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Introduction:  Several  countries  and private or-
ganizations are planning missions to the Moon, Mars, 
and other  celestial  bodies.  To further  mission  plan-
ning,  Analogue  operations  in  appropriate  facilities  
can be  used  to  assist  in  the  planning  process.  This 
poster  will  examine design  considerations  based  on 
observations  from  two  Mars  analogue  research  sta-
tions; The Mars Desert  Research Station (MDRS) in 
Hanksville,  Utah, US and the  Flashline Mars Arctic  
Research  Station  (FMARS)  in  Devon  Island,  
Nunavut, Canada. With the OpenLuna Project devel-
oping  an  analogue  outpost  of  their  own  design,  it  
seemed  prudent  to  examine  previous  work.  This 
Poster  represents  some  of  the  information  gleamed 
from previous observations and a recent examination 
of  habitat  (Hab) usage  for  the  OpenLuna Analogue 
Outpost design.

Background:  MDRS and FMARS are both facil-
ities operated by the Mars Society.[1] they serve as 
functional analogues in relevant analogue environ-
ments, and are often used for mission simulation, and 
for the purpose of testing field techniques, [2] opera-
tional guidelines, time usage studies, [3] deployable 
hardware, or even as simple logistics bases for other 
analogue design studies.[4]  The OpenLuna Founda-
tion is a non-profit, privately funded, open source 
crewed Lunar mission, with a stated end goal of re-
turning to the  Lunar surface in order to construct a 
small Lunar outpost.[5] As part of their stated goals, 
OpenLuna is developing the outpost they intend to 
deploy on the lunar surface. Part of that design 
process includes constructing several analogue facili-
ties to set construction techniques, materials, overall 
floor-plan layout, life support and power require-
ments, and other needed studies. As part of this 
process it was noted that no one analogue hab facility 
would efficiently test all aspects of the outpost,  
therefore the concept of using several different facili-
ties to test different functional elements of the design 
will be used. These range from the “Parking Lot 
Hab”, where the analogue is constructed in the park-
ing lot of a manufacturing facility, to testing areas for 
specific aspects of the process, (for example, Bio-re-
generative life support tested near an institution that 
specializing in this field with a ready supply of ex-
pertise), to fully operational analogue outposts in a 
relevant environment well all aspects of the outpost,  
and all deployed hardware will be tested at pressure.
The lead author was the Chief Engineer and Engi-
neering team coordinator for the Mars Society from 
the beginning of FMARS analogue operations until 

the conclusion of the 2007 FMARS field season. (the 
F-XI LDM crew), and served as Commander on two 
MDRS field crews, and three refit crews, including 
the FMARS refit taking place at the beginning of the 
2007 F-XI LDM crew. This author is actively in-
volved in several next generation analogue hab and 
outpost projects now working primarily with Open-
Luna. The other author was involved from the initial 
design thought refits of all aspects of both MDRS 
and FMARS, and is now working with OpenLuna de-
veloping next generation concepts for pressurized 
analogue stations.

Overall  observations:  The  following  sections 
will describe several primary observations noted both 
by the authors and in relevant literature:

Size of facility.  Many of the current  hab designs 
are unreasonably large for the usable space provided  
to  the  crew.  There  are  often  large,  unusable  spaces  
that are inefficiently placed to prevent their use as ef-
fective storage or open recreation, so they end up ei-
ther being piled with random boxes, or become dusty  
open spaces. Lack of good storage space (and the re-
sultant clutter) was often cited as a major point of un-
happiness  in  crews.  Although  it  is  recognized  that 
longer duration missions will require more space per 
crew  member for morale,  the space as currently  de-
ployed is excessive for its usability.  Next generation 
habs, and therefore their analogues, should take prac-
tical considerations like launch costs and landing re-
quirements  when developing hab sizes.  Careful con-
sideration should be given to storage space and ease 
of access. 

Time  requirements  for  engineering  maintenance.  
It is estimated that each ISS crewmember spends be-
tween 1.8 and 1.9 hours a day purely on ISS mainte-
nance tasks. [6] Both MDRS and FMARS are operat-
ed  on a very  low  budget,  using primarily  volunteer  
often (but not always) skilled labour.  The end result  
is  patches  on  patches,  on  top  of  patches,  that  are 
rarely  documented,  and  often  as  misunderstood  as 
the underlying  systems.  This produces  an effect  eu-
phemistically called “The MDRS Effect”,  defined as 
“Every task will take three times as long as originally 
planned, cost twice as much, and will never quite get  
finished.” [7] There appears to be only one solution 
to this problem; good documentation and building the 
original  structure  and all subsequent  additions  must  
be  constructed  to  high  standards.  High  levels  of 
workmanship, good quality  components  and a strict  
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adherence to defined standards must be used. Other-
wise  large amounts  of time will  be wasted  working 
on poorly documented, mis-kept systems.

Training. Woefully  inadequate  training  coupled 
with selection based on scientific skills alone has led  
to equipment  damage, frustration, high stress  levels,  
and very poor performance levels from all involved.

Time requirement  for general chores and report-
ing.  Several  studies  [8]  [9]  show  that  a significant 
amount of time is consumed by the crew doing regu-
lar  chores  and reporting.  One way to  help  alleviate 
this  otherwise  non-productive  time  would  be to  in-
clude several convenience and time saving appliances 
such as an adequately sized dishwasher, large enough 
cooking  facilities  and  appliances,  and  other  such 
items.  It  should  be  noted  that  some  tasks  (such  as 
cooking)  provide  pleasure  to  the  crew,  therefore  
these tasks should not be removed, just made easier.  
It was also noted that reporting often took a signifi -
cant amount of time, so as much of the reporting as 
possible should be automated.  The importance of er-
gonomics  when  a  considerable  amount  of  time  is 
used in written communications need also be kept in 
mind.

Need to support other experiments and equipment. 
Several  experiments  have  been  damaged,  or  failed 
because of the inability of habs to provide consistent  
power,  communications,  or  other  logistical  support,  
or, some experiments were tried that could have been 
done much better  if the full capabilities  of the habs 
were  known.  The  simple  solution  here  is  complete 
documentation  and  systems  that  are  designed  and 
built to be adequate to the tasks they were designed  
for,  including  enough extra  logistical  capability  for 
reasonable extra loads.

Communications.  Communications  has  always 
been a point of difficulty in both space and analogue 
missions. With the analogue facilities, this is a multi-  
part  problem. The first  concern is local communica-
tions,  both on campus, and with the Field Excursion 
Teams. (FE, often mistakenly thought of as Extra-ve-
hicular Activity  or EVA teams.).  There is difficulty  
with  range,  (without  satellite  backup or  high power  
repeaters)  and  bandwidth,  coupled  with  cost.  The 
second concern is in communications back to “Home 
Base”.  This  is  often  an availability,  bandwidth,  and 
cost issue. Both of these can be alleviated with care-
ful  site  planning  and  good  quality  communications 
hardware deployed in a modular way so that it can be 
replaced  with  technology  improvements.  The  last 
concern is only an issue for full analogue operations  
in simulating  speed  of light  delay.  This  is  achieved  
by either store and forward servers  in the communi-
cations  stream,  (with  thought  being given  to  emer-

gency calls for help) or strict adherence to communi-
cations protocols, as is currently done with Mars So-
ciety operations.

Greenhouses. Greenhouses  and green spaces pro-
vide  a  great  wealth  in  fresh  food  production,  im-
proved atmosphere, and improved morale. Their use-
fulness and inclusion into all analogue facilities must  
not be overlooked. However, they must be both easy 
to  maintain,  and well  maintained  or  they  become a 
great source of trouble and discomfort for crews.

Common space. The  need  for  people  to  interact 
with each other  is a necessity.  It is often found that  
crews will abandon their private space to work in the 
company of others  when given an opportunity  to do 
so. Therefore, open, functional common areas should 
be a center point of any hab or outpost design.

Morale builders, including animals. Morale is of-
ten the deciding factor in how well a crew performs 
and the level of experience they have during any ana-
logue  operation.  Therefore,  crew  comforts  and 
morale must be considered.  This might even include 
extra  green  spaces,  good  crew  entertainment  sys-
tems, or as for one MDRS season, the inclusion of a 
pet. For example, Pixel O'Neill the cat served during 
the 2006-2007 MDRS field  season,  and was widely 
regarded as a high point of crew morale.

Conclusions:
Although the  existing  Martian habs have done a 

fine job so far,  the need  for next  generation habs is 
clear.  As  we  move forward,  we  can learn from the 
well  documented  body  of  work  surrounding  these 
and other facilities. We can build our next analogues 
from past  lessons and come even closer  to what we 
will eventually deploy on other planetary surfaces.
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Additional  Information:  For  further  informa-
tion  about  the  OpenLuna  project,  please  go  to 
http://www.openluna.org or  e-mail  the  authors  at 
paul@openluna.org or gary@openluna.org. 
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