
Recap
Haptic concept
Types of haptic
Tactile feedback and 
Mechanoreception
Examples of tactile devices 



Haptics for VR
CMSC730 | Huaishu Peng | Spring 2026



Small taste of VR 
Haptics Research



Visual rendering is not enough to offer immersive experience



Current VR Controllers
Vibration



Vibration
feedback



How to add haptic feedback
to VR systems

If you are going to design a system to offer 
full body physical feedback, how will you do 
it?



Hardlight VR Suit
Failed Kickstarter Campaign

Pure vibrotactile stimulation ignores the role of sustained or 
distributed force in conveying realism.

In the real world, very few experiences are conveyed by vibration 
alone.



Pressure and Force Feedback

Shape and Curvature

Texture

Temperature

Shear Forces

…



An alternative idea? 



An alternative idea? 

Offer both vibration and variable force feedback
with pneumatic haptic wearable system



Force Jacket: Pneumatically-Actuated Jacket for Embodied 
Haptic Experiences

CHI 2018
Delazio et.al. 

How are you going to build such system? What are the possible hardware components?





Will it work? What would be the next step with the initial prototype?



Localization User Study
to determine users’ ability to perceive the location of the various inflatable compartments in the 
haptic pneumatic wearable.

There was a tendency to feel the lower arm location toward the wrist. Shoulder locations were biased toward 
the upper back rather than centered on top of the shoulders.

Free Magnitude User Study
to determine how perceived pressure magnitude was related to inflation
magnitude of the various air compartments in the Jacket.



Haptic Effect Editor
to easily create and control haptic feedback sequences

Inflation Pressure [psi]
Target Force [N] 
Feedback Duration [ms] 
Target Frequency [Hz]
Bags To Inflate



Applications



Simulate impact in VR



UIST 2015
Lopes et.al. 

Impacto: Simulating Physical Impact by Combining Tactile Stimulation with EMS



The sensation of impact can be decomposed 
to
contact + impulse contact



contact

The sensation of impact can be decomposed 
to
contact + impulse







How can you build something like this?







User study to evaluate the core idea ->decomposing an impact’s haptic feedback into a tactile component (solenoid) 
and an impulse component (EMS)

With no EMS no Solenoid
With only EMS
With only Solenoid
With both



With no EMS no Solenoid
With only EMS
With only Solenoid
With both





How to add physical feedback
to VR systems



How to add physical feedback
to VR systems

Haptic feedback to hands



What do you see here? Any problem with exoskeleton hand solution?



DextrES: Wearable Haptic Feedback for Grasping in VR via a Thin Form-Factor Electrostatic Brake

UIST 2018
Hinchet et.al. 



Electrostatic braking mechanisms







PuPoP: Pop-up Prop on Palm for Virtual Reality

always-available physical proxies for generating grasping haptic feedback in VR. 

UIST 2018
Teng et.al. Also pneumatic system, but hands-worn



What problem does this paper trying to solve?



How does this paper solve it?



What are the potential challenges for this solution?



There will be limited shapes that can be rendered, how to decide what shape to generate?











How to add physical feedback
to VR systems

Haptic feedback to fingers



Sensory homunculus

mapping the human somatosensory cortex



CHI 22
Shen et.al. 



BeamBand: Hand Gesture Sensing with Ultrasonic 
Beamforming



So far haptics are all from body-worn devices

Other approaches to offer tangible feedback for VR? – Encountered Haptic



TEI  2016
Araujo et.al. 

Snake Charmer: Physically Enabling Virtual Objects



Based on hand’s trajectory and VR content
Robotic arm will pose the corresponding surface at the right location



Back-driving: the user can physically move the virtual object.



Robotic arm can change the interactive surface based on VR content
Even change to active props

Air flow; Temperature virtual DJ mixer



Robotic arm has its range -> which can be an limitation for the interaction area
Improvement?



The number of physical props and the speed at which they can be 
changed seem to be major bottlenecks for encountered haptics?



CHI  2016
Azmandian et.al. 



Repurposes a single physical prop to provide a passive haptic sensation 
for a variety of virtual world objects thus increasing the user’s sense of 
presence and improving the overall quality of the experience

Why this works? -> when senses conflict, vision often dominates.



Body Warping – Manipulating the virtual representation of the person’s body (e.g., arms) such that, at the point of 
contact with the real object, the body part also appears to be at the virtual object; 

World Warping – Manipulating the virtual world’s coordinate system to align virtual and physical objects; 

Hybrid Warping – A dynamic combination of Body and World Warping.



Body Warping – Manipulating the virtual representation of the person’s body (e.g., arms) such that, at the point of 
contact with the real object, the body part also appears to be at the virtual object; 

World Warping – Manipulating the virtual world’s coordinate system to align virtual and physical objects; 

Hybrid Warping – A dynamic combination of Body and World Warping.





Next?

Does the robotic arm have to be grounded to one location?



RoomShift: Room-scale Dynamic Haptics for 
VR with Furniture-moving Swarm Robots



How to add physical feedback
to VR systems

If you are going to design a system to offer 
full body physical feedback, how will you do 
it?



How to add physical feedback
to VR systems

If you are going to design a system to offer 
full body haptics and motion, how will you do 
it?





Motion platforms are expensive, large, heavy 
and thus stationary – Alternative approach?



Human actuators!



Haptic Turk: a Motion Platform Based on People



UIST  2015
Cheng et.al. 

How does it work?



A scheduler for each of the human actuator
The instructions can generate preemptive warnings
Similar to Tap-Tap-Revenge



Because its mainly a software 
contribution, it is scalable and flexible



Limitation? 
1. We don’t always have multiple friends available
2. 4+ are supporting and only 1 is playing



Mutual Human Actuation
run pairs of users at the same time and have them provide human actuation to each other



UIST  2017
Cheng et.al. 



Shared Props

1.Continuous exchange of force between users’ hands 2.Impact

Contactless sensationsRearranging props



Shared Props

4. Rearranging props3.Continuous motion



But again, mainly a software scheduling problem



VR scenes need to be carefully designed to map the mutual motion 



Advancing Immersion
Area of force feedback

Type of feedback
Expressiveness



Optional readings

CHI 20
Fang et.al.

UIST  2017

Cheng et.al. 
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