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Goal:	Create	sound	fields	from	direc=onal	sources	in	the	
listening	areas	of	focused	sources	with	linear	loudspeaker	array.	
Ques>on:	How	can	we	introduce	direc=vity	to	virtual	sound	
sources	between	a	loudspeaker	array	and	audience	seats?	

Proposed	method	

AASP-P6.9	

Proposed:	1.	Create	a	cluster	of	focused	sources	to	form	mul=poles	in	the	listening	area.	
																				2.	Analy=cal	conversion	of	circular	harmonics	into	weights	for	each	mul=pole.	
Results:	Reproduced	direc=vity	on	the	basis	of	mul=poles	comprising	mul=ple	focused	sources.	

Introduc>on	 Computer	simula>ons	

Selected	references	

Mul>pole	

[1] S. Spors +, AES Conv. 127, 2009.	 [2] K. Maki +, AST. Vol. 67, 2011.	

p Virtual	sound	sources	closing	in	on	the	audience	
seats	for	live	viewings	and	theaters	

p Focused	source	method	[1]:	Crea=ng	sound	
fields	from	monopole	sources	between	audience	
seats	and		a	linear	loudspeaker	array	

p Accurate	reproduc=on	of	sound	direc=vi=es	help	
the	audience	feel	more	realis=c	sensa=ons	[2]	

p Our	goal:	Crea=ng	sound	fields	from	direc=onal	
sources	in	the	listening	areas	of	focused	sources	

p Sound	field	and	driving	func=on	

p Limited	listening	areas	due	to	the	
nature	of	sound	focusing	
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Create	mul=ple	
focused	sources	

Sound	field	of	the	mul=pole	
effec=ve	in	the	listening	area	

p Basic	idea:	The	analy=cal	conversion	of	circular	
harmonic	coefficients	into	weights	for	each	mul=pole	
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l  Circular	harmonic	decomposi=on	of	arbitrary	
sound	fields	in	2D	
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Euler’s	formula	
By	applying	binomial	expansion	
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l  Taylor’s	expansion	at	the	origin	of	the	coordinate	
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l  By	comparing	coefficients	of	the	term	cosmα ⋅sinnα
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p Mul=pole:	Direc=onal	source	comprising	a	
collec=on	of	point	sources	with	opposite	phases	

p Sound	field	from	a	mul=pole	reproduced	by	a	
cluster	of	focused	sources	

d =m+ nwhere	

p The	driving	func=ons	for	sound	fields	from	a	sound	
source	based	on	superposi=on	of	mul=poles	
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p Sound	field	reproduc=on	of	monopoles	and	
dipoles	comprising	focused	sources	(sine	waves)	
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n  41-ch	linear	array	with	0.1	m	intervals,		f	=	1	kHz	
n  virtual	sound	sources	at	(x,y)	=	(0,	1)	

p Direc=onal	source	on	the	basis	of	superposi=on	of	
mul=poles	comprising	a	cluster	of	focused	sources	
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n  Simula=on	setup:	same	as	the	above	cases	
n  The	order	of	circular	harmonics	and	mul=pole:	N	=	4	 ⌣

Sν
(2)n  Original	sound	field:	modeled	by	randomly	generated	
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