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Pneumatic Interfaces



Physical Proxies

Always-available in VR



Pop-up Prop on Palm 
(PuPoP) 
is a pneumatic shape-proxy interface 
worn on the palm.
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Natural grasping sensation.

Skin tactile feedbackForce feedback



Always available in the entire VR interaction space.



Easy to wear and take off.

Light-weight



Design 
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Pneumatic 
Control System
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Airbags
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Grasp Taxonomy
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Sphere balls in sports, snowballs, bombs, and grenades, etc.
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Hemisphere bowl

Others scissors, clothes, chain, fish, cat, etc. 

VR Game Objects
111 hand-held objects found in 20 game trailers.
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Finger Operation

Object Properties Emulation

Elasticity Heartbeat

Leap Motion Force-Sensitive Resisters (FSRs)

Prop Sensing



Natural Grasp

Magic Grasp
“Summoning.”

Grasp in place.

Incorporation into VR



Demo 
Applications



Demo Application
Quidditch Sports Training



Flat State Ball (Large Sphere) Snitch (Small Sphere)



Demo Application
Magic Brush Painting



Flatten State Brush (Cylinder) Eraser (Extended Box)



User 
Studies



User Study 1
Visual Size Acceptance Range

Can PuPoP leverage visual dominance effect to 
allow a single prop to represent a range of 
similar visual sizes?

≈

Physical Prop Visual Counterpart

Acceptance Range



User Study 1
Visual Size Acceptance Range

Sphere Cylinder Box

Can PuPoP leverage visual dominance effect to 
allow a single prop to represent a range of 
similar visual sizes?

Visual 
(mirrored from 
the VR headset)

Prop

Using one-up-one-down adaptive staircase method. 
Participants answered YES or NO on whether the visual 
size matches the physical one.
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User Study 2
VR Enjoyment & Object Realism

What is effect of PuPoP on VR application 
enjoyment and object realism, compared to 
other interfaces?



User Study 2
VR Enjoyment & Object Realism

PuPoP Controller Free-hand Manipulation
(HTC VIVE) (Leap Motion)

What is effect of PuPoP on VR application 
enjoyment and object realism, compared to 
other interfaces?

Participants rated enjoyment and object realism in a 
continuous 7-point Likert Scale.
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Limitations & Future Work

1. Grounding. 
2. Illusion. 
3. Portability & Inflation time. 
4. Stiffness. 
5. Complex shapes.
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Limitations & Future Work

1. Grounding. 
2. Illusion. 
3. Portability & Inflation time. 
4. Stiffness. 
5. Complex shapes.

Skouras, et al. SIGGRAPH ’14 



1. The concept of a light-weight wearable 
Pop-up Prop on Palm (PuPoP) for VR.  

2. The design and implementation of a set 
of PuPoP shape structures, including 
stacking, extension and sensing.  

3. Two user studies to understand visual 
size acceptance range of PuPoP and 
evaluate the interface. 

Conclusions


