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A proposed Earth -based  ana log habita t is in tended  to  
te st fu tu re  Moon  base  and  Mars habita tion  technologies
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Deve lopm ent Phase Purpose

Secondary Mini-Hab Near-te rm  subsystem  testing for food  
production , sensors, controls, and  
b iologica l wa te r-processing resea rch

Prim ary Habita t Long-te rm  h igh-fide lity ana log ta rge t for 
closed-loop  system s, controlled  hum an 
factors, and  Moon/Mars habita t design

ASTRO-USA m ay provide  an  Earth -based  te stbed  for p roving technologies 
needed  for fu tu re  Moon  base  and  Mars hab ita t ope ra tions.

The  Analog Sim ula tion  Tra in ing and  Research  Outpost Utilizing Se lf-
susta in ing Arch itectu re  (ASTRO-USA) is a  p roposed  Purdue -led  Moon  and  
Mars ana log hab ita t concep t p roject in tended  to  te st susta inab le  hab ita tion  
technologies on  Earth  be fore  fu tu re  use  in  long-dura tion  surface  m issions.



ASTRO-USA is p roposed  to  address the  need  for an  
in tegra ted  closed-loop  Moon  and  Mars ana log habita t

Need ASTRO-USA Response

Current ana logs ra re ly in tegra te  a ll 
m a jor life -support system s

ASTRO-USA will com bine  waste , wa te r, 
a ir, food , power, and  hum an factors 
resea rch

Closed-loop  system s m ust be  te sted  
be fore  deploym ent

The  phased  Secondary Mini-Hab and  
Prim ary Habita t will a llow technologies 
to  m ature  be fore  fu ll in tegra tion
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The  Moon  base  and  fu tu re  Mars hab ita ts requ ire  susta inab le  long-te rm  hab ita tion  
system s. These  technologie s m ust be  te sted  on  Earth  be fore  fu tu re  dep loym ent.

ASTRO-USA is be ing designed  as an  ana log hab ita t te stbed  to  b ridge  the  gap  
be tween  curren t ana log lim ita tions and  the  in tegra ted  closed-loop  system s 
needed  for susta inab le  long-te rm  Moon and  Mars hab ita tion .



Analog fidelity criteria were evaluated using enabling 
system s, habita t design , and  hum an  factors

Fide lity
Ca tegory

High Medium Low

Enabling System s • Supports TRL 6+ 
Technologies

• Food Production
• Closed-Loop Life  

Support System s
• Pressuriza tion

• Supports TRL 5 
Technologies

• Food Production

• Supports TRL 4 
and  be low 
Technologies

Habita t Design • Constructed  using 
space-grade  m ate ria ls

• Structura l design  and  
layout is  rea listic for 
extra te rrestria l 
habita tion

• Mee ts one  of the  two 
h igh-fide lity 
pre requisite s

• Mee ts none  of 
the  h igh-fide lity 
pre requisite s

Hum an Factors • Full control of 
environm enta l 
conditions

• Partia l control of 
environm enta l 
conditions

• No control of 
environm enta l 
conditions 4



No reviewed analog fully combines closed -loop  system s, 
rea listic habita t design , and  con trolled  hum an  factors

Category
Ana log

Enabling System s Habita t Design Hum an Factors

CHAPEA Low Medium High

HERA Low Medium Medium

Aquarius Low Medium Medium

NEK Low Medium Medium

HI-SEAS Low Medium High

ILMAH Medium Medium Medium

Biosphere  2* Medium Low Medium

SAM† High Medium Medium

*Biosphere  2’s enabling system  capability was h igh-fide lity in  concept bu t m edium  in  dem onstra ted  opera tion  
because  closure  was not m a in ta ined . Its  design  flaws and  fa ilures bring the  Habita t Design  fide lity to  low

† SAM is h igh  in  enabling system  capability but rem ains lim ited  by incom ple te  closure  of waste , power, and  a ir. 5



Current analog gaps define ASTRO -USA’s design  ta rge ts

SAM was the  strongest ana log iden tified , bu t it still lacks a  fligh t-ready structu re  and  fu ll 
closure  of waste , power, and  a ir constra in ts. ASTRO-USA is in tended  to  address these  
gaps th rough  phased  Secondary Min i-Hab  and  Prim ary Habita t deve lopm ent. 6

Current Ana log 
Gaps

What This Means ASTRO-USA Design  Response

Non-fligh t-ready 
habita t structures

Many ana logs use  fixed  build ings or 
layouts tha t do not re flect fu ture  Moon 
base  or Mars habita t a rch itecture .

Deve lop  a  m odula r habita t 
concept with  off-world  re levant 
design  ta rge ts.

Incom ple te  closed-
loop  system s

Waste , wa te r, food , a ir, and  power 
system s a re  ra re ly in tegra ted  in to one  
susta ined  habita t loop .

Connect waste , wa te r, food , a ir, 
power, and  controls in to one  
phased  te stbed .

Lim ited  food-
production  
in tegra tion

Food production  is  often  separa te  from  
life  support and  waste  recovery.

Tie  hydroponics and  
Mycoponics in to fu ture  nutrien t 
and  waste  recovery resea rch .

Lim ited  
environm enta l and  
opera tiona l control

Many ana logs sim ula te  isola tion  but do 
not fu lly control habita t conditions or 
m ission  opera tions.

Support controlled  hum an factors 
te sting, m ission  tim e lines, EVA 
procedures, and  fau lt re sponse .



ASTRO-USA is designed  to  in tegra te  closed-loop  habita t 
system s

This flowchart shows the  fu ll ASTRO-USA concep t 
as one  in tegra ted  hab ita t system  ra the r than  
separa te  standa lone  subsystem s.

● Connects waste , wate r, food , a ir, power, crew 
system s, and  con tro ls.

● Routes hum an  waste  and  graywate r th rough  
b ioreactors and  reve rse  osm osis.

● Produces potab le  wate r, fe rtilize r, b iogas, and  
food-production  inpu ts.

● Uses Sca lab le , In te ractive  Mode l of an  Off-
World  Com m unity (SIMOC) Live  and  Opto 22 
for m onitoring, au tom ation , and  fau lt 
re sponse .
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Solar and biogas power support habitat energy needs
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Waste, water, food, air, and control loops connect the 
fu ll hab ita t system
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The Secondary Mini -Hab provides near-te rm  subsystem  
te sting while  the  prim ary habita t is the  h igh-fide lity ta rge t

Category Secondary Mini-Hab Prim ary Habita t

Purpose Near-te rm  prototype  for 
phased  system  testing

Long-te rm  h igh-fide lity 
Moon/Mars ana log

Enabling System s Fide lity Medium High

Habita t Design  Fide lity Low High

Hum an Factors Fide lity Medium High

Focus Food production , sensors, 
sola r power, ea rly hum an 
factors

Closed-loop  waste , wa te r, 
a ir, food , power, and  crew 
system s

Mission  Sca le Crew of 6 for two weeks Susta ined  long-dura tion  
ana log m issions

Role  in  ASTRO-USA Tests system s be fore  fu ll 
in tegra tion

Fina l in tegra ted  habita t 
te stbed

10



Secondary Mini -Hab sta rts ASTRO-USA deve lopm ent with  
food  production , sensors, power, and  ea rly hum an  factors

Category Mini-Hab Im plem enta tion

Main  Purpose Medium -fide lity prototype  for te sting ASTRO-USA 
subsystem s be fore  fu ll habita t in tegra tion

First Module Food Production  Module

Mission  Support Goa l Support a  crew of 6 for a  two-week m ission

Core  System s Hydroponics, Mycoponics , sensors, sola r power, 
and  environm enta l m onitoring

Research  Focus Plant growth , crop  se lection , food  production , and  
ea rly hum an factors resea rch

Future  In tegra tion Waste  and  nutrien t recovery system s will connect 
in to the  food  production  loop

The  Min i-Hab  is the  lower-cost first step  toward  ASTRO-USA. It does not rep lica te  the  
fina l hab ita t structu re , bu t it a llows food  p roduction , sensors, power, and  closed-loop  
subsystem s to  be  te sted  be fore  they a re  sca led  in to  the  p rim ary hab ita t. 11



The Food Production Module organizes support systems, 
hydroponics, p ropaga tion , Mycoponics , and  workspaces

This layou t shows the  functiona l organ iza tion  of the  Food  Production  
Module , includ ing hydroponics, Mycoponics , p ropaga tion , Kra tky-DWC, 
Dutch  bucke ts, workspace , ba tte ry storage , and  a ttic space .

• Hydroponics: p rim ary crop-production  a rea
• Propaga tion : seed ling growth  and  early p lan t deve lopm ent
• Mycoponics : funga l growth  and  b io logical re search
• Batte ry Cab ine t: power storage  and  support in frastructu re

12



The Food Production Module layout defines the first 
physica l Min i-Hab te st space

The  Food  Production  Module  is the  first physical Min i-Hab  m odule . Th is 
d im ensioned layout de fines the  usab le  footprin t and  shows how m ajor 
food-production  and  support system s fit inside  the  con ta ine r.

• 464 in  × 92 in  m odule  footprin t
• Hydroponics and  Mycoponics zones
• Workspace  and  support equ ipm ent
• Batte ry and  u tility a reas

13



The container setup provides a practical testbed for 
early Min i-Hab subsystem  deve lopm ent

The  con ta ine r se tup  represen ts the  first im plem enta tion  step  for the  Min i-Hab . Its  purpose  is not 
h igh-fide lity hab ita t structu re , bu t p ractica l subsystem  te sting for food  p roduction , sensors, 
power, and  early closed-loop  ope ra tions.

• Low-cost te st environm ent
• Builds early ope ra tiona l expe rience
• Supports food-production  re search
• Provides da ta  for p rim ary hab ita t 

design

14



Future Mini -Hab deve lopm ent will expand toward  
labora tory, BioWaTERR, crew quarte rs, and  m issions

Future  Min i-Hab  deve lopm ent will expand  from  the  Food  Production  Module  in to  a  
te stbed  with  crew quarte rs, labora tory space , and  the  BioWaTERR tra ile r for waste , 
wate r, and  nu trien t-loop  re search .

BioWaTERR Refe rence : ICES-2026-290

• Food  Production  Module : hydroponics and  Mycoponics
• Labora tory Module : b ioreactor te sting and  BSL-2 re search
• BioWaTERR Tra ile r: poten tia l wastewate r and  nu trien t recove ry in tegra tion
• Crew Quarte rs Module : hab ita tion  requ ired  for first fu ll Min i-Hab  ana log m ission
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The primary ASTRO-USA habita t is the  long-te rm  h igh-
fide lity closed-loop  ana log ta rge t

Design  Area Prim ary Habita t Design  Targe t

Enabling 
System s

Integra ted  closed-loop  waste , wa te r, a ir, food , power, and  crew-
support system s

Habita t Design Modula r cylindrica l and  spherica l habita t sections using off-world  
re levant structura l m a te ria ls

Hum an 
Factors

Fully controlled  in te rna l environm ent for ligh ting, a tm osphere , 
tem pera ture , noise , circadian  studies, and  m ission  scenarios

Controls and  
Monitoring

SIMOC Live  and  Opto 22 for rea l-tim e  da ta , au tom ation , a la rm s, 
and  fau lt re sponse

End Goa l High-fide lity Moon/Mars habita t ana log for Moon base  re levant 
technology m atura tion

The  p rim ary hab ita t is  the  long-te rm  ASTRO-USA goa l: a  h igh-fide lity 
ana log tha t is  in tended  to  in tegra te  hab ita t design , hum an  factors, and  
enab ling system s in to  one  closed-loop  te stbed .
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ASTRO-USA m ay support Moon  and  Mars habita tion  
objectives

Explora tion  Need ASTRO-USA Contribution Why It Matte rs

Susta inable  lunar 
habita tion

In tended  to  te st closed-loop  waste , wa te r, food , a ir, 
and  power system s

Reduces dependence  on  resupply 
for long-dura tion  m issions

Technology 
m atura tion

May provide  an  Earth-based  te stbed  for in tegra ted  
habita t subsystem s

Allows system s to  be  te sted  be fore  
deploym ent to  the  Moon or Mars

Crew hea lth  and  
pe rform ance

In tended  to  enable  controlled  ligh ting, a tm osphere , 
tem pera ture , noise , and  m ission  scenarios

Supports hum an factors resea rch  
for fu ture  surface  habita ts

Modula r habita t 
a rch itecture

In tended  to  deve lop  a  sca lab le  habita t concept with  
off-world  re levant design  ta rge ts

Supports fu ture  expansion  of lunar 
and  Martian  base  infrastructure

Phased  
deve lopm ent

Will use  the  Mini-Hab to  te st subsystem s be fore  
prim ary habita t in tegra tion

Lowers risk be fore  build ing the  fu ll 
h igh-fide lity ana log

ASTRO-USA m ay support the  Moon  base  and  Mars hab ita t a rch itectu re  by m aturing susta inab le  
hab ita tion  system s needed  for long-te rm  crewed  ope ra tions on  the  Moon  and  Mars.
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Future work moves from Mini -Hab ope ra tions to  fu ll 
p rim ary habita t in tegra tion

Phase Deve lopm ent Focus Targe t Outcom e

Year 1 Com ple te  Food Production  Module Hydroponics, sensors, sola r power, and  ea rly 
environm enta l m onitoring opera tions

Year 2 Deve lop  Labora tory Module Begin  b ioreactor te sting, waste  processing, 
nu trien t recovery, and  Mycoponics in tegra tion

Year 3 Deve lop  Crew Quarte rs Module , fu lly 
in tegra te  BioWaTERR, or a  sim ila r m odule , 
and  opera te  fu ll Mini-Hab

Conduct first fu ll Mini-Hab ana log m ission  and  
collect system  perform ance  da ta

Prim ary Habita t 
Phase  1

Com ple te  prim ary habita t structure Build  m odula r h igh-fide lity habita t she ll for 
long-dura tion  m ission  sim ula tion

Prim ary Habita t 
Phase  2

In tegra te  closed-loop  system s and  
controls

Prepare  prim ary ASTRO-USA for its  first h igh-
fide lity ana log m ission

Fu ture  work will use  Min i-Hab  m ission  da ta  to  im prove  closed-loop  pe rform ance , hum an  
factors stud ie s, EVA procedures, and  the  fina l p rim ary ASTRO-USA hab ita t design .
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ASTRO-USA is in tended  to  provide  a  phased  pa th  
toward  a  h igh-fide lity closed-loop  habita t ana log

Key Takeaways Sum m ary

Current ana logs have  
fu ll in tegra ted  
capabilitie s lim ita tions

Existing facilitie s provide  use fu l re sea rch  va lue , bu t none  fu lly 
in tegra te  h igh-fide lity habita t design , hum an factors, and  enabling 
system s in  one  closed-loop  a rch itecture .

ASTRO-USA addresses 
th is gap

ASTRO-USA is be ing designed  as a  m odula r, controlled , closed-loop  
habita t te stbed  for Moon and  Mars technology deve lopm ent.

The  Mini-Hab enables 
phased  te sting

The  secondary Mini-Hab will a llow food production , b ioreactors, 
sensors, power, and  crew opera tions to  be  te sted  be fore  fu ll 
p rim ary habita t in tegra tion .

The  prim ary habita t is  
the  long-te rm  ta rge t

The  fina l ASTRO-USA habita t will p rovide  a  h igh-fide lity ana log for 
long-dura tion  m ission  resea rch  and  technology m atura tion .

ASTRO-USA is in tended  to  p rovide  a  phased  pa th  from  near-te rm  subsystem  te sting 
to  a  h igh-fide lity closed-loop ana log hab ita t for fu tu re  Moon  and  Mars m issions.
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