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1. A novel concept of distributed encountered-type haptics 
for VR, enabled by swarm robots. 

2. A hardware and software implementation of HapticBots, 
including a highly robust extendable mechanical structure. 

3. Applications and user evaluation to demonstrate the 
effective continuous haptic illusions.
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Related Work



Encountered-type Haptics

shapeShift [CHI 2018] RoomShift [CHI 2020] Snake Charmer [TEI 2016]

providing haptic sensation by reconfiguring physical environments



Encountered-type Haptics - Shape Display

inFORM [UIST 2013]



Encountered-type Haptics - Shape Display

shapeShift [CHI 2018] inFORCE [TEI 2019] Auxetic Display [Nature 2021]



Encountered-type Haptics - Shape Display

shapeShift [CHI 2018] inFORCE [TEI 2019]

Limitation:  
1. Fixed interaction area: significantly increase costs if making it large 
2. Not graspable: pins are fixed on the base, which also limits lateral movement 
3. Not deployable: requires heavy, large, and complex mechanical systems

Auxetic Display [Nature 2021]



Limitations of Shape Display  
1. Fixed interaction area 
2. Not graspable 
3. Not deployable

Shape Display based Haptics Swarm Robotic based Haptics

Our Approach:  
1. Large and flexible 
2. Graspable and portable 
3. Easily deployable

→ 
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Encountered-type Haptics - Swarm Robots



HapticBots
Distributed Encountered-type Haptics  
with Shape-changing Swarm Robots





Lateral Movements

Coordinated Behaviors



Implementation



[UIST 2019] ShapeBots: Shape-changing Swarm Robots

Inspiration

→ Limitations and Challenges:   
1) Weak Actuator Robustness 
2) Imprecise Open-loop Control  
3) Non-tilt Support 
4) Non-VR Integration
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HapticBots
Distributed Encountered-type Haptics 

1. A novel concept of distributed encountered-type haptics for VR, enabled by  
shape-changing swarm robots. 

2. A hardware and software implementation of HapticBots, including a highly robust 
extendable mechanical structure. 

3. Applications and user evaluation to demonstrate the effective continuous haptic illusions.
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