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Abstract— This paper reports on current habitability concepts
for an Evolvable Mars Campaign (EMC) prepared by the
NASA Human Spaceflight Architecture Team (HAT). For
many years NASA has investigated alternative human Mars
missions, examining different mission objectives, trajectories,
vehicles, and technologies; the combinations of which have
been referred to as reference missions or architectures. At the
highest levels, decisions regarding the timing and objectives for
a human mission to Mars continue to evolve while at the lowest
levels, applicable technologies continue to advance. This results
in an on-going need for assessments of alternative system
designs such as the habitat, a significant element in any human
Mars mission scenario, to provide meaningful design
sensitivity characterizations to assist decision-makers
regarding timing, objectives, and technologies. As a subset of
the Evolvable Mars Campaign activities, the habitability team
builds upon results from past studies and recommends options
for Mars surface habitability compatible with updated
technologies.
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1. INTRODUCTION

Technologies and scenarios for planetary surface missions
have been investigated by NASA, major aerospace
contractors, universities, and individuals over the years, and
continue to be influential on current studies. Design
constraints for surface architecture have been suggested [1]
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describing the challenges of designing for partial gravity,
dust, radiation, and transportation. Specific challenges have
been addressed (too many to list here) for structures [2, 18],
EVA suitports [3. 4], airlocks [5, 6, 7], mobility [21], as
well as comprehensive design approaches [17] that are
applicable to Mars surface outposts.

Figure 1: Mobile lunar outpost concept (Joosten &
Guerra 1993)

Notable planetary surface habitability concept studies
include Joosten & Guerra’s [8] mobile lunar outpost (Figure
1), which has become a starting point for many of NASA’s
current habitability work. Recent efforts to re-evalutate
surface habitability technologies include the Constellation
Lunar Architecture Team, International Lunar Habitation
Team, Habitat Demonstration Unit, Deep Space Habitat,
and Mars Design Reference Architecture.

Constellation Lunar Architecture Team (LAT/CAT)

The Constellation Lunar Architecture Team studied many
concepts in 2007-2008 (many of them not particularly new),



including containerized frame mini-modules, integral lander
habitats, “habitank™ concepts (where propellant tanks are
used or repurposed as habitable pressure vessels), toroidal
inflatable outposts, mid-expandable modules (hard end
cones spanned with inflatable tube cylinders), horizontal
cylindrical modules, and vertical cylinder modules [9]. Final
conclusions focused on horizontal cylinder and vertical
cylinder type configurations [10], an example of which is
shown in Figure 2.

Figure 2: Constellation Lunar outpost — 2009
International Lunar Habitation Team (ILHT)

The International Lunar Habitation Team (ILHT) was
formed in late 2008 to support the International Architecture
Working Group (IAWG) of the International Space
Exploration Coordination Group (ISECG) in identifying the
functions and operations required for conducting a
collaborative campaign associated with a human return to
the moon. The basis of the work was an example
architecture and notional mission manifest for lunar human
exploration, called the Global Point of Departure (GPoD)
Lunar Architecture [11], that was developed by the IJAWG.
Habitation, provided within safe pressurized volumes, is an
essential, required function to sustaining human life in any
exploration mission regardless of destination, while
incorporating technical sustainability wherever possible.

The team’s primary responsibility was to use a systems
engineering approach in identifying :

1. Those key mission drivers that determine the
approach to Habitation

2. Top level requirements for Habitation for any
exploration mission

3. Mission operations that result from meeting these
drivers and requirements

4. Functionality that is needed to carry out these
mission operations

The product of this approach was a Habitation Function
Allocation Matrix that was then used to help define
conceptual elements that were used within the study.

Habitat Demonstration Unit (HDU)

Assuming the vertical cylinder configuration that emerged
from Constellation Architecture Team work (Figure 2), and
developed in parallel with the GPoD research, it was
decided to build a functional habitat that could be evaluated
in mission contexts. The NASA Habitat Demonstration Unit
(HDU) vertical cylinder habitat (Figure 3) was established
as a exploration habitat testbed platform [12, 13] for
integration and testing of a variety of technologies and
subsystems that will be required in a human-occupied
planetary surface outpost or Deep Space Habitat (DSH). The
HDU functioned as a medium-fidelity habitat prototype
from 2010-2012 and allowed teams from all over NASA to
collaborate on field analog missions, mission operations
tests, and system integration tests to help shake out
equipment and provide feedback for technology
development cycles and crew training.

L

Figure 3: Habitat Demonstration Unit (HDU) -- 2011
Deep Space Habitat (DSH)

NASA’s Deep Space Habitat work initially built upon the
HDU prototype (Figure 3). repurposing the unit to study
deep space missions [14, 20] beyond Low Earth Orbit. With
the exception of the Apollo missions, virtually all human
space flight has occurred in low Earth orbits that are no
more distant than the distance between Orlando and Miami.
In other words, very close to the Earth. This is significant
because NASA’s goal is to explore Beyond low-Earth Orbit
(BEO) and is building the Space Launch System (SLS)
capable of sending humans to cis-lunar space, the surface of
the Moon, asteroids and Mars.



Figure 4: Deep Space Habitat (DSH) — 2013

Unlike operations in low-Earth orbit, astronauts on deep
space missions do not have rapid emergency return or
frequent resupply opportunities and are exposed to
potentially lethal radiation. To provide a low-cost deep
space habitat within a short period of time, attention was
concentrated on residual International Space Station (ISS)
ground assets (Figure 4). For this approach, the Node 1
structural test article and a Multipurpose Logistics Module
(MPLM) were considered the most favorable candidates. A
Deep Space Habitat mockup facility was built at Marshall
Spaceflight Center (Figure 5).

Figure 5: ISS-derived Cis-lunar Deep Space Habitat
mockup at NASA Marshall Spaceflight Center

Mars Design Reference Architecture 5.0

NASA human Mars mission scenarios (Figure 6) have been
studied, with a current baseline centering around Mars
Design Reference Architecture (MDRA) 5.0 [16]. The

essential aspects of MDRA 5.0 are as follows:

* Mars Descent/Ascent Vehicle (MDAV) and
Habitat Lander are pre-positioned at Mars via
multiple cargo missions

* MDAV is delivered to surface of Mars and begins
In-situ Resource Utilization (ISRU) propellant
production

* (Crew and Mars Transit Habitat are launched via
multiple missions after MAV propellant tanks have
been filled

*  (Crew descends to surface in Habitat Lander

*  Mars surface mission

*  Crew ascends to orbit in MAV

*  Crew returns to Earth in Mars Transit Habitat

Figure 6: Mars Design Reference Architecture (Drake
2009) showing scenario depicted by Rawlings 1997

The NASA Human Spaceflight Architecture Team (HAT)
Evolvable Mars Campaign (EMC) habitation work
described in this paper has come out of the MDRA 5.0
baseline. Habitability work at this early stage was to
determine how a complete outpost could be divided up into
multiple manifests, and thereby minimize the number of
cargo and crewed launches required.

2. AssuMPTIONS & REQUIREMENTS

Though a variety of scenarios were explored, a set of
common assumptions were baselined in order to compare
options in a fair manner.
The base assumptions were as follows:

* 500 day surface stay mission

* 4 crew members

* 2 pressurized rovers

*  Maintenance airlock (internal or external)

*  Crew lander and MAYV delivered separately
equipment

* Surface power and exploration

delivered separately



Logistics, stowage, consumables, and subsystem
requirements were determined from models incorporating
rules of thumb, published data [18, 19], or tools [17] derived
from spaceflight missions on the International Space Station
(ISS). Common base assumptions across all habitability
options were also assumed for Structure & Mechanisms,
Avionics, Thermal Control, Maintenance & Spares,
Reserves, Protection, Power, Environmental Control & Life
Support, Crew Equipment & Accommodations, Logistics,
and Extra-Vehicular Activity (EVA).

Crew Functions

Crew functions were not the main drivers at this stage in the
investigation. However, it was important that some sort of
parametric rules of thumb be considered for outpost sizing
so that important functions of hygiene, health maintenance,
crew dining, group activities, vehicle maintenance,
command activities, translations/ingress/egress, mission
operations, emergency operations, logistics operations, and
science operations were represented. These functions were
included in the models based on published work [18] and
previous experience.

3. HABITABILITY OPTIONS

Over the course of investigations, the EMC propulsion team
proposed a range of lander capacities to work from. For
example, if a 15 ton capacity lander were chosen, it would
take eleven missions to deliver the same amount of surface
assets that could be delivered by four missions using a
larger 40 ton capacity lander. The lander capacities that
were proposed were 15,000kg, 18.000kg, 27.000kg, and
41,000kg. While evaluating the different habitablity options,
part of the trade was to see if a particular habitability option
would be a driver for lander capacity selection.

The EMC habitability working group narrowed down
habitability options to Monolithic Baseline, Modular
Vertical, SLS/EUS-derived, and Small-diameter Modular
Horizontal.

Note that in the following habitability options, masses
shown are only a portion of the entire surface outpost mass
for each concept. Outpost power would be supplied by a
centralized surface power strategy, so arrays shown are for
contingency and / or initial setup only.

Monolithic Baseline

The Monolithic Habitat includes most or all of the required
pressurized volume for a Mars surface outpost into a single
vertical cylinder (Figure 7). The Monolithic Habitat concept
maximizes its diameter at 7.2m to fit into the Space Launch
System (SLS) shroud, and parametrically sizes the height to
attain the required volume.

Because of the large size of the single habitat element, the
only lander capacity that would be available for carrying the
Monolithic Habitat would be a 41,000kg capacity lander.

Element kg m

Monolithic Habitat 28440.0 159.7
PEV Rover 6809.0 12.0
PEV Rover 6809.0 12.0
Total 42058.0 183.7

Figure 7: Evolvable Mars Campaign monolithic outpost
configuration

Modular Vertical

The Modular Vertical Habitat option began with a core
volume dedicated as a “machine room” for full
Environmental Control & Life Support System (ECLSS)
functionality, then supplemented the remainder of required
volume using modules of identical size (Figure 8).

Element kg m

Vertical Core “machine room” 12482.0 52.8
Vertical Hab / Inflatable 17732.0 123.8
PEV Rover 6809.0 12.0
PEV Rover 6809.0 12.0
Inflatable Airlock 3464.0 10.6
Total 47296.0 211.2

Figure 8: Evolvable Mars Campaign vertical modular
outpost configuration

The Modular Vertical concept also added an inflatable dome
concept, similar to the Habitat Demonstration Unit (HDU),
that could be collapsed during tranport and deployed in-situ.



The Vertical Core “machine room” module was 5.4m in
diameter with a height of 2.7m, and the same identical hard
module was used as the base of the Vertical Hab / Inflatable
element. Due to the mass of the largest element being
17,732kg, the Modular Vertical outpost eliminated the
possiblity of a 15,000kg capacity lander, but was able to be
accommodated by all the other lander options.

SLS/EUS-derived

Launch vehicle derived habitats are a common consideration
since large propellant tanks are pressure vessels that could
be wused for habitability. This approach promotes
commonality through the use of propellant tank design and
manufacturing processes for the primary habitat pressure
vessels.

Element kg m’

SLS/EUS-derived Habitat 35966.0 319.0
PEV Rover 6809.0 12.0
PEV Rover 6809.0 12.0

External Airlock / Dock Node 1559.0 10.0

Total 51143.0 353.0
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Figure 9: Evolvable Mars Campaign SLS/EUC-derived
propellant tank outpost configuration

Previous papers have reported on studies that utilized
hydrogen tank components from the Space Launch System
(SLS) to construct large habitats for deep space missions
including Mars transit habitats supporting crews of 6 for
1000 days [15, 20]. Current studies for surface habitat
landers have also considered launch wvehicle derived
components.

Figure 9 is one of several configurations illustrating the use
of the hydrogen tank for habitation derived from the second
stage of the SLS known as the Exploration Upper Stage
(EUS). This SLS/EUS habitat lander utilizes a sky crane
landing concept to drop off the lander similar to the one
used for the Mars Curiosity Rover; so, no propulsion system
remains. However, mass-wise the SLS/EUS option could be

delivered only by the 41,000kg capacity lander if such an
option were chosen. The primary habitat is from the
SLS/EUS hydrogen tank design outfitted with solar arrays
above and an external airlock below to accommodate
docking of pressurized rovers between the landing legs and
EVA egress.

The SLS/EUS habitat lander is 8.4 meters in diameter
matching the diameter of the SLS core stage and EUS upper
stage. It is about 8 meters high providing interior volume for
three floor levels. The interior volume includes crew
quarters and waste and hygiene compartments on the top
level; work stations, galley, and wardroom on the
central/main level; and utility and EVA systems on the
lower level with direct access to the external airlock and
rover docking ports below. The volume appears to be
adequate to support a crew of 4 with storage and life support
systems volume for 500 day surface missions.

Small-diameter Modular Horizontal

The Small-diameter Modular Horizontal habitation option
was based on the concept of a common cabin 3m diameter
for not only all habitat modules, but also the same diameter
for rover cabins as well (Figure 10).

Element kg m’
Horizontal Core “machine room” 9827.0

Horizontal Hab Module 11280.0
Horizontal Hab Module 11280.0

PEV Rover 6809.0

PEV Rover 6809.0

Inflatable Airlock 3464.0

Total 200.5

49469.0

Figure 10: Evolvable Mars Campaign small-diameter
modular horizontal outpost configuration

Using the same 3m diameter for all pressure vessels, but
taking a modular parametric approach for length, a single
factory manufacturing line on Earth could manufacture all
elements derived from function-specific bulkheads. Similar
to the Modular Vertical option, the Modular Horizontal
option establishes a core “machine room” with supplemental
habitat volumes. Additional volumes could pattern
themselves after the Core Hab, or could consist of mid-
expandable “midex” membrane cylinders spanning between



end cones or short pressurized compartments. In addition,
3m diameter pressurized hard shell modules can function as
cores for TransHab-like large-volume inflatable habitats,
opening up a door for a possible connection between surface
and transit habitat architectures.

Because of the smaller module size and masses, the
Modular Horizontal outpost elements could be carried by
any of the entire proposed range of lander capacities, from
15,000kg to 41,000kg, in some cases two or three at a time.

4. RELATED STUDIES

The Phobos exploration mission concept includes a crew
taxi for transfers between a Mars 1-Sol orbit where the
primary Mars transit habitat is located and Phobos orbit
where a smaller habitat will be attached to the surface. The
size and accommodations required for the taxi are similar to
those needed for the Mars crew ascent vehicle, which
supports a crew of 4 for a few hours to days depending on
planned propulsion and trajectory options. Future studies
will explore this commonality even further to consider
similar designs for the initial Exploration Augmentation
Module (EAM) planned to support the Asteroid Retrieval
Mission in the early to mid 2020’s.

5. FuturRE WORK

In addtion to connection back with the proposed EAM
module development, future work will see how Mars
surface habitability, Phobos outpost, Mars Transit Habitat,
and EAM can be developed in parallel, with requirements
from each unique environment informing the design and
development of each other to arrive at a common
architecture.

Commonality

Evaluating the various habitability options, the EMC team
will look at using only two pressure vessels: large volume
for habitat, and small for cabins. More effort will be
expended to emphasize re-use and modularity [21, 22]. The
team will elaborate on the “machine room™ concept, with
the goal of identifying the smallest volume required for a
package ECLSS system that can be attached to habitats,
rovers, or in-space vehicles wusing simple docking
technologies.

Packaging

More investigation on packaging will be part of future work.
This will include how to package large habitat elements on
landers (appropriate for the lander capacity chosen), lander
off-loading, and habitation element mobility. Another main
thrust of future work will include an investigation of small-
profile hab elements that can fit in the Space Launch System
(SLS) / Orion trunk, and deploy into larger volumes.

In-Situ Resource Utilization (ISRU) Construction

A third major investigation will consider possible uses of
ISRU regolith-based construction that may require a small

investment in regolith handling equipment [24] but have a
return many times greater if the result is an ultimate mass
savings. For example, JPL’s All-Terrain Hex-Limbed Extra-
Terrestrial Explorer (ATHLETE) mobility system is one of
the main options for surface mobility and relocating habitat
elements [23]. The ATHLETE can also carry a multitude of
mission-specific functions, such as construction and in-situ
manufacturing capacity. One technology that might be
applicable is using ATHLETE as a large-scale 3D printer to
harden powdered regolith into prefabricated panels or
blocks to construct in-situ structures (Figure 11) — these
compressive structures can be prepared in advance and lined
with lightweight membrane pressure liners to significantly
reduce mission mass that must be lifted out of Earth’s
gravity well [25].

Figure 11: Regolith-based construction using ATHLETE
as a large-scale 3D printer and constructor — Freeform
Additive Construction System (FACS)

6. CONCLUSIONS

As of this writing, of the four main habitability options,
Monolithic Habitat, Modular Vertical, SLS/EUC-derived,
and Modular Horizontal, the EMC team leaned toward the
Modular Vertical option because it breaks up the mass of a
monolithic concept, yet does not add many small elements
and their resulting risks for docking and mating. However,
since entry, descent, and landing challenges are not
completely resolved it was also determined to continue
developing the other options as well, since the larger lander
options may prove impractical. Also, other habitation
options may be more appropriate for future work efforts
listed above.

ACKNOWLEDGMENTS

The research described in this paper was carried out at the
National Aeronautics and Space Administration (NASA),
and the Jet Propulsion Laboratory, California Institute of
Technology, under a contract with NASA. Copyright 2015.
All rights reserved.



(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(]

REFERENCES

B Sherwood; L Toups (2009). Chapter 14: Design
Constraints for Planet Surface Architecture, ppl171-177.
In A Howe & B Sherwood (eds), 4I44 History of
Spaceflight series, Out of This World: The New Field of
Space Architecture. Reston, Virginia, USA: American
Institute of Aeronautics and Astronautics.

M Cohen; H Benaroya (2009). Chapter 15: Lunar Base
Structures, ppl179-204. In A Howe & B Sherwood (eds),
AIAA History of Spaceflight series, Out of This World:
The New Field of Space Architecture. Reston, Virginia,
USA: American Institute of Aeronautics and
Astronautics.

M Cohen (1989 June 27). Suitport Extra-vehicular
Access Facility (US patent no. 4,842,224).

M Cohen (1995 April). The Suitport's Progress (ATAA
95-1062). Life Sciences and Space Medicine Conference,
Houston, Texas, USA, 3-5 April 1995. Reston, Virginia,
USA: American Institute of Aeronautics and
Astronautics.

M Cohen (2001). Airlocks for Pressurized Rovers (NASA4
TSP-ARC-14557). Moffett Field, California, USA: Ames
Research Center, National Aeronautics and Space
Administration.

B Griffin (2009). Chapter 17: Lunar Surface Airlocks,
Pp229-240. In A Howe & B Sherwood (eds), AI44
History of Spaceflight series, Out of This World: The
New Field of Space Architecture. Reston, Virginia, USA:
American Institute of Aeronautics and Astronautics.

A Howe; K Kennedy; P Guirgis; R Boyle (2011). A
Dual-Chamber Hybrid Inflatable Suitlock (DCIS) for
Planetary Surfaces or Deep Space (AIAA2011-5064).
41st International Conference on Environmental Systems
(ICES2011), Portland, Oregon, USA, 17-21 July 2011.
Reston, Virginia, USA: American Institute of
Aeronautics and Astronautics.

BK Joosten; L Guerra (1993). Early Lunar Resource
Utilization: A Key to Human Exploration (ATAA1993-
4784). AIAA Space Programs and Technologies
Conference and Exhibit. Huntsville, Alabama, USA, 21-
23 Sep 1993. Reston, Virginia, USA: American Institute
of Aeronautics and Astronautics.

NASA (2009). Surface Architecture  Reference
Document (SARD). National Aeronautics and Space
Administration.

[10]L Toups: K Kennedy (2009). Chapter 16: Lunar Habitat
Concepts, pp205-227. In A Howe & B Sherwood (eds),
AIAA History of Spaceflight series, Out of This World:
The New Field of Space Architecture. Reston, Virginia,
USA: American Institute of Aeronautics and
Astronautics.

[I1]L Toups; M Haese; H Imamura; K Kennedy: B
Bagdigian; M Sakurai; B Griffin; M Rudisill; P Guirgis;
N Mary (2010). An Approach to Habitation for the
Global Point of Departure (GPoD) Lunar Architecture
(TAC-10-A5.1.1). 61st International Astronautical
Congress, Prague, Czech Republic, 27 Sep — 1 Oct 2010.
International Astronautical Federation.

[12]K Kennedy et.al. (2011). NASA Habitat Demonstration
Unit Project — Deep Space Habitat Overview
(ATAA2011-5020). 4ist International Conference on
Environmental Systems (ICES2011). Portland, Oregon,
USA, 17-21 July 2011. Reston, Virginia, USA:
American Institute of Aeronautics and Astronautics.

[13] A Howe; K Kennedy; T Gill; et al (2013). NASA Habitat
Demonstration Unit (HDU) Deep Space Habitat Analog
(ATAA2013-5436). AI4A Space 2013 Conference &
Exhibition. San Diego, California, USA, 10-12 Sep 2013.
Reston, Virginia, USA: American Institute of
Aeronautics and Astronautics.

[14]B Griffin; D Smitherman; A Howe (2013). Internal
Layout for a Cis-Lunar Habitat (ATAA2013-5433). AI44
Space 2013 Conference & Exhibition. San Diego,
California, USA, 10-12 Sep 2013. Reston, Virginia,
USA: American Instituite of Aeronautics and
Astronautics.

[15] B Griffin; D Smitherman; KJ Kennedy; L Toups; T Gill;
A Howe (2012). Skylab II: A Deep Space Habitat From a
Space Launch System Propellant Tank (ATAA2012-
5207). AIA4 Space 2012 Conference & Exhibition.
Pasadena, California, USA, 11-13 Sep 2012. Reston,
Virginia, USA: American Institute of Aeronautics and
Astronautics.

[16] B Drake (2009). Human Exploration of Mars: Design
Reference Architecture 5.0. NASA/SP-2009-566

[17]M Simon; A Wilhite (2013). A Tool for the Automated
Design and Evaluation of Habitat Interior Layouts
(ATAA2013-5305). AI4A Space 2013 Conference &
Exhibition. San Diego, California, USA, 10-12 Sep 2013.
Reston, Virginia, USA: American Institute of
Aeronautics and Astronautics.

[18] W Larson; L Pranke (eds) (1999). Human Spaceflight:
Mission Analysis and Design. McGraw-Hill.



[19]7 Dorsey; K Wu; R Smith (2008). Structural Definition
and Mass Estimation of Lunar Surface Habitats for the
Lunar Architecture Team Phase 2 (LAT-2) Study.
Proceedings of the Eleventh Biennial ASCE Aerospace
Division International Conference on Engineering,
Science, Construction, and Operations in Challenging
Environments (Earth & Space 2008). Long Beach,
California, USA, 3-5 Mar 2008. Reston, Virginia, USA:
American Society of Civil Engineers.

[20] D Smitherman; B Griffin (2014). Habitat Concepts for
Deep Space Exploration (AIAA 2014-4477). AI4A
Space 2014 Conference & Exhibition. San Diego,
California, USA, 4-7 Aug 2014. Reston, Virginia, USA:
American Institute of Aeronautics and Astronautics.

[21]A Howe; R Howard (2010). Dual Use of Packaging on
the Moon: Logistics-2-Living (AIAA2010-6049).
Proceedings of the 40th International Conference on
Environmental Systems. Barcelona, Spain, 11-16 July
2010. Reston, Virginia, USA: American Institute of
Aeronautics and Astronautics.

[22]Y Lai; A Howe (2003). A Kit-of-parts Approach to
Pressure Vessels for Planetary Surface Construction
(ATAA 2003-6281). AI44 Space 2003 Conference &
Exposition, Long Beach, California, USA, 23-25
September 2003. Reston, Virginia, USA: American
Institute of Aeronautics and Astronautics.

[23]B Wilcox (2012). ATHLETE: A Limbed Vehicle for
Solar System Exploration. JEEE Aerospace Conference.
3 - 10 Mar 2012, Big Sky, Montana, USA. New York,
NY. USA: Institute of Electrical and Electronics
Engineers.

[24]R Mueller; R King (2008). Trade Study of Excavation
Tools and Equipment for Lunar Outpost Development
and ISRU. Space Technology and Applications
International Forum (STAIF2008). Albuquerque, New
Mexico, USA, 10 — 14 Feb 2008. Proceedings, pp 237-
244, Melville, New York, USA: American Institute of
Physics ATP Press.

[25] A Howe; B Wilcox; C McQuin; J Townsend: R Rieber;
M Barmatz; J Leichty (2013). Faxing Structures to the
Moon: Freeform Additive Construction System (FACS)
(ATAA2013-5437). AIAA Space 2013 Conference &
Exhibition. San Diego, California, USA, 10-12 Sep 2013.
Reston, Virginia, USA: American Institute of
Aeronautics and Astronautics.

BiroGrarPHY

A. Scott Howe is a licensed
architect and robotics engineer at
NASA's Jet Propulsion
Laboratory. He earned PhDs in
industrial —and  manufacturing
systems engineering from Hong
Kong University and in
architecture from University of
Michigan. Dr. Howe spent 13
vears of practice in Tokyo, Japan,
and taught for 6 years at Hong Kong University. He
specializes in robotic construction and currently is on the
NASA development teamm building long-duration human
habitats for deep space and permanent outposts for the
moon and Mars. Dr. Howe is also a member of the JPL
All-Terrain  Hex-Limbed Extra-Terrestrial Explorer
(ATHLETE) robotic mobility system development team,
Asteroid Redirect Mission (ARM) capture mechanism
team, and Mars Sample Return (MSR) Orbiter design
team.

Matthew Simon has been a
member of the Habitation team
within NASA’s Human
Spaceflight Architecture Team
(HAT) for 3 vears. This team

designs and evaluates
alternative space mission
architectures fo support

strategic planning decisions at
NASA Headquarters for future
! il human  space  exploration
missions. As a member of this team, he is primarily
responsible for designing conceptual habitation systems
and providing crew systems and support expertise
throughout mission design. In addition, Mr. Simon
supports multiple other projects on spacecraft design,
radiation protection, exploration medical capability,
strategic decision analysis, and technology portfolio
characterization. He is currently pursuing a doctorate in
Aerospace Engineering from Georgia Tech to be
completed later this vyear. His research focuses on
improving the generation and assessment of habitat
interior layout designs in early design phases.

David  Smitherman is an
architect and technical manager
of future space projects for the
Advanced Concept Office at
NASA’s Marshall Space Flight
Center in Huntsville, AL. His
work focuses on space habitats,
space and surface systems, space
fransportation infrastructures,
and overall mission
architectures. He worked as an architect in the 1980’s, as
a planner for the redesign of the space station and
various space station pavloads in the 1990°s, and since




1998 has been a study lead for various advanced
concepts studies including Space Business Parks, New
Space Industries, Space Elevators, Solar Power Satellites,
Propellant Production Depots, and Deep Space Habitats.
Myr. Smitherman has a Master of Science degree in Space
Architecture firom the University of Houston (2008), a
Bachelor of Architecture degree and a Bachelor of
Science degree in Environmental Design each from
Auburn University (1980), and is a registered architect in
the State of Alabama with NCARB certification.

~=  Robert Howard has a bachelor of
science in general science from
Morehouse College, a bachelor
of aerospace engineering from
Georgia Tech, a master of
science in industrial engineering
North  Carolina A&T State
University, and a PhD. in
aerospace engineering from the
University of Tennessee Space
Institute. He also holds a
certificate in Human Systems Integration from the Naval
Postgraduate School and is a graduate of the NASA
Space Systems Engineering Development Program.
Currently Dr. Howard works for NASA at Johnson Space
Center in Houston, TX, where he is the lab manager for
the Habitability Design Center. There, he leads a team of
architects, industrial designers, engineers and usability
experts to develop and evaluate concepts for spacecraft
cabin and cockpit configurations. He has served on
design teams for several NASA spacecraft study teams
including the Orion Multi-Purpose Crew Vehicle, Orion
Capsule Parachute Assembly System, Altair Lunar
Lander, Lunar Electric Rover / Space Exploration
Vehicle, Deep Space Habitat, Wavpoint Spacecraft,
Exploration Augmentation Module, Asteroid Retrieval
Utilization Mission as well as Mars surface and Phobos
mission studies.

Larry Toups attained a Bachelor
of Architecture Degree from the
University of Houston. After
practicing  architecture, he
received a Masters Degree in
Space Architecture from the
University of Houston, Sasakawa
Institute for Space Architecture.
From June 1988 — January 1994
he was a Senior Engineer with
Lockheed  Engineering  and
Sciences Company at Johnson Space Center. In this role,
he provided technical support for JSC’s New Initiatives
Office in the area of Systems Engineering of habitats and
planetary systems and contributed to numerous NASA
studies. From 1998-2003, Mr. Toups assumed the role of
Habitability Svstems Lead in the ISS Vehicle Office. He is
currently in the Exploration Mission Systems Office at
Johnson Space Center.

Stephen Hoffman received a
B.S., MS, and PhD. in
Aeronautical and Astronautical
Engineering from the University
of Illinois in 1978, 1980, and
1984 respectively. Dr. Hoffiman
is a Senior Systems Engineer
with 35 vears of experience
working in civilian  space

programs  performing  tasks
b -~ involving program
management, interplanetary mission planning,

preliminary spacecraft design, orbit mechanics, and
planetary analog missions. Dr. Hoffman is currently
supporting the Exploration Missions and Systems Office
at the NASA Johnson Space Center. He supports a variety
of mission studies and concept assessments associated
with human exploration bevond low Earth orbit for this

office.



10




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


