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Motivation

A lot of face detection, registration, recognition 
techniques rely on local descriptors 
Most widely used: SIFT descriptors
Binary descriptors not studied that much for face 

recognition (except for very-low-level descriptors -
LBPs)
Key questions:
What is the discriminative power of binary descriptors for 

face recognition?
Are binary descriptors suitable replacements for SIFTs?
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Scale Invariant Feature Transform (SIFT) [1]

Keypoint detection
 Search for keypoint candidates
 Scale-space extrema detection in the DoG space

, , , , , , , .

 Discard unreliable keypoints
 Remove keypoints in areas with poor contrast:

, , .
 Remove edge keypoints (ratio of principal 

curvatures).
 Orientation assignment
 Compute dominant direction of gradients around 

keypoint.
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[1] D. G. Lowe, “Distinctive Image Features from Scale-Invariant Keypoints,” IJCV, vol. 
60, no. 2, pp. 91–110, 2004.



SIFT

Descriptor extraction
 Take 16×16 window around keypoint and divide it in 4×4 cells.
 Compute histograms of image gradients in each cell (8 bins each).
 Concatenate histograms in one SIFT descriptor.

Descriptor matching
 Matching based on nearest-neighbor ratio to discard ambiguous matches.
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Fast REtinA Keypoints (FREAK) [1]

Keypoint detection
 FREAK generally uses Adaptive and Generic Accelerated 

Segment Test (AGAST) [2] keypoint detector.
 AGAST uses AST corner criterion:

 To classify a point with only a few pixel tests AGAST builds 
decision trees, which are dynamically adapted based on the image 
selection currently processed.

6

[1] E. Mair, G. D. Hager, D. Burschka, M. Suppa, and G. Hirzinger, “Adaptive
and generic corner detection based on the accelerated segment test,” ECCV, 2010.

[2] R. Ortiz, “FREAK: Fast Retina Keypoint,” in Proc. CVPR. Washington,
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FREAK

Descriptor extraction
 Biologically inspired sampling pattern.
 Descriptor obtained by concatenating simple pair-

wise intensity comparison tests :

∑ 2 ,

where

1 if	 0 ,
0 othervise

and denoting the smoothed intensity of the 
first receptive field of the pair .
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Sampling pattern



FREAK

Descriptor extraction
 Best pairs are selected from training data with a greedy algorithm to find 

uncorrelated tests with high variance.
 Descriptor normalized with respect to dominant orientation
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Integration with 3D face verification system

Simple framework:
 Low-pass filtering and interpolation
 Facial region extraction with k-means (3 clusters)
 Representation – differential geometry
 Keypoint-detection and descriptor calculation
Matching based on nearest neighbor ratio
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Experiments

Face Recognition Grand Challenge (FRGC) ver. 2 data set
 4950 3D face images
 466 subjects
Minor pose variations, major expression variations
 Sample images:
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Experiments

University of Milano Bicocca data set (UMB-DB)
 1473 3D images
 143 subjects
 590 images with major occlusions
 Samples of correctly classified images:
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Experiments

Performance of the framework (illustration)
 Correctly verified pairs at 0.1% FAR:
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Experiments

Verification performance (TAR (%) at 0.1% FAR, FRGC v2) 
as a function of different 3D data representation techniques
 In the keypoint detection step (descriptors extracted from shape index)

 In the descriptor extraction step (key points detected on shape index)
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Data representation for the keypoint detection
Method

SIFT 21.5 (6) 90.0 (72) 82.2 (62) 94.3 (396) 81.6 (81)
FREAK 2.4 (3) 92.5 (162) 78.1 (134) 92.4 (349) 76.8 (138)

Data representation for the descriptor extraction
Method

SIFT 12.6 79.3 94.3
FREAK 72.8 85.6 92.4



Experiments

Robustness to occlusion, expression and orientation variations 
(TAR (%) at 0.1% FAR)

Average running time for verification of one face image (in 
seconds)
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Matching/
classification

Data set Descriptor
Name Target Query SIFT FREAK

Nearest-neighbor
ratio

FRGC neutral non-neut. 81.2 77.8
UMB-DB non.-occl. occluded 78.2 75.0

0 0,05 0,1 0,15 0,2 0,25 0,3

FREAK (348)

SIFT (404) Keypoint detection

Descriptor calculation

Classification



Conclusion

FREAK provides comparable recognition performance to 
SIFT
FREAK ensures much faster computation speed than SIFT
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Any questions?
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