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Introduction 
For about a half century, humans have ventured into space.  What began as 

nationalistic adventurism evolved to footsteps on the Moon, sustained operations in 
Earth orbit, and inchoate space passenger travel.  Humankind has now begun to inhabit 
the alien environment of space – a place of altered weight, hard vacuum, extreme 
temperatures, and lethal radiation, but also a place of novel sensations, breathtaking 
views, and expanding frontiers of knowledge, experience, and being. 

Designing for this new human domain is what the field of Space Architecture is 
all about. Space Architecture is the theory and practice of designing and building the 
human environment in outer space. It is a unique discipline by combining attention to 
technical systems, human needs for working and living, and human reactions to the 
natural and built environments.  It is simultaneously technical, pragmatic, humanistic, 
and artistic. 

Progress in human space flight has brought long-duration missions, large-volume 
complexes, multi-cultural crews, non-specialists, and paying tourists.  During some 
shuttle visits, ten people have occupied the International Space Station at one time.  
Many considerations familiar to terrestrial architects – productivity, privacy, assembly, 
aesthetics, place identity, sensations, view, mood, safety, utilities, and adaptive use, to 
name just some – are increasingly relevant to the design of habitable environments for 
outer space.  In addition, living in space brings into sharp focus some new 
considerations increasingly important to architecture on Earth: sustainability, material 
recycling, regenerable life support.  So Space Architecture is a two-way bridge to a 
better future, connecting how we have lived with how we can in the future, via how we 
must in space. 

Understandably then, Space Architecture is an ascendant topic among some 
professional societies (American Institute of Aeronautics and Astronautics, Society of 
Automotive Engineers International Conference on Environmental Systems, American 
Society of Civil Engineers) and some universities (University of Houston Sasakawa 
International Center for Space Architecture, Lund University, Technical University of 
Vienna, Southern California Institute of Architecture).  The International Academy of 
Astronautics’ Commission VI formed a Space Architecture Study Group (SASG) in 
October 2005 to recommend international and Academy actions in this area.  This paper 
is the result.  Its goal is to bring attention to importance of reflecting all aspects of human 
being throughout space structures design process and to encourage the industry to 
involve professionals from diverse disciplines into design development at its early 
stages. 

� The Academy recommends that organizations and projects undertaking the 
design of human accommodations in outer space specifically engage the 
professional contributions of space architects. 

The SASG elected to focus on “Tools for the 21st Century,” meaning the 
development of new theories, methods, and forms of engagement among professional 
disciplines to advance the field of Space Architecture in the quest for better, more 
effective, and more ennobling human environments in space.  The SASG capitalized on 
the individual interests of its members to develop recommendations in four diverse 
aspects of Space Architecture: human/system interaction (Human Factors), terrestrial 
facilities that model mission conditions (Space Mission Simulators), humanistic 
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expression (Art), and training that integrates the other topics to prepare future 
generations of space architects and to introduce space architecture discipline and its 
aspects to engineers (Education).  The Academy commits these recommendations as 
illustrative of the breadth of topics addressed by Space Architecture, and hopes future 
Academy study groups will take up additional topics, such as Habitable Space 
Structures, Integration of Life Support Systems, Interior Design for Reduced Gravity, 
Application of In Situ Materials, or Commercial Space Systems and Facilities. 

Human Factors
New and advanced space missions will impose new kinds of interactions: crew 

members and passengers with one another, with their tools, with Earth-based operators 
and supporters, and with their environments.  Future crews will rely on higher levels of 
system autonomy, be more reliant on in situ improvisation and problem solving in 
conditions where it will not be possible to predict and rehearse every contingency.  
Future generations of spacecraft habitats must enable new partnerships among people, 
standardized hardware and intelligent machines (e.g., on-board computers and robots) 
to reduce maintenance overhead and automate routine tasks and operations.  

� The Academy recommends Space Architecture be developed as a powerful tool 
to achieve a seamless amalgam of environments, tasks, people, machines and 
operations. 

Human drivers for architectural design are usefully parsed into four domains: the 
biological (including life support), the ergonomic (including human-machine interaction), 
the psychological (including human reactions to isolated, confined, and hazardous 
environments), and the sociological (including how people interact with each other in 
extreme circumstances).   

� The Academy recommends Space Architecture design projects attend explicitly 
to drivers from the four domains: biological, ergonomic, psychological, and 
sociological. 

Space Architecture is an embryonic field; to date all spacefaring scenarios center 
around small government or private “mission crews” each having a specific, bounded 
purpose.  A second type of human-in-space scenario – “passengers” – characterized by 
leisure or business travelers without professional in-flight duties or extensive pre-flight 
screening or training, is now emerging.  A third type – “settlers” – can be reasonably 
projected to emerge late in the 21st century, who will make space their permanent 
homestead.  These three types of spacefaring populations require distinct architecture 
solutions, as the scale and complexity of their biological, ergonomic, psychological, and 
sociological drivers vary considerably.   

� The Academy recommends that research elucidate differences among space 
mission populations comprising crews, space passengers, and space settlers, 
and determine how they drive an evolutionary progression of Space Architecture 
in the coming decades.  

To date there are no significant supporting examples of implemented space 
architecture that has been optimized for populations other than mission crews; 
spacefarers so far have been either (1) government mission crews; (2) one paying 
passenger temporarily mixed in with such crews; or (3) suborbital flight-test crews.  The 
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next types of populations are likely to be (1) mixtures of more than one paying 
passenger at a time, e.g., on the ISS; and (2) suborbital flights of small groups of paying 
passengers.  Current work in the private sector to design suborbital vehicles and flight 
experiences for such tourist groups (e.g., Virgin Galactic, Rocketplane) is anticipated to 
begin driving out architectural differences, such as large windows and visibility from all 
seats.  

Space Mission Simulators 
Space mission simulators are facilities for testing one or more aspects of 

potential space missions in a controlled, measurable, and repeatable way, as the 
missions, mission systems, and crew training are still under development.  The goal of 
using simulators is to uncover issues before the actual mission, thereby reducing risk, 
cost, and uninformed design choices.  Simulators have been used since the earliest 
days of space travel. 

However, there is no easy way to access and compare data from past simulation 
campaigns.  Considering the resurgence of interest in human missions to the Moon, 
Mars, asteroids and beyond, an online, comprehensive database archiving simulator 
projects from around the world – past, present, and future – would be highly useful. 

� The Academy recommends an Online Global Simulator Database be created to 
aggregate and archive simulation data from international partners engaged in 
Earth-based human space mission simulations.  

Simulators designed under strong budgetary and programmatic constraints often 
focus narrowly on a few research objectives, which sacrifices overall simulator 
architecture and operations fidelity.  The interactions among systems and sub-systems, 
which lead to many real-world failures, thus remain largely unstudied, leaving gaps in 
understanding that may be costly. 

� The Academy recommends that entities conducting Earth-based human space 
mission simulations set high standards for architectural, operational, 
environmental and psychological fidelity.  

Space mission simulators can be broadly classified into two kinds: partial and full 
mission simulators.  “Partial simulators” focus on certain aspects of a mission (e.g., life 
support system interactions), while “full mission simulators” take an integrated approach 
to simulating the entire mission: e.g., launch, transit, landing on a planet or other 
celestial body, surface stay, ascent from the planetary surface, transit back to Earth, and 
landing on Earth.  To simulate long-duration planetary missions, a stay that fully 
interfaces with surface exploration systems and tasks (e.g., live field geology) is key. 

� The Academy encourages space agencies to develop full-mission simulators to 
prepare for long-duration missions to the Moon, Mars, asteroids and beyond.  

Mission crews can be expected to become more multinational in the future.  
Through analysis of past simulations and space missions, crew dynamics has emerged 
as critical to successful functioning and morale, and also heavily dependent on crew 
composition.  Yet the only truly international space mission simulation ever conducted 
was in 1999, during an isolation campaign at the Institute for Bio-Medical Problems 
(IBMP) in Moscow, called the Simulation of Flight of International Crew on Space Station 
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(SFINCSS).  The crew composition, comprising Russian, German, Japanese, Austrian, 
and Canadian crew members, was somewhat reflective of ISS crews.  The SFINCSS 
campaign demonstrated that the clash of languages, as well as cultural and gender 
differences, could make cohabitation stressful to the point of walkouts and violence.  
Simulations using cross-cultural and cross-gender crews are indispensable for 
researching such issues. 

� The Academy recommends future simulations take into account real-life mission 
scenarios in terms of representative crew size and composition. 

Habitat design can influence crew behavior and performance, and therefore 
mission success.  Well-designed habitats provide countermeasures to mission stressors.  
Simulators can help obtain valuable insight into habitat design parameters such as 
layout, habitable volume, windows, lighting, and color.  Such parameters can be varied 
in response to findings from successive simulation campaigns or even during a single 
campaign.

� The Academy recommends that habitat design be integrated into the overall 
research agenda of human space mission simulations. 

Supporting Examples

The ISEMSI-90, EXEMSI-92 and HUBES-94 isolation studies conducted by the 
European Space Agency (ESA) were exemplary.  The experimental protocol of ISEMSI-
90, EXEMSI-92, and HUBES-94 confined crews in closed habitats, varying simulator 
architecture (i.e., four, two, and one main chamber(s) respectively); crew size (i.e., six, 
four, and three respectively); and duration of the simulation campaign (i.e., 28, 60, and 
135 days respectively). 

The NASA Extreme Environment Mission Operations (NEEMO) simulator is 
currently operational using the Aquarius underwater facility off the Florida coast.  China 
and India are contemplating long-duration human missions, so they too will likely 
conduct Earth-based simulations.  Since future missions to the Moon and beyond are 
likely to have international crews and systems, it is important for the various entities 
engaged in Earth-based simulations to find ways to meet, interact, and share research 
activities and experiences.  

ESA and the IBMP plan to initiate a new series of long-duration space mission 
simulations called “Mars 500,” leading up to a final, unprecedented, long-duration Mars 
mission simulation of nearly 520 days.  This will involve a crew of six living and working 
in a complex of six interconnected, hermetically-sealed modules in a Moscow laboratory.  
The Mars 500 campaign will extensively model a complete mission (e.g., interplanetary 
transit and surface stay duration, surface exploration activities, communication lags, 
autonomous crew decision-making, rationed consumables).  Planned mission phase 
durations are 250 days for the outbound leg, 30 days for surface operations, and another 
240 days for the return leg. 

Art
At the beginning of the 21st Century, a unique opportunity exists for qualified 

artists to contribute to the world’s space programs.  Creative artists can become integral, 
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productive, and important contributors to interdisciplinary space mission design teams 
working to improve the human condition as we venture forth from our home planet. 

Artists may offer alternative perspectives and imaginative solutions to design 
challenges faced by space architects and engineers.  For example, artists introduced to 
new technologies and materials may devise innovative ways to incorporate these into 
human space environments in ways not conceived by space architects or engineers.  
This is best done by integrating artists into design teams from the beginning of projects.   

� The Academy recommends integrating artists into space project teams from the 
earliest phases of the project lifecycle. 

Interdisciplinary art – produced through collaboration with space architects, 
scientists, engineers, and psychologists – moves beyond simplistic views of art as 
merely decorative, aesthetic, or provocative “add-ons.”   For art in human space 
environments, technology and science become “starting point” tools artists can utilize.   
In this paradigm, artistic concerns extend beyond aesthetics: (1) art that adapts to its 
environment (e.g., work/living spaces that are electronically modifiable by the user, or 
personalized electronic images utilizing flat-screen technology); (2) art that enhances or 
is capable of altering mood and environment (e.g., through the use of 3-D or binaural 
sound to create aural environments similar to Earth, or use of color, pattern, and light 
relevant to psychological states).   

� The Academy recommends establishing a paradigm for art utilized in human 
space projects that focuses on art as a core factor enabling mission success, 
rather than as aesthetic afterthought. 

Finding artists qualified to work within interdisciplinary teams who design the 
human environment in outer space presents a challenge.  Success requires more than 
the mere desire to participate.  Defining roles that artists can play in human space 
projects and the nature of possible contributions can help clarify expectations. 

As with all space project team members, it is important for artists to be 
appropriately qualified.  Selection criteria should consider previous work, the artist’s 
credo, and formal training.  A review panel comprising experienced artists, space 
architects, engineers, and managers could support the selection process.   

� The Academy recommends developing a process template for human space 
project teams to identify and select artists.   

Preparing artists to support human space projects may require formal training 
through university and college programs.   Space architects and engineers acting as 
mentors may also assist in providing artists with basic understanding of human factors, 
health and safety issues for living and working in extreme environments, and design 
approval requirements.  They may also play a role determining feasibility and 
applicability of artists’ concepts, and assist artists with concept implementation and 
integration.  Certification could be accomplished via certified curricula in universities and 
colleges or through space agencies.  

� The Academy recommends that certification curricula be established by 
universities and colleges to facilitate adequate, specialized training of artists 
desiring to participate on human space project teams. 
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Supporting Examples

During a meeting taking place at NASA Ames Research Center, a Human 
Factors discussion was going on about color schemes for the International Space 
Station (ISS).  In the next room, a team of engineers was proposing bare metal and 
plastic walls to save the weight of paint.  An artist’s aesthetics-based solution to these 
seemingly irreconcilable differences between the two groups addressed the needs of 
both.   When the amount of paint to cover the interior surfaces of a space habitat is 
calculated, a pattern may be designed where some part of the surfaces will be painted, 
leaving other surfaces bare.  The result is both avoidance of some paint weight and a 
surface treatment that could help induce a positive psychological state for occupants.  
Based on Luscher’s color research, the choice of color could enhance this effect. 

In micro-gravity, orientation within a habitat continues to be a concern for crew.  
The ISS currently uses color and endcone closeout shape to provide spatial orientation 
cues.  An artist has proposed the use of 3-D or binaural sound for orientation onboard 
spacecraft or ISS (more information at: http://en.wikipedia.org/wiki/Binaural_recording).  
Crew would receive binaural sound orientation cues through headsets worn during 
mission assignments.  3-D or binaural sound, light, color, and imagery can be used to 
modify the interior space to suit a wide range of conditions and personal needs of the 
individuals. 

Windows are a serious structural design challenge for space habitats.  An artist’s 
solution to this dilemma is to consider “virtual” windows as an alternative to actual 
viewports.  With flat-screen technologies, relatively thin virtual windows could be 
installed in various locations throughout space habitats.  Such virtual windows could be 
“tuned” to meet a variety of needs for both individuals and groups.  Coupling 3-D sound 
with virtual-window imagery could provide a powerful sensory experience for viewers 
(e.g., the experience of looking out the window while riding on a train – the audio 
component, provided by headphones, could create directional sound such as the tracks 
below, signal crossings from outside, and even other trains passing in the opposite 
direction. 

Artists, by joining human space project teams at their inception, can work in 
conjunction with space architects, scientists, engineers, and psychologists to help create 
innovative, positive space habitation solutions in both expected and unexpected ways. 

Education
Education is particularly important for new fields.  In the case of Space 

Architecture, the SASG recognizes two core needs: (1) educating the aerospace 
community about the architect’s process and role within the enterprise; and (2) 
educating space architects and associated specialists about constraints, conditions, and 
priorities unique to human space systems. 

These needs can be addressed, respectively, by two key educational tools for 
the 21st century: (1) introducing the Space Architecture discipline into space system 
engineering curricula; and (2) developing Space Architecture as a distinct, complete 
training curriculum.

New generations of professionals with a Space Architecture background, by 
offering their inherently integrative design approach to all types of space structures and 
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facilities, can help shift professional focus from just engineering-driven transportation 
systems and “sortie” missions to permanent offworld human presence.  Although 
architectural and engineering approaches share some similarities in solving problems, 
they also have significant differences.  Architectural training teaches young professionals 
to operate at all scales from the “overall picture” down to the smallest details; to provide 
directive intention – not just analysis – to design opportunities, to address the 
relationship between human behavior and the built environment, and to interact with 
many diverse fields and disciplines throughout the project lifecycle.  

Introducing the architect’s approach into engineering programs at universities 
could be done via a series of “Space Architecture Issues and Concerns” courses.  
Topics of focus would include human factors and ergonomics, extreme-environments 
constraints and influences, and psycho-social factors.  

� The Academy recommends that the field of Space Architecture become 
integrated into aerospace curricula through required courses. 

Undergraduate and postgraduate students can be a source of creative potential 
for large, multilateral space projects.  

� The Academy suggests that space companies involve Space Architecture 
students in their design process to anticipate and accommodate international, 
interdisciplinary, and inter-institutional cooperation at all design stages. 

The increasingly multinational nature of space exploration, as well as continuing 
trends toward undergraduate curricula standards (i.e., the Bologna Process in the E.U.), 
make it advisable for students to acquire experience with full-scale international 
collaboration via their required and elective projects and undergraduate research.  The 
Academy can be instrumental in providing this international perspective by hosting on-
line, teleconference, and physical-meeting discussions toward this end. 

� The Academy recommends that collaborative, international student projects with 
a Space Architecture component be a required component of aerospace 
education curricula. 

A number of student and young-professional space design contests in recent 
years have demonstrated advantages as a tool for stimulating students and encouraging 
them to proffer their designs in a competitive environment. 

� The Academy endorses international Space Architecture student contests as a 
productive way to emphasize multidisciplinary and system-design approaches, 
and views Academy conferences as appropriate venues to promote such 
contests. 

The SASG believes there is strong potential for the Academy to directly promote 
Space Architecture undergraduate and postgraduate education development. 

� The Academy supports distribution and promotion of Space Architecture 
educational projects and students’ work through Academy networks, Acta 
Astronautica, and related internet sites. 
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Supporting Examples

In the summer of 2002, an international Lunar Base Design Workshop (LBDW) 
was hosted at the European Space Agency’s ESTEC Center in the Netherlands.  The 
lead organizers and managers of the workshop were a team of international space 
architects.  Space experts from Europe and the United States were invited to give 
lectures and coach the students.  Nearly 50 graduate and undergraduate students from 
16 European nations worked in six multidisciplinary teams.  The primary workshop 
objective was to highlight the importance of involving space architects in the design of 
future habitats, and showcase the innovative nature of multidisciplinary collaboration.  It 
was a two-week, full-time workshop followed by another six weeks of work by the 
architecture students from TU-Vienna, Austria.  The results were presented at ESA-
ESTEC and at the architecture department of TU-Vienna, Austria.  Some of the 
planetary base designs generated during the workshop can be seen at  
http://www.esa.int/esaMI/Aurora/SEMIDI1A6BD_1.html.

The Sasakawa International Center for Space Architecture (SICSA) at the 
University of Houston supports the world’s only Master of Science in Space Architecture 
program.  Founded in 1987 with a $3M endowment gift provided by the Japan 
Shipbuilding Industry Foundation, SICSA’s central mission is to plan and implement 
programs to advance peaceful and beneficial uses of space and space technology on 
Earth and beyond.  Many SICSA activities address extreme terrestrial environments.  
Established in 2003, the M.S. in Space Architecture program responds to the interests of 
aerospace engineers, social scientists, and other specialists employed at NASA and 
associated organizations who wish to broaden their career foundation and opportunities.  
Most attend the program on a part-time basis while working. http://sicsa.uh.edu/

Houston-based SPACEHAB, Inc. collaborated with SICSA to develop the Concept 
Development and Assessment Study of Lunar Exploration Systems in the 2004-2005 
academic year, to support a proposal to NASA in 2005.  
http://findarticles.com/p/articles/mi_m0EIN/is_2004_Nov_29/ai_n7579493

Under contract to NASA Ames Research Center, Donna P. Duerk, Professor of 
Architecture at California Polytechnic State University, developed a Curriculum for 
Aerospace Architecture (With Emphasis on Lunar Base and Habitat Studies) published 
in September 2004. This curriculum comprises a year-long study for architecture 
students in masters or fifth-year undergraduate programs, as an option for the capstone 
experience.  The first edition of the curriculum is intended as the foundation for 
enrichment as others add their own emphases and areas of special expertise.  The 
curriculum structure follows Bloom’s 1956 “taxonomy of educational objectives for the 
cognitive domain.”  The curriculum takes the form of a framework of objectives, study 
guides for each objective, a workshop, and a possible schedule for organizing the year’s 
study to develop a specific Space Architecture project to the design-development phase.  
http://www.spacearchitect.org/pubs/NASA-CR-2004-212820.pdf

The Robert A. and Virginia Heinlein Prize Trust supported the young researchers’ 
“Flight into the Future” Contest in 2007-08 to encourage innovative activities in space 
commercial utilization.  http://www.heinleincontest.info/index_.htm

At Lund and Chalmers Universities in Sweden, students conduct elective, one-
semester courses each autumn and spring, for graduating-year architectural and 
industrial design students.  This STAR Design program includes fieldwork at NASA 
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Johnson Space Center in Houston, TX, that involves research and design of habitats for 
the Moon and Mars, as well as for orbital facilities. http://www.ark3.lth.se/

MOON CAPITAL Competition 2010, an international design challenge was 
organized and sponsored by AIAA, Boston Society of Architects, Draper Laboratory, 
Google Lunar X PRIZE, Space Architecture Technical Committee and The Boston 
Center for the Arts in the summer of 2010. It aimed to expand the possibilities for the 
future of design by asking participants to explore the concept of a moon habitat that will 
include both living and working in addition to collecting the most provocative visions for 
new Lunar possibilities. http://www.shiftboston.org/competitions.html

Conclusions 
The purpose of this study was to identify professional disciplines as tools that 

should collaborate and interact with each other in order to achieve comprehensive and 
balanced design solutions that would satisfy human needs during space flight and might 
be applied to diverse space missions.  The study attempted to demonstrate importance 
of addressing all types of human activities at earlier stages of space structures design 
rather than adapting existing engineering solutions to various human needs and 
incorporating them into final design product.  That is especially important for planning 
long-term missions to farther destinations than Low Earth Orbit practices with 
demographically, culturally and professionally diverse habitants onboard of spacecrafts.  
There are no “small” issues in designing facilities for dangerous and extremely 
expensive missions to Moon, Mars, asteroids and other destinations.  That applies to 
technical and human sides of design equally.    

The Academy entrusts the recommendations described in this report as 
examples of the extensive range of topics addressed by Space Architecture, and 
encourages upcoming Academy study groups to continue exploring additional topics, 
such as Habitable Space Structures, Integration of Life Support Systems, Interior Design 
for Reduced Gravity, Application of In Situ Materials, or Commercial Space Systems and 
Facilities. 

 The proposed recommendations from four chosen topics are summarized below: 

1. Human Factors Module: 

a. The Academy recommends that organizations and projects undertaking 
the design of human accommodations in outer space specifically engage 
the professional contributions of space architects. 

b. The Academy recommends Space Architecture be developed as a 
powerful tool to achieve a seamless amalgam of environments, tasks, 
people, machines and operations. 

c. The Academy recommends Space Architecture design projects attend 
explicitly to drivers from the four domains: biological, ergonomic, 
psychological, and sociological.  

d. The Academy recommends that research elucidate differences among 
space mission populations comprising crews, space passengers, and 
space settlers, and determine how they drive an evolutionary progression 
of Space Architecture in the coming decades.  
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2. Space Missions Simulators Module: 

a. The Academy recommends an Online Global Simulator Database be 
created to aggregate and archive simulation data from international 
partners engaged in Earth-based human space mission simulations.  

b. The Academy recommends that entities conducting Earth-based human 
space mission simulations set high standards for architectural, 
operational, environmental and psychological fidelity.  

c. The Academy encourages space agencies to develop full-mission 
simulators to prepare for long-duration missions to the Moon, Mars, and 
beyond.

d. The Academy recommends future simulations take into account real-life 
mission scenarios in terms of representative crew size and composition. 

e. The Academy recommends that habitat design be integrated into the 
overall research agenda of human space mission simulations. 

3. Art Module: 

a. The Academy recommends integrating artists into space project teams 
from the earliest phases of the project lifecycle. 

b. The Academy recommends establishing a paradigm for art utilized in 
human space projects that focuses on art as a core factor enabling 
mission success, rather than as aesthetic afterthought. 

c. The Academy recommends developing a process template for human 
space project teams to identify and select artists.   

4. Education Module: 

a. The Academy recommends that the field of Space Architecture become 
integrated into aerospace curricula through required courses. 

b. The Academy suggests that space companies involve Space Architecture 
students in their design process to anticipate and accommodate 
international, interdisciplinary, and inter-institutional cooperation at all 
design stages. 

c. The Academy recommends that collaborative, international student 
projects with a Space Architecture component be a required component 
of aerospace education curricula. 

d. The Academy endorses international Space Architecture student contests 
as a productive way to emphasize multidisciplinary and system-design 
approaches, and views Academy conferences as appropriate venues to 
promote such contests. 

e. The Academy supports distribution and promotion of Space Architecture 
educational projects and students’ work through Academy networks, Acta 
Astronautica, and related internet sites. 
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