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Crea9ng	Detailed	Visual	Content	is	Hard!	

Image	from	Autodesk	3D	Maya	



Goal:	Shape	Synthesis	from	Sketches	

How	can	we	help	users	generate	detailed	shapes	from	simple	inputs?	

Output	model	Input	sketch	



Mo2va2on	:	Procedural	Models		

[Ritchie	et	al.	2015]	

[CityEngine]	 	[Laubwerk			kit]	

[VoxelStudio]	



Mo2va2on	:	Procedural	Models		

Discrete	parameters		

Con2nuous	parameters	



Mo2va2on	:	Procedural	Models		

User	Controlled	
Parameters	



Prior	work:	Procedural	Models		

Talton	et	al.		
Exploratory	modeling	with	collabora9ve	design	spaces	

SIGGRAPH	2009	

Yumer	et	al.		
Procedural	modeling	using	autoencoder	networks		

UIST	2015	
	



Mo9va9on:	CNNs	can	learn	complex	func9ons	

hGps://en.wikipedia.org/wiki/Convolu9onal_neural_network	

 Robot! 



Prior	work:	CNNs	for	sketch	recogni9on	&	shape	retrieval	

Su	et	al.	
Mul9-view	CNNs	for	3D	Shape	Recogni9on	

	ICCV	2015	

Wang	et	al.,		
Sketch-based	3D	Shape	Retrieval	using	CNNs		

CVPR	2015	



	
Concurrent	work:	Urban	procedural	model	design	from	sketches		

Nishida	et	al.		
Interac9ve	Sketching	of	Urban	Procedural	Models	

SIGGRAPH	2016	



Best	of	both	worlds:	Convnets	+	Procedural	Modeling	

Convnets	
Input	

Procedural	
Model	

Input	sketch	 Output	Model	



Overview:	Learning	architecture	

Input	Sketch	

feature	
maps	

Convolu2on	
layer	



Input	Sketch	
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Training	procedure:	Synthe2c	Training	Sketch	Genera2on	

	

Uniform	sampling	the	parameter	space	



Training	procedure:		Synthe2c	Training	Sketch	Genera2on 





Training	procedure:		Synthe2c	Training	Sketch	Genera2on 





Training	procedure:		Synthe2c	Training	Sketch	Genera2on 





Training	procedure:	Pre-training	and	fine-tuning	

Ini2alized	from	AlexNet	 Trained	from	scratch		



Training	procedure:	Pre-training	and	fine-tuning	



Training	procedure:	Pre-training	and	fine-tuning	



Datasets:		Deco	framework	

3	.	2D	trees	
	

2	.	3D	jewelry	

1	.	3D	containers	



Data	Sta2s2cs	



Data	Sta2s2cs	



Data	Sta2s2cs	



Data	Sta2s2cs	



Data	Sta2s2cs	



Data	Sta2s2cs	



Results:	Pendants	

Reference	Model	 User	Sketch	 Rank	1	 Rank	2	 Rank	3	



Results:	Containers	

Reference	Model	 User	Sketch	 Rank	1	 Rank	2	 Rank	3	



Results:	Trees	

Reference	Model	 User	Sketch	 Rank	1	 Rank	2	 Rank	3	



Comparisons with alterna1ves: Discrete parameters 


The	higher	the	be[er	
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Comparisons	with	alterna2ves:	Discrete	parameters		

The	higher	the	be[er	



Comparisons	with	alterna2ves:	con2nuous	parameters		

The	lower	the	be[er	



Limita2ons	



Summary	

											A	deep	CNN	that	maps	sketches	to	procedural	model	outputs	

											Generates	detailed	shapes	through	a	parametric	rule	set	and	line	drawings	as	input	



	Future	work	

									Speed	up	and	make	the	system	in	real-2me	

										Simulate	human	style	sketch	to	improve	the	performance			

											Allow	user	to	edit	the	model	a\er	he	gets	the	ini2al	model	



Thank	you!	
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