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Why:

Designing habitats to support mission-driven confinement

Mission-driven confinement is a condition of necessity; our task is to transform
it into a space that can still feel human, familiar, and supportive of everyday life.



Cohabiting when schedules collide 01 Two scientists schedules
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Cohabiting when schedules collide 01 Two scientists schedules

Person 1:
Day Shift

Person 2:
Night Shift

1st round

laundry + clean leisure time

dinner
2nd round

dinner
??
rest
3rd round 1 « T wake up
meeting
dinner

night prep

lunch + rest mantainence

sleep



Different case scenarios

24H ACTIVITIES MAPPING & schedules collisions

WORK SETTINGS
v

|

group work discussion

H

working together

E‘

working in focus
parting two spaces

LEISURE SETTINGS
v

_
I_\/Qf@ﬁ

socialising one person can always part the space
and go e.g. to sleep

v

L p 3

two people socialising separately
parting two spaces

v

)

one person working and the other resting
parting two spaces

What is reconfigurable?
01 furniture

03_windows
04 _lights
PARTITION OF AREAS
INTO SLEEPING AND
WORKING/LEISURE AREA

In general we think that social interations
are valuable in working in arctic conditions
and permanent parting of areas in two
wouldn’t be the best decision

but we give the possibility for parting

into two areas when in need for alone time

v

work/ sleeping/
leisure rest

L—



Different case scenarios What s reconfigurable?

24H ACTIVITIES MAPPING & schedules collisions 01_furniture

DIFFERENT SLEEPING SCHEDULES -
04 lights

I t

night time for higher bed elevation with closing beds and changing areas
movable partition

__ ol
h—

night time for lower bed
movable partition elevation with closing beds and changing areas

L—

plan with opened separations elevation with open beds




Adaptive lighting system

_Morning_sunrise light

Exposure to cool light tones

(high temperatures > 5000K, 10000lux)
with increasing intensity after awakening

_Evening_sunset light

1.5 hour (at least one hour) before sleep
Transition to warmer tones (<2700K)
With decreasing intensity

Eliminating blue frequencies > for rising
melatonin levels

01_ Personalised circadian

cycle
For rebalancing the sleep cycle
with: light, light tone and timing

INPUT:

_personalised schedule
_time of day

_CCcT

_illuminance

_HAR (movement)

__ heartbeat



Adaptive lighting system

02_Personalised functional

_Stress management lighting
Biodata feedback (e.g. smart watch) For helping with stress focus and
Input: _heart rate_respiratory rate recovery
_Focus mode INPUT (biodata feedback) :
Personalised schedule and needs _heart rate
Input: blink rate_heart rate_respiratory rate _movement (HAR)

__blink rate

_respiratory rate

Recove
- very _facial emotions :)

Personalised schedule and needs
Input: blink rate_heart rate_respiratory rate_Human Action Recognition
Red light 630-850K

_Mood boost
Personalised needs
Input: respiratory rate_facial expression



24h activities mapping

WITH LIGHTING CONSIDERATION

ZONE 1 ZONE 2 PRIVATE PRIVATE
ZONE 3 ZONE 4

plan elevation

_LIGHT ZONES
With possibility of personalised lighting
according to personal preferences

_01 MAIN ZONES
_02 PERSONAL SPACES



24h aCtIVItIeS mapplng What is reconfigurable?

WITH LIGHTING CONSIDERATION 01_furniture
02_spaces

(P'Q) _
LD o/

one person can always part the space SCENARIO 3
and go e.g. to sleep

SCENARIO 1 two people socialising separately
socialising / sleeping

o 2 B

i W SCENARIOA m—— | — || -
e




24h aCtIVItIeS mapplng What is reconfigurable?

WITH SCHEDULE COMPARISON AND LIGHTING CONSIDERATION 01_furniture
02_spaces

=

SCENARIO 1 elevation SCENARIO 3 elevation
getting ready for a day / getting ready for bed focus work / wake up and getting ready
= h
SCENARIO 2 sheed SCENARIO 4 slevatin
stress management (relax) / get ready for work sleep / leisure activities
vl & P gf & & v‘ ﬁ s




DMV sETng[leqe[sE][e]g], 2D and 3D approach to Voronoi

“Functionalized wall” “Main habitat element”

Approaching voronoi geometries in two dimensions Approaching voronoi geometries in three dimensions






Lighting integration

Boarders Boxes

1. Task lighting

1. Easy integration o
0 Act as elegant ‘skirting’ 2. Responds to user activity
solution

3. Even lighting across surfaces



\/oronoi pattern, zoom in

General Geometry Structure + Light Points Version 3.0
Starting surfaces are divided into Based on the Arwins tutorial the A seamless fusion of light and
2 elements. Light surface and structural optimisation is run on texture: these waved panels
structural surface. the edges of the panels that are double as acoustic cushions,
Visualisation of the panel inside the container shown above. p rowd/ng both visual dep th and

enhanced auditory comfort.

Structural optimisation of the panel

To minimze the use of the material and also the
weight of the panels structural optimisation have
Starti ng geometry Extracted su rfaces been used only on the edges of the panels.

Habitat for two Habitat for two




Implementing Artificial Intelligence

#Remove or add fea
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here usein the ALL Feoture and Label Options List above as reference,

#weather Features

weather_data = ["direct_normal_illumination', 'diffuse_horizonta

1 _illumination®, ‘total_sky_cover','infrared_radiation','direct_normal_radiation®]
#Physiological featrues

physiological_data = ['heart_rate_bpm®,"hrv_rmssd_ms', ‘skin_conductance_us',‘respiratory_rate_bpm’, ]

#Label Options
illuminance = "illuminance_lux'
cct = 'cct_kelvin'

- -

T

Filtering inputs to better fit our vision of the project

# Import train_test_split function

from sklearn.model_selection import train_test_split

% cplit dotgset info froining set agnd fest <ot
X_2_train, Xx_2_test, y_2_train, y_2 test = train_test_split(x_2_norm, y_2, test_size=e.3,random_state=42) # 78% training ond 36%
X_21_train, X_21_test, y_21_train, y_21_test = train_test_split(X_2_norm, y_21, test_size=@.3,random_state=42)

:> Splitting the data into training and testing data for both CCT and

llluminance
from sklearn.neural_network import MLPRegressor
mlp_2 = MLPRegressor(hidden_layer_sizes=(5e, 5@, 5@, 50), activation='relu', solver='adam', max_iter=3e@)
mlp_2.fit(X_2_train, y_2_train)
mlp_21 = MLPRegressor{hidden_layer_sizes=(5@, 5@, 5@, 50), activation='relu', solver="adam', max_iter=3ee)
mlp_21.fit(X_21_train, y_21_train) <«—— Training models

predict_train_2 = mlp_2.predict(X_2_train)
y_pred_2 = mlp_2.predict(X_2_test)

predict_train_21 = mlp_21.predict(X_21_train)
y_pred_21 = mlp_21.predict(x_21_test)

print('training complete')



Implementing Artificial Intelligence

results = X_2_test.copy()
results["actual_Illuminance_Lux"] = y_2 test.values
results["Predicted_Illuminance_Lux"] = y_pred_2

print(results.head())

results.to_csv("illuminance_predictions.csv", index=True) .
Compare the training data and result to check accuracy and extract data

into CSV file

-—
results2l = X_21_test.copy()

results21["Actual_CCT_K"] = y_21_test.values
results2i["Predicted_CCT_K"] = y_pred_21

print(results2i.head())
results2i.to_csv("cct_predictions.csv”, index=True)

Performance of the Illuminance model trained with adjusted features
r-squared is @.93332599687238368

root mean squared error is 152.14925655844453

mean absolute error is 119.47095324598482

Performance of the CCT model trained with adjusted features
r-squared is @.8029481465160725

root mean squared error is 397.9765252120487

mean absolute error is 292.5188196711489

<——— Check performance



Implementing Artificial Intelligence

A B c D E F G H 1 ) K L [ M N o P Q R s if u v w

ct_nofmal_illumination,diffuse_horizontal_illuminationtotal_sky_ i diation,direct_normal_radiation,heart_rate_bpm,hrv_rmssd_ms,skin_conductance_us,respiratory_rate_bpm,Actual_CCT_K,Predicted_CCT_K
45,-0.6318978700401122,-0.5639962065283823,1.465385869076673,0.5053107687178184,-0,5794900647671611,-0,20261180095001985,0.7851360040539449,-0,5493944031526422,1.0257633528438042,3727,3808.08126084798
157,1.8435870561775247,2.335599156726441,-0.2678015243281804,1.1977911354772248,1.1486056917820215,-0.18109550350400117,1.1834322704029763,-0.5494111916529265,0.14062340327426484,3541,3013.284094724772
256,-0.6318978700401122,-0.5639962965283823,0.5987921723742463,0.04365719087821933,-0.5794900647671611,-1.6442037298333532,0.44811774791245623,-0. 60539,0.0758241 3223,3514.5267778881876
42,-0.6318978700401122,-0.5639962965283823,0.5087921723742463,-0.6216670830670866,-0.5794900647671611,0.12013266074027855,0.16216210027725442,-0.5494447686534951,0.011024874816702,4184,3530.994763059383
181,1.4498060192752362,0.8106810747128216,-0.2678015243281804,1.0620106714067534,0.8737135527248648,-0.6974866422084798,0.69: 4263,-0.5492 1,-0.5721685032423331,3542,2105.7559678766847
9,-0.6318978700401122,-0. 1. 6673,0. 403047,-0.5794900647671611,-0.1165466111659421,-0.9305969817572681,-0.5488068056426916,1.1126123667059897,4611,4441.025517571143
46,-0.6318978700401122,-0. 1. 6673,0.51 151248686,-0.5794900647671611,-0.18109550350400117,0.8668385176640023,-0.5494279801532108,-0.9609640886150228,3697,3785.976273144534
172,1.7026868026980322,1.603314012808805,-0.2678015243281804,1.1570569962560817,1.0502455166477873,0.5719749071066951,-2.258248202920706,2.0170300583083067,2.27899912282406,5585,5009.5961404432055
77,-0.6318978700401122,-0.5639962965283823,1.465385869076673,1.2521033211054102,-0.5794900647671611,-0.03048142138186131,-0.06251733715040465,-0.5494111916529265,-0.24817218209842484,4224,3916.802731139795
195,-0.46523217277180506,-0.549037656991985,-0.2678015243281804,0.8040277896728613,-0.46314345206608604,-1.2999429706970362,0.8464131142614884,-0.5495454996552009,-0.5073692390135517,3187,2787.7257923306756
222,-0.6318978700401122,-0.5639962965283823,-0.2678015243281804,0.03007914447116912,-0.5794900647671611,0.012551173510179085,-1.124638314081155,-0.5485381896381427,0.07582413904548342,4767,3677.0624657213034
33,-0.6318978700401122,-0.5639" 838231 6673,0.36953030464734715,-0.5794900647671611,0.507426014768636,-0.7774064562384099,-0.5488571711435445,0.2054226675030474,4826,4315.761716251588
116,1.1195438599692824,0.2420074956802738,-0.2678015243281804,0.4645766294966832,0.6431629108279591,-0.1380629086 1196077,1.1936449721042335,-0.5494279801532108,-0.11857365364086085,3556,1858.5844915971586
279,-0.6318978700401122,-0.5639962965283823,-0.2678015243281804,-1.6264425171885784,-0.5794900647671611,-1.2999429706970362,0.69322258874263,-0.5495119226546323,-0.4425699747847691,3262,3537.244083223846
56,-0.6318978700401122,-0.5639962965283823,0.5987921723742463,-0.3501061549261441,-0.5794900647671611,0.12013266074027855,1.1221560601954328,-0.549495134154348,-0.8961648243862413,3711,3466.372324044988
216,-0.6318978700401122,-0.5639962965283823,0.5987921723742463,1.3064155067336032,-0.5794900647671611,-1.2784266732510159,0.7544987989501728,-0.5494447686534951,-0.83136556015746,3242,3404.977120824871
5,-0.6318978700401122,-0.5639962965283823,1.465385869076673,0.39668639746144757,-0.5794900647671611,-1.3214592681430548,1.1732195687017188,-0.5494111916529265,-0.1185 ,3016,3679.
224,-0.6318978700401122,-0.5639962965283823,1.465385869076673,2.134676337563473,-0.5794900647671611,0.1846815530783376,-0.7059175443296091,1.6409676519399023,1.0478131024772093,4641,4430.745807584742
237,-0.6318978700401122,-0.5639962965283823,-0.2678015243281804,-0.4723085725895729,-0.5794900647671611,-1.4075244579271358,0.8668385176640023,-0.5493440376517893,-0.1833729178696434,3127,3269.556966 118296
75,-0.6318978700401122,-0.5! 0.5987921723742463,0. 164034,-0.5794900647671611,1.2389801279333106,-0.9612350868610395,-0.5484542471367212,0.27022193173182885,5256,4314.096130146081
267,-0.6318978700401122,-0.5639962965283823,-0.2678015243281804,-1.3684596354546783,-0.5794900647671611,-1.4505570528191745,0.8259877108589736,-0.5493608261520737,-1.284960409758931,3127,3575.5872416076 78
84,-0.6318978700401122,-0.5639962965283823,-0.2678015243281804,-0.5673548974389012,-0.5794900647671611,0.012551173510179085,1.326410094220577,-0.5494279801532108,-1.. 758931,3561,3315.486288260651
113,0.7924745335772507,-0.08297725853791449,-0.2678015243281804,0.3831083510543974,0.41484114132937555,2.056599430882069,-2.156121185908134,2.1278341601847117,1.5662072163074607,6224,5505.191955559974

Data cleaning and extraction of relevant data in separate CSV

diffuse_horizo

direct_normal_ ntal_illuminati infrared_radia direct_normal heart_rate hrv_rmssd skin_conductance respiratory_rate Actual_C(

illumination  on total_sky_cover tion _radiaton _bpm _ms _us _bpm ik Predicted_CCT_K
5 0,63 0,56 1,47 0,40 058/ 432 117 0,55 0,12 3679
6 0,63 0556 0,60 073 058 031 0,03 0,55 0,01 409 3625
9 0,63 147 036 058 012 093 111 g1 2481
10 0,63 0,60 0,76 058 087 0,26 0,44 363 3596
15 0,63 0,60 058 042 0,12 031 aofa 3671
16 0,63 0,60 058 048 0,57 0,18 4266 3839
18 0,63 1,47 0,58 0,06 027 0,01 0b8 3772
19 0,63 0,60 058 031 127 0,12 341 3399
2 0,63 027 058 046 0,50 0,70 3718 3566
2 0,63 027 058 0,07 0,62 021 38p8 3502
25 0,63 0,60 0,58 031 0,58 0,40 i1 4006
30 0,63 1,47 0,58 029 021 0,85 4289 3871
33 0,63 147 0,58 051 -0,78 021 48p6 4316
37 0,63 0,60 -0,58 064 0,44 0,14 428 3510
a2 0,63 0,60 0,58 012 0,16 0,01 41 3531
s 0,63 1,47 058 0,20 0,79 1,03 37p7 3808
46 0,63 1,47 058 018 0,87 0,96 36p7 3786
56 0,63 0,60 -0,58 012 1,12 0,90 371 3466
60 0,63 0,60 058 0,07 0,97 0,14 36p7 3279
63 0,63 0,27 058 022 0,72 0,31 37h7 3242
66 0,63 0,60 0,58 0,49 0,50 1,28 41p8 3633
67 0,63 027 058 0,07 0,41 0,83 39p3 3378




Changing CCT based on Al Data

B:\Rux\Tu delft\Q3
\IAP\visualising
stuffl\cct_predicti
ons (Foaiel) .csv



https://docs.google.com/file/d/12-StWoSkfX3XKwTy8qU6yJWAgtKcam69/preview

Changing llluminance based on Al Data

B:\Rux\Tu delft\Q3
\IAP\visualising

.csv



https://docs.google.com/file/d/1Cdbk_4Xz3ewRaK8mjokppIF2wE8pkxvR/preview

WEIENRE] performance

Requirement:
Temperature range: -30°C to +25°C
(Jutulsessen indoor)

PETG - (60MPa tensile

Static load: 150kg (safety factor 1.5%) strength) Carborfiger reinforced Nylon

(PA) - 70-11 Pa tensile strength

Dynamic load: 200kg (impact from sitting
down)

Weight: 1.2-1.4 g/lcm?®

End up in landfill (hard to recylce)

Polycarbonate (PC) Recycling process

1. COLLECTION
. 2. SORTING & IDENTIFICATION
Specifications: 3. CLEANING / WASHING
_ 4. SIZE REDUCTION (Shredding into flakes)
Tensile strength: 60-70 MPa 5. SEPARATION OF CONTAMINANTS
6. DRYING
Flexural modulus: 2,300 MPa 7. MELT EXTRUSION / REPROCESSING
8. PELLETIZING (Cutting into pellets)
Impact resistance: -30°C 9. REMANUFACTURING
UN (Injection molding, extrusion, thermoforming)
A Recycle: Mechanical Recycling END: NEW PC PRODUCTS

(Electronic components, sheets, automotive parts)



transportation

3D print Packed the piece in vacuum bags Transfer by plane Combine together on site



Prototype

Prototyping material: PLA Final manufacturing material:
Polycarbonate PC

easy to print

N

low cost e  stronger and tougher than PLA %

e  suitable for geometry and concept e  Dbetter heat resistance ;
testing e  more suitable for functional parts

For the robotic arm prototype case study, we use PLA because it is simple and cost-effective for testing geometry. For future
manufacturing, polycarbonate could be a better option due to its higher mechanical strength and heat resistance.



