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HOMESICKNESS KITS AND BIO-HELMETS: DEVELOPING GREEN SOLUTIONS FOR 
ASTRONAUTICAL HEADSPACE 

 
This paper presents the author’s work-to-date on palliative plant-essence kits and personal 

greenhouses for astronauts. The projects aim to develop concepts and technologies that could support the 
development of micro (personal) and macro (colony) greenhouses in space, and to investigate medical issues 
related to the human body’s need for interaction with and consumption of plant materials during space travel. 
One goal is to investigate the principles asserted in this paper using test scenarios executed by astronauts and 
people on Earth working in collaboration. Examples are given of past science experiments conducted in a 
similar fashion. 

Two artworks by the author are discussed, the Homesickness Kit and the Exosomatic Bio-Helmet 
(concept stage). Justification for the art-research projects is taken from astronaut testimonials, space medicine 
and space psychology literature, as well as published research on greenhouses currently used or in 
development for Environmental Control and Life Support Systems (ECLSS) on the International Space 
Station. 
 While the author’s projects are speculative in nature, this paper lays the groundwork for such 
thought-experiments to benefit technical habitability developments in spacecraft and to improve the quality of 
life in space. 
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I. INTRODUCTION 

Plants have become a focused area of research at 
most space agencies, including the German Space 
Agency (DLR), Japan Aerospace Exploration 
Agency (JAXA), the Russian Federal Space 
Agency (Roscosmos), and NASA. It has been 
theorized and shown that the experience of space 
habitats can be improved through the use of plants 
and greenhouses for alimentation, oxygen-
exchange, improvements to physical and 
psychological wellbeing, and leisure (Fulton, 
2014; Haeuplik-Meusburger et al., 2014; Schubert 
et al., 2011). 

But any trip into space—whether through space-
tourism, a stay on the International Space Station 
(ISS), or an extended space mission like a trip to 
Mars—will require physical stamina and 
preventative health practices, as well as the need 
to provide psychological support systems for 
astronauts to ward off psychiatric issues 
documented in Kanas and Manzey’s Space 
Psychology and Psychiatry (2003). Plants and 
plant essences can be helpful in all of these 
regards. 

However, the technology for growing plants in 
space is still in its infancy. Small isolated systems 
exist for genetic and propagation experiments, and 
several edible plants have been identified as 
space-hardy. Nonetheless, NASA is not currently 
allowing astronauts to eat these vegetable 
experiments before they undergo testing for food-
borne pathogens (Fulton, 2014). It is safe to say 
that we are still years away from functioning 
space greenhouse systems that would provide 
enough plant material for all crew member needs. 
This paper concentrates on two art-research 
projects by the author that can act as health and 
wellness stop gaps between the present 
experimental phase of growing plants in space and 
future, larger-scale space greenhouse technology. 
The projects, the Homesickness Kit (first exhibited 
in 2013) and the Exosomatic Bio-Helmet (in 
concept development) are poised to reveal 

information about plant-human relationships and 
requirements for space travel before long duration 
human missions to extra-planetary bodies begin. 
These projects address hypothetical issues and 
standards in the area of Environmental Control 
and Life Support Systems (ECLSS) for long-term 
spaceflights and propose solutions to improve 
astronaut health. 

As well, the Homesickness Kit and the Exosomatic 
Bio-Helmet present a range of artistic-
philosophical inquiries specific to microgravity 
conditions that can be initiated by people on Earth, 
either in long-term space flight test scenarios or in 
collaboration with citizen-scientist volunteers, not 
to mention traditional spaces for viewing and 
discussing art.  
While it is beyond the scope of this paper to enter 
into a qualitative discussion of the relationship of 
these projects to the long-tradition of artist-
researchers, from Da Vinci to contemporary artists 
specifically working specifically with plants like 
Angel Borrego Cubero with Natalie Jeremijenko, 
and Tomas Saraceno, these connections are very 
important to the success of the projects. There are 
also significant references to the experimental 
architecture practices of Coop Himmelb(l)au and 
Haus-Rucker-Co., as well as science fiction film. 

This paper instead concentrates on habitability 
requirements, the science behind space 
greenhouses, and technical concepts. Stated 
objectives for human missions to Mars by United 
States Presidents, international space agencies, 
and recently, by NASA Chief Charles Bolden 
(Chang, 2014) suggest there will be manned 
flights in the upcoming decades. We may also 
consider the Netherlands-based private mission 
Mars One that plans to colonize the planet starting 
with four people launching in 2024 (Mars One, 
2014). With manned missions, a new era in health 
and wellness studies for astronauts will begin. 
Before detailing the works themselves, a 
background on ECLSS, habitability requirements 
for spaceflights, and medical concerns for 
astronauts will be presented in brief. 
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II. ECLSS AND PLANT MATERIAL IN 
SPACECRAFT 

One technical goal for human spaceflight in the 
21st century is to architect resource-efficient space 
travel vehicles and infrastructure for healthy, self-
sustaining human colonies. Asteroids, our Moon, 
and the planet Mars are the closest targets for 
human space exploration, and all are located 
within our current or soon-to-be perfected 
technological capabilities for travel. In order to 
address the myriad challenges to the astronaut 
presented by living away from Earth and in non-
Earth gravity conditions, with limited food and 
other resources, engineers working on ECLSS 
requirements have sought to address astronauts’ 
health and performance, as these will ultimately 
determine mission success.  

 
Fig. 1 - Veggie system to grow lettuce on the ISS 
(credit: Orbitec.com) 
One critical area where health and wellness of 
astronauts can continually be improved is 
alimentation. The Veggie system at the ISS is one 
such device (Fig. 1) implemented for this purpose. 
Gardening in space has become a popular 
technical challenge to address. In fact the winning 
entry in 2013 for the NASA innovation incubator 
Space Apps Challenge proposed an inflatable 
modular greenhouse for Mars, while in the 2014 
Space Apps Challenge, over 30 teams responded 
to the challenge of “Spaceveggies” and “Growing 
Food for a Martian Table” (NASA, 2014). 

The benefits of fresh vegetables are clear: fresh 
vegetables and fruits provide the best bio-
available sources of vitamins and minerals for 
human metabolism as well as having a symbiotic 
relationship to humans in terms of gas exchange, 
absorption of harmful chemicals such as benzene 
and formaldehyde, and human waste recycled into 
fertilizer. Using edible plants as part of future 
ECLSS in missions, especially to Mars, will also 
likely result in a decrease in mission cost (Fulton, 
2014) and will benefit the overall sustainability 
requirements of any off-planet vehicle, work 
environment, or personal “residential” space  
(Haeuplik-Meusburger et al., 2014).  
But, I argue, having plants and plant essences 
aboard spacecraft also present an opportunity for 
thinking about technical integration of the mind-
body-spirit health triad. Long duration flight 
crews will undoubtedly find that the kinds of 
illnesses due to stressors and environmental 
conditions that affect humans on Earth become 
more of a concern the longer an otherwise 
rigorously psychologically-tested, hardy, and 
experienced crew is away from their home planet.  

Stress in space 

Before the 1970s, stress in space programs was 
primarily defined as physiological according to 
Dr. Nick A. Kanas in his 1971 study for NASA 
“Behavior, Psychiatric, and Sociological Problems 
of Long-Duration Space Missions” (NASA Office 
of Inspector General, 1998). In the late 1980s 
NASA formed an in-house working group to 
provide recommendations for selection and 
training of incoming astronaut classes based on 
psychological profiles (NASA Office of Inspector 
General, 1998), and the culture at NASA began to 
slowly shift. In 1994, former NASA medical 
officer Dr. Patricia Santy wrote, “Many scientists 
consider psychological issues to be a limiting 
factor in the human exploration of the universe” 
(as cited in NASA Office of Inspector General, 
1998). 

It is now popularly understood that stress—both 
psychological and physiological—has many 



IAC E5.4.5x24801 

Page 4 of 23 

 

components, some of which may be biological, 
genetic, or epigenetic. Biometrics, along with 
advanced medical testing during and after space 
flights, dedicated psychological support at 
Mission Control, and more, all have their place in 
ameliorating these problems and understanding 
future challenges of long-term missions. 
For example, space agencies are now trying to 
understand what factors may shift body immune 
and adrenal response as a result of microgravity 
conditions: “Increasing evidence from both 
ground-based and space research indicate that the 
nervous system is potentially affected by exposure 
to hyper/microgravity,” states the abstract of one 
ISS experiment led by Daniela Santucci of 
Rome’s Instituto Superiore di Sanita (NASA, 
2014). Santucci will conduct experiments on the 
ISS with the Italian Space Agency’s Mice Drawer 
System (MDS) (Fig. 2) to specifically look at 
stress response in mice. The “neurobiological 
correlates known to be involved in the responses 
to stress” will be studied by sampling tissue from 
the brain, adrenal glands, and tongue (NASA, 
2014). 

 

Fig. 2 – The Mice Drawer System (MDS) [NASA, 
ISA] on the International Space Station. Credit: 
NASA. 

My research and personal experience (Paterson, 
2014) show that the adrenals play an important 
role in mitigating stress and determining overall 
health. On Earth, the long-term health of the 
endocrine system and adrenal glands are 

determined by whether the body has adequate 
levels of micronutrients to deal with physical 
demands of stress and illness (Brazier, 2011). 
According to the World Health Organization, 
micronutrients such as folate, iodine, iron, vitamin 
A, and many others are the “magic wands” 
essential for the body’s hormone and enzyme 
production (World Health Organization, 2014). 
Without adequate levels of these micronutrients 
and others, people can suffer from irritability, 
sleep disturbances, lack of concentration, and 
general fatigue (Brazier, 2011). As discussed in 
Section III, all of these symptoms can accompany 
a trip to space. 
Micronutrients presently have to be added to the 
astronaut diet through oral supplementation. Such 
supplements, for example, as developed by 
AmeriSciences LP, are high in phytonutrients 
(plant-derived antioxidants) designed specifically 
for astronauts, who suffer oxidative stress on the 
body due to high levels of radiation exposure 
(Office of the Chief Technologist).  

Studies documented by the Journal of the 
American College of Nutrition, the British Food 
Journal, and the Organic Consumers Association 
suggest that declining micronutrient content in our 
foods on Earth is due to soil depletion from larger 
crop yields from bioengineered plants (Moss, 
2011), which highlights the need for rich growing 
mediums to produce healthy, nutrient-dense foods 
in space. Proposed solutions, for example, by the 
Institute for Space Systems at the University of 
Stuttgart concentrate on microalgae (Chlorella 
vulgaris) for nutritional support (Buchert et al., 
2012), but don’t address the concern of 
micronutrient deficiency on overall astronaut 
health. 
For astronauts on the ISS, physical and 
psychological stressors also manifest due to long 
hours and the rigor of the job. Much of the crew’s 
time on the ISS is spent on maintenance of the 
spacecraft and on exercise to keep bone density 
loss and cardiac weakness at bay (Hadfield, 2013). 
But in long-term space missions or on Moon or 
Mars bases, there will be more down time. This 
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free time represents opportunities as well as 
psychological hazards, according to NASA 
(NASA Office of Inspector General, 1998). 

Of all the adaptive strategies being explored to 
create long-term wellness plans for astronauts, 
leisure activities like gardening and other types of 
maintenance activities associated with plant-
human interactions could also address nutritional 
and psychological-wellness concerns (Haeuplik-
Meusburger et al., 2014). 

Gardening in space 

The reference book Architecture for Astronauts by 
space habitability researcher Sandra Haeuplik-
Meusburger shows that historically, since Salyut 1 
in 1971, cosmonauts and astronauts from different 
cultures have customized their personal spaces 
with plants (Haeuplik-Meusburger et al., 2011). 
This type of gardening activity can be attributed to 
interests and desires that extend beyond basic life 
support or scientific experimentation. In fact, the 
history of gardening in space is primarily 
emotional.  
Cosmonaut Vladislav Volkov on Salyut 1 
reportedly said he “loved” their flax seeds and 
cared for them with devotion. “These are our 
pets,” said another crewmember, Viktor Patsayev 
(Zimmerman, 2003). There is anecdotal evidence 
that “one of the Salyut cosmonauts even placed 
his sleeping bag next to an Oasis greenhouse, in 
order to see the plants progress immediately after 
waking up” (Haeuplik-Meusburger et al., 2014). 
On Salyut 6, a cosmonaut with “a green thumb 
[Valery Ryumin] … turned the space station into a 
veritable jungle by growing [plants] in empty film 
cassettes, equipment casings, and food containers 
hung everywhere on the station’s walls” 
(Zimmerman, 2003). This Soviet mission was the 
first to experiment with plants intended to survive 
long-term space missions (Haeuplik-Meusburger 
et al., 2014). 

Astronaut Mike Foale considered the plant 
experiments on the Shuttle-Mir missions to be a 
“very encouraging” activity (Haeuplik-
Meusburger, 2011, p. 213) and astronaut Wubbo 

Ockels on STS-61-A reserved extra corn seeds to 
personally care for them; when they sprouted, it 
was cause for a celebration among the crew 
(Haeuplik-Meusburger et al., 2014). This kind of 
crew bonding through plants, while appearing 
only occasionally in the literature to date, should 
not be underestimated in its importance for the 
success of long-term missions. 

  
Fig. 3 - Cosmonaut Fyodur N. Yurchikhin, flight 
engineer for Expedition 15, with garlic planter. 
Yurchikhin has been on several long duration 
stays on the ISS. Credit: NASA. 
While the technical capacities of space 
greenhouses are still being developed, it is 
worthwhile to consider, at least in the short term, 
substitutes for live plants. It is true that onions, 
lettuce, coriander, Arabidopsis, orchids, wheat, 
garlic (Fig. 3), flax, and tomatoes have all been 
successfully grown in space (Haeuplik-
Meusburger et al., 2014). However, while 
experiments continue both in space and in 
simulators like NASA’s NEEMO, aseptic 
standards cannot be consistently met. Pathogens 
have killed plants as well as posed risks to human 
health, as in an experiment by Paolo Nespoli 
during the STS-120 mission (ESA, 2011). 
Therefore, in order to achieve one of the primarily 
benefits to date of edible plants in space—
psychological health—alternatives must be 
considered.  
The projects discussed in Sections IV and V 
consider two alternatives. First, to bring aboard 
plant essences for olfactory stimulation; second, to 
use plant life as a mirror for the human poetic 
capacity, providing sites of relaxation for physical 
and emotional health. 
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III. ASTRONAUT “NERVES” 
Astronauts undergo rigorous testing and training 
to assure they have personality traits suitable for 
space missions and emotional stability. NASA 
conducts annual psychological evaluations of 
astronauts, selects crews based on compatibility, 
conducts psychological training, and provides 
ground support for astronauts (NASA Office of 
Inspector General, 1998). 

“Temperament alone could disqualify you for 
space flight,” writes Hadfield. “A certain 
personality type that was perfectly acceptable, 
even stereotypical, in the past—the real hard-ass, 
say—is not wanted on the voyage when it is going 
to be a long one” (p. 40). Being a team player has 
historically been of high importance to a flight 
crew, attests Scherr (pp. 110-111). And Hadfield 
warns, perhaps from experience, “Never ridicule a 
colleague, even with an offhand remark…. If your 
crewmates are the last people in the world [to be 
able to help you in an emergency], they’re also the 
last ones you want to alienate or irritate” (pp.111-
112). 
But sometimes an astronaut’s disposition is altered 
or affected by space travel itself. Paralleling 
psychiatric issues on Earth, some astronauts have 
experienced adjustment disorders, symptoms of 
which are “despondency, withdrawal, tense 
relations with crew members … tension, fatigue, 
and cardiac arrhythmias that [have] necessitated a 
change in duties and prescription of sedatives;” 
mood and thought disorders, which are uncommon 
because of systematic prescreening (but have still 
occurred in less than 10% of the astronaut 
population, according to one study); and 
somatoform disorders, where illnesses are 
perceived rather than medically substantiated and 
cannot be alleviated (Kanas N., 2003, pp. 110-
113). 
Of the latter, one of the more serious somatoform 
disorders is aesthenia, characterized by Petrovsky 
and Yaroshevsky as “nervous or mental weakness 
manifesting itself in tiredness … and quick loss of 
strength, low sensation threshold, extremely 
unstable moods, and sleep disturbance” (as cited 

in Kanas N., 2003, p. 115). A Human Interactions 
study could not conclusively point to aesthenia in 
space, however only the emotional component 
was studied, rather than the physiological, 
necessitating further research in this area (Kanas 
N., 2003, p. 124). 

Aesthenia was known in the 19th and early 20th 
centuries as “nervous exhaustion,” but in the 21st 
century this condition has been theorized by some 
in the medical field and in alternative health 
practices to have a physiological component 
afecting the adrenal glands that is in part 
nutritional in nature and in part due to oxidative 
stress, as further detailed in Section V. Adrenal 
changes in people on Earth may be a variant of 
what some astronauts may experience in the 
extreme conditions of space (Paterson, 2014), 
which is now being addressed by NASA, as 
discussed, through vitamin and micronutrient 
supplementation (Fig. 4). 
 

 
Fig. 4 – Supplements from AmeriSciences LP, who 
worked with NASA to develop plant-derived anti-
oxidant formulas for astronauts. Credit: NASA. 
It is easy to imagine how the adrenal glands are 
tapped during an astronaut’s flight. This 
psychological stress begins previous to the flight 
itself. Dr. Sally Ride, the first American woman in 
space, otherwise reticent about her emotional life, 
reflected with her later biographer on pre-flight 
anxieties, and then on the launch: “The realization 
that you’re … sitting on top of tons of rocket fuel 
and it’s basically exploding underneath you—it’s 
an emotionally and psychologically overwhelming 
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experience. Very exhilarating. Exhilarating, 
terrifying, and overwhelming all at the same time” 
(Scherr, 2014, p. 158). 

Kanas and Manzey (2003) cite research into 
theoretical models that “assume a link between 
energetic and cognitive processes: that is, a link 
between neurophysiological processes of central 
activation (arousal) and the efficiency of human 
information processing functions.” At first, 
arousal produces concentration and astute mental 
faculty functioning, but as the period of time for 
such arousal increases, an impairment sets in that 
affects: “(1) general alertness, (2) attentional 
selectivity, (3) speed of cognitive processes, (4) 
accuracy of cognitive processes, (5) working 
memory capacity” (p. 38). Compensatory controls 
can kick in, but these often have other damaging 
effects including mental impairments and fatigue 
(p. 39). 

Dr. Ride reported having fatigue during the initial 
days of her space flight. She told her biographer 
she felt “a sudden and overwhelming urge to close 
my eyes. And it took all the strength I had to keep 
them open” (Scherr, 2014, p. 160). Adding to the 
physical and psychological stressors, the lack of 
privacy is significant; there is virtually no “place” 
for an astronaut to go to find peace of mind, quiet, 
and to relax. 

Private space lacking for astronauts 
According to space architect David Nixon, who 
worked on proposals for the ISS in the 1980s, 
personal space has frequently been compromised 
in the design of spacecraft to date (Nixon, 
Personal interview, 2014). Col. Hadfield attests 
the ISS had “privacy … in short supply,” the only 
refuge for the astronaut being the padded sleeping 
“container[s] … about the size of a phone booth” 
(pp. 199-200). The primary reason for this 
downscaling was budgetary.  
An interesting side note is that larger sleeping 
compartments (Fig. 5) and more elaborate 
habitation units with folding tables, loungers and 
larger sleeping spaces with foldable walls had 
been designed in the 1980s for the ISS  

 
Fig. 5 – Sleep compartment with foldable walls for 
the Vorauferprojekte for the ISS, 1984, Future 
Systems. Credit: David Nixon. 
 
by Nixon and Jan Kaplicky, his partner in the 
architecture firm Future Systems; but despite the 
fact that “both designs were taken forward and 
passed the flight security procedure testing, … 
they were canceled because of budgetary 
constraints” (Pasek, 2014). 

Kanas and Manzey report that territorial behavior 
can result if private spaces are not adequate when 
people are living long-term in confined spaces and 
under “prolonged isolation” (p. 134). Spaces at the 
ISS have been likened to those in submarines. As 
Hadfield puts it, success under these conditions is 
possible only with certain kinds of individuals: 
“NASA looks for people who can be locked in a 
tin can for six months and excel” (p. 40). 

Research modules like Mars500 help identify 
some concerns about long-term residence in small 
living spaces. However, several official reports 
have warned against assuming that currently 
known issues regarding astronaut psychological 
health and behaviors would translate well into 
long-term missions (NASA Office of Inspector 
General, 1998). 

Sensory stimulation 

Kanas and Manzey proposed designing variety 
and stimulation into space habitats to “compensate 
for the effects of the otherwise decreased range of 
environmental cues in a space habitat” (p. 135). 
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NASA tried to address the issue by painting the 
interior of Node 1 on the ISS, launched in 1998. 
Hadfield: “The psychiatrists who were consulted 
thought that soothing colors were the key to 
mental health, so they chose… salmon. Either they 
changed their minds or stopped dabbling in 
interior design, because the rest of the USOS [U.S. 
Orbital Segment] is, mercifully, white” (p. 198). 
White, however, has technical and medical 
associations and overtones. How this would affect 
a crew over a period of years has yet to be 
discovered. Kubrick’s film 2001: A Space 
Odyssey (1968) may be instructive in this matter, 
as theorized by Regina Peldszus, who has 
considered the sets of the movie a heuristic model 
for spacecraft design, culling through Kubrick’s 
archives and interactions with aerospace 
professionals (Peldszus, 2012). Kubrick makes 
clear associations between the sterility of the 

 
Fig. 6 – Stanley Kubrick (dir.) for 2001: A Space 
Odyssey on set. Spaceship designed by chief 
science advisor Frederick I. Ordway III with 
concept artist and illustrator Henry Lange and 
Tony Masters. Courtesy: LACMA. 

techno-centric, highly sterilized space capsule 
(Fig. 6) and its blinding white surfaces with 
increasing insanity and psychological 
perturbances. 
One thing is clear: the top-down decisions made 
by engineers and psychiatrists offer less control 
and personalization of space to the astronaut. How 
to design customization possibilities and 
stimulation into a spacecraft is still a matter of 
discussion. But in light of astronaut “games” that 
are spontaneously devised, like races back and 
forth between modules in the ISS (Hadfield, pp. 
215-216), and an interest in music and poetry 
among the astronauts themselves, it is clear that 
personalization will be pursued in an organic way 
by residents on space craft.  

Peldszus has proposed a basic requirement that 
“the astronaut be the designer” (Peldszus, 2011). 
Astronauts have already proven themselves to be 
resourceful and ingenious in serious safety 
situations, including the ball point pen that 
allowed Apollo 11 to leave the Moon, and the 
toothbrush used to clean a bolt socket during an 
eight hour space walk at the ISS (Dvorsky, 2012). 
How might astronauts use tools for sensory 
stimulation to problem-solve in areas of a space 
craft’s nervous tension? 
On the Mars Desert Research Station outside of 
Hanksville, Utah, a scent experiment was 
conducted in the early 2000s. The result was 
polarizing, according to Peldszus: “Some people 
didn’t care; others thought it was profound” 
(Peldszus, Personal interview, 2011). Many 
members of the crew over time, however, came to 
find the smells “evocative and invigorating” 
(Pritchard, 2011, p. 60).  
How would astronauts shift their response to 
interior environments of space capsules after 
exposure to scents that have been given to them to 
use as intervention, health and wellness tools? The 
example of the MDRS experiment suggests that 
even if astronauts are non-plussed about any 
number of scents at the start of a scents-in-space 
experiment, they may find them useful, even 
important, over the course of their mission.  
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IV. THE HOMESICKNESS KIT 
The Homesickness Kit gives astronauts olfactory 
tools to design their personal space by presenting 
opportunities for micro customization of brain 
stimulation receptors, as well as by having a 
simple relaxation game and occupation for idle 
hands (Figs. 7, 10-16). The first prototype is a 
multi-scent carrying device that fits in the palm of 
the hand, has no sharp corners, and can be pre-
loaded before a mission with an astronaut’s 
personalized “kit” of scent remedies.  

 
Fig. 7 – The Homesickness Kit, a multi-scent 
carrying device, 2013. Credit: C. Paterson. 

The first iteration of the Homesickness Kit project 
was presented at the University of California, 
Riverside and at the Lancaster Museum of Art and 
History in a 2013 exhibition titled Free 
Enterprise: The Art of Citizen Space Exploration, 
curated by Tyler Stallings and Marko Peljhan and 
underwritten by the Andy Warhol/Creative Capital 
Foundation.  

Since that time, plans have been devised to 
develop the personalized kits for use in space and 
on Earth in tandem. Collaborative experiments 
will test the efficacy and important uses of 
different plant essences for the health of the 
human body, to alleviate physical symptoms of 
olfactory-stimulation depression, micronutrient 
depletion, and guard against the feelings of 
alienation and psychological illnesses documented 

in Kanas and Manzey that arise from 
weightlessness and dislocation from Earth.  

Genesis of the project 
Since 2007, I have been making my own botanical 
perfumes and sculptural containers for scents, 
working with ideas of multiplication and 
customization of the chemistry of plants, their 
healing properties, and their historical and cultural 
references. In 2009 I created the Chemosphere 
(Fig. 8), a star map replacing the constellations 
with chemical skeletal formulae for important 
scents to humans (including not just perfume 
bases, but also blood, sweat, tar, the ocean, and 
fecal matter). At this time, I also began working 
on the Homesickness Kit as a three-dimensional 
version of the Chemosphere that could contain 
perfumery scents. 

In 2010, I met artist/perfumer Gayil Nalls, whose 
research into scent-memory triggers, published in 
the Annals of The New York Academy of Sciences, 
informed Nalls’ global collaboration on a “world 
perfume” facilitated by the United Nations with 
roughly 270 member countries. Her “social 
olfactory sculpture” World Sensorium was 
dispersed in Times Square during the New Year 
2000 celebrations, as well as in Washington D.C. 
and at the Vatican (Nalls, 2009). 

In consultation with Nalls and in collaboration 
with artist Karen Reitzel, I created a perfume for 
the Homesickness Kit in 2012, chosen from the 15 
most recognizable and culturally resonant scents 
on Earth. These included rose, jasmine, lotus, 
linden blossom, birch, pine, sandalwood, and 
lemon.  

But the scents in the Homesickness Kit only 
capture this moment in time, at the turn of the 21st 
century. Notes Nalls, the amount of environmental 
engineering taking place today through synthetic 
scent manufacture has already altered our 
relationship to our olfactory sense and obscured 
what we once knew “historically” about important 
botanical scent sources (Nalls, Personal interview, 
2011). 
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Fig. 8 – Detail from The Chemosphere, Southern 
Sky, 2009-2013. Constellations are replaced by 
chemical skeletal formula for significant human 
scent-triggers. Credit: C. Paterson 
Roman Kaiser’s detailed study, Meaningful Scents 
around the World: Olfactory, Chemical, 
Biological, and Cultural Considerations (2006), 
details how scented woods, resins, and roots, 
which could be boiled to distill pungent odors, 
were the bases of ancient and classical perfumes; 
the technology for distilling the more delicate 
flower scents did not come into play until the 19th 
century (pp.7-8). One could argue, humans are 
constantly evolving our olfactory receptors with 
the developments of technologies used to produce, 
contain or experience scents. 

To recreate a scent picture that takes all of human 
history into account would require a more detailed 
study of the brain itself. Which components of 
plants have humans selected to preserve, and what 
is their history in culture? Odors indicating food 
and medicinal sources or that indicate danger 
might be high on the list; those that create pleasant 
feelings or memories, also. 

Scent selection for space 

What if human beings could remove themselves 
from all of the typical pollutants, allergens, and 
environmental smells on Earth? Space, at least in 
theory, offers an opportunity to study the olfactory 

sense in a type of isolation and rarified, sterile 
environment not easily found on our home planet. 
It may seem daunting to try to select scents for the 
Homesickness Kit, but in addition to Nalls’ study 
and suggestions, some other considerations are as 
follows. 

Sinus congestion is a norm in microgravity reports 
Sterling (2010), which hinders an astronaut’s 
sense of smell and taste. Hadfield writes, “The 
congestion that comes with weightlessness means 
that things taste pretty much the way they do when 
you have a head cold. Everything is just a bit more 
bland. My favorite dish was a bag of shrimp 
cocktail with horseradish sauce, which not only 
tasted good but had a kick that helped clear my 
sinues” (p. 219). 

Menthol, one of the molecules used in the 
Chemosphere and which is present in various 
mints, has an important role to play in this regard 
with its decongestant and analgesic properties.  
Astronauts could combat congestion with this type 
of natural product, but another issue would then 
need to be tackled: body odors. Apollo 15’s Jim 
Irwin attested, “I began to smell like a restroom…. 
It got so I couldn’t stand my own company” 
(Oliver, 2013, p. 99).  
Natural deoderants used for centuries, like tree 
resins, could be an answer. Kaiser gives the 
example of agarwood (Fig. 9), an ancient revered 
scent, “the wood of the gods [which] might be  

 
Fig. 9 – Agarwood. Credit: Hafizmuar, Wikipedia. 
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described as the mother of all scents” (p. 64). 
Agarwood has at least a 3000 year history in Asia 
and the Middle East. Imagine its scent in a space 
capsule: “The most minute sliver will release a 
pervasive, mysterious, wonderful scent, bringing 
to mind the perfumes of all imaginable precious 
woods, balsams, and resins, as well as those of 
amber, musk, and castoreum, and somewhat 
hidden, even tender floral notes” (p. 61). 

Other scents appropriate for long-term space 
missions would be those connoting times of the 
day or seasons. As examples, night-blooming 
jasmine, lotus flowers, and orchids (Fig. 10) all 
have regulated diurnal cycles, releasing pungent, 
sweet scents on a “clock.” It has been shown that 
crew performance is better when astronauts keep 
to a twenty-four hour schedule to maintain 
circadian rhythms (Kanas N., 2003, p. 137), so 
scents like these, used at the appropriate times in 
the day could trigger the body to feel sleepy, or 
other scents associated with morning, like citrus—
grapefruit, orange, etc.—could be used upon 
waking. 
To regulate yearly cycles on longer missions, 
scents could be chosen by different astronauts to 
complete their own associative patterns. The smell 
of pine boughs and wintergreen might trigger 
some people to think of winter, while the 
intoxicating smell of daffodils (Narcissus), or 
honey notes in May tulips, and the smell of fresh 
grass may indicate spring. Roses and orange 
blossoms are some of the strong sweet smells of 
summer. In the fall, an approaching cold can be 
sensed in the nose, perhaps the smokey first log in 
the fireplace could bring on that kind of 
association, or wine. 
The olfactory sense is part of our limbic system, 
where in terms of our evolution, we began to 
assemble survival strategies. We store emotional 
and factual memories via scent triggers. Therefore, 
even if a scent were not personally relevant to an 
astronaut before a test flight, conceivably the scent 
could be mobilized for purposes technical, 
hygenic, psychological or otherwise to remind 
astronauts of tasks, times, or as subtle spatial cues.  

The safety of any scent included in such a device 
as the Homesickness Kit will be important to 
determine. For example, and unfortunately, the 
lovely night-blooming jasmine, can be toxic. 
Potential allergens are a specific concern; this 
determination would be part of any NASA 
protocol. Writes Hadfield, “Everything we take up 
[to the ISS] has to be tested to ensure it … isn’t 
off-gassing chemicals, such as benzene, that 
would be dangerous to inhale in an enclosed 
space” (p. 216). Like benzene, other ketones 
present in plants, for example thujone (Fig. 11) 
from junipers, mugwort, oregano, wormwood, and 
others, would have neurotoxic effects.  
 

 
Fig. 10 – “Lady of the Night” (Brassavola 
nodosa) orchid emits a citrus/gardenia smell to 
attract moths in evening. Wikimedia Commons. 
 

                       
 

Fig. 11 – Two naturally occurring forms of 
Thujone—distereometric (−)-α-thujone and (+)-β-
thujone. The neurotoxin is a GABA(a) receptor 
antagonist. Credit: NEUROtiker, Wikipedia.en.



IAC E5.4.5x24801 

Page 12 of 23 

 

 

 

 
Figs. 12-17 – Methods for opening, display and 
use of the Homesickness Kit, 2013.  

Design considerations for space 
To prevent wide dispersal of scent in a spacecraft, 
the Homesickness Kit uses oils embedded in solid 
beeswax. This not only spatially contains the 
fragrances, so they are not floating around like an 
aerosol perfume would, but also makes it possible 
to concentrate the scents so they last longer than a 
liquid, which needs to be diluted with a solvent 
(and would also be flammable). 

Various methods of opening the Homesickness Kit 
have been considered. The way it is displayed for 
art galleries (Figs. 12-17) shows how it can  

 

 

 
As a meditative tool, the Kit offers forms of play 
and puzzle solving. Credit: C. Paterson. 
  
become a meditative tool. Moving the segments in 
singular or multiple parts, and in multi-directions, 
is an interesting, absorbing activity that keeps the 
hands busy and the mind at peace.  

The constellations on the surface of the object also 
create a kind of puzzle. Magnets in the north and 
south poles preserve the orientation of sky 
segments, but one would need to look at the sky 
for reference to put the parts together in the right 
order. The sphere harkens back to the celestial 
globes made by early astronomers and also by 
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artists (for example, the Roman Farnese Atlas, 2nd 
century C.E.) Celestial spheres have been and are 
still used today in positional astronomy for time 
keeping, navigation, and astrometry. The 
fundamental principles in positional astronomy 
date back to ancient times—Stonehenge, Chichen 
Itza, the Pyramids of Giza, among the lasting 
human structures used to watch the sky and 
measure positions of stars relative to each other. 
Archeoastronomers would agree that this type of 
star watching defines us as human. 
Each of the segments of the Homesickness Kit is 
open when exposed, but closed when matched 
with another segment. Up to three segments can 
be open at a time, and there is no prescribed order 
by which they must be unlocked. The pieces in 
this Kit can separate, however, necessitating a 
space-bound Kit to have some kind of filament 
that keep the pieces attached to each other. 

All the separate pieces of the Kit are the same 
dimensionally, so they can be printed or cast in 
bulk and could be filled either by hand or by 
machine (using cosmetic industry standard 
technology). This streamlined manufacturing 
process is especially important for a future aspect 
of the work—to make scent kits personalized by 
astronauts then available to a wider consumer base 
for a crowd-sourced olfactory stimulation 
experiment. Precedents for this type of experiment 
include the following examples. 
In August 2007 the Astro Garden was delivered to 
the ISS. This small plant growth chamber was 
designed to grow herbs, flowers, and vegetables. It 
was a kind of “hobby kit” with a watering valve, 
growth medium and expandable plastic top, 
similar to the Veggie system (Fig. 1). In parallel to 
the use of the Astro Garden, the similarly 
designed Space Garden was made available to 
schools. Together, astronauts and schoolchildren 
planted seeds, watered plants, and performed basic 
experiments, then compared notes as part of STS-
118’s Educator Astronaut Project (Orbitec 2007). 

Paolo Nespoli, an ESA astronaut on the STS-120 
mission, also conducted an educational 
greenhouse experiment in tandem with 

schoolchildren aged 12-14 years old in France, 
Germany, Italy, and Portugal, as well as a 
Mars500 crew. Over 15 weeks, they all observed 
germination and growth of Arabidopsis thaiana 
(ESA, 2011, p. 3). 

The Astro Garden development brochure states, 
“During missions, astronauts often long for the 
tastes and smells of home” (Orbitec, 2007); 
anecdotes from astronaut interviews by Haeuplik-
Meusburger support this statement (Architecture 
for Astronauts, 2011).  

Multiple kits (not necessarily in the shape above, 
due to cost) could be dispersed to interested 
participants, including children, among groups of 
people displaced from their homes. Connecting 
Earth’s many diasporas to the Kit, for example 
those people who have lost their homes due to 
war, economic hardship, or ecological 
emergencies, is an idea that resonates with the 
long-term space mission objective—to better the 
lives of all of humanity. And ultimately, small 
bands of astronauts will be part of Earth’s 
diaspora of life on other planetary bodies.  

Astronaut engagement and case study 

For the Homesickness Kit to really work as a two-
way dialog about scent and experience, astronauts 
must be engaged in gathering scents and 
experiences of their own to share. The smell of 
space itself is a fascinating challenge to 
communicate to those who will likely never 
experience it. It has been likened to burnt meat, 
welding fumes, and hot iron. Contracted by 
NASA, Omega Ingredients has made a synthetic 
fragrance based on astronaut testimony that 
recreates that combustible smell (Schiffman, 
2013). 

Actual scent-profiles could be captured inside and 
outside the spacecraft and reproduced literally, 
rather than approximated. This could be done by 
placing an object with the desired scent in a sealed 
container and pulling the aroma through an 
adsorption trap (Fig. 18) with a battery-operated 
pump, the likes of which have been in use since 
the 1970s. Something porous may have to be left 
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outside the spacecraft and then retrieved, and the 
scent drawing process itself might take several 
hours. The scent would be collected in an oil 
medium and the profile then be analyzed with a 
combination method of gas chromatography and 
mass spectrometry as detailed in Kaiser (2006). 

 

 
Fig. 18 – Adsorption trap for capturing a scent 
from its natural environment. Adapted from 
Kaiser, 2006, p. 11. 
 
With the smells of space replicated, astronauts and 
citizen-scientists on Earth could compare notes 
about commonalities that link similar 
interpretations. For example, socio-cultural 
factors, age, gender, region of birth and present 
living conditions are just some of the factors that 
could contribute to someone’s interpretation of the 
scent. One goal of an Earth-space experiment with 
the Homesickness Kit would then be to articulate 
qualitatively what common ground exists in terms 
of olfactory memory-triggers between experiences 
on Earth and those affected by the disorientation, 

discomfort, anxieties and thrills of being 
astronaut. 

There are also philosophical questions to consider. 
Do we on Earth already know something about 
space, its smell, its essence? Vernadsky in 1926 
theorized, “The structure of the cosmos manifests 
itself in the outer skin or upper structure of our 
planet. We can gain insight into the biosphere 
[emphasis mine] only by considering the obvious 
bond that unites it to the entire cosmic 
mechanism” (Vernadsky & Langmuir, 1998, p. 
47). The smell of space is the smell of something 
ancient, of polycyclic aromatic hydrocarbons—the 
“byproducts” of “dying stars” (Schiffman, 
2013)—perhaps the purest origin smell of our 
existence.  

Quoting Marcel Proust, “When from a long distant 
past … after the people are dead, after things are 
broken and scattered, … smell and taste remain 
poised for a long time, like souls, ready to remind 
us … in the tiny and almost impalpable drop of 
their essence, the vast structure of recollection” 
(Proust, p. 51). 
Using the Homesickness Kit as an experiential link 
between astronauts and people on Earth would no 
doubt reveal associations and narrative layers 
about many scents. Investigating the smell of 
space in particular would inform relationships 
between a mundane Earth existence and the 
“spectacularly different” (Scherr, 2014, p. 163) 
experience of living outside the protective 
envelope of Earth’s atmosphere, closer to the star 
factories from whence we came.  
The tracing of time and evolution through the 
chemistry of life, from the very elements of the 
cosmic medium, brings us to the idea of 
circularity, breath, regulation, and harmony—and 
the health of the astronaut. Health will be 
considered in Section V as a precursor to Section 
VI - The Exosomatic Bio-Helmet, where this 
paper picks up again on Vernadsky’s concept of 
the biosphere to lay down the rationale for the 
extension of the Homesickness Kit into a living 
greenhouse module. 
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V. HEALTH AND THE ASTRONAUT 
Health for the astronaut, as defined in this paper, 
is a triad comprised of three interdependent parts. 
(1) Physical health, which is dependent upon basic 
life support and exercise, acute medical 
intervention for body-specific illnesses or 
conditions, and preventative treatment for 
degenerative disease; (2) psychological and 
emotional aspects to health, the former influencing 
the latter through imprints made over a person’s 
lifetime that create the working-medium for 
emotional engagement or difficulty with any 
present situation or stress; and (3) what I am 
calling the spiritual/poetic aspect, informing 
human relationships, as well as the human 
connection to Earth and to the Cosmos.  

While the area of (1) physical health has been 
studied for short-term missions, challenges may 
arise for long-term missions if astronauts are faced 
with illnesses such as cancer, organ malfunction, 
and brain diseases causing cognitive impairments. 
How such physical illnesses may be affected or 
caused in part by lack of attention or support in 
areas (2) and (3) will be important for space 
researchers to study and understand.  

Oxidative stress, caused by an astronaut’s high 
radiation exposure (Office of the Chief 
Technologist) and linked to emotional stress 
(Aschbacher et al., 2013), creates a logical point 
of reference for the linkages between (1) and (2) 
for the space traveler. According to Aschbacher et 
al., there is emerging evidence that oxidative 
damage is “promoted” by chronic psychological 
stress “through frequent and sustained activation 
of the hypothalamic-pituitary-adrenal axis.” The 
Italian MDS experiments mentioned in Section II 
will study the relationship between adrenal stress 
and just merely living in microgravity, which is a 
start to unfolding this complex issue.  
Countermeasures of selection, training, 
psychological support, and communications 
between Earth and a spacecraft may not be enough 
to mitigate the emotional impact on health of 
certain situations; for example, the death of a 
crewmate, a terrifying near-death experience due 

to an accident in or outside the spacecraft, or the 
sudden death of an astronaut’s loved one on the 
ground. Any of these situations can create Post-
Traumatic Stress Disorder (PTSD), an anxiety 
disorder characterized by re-experiencing the 
event (flashbacks and bad dreams), avoidance 
symptoms ranging from emotional numbness, 
guilt, to amnesia; and hyper-arousal symptoms 
like angry outbursts, sleep disturbances, and being 
startled easily, all of which take weeks, if not 
months, to resolve (National Institute of Mental 
Health). 

Here, the link between (2) and (3) in the health 
triad becomes important, whether a person is part 
of a formal religious tradition or not. The practice 
of meditation, which goes by different names in 
different spiritual and religious traditions, can play 
an important role in stress alleviation (Mayo 
Clinic, 2014) as well as resolution of physical 
ailments, such as migraines (Wells, 2014). The 
use of isolation tanks for meditation and healing 
are an example of a 1970s technology that 
previsions the astronaut’s natural environment 
(Fig. 19) and suggests that floating in space may 
promote the connection between (2) and (3). 
Interestingly, expressive therapies that increase 
creativity, which I will categorize in aspect (3) as 
a poetic engagement, also help to manage (2) and 
alleviate some symptoms of disease or illness (1)  
(University of California Irvine, n.d.). 

 
Fig. 19 - Samadhi isolation tank for meditation 
gives the experience of microgravity to people on 
Earth. Credit: Floatboy. Wikimedia Commons. 
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Part (3) of the health triumvirate, spirituality, 
previously neglected in modern Western medicine 
models, has also remained mostly absent in the 
literature about astronaut experiences and health. 
Kendrick Oliver’s book To Touch the Face of 
God: The Sacred, the Profane, and the American 
Space Program, 1957-1975 (2013) is an important 
addition to findings in this area about astronauts’ 
spiritual needs and experiences documented 
earlier by Kanas. In a paper from 1990, Kanas 
concluded that returning astronauts “may have 
experienced psychological problems or 
personality changes as a result of being in space, 
in some cases becoming more humanistic, 
religious, or spiritual after overserving the oneness 
of people on Earth or the infinity of the Cosmos.” 
(as cited in Kanas and Manzey, 2003, p. 160).  
Other specific documentation through memoirs of 
astronauts with unique public exposure like 
Colonel Chris Hadfield and Dr. Sally Ride help 
complete the picture of spirituality—often with an 
ecological bent; in the astronauts’ own words, 
realizations about spirituality, however marginal, 
are embedded within the whole of the astronaut 
experience. Hadfield: “More than 500 people have 
had the opportunity to see our planet from afar, 
and for most of them, the experience seems to 
have either reinforced or induced humility” 
(Hadfield, 2013, p. 278). According to Ride’s 
biographer, Ride came up with a metaphor to 
describe the feeling: “the atmosphere was Earth’s 
spacesuit” (Scherr, 2014, p. 163)—the whole of 
the Earth itself like an astronaut. This realization 
began Ride’s conviction to foreground Earth 
science in her mission report, where she “made 
Mission to Planet Earth seem more urgent than 
Mars,” to the chagrin of NASA administrators 
(Scherr, 2014, p. 227). 
Hadfield also makes mention of feeling more 
connected to Earth by being in space. In one of the 
more poetic parts of his memoirs, he writes, “The 
shimmering, dancing show of the northern and 
southern lights; the gorgeous blues of the shallow 
reefs fanning out around the Bahamas; the huge, 
angry froth stirred up around the focused eye of a 
hurricane—seeing the whole world shifts your 

perspective radically…. It’s made me feel I have a 
personal obligation to be a good steward of our 
planet and to educate others about what’s 
happening to it…. I feel a sense of mission about 
this that I didn’t have before I went to space” 
(Hadfield, 2013, pp. 278-279). 

The experiences of astronauts described by Oliver 
are sublime—beyond language, beyond conscious 
determination. In a section entitled “The 
Epiphanies of the Astronauts,” he explains, 
“Through all the pollution in their spacecraft, 
through their unrelenting attention to operational 
needs, through the acquired habits of emotional 
reticence that marked their corporate style, it was 
possible still for the astronauts to sense some 
movement of the spirit … when they experienced 
a sudden new profundity of mood, a powerful 
feeling of reverence, melancholy, or joy. In most 
cases the mood was fugitive…. For a few … it 
stimulated sustained reflection on the general 
order of existence, the latitudes of the human 
cosmos, and the obligations that bound the 
individual to the rest of mankind” (Oliver, 2013, 
pp. 99-100). Ride found a new geopolitical 
consciousness in space (Scherr, 2014 p. 162). She 
subsequently became a vocal opponent of its 
militarization, specifically President Reagan’s 
Strategic Defense Initiative (“Star Wars”) (Scherr, 
2014, p. 232). It was, according to Oliver, 
“exposure to new sensory information” in space 
that changed the people who went there, a 
phenomenological realization harmonizing an 
understanding “about the earth, the universe, and 
the moon and about the contingency of man amid 
the perfect indifference of infinity, in a physical 
environment without measure, direction, or time” 
(Oliver, 2013, p. 100). 

 

VI. THE EXOSOMATIC BIO-HELMET 

The emptiness of space can be psychologically 
difficult, as detailed in Kanas and Manzey. “Long 
Eye Syndrome”—a type of anxious depression 
specific to the astronaut—could breed other types 
of behaviors on, for example, a mission to Mars 
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where Earth recedes almost beyond view. I have 
argued previously that Long Eye Syndrome might 
be thought of differently, as a potentially 
productive and generative mental state—not a 
mental illness but rather melancholia, from where 
the poetic imagination emerges (Haeuplik-
Meusburger and Paterson, 2012). 
Thinking about this state as well as the research 
being done on space greenhouses, I conceived of 
an immersive environment for the astronaut’s 
head that would further principles of the 
Homesickness Kit and reveal a possible 
application for the Mobile Plant Cultivation 
System (MPCS) I proposed with colleagues in a 
recent Acta Astronautica article (Haeuplik-
Meusburger et al., 2014). In that paper we made 
the case for detachable plant units that would 
separate from larger greenhouse modules for 
personal use, though they could be plugged into 
the larger automated systems for regular 
maintenance and feeding. These personal gardens, 
we proposed, would also be a specific site in the 
spacecraft for poetic expression and relaxation.  
 

 
Fig. 20 – Bonsai forest of pomegranate and 
Chinese elm in front of window on the Kibo 
Laboratory, ISS. Credit: C. Paterson. 

I specifically contributed a section on miniature 
trees (bonsai) and forests to the paper, asserting 
through personal experience, literature and 
philosophy how they can create reverie and 
intimacy. The dual nature of the forest invites 
close inspection and interaction as well as 
suggesting an unfolding of possibilities to the 
person who wanders through it. “The forest itself 
is an apt metaphor for the space wherein the 
astronaut ventures, a ‘vast’ space—says 
[philosopher of science] Gaston Bachelard, we 
should take care to pronounce the long-‘a’ very 
carefully—through which calm also radiates, like 
a breath” (Haeuplik-Meusburger et al., 2014). 
Like a window, but more than a window, the 
forest mediates our perception and thought about 
spaces beyond it (Fig. 20). 
The use of bonsai in the Bio-Helmet is a key 
difference to other greenhouses that have been 
proposed for space to date. The miniature trees 
have a distinct effect on the imagination. Writes 
Bachelard, “Miniature is an exercise that has 
metaphysical freshness; it allows us to be world 
conscious at slight risk. And how restful this 
exercise … can be! For miniature rests us without 
ever putting us to sleep. Here the imagination is 
both vigilant and content” (Bachelard, 1964, p. 
161). 

This Exosomatic Bio-Helmet fits well as a tool for 
promoting the health triad by suggesting that all 
of us—and perhaps it will be seen, astronauts in 
particular—need a contemplative outlet, and that 
plants can be part of the basic human need for 
connection to living things.  
Unlike the mice in the MDS experiments, with 
finite and pre-determined experimental lives, 
plants can be seen as regenerative, infinitely alive, 
due to seed propagation and to the rooting 
capabilities of branches that are cut off and sprout 
into new trees. We must remember that plants 
might even become terraforming forces on other 
planetary bodies, helping manage gas exchange in 
an environment like the CO2 rich one on Mars, 
unfit for human oxygen consumption needs.  
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Description 
The Exosomatic Bio-Helmet is in its concept 
stage. The first iteration of the project will be a 
space-analog, multisensory artwork shown on 
Earth that will be later adaptable for microgravity 
conditions.  

The Bio-Helmet consists of a small greenhouse for 
bonsai trees that is “wearable” by a user, who can 
insert their head into the greenhouse for an 
immersive experience. Heat-activated scent 
modules containing culturally significant, 
botanically derived scents are custom-selected by 
the user and create a time-lapse scent-journey. 
With information gained from the Homesickness 
Kit experiments, these scents will be optimized to 
promote a relaxing and restorative health 
experience, but also one that facilitates critical 
reflection. Through didactic and auditory cues, 
participants will be primed to think about human 
manipulation of the olfactory sense in history; 
environmental engineering on Earth and in space; 
and subsequent evolutionary effects.  

Space-ready technologies for humidification, 
multi-colored LEDs, air regulation, and 
temperature control will be built into the first 
helmet prototype. Three colors of lights will be 
used. Red and blue spectrum LEDs are shown to 
be best for plant growth (Casado, 2006, p. 184). 
Green LEDs have been added in space greenhouse 
systems for aesthetic reasons so that plants retain 
their natural colors; otherwise leaves would look 
grey (Fulton, 2014). According to Monje et al. 
greenhouses built for space primarily use 
hydroponic systems (2003). Many consumer 
models of hydroponics are currently on the 
market, and different systems are being explored. 
Technologies to maintain O2-CO2 soil balance 
and encourage nutrient uptake in plants living in 
microgravity will be included in future phases of 
the project. Much research has been done on the 
delicate conditions that must be maintained for 
root health of plants in terms of water flow and 
nutrient cycles. Casado (2006) mentions the need 
to remove ethylene, a byproduct of respiration (p. 
184). In a paper on Maritan greenhouses, 

Yamashita et al. (2006) discuss ways in which 
“microclimate (thermal and gas species structure) 
could be generated locally around plant bodies, 
which would affect gas transport.” Technologies 
and methods for watering plants effectively and 
normalizing nutrient uptake are also being 
developed. One interesting idea for the latter, 
proposed by Hoehn, A. et al. (2003) is to “force 
feed” roots in microgravity by drawing a vacuum. 

Bonsai trees selected for inclusion in the Bio-
Helmet will have photophylic roots (Chinese elms, 
as in Fig. 20, and junipers) so that if root systems 
need to be exposed for technical reasons, there 
will not be any risk to the health of the plants. A 
thin layer of soil may be considered for aesthetic 
purposes and to grow mosses. Systems for 
watering in space will need to be automated, 
mechanized and weight of materials taken into 
account. 

The Exosomatic Bio-Helmet will have an 
equatorial base, where respiration takes place, 
oxygen-rich and moist, which is also where the 
trees are planted. A temperate zone near the eyes 
provides a comfortable view of the trees, but 
participants will be able to move their heads up or 
down to see through the forest as well as over it.  
A crowning polar region has two parts. The first is 
a series of acupressure nodes, which encourage 
relaxation, calmness, and openness of thought, 
alertness, and mental clarity. The second aspect 
can be activated through cryotechnology like that 
patented by CryoHelmet to reduce intracranial 
hypertension. These technologies have the greatest 
possibility for quantitatively measuring the Bio-
Helmet’s efficacy and potential usefulness in 
space through biometrics measuring pulse rates 
and blood oxygenation. 

Intracranial hypertension (IH) is experienced on 
Earth but might also be induced by living in 
microgravity. A current NASA study on Vision 
Impairment and Intracranial Pressure (VIIP) 
among astronauts is currently underway, led by 
James D. Polk, D.O., at the Johnson Space Center. 
The experiment abstract states, “29% and 60% of 
astronauts on short and long-duration missions, 
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respectively, experienced a degradation in distant 
and near visual acuity, and some of these vision 
changes remain unresolved years after flight 
(NASA, 2014). IH is being studied as a cause. 
Symptoms of intracranial hypertension form the 
basis of the dominant metaphor of the Exosomatic 
Bio-Helmet. While the physical condition can 
cause pain, dysfunction, and perceptual distortions 
due to pressure on the optic nerve (papiledema), it 
also has a psychological aspect—adversely 
affecting cognitive function, sociability, and 
behavior by causing depression, anxiety and 
fatigue (Intracranial Hypertension Research 
Foundation). The latter conditions are 
characteristic, as I argued in Sections II and III, of 
21st-century environmental breakdown and its 
social components.  
To briefly explain how intracranial hypertension 
as a medical issue relates further to art and 
philosophy, it is necessary to consider the 
evolutionary scale of human development in terms 
of bio-economic theories.  

Exosomatism defined 

Exosomatism is defined as exteriorizing functions 
of the body with technologies for the body’s 
benefit and wellbeing: for example, using writing 
systems or computers to aid memory. (Donna 
Haraway in her influential book Simians, Cyborgs, 
and Women: The Reinvention of Nature [1990] 
approaches a similar concept through the cyborg, 
though with a specific feminist lens.) As defined 
by economic-theorist Nicholas Georgescu-
Roegen, exosomatism “is the root of inequalities” 
(Szenberg, 1993, p. 147) and has altered cultures, 
distorting global politics and economics. This is 
due to the fact that our adaptive strategies for 
survival as a species are exceedingly dependent on 
building technologies using a finite amount of 
minerals and resources, including petrochemicals, 
and on bioengineering to solve problems such as 
world food shortages. We have overspent our bio-
economic accounts by not recognizing “the human 
implications of energetics of our living Earth, its 

ecological limits and economic possibilities” 
(Grinevald, p. 30). 

The latter idea is also found in J. Lotka’s Elements 
of Physical Biology (1926) and extrapolated by 
early Russian “biogeochemist” Vladimir 
Vernadsky in his treatise The Biosphere. What is 
offered to us by Vernadsky’s view of 
exosomatism is a way to think about the 
development of planets through the terraforming 
done by life, in any of its magnificent forms, upon 
the planetary surface. Humans, in concert with all 
living things, are a geo-evolutionary force. We are 
in a feedback loop with our planet, our health 
reflective of the overall system. Vernadsky’s ideas 
are early-20th century precursors of popular 
environmental movements in the U.S. and the 
Gaia theory (Grinevald, pp. 31-32). 
The more “exosomatic organs” (technologies) we 
become dependent on, writes Georgescu-Roegen, 
we become “thoroughly addicted to the 
exosomatic comfort—hence almost completely 
dependent on the finite mineral dowry of our 
abode.” As opposed to the other creatures of our 
Earth who depend on their endosomatic organs for 
survival Homo sapiens is the “exosomatic animal” 
(Szenberg, 1993, pp. 146-147). What this 
ultimately means for our survival is the topical 
question of the day. 

As a species, we have nearly overcome our 
environment, though we design nature back into 
technological spaces. I am reiterating this process 
in the design of the Bio-Helmet, but with a critical 
difference of emphasis. Our development and use 
of technology has the potential to preserve 
ecosystems and natural beauty, help us resist 
despair and to cultivate relationships with other 
life on our planet. I believe that by intimate 
immersion and direct experience we might change 
destructive evolutionary paths and gain 
perspective on inequitable economic and social 
conditions caused by our development of these 
same exosomatic organs, conditions that give rise 
to violence and war. This project’s internal 
contradiction, being technotopian and 
environmental, sees technology as a means to 
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reform, and puts the emphasis in the project on the 
deep connections we have as humans with our 
planet. The project also draws on hopeful visions 
for collective, social justice.  
Kanas notes people have become “more 
humanistic, religious, or spiritual after observing 
the oneness of people on Earth or the infinity of 
the Cosmos” (p. 160). And Oliver (2013) reports 
that astronauts primed for spiritual experiences 
through former activities and frames of reference 
were changed by their experiences in space. 

For Hadfield, being in space initiated in him a 
profound environmentalism: “It’s made me feel I 
have a personal obligation to be a good steward of 
our planet and to educate others about what’s 
happening to it…. We need to take a longer-term 
view of the environment and try to make things 
better wherever we can.” Specifically, he writes 
about deforestation, which can be observed and 
conceived of from space like no other place—how 
it operates on such a wide-scale to damaging 
effects, for example, in Madagascar. (p. 278) 

Would contemporary art instigate such deep 
change in people and awareness, I would be 
focusing my attentions within the “white cube” 
gallery instead of the realm of space, which 
provokes such feeling in the imagination. That 
headspace of space travel is available to all of us, 
if only through the various fictitious accounts of 
space dreamed up by directors, writers, and 
producers of a new science fiction dedicated to 
visualizing living and working conditions in 
space. From Stanley Kubrick’s 2001: A Space 
Odyssey to Douglas Trumbull’s Silent Running 
and more recent films like Alfonso Cuarón’s 
Gravity, we are now accustomed to seeing from 
the astronaut’s point of view.  

My goal with the Exosomatic Bio-Helmet is to 
develop a thought-engineering experiment, 
inserting discussion about human evolution, 
terrestrial habitats and destructive human activities 
into the giddy discourse and exuberant 
expectations about space colonization, while at the 
same time considering the stressors on the body of 
the astronaut as extreme versions, as explained in 

Sections III and V, of what occurs to humans on 
Earth. The metaphor of the helmet, a self-
contained module connoting an explorer as well as 
safety, is a psychological analog for introspection, 
quiet, and mediating the world—as everyone is 
doing today on screens—through an exosomatic 
memory device, which shields us from the direct 
revelations of the information we consume. 
It is beyond the scope of this paper to further 
analyze the mediating device of the helmet in film, 
within which the psychological and existential 
dramas take place. However, I will note that in 
Silent Running, this mediation is done not just 
through the view of the helmet, but also through a 
kitchen window in the space freighter, where 
Bruce Dern is seen peeling and chopping 
vegetables, as well as through a Buckminster 
Fuller geodesic dome of Silent Running’s 
extraordinary space greenhouses (Figs. 21-22).  

The Bio-Helmet prototype will be a type of bio-
dome modeled on Trumbull’s vision, a wearable 
biosphere that combines the successful elements 
of all of these images of immersion: 
psychological, alimentary (olfactory modules will 
also include smells of food), and in relationship to 
the immense forests we are losing rapidly 
everyday, but which grow in our imagination. 

 

 

Figs. 21-22 – Silent Running (1972), dir.  
Douglas Trumbull. 
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