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The game engine based visual system fulfills all research objectives: It has shadow removal 
functionality and it is Compiz independent. Furthermore, it can respond to foot pressure.

• Virtual event design, such as cracking and 
 breaking of virtual ice or splashing of virtu-
 al fluids upon foot pressure
• Communication system expansion, such as 
 sending OSC messages from Unity to the 
 CAVE floor in order to control the haptic 
 feedback based on virtual events
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1. Algorithm for homography based on: R. Hartley & A. Zisserman (2004). Multiple View Geometry in Computer Vision (2nd ed.). Cambridge University Press.

Figure 1: Game scene setup

Figure 7: Graphics rendering system overview

Figure 3: Distorted planes

Figure 2: Game in play mode

Figure 14: Communication system expansion

Figure 10: Virtual snow

Figure 12: Virtual ice

Figure 11: Virtual  sand

Figure 13: Virtual  fluid

Figure 4: Before calibration Figure 5: After calibration

Figure 6: Calibration system overview Figure 9: Footprints on virtual snow

Figure 8: Simplified communication system overview

Server CG

OSC Parser

Data Center

VE2VE1 ...

OSC

Server CG
Parser

Sender

Data Center

VE2

VE1

...

1. Introduction 3. Graphics rendering 5. Conclusion

2. Projector calibration 4. Communication between Unity and floor 6. Future Work

7. Acknowledgements

8. Reference

Background
• The multimodal Cave Automatic Virtual 
 Environment (CAVE) floor provides its
  user visual, audio and haptic feedback
• Visual feedback is provided by two pro-
 jectors, which are connected to a com-
 puter responsible for graphics (CG)
• An important feature for a immersive
 CAVE experience is the removal of shad-
 ows generated by the floor user 
• Shadow removal was achieved by using 
 a Compiz plugin that calibrates both pro-
 jectors
• The Compiz plugin broke due to system 
 updates on CG
• This makes the visual feedback system of 
 the CAVE dependent on CG system up-
 dates, which is not desirable

Research objectives
• Restore shadow removal functionality
• Design a visual feedback system, which 
 is independent of Compiz 

Proposed method
• Use game engine Unity to calibrate pro-
 jectors
•  Migrate the existing graphics rendering 
 system responsible for visual feedback 
 to Unity

Motivation for proposed method
• Unity provides tools for graphics render-
 ing without Compiz dependence
• Complex virtual environments can be 
 created within Unity that might improve 
 existing animations

Methodology
• Set up two planes, a main camera and
  two light sources in the game scene
• The corners of a plane can be dragged
 around and distort the plane texture
• Distortion is given by homography [1], a 
 linear mapping that maps an image to an
 arbitrary tetragon
• Switch display mode on CG to dual-win-
 dow display
• Connect the graphical outputs of CG to
 both projectors and run game on CG
• The projectors can now be calibrated by 
 dragging the corners of the planes to the 
 corners of the floor

Result
• Shadow removal functionality restored

Methodology
• The calibrated projectors project the 
 virtual planes onto the floor
• Hence, any image can be projected 
 onto the floor by changing the texture of 
 the planes
• Animations can be projected onto the 
 floor by using a render texture
• A render texture takes the graphical 
 output of a virtual camera and renders it 
 onto a texture at runtime
• Therefore, animations can be generated 
 by virtual events that happen in front 
 of a virtual camera
• Virtual events can be generated by 
 using the physics engine of Unity

Results
• The new visual system is completely 
 independent of Compiz
• The new visual system can generate any 
 image or animation

Background
• In order for the visual system to respond 
 to foot pressure on the floor, CG and 
 floor must communicate with each other
• Communication is based on Open Sound 
 Control (OSC) protocols
• The floor sends pressure data to a 
 server, where they will be processed and 
 sent to client applications such as CG
• The new visual system must be able to 
 receive and parse OSC messages, and
 generate virtual events such as foot-
 prints on virtual snow

Methodology
• Write a parser for OSC messages
• Write a data center to store parsed data
• Use data to generate virtual events (VE)

Results
• Unity is capable of receiving and parsing 
 OSC messages
• Data center makes sure that all virtual 
 objects and events access the same data


