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Lunar Architecture_Considerations



Lunar Architecture_Materials



Lunar Architecture_Program Requirements



Site Analysis  



Site Selection

Site 2:  

The Lunar south polar ridge on the 
left of Shackleton Crater

Station Site: 

Along the Earth-facing slope of the 
Lunar south polar ridge, along the 
upper edge of an approximately 
800m diameter crater there, facing 
downslope and toward Earth (which 
should be occasionally low on the 
south polar horizon).



Site Selection_Considerations + Opportunities

+ The ridge along the crater's rim is 
exposed to almost constant sunlight

+ The interior of the crater is 
perpetually in shadow that may 
indicate the presence of water ice

+ The variance in sunlight and 
resource quality allows for spaces of 
different functions

Barker, M.K., E. Mazarico, G.A. Neumann, D.E. Smith, M.T. Zuber, and J.W. Head, 2021: Improved LOLA Elevation Maps for South Pole Landing Sites: Error 
Estimates and Their Impact on Illumination Conditions. Planetary and Space Science, 203, 105119, doi:10.1016/j.pss.2020.105119.



Site Selection_Features

+ Features mapped (isolated boulders, rock 
exposures, rocky craters) overlaid on 
geomorphological map. 

+ Distribution of features in relation to the 
geomorphic units can be seen, including 
around the "Connecting Ridge" the moderately 
slumped unit aligns with the mapped features. 

Sarah. J. Boazman et al., “The Distribution and Accessibility of Geologic Targets near the Lunar South Pole and Candidate Artemis Landing Sites,” The Planetary 
Science Journal 3, no. 12 (December 1, 2022): 275, https://doi.org/10.3847/PSJ/aca590.



Site Selection_Features

+ Depth of ice in the area mapped

+ Provides insight into possible water collection 
and system to be implemented, as well as 
water that can be used for in-situ material use

+ Insight on ground composition for foundations 
and excavation

Sarah. J. Boazman et al., “The Distribution and Accessibility of Geologic Targets near the Lunar South Pole and Candidate Artemis Landing Sites,” The Planetary 
Science Journal 3, no. 12 (December 1, 2022): 275, https://doi.org/10.3847/PSJ/aca590.



Site Selection_Features

+ Assumed ground composition of the 
site area.

+ Shows depth of excavation possible, 
and potential material collection for in 
situ construction 

+ Loose regolith can be collected to use 
for 3D print construction material: 
cementless concrete or geopolymers

Sarah. J. Boazman et al., “The Distribution and Accessibility of Geologic Targets near the Lunar South Pole and Candidate Artemis Landing Sites,” The Planetary 
Science Journal 3, no. 12 (December 1, 2022): 275, https://doi.org/10.3847/PSJ/aca590.



Site Selection_Slope

+ By looking at mapping of the slopes around 
the lunar south pole and the selected site, the 
topography can be leveraged in the design.

+ Selected site area has topography between 15° 
- 20°

Sarah. J. Boazman et al., “The Distribution and Accessibility of Geologic Targets near the Lunar South Pole and Candidate Artemis Landing Sites,” The Planetary 
Science Journal 3, no. 12 (December 1, 2022): 275, https://doi.org/10.3847/PSJ/aca590.



Site selection 

Site Chosen: Area 2:The lunar south polar ridge on the left of Shackleton Crater Station 
Center Coordinates: 89.45°, 222.69°E



Conceptual Design



Layout following Lunar Energy & Health and Life support
Self-sufficient system

Regen village



Concept Design_Spatial Layout



Concept Design_Use of Topography







Floorplan

Underground Living 
/Working Spaces



Section 
LIFE SUPPORT CLUSTER LIVING CLUSTER



FINAL PRESENTATION
Life Support + Agriculture



Interior Mapping_ points to voronoi



Interior Mapping_ points to voronoi



Interior Mapping_ Circulation from point density

Potential Transparent 
Materials Manufactured 
in situ:

Sintered regolith: heating 
and pressing lunar soil

Quenched molten basalt: 
rapidly cooling molten 
basalts.

Geoffrey A. Landis, “Materials Refining on the Moon,” Acta Astronautica 60, no. 10–11 (May 2007): 906–15, https://doi.org/10.1016/j.actaastro.2006.11.004.



Agriculture modules 

Airlocks between units 

Voronoi glazed floors 

Atrium living room 

Axonometric Section 



Wall Planters

Stepped Voronoi 
components for 
Shelf Planters

Recessed Voronoi 
Components for Vertical 
Wall Planters

Interior walls can follow 
voronoi building block 
logic at a larger scale, 
creating a not smooth, but 
textured wall. Depth 
difference between 
voronoi components at 
this scale can be used for 
furniture and planters.



Interior: Greenhouse 



Life Support_Water



Life Support_Energy



FINAL PRESENTATION
Living Fragment 



Fragment_ Entrance-Living-Atrium

Air tight entrance
Atrium

Living blocks

Lightwell system



Fragment_ Entrance-Living-Atrium

Air tight entrance 

Atrium

Living zone



Fragment_ Form Finding

Central point selection 
for atrium



Fragment_ Form Finding

Circle generated from 
the atrium central point



Fragment_ Form Finding

Circle points selection 
for entrance and living 
units



Fragment_ Form Finding 

Air tight entrance

Atrium

Living blocks

Bubble generation based 
on area needed for each 
function



Fragment_ Form Finding

Generation of random 
point cloud



Fragment_ Form Finding

Dispatch of points inside 
and outside the bubbles



Fragment_ Form Finding

Replacement of points 
inside the bubbles to 
central points of the 
bubbles



Fragment_ Form Finding

Corresponding voronoi 
shape of the bubble



Assembly Concept + Interlocking Fragment



Fragment_ Entrance-Living-Atrium



Fragment



Assembly_ Interlocking concept_ Scutoids



Assembly_ Interlocking concept_ Scutoids



Assembly_ Generating interlocking voronoi

Uniform hexagonal cell generated of the surface



Assembly_ Generating interlocking voronoi

Uniform points grid generated from  hexagonal cell



Assembly_ Generating interlocking voronoi

Attractive point to add complexity to the grid
(attractive point might be based on structural optimization 
or other factors )



Assembly_ Generating interlocking voronoi

Dispatch the point cloud into 2 clusters



Assembly_ Generating interlocking voronoi

Movement of point in 3 layers



Assembly_ Generating interlocking voronoi

Crossing lines generated as baseline for interlocking voronoi shapes



Assembly_ Generating interlocking voronoi

Voronoi shape generated based on points on cross line



Assembly_ Generating interlocking voronoi

Scaled to the wall thickness



Assembly_ Interlocking component

One component generated based on 3 points



Assembly_ Fragment selection

Interlocking horizontally



Assembly_ Fragment selection

Interlocking vertically



Assembly_ Fragment selection

Interlocking vertically



Assembly_ Fragment selection



Prototyping:
Milling Process 



Robotic Milling_Processes 

Processes
1. Isolate naked faces 
1. Create tool paths for the faces 
2. Texturized faces and holes 

For 1:1 scale prototype 
testing,
Robotic milling of EPS 
foam block is used for 
the fabrication method 
and HRI



Robotic Milling_Simulation

Steps:
1.Material removal side 1+ 2
2.High Res milling for component angles
3.High res milling for component holes

 Safety points to guide movement of 
robotic arm to avoid collisions.      



Robotic Milling_Prototype



Construction processes 

Robotic arm for 
assembly can be 
placed on a rover with 
wheels to move 
components around 
construction



Rover moves on top 
of construction walls 
as components are 
placed

Robotic Assembly 



Robotic Assembly

Topography can be 
used as a natural ramp 
for the rover robot 
during the build up 
construction process



Future Expansion 



3D printing variations 



Expansion Following Voronoi Language 



Animation 
http://cpa.roboticbuilding.eu/index.php?title=Shared:WS2024MSc2SAG3Video




