i Grazm -

Face Recognition




TU

Grazm

Agenda

= Face recognition by humans

= 3D — morphable models — pose and illumination
= model creation
= model fitting
= results

= Face recognition vendor test 2006
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Face Recognition by Humans issorog

= Result 1: Humans can recognize familiar faces in very
low resolution images

32x32

. [TFFO7]

256x256
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Face Recognition by Humans

= Result 2: The ability to tolerate degradations increases
with familiarity
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Fig. 1. unlike current machine-based systems, huiman observers are able to handle significant degradations in face images. For instance,
subjects are able to recognize more than half of all familiar faces shown to them at the resolution depicted here. Individuals shown in
order are: Michael Jordan, Woody Allen, Goldie Hawn, Bill Clinton, Tom Hanks, Saddam Hussein, Elvis Presley, Jay Leno,

Dustin Hoffman, Prince Charles, Cher, and Richard Nixon.

[SBORO6]
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Face Recognition by Humans

= Result 3: Facial features are processed holistically

[SBORO06]

Fig. 4. Try to name the famous faces depicted in the two halves of the
left image. Now try the right image. Subjects find it much more difficult
to perform this task when the halves are aligned (left) compared to
misaligned halves (right), presumably because holistic processing
interacts (and in this case, interferes) with feature-based processing.
The two individuals shown here are Woody Allen and Oprah Winfrey.
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Face Recognition Using 3D Models — Pose and Illlumination

= Modeling the effects of illumination and pose
= 3D shape information and reflectance models
= Effect of illumination on the appearance of a human face

[RHVKOG6]
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Models of [llumination and reflectance

= Lambertian model

—

I(l) = p max(l - 71, 0)

= Phong model

—»

) =ap + pdeI 1, 0) +s

Ambient + Diffuse Specular = Phong Reflection

—;-
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Shadows

= Attached Shadow
= related to the local geometry

= Cast Shadow
= related to the object’s global geometry

-
I

Attached Shadow

Cast Shadow
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3D-Morphable Model Rrrvkos

Same
. . Person ?
= Estimating
: 3D-Shape 3D Shape and
m al bedo lllumination Analysis

= pose
= [lumination ;

A>T v
= From a single image viewed uncenstrained pose

and illumination conditions Pose and lllumination \

Normalization

= Strong prior knowledge of the s al variation.of
shape and texture |
and
a model simulating the physical ction of lig a

face’s surface
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= |n computer graphics, faces can be represented by a
mesh that includes a dense set of vertices (N,) and a
triangle list, that specifies the connectivity between the

vertices.

= global illumination effects (e.g. cast shadows) can be used

In the image analysis algorithm

= pose can be estimated

= Shape matrix

= Texture matrix
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3D-Morphable Model — Image Creation

= Produce an image of the shape object
= rotation and translation of the object

W = R,.,R()RUS + Tw ]-1><NU

= perspective projection

Wi W,
Xi :fW3- Vi :]ng.
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3D-Morphable Model — Image Creation

= Produce an image of the texture model
= Phong reflectance model
= considers diffuse and specular reflections

@ 0 0 4 0 0
r a d
tt=|0 I 0| -t;+|0 L O

0 0 I 0 0 I

(- Dt + Je (5 7)1

-

Face Recognition © Markus Storer, 2007



— U

Grazm

3D-Morphable Model

= Extent the mesh model
= parameterize the morphable model
= probability distribution is learned from the training images

= PCA is applied to the registered shape and texture
exemplars

= The face of any individual can be obtained by

N, Ny
5:§+Zq_f1gf-sf._ T=T-+ Z;ﬁ,ﬂ--T"
i=1

i=1
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3D-Morphable Model — Face Analysis

= The task is to find the model parameters

= => the face image rendered from those parameters has to
be as close as possible to the input image

= => minimize the error of a cost function
or in our case
maximizing the posterior probability of the model
parameters

Ny 2 Nt 32

1 X; Mi
i 2 (,—%Hf(xi(t‘?)ayi(t‘)))tf(‘Mf*;g* — o7,
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3D-Morphable Model — Face Analysis

= Nonlinear optimization algorithm => initial estimate
= mean shape
" mean texture
= pose and light direction is taken to be frontal
= seven landmark points

[BVO3]

Originall Features
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3D-Morphable Model — Face Analysis

= Prior models (shape, texture) are not strong enough to
obtain an accurate estimate of the 3D-shape, when only

those few anchor points are used

" => add other features
= edges
= specular highlights
= texture constraint
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3D-Morphable Model — Face Analysis

= Multiple feature fitting algorithm

m{}n 7°C° 4+ 7°C° 4+ 7°C* + 7PCP 4+ 7'

= pixel intensity feature cost function

C = 32,(1/a)[[1(x:(0), 3:(0)) — t(O)]*

= prior feature cost function

C = Y (0202 )+ SV (B /02,

= edge-, specular highlight- and texture constraint cost

function Ce. 5. and C'
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3D-Morphable Model — Face Analysis

Image Features Model Features
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[BVO3]

Syntheftic View Real Front View  Synthetic View Real Profile
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3D-Morphable Model Demonstration

= http://www.mpi-inf. mpg.de/~blanz/
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Pose Normalization Using 3D-Morphable Models
10 | g . _ — - : S
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The effect on the verification performance of the original images versus normalized images using the 3-D Morphable Model.
The verification rate at a false alarm rate of 1% is plotted. This figure was first published in the face Recognition Vendor

Test 2002

Face Recognition

© Markus Storer, 2007



| ity

Grazm

Comparison of Recognition Methods - Variable Pose and
Lighting

COMPARISON OF RECOGNITION METHODS [RHVKO6]
Gallery Probe View
View front (0°) | side (16.5°) profile (62.1°)
3DMM [38]:
front 0.1% 1.6% 24.4%
side 3.6% 0.7% 16.3%
profile 23.7% 14.0% 10.6%
Spherical-basis Morphable Model of Zhang & Samaras [54]:
front 3.5% 5.4% 21.3%
side 6.1% 3.3% 21.4%
profile 18.2% 18.5% 10.4%
Zhou & Chellappa [59]:
front 3% 12% 48%
Pose-encoded spherical harmonics of Yue et al. [50]:
front NA 1.2% NA

Table 2 Mean Identification Error Percentage for Different Methods Obtained for the PIE Data Set, Averaged Over All Lighting Conditions for Front, Side,
and Profile View Galleries. All the Experiments Included a Single Image per Individual in the Gallery Set With a Front Illumination Condition
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Face Recognition Vendor Test — FRVT 2006 pso+or

= Recognition from
= high-resolution still-images
= 3D images
= Under controlled and uncontrolled illumination

FACE RECOGNITION
VENDOR TEST

MOON

Face Recognition © Markus Storer, 2007



- — TU

Grazm

FRVT 2006 — Error Rates

1.00 [PSO+07]
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Year of Evaluation

= The best performing face recognition algorithms were more accurate than
humans !!
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FRVT 2006 — Face Recognition, Controlled Environment
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FRVT 2006 — Face Recognition, Uncontrolled Environment
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