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EARTH  DEPARTURE 
8/30/2037 (Day 0)

MARS ARRIVAL 
4/4/2038 (Day 217)



MARS DEPARTURE 
5/4/2038 (Day 247)

VENUS SWING-BY 
12/8/2038 (Day 465)

SUN

EARTH RETURN
6/11/2039 (Day 651)

MISSION TIMES

OUTBOUND 217 days 
STAY 30 days
RETURN 403 days
TOTAL MISSION 650 days

MISSION TIMES

OUTBOUND 217 days 
STAY 30 days
RETURN 403 days
TOTAL MISSION 650 days

EARTH  DEPARTURE 
9/1/2037 (Day 0)

MARS ARRIVAL 
3/30/2038 (Day 210)



MARS DEPARTURE 
8/8/2039 (Day 706)

SUN

EARTH RETURN
3/5/2040 (Day 916)

MISSION TIMES

OUTBOUND 210 days 
STAY 496 days
RETURN 210 days
TOTAL MISSION 916 days

MISSION TIMES

OUTBOUND 210 days 
STAY 496 days
RETURN 210 days
TOTAL MISSION 916 days

a)  Opposition Class:  Short-Stay Mission b)  Conjunction Class:  Long-Stay Mission  
Figure 6-2. Comparison of (a) Opposition-class and (b) Conjunction-class mission profiles. 

 
 
For the trajectories that were studied during 2007, the Opposition-class missions require greater total propulsive 
delta-V; they also experience significant variation of propulsion requirements across the synodic cycle. Variation 
of delta-V across the synodic cycle for Opposition-class missions is nearly 100% with an average total delta-V of 
10 km/s ± 3.7 km/s. This variability significantly impacts the space vehicles, since they must be designed to provide 
the propellant capability and design attributes that allow for a wide range of propellant loads or the capability to deliver 
a wide range of payloads to Mars. There are some mission cases in which the total interplanetary delta-V is so excessive 
that the cases are outliers and, thus, are usually eliminated from consideration, requiring skipped mission opportunity 
and resulting in a minimum 26-month “stand down” before resuming the normal mission sequence. The variability of 
total interplanetary propulsive delta-V across the synodic cycle for conjunction class missions is fairly small, on the 
order of 35%, while also providing for overall lower delta-V (the average total delta-V was approximately 7 km/s ± 1 km/s). 
This small variation of propulsive requirement across the synodic cycle allows the use of a common vehicle and pay-
load design for each opportunity. This common strategy also allows the vehicle systems to be flown in any oppor-
tunity, thereby reducing the potential of either skipping harder years, as in the case of Opposition-class missions, 
or allowing systems to be flown at a later date if necessary due to technical or schedule difficulties. 
 
Total mission durations for the short-stay missions range from 500 to 650 days, with 30 to 90 days spent in the 
vicinity of Mars. For the short-stay missions, over 95% of the total mission time is spent in the deep-space zero-g 
interplanetary environment with the remaining 5% spent in the vicinity of Mars. The transit leg durations range from 
a minimum of 190 days to a maximum in excess of 400 days. The total mission durations for long-stay missions range 
from 890 to 950 days, with a range of corresponding surface stay times ranging from 475 to 540 days in the vicinity 
of Mars. For the long-stay missions, approximately 55% of the total mission duration is spent in the vicinity of Mars 
with the remaining 45% spent in transit. The time spent in orbit vs. the time spent on the martian surface is open to 
further refinement as the relative tradeoffs between mission return and crew risk are conducted. 
 
6.2.1 Mission-class scientific position 
During the deliberations on mission type, the MAWG solicited the help of the MEPAG to provide an assessment of 
the relative advantages and disadvantages of the two mission types under considerations. As described in Section 3, 
the MEPAG sponsored the creation of a special assessment group, the HEM-SAG. The HEM-SAG reviewed the pro-
posed surface exploration strategies that are associated with both the long-stay and the short-stay mission concepts. 
The HEM-SAG specifically was asked to provide an assessment of the relative advantages and disadvantages of not 
only mission concepts that are driven by the length of stay, but also of those mission concepts that are associated 
with the potential return to the same exploration site or conducting subsequent missions to different exploration sites. 
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Table 6-1. Summary of Human Health Mission Type Considerations 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Since the initial comparative risk models did not include flight demonstrations or the lunar program as risk 
mitigation steps, first use of the EDL system as well as overall system reliability are key contributors to crew 
safety. In addition, close perihelion passage, which is necessary for the short-stay mission approach, becomes a crew 
risk driver. The initial risk results indicate that the short-stay missions decrease the duration of equipment reliability, 
but increase the number of Ares-V launches. Certain elements are reduced with no SHAB, but cause a lack in 
maturity leading to greater risk for crewed missions (i.e., EDL). Equipment reliability could be enhanced by 
scavenging techniques when a crew is present. These techniques could be learned during lunar missions. 
 
For the short- vs. long-stay mission, the difference in cost is due predominately to the surface systems, including 
the development and recurring cost of the extra SHAB, the recurring cost of an extra descent stage, the long-duration 
rover, the additional scientific equipment, etc. There is some uncertainty in the magnitude of the difference as some 
of these systems are not well-defined yet. The cost difference in the flight systems is is smaller in comparison to the 
cost difference in the surface systems. This is due to the modular nature of the MTVs and the similar number of total 
launches and flight elements. Even so, there is a slight cost savings for the short-stay flight systems and launch costs. 
Cost of the surface systems for the long-stay missions may be further reduced depending on commonality with lunar 
systems and lunar technology development activities. 
 
6.2.4 Mission type recommendation 
 
A summary of the overall FOMs that were considered for the long/short mission mode decision are shown in 
table 6-2. These results were discussed with the agency Joint Steering Group on July 23, 2007. After deliberating on 
the results, the Joint Steering Group concurred with the MAWG recommendation of proceeding with the long-stay 
(Conjunction-class) mission approach. As can be seen from this table, most of the FOMs favor the long-stay approach, 
with the exception of overall mission duration and a slight cost advantage. This recommendation is based entirely 
on our collective current understanding of system and concept performance at this time. As data are obtained 
and additional missions are conducted, this decision could be readdressed if warranted. 
 

 Increased risk due to longer overall duration Preferred option due to shorter overall duration
 Possible risk due to higher acute radiation 

exposure within 0.7 astronomical unit

Behavioral Health & 
Performance

 Slightly preferred option due to less exposure 
to free space heavy ion environment

 Prolonged exposure to poorly-understood 
surface mixed-field (neutrons and charged 
particles) environment

 Option is well outside current permissible 
exposure limits

 Higher risk of carcinogenesis, acute 
syndromes, central nervous system effects 
and degenerative effects due to longer transits 
(solar proton events & galactic cosmic 
radiation) and close perihelion passage (solar 
proton event effects)

 Option is well outside current permissible 
exposure limits

Radiation

 Slightly increased risk due to longer overall 
duration

 Slightly preferred option due to less duration of 
risk exposure on surface and total mission

Medical Capabilities

 Preferred option with access to Surface 
Habitat 

 Not preferred option without access to Surface 
Habitat

Human Factors & 
Habitability

 0-g transit phases well within experience base
 3/8-g surface phase outside experience base, 

will be partially mitigated by Lunar Outpost 
experience

 Extended 0-g transits at limits of human 
spaceflight experience base

 Preferred option only if artificial-gravity is 
available

Physiological    
Countermeasures

Long Stay 
(Conjunction-class, 30 months total)

Short Stay 
(Opposition-class; 22 months total)

Crew Health & 
Performance (CHP) 

Component

 Increased risk due to longer overall duration Preferred option due to shorter overall duration
 Possible risk due to higher acute radiation 

exposure within 0.7 astronomical unit

Behavioral Health & 
Performance

 Slightly preferred option due to less exposure 
to free space heavy ion environment

 Prolonged exposure to poorly-understood 
surface mixed-field (neutrons and charged 
particles) environment

 Option is well outside current permissible 
exposure limits

 Higher risk of carcinogenesis, acute 
syndromes, central nervous system effects 
and degenerative effects due to longer transits 
(solar proton events & galactic cosmic 
radiation) and close perihelion passage (solar 
proton event effects)

 Option is well outside current permissible 
exposure limits

Radiation

 Slightly increased risk due to longer overall 
duration

 Slightly preferred option due to less duration of 
risk exposure on surface and total mission

Medical Capabilities

 Preferred option with access to Surface 
Habitat 

 Not preferred option without access to Surface 
Habitat

Human Factors & 
Habitability

 0-g transit phases well within experience base
 3/8-g surface phase outside experience base, 

will be partially mitigated by Lunar Outpost 
experience

 Extended 0-g transits at limits of human 
spaceflight experience base

 Preferred option only if artificial-gravity is 
available

Physiological    
Countermeasures

Long Stay 
(Conjunction-class, 30 months total)

Short Stay 
(Opposition-class; 22 months total)

Crew Health & 
Performance (CHP) 

Component

most feasible missions are the designs that achieve a 
maximised efficiency in cargo. 

NASA’s Design Reference Architecture 5.0 (DRA, 2009) 
describes two possible trajectories to get to Mars. Both 
proposals were compared and assessed on perceived 
value based on cost, risk and performance. It was 
concluded that a mission design with a longer surface 
stay, the Conjunction Class, offered more advantages. 
(figure/ table)

TRAJECTORY
Mars and Earth have different orbits, which means that 
they have continuously changing distances between 
one and another. Mars is only closer to Earth every 26 
months. Because the windows of opportunity are so 
limited, they need to be carefully planned to make sure 
that the appropriate equipment is brought. Efficient 
planning requires minimising cargo, hence minimising 
fuel, hence minimising travel distance. In all the different 
kinds of mission proposals, it can be concluded that the 

RESEARCH

TRAJECTORY
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MISSION ARCHITECTURE : DRA 5.0
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Figure 2-2. Mars Design Reference Architecture 5.0 mission sequence summary (NTR reference). 

 

2.1 Surface Reference Mission 
 
Several different surface architectures were assessed during the formulation of the Mars DRA 5.0, each of which 
emphasized different exploration strategies that were embodied in the combination of duration of in the field, range 
of exploration reach, and depth of subsurface access. The nominal surface mission scenario adopted for DRA 5.0 is 
the so-called “Commuter” reference architecture, which would have a centrally located, monolithic habitat (figure 2-
3), two small pressurized rovers, and two unpressurized rovers (roughly equivalent to the lunar rover vehicle (LRV) 
that was used in the Apollo missions to the moon). This combination of habitation and surface mobility capability 
would allow the mission assets to land in relatively flat and safe locations, yet provides the exploration range that would 
be necessary to reach nearby regions of greater geologic diversity (figure 2-4). Power for these systems would be 
supplied by a nuclear power plant that was previously deployed with the DAV and used to make a portion of the 
ascent propellant. Traverses would be a significant feature of the exploration strategy that would be used in this 
scenario, but these traverses would be constrained by the capability of the small pressurized rover. In this scenario, 
these rovers have been assumed to have a modest capability, notionally a crew of two, 100 km total distance before 
being re-supplied, and 1- to 2-week duration. Thus, on-board habitation capabilities would be minimal in these 
rovers. However, these rovers are assumed to be nimble enough to place the crew in close proximity to features of 
interest (i.e., close enough to view from inside the rover or within easy extravehicular activity (EVA) walking distance 
of the rover). Not all crew members would deploy on a traverse, so there would always be some portion of the crew 
in residence at the habitat. The pressurized rovers would carry (or tow) equipment that would be capable of drilling 
to moderate depths – from tens to hundreds of meters – at the terminal end of several traverses. 
 
Candidate surface sites would be chosen based on the best possible data available at the time of the selection, the 
operational difficulties associated with that site, and the collective merit of the science and exploration questions that 
could be addressed at the site. Information available for site selection would include remotely gathered data sets plus 
data from any landed mission(s) in the vicinity plus interpretive analyses based on these data. 

Crewed 
MTV

Crew: Jettison drop
tank after TMI; ~180 
days out to Mars

MAV ascent to orbit
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back to Earth
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MISSION SYSTEM ELEMENTS: 20 mt for habitat
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Table 5-1. Mass Summary for the “Commuter” Surface Scenario 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5.1 Surface Habitation Systems 
 
Development of the Mars DRA 5.0 was conducted at the same time that formulation of various lunar surface 
scenarios was being conducted by the LAT. One of the key strategies of the lunar missions is the development and 
demonstration of fundamental exploration capabilities that could be used for future exploration beyond LEO; i.e., 
Mars. Due to time and resource limitations, a detailed assessment of Mars habitats was not conducted. Instead, 
emphasis was placed on understanding the fundamental similarities and differences between the lunar and Mars 
habitation systems. The first step in the approach was to establish ground rules and assumptions. This defined the 
excursion range, crew size, and other attributes for each of the options. Next, a master equipment list (MEL), which was 
created for recent lunar habitat studies, was used as a point of departure for the Mars options (figure 5-1). This was a 
logical starting point because space habitats share similar subsystems, and the MEL incorporated the latest detailed 
input from subsystem specialists. Each of the subsystems was examined to determine the mass and power changes 
that are required to accommodate the Mars habitat options. The reference approach for DRA 5.0, the Commuter 
option, had a habitable base that remained on the lander and used two small pressurized rovers for exploration 
excursions. 
 
Lunar habitats accommodated a crew of four and varied from an assembly of small modules to a one-shot delivery 
to a “train” of smaller mobile homes. Modifications were necessary for crew size, overall mission duration, and logistics 
capabilities. Due to limited opportunity for logistics resupply for Mars missions, each subsystem determined a spares 
factor of additional mass to be delivered with the habitat. For totals, a 20% concept design factor was added. The 
Commuter habitat approach is approximately 21.5 t using 12.1 kWe of electrical power. 
 
A key objective of the Mars surface mission is to get members of the crew into the field where they could interact as 
directly as possible with the planet that they have come to explore. This would be accomplished via the use of EVAs, 
assisted by pressurized and unpressurized rovers, to carry out field work in the vicinity of the surface base. 
 

Surface Systems Quantity

Crew Consumables - 1,500                        4,500
Science - -                                1,000
Robotic Rovers 2 -                                500
Drill 1 -                                1,000
Unpressurzed Rover 2 -                                500
Pressurized Rover 2 8,000                        -
Pressurized Rover Growth - 1,600                        -
Pressurzed Rover Power 2 -                                1,000
Traverse Cache - -                                1,000
Habitat 1 16,500                      -
Habitat Growth - 5,000                        -
Stationary Power System 2 7,800                        7,800
ISRU Plant 2 -                                1,130

Total Surface Systems - 40,400                      18,430

Lander Systems Quantity

Ascent Stage 1 (no LOX) 1 -                                12,160
Ascent Stage 2 (no LOX) 1 -                                9,330
Descent Stage (wet) 2 23,760                      23,760
Aeroshell 2 42,900                      42,900

Total Wet Mass (IMLEO) - 107,060                    106,580

 DAV Lander System 
Mass (kg) 

 DAV Lander System 
Mass (kg) 

 Habitat Lander System 
Mass (kg) 

 Habitat Lander System 
Mass (kg) 
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PAYLOAD DIMENSIONS: VOLUME AND MASS
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Benefit: Unrivaled Payload Volume 

5m x 19m 
(300 m3) 

4m x 12m 
(100 m3) 

 
 
 

5m x 14m 
(200 m3) 

 

8.4m x 31m 
(1200 m3) 

 
 

10m x 31m 
(1800 m3) 

 

u SLS is investigating utilizing existing 
fairings for early cargo flights, offering 
payload envelope compatibility with 
design for current EELVs 

u Phase A studies in work for 8.4m and 
10 m fairing options 
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SLS Block 1
Liftoff weight: 5.75 million pounds

•  Comparable to 8 fully-loaded 747 jets

Height: 322 feet
•  Taller than the Statue of Liberty

Cargo Volume:
•  9,000 - 22,000 ft3 

SLS Block 2
Liftoff weight: 6.5 million pounds

•  Comparable to 10 fully-loaded 747 jets

Height: 365 feet
•  Taller than a 30-story building

Cargo Volume:
•  58,000 ft3

Payload

Block 1 (154,000 pounds) to orbit
•  ~77 1-ton pickup trucks’ worth of cargo
•  Equivalent of 12 fully grown elephants

Block 2 (286,000 pounds) to orbit
•  ~143 1-ton pickup trucks’ worth of cargo
•  Equivalent of 22 fully grown elephants

Thrust/Power

At liftoff, the Block 1 configuration has 8.8 million 
pounds of thrust, more than 31 times the total  
thrust of a 747 jet.
Produces horsepower equivalent to:
•  160,000 Corvette engines
•  13,400 locomotive engines

15 percent more thrust than the Saturn V at liftoff

At liftoff, the Block 2 configuration has 9.2 million 
pounds of thrust, more than 34 times the total  
thrust of a 747 jet.
Produces horsepower equivalent to:
•  208,000 Corvette engines
•  17,400 locomotive engines

20 percent more thrust than the Saturn V at liftoff

Propulsion

RS-25 Core Stage Engines

•  Four RS-25 engines could keep eight 747 aircraft aloft.

•  One RS-25 could power 846,591 miles of residential  
    street lights – a street long enough to go to the moon  
    and back and circle the Earth 15 times.

•  Four RS-25 engines use 1,500 gallons of propellants  
    per engine during the 480-second push to space. At  
    that rate, they could drain an Olympic size swimming  
    pool, plus several baby pools.

•  The RS-25 turbopumps rotate 580 times per second,  
    or nearly 35,000 RPM. By comparison, NASCAR  
    engines and Formula 1 engines operate in the vicinity  
    of 9,000 and 19,000 RPM, respectively.

Solid Rocket Boosters (SRBs)

•  If their heat energy could be converted to electric  
    power, the two SRBs firing for 2 minutes would  
    produce 2.3 million kilowatt hours of power, enough  
    to supply power to over 92,000 homes for a full day.
•  Each burns 5 tons of propellant per second. 

National Aeronautics and Space Administration
George C. Marshall Space Flight Center
Huntsville, AL 35812
www.nasa.gov/marshall

www.nasa.gov
For more info: www.nasa.gov/sls NP-2015-09-83-MSFC
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ENTRY, DESCENT AND LANDING

Hypersonic deceleration Supersonic deceleration Subsonic deceleration
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https://youtu.be/7zpojhD4hpI?t=38s https://youtu.be/7zpojhD4hpI?t=11m20s

EDL MER A & B 
0:38 to 3:34 min

EDL MSL 
11:20 to 13:20 min

https://youtu.be/7zpojhD4hpI?t=38s
https://youtu.be/7zpojhD4hpI?t=11m20s


21 of 75P5 Carlijn van der Werf - November 3, 2017

BOTTLENECK: SYSTEM SIZING AND MASS
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LOGISTICS: HYPERSONIC INFLATABLE AERODYNAMIC DECELERATOR (HIAD)
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TECHNOLOGY READINESS LEVEL (TRL)
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LOCATION JEZERO CRATER

JEZERO CRATER



25 of 75P5 Carlijn van der Werf - November 3, 2017



26 of 75P5 Carlijn van der Werf - November 3, 2017

 

 7 

The area indicated as the “primary lander zone” would be 
used by MAV vehicles and has space for at least two active 
MAVs to be located in this area without risk of lander-created 
debris damage discussed previously (the blue circle is an 
indication of the potential range of this flying debris). The 
areas indicated as “secondary landing zones” would be used 
by cargo-only landers and would be situated closer to the 

proposed habitation zone, which for this example was chosen 
to be near the low hills at the center of Site A. A relatively 
flat area located among the low hills was identified that 
would make a suitable location for the fission power plant 
that will supply power for the entire landing site and 
habitation zone: it is located roughly equidistant from the 
habitation zone and primary lander zone and the low hills 

 
Figure 7 Representative Example of Selected Landing Sites, Surface Infrastructure Sites, and Local Traverses  

 

 
Figure 8 Evaluation of Jezero Crater Landing and Habitation Sites  
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CONCLUSION: ASPECTS FOR MISSION FEASIBILITY
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RISK AS A DRIVER

Three major categories defined for 
Human Health and Performance Risks 
concerning a mission to Mars:

1. Physiological risks

2. Psychological risks

3. Radiation exposure risks
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• Red (Unacceptable): A risk with one or more of its attributes (i.e., consequence, likelihood, uncertainty) currently exceeding 
established human health and performance standards for that mission scenario.

• Yellow (Acceptable): A risk with all of its attributes (i.e., consequence, likelihood, uncertainty) well understood and characterized, 
such that they meet existing standards but are not fully controlled, resulting in “acceptance” of a higher risk posture. Lowering the 
risk posture is important, but the risk is not expected to preclude a mission.

• Green (Controlled): A risk with all of its attributes (i.e., consequence, likelihood, uncertainty) well understood and characterized, 
with an accepted mitigation strategy in place to control the risk. It is still helpful to pursue optimized mitigation opportunities such 
as compact and reliable exercise devices.

Main Human Health and Performance Risks for Exploration

Not mission 
limiting  

GO

Not mission 
limiting, but 

increased risk  

GO

Mission limiting

NO GO

Mission

ISS  
(6 mo)

Lunar  
(6 mo)

Deep 
Space  
(1 yr)

Mars  
(3 yr)

Musculoskeletal: Long-term health risk of early onset osteoporosis  
Mission risk of reduced muscle strength and aerobic capacity

Sensorimotor: Mission risk of sensory changes/dysfunctions

Ocular Syndrome: Mission and long-term health risk of microgravity-induced visual impairment and/or elevated 
intracranial pressure

Nutrition: Mission risk of behavioral and nutritional health due to inability to provide appropriate quantity, quality  
and variety of food

Autonomous Medical Care: Mission and long-term health risk due to inability to provide adequate medical care 
throughout the mission (Includes onboard training, diagnosis, treatment, and presence/absence of onboard physician)

Behavioral Health and Performance: Mission and long-term behavioral health risk

Radiation: Long-term risk of carcinogenesis and degenerative tissue disease due to radiation exposure – Largely 
addressed with ground-based research

Toxicity: Mission risk of exposure to a toxic environment without adequate monitoring, warning systems or under-
standing of potential toxicity (dust, chemicals, infectious agents)

Autonomous Emergency Response: Medical risks due to life support system failure and other emergencies (fire, 
depressurization, toxic atmosphere, etc.), crew rescue scenarios

Hypogravity: Long-term risk associated with adaptation during intravehicular activity and extravehicular activity  
on the Moon, asteroids, Mars (vestibular and performance dysfunctions) and postflight rehabilitation

All of the identified risk areas are the subject of vigorous inde-
pendent research activities across the international partnership. 
To take maximum advantage of the opportunity provided by 
the ISS, the partners agreed that an international approach to 
addressing these risks, using all available assets, was the best 
way to ensure readiness for global exploration. Existing working 
groups, such as the International Space Life Sciences Working 
Group, are being utilized to ensure a coordinated international 
effort. Agencies are increasing efforts to share operational medi-
cal and biomedical science data, standardize techniques and 
methodologies, share hardware and crew subjects onboard the 
ISS. These efforts are underway and a key to success. 

In addition to research, the ISS provides the capability to  
validate countermeasures and mitigation strategies. Counter-
measures used on the ISS are largely effective at managing 
health and performance risks. However, progress must be  
made before exploration missions can be successful. 

Observation: 
 Agencies should increase efforts to pursue a  

coordinated approach to mitigating the human 
health and performance risks of extended duration  
exploration missions, putting priority on efforts to 
reduce countermeasure mass and volume, and on 
driving risks to an acceptable level.
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Three major categories defined for 
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PSYCHOLOGY IN LONG DURATION SPACE MISSIONS
Human Factors Issues for Interstellar Spacecraft

Marc M. Cohen and  Adam  R. Brody 10 1991

Self-
actual-
ization

Physiological Needs

Safety

Belonging

Self–esteem

 Maslow's Model of Human Motivation
as a Hierarchy of Human Needs

Conventional View
for Space Missions

Paradigm Shift for
Long Duration Missions

0–G Countermeasures
Meteoroid  &
Radiation 
Protection,    

Thermal Control,
Life Support, 
Food,

Teamwork & Autonomy, 
Habitability

Sustained Human Performance
Crew Productivity & 
Reliability  

Adventure, Creativity, Discovery,
Serendipity, Taking Risks 
and Overcoming Obstacles

Teamwork, Autonomy
Social Cohesion

,Habitability, 

0-G Countermeasures
Radiation Protection,
Life Support,  Food,

Thermal Control

Individual Productivity
Adaptation, Creativity, 

Innovation

Deferred Adventure and Discovery
Maintenance of Social Stability

 in Transit, 
Pioneering upon arrival

Sustained 
Human Performance
Crew Productivity & 

Reliability  

Paradign Shift in Maslow’s Model of the Hierarchy of Human Needs, showing the

effect of generational extended duration spaceflight.

HUMAN FACTORS TECHNOLOGY ISSUES

The emergence of human factors issues from the foregoing discussion takes on two

thrusts: the philosophy / theory of human factors issues and the technology necessary to address

those issues.  The philosophical issues are  largely imbedded in the approaches to the technology,

and only become manifest in specific potential technical solutions.  The key human factors

Cohen, 1991
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DESIGN FOR HABITABILITY

The term habitability describes 
the physical suitability 
and subjective value of 

a built habitat for its inhabitants 
within a specific environment.

Hauplik-Meusburger, 2017
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The term habitability describes 
the physical suitability 
and subjective value of 

a built habitat for its inhabitants 
within a specific environment.

Hauplik-Meusburger, 2017
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8 

while there are vital psychological dimensions to the crew experience and performance in long-duration spaceflight, 
this essay takes more of a philosophical perspective.  Dudley-Rowley makes this overall assessment of the Crew 
Safety-Human Factors Interaction Model: 

So, how predictive was the Cohen and Junge model?  Too little quantification of the model exists as yet to 
say that it was 80% predictive, for example.  However, on a scale of poor, fair, good, and excellent, one 
could say that it was a good predictor.  What has come out of this study are ways that the model can be 
modified from the Mir experience for use in counter measuring against stressors aboard the International 
Space Station and on long-duration space missions. Most of the modifications of the model are in 
expansion of the countermeasures against stress and those against errors, and also in terms of the safety 
hazards.   

TABLE 1.  CRITICAL HABITABILITY I7 

 
Volume Limitations: 
Insufficient 
Pressurized Volume, 
Inadequate Free 
Volume. 

Architecture, 
Design,   
Privacy, 
Windows,  
Stowage,  
Sufficient Work 
Envelopes. 

Feelings of 
Claustrophobia, 
Lack of Privacy, 
Irritability. 

Increased 
Privacy or 
personal space, 
More Volume,  
Evacuation. 

Irritability,  
Conflict, 
Paranoia. 

Noise. Vibration 
Isolation, 
Control. 

Sleep Disturbances, 
Sleep Deprivation, 
Circadian 
Desynchronization, 
Poor Communication. 

Earmuffs, 
Headsets,  
Drugs,  
Communication 
Devices. 

Failure to Respond,  
Failure to 
Communicate,  
Failure to Coordinate. 

Inadequate 
Housekeeping (or 
Lack thereof) 

Routines and 
Training, 
Assignment of 
Responsibilities,  
Teamwork. 

Environment Quality 
Deterioration, 
Unhealthy or 
Unsanitary 
Environment. 

Assignment of 
Responsibilities, 
Teamwork. 

Breakdown in Life 
Support. 

Lack of Hygiene,  
Lack of Cleanliness. 

Improve Personal 
Practices, 
Repair Hygiene 
Facilities, 
Training. 

Discomfort to Others, 
Illness, 
Disease. 

Group Standards, 
Teamwork. 

Individual or group 
Illness,  
Inability to Perform 
Tasks, 
Death. 

TABLE 1, Critical Habitability I shows the range of habitability concerns.  The first concern is the limited 
volume, whether described as pressurized, “habitable,” or “free.”  The architectural design of the spacecraft or space 
habitat is the first countermeasure against this stressor.  Degraded performance may include claustrophobia, lack of 
privacy, or irritability.  Countermeasures against error are limited to increased privacy or personal space, increased 
volume, or evacuation of the crewmember.  Noise is a constant irritant in spacecraft today, as Tico Foley called it 
“All Noise, All the Time (Foley, 1998, p. 6).  Noise affects the quality of sleep and communications.  

                                                             
7 Expanded for this publication 

Cohen, 2015
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THEMATIC NEEDS WERE DERIVED
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NEEDS RELATED TO MASLOW: DURATION INCREASES IMPORTANCE
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BALANCE QUALITATIVE REQUIREMENTS WITHIN DESIGN ORGANIZATION
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CASE STUDY: MARS ICE HOUSE
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Safety:
zoning and double egression routes

Configuration elements

CASESTUDY: MARS ICE HOUSE
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CASESTUDY: MARS ICE HOUSE

Space:
spatial organization and variation
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CASESTUDY: MARS ICE HOUSE

Autonomy and Engagement:
Translation paths, windows, doors and hatches
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CONCLUSION: ASPECTS FOR PSYCHOLOGICAL FEASIBILITY
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SPATIAL ORGANIZATION OF FUNCTIONAL ACTIVITIES

Hauplik-Meusburger, 2011
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ORGANIZATION IN CASE STUDIES
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HABITAT SYSTEMS AND ELEMENTS

Kennedy, 2002
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SYSTEM COMPLEXITY: PRE-FAB MODULE

Kennedy, 2002
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Kennedy, 2002
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SYSTEM CONFIGURATION
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ORGANIZATION AND CONFIGURATION
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BRIEF REQUIREMENTS

2.4 Educational Examples

Although there is still a need for an appropriate educational approach to enumerate
space architectural objectives in related disciplines, recent examples of academic
courses, programs, and workshops show the benefits of integration to expand the
potential of future space exploration mission planning and spacecraft and structures
design.

2.4.1 Master of Science in Space Architecture Program
(SICSA,9 University of Houston)

MS-Space Architecture degree at the University of Houston was accredited by the
Texas Higher Education Coordinating Board in 2003 after the first class of NASA
professionals conducted their studies at the Sasakawa International Center for Space
Architecture in 2001–2002 academic year (Table 2.3).

SICSA’s central mission is to plan and implement programs that will advance
peaceful and beneficial uses of space and space technology on Earth and beyond.
Many of these activities address extreme terrestrial environments. The center offers
two types of MS-Space Architecture curriculum, one for full-time students

Design Process

Review Design

Engineers | Architects | Arts | Life Sciences

Test Concepts

Determine Needs

Engineers | Architects | Client | Users | Mission Objectives

Engineers | Architects | Researchers | Client | Users 

Collect & Analyse Data

Establish Goals

Engineers | Mission Science | Client | Users

Final Design

Fig. 2.4 Design process diagram (position paper on the role of space architecture, IAA 2013,
p. 3)

9Sasakawa International Center for Space Architecture, Cullen College of Engineering, University
of Houston, Houston, Texas, USA.

18 2 Approaches and Methods

Bannova et al., 2016
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DESIGN EXERCISE

2.4 Educational Examples

Although there is still a need for an appropriate educational approach to enumerate
space architectural objectives in related disciplines, recent examples of academic
courses, programs, and workshops show the benefits of integration to expand the
potential of future space exploration mission planning and spacecraft and structures
design.

2.4.1 Master of Science in Space Architecture Program
(SICSA,9 University of Houston)

MS-Space Architecture degree at the University of Houston was accredited by the
Texas Higher Education Coordinating Board in 2003 after the first class of NASA
professionals conducted their studies at the Sasakawa International Center for Space
Architecture in 2001–2002 academic year (Table 2.3).

SICSA’s central mission is to plan and implement programs that will advance
peaceful and beneficial uses of space and space technology on Earth and beyond.
Many of these activities address extreme terrestrial environments. The center offers
two types of MS-Space Architecture curriculum, one for full-time students

Design Process

Review Design

Engineers | Architects | Arts | Life Sciences

Test Concepts

Determine Needs

Engineers | Architects | Client | Users | Mission Objectives

Engineers | Architects | Researchers | Client | Users 

Collect & Analyse Data

Establish Goals

Engineers | Mission Science | Client | Users

Final Design

Fig. 2.4 Design process diagram (position paper on the role of space architecture, IAA 2013,
p. 3)

9Sasakawa International Center for Space Architecture, Cullen College of Engineering, University
of Houston, Houston, Texas, USA.

18 2 Approaches and Methods

Bannova et al., 2016
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SITE PLANNING
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1. POSITION MODULES, CONNECT TO POWER SUPPLY
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2. INFLATE DOMES, CONNECT MODULES THROUGH HATCHES
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3. UNFOLDING OF FLOORS AND STAIRS, TEST EXTERIOR SYSTEMS
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4. UNROLL SEPARATION WALLS, TEST INTERIOR SYSTEMS
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5. COVER WITH REGOLITH AND TEST FOR RADIATION SHIELDING
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CONFIGURATION
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ORGANIZATION

Technical Support Systems are integrated in the central module

Greenhouse serves a double purpose as radiation storm shelter
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ORGANIZATION

First floor Second floor
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ORGANIZATION

First floor Second floor
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SUMMARY OF FINDINGS
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2.4 Educational Examples

Although there is still a need for an appropriate educational approach to enumerate
space architectural objectives in related disciplines, recent examples of academic
courses, programs, and workshops show the benefits of integration to expand the
potential of future space exploration mission planning and spacecraft and structures
design.

2.4.1 Master of Science in Space Architecture Program
(SICSA,9 University of Houston)

MS-Space Architecture degree at the University of Houston was accredited by the
Texas Higher Education Coordinating Board in 2003 after the first class of NASA
professionals conducted their studies at the Sasakawa International Center for Space
Architecture in 2001–2002 academic year (Table 2.3).

SICSA’s central mission is to plan and implement programs that will advance
peaceful and beneficial uses of space and space technology on Earth and beyond.
Many of these activities address extreme terrestrial environments. The center offers
two types of MS-Space Architecture curriculum, one for full-time students

Design Process

Review Design

Engineers | Architects | Arts | Life Sciences

Test Concepts

Determine Needs

Engineers | Architects | Client | Users | Mission Objectives

Engineers | Architects | Researchers | Client | Users 

Collect & Analyse Data

Establish Goals

Engineers | Mission Science | Client | Users

Final Design

Fig. 2.4 Design process diagram (position paper on the role of space architecture, IAA 2013,
p. 3)

9Sasakawa International Center for Space Architecture, Cullen College of Engineering, University
of Houston, Houston, Texas, USA.

18 2 Approaches and Methods
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2.4 Educational Examples

Although there is still a need for an appropriate educational approach to enumerate
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INTERDISCIPLINARY ITERATIVE PROCESS

2.4 Educational Examples

Although there is still a need for an appropriate educational approach to enumerate
space architectural objectives in related disciplines, recent examples of academic
courses, programs, and workshops show the benefits of integration to expand the
potential of future space exploration mission planning and spacecraft and structures
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RECOMMENDATIONS

1. Framework applications

2. Radiation Shielding rule of thumb

3. Parametric optimization for overlapping functional volumes

4. Parametric optimization of volume irt mass

5. Design integration of functional systems: 
 waterstorage as radiation shielding

6. Acoustical detailing
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EVALUATION
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EVALUATION

Foldable floors drive radius, thus volume


