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• creates a sense of touch 
• greek word haptesthai = to contact / to touch

haptics technology:



what sensations  
can you feel when you touch something?

<30 sec brainstorming>



Golgi& tendon&organ

Muscle&spindles

Join&receptors

tactile sensation 
through skin

force sensation 
through muscles

(edges, curvature, and texture, hot/cold) (hand position and conformation)

+



 mainly used in VR …

 … telepresence robotics …

 … and for the visually impaired



history



 1973 haptic phone



 1973 haptic phone



[Hemmert, Intimate Mobiles ’10] 
 2010 haptic phone actually built





 1975 three-dimensional haptic feedback

• potentiometer sense the position 
• motors determine movement force



 1975 three-dimensional haptic feedback



[PHANToM, senseable]

 2000-ish… state of the art commercial devices 
($500 - $1500) ‘feel a virtual shape’

[Falcon]



 2000-ish… state of the art commercial devices 
($500 - $1500) ‘feel a virtual shape’



 1995 watch with tactile feedback for short messages

• got no award in a competition



 2015 "it taps you on the wrist” [Apple watch 2015]



generating ‘true’ haptics is still difficult…



(1) force feedback 
(2) tactile feedback 
       (vibration, sound, air, lasers)

types of haptics



#1
force feedback



virtual wall



solution 1:  
push with hand  
against mounted base



[PHANToM, senseable]

[Falcon]

 2000-ish… state of the art commercial devices 
($500 - $1500) ‘feel a virtual shape’



 2001 Tele-Handshake with Phantom device





lots of new hardware 
being developed right now



 2013: mounted touch screen base





the base can also be handheld…



 2016: miniaturizing the base



 based on a stewart platform





 and a shape display..





… or wearable…



 2017 wearable shape display



 2017 wearable shape display





[SkinDrag Displays 2015]

 more than just one spit vibrating!





the base can also be flying… 
(ungrounded force feedback)



 2017 HapticDrone





 2018 Thor’s Hammer





 2018 Grid Drones





the ‘mounted’ base  
can also be a friend!



 2017 Mutual Human Actuation





 2014 Haptic Turk





the mounted base can also be your own body…



 2005: haptic hand





 2011: hand as phone



 2011: hand as phone





the ‘mounted’ base  
can also be a passive prop…



 2018 Turning Passive Haptics into Active Haptics 





the ‘mounted’ base  
can also be dynamically assembled…



 2015 TurkDeck





force feedback can be implemented in many 
different ways…



 mechanical



  magnetic





 pneumatic





 pneumatic





solution 2:  
pull the hand from a frame



 2002: SPIDAR-8 (SPace Interface for Artificial Reality)



 2004: SPIDAR G&G





this was force feedback, 
let’s look at tactile stimulation



(1) force feedback 
(2) tactile feedback 
       (vibration, sound, air, lasers)

types of haptics



tactile feedback:

vibration motors



 easy to design and implement
 drawback: not very expressive



• vibrotactile messages 
• communicate non-verbal messages 
• using different rhythms and amplitudes of vibration

tactons (vs. icons, earcons):





 2009: extra-senses: photoresistor + piezo ‘feel the light’





tactile feedback:

magnetic / electric fluids



using liquids that deform  
when magnetic field is present 



 ferrofluids: magnetic fluid



 ferrofluids: magnetic fluid



 ferrofluids: magnetic fluid



 ferrofluids: magnetic fluid



 2010: Mudpad: haptics with ferrofluids





using liquids that deform  
when electric field is present 



Electro-Wetting:



 2016: Liquid Metal Alloy for haptic feedback



 2016: Liquid Metal Alloy for haptic feedback





 2018: Tangible Drops (Liquid Metal Alloy + Electrodes)







tactile feedback:

mechanical



 2016: Rovables





 2017: SkinBot





all of the previous methods, 
required the user to be in touch with the device

let’s look at some contact-less methods



ultra-sound
(contact-less)



 2013: Ultrahaptics ultra-sound



 2013: Ultrahaptics ultra-sound





 transducer array: creates an acoustic field



• acoustic waves focus at a certain distance





if you want to add a display surface on top of the transducer 
what property does it need to have?



• needs to be acoustically transparent 
• e.g. perforated sheets, loosely woven fabric

if you want to add a display surface on top of the transducer 
what property does it need to have?



 2018 bend sound waves to for haptic feedback above objects





 now a company!



 now a company!



 2015 LeviPath: acoustic levitation 
 (not yet for haptics because top & bottom cannot be disturbed)





• hands need to be away 15-20cm (focus 
distance of transmitter array) 

• low resolution, ca. 1cm 
• sensation is very subtle

drawbacks:



air vertices
(contact-less)



air cannons shoot air vertices at the user…



 2013 uses a regular speaker to create the pressure





 2013 adding adjustable direction & orientation





• low targeting resolution  
• low resolution of sensations (ca. 5-8cm at 1 m distance)

drawbacks (similar to ultra-sound):



electric arcs
(contact-less)



 2017 Sparkle: electric arcs as haptic feedback



• when the electric field is strong enough, the molecules in 
the air get ionized and create a conductive region 

• when an external conductive object (e.g. finger) comes 
close, the ions move towards the finger due to the electric 
field and create the arc





electro-static



 2010: TeslaTouch electrostatic friction



 feel different textures





 2018 tacttoo - tattoo size haptic feedback





many open challenges…



how to make force feedback mobile…



 2013: finger is moved by device





and miniaturization in general….



how to make this scale?







weight?



 2017: handheld base + shifting the weight



 2017: shifting the weight





support for visual impaired users?



 2018 DualPanto: haptic device for blind users





lots of interesting research going on in this space… 

many open research challenges!



end.


