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Analysis_ Rhizome 1.0 Human-Robot-Interaction

Human-Robot Interaction (HRI) part is described 
as having three main aspects:

1. Designing a controller for physical HRI 
during a pick-and-place task

2. Designing a trajectory learning and 
optimization based on human 
preferences

3. Conducting a feasibility study for 
attaining robot mobility

1. Four identified sub tasks:
- Pick-up
- Carrying
- Alignment
- Stand-by

Five designed modes

- Locked
- Free
- Main
- Orientation
- Lift & lower

-

2. Four main preferences that are 
fundamental to the construction task

- Carrying velocity
- Height from the ground during the 

carrying
- Minimum distance to obstacles during 

the carrying
- Side on which the obstacle is passed. 

3. Best options for mobile platforms?

- Collaborative robotic arm
- Legged mobile platforms
- Wheeled mobile platforms
- Custom-designed mobile platform for a 

rough environment

Battery vs cable:

- Advantages and disadvantages

-

1 2 3  



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 
continual 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.

The analysis looked at various sites 
showing that the best sites are on the 
rim of Shackleton Crater and 
specifically along the western ridge 
where three sites have a multiyear 
average solar illumination between 90 
and 97% and visibility of the entire 
Earth about 51% of each month. These 
sites on the western ridge also have 
100% solar power generation capacity 
for 85 to 91% of the year. 



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

Also gives 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 

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.



Theme 1. Lunar Architecture_Analysis

CONSIDERATIONS

- low gravity (1.6m/s2)
- Extreme thermal cycle (-173°C to +117°C)
- 29 days for one lunar day
- Limitation to access to liquid water
- Lack of atmosphere
- Higher seismic activity than for Earth
- Micrometeoroids
- High level of galactic cosmic radiation (GCR) and 

infrequent but very intense solar particle events 
(SPEs)

- On the poles: better temperatures (-50°C to 0°C)
- No weather = no wind = no wind turbines 

NEEDS

- Eating/sleeping areas for 3-6 people
- Grow food
- Research and experiments
- Communication with earth
- Computer rooms
- Workout room 
- No stairs needed outside, gravity

MATERIALS

- In-situ resources (lunar soil) for 3D-printing
- Modular systems
- Interlocking parts of 3D-print (flexibility)
- Smaller/ lighter and maybe inflatable 
- Airtight at all times
- Airblocks as doors
- Protection from the radiation
- Protection from meteoroids
- Polyethylene for protection= 10-20 cm shielding is 

enough for protection



Theme 1. Lunar Architecture_Space Precedents

central atrium for light distribution node system for possible expansion stacked structures



Theme 1. Lunar Architecture_Concept Design

University of Urbino, Italy. Residences.



Theme 1. Lunar Architecture_On Earth Precedents

NCave House. Agios Sostis, Greece



Theme 2. Lunar Energy & Health and Life support

Self-sufficient case Study

a) Energy system
b) Water recycle system
c) Air revitalization
d) Food production



Theme 2. Lunar Energy & Health and Life support
Self-sufficient system

Regen village



Theme 2. Lunar Energy & Health and Life support
Self-sufficient system- smart grid system

Power station 
(pv solar panel)

Smart grid system

Solar power

Smart grid

Energy transmission + Water sewage 
system

Schoonship self-sufficient village



Theme 2. Lunar Energy & Health and Life support
a) Energy system

Energy 
generation

Solar power plant

Energy 
transmission

Energy 
storageMethane and 

Oxygen from Lunar 
Soil and Water

(https://weather.com/en-IN/india/
space/news/2022-11-04-scientist
s-have-created-methane-and-oxy
gen-from-moon-soil)

Energy 
recycle

Human & Livestock waste 

（power transmission for 
grid within 100m）

CubeRovers Wireless 
charging robot

Wireless charging 
Path for robots

Energy Station Livestock & 
sanitary facilities 

Biogas station



Theme 2. Lunar Energy & Health and Life support
a) Energy system

Shortest path finding in 
Voronoi shape via Galapagos

Linear Growth of Moon village



Theme 2. Lunar Energy & Health and Life support
b) Water loop system

Microorganisms 
in lava stone as 
bio filter

- Water: 3 kg/day/crewmember 
- Treatment 1. membrane based filtration 
- Treatment 2. Photosynthetic reactor
- chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.som.com/wp-content/uploa

ds/2021/07/20191213_som_research_iac_paper.pdf

- membrane based filtration
- https://blogs.esa.int/exploration/spaceship-eac-recycling-water-on-the-

moon/ 

https://blogs.esa.int/exploration/spaceship-eac-recycling-water-on-the-moon/
https://blogs.esa.int/exploration/spaceship-eac-recycling-water-on-the-moon/


Theme 2. Lunar Energy & Health and Life support
c) Air revitalization

Original capsule function as airlock and 
technical support modular

Foldable membrane as boundary for 
pressurised enclosure 



Theme 2. Lunar Energy & Health and Life support
c) Air revitalization

3d printing dome as protection for solar 
radiation and meteoroid protecture



Theme 2. Lunar Energy & Health and Life support
d) Food Production

- 30 sqm greenhouse needed for six-member crew
- Use artificial light
- Embedded with biofilter system (C.R.O.P.)

https://www.dlr.de/en/latest/news/2019/03/20190823_project-eden-iss-presents-results

https://www.dlr.de/en/me


Theme 2. Lunar Energy & Health and Life support
d) Food Production

Strategy to reflect natural light into the greenhouse
- Embed the mirror tower strategy to voronoi shape
- chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.nasa.gov/wp-content/uploads/2011/08/396719m

ain_wlmr_educator_guide.pdf?emrc=459cb8



Theme 3. Robot and Mobility 

a) Initial machine for inflatable expansion / membrane structure 
b) Water collection 
c) Regolith collection  
d) 3D printing robot for construction and how would the robot construct 

interlocking (Feng) 
e) Electrical Charging for Robot 



Theme 3. Robot and Mobility 

a) Robotic tasks 

chrome-extension:
//efaidnbmnnnibpc
ajpcglclefindmkaj/
https://www.diva-p
ortal.org/smash/ge
t/diva2:1664757/F
ULLTEXT01.pdf

Robotic Operations on the moon such as 
regolith collection, 3D print, perform status 
checks, AID robots 



Theme 3. Robot and Mobility 

a) Construction Process for Robots

file:///C:/Us
ers/Ferrari
%20Huang
/Download
s/asce-e-s
16.pdf

Construction Sequence for the proposed Lunar 
habitat design

- Inflation
- 3D print around the inflation membrane



Theme 3. Robot and Mobility 

b) Types of Rovers and purpose 

Three types of Rovers (large, medium, small
Purpose of digger, transporter and melter Lunar material collecting wagon



Theme 3. Robot and Mobility 

c) Construction Process for Robots

file:///C:/Use
rs/Ferrari%2
0Huang/Do
wnloads/asc
e-e-s16.pdf

Different types of Voronoi 
- Original 
- Scutoid 
- Voronoi Tessellation

For different types of interlocking 





Theme 3. Robot and Mobility 

d) printing pattern and algorithms 

chrome-extension://efaidnb
mnnnibpcajpcglclefindmkaj/h
ttps://ntrs.nasa.gov/api/citati
ons/20205005063/download
s/Lunar-laser_beaming-AIAA
_Paper%20Complete.pdf

Inspired by Termites building technique 



Theme 3. Robot and Mobility 

d) printing pattern and algorithms 



Theme 3. Robot and Mobility 

e) electrical charging 

chrome-extension://efaidnb
mnnnibpcajpcglclefindmkaj/
https://ntrs.nasa.gov/api/cit
ations/20205005063/downl
oads/Lunar-laser_beaming-
AIAA_Paper%20Complete.
pdf



Theme 3. Robot and Mobility 

e) electrical charging 

chrome-extension://efaidnb
mnnnibpcajpcglclefindmkaj/
https://ntrs.nasa.gov/api/cit
ations/20205005063/downl
oads/Lunar-laser_beaming-
AIAA_Paper%20Complete.
pdf



Theme 3e: Water Collection 

This work covers the simulation and comparison of three different thermal water 
extraction methods: 1) in-situ surface heating, 2) heated drills, and 3) heating 
inside a crucible after excavation. 



Preliminary Concept

Step 1. lunar robot for geographical exploration Step 2. Optimize geographical shape for voronoi 
interlocking foundation

Step 3. Semi-buried Voronoi cells

Living cells

Power station

Energy system: Path for wireless charging robot 
embedded in the voronoi cells for living

Grey Water 
collecting point



Preliminary Concept

Water recycle loop: Sewage system 
embedded in voronoi living cells

Water ice (crater)

Grey water 
collecting point

Grey water 
filtering system

Water recycle loop: Grey water get filtered when 
pumping back to the top for greenhouse irrigation

GreenhouseLiquefy water ice



Preliminary Concept

Power station

Greenhouse
Contour line

Modular 
living cell

Energy transmission path Water recycle loop



Lunar Architecture_Space Requirements
Communal Space

Sleeping Space

Support Functions



Lunar Architecture_Concept Design

Here is a schematic layout of our concept. Green 
represents communal spaces, orange indicates 
work areas, blue indicaties outdoor spaces, and 
grey designates technical areas. Various modular 
structures are interconnected through 
passageways, all linked to the central communal 
space. The power station is located there, 
distributing energy to the branches. The chosen 
structure aims to foster future growth, allowing 
shared support functions between two branches. 
This system can expand both horizontally and 
vertically in the future.



Lunar Architecture_Next Steps

Voronoi structures can be 
optimized to fit in digital mapping 
of terrain from high res images

Explore openings in the voronoi 
spaces

Opportunities for individual nodes 
to connect through interior or 
exterior bridges or fit together 




