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TilePoP is a pneumatic 
haptic interface for VR 
deployed as floor tiles
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pop-up tiles

\

dummy tiles 3x3x3

2.2 m

2 m 9cm
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pop-up tiles
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cube airbag



inflatable cube

30 cm



30 cm



PVC wrapping fabric

30 cm

support 
body weight*

120 kg

*only when fully inflated



acrylic tube

magnet

30 cm

folding  
guides



top acrylic sheet

acrylic stack

bottom acrylic sheet
30 cm

stability



outlet

PE tube
force sensor

30 cm

pneumatic 
control



implementation
TilePoP
challenge #1: folding



side expansion view 3D view

packaging folding
acrylic tube acrylic sheet



packaging folding
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❌

packaging folding

flat full flatdeflatinginflating

outward outward



side expansion view
3D view

spiral folding
acrylic tube acrylic sheet

Zhai et al. 
[PNAS ’18]



spiral folding

flat full flatdeflatinginflating



spiral folding

flat full flatdeflatinginflating





rotate



rotate

30 cm
6 cm







implementation
TilePoP
challenge #2: stacking



stacking



3 stacked airbags folded

side view



inflate from the top one



inflating







unstable 
at the bottom

inflating



unstable 
at the bottom

falllong lever arm

inflating



inflate from the bottom one



inflating
short lever arm







stable  
at the bottom

inflating





20x





tube



implementation
TilePoP
challenge #3: transformation time
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warning
range 

inflating/deflating
cubes
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Warning
range 

Inflating/Deflating
Props

Fully-inflated
Props

Ready for
interactions

fully-inflated
cubes

ready for
interactions

1. add indicator





2. add visual effect 
during transformation



3. alternate between 
virtual and prop interaction

pure virtual 
interaction

prop 
interaction



4. inflate in advance



dino prop boat prop

5. reuse shared parts



dino prop boat prop



dino prop boat prop

shared part



shared part

dino prop

boat prop



interactions 
using TilePoP



on-demand shapes for the whole body 

interactions 
using TilePoP













interacting with additional props 

interactions 
using TilePoP







emulation of material properties

interactions 
using TilePoP







Jurassic Island 
Escape





Block World 
Builder





preliminary 
user evaluation



“it feels real”“it’s like magic”



limitations



Shape changing speed is slow.

limitations



Shape changing speed is slow.

Inflated airbags are not stable for standing.

limitations



Shapes are limited to 2.5D blocks.

Shape changing speed is slow.

Inflated airbags are not stable for standing.

limitations



future work



To increase speed: 
Consider developing internal tube structures.

future work



To increase speed: 
Consider developing internal tube structures.

To provide finer shapes: 
Consider developing external structure.

future work



work in progress



conclusion



conclusion
We introduced TilePoP, a floor-
mounted shape display for VR.



conclusion
We introduced TilePoP, a floor-
mounted shape display for VR.

TilePoP provides large physical 
shapes on demand, allowing 
users to walk and sit on.



hand-scale
PuPoP [UIST ’18]

body-scale
TilePoP [UIST ’19]

pop-up prop
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