facebook

Deeplace
for Unconstrained Face Recognition

. J
/ Iy
> - y ¥ 4
1 Yaniv Taigman IMingYang Mar cO6 Aur el i%biorRalfn z a
L Facebook Al Research 2 Tel Aviv University

11/26/2014



flickr

von YAHOO!

Google+

facebook

Era of big visual data

1.6M daily uploads 60M daily uploads
6B photos (12/2013) Jhgtogm 20B photos
(3/2014)

350M daily uploads

215M dally uploads

?B photos ¥ 0B photos
(11/2013) = (11/2013)

400M daily uploads : M 100 hours video
350B photos ou PeEr min
(3/2014) (4/2014)

A 1.75B smartphone users in 2014
A 880B digital photos will be taken in 2014

Sources: www.expandedramblings.com, www.emarketer.com



Tag suggestions

Search
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We've Suggested Tags for Your Photos
PI’eVIeW We’ve automatically grouped together similar pictures and suggested the names of friends who might
appear in them. This lets you quickly label your photos and notify friends who are in this album.

Tag Your Friends

This will quickly label your photos and notify the friends you tag. Learn more
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Who is this? Who is this? Who is this?
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Who is this? Who is this? Who is this?
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Skip Tagging Friends

No automatic face recognition service in EU countries



Facerec main objective

FInd a representation & similarity measure such that:

A Intra-subject similarity is high

A Inter-subject similarity is low




Milestones In face recognition

1964 1973 1991 1997 1999 1999 2001 2006
Bledsoe Kan ad eTorks& Belhumeur Blanz & Vetter \wjiskott  Viola & Ahonen LBP
Face Thesis Pentland Fisherfaces ~ Morphable  gggm Jones

Recognition Eigenfaces faces Boosting



Problem solved?

NI ST FRVIpGs floeasrter 0s on:

1. Verification: FRR=0.3% at FAR=0.1%
2. ldentification: with 1.6 million identities: 95.9%
3. ldentification: on LFW with 4,249 identities: 56.7%

A Answer: No.

A L. Best-Rowden, H. Han, C. Otto, B. Klare, and A. K. Jain. Unconstrained face recognition: Identifying
a person of interest from a media collection. IEEE Trans. Information Forensics and Security, 2014.



Constrained vs. unconstrained

CONSTRAINED UNCONSTRAINED
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oroperty constrained unconstrained
resolution about 2000x2000
viewpoint fully frontal rotated, loose

Illumination controlled arbitrary
occlusion disallowed allowed




Challenges in unconstrained face recognition

1. Pose

2. lllumination

3. Expression

Probes for example

4. Aging

5. Occlusion




A case study

AGallery images: 1 million mug-shot + 6 web images
AProbe images: 5 faces

ARanking results
I w/o or with demographic filtering

NeoFace 3.1 1x ly 1z B NeoFace 3.1 lz

la 116,342 12,446 87,501 la 13,253
Ib 471,165 438,207 236,343 1b 42,827

2x . 2z : 2z

- 213 ' 3,353 2a
7.460 34,013 2b
1,869 2c

2x - PittPatt 5.2.2 2x

14,965 2a 2,051
997,871 2b 131,355
139 2c 28

A case study of automated face recognition: the Boston Marathon bombing suspects, J.
C. Klontz and A.K. Jain, IEEE Computer, 2013



Unconstrained Face Recognition Era:
The Labeled Faces in the Wild (LFW)
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Labeled faces in the wild: A database for studying face recognition in unconstrained environments, Huang, Jain, Learned-
Miller, ECCVW, 2008



Face verification (1:1)




Human-level performance

AUser study on Mechanical Turk
I 10 different workers per face pair
I Average human performance
I Original images, tight crops, inverse crops

m) 99.20%

N T h eeswdts suggest that automatic
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Attribute and simile classifiers for face verification, Kumar, et al., ICCV 2009
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LFW: Progress over the recent 7 years

Labeled faces in the wild: A database for studying face recognition in unconstrained
environments, ECCVW, 2008.

Attribute and simile classifiers for face verification, ICCV 2009.

Multiple one-shots for utilizing class label information, BMVC 2009.

Large scale strongly supervised ensemble metric learning, with applications to face
verification and retrieval, NEC Labs TR, 2012.

Learning hierarchical representations for face verification with convolutional deep belief
networks, CVPR, 2012.

Bayesian face revisited: A joint formulation, ECCV 2012.

Tom-vs-pete classifiers and identity preserving alignment for face verification, BMVC 2012.
Blessing of dimensionality: High-dimensional feature and its efficient compression for face
verification, CVPR 2013.

Probabilistic elastic matching for pose variant face verification, CVPR 2013.

Fusing robust face region descriptors via multiple metric learning for face recognition in the
wild, CVPR 2013.

Fisher vector faces in the wild, BMVC 2013.

A practical transfer learning algorithm for face verification, ICCV 2013.

Hybrid deep learning for computing face similarities, ICCV 2013.

Employed deep learning models for face verification on LFW.

Please check for the latest updates.


http://vis-www.cs.umass.edu/lfw/
http://vis-www.cs.umass.edu/lfw/
http://vis-www.cs.umass.edu/lfw/

LFW: Progress over the recent 7 years
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8,4 8,3 8.6

false positive rate

8.7 8.8

™ Accuracy / year

®m Reduction of error wrt human / year

95.17% 96.33% 97.53%

92.58%

88.00% |I

85.54%

78. 47%
73.93%
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Labeled Faces in the Wild: A Database for Studying Face Recognition in Unconstrained Environments (results page),
Gary B. Huang, Manu Ramesh, Tamara Berg and Erik Learned-Miller.



High-dim LBP
AAccurate (27) dense facial landmarks

A Concatenate multi-scale descriptors
I ~100K-dim LBP, SIFT, Garbor, etc.

ATransfer learning: Joint Bayesian

: : . __ __ P (rq. 10| Hy
Likelihood ratio test: B (_;-:.:lf;-zzz_)zlc:g‘r (71, o] 1)
P(z1.22|HE)

EM update of the between/within class covariance

AWDRef dataset
I 99,773 images of 2,995 individuals

I 95.17% => 96.33% on LFW (unrestricted protocol)

Face alignment by explicit shape regression, Cao, et al., CVPR 2012
Bayesian face revisited: A joint formulation, Chen, et al., ECCV 2012
Blessing of dimensionality: High-dimensional feature and its efficient compression for

face verification, Chen, et al., CVPR 2013

A practical transfer learning algorithm for face verification, Cao, et al., ICCV 2013



Hybrid deep learning

A12X5 Siamese ConvNets X8 + RBM classification

12 face regions

8 pairs of inputs

CelebFaces dataset
87,628 images of 5,436 individuals

Hybrid deep learning for computing face similarities, Sun, Wang, Tang, ICCV 2013.



