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ABSTRACT

The idea of long-term space residency is becoming more and more real as human attempts in space exploration
grow. The sustainability, occupant safety, and mission success all depend heavily on the efficient administration
of space habitats. Earth’s analog habitats are priceless tools for creating and improving habitat management
plans. With comparisons to analog habitats like Antarctic research stations, underwater habitats, and remote
research facilities, this study summarizes the body of knowledge and techniques now available for managing
space habitats. Life support systems, resource management, crew dynamics, psychological health, and
operational procedures are all included in space habitat management. Analog habitats provide a controlled
setting for researching these elements and figuring out the best ways to maximize the resilience and usefulness of
the habitat. Researchers learn about the difficulties of remote operations, confinement, and resource constraints
through extended missions in analog environments and simulation exercises. The precise implementation of
intricate and difficult operational concepts along with a distinct set of cutting-edge, inventive technology will be
needed for human exploration beyond low-Earth orbit (LEO). Analog habitats offer an opportunity to test
ground for new ideas and technologies, such as autonomous maintenance systems, closed-loop life support
systems, and human-robot cooperation. Future space habitat design is influenced by the knowledge gained from
analog habitat studies, which also improve our capacity to reduce the dangers involved in extended space
missions.
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INTRODUCTION

The fact that everything given from Earth must go via a massive, costly transportation system to the target surface
presents perhaps the biggest obstacle in the planning and architecture of space homes. Propeller and expense are always
higher for payload mass. Humanity's next great frontier is space exploration and eventual colonization. As the desire
for a long-term human presence beyond Earth increases, space habitat management and design become essential
factors. These habitats have to sustain human existence in hostile situations, which calls for careful planning and strict
management guidelines. Analogous habitats on Earth present special opportunity to test and improve habitat
management techniques in settings that mimic the difficulties of space, even if theoretical models and simulations also
yield insightful information. Terrestrial analogues for space habitats are called analog habitats, and they can be
anything from solitary research facilities in distant regions to research stations in the Antarctic. These mimic settings
are perfect for studying the dynamics of habitat management because they have features in common, like extreme
isolation, scarce resources, and confinement. Through the use of simulations and experiments in analog habitats,
scientists are able to evaluate different technologies and management strategies in a controlled environment. This study
looks at via the use of analog environments, the concepts and procedures of space habitat management. It summarizes
what is known and makes comparisons between the difficulties encountered in analog habitats and those that are
expected in space. This research attempts to clarify the significance of analog habitats in furthering our understanding
of space habitation by looking at important areas of habitat management, such as life support systems, resource usage,
crew dynamics, psychological well-being, and operating procedures.

The lessons from analog habitat experiments become more and more relevant when mankind sets out on grand
endeavours to explore and colonize other celestial worlds. We can improve the functioning of next space habitats and
their design for extended trips by utilizing the knowledge gathered from analog environments. There is no place for
human life in space. Space habitats are designed to replicate the earthly environment in order to support human life.
Pressurized crew volumes, such as living quarters, laboratories, and facilities for maintenance and repair, make up
habitats. The vacuum, orbital debris, radiation, planetary dust, microgravity for orbital space stations and transfer
missions, and partial gravity for planetary exploration missions are the elements that make up the space environment.
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The main design obstacles for space living are these qualities. Since space habitats are highly developed, pressurized
structures designed to hold and safeguard the ultimate payload—humans—they naturally pique the interest of human
exploration programs. Both in transit systems and permanent facilities like space stations and future planetary bases,
habitats are intricate, massive, and expensive components around which support systems are functionally organized.

Why do we use Analog Missions?
In order to solve problems for spaceflight research, analogs are crucial.

e Not every experiment can be conducted in space due to a lack of resources, including personnel, funds, time,
and equipment.

e Before attempting countermeasures in space, they might be tried in analogs. We won't fly those in space if
they don't function in analogs.

e Analog investigations done on the ground can be finished more rapidly and for less money.

What are Analog Missions?

Field experiments in places that are physically equivalent to the harsh environments of space are known as analog
missions. Before being employed in space, engineers and scientists collaborate with businesses, government
organizations, and test facilities to obtain requirements for harsh environment testing. New technology, robotic
apparatus, automobiles, housing, communications, power generation, mobility, infrastructure, and storage are all put to
the test. There are further behavioral impacts that are noted, including menu weariness, team dynamics, and
confinement and isolation.

Space Habitat Design Steps

Step Considerations
Assess Environmental Constraints e Vacuum
e  Debris
o Gravity
e Radiation
e Dust
Assess Human Considerations e Psychology
e  Physiology
Define Habitation Systems Elements e Internal Subsystems
e  External Systems & Interfaces
Determine Key Design Decisions & Trades e Environmental
e Human
e  Subsystems
Assess Design Applications e  Orbital
e Transfer

e Planetary Surface

Table 1. Space Habitat Design Steps

Systems called space habitats are made to keep people living and working in space in a productive environment. Based
on their length, space habitats can be classified as short (lasting days to weeks), medium (lasting weeks to months), or
long (lasting months to years). The volumetric needs of space habitats are contingent upon the quantity of the crew and
the duration of the mission.

While the design strategies for each sort of habitat must differ, they must all provide a pressurized environment in
which humans may live and work. Regardless of the location, common prerequisites consist of the following:

1) Appropriate psychological and physiological assistance for people.

2) The accomplishment of the mission's goals.

3) Sturdy construction with sufficient safety buffers.

4) Forgiving mechanisms of failure: leakage prior to rupture.

5) Capacity to undergo extensive testing with great assurance prior to deployment.
6) The capacity to be combined with current launch systems.

7) Simple maintenance and equipping.

8) Simple upkeep.

9) An extended design life.
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10) Similarity between systems or subsystems.
Since the space environment is not naturally suitable for human habitation, measures must be taken to make it as
"earth-like" as possible for humans to live in. Environments differ based on where you go. Table 2 lists the five primary
factors along with their variations based on the destination.

Consideration Earth Orbital Lunar/Mars Transfer Lunar/Mars Surface
Vacuum Pressured Enclosure Pressurised Enclosure Pressured Enclosure
Debris Requires Shielding None None
Gravity Microgravity e  Microgravity Partial (less
e Induced Gravity than 1 earth g)
changes interior
architecture
Radiation e  Protected by e Lunar Transfer e Lunar
Van Allen Belts Protection Protection
e South Atlantic Probably Not Required
Anomaly Required e Mars Protected
Potential e Mars  Transfer by Atmosphere
Problem Protection
Required
Dust None None e Lunar Dust is a
design
challenge
e Mars Dust is a
potential issue

Table 2. Space Habitat Design Environment Consideration

Space stations are highly advanced, technologically advanced shelters designed to sustain human existence in the most
hostile and remote environments [1]. As much as feasible, a space habitat must be an autonomous, closed-loop, off-grid
system that is sustainable because to the harsh and remote environment. These qualities serve as the foundation for the
development of ideas and technology that could be applied from space to any other human settlement on Earth,
resolving issues and enhancing both the standard of living and the environment [2].

Spin-in
4___
SPACE _— > EARTH
Fig. 1 Knowledge Transfer Between Space & Earth [3]
Objectives

Test facilities for spin-in/spin-off [4] innovation in habitats to maximize performance, safety, and comfort [5, 6] can be
derived from architectural designs intended for space or space-analog research bases.

This kind of invention aims to:

Assessing the level of habitability within spin-in/spin-off innovations;

Improving safety, efficacy, and performance for operation in harsh environments;

Optimizing resource use and autonomy for water, energy, and communication;

Intelligent remote operations;

Creation of a secure, self-sufficient, intelligent habitat and lab concept with cutting-edge, environmentally
friendly, and socially conscious content.

Furthermore, significant recommendations have been made for the automation and human-systems interaction design in
the field of manned spaceflight in order to reduce the likelihood of unavoidable errors, abuses, or unanticipated
behaviors [7]. It is sometimes asserted that systems in terrestrial environments are not being used as intended (for
example, the real energy consumption is far higher than what the architect had anticipated). Thus, translating these
suggestions and knowledge from the space domain to the terrestrial one is crucial.
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ELEMENTS OF A SPACE HABITATION SYSTEM

Subsystems

Subsystems Description

Structure/ Enclosure Basic structure & enclosure to contain pressure

Environment Control & Life Support System | Life support system that provides oxygen & water

(ECLSS) (degrees of system closure, or recycle, depends on
mission length). Includes waste management storage
or recycling equipment in a closed system

Thermal Control System (TCS) Heat collection & dissipation system

Power External power source (typically solar arrays and

batteries) and internal power distribution
Data Management System (DMS)/ Communications | Equipment for management of mission data and
communications with earth

Internal Audio/Video Internal Communications System

Crew Accommodations Crew quarters, galley, dining, and recreation
facilities

Experimentation Equipment Mission specific science and experimentation
equipment

Storage Storage volume for personal and mission related
equipment, spares

Radiation Shelter “Storm Shelter” for solar proton events

Table 3. Subsystem Description

What Hazards do Analog Missions Test?

1. Space Radiation

We are shielded from harmful cosmic radiation by Earth's magnetic field and atmosphere, but in the absence of these
shields, radiation exposure increases significantly. Potential Risks: Exposure to radiation may raise the risk of cancer. It
can cause immediate and long-term harm to the central nervous system, resulting in changes in behavior, decreased
motor performance, and impaired cognitive function. Anorexia, tiredness, nausea, and vomiting can all be symptoms of
radiation illness.

2. Isolation/Confinement

No matter how well-trained they are, behavioral problems with groups of individuals sharing a compact place over an
extended period of time are unavoidable. Potential risks include a deterioration in mood, thinking, morale, or social
interaction; sleep disturbances; depression; exhaustion; and boredom. Humans are more prone to develop behavioral or
cognitive problems when they live in more restricted and isolated environments.

3. Distance from Earth

The keys are self-sufficiency and preparation. On average, Mars is 140 million kilometers away from Earth. Astronauts
have to be able to finish the mission alone, given the potential for equipment malfunctions and communication delays
of up to twenty minutes. To last them the entire time, they need to be prepared with the right food, medication, and
supplies.

4. Gravity Fields
On a Mars trip, you would encounter three different types of gravity fields: weightlessness in between planets, 1/3 of
Earth's gravity on Mars, and normal gravity when you returned to Earth.

Potential Risks: impacts balance, movement, head-eye and hand-eye coordination, spatial orientation, and has the
potential to induce motion sickness. Density decreases as a result of mineral loss in bones. Muscle endurance and
strength deteriorate. Deconditioning of the cardiovascular system occurs. Changes in fluids may exert pressure on the
eyes, leading to visual issues. Dehydration increases the risk of kidney stones developing.

Environment: Hostile/Closed

The spacecraft's ecosystem has a significant impact on astronaut daily lives. Microorganisms that normally reside on
your body can change their features in space, and in enclosed environments like the space station, they can spread more
readily from person to person. To guarantee appropriate space, lighting, noise level, and a comfortable temperature,
every square inch of living space must be thoughtfully planned.
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Potential Risks: The immune system is altered by high stress hormone levels, which can result in allergies, diseases,
and disorders [8].

BENEFITS OF ANALOG MISSIONS

Realistic Simulation: Researchers can test technology, operational procedures, and human factors in
situations that closely mimic real space missions by using analog missions, which mimic space environments
and conditions. Prior to ideas being implemented in space, this realism aids in identifying potential problems
and improving them.

Cost-Effectiveness: Compared to space missions, analog missions are frequently more economical. They
make it possible for scientists to carry out tests and experiments on Earth without having to pay for the
expensive expenditures of space exploration, equipment development, and spacecraft maintenance. This
makes it possible to conduct more tests and research projects on a less budget.

Risk Reduction: By offering chances to recognize and handle possible issues in controlled settings, analog
missions assist reduce the dangers connected with space travel. Before going into space, researchers can
improve mission safety and reliability by evaluating hardware, procedures, and human responses in analog
settings.

Technological Development: The creation of novel technologies for life support systems, space habitats,
resource management, and crew health monitoring is mostly driven by analog missions. Analog environments'
limitations inspire innovative solutions for problems on Earth as well as in space travel, like resource
management and sustainability.

Human Factors Research: Analog missions offer important information about the social, physiological, and
psychological effects of extended space travel. Researchers can improve crew selection, training, and support
systems for upcoming space missions by examining crew interactions, stressors, and coping mechanisms in
analog habitats.

International Cooperation: International partners, research institutes, and space agencies frequently work
together on analog missions. This promotes resource sharing, interdisciplinary collaboration, and knowledge
exchange, which speeds up the construction of habitats and space exploration.

Public Involvement: Analog missions pique people's curiosity and attention while providing chances for
inspiration, education, and outreach. Space agencies and research organizations use citizen science efforts,
outreach programs, and media coverage to engage the public in analog mission activities. This encourages
STEM education and builds excitement for space exploration.

CONCLUSION

To sum up, analogue habitats are excellent platforms for experimenting with different approaches to space habitat
management. Researchers learn about crew dynamics, operating protocols, resource usage, and life support systems
through simulations and experiments conducted in analog contexts. Future space habitat design is influenced by the
lessons learnt from analog trips, which also improve our capacity to reduce the dangers involved with extended space
missions. Analog habitats are essential instruments for improving space research and establishing a sustained human
presence beyond Earth because they encourage innovation, international collaboration, and public participation.
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