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Anatomy	of	the	Skin	



Touch	

•  Mechanical/Temp/Pain	stimuli	transduced	into	neural	
Action	Potentials	(AP)	

•  Transducing	structures	are	specialized	nerves:	
– Mechanoreceptors:	Detect	pressure,	vibrations	&	texture	
–  Thermoreceptors:	Detect	hot/cold																														in	skin	
–  Nocireceptors:	Detect	pain	
–  Proprioreceptors:	Detect	spatial	awareness			–	in	muscles	

•  This	triggers	an	AP	which	then	travels	to	various	locations	
in	the	brain	via	the	somatosensory	nerves	



Somatosensory	System	
Map	of	somatosensory	
areas	of	the	brain,	
showing	more	area	for	
regions	with	more	
receptors		



Haptic	Sensation	
•  Somatosensory	System	

–  complex	system	of	nerve	cells	that	responds	to	changes	to	the	
surface	or	internal	state	of	the	body	

•  Skin	is	the	largest	organ	
–  1.3-1.7	square	m	in	adults	

•  Tactile:	Surface	properties	
–  Receptors	not	evenly	spread	
–  Most	densely	populated	area	is	the	tongue	

•  Kinesthetic:	Muscles,	Tendons,	etc.	
–  Also	known	as	proprioception	



Cutaneous	System	
•  Skin	–	heaviest	organ	in	the	body	

–  Epidermis	outer	layer,	dead	skin	cells	
–  Dermis	inner	layer,	with	four	kinds	of	mechanoreceptors	



Mechanoreceptors	
•  Cells	that	respond	to	pressure,	stretching,	and	vibration	

–  Slow	Acting	(SA),	Rapidly	Acting	(RA)	
–  Type	I	at	surface	–	light	discriminate	touch	
–  Type	II	deep	in	dermis	–	heavy	and	continuous	touch	

Receptor	
Type	

Rate	of	
Acting	

Stimulus	
Frequency	

Receptive	Field	 Detection	Function	

Merkel	Discs	 SA-I	 0	–	10	Hz	 Small,	well	
defined	

Edges,	intensity	

Ruffini	
corpuscles	

SA-II	 0	–	10	Hz	 Large,	indistinct	 Static	force,		
skin	stretch	

Meissner	
corpuscles	

RA-I	 20	–	50	Hz	 Small,	well	
defined	

Velocity,	edges	

Pacinian	
corpuscles	

RA-II	 100	–	300	Hz	 Large,	indistinct	
	

Acceleration,		
vibration	



Spatial	Resolution	

•  Sensitivity	varies	greatly	
– Two-point	discrimination	

Body 
Site 

Threshold 
Distance 

Finger 2-3mm 

Cheek 6mm 

Nose 7mm 

Palm 10mm 

Forehead 15mm 

Foot 20mm 

Belly 30mm 

Forearm 35mm 

Upper Arm 39mm 

Back 39mm 

Shoulder 41mm 

Thigh 42mm 

Calf 45mm 

http://faculty.washington.edu/chudler/chsense.html	



















Example: CyberTouch Glove 
•  Immersion	Corporation	

–  Expensive	-	$15000	
•  Six	Vibrotactile	actuators	

–  Back	of	finger	
–  Palm	

•  Off-centered	actuator	motor	
–  Rotation	speed=frequency	of	
vibration	(0-125	Hz)	

•  When	tracked	virtual	hand	
intersects	with	virtual	object,	
send	signal	to	glove	to	vibrate	

http://www.cyberglovesystems.com/cybertouch/	









UltraHaptics		–	tactile	display	without	wearables	

•  Panel	of	ultrasonic	transmitters	makes	
directed	wave	field	

•  Concentrations	(interference	patterns)		
at	hands	feel		
like	light	touch	













Vibrotactile	Feedback	Projects	

Navy TSAS Project 

TactaBoard and 
TactaVest 







https://www.youtube.com/watch?v=2Q9nwjWivZk		
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