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We are an integrated design and
engineering consultancy of

architects
engineers
designers
analysts

Working together for a better built
environment.
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Don’t Design,
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Choose Location

Postcode

or

66898274
Load map
Close site boundary

Delete existing bulldings
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Rule-based, ‘choice-point” optionality, from

An extensive solution space representing

Evidence-based down selection to the
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Housing in 15 mins
Hospitals in 30 mins
Railways in 1 hour
Data Centers in 2 hours
Highways in 24 hours
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Define project constraints | CONTEXT |
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Run configuration algorithms
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Allow for human intervention | CONTEXT
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Generate standard design content CONTEXT
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Define project constraints

Input Analysis Evaluation
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Site boundary Analysis grid Topography data Constraints data Connectivity data Site Heatmap
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Run configuration algorithms

Different algorithmic
components for

spatial generation of
solutions

Place Asset Type 1

Place Asset Type 2 @
Place Asset Type 3 @

Place Asset Type 4

Example phenotype of

1 solution

Population of solutions
1000+

v

Genetic algorithm
for combining and
merging different
solutions

Multi-

Objective
Optimization

Bryden Wood



Enable evidence based decision making

CONFIGURATION METRICS

PERFORMANCE

v v v v
SITE BUILDING SITE BUILDING

S S S S— S

Eg Eg Eg Eg :
i Siteworks i i Earthworks i i Maxcapacity { { Max occupant i
i Utilities length §{ { Choice points { i Maxdemand { { Max output

S I S l S l S l

A 4

COST + SCHEDULE + CARBON
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Allow for human intervention
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Generate standard design content
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An NI AL Yeldlel example of

Design automation + configuration
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IR EIEL]E development

on the MOON!
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M performance

research potential, food growth, work/life balance

M effort

material use, construction activity, operational cost
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Building typologies — reference design

SLEEP

Homes for residents
X: 143.7m
Y: 107.7m

WORK EAT

Research lab + medical center Lunar farming facilities
X: 430m X: 50m

Y: 350m Y- 43m

Robot Yard: 21%
Admin: 8%

Science Centre: 51%
Uncovered space: 20%

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

Flexible accommodation
(160-320 people per building)

Bryden Wood




Building typologies — reference designs
Hierarchical scales

Facility Department Room Equipment Part

Bryden Wood



Building typologies — reference designs
WORK facility

U +Operation Unit
— < Intensive Care Unit
e — S —— +Outpatient Unit
- +Doctor's Office
o J—
KO +Tochnician's Office .
Simulator
e — —
i e —
S~ | - Antenna=ALMAT
Antenna Shroud 1+ -Antenna-ALMAZ
-Antonna-MONA
/ | - Anienna=ALMAT
Adtenna Shroud 2+ -Antonna-ALMAZ
 eane-MONA——
— -Antenna-ALMAT |
Antenna Shroud 3 Antenna-ALMA2
=
o A Computer Lab
Antenina Shroud 4+ -Antenna-ALMAZ
: - AoSeRESMONATS
7 70 Energy Generator
Antenna Shroud 5= -Antenna-ALMA2
 -AdieonasMONA™ |
i - -Antenna-ALMAT |
Antenna Shroud 6e————— -Antenna-ALMAZ
- Antenna=MONA™
= «Yard
o ————LightTower
Geological Explorations —= ~Light Tower
g T —————sLight Tower
— e Light Tower
- = Hangar
RebotYerds—==_—"— SupportAreas i+ «Wood-Metal Workshop
~Robat Engineering
SupporiAteas e hamgar Chiller / Water Storage
= = ~Robot Engineering
-Workspaca =200
Workspace 1+——— +Workspace 500
: “Workspaca - 750
+Workspace =200
= Workspace 20— -Workspaca <500
% - «Utiity
«Canteen
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CHIP Heirarchy

CHIP [00] CHIP [01]

Research Lab

CHIP [02] (TYPE)

Physics Lab | K&l I {1 -4 ¥]s

CHIP [03] (TYPE) CHIP [04]
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Analyze input data - topography

Analysis grid

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

Apollo 17 Landing Site Contours Apollo 17 DEM

Source: MoonTrek 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

Bryden Wood


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

Analyze input data — solar exposure

7500
7000

6500

6000

5500

5000

4500

4000

Apollo 17 DEM Slope (degrees) Aspect (directional slope) Solar Irradiation

Source: MoonTrek Input: DEM Input: Slope (degrees) Input: Aspect (directional slope)
Resolution: 5m

CRS: Equirectangular Moon Analysis: Slope calculated using Analysis: compass direction or Analysis: The incident radiation
reprojected to EPSG:4087 gdal by the DEM layer in degrees. azimuth that a terrain surface faces. effect per unit area (W/m?/d)
MinValue: -2935.62 MinValue: 0.0015 MinValue: 0 MinValue: 3672.00
MeanValue: -2724.09 MeanValue: 5.69 MeanValue: 154.20 MaxValue: 7812.00
MaxValue: -2557.59 MaxValue: 36.32 MaxValue: 359.99 MeanValue: 6716

1k Bryden Wood


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

Analyze input data — soil content

High Titanium
Low Water Probability
1.86207

Low Titanium
High Water Probability
0.190045

Mineral soil content Mineral texture class Glass/titanium ratio

Input: Moon Clementine UVVIS Input: Mineral soil content Input: Mineral texture class
Warped Colour Ratio Mosaic

Analysis: Surface reflectance in Analysis: Pixels falling within one of Analysis: Ratio of the red:blue band
three spectral bands, to infer the the 16 classes of the mineral textural values per pixel
mineral content of the surface classes are clustered together.

MinValue: 0.93076920509338
Red Channel: high glass content Values: 13 discreet classes MeanValue: 0.50797395040554
MaxValue: 0.93076920509338

1k Bryden Wood



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

Evaluate analysis data

Slope § Heatmap affecting
Categorization all building
| positions

Glass/Titanium ‘WORK’ facility heatmap

Ratio

Solar Irradiation ‘EAT’ facility heatmap

Bryden Wood
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| CREATE |
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Run configuration algorithms - place different asset types

A Apollo 17

2
Target population 250,000,000m
1000 10000 12000
A
[ \
Work facilities Target harvest / yield Sleep facilities
2 4000 22
*Prioiritizing search for water *3.2 metric tons/person/year *Max occupancy 320 per facility

(ground conditions containing glass)

Bryden Wood



Run configuration algorithm - place different asset types

Different algorithmic £
components for :

spatial generation of i
solutions :

Place WORK facility, @
Place EAT module @

Place SLEEP facility| @

Generate LUNAR NETWORKS @ ------- r—

Example phenotype of

1 solutions

Population of solutions
1000+

v

: Genetic algorithm
: for combining and
: merging different

: solutions

Multi-

Objective
Optimization

Bryden Wood



Run configuration algorithm - place different asset types

@ SINGLE OBJECTIVE - Hill Climbing

Find positions based on soil content

@ DIFFERENTIAL GROWTH - Crystal Growth

Grow based on solar exposure

Balance positions between facilities

@ PHYSICS SIMULATION - Dynamic Relaxation

@ SHORTEST PATH

Connect buildings through suitable areas

1k Bryden Wood



Run configuration algorithm — Place different Asset Types

Different algorithmic
components for
spatial generation of
solutions

Place Work Facility

Find positions based on soil content

Place Eat Modules

Grow based on solar exposure

Place Sleep Facilities

Balance positions between facilities

Bryden Wood



Run configuration algorithm - Place Asset Type 2 EAT

Target yield set
Starting seed number defined

y

Starting seeds positioned o SHETHET T

A 4

Neighbour with highest value identified

y

A\ 4

Position building

A 4

Cumulative yield calculated

H
Target yield achieved
Growth process completed

Bryden Wood




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

Mult-

Objective
Optimization

H MINIMIZE travel distances between buildings

‘ MINIMIZE buildings near steep ground

Bryden Wood



Optimization settings
Site brief

TARGET POPULATION
& 12000

= facilitit
Work facilitites o et i yekl Sleep facilitites

EXPLORER

2000

Scenario Constraints

Ma‘:imum site coverage offset from site boundary Avoid craters below this depth
” m m

35 50 8

Optimize layouts for

[} Find work facility locations most likely to contain glass [] Maximize harvestlyieid [J Minimize inter-facility travel time [] Minimize eat modules

@ Fast (25 solutions) O Medium (100 solutions) O Slow (1000 solutions)

GENERATE
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GALLERY

PERFORMANCE

EVALUATION

Layout 0
87ea1696-b71e-4820-a376-037 161242865

Sort Order - index: 0;
Colour Value - index: 0;

DETAILS

Layout 1
17046e64-197¢-4355-9075-ecc1529d31c9

Sort Order - index: 1;
Colour Value - index: 1,
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Layout 2
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Sort Order - index: 2;
Colour Value - index: 2;
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Layout 3
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Sort Order - index: 3;
Colour Value - index: 3;

Layout 4
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Sort Order - index: 4;
Colour Value - index: 4,

Layout 5
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Sort Order - index: 5;
Colour Value - index: 5;

Sort Options

Sort By
index

Colour By
index

Filter Options
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PERFORMANCE EVALUATION
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Layout 0
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Layout 1
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Layout §
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Thank you!
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