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Probabilistic Formulation

Generic alignment problem

where

Pose space Is free
Shape space is constrained .

A solution maximizes the posterior

A chicken and egg problem




In the Eyes of Computer




A Generative Perspective

Deformation

The magnitude of deformation is controlled by
The canonical shape is generated from  through

process that could be linear or nonlinear.
Transformation

could be either 2D or 3D.

The transform could be similarity/affine/perspective/

weak perspective/...

Image Likelihood L

Various type of image features




Baseline Model

Linear Deformation
Similarity Transform

where

Shape prior IS diagonal.

Isotropic shape noise (Probabilistic PCA)
Diagonal observation noise

Observed shape IS generated from feature point detector.

Model parameters are learned from training samples.

Goal: solve shape parameter  and pose




Alignment Algorithm

Start with some and

Compute canonical shape by weighted averaging of
and

where

Update shape and pose parameters

Increment iteration counter
Update shape observation from image

Iterate until convergence




Problems?

Linear deformation model
Cannot handle faces of rare shapes (babies, etc)
Cannot handle extreme expressions
Single candidate position for each feature point
Best position may be the one with second strongest response

Feature detector may completely fail in the presence of noises

This paper extends the generative framework to handle
Large face shape deformation including extreme expressions
Multiple candidate positions for each feature point

|dentify outliers, like occluded feature points.




Handling Extreme Expressions

Smile, squint, surprise, disgust, scream and neutral expression




Handling Large Occlusion

Produce the confidence levels




Handling Real World Images




Model Configuration

Deformation

Transformation

Image Likelihood
where

candidates for each landmark:; “true” candidate

!
#

IS specified by the binary latent variable
Canonical Shape  follows a constrained Gaussian mixture with
the mixing ratio

Shape components are diagonal

Model parameters learned from training samples;

generated by feature detector.

Goal: solve shape and pose




Alignment Algorithm

Start with some and

Evaluate sufficient statistics

Update shape and pose parameters

Increment iteration counter
Update shape observation from image

Iterate until convergence



Update Canonical Shape

canonical shape estimated from last shape parameters
feature candidate inverse-transformed to canonical frame
a weight sum of above two

averaged over all candidates and all shape subspaces.

Weights are determined by observation noises (automatically

adjusted through iterations)




Update Shape Parameters

the projection of Into the Gaussian subspace
the expected mixing ratio (responsibility).
the variance of noise in the I-th Gaussian subspace

% are shape variance along each axis (eigenvalues).

An Adaptive Scheme controlling the Degree of Shape Regularization

(within a subspace): smaller shape variance leads to heavier
penalization along the corresponding deformation axis and vice versa.

(between subspaces): smaller mixing ratio leads to heavier penalization

(overall ) the overall degree of regularization is controlled by the

percentage of shape variance that is preserve in each subspace




Evaluation

Comparisan
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Face Landmarks

Eyes (1~16), Eyebrows (17~36), Nose (37~48), Mouth (49~68)
and Silhouette (69~83)

Improvement is consist on all facial features!




Online Demo
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Handling Profile Faces




Handling Multi-View Cars




