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The	Problem	

•  3D	Scanning	with	Structured	Light	
•  Binary	Patterns	
•  Each	pixel	corresponds	to	a	surface	point	
•  Pixel	intensity	=	superposition	of	direct	and	indirect	
illumination	components	

•  Codeword	bit	decisions	must	be	based	only	on	direct	
illumination	component	

•  When	indirect	illumination	is	strong,	decisions	can	be	
incorrect	
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Thresholds	

•  Most	methods	assume	that	a	scene	point	is	brighter	
when	it	is	illuminated	

•  If	a	point	is	in	shadow,	it	should	have	0	intensity,	but	
due	to	inter-reflection,	it	has	large	intensity	

•  Some	methods	use	a	single	global	threshold	for	all	
pixels.	

•  Some	methods	are	based	on	projecting	pairs	of	
complementary	patterns,	and	using	the	average	of	
the	two	methods	as	a	per	pixel	threshold		

•  Other	methods	use	different	exposure	times,	
different	projected	intensities,	and	post-processing	
to	remove	outliers.	



Robust	Classification	

•  Pixel	intensities	in	interval	[0:255]	
•  For	each	pixel	estimate	tight	intervals	for	
when	the	pixel	is	on,	and	when	the	pixel	is	off.	

•  Use	these	intervals	to	classify	each	pixel	as	on	
(white),	off	(black),	or	uncertain	(gray)	



Algorithm	

•  Use	the	high	frequency	binary	patterns	to	
decompose	each	pixel	intensity	into	a	total	
direct	component,	and	a	total	indirect	
component,	using	Nayar	et.	al.	method.	



Case	1	:		

•  The	two	intervals	are	totally	separated	

Case	2	:		

•  If	the	direct	illumination	component	is	smaller	
than	a	minimum	threshold,	classify	the	pixel	
as	uncertain.	



Case	3	:		

•  The	pixel	has	a	relatively	stronger	indirect	
component	and	the	two	intervals	overlap	near	
the	middle	range.	



Combining	the	Three	Rules		

•  Single	pattern	classification	rules	

Dual	Pattern	Classification	Rules		

•  Projecting	two	complementary	patterns	



Classification	Results		




