(NRAO), called Project Ozma (Drake, 1985). Although no results were found, the experiment
introduced the search for extraterrestrial intelligence to the scientific community. Patrick Palmar and
Benjamin Zuckerman conducted Ozma eleven years later at the same site but with a different
telescope and a broader range in targets, also yielding no results (TechnoSearch, 2019). Several
projects followed, most notably the Big Ear Project, which is well known because of its resulting Wow!
Signal. The Wow! Signal was received on August 15th, 1977, at the Ohio State University Radio
Observatory and discovered by astronomer Jerry R. Ehman (Big Ear, 2005). Although the signal
sequence was recorded for 72 seconds, it has not been detectable since, and it remains one of the
strongest unconfirmed candidates for extraterrestrial transmission to date. The Big Ear Project was the
longest-running project for the search for extraterrestrial intelligence, but had its funding cut in 1997.
Following the Wow! Signal, higher resolution searches were done with the Arecibo telescope at
the National Astronomy and Ionosphere Center (NAIC) starting in 1978 with no results (Horowitz, 1978;
Tarter et al., 1983). Suitcase SETI was a portable spectrometer developed in 1981-82 by Harvard
physicist Paul Horowitz and Stanford University colleagues to accompany the Arecibo telescope in
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1982 (Horowitz et al., 1986). Although the project was able to search for more targets and had
impressive data processing allowing for real-time processing, it did not produce confirmed signals.
Suitcase SETI was then reconfigured as a dedicated search with the Harvard/Smithsonian radio
telescope in 1983 called Project Sentinel. Sentinel was a high spectral resolution Northern sky search
with no confirmed signals (Horowitz et al., 1986).
The term ‘piggybacking’ refers to projects which use another mission’s resources (such as launch
vehicle or payload instruments) for their own purpose. The Search for Extraterrestrial Radio Emissions
from Nearby Developed Intelligent Populations (SERENDIP) Project began in 1979 at the University of
California Berkeley. SERENDIP is known for its piggybacking program, which first started by using the
data from the telescope (91 m) at the Hat Creek Observatory (HCRO) in California (Berkeley SETI, 2020)
to scan a broad range of frequencies. The SERENDIP spectrometer has been upgraded many times over
the years (I-VI), and each new generation contains exponential growth in the number of channels
observed (Alexander, 2009). Later SERENDIP experiments were done at the Arecibo and Green Bank
Telescope in collaboration with the University of Oxford and West Virginia University. Although
candidate signals were found, no signals were confirmed with the SERENDIP project.
Dr. Horowitz led the META I Project with assistance from the Planetary Society, film-maker Steven
Spielberg, NASA, and the Bosack-Kruger Foundation (Horowitz and Journal, 1993). META’s
predecessor, Sentinel, had limitations due to its long integration time that prevented immediate reobservations of candidate signals. Fortunately, these problems were addressed with the Northern sky
search META I using the Harvard-Smithsonian radio telescope from 1985 to 1990. META I’s sister
program, META II, continued searching the Southern sky at the Instituto Argentino de Radioastronomia
(IAR) from 1990 to 2010 (Lemarchand, 1996; Lemarchand et al., 1997). META I was eventually
upgraded to BETA in 1995, which allowed for more rapid and automatic reobservation of candidate
signals, improved interference discrimination, and greater frequency coverage but was eventually
halted due to damages from a wind shear that could not be repaired financially (Leigh and Horowitz,
2000).
Several other projects were pursued concurrently to the META and BETA efforts with varied
success (TechnoSearch, 2019). For example, the High-Resolution Microwave Survey (HRMS) was a
search for extraterrestrial intelligence project by Jill Tarter to scan a wide range of frequencies,
primarily using the Arecibo telescope in 1992 (Tarter, 1993). Although the HRMS was intended to be a
10-year project, it was shut down within one year by Nevada Senator Richard Bryan due to budgetary
pressure. It did not find confirmed signals during this time. Project Phoenix was an independently
funded project by the SETI Institute of Mountain View in California, US, that ran from 1995 to 2004
(Cullers, 2000). The project used various radio telescopes, most notably the Parkes in Australia and the
NRAO. It ended in 2004 after searching specific stars with no results.
A broader initiative, Project Argus, is an ongoing privately funded SETI project conducted by SETI
League (SETI League, 2003). The latter, which was established in 1994, is a membership-supported
organization with educational and scientific goals for the search for extraterrestrial intelligence. It
comprises 1,500 members in 62 countries, and their key initiative, Project Argus, operates 143 radio
telescopes in 27 countries (SETI League, 2020). Their goal is to have continuous monitoring of the sky,
in all directions, and in real-time, using up to 5,000 telescopes globally.
The sibling project of SERENDIP, SETI@home, was launched in 1999 by the Berkeley SETI Research
Center and initially analyzed the same feed as SERENDIP IV from the Arecibo Telescope (Berkeley SETI,
2020). SETI@home is an ongoing piggyback and citizen science project that collects data passively from
the telescope while it is used for other programs, then divides this data to be analyzed by offsite home
computers. It was settled in 2006 (SETI@home, 2020), and UC Berkeley continued the project with
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updates to the software, BOINC, overtime (Anderson, 2004; Korpela et al., 2011b). This project
attempted to engage the general public with real science and remains the largest distributed
computing experiment to date (Sullivan et al., 1997). Although there have been over five million users
overall and 1.8 million active participants as of December 2019, no confirmed signals have been found
(Team OcUK, 2019). The project has recently scheduled their hibernation for March of 2020 to focus
on back-end processing instead of data collection (SETI@home, 2020).
Another promising project was the Italian Search for Extraterrestrial Life (ITASEL), from 2000 to
2010 (Montebugnoli et al., 2006, 2010). ITASEL was a program joint between the National Institute of
Astrophysics (INAF) and the Italian Space Agency (ASI). It primarily used the Medicina Radio
Observatory in Bologna, Italy, with a spectrometer in piggyback mode with no confirmed signals during
that time.
Although much of the earlier search for extraterrestrial intelligence projects were radio-based,
OSETI experiments began in the 1970s with the MANIA project (Schwartsman, 1988), and many other
experiments followed (TechnoSearch, 2019). The most well-known OSETI project is the Planetary
Society’s ongoing project called the Harvard All Sky OSETI that began in 2006 (Howard et al., 2004,
2007). Funded by Planetary Society members as well as the Bosack/Kruger Foundation, the telescope
is housed in the Harvard Smithsonian Center for Astrophysics Oak Ridge Observatory. No confirmed
signals have been found at this time.
The Sazanka Project was the first multisite and multifrequency simultaneous SETI observation site,
and it had as many as 14 radio and 27 optical telescopes in Japan for two days in 2009 (Project Sazanka,
2010). These sites included several radio observatories: Tokai University Space Information Center,
Yamaguchi University, Wakayama University and Misato Observatory, Takahashi Radio Station, Kagami
Radio Observatory, Matsuo Radio Station, Agawa Jovian Radio Observatory of Kochi National College
of Technology, and Nishi-Harima Astronomy Observatory. The optical observatories that participated
were a part of the Japan Public Observatory Society. No candidate signals were located during the
project. The Sanzanka Project was a segway for Japan’s involvement in Project Dorothy. This served to
commemorate the 50th anniversary of Project Ozma through four observations on various dates in
2010 and 2011 (Project Dorothy, 2013b). The project was initiated by Japanese astronomer Shin-ya
Narusawa and involved collaborations from 29 organizations within 15 countries. A total of five stars
were targeted in the optical, microwave, and low-frequency array frequencies with no confirmed
signals detected.
A more recent initiative, Breakthrough Listen, began in 2016 and plans to continue until at least
2026 (Breakthrough Initiatives, 2019). The project is a component of the Breakthrough Initiatives
program by Yuri Milner and is based at the Berkeley SETI Research Center in the Astronomy
Department at the University of California, Berkeley using the Green Bank Observatory (Northern sky),
the Parkes Observatory (Southern sky), and the Five-hundred-meter Aperture Spherical Telescope
(FAST) for radio observations and the Lick Observatory for the optical observations. Breakthrough
Listen is believed to be the most comprehensive SETI project to date, though no confirmed signals have
been found to date (Merali, 2015; Price et al., 2020).
Although little success has come from the years of observation so far, the search for
extraterrestrial intelligence is still progressing as a field, and there are many improvements that can
be made. Many projects have been proposed and are in the development stages, including expanding
and improving on existing infrastructure and technologies (Tarter et al., 2010).
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Instruments and Infrastructure
Since the beginning of the first SETI projects and experiments, many facilities and instruments
have been used, usually in piggyback mode or for a limited amount of time Multiple experiments,
especially concerning the larger projects, were also run in parallel on different infrastructures
(TechnoSearch, 2019; Table 1). The NRAO, a Research and Development Center of the US National
Science Foundation, is one of the earliest examples of the shared facility in this field. It has many
locations, including its headquarters at the University of Virginia in Charlottesville, Virginia, as well as
telescopes in Green Bank, West Virginia; Socorro, New Mexico; and Santiago, Chile. The NRAO Green
Bank Observatory has been used for various experiments related to the search for extraterrestrial
intelligence, including Project Ozma I and II (Drake, 1985; TechnoSearch, 2019), SERENDIP (Berkeley
SETI, 2020), Project Phoenix (Cullers, 2000), and several other smaller experiments (Verschuur, 1973;
Tarter et al., 1980; Bania and Rood, 1993). Earlier experiments were conducted with the Howard E.
Tatel Radio Telescope (Figure 4; NRAO, 2019), and these initial searches using the Green Bank
telescope were quite limited because of the small diameter of the single telescope and low sensitivity
(See Table 1). Later experiments were conducted with a larger telescope with a relatively larger
diameter (91 m) and higher sensitivity, though still limited. The Karl G. Jansky Very Large Array (Jansky
VLA) at the New Mexico NRAO, constructed in 1996, features 28 radio telescopes arranged in a Yshaped array to function as an interferometer, an array of instruments working all together to simulate
a single telescope with higher resolution (Figure 4; NRAO, 2020b). Jansky VLA is a multipurpose array
that is used primarily for astronomical purposes, but it has been used more recently for extraterrestrial
signal detection experiments (Gray and Mooley, 2017).

Figure 4. Telescopes at the NRAO, including the (left) Howard E. Tatel Radio Telescope (NRAO, 2020a) and
(right) Jansky VLA (NRAO, 2020b).

The Arecibo Observatory, located in Arecibo, Puerto Rico, is also used in the search for
extraterrestrial signals (Figure 5; NAIC, 2020; Horowitz, 1978; Tarter et al., 1983). The observatory is
currently operated by the University of Central Florida, Yang Enterprises, and Metropolitan University
but was managed by Cornell University from the 1960s to 2011. Until the Chinese FAST telescope was
completed in 2016, the Arecibo one was the world’s largest single-aperture telescope. Various projects
about the search for extraterrestrial intelligence used the Arecibo Observatory, including Suitcase SETI
(Horowitz et al., 1986), SERENDIP (Berkeley SETI, 2020), SETI@Home (SETI@home, 2020), Sentinel
(Horowitz et al., 1986), HRMS (Tarter, 1993), Project Phoenix (Cullers, 2000), and more recent
experiments (Siemion et al., 2010; Korff et al., 2013; Gautam et al., 2014). However, the telescope is
not solely used for projects related to the detection of extraterrestrial signals, as it is used primarily
for other radio astronomy purposes as well as atmospheric science and radar astronomy (NAIC, 2020).
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Figure 5. Airplane view of the Arecibo Observatory (NAIC, 2020).

The Oak Ridge Observatory, also known as the George R. Agassiz Station, at Harvard University in
Massachusetts, US, was first established in 1939 and collaborates with the Smithsonian Astrophysical
Observatory at the Harvard-Smithsonian Center for Astrophysics (Harvard College Observatory, 2020).
The fully steerable Harvard-Smithsonian radio telescope was constructed in 1968 (See Figure 6A) and
subsequently used for Sentinel (Horowitz et al., 1986), META I (Horowitz and Journal, 1993), and BETA
(Leigh and Horowitz, 2000), as well as other extraterrestrial signals detection initiatives such as
searching for the Wow! Signal (Gray, 1994). Similar to the telescopes outlined previously, the HarvardSmithsonian telescope was used for many purposes beyond SETI, most significantly, constituents of
the interstellar medium (SIRIS, 2020). The Oak Ridge Observatory has also been active in OSETI efforts,
most specifically the Harvard All Sky OSETI Project (Figure 6; Howard et al., 2004, 2007). This OSETI
telescope is used solely for purposes related to the search for extraterrestrial intelligence (See Figure
6B).

Figure 6. Telescopes at the Oak Ridge Observatory at Harvard, including the (left) Harvard-Smithsonian radio
telescope being constructed in 1968 (SIRIS, 2020), and (right) Harvard All Sky OSETI telescope with graduate
student Jason Gallicchio seen reflected in the primary mirror (The Planetary Society, 2019).

The Hat Creek Radio Observatory facilities in California, United States, operated by Stanford
Research Institute International, is another common infrastructure used for SETI research. The HCRO
housed the telescope used for SERENDIP I and II (Bowyer et al., 1983; Werthimer et al., 1988) as well
as other SETI experiments (Valdes and Freitas, 1986). HCRO also houses the more recent development,
the Allen Telescope Array, which was designed and is owned by the SETI Institute (Harp et al., 2016).
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The Array comprises 42 small telescopes (6 m) (See Figure 7). Many experiments have been run with
the Allen Telescope Array, as it allocates 12 hours per day, seven days a week, to SETI research
(TechnoSearch, 2019; SETI Institute, 2020).

Figure 7. The Allen Telescope Array (SETI Institute, 2020).

Frequencies Used
In their work of 1959, Cocconi and Morisson proposed that detectable signals would likely only be
in the 1 - 10,000 GHz range (Cocconi and Morrison, 1959). Values lower than these ranges would likely
be attenuated by the interstellar medium, or not ‘heard’ at all, and values higher would be absorbed
by the atmospheres of planetary or other similar bodies.
This was later expanded upon by refining search ranges to be between the 1,400 and 17,00 MHz
range. 1,420 MHz is the frequency at which hydrogen, the most common element in the Universe,
emits at; the hydroxyl band sits between 1,612 and 1,720 MHz representing the upper bound of this
range. This ‘magic’ frequency has been referred to as the universal ‘water hole’ as the combination of
these two compounds results in water (see Figure 8). In addition, there is symbolic reference to the
watering holes in African plains where multiple species would come together and feed, thus
representing a common ground where several species could communicate with one another. The
significance of these particular emission lines, beyond the philosophical, is that they are the least
attenuated by background radio noise, and thus the most logical band to use for interspecies
communication across the interstellar medium (Oliver, 1979).
Project Cyclops was one such initiative that proposed that these certain carrier frequencies were
particularly viable in the search for extraterrestrial signals. Although Project Cyclops never came to
fruition, it established a framework in which current SETI initiatives still follow. For example, in many
of the projects listed in Table 1, the trend shows that most researches for signals detection have been
within this water hole range of frequencies. This is because there is little compelling evidence in
literature to suggest searching in other bands due to the previously outlined risks of attenuation. It is
also thought that should advanced extraterrestrial civilizations desire to communicate with humanity,
they would select appropriate message channels for a younger civilization. This is based on the
identification of the ‘water hole’ as the most viable communication band, at least by a civilization such
as Earth’s. However, there is a cautionary risk in that the current approach to the search for
extraterrestrial intelligence has been largely denoted as anthropocentric. Much of the research
rationale relies on the basis that an extraterrestrial intelligence intends to be detected by civilizations
such as humanity (Blair and Zadnik, 1993).

17

Figure 8. Cumulative frequency ranges representing optimal "water hole" distribution. The difficulty of reception
of radio signals at various frequencies is determined by the natural noise from the galaxy, the degree blackbody
noise left over from the beginning of the Universe, the quantum noise of radio photons, and the fact that
drifting signals require greater bandwidth or smaller integration time. All these effects are added up here,
showing that the best frequency range is the “Water Hole” between H and OH.

Since the 1970s, there has been greater interest in searching in the optical spectrum, which is well
beyond the 10,000 MHz upper limit as suggested by Cocconi and Morisson. As far back as 1961, the
viability of using optical wavelengths for communication was proposed by Schwartz and Townes, who
suggested that visible light signals may be more useful to advanced civilizations, with information
encoded being of magnitudes of 106 more than that of radio signals (Schwartz and Townes, 1961).
While detecting communication between civilizations in these ranges may be difficult, given the lack
of positive data so far, optical searches primarily focus on analyzing photons that may have arrived
from intelligent civilizations, or looking at unusual spectral disturbances in emission lines. This was
further analyzed in the 70s by Schwartsman, who as part of a team developed the software
Multichannel Analysis of Nanosecond Intensity Alterations (MANIA), to search for and detect narrow
band signals in the optical range using the Zeiss 600 telescope at the Special Astrophysical Observatory
in the USSR (Schwartsman, 1988).
The viability of optical communications between intelligent civilizations appeared to be a more
promising candidate than previously thought. Kardeshev posited in 1974 that the range of optical
communications was limited in order to be efficient, but that once again hydrogen was the key element
to consider during search. The positronium atom, the resulting ground state splitting of a hydrogen
atom, has an emission frequency of approximately 203 MHz, which is interestingly consistent with the
background radiation of the Universe. The communication result of this is extremely narrowband, and
the detection of such signals would be strong evidence for extraterrestrial intelligence (Kardashev,
1974). Not only that, but this would potentially be the best range in which civilizations would contact
humanity, given the efficiency of the band.

Search Targets
Various regions of the sky have been targeted over the years for evidence of technosignatures
(TechnoSearch, 2019). The search for these signals varies from a specific region such as northern or
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southern sky, and more recently, all-sky approaches have been explored. Many of the earlier projects,
in addition to the more recent projects and experiments, have focused on targeting a particular star
system or a cluster to search for radio signals at multiple frequencies.
All-sky searching involves looking for signals in the entire sky. This technique was used during the
Big Ear Project, which covered almost 94% of the sky at 1415 MHz (Big Ear, 2005). The frequency and
spatial coverage of detected signals limit most of the all-sky searches. The receiver’s sensitivity is often
the most significant constraint in interpreting the received signal. For example, the receiving
instrument of SERENDIP I had nearly 98% of its detections from locally generated signal sources, such
as instrumental disturbances (Bowyer et al., 1983). The characteristics of the remaining 2% of signals
were random in terms of parameters, which led to the misinterpretation of the signal.
Project Bambi, which searched a patch of the northern sky, was designed such that the
observation techniques used can be extended to amateur astronomers as well. The project discovered
that much more sensitive signals compared to the all-sky search were found by applying a fast Fourier
transform (FFT), a post-processing technique to break the signal into narrower channels (BAMBI Team,
2020). This can be achieved by a modest-sized antenna and the readily available instruments. The
ITASEL Project considered signals in the Northern Cross and found that SETI data processing was only
limited to the classical FFT (Howard et al., 2004, 2007). The Medicina Observatory showed that
Karhunen Loève Transform (KLT), another type of post-processing technique could work more
effectively in the case of processing the signals. Later studies concluded that KLT only operates when
the SNR is relatively high (Montebugnoli et al., 2010).
Observation from the direction of the Southern hemisphere provides a different view of the Milky
Way Galaxy and the Magellanic clouds that compose the nearest external galaxies. Project Southern
SETI looked in a narrow radio frequency range, which was used to detect water vapor molecules in the
interstellar medium. Project Southern SERENDIP observed unconfirmed unusual radio signatures near
the 21 cm neutral hydrogen line, in the southern celestial hemisphere, which could be related to
potential intelligent civilizations (Stootman, De Horta and Oliver, 2000). META II also conducted a
search of the Southern Sky for narrowband radio signals near the 1420 MHz line (Lemarchand, 1996;
Cosmovici et al., 1997). It detected around ten alerts that had the expected characteristics for an
extraterrestrial intelligence signal (strong, ultra-narrow, in-band), but none of them have been
confirmed.
In the case of specific target search, the focal point is usually towards regions with high densities
of stars, such as galactic clusters, galactic planes, and galactic centers. This provides the ability to scan
many stars simultaneously. The search is only limited to the hydrogen line (Cohen, Malkan and Dickey,
1980). Harp et al. (2016) reported that a total of 9,293 stars and approximately 2,000 exoplanets have
been examined using the specific target search technique, with no signals detected (Harp et al., 2016).
Most of the OSETI searching is based on specific targets rather than all-sky due to technical challenges
related to the design and development of the instruments.
In both cases of setting a particular targeted scan, or conducting an all-sky search, no significant
detection of an extraterrestrial narrow-band signal has been observed. Over the years, research has
been conducted to enhance the sensitivity of the instruments in order to cover a wide range of
frequencies, which can be potentially used in the detection of a signal. Moreover, it has been found
that searches are being narrowed down to the specific number of targeted objects, rather than looking
for signals in a particular patch of observational sky.
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Time Resolution and Survey Lengths
One of the greatest setbacks of research on the search for extraterrestrial intelligence is its poor
and inconsistent documentation. Jill Tarter, being aware of this, co-founded the technosearch
database as a means of collating data and papers related to technosignature research (SETI Institute,
2020). While these papers effectively discuss target selection, field of view, and other parameters;
notably, they lack in discussion regarding time sensitivity and frequency of observation. Many papers
only refer to the overall time of observation of a given object or position of the sky, without divulging
the frequency at which a given area is monitored, nor the length of time a telescope is offline. Because
of this, time resolution is poorly documented, and could be in part the reason that extraterrestrial
signals have not been detected yet as they have not been observed (BBC, 2019a).
Despite this, it is already apparent that length of time of a search does not appear to impact the
efficacy of the results. The Wow! Signal was only recorded over a relatively short search, overall only
5 hours of observation were recorded of which the signal itself was approximate 75 seconds (Ehman,
2011). Full sky coverage rather is of more interest and priority. With the large numbers of telescopes
globally, it is favored instead to use collective data over several instruments to achieve a higher time
resolution.
There is inconsistency in survey lengths. Again, while some papers may document this well, many
observatory recordings are estimates or project specific. It is hard to say how many hours of
observation a given telescope has amassed. Arecibo and the SERENDIP projects are perhaps the most
well documented, and even here there is discrepancy between how many hours of observation have
been recorded, although the magnitude is in the tens of thousands (Berkeley SETI, 2020). The quantity
of data is always of more interest and relevance to research, and as such this is the driving factor, and
not the time resolution. However, time resolution is recognized as a detrimental factor and something
that is likely to have been a significant hindrance in finding extraterrestrial signals.

Post-processing and Data Analysis
Post-processing and data analysis are key factors in any scientific project, but in the case of the
search for extraterrestrial intelligence, post-processing plays a particularly interesting role, both for
the research and science as a whole. The SETI initiative became a frontrunner in citizen science,
distributing computing done at a huge scale (Korpela et al., 2001). Effectively, the SETI@home project
used the processes of household computers to generate a virtual supercomputer in order to do
background calculations of data, analyzing at least 160 terabytes of material from the Arecibo
telescope, over 6 million volunteer units. Data was pulled from projects SEVENDIP and SERENDIP and
calculations done as background processes (Korpela et al., 2011b). The impressiveness of SETI@home
lies in the distribution of its computing power. Each unit ran multiple background methods to process
data. The project is limited by band, operating at a 2.5 GHz bandwidth at the water-hole frequency,
but does broad in-depth analysis of signals (Korpela et al., 2011a).
The initial search scans for signals that mimic mathematical forms, along with promising
candidates that may be of artificial origin. Candidate signals could be spikes, gaussians, pulses, or other
high-power events. In addition to this, signals must then be identified as persistent in their position,
strength, and frequency (Korpela et al., 2011b; Cobb et al., 2000). The program then further analyzes
these signals through a variety of techniques. It scans for signals that are temporally consistent, within
a range of 0.8 ms to 13.4 s. One unique feature of the SETI@home project is its accountancy for doppler
shift, or ‘chirp rate.’ This is analyzed using FFTs to compute expected spectra and then reporting
anomalous readings, in this case identified as peak values greater than 24 times the mean (Korpela et
al., 2011b). In addition to this, fast folding algorithms were also used to detect weak pulse signals in
noisy data (Korpela et al., 2011b; Staelin, 1969).
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Thanks to the analysis done by the project SETI@home, in 2003 the Arecibo telescope was pointed
to 216 potential candidates which had previously been ignored (Sanders, 2003). The success of the
project also allowed it to make its software framework, BOINC, freely available (Anderson, 2019) for
both the public to download the project platform, and for developing other distributed computing
projects. For instance, the European Organization for Nuclear Research (CERN) utilized it for the project
LHC@home (CERN, 2018).
Astropulse was another project focused on searching for extraterrestrial intelligence based on the
BOINC framework, which used data from the Arecibo observatory. The framework was configured to
search for orphan gamma-ray bursts (Korff et al., 2013), also known as transients. Although these
signals are usually remnants of explosive radiation as produced by black holes or star emissions, they
could also be considered signals in the optical range used for communications by extraterrestrial
civilizations (Korff et al., 2013). What makes BOINC a powerful processing tool for the research in the
field of extraterrestrial signals detection, is the flexibility to parameterize searches and analysis.
Beyond SETI@home, other important techniques and algorithms are also employed in the postprocessing effort. One well documented instance is the post-processing done on data obtained by the
UC Berkeley designed SERENDIP module installed on the Medicina radio telescope in Bologna, Italy.
Due to the reliance of SETI research operating in piggyback mode, much of data processing done is
automatic or utilizes other background processes, as seen with SETI@home (Monari and
Montebugnoli, 2018). In many ways, SERENDIP uses much of the same analysis tools as SETI@home,
utilizing an FFT based spectrum analyzer in a 2.5 GHz bandwidth for SERENDIP III (Werthimer et al.,
1995). SERENDIP IV is a more complex project and has the capacity to do parallel processing across 40
spectrum analysis boards (Cobb et al., 2000).
A large part of this processing is done offline to perform data reduction before analyzing useful
signals. Data reduction algorithms have been introduced in 1973 with the Big Ear project (Kraus, 1977),
although the algorithms themselves have been present since 1968 as developed by Dixon and Kraus
(Dixon and Kraus, 1968). During the SERENDIP project, while some signals were immediately sent to
be processed, usually because they exceed a preset threshold, many signals were harder to concretely
detect. This type of data reduction was done in SETI@home and other searching projects and
continues to be done as data sizes increase. It is essential to filter radio frequency interference (RFI),
and much of this is done offline if possible (Korpela et al., 2011a; Cobb et al., 2000). This typically filters
out 98% of data received in the case of SERENDIP IV (Cobb et al., 2000), and in fact most of SERENDIP
IV data was processed offline by the dedicated SALVE program. As well as the FFT analyzers seen in the
past, SERENDIP IV additionally used a pattern detection method known as a Hough transform to search
for signals (Monari and Montebugnoli, 2018).
A Hough transform is a simple classification tool that allows for feature extraction, particularly in
the field of machine learning and computer vision. It is useful in obtaining lines, which in the case of
SETI data is the identification of candidate signal forms. This was tested on the ‘Wow! signal’ and Mars
Global Surveyor and yielded accurate pattern matching results. The Radon transform was also used to
identify sinusoidal signals in four-dimensional space, and a following k-means cluster to identify likely
peaks (Monari and Montebugnoli, 2018). All these techniques are common machine learning and
feature extraction tools. Karhunen-Loève transforms have more recently been applied to research on
searching for extraterrestrial intelligence, and is again a common tool for feature extraction in the
machine learning discipline (Montebugnoli et al., 2006). Multiple pattern detection algorithms are
employed in these searches to extract useful data from general noise. The use of these artificially
intelligent methods is, of course, vital in all astronomy, with Artificial Neural Networks (ANN) now
commonly used for identification of candidate signals and detection (Harp et al., 2016). Neural
networks can be parameterized or non-parameterized allowing for greater flexibility in the level of

21

supervision needed to operate them. Additionally, neural networks can be in a variety of functional
forms, from step to sinusoidal. For the search for extraterrestrial intelligence, convolutional neural
networks have been shown to successfully extract weak signals which may be crucial in detection in
the future (Harp et al., 2016). However, there is always the risk of misclassification, even with training
models. Neural networks are more susceptible than the human eye to small perturbations, and this
could pose an issue for future searches. In other words, redundancy is not particularly accounted for
(Kurakin, Goodfellow and Bengio, 2017).
It is necessary to emphasize the importance of post-processing in the extraterrestrial intelligence
search effort, both for identifying candidate signals but also to characterize future targeted searches.
The largest limitation is required bandwidth and processing power, and distributed computing has
been a powerful tool in alleviating this (Korpela et al., 2011a). Feature extraction and machine vision
play a large role in post-processing for signals, especially as these techniques are particularly useful in
identifying and refining weaker signals. As technology improves, so will the post-processing effort and
SETI@home to match (Korpela et al., 2015).

2.1.2.3.

Axes of Merit for Technosignatures

The search for technosignatures is often synonymously used with the search for extraterrestrial
intelligence (Wright, 2018). Present day searches mostly focus on the detection of optical and radio
signals. However, many researchers have proposed to use novel techniques, looking for
technosignatures at a more diverse wavelength, employing multiwavelength astronomy
infrastructure. In such a scenario, searches must prioritize some technosignatures over others. Sofia
Sheikh proposed the technosignature axes of merit, shown in Figure 9, to rank the existing and
proposed technosignature searches and what will be most feasible given the level of technology
available and other factors (Sheikh, 2019).

Figure 9. Technosignature Axes of Merit (Wright, 2018; Sheikh, 2019).

It is also important to note that a technosignature should be both inevitable and can be detected.
In summary, the axes of merit are explained as followed (Sheikh, 2019):
1.

Observing Capability

Current capabilities of observation in astronomy dictate the relevance of the technosignature
search. It was argued before by Stull in 1979 that the strategy for searches are intimately related to
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the technology that is prevalent at the given time (Stull, 1979). Moreover, new search concepts must
be tested first before being used for an extraterrestrial intelligence search.
2.

Cost

Given that the funding for the search for extraterrestrial intelligence has been erratic over the
decades, cost becomes a driving factor in determining if a technosignature search is worth investing
disposable resources inl. The cost factor for technosignature detection has been discussed extensively
in literature. These projects are often piggybacked on other non-SETI projects to prioritize this axis
over the others.
3.

Ancillary benefits

Extraterrestrial intelligence searches should provide significant results in other fields, even if the
search itself yields uninteresting results. These ancillary benefits might be in a completely unrelated
field, like philosophy, education, and policy, which has been discussed in the Positive consequences of
SETI before detection by Tough (Tough, 1998).
4.

Detectability

Similar to biosignatures, in order for a technosignature to be pursued by researchers, it should be
detectable over the present background noise.
5.

Duration

The duration over which a technosignature could produce fruitful results is an important factor to
be taken into consideration. This aspect ties in with the length of lifetime term L in the Drake equation.
If certain technosignatures are produced only during a short phase over the evolution of a civilization,
the likelihood of detecting such a technosignature will be negligible. Hence, technosignatures which
emit continuous signals over the lifetime of a civilization will be a more appropriate target.
6.

Ambiguity

Technosignatures that are most definitely produced by a technologically advanced civilization
should be favored over technosignatures, which can have possible natural origins. Some
technosignatures, like infrared radiation, might be produced by dust particles, making the chances of
a false positive high.
7.

Extrapolation

Most of the current technosignature searches are based on current understandings of technology
used on Earth. However, to detect technosignatures from technologically advanced civilizations,
extrapolation of available current technologies might provide more useful insights and direction.
8.

Inevitability

Inevitability refers to the likelihood that a particular technosignature will be produced. For
example, residual heat is inevitable as a result of the second law of thermodynamics.
9.

Information

The amount of information that can be extracted from a positive result needs to be considered. A
more information-rich technosignature would be preferred over a technosignature, which only proves
the existence of an extraterrestrial civilization with no additional information.

2.1.3.

Next-generation Technosignatures

The search for extraterrestrial intelligence through technosignatures is commonly carried out
through the detection of radio signals. However, this relies significantly on two factors:
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1.

Extraterrestrials sending signals directly to humanity

2.

Earth being in the way of signals that extraterrestrials may have sent out, by chance

Therefore, other detectable technosignatures need to be explored to enhance the chance of
finding extraterrestrial intelligence. Next-generation technosignatures are a way of detecting
intelligent civilizations that may leave footprints in ways other than radio signals. The following section
discusses some theoretical assumptions about extraterrestrial civilizations that can potentially be
detected using methods that currently exist in science today.

2.1.3.1.

Targeted Asteroid Mining

Intelligent extraterrestrials may use asteroids as a source of raw materials, and resourcing to
enhance their civilizations as a result of limitations from their planet. This can be detected through
observations of targeted asteroid mining (TAM) (Forgan and Elvis, 2011). In order for a civilization to
advance out of its solar system, it would involve a level of engineering that is likely not possible using
materials from the surface of the host planet alone. A likely place to ‘mine’ materials needed for
infrastructure (such as interstellar spaceships and habitation) would be asteroid belts or other debris
left from the formation of the extrasolar system (Forgan and Elvis, 2011).
In the Solar System, the asteroid belt is filled with precious metals and other materials that could
be mined for the benefit of humankind. Metallic asteroids alone can contain over 100 ppm of precious
metals which are becoming a rarity on Earth and it is predicted that these asteroids can be mined in
their entirety by means of a capable civilization (Kargel, 1994). With the increasing complexity of
industries such as technology and engineering, the demand for precious metals such as gold and
platinum will rise. Therefore, in the future it is entirely feasible that mining asteroids will become a
necessity, and so it can be assumed that other, more advanced civilizations, would have done the
same.
The detection of TAM could be achieved through observing any irregularities between the
observed chemicals and metals in the asteroid disk and the expected values (Forgan and Elvis, 2011).
As the technology to directly test the asteroids does not yet exist, detection must rely on observations
of reflected light from extrasolar asteroid disks. The asteroids in the Solar System give off signatures
of materials such as silicates which are important components in technology industries, and these have
also been detected in extrasolar systems (Forgan and Elvis, 2011). An irregular balance of these
materials could indicate a mining operation taking place, or one that may have taken place in the past.
It is thought that the complete absence of such materials in an asteroid disk may be explained by
natural phenomenon. However, the reduction of these materials could potentially be as a result of
extraterrestrial civilizations.
Another indication of TAM could be an unexplained deficiency of larger bodies in the extrasolar
asteroid disk (Forgan and Elvis, 2011). In theory, a civilization would target the larger bodies in the
asteroid disk first, to obtain the maximum yield while increasing efficiency. As a result of mining the
larger asteroids, there may be an increase in smaller debris and dust due to the breakdown of larger
material. This can be detected through observations of extrasolar disks primarily through infrared
wavelengths (Forgan and Elvis, 2011). Although TAM could indicate the presence of an extraterrestrial
civilization, the detection of such an activity relies on certain factors in order to be detected. The search
is limited to civilizations that have chosen the asteroid belt as a source of mining, and no other celestial
bodies, or even outside their extrasolar system. Additionally, some extraterrestrial civilizations may
not be interested in TAM as a source of materials, but rather have sufficient resources on their host
planet. Therefore, using TAM as a sole detection method could limit the detection capabilities to
extraterrestrial civilizations that asteroid mine while missing the extraterrestrial civilizations that do
not.
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2.1.3.2.

Heat Signals

The Kardashev scale is a theoretical idea that civilizations can be categorized into either type I
(energy of entire planet), type II (energy of host star and system) or type III (energy of host galaxy)
based on their energy consumption (Kardashev, 1964). Earth is a nearing type I civilization on the
Kardashev scale, having the technological capability to only harness energy on a planetary scale
(Kardashev, 1964). Kuhn and Berdyugina in 2015 proposed that other Earth-like civilizations will
produce detectable thermal signatures as a result of combating a possible global warming on a
planetary scale. The paper considered the waste heat that would be produced by a Type I civilization
(Kuhn and Berdyugina, 2015). Such civilizations, in theory, should be available, given that there are 650
stars at a distance of 20 pc from us with a 0.3 - 0.5 probability of harboring terrestrial planets (Pepe et
al., 2011; Kumar Kopparapu et al., 2014).
Kuhn and Berdyugina (2015) argue that for an Earth-like civilization, global warming is inevitable,
according to the second law of thermodynamics. The civilization will then be forced to adopt a
technology, stellar photonic power for example, which will enable them to discard excess heat of the
planet in certain areas. This heat will accumulate over time and in principle should be detectable. The
paper suggests that planets with significantly low albedo might be candidates for such a phenomenon
(Kuhn and Berdyugina, 2015; Wright, 2018).
Planetary waste across longitudes can be distinguishable from time variation signals caused by the
rotation of the planet (Kuhn and Berdyugina, 2015). According to their analysis, heat sources with more
than 0.01 times of stellar illumination power can be detected by the proposed method. Provided that
infrared sensors have been able to detect thermal signatures from space overpopulated cities, this
type of technosignature should be detectable, given that the civilization being observed might be more
advanced than humanity. In the case of civilization being just slightly more advanced than Earth, the
amplitudes of natural biological waste heat and the technology disposing of the heat might be
comparable, making it difficult to distinguish (Kuhn and Berdyugina, 2015; Wright, 2018). It is then
argued that with the combination of powerful ground telescopes, adaptive optics, and a coronagraph,
the infrared flux signals from some of the exoplanets in a 20 pc diameter should be detectable. The
detection of heat signals from a Type I civilization is independent of the sociology of the concerned
civilization. A null result of this search will be that such civilizations do not survive after a certain
technological level (Kuhn and Berdyugina, 2015; Wright, 2018).

2.1.3.3.

Observing Light Curves of Stars

Planets where life is likely to evolve usually reside within the habitable zone of the parent star.
However, over time, the habitable zone of the star is altered due to the aging of the star. As a main
sequence star ages, it begins to expand into the red giant phase. Red giant stars are much larger,
expanding out and can even engulf their orbiting planets. This alters the habitable zone of the star and
therefore a planet which previously orbited within this zone will become hotter and receive increased
solar radiation on its surface. The timescale of this process is in the range of billions of years, therefore
giving a civilization adequate time to prepare. One potential solution to prevent the extinction of a
civilization would be to develop a ‘starshade’ which would block some of the radiation from the star
from reaching the planet, and as a result the planet would remain at a temperature where life can be
sustained (Gaidos, 2017). These starshades would be placed in the Lagrange points, as then they would
not have to maintain their orbit. The starshade being at this point would also result in partial blocking
of the light received from the host star when observed from a distance, and therefore these starshades
can be detected using the current transit method (Gaidos, 2017). The structure would have to be
similar to the size of the planet to ensure sufficient protection and would therefore produce a
lightcurve, which would significantly differ from the lightcurve of just a transiting planet (See Figure
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10). As shown in the figure, the lightcurve is expected to have a sharp peak during the dimming of the
light, as a result of the starshade and the planet lining up from the observers’ point of view.

Figure 10. Predicted lightcurve expected from a transiting planet accompanied by a starshade (Modified from
Gaidos, 2017). Description: The top image indicates the system from a ‘side on’ perspective of the observer,
with the exoplanet and the starshade orbiting the host star. The middle image indicates the transit of the
starshade (grey dots) and the exoplanet (black dots) at the different phases throughout the transit. Each phase
corresponds to the lightcurve that would be produced in the bottom image.

Although the starshade would most likely be composed of many smaller structures that deflect or
block the light, it would appear as one larger structure from the observation distance. The most
probable star and planet combination in which a starshade could be detected are G-dwarf stars, which
have an Earth-sized planet accompanied by a starshade (Gaidos, 2017). This technosignature may
seem overly futuristic or unrealistic, but if they do exist, current technology would be able to detect
them. The transit method is already used by space telescopes as a common detection method for
exoplanets, so it is not unreasonable to assume the possibility of detecting an irregularity in an
exoplanetary light curve, indicating the presence of an advanced civilization.

2.1.3.4.

Detecting Stellar Engines

Light curves can also be used to detect other artificial artifacts and megastructures in the transit
around stars, for example, the construction or usage of stellar engines by an extraterrestrial civilization.
A stellar engine extracts energy from a star which can then be used for the benefit of a civilization by
interstellar travel (Forgan, 2018). A civilization which has the capability of obtaining energy from their
host star is classified as a type II civilization on the Kardashev Scale, and is therefore more advanced
than on Earth (Kardashev, 1964). The most common source of energy that would be obtained from the
star would be its radiation field (Forgan, 2018). The theoretical idea of a stellar engine was first
proposed by Shkadov in 1987. He proposed that a reflective screen placed around a star would cause
the solar radiation to redirect, resulting in a directional thrust in the desired direction. Therefore, a
civilization could control the movement of their host star, and consequently, their solar system
(Shkadov, 1987). The desire to change the position of a solar system may arise from the emergence of
a black hole nearby or an inevitable collision with the host star.
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Figure 11. A diagram of the proposed stellar engine, with the structure on the left of the star and the solar
radiation being reflected in one direction (Caplan, 2019).

As shown in Figure 11, a stellar engine is a significantly large structure and, therefore, should be
possible to detect. During the transit method, the observer measures the dimming of the light coming
from a distant star, due to a planet crossing between the star and the observer. In the presence of a
stellar megastructure, the transit of a planet will appear to either begin later than expected or finish
earlier than expected (Forgan, 2018). Similar to the normal transit method for exoplanet detection,
this method depends significantly on the line of sight relative to the position of the stellar engine. For
example, if a star from the opposite side to the stellar engine is observed, the transit curve of the
planet will appear normal and it will remain undetected. The likelihood of detecting such a
megastructure is therefore fairly unlikely, but with the regular use of the transit method in the search
for exoplanets, there is the possibility they may be detected during further analysis of light curves
(Forgan, 2018).

2.1.3.5.

Overall Considerations for Next-generation Technosignatures

In this section, the novel ideas that have been proposed by researchers and scholars to improve
the ongoing search for extraterrestrial intelligence have been discussed. They use theoretical
assumptions about extraterrestrial civilizations to develop methods of searching and detecting
technosignatures that may indicate a civilization more advanced than humanity. Although some of
these detection methods are still at a very conceptual phase, the techniques and technology that they
propose are mostly available. For example, the transit method is used in many space telescopes to
identify exoplanets, but this method can be applied to the potential detection of artificial objects in
the atmosphere of other planets. These ideas of ‘next-generation technosignatures’ provide avenues
that can be explored simultaneously along with conventional searches that primarily take place in the
radio and optical wavelengths today. Obtaining funding for these technosignatures and making them
seem relevant to extraterrestrial intelligence searches remains a challenge.

2.1.4.

General Recommendations

In recent years, new technologies and methods have been applied to the search for
extraterrestrial intelligence. Backed primarily by private funding, organizations such as the SETI
Institute and UC Berkeley have led ‘breakthrough’ projects, using state-of-the-art technologies. In
addition, significant effort has been devoted to increasing public awareness of the current and past
missions and theories. Yet, from both cosmic perspective and global perspective, the search has just
begun. Jill Tarter in the show In search of Aliens said “the amount of searching that we've done in 50
years is equivalent to scooping one 8-ounce glass out of the Earth's ocean” (BBC, 2019b). In the
following section, we discuss the primary areas of opportunity for the future of extraterrestrial
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intelligence searches, based on the findings and insights derived from the research. These include
recommendations for scientific research and technological applications as well as strategic and
organizational opportunities to increase funding, resources and public support.
1.

Biosignatures and technosignatures should remain concurrent efforts

Biosignatures and technosignatures have many differences, which have been discussed in more
detail previously (See sections 2.1.1 and 2.1.2), and there is debate about which is more relevant and
requires more funding for the search for extraterrestrial intelligence. At present, biosignatures are a
more thoroughly researched topic compared to technosignatures. Biosignatures are more directly
related to astrobiology, which is a more established field today. The high interest in biosignatures
stems from the fact that the probability of detecting primitive life is greater than finding intelligent life
by means of technosignature detection. However, there is sufficient scientific justification for a greater
focus on and amount of governmental funding for technosignatures than there is currently, and recent
research proposes that there should be around 10 M USD per year of federal funding for the search
for extraterrestrial intelligence (Lingam and Loeb, 2019b).
2.

Continuity of missions and experiments should continue

Jill Tarter’s TechnoSearch website (2019) is a great initiative in organizing technosignature-related
efforts to one place, and this website should be continued to be used by all researchers so there is
continuity in knowledge and efforts (See section 2.1.2.2). TechnoSearch is a great example of how Jill
Tarter engaged a university student (Andrew Garcia) in research because they created the website
during a summer research program with Penn State University but there is currently a lack of student
engagement working on the search for extraterrestrial intelligence (SETI Institute, 2020). Berkeley SETI
also offers internships at a graduate-study-level (Berkeley SETI Research Center, 2020). It is suggested
that more programs involving undergraduate, MSc, and PhD students should be explored, whether
backed by university or private funding. These student opportunities would engage younger
generations and kickstart additional research in the field of searching for extraterrestrial intelligence.
Conferences on the search for extraterrestrial intelligence, such as the SETI symposium at the
International Astronautical Congress conference (International Astronautical Federation, 2020),
currently provide a platform for knowledge-sharing within this discipline and can also involve students.
Additional searching-specific workshops should be planned to engage the scientific community as well
as the public and ultimately ensure the continuity of knowledge between generations and disciplines.
3.

Additional citizen science programs should be started

Searches for extraterrestrial intelligence remain associated with stigma in public perception and
the scientific community. Often, public perception molds the scientific research that takes place as
funding sources are heavily influenced by public perception. Improving public perception of searching
and associated projects is necessary to further propagate this field of study. Citizen science, which is
the collection and analysis of data by members of the general public in collaboration with experts in
the scientific field, is a modern way of engaging the public in actual science, which can result in
pertinent discoveries. A popular example of a citizen science project is the SETI@home project, which
has been discussed previously (See section 2.1.2.2) and is currently focused on back-end analysis.
Another example of a citizen science project is the detection of the Boyajian’s star by the Zooniverse
Planet Hunters (Zooniverse, 2020). It is recommended that there should be an increased engagement
of amateur astronomers to perform searches. Additional focus on optical, radio, or next-generation
technosignatures could be enhanced through citizen science initiatives.
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4.

Increased focus on science with potential Earth applications

The search for extraterrestrial intelligence is generally not recognized as a field that has value for
advancing humanity and technologies here on Earth. This issue affects public support as well as does
not take advantage of the recent trend of dual-use technologies. In addition, the search for
extraterrestrial intelligence rarely pioneers technological developments. Due to multiple reasons,
searching resources (hardware, bandwidth, and more) often piggyback on technologies and resources
that are not catered to its needs, affecting the quality of search and the chances of finding ETI. One
example of a potential Earth application is visual light communications (VLC), which is a technology
with a great interest in the search because it could further extend to search for OSETI technosignatures.
Similar technologies are being evaluated today for Earth applications as well, with great potential in
the field of wireless data communication. Li-Fi is a form of VLC, with the capability of transferring data
via LED illumination (Rani, Chauhan and Tripathi, 2012). Li-Fi technology has the potential to provide
data at extremely high speeds while supporting large bandwidth at low costs compared to Wi-Fi and
other standalone RF technologies (Haas et al., 2016). Organizations interested in the search for
extraterrestrial intelligence could invest in the further development technologies such as Li-Fi, which
will eventually serve its interest in advancing knowledge and technology for searching purposes, as
well as promote the value and relevance of the search for extraterrestrial intelligence to humanity on
Earth.
5.

Proposing more dual or multi-purpose missions, perhaps as part of multi-organizational
partnerships

The search for extraterrestrial intelligence, despite being an ongoing process, still has not yielded
a confirmed detection. This field of research is often associated with pseudoscience and not considered
an area of merit in the scientific community. As such, it is not pursued as a dominant research area.
Many projects that are undertaken are often privately funded as a result. Therefore, the search should
adapt to become more creative in its approach. In addition to continuing with piggybacking, the search
for extraterrestrial intelligence should be more proactive in identifying other avenues that are more
attractive to funding, such as astrobiology, which is a more established field of research in science
today. Fields such as exoplanet research are becoming more popular with the advent of new space
telescopes in the 2020s, including James Webb and TESS. In order to achieve this, search efforts will
need to attract the attention of government funding, as well by aiming for multipurpose missions that
will serve individuals beyond the scientific community. Researchers need to find appropriate overlaps,
such as software and search algorithms, and share this with other research fields such as medicine in
order to garner a stronger reputation. Other space specific issues such as space debris are becoming a
greater problem (Ross, 2015). It is necessary for researchers to be able to carry out search work
surreptitiously, while serving the needs of humanity. For example, technosignatures are largely
considered evidence of extraterrestrial intelligence, and yet there is little literature on how this would
present itself, despite being on a planet full of technology.
6.

Additional emphasis on data sharing

Many of the next-generation technosignatures have not been explored in depth by any projects
dedicated to searching for extraterrestrial intelligence to date. However, many of these nextgeneration technosignatures rely on methods that are currently being practiced within the scientific
community. For example, the transit method is widely used for characterizing exoplanets and their
atmospheres but can also be used in the detection of next-generation technosignatures like artificial
structures (See section 2.1.3). These technosignatures might be present in the data collected but
overlooked because the data is used primarily for exoplanet searches. The data obtained from ground
or space telescopes that use methods such as the transit method could be provided to scientists
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interested in the search for extraterrestrial intelligence to further analyze the data for
technosignatures. Increased data sharing, in general, would provide the search with a more diverse
set of data to work with.
7.

Greater alignment with projects and missions conducted in space

The search for extraterrestrial intelligence occurs solely with ground-based telescopes (See
section 2.1.2.2). Indeed, the search does not currently have its own space projects or missions. It is
recommended that the search expand their infrastructure to space telescopes and missions, and these
initiatives could involve collaborations with other institutions. These collaborations might bring
benefits to both parties and could also justify the incorporation of new instruments for specific
purposes related to the search for extraterrestrial intelligence.

2.2. Proposal for Technosignature Detection in Space Initiative
2.2.1.

Proposal Overview

Over the years, there have been limited missions focused only on the search for extraterrestrial
intelligence. This was mainly due to the low consideration of this topic and the consequent lack of
funding. For this reason, the technology and the projects involved have not seen significant
developments. In order to address this, the team created a proposal with the aim of developing the
research in this field and enhancing the scientific community as a whole. This two-fold initiative
includes: the Galactic Technosignature Observatory project, and the NoisyCube mission.
The Galactic Technosignature Observatory (GTO) project consists of using existing or future space
telescopes to search for technosignatures in other solar systems. The data obtained from space
telescopes (such as the James Webb Space Telescope) 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 would be a significant indicator of an intelligent civilization.
The NoisyCube mission, on the other hand, involves the development of an interplanetary CubeSat
mission, which will piggyback on the launch vehicle of a mission to Mars. The CubeSat payload will
include a spectrometer, a radiometric sensor, and a hyperspectral imaging camera, which will obtain
data on the ‘noise’ produced by Earth from a distance. The quantification of any noise produced as a
result of satellite constellations and space debris will enable scientists to focus their search on similar
signals obtained from exoplanets. The sections that follow describe the missions further, including the
methodology, instrumentation, justification, costings, and broader significance it will bring to science.

2.2.2.

Background and Rationale

This proposal aims to detect technosignatures in other solar systems, as well as looking back at
Earth’s technosignatures. For the first aim, the task would be achieved through space telescopes, and
the second through instruments hosted on an interplanetary spacecraft. In order to analyze the best
instruments and techniques to accomplish the mission goals, the following sections will provide a
literature review of three specific fields. The first part provides a summary of all space observatories
that are related to exoplanet missions and could potentially be used by this proposal. The subsequent
section depicts scientific works that have addressed topics or techniques for detecting artificial objects
in the vicinity of exoplanets. It follows some preliminary comments regarding the Earth as the subject
of remote sensing. Finally, the last part presents a review of interplanetary CubeSat missions along
with their instruments, in order to build upon them for the mission design.

2.2.2.1.

Space Observatories for Exoplanet Missions

In recent years, thousands of exoplanets have been detected (Exoplanet Team, 2020), creating an
increasing interest in the field within the astronomical community. Current and future space
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telescopes are expected to augment our capabilities to discover new transiting exoplanets as well as
precise characterization of their atmospheres (ESA, 2019b) This section presents all the relevant space
telescopes whose mission objectives are related to exoplanets. As mentioned before, with the current
and upcoming instruments, any of these space observatories would enable the search for artificial
satellite infrastructure in a planet’s orbit or surroundings.

Current Space Observatories Missions
There are three space observatories that are currently operational, briefly described below. Table
2 summarizes their key points and Table 3 enumerates the different instruments of each of them. Their
artistic models are depicted in Figure 12.
GAIA is a space observatory from ESA that was launched on 19 December 2013. Besides its primary
goal of doing a precise 3D map of the Milky Way, due to the large number of objects being surveyed
by Gaia, the mission would potentially detect new exoplanets (and already did) through astrometric
and photometric measurements (Prusti et al., 2016). It is composed of a dual telescope concept with
apertures of 1.45 × 0.50 m, with a common structure and a common focal plane, and it is located in
Sun-Earth L2. Each of the other 3 instruments uses this dual telescope and has a dedicated area on the
charge-coupled device (CCD) detector array (0.5 × 1 m).
Transiting Exoplanet Survey Satellite (TESS) is a space observatory from NASA, MIT, and other
partners that was launched on 18 April 2018. Its main objective is to detect transiting exoplanets
smaller than Neptune, and to carry out spectroscopy to characterize their masses and atmosphere
(Ricker et al., 2014; NASA, 2019f). It is composed of four identical refractive cameras, and it is located
in a 13.7-day Highly Elliptical Orbit (HEO) around Earth.
CHaracterising ExOPlanet Satellite (CHEOPS) is a space observatory from ESA and the Swiss Space
Office (SSOF) that was launched on 18 December 2019. Its main objective is to search for transiting
exoplanet by conducting high-precision photometry over stars that are known for having planets (ESA,
2020a). It is composed of an On-axis Ritchey-Chrétien telescope of 32 cm diameter and one
instrument, and it is located in a Sun-synchronous orbit (SSO) at 700 km.
Table 2. Key points of Current Space Observatories.
Mission

Partners

Goal / Capabilities

Launch
date

Location

Telescope

GAIA

ESA

Detect exoplanets through
astrometric and photometric
measurements.

12/2013

Sun-Earth
L2

Dual telescope
concept; apertures:
1.45 × 0.50 m

TESS

NASA,
MIT,
others

Detect transiting exoplanets smaller
than Neptune, Characterize them via
spectroscopy.

04/2018

HEO
13.7 day

-

CHEOPS

ESA,
SSOF

Detect transiting exoplanets through
high-precision photometry over stars
that are known for having planets.

12/2019

SSO
700 km

On-axis RitcheyChrétien telescope
of 32 cm diameter.
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Table 3. Instruments of Current Space Observatories.
Mission

Instrument

Wavelength

GAIA

Astrometric instrument (ASTRO)

Optical

Photometric instrument (BP/RP)

320-1000 nm

Radial Velocity Spectrometer (RVS)

847-874 nm

TESS

4 identical refractive cameras of 10.5 cm diameter entrance pupil and 24º x
24º FOV, each of them.

600 - 1000 nm

CHEOPS

A photometer with a single CCD located at the focal plane

VIS and NIR

Figure 12. Artistic models of Current Space Observatories. From left to right:
GAIA(ESA, 2020c), TESS (NASA, 2019f) and CHEOPS (ESA, 2020a).

Space Observatories Missions under development
The space observatories that are under development are four and are briefly described below.
Table 4 summarizes their key points, and Table 5 enumerates the different instruments of each of
them. Their artistic models are depicted in Figure 13.
James Webb Space Telescope (JWST or "Webb") is a space observatory being developed by NASA
with the collaboration of ESA and the Canadian Space Agency (CSA). Planned to be launched in 2021,
JWST will, among other objectives, study exoplanets with the transit method and their atmospheres
through spectroscopy (NASA, 2020a). The primary mirror, of 6.5 m in diameter and made of 18
hexagonal segments, will be placed in a Halo Orbit around Sun-Earth L2.
The Wide Field Infrared Survey Telescope (WFIRST) is a space observatory in development by
NASA with the launch planned for 2025. The mission is dedicated to the study of astrophysics,
exoplanets and dark energy. Both instruments, the Wide Field Instrument (WFI) and the Coronagraph
Instrument, are expected to find exoplanets and do spectroscopy on them(NASA, 2020b). The
telescope has a primary mirror of 2.4 m in diameter and will be placed in Sun–Earth L2 (Halo Orbit).
PLAnetary Transits and Oscillations of stars (PLATO) is a space observatory that is being
developed by ESA and is planned to be launched in 2026. The mission will focus on the detection and
characterization of exoplanets in the habitable zone of bright stars (ESA, 2019a). PLATO is composed
of 24 cameras with CCD-based focal planes, and it will be placed in a Halo Orbit around Sun-Earth L2.
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The Atmospheric Remote-sensing Infrared Exoplanet Large-survey (ARIEL) is a space observatory
that is being developed by ESA with the launch planned for 2028. The mission will focus on observing
and characterizing the composition and properties of already known exoplanets, in order to
understand their nature better and how they formed and evolved (ESA, 2017). ARIEL will be placed in
Sun–Earth L2 (Halo Orbit) and is composed of an off-axis Cassegrain telescope, with an elliptical
primary mirror of 1.1 m x 0.7 m and an area of 0.64 m².
Table 4. Key points of Space Observatories under development.
Mission

Partners

Goal / Capabilities

Planned
Launch

JWST

NASA,
ESA, CSA

Study exoplanets with the transit
method and their atmospheres
through spectroscopy

2021

WFIRST

NASA

Study of astrophysics, exoplanets
and dark energy

2025

PLATO

ESA

Detection and characterization of
exoplanets in the habitable zone

2026

ARIEL

ESA

Observing and characterizing the
composition and properties of
already known exoplanets

2028

Location

Telescope
6.5 m diameter
primary mirror of 18
hexagonal segments

Sun-Earth
L2
Halo Orbit

Primary mirror of 2.4
m in diameter
Off-axis Cassegrain
telescope. Elliptical
primary mirror of
1.1m x 0.7m

Table 5. Instruments of Space Observatories under development.
Mission

Instrument

Wavelength

JWST

Near Infrared Camera (NIRCam)

0.6 - 5 μm

Near InfraRed Spectrograph (NIRSpec)

0.6 - 5 μm

Mid-Infrared Instrum (MIRI), both a camera and spectrograph.

5 - 28 μm

Wide Field Instrument

0.48 - 2.0 μm

Coronagraph Instrument (CGI)

546 - 604 nm, 675 - 785 nm,
784 - 866 nm

PLATO

24 cameras with CCD-based focal planes.
Each camera has a pupil diameter of 120 mm.

Optical

ARIEL

IR Spectrometer

1.95 - 7.80 μm

Near-Infrared Photometer

1.25 - 1.95 µm

WFIRST
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Figure 13. Artistic models of Space Observatories under development. From left-top to right-bottom:
JWST(NASA, 2020a), WFIRST (NASA, 2020b), PLATO (ESA, 2019a), ARIEL (ESA, 2017).

Space Observatories Missions under study
The missions mentioned above have already been planned and are currently in development.
Apart from these, other missions are currently under study and are listed below. Table 6 summarizes
their key points, and Table 7 enumerates the different instruments of each of them. Their (NASA,
2020a)artistic models are depicted in Figure 14.
Origins Space Telescope (Origins) is a space observatory under study by NASA that, among other
objectives, aims at understanding how exoplanets formed (NASA, 2019e). Proposed to be launched by
2035, it will be located at Sun–Earth L2 in a quasi-halo orbit. It is composed of a telescope of 5.9 m
diameter and 25 m² area.
Habitable Exoplanet Imaging Mission (HabEx) is another space observatory that is being studied
by NASA, with a proposed launch date for 2035. HabEx is aimed at imaging habitable exoplanets and
characterizing their atmospheres (NASA, 2019a). The spacecraft, composed of an off-axis three-mirror
anastigmat 4 m diameter, will be located at Sun–Earth L2 (halo orbit).
Large UV Optical Infrared Surveyor (or LUVOIR) is the third NASA space observatory under study.
This mission aims to search for potentially habitable planets beyond the Solar System (NASA, 2019c;
d). The launch date has been proposed for 2039, and it will be located at Sun–Earth L2 (quasi-halo
orbit). LUVOIR team has identified two different concepts for the telescope: a 15m diameter and 155
m² area (LUVOIR-A) and an 8m diameter and 43.8 m² area (LUVOIR-B).
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Table 6. Key points of Space Observatories under study.
Mission

Partners

Goal / Capabilities

Planned
Launch

Origins

Understand how exoplanets are
formed

2035

5.9 m diameter and
25 m² area.

HabEx

Imaging habitable exoplanets and
characterizing their atmospheres

2035

Off-axis three-mirror
anastigmat 4 m
diameter

Search for potential habitable
planets beyond our Solar System

2039

NASA

LUVOIR

Location

Sun-Earth
L2

Telescope

15m diameter
(LUVOIR-A) and 8m
diameter (LUVOIR-B)

Table 7. Instruments of Space Observatories under study.
Mission

Instrument

Wavelength

Origins

Origins Survey Spectrometer (OSS)

25 - 588 μm
100 - 200 μm

Far-IR Imager Polarimeter (FIP)

50 - 250 μm

Mid-Infrared Spectrometer Camera Transit
Spectrometer (MISC-T)

2.8 - 20 μm

Coronagraph (HCG)

VIS: 0.45 - 0.975 μm, NIR: 0.975 - 1.8 μm

Starshade (SSI)

UV: 0.2 - 0.45 μm, VIS: 0.45 - 0.975 μm
NIR: 0.975 – 1.8 μm

Workhorse Camera (HWC)

VIS: 0.37 - 0.975 μm, NIR: 0.95 - 1.8 μm

UV Spectrograph (UVS)

UV: 115 - 320 nm

Extreme Coronagraph for Living Planetary Systems
(ECLIPS)

Near-UV: 200 - 400 nm, Optical: 400 - 850
nm, NIR: 850 - 2000 nm

High Definition Imager (HDI)

UVIS: 200 - 950 nm, NIR: 800 - 2500 nm

LUVOIR Ultraviolet Multi Object Spectrograph
(LUMOS)

FarUV to Visible: 100 - 1000 nm

POLLUX

UV: 100 - 400 nm

HabEx

LUVOIR
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Figure 14. Artistic models of Space Observatories under study. From left-top to bottom:
Origins (NASA, 2019e), HabEx (NASA, 2019a), LUVOIR (NASA, 2019d).

2.2.2.2.

Artificial Space Objects

So far, two different philosophies have been identified for the detection of extraterrestrial signals
(Wright et al., 2014):
1.

Communication SETI: which is the traditional approach (Tarter, 2001), and it implies detecting
extraterrestrial intelligence signals that are either intentional or not. Although the most
popular approach has been to ‘listen’ to the radio part of the Electromagnetic (EM) spectrum,
over the last decades, scientists looking for signals have also focused on optical search
strategies (Howard et al., 2004; The Planetary Society, 2019).

2.

Artifact SETI and “Interstellar Archaeology”: This approach implies the detection of artifacts
that might have been constructed by extraterrestrial civilizations and includes many types of
artificial objects (the most relevant are presented below). These objects can belong to extinct
or still living extraterrestrial life forms.

This section focus on the second approach and presents the works that have addressed the
possibility of detecting technosignatures (Schneider et al., 2010) of extraterrestrial civilizations through
the observation of artificial objects in distant stars, using current or upcoming space telescopes (See
section 2.2.2.1). The selected studies are those who make use of the data from exoplanet missions and
apply the transit method (analysis of the transit light curve) in order to detect artificial structures.
Piggybacking on exoplanets missions is at least a practical strategy. Exoplanets could have
developed life, and life could become intelligent beings. Thus, linking the search for extraterrestrial
intelligence with the targets of exoplanet missions helps to reduce the range of space that is being
searched and, consequently, makes the task more efficient.
Ideas referring to the use of space telescopes for detecting artificial objects in exoplanet orbits are
presented next. One of the first studies linking transiting exoplanets with alien-made objects was
carried out by Arnold (Arnold, 2005). The work postulated that the space telescopes could detect not
only transiting exoplanets, but also artificial constructions. The author argued that, while their
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transiting light curves would easily distinguish multiple artificial objects, single transiting objects would
be more difficult, but could be differentiated from natural objects, based on their shapes.
A decade later, Korpela et al. (2015) studied the possibility of detecting mirrors constructed by
extraterrestrial civilizations in order to illuminate the dark side of their planets. The idea of detecting
giant mirrors placed in L2 Lagrangian point, would only seem feasible if a highly-advanced civilization
is assumed. Thus, the work focused on solutions that might be more achievable for civilizations that
are not so developed. In this sense, instead of searching for giant mirrors in L2, the authors studied the
case of detecting a fleet of smaller mirrors in planetary orbit. Even when the possibility of detecting
these objects with Kepler space telescope was discarded, the authors argued that the task would be
achievable with the precision and sensitivity of the upcoming JWST (Korpela, Sallmen and Greene,
2015).
Wright et al. (2016) presented different aspects that would contribute to differentiating between
megastructures and transiting exoplanets. The authors stated that the detection could be done by
analyzing the original light curves of the Kepler space telescope (Wright et al., 2016). Furthermore,
they developed a metric to distinguish different types of natural phenomena and artificial signals.
Gaidos (2017) introduced the case of hypothetical extraterrestrial civilizations that might have created
‘starshades’, placed in the Lagrangian point 1, to survive anthropogenic climate changes (Discussed in
detail in section 2.1.3.3). These reflectors would be similar to the planet’s size and would allow
modulating the incident radiation from its star. It would be possible to detect such megastructures by
using the transit method, and they could be distinguished from natural objects based on their shape,
spectrum, and more (Gaidos, 2017).
Lastly, Socas-Navarro (2018) addressed the issue of the huge list of technosignatures that have
already been identified by the scientific community looking for extraterrestrial signals. Some of the
proposed ideas have become “overly speculative,” the author said, and this is the result of considering
extremely advanced civilizations. As it is really challenging to imagine how those civilizations might be,
it is also difficult to infer information about their technology. Thus, the work suggested that a practical
approach could be reducing the scope to civilizations that might be like, or slightly more advanced than
humanity. Consequently, the author proposed to look for satellite infrastructure at the exoplanet
equivalent of geostationary Earth orbit (GEO). He termed this ‘The Clarke Exobelt’ (CEB). Based on
simulations, the author showed that it might be possible to detect artificial objects at GEO altitude
around planets, by performing photometric analysis to detect areas of opacity. Detecting these kinds
of signatures would be clear evidence of extraterrestrial intelligence, since the study suggests that
there is no natural process known that would place rocks in GEO (Socas-Navarro, 2018).

2.2.2.3.

Characterizing Earth’s Technosignatures from Space

The first full image of the Earth was taken in 1968 by NASA. Since this initial “Earthrise,” the image
became a staple of the Apollo era to send images of what would later be known in collective vernacular
as the ‘Blue Marble’ by the end of the Apollo missions in 1972 (NASA, 2017). However, since then, both
the artificial and the natural satellite population have increased from approximately 2,500 objects to
23,000 objects in 2019 (Figure 15; ESA, 2020b). Included among these is the largest human-made
satellite, the International Space Station, at 109 meters long (NASA, 2019b).
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Figure 15. Space environmental report from the ESA highlighting the number of objects in orbit (ESA, 2020b).

Although most of these satellites are small, there are plans for more satellite constellations such
as SpaceX’s Starlink, which aims to have up to 42,000 satellites in Low Earth Orbit (LEO). This increased
number in artificial satellites and space objects around the Earth poses a threat to space observation
attempts, and will likely result in increased space debris or Kessler syndrome (Cooper, 2020). This cloud
of debris may become visible or detectable from space itself (See Figure 16) before reaching a critical
point.

Figure 16. Artist impression of the space debris around Earth (ESA, 2020b)

It is a known fact that satellites produce electromagnetic disturbance and noise in
communications on Earth (Ippolito, 1986), and that may be detectable given the sheer quantity of
satellites in orbit. It might be possible to characterize this satellite noise from instruments aboard
spacecrafts outside Earth’s orbit. Not only could this be useful in establishing a means to monitor space
debris, but such readings may also be considered detectable technosignatures produced by humans
on Earth. Understanding these potential technosignatures surrounding Earth could provide a
framework in consideration of search parameters for future exoplanet missions.

2.2.2.4.

Interplanetary CubeSats Missions

The satellites are mainly categorized based on mass under five types, such as large, medium, mini,
micro, and nano, including cubesats. The main reason behind selecting a cubesat for our proposal over
any other conventional satellite such as Voyager and Cassini is to reduce the entry-level cost of the
interplanetary missions. Moreover, when searching for extraterrestrial signals, there is a high
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technology demonstration and high-risk, so the aim is to reduce the cost involved in the experiment.
Briefly, CubeSats are a more cost-effective solution for several reasons:
1.

They can piggyback on any deep space exploration mission.

2.

They commonly use commercial off the shelf (COTS) to reduce the cost of subsystems and
duration of the R&D phase.

3.

A series of cubesats can be launched to perform and validate the experiment within the cost
involved in the launch of one conventional satellite.

CubeSats were first developed in 2000 as a way to allow science and engineering students to have
practical experience while at university (Thangavelautham, 2018). As of this year, 1200 CubeSats have
been successfully launched, including two interplanetary CubeSats (Kulu, 2020), and most were funded
by research groups or universities. Interplanetary CubeSat missions are a relatively recent endeavor
given available technology, with the MarCO mission being the first pair of CubeSats launched from
Earth in order to prove that useful, scientific research could be carried out by small spacecraft. The
usefulness of CubeSat missions in an interplanetary context has become of interest in recent times,
with the capabilities of CubeSat technology being considered viable for interplanetary exploration
(Benedetti et al., 2019). Listed below are the current proposed and successful interplanetary CubeSat
missions (See Table 8).
Table 8. Summary of successful and future proposed interplanetary CubeSat missions (Kulu, 2020).
Name

Destination

Size

Main Instruments
Onboard

Launch
Date

Purpose

MarCO
(A and B)

Mars

6U

Commercial Camera

2018

To establish
communications between
Insight lander and Earth

NEA Scout

Asteroid Flyby

6U

Monochromatic camera
Iris transponder

2021

Designed to fly to and map
an asteroid in the Solar
System

M-ARGO

Asteroid

12U

Multispectral imager
Laser altimeter

2022

Carry out a six-month
survey of a small (50m)
asteroid in the Solar
System

DARCSIDE

Europa

3U

Accelerometer
Energetic particle
detector

2025

To carry out
measurements of the
atmosphere of Europa

Radio providing UHF and
X- band

The success of the MarCO missions in 2019 has been a promising starting point for future mission
proposals, but there are still many challenges that need to be addressed in order to make CubeSats a
largely viable option for interplanetary missions.
One of the biggest challenges for using CubeSats for interplanetary missions is the limitations of
space. They are designed to be small and lightweight. However, this results in many trade-offs in the
quality of instruments onboard. The main focus for development is communications, propulsion,
power, and data capabilities (Thangavelautham, 2018). In order for interplanetary communication, a
large antenna is needed to communicate across large distances, but the volume offered by CubeSat
units does not allow for this. NASA JPL has developed the ‘Iris CubeSat Deep Space Transponder’, which
is designed specifically for deep space missions (NASA, 2016). It has command, telemetry and
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navigation capabilities and is only 0.5 U in size with a mass of 1.2kg, making it the perfect candidate
for communications on interplanetary missions (Benedetti et al., 2019). It was included in the MarCO
CubeSat mission to Mars, which set up a successful communication relay between the Insight lander
and Earth.
Another challenge is the propulsion system needed for interplanetary missions. Currently, they
can carry out small orbital corrections but lack an ability for orbit insertion or trajectory changes
(Thangavelautham, 2018). This element, therefore, constrains CubeSats to piggyback on launch
vehicles and to rely on them to get to their desired destination, as they are not yet capable of being a
primary mission for interplanetary exploration.
CubeSats are not designed to have a long lifetime as they mainly reside in low Earth orbit with one
function. Therefore, when using CubeSats for long-duration missions such as interplanetary
exploration, the CubeSat and its instruments undergo stressors they were not designed to withstand.
When designing a CubeSat with an interplanetary destination in mind, the CubeSat is accompanied by
a larger vehicle. For example, the MarCO CubeSats were placed inside the Insight lander module until
deployment in Martian orbit. This configuration protected the CubeSats from the harmful radiation of
deep space and the extreme temperatures they would have faced if it was a stand-alone mission. This
is called a mother-daughter configuration (Thangavelautham, 2018). In order to make CubeSats
functional for interplanetary missions, they need to reside within a mothership, or enhance the
structure of the CubeSat itself to be able to withstand the extreme environment.
As previously mentioned, CubeSats commonly use COTS to enable them to not only reduce the
overall cost of a mission but also to allow them to be produced in short time frames. Solar panels that
are currently available for commercial uses in CubeSats are only 29.5% efficient (Staehle et al., 2013)
which is not effective when traveling to deep space due to the reduced solar radiation. Most solar cells
designed for CubeSats are deployable as they are restricted to small configurations, which ultimately
affects their design. They are also not designed for long-duration missions and therefore are made
from a material that is efficient for short duration missions in LEO. In order for CubeSat solar cells to
maintain efficiency throughout an interplanetary mission, they would need an extra protection layer
and increased thickness. However, this may reduce their deployability capabilities (Staehle et al.,
2013).
Although CubeSats are still a new concept in the space industry, they are becoming a more popular
option for the commercial sector, as well as space agencies. They offer a low cost and simple
alternative for near-Earth missions and have lower consequences if the mission fails. The technology
used in CubeSats is developing rapidly, and more companies are getting involved in improving their
efficiency and capabilities (for example, the Iris transponder developed by NASA JPL) (Villela et al.,
2019). This improvement will likely cause the CubeSat market to expand, and the number of CubeSat
launches is estimated to increase (See Figure 17) drastically. Additionally, this increase will probably
correlate with a rise in interplanetary CubeSat missions, given the demand and desire to make the
exploration of deep space low-cost missions disposable.
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Figure 17. Graph showing the estimated rise in the number of CubeSat launches up until 2022 (Villela et al.,
2019).

One challenge for scientists working on the search for extraterrestrial intelligence is the constant
lack of funding, so space agencies and governmental organizations are not likely to dedicate a mission
to this project alone. CubeSats mainly appeal to the commercial sector and universities (See Figure
18).

Figure 18. Chart showing the distribution of CubeSats in the marketplace (Villela et al., 2019)

Since governmental organizations are unlikely to fund a project like a search for extraterrestrial
signals due to there being less chance of success compared to other missions, this kind of projects is
more likely to be carried out by companies or organizations dedicated to the search (such as the SETI
Institute) or researchers at universities. This correlates with the distribution of CubeSat missions on
the figure above, and therefore CubeSats would be a huge step forward in the exploration and research
involved extraterrestrial intelligence searches.

2.2.3.

Project Aim and Objectives

The Science and Technology Chapter proposal is focused on technosignatures (Schneider et al.,
2010). It aims to exploit current technology to detect technosignatures in exoplanets, from space
telescopes, and to sense the Earth’s technosignatures with instruments hosted in the spacecraft
orbiting any of the planets of our solar system. Thus, the objectives of the Science and Technology
initiative is two-fold:
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1.

To use current and upcoming space telescopes for detecting transiting exoplanets with
artificial objects in their orbits (GTO project)

2.

To design a mission concept of a CubeSat mission to Mars, that will carry instruments to sense
and characterize Earth's technosignatures (NoisyCube mission)

The first objective (GTO project) includes the following sub-objectives:
1.1. Review current and upcoming space telescopes missions, if any of their goals are related to
exoplanets detection (See section 2.2.2.1).
1.2. Review the literature to identify those works specifically related to the detection of artificial
constructions orbiting exoplanets, using the transit method (See section 2.2.2.2).
1.3. Elaborate on the concept of the GTO project identifying its elements and dynamics (See
section 2.2.5.3).
1.4. Propose a plan (including timeline, resources, and activities) to carry out the scientific and
data analysis tasks that might potentially allow detections (See section 2.2.6).
The second objective (NoisyCube mission) includes the following sub-objectives:
2.1. Review current and upcoming planetary CubeSat missions and their instruments (See section
2.2.2.4).
2.2. Define the best suitable instruments to characterize the Earth's technosignatures better, as
seen from Mars (See section 2.2.5.4).
2.3. Elaborate on the mission concept of the interplanetary CubeSat mission (See section 2.2.5.4).
2.4. Propose a plan (including timeline, resources, and activities) to develop, launch, and operate
the interplanetary CubeSat mission (See section 2.2.6).

2.2.4.

Project Requirements

This section presents the project requirements. These have been classified into three levels:
•
•

•

Level 1: refers to the entire Initiative. L1 requirements are general and high level.
Level 2: L2 requirements are System-level requirements and are split into the two parts of
the Initiative.
o L2-A refers to the GTO project.
o L2-B refers to the NoisyCube mission.
Level 3: L3 requirements are Subsystems/Elements level requirements and are split in the
two parts of the Initiative:
o L3-A refers to the GTO project.
o L3-B refers to the NoisyCube mission.

Table 9 presents the L1 requirements. There are four L1 requirements and, for each of them, their
type has been identified.
Table 9. Level 1 Requirements.
Req. ID

Requirement Statement

Type

L1-001

The project shall search for new generation technosignatures in the Milky Way

Functional

L1-002

The project shall be planned for the timeline of 10 years

Constraint

L1-003

The entire project shall fit into the budget of 10 M €

Constraint

L1-004

The entire project shall use their own mission and control center

Constraint
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L1-005

The data products generated by the project shall be made available for the
general public

Constraint

Table 10 depicts the L2-A requirements that are derived from L1 requirements. These are the
requirements associated with the space telescope subproject. The requirements related to the
interplanetary mission are listed in Table 11. In both cases, for each requirement, the type and parent
have been identified.
Table 10. Level 2-A Requirements.
Req. ID

Requirement Statement

Type

Parent

L2-A-001

The project shall search for technosignatures in transiting
exoplanets or within the vicinity of their star

Functional

L1-001

L2-A-002

The project shall search for artificial objects from light-curve
analysis through the transit method

Functional

L1-001

L2-A-003

The project shall use, modify and develop specific algorithms for
technosignatures detection

Functional

L1-001

L2-A-004

The project shall validate technosignatures candidates through
different space telescopes data

Functional

L1-001

L2-A-005

The project shall use data from space telescopes that would be
operative within the next decade

Constraint

L1-002

L2-A-006

The project shall adhere to a budget of 3.5M €

Constraint

L1-003

L2-A-007

The project shall use its own software and hardware for data
processing

Constraint

L1-003

Table 11. Level 2-B Requirements.
Req. ID

Requirement Statement

Type

Parent

L2-B-001

The spacecraft’s trajectory shall allow a flyby of Mars and then
continue to the outer solar system

Functional

L1-001

L2-B-002

The mission shall sense the electromagnetic emission of the
Earth's atmosphere

Functional

L1-001

L2-B-003

The mission shall detect radiometric signatures of Earth's
satellites

Functional

L1-001

L2-B-004

The mission shall acquire optical images from the Earth

Functional

L1-001

L2-B-005

The mission shall acquire scientific data and send it back to Earth
during its entirely journey to Mars and beyond

Functional

L1-001

L2-B-006

The mission shall be launched within the next 7 years

Constraint

L1-002

L2-B-007

The mission lifetime shall be at least 2 years

Constraint

L1-002

L2-B-008

The project shall fit into a budget of 6.5M € including the launch
cost

Constraint

L1-003

43

Table 9 and Table 10 depicts the L3-A and L3-B requirements, respectively.
Table 12. Level 3-A Requirements.

Req. ID

Requirement Statement

Type

Parent

L3-A-001

The project shall publish an exoplanets database including
technosignatures data

Functional

L1-005

L3-A-002

The project shall have the processing capabilities to
execute the required algorithms over the data from
multiple space telescopes.

Functional

L1-004

L3-A-003

The mission center shall be able to store and maintain the
data from all space telescopes missions for which
agreements have been made, during the lifetime of the
project.

Functional

L1-004

Table 13. Level 3-B Requirements
Req. ID

Requirement Statement

Type

Parent

L3-B-001

The spectrometer shall have a resolution that allows the
instrument to adequately perform its tasks from Mars-Earth
distance and 20% higher.

Performance

L2-B-002

L3-B-002

The radiometer shall have a resolution that allows the
instrument to adequately perform its tasks from Mars-Earth
distance and 20% higher.

Performance

L2-B-003

L3-B-003

The optical camara shall have a resolution that allows the
instrument to adequately perform its tasks from Mars-Earth
distance and 20% higher.

Performance

L2-B-004

L3-B-004

The spacecraft shall be able to communicate with the ground
segment through NASA DSN or ESA ESTRACK

Constraint

L2-B-005

L3-B-005

The spacecraft communication system shall provide both UHF
and X-band capabilities

Functional

L2-B-005

L3-B-006

The spacecraft shall be able to determine and control its
attitude

Functional

L2-B-005

L3-B-007

The spacecraft shall be able to execute maneuvers for
trajectory corrections and attitude control

Functional

L2-B-005

L3-B-008

The spacecraft shall be able to perform passive thermal
control

Functional

L2-B-007

L3-B-009

The spacecraft shall generate electric power from solar
energy

Functional

L2-B-005

L3-B-010

The spacecraft shall provide the required electric power to
adequately operate the three instruments (spectrometer,
radiometer, optical camera) plus the platform subsystems
and housekeeping operations.

Performance

L3-B-010
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L3-B-011

The mission shall have a control center from where to
monitor and control the spacecraft

Performance

L1-004

L3-B-012

The mission shall have a mission center from where to
process the mission science data

Performance

L1-004

2.2.5.

Preliminary Project Concept

2.2.5.1.

Introduction to Project Concept

This section outlines the preliminary parameters for a two-fold initiative, to characterize artificial
space artifacts and experimentally carry out a means to search for next-generation technosignatures.
The purpose of such a mission is to advance the search for extraterrestrial signals efforts with a plan
that could be feasible and fundable in the next ten years. To achieve this purpose, the mission requires
to be characterized at a high level. Then, it could further be used to lay a groundwork for future efforts
that will be dedicated to this investigation. Outlined are mission-specific technical requirements such
as payload specifications as well as a trade-off analysis on the selection of payload configurations.
Furthermore, mission-critical objectives are outlined, along with the approach for carrying them out.

2.2.5.2.

Project Overview

In the search for next-generation technosignatures, the proposed mission acts as a proof of
concept technology to display how conducting significant scientific experiments for the development
of this field is a valuable opportunity. As introduced in section 2.2.1, the initiative is broken into two
parts: the GTO project and the NoisyCube mission.
The GTO project is based on previous efforts of the search for extraterrestrial signals, by
piggybacking of available hardware and analyzing that data. Specifically, GTO expands upon existing
literature discussing the presence of artificial objects in other stellar systems. It is assumed that
civilizations similar to humanity may have comparable infrastructure to observe space weather and
remote sensing, such as GEO satellites and observatories in Lagrange points (Socas-Navarro, 2018;
Wright et al., 2016; Gaidos, 2017). Socas Novarro, Wright, and Gaidos posit that with the next
generation of space telescopes, such as TESS and James Webb, that it will be possible to detect objects
as small as satellites in GEO-type orbits via the transit method. GTO’s ultimate goals would be a valueadd database that would be run externally from the telescope organizations, providing a useful tool
for collaborative efforts.
NoisyCube’s mission attempts to characterize next-generation signatures from Earth. It is known
that satellites can produce electromagnetic disturbances to equipment on the ground, and these
interferences can be detected as noise (Ippolito, 1986). With the number of satellites increasing at a
near exponential rate, the mission considers a scenario wherein satellite noise, and by extension space
debris, is observable and detectable from a distance. Intended to be a proof-of-concept extending
upon the well-established MarCO mission, NoisyCube utilizes a similar CubeSat configuration given the
increase in interest of interplanetary CubeSat missions due to lower costs and ease of configuration
(Schwartz et al., 2017). Additionally, the requirements are fully satisfied within the 6U configuration
chosen using similar elements as those validated by NASA during MarCO. Figure 20 provides a visual
representation of the prospective CubeSat mission to Mars that ultimately focuses on looking back at
Earth.
The two parts of the initiative are designed alongside one another in the hopes that the data
produced from NoisyCube can be used in conjunction with the analysis done by GTO. With a better
understanding of what constitutes a detectable technosignature, GTO could be used to search for
similar data signals. It may be possible in the future to use this data to calibrate searches and also to
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revisit older exoplanet data. Finally, the search for intelligent life elsewhere in the Universe is a goal
that is considered by this project as the shared heritage of humanity. In the interest of supporting this
view, any data procured by the whole initiative would be accessible to all. Results from telescope data
would, of course, be subject to their operators. However, this proposal strongly encourages
collaborative effort.

2.2.5.3.

Galactic Technosignature Observatory (GTO) Project Approach

The GTO project is an extension of previous work in the field. Instead of asking for a dedicated
scientific payload or observatory, the preliminary design for this project is to use available data from
future telescope missions to search for evidence of intelligence. The resulting cost, therefore, is purely
software-based. To reduce costs, the project has some goals outlined below:
1.

The resulting project data will be available to the general public, subject to previous
agreements for input data from telescope operators

2.

The project will be operated by a dedicated and global team of researchers and scientists
from academic institutions

3.

The project will support and maintain the creation of a new database characterizing
exoplanet data for public use by educational, research, and popular use alike

Despite promising literature, a search for artificial objects has not yet been carried out. It is here
proposed to promote the development of search algorithms, to support this literature and any future
searches that will be carried out. The field of machine learning is already applied in many facets of data
analysis, including computer vision. Such techniques could be developed and applied for automatic
classification of data for this project, in particular the filtration of false positives (Jenkins et al.,
2014).While this data is explicitly applied to planet identification, the concept can be scaled down to
satellites as the availability of data will be higher.
As such, the GTO project has identified the following research areas pertinent to both the project
itself and Earth technologies:
1.

The computer science field, specifically machine learning algorithms and
unsupervised/supervised classification tools that are commonly found in and can be applied
to computer vision, medicine, and astrophysics.

2.

Software engineering and database design for a proposed exoplanet database, requiring a
database backend. This applies to agile methodology and computer science.

3.

Research and development of future technologies as a result of the project in the areas of
hardware engineering, aerospace engineering, and software engineering.

Perhaps the largest risk to this project is the quantity of data. TESS is already transmitting data to
Earth and will be the first all-sky survey of star systems for exoplanets (Ricker et al., 2014). The use of
Artificial Neural Networks (ANN) to empirically improve TESS' planetary detection system has already
been discussed in Section 2.2.5.2. The investigation suggested that TESS, being a large and shallow
imaging system, would likely miss candidates identified by Kepler, a narrow and deep imaging system.
On the other hand, with the use of ANNs, the identification rate could increase by a factor of two in
targeted searches (Kipping and Lam, 2016).
This project would, therefore, benefit from research and investment into these learning
techniques, in order to optimize quests when given access to telescope data. Piggybacking is often
limited due to power and scope, so research in this field would be valuable in increasing the likelihood
of detection.
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Main Elements of GTO Project
The GTO project is based on previous collaborative efforts. Intended to be an analytical tool and
data storage system, the GTO project will need specific roles for maintenance, as well as some
preliminary requirements on how it will be used. Below are some roles and requirements for the
project.
1.

International Research Team composed of scientists

Research Team Roles

Description

AI methods development

Research into developing machine learning methods and other
classification methods for improved search

Database development

Analyze telescope data and update database

Space telescope data
management

Accessing or Retrieving data from Space Telescope mission

External communication

Perform outreach duties and present at scientific conferences

2.

Exoplanet Database

Features

Description

Extendable

The database must be designed to be extendable.
Intended to be a tool used by multiple organizations,
data must be easily sortable by category; eg:
habitability, technosignatures, etc

Open-Access

Any services would be available to the public in the
best-case scenario. Otherwise, at least available to
academic institutions

Web-based Graphical User Interface (GUI)

Movement towards cloud-based services is essential,
especially if data is meant to be publically accessible

Security

The data is intended to be publicly available so
security does not need to be in-depth. Only some
basic cryptographic access to database maintainers is
needed

It is suggested that this project is done in tandem with academic institutions, where another
similar research is catalogued. This could include exoplanet categorization (astrophysics) and
astrobiology. A future goal would be the development of multipurpose artificial intelligence algorithms
as part of research by educational institutions, for example, as Ph.D. projects. Any algorithmic
development done as part of this project would be openly and freely shared with contributors and
academic institutions. Additionally, expanding into the citizen science realm may be of interest, given
the success of projects such as SETI@home. A similar application built on the same Berkeley
framework, BOINC, is a potential tool to explore to quantify and analyze large datasets (Anderson,
2019). Contacting UC Berkeley is necessary for setting this tool up. However, it is dependent on the
creation of the exoplanet database to begin with, so this would be a future objective.
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Figure 19. Concept of the Science and Technology Initiative.

2.2.5.4.

NoisyCube Mission Approach

NoisyCube builds off of the success of previous interplanetary CubeSat missions such as MarCO.
Interplanetary CubeSat missions are on the cusp of becoming a breakthrough research medium as
miniaturization of technology improves. Literature supports the viability of CubeSat missions for deep
space exploration, as a more cost-effective form of carrying out scientific research (Schoolcraft, Klesh
and Werne, 2016; Benedetti et al., 2019). With the ease of configuration and COTS component
availability, it is possible to design high-level missions at a lower cost to achieve strong scientific
research capabilities. Due to their lower mass, it is easier to piggyback CubeSats off future launches,
and this mission intends to capitalize on this fact.
Characterizing Earth’s technosignatures has not been done before, and in searching for
civilizations similar to humanity, it may be useful to understand how Earth’s technosignatures and
electromagnetic disturbance are observed from a distance. This can better inform searching for
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evidence of extraterrestrial technology. Future space telescopes are thought to be powerful enough
to detect small artificial structures such as satellites (Socas-Navarro, 2018). However, no telescope
looks back at Earth, and maneuvering one to do so would be extremely expensive.
NoisyCube intends to be a low-cost solution to this problem as a starting point for characterizing
Earth’s technosignatures and space debris for the future. The 2020s looks to be a decade of significant
activity for Mars missions. The goal of NoisyCube is to piggyback on one of these missions while looking
back at Earth and recording information regarding the satellites it has. NoisyCube has been designed
to meet the requirements outlined in Figure 21. To do so, the CubeSat needs to have a core set of
subsystems as well as the scientific payload itself composed of three sensors to attempt to capture as
much information about Earth’s technosignature footprint as possible.

Figure 20. Visual representation of the interplanetary CubeSat mission. The objects in this depiction are not
drawn to scale.

Figure 21. NoisyCube configuration and primary components. modified illustration of the Multi-Purpose 6U
Platform (M6P) by nano avionics inc.
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Payload Design and Justification
To achieve broad mission objectives, there are three identified sensing payload components in
order to characterize Earth's technosignature data adequately. These payloads are currently
considered crucial to the mission for reasons that will be outlined below.
The three payload units are a spectrometer, radiometric sensor, and hyperspectral imaging
system. Broadly, these components are intended to record data independently but may be useful in
reinforcing or supporting information detected by the other sensors.

Spectrometer
Previous searches for intelligence outside Earth have already considered looking at how photons
used for communication by intelligent civilizations may cause spectral disturbances in emission and
absorption lines. It is possible that artificial satellite instruments could also produce similar
disturbances, as electrical equipment will produce electromagnetic fields. Given that the actual
composition of Earth is known, if any discrepancies are found while analyzing the spectra of Earth,
exoplanets that may have previously been characterized as uninhabitable may need to be revisited.
Miniaturization of spectrometer technology is already funded by ESA. Amos, a Belgian company,
received 200,000 euros worth of funding in 2012 to develop smaller hyperspectral spectrometers as
part of ESA’s Technological Research Program with considerable success (De Clercq et al., 2015; Pachot
et al., 2017). However, Amos is not considered a COTS supplier. Alternatively, Avantes, a supplier of
sensors and measuring equipment, is a leading fiber optics and spectrometry provider that have
successfully implemented their equipment into CubeSat configurations (Avantes, 2017). Additionally,
Avantes provide updated Complementary Metal Oxide Semiconductor (CMOS) technology over
conventional CCDs, which may be less prone to degradation and interference (Janesick, Andrews and
Elliott, 2006).
Additionally, spectrometers are easier to find in CubeSat configurations than radiometers. It may
be necessary to forgo the radiometer in favor of a radiospectrometer, or spectrometer; however, the
data from both payloads is invaluable.
Table 14. Comparison of available spectrometers.
Spectrometer

Size/Configuration

Mass (kg)

Resolution

Advantages

AvaSpecULS4096CL-EVO
(CMOS)

177 x 127 x 44.5
mm

1.155

0.04 nm at 200 1100 nm range

COTS,
large
resolution,
measures in UV,
VIS, and NIR

(preconfigured)
AvaSpecULS2048XL-EVORS-UA

175 x 127 x 44.5
mm

1.18

0.06 nm - 20 nm
dependent
on
configuration

COTS,
readily
available
and
preconfigured and
therefore cheaper
(under 3500 USD)

ESA and Amos
ELOIS spectrometer

116 x 145 x 130 mm

unknown

2.5 nm at 450 - 900
nm range

Dedicated
component

space

Ultimately, to save costs, it is more effective to choose an AvaSpec spectrometer. However, the
Amos ELOIS spectrometer was explicitly developed for space use and has hyperspectral capabilities
(De Clercq et al., 2015). The decision then lies within contracting Amos, who have created dedicated
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spectrometers for multiple purposes, including the Chandrayaan-2 infrared spectrometer (Amos,
2018); or purchasing a predesigned COTS component from Avantes. Ideally, a bespoke piece of
equipment would be selected. Though, as a proof of concept, the AvaSpec is sufficient.

Radiometric Sensor
It has become increasingly more challenging to do radiometric analysis in Earth observation due
to the radiometric interference produced by active sensors on satellites and other electrical
instruments (Ball et al., 2017). Fortunately, it is this precise disruption this mission intends to
characterize. It is, therefore, not necessary to have significant on-board data processing to correct for
any disturbance or noise. Miniaturization has allowed for more sophisticated radiometers to fit aboard
3U and 6U satellites such as NASA’s CubeRRT (Ball et al., 2017). The mission was successful, and a
similar payload may be useful for this proposal.
Another payload to consider is the Compact Infrared Radiometer in Space (CIRiS), a dedicated
mission to advance radiometric sensors for space applications including planetary sensing (Osterman
et al., 2016; Ball et al., 2017). CIRiS successfully launched in December of 2019 using an adapted form
Ball Aerospace’s BESST thermal radiometer (Ball Aerospace, 2019). A similar instrument could be
useful to this mission if the technology readiness level (TRL) is appropriate to fit the radiometric sensor
onto the proposed 6U satellite.
However, there is still no dedicated COTS component for a CubeSat radiometer. This is a risk given
that previous missions included one dedicated instrument and were already at a 6U size, and were
developed for NASA purposes. Given that the mission proposed is based on a 6U configuration, it may
be necessary to either wait for miniaturization or merge the payload with the third and lose some
critical data.
Table 15. Comparison of available radiometers.
Radiometer

Size/Configuration

Mass (kg)

Specifications

Advantages

CubeRRT
radiometer

6U for total satellite

1.53

Tunable from 6 - 40
GHz, 128 point
spectrum, spatial
resolution 120 - 300
km

Successfully
launched
and
procured
data,
sensor tunable at
broad ranges

Bell
Aerospace
BESST/CIRiS
thermal radiometer

6U for total satellite

6 for entire satellite

3 infrared spectral Successfully
bands,
F/1.8 launched, accurate
aperture
to 0.2°C

Virginia Diodes Inc.
PR-670 (or IceCube
874)

2 or 3U

unknown

Predicted 670 GHz Will be a COTS
range, or IceCube component when
874
available,
large
range

While CIRiS appears to be promising due to its testing, launch, and development by private
company Ball Aerospace, it only measures thermal radiation, and there is interest in this project to
detect an electromagnetic disturbance in other wavelengths, such as microwave or radio. Therefore,
the CubeRRT radiometer is a more comparably useful payload. However, if the IceCube payload is
ready within the ten-year window identified (development should be ready by 2020), Virginia Diodes
will likely be the most suitable option being a COTS component that will fit on the project’s specified
configuration.
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Hyperspectral Imaging System
Although recent images of Earth do not seem to show an abundance of satellites in orbit visibly,
these photos are usually heavily augmented and digitized for general public consumption. Also, these
photos are typically rendered in the visible spectrum, and attenuation of the planet’s luminosity may
be more significant in some bands compared to others. A hyperspectral camera would be able to
measure these discrepancies between bands, and this information could then be compared to the
expected output of luminosity from the Earth. Hyperspectral cameras are particularly useful as they
give information regarding brightness as well as other spectral data across multiple bands.
The camera provides a secondary purpose. Optical imagery can and has been used to navigate
spacecraft since the Apollo missions (Hoag, 1983; Enright et al., 2018). This mission can take advantage
of such a dual-purpose payload to ensure that Earth is always being observed, while also removing the
need for a dedicated telemetry component (Schwartz et al., 2017). Interplanetary navigation based on
star tracking is the most well-researched method. However, in recent years, interest in using closer
bodies such as planets, moons, or comets has also been discussed (Raymond Karimi and Mortari,
2015). Therefore, if possible, this project would suggest navigation off the hyperspectral imaging
sensor alone using data analysis. Nevertheless, companies such as Amos provide options to implement
star trackers as part of an optical payload, although tracking the Earth and nearby planetary bodies
appear sufficient for a mission of this kind whose only directional objective is to be pointed at Earth.
In this case, an optical navigation system is enough.
Optical navigation is a promising tool given the improvement of optical sensors of CubeSat sized
missions, which has been demonstrably shown to be viable due to the MarCo mission. Further
literature shows that the sensitivity of currently available instruments for nano-satellites (of which
CubeSats is a subsidiary of) is sufficient for navigation, especially on a trajectory to Mars (Enright et al.,
2018).
Table 16. Comparison of the three prospective imaging payloads.
Camera

Size/Configuration

Mass (kg)

Advantages

Additional
information

Cosine HyperScout

1U

1.1

In service,
GOMSpace and
ESA funded

Up to 150 spectral
bands, 50 for
extended ranges,
400 - 1000 nm
spectral range

SAC Chameleon
Imager

2U

1.35

COTS, cost known

150 spectral
bands, or
panchromatic + 10
VIS - NIR bands

Vito assembled
Amos Chiem

300 x 200 x 130 mm
(designed primarily
for 12U)

N/A

Externally built

154 spectral
bands, 470 - 900
nm spectral range

The Chameleon imager is the easiest to implement; however, at current TRL, the Cosine
HyperScout is the best imager to select. It is not currently possible to order the HyperScout, but Cosine
is developing additional configurations known as HyperStreego (Ferrario et al., 2016) to improve the
resolution and available detail. It is likely within the next ten years that the HyperStreego will become
a more valuable option. It is especially useful for telemetry as HyperStreego is being used for
localization.
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2.2.5.5.

Redundancy of Components

There is some scope for redundancy, given that many spectrometers and radiometers can be
combined and provide similar data to one another. Spectroradiometers are being developed for use in
CubeSats, although availability at a commercial level is low. While a payload that incorporates two of
the mission objectives is ideal, given current TRL and for redundancy, it is enough to keep the payload
configuration as is. The data of this mission due to its three payloads could be invaluable, with values
from each payload informing the others when analyzed on Earth.

Subsystem Overview of NoisyCube
Based on the mission requirements, the mission considered is a 6U CubeSat carrying three
scientific payloads. As NASA JPL's MarCO is the proof-of-concept basis of this mission, the
interplanetary CubeSat is designed in a similar vein so that it can be deployed by piggybacking on a
main launcher. This section provides a brief insight into the subsystem considerations for the CubeSat.
The current subsystems and state of current deep space mission CubeSats are identified and
categorized in Table 17 and discussed in the following list.
1.

Power

Currently, the efficiency of commercially available solar cells is around 29.5 %. However, there
have been technologies proposed for raising the efficiency of the cell to greater than 50% (Staehle et
al., 2013). In order to reduce the degradation from space radiation in a long-duration mission, the solar
cells require increased cover glass thickness. Li-ion batteries are capable of supporting an
interplanetary mission, which will act as power storage devices.
2.

Communication

X band proves to be more effective when it comes to CubeSat missions that require higher data
throughput and are planned beyond LEO. Nevertheless, more recently the trend is being shifted more
towards laser communication, which is currently at TRL 8 for the CubeSats. Furthermore, for an
interplanetary mission, communications will be established with NASA's and ESA's deep space
network, which is capable of supporting X-band frequencies.
3.

Propulsion and Attitude Control System

For this mission in particular, the primary function of the propulsion system is to perform
necessary course corrections such that it does not drift from its trajectory due the influence of any
other body's gravity. The CubeSat can use a green monopropellant system for flybys, course
corrections, or rendezvous. This system will contain around 3.3 kg of total fuel and can generate deltaV of up to 830 m/s (Schwartz et al., 2017). The current state of the art for the guidance, navigation,
and control is up to 1.5m of onboard orbital accuracy and pointing accuracy of 0.1O using reaction
wheels, MEMS gyros, and a star tracker (NASA, 2015b).
4.

Thermal Control System

In the proposed interplanetary CubeSat mission, the primary constraints are its size, exposure,
power, and duration. The primary constraints can be eliminated by a passive thermal control unit
which is a low cost, volume, power, weight and a highly reliable system (NASA, 2015b). A passive
system does not require any power input. As such, the thermal balance of the CubeSat can be achieved
by the possible combination of passive control units such as multi-layer insulation, thermal coating,
blankets, and active control units such as radiators.
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5.

Command and Data Handling

For on-board computing, the standard practice for CubeSats is to use a microcontroller and fieldprogrammable gate arrays (FPGAs)(NASA, 2015b). MarCO CubeSat has a flight microcontroller (FCPU)
which handles interfaces on all the subsystems. It uses a 48 MB nonvolatile phase-change memory and
a real-time clock (RTC) microcontroller, which also acts as an I2C-UART bus communications bridge for
transferring data (Schoolcraft, Klesh and Werne, 2016).
Table 17. Current state of the art of deep space cubesat subsystems.
Sub-system

Product

Mass (kg)

Size/
configuration

Reference

Communication

IRIS V2

1.2

~0.5 U

(NASA, 2016)

Propulsion

MarCO A&B MiPS
(VACCO)

3.5 (wet mass)

2U

(VACCO, 2018)

Guidance,
Navigation and
Control

XACT (Blue canon
technologies)

0.91

0.5 U

(Blue Canyon
Technologies, 2020)

On-board
Computer

ISIS OBC

0.1

~ 0.1 U
96 x 90 x 12.4
mm

(ISIS, 2020)

Power

eHawk MMA solar
array
Panasonic
NCR18650B Li-ion
battery

0.6

~ 0.3 U
55.5 x 74 x
65.3 mm

(NASA, 2015b)

2.2.6.

0.582

Activities and Timeline

The outline of the proposed timeline for the entire initiative is represented in a Gantt chart. The
ten-year schedule for the GTO project is depicted in Figure 22. The project activities have been grouped
into four high-level activities, namely: (i) Collaboration and Infrastructure, (ii) Astrophysical database,
(iii) Database analysis tool, and (iv) Operation.
The actions and tasks of the first group involve refining and submitting the current proposal,
carrying out agreements with the space telescopes missions, and mounting the facility where all the
project’s activities will be conducted. The estimated duration of these activities is 18 months. After
this, all the software-related activities will take place. While the Astrophysical database group aims at
developing the key software elements (database and complementary software), the Database analysis
tool encompasses the core tasks of the project. Both groups of activities will run in parallel (with a little
lag) and will last 24 months. Under the Database analysis tool group, the main astrophysical
parameters will be defined along with the research activities related to the development of detection
algorithms and machine learning techniques. Once this has been achieved, the required simulations
and testing phase will take place, before the project enters the operation phase.
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The project defines four main milestones (in blue in the figure): agreement establishment, facility
mounting, database creation, and software deployment. Lastly, the whole project is estimated to be
operative at the beginning of the fifth year and its operations are planned to last for six years.

Figure 22. Gantt chart for the GTO project over the prospective ten-year plan.

The ten-year schedule for the NoisyCube project is depicted in Figure 23. The project activities
have been divided into six groups, namely: (i) Pre-phase Analysis, (ii) Phase A - R&D, (iii) Phase B Design, (iv) Phase C - Production, (v) Phase D - Piggybacked Launch activities, and (vi) Phase E Operations.
The activities of the first phase (Pre-phase Analysis) involve finalizing and submitting the current
proposal, getting the required funds, building the team, and acquiring all additional resources that are
needed to initiate the project. Phase A includes an in-depth analysis of the payload, the corresponding
trade-off analysis, and the development of the mission concept. The first phase is estimated to last 18
months, while Phase A will be 12 months. Phase B includes the preliminary design (12 months) and the
critical design (18 months), totalizing 36 months for the entire design phase. The construction and
integration of the CubeSat (Phase C) are estimated to last 18 months. Following this, market research
and commercial agreements related to the piggybacked launch will take place. Lastly, after the prelaunch activities, the CubeSat will be launched, commissioned, and the mission will finally enter the
operations phase.
There are six main milestones (in blue in the figure): raising of funding, successful review of the
system concept, preliminary and critical design reviews, achievement of operational readiness review,
and launch of the spacecraft. Finally, the entire NoisyCube mission is estimated to be operative at the
end of the seventh year, and the lifetime of the mission is estimated for two years.
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Figure 23. Gantt chart for the NoisyCube mission over the prospective ten-year plan.

2.2.7.

Proposed Expenditure and Budget Justification

Overall costs and funding sources are current design drivers for research on extraterrestrial
signals, as funding remains an issue for this type of research experiment. However, some projects can
be funded privately or attract government funding if there is sufficient broader significance. One recent
estimate regarding appropriate government funding for technosignature research was 10 M USD per
year (9.2 M€) (Lingam and Loeb, 2019a). Since the proposal is composed of two parts, the cost will be
analyzed similarly, starting with the GTO project and followed by the NoisyCube mission.
Space telescopes are an excellent future option for the search of extraterrestrial intelligence
because they offer higher visibility, broader frequency, and wavelength ranges compared to groundbased telescopes. Still, space telescopes are expensive to build and maintain. Various relevant current
space telescopes are compared in Table 18. Using an analogous estimation, it may be unrealistic to
believe that a similar space telescope, which in these cases ranged from 50-740 M€ with funding from
ESA, NASA, or private donors, could attract sufficient funding for this kind of project. There is,
therefore, more substantial justification for building collaborations with the operators of the space
telescopes to use the raw data that they have collected for similar purposes.
Table 18. Total cost and funding sources of relevant space telescopes.
Space
Telescope

Launch
Year

Total Cost*
(M€)

Funding Source

Reference

Gaia

2013

740

ESA

(ESA, 2020c)

TESS

2018

230

NASA, MIT donors, Google, Kavil Foundation

(Clark, 2018)

CHEOPS

2019

50,
targeted

ESA

(ESA, 2014)
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The costs of the proposed GTO project were estimated using the calculations shown in Table
19.The projected cost of the project is 3,108,667 €. Briefly, a considerable amount of the cost is due to
the salaries of the highly trained personnel, which were estimated based on the average salaries of
these professionals, plus a 30% markup that corresponds to their experience level. The time required
was estimated based on an average of 2,000 h per year for full-time employees with the assumption
that the employees will not be working solely on this project. The relative amount of time is displayed
as percentages in Table 19. Generally, most staff are required for all stages of the project but to a lesser
degree once the project is in operation, as it will require mostly updates and maintenance. Legal and
finance consultations will be required at the beginning stages of the project. Considerable costs will
also come from office and workshop spaces for the staff to complete their work in as well as supplies
and maintenance. The travel to meetings and conferences was included as this project will not be
completed in isolation and will require consultations with prospective customers as well as experts in
the field, especially in the early and later years of the project.
Table 19. Cost estimation calculations for the GTO project.
Expenditure
Operative Costs - Salaries

Y1-2

Y3-4

Y5+

% Allocation

Cost (€)

Qty

Cost €/h

Subtotal

Project Manager

1

90

50%

25%

10%

378,000

Engineering Manager

1

90

30%

25%

10%

306,000

Engineers (Software, Test, Automation)

2

80

25%

25%

10%

512,000

Scientists (Astrophysicist, Astronomer)

2

80

25%

25%

25%

800,000

Quality Assurance Manager

1

50

5%

20%

5%

80,000

Integrated Logistics Support Manager

1

50

25%

Administrative

1

50

25%

50,000
10%

10%

130,000
2,256,000

Operative Costs - Other

Cost €/y

Quantity

Subtotal

Office Rent, Insurance, and Security

28,600

2

2

6

286,000

Technological Maintenance and Upgrades

26,667

2

2

6

266,667

Conferences and Meetings Expenditures

6,000

2

2

6

60,000

Human Resources Expenditures

8,000

2

2

6

80,000
692,667

Initial Investment & Expenditures

Cost €

Quantity

Subtotal

Servers, Computers, and Other Hardware

80,000

1

80,000

Workstations and Other Furniture

20,000

1

20,000

Data Center and Facility Setup

30,000

1

30,000

Software Licenses

10,000

1

10,000
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Legal Consultation

10,000

1

10,000

Financial Consultation

10,000

1

10,000
160,000

Total Cost of the Project (€)

3,108,667

CubeSat configurations are particularly valuable, as they can be used as a payload for a larger
satellite, or a stand-alone mission. In terms of singular missions with piggybacked launches, MarCO
provides a good analogy of an interplanetary mission to Mars. The total cost of one MarCO CubeSat
was approximately 8.5 M€, which was estimated from the USD rate and half of the cost of two MarCO
CubeSats (18.5 M USD, 1 USD = 0.92 €) (eoPortal Directory, 2020; Table 20). The total cost was also
impacted by the use of COTS technology, which lowered the general costs.
Table 20. Total cost and funding sources of the MarCO CubeSats missions.
CubeSats
Mission

Launch
Year

Destination

Size
(U)

Total
Cost 1
(M€)

Funding
Source

Reference

MarCO

2018

Mars

6

8.5 2

NASA

(eoPortal Directory, 2020)

Similarly to the GTO project, the costs of the proposed NoisyCube mission were estimated using
the calculations shown in Table 21 The projected cost of the mission is 5,998,667 €. A large portion of
the cost also comes from the salaries of the highly trained personnel, and most staff are required for
all stages of the project, including the CubeSat operation, as the data sent back to the ground control
will require analysis. Legal and finance consultations will also be required at the beginning stages of
the project. Another considerable cost will be for the office, workshop, and ground control spaces,
where the staff will complete their work. The travel to meetings and conferences was also included.
The costs of the various subsystems were considered, as these are increased by interplanetary travel.
The launch costs were estimated at 70,000 €, which is 30% less than the average between 40,000
€ (piggyback) and 150,000 € (private) (Iuzzolino et al., 2017). Sometimes piggyback launches can
be won as part of a contest, and in these cases, the cost could be further significantly reduced.

Table 21. Cost estimation calculations of the NoisyCube mission.
Expenditure
Operative Costs - Salaries

Y1-2

Y3-7

Y8+

Qty

Cost €/h

Project Manager

1

90

50%

50%

10%

684,000

Systems Engineer

1

90

30%

40%

15%

549,000

Engineers (Comm, Mechanical, Power, SW)

4

80

20%

40%

15%

1,824,000

Scientists (Astrophysicist, Astrobiologist)

2

80

30%

15%

40%

816,000

1
2

% Allocation

Cost (€)
Subtotal

From start to end of operations, including research and development
Estimated based on 1 USD = 0.92 € and one CubeSat; Total cost based on experimental technology, reduced
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Quality Assurance Manager

1

50

5%

25%

5%

150,000

Integrated Logistics Support Manager

1

50

20%

25%

5%

180,000

Administrative

1

50

25%

25%

10%

205,000
4,408,000

Spacecraft Development & Launch

Cost €

Quantity

Subtotal

Communication Subsystem

30,000

1

30,000

Propulsion and Attitude Control Subsystem

40,000

1

40,000

Thermal Control Subsystem

30,000

1

30,000

Command and Data Handling Subsystem

30,000

1

30,000

Power Subsystem

30,000

1

30,000

Radiation Hardening

40,000

1

40,000

Spectrometer

50,000

1

50,000

Radiometric Sensor

50,000

1

50,000

Hyperspectral Imaging System

144,000

1

144,000

Integration Components

10,000

1

10,000

Engineering Prototype

70,000

1

70,000

Qualification

100,000

1

100,000

Launch - Piggyback

70,000

1

70,000
694,000

Operative Costs - Other

Cost €/y

Quantity

Subtotal

Facility Rent, Insurance, and Security

43,000

2

5

3

430,000

Technological Maintenance and Upgrades

16,667

2

5

3

166,667

Conferences and Meeting Expenditures

6,000

2

5

3

60,000

Human Resources Expenditures

8,000

2

5

3

80,000
736,667

Initial Investment & Expenditures

Cost €

Quantity

Subtotal

Servers, Computers, and Other Hardware

50,000

1

50,000

Workstations and Other Furniture

20,000

1

20,000

Control Center, Laboratory, and Facility Setup

60,000

1

60,000

Software Licenses

10,000

1

10,000

Legal Consultation

10,000

1

10,000
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Financial Consultation

10,000

1

10,000
160,000

Total Cost of the Project (€)

2.2.8.

5,998,667

Technical Challenges

Both the proposed mission concepts face many challenges. This chapter points out some of the
critical issues that must be addressed in order to implement these projects successfully.

2.2.8.1.

CubeSat Instrumentation

Although thousands of small satellites are being developed for missions to orbit Earth, few
CubeSats have been sent into deep space to date. Recent improvements in CubeSat technology and
reliability may change this current paradigm, enabling access to deep space missions at a lower budget.
There has been one mission, discussed in section 2.2.2.3, where a CubeSat was sent to Mars in order
to test the capabilities of small communication components. The proposed mission relies on many
more miniature components, such as the imaging sensor. The spectral and spatial resolution
capabilities of these components are questionably sufficient for this design. Another technological
challenge is to overcome the signal-to-noise ratio due to the long-distance and small capacity of the
spacecraft, meaning that the instrument must be sensitive enough to receive the distorted signal
reflected from the Earth’s surface. In order to interpret the signal, the instrument must have enough
high resolution to be able to capture the signal with continuously increasing distance from the
illuminated surface (Hamill, 2016). Other subsystems include power in deep space, protection from
increased radiation and space weather, thermal control, propulsion and attitude control for spacecraft
stabilization. All are incredibly challenging constraints, while some of the technology necessary for the
mission are currently at low TRL levels.

2.2.8.2.

Mission Architecture

One of the advantages of using a CubeSat is its compatibility with many launch vehicles. On the
other hand, the mission profile must be adapted to characteristics of that specific launch, such as the
orbital parameters or design requirements of the primary spacecraft being launched. One example of
such a driving requirement is the communication architecture for the NoisyCube mission. The vast
distance, as opposed to the small size of the spacecraft, provides little flexibility, specifically regarding
the design of the antenna responsible for tracking satellite during its mission lifetime. This mission’s
objectives are dependent on the ability to communicate and transfer information between the probe
and Earth. A potential configuration would also rely on external systems such as the deep space
network trackers on Earth. The communication method significantly affects the design of the
spacecraft and mission profile and must be addressed in-depth with further research.

2.2.8.3.

Data Analysis and Management

One of the primary challenges of deep space missions is the ability to collect, analyze, manage,
and transfer the obtained data. This problem is magnified tenfold with a small spacecraft. In the case
of this project, the parameters that can be used to analyze artificial objects around any exoplanetary
system must be defined in advance. Due to the fact that there is little data available regarding artificial
objects detection using the transit method, it may not be possible to predefine all the parameters
necessary to perform the analysis. In addition, as new information is obtained, we might be interested
in changing parameters during the mission, which create further constraints to the software and
hardware of the spacecraft.
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2.2.8.4.

Space Telescope Challenges

A challenge related to the GTO project is the agreements that might have to be made with
different agencies or team projects, in order to access and use the space telescopes’ data. There is no
single policy related to data release. While some missions make their data public because the
organization on which they depend prescribes that, such as ESA’s GAIA mission (Prusti et al., 2016) or
NASA’s TESS mission (Ricker et al., 2014), others might demand collaboration, provision of hardware,
software or any other service in exchange. So, if the situation relates to the second case, possible
solutions may be to offer the collaboration of the project´s scientists, software development, and
more. Collaboration would be a good idea since there are currently many astrophysics and other
scientists working on developing best detection algorithms, and even when the search focuses on an
artificial object or a natural one, some of those techniques or methods might also be used on the other
field. From the point of view of the mission scientists, having a group of scientists working on
developing specific technosignature detection algorithms might be beneficial, if they can reutilize
innovative ideas coming from this elsewhere. Even when coordinated efforts always appear to be a
mutually beneficial scenario for all parties, another challenge to consider is that the scientific research
associated with the searching community is inconsistent. Published materials often have discrepancies
in tone and method, and this impacts the perceived value of science related to the search for
extraterrestrial intelligence.
In the case where access to space telescopes data is granted, the next challenge is the
technological infrastructure that would be needed to store and maintain the large quantity of data of
those missions. In a worst-case scenario, in which the project is not allowed to access the space
telescopes missions’ database, but is allowed to make a copy of its own database; the storage capacity
requirements are something that have to be planned well in advance. The project would most likely
be using the raw data for further processing, and this kind of data in the aggregate is too heavy. Thus,
the challenge is to administrate the retrieved data in a way that can be hosted in the own project’s
databases, and be sustainable throughout the project lifetime.

2.2.9.

Risk Mitigation Strategy

Both parts of the initiative (the GTO project and the NoisyCube mission) rely on acceptable TRL of
various technologies in the next ten years, as well as the availability of either data or components.
They will both be restricted by technological issues that COTS components and spacecraft are prone
to, such as degradation of hyperspectral sensors (Rasti et al., 2018) and spacecraft materials as a whole
(de Groh et al., 2018). CCD degradation is a known factor of space missions (Murowinski, Gao and
Deen, 1993); although this has improved in recent years, CCD effectivity still decreases, albeit gradually
(Asensio-Torres, 2016). CMOS technology may be less susceptible to radiation damage (Waltham,
2013) and is considered as an alternative in some of the identified components. However, machine
learning techniques could also compensate for this. Listed in Table 22 are the identified risks and
mitigations. Severity is rated in four steps from low to severe.
Table 22. GTO risk matrix and mitigation.
Risk

Severity

Mitigation

Updated
Severity

Telescope data
unavailable for public
use

Severe*

Offer free exoplanet database and maintenance for
use by government and academic institutions to
reduce working cost, in exchange for open source
database available to public; share detection
algorithms with other institutions

High
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Low data yield from
telescope

Severe

Use of AI (Artificial Intelligence) and machine
learning methods to implement targeting if
telescope usage is limited

High

False positives

High

Use of machine learning classification methods such
as ANN, or principal component analysis for
unsupervised learning and reduced overheads

Moderate

Cost

Severe

Form a research team based out of academic Low
institutions, use of PhD students if possible

High

Data science and other machine learning methods
employed as part of data analysis

Large
data

quantities

of

Low

Most of the risks associated with the GTO project are data related. Risks range from low data yield
to the actual quantity of data to be analyzed being high. This further reinforces mission objectives to
invest research heavily into the development of AI tools.
Table 23. NoisyCube risk and mitigation matrix
Risk

Severity

Mitigation

Updated
Severity

Cost

Severe

Make project attractive to multiple aspects of
science, as well as CubeSat configuration which is
easy to modify and is more likely to receive funding

High

Radiation damage

Severe

Hardening of CubeSat components for interplanetary
travel

Moderate

CCD degradation in
payloads

High

Use of AI methods, or replacement with a CMOS
equivalent

Moderate

Low
TRL
components

of

High

Selection of components that have a TRL of 6 or Moderate
higher, or projected TRL of 6 or higher within next 5
years

6U Configuration too
restrictive

High

Removal of radiometric payload if necessary

Low

OR
Increase CubeSat configuration to 12U*

Failure of a payload

High

Build redundancy into payloads, each payload
informs the other

Low

Limited
launch
window due to Mars’
synodic
period
(McConaghy et. al,
2012)

High

Launch with other missions. With many missions
planned for Mars in the 2020s, there are at least 5
windows that can be capitalized on.

Low

The largest constraint is maintaining a 6U configuration while still trying to keep the usefulness of
payloads. Often resolution and accuracy of instruments are sacrificed by miniaturization. However,
CubeSats are flexible and a low-cost solution to space missions. NoisyCube is intended to be a
preliminary research basis to act as the first step towards a future roadmap of more in-depth
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characterization of Earth and its technosignatures, perhaps with its own dedicated observatory beyond
this mission.

2.2.10.

Next Steps

For this initiative to be realized and for the projects to be seen as viable and therefore funded, this
work must be continued after submissions to ISU and the International Astronautical Congress (IAC).
Developing scientific space projects and missions is extremely challenging and relies on the
convergence of multiple factors. First and foremost is funding. As novel as this proposal may be,
without funding, it is likely to remain just another concept. Receiving governmental funding for
scientific space missions is very competitive. In recent years, NASA has shifted its focus to space
exploration while cutting funds and resources from scientific missions, resulting in the cancelation or
delay of some proposed and ongoing projects (Foust, 2019). The fact that this mission is dedicated to
searching for evidence of extraterrestrial intelligence does not work in favor of these projects
regarding government funding opportunities. Typically, government agencies allocate very limited or
no resources towards such projects. Missions related to the search for life beyond Earth are few and
far in between. It is likely that this mission will be considered similarly, due to the nature of this topic.
Currently, the primary source of funding for searching for extraterrestrial intelligence projects is
private funding, in particular, by billionaire Yuri Milner, who recently donated 100M USD to the
Breakthrough Listen project (Breakthrough Initiatives, 2019). Thus, there are two potential strategies
that this initiative could follow: seek private funding, or realign the mission/project objectives to areas
of higher priority and interest to the space agencies, such as exoplanet research and space debris. Both
approaches involve different processes and action items that must be fulfilled in order to receive
financial support.
The first step towards receiving funding is studying these processes, and entering the appropriate
track, while raising awareness and support of key interested parties. In the case of government funding
in today's reality, we would recommend positioning the NoisyCube mission as a mission that would
allow for a better understanding of the effects of mega satellite constellations on Earth’s atmospheric
signature. Some possible governmental funding tracks for our proposal are NASA’s Research
Opportunities in Space and Earth Science (ROSES) and Stand Alone Missions of Opportunity Notice
(SALMON) (NASA, 2020), as well as through ESA and the EU’s Horizon 2020 program. For the GTO
project, it would be more likely to receive private funding. Further research should be conducted
regarding the compatibility of the project with the Breakthrough Initiative and future planned projects
led by the SETI Institute.
In addition to funding, both parts of the initiative require a high level of expertise in order to
successfully implement them as projects. In the case of the NoisyCube mission, NASA’s Jet Propulsion
Laboratory (JPL) would be an ideal contractor for the project, due to their experience with scientific
satellite payloads as well as with the development of a deep space CubeSat. Within JPL, there is a
function called the ‘Innovation Foundry,’ which is responsible for accepting new proposals and
facilitating a process to rapidly advance the concept from phase 0 through phase A, while evaluating
its viability, cost and overall value (NASA JPL, 2020). Approaching the Innovation Foundry with this
proposal, may provide valuable insights regarding the viability and preferable implementation
strategy. ESA has also shown interest in the use of nanosatellites for interplanetary missions, and has
evaluated such concepts for the purposes of asteroid mining, lunar exploration and space weather
observations (Walker et al., 2018). Some academic institutes may be capable of developing these
projects, as well. Berkeley SETI Research Center has positioned itself as an organization that is both
willing and capable of pushing science related to the search for extraterrestrial intelligence forward.
Finally, the technical complexity of implementing these projects cannot be overlooked. The
NoisyCube mission, in particular, is dependent on some capabilities which are currently not available.
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Industry experts often refer to technologies that are between TRL level 4 to 7, as the “valley of
death”(See Figure 24). This term is alluding to the challenge of turning a potential technology into a
flight-ready capability. Although the ten-year timeline for this initiative considers the predicted
development time of necessary components, it is crucial to continue monitoring the TRL levels and
adapting in accordance with the project requirements and schedule.

Figure 24. Illustration of the “valley of death” between TRL level 4 and 6 (Rossini, 2018).

2.2.11.

Broader Significance

“As we look up and look out, we are forced to see ourselves from a cosmic perspective. This
perspective is fundamental to finding a way to sustain life on Earth for the future” – Jill Tarter
The search for extraterrestrial intelligence is significant to humanity, whether or not we find the
existence of intelligent life. The effort behind searching projects has driven the development of various
technologies, such as grew beyond the use of radio signals. In addition, the search and as well raised
awareness worldwide towards related sciences. The suggested CubeSat mission, in particular, has
additional benefits both towards the search for extraterrestrial intelligence and towards the rest of
humanity.

2.2.11.1. Advancements Through New Technologies
In recent years, much of the advancements in the field of searching for extraterrestrial intelligence
have been in the use of optical sensors to detect pulses of communication, or data transfer through
light such as optical lasers. There are several technologies being developed in the fields related to
optical communication and laser detection. Some of these developments are being used and tested
toward searching projects, such as the use of the National Ignition Facility (NIF) laser pulse transmitter
(Kingsley, 2001). The use of such technologies has helped advance the search scope and methods, as
well as allowed for a better understanding of the current technological limitations. Though, until today,
searching projects have mostly piggybacked on technologies that were developed for other uses. This
is discussed in Section 2.1.4.
Another field in which extraterrestrial intelligence searching projects are using state of the art
technologies is data-analysis capabilities. The Breakthrough Listen project has access to advanced data
analysis assets, such as GPU clusters, high-speed petabyte storage, and large bandwidth processors
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(Breakthrough Initiatives, 2019). Together with the vast amount of recent exoplanet data, this project
is among the forefront driving the advancement of tools and knowledge in the field of data acquisition
and analysis.

2.2.11.2. Secondary Effects
In addition to technological advancements, the science-based search for extraterrestrial
intelligence has attracted more attention in recent years from influential figures. This has influenced
organizations and government members to support searching projects, which in turn raises awareness
and therefore public opinion. By expanding the awareness surrounding the science behind searching
for evidence of extraterrestrial civilizations, this initiative raises awareness of the science behind the
Universe, Earth, life, and human society itself.
Despite the lack of positive results, the ongoing search for intelligent life beyond Earth can also
create a sense of unity and value of the life found on Earth. The culmination of research over the last
50+ years currently suggests that a planet such as the Earth, and therefore life, is a rarity, granting a
deeper sense of value and respect for the planet humanity resides on. As searches broaden, still finding
only inhospitable planets, the collective appreciation for life on Earth becomes more pronounced. This
effect is noted in particular when Earth is viewed from afar. Astronauts refer to this phenomenon as
the “overview effect”. In 1968, the Apollo 8 crew took the following photo of Earth from the orbit of
the Moon (Figure 25).

Figure 25. “Earthrise” photo. Earth as a pale blue dot, taken by the Apollo 8 crew on December 24th, 1968
(NASA, 2017).

After capturing this image, the command module pilot transmitted the following message: "The
vast loneliness is awe-inspiring, and it makes you realize just what you have back there on Earth." This
picture, later named “Earthrise”, has become an iconic symbol for humanity, acting as a driving force
in the appreciation of the fragility of the planet and to the environmental movement (Spier, 2019).

2.2.11.3. NoisyCube Mission Significance
The proposed NoisyCube mission has additional significance beyond the attempt to find
extraterrestrial satellites. Most existing CubeSats were designed and built for missions in LEO. As
described in Section 2.2.2.4, sending a CubeSat to deep space is a challenging yet extremely valuable
task that can provide insights for future CubeSat missions and component design. Additionally, our
mission’s objective to detect satellites around Earth can also advance methods of detecting space
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debris and other objects around planets. Finally, similar to the “Earthrise” photo, this mission intends
to capture whole images of Earth as the satellite travels towards Mars. This creates the opportunity to
perhaps once again inspire the next generation to both cherish the unique planet that humans inhabit,
and inspire a sense of wonder for a future generation of spacefarers.

2.2.11.4. Impact on Space Exploration and Science in the Future
In the many years of space exploration, there are still few interplanetary missions that are
introspective in nature. While the scientific merit of this initiative is well stated, perhaps what is less
well explored is the impact that a mission like this, if successful, would have on humanity. There are
remarkably few images of the whole Earth taken from space missions, the most recent of which being
in 2015 by DSCOVR (NASA, 2015a). This was the first whole image of the Earth taken since 1972, and
even then was heavily digitally altered. As the number of satellites increases, it is unknown what effect
this may have on the facade of the Earth. It is a commonly known fact that a highlight of an astronaut’s
job is observing their home planet below, and that it is reportedly important for their mental health
(Jnimon, 2011). These images have a profound impact on humanity, both historically and in
contemporary times. The iconography of the Earth promotes a collective sense of understanding about
the fragility of the planet and the importance of caring for it (Poole, 2009). As the impact of space
debris becomes a bigger threat, retrospective images of the planet may promote such a view to the
general public again, while also highlighting the collective reliance that humanity has on space
technologies.
In this sense, the mission has a dual purpose. Scientifically, the mission aims to do what has not
been done before by characterizing technosignatures. The search for biosignatures is largely based off
of what is observed on Earth, and logically it should follow that technosignatures are too. However, in
being able to objectively measure and record satellite disturbances on a planet’s atmosphere, the
mission can also monitor space debris from afar. This could highlight its severity and garner more
interest and funding in the future, given the relevance of space debris today, while also educating the
public. NoisyCube, in particular, intends to be an initial step in the future of space missions.
An ambitious project such as GTO also would play a significant role in the astrophysical research
world as a whole. There is always a need for data analysis tools, and as the quantity of data increases,
well designed and supported databases are needed to support these efforts. GTO provides the means
to support researchers globally across multiple space science disciplines, while also assisting in the
search for extraterrestrial intelligence and life. The tools that GTO promotes and would develop are
crucial in all aspects of human life, from hardware to software tools in medicine. The nature of opensource projects means that international collaboration and contributions are encouraged, which
fosters a more cohesive environment for the sharing of tools and information, and bettering
technology for the good of humanity.
Ultimately, this initiative looks to further what has been done before and develop a project with
multiple uses for the scientific community. With SETI@home being discontinued, the efforts of postprocessing extraterrestrial signals fall elsewhere. NoisyCube and GTO have the capacity to produce
spinoff projects, such as a BOINC based software while paving a future for interplanetary CubeSat
missions and development of space telescope data banks.

2.3. Conclusion
The Science and Technology Chapter aimed to provide a thorough analysis of how extraterrestrial
technosignatures and signals could be detected in while providing general recommendations and a
proposal. In this chapter, the field of astrobiology and the well-funded initiatives in biosignature
research were explored, and the various classifications and instrumentation for the detection of
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biosignatures compared. Biosignatures and technosignatures are related in many ways and can be
viewed as complementary aspects of astrobiology, because technosignatures can be classified as a
type of biosignature. However, biosignatures are generally different from technosignatures because
they search for all life, while technosignatures specifically target intelligent life. Finding microbial or
non-intelligent life would be of great interest to science because it would show that life can emerge
on other planets or moons; however, the search for extraterrestrial intelligence itself is focused on
searching for intelligent life in the Universe. Technosignatures are, therefore, a more definite target
for researching extraterrestrial intelligence.
The projects and experiments related to traditional technosignature detection with radio or
optical SETI were reviewed, comparing the largest ones while highlighting the limitations of the existing
infrastructure, telescopes, frequencies, targets, periodicity of scanning, and post-processing and data
analysis. There are many limitations and challenges of current technosignature research, which can be
considered using the axes of merit for technosignatures, and improved upon for future initiatives.
Next-generation technosignatures that provide prospective alternatives for the traditional
technosignatures were also considered.
From this literature review, a set of seven recommendations were developed and used to guide
the creation of a Science and Technology initiative. The initiative contains two parts, which are
complementary projects focused on the detection of technosignatures from space. In our ten-year
plan, the GTO project consists of the analysis of the data from existing space telescopes that use the
transit method to detect exoplanets. GTO takes these methods a step further to use the data for the
detection of artificial artifacts. Next, the NoisyCube initiative involves an interplanetary space mission
to characterize technosignatures coming from Earth, as seen from space. These initiatives are related,
as the data that comes from the NoisyCube mission can be used to refine the space telescope project.
Table 24 summarizes the seven recommendations made in the Science and Technology Chapter
and highlights how each recommendation was addressed in the proposal. Briefly, the proposal covers
a wide array of limitations associated with existing research on the search for extraterrestrial
intelligence and aims to move away from the field of SETI, and towards a more consistent approach to
searching for evidence of intelligence beyond Earth. To do so, the mission has proposed additional
innovative research and searches for structures backed by strong scientific methods, which are based
on a concrete understanding of what constitutes a technosignature for a civilization like humanity. This
is compared to traditional searching, which is based on speculation over how extraterrestrial
intelligence may communicate with one another, and given that it is beyond the scope of human
achievement it may be an unreasonable and unfounded basis. Overall, the Science and Technology
Chapter provides a thorough introduction to existing research and progress while providing insights
for future initiatives with a specific interest in space observation and interplanetary missions for
artificial space engineering.
Table 24. The recommendations from the Science and Technology Chapter, along with the associated relevance
to the Science and Technology proposal.
Number

Recommendation

Relevance in Proposal

1.

Concurrent efforts in biosignatures with a
greater focus on technosignatures

Considering both biosignature and
technosignature data but focusing on the
technosignatures

2.

Continued continuity of missions and
experiments

Incorporates opportunities for graduate
research for the development of these projects
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3.

Increased involvement in citizen science
programs

Not applicable

4.

Greater emphasis on Earth applications

Space debris and the Kessler effect is a growing
concern
Further extension of this work could make
tracking space debris externally possible

5.

Additional multi-purpose missions or
multi-organizational partnerships

Forming partnerships with the operators of the
space telescopes and using the data for
alternative purposes
Piggybacking the launch for the CubeSat and
considering partnerships

6.

Greater emphasis on data-sharing from
telescopes and missions

Space telescope project should be focused on
data-sharing
CubeSat data should be open-access to the
public and other researchers

7.

Increased participation with space projects
and missions

Dedicated missions beyond ground-based
telescopes to space-based telescopes and
missions regarding detection of extraterrestrial
technology
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3.

LEGAL AND POLICY PROPOSAL

The science and technology initiative intends to discover evidence and therefore prove the
existence of extraterrestrial intelligence. As a result of this, the social response to the detection of any
possible form of extraterrestrial life or intelligence was analyzed. The legal, policy, and ethical study is
divided into two major sections that respond to two different objectives. The primary objective is the
creation of a comprehensive legislative framework, which can be applied when a form of
extraterrestrial intelligence is detected. Then as a broader objective, is gaining a more comprehensive
understanding of human nature and how it could impact interaction with any extraterrestrial
intelligent life. This is done based on an analysis of how humans interact with terrestrial sentience such
as animals, and global attitudes towards human responsibility of animals and the environment.
This chapter is introduced by a brief definition of science communication and the role it plays in
conveying scientific discoveries to the general public through different media. The importance in
getting this information factually correct, especially in the modern internet era where knowledge is
easily spread, is highlighted and the risks associated with misinformation. This is then followed by a
section investigating the 1989 International Academy of Astronautics’ post-detection principles
(further updated in 2010), and their framework. These principles form a code of conduct for
researchers to apply in the case where an extraterrestrial signal is detected. Currently the principles
are a non-binding instrument, therefore this section further analyzes their potential legal force and the
elements that will need to be updated, given technological and societal development since 1989. The
third section investigates the way humans approach different forms of intelligence and how this
approach should be changed in case of signal detection. Given the difficulties in defining what
intelligence is and the complexity of creating a framework for a relationship where only one of the two
factors is known, a definitive approach is needed. Therefore, the document analyzes how humans
behave with the closest known form of intelligence: 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.

3.1. A Brief Overview of Science Communication
The importance of scientific research and discovery is not only the process which involves
scientists themselves, but also displaying research to people outside the scientific community and the
world in general. Understanding how to communicate effectively should be part of a researchers’ job
for two main reasons: allowing people to understand what the subject of research is and why this
matters; and secondly to avoid possible manipulations or alterations of a discovery by different actors
such as media reporters.
Communicating science is not solely related to reporting a scientist’s work. It should not be
confused with awareness of science by the general public, or their understanding of the discipline, the
scientific culture, or literacy (Burns, O’Connor and Stocklmayer, 2003). Science communication could
be identified as adopting appropriate skills, media, activities, and dialogue to generate awareness,
enjoyment, interest, opinions, and understanding about science (Burns, O’Connor and Stocklmayer,
2003). An analogy to explain how science communication works could be found in mountain climbing,
due to the fact that both are dynamic, participatory, and both change ‘climbers’ view. To communicate
effectively, scientists need a ‘tool kit;’ composed of personal skills, media usage, and capacity of
dialogue (Burns, O’Connor and Stocklmayer, 2003). Personal skills can be the ability to communicate
science to the public and to organize science activities. Media usage means the capability to interact
with the public in different contexts such as through schools and universities, science centers and
museums, open days, theatres; but also shows, and popular science books/magazines. Dialogue is
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related to facilitating bi-directional communication, understanding that modern communication is not
only dissemination of messages, but that it also requires feedback from the public, changing the
meaning of a topic contextually, and interactivity (Burns, O’Connor and Stocklmayer, 2003). This
project includes a developed outreach and communication plan regarding the general topic of the
search for extraterrestrial intelligence (see Chapter 4), however in this section a focus is placed on
communicating major scientific events from a legal and policy perspective, exploring its impacts on
society.
Examples of scientific communication can be identified in some recent topics, such as the first
image of a black hole, or the detection of gravitational waves. In both cases the discovery was
announced through a conference and streamed globally, with the media broadcasting the news for
many days following (National Science Foundation, 2019, 2016). However, scientific research is not
always sufficiently verified before being exposed to the media. There are multiple instances where
science news were later shown to be hoaxes or analytical mistakes. For instance, in the case of the SETI
signal false alarm of 1997, encrypted communications originating from NASA’s SOHO probe were
confused with extraterrestrial messages. Fortunately, in this situation the journalist was aware of the
fact that further analysis were underway, and that stating the signal as a positive detection was
premature (Shostak and Oliver, 1999).

3.2. Legal Principles and Protocols of the Search
Following the analysis of how to communicate scientific discoveries to the general public, it is
important to focus on the specific case of the search for extraterrestrial intelligence. As already stated
in Section 2.1.2.1, the current research in the field of extraterrestrial signal detection looks at the
observation of the radio part of the electromagnetic spectrum, in particular regarding signals which
could carry complex information from a distant source (Baxter and Elliott, 2012), possible signatures
of extraterrestrial civilizations. If such a signal were detected, the question would then be who should
report it to the world and how?
In 1985, Allen Goodman proposed an idea of guidelines related to the search of artificial signals of
extraterrestrial origin, raising the urgency to develop an international code of conduct in the case of
the interception of extraterrestrial communications (Baxter and Elliott, 2012). He created four
“protocols”, which are summarized in the following points (Goodman, 1990):
•
•
•
•

Researchers should have the freedom to communicate possible detections of signals,
spacecraft, or habitats.
An international consultation should be the base for any possible answer to extraterrestrial
signals, or further investigation of found artifacts.
Visiting extraterrestrials should have the status of diplomatic envoys, independent of their
form or communication capabilities.
In the case of possible threats from extraterrestrial life forms, nations should not act prior to
consultation with the UN Security Council.

An analysis of the four statements reveals that the first one is related to post-detection actions,
the second with what to do to answer possible messages, and the last two are about interaction with
extraterrestrials. Moving forward from Goodman’s ideas and acting on behalf of the scientific
community related to SETI, in 1989 the International Academy of Astronautics wrote a set of principles
to deal with the possible detection of future signals (International Academy of Astronautics, 1990).
These rules, also known as First Protocol (Gertz, 2016), have since been overhauled by the IAA in 2010
(International Academy of Astronautics, 2010). However, the IAA post-detection principles cover only
Goodman's first point, while the second is related to ‘Messaging to Extraterrestrial Intelligence,’ or
METI; an approach that includes actively sending messages (Baxter and Elliott, 2012). The IAA
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addressed METI with the 1995 Draft Declaration of Principles Concerning Sending Communications
with Extraterrestrial Intelligence (International Academy of Astronautics, 1995), which will not be
debated within this report.
However, even if IAA’s suggested principles, which regulate post-detection activity, recall the
Outer Space Treaty as one of its pillars, they are non-binding for researchers. This is because they are
only an agreement between researchers and research institutions, not between countries. Considering
that the search for extraterrestrial intelligence is the initiative of individual researchers (or
institutions), and due to some drivers pointed out by John Gertz (2016) like:
•
•
•

•

The advancement in computing power, technology, and detection algorithms increase SETI
capabilities.
Electromagnetic emissions from Earth are circa a hundred years old, and this means that
civilization in a radius of 100 light-years from our planet could have detected us.
As we did with the two Voyager probes and Pioneers 10 and 11, extraterrestrial intelligence
could opt to contact us through interstellar probes. There are some possibilities to find them
inside the Solar System.
SETI is utilizing more infrastructures nowadays than in the past; the Chinese FAST radio
telescope is one of them.

The result is that the likelihood of detecting extraterrestrial signals is increasing, and there are no
preventions that could control the world’s reaction to such a discovery (Gertz, 2016). Moreover, the
First Protocol may need to be updated; for instance, it does not cover the effect that the spread of a
possible detection through social media could have (Gertz, 2016). Several authors have noted that a
policy of post-detection could help to avoid unclarities and international issues related to the
confirmed detection of extraterrestrial signals and artifacts (Logsdon and Anderson, 1990; Goodman,
1990; Baxter and Elliott, 2012). The following sections address this idea.

3.2.1.

First Protocol Weaknesses

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 (International Academy of
Astronautics, 1990). 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 main reason is that the latter consists of the investigation of the space beyond Earth's
atmosphere, utilizing spacecraft both with and without a crew (Logsdon, 2020). Nevertheless, until
now, no search for extraterrestrial intelligence investigation has matched those criteria.
Moreover, the assumption that SETI is defined as space exploration justifies the use of the Outer
Space Treaty for the post-detection principles. However, as already seen, not having a strong
background for the first results in a weak application of the second statement. Legitimizing SETI as
space exploration could provide a robust basis for the use of the Outer Space Treaty. An analysis of the
2010 update of the First Protocol's eight principles (listed in Section 3.2.4.2) reported the following
points: (analyzed here are only the principles’ weaknesses. Principles not reported here are to be
considered updated and functioning)
•

Both 'principle 1' and 'principle 2' touch the topic of communication between researchers
and the media. While people searching for extraterrestrial intelligence must have the
freedom to talk about their work, the impact that the topic could have needed to be taken
into consideration (Logsdon and Anderson, 1990). Examples reported in section XX show how
media communications to the public could impact people's thinking.
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•

•

•

•

'Principle 2' focuses on the possibility of having suspected a detection and states that
scientists should treat it as provisional laboratory results. However, any relation between
possible findings and the media could lead to unpleasant situations, mainly related to fast
communication means like social networks. There is a likelihood that unconfirmed data
reports could arrive to the public before deeper analysis is carried out (Gertz, 2016). In 2000
Iván Almár and Jill Tarter developed the Rio Scale (RS), to help researchers understand how
much information, and in what manner, they should share it with news organizations (Almár
and Tarter, 2011). The Rio Scale is a scale of values which represent the level of significance
(RS) of a signal detection. RS is determined by multiplying two terms: the category of
consequences (Q) that a detection can have on the public, and the credibility of the detection
(𝛅𝛅). While Q is defined in three categories (minor, moderate, and substantial consequences)
and is easy to identify, 𝛅𝛅 is estimated subjectively and assumes values between 0 and 1.
Assigning a value to the credibility of the detection is more straightforward when it is near
the extremes (Almár and Tarter, 2011).
'Principle 3' reports two statements that need further analysis. The first one is related to the
"degree of certainty" (International Academy of Astronautics, 2010, p.1) of a confirmed
detected signal. The emphasis is on the importance that a detection has to be related with a
measurable certainty to extraterrestrial intelligence (Billingham, 1993) to avoid possible
extreme reactions. The confidence degree is also fundamental because there are no decided
processes to filter information before they are spread through the public (Gertz, 2016).
However, confirmation of a signal could be more challenging than expected for many
reasons. The biggest is that there is no certitude in understanding possible detected signals,
even if the origin is recognized to be unnatural (at least based on the current understanding
of cosmic signals). For example, it is possible to cite the fact that some ancient human
languages are still poorly understood despite their terrestrial origin (Gertz, 2016).
Consequently, researchers could have a strong belief in having detected an extraterrestrial
signal, but no further analysis can actually then be done. This is mainly related to the fact
that a signal could be categorized as unnatural, but then not being able to determine if it
actually contains an extraterrestrial message or not (Elliott, 2011). In such a case, the best
option could be to utilize scales of certainty, like the Rio Scale, to decide whether to
communicate such a finding to the rest of the world.
The second statement of ‘Principle 3’ is about the report of the discovery “to the public, the
scientific community, and the Secretary General of the United Nations” (International
Academy of Astronautics, 2010, p.2). Taking into consideration the freedom of research, this
statement still needs to be discussed, because reporting the finding simultaneously to the
three actors may not be the most secure way to deal with the topic of the discovery of
extraterrestrial intelligence. A more conservative approach, both for people and researchers,
could be to give priority to an international actor who could address any possible issues
related to the finding. Such an actor could be either the UN Secretary General, or an
international ad hoc committee.
‘Principle 5’ deals with detection data, which could be made available in a database for
analysis from other researchers. A possible idea could be to have an international storage
system managed by the United Nations. Despite that, not having an international binding
policy for post-detection activities leaves room for countries to classify data as top secret.
There are seven main factors that could bring governments to take such a decision (Tough,
1990):
o Panic between citizens.
o Impact on culture.
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Embarrassment due to the likelihood that the detected signal could be a hoax, a
human satellite coded message, or other phenomena not well understood.
o Competition between countries.
o The right to be the first to reply.
o Some military advantages that they could take from the signal.
o The hazard that it could be a trojan horse.
‘Principle 6’ suggests that if the confirmed detection is an electromagnetic signal, the founder
should try to find an international agreement to protect the frequency (or frequencies) from
possible interferences caused by human activities. Nevertheless, it seems to be an
inordinately large effort from a researcher or even a research institution; they should interact
with the International Telecommunication Union and other actors involved. A possible way
to proceed could be to first inform the Secretary General of the United Nations, who would
then have the ability to manage the situation.
o

•

There exists no principle that takes into consideration the fact that detected signals may be on the
optical part of the electromagnetic spectrum, or could also be in the form of an artifact; for instance a
space probe (Baxter and Elliott, 2012; Gertz, 2016). In these cases, there are no actions within the First
Protocol, which could be followed by a researcher to handle such a discovery.

3.2.2.

Outer Space Treaty Articles in Support of the First Protocol

Moving forward from the First Protocol, the analysis of the legal framework that copes with the
search for extraterrestrial intelligence needs to be focused on the UN Outer Space Treaty (OST). The
IAA in 1989 utilized the OST, or Treaty on Principles Governing the Activities of States in the Exploration
and Use of Outer Space, Including the Moon and Other Celestial Bodies, to suggest the commitment of
State Parties of the treaty to report to the Secretary General of the United Nations, as well as to the
public and the scientific community, every research activity related to SETI. The binding for countries
to this statement should derive from the fact that the search for extraterrestrial intelligence is
considered as space exploration and this would not be sufficient in a debate. Shifting away from the
concept of space exploration as a legal basis to the concept of the use of outer space, there could be
the possibility of interpreting this term by focusing on the ‘use’ for research activities.
Notwithstanding, in accordance with the Cologne Commentary on Space Law, the term ‘use of outer
space’ is not related to activities carried out on Earth (Hobe, Schidt-Tedd and Schrogl, 2009). Despite
these first concerns, it is still possible to find support from the Outer Space Treaty due to the legal
framework of the search for extraterrestrial intelligence.

Article I
The first article of the OST supports SETI activities (Gertz, 2016). It states that the investigation of
outer space should be free for everyone; and moreover, ‘article I’ encourages international
cooperation in space exploration (United Nations, 2002). Viewing the SETI international vocation, this
statement provides the basis for cooperation not only between researchers or research institutions
but also between countries. Since one of the big challenges that the search for extraterrestrial
intelligence needs to face is the lack of funding, this article could help with the sensibilization of
governments.

Article V
The relevance of ‘article V’ for SETI is not related to the current status of the research, but it is still
important for a possible international policy related to it. The concept that an astronaut should be
considered as an envoy for the whole of humankind (United Nations, 2002) is bounded with the
possibility of a space explorer finding extraterrestrial life forms. In such a situation, the finder should
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know how to act not only from an operative point of view but also taking into consideration that what
will be done, will be done on behalf of all the people of the Earth.
Often, it is assumed that contact with extraterrestrial intelligence will first be made from Earth,
but there is a chance that the first contact that we make with extraterrestrial life will be during a space
mission. If, for example, this happened on a crewed interplanetary mission, it could come with certain
implications on astronaut mental health. Researchers have suggested that the discovery of
extraterrestrial life, even simply microbial forms of life, could have psychological and societal
implications for humans (Kwon et al., 2018).
In a pilot study assessing the reactions of individuals being told of the ‘discovery’ of extraterrestrial
intelligence, results showed that the reactions were consistently more positive than predicted, leading
researchers to believe that a true discovery of extraterrestrial intelligence would be received in a
positive light by human beings and societies as a whole (Kwon et al., 2018). In terms of astronauts, a
reaction of this nature would be beneficial to ensure that a discovery of this magnitude would not
cause risks to the mission. There is a possibility that, if this discovery were not received well by crew
members, there could be certain mission risks caused by psychological effects. For this reason, it is
important that future astronauts of interplanetary missions be trained for situations such as this.
The second important part of ‘article V’ for the search for extraterrestrial intelligence is the third
paragraph, which notes down the necessity for countries to share between them, or with the Secretary
General of the United Nations, any information related to possible treats for humans in space (United
Nations, 2002). The fact that an extraterrestrial life form could be harmful to humans just because of
biological differences could fall under the commitment to share information.

Article XI
The last article related to SETI is ‘article XI’, which is the one referenced at the beginning of the
1989 IAA post-detection principles. It says that each activity conducted in outer space by countries has
to be reported to the Secretary General of the United Nations, to the public, and to the international
scientific community. The scope of this article is “to promote international cooperation in the peaceful
exploration and use of outer space” (United Nations, 2002, p.14). The application of ‘article XI’ could
protect the international vocation of the search for extraterrestrial intelligence, and through the
mediation of the United Nations, avoid international issues as well.

3.2.3.

Proposal

3.2.4.1.

Binding SETI Research to Principles

It is important to first understand the issues that the detection of an extraterrestrial signal could
cause and take into consideration all the strengths and limits of the existing SETI regulations. The
following proposal is an international legal framework to bind the search for extraterrestrial
intelligence to the post-detection principles. Two cases could be used by researchers or the IAA to
propose an international agreement to regulate post-detection activities. The first one is the
promulgation of the Planetary Protection Agreements by the Subcommittee F3 of the Committee on
Space Research (COSPAR), reached without formal treaties between nations (Billingham, 1993). The
second is the approach utilized by the Association of Space Explorers as presented in their report,
report and recommendations on the threat of near-Earth asteroids, to the Committee on the Peaceful
Purposes of Outer Space (COPUOS) in 2009, where in advance they were able to obtain the support of
crucial figures (Baxter and Elliott, 2012). In both cases, an international agreement on the First Protocol
could be found inside important bodies without the direct support of single countries.
Additionally, following the connection between the First Protocol and the Outer Space Treaty, but
knowing that the current status of SETI research is not related to the definition of space exploration,
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the authors of this report suggest 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.
This refers to the space mission presented in Section 2.2.5.4, which is dedicated primarily to searching
for extraterrestrial signals. Launching a space exploration mission 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, using ‘article I’ and ‘article XI’, which are directly connected to the postdetection principles, as the legal framework for possible discoveries. The mission could become a
starting point to endorse the decision to consider each SETI activity as space exploration and bind them
to the Outer Space Treaty.
Considered here are two possible approaches to create an international policy framework for the
search for extraterrestrial intelligence. These are: amending the Outer Space Treaty, as per ‘article XV’,
to include the possible finding of an extraterrestrial life form during a space exploration activity; or
trying to legitimize the post-detection principles in an international context, like COSPAR or COPUOS.
This proposal has chosen the latter as is the difficulty to reach an agreement between State Parties to
amend or integrate the Outer Space Treaty, since it has never been done before.

3.2.4.2.

Modifying the Principles

This starts from the First Protocol analysis treated in Section 3.2.2 of Chapter 3.
Considered is an international policy that could be possible to develop from the legal framework
presented in Section 3.2.4.1.
The following amendments (strikethrough font) and integrations (bold font) to the 2010 IAA postdetection principles are presented.
1. Searching: SETI experiments will be conducted transparently, and its practitioners will be free
to present reports on activities and results in public and professional fora. They will also be responsive
to news organizations and other public communication media about their work.
2. Handling candidate evidence: In the event of a suspected detection of extraterrestrial
intelligence, the discoverer will make all efforts to verify the detection, using the resources available
to the discoverer and with the collaboration of other investigators, whether or not signatories to this
Declaration. Such efforts will include, but not be limited to, observations at more than one facility
and/or by more than one organization. There is no obligation to disclose verification efforts while they
are underway, and there should be no premature disclosures pending verification. Inquiries from the
media and news organizations should be responded to promptly and honestly wisely, and leakage of
early stage results through social media should be contained.
Information about candidate signals or other detections should be treated in the same way that
any scientist would treat provisional laboratory results. The Rio Scale, or its equivalent, should be used
as a guide to the import and significance of candidate discoveries for the benefit of non-specialist
audiences.
3. Confirmed detections: If the verification process confirms – by the consensus of the other
investigators involved and to a degree of certainty judged by the discoverers to be credible – that a
signal or other evidence is due to extraterrestrial intelligence, the discoverer shall report this
conclusion in a full and complete open manner first to the public, the scientific community, and the
Secretary General of the United Nations, successively to the scientific community, and the public. The
confirmation report will prior include the basic data, the process and results of the verification efforts,
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and any conclusions and interpretations, and; later, any detected information content of the signal
itself. A formal report will also be made to the International Astronomical Union (IAU).
4. All data necessary for the confirmation of the detection should be made available to the
international scientific community through publications, meetings, conferences, and other
appropriate means.
5. The discovery should be monitored. Any data bearing on the evidence of extraterrestrial
intelligence should be recorded and stored permanently to the greatest extent feasible and
practicable, in a form that will make it available to observers and to the scientific community for further
analysis and interpretation, inside an international database under the aegis of the Secretary General
of the United Nations.
6. If the evidence of detection is in the form of electromagnetic signals, observers should seek
international agreement to protect the appropriate frequencies, through the Secretary General of the
United Nations. This should contact the International Telecommunication Union along with any
other body, country, institution, or private subject involved by exercising the extraordinary
procedures established within the World Administrative Radio Council of the International
Telecommunication Union.
7. If the evidence of detection is in the form of optical-spectrum signals visible to the naked eye,
it has to be assumed that many different subjects around the world have detected the same signals.
Then, an extraordinary action plan, operated by the Secretary General of the United Nations along
with any other relevant body, must be implemented.
8. If the evidence of detection is in the form of an artifact, considering the high value for the
whole of humanity that such an artifact could have; the researcher, research institution, country, or
international body who claims the discovery, should treat the artifact as world cultural heritage. The
access to the artifact should be granted at any moment to everyone.
7. 9. Post-Detection: A Post-Detection Task Group under the auspices of the IAA SETI Permanent
Study Group has been established to assist in matters that may arise in the event of a confirmed signal,
and to support the scientific and public analysis by offering guidance, interpretation, and discussion of
the wider implications of the detection.
8. 10. Response to signals: In the case of the confirmed detection of a signal, signatories to this
declaration will not respond without first seeking guidance and consent of a broadly representative
international body, such as the United Nations.

3.3. Ethical Considerations
The elaboration of a legal framework to regulate relations with extraterrestrial forms of
intelligence is particularly complicated, due to the lack of a clear definition of what intelligent life could
be. In the past, several practices have been proposed, and yet they all respond to a concept of
intelligence that remains overly anthropocentric (Vakoch, 2014). Furthermore, the attempt to create
a legal framework applicable to this event would be unsuccessful, given it would be necessary to create
several frameworks, each responding to a different definition of intelligent life. For this reason, the
investigation will not take into consideration the third protocol analyzed in Section 3.2.1, according to
which visiting extraterrestrials should have the status of diplomatic envoys. Law arises from ethical
reflections and represents its direct consequence. It is necessary to perform an ethical investigation
that aims at understanding the ethical methods of approaching forms of intelligent life other than
human ones, starting by detaching from an anthropocentric conception of the Universe.
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For this reason, the following section aims to connect the search for extraterrestrial intelligence
to observable parallels that may be analogous on Earth in order to simulate an extraterrestrial
encounter and prepare a list of detrimental behaviors. It considers the relationship between human
civilization and the environment, and with the most comparable form of intelligence available on Earth,
animals. This analysis does not identify possible forms of extraterrestrial intelligence through
comparison to animal life forms but investigates the legal and ethical aspects of human interaction
with other sentient non-human species and its associated responsibilities, and how this could impact
interaction with intelligence that is extraterrestrial in origin.

3.3.1.

Metalaw and the Definition of Intelligent Life

Andrew G. Haley was the first author to analyze the legal aspects related to contact with
extraterrestrial intelligent life. He elaborated upon the idea that for the development of a consistent
legal framework, it was necessary to overlook the anthropocentricity that characterizes human
relationships (Lyall and Larsen, 2013). He created the principles of Metalaw, a new conception of
natural law based on the Kantian version of Golden rule: the ethics of reciprocity underlying the
behavior of each individual. Kant's categorical imperative represents a universal principle that should
be applied by every sentient being in all circumstances:
“Act only according to that maxim whereby you can, at the same time, will that it should become
a universal law”
(Kant and Patton, 2005)
However, Haley refuted this traditional formulation, proposing the introduction of an Interstellar
Golden Rule. This movement away from Kantian philosophy is due to the notion that the application
of the classic principle, 'Do not treat others in ways that you would not like to be treated,' involves a
form of selfishness that leads to the destruction of the other; in other words, it is not truly altruistic or
selfless in nature. It is therefore not considered sufficient by Haley to approach the treatment of others
based on the individual’s preferences, but by considering the wants of the recipient party, who may
be inherently different, such as an extraterrestrial intelligent species. Such true altruism is not
considered in Kant’s categorical imperative (Vakoch, 2014).
Ernst Fasan further elaborated this concept with the eleven fundamentals Rules of Metalaw, that
he later summarized in the three following principles (Fasan, 2016):
1. A prohibition on damaging another race.
2. The right of a race to self-defense.
3. The right to adequate living space.
However, Fasan based the applicability of these rules on a sentient being that could potentially
meet specific characteristics (Fasan, 2016):
1. Life in the sense of influencing the environment by selection from more than one possibility, that
is, by fighting entropy.
2. Intelligence in the sense of self-realization, realization of free will, and realization of the basic
ideas of good and evil.
3. Detectability by humans.
4. Three-dimensionality or at least existence or activity within three-dimensional space.
5. Some, if only rudimentary, will to live.
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The analysis carried out in this investigation aims to go beyond these specific aspects, and to offer
a broader reflection on the concept of intelligent life and human behavior. For this reason, the
principles of animal rights are analyzed. According to part of the doctrine, animals are classifiable as
sentient beings and are therefore an appropriate parallel to analyze. A general analysis will then be
provided on the conception of the Universe as an interdependent biosphere.

3.3.2.

Legal Framework for the Protection of Animal Rights

There are currently no international standards or agreements that guarantee the welfare of
animals. However, many countries across the globe have been implementing national laws,
regulations, and strategies to secure the safety and overall well-being of animals. However, the overall
lack of international unanimity on this topic leads to different treatment of animals across different
countries (Cao, 2016).
The World Organization for Animal Health (OIE) aims to create a general framework for the
treatment and use of animals on a global scale through the Universal Declaration of Animal Welfare
(UDAW) (international committee of the OIE, 2007). The International Convention for the Protection
of Animals also proposed a treaty that would serve as a general guideline for the treatment of animals.
The UDAW is an intergovernmental agreement established with the purpose to recognize that animals
are sentient, and to end animal cruelty. The UDAW also has a particular focus on providing benefits for
animals, humans, and social development. Within the benefits of social development, it is emphasized
that human behavior towards animals overlap with those of humans towards each other (international
committee of the OIE, 2007). Topics such as ethics and moral principles are often discussed in
organizations that encourage animal welfare, which includes the understanding of animal needs, as
well as human empathy and sympathy towards animals (Cao, 2016). However, the current animal
rights are established in such a way that it does not uplift human rights. There is no harmonization in
the legal system for animal welfare and animal rights around the world, given cultural and religious
factors, which entails various visions of the status of animals in the different regions of the world.

3.3.3.

Jurisprudence on Animal Rights

After analyzing the legislative framework that exists for the protection of animal rights, it is
important to discuss their efficacy and, therefore, the application of those rights in courts. Observing
how legal principles are interpreted in a court setting can better inform current understanding of
human intelligence and human treatment of animals. TThe cases in which have been proposed the
application of human rights to nonhuman animals are numerous. Outlined in this section are
exemplary decisions where such animals have been compared to either objects or human beings, and
the importance of those decisions.
The first case analyzed is from 2005, wherein for the first time, an application was submitted,
denoting that a chimpanzee should have the right to habeas corpus. On this occasion, the applicant
required the recognition of the animal as a legal person, worthy of specific rights. The case itself
concerned the alleged illegal detention of a chimpanzee, named Suíça, inside the Parque Zoobotânico
Getúlio Vargas in Salvador, Brazil. Public prosecutors Heron Santana and Luciano Santana asked that
the human right of a person not to be detained in solitude be also recognized to the chimpanzee. They
asked to change the location of his custody and to detain him in a different structure in São Paulo. This
was so that the animal then could enjoy the company of other members of its species and receive the
appropriate care of biologists responsible for its protection. As can be seen from the petition for a Writ
of Habeas Corpus, among the various nonhuman animal species, the chimpanzee is the one most easily
granted personhood and thus becoming a human animal. As part of a social species, isolation can result
in great psychological distress for the subject. After an inspection was conducted inside Suica's cage,
it was determined that the conditions of the were causing great suffering, due to both the limited
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space and its poor maintenance. The case was brought to court, as the Brazilian federal constitution
guarantees the right to habeas corpus, the freedom of movement or non-illegal incarceration, as
applicable only to a legal person (Santana and Santana, 2005).
Laws are expected to change alongside the transformation and modernization of society.
Historically, slaves were recorded in state registries and considered private properties. With the
abolition of slavery, these elements have since been recognized as unacceptable by the jurisprudence.
Unfortunately, the parties who proposed the protection of the animal, had to dismiss the case
following his death, before the court took a decision. However, elements from a new jurisprudential
line emerge from this case, which intends to identify animal beings not as objects owed by humans, or
as a species inferior to them, but as worthy of the same rights (Michigan State University, 2017).
Another example worth referring to is another writ of habeas corpus on behalf of animals. In this
2017 case, the actors of the discussion were three elephants residing in Connecticut. The court was
asked to consider the animals as legal persons, and therefore rights holders. The petitioner, Nonhuman
Rights Project, Inc., is a U.S. civil rights organization that deals with the protection of rights for
nonhuman animals (Nonhuman Rights Project, 2020). In this case, the court was demanded to respond
on the procedural aspects of the case and denied the petition of habeas corpus declaring to have no
jurisdiction in the matter, as according to this court, the elephants could not be considered humans. It
is evident from this ruling that from a court of law’s perspective, human beings are intended to be kept
separate from animals.
This view has seen a change despite this distinction, in two recent rulings by a Brazilian and an
American court. The first case that was ruled was in a court of the Tribunal de Justiça do Estado de
Mato Grosso (Brazil) in October 2019. The case featured an elephant named Ramba, a member of a
circus for approximately 30 years. When she was moved to from the circus to a sanctuary in Mato
Grosso, the local government of the region where the sanctuary was located imposed an importation
and movement of goods tax payment of 50,000 dollars, regarding the animal as an object to be
transported. The ruling court not only denied the classification of the animal as property, prohibiting
the application of the above-mentioned tax, but defined her as a ‘welcome guest’ in the new territory,
considered finally free from the suffering that people had caused to her so far. This is one of the first
cases in which the cruelty of exploitation practices conducted within circuses was officially recognized,
and where the animal is perceived as having a different legal status from that of ownership (Associacao
Santuario de Elefantes Brasil, 2019).
More recently, in February 2020, the Bronx Supreme Court came to a similar conclusion. The case
was brought forward by the Nonhuman Rights Project, concerning another elephant, called Happy. It
was requested that Happy be freed and moved from the Bronx Zoo a sanctuary. Although in this case,
Judge Justice Tuitt was bound by a previous decision of another court regarding the habeas corpus not
granted to a chimpanzee, the final ruling highlights a change of course in the perception of the animal,
which is defined again as not an inanimate object with ownership, but as a living being that should be
treated with respect and dignity (Nonhuman Rights Project, 2020).

3.3.4.

The Law for the Rights of Mother Earth

Not only does the relationship between human beings and animals have relevance in this context,
but analyzing the way in which humanity interacts and relates to the environment can provide
interesting insight. In fact, even when considering the legislation regarding environmental protection,
there is a clearly anthropocentric approach. An example of which are the legislations aimed at reducing
pollution, whose objectives are mainly for the prevention of human health problems connected to it,
rather than the protection of the environmental system itself (Ash, 2007).
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An alternative concept of the rights that the environment itself should hold can be found in a law
promulgated by the Bolivian legislative assembly in 2010: The law for the rights of mother Earth. This
law was then revised in 2012 and promulgated as the renamed Framework Law of Mother Earth and
Integral Development for Living Well. In this legislative document, planet Earth is considered a person
of law, worth protection in its entirety, as well as are all its components. The interdependence between
each element belonging to the planet Earth is recognized, and given this indissoluble connection, each
element is protected due to being functional or reliant to one another (Ley Marco de la Madre Tierra
y Desarrollo Integral para Vivir Bien).
The same concepts can be found in the Ecuador Constitution, which became a legal first, by being
the first in the world to recognize "The Rights on Nature" in a national legislative document. ‘Article
10’ acknowledges to Nature the same rights that people and communities enjoy. Furthermore, the
seventh chapter of the Constitution (articles from 71 to 74), defines the rights applicable to a definition
of nature that is existing, persisting, evolving, and regenerating (Earth Law Center, 2020).
These exemplary documents provide a new perspective, suggesting that the environment can be
identified as an organism in its own right, and not as a functional tool to human beings. This goes on
to then proclaim that nature and planet Earth are not identifiable as exploitable resources, or some
objects on which it is possible to exercise any form of sovereignty. They are instead classified as
recipients of rights, bearers of protected characteristics, on a par with legal persons as commonly
understood.

3.4. Conclusion
The legal instruments analyzed (see Section 3.3.1) and the judicial decisions taken into
consideration (see Section 3.3.3) show an evident conception of the animals as insignificant, if not
considered resources or property. Our anthropocentric vision of the cosmos prevents us from
recognizing the fundamental needs of other forms of intelligence, different from the human one.
Humanity today is still not able to perceive its belonging to an extremely interdependent biodiversity,
and considers itself of such a superior rank, as to almost no longer belong to the animal category. For
this reason, some species considered more intelligent, such as elephants, chimpanzees, domestic
animals, are gradually being more protected. But, at the same time, their livelihood and their chances
of survival are hampered by the lack of consideration of their belonging to an interdependent
ecosystem. State sovereignty over natural resources is linked to the same concept (Ash, 2007).
The legal status of the planet itself and nature were analyzed in accordance with Ecuadorian and
Bolivian laws for the ‘Mother Earth,’ which represents nature and the Earth as legal persons with
constitutional rights (see Section 3.3.4). Although not internationally legally binding instruments, these
documents provide a strong vision and basis of the perspective that human beings should take into
space exploration and the search for forms of extraterrestrial intelligence. Given the difficulty in
defining intelligence concretely, and therefore making it impossible to define the type or form of
intelligence humanity may contact in the future, an introspective ethical investigation is required to
explore how civilization looks at the Universe and the different forms of intelligence that inhabit it. By
taking example from exemplary legal cases and society’s relationship with the planet and the other
nonhuman organisms that inhabit it, humanity could approach the treatment of the Universe itself,
and other extraterrestrial intelligence, in a similar vein as proposed by the Bolivian law.
Jill Tarter aptly puts this during a recent Ted Talk: the search for extraterrestrial intelligence is
nothing more than a mirror, through which humanity can be able to observe itself from another
perspective. The origin of life and matter on Earth originates in planetary nebulae, making the human
race part of a Universe where worlds "are made of stardust." Jill Tarter believes it would be necessary
for society to take a collective ‘step back,’ in order to have a broader, cosmic vision of humanity’s place
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in the Universe (TED Talk, 2009). Thus, there is a need 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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4.

OUTREACH AND PUBLIC ENGAGEMENT

Outreach is the process of providing information or knowledge to parts of the population that
otherwise would not have access to it, and is an essential component of initiatives regarding the search
for extraterrestrial intelligent life in the Universe. Public perception of certain issues greatly influences
the initiatives undertaken by the scientific community, in part due to funding restrictions. Early on in
this project, outreach was identified as an important aspect of disseminating information regarding
the search and normalizing it in the context of scientific advancement and space exploration. It is easier
for the general public to learn about prospective extraterrestrials through movies, television series,
science-fiction novels, and news about unidentified flying object (UFO) sightings than it is to find
educational material about the search for extraterrestrial intelligence in the mainstream media. That
makes the information presented to the public often negatively biased and rarely scientifically
accurate, which creates the need for normalization of this field of study. The search for extraterrestrial
intelligence tends to be a very controversial topic of discussion within many communities. Given that
so little resources are allocated to the search as a whole, more effective and broader ways of
communication with the general public are required. The previous two chapters of this report discuss
scientific initiatives and legal protocols regarding the search for extraterrestrial intelligence (see
Chapter 3 and Chapter 4). Having a wider audience could aid in the reception of funding for scientific
purposes and to address the gaps in the current legal frameworks, in addition to the possibility of also
inspiring the next generation of researchers and scientists. For this reason, several outreach methods
were investigated, and an outreach plan was developed. This chapter presents a communication plan,
as well as several outreach materials that were developed to target a variety of audiences. Additionally,
preliminary results of a pilot survey are presented as a tool to guide further development of this plan.

4.1. Communication Plan
A well-thought-out communication plan is an essential part of breaking down barriers between
research experts, industry, and the general public. Science communication, in particular, is an essential
part of the success of a scientific project, as previously discussed in Section 3.1. The communication
plan requires extensive planning, execution, and evaluation of the effectiveness of the outreach
program (Spicer, 2017). Typically, a communication plan includes five key elements: audience analysis,
communication objectives, communication channels, responsibilities, and timing (Newman, 2016).
Following the thorough literature review of the research regarding the search for extraterrestrial
intelligence and stakeholders involved that was undertaken at the beginning of this project, it was
identified that one of the largest issues that need to be addressed in this field is the normalization of
the search. For this reason, a dedicated outreach team was created to target as many audiences as
possible, while disseminating the science and technology, as well as the legal and policy aspects of this
project.

4.1.1.

Audience Analysis

Given the large scope of this project and the wide-reaching impacts of the search for
extraterrestrial intelligence itself, the initiatives were undertaken as part of this project, and their key
results must be clearly communicated with a variety of audiences. It is important to analyze the
characteristics each audience has that may be relevant, such as age, education level, involvement in
the space industry, as well as what each audience already knows about the topic. The main audiences
targeted in this project can be broken down into three main categories, which are listed and described
as follows.
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1.

General Public

The general public refers to people with no specialized knowledge of extraterrestrial intelligence
or experience in the space industry, with large age variations and differing backgrounds. Given the
international and intercultural community, this project team is composed of, it is difficult to thoroughly
analyze the particular aspects of each country, age group, level of education, and other factors that
may influence the communication strategy. For this reason, a pilot survey was developed to determine
the general public’s perception of the search for extraterrestrial intelligence, including some
demographic questions that can be used later in the analysis of the preliminary survey results. These
results and the feedback gathered from this pilot survey will be used to improve the quality of the
survey (see Section 4.2) as well as further develop and iterate on the communication plan.
2.

SETI and Space Community

This audience consists of people with above-average knowledge of space exploration, the search
for extraterrestrial intelligence, and similar topics in the field. The reason that this category is separate
from the general public is that having this background knowledge tends to greatly influence a person’s
opinion of the search for extraterrestrial intelligence, either positively or negatively. In order to
distinguish responses in the pilot survey from people belonging to this category, several questions
were added to determine their involvement, level of education, and more. These questions can be
used in the analysis of the preliminary results to inform the communication strategy for this audience
group.
3.

Young Children

This category includes the younger generation, which includes children under ten years old. A
different approach needs to be taken to ensure this audience group is targeted early enough that they
engage with the topic and begin to understand the science behind it. A review by the Department of
Sociology at Rice University in Texas found that, based on the responses that they received, the major
respondents to scientific outreach in the United States were targeted school-aged children (32%), the
general public (21%), and specialized sectors such as investment (6%) (Ecklund, James and Lincoln,
2012). These results showed that in order to have an effective outreach program, the target should be
school-aged children and the general public as they are the most responsive to public outreach.
Targeting these audiences will fulfill the goal of this project and spread awareness to the general public,
thereby inspiring the next generation of researchers and scientists.

4.1.2.

Communication Objectives

It is important to clarify the focus of an outreach program to maintain a consistent message
throughout the lifetime of the project (Davis et al., 2018). Given the variety of issues addressed in this
project, the objectives of the outreach initiatives developed in this project are three-fold:
1.

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

2.

Disseminate science to change the “extraterrestrial intelligence is science-fiction” narrative
that has long dominated the field, thereby reducing the giggle factor

3.

Share the findings and proposals developed by the team in a way that can be built upon by
future projects

4.1.3.

Communication Channels

The channels used to communicate a project determine the reach of the intended message and
materials. These channels are dependent on the resources available, including time and human
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resources (Davis et al., 2018). It is important to include as many channels and platforms as possible to
reach as wide an audience as possible. 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 under development.

4.1.4.

Responsibilities

This outreach plan involves many tasks, including the development of the first draft of children’s
book, the design of a website along with the dissemination of its content, the generation of a pilot
survey along with the analysis of its preliminary results, an analysis of the role of social media, and the
creation of merchandise related to the search for extraterrestrial intelligence. These responsibilities
belong to the outreach team of this project; however, carrying this outreach initiative forward after
the completion of this project will be a challenge. As a result, alternative methods of outreach have
been ruled out, such as developing a social media presence, because this would require continuous
upkeep by a dedicated team member following the completion of this project. For this reason, an indepth analysis of the role and impact of social media was undertaken, but no actionable plans were
developed in that realm. Future communication plans may benefit from considering the positive and
negative aspects of social media presented in Section 4.6.

4.1.5.

Timing

As mentioned in the previous section, the timing of this project constitutes a challenge for the
outreach program. By the time this project concludes, preliminary versions of all the outreach
materials, except for the website and merchandise, will have been developed. These materials, such
as the book and survey, will require further development, given the results of the first iteration. Since
further development of the materials is outside the scope of this project, the focus will be placed on
delivering actionable recommendations to carry these efforts forward. These recommendations
ensure that subsequent projects can build upon the base established in this outreach program.

4.1.6.

Public Outreach Best Practices

There are 11 best practices according to guidelines published by the U.S. Department of Energy,
to ensure a successful outreach effort (DOE, 2017). These practices have been successfully
implemented in the U.S. and Canada for sharing technological development with the general public
(Daly et al., 2011). Although the topic of this outreach project differs, these practices are transferable,
given the scientific nature of the work. Their implementation in this project is outlined as follows.
1.

Integrate Public Outreach with Project Management

2.

Identify Outreach Goals with Project Management

3.

Establish a Strong Outreach Team

4.

Identify Key Stakeholders

5.

Conduct and Apply Social Characterization

6.

Establish an Outreach Program

7.

Develop Key Messages

8.

Develop Outreach Materials Tailored to the Audiences

9.

Implement and Manage the Outreach Program

10.

Assess the Performance of the Outreach Program

11.

Be Flexible – Adapt the Public Outreach Program as Needed
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The first five best practices involve an analysis of the community in which a project will be located
as well as other stakeholders. Practices 6 through 8 outline the development of the outreach plans and
materials, whereas practices 9 through 11 involve the implementation, operation, assessment, and
refinement of the plan. This tends to be an iterative process, which ensures the best possible reach of
the material (DOE, 2017). In accordance with these practices, the outreach initiatives described in this
section will continuously evolve to ensure that the communication objectives are met in an effective
way.

4.2. Pilot Survey
According to the International Statistical Institute, a pilot survey is a survey usually carried out on
a smaller scale and prior to the main survey, primarily to gain information to improve the efficiency of
the main survey (OECD Glossary of Statistical Terms, 2008). A pilot survey is incorporated as part of
the communication plan because it builds a good knowledge base of the target audience, such as the
collection of their basic demographic information. It has been structured to help better understand
the general public's perception on the topics related to extraterrestrial intelligence in a quantitative
way. According to numerous case studies involving non-profit and profit organizations, one of the most
inexpensive methods was to conduct a web pilot survey (Schonlau, Fricker and Elliott, 2002), the pilot
survey can also be used later to evaluate the outreach efforts (United States Environmental Protection
Agency, 2019). For example, once the outreach activities are rolled out, a similar questionnaire can be
used to obtain customer satisfaction information, as well as to determine whether the audience’s
opinion changed on extraterrestrial intelligence. This section describes the methodology behind the
generation of the pilot survey, the demographic data of the people who responded, as well as a
preliminary analysis of the results.

4.2.1.

Methodology

When generating the survey, an in-depth analysis of similar questionnaires should be performed
as well as a quality assurance procedure is followed at the beginning of the process (Kelley et al., 2003).
Due to the time constraints of this project, limited time was spent on this first phase; however, a
simplified version of the process was carried out. Questions were generated based on areas of interest
that arose during the literature review carried out at the beginning of this project, as well as the topics
being explored in the earlier chapters of this report. These questions then went through a quality
assurance procedure involving different members of the team. After independently reviewing the
survey questions and flagging quality issues, the team then combined similar questions, rewrote
leading or biased questions, and generated preselected answers for the remaining ones. While this is
a source of bias in the procedure (Etter and Perneger, 1997), it facilitates the analysis of the survey
given the short timeframe.
The main goal was to understand the public’s general perception of extraterrestrial intelligence
and understand the ways that the project can be the most effective in its outreach activities. Given the
decision not to focus on specific audience segments, but to try and gather information from as many
people as possible, the pilot survey included questions to collect basic demographic data. Collecting
demographic data as part of a survey is necessary to facilitate the categorization of the responses, as
well generating key insights based on the data that can aid in the development of the outreach plan or
project (Wansink, 2000). This is carried out by analyzing how the collected demographic data correlates
with the opinion-based results from the survey (see Section 4.2.3).
The demographic questions that were generated aimed to determine the age, location, country
of origin, gender, education level, religion, and interest or qualifications relating to space. A complete
list of the questions along with the possible answers can be found in Appendix A. In addition to the
demographic questions, opinion-based questions were generated to inform various aspects of this
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project. As previously stated, one of the main issues in the search for extraterrestrial intelligence is the
fact that it is often regarded as science fiction, instead of science. The pilot survey aimed to gauge the
opinion of the respondent by allowing them to rate the initiative on a scale of 1 to 5, ranging from
science to science fiction. While this is not a traditional approach to this type of question, this initiative
is not a traditional one, and having a scale allows people’s opinions to fall somewhere in between.
Following that, data is collected on whether the respondent believes in life beyond Earth, and whether
they believe in intelligent life beyond Earth. The survey also contains some links to science and
technology proposals, aiming to determine whether people believe the search has benefits for
technological advancement on Earth or the type of science related to the initiative that should be
taught as part of school curricula. In terms of legal and policy links, questions were included to identify
the opinions and likely responses to contact with extraterrestrial intelligence. Some of these questions
ask who would be in charge of handling the first contact once it is detected, as well as when the
respondent believes that will happen. Additionally, questions aim to explore opinions regarding the
funding of the search and ethical considerations, such as whether extraterrestrial intelligent beings
would be treated as humans or animals. Finally, questions related to the rest of the outreach plan,
specifically to determine whether the children’s book would be effective, were included in the survey.
These range from how the respondent would approach the topic with their children, to their general
opinion of extraterrestrial intelligence, or colloquially called “aliens,” as a child and as an adult.
Modern surveys and pilot studies are often translated into different languages to capture as many
respondents as possible, coming with various cultural backgrounds and perspectives because people’s
perception differs based on their language. The perception differences could be applied to many
aspects, ranging from small things such as color, time to more complex concepts such as gender,
intentions, and emotions (Boroditsky, 2009). In addition to this, additional languages can add depth to
substantial survey topics such as the search for extraterrestrial intelligence because questions
regarding extraterrestrial intelligence are applicable worldwide and not solely in English-speaking
populations.
The implementation of the pilot survey was made without the use of a special framework, thereby
ensuring the anonymity of the collected data. The server is based at ISU, and a General Data Protection
Regulation page has been set up to conform to the European legal framework for data storage. To
comply with international regulations, the collection of email addresses kept optional. The design of
the survey was made to be simple and compatible with smartphones (see Figure 26). Smartphone
compatibility was especially important because the first iteration of the survey had some functionality
problems when viewed on iPhones, which kept the user from seeing all the available answers. The
visibility issue had to be addressed to avoid bias in the answers due to technological limitations.
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Figure 26. Design of the pilot survey as viewed on a smartphone

This pilot survey was released on February 11th, 2020, at http://seti.isunet.edu/survey/ and was
communicated to different audiences by members of the team, mainly through their social media
platforms. The use of team member social media platforms is another source of bias in the pilot survey
and is the reason why the preliminary results were largely influenced by the home countries of the
team members (see Section 4.2.2). As of March 11th, 2020, there were a total of 1266 responses to
the survey. A preliminary analysis of these responses will be reported to inform the rest of the outreach
program, as well as form recommendations for similar surveys moving forward.

4.2.2.

Demographic Data and Sources of Bias

The survey received responses from a wide range of people, with ages from 12 to 94 and over 30
countries. However, there is no way to verify the accuracy of this data, and this may be a source of
error in this analysis. In order to mitigate this issue, the results with the majority of respondents will
be examined in this section. In this manner, any anomalies in the data are filtered out. There still
remains bias in these results due to the distribution method of the survey, and this is reflected in the
following observations.
The complete set of data from the preliminary survey that was used to perform this analysis,
including the number of participants that chose each answer, will be made available on the team
website. The first set of demographic data available through the survey is the language selected by the
participant (see Figure 27A). Of the 1266 participants, the majority (52.2%) completed the survey in
English. Following English, the highest chosen languages were Spanish with 21%, Portuguese with 20%,
French with 5%, followed by Arabic with 1.8%. This is a direct effect of the method of distribution of
the survey via the team members’ social networks. The gender distribution of the participants is shown
in Figure 27B. It is almost evenly distributed amongst males and females, at 52.4% and 46.7%
respectively, with less than 1% of the respondents choosing “Other” or “Prefer not to declare.” The
ages of the respondents were widely distributed, as shown in Figure 28. The majority of participants
were between the ages of 20 and 29 (36.6%), followed by 23.7% for people in their thirties. Only 82
participants (6.5%) were under the age of 19, and the rest of the participants were over the age of 40,
with 33.2% distributed amongst the remaining age ranges.
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Figure 27. Demographic distributions of respondents from left to right: (A) Language, (B) Gender, (C) Religion

Figure 28. Age distribution of pilot survey respondents

In terms of geographic location, the main countries were Brazil (35.4%), Argentina (19.6%), Italy
(17.8%), Mexico (15%), United States (14.7%), Canada (10.6%), Australia (10.5%), France (12%), and
United Kingdom (10%), with the countries of origin and residence following similar trends (see Figure
29). The survey included both in an attempt to determine whether a respondent’s country of residence
or origin would have different effects on their answers. In light of the negligible differences in
distribution, this line of investigation was not pursued. The majority of the respondents hold a
Bachelor’s degree (46.11%) or a Master’s degree (24.49%), showing a bias in the answers towards a
more highly educated group of people (see Figure 30). However, it is important to note that only
14.93% of the responses were from people with space-related education, and only 12.01% have
experience in the space industry. This removes any doubt of biases due to a higher than average
exposure to space, and shows that the majority of the people who responded to this survey would not
be particularly familiar with this topic or coming in with their own biases. Finally, demographics data
was collected regarding the participant’s religion or lack thereof (see Figure 27C). The intent behind
this question was to further analyze whether the religious views of survey respondents would influence
their responses to certain questions; however, given the lack of variety in the responses, this remains
inconclusive.
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Figure 29. Countries of origin vs. residence of survey respondents

Figure 30. Highest levels of education completed by survey respondents

Following the demographic data analysis, a preliminary analysis of the opinion-based questions
was completed. The main demographic data that was incorporated into the analysis of some of the
questions was whether or not the respondent had a space background. This can be seen in the
following section.

4.2.3.

Preliminary Analysis

Feedback was gathered on the questions and limitations in the answers and based on that
feedback, some of the questions are excluded from this analysis. Questions were excluded if they were
vague, badly worded, or had insufficient options for the answers. The first of these excluded questions
was, “Do you have any experience or personal interest in the search for extraterrestrial intelligence?”
This question was intended to provide some further insight into the audience segments by identifying
participants with a background in the search for extraterrestrial intelligence. However, the question
does not sufficiently distinguish between people with work experience and people with a general
interest. The phrasing of this question was an oversight that rendered the answers to this question
unusable, and similar issues require consideration for other questions. Another problematic question
was “On a scale of 1 to 5 (science fiction to science, respectively), where do you believe that the search
for extraterrestrial intelligence lies?” because this question was not well received by participants. Most

89

of the feedback regarding this question was related to its vagueness, as a significant portion of the
respondents did not fully understand the intention behind this question, and chose random values on
this basis. It was deemed better not to include this question in the analysis, as it would not give any
relevant or accurate insight into this topic.
Additionally, some of the questions were eliminated from the analysis due to the lack of sufficient
answers. Questions such as “What kind of search for extraterrestrial intelligence science do you think
should be taught as part of school curricula?” and “When do you think humanity will make contact with
extraterrestrial intelligence?” garnered negative feedback because some people felt that their answers
or opinions were not accurately reflected in the choices. Participants were not able to choose more
than one answer regarding the school curricula question and sometimes did not agree with all or none
of the above either. In the latter question, some people expressed that contact may have already been
made and that the time frames in the answers (50 years, 100 years, >100 years) were not sufficiently
representative of the possible options.
Two of the first opinion-based questions asked were, “Do you believe in life beyond Earth?” and
“Do you believe in intelligent life beyond Earth?” (see Figure 31). This distinction between life and
intelligent life was part of the methodology in the generation of this survey, in an attempt to isolate
any differences in people’s opinions regarding the matter. While the trends were largely similar,
showing that the majority of the population believes in life or intelligent life beyond Earth,
approximately 84.8% of the responses indicated a belief in life in general, whereas 69.8% showed a
belief in intelligent life. This shows that this distinction is indeed important, as the existence of life does
not necessarily mean the existence of intelligent life.

Figure 31. Results for “Do you believe in life beyond Earth?” as compared to “Do you believe in intelligent life
beyond Earth?”

Despite the overwhelming majority of people not having a space-related background or education
(85%), approximately 80% of participants believe that the search initiative could be beneficial for
humanity to some extent. Approximately 62% of these people are those with no space background
(see Figure 32). This is an interesting result, as there is a common misconception that only people with
knowledge or experience in space realize the technological benefits of space exploration. There is also
the aspect of the search for extraterrestrial intelligence being seen as less scientifically valid in some
of the space community, and these results discredit both of those assumptions.
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Figure 32. Results for “Do you believe that the search for extraterrestrial intelligence has benefits on Earth?” as
compared to “Is any of your higher education space-related?” and “Do you have any experience in the space
industry?”

One of the questions of the survey aimed to explore how parents would approach this topic with
their children (see Figure 33). This was included with a preset answer of “Read them stories with
extraterrestrial intelligence” in order to gauge potential interest in the book being developed as part
of this outreach plan. Most of the respondents expressed that they would take the initiative to explain
to their children (34.1%) or explain if they ask (27.4%). These answers aligned with expectations;
however, it was encouraging to see that the third-highest answer was that they would read stories
that explore the topic with their kids, with 18.3% of parents or potential parents choosing that answer.
It was further revealed that of the parents who chose reading stories, 75% had no space background.
This proves that such a children’s book would not be limited to the niche market of parents with a
space background, but would be appealing to parents of all backgrounds as a useful tool to explore
this topic with their children. One limitation of this pilot survey question was that it was not divided
into two more distinct questions because the question was presented in a manner that only allowed
participants to select one option. Perhaps a more direct method of inquiry could have been a
preliminary question about if the participant would explain the concept to their child or not, with a
follow up question for those who would, asking what methods for explanation they would use (books,
television, conversation). Therefore, the preliminary result of 18.3% of participants choosing to read
their children a story may be reduced by the format of the question.

Figure 33. Results for “If you are a parent, or plan on having children, how would you approach the topic of
extraterrestrial intelligence with your children?”

As an attempt to explore how opinions of people change between their childhood and adulthood,
two questions were posed, “What was your opinion of extraterrestrial intelligence when you were a
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child?” and “What is your opinion of extraterrestrial intelligence now?” (see Figure 34). These questions
had a wide variety of answers, in an attempt to cover all possible opinions. However, that is clearly not
possible, and is evidenced by how many people chose other; not listed as their response
(approximately 10% as kids, and 29% as adults). Most people who thought “aliens” were scary or
abduct people as kids do not believe that as adults (approximately 10% decrease). An 11% increase is
shown in people who now believe that “aliens” are beings like us on other planets. These results show
that children tend to have more negative conceptions of extraterrestrials, and this is very likely due to
media influence. As people get older, and start to think about the issues for themselves, or consume
more scientifically accurate media, their opinions start to develop.

Figure 34. Results for “What was your opinion of extraterrestrial intelligence when you were a child?” vs. “What
is your opinion of extraterrestrial intelligence now?”

To inform the contact protocols discussed in the legal chapter of this report, the following question
was posed: “If extraterrestrial intelligence is detected, who should be in charge of first contact with
extraterrestrial intelligence?” The majority of respondents (39.6%) believe that a committee devoted
to the search for extraterrestrial intelligence should be formed (see Figure 35). This answer is followed
by a few other options, with the second highest being the research institution of the researcher who
detected the first sign of extraterrestrial intelligence at 16.4%.

Figure 35. Results for “If extraterrestrial intelligence is detected, who should be in charge of first contact with
extraterrestrial intelligence?”

An ethical question was posed, asking, “Should we treat extraterrestrial intelligent beings as
humans or animals?” This question was developed to complement the issues discussed in Section 3.3
of the legal chapter, exploring human’s anthropocentric view of the world and how that influences
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animal rights as well. This could have applied to extraterrestrial intelligence as well; however, it is
noteworthy that a mere 1.66% chose animal. The most chosen answer was, in fact, human (50.4%),
with the rest of the results almost equally split between none of the above or I do not know (see Figure
36).

Figure 36. Results for “Should we treat extraterrestrial intelligent beings as humans or animals?”

The final question that was analyzed is “How should the search for extraterrestrial intelligence be
funded?” The results show that the majority of respondents (64.6%) believe a combination of
government and private funds would be the best way to fund this initiative (see Figure 37). These
responses align with the rest of the results being split between government (11.6%) and private
(15.5%), followed by 8.3% of respondents saying they didn’t know the best answer.

Figure 37. Results for “How should the search for extraterrestrial intelligence be funded?”

Overall, the preliminary results show some clear trends in the data, but given the biases in the
survey and the lack of a thorough quality assurance procedure, these results can only be used to inform
the future direction of a similar survey, which is discussed in the following section.

4.2.4.

Future Direction

This survey may be shared through other communication channels in the following few months to
attempt to address the biases in the results, most of which arose due to the distribution method of
the survey and the preliminary framing of the questions, as previously mentioned. Future directions of
this work could include a street survey, which is a classic method of carrying out such research that
involves physical sampling and personal contact with participants, and allows for a more random
sampling of respondents. The street surveying can be completed in public areas, such as shopping
centers, travel terminals, or out on the street, to name a few. Doing a street survey would ensure a
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more random sampling and minimize the risk of having the majority of responses being constrained
by the team’s immediate network (Noy, 2008).
If a future version of this survey was to be developed, a more thorough peer review and quality
assurance procedure would need to be followed. An ethical board review may also aid the modification
of the survey. Given the sensitive subject matters of some of the questions in the survey, such as
inquiring about the religion of the participants, an ethics review would ensure that possible risks to the
participants are mitigated and accounted for. Ethics approval would also lead to a better-vetted set of
questions, which in turn eliminates a lot of the bias observed in the results of this pilot survey. These
modifications could also allow current issues and gaps in the questions to be addressed, thereby
making the results valid for analysis.

4.3. Merchandise
Early in the project, it was identified and recognized that there are current options available to the
general public regarding merchandise related to astrobiology. Nevertheless, the options that were
available tended to take a less serious approach and interviews undertaken with experts confirmed
that there is a need for more educational merchandise. By identifying and capitalizing on, or
alternatively, by creating a specific brand that normalizes the search for extraterrestrial intelligence,
the team could deliver an ongoing tool that future proponents could use to raise awareness and more
deeply engage members of the public.
As discussed in the communication plan (see Section 4.1), one of the key focuses of this team
project, and in particular, the outreach component, is to normalize the search for extraterrestrial
intelligence as a valid and serious scientific endeavor. A review by the merchandising team of the
existing merchandise available in the market identified that this aim was not supported and indeed
appeared to further discredit these search initiatives rather than support them.
Merchandise can be used to disseminate information about science projects and initiatives and is
an effective way to raise support and potential funding. One example of this is the ATLAS Education &
Outreach project at CERN, which operates under the Mission Statement of “ATLAS is a particle physics
experiment designed to explore the basic building blocks and fundamental forces of nature in order to
advance our understanding of the world around us” (Goldfarb, Marcelloni and Shaw, 2016). The
Education and Outreach component of the project aims to use a variety of methods of communication
to present their goals and accomplishments to a variety of audiences, which includes the distribution
of merchandise products such as books, clothing, and pens. They have reported success using a variety
of communications techniques (Goldfarb, Marcelloni and Shaw, 2016). There can be links drawn
between the work of the ATLAS project and the search for intelligent life, insofar as both projects are
searching for confirmation of a theorized concept, with a binary outcome (it is either not detected or
it is detected). Due to these parallels, the merchandise for this project will be developed to share the
science behind the search for extraterrestrial intelligence in a similar way.
The following section details the production and distribution platforms that have been
investigated, the tradeoffs these options required, and the reasons for selecting a particular type of
outlet. It also discusses some of the design options that have been developed to present a professional,
legitimate, and scientific approach to the visual appeal of the merchandise.

4.3.1.

Infrastructure

Before the team could begin to design merchandise, it was important first to understand how
exactly the manufacturing and distribution processes would be undertaken. This was done through a
two-pronged approach: firstly, a market analysis was performed, then potential customer
segmentations were identified and clarified into the type of merchandise that would most likely be
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purchased. Beane and Ennis (Beane and Ennis, 1987) describe the five different options for
segmentation of markets - geographic, demographic, psychographic, behavioristic, and image. For this
project, the markets were differentiated by demographics, as the proposed merchandise products are
agnostic to geography, psychological traits, and behaviors.
In this process, four primary markets for the merchandise were identified:
1.

Scientists who may enjoy more serious scientific merchandise

2.

General public who would buy the merchandise and develop a real interest in the topic

3.

ISU alumni who would purchase the merchandise as a memento

Identifying these audience groups would help develop the marketing plan for the merchandise in
the future, but will not influence the designs themselves. The second step involved a parsing of various
options available for purchase or production and distribution of the merchandise. A number of
different options were investigated, but the main constraint was that the merchandising platform must
be as self-sufficient and maintenance-free as possible. Hence, in order to have a well-maintained and
reliable line of merchandise that would last for a longer period than this project and provide hasslefree services to the customers, prioritization was undertaken on the basis of the following key aspects:
1.

Requirement to maintain minimal or no inventory

2.

Minimize ongoing maintenance/work by the developers

3.

Maximize order automation

4.

Highest sustainability of products

5.

Minimize costs to the customer

6.

Improve overall customer experience

7.

Generation of a profit margin

Based on the previous key aspects, the preferred infrastructure option would be a third-party
website where the team’s designs can be used to generate merchandise that can be produced and
fulfilled by the third party. In this infrastructure option, the customer is directed to a personalized
brand page on a third-party merchandising website. Upon placement of the order, the third party will
be responsible for creating the merchandise item and shipping it to the customer directly. This
infrastructure option addresses several of the key aspects and has the following benefits:
1.

No requirement of inventory space as the manufacturer stores the items within their own
warehouse.

2.

Reduction in the work required by the developers as they don’t have to regularly update
the website based on how the partnered websites change.

3.

Reduces the need for manual labor as the shipping and packaging is done by the
manufacturer itself.

4.

Construction of a sustainable merchandise environment that can work even after the
duration of the project with minimal maintenance.

This particular infrastructure option is referred to as ‘drop-shipping’. According to Chiang and Feng
(2010), “Drop-shipping is an arrangement whereby an e-tailer, who does not hold inventories,
processes orders and requests a manufacturer to ship products directly to the end customers” (Chiang
and Feng, 2010). Drop-shipping has the distinct advantages of lower holding, handling, and shortage
costs (Khouja and Stylianou, 2009). Depending on the particular provider, a small fee may be charged
for every item sold. The fee is due to online traffic and business being directed to the manufacturer,
so there is scope for making profit using this methodology. This final option, allowing the creation of a
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seamless and reliable experience for the customer, also creates a very low maintenance business
environment for the team’s merchandise developers.
The next steps involved setting up the merchandise page on the third-party website. This page
was created on a third party website called Threadless, which allows artists to set up their merchandise
page for no fee (Threadless, 2020). The team was not charged to add any products on the site either,
and the process was simple and user-friendly. The page setup involved editing the layout of the
merchandise site, choosing a name for the shop, creating an About page, and uploading designs to
generate products. The team agreed on the name ‘Area 21’ based on pop culture references to Area
51, a military testing base in the United States rumored to house alien technology, and the fact that
there are 21 members on the team. A simple, space-themed page was set up at the “area21” website
with the following tagline:
Area 21 sells designs based on the real science behind the search for extraterrestrial intelligence.
A more explanatory description was also added to the introduction page as follows:
This merchandise was developed as part of an outreach project at the International Space
University involving 21 students from countries all over the world.
We are united by a common purpose: using space exploration to make the world a better place.
This includes bringing awareness to the fundamental question: are we alone in the Universe?
The Search for Extraterrestrial Intelligence (SETI) has long been regarded as science fiction, but
these products aim to normalize this initiative by sharing the real science behind it.
All proceeds will be used to fund future SETI research or education related to SETI.
The aim of this description is to intrigue potential customers and encourage them to make
purchases by knowing that they are supporting a student project and that the proceeds will be used
to fund more projects in the future. The merchandise developed for the site, along with scientific and
educational descriptions, are discussed in Section 4.3.2. These designs were used to generate different
types of products, ranging from T-shirts to accessories like stickers, magnets, phone cases, and more.
It does not cost any money to add more options, and the team aims to target as many audiences as
possible. The sharing of this merchandise site will be following the completion of this project.
As a testbed for the merchandise, there is an option to target the 2020 Space Studies Program,
based in Strasbourg in June and beyond (International Space University, 2020). These 150 or so
participants can assist with the validation of the product by purchasing a limited-edition range,
handcrafted, and priced higher than the eventual final product. They will receive an iconic product,
and this might spark interest from some of the participants to take control of the merchandising line
moving forward.
Following the establishment of a free-standing, low-maintenance merchandising system, there
are multiple options for distribution of potential profit margins from the sale of the merchandise
products:
1.

Donation to a relevant research organization

2.

Contribution to a related team project or individual project for a future ISU student

3.

Providing a scholarship to a student with interest in similar research (International Space
University, 2020)

4.

Funding of team members to attend outreach events or conferences promoting this project
and its contents
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For future use of the merchandise line, it is expected that the sale of products will continue
through the website on an ongoing basis. However, there is still the potential for an interested and
passionate individual or group to develop it further, increasing available content or through
promotion. In this case, ownership could be transferred to another team or individual studying at ISU,
or there is the potential to transfer ownership to an aligned organization.

4.3.2.

Design

In Chapter 12 of Nature of Aesthetics and Design, David Pye (2007) writes about the responsibility
of the designer. According to Pye, "Art is not a matter of giving people a little pleasure in their time
off. It is, in the long run, a matter of holding together a civilization" (Pye, 2007). This is true in its nature
and influenced the design team to create something provoking that informs and arouses its audience's
curiosity to the search for extraterrestrial intelligence.
The merchandise designs aim to communicate, in an approachable and stylish way, the diverse
scientific technology used for the search for extraterrestrial intelligence purposes, as well as the
different methods to connect with extraterrestrial intelligence and share our planet's location,
ecosystems, ways of living, art, culture, and biology. Currently, there are four different designs, all of
which are based on real scientific projects used in the field of searching for extraterrestrial intelligence,
and have helped shape and solidify this science and will be described below. The goal is that when
people purchase the merchandise, they will also obtain a description of the artwork as a way to expand
their knowledge in this field. Furthermore, there is an additional design that portraits a modification
of Michelangelo's masterpiece, ‘The Creation of Adam,’ in a way that arouses the curiosity and
interpretation of the public between the interaction of extraterrestrial intelligence and humans. The
designs and their associated descriptions are as follows.

4.3.2.1.

Allen Telescope Array

The Allen Telescope Array, also discussed previously (see Section 2.2.2.1) radio telescope array is
dedicated not only for astronomical observations but also has as the main objective the search of
extraterrestrial intelligence. It allows the scientist to cover vast areas in the sky and can be used seven
days a week (SETI Institute, 2020).It is essential to communicate to the general public how this array
of telescopes has influenced the search for extraterrestrial intelligence. For this reason, the design
portrays different dishes of this array (see Figure 38), scanning the starry sky to retrieve as much data
as possible for the scientist to analyze.
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Figure 38. Allen Telescope Array

4.3.2.2.

Hubble Space Telescope

It is the first and one of the most significant optical telescopes to be placed and used in space.
Scientists have used it for 25 years to observe distant stars, planets, and even galaxies (Belleville, 2019).
The Hubble Space Telescope (see Figure 39) is portrayed in Low Earth Orbit, capturing deep space
images for humans to understand the vastness of the cosmos.

Figure 39. Hubble Space Telescope

4.3.2.3.

The Golden Record and Voyager

NASA sent a message onboard Voyager 1 and 2, aiming to communicate with extraterrestrial
beings about life on Earth. The 12 inch disk carries within it images, sounds, music, and greetings of
the rich diversity of humans, animals, and plants inhabiting planet Earth (Jet Propulsion Laboratory,
2019). Setting side by side, the Golden Record cover and the Voyager (see Figure 40), the goal is to
emphasize how humans have simplified many aspects of the human existence using this technology,
including history, diversity, nature, and are. Also worth emphasis is how humans have encoded this
information, and sent it with the hope that other beings in the Universe will find it. Similar to how
humans have tried to reach and communicate with extraterrestrial intelligence, this work aims to reach
and communicate with the public regarding the importance of the search for extraterrestrial
intelligence and associated research.
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Figure 40. Golden Record and Voyager

4.3.2.4.

Arecibo Message

The Arecibo message consists of 1679 bits that portray a summary of the existence of human life
as well as its nature. It intends to communicate with intelligent extraterrestrial beings the five most
essential atoms (H, C, O, N and P), the human DNA, the representation of the human body, and Earth’s
location in the solar system (The Staff at the National Astronomy, 1975).The Arecibo Message (see
Figure 41) serves as a reminder of how humans have attempted to communicate who we are in the
past.

Figure 41. Arecibo Message

4.3.2.5.

The Creation of Adam by Michelangelo

In the original painting, the composition portrays Adam reaching out to God and their fingers
barely touching. The placement of their fingers is done to convey how God is the giver of life, and Adam
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is yet to receive it, but they are not on the same level as compared to humans shaking hands. The
modification of the artwork (see Figure 42) portrays Adam as man and the portrayal of God and the
other 12 subjects in the background as higher forms of intelligence whom we are reaching out to as
only frequencies as till today, radio frequencies are the only sources and tools we have in the detection
of extraterrestrial intelligence. This has been done so as a subliminal approach to pique curiosity in
audiences as it could have different interpretations to different people so as to incite thinking and
learning.

Figure 42. Preliminary modified piece of ‘The Creation of Adam’ by Michelangelo

The above concepts, including the four designs and the Creation of Adam, portray the endeavors
in the search for extraterrestrial intelligence to date and intend to inform the public of the great
significance of these endeavors. Future directions of this work may include hand-painted limited
editions of the artworks. These future artworks will portray the curiosity of extraterrestrial intelligence
in the form of modifications to existing artworks, such as ‘Creation of Adam’ by Michaelangelo shown
above. Other original graphics of different styles will also be developed to capture attention to provoke
curiosity and suit the aesthetic tastes of different buyers.

4.3.3.

Artwork Disclaimer

The merchandise designs were created to communicate scientific and technological projects that
have helped the search for extraterrestrial intelligence over the years. Nonetheless, there are several
legal aspects that require consideration. The original images and photographs were used as inspiration
when creating the designs, but copyright infringement is something that needs to be addressed. Given
that most of the merchandise designs are based on scientific technology, it is difficult to track the
domain to verify if the creation of artwork based on their devices is possible. The team has reached
out to some institutions, such as the Hubble Space Telescope page created by ESA, but by the
completion of this report, no response was received (Hubble Space Telescope, 2020). To avoid any
legal inconvenience, a disclaimer will be added to each design containing the description of the
scientific technology and the developing organization. For example, the Hubble Space Telescope
design will be shipped with an inscription describing the telescope, and ESA and NASA will receive
credit for the development of this device.
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4.4. Children’s Book
In order for an effective outreach program to impact society, it is necessary to focus on future
generations, as their point of view and decisions will define how a certain topic will be portrayed for
years to come. Therefore, as part of the outreach plan, it was decided to develop an outreach project
focused on children.
The team opted for a children’s book, considering that this would be the best approach to a longterm effect on the perception of the search for extraterrestrial intelligence for the general public, as
children absorb information from picture books and transform it into real-life learning (Strouse,
Nyhout and Ganea, 2018). Picture books have the power to engage and influence audiences of all ages.
This real-life example can be noted from the interviews taken at the Mazza Museum at the University
of Findlay in Ohio, where 29 artworks from various artists were featured from a collection of children’s
books. Their endeavor is to provoke curiosity in their audiences so they learn about science through
the picturebooks. In an interview, a visitor who is a physicist, astronomer, and astronaut by profession
shared how the book ‘You Are the First Kid on Mars,’ by Patrick O’Brien, was the reason that he pursued
his ambitions. Additionally, another visitor describes how he was inspired by the books, and bought a
few for his granddaughter (Fessenden, 2017). Similarly, the book proposal is an attempt to attract the
minds of future scientists at a young age, in order to engage them with the topic of searching for
extraterrestrial intelligence. The target audience of the book was determined to be between the ages
of four to eight years old, making it appropriate for early readers.
The following steps were taken to develop the book:
1.

Research on similar books, both regarding age range (such as bestsellers “Dr. Seuss”, by
Theodore Seuss, and “The Little Prince”, byt Antoine de Saint-Exupéry) and storylines that
approach extraterrestrials (for example, “Marshmallows for Martians” by Adam Guillain
and Charlotte Guillain, and “We’re Off to Look for Aliens” by Colin McNaughton). This step
aimed to observe common elements of successful books within the age range proposed
and assess the approaches taken by similar books.

2.

Development of the storyline, further described in Section 4.4.1, attempting to integrate
elements from the Science and Technology Proposal and the Legal and Policy Proposal
developed in this project, if appropriate.

3.

In conjunction with the team’s illustrator, assess drawing ideas to be created for the book.

4.

Development of relevant questions to be asked on the Pilot Survey.

5.

Writing of the book’s plot in parallel to items 3 and 4 above and to the illustration.

The deliverables for this section of the project will be concentrated solely on a complete proofversion of the book, including the illustration drafts. After the book development is finalized, the
downloadable link will be provided under the website created as part of the outreach plan. This will
open a new opportunity for the book: feedback will be essential to improve the book in preparation
for formal publication. The publication of the children’s book would create another potential avenue
for raising funds in accordance with the merchandise segment of this project.

4.4.1.

Plot

In order to develop the plot of the book, research into the typical process was required. In 1949,
Joseph Campbell published the book ‘The Hero with a Thousand Faces’ that approached how many of
the mythological stories had a similar journey with repeating aspects to it. This journey is commonly
called ‘Hero’s Journey’ and it has been an inspiration to many modern storytellers, such as the famous
case when writer Christopher Vogler wrote a memorandum with a practical guide to that style while
he worked as a story consultant for Disney (Vogler, 2017). This famous memorandum influenced
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movies such as Lion King, and later became part of a textbook by Vogler named ‘The Writer’s Journey’
(third edition from 2007). Other famous stories were also influenced by the Hero’s Journey, including
Star Wars by George Lucas (Vogler, 2017). Given the influential nature of this story, the storyline of the
children’s book in this project was based on the storyline of the Hero’s Journey.

Figure 43. Typical flow of a story following the Hero’s Journey

As shown on the schematics of Figure 43, the Hero’s Journey writing style contains several
elements to tell a story. Briefly, Hero’s Journey is centralized around a protagonist that embarks on a
journey after receiving the ‘call to adventure’, facing many challenges along the way. In the end, the
story leads to the return of a transformed and enlightened protagonist (Regalado et al., 2017).
Based on this concept, Figure 44 portrays an adapted visual description of the story following the
same schematics of the Hero’s Journey. The following plot of the book was developed:
The book follows two best friends, Luna and Apollo, as they go on an adventure to meet
extraterrestrials. Luna’s mother, a SETI scientist, gifts her with a telescope during a sleepover.
Apollo and Luna use the telescope to look out at the stars, planets, and the Moon. While they are
observing the Moon, they see a flashing light and are intrigued by it, which is their official ‘call to
adventure’. After sharing their discovery with the mother, the two best friends decide to build a
rocket from scraps that they find lying around and take off on a journey to the Moon to investigate
what they saw. Once they arrive, they encounter Erin Tickles, or E.T., an alien who lives on the
Moon. This alien becomes their helper and mentor on their adventure. They befriend E.T., who
then takes them to explore around his home underground. The best friends meet his family and
friends, and they visit his school. Luna and her friend quickly realize that they are very similar,
although initially they only could see the differences. E.T. also tells them about his extraterrestrial
friends on other planets and moons, and how some of them communicate in different ways, which
required them to develop new ways to communicate. Luna and Apollo learn that there are many
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life forms throughout the Universe, all with different appearances and languages, but similar ways
of life and values. The two protagonists go through the revelation that no matter where they come
from, or what language they speak, they are all the same. They head home with help from E.T.
and are presented with a gift from it. Luna and her friend go to sleep when they arrive home and
when they wake up, they tell Luna’s mother all about their adventure. Luna’s mother asks for Luna
and Apollo to share every detail. In the background, it is possible to see the gift E.T. gave them and
the question that remains is: was it a dream or did it really happen?

Figure 44. Visual description of the story developed

The plot of the book contains specific elements inspired by the Proposal for Technosignature
Detection in Space Initiative in the Science and Technology Chapter (see Section 2.2). Table 25
highlights the connection between the book and the referred elements. Briefly, the book incorporates
the key elements of the proposed initiative, including the observation of technosignatures using a
telescope and looking back at Earth to see the technosignatures coming from it. Also notable is that
one of the main characters of the book is a SETI scientist, which is important because it allows the story
to be told from the perspective of an individual who is very relevant to the searching for extraterrestrial
intelligence initiative.
Table 25. Science and Technology Proposal elements incorporated in the book
Science and Technology
element

How it was incorporated in
the book

Explanation

SETI scientists

Luna’s mom is a SETI scientist

Direct connection to the importance of
scientists performing research on this
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topic to the encounter of ETI
Observing technosignatures

Overlooking the Moon and
noticing the lights through the
telescope

Lights are a simplified example of what
technosignatures can be, which is the
main focus of the proposal

Looking back at Earth

While on their journey, the
E.T. will show the protagonists
Earth from his home world

One of the missions suggested by this
proposal is to look back at Earth from a
distance and research how
technosignatures can be observed.

For the Legal and Policy Proposal, the connection is made through a parallel with the discussion
of Chapter 4 during their first encounter and how they handle this situation. Whereas the situations
may be slightly similar, it is important to keep in mind that this book is developed for a young audience,
and the legal protocols or approaches being discussed in this project are not appropriate for this
platform. However, certain themes are explored through the appearances of different extraterrestrial
beings, showing that there is no distinction where they can be considered humans or animals. This
book will show the similarities between these beings and ourselves, without claiming that they belong
in a predetermined category of being. In this way, other segments of this project are connected
throughout the story, creating a unified work.

4.4.2.

Illustration

Visual communication can be considered a practice of graphical representation to create meaning.
Various forms, such as graphic design, drawing, animation in digital as well as analog forms, have
always been the basis for conveying complex information and relaying ideas that would otherwise
remain unseen (Owoyele, 2016). An illustration helps the reader imagine and examine the scene in
detail while reading the story, which allows readers to see and connect with the story. It also prepares
the tone and setting of the story in the reader’s mind and helps fuel their imagination. Further, the
imagery defines and develops the characters in such a way that readers can connect more to the
personality of the character in the form of their expressions, appeal, clothing, and more, especially
when it is intended for children who have limited understanding of vocabulary and comprehension of
texts (Nicholas, 2007). This shows the importance of the connection between the story that the author
is attempting to convey and the characters portrayed, so that children are able to sympathize and
decode the story through the illustrations, even if they do not understand difficult words. It also aids
in expanding their ability to interpret the story conveyed and remember it for a longer period of time
(Brookshire, Scharff and Moses, 2002). Illustrations help children to forward their knowledge about
the story, which is an essential outcome of creating a good picture book. Art also has the ability to
arouse curiosity and interest in people of all age ranges, and can act as a catalyst for people to learn
and explore new topics in new ways (Fessenden, 2017).
A good picture book illustrates a strong lead character, which enables the reader to identify their
emotions, clarifies the story, and engages the readers in the plot (Wallin and Gordon, 2002). For
example, the illustration style of the children's book ‘Where the Wild Things Are,’ illustrated by
Maurice Sendak, which was published in 1963 and has sold over 19 million copies, was voted the top
picture book in 2012 (Ishizuka, 2015). The illustration should be appealing and engaging to older
children and adults as well because they should also be engaged when they are reading the story to
the younger children (Press, 2018). Hence, the children’s book will be based on a graphic style that
best suits the storyline. Illustration styles such as the ones shown in the following figures will be
analyzed and considered. An illustration style that is engaging, colorful, and exciting for the reader will
be chosen, and the style could be a fusion of multiple styles under consideration (see Figure 45-46).
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One example of a preliminary illustration sketch is shown in Figure 49, which features Luna and Apollo
smiling as they admire the birthday gift, a telescope, that Luna’s mother gave to her.

Figure 45. Where The Wild Things (Sendak, 1991)

Figure 47. Iggy Peck Architect (Beaty and Roberts, 2010)

Figure 46. Summoning Spirits (Luke, 2020)

Figure 48. Boxers (Yang, 2013)

Figure 49. Example of a preliminary illustration for the children’s book. Luna and Apollo admiring the birthday
gift telescope from Luna's mother.
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Considering the factors mentioned above, future work on the children’s book will continue
following the illustration process in a systematic and organized manner. The storytellers and
illustrators will consider other key elements of the book, such as the characteristics of the main
characters, including their ethnicity, social status, style, and personality, as well as the environment on
Earth and in space, the physical form, and suitable graphic style. After this, the illustrators will decide
a practical approach to justifying the book with the illustrations, and the roles that they would take to
prepare the preliminary sketches. After the illustrations and book contents are finalized, the book will
be digitized as a PDF version for easy accessibility and distribution and added to the website, which is
described in the following section.

4.5. Website
In the modern technological world, the internet has become an indispensable tool for relaying and
exchanging information and data, as well as procuring other resources. It surpasses conventional
boundaries and has a considerable impact on not only individuals, but society as a whole (Kraut et al.,
2001). It has the power of influence, which can be seen in the data on internet live stats; that show
that both the number of internet users and the total number of websites are increasing per second
(Internet Live Stats, 2020). These increasing numbers demonstrate the growing importance of the
internet and the impact that a website can have. A website is a form of communication, and is a
representation of an organization or community’s efforts, thoughts, ideas, values, and visions
(Owoyele, 2016). Due to the centrality of websites to the technological age, part of the project
communication plan includes the creation of a website to share ideas about the search for
extraterrestrial intelligence.
The use of social media platforms such as Facebook or Instagram require more people, time, and
effort for maintenance comparatively, as they need to be regularly updated. However, a website to
share the findings of this project, including the work and recommendations, would not require updates
and content posting on a regular basis. Considering that a social media presence is harder to establish
and may have failed, the creation of a website was initiated instead. It was designed so as to attract
more attention from the general public as another medium, apart from the merchandise and story
book, to communicate our combined efforts, increase our audience population, and achieve better
outreach efforts.
The design of the website was done using a minimalistic approach through the use of striking but
appropriate graphics, which is more effective to draw people further into the websites. Since it is
necessary to avoid overloading the interface with information, minimalism has been used instead to
expedite people’s desire to maximize access to information (Rosen and Purinton, 2004). Therefore, the
project website was designed with a simple, yet eye-catching home page, which directly shows the
progress of research results. The background image is a picture taken by Greg Rakozy and published
on Unsplash, which is an image search tool to find free to use images for both commercial and
noncommercial purposes without licensing (see Figure 50). The use of subtle animations upon entering
the website will make the menu appear like shooting stars to capture the visitor’s attention without
being distracting.
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Figure 50. The current design of the website on the welcome page

The content of the website will include the following components, which are also shown as a visual
representation with the components linked together in Figure 51.
1.

Project work

The project work section will include the science and technology proposal, the legal proposal, and
the outreach content. The content will be available in a user-friendly way on the website, and our
whole report, the executive summary, and the survey results will be available as well in PDF to have
more information on our work.
2.

Book

The book section will have a menu at the top of the screen to make it available as easily as possible
once on the website. The concept of the book will be described and some pictures of the design will
be available. The PDF version of the book will then be added, once it is ready to be shared.
3.

Contact

To contact our group, an email address is available: quest.contact@community.isunet.edu. This
email address is used to redirect the emails to the people concerned, depending on the topic.
4.

About Us

This section will include a description of the team, with team members description, and the goal
of the TP, with a link to the ISU website.
5.

Research Recommendations

To allow easy accessibility to potential future research topics to researchers and students arising
from the TP work, and allow easy navigation to visitors which would eventually encourage them to go
through the report for suitable material, a Research Recommendations section will sum up the work
of the three teams and focus on the recommendations we made at the end of our report.
Finally, the website will require a General Data Protection Regulation page in order to conform to
the European legal framework concerning the websites.
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Figure 51. Flow diagram of the website

Concerning the framework of the website, or how it is built, a custom framework will be developed
to allow easier management of the website design. Frameworks like Wordpress or Joomla would
consume more time to modify and adapt to comply with the design we developed. The website is
developed in PHP on the server-side, and implements JavaScript, HTML and CSS to display the content
on the client side. The libraries JQuery and Bootstrap have been used to allow a faster development of
the graphical user interface.
To share our website and reach most of the public, several communication strategies will be used,
including emails, social media, the book, merchandise, and presentations. During our pilot survey, the
respondent had the option to enter their email address to receive updates on the advancements of
the TP. During the first month, over 400 emails were collected, and the respondents consented to
receiving updates from the team regarding the work. The communication strategy that was used
during the survey will also be used to share the website, which means posting the link to the website
for groups of people with different opinions on the search for extraterrestrial intelligence. The link to
the website will also be included on the merchandise and in the book, which will allow people to get
more information on the search for extraterrestrial intelligence, as related with the objects they
bought. Lastly, a link to the website will be shared during presentations of the TP work, at ISU and
beyond, to provide more content and details to those interested in learning more.

4.6. Social Media Analysis
Over the past few years, the perspective towards extraterrestrial intelligence in the public eye has
gradually shifted. The SETI giggle factor is a well-documented effect, with the concept of
extraterrestrial intelligence tied heavily with science fiction and connotations of “little green men”
(Wright and Oman-Reagan, 2018). These connotations have led to some interesting cultural
phenomena, including popular conspiracy theories regarding this “little green men” effect. This has
generated successful revenue for the likes of the state of Nevada in the US due to its association with
Area 51, an area long associated with objects and lifeforms of extraterrestrial origin (Parker, 2000).
Particularly in the US, these activities result in a cultural phenomenon known as “conspiracy tourism.”
This collective interest in the bizarre and fantastical, reinforced by popular media such as The X-Files,
has driven a cultural niche that supports local infrastructure and economy (McGinnis, 2019). More
recently, social media had a huge role to play in the unprecedented event, “Storm Area 51,” which
attracted over 3.5 million participants on its Facebook event page (Alienstock, 2020).
The SETI Institute has taken steps to mitigate this association to science fiction with an established
social media presence. Wisely, in the wake of this event, the institute chose to cover the story in an
attempt to educate against the spread of misinformation and highlight the dangers that social media
can pose (Shostak, 2019). With over a million followers on both Twitter and Facebook, the SETI
Institute has a substantial presence in the digital world. The advent of media, including the 1997 film
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Contact, have also helped to establish SETI as an institute into the public vernacular (Scoles, 2017). This
places the SETI Institute in a unique situation wherein it can target different demographics in societies
to educate the public on the science driving searches. A continued hindering factor regarding the
efficacy of SETI’s reach is its association with more anthropological sciences, such as sociology
(Harrison, 2005).
In an internet age, information spreads rapidly, and in unusual forms. The internet itself has its
own subculture of communicating information regarding current affairs, or ‘meme’ culture. The term
meme was coined and popularized by infamous researcher and science communicator, Richard
Dawkins, in his 1976 book, The Selfish Gene (Dawkins, 1976). The term meme is derived from gene,
the unit for genetic material, and is considered the unit that carries cultural information and is
reproduced or replicated through communication. The success of a meme’s propagation is not unlike
genetics, and extraterrestrial intelligence is deeply rooted in memetics and meme culture, including
the Storm Area 51 event. It can be difficult for educational and research institutions to make an impact
online in a culture that promotes witty ‘memes,’ and the SETI Institute’s one million followers shows
an impressive footprint nonetheless. However, the current online environment favors a more casual
tone, and there is somewhat of an echo-chamber effect surrounding educational and research
institutions. As such, just because an institution is active on social media, it does not necessarily
guarantee strong responsiveness from the general public, or people outside that community.

4.6.1.

Case Studies

There are previous examples where research institutions have attempted to broach this gap by
involving people outside the scientific community. NASA is an institution that is famous for such
activities across all social media platforms. Twitter is particularly useful for communicating news, any
77% of scientists in 2007 reported using social media as a means to share news (Van Eperen and
Marincola, 2011). NASA uses Twitter to arrange “Tweetups,” where they invite members of the social
media group to see their facilities. As well as this, NASA includes schoolchildren in their outreach
program, with their most recent activity being the naming of the next Mars rover as part of a contest.
Including children is a particularly effective technique as it establishes a branding early on, ensuring
that the institution is remembered and carried on as the younger generation matures. Perhaps it is this
that makes NASA such a recognizable and successful brand. The use of anthropomorphic illustrations
is appealing to children and helps further solidify a brand image.
ESA also utilized this technique by designing an outreach film aimed at children for the Rosetta
and Philae mission. ESA’s outreach campaign for Rosetta was particularly successful, despite being an
unmanned mission, and (Marcu and Laird, 2015). Starting from the critically acclaimed film, Ambition,
ESA targeted multiple audiences; choosing to work with the science fiction notion rather than against
it as a means to raise awareness. Like NASA, it too appealed to children with an animated series
depicting the two spacecraft as gendered anthropomorphic characters to generate a sense of
sympathy and sentimentality. A ‘Wake up Rosetta!’ trending hashtag was created to involve the public
and make them feel as though they were directly impacting a scientific payload. Ultimately this was an
effective strategy, as the Rosetta videos on the ESA YouTube channel have collectively gained several
million views, with the animated shorts alone accounting for approximately 600,000 of those views
leading up to Rosetta’s landing (Marcu and Laird, 2015).
However, there are instances where from the scientific community, social communication has
been considered a failing point. Community consultation has become a popular tool to engage with
the public, especially through competitions, in naming significant scientific projects. An infamous case
is that of Britain’s Natural Environment Research Council (NERC). They held a poll in naming their next
polar research vessel, a £200 million state of the art ship, as a means to communicate the importance
of their research to the public. With no rules or guidelines, the name ‘Boaty McBoatface,’ posted in
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jest, won the poll with over 124,000 votes; four times as much as the next most voted candidate (EllisPetersen, 2016). This again is a byproduct of modern-day internet meme culture, and put the NERC in
a precarious situation; to either succumb to public wants, or compromise their image. The vessel has
since been named after David Attenborough, British science communicator and avid environmentalist,
however the ‘Boaty’ legacy lives on as a smaller craft onboard the research ship. However, it remains
an important lesson for scientific institutions to take forward. Community consultation is a tool that
needs to be carefully designed with respect to the target audience, and a degree of acceptance
regarding the lack of control the institution has over the chosen options (Lane, 2016).

4.6.2.

The Dangers of Misinformation and Online Firestorms

The dangers of meme culture go further than potential backlash or generating panic. An ‘online
firestorm’ is a rapid flow of messages containing negative words of mouth with a complaining behavior
against a person, company, or group on social media platforms. Due to the real-time element of the
internet, it is very easy for such a ‘storm’ to begin. Typically, these are triggered by false information
and rumors, but can have a lasting and damaging impact on the intended subject from the perspective
of the general public. These firestorms are going to be a major cyberspace liability that any initiative
or an institution will face at some point in their cycle, and needs some form of risk mitigation strategy
from inception (Pfeffer, Zorbach and Carley, 2014).
Pfeffer (2014) describes seven factors that can help better characterize the dynamics of online
firestorms and how a brand or product can mitigate its negative impact, or eliminate the damage
caused in the long run (Pfeffer, Zorbach and Carley, 2014). It also helps to create a contingency plan
for when a social outbreak could occur due to a firestorm. A few of these firestorms could be a
misinterpretation of scientific data/discovery of a radio signal, a non-science journalist making vague
statements and claiming extraterrestrial intelligence to be a threat to humankind, a public group going
against the funding and investment towards the research on the quests for extraterrestrial intelligence.
All of the above will eventually cause harmful damage to a brand’s image.
One of the most common scenarios concerning the search of extraterrestrial intelligence is the
spreading of ‘fake news’, such as the sighting of UFOs, abduction by aliens, presence of harmful
extraterrestrial intelligence in our current presence, and more (Harrison, 2005). Sensationalist
headlines like these are favored by the media and deemed “clickbait.” Moreover, once published, this
would instantly trigger online firestorms; lowering the scientific credibility of the SETI initiative as a
whole. It is not possible to eliminate these scenarios entirely, but mitigation strategies are still
necessary to reduce impact. Hence, an initiative that is very well connected through social media on
all available platforms, that have established substantial groups of followers and supporters, is proven
to be crisis-proof (Pfeffer, Zorbach and Carley, 2014).

4.6.3.

The Positive Impact of Social Media

Human beings have a relatively low attention span (Lupia, 2013), especially when the subject is
scientific; meaning that the effort expended in consuming scientific content is comparatively higher
than with easier to understand material. To circumvent this, scientists need to find specific parameters
to transmit knowledge over certain social media platforms in order to impact the intended audience.
Ways to approach this could be utilizing the popular meme format, although this in turn can discredit
an institution. Arguably, most internet users are within an age group to whom memes appeal to, so an
element of understanding the recipient audience is needed.
In many politicized environments, it is important to post credible content and make a careful
choice of sources. An additional benefit would be to collaborate with other like-minded social media
influencers to raise awareness on the topic. Research has proven that by setting up a very dynamic
digital platform, audiences tend to reconcile their beliefs and decisions, especially with scientific
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knowledge. Taking the time to create content that is credible and entertaining while being short, helps
audiences to replace false beliefs with the knowledge that scientists have evaluated and validated.
One of the identified gaps in communicating the science of search of extraterrestrial intelligence is the
lack of science communicators or journalists that are involved (Lupia, 2013). A communication
specialist who has the basic knowledge of the science behind an initiative like this must communicate
it to the general public or media at first—making the transmission of the scientific message reliable,
credible and most importantly understandable by someone who does not have any basic knowledge
on the matter.
Even though social media has its risks, as addressed in the previous section, it also carries features
and techniques that, if optimized efficiently and correctly, can ‘break the internet’ by a time span of a
few minutes. The investigators of extraterrestrial intelligence could use social media positively and
strategically, to influence decision-makers on funding and policies, and the general public about the
science around it. The approach taken by this project is to capitalize on popular and meme culture as
the SETI Institute effectively covers the educational aspect of extraterrestrial intelligence. Instead, the
outreach plan intends to be more subversive in its approach by generating casual interest that could
later cause more in depth research regarding the source subject matter.

4.7. Conclusion
The outreach plan consists of four major deliverables that cater to the different needs of targeted
audiences. The first is the pilot survey, which not only spreads awareness through social media
platforms to the general public but the responses we receive also give crucial insights into the public
perception of the search for extraterrestrial intelligence and allows for the tailoring of the other
deliverables if necessary. The second deliverable is the book concept, which is targeted at young
children, and promotes the idea of friendly extraterrestrial intelligence and hopefully inspires them to
take up searching for extraterrestrial intelligence as a profession or a hobby as they grow up. The third
deliverable is the website, which is targeted towards the general public, the scientific community, and
the scientists searching for extraterrestrial intelligence, which will have all the information about our
project and merchandise, and will act as our primary source for normalizing and promoting these
searches. Finally, a merchandise store concept was developed, which targets several audiences
mentioned and allows funds to be gathered while aiding outreach efforts via visual and educational
publicity.
Currently, all the four deliverables of the Outreach and Public Engagement chapter of the report
are through the concept and initiation phase, or preliminary analysis. The pilot survey ran for one
month and received over 1200 responses, allowing some analysis of the preliminary results to be
performed. The storyline for the book has been generally finalized, and the artwork and writing of the
story are underway, with the preliminary soft copy of the book expected to be delivered by the end of
May 2020 when it will be circulated for reviews and feedback. The design for the website is also
finalized, and the development is underway. It is expected to be launched in April 2020, and act as a
database for all the findings and proposals of this project. The merchandise infrastructure and the type
of merchandise to sell have been finalized alongside some design ideas, with a test site already set up.
The creation of designs is ongoing and will be finalized by the end of April 2020.
The work done by the outreach team is expected to help the search for extraterrestrial intelligence
gain some much-required global attention as a subject of applied science, and help eradicate the giggle
factor and the controversial outlook associated with it. Alongside the spread of awareness, the
outreach efforts are also expected to support the scientific and legal proposals to get public recognition
and hence result in greater chances of implementation.
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5.

FINAL CONCLUSIONS

The project is based on a three-fold proposal with complementary approaches but a unified goal:
to enhance searching capabilities while preparing humanity for future detection of extraterrestrial
intelligence. The three axes that encompass the entire initiative are the scientific project, the legal and
ethical approach, and the outreach plan. All these elements were considered necessary to address the
current search for extraterrestrial challenges effectively. Therefore, the entire initiative could lead to
a positive and promising outcome, only if an integrated approach is adopted.
In this systemic framework, the three aspects are linked in different ways. Firstly, while the
scientific proposal aims to enhance current knowledge and capabilities for detecting extraterrestrial
intelligence, legal and policy issues also require consideration. Otherwise, how are we expecting to
interact with other intelligence? Which principles define how humanity should treat them? In this case,
humanity should develop a legal framework that defines procedures or guidelines to interact
adequately with other forms of intelligence. However, this approach only covers formal legislation and
policies by proposing changes through the states or international organizations. Some actions are
therefore required to prepare the general public for future extraterrestrial signal detection or
encounter. All of the activities conducted for outreach not only have their own value because of raising
public awareness but also because they generate a positive impact on the legal aspect. As the legal
framework ultimately depends on the will and the mindset of the legislators or politicians, engaging in
outreach actions today might generate more consciousness in the policymakers of tomorrow, leading
to better legislation and international preparedness. The remaining paragraphs summarize the key
points of each of the three proposals: scientific, legal, and outreach. The proposal for the
technosignature detection space initiative focuses on the detection of technosignatures in our galaxy
and consists of both a project and a mission over a ten-year plan. While the GTO project is based on
space telescopes’ data analysis to search for technosignatures outside our solar system, the NoisyCube
mission refers to an interplanetary mission to characterize the Earth’s technosignatures as sensed from
Mars. This proposal is relevant and needed in the community interested in the search for
extraterrestrial intelligence, given its goal of implementing concrete actions towards the search for
new generation technosignatures that have already been introduced in the literature.
The legal and policy proposal includes the creation of a comprehensive legislative framework,
which can be applied when a form of extraterrestrial intelligence is detected. This would also imply
gaining a more comprehensive knowledge of ourselves as humans, through reflections and analysis on
the way we perceive our responsibilities towards animals and the environment. The main action items
would include: updating principles on the code of conduct of the search, analysis of post-detection
principles, as well as, creating a proposal that binds searching research to principles.
The outreach proposal section refers to an important aspect of disseminating information and
normalizing the search for extraterrestrial intelligence in the context of scientific advancement and
space exploration. Within that, this project developed its communication plan, involving a pilot study,
the creation of educational merchandise items, a children’s book as well as the website to
communicate the combined efforts.
The project as a whole has made a step forward regarding all aspects related to the search for
extraterrestrial intelligence. Overall, ideas have been proposed and developed to foster the search
scientifically, and initiatives and action plans have been brought up to raise human awareness and
consciousness. 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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APPENDIX A: PILOT SURVEY
This survey was prepared by a team of 21 students at the International Space University conducting
research on the Search for Extraterrestrial Intelligence. It aims to gather comprehensive data on
people's perception of this initiative. All information you enter is anonymous.
1. I consent to have my data collected for this survey. (Your name and contact information are
not required for this survey, nor will they be used or published without further consent.)
a. You need to choose yes to continue.
2. How old are you?
3. Where are you from?
a. List of countries
4. Where do you live?
a. List of countries
5. What is your gender?
a. Female
b. Male
c. Other
d. Prefer not to declare
6. What is the highest level of education you completed?
a. Primary School
b. Middle School
c. High School
d. College or Trade School
e. Bachelor's
f.

Master's

g. PhD
h. Postdoc
7. Has any of your higher education been space-related?
a. Yes
b. No
8. Do you have any experience in the space industry?
a. Yes
b. No
9. Do you have any experience or personal interest in the search for extraterrestrial intelligence?
a. Yes
b. No
10. Which of these religions do you follow?
a. Christianity
b. Islam
c. Judaism
d. Buddhism

129

e. Hinduism
f.

Other

g. I do not follow an organized religion
h. Prefer not to declare
11. On a scale of 1 to 5 (science fiction to science, respectively), where do you believe that the
search for extraterrestrial intelligence lies?
12. Do you believe that there is life beyond Earth?
a. Yes
b. No
c. I don’t know
13. Do you believe that there is intelligent life beyond Earth?
a. Yes
b. No
c. I don’t know
14. Do you think that the search for extraterrestrial intelligence has benefits for humanity and
technological advancement here on Earth?
a. A lot
b. Some
c. A little
d. None
e. I don't know
15. If you are a parent or plan on having children, how would you approach the topic of
extraterrestrial intelligence with your children?
a. Take the initiative to explain it to them
b. Read them stories with extraterrestrial intelligence
c. Explain only if they ask
d. I wouldn’t talk about it; it’s too scary
e. I wouldn’t talk about it; I don’t believe they exist
f.

I am not a parent, nor do I plan on having kids

g. I don't know
16. What kind of search for extraterrestrial intelligence science do you think should be taught as
part of school curricula?
a. How to search for extraterrestrial intelligence
b. How to communicate with extraterrestrial intelligence
c. What form extraterrestrial intelligence would take
d. Where extraterrestrial intelligence may be locate
e. All of the above
f.

None of it

17. What was your opinion of extraterrestrial intelligence when you were a child?
a. Aliens are scary
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b. Aliens are beings like us on other planets
c. Aliens visit us because they’re curious about humans
d. Aliens visit us to abduct people
e. Other; not listed
f.

Never thought about it

g. Didn’t believe in aliens
18. What is your opinion of extraterrestrial intelligence now?
a. Aliens are scary
b. Aliens are beings like us on other planets
c. Aliens visit us because they’re curious about humans
d. Aliens visit us to abduct people
e. Other; not listed
f.

Never thought about it

g. Don’t believe in aliens
19. When do you think humanity will make contact with extraterrestrial intelligence?
a. Within the next 50 years
b. Within the next century
c. At some point in the very distance future, many centuries from now
d. Never
e. I don't know
20. If extraterrestrial intelligence is detected, who should be in charge of the first contact with
extraterrestrial intelligence?
a. Researcher/scientist’s national government
b. Research institution
c. United Nations
d. A committee devoted to the search for extraterrestrial intelligence
e. I don't know
f.

None of the above

21. Should we treat extraterrestrial intelligent beings as humans or animals?
a. Human
b. Animal
c. I don't know
d. None of the above
22. How should the search for extraterrestrial intelligence be funded?
a. Government
b. Private
c. Combination of government and private funds
d. I don't know
23. Enter your email address if you would like to be included in our mailing list for future updates
from our team

131

