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from the digital



Design(ing) Automation





DESIGN 
RULES

PATTERNS

PHYSICAL 
COMPONENTS

CONFIGURATIONS

human readable

machine readable



Don’t Design, Configure
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Rule-based, ‘choice-point’ optionality, from
actual business drivers

An extensive solution space representing 
genuine mass customization possibilities

Evidence-based down selection to the 
most applicable solution



Housing
Hospitals
Railways

Data Centers
Highways

in 15 mins
in 30 mins
in 1 hour
in 2 hours
in 24 hours
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Define project constraints

Project 001Name:

Location:

Units:

…….

London, UK

Metric

Project Metadata
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Run configuration algorithms
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Enable evidence based decision making
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Define project constraints

Analysis EvaluationInput

Site boundary Analysis grid Topography data Constraints data Connectivity data Site Heatmap



Run configuration algorithms

1

2

3

Multi-
Objective 

Optimization

Population of solutions 
1000+

Example phenotype of 
1 solution

Place Asset Type 1

Place Asset Type 2

Place Asset Type 3

Different algorithmic 
components for 

spatial generation of 
solutions

Genetic algorithm 
for combining and 
merging different 
solutions

4Place Asset Type 4



Enable evidence based decision making

CONFIGURATION METRICS

SITE BUILDING

EFFORT PERFORMANCE

SITE BUILDING

Eg
Site works

Utilities length

Eg
Earthworks

Choice points

Eg
Max capacity
Max demand

Eg
Max occupant

Max output

COST + SCHEDULE + CARBON



Allow for human intervention

Site Building Department Room



Generate standard design content



An out of this world example of 

Design automation + configuration







Sustainable development
on the MOON!



Maximize performance
research potential, food growth, work/life balance

Minimize effort
material use, construction activity, operational cost



Building typologies – reference design

WORK
Research lab + medical center
X: 430m 
Y: 350m

Robot Yard: 21%
Admin: 8%
Science Centre: 51%
Uncovered space: 20%

SLEEP
Homes for residents
X: 143.7m
Y: 107.7m

Flexible accommodation
(160-320 people per building)

EAT
Lunar farming facilities
X: 50m 
Y: 43m

Harvest from single module 
12 metric tons
(supports 4 people per year)



Building typologies – reference designs
Hierarchical scales

Facility Department Room Equipment Part



Chiller / Water Storage

Computer Lab

Energy Generator

Simulator

Building typologies – reference designs
WORK facility
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Apollo 17 elevation data



Apollo 17 Landing Site Contours

Source: MoonTrek

Apollo 17 DEM

Source: MoonTrek
Resolution: 5m 

CRS: Equirectangular Moon 
reprojected to EPSG:4087

MinValue: -2935.62
MeanValue: -2724.09
MaxValue: -2557.59

Apollo 17 Slope Categorization

Input: Apollo 17 DEM

Analysis: Regional slope 
categorization

Values: 7 discreet slope bands

Analysis grid

Grid extents: 5000m x 5000m
Grid X: 10m 
Grid Y: 10m 

Flat
0-2%

Gently
undulating
2-5%

Undulating
5-8%

Moderate st
eep
15-30%

Steep
30-60%

Very steep
>60%

Rolling
8-15%

Analyze input data - topography

https://trek.nasa.gov/moon/
https://trek.nasa.gov/moon/


Solar Irradiation

Input: Aspect (directional slope)

Analysis: The incident radiation 
effect per unit area (W/m²/d)

MinValue: 3672.00
MaxValue: 7812.00
MeanValue: 6716

Apollo 17 DEM

Source: MoonTrek
Resolution: 5m 
CRS: Equirectangular Moon 
reprojected to EPSG:4087

MinValue: -2935.62
MeanValue: -2724.09
MaxValue: -2557.59

Slope (degrees)

Input: DEM

Analysis: Slope calculated using 
gdal by the DEM layer in degrees.

MinValue: 0.0015
MeanValue: 5.69
MaxValue: 36.32

Aspect (directional slope)

Input: Slope (degrees)

Analysis: compass direction or 
azimuth that a terrain surface faces. 

MinValue: 0
MeanValue: 154.20
MaxValue: 359.99

Analyze input data – solar exposure

https://trek.nasa.gov/moon/


Mineral soil content

Input: Moon Clementine UVVIS 
Warped Colour Ratio Mosaic

Analysis: Surface reflectance in 
three spectral bands, to infer the 
mineral content of the surface

Red Channel: high glass content

Mineral texture class

Input: Mineral soil content

Analysis: Pixels falling within one of 
the 16 classes of the mineral textural 
classes are clustered together. 

Values: 13 discreet classes

Glass/titanium ratio

Input: Mineral texture class

Analysis: Ratio of the red:blue band 
values per pixel 

MinValue: 0.93076920509338
MeanValue: 0.50797395040554
MaxValue: 0.93076920509338

High Titanium
Low Water Probability
1.86207

Low Titanium
High Water Probability
0.190045

Analyze input data – soil content

https://astrogeology.usgs.gov/search/map/Moon/Clementine/UVVIS/Lunar_Clementine_UVVIS_Warp_ClrRatio_Global_200m


Slope >60%
Slope <60%

Titanium <50%
Titanium>50%

Yield<50%
Yield>50%

Slope 
Categorization

Glass/Titanium 
Ratio

Solar Irradiation

Heatmap affecting 
all building 
positions

‘WORK’ facility heatmap

‘EAT’ facility heatmap

Evaluate analysis data
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Run configuration algorithms - place different asset types

Apollo 17A

Target population

Work facilities

1000 12000

Target harvest / yield

2 4000

Sleep facilities

22

250,000,000m2

*3.2 metric tons/person/year *Max occupancy 320 per facility*Prioiritizing search for water 
(ground conditions containing glass)

10000



Run configuration algorithm - place different asset types

1

2

3

Multi-
Objective 

Optimization

Population of solutions 
1000+

Example phenotype of 
1 solutions

Place WORK facility

Place EAT module

Place SLEEP facility

Different algorithmic 
components for 

spatial generation of 
solutions

Genetic algorithm 
for combining and 
merging different 
solutions

4Generate LUNAR NETWORKS



Run configuration algorithm - place different asset types

1

2

3

Place WORK facility

Place EAT module

Place SLEEP facility

4

SINGLE OBJECTIVE  - Hill Climbing
Find positions based on soil content

DIFFERENTIAL GROWTH - Crystal Growth
Grow based on solar exposure

PHYSICS SIMULATION - Dynamic Relaxation
Balance positions between facilities

SHORTEST PATH
Connect buildings through suitable areas

Generate LUNAR NETWORKS



Run configuration algorithm – Place different Asset Types

1 2 3Place Work Facility Place Eat Modules Place Sleep Facilities

Different algorithmic 
components for 

spatial generation of 
solutions

Find positions based on soil content Grow based on solar exposure Balance positions between facilities



Starting seeds positioned

Neighbour with highest value identified

Position building

Cumulative yield calculated 

Target yield set
Starting seed number defined

Target yield achieved
Growth process completed 

Run configuration algorithm - Place Asset Type 2 EAT



Mult-
Objective 

Optimization

MAXIMIZE probability of finding water

MINIMIZE quantity of eat modules

MINIMIZE travel distances between buildings

MINIMIZE buildings near steep ground 

Run configuration algorithm - Multi-objective optimization
Non-dominated sorting genetic algorithm 2
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r

Seed - 202
Total Area - 2272474

Site Coverage - 9.09
Population - 4792

Façade area (eat facilities) - 748000.1
Foundation length (work facilities) - 11286.2
Foundation length (sleep facilities) - 5775.69

Glass probability score - 6.15E-05
Glass probability volume (facility 1) - 0
Glass probability volume (facility 2) - 16252

Glass probability volume (site)- 16252
Yield score - 0.280843

Yield volume (site) - 3610.561
Yield volume (average per module) - 3.560711

Eat - maximum cluster size - 511
Eat - minimum cluster size - 503
Eat - average cluster size - 507

Eat - total clusters - 2
Eat - total modules - 1014

Average distance - sleep to work - 1470.162
Average distance - sleep to eat - 1388.769

Average distance - sleep to sleep - 299.4378
Facilities near craters score - 5
Sleep maximum cluster size - 9
Sleep minimum cluster size - 1
Sleep average cluster size - 4

Sleep - total clusters - 5
Sleep - total units - 21

Layout score - 0

SCI-RSC-COMP-XX: 1
SCI-RSC-COMP-BAY: 2
SCI-RSC-COMP-CHL1: 2
SCI-RSC-COMP-HALL: 2
SCI-RSC-COMP-CHL2: 2
SCI-RSC-COMP-SML: 2
SCI-RSC-COMP-ELE: 2
SCI-RSC-COMP-CHEQP: 8
SCI-RSC-COMP-HALLDSK: 6
SCI-RSC-COMP-HALLSRV: 8
SCI-RSC-COMP-HALLCAB: 4
SCI-RSC-COMP-SMLEQP: 4
SCI-RSC-COMP-GEN 6
SCI-OBS-SHR-XX 6
SCI-OBS-SHR-ALMA1 6











Thank you!




