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Human de-centered design

Spatial similarity of ISS
TransHab and The Panopticon

- Efficient form

- Unit size

[not to include- unit size]

US prison standard minimum 6.5 sgm
Europe prison standard minimum 6 sgm
UK cell sharing minimum 4.5 sgm/person

ISS sleeping quarter 2.5 sgm/person (2.5x1x1)

Source: NASA

Recommended minimum NHV 25 sgm/person

ISS TransHab The Panopticon
Efficient form for transportability and Form derived to enable central surveillance
environment protection (non-human actor) of every inmate’s cell (inhuman

dehumanizing)




Background | Problem

Human de-centered design

Definition

Dehumanizing architecture

» Habitat that deprives the user from positive human qualities,
personality, or dignity
Adapted from Oxford and Merriam-Webster Dictionary

Example of dehumanizing architecture on urban setting: street furniture and obstacles to stop homeless people
from sleeping or accessing the space.



Background | Problem

Human de-centered design

Limited private spaces

Stress from trying to be inclusive of all
crew members in all activities.

Private time is difficult due to lack of
auditory privacy, even leading to
frustration.

Flashline Mars Arctic Research Station 11, 2007 (100-day mission).

Hi-SEAS Research Station. Very open, nowhere to hide



Background | Problem

Human de-centered design

Failure in design for human behavior in ICE environment

“The history of space exploration is full of
reports about mishaps.”

David J. Shayler in Disasters and Accidents in Manned Spaceflight, 2000

“If something is going to stick out and
make a nice handhold, it's going to be

used for a handhold.”

Gerald Carr, Skylab astronaut, 1974

Destiny module, ISS. Broken air hose due to extended use for grabbing.



Condition

Gravity

Enclosure (pressure,
radiation,
temperature, debris
control)

Length of day

Grounded surface

Outer Space

0g

0 bar (vacuum)

-270°C —200°C

Exposure to space radiation,
Micrometeoroids,

bright light & glare

Minimal

1/6 g

~0 bar (almost vacuum)
-233°C - 123°C

Exposure to space radiation,
Micrometeoroids,

bright light & glare

28 Earth days
(14 days light / 14 days dark)

Pervasive & potentially toxic,
electromagnetic cling, lofts above
surface

Lunar surface & underground

Design Implications

Object does not float on
moon

Both need enclosed
vessel 2 confined
boundary, highly
controlled environment

Site selection

Need dedicated dust
cleaning area

Take advantage of
lunar morphology as
natural protection




How to incorporate user-defined spaces based on human-centric design principles in designing long-term lunar
habitation that balances social interaction and private boundaries, for the psychosocial well-being of the inhabitants?

Phenomenology
human experience and perception as basis to design spaces

Proxemics

privacy gradient
mitigate confinement through setting spatial adjacencies based on privacy gradients

Third Place Theory

essential to form community
creation of a third place (between work and home) = the social/leisure space

Affordances
visual cue to an object’s function and use



Analysis | Macro

Site Selection
Sun and Earth visibility

» Eternal sunlight areas (illuminated >80% of the time) as energy source and daylight utilization
» Earth view to alleviate potential homesickness

» Design potential from eternal sunlit to permanent darkness area

Earth View

t

Average Sun Visibility Shackleton Crater Average Earth Visibliity in 85 °S - 90 °S

Source: NASA Goddard



Analysis | Macro

Site Selection

Resource

e Permanently shadowed areas
provide abundant resources

» Water-ice 2 possible water
collection system and water
for in-situ material

» Fossil records of hydrogen,
water-ice, and other early
Solar System volatiles >
lunar base in proximity to
research materials

Water-ice in Lunar South Pole, Philipp Glaser et. al. Annual lllumination and Topographic Slope of Lunar South Pole Ridge
Polarsteregoraphic Projection



Site Selection

Importance of Lunar South Pole

Artemis Candidate Base Camp Sites
University of Chicago

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Chosen Site
Connecting Ridge (89.45 °S, 222.69 °E)
e Well-researched

e Abundant resource

» Potential lunar base >
epicentrum of lunar civilization

Artemis Il potential landing regions 2022 (approx. 15x15 km) LROC WAC Mosaic Lunar South Pole
Artemis Il potential landing regions 2024 Polar Stereographic, 300 mpx



Site

Charged regolith:
Sunlit regions, near landers

Face side
e 14/14 day night cycle
 Lavatubes

*« Micrometeorites

North/South Pole

» Eternal sunlight areas (South Pole)
* Seasonal constant sunlight areas (North Pole)
» Eternal darkness areas in craters

» Deep craters protect from micrometeorites

Shackleton crater location and data, Olga Bannova, 2012.



Shackleton Crater (South Pole)

Pros Which part of crater? The rim

* Provides eternal sunlight

* Permanently shadowed areas provide resources: water- .
ice, fossil records of hydrogen, water ice, and other early
Solar System volatiles (for research purpose)

e Well researched

Gradient from sunlit to shadowed areas

Full interior illumination Partial interior illumination Rim



Field Trip

Permanent Settlement

when visible from surface

- Indicates permanent human presence -
safety & reduce unfamiliarity

Ganti ke sketch

- Integrated with landscape _ _
Ini showing more than ur

telling

- Humanize / terraform the landscape

Temporary Settlement

- Indicates human presence

- But may “leave” any time”-> alien-ness



Interface of infrastructure & nature

vernacular

unfamiliar - familiar locally integrated structure = natural & man-made



Reference_Situated Interface

Permanent: the user adjusting to the space

Surface for seating Space for ritual

Grotto Intraleo, Sicily, Italy Grotto Intraleo, Sicily, Italy



interior

the uoutsideu



shelter

ascent

entrance

infrastructure



Analog Mission
Importance of tradition

e Hi-SEAS IV (HM12) created their own “Martian”
holiday, dubbed Le grand jour de la tomate, which
celebrated their first harvest of habitat grown
tomatoes.

» Creating spaces for tradition - building civilization
Design direction: (micro scale)

o Wall of memories

* Food experiment station

 Informal gardening areas

» Accessible garden

HM8 during Christmas



Living in isolated environment

Space station vs prison “day in my life” comparison

Sleep (8.5h) Sleep (9.5h) Sleep (9.5n) [ ] steep (8.5m Sleep (9.5h) Sleep (9.5h)
(locked) (locked)
Halden Prison, Norway
Morning hyglene | Morning hyglene
& breakfast
- Morning hyglene - Morning hyglene Mawging hyglene hyglene
& breakfast (2h) & breakfast (2h) e & (2h) & QBreakfast (2h)
P work (prep) Work (prep)
Hyglene - | Hygjene - L €ess
Exerclse cleaning (1h) Exefclse cleafing (1h)
Exerclse (2h) Exerglse (2h) m Ovem ent
Lelsure (locked) Work / school etire (locked) Wdrk / school
(1.5h) (3h) (1.5h) (34 aC r 0 S S
public space
Lelsure Lunch Lefsure Lupch
Lunch (1.5n Lungh &
Work / school Wdrk / school
Work (desk) Lunch (3 Work (desk) Lufich (34 .. . . .
YSIIVAUETdi[sA La Paima Correctional Center, Arizona, USA
Lelsure Lelsure .
Dinner Dinner tO | n fO r m
Hyglene Hyglene
Work (targeted) (Locked) Work (targeted) (Locked) m OVE m e nt
(7h) (7h S— .
Dinner Difner across privacy
— gradient?
Lelsure Lefsure
(4.5h) (a.pm
Leisure e Lelsure
Dinner Dinner Dinrfer Dinner
Hyglene Hyglene
(Locked) — (Locked)
Evening (1.5n) Eveying (150
hyglene hyglene

ISS Atlanta Prison Norwegian Prison ISS Atlanta Prison Norwegian Prison Arizona State Prison USA




M : i Enti tivit : -
ISOIated Habltat Entire group activity tunrr:reedqcr:ggr‘zgllw y Partial group activity

Communal activity schedule Schedule for Hi-SEAS Mission Il (4 months)
Mon | Tue | Wed | Thu | Fri Sat | Sun
Joint breakfast

 Activities with varying amount Morning ot e

of participants Joint lunch

. . . Afternoon HI-SEAS HI-SEAS HI-SEAS HI-SEAS

* Forlonger missions, there is Woskons Chores + Workout

decline in holistic Dinner (6:30 pm)

. . . ] TV sh Movi
participation of group vening . avie or game
activities over time

* Evening gathering time turned Schedule for Hi-SEAS Mission Il (8 months)
into private schedule on the last P ‘ - :
quar‘ter Of the mission Maon Tue Wed Thu Fri Sat Sun
. . Morning (Geology EVA) (Geology EVA) (Geology EVA) Rest Debrief meeting
* E.g.dancing only for first 5 i HI-SEAS HI-SEAS HI-SEAS HI-SEAS
months Afternoon
Waorlout Workout + chores Yoga or resl
« Formation of social cliques Binner ‘i"f”_"""
. N Games, Movies
over tl me Evening or TV shows
Schedule for Hi-SEAS Mission IV (12 months)
Mon Tue Wed Thu Fri Sat Sun
Morning Media + Qutreach EVA EVA Brunch
HI-SEAS HI-SEAS HI-SEAS {Chores) HI-SEAS Chores
Afternoon
Workout
Dinner (6:30 pm)
Evening {Dancing) Game night Movie night (Dancing) Debrief meeting




Analysis | Meso | Activity-based Design

Isolated Habitat

Autonomy on schedule

Almost equal time for:
e Personal
e Social
 Work
17 13
17
15
Sleep Sleep
Hygiene, meals, exercise Hygiene, meals, exercise
® Leisure m Leisure
Personal Projects Personal Projects
» Hi-SEAS Mission & Research » Hi-SEAS Mission & Research
= EVAs & outreach m EVAs, outreach, misc
Hi-SEAS |, 4 months mission Hi-SEAS IV, 12 months mission

Different analog mission showing similar activity distribution



Speculative systems for the moon

Close-up view of salt accretion in scaled prototype, GEOtube Tower

« Attraction
 Compaction
* Production
e Structure

e Location

Earth precedents

Seawater passing through structure
Evaporation by wind

Salt harvesting

Resistant to salt corrosion

Near sea

Close-up view of lunar regolith with Apollo 11 Buzz Aldrin, NASA

Moon

Regolith electrostatically attracted
Regolith sintering

Harvesting charged regolith
Electro-conductive

Radiation-exposed areas - lunar surfaces



Affordances

definition

the design aspect of an object which
suggest how the object should be used,
a visual clue to its function and use.

- Norman 1988




Design for separation — controlling porosity
Variable structure/surfaces

controlled structure / variable surface variable structure / variable surface variable structure / controlled surface

Metaballs Robotic + Substances, Francois Roche, New- Stay Plastic, Renjie Huang, 2014, RCA
territoties






Spatial distribution

Interior schematic diagram (adjacencies)

Waste
Manhagem

Comman
d Control

Maintena

Sleeping .~ R.-%
Quarters

Research

Recreatio

Area n

CX) Must be adjacent

Suggested to be adjacent

Cannot be adjacent



Spatial distribution

Interior schematic diagram




thresholds

walls

transitional space
- interior

transitional space
- exterior

redefining wall, corridor, program overlaps

transitional space
threshold space

interstitial space

separation adjacencies

transition



Transitional space as community activator

from corridor to atrium



Week 2.4



Week 2.5



Concept Sketch - Room profile
(to be updated)



THEEEEEEEETENN N vertical transition

enclosed
————————— zoned

........................ open



Spatial strategies
Connection and visibility



Week 2.6



Spatial distribution

Interior schematic diagram

Category |Programs 4 crew (m3)
Circulation (20-30%)
GENERAL |Storage (20%) 6
| Sleeping quarter 14
Personal workspace 17.4
SLEEP |Personal storage
Galley - food prep 7.65
Galley - food storage [2 week) / Kitchen
FOOD |Table (Dining/Ws) 10.1
Washroom / cleansir 4.4
HYGIENE |Bathroom pp
Recreation 18.2
Exercise 13.4
LEISURE |Plants
Research & Labs
WORK - |Command control (ct 3.4
OPERATI |Maintenance 8.2
ONS  |Medical 7
Airlock
MOMN- |ECLSS 3 racks
ACTIVITY |Waste management 6.2
TOTAL 115.8

NHV per crew memb 28.95




Rooms

PQ
Bath

Kitchen

Living Room

Greenhouse

Hobby
EVA

Lab

Medical

Waorkstation

Service

Private Quarter 1 (Single)

Private Quarter 2 {Couple)

Bathroom

Food storage area

Food prep area

Dining table

Exercise area (2 equipments)

Open area (misc)

Observation

Greenhouse 1 (food)

Greenhouse 2 {02)

Small recording studio

Airlock (EVA prep)

Lab

Lab storage

Medical bay

Medical storage

Open workstation

Command control

Maintenance

ECLSS

Waste management

General storage

14.63%

4.90%

9.86%

45.19%

0.81%
3.90%

9.75%

1.63%

4.12%

32.20%



Schematic Section

Greenhouse as atrium, stepped vertical

EVA 3.5%

Medical 2.3%

Living room
10.7%

Greenhouse 49%

Collab
1%

Personal
quarters 9.6%

Personal
storage 1.4%

PQ

Bath
Collab
Kitchen

Living Room

Greenhouse

EvVA
Medical
Lab

Research

Storage

Service

Rooms

%o
Private Quarter 1 (Single)
Private Quarter 2 (Couple) 12.52%
Bathroom
Small recording studio 0.87%
Kitchen 2.33%
Dining table
Exercise area (3 equipments)
Open area (misc) 10.66%
Observation
Greenhouse 1 (food lab)
Greenhouse 2 (02) 48.57%
Airlock (EVA prep) 3.49%
Medical bay 2.33%
Lab B.74%
Open workstation
Focus workstation 3.49%
Personal storage 1.40%
Food storage area 1.40%
Lab storage 1.40%
Maintenance
ECLSS 2.80%

Waste management



Schematic Section

Greenhouse as atrium, stepped vertical

~ e

Greenhouse 49%

Medical 2.3% Personal

quarters 9.6%

Living room

10.7%
? Collab

1%

Personal
storage 1.4%



Program distribution
Future strategy

\ Athtue

Massing of Deichman Bjorvka, Oslo

20ned
A A wrv

Atrium zoning



Week 2.9



PQ upper level

PQ lower level



Week 2.9



Program distribution

Slanted atrium
Airlock 2.1%

Waste management Greenhouse 2

2.1% (hobby) 18%

Command control

2.2%
Observation 2.2%
Open workstation
5.3% Private Quarters:
4 single + 1 couple 19.5%

3 shared bath 3%
Maintenance 2.1% shared bathrooms 57

Free open area
6.6%

Dining/gathering
4.4%

Food storage 4.5% Greenhouse 1

(essential) 11%

Food prep 3.5%



Program distribution

Slanted atrium



Voronoi volume optimization

Volume details

Iteration 3.1 Iteration 3.2 Iteration 3.3 Iteration 3.4 Iteration 3.5 Iteration 3.6 Iteration 3 Manual Adjustment
Rooms Voronoi Deviation Sum Voronoi Deviation Sum Voronoi Deviation Sum Voronoi Deviation Sum Voronoi Deviation Sum Voronoi Deviation Sum Voronoi Deviation Sum
{m3) Deviation |(m3) Deviation |(m3) Deviation |(m3) Deviatien |(m3) Deviation |(m3) Deviation |(m3) Deviation

Greenhouse 308.08 0.54 233.46 0.42 187.71 0.31 197.90 0.32 242.37 0.41 274.68 0.47 251.55 0.46

PQ 34.05 2.27 35.09 2.34 35.79 2.39 25.01 1.67 21.92 1.446 19.21 1.28 37.92 2.53

PO 29.41 1.96 20.45 1.36 25.15 1.68 26.31 1.75 20.57 1.37 18.10 1.21 25.39 1.69

PQ 21.96 1.46 17.46 1.16 14.15 0.94 17.48 1.17 14.38 0.96 16.06 1.07 21.56 1.44

PQ 20.10 1.34 19.58 1.30 28.55 1.90 28.96 1.93 27.05 1.80 19.04 1.27 27.20 1.81

PQ couple 106.05 2.36 61.21 1.45 62,11 1.38 72.23 1.97 95.11 2.12 65.22 1.47 79.94 1.87

WC 26.24 10.27 30.57 11.97 34.25 13.41 31.93 12.50 20.23 7.92 20.55 8.04 9.81 3.84

WC 28.35 11.10 12.05 472 26.60 10.41 28.08 10.99 25.87 10.13 10.30 4.03 8.69 3.40

WC 17.53 6.86 11.80 4.62 13.37 5.23 17.53 6.86 13.53 5.29 4.10 1.61 8.30 3.25

WC 26.19 10.25 19.29 7.55 &6.87 2.69 26.19 10.25 14.87 5.82 10.06 3.94 7.83 3.06

WC 20.89 8.18 17.54 6.87 11.04 4.32 20.87 8.17 18.08 7.08 14.62 5.72 9.63 3.77

Living Room 61.21 0.67 89.61 69.77 0.76 67.19 62.74 0.68 69.34 112.49 1.22 83.25 61.23 0.67 68.23 103.22 1.12 >7.40 110.68 1.20 43.19
Kitchen 65.97 3.32 48.94 2.46 65.87 3.32 58.75 2.96 36.36 1.83 56.92 2.87 57.25 2.88

Collab 1 53.83 7.25 51.56 6.95 33.92 457 50.58 6.82 31.56 4.25 33.21 4.48 45.50 6.13

Collab 2 69.24 9.33 72.71 9.80 53.90 7.26 68.22 .19 63.43 8.55 64,31 8.67 58.04 7.82

Lab Research 100.67 1.34 85.38 1.13 105.80 1.40 117.48 1.56 81.12 1.08 121.42 1.61 116.27 1.54

EVA 85.86 2.85 70.73 2.35 45.96 1.53 48.01 1.59 52.05 1.73 42.38 1.41 73.84 2.45

Medical 90.31 4.55 63.73 3.21 82.90 417 84.68 4.26 95.59 4.81 97.89 493 63.90 3.22
Storage_Lab 64.55 5.38 84.28 7.03 78.43 6.54 a20.88 6.74 73.06 6.09 87.74 732 25.99 2.17
Storage_Food 90.85 7.58 17.08 1.42 54.25 452 49.70 414 79.75 6.65 81.42 6.79 47.43 3.95
Storage_Fersonal 62.75 5.91 52.63 496 62.41 5.88 46.35 4.37 42.48 4.00 56.70 5.34 31.34 2.95

Service 77.13 3.16 60.05 2.46 73.94 3.03 48.77 2.00 47.78 1.96 56.49 2.31 26.48 1.08




lteration 1 lteration 2 lteration 3 lteration 4

Massing

Section

Plan



Iteration 1



Iteration 1



Iteration 2

EVA 3.5%

Greenhouse 49%

Living room
10.7%
Kitchen

PQ single

Food storage

PQ couple

wcC

wC



Iteration 3

EVA 3.5%

Greenhouse 49%

PQ single Medical

Kitchen
PQ single

Living room
10.7%



Iteration 4

EVA 3.5%

Kitchen

Living room
10.7%

Greenhouse 49%

Lab
Medical

PQ single

WC
PQ single
WC



Green
Green house

EVA Lab house

Green
Medical house

Living

Greenhouse 49%

to EVA
to Lab
Food
storage
Living room
10.7%
Kitchen PQ

PQ atrium

PQ

Lab

wWC

wWC

Lab
Lab
storage
Medical
Green
Collab house
Living
Kitchen
Service

PQ

wWC



Archive
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