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Joint	Embeddings of	Shapes	and	Images
via	CNN Image	Purification



Deep learning is so cool for so many problems…



Deep	learning,	yay	or	nay?

What	the	hell	is
the	𝑓?

A	piece	of	cake,	
elementary	math… Y = 	𝑓(𝑋)

It	eats,	a	lot!





A	“FoodTech”	for	Deep	Learning



Joint	Embeddings of	Shapes	and	Images
via	CNN	Image	Purification



128	dim	space	visualized	by	t-SNE





Image	based	Shape	Retrieval



Shape	based	Image	Retrieval



Cross-View	Image	Retrieval



Images ShapesText



Text	based	Shape	Retrieval



Text	based	Shape	Retrieval





Shape Embedding

𝑆𝑖𝑚𝑖𝑙𝑎𝑟𝑖𝑡𝑦(01,03) = 𝒫5 − 𝒫7
Many choices for 𝒫5:
Shape Histograms, Spin Images, Spherical 
Harmonics, Shape Distributions, etc.
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Light	Field	Rendering

Concatenate

LFD-HoG
Very	Strong!
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Distance	Matrix:	𝑑(𝑆5, 𝑆7) in the 𝑖, 𝑗 − 𝑡ℎ element
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Distance	Matrix:	𝑑(𝑆5, 𝑆7) in the 𝑖, 𝑗 − 𝑡ℎ element
Each	row	can	serve	as	the	embedding	point
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Neighborhood size in embedding space
0 50 100 150 200 250

N
um

 o
f n

ei
gh

bo
rs

 b
y 

or
ig

in
al

 d
ist

an
ce

0

50

100

150

200

250

Sammon
PCA
LLE
NPE
Optimal



Shape Embedding

𝑆𝑖𝑚𝑖𝑙𝑎𝑟𝑖𝑡𝑦(01,03) = 𝒫5 − 𝒫7
Our	choice	of	embedding	point	𝒫5:
1. Extract	Light	Field	HoG Descriptors
2. Compute	Distance	Matrix
3. MDS	with	Sammon’s Error



Image	Embedding
via	CNN	Image	Purification



Deep	learning,	yay	or	nay?

What	the	hell	is
the	𝑓?

A	piece	of	cake,	
elementary	math…

𝒫5 = 𝑓(𝐼5)
𝒫F − 𝒫H < 𝒫I − 𝒫F





http://shapenet.org



ü A	model	is	worth	a	thousand	images!
ü Rendering:	Image = 𝑓 𝑃𝑟𝑜𝑝𝑒𝑟𝑡𝑖𝑒𝑠
ü Computer	Vision:	Properties = 𝑓[I(𝐼𝑚𝑎𝑔𝑒)

It	eats,	a	lot!



Image SynthesisShape Embedding

Many	image-point	pairs	(𝐼01,𝒫5)



≠ 10I_ ∗

It’s	not	only	the	number…





Training Phase Testing Phase

Input: many	image-point	pairs	(𝐼01,𝒫5)
Task: learn	the	function	𝒫5 = 𝑓(𝐼01)



Hey,	wake	up!
Here	comes	the	most	important	slide!



àPrecious	High	Quality	Supervision

àMessy	but	Nutritional	Training	Data

Shape Embedding

Image Synthesis

Training Phase
Testing Phase à𝒫5 = 𝑓(𝐼01),	the	hell	function



Quantitative	Evaluation

AUC	of	image	to	image	retrieval	precision-recall	curve

First	and	last	image	match	rankings	in	shape	to	image	retrieval



Quantitative	Evaluation

Image	to	shape	retrieval
Top-k
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Key	Steps	towards	3D	Reconstruction

Similar	Shape	Retrieval
+
Viewpoint	estimation
Render	for	CNN:	Viewpoint	Estimation	in	Images	Using	CNNs	
Trained	with	Rendered	3D	Model	Views,	ICCV	2015	Oral







Stay Cool with http://shapenet.github.io/JointEmbedding/
http://shapenet.github.io/RenderForCNN/



Take	Home	Messages
•Train	with	synthetic,	and	act	on	real
•Asymmetry	between	synthesis	and	learning

•Analogy	to	encoding/decoding	in	cryptology
•Promising	directions

•Occlusion	patterns
•Contextual	information	(depth	images)



Thank	you!
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