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Second European Conference on Computer Vision  

May 1992 – ECCV ‘92 – S. Margherita Ligure, Italy 

Int.l Workshop on Facial Image Analyisis and Recognition Technology  

May 1998 – Freiburg, Germany 

Int.l Workshop on Biometric Authentication  

June 2002 Copenhagen, Denmark 

Int.l Summer School for Advanced Studies on Biometrics: 
1st Authentication and Recognition – June 2-6 2003 
2nd Multimodality and System Integration – June 6-10 2005 
3rd New Sensors, Databases and Evaluation – June 12-16 2006 
4th New Technologies and Embedded Systems – June 11-15 2007 
5th New Technologies for Security and Privacy – June 9-13 2008 
6th Multimodality and Identity Manegemnt – June 8-12 2009 

Fifth IEEE AutoId Workshop – June 7-8 2007, Alghero, Italy 

Third IAPR/IEEE Int.l Conference on Biometrics  
June 2-5 2009, Alghero, Italy 
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•Biometrics (as in statistics): “Statistical study of 

biological observations and phenomena” (Webster) 

•Biometrics (as in security industry): “A 

measurable, physical characteristic or personal 

behavioral trait used to recognize the identity, or 

verify the claimed identity, of an enrollee” 

•Biometric recognition: Personal recognition based 

on “who you are or what you do” as opposed to 

“what you know” (password) or “what you 

have”  (ID card) 
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Information Theory 

Artificial Intelligence 

Pattern Recognition 
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“The real power of human thinking 
is based on recognizing patterns. 
The better computers get at pattern 
recognition, the more humanlike 
they will become”.  

Ray Kurzweil, NY Times, Nov 24, 2003 
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Fk 

Fh 

n=1 

n=100 
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BIOMETRICS Universality Uniqueness Permanence Collectability Performance Acceptability Circumvention 

Face Low Medium Low Low 

Fingerprint Medium Medium Medium Low 

Hand 

Geometry 
Medium Medium Medium Medium Medium Medium 

Iris Medium Low 

Retinal 

Scan 
Medium Low Low 

Signature Low Low Low Low Low 

Voice Medium Low Low Medium Low Low 

Facial 

Thermogram 
Low Medium 

(from Jain et al. 1998) 
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Biometric Trait genotypic phenotypic behavioral 
Fingerprint (only minutia) o ooo o 
Signature (dynamic) oo o ooo 
Facial geometry ooo o o 
Iris pattern o ooo o 
Retina (Vein structure) o ooo o 
Hand geometry ooo o o 
Finger geometry ooo o o 
Vein structure of the back of 

hand o ooo o 
Ear form ooo o o 
Voice (Tone) ooo o oo 
DNA ooo o o 
Odor ooo o o 
Keyboard Strokes o o ooo 
Comparison: Password (ooo) 

Source: http://www.bromba.com/faq/biofaqe.htm#entstehen 
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?
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Fk 

Fh 

L1 

L2 

S1 

S3 

S2 

= (Fh,Fk) 
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Twins  Father and son  

www.marykateandashley.com news.bbc.co.uk/hi/english/in_depth/

americas/2000/us_elections 
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Preprocessor Preprocessor 
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Best Practices: http://www.cesg.gov.uk/technology/ 
FRVT2002: www.frvt.org/FRVT2002/documents.htm 
FVC 2002: bias.csr.unibo.it/fvc2002 

NIST SV: www.nist.gov/speech/tests/spk 
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Equal Error Rate 
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University of Texas 

Video Database. 

Example images for the 

different recording 

conditions of the 

database. First row: 

Facial speech. Second 

row: Laughter. Third 

row: Disgust. 
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The BANCA and XM2VTS video databases distributed by the 

University of Surrey 
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CMU Test Set II. Most of the faces in this test set are in profile view. 
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After 

• FERET 

• FRVT 

• FRGC 

• … 
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1/  
minimal angular 

resolution 

overlap factor 

(controlled by a) 

receptive field ICPR 2008 - December 2008 CVPR 2009 - June 2009 
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Eye movements while watching a girl’s face  
(A.L. Yarbus, “Eye Movements and Vision”, Plenum Press, 1967) 
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Tistarelli, M., and  Sandini G. (1992) "Dynamic Aspects in Active Vision", Computer Vision Graphics and Image Processing: Image 
Understanding, Special Issue on Purposive and Qualitative Active Vision, Vol. 56, No. 1, pp. 108-129, July 1992 

Tistarelli, M. and Grosso, E. (1997) "Active face recognition with an hybrid approach" Journal of Pattern Recognition Letters: Special 
issue on audio-visual person authentication, Vol. 18, pp 933-946, 1997 

Tistarelli, M. and Grosso, E. (2000) "Active vision-based face authentication" Image and Vision Computing: Special issue on Facial 
Image Analysis, M. Tistarelli ed., Vol. 18, no. 4, pp 299-314, 2000 
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J. Bigun et al. 1997 

M. Tistarelli et al. 1996 
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79 

21-06-2009 
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Aylward et al. Brain Activation during Face Perception: Evidence of a Developmental Change. J. 

Cogn. Neurosci..2005; 17: 308-319. 
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C. L. Leveroni et al. “Neural Systems Underlying the Recognition of 

Familiar and Newly Learned Faces”, The Journal of Neuroscience, 

January 15, 2000, 20(2):878–886 

Recognition of 50 Familiar Faces (FF) vs 50 

Newly Learned Faces (NL) and compared to 

rejection of 50 Foil (FO -False Objective) faces. 

Encoding (EN) session for learning new faces. 
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C. L. Leveroni et al. 

“Neural Systems 

Underlying the 

Recognition of Familiar 

and Newly Learned 

Faces”, The Journal of 

Neuroscience, January 

15, 2000, 20(2):878–886 
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Eye movements while watching a girl’s face  
(A.L. Yarbus, “Eye Movements and Vision”, Plenum Press, 1967) 

ICPR 2008 - December 2008 CVPR 2009 - June 2009 



Vaina, L.M., Solomon, J., Chowdhury, S., Sinha, P., Belliveau, 

J.W., “Functional Neuroanatomy of Biological Motion Perception 

in Humans”.  Proc. of the National Academy of Sciences of the 

United States of America, Vol. 98, No. 20 (Sep. 25, 2001) , pp. 

11656-11661 

BM = Biological Motion 

NR = Non Rigid Motion 

90 Massimo Tistarelli ICPR 2008 - December 2008 CVPR 2009 - June 2009 90 



Massimo Tistarelli 91 

J.V. Haxby, E.A. Hoffman, and M.I. Gobbini. “The distributed 
human neural system for face perception”.  

Trends in Cognitive Sciences, vol. 4, No. 6, 223--233, June 2000 

Motion 

Static 
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A. O’Toole, “Biological Face Recognition”, Summer School on Biometrics 2006. 
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Evidence 

Face tracking 

process 
Feature extraction 

registration process 

Incremental 

matching process 

Expectation 

Cooperative/competitive visual 

tracking AND recognition 
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Score 

Face Detection 

and Selection 

Facial features 

extraction 

Registration 

and 

Representation 

Classification 
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Face detection 

Facial features 

extraction 

Registration/ 

Representation 

Classification 

Normalization 
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Cranial circumference 

Max. cranial breadth 

Min. frontal breadth 

Bigonial breadth 

Upper facial height 

Basion-Prosthion length 

Nasal breadth (max.) 

Lower nasal breadth 

Orbital breadth 

Biorbital breadth 

Foramen magnum breadth 

Cranial height 

Max. cranial length 

Bizygomatic breadth 

Total facial height 

Basion-Nasion length 

Basal height 

Upper nasal breadth 

Orbital height 

Interorbital breadth 

Palate-external breadth & length 

Palate-internal breadth & length 

…. (more) 
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Face detection 

Facial features 

extraction 

Registration/ 

Representation 

Classification 

Normalization 
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Sebastian Marcel - http://www.idiap.ch/~marcel/demos/comparison/opencv/alt/image_66-detect.jpg 
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Sebastian Marcel - http://www.idiap.ch/~marcel/demos/comparison/opencv/alt/image_66-detect.jpg 
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Henry A. Rowley, Shumeet Baluja and Takeo Kanade (1997). 

ICPR 2008 - December 2008 CVPR 2009 - June 2009 



Massimo Tistarelli 105 

P. Viola, M. J. Jones, "Robust Real-Time Face Detection", International Journal Computer Vision, 57(2), pp. 137-154, 2004. 
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P. Viola, M. J. Jones, "Robust Real-Time Face Detection", International Journal Computer Vision, 57(2), pp. 137-154, 2004. 
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P. Viola, M. J. Jones, "Robust Real-Time Face Detection", International Journal Computer Vision, 57(2), pp. 137-154, 2004. 
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(x,y) 

s(x,y) = s(x,y-1) + I(x,y) 

Ii(x,y) = Ii(x-1,y) + s(x,y) 

(0,0) 

x 

y 

The Integral image at location (x,y), is the sum of the pixel 

values above and to the left of (x,y), inclusive. 

P. Viola, M. J. Jones, "Robust Real-Time Face Detection", International Journal Computer Vision, 57(2), pp. 137-154, 2004. 
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P. Viola, M. J. Jones, "Robust Real-Time Face Detection", International Journal Computer Vision, 57(2), pp. 137-154, 2004. 

-1 +1 
+2 
-1 

-2 
+1 

Integral 

Image 

(x,y) 

(x,y) 
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P. Viola, M. J. Jones, "Robust Real-Time Face Detection", International Journal Computer Vision, 57(2), pp. 137-154, 2004. 
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P. Viola, M. J. Jones, "Robust Real-Time Face Detection", International Journal Computer Vision, 57(2), pp. 137-154, 2004. 
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The ROC curve of the constructed 

classifiers indicates that a detection 

rate of 0.95 can be achieved while 

maintaining an extremely low false 

positive rate of approximately  10-4.  

• First features selected by AdaBoost have a high 

discriminative power 

• By varying the threshold of the final classifier a 

two-feature classifier can be obtained with a 

detection rate of 1 and a false positive rate of 0.4.   

P. Viola, M. J. Jones, "Robust Real-Time Face Detection", International Journal Computer Vision, 57(2), pp. 137-154, 2004. 
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P. Viola, M. J. Jones, "Robust Real-Time Face Detection", International Journal Computer Vision, 57(2), pp. 137-154, 2004. 
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P. Viola, M. J. Jones, "Robust Real-Time Face Detection", International Journal Computer Vision, 57(2), pp. 137-154, 2004. 
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• 130 images 

• 505 labeled frontal faces 

• The final detector has 

32 layers and 4,297 

features 

• The processing time of 

a 384 by 288 pixel 

image on a 

conventional PC is 

about .067 seconds. 

P. Viola, M. J. Jones, "Robust Real-Time Face Detection", International Journal Computer Vision, 57(2), pp. 137-154, 2004. 
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Results over a total of 10,515,781 analyzed image windows 

P. Viola, M. J. Jones, "Robust Real-Time Face Detection", International Journal Computer Vision, 57(2), pp. 137-154, 2004. 
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Face detection 

Facial features 

extraction 

Registration/ 

Representation 

Classification 

Normalization 
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Original Image Histogram equalization 
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Skin chromaticity map  Diffuse light rendering 

Reflectance map of the 

oily skin layer 
Sub-surface reflectance Final face rendering 

Henrik Wann Jensen, “Digital face cloning”, SIGGRAPH'2003 Technical Sketch, San Diego, July 2003. (http://
graphics.ucsd.edu/~henrik/papers/face_cloning/) 
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L(x,y) 

                 (1) 

? 

Isotropic diffusion 

(Gaussian filtering) 

Anisotropic diffusion 

(Lagrange solution of (1)) 

R. Gross and V. Brajovic, “An Image Preprocessing Algorithm for 

Illumination Invariant Face Recognition”, International Conference on 

Audio- and Video-Based Biometric Person Authentication, 2003. 

D. Jobson, Z. Rahmann and G. Woodell, “A Multiscale Retinex for Bridging 

the Gap Between Color Images and the Human Observations of Scenes”, 

IEEE Transanctions on Image Processing, volume 6, Issue 7, 1997. 

ICPR 2008 - December 2008 CVPR 2009 - June 2009 



Massimo Tistarelli 126 

Face detection 

Facial features 

extraction 

Registration/ 

Representation 

Classification 

Normalization 
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Pose-dependency 

Matching features 

Viewer-centered 

Images 
Object-centered 

Models 
Face 

representation 

• Gordon et al., 1995  3D from 2D 

• Lengagne et al., 1996 3D from stereo  

• Atick et al., 1996  LFA 

• Yan et al., 1996  Geometric modeling 

• Zhao et al., 2000 Shape from Shading  

• Zhang et al., 2000 3D from video  
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Cranial circumference 

Max. cranial breadth 

Min. frontal breadth 

Bigonial breadth 

Upper facial height 

Basion-Prosthion length 

Nasal breadth (max.) 

Lower nasal breadth 

Orbital breadth 

Biorbital breadth 

Foramen magnum breadth 

Cranial height 

Max. cranial length 

Bizygomatic breadth 

Total facial height 

Basion-Nasion length 

Basal height 

Upper nasal breadth 

Orbital height 

Interorbital breadth 

Palate-external breadth & length 

Palate-internal breadth & length 

…. (more) 
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J.H. Henderson et al. “Gaze Control for Face Learning and 

Recognition by Humans and Machine”; in T. Shipley and P. 

Kellman (Eds.), From Fragments to Objects: Segmentation and 

Grouping in Vision  
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Marked average 

face image 
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Laser Scanner

Max Planck Institute
Biologische Kybernetik
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3D shape

surface reflectance
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- 

Model Estimate Input 

Difference 
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Pose-dependency 

Matching features 

Viewer-centered 

Images 
Object-centered 

Models 
Face 

representation 

• Gordon et al., 1995  3D from 2D 

• Lengagne et al., 1996 3D from stereo  

• Atick et al., 1996  LFA 

• Yan et al., 1996  Geometric modeling 

• Zhao et al., 2000 Shape from Shading  

• Zhang et al., 2000 3D from video  

CVPR 2009 - June 2009 



Massimo Tistarelli 142 CVPR 2009 - June 2009 



Massimo Tistarelli 143 

PCA 

LDA 
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• The Independent Component Analysis (ICA) is based on a higher 

order optimization to find independent (orthonormal) components 

for the face sub-spaces 

• Better description of the inter-class variability 

ICA 
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ICA 

PCA 
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ICA 
PCA 

• Relevant Component Analysis (RCA) 

• Fisher Discriminant analysis (FDA) 

• Locality Preserving Projections 

 (Laplacianfaces) 

• Others . . .  
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SVM, MPM, PCA, CCA, FDA… 

x1 

xn 
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Kernel design Kernel algorithm 

K 

x1 

xn 
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K 
i  

j 

Property: Any symmetric positive 

definite matrix specifies a kernel matrix & 

every kernel matrix is symmetric positive 
definite 
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Similarity measurement for vector data: 

Gaussian kernel 

Corresponds to highly non-linear embedding 
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V. Vapnik, S.E. Golowich, A.J. Smola: Support Vector Method  for Function Approximation, Regression 
Estimation and Signal Processing. Neural Information Processing Systems 1996: 281-287  
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Fk 

Fh 

Sc 

Si 
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Ben-Hur, A., Horn, D., Siegelmann, H., , Vapnik, V.: « Support vector clustering ». 
Journal of Machine Learning Research 2 (2001) 125–137 
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Fk 

Fh 

Sc 

Si 
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1                     2                      3                    4                      5 

6                     7                      8                    9                      10 
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M. Bicego, E. Grosso, M. Tistarelli: « Face Authentication 
Using One-Class Support Vector Machines », S.Z. Li et al. (Eds.): 

IWBRS 2005, LNCS 3781, pp. 15–22, 2005. 
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… … 
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Face detection 

Facial features 

extraction 

Registration/ 

Representation 

Classification 

Normalization 
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S. Arca, P. Campadelli, and R. Lanzarotti. A face recognition system based on automatically 

determined facial fiducial points. Pattern Recognition, 39(3):432–443, 2006. 

% 
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Eyes and Mouth 

templates 
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A.L.Yuille, D. Cohen, and P.Hallinan, “Feature extraction from faces using deformable templates”, IJCV 92. 
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gray level PEAKS gray level VALLEYS gray level CONTOURS 
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Face detection 

Facial features 

extraction 

Registration/ 

Representation 

Classification 

Normalization 

ICPR 2008 - December 2008 CVPR 2009 - June 2009 



Massimo Tistarelli 174 ICPR 2008 - December 2008 CVPR 2009 - June 2009 



Massimo Tistarelli 175 ICPR 2008 - December 2008 CVPR 2009 - June 2009 



Massimo Tistarelli 176 ICPR 2008 - December 2008 CVPR 2009 - June 2009 



CVPR 2009 - June 2009 177 Massimo Tistarelli 



Massimo Tistarelli 178 
CVPR 2009 - June 2009 



Massimo Tistarelli 179 

Advantages from video: 

• More data available 

• Temporal integration 

• Behavioral cues 

• Spatial and temporal sampling 
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Face 

rotation 

Face 

scaling 

Face 

translation 
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Standard VGA (640x480) 

1 frame: 300 KByte 

30 frames: 1 MByte 

Standard video: ~1 MByte/Sec 
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Neural networks-based model 

• D.O. Gorodnichy, Institure for 

Information Technology, National 

Research Council of Canada 

Goal: Recognition in very 

low resolution video 
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Goal: 

• Recognition from face 

sequence manifolds 

• Facial expression recognition 

ICPR 2008 - December 2008 CVPR 2009 - June 2009 



Massimo Tistarelli 185 

A. O’Toole, “Biological Face Recognition”, Summer School on Biometrics 2006. 
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… … 
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Identification Results (recognition rate) 

Still images: one HMM per class          11/21 (52.38%) 

Still images: one HMM per cluster      14/21 (66.67%) 

Still images: one HMM per image       12/21 (57.14%) 

Video: Pseudo Hierarchical HMM    21/21 (100%) 
_________________________________________ 

Verification Results (EER) 

Client tests: 20 - Impostor tests: 420 

Still images: one HMM per class          20.24% 

Still images: one HMM per cluster      10.60% 

Still images: one HMM per image       13.81% 

Video: Pseudo Hierarchical HMM     6.07 % 
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A simple recognition 
experiment… 

Massimo Tistarelli Summer School on Biometrics - June 9° 2009 
Massimo Tistarelli 
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Eye movements while watching a girl’s face  
(A.L. Yarbus, “Eye Movements and Vision”, Plenum Press, 1967) 
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The analysis 

of visual 

tracking 

patterns is 

sometimes 

misleading… 

R.C. Miall, University Laboratory of Physiology, Oxford, UK 

John Tchalenko, Camberwell College of Arts, London, UK 
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For recognition we are not 

interested on what faces have 

in common but rather what 

differentiate one face from 

another. 
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Distinctive 

patches 

Face 1 Face 2 

Confusion: most 

similar patches 

Distinctive patches 

Fk 

Fh 

Bicego M., Brelstaff G., Brodo L., Grosso E., Lagorio A. 
and Tistarelli M. (2007) “Distinctiveness of faces: a 

computational approach”, ACM Transactions on 
Applied Perception, Vol. 5, n. 2, 2008. 

SVM 
feature space 
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Three examples of differences 

extracted from pairs of 

images of the same person. 

The 100 most weighted 

patches are shown 
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A 

A B 

B 

(A) perceptual and (B) computational test results of saliency 

of local facial features. Red and green points in (A) represent the two 

positions selected by each of the 45 subjects (13 male, 32 female). 
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(A) perceptual and (B) computational test results of saliency 

of local facial features. Red and green points in (A) represent the two 

positions selected by each of the 45 subjects (13 male, 32 female). 

A B 

A B 

ICPR 2008 - December 2008 CVPR 2009 - June 2009 



Massimo Tistarelli 203 ICPR 2008 - December 2008 CVPR 2009 - June 2009 



Massimo Tistarelli 204 ICPR 2008 - December 2008 CVPR 2009 - June 2009 



Massimo Tistarelli 205 ICPR 2008 - December 2008 CVPR 2009 - June 2009 



Massimo Tistarelli 206 

Standard raster scan-path Saliency-based scan-path 
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Inhibition of  
Return 

Saliency 

Master 

MAP  Feature 

MAPS  
Normalization and  

Integration 

Hidden Markov 
Model  

Fovea 

' What ' 
Information 

Feature 
Extraction  

content 

location ‘Where’ 
Information 

classification 
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A. A. Salah, M. Bicego, L. Akarun,  E. Grosso, M. Tistarelli: "Hidden Markov model-based face recognition using selective attention", Human Vision 

and Electronic Imaging XII, Proc. of SPIE, vol. 6492, (2007) 
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Variations in pairs of passport images  

 ( 25 years & above ) 

 Wrinkles  

 Facial Hair 

 Expression 

 Glasses 

CVPR 2009 - June 2009 



Massimo Tistarelli 233 CVPR 2009 - June 2009 



234 

Massimo 
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Ageing 
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(Courtesy : Moghaddam 1997) 
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(Courtesy : Moghaddam 1997) 
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Craniofacial growth is one of the most prominent 
manifestations of aging effects in children.  

Skin textural variations are minimal during 
formative years (but for facial hair during teenage 
years). 

Modeling age progression in young faces essentially 
implies modeling the flow of facial features across 
different ages. 

7 yrs        13 yrs          14 yrs        17 yrs         20 yrs      
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Affine Shear Cardioidal Strain 

Revised Cardioidal 
Strain 

Spiral Strain 

Transformations induced by the revised cardioidal strain model reflected 

growth-related transformations best. 
CVPR 2009 - June 2009 



Remodeling of Human head with growth is considered analogous 

to the remodeling a fluid-filled spherical tank with pressure (Mark 

et al 1980) 

k : analogous to the growth parameter 

Face anthropometric studies provide measurements extracted 

across different facial landmarks over different ages (0 to 18 years), 

thus characterizing facial growth during formative years.  
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Face recognition across age 
progression 
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Reasons attributed to the appearance of 

wrinkles and other skin artifacts on faces are 

Loss of elasticity of facial muscles & skin : 

This results in the sagging of facial features 

Loss of facial fat also causes furrows and 

wrinkles 

Repetitive facial expressions  

Overexposure to sun’s rays, smoking etc. 

Modeling age progression in adult 
faces 
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Modeling age progression in adult 
faces 
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Shape transformation model assuming the form: 

Facial growth statistics :  
Age groups in the study : 21 – 30 years, 31 – 40 years, 
41 – 50 years, 51 – 60 years, 61 – 70 years. 

Identified 48 fiducial features on 100 pairs of age 
separated images in each age group and collected the 
facial measurements. 

 coordinates of  the i’th facial  

feature at ages t0 and t1 

 growth parameter 

 Applied pressure 

Shape transformation Model 
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Parametric muscle model 
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Parametric muscle model 
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In order to account for the confluence of different types 
of facial muscles over different facial features, for 
instance:  

Pressure applied on the  

i’th facial feature at age t0 

We propose the following shape 

transformation model 

The objective is to compute the muscle parameters that result in 

facial shape variations with age 

Computational aspects 

CVPR 2009 - June 2009 



Massimo Tistarelli 265 

An example :  

946 proportion indices are taken into account in our 
study. The resulting linear equations in muscle 
parameters are solved using least squares 
approach. 

Linear equation in muscle parameters 

Computational aspects 
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Texture variation model 
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Texture variation model 
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Results 
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Omolara Fatukasi, Josef Kittler, and Norman Poh 

“Quality Controlled Multimodal Fusion of Biometric Experts” 

 Progress in Pattern Recognition, Image Analysis and Applications 

pp 881-890 ,LNCS 4756/2008 
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Xiufeng Gao, Stan Z. Li, Rong Liu, and Peiren Zhang 

“Standardization of Face Image Sample Quality” 

 Advances in Biometrics 

pp 242-251 ,LNCS 4642/2007 
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Modality Test Label Test Parameter 

False 
Reject 
Rate 

(FRR) 

False 
Accept 
Rate 

(FAR) 

Fingerprint FpVTE 2003 
US Government operational 
data 

0.1% 1% 

Fingerprint FVC 2006 
Heterogeneous population 
(young, elderly)  

2.2% 2.2% 

Face FRGC 2006 
Controlled Illumination, 
high-resolution images 

0.8-1.6% 0.1% 

Voice NIST 2004  
Text independent, multi-
lingual 

5-10% 2-5% 

Iris ITIRT 2005 Indoor environment 0.99% 0.94% 

Iris ICE 2006 
Controlled Illumination, 
broad quality range 

1.1-1.4% 0.1% 
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A. O’Toole, J. Phillips, F. Jiang, Ayyad, Pénard & Abdi, 

“Benchmarking Algorithms Against Humans” IEEE:T-

PAMI, 2007 (in press)  
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A4Vision, Inc.  (3D scanner) 

AcSys Biometrics Corp. 

Animetrics Inc.  (3D shape) 

C-VIS Computer Vision und Automation GmbH   (Neural Networks) 

Cognitec Systems GmbH  (LFA) 

Cybula Ltd. (3D shape/2D texture) 

DreamMirh Co., Ltd. (2D ??? ) 

Geometrix, Inc.  (3D shape) 

Iconquest  (2D Fractal-based ??? ) 

Identix Inc. (LFA) 

Imagis Technologies Inc. (VISIPHOR Advanced Face Recognition ???) 

Neven Vision, Inc. (2D Gabor wavelets; feature-based ) 

Takumi Vision Technologies, Inc. (Hi-Tech algorithms ??? ) 

Viisage   (Template matching ??? ) 

VisionSphere Technologies Inc. (2D features with Holistic Feature Code) 

From: www.face-rec.org 



Width(pixels) 
Distance from Eye to Eye 

(Inclusive) 

240(min) 60 

480 120 

720 180 
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Main features: 

• Near infra-red imaging 

• Accurate eye localization with 

Gabor features 

• LBP features and selection with 

Ada-boost 

• “smart enrollment” with 5 

snapshots 

• Anti-spoofing system with 

liveness detection 



CVPR 2009 - June 2009 Massimo Tistarelli 294 

Authentimetric F1 
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Score 

Face Detection 

and Selection 

Facial features 

localization 

Registration 

and 

Representation 

Matching 

Face template 
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Eurosmart white paper 2003 

It is generally anticipated that any 

single biometric template would fit 

within 10 Kbytes of data memory in 

the storage device (That includes 

the template itself, the signature or 

encryption overhead and any 

additional data required to fulfill 

the data file structure). 
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C. L. Leveroni et al. “Neural Systems Underlying the Recognition of 

Familiar and Newly Learned Faces”, The Journal of Neuroscience, 

January 15, 2000, 20(2):878–886 

Recognition of 50 Familiar Faces (FF) vs 50 

Newly Learned Faces (NL) and compared to 

rejection of 50 Foil (FO -False Objective) faces. 

Encoding (EN) session for learning new faces. 
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C. L. Leveroni et al. “Neural 

Systems Underlying the 

Recognition of Familiar and 

Newly Learned Faces”, The 

Journal of Neuroscience, 

January 15, 2000, 20(2):878–

886 

BRAIN Total 1400 ml 

100 billion neurons 

 71.5 Mneurons/ml 

Maybe we can sketch 

the network size 

devoted to process 

faces…. 
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The BRAIN mass is equal to 1400 ml 

Composed of some 100 billion neurons 

71.5 Mneurons/ml 

Summing up the volumes of all active 

areas, the total volume is  21,2 ml 

or … 1.5 Bneurons 

… with 12K Synapses/neuron! 

= 18 trillion synapses! 

= 2.3 trillion Bytes? 

If we can learn, say 10,000 faces 

this corresponds to 

220 MB/face 
(or a 7 sec. video stream of 1Kx1K images) CVPR 2009 - June 2009 Massimo Tistarelli 
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J.V. Haxby, E.A. Hoffman, and M.I. Gobbini. “The distributed 
human neural system for face perception”.  

Trends in Cognitive Sciences, vol. 4, No. 6, 223--233, June 2000 

Motion 

Static 
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Eye movements while watching a girl’s face  
(A.L. Yarbus, “Eye Movements and Vision”, Plenum Press, 1967) 
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IDENTITY 

Match 

Match 

Match 
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