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Abstract

AEMBER is a design concept of an integrated architectural and systems-based strategy for a sustain-
able habitat in Noctis Labyrinthus, one of Mars’ most topographically protected and resource-promising
regions. Developed as a forward-looking prototype for future planetary infrastructure, the project inves-
tigates how spatial design, environmental engineering, and social architecture can merge into a coherent
framework for long-duration habitation beyond Earth.

The concept is grounded in established human spaceflight standards while integrating emerging low-
TRL technologies. The development strategy follows a phased framework aligned with the Global Explo-
ration Roadmap, advancing from technology maturation (2025–2035) to robotic precursor deployment,
short-duration human missions, and sustained settlement beyond 2050. Early phases focus on autonomous
construction robotics, regolith-based 3D printing, inflatable and prefabricated habitat testing, and life-
support maturation, with robotic cargo missions pre-deploying structural modules, power systems, and
ISRU infrastructure before crew arrival. As the population scales from 6–10 astronauts to 50+ inhabi-
tants, ISRU expands to support oxygen production, water extraction, construction material fabrication,
and closed-loop recycling. This approach reduces reliance on Earth resupply by shifting toward locally
manufactured infrastructure and regenerative life-support.

In its long-term operational phase, AEMBER base is envisioned as a modular, terrain-responsive
system embedded within canyon walls and subsurface formations to reduce radiation exposure, stabilize
thermal conditions, and exploit regolith for structural purposes. The spatial organization supports a
population of fifty inhabitants and integrates private living units, shared social and research spaces,
medical and learning facilities, and productive green zones with circulation routes designed as climatic
buffers. The design strategy proposes Selective Laser Sintering (SLS) as the primary construction method,
where structural walls incorporate an internal honeycomb geometry within a sandwich-panel configuration
to optimize tensile strength, stiffness-to-weight ratio, and material efficiency under pressurization loads.

Beyond technical performance, the project focuses on the human dimension of extraterrestrial life.
Spatial hierarchies, visual connections to the landscape, and adaptable communal environments are de-
signed to mitigate isolation while reinforcing identity and belonging. Botanical modules operate not only
as food sources but also as atmospheric stabilizers and psychological anchors. They are an evolving
environmental system that regulate energy, water, atmosphere, food production, and human experience
simultaneously. Environmental Control and Life Support System (ECLSS) components are based on cur-
rently available technologies and integrated into a closed-loop life-support architecture, whose feasibility
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is evaluated through preliminary modelling to check net end-to-end mass requirement, power and energy
demand and high-level redundancy protocol ensuring the feasibility of the ECLSS.
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