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Psychological problems
1. Lack of communication/ isolation

2. Acrophobia / vertigo

3. Stress from internal conflicts 

4. Feeling of sustained tumbling / inversion

5. Navigation - push -off force

6. Unpredictability of dynamic reaction of vehicle

7. Eye-hand coordination

8. Inaccurate perception of spatial orientation

9. Post -flight disorientation problems
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Prototyping + Fabrication

Full -scaleFabric ModelsPaper models



Macro lens Co n ve x m irro rScre e n  cu rva t u re s

Projector Testing



Size Air Circu la t io n  
De p lo ym e n t

Redesign

CO2

O2

O2

Suction 
Pump

Origami 
folding

Rolled

1200mm

18
00

m
m



Material

Visual quality Flammability
health hazards 
and toxicity

Durette creases possible good space -rated
Fiberglass lacks opacity best Very toxic

Cotton Creases possible not good none

PBI no risk yet good
inhalation, skin 
contact

Teflon no risk yet very good none

Nomex webbing weaving can be risk not good low off gassing

Kevlar weaving can be risk not good low off gassing

Carbon black color good none



● Circadian rhythm

● Orie n t a t io n

● Illu m in a t io n  le ve ls  o f fu n c t io n s

● Effe c t  o f e xt e rio r lig h t

● Em e rg e n cy lig h t in g  a n d  p ro t o co l

● P ro vis io n  fo r d im m in g

● Gla re  p re ve n t io n

● To t a l a m o u n t  o f lig h t  fa llin g  o n  c re w s’ e ye s

○ Dire c t io n  o f lig h t  so u rce s

○ vie w in g  a n g le

○ g ra p h ics  d e sig n  o f d isp la y

Lighting Guidelines



Spatial Kin e st h e t ic
Ta c t ile

COLBERTTVIS

Multi -sensory Applications



● Hospitals

● Cro w d e d  co m m u n a l livin g  so lu t io n s

● W h e e lch a ir u se rs’ re c re a t io n

● Ho t e ls  a n d  lu xu ry re so rt s

● Te st  in  a n  a n a lo g  m issio n

Terrestrial Applications



Considerations for ISS Integration

● Airflow systems integration

● Power usage

● Specific constraints with each location on the ISS

● Synchronization with ambient lighting

● Waist restraint for gravity



No
. Ap p lica t io n Mo d u le P ro s . Co n s.

1

P re -p o st  
s le e p Ha rm o n y

● fu n c t io n s m o re  p re d ic t a b le , e a s ily 
co n t ro lle d

● use of smell m a yb e  p o ssib le ● Ca n  o n ly b e  individual b a se d
● Te st e d  fo r short period o f d a y

2 Hyg ie n e / 
Exe rc ise Tra n q u ilit y

● co m b in in g  p sych o lo g ica l h e a lt h  w it h  
physical health

● use of smell m a yb e  p o ssib le ● lo w  sco p e  o f m u lt i-p u rp o se  a p p lica t io n

3

W o rksp a ce

De st in y
● h a s CEVIS fit n e ss e q u ip m e n t  , h e n ce  

m u lt i-u se  o f vr -

Co lu m b u s
● h a s MARES fit n e ss e q u ip m e n t , 

g a rd e n , m e t a l a llo y re se a rch ● m o st ly m e d ica l e q u ip m e n t , p lu s  ve ry c ro w d e d

Kib o ● Mu lt ip lic it y o f fu n c t io n s -

Zve zd a ● g a lle y, w o rkst a t io n , sp a ce  t o ile t ● c ro w d e d

4

Me a l Un it y

● social use o f virt u a l re a lit y, 
e n t e rt a in m e n t  ce n t ric

● co m b in a t io n  o f taste sensory
e xp e rie n ce  a s  w e ll

● t o o  so c ia lly a c t ive  fo r p sych o lo g ica l im p a c t  
t e s t in g

Possible Locations for ISS Integration



Milestones

2019 2020 2021 2024 2026 2034
May Jun Jul Aug Sep Oct Nov Dec

Research Design
Prototypin
g Testing Re-Design

Fabrication
Analog Analog ISS Gateway DST

TRL 1 TRL 2 TRL 3 TRL 4 TRL 5 TRL 6 TRL 7 TRL 8 TRL 9

Materials 1000$
Projector 2300$
Makerspace 600$
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Subsystems

Emergency Egress Energy Efficiency

150 degree

360 degree



Mediated Atmospheres in  Sp a ce



COMPARISON OF OVERALL MIXED REALITY (MR) SYSTEMS

Pr os

Cons



Pre -De sig n  Re se a rch

○ P sych o lo g ica l p ro b le m s
○ W h y VR p o d  in  ISS
○ Lig h t in g  syst e m s o n  ISS



1. Lack of communication/ isolation
2. Acrophobia / vertigo
3. Stress from internal conflicts 
4 . Feeling of sustained tumbling / inversion
5. Navigation - push-off force
6. Unpredictability of dynamic reaction of vehicle
7. Eye-hand coordination
8. Inaccurate perception of spatial orientation
9. Post -flight disorientation problems

Psychological problems



Why test VR Pod in ISS?

● Ea sy d e p lo ya b ilit y

● Ca n  b e  in t e g ra t e d  w it h  m u lt ip le  fu n c t io n s

● Fu lly im m e rsive  w it h  m in im u m  in t ru sio n

● Ca n  b e  t e s t e d  w it h  m o re  a ccu ra cy

Earth Analogs ISS NASA DST



Design Guidelines for AstroPod Projections
● Circa d ia n  rh yt h m

● Ho lis t ic  e ffe c t  

● Lig h t in g  in t e n sit y a n d  co lo r

● Orie n t a t io n  

● Vib ra t io n s d u rin g  a cce le ra t io n  

● To t a l a m o u n t  o f lig h t  fa llin g  o n  c re w s’ e ye s

○ Dire c t io n  o f lig h t  so u rce s

○ vie w in g  a n g le

○ g ra p h ics  d e sig n  o f d isp la y

● Lig h t in g  sch e d u le



● Illumination levels of functions

● Effe c t  o f e xt e rio r lig h t

● Em e rg e n cy lig h t in g  a n d  p ro t o co l

● Lig h t in g  co n t ro ls

● P ro vis io n  fo r d im m in g

● Gla re  p re ve n t io n

● No  m e rcu ry la m p s

● P o w e r u sa g e

● Au t o m a t io n

● Brig h t n e ss  ra t io s

De sig n  Gu id e lin e s  fo r Ast ro P o d  P ro je c t ion s



No
. Ap p lica t io n Mo d u le P ro s . Co n s.

1

P re -p o st  
s le e p Ha rm o n y

● fu n c t io n s m o re  p re d ic t a b le , e a s ily 
co n t ro lle d

● use of smell m a yb e  p o ssib le ● Ca n  o n ly b e  individual b a se d
● Te st e d  fo r short period o f d a y

2 Hyg ie n e / 
Exe rc ise Tra n q u ilit y

● co m b in in g  p sych o lo g ica l h e a lt h  w it h  
physical health

● use of smell m a yb e  p o ssib le ● lo w  sco p e  o f m u lt i-p u rp o se  a p p lica t io n

3

W o rksp a ce

De st in y
● h a s CEVIS fit n e ss e q u ip m e n t  , h e n ce  

m u lt i-u se  o f vr -

Co lu m b u s
● h a s MARES fit n e ss e q u ip m e n t , 

g a rd e n , m e t a l a llo y re se a rch ● m o st ly m e d ica l e q u ip m e n t , p lu s  ve ry c ro w d e d

Kib o ● Mu lt ip lic it y o f fu n c t io n s -

Zve zd a ● g a lle y, w o rkst a t io n , sp a ce  t o ile t ● c ro w d e d

4

Me a l Un it y

● social use o f virt u a l re a lit y, 
e n t e rt a in m e n t  ce n t ric

● co m b in a t io n  o f taste sensory
e xp e rie n ce  a s  w e ll

● t o o  so c ia lly a c t ive  fo r p sych o lo g ica l im p a c t  
t e s t in g

P o ssib le  Lo ca t io n s o n  ISS



Considerations for integration with the ISS

● Off-g a ssin g  o f m a t e ria l

● Airflo w  syst e m s

● P o w e r u sa g e

● De t a ile d  m e ch a n ism  fo r d e p lo ym e n t

● Sp e c ific  co n st ra in t s  w it h  e a ch  lo ca t io n  o n  t h e  ISS

● Syn ch ro n iza t io n  w it h  a m b ie n t  lig h t in g

● Op a q u e  p o d

● W a ist  re s t ra in t  fo r g ra vit y

● Ta c t ile  se n se s

● Sp a t ia l se n se s



Size

840mm 1200mm 1990mm

1060m
m



Air  c ir c u la t io n  s ys t e m Co p in g  with  vib r a t io n s

 ,  
dampening



Method of construction
Paper models Fabric models

Mo st  Im p o rt a n t  
Le a rn in g

Sp h e rica l o r 
Do u b ly cu rve d  
su rfa ce  ca u se s  
se a m s, w h ich  is  n o t  
su it a b le  fo r re a r / 
d u a l p ro je c t io n ,
On ly e xce p t io n  
b e in g  CNC 
w e a vin g  fa b ric .



Form Finding

Ske t ch in g Rh in o

Au t o CAD 

Le a rn in g s -

- Horizon t a l fa ce t e d  g e om e t ry 
ca u se  le ss  visual obstruction
t h a n  ve rt ica lly fa ce t e d  
w ire fra m e

- Vision  a n g le  a n d  t h row  o f 
p ro je c t o r d e c id e s  diameter of 
pod

- Te a rd rop  sh a p e  a llow s leg 
movement , h e n ce  a llow in g  
fu t u re  p rovis ion  fo r w a is t  
re s t ra in t s  fo r gravity 
simulation

- Type of projector d e c id e s  
a irflow  syst e m s, p osit ion  o f 
p ro je c t o r, sh a d ow  fo rm a t ion , 
e n e rg y u se d , s t ra in  on  e ye



Final Design

Side is tilted keeping 
perpendicular to line 
of sight in neutral 
body posture

Asymmetry helps 
in orientation

Cutout does not have 
rigid edge for flexibility 

Lesser surface area 
kept with 60 degree 
vision angle for back 
face



Next Steps
● Exp a n sive /Co n t ra c t ive  p o d  (co n n e c t in g  sp a t ia l se n so ry o u t p u t )



Next Steps

● In t e g ra t io n  w it h  va rio u s  e xe rc ise  e q u ip m e n t  o n  t h e  ISS

COLBERT CEVIS MARES TVIS ARED



Next Steps
● In t e g ra t io n  o f p ro je c t io n -b a se d  

t o u ch  in p u t  



Emergency Egress



Material choice
Visual quality Flammability

health hazards 
and toxicity

Durette creases possible good

https://apps.dtic.m
il/dtic/tr/fulltext/u2/
779886.pdf

Fiberglass lacks opacity best

Cotton Creases possible not good

PBI no risk yet good
inhalation, skin 
contact

https://www.aubur
nmfg.com/upload
s/msds114.pdf

Teflon no risk yet very good

Nomex webbing weaving can be risk not good low off gassing

http://www.naked
whiz.com/gaskets
afety/nomextechni
calguide.pdf

Kevlar weaving can be risk not good low off gassing

Carbon black color = more energy good

https://apps.dtic.mil/dtic/tr/fulltext/u2/779886.pdf
https://www.auburnmfg.com/uploads/msds114.pdf
http://www.nakedwhiz.com/gasketsafety/nomextechnicalguide.pdf


Mass calculation

material kg material kg material kg

Aluminium pipe 2.45 Aluminium pipe 2.45 Aluminium pipe 2.45

Projector 0.01814 Projector 0.01814 Projector 0.01814

teflon-min 0.5 durette 1 teflon-max 2.6

total mass 2.96814 total mass 3.46814 total mass 5.06814

Depending upon material choice, 3 - 5kg or 6.6 - 11lbs



Mass calculation

Aluminium 
pipe
2.7g/cc

diameter of 
hoop {inch}

circumferenc
e(inch)

circumferen
ce(ft)

outside 
cross 
section 
(inch)

thickness of 
metal 
(1/16")

hollow 
cross 
section dia 
(inch)

solid 
volume 
(cubic 
inch)

void 
volume 
(cubic 
inch)

net 
volume 
(cubic 
inch)

volume 
(cubic 
cm) mass (g)

20 62.83 5.23 0.20 0.063 0.07 12.37 4.45 7.92 129.73 350.28
24 75.40 6.28 0.20 0.063 0.07 14.84 5.34 9.50 155.68 420.34

30 94.25 7.85 0.20 0.063 0.07 18.55 6.68 11.88 194.60 525.42

30 94.25 7.85 0.20 0.063 0.07 18.55 6.68 11.88 194.60 525.42

36 113.10 9.42 0.20 0.063 0.07 22.26 8.01 14.25 233.52 630.51

total mass 2451.97



Cost breakdown

size Qt. Price Sub-total

durette 54"x94" 3 272$ 817$

projector - 1 2,300$ 2,300$

aluminium pipe varies 4 varies 126$
Makerspace - - - 600$

Total 3,843$



Cost breakdown

diameter of 
hoop {inch} Qt.

circumference 
(ft) cost

Aluminium pipe 20 1 5.23 17.04
2.7g/cc 24 1 6.28 27.24

30 2 7.85 54.48

36 1 9.42 27.24

total 126.00



Air flow system

Re co n sid e ra t io n  re q u ire d  b a se d  o n  -

● m a t e ria l ch o ice  d iffe re n ce s

● h e a t  t h ro w  b y sp e c ific  p ro je c t o r 

● re la t ive  ve n t  lo ca t io n s o n  ISS

Exist in g  Ve n t  P la n



Energy requirements 

En e rg y Sa vin g  Mo d e Fu ll 
p e rfo rm a n ce



Choosing a projector

- Ult ra -sh o rt  t h ro w
- P h ysica l s ize  o f p ro je c t o r
- HD visu a l q u a lit y
- W e ig h t
- Co st
- Re lia b ilit y / Cu st o m e r re vie w

https://docs.google.com/spreadsheets/d/19yudjYi6KwjFKzXxjO8_be_gAl-K7r5m8jntH8cg1YQ/edit#gid=0




Earth Applications of AstroPod

● Ho sp it a ls

● Cro w d e d  co m m u n a l livin g  so lu t io n s

● Am p u t a t e d  / w h e e lch a ir u se rs’ re c re a t io n

● Ho t e ls  a n d  lu xu ry re so rt s

● Te st  in  a n  a n a lo g  m issio n



Inspiration

In sp ire d  b y t h e  m yt h  t h a t  yo u  ca n  h e a r 
t h e  se a  t h ro u g h  t h e  co n ch  sh e ll, 
Ast ro P o d  a im s t o  co n n e c t  a s t ro n a u t s  t o  
t h e ir h o m e  p la n e t , Ea rt h  t h ro u g h  
im m e rsive  virt u a l re a lit y e xp e rie n ce s .







Analog


	AstroPod
	Contents -
	Psychological problems
	Problem
	Solution
	Scope of Functions
	Design
	Form Finding
	Prototyping + Fabrication
	Projector Testing
	Redesign
	Material
	Lighting Guidelines
	Multi-sensory Applications
	Terrestrial Applications
	Considerations for ISS Integration
	Possible Locations for ISS Integration
	Milestones
	Questions?
	Backup Slides
	Slide Number 21
	Subsystems
	Mediated Atmospheres
	COMPARISON OF OVERALL MIXED REALITY (MR) SYSTEMS
	Pre-Design ResearchPsychological problemsWhy VR pod in ISSLighting systems on ISS
	Psychological problems
	Why test VR Pod in ISS?
	Design Guidelines for AstroPod Projections
	Design Guidelines for AstroPod Projections
	Possible Locations on ISS
	Considerations for integration with the ISS
	Size
	Air Circulation, Vibration dampening
	Method of construction
	Form Finding
	Final Design
	Next Steps
	Next Steps
	Next Steps
	Emergency Egress
	Material choice
	Mass calculation
	Mass calculation
	Cost breakdown
	Cost breakdown
	Air flow system
	Energy requirements 
	Choosing a projector
	Slide Number 49
	Earth Applications of AstroPod
	Inspiration
	Slide Number 52
	Slide Number 53
	Analog

