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INTRODUCTION

The Habitat Design Center has begun an interdisciplinary project on the campus
of Johnson Space Center in Houston, Texas, which involves multiple engineering
and science teams. The Human Exploration Spacecraft Testbed for Integration
and Advancement (HESTIA) is to become a host for a ground analog for a Mars
habitat capable of sustaining four astronauts for 90 days. The goal of this
project will be to design the internal architectural outfitting of this chamber
including all the elements and stations required for human habitation.



ANALOG
PRECEDENTS

An analog mission is a field activity set in a remote location with extreme
characteristics that resemble the challenges of a space mission. NASA has
used this approach since the Apollo days, when they tested roving, space
walking, and research techniques to prepare for Apollo missions in meteor
craters and volcanic fields in Arizona and Hawaii. Today, NASA conducts analog
missions in extreme environments around the globe to help plan and guide the
future direction of human exploration of the solar system.,

Tests include: new technologies, robotic equipment, vehicles, habitats,
communications, power generation, mobility, infrastructure, and storage. As
well as behavioral effects including isolation and confinement, team dynamics,
menu fatigue, and others.

Analogs provide NASA with data about strengths, limitations, and the validity
of planned human-robotic exploration operations. Analogs also help define
ways to combine human and robotic efforts to enhance scientific exploration.
Test locations include the Antarctic, oceans, deserts, arctic, and volcanic
environments.,



WHAT IS AN ANALOG? TYPES OF ANALOGS

analog missions are field tests in locations that have physical similarities to the extreme space an overview of the fifteen various analogs in use at nasa,
environements,
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TYPES OF ANALOGS TYPES OF ANALOGS

an overview of the fifteen various analogs in use at nasa an overview of the fifteen various analogs in use at nasa




HESTIA EXISTING CONDITIONS

an overview of the current conditions of the hestia chamber
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HUMAN EXPLORATION SPACECRAFT TESTBED FOR INTEGRATION AND ADVANCEMENT
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DESCRIPTION

Johnson Space Center, Houston, Texas

Simulated Pressure

Gravity

The goal is to develop a high-fidelity Mars /
Lunar surface analog to conduct research
needed in support of next generation

NASA Deep-Space Missions in the areas

of Environmental Control and Life Support,
Human Habitation, and Human Health and

Performance

Environmental Control and Life Support
System (ECLSS), Habitation Systems,
Human Health and Performance, Human

Research Program (HRP)
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INDIVIDUAL
RESEARCH

At the beginnings of the semester, prior to design, the team thoroughly
researched various topics that were deemed interesting to them, and followed

each topic into the final design as appropriate.



ASPECTS OF COMPACT DESIGN

a look into characteristics and restrictions provided from compact design
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ESSENTIALS OF LIFE

a look into the quality of life that should be maintained by astronauts
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ORIENTATION:

Mars receives just 40% of the light we
experience on earth, meaning the sky

appears much darker the closer it gets to

the horizon.l

Astronauts need to work out for 2 hours

every day to maintain bone density.,

Bringing personal items can help lessen

the feeling of isolation.

A defined space for each individual

promotes happier interactions long term.,

Crops grown in soil simulating that found

on mars are safe to eat.

The use of virtual reality simulations can
activate the senses through aspects of

earth.




BEHAVIOR IN ARCHITECTURE e T S
VAV

How often is serious attention given to

the needs of the user, or behavioral, social,

an understanding of the relationship between human behavior, and the natural and built environment

3 ARCHITECTURAL DETERMINISM

and cultural elements of design, or good

design impacting human behavior?
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PHYSICAL

It may sound strange, but designing the
environment to be more easily accessible
for an elderly person may make them more

dependent on such and less self-assured.
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DESCRIPTION

How can design address this issue of

dependency?

On the other side of age, how can design

rD A

S —— PSYCOLOGICAL .
FACTORS children? Despite a child's developmental

stimulate and support the growth of

Socoocococcecececcocacee

needs containing physical, social and
intellectual aspects, why do most
buildings focus on only the physical

aspect?




THE NATURAL ELEMENTS OF MARS

a study of the natural factors associated with mars, and how natural lighting affect design
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Sunlight collecting tool
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DESCRIPTION

Aphelion: 249.2 Gm or 1.6660 AU
Perihelion: 206.7 Gm or 1.3814 AU

3,389.5 + .2 km or .533 of Earth

64171 x 10723 kg or .107 of Earth

3.934 g/cm”"3

3.711 m/s"2 or .376 ¢

5.027 km/s

25.19 degrees

24h 37min 22s

687 days to Earth, 668.6 days to Mars




YEAR 2000

AN ASTRONAUT'S DAY IN SPACE
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a study of schedule and intensity throughout time
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" SPACE
ARBOR

The concept for Space Arbor is derived from the relationship between man and
nature, specifically the natural exchange, coexistence, and dependability of man
with nature. On Mars, little is known of the resources that are available. In this
case, it would be beneficial to reuse and recycle the available nutrients already
existing in the HESTIA chamber. Learning from a tree, the concept of having a
central core that unifies the available systems and recycles the outputs to
regenerate and resupply the astronauts with electricity, clean air, plumbing,
agriculture, and structure for movement.
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CONCEPT DIAGRAM

a look into what factors are driving the design forward

DESCRIPTION
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PROGRAMMATIC SCHEDULING

an overview of the plausible schedule based upon the given program
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PROGRAMMING UNDERSTANDING

an overview of the programmatic layout of the design
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SECON D FLOOR -EXERCISE COUNTERMEASURES

-MEDICAL CARE
-COMMANDING
-MISSION OPERATIONS

-LOGISTICS




-PERSONAL ACTIVITIES

-HYGIENE ACTIVITIES
-CREW DINING

-GROUP ACTIVITIES

THIRD FLOOR
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PROCESS

a series of design methods to capture the element of the tree function

ITERATION 1 ITERATION 2 ITERATION 3




BEHIND THE CORE

a look at the inner working systems within the tree design

TREE ASSEMBLY

DESCRIPTION
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INTERNAL SYSTEMS

the systems are designed to feed all the needs of the analog

POWER + DATA

OXYGEN

WASTE + WATER COLLECTION

H20 SUPPLY

MODULAR CORE

designing the core as a modular system allows for flexibility

keyboard+table

monitor

‘ power and data source

vegetation module

e




SYSTEM LINK e » CONNECTION

the idea behind the process of module meeting substructure for systems
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LIGHTING SYSTEMS OF THE TREE

a look into the various lighting schemes incorporated into the tree

FULL-SPECTRUM FLUORESCENT
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a look into a system of a variety of lighting settings to change the atmosphere
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LIGHTING SCHEMES LIGHTING SCHEMES

a look into the spaces of the design at various lighting color temperatures a look into the spaces of the design at various lighting color temperatures

BEDROOM AT 1000K BEDROOM AT 4000K BEDROOM AT 7000K BEDROOM AT 10,000K
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MATERIAL PALETTE

a look into the materials used in the design and their reasons why
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MATERIAL PALETTE

a look into the materials used in the design and their reasons why
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MATERIAL PALETTE

a look into the materials used in the design and their reasons why
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HUMAN COMFORT THROUGH RECYCLING
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a look into a potable water recycling system through a hydroponic plant wall
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RESEARCH AND LIFE IN SPACE

a further look into a wall for life, research, and well being gF
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HUMAN COMFORT IN ERGONGMICS

a look into the use of furniture on the third floor through design

COMPACT DINING + TABLE DESIGN
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6.5'

DIAGRAMS OF DINING TABLE IN USE

EXTENDED STOWED ~ - 7 ~ _ 7



HUMAN COMFORT IN ERGONGMICS

a look into the use of furniture on the third floor through design
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HUMAN COMFORT THROUGH REST

a look into the breakdown of the design of the sleeping quarters and hygienic rooms

Closet

Cabinets

Drawers

Desk

LED Lights

Screen \
7

=

Shelves

Storages

Bed

= \ Shilding Door

48 degree

LED Lights

Shower

Sink

Sink

48 degree
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