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tactile feedback
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• goal is to stimulate the skin in a programmable 
manner to create a desired set of sensations

• sometimes distributed tactile feedback is provided



What does the human hand feel?

“Psychophysical 
Dimensions of Tactile 

Perception of Textures” by 
Okamoto et al., 2013

Stanford University                                 ME 327: Design and Control of Haptic Systems                              © Allison M. Okamura, 2020



• Spatial distribution of SAI
• No temporal information

What does the human hand feel?

“Psychophysical 
Dimensions of Tactile 

Perception of Textures” by 
Okamoto et al., 2013
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• Vibratory information
• FAI and FAII

What does the human hand feel?

“Psychophysical 
Dimensions of Tactile 

Perception of Textures” by 
Okamoto et al., 2013
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• Mediated by skin of finger pad
• Skin stretch or adhesion

What does the human hand feel?

“Psychophysical 
Dimensions of Tactile 

Perception of Textures” by 
Okamoto et al., 2013
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• Heat transfer property between texture and 
finger

• TRP ion-channels on free nerve endings

What does the human hand feel?

“Psychophysical 
Dimensions of Tactile 

Perception of Textures” by 
Okamoto et al., 2013
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• Tactile cues

• Contact area between finger pad and 
object is important

What does the human hand feel?

“Psychophysical 
Dimensions of Tactile 

Perception of Textures” by 
Okamoto et al., 2013
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Feeling through a tool
• Rigid link between surface and fingers 

• No spatial cues available
• Skin deformation from tool, not from surface

• Vibratory stimuli

• Warm/cool dimension 
cannot be conveyed
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technologies and interaction modes
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Jerome Pasquero, Survey on Communication through Touch, Technical Report: TR-CIM 06.04, 2006



particle jamming

Stanley et al. 2013
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Quek et al. 2013, Schorr et al. 2013
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skin stretch



variable friction surfaces
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Disney’s TeslaTouch (Bau et al. 2011):
https://www.youtube.com/watch?v=3l3MDNZk-3I

Northwestern TPad (many publications):
http://stage-admin.northbynorthwestern.com/story/more-

than-a-feeling/ 

AS01CH12_Okamura ARI 29 January 2018 10:42

Low pressure

High pressure

Low vacuum

High vacuum

Inlet for
pressurized air Silicone

top layerCo!ee grounds
Tubing for

vacuum lines

Reel Solenoid Reel cap

Silicone
bottom layer

Figure 7
Deformable crust using pneumatics and particle jamming. The pressure underneath the crust can raise and lower a cell, and the vacuum
inside a cell filled with granular material (in this case, coffee grounds) changes the hardness of the cell. Multiple cells can be combined
in an array with reels and solenoids to control the outlay of string pulling down on the crust at points between the cells. This results in a
surface with controllable shape and mechanical properties. Figure adapted from Reference 128; c© 2015 IEEE, reprinted with
permission.

be heard or felt directly by a human. Measuring the position and speed of a finger touching the
surface enables the friction to be modulated in order to display walls, textures, etc., on the surface.

Another way to modulate friction uses changing electrostatic forces (109, 130) (Figure 8b).
Here, the normal force between the finger and surface depends on the attraction of electrostatic
force, which is not strong enough to feel in the direction perpendicular to the surface but changes
the effective friction enough to display similar walls and textures. The effect is not typically as strong
as with vibrations, but electrostatics has the advantage that it uses no moving parts. Inherent in
these approaches is that the surface must be actively explored by the finger(s), and the surface
can dissipate energy only by resisting fingertip movement. There is a way to actively push on
the finger, akin to what a traditional kinesthetic haptic device does: An actuator moves the plate
laterally under the finger while friction is high, imparting a force to the finger. Since the lateral
motion cannot go on forever, the system can be reset by lowering the friction using either the
ultrasonic vibration or electrostatic technique and relocating the plate to its original position,
ready to display to the finger again (133). In the future, this effect might be achieved passively
with clever microstructure design of materials.
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Figure 8
Variable-friction surfaces. (a) The open-source Tactile Pattern Display (TPaD) tablet. This tablet operates by vibrating the glass
surface ultrasonically, which changes the friction between the finger and the surface and thus changes the shear force felt as a finger
slides across the surface (as described in Reference 129). (b) Electrostatic vibration. This approach changes the friction by using
electrostatic force to attract the finger to the surface. Although the forces are too small to feel directly, they change the friction felt by
the user as the finger slides over the surface. Panel a provided by Joe Mullenbach. Panel b adapted from Reference 130; c© 2010
Association for Computing Machinery, reprinted with permission.
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https://www.youtube.com/watch?v=3l3MDNZk-3I
http://stage-admin.northbynorthwestern.com/story/more-than-a-feeling/
http://stage-admin.northbynorthwestern.com/story/more-than-a-feeling/


mid-air haptics
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Ultrasonic haptics (Ultrahaptics):
https://www.youtube.com/watch?v=6IhQnWb44zk

Vortex haptics (Microsoft):
https://www.youtube.com/watch?v=b5vzvMCmiyQ

https://www.youtube.com/watch?v=6IhQnWb44zk
https://www.youtube.com/watch?v=b5vzvMCmiyQ


vibration feedback
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eccentric mass motors
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shaftless vibration motors
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vibration motors
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shaftless vibration motors
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www.precisionmicrodrives.com



information display
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Rotella et al. 2012



linear actuator: C2 Tactor
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www.eaiinfo.com



C2 Tactor application
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Gurari et al. 2009



C2 Tactor application
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Gurari et al. 2009



C2 Tactor application
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Cheng et al. 2012

virtual prosthetic hand

tactor mapping tactor waistbelt

envelope frequencies
level 1

level 2

level 3
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Electromagnetic 
coil

Permanent 
magnet

Housing

another vibration actuator 
(voicecoil)

Haptuator, www.tactilelabs.com
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Voicecoil actuator
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McMahan and Kuchenbecker 2009



Voicecoil actuator application

Stanford University                                 ME 327: Design and Control of Haptic Systems                              © Allison M. Okamura, 2020

Culbertson et al. 2013


