
Vibra&on	Source	Rendering	on	Dynamic	Audio	Displays	
Michael	C.	Heilemann	David	Anderson,	and	Mark	F.	Bocko	

Dept.	of	Electrical	and	Computer	Engineering	
	University	of	Rochester	

Mo6va6on	for	Research	
	

Display	technology	has	seen	great	changes	in	the	past	twenty	years.	Displays	have	become	
equipped	with	touch	sensi&ve	interfaces,	seen	improvements	in	visual	resolu&on,	gained	
portability,	and	have	become	more	compact	and	thin.	On	the	other	hand,	loudspeaker	

devices	have	undergone	rela&vely	few	fundamental	changes	since	their	incep&on	in	the	early	
20th	century.	The	tradi&onal	loudspeaker	has	become	difficult	to	integrate	into	space-

constrained	devices	such	as	smartphones,	tablets,	computer	displays,	and	television	screens.	
As	a	result,	audio	quality	is	oJen	sacrificed	to	accommodate	the	improvements	in	visual	

quality	as	displays	become	thinner	and	more	compact,	oJen&mes	requiring	the	consumer	to	
purchase	addi&onal	sound	bar	or	subwoofer	units	to	bypass	the	internal	speakers	of	the	

device.		

What	is	an	Audio	Display?	
	

An	audio	display	employs	an	array	of	force	exciters	to	induce	
sound-producing	bending	waves	on	the	screen	of	a	display.	
The	exciter	array	can	be	used	to	render	localized	sound	
sources	at	specific	loca&ons	on	the	display	screen.	These	
localized	sound	sources	have	the	poten&al	for	a	number	of	
intriguing	mul&modal	func&ons	including	stereo	imaging,	the	
ability	to	dynamically	align	audio	sources	with	video	images,	

and	steady-state	hap&c	vibra&on	rendering	for	touch	
feedback	on	mobile	devices.		

Rendering	Sources	at	the	Object	Posi6on	
	

Experimental	Results	
	

Determine	band-limited	Fourier	series	
representa&on	of 	using	the	set	of	

bending	modes	as	a	basis.	
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Future	Work	

(Top	LeJ)	-	Actuator	array	
layout	and	panel.	

			
(BoSom	LeJ)	-	Audio	objects	
posi&oned	in	the	middle	and	

upper	right	corner	of	the	panel.	
	

(Right)	-	Laser	vibrometer	scans	
of	the	panel	with	a	source	

rendered	in	the	center,	and	the	
transla&on	of	the	source	to	the	

upper	right	corner.	

Define	a	target	
source	vibra&on	
func&on															.	

•  Perceptual	tests	to	explore	
how	source	vibra&on	
rendering	influences	a	
listeners	ability	to	localize	
the	source	posi&on.		

•  Employing	audio	source	
separa&on/recogni&on	
techniques	for	video/audio	
image	pairing	on	screen	

•  Adap&ng	wave	field	
synthesis	techniques	to	
render	virtual	acous&c	
sources	off	screen	

primary		
acous&c		
source	

virtual	
source	

Dynamically	Moving	Rendered	Sources	
	

Mapping	Audio	Objects	to	Posi6ons	on	the	Screen	
	

1	 1(x1,	y1)	 1(x2,	y2)	

2	 2(x1,	y1)	 2(x2,	y2)	

3	 3(x1,	y1)	 3(x2,	y2)	

1	 1(x2,	y2)	 1(x3,	y3)	

2	 2(x2,	y2)	 off	

i	(xt,	yt)	Define	a	posi&on	func&on															on	the	surface	of	the	panel	for	each	audio	object	i	at	each	instant	in	&me	t.	

3	 3(x2,	y2)	 3(x3,	y3)	

t1	
t2	 t3	

A	unique	set	of	spa&al	Fourier	series	coefficients	is	required	to	render	a	
source	at	each	new	posi&on.	The	efficiency	of	this	computa&on	may	be	

improved	by	applying	a	shiJing	algorithm	to	the	spa&al	Fourier	coefficients	for	
a	predetermined	source	posi&on.	The	new	set	of	spa&al	Fourier	coefficients	
may	be	used	to	construct	the	translated	version	of	the	rendered	source	

Ini&al	Source	Posi&on	
at	(x0,	y0)	

Band-Limited	
Reconstruc&on	

Ini&al	Fourier	
Coefficients	

	
ShiJing	Algorithm	for		
Spa&al	Fourier	Series	

	

Fourier	Coefficients	
of	ShiJed	Source	

Rendered	ShiJed	
Source	

	
Coordinates	of	
ShiJed	Source	
Posi&on	(x1,	y1)	

	


