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Face Recognition by Humans [SBOR06]

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

[TFF07]
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Face Recognition by Humans

Result 2: The ability to tolerate degradations increases 
with familiarity

[SBOR06]
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Face Recognition by Humans

Result 3: Facial features are processed holistically

[SBOR06]
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Face Recognition Using 3D Models – Pose and Illumination

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

[RHVK06]
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Models of Illumination and reflectance

Lambertian model

Phong model
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Shadows

Attached Shadow
related to the local geometry

Cast Shadow
related to the object’s global geometry
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3D-Morphable Model [RHVK06]

Estimating
3D-shape
albedo
pose
illumination

From a single image viewed from unconstrained pose 
and illumination conditions
Strong prior knowledge of the statistical variation of the 
shape and texture
and
a model simulating the physical interaction of light and a 
face’s surface
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3D-Morphable Model

In computer graphics, faces can be represented by a 
mesh that includes a dense set of vertices (Nv) 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

perspective projection
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3D-Morphable Model – Image Creation

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

[BV03]
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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

pixel intensity feature cost function

prior feature cost function

edge-, specular highlight- and texture constraint cost 
function
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3D-Morphable Model – Face Analysis
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3D-Morphable Model – Face Analysis
[BV03]
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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
[RHVK06]
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Comparison of Recognition Methods – Variable Pose and 
Lighting

[RHVK06]
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Face Recognition Vendor Test – FRVT 2006  [PSO+07]

Recognition from
high-resolution still-images
3D images

Under controlled and uncontrolled illumination
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FRVT 2006 – Error Rates

The best performing face recognition algorithms were more accurate than 
humans !!

[PSO+07]
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FRVT 2006 – Face Recognition, Controlled Environment
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FRVT 2006 – Face Recognition, Uncontrolled Environment
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FRVT 2006 – Results

[PSO+07]
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Thanks for your Attention
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