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Motivation	



Marching-cubes	(Siggraph,	1987)	
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Find	the	0-surface	(or	any	iso-surface)	of	a	discrete	3D	field	



Progress	of	high-resolution	imaging	technology		
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William	E.	Lorensen	&	Harvey	E.	Cline,	"Marching	Cubes:	a	High	Resolution	3D	Surface		
Construction	Algorithm",	Siggraph,	1987	



Progress	of	high-resolution	imaging	technology		
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Nobel	Prize	in	Chemistry	2014	awarded	to	Betzig,	Moerner	&	Hell	for	"development	of	super-	
resolved	fluorescence	microscopy,"	which	brings	"optical	microscopy	into	the	nanodimension"	



Progress	of	high-resolution	imaging	technology		
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Source:	Fei	Chen,	Paul	W.	Tillberg,	Edward	S.	Boyden.	Expansion	microscopy.	Science,	
January	15	2015;	DOI:	10.1126/science.1260088	



Progress	of	high-resolution	imaging	technology		
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The	ViSUS	software	framework	was	designed	to	allow	the	interactive	exploration	of	massive		
scientific	models	on	a	variety	of	hardware,	even	geographically	distributed	

Neuroscientist	Alessandra	Michelucci	(Utah)	with	ViSUS	power	wall	and	neurones	image



“Houston:	We’ve	had	a	problem”	
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Search	for	detailed	geometric	models	from	hi-res	imaging	



“Apollo	13:	We	have	a	solution”	
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Look	for	geometric	models	using	extreme	hi-res	imaging	



And	continuing	the	travel	.	.	.	
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Background	



LAR:	novel	topological	representation	scheme	
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Linear	Algebraic	Representation:	
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from	cellular	models	to	sparse	binary	matrices	



Sparse	matrices:	COO,	CSR	and	CSC	formats	
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aaaaaa



LAR	examples	(1/2)	
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LAR	examples	(2/2)	
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Algorithm:	matrix	of	∂2	operator
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For	a	surface	(topological	space)	made	of	all	quads	(2-cells)	



Topological	incidence	operators	
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Binary	topological	relations	between	LAR	cells

and	corresponding	topological	operators	on	∂◦	chains



Goal:	integrating	LAR	with	ViSUS	
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First	experiments	



First	experiments
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STEP	1:	surface	extraction	(512	×	512	×	128)	

Test	Data	Set:	B-rep	of	the	
chain	of	voxels	above	a	
luminance	threshold	

B-rep	model,	
including	noise	



First	experiments
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STEP	1:	surface	extraction	(512	×	512	×	128)	

Test	Data	Set:	B-rep	of	the	
chain	of	voxels	above	a	
luminance	threshold	

model	after	noise	
filtering	



First	experiments
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STEP	1:	surface	extraction	(512	×	512	×	128)	

Test	Data	Set:	B-rep	of	the	
chain	of	voxels	above	a	
luminance	threshold	

model	after	
closing	and	
opening	
mathematical	
morphology	
operators	



Surface	extraction	(512	×	512	×	128)	
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interior	view	
of	a	closed	
shell	(portion	
of	data	chain)	

Test	Data	Set:	B-rep	of	the	
chain	of	voxels	above	a	
luminance	threshold	



Method	formulation		



IDEA:	compute	a	family	of	intrinsic	curves	
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For	each	Vol	in	a	block-partition	of	a	3-image:	



Something	wrong	here?	
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Algorithm:	map_image_2_b-rep	
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Extract	boundary	models	from	3D	"bricks"	of	voxels	



Algorithm:	simplify-B-Rep
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Extract	"intrinsic"	curves	and	Generate	homologically	equivalent	&	strongly	reduced	models	



Algorithm:	example	1

CAD'16	Vancouver,	Canada Giulia	Clementi;	Danilo	Salvati;	Giorgio	Scorzelli;	Alberto	Paoluzzi;	Valerio	Pascucci 31

Extract	"intrinsic"	curves	and	Generate	homologically	equivalent	&	strongly	reduced	models	



Algorithm:	example	1
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Extract	"intrinsic"	curves	and	Generate	homologically	equivalent	&	strongly	reduced	models	



Algorithm:	example	2
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Extract	"intrinsic"	curves	and	Generate	homologically	equivalent	&	strongly	reduced	models	



Algorithm:	example	2
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Extract	"intrinsic"	curves	and	Generate	homologically	equivalent	&	strongly	reduced	models	



Algorithm:	example	3
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Extract	"intrinsic"	curves	and	Generate	homologically	equivalent	&	strongly	reduced	models	



Algorithm:	example	3
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Extract	"intrinsic"	curves	and	Generate	homologically	equivalent	&	strongly	reduced	models	



Next	steps
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Conclusion	



(Partial)	results	obtained	and	further	advances	

CAD'16	Vancouver,	Canada Giulia	Clementi;	Danilo	Salvati;	Giorgio	Scorzelli;	Alberto	Paoluzzi;	Valerio	Pascucci 39



Thanks	for	your	attention	
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QUESTIONS	?	


