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Statistical Cue Integration in DAG Deformable Models

Siome Klien Goldenstein, Christian Volger, Dimitris Metaxas

This paper is a discussion on the above topic “Statistical Cue Integration in DAG Deformable Models” by Siome Klien Goldenstein, Christian Volger, and Dimitris Metaxas. It talks about the techniques used and the how some parts of the paper are related to my course “3D Medical Image Reconstruction and Visualization”. Articles relevant to the original article are also presented here. Finally a small discussion on the experiments and validations done in the article is done and some applications, future improvements are listed.
Abstract for the original article:


A series of images is used from which relevant that is extracted by means of certain techniques like the optic flow. This information is used to change some parameters so that a good approximation of the object in the images is obtained. The concept of Directed Acyclic Graph (DAG) is introduced.  This representation is a dynamic and flexible one and also allows computational optimizations, which are otherwise not possible. Another method, the statistical cue integration for tracking de-formable models is also described.

Relevance to course:


Some of the terms and topics that were found relevant to the lectures are,

· World Window

· Construction of face models with a large number of polygons

· Mesh model for face

· Warping (deform geometry according to the vector field)

· Parametric Equation

Terms we need to know before we proceed any further!

Deformable Model: It is any object whose shape changes with a set of parameters.

Affine arithmetic (AA) is a self-validated model for numerical computation. Like standard interval arithmetic (IA), it can provide guaranteed bounds for the computed results, taking into account input, truncation, and rounding errors. Unlike interval arithmetic, it keeps track of correlations between computed and input quantities, and is therefore resistant to the catastrophic loss of precision often observed in long interval computations.

Face tracking: Face tracking as the word suggests is basically tracking the changes in the facial features. Face tracking can serve as a front end to further analysis modules, such as face recognition, face expression analysis, gaze tracking and lip-reading, to name a few. Face tracking is also a core component to enable the computer to "see" the computer user in a Human-Computer Interface system.

DAG: A Directed Acyclic Graph (DAG) is a directed graph that contains no cycles.

Cue: In Deformable model tracking, the algorithm identifies a large number of displacements. These are mapped into parameter space using local projected Jacobian and summed up to form a generalized force called cue. An important capability of the human visual system is the identification of objects that are disconnected in 3D space. To do this, the human visual system integrates multiple cues such as motion, color, contrast, disparity and geometry. Cue integration is of great interest for advanced video processing methods that are increasingly needed to meet the demand of applications such as 3D TV.

Existing Problems:

1.The accuracy and reliability of a deformable model tracking application is strongly dependant on how     well the objects under tracking fits under the family of shapes described by the parameterization of the model. There is a fine balance between getting the smallest possible parameter space, thus dealing with more tractable problems, and capturing enough variability in the shape.

2. It is hard to store and manipulate all these models in a unified way and to parameterize them. Moreover, with large scale models computational efficiency is a matter of concern.

3. Estimating the probability distributions for the optimal automated integration of cues to yield the best possible parameter estimate of the model is a difficult problem.

New contributions in this paper to the above problem:

1. A flexible data structure for representing the models and associated parameterizations those are suitable for computer vision tracking applications. This data structure is based on a DAG, which describes how points in a model depend on one another and on the parameters. 

2. A novel statistical approach for estimation of the probability distributions of the cues is described.

Techniques:

Deformable models:


The shape, position and orientation of the model are controlled by a set of n parameters q. For every point i on the surface of the model, there is a function that takes the deformation parameters and finds pi, the point position in the world frame. The function is restricted to the first order derivative. This derivative is the Jacobian.

Fitting and Tracking:


Low-level computer vision algorithms generate desired 2D displacements on selected points on the model. These displacements are also called as the ‘image forces’. These are then converted to one n-dimensional displacement in the parameter space, called the generalized force. This works fine if all image forces come from the same cue, which will not be the case usually. In order to integrate the multiple cues the statistical cue integration is done.

Dynamic Representation of Deformable Models:


The DAG’s dynamic nature allows the tracking framework to adapt over time, to optimize the computations, and to minimize cache misses. The DAG has 2 basic elements: Nodes and Dependencies. Nodes may be Normal Nodes (correspond to actual points on the surface of the model) or Ghost Nodes (not physical points, but are accumulators of common expressions). The Dependencies are : Fixed Point, Linear Combination of Points and Add Parameterized Vector.

Overview of the entire process:

The basis of a deformable face model is a static mesh model. First they have started with the publicly available model of head (computer graphics group of the University of Washington). A face mask of the head was taken and simplified. By this they got a static mask model of a generic face with 1101 nodes and 2000 faces. 11 Parameters were defined for the various facial expressions. Initially all nodes are taken as fixed points. They define deformation based on the concept of regions instead of taking individual nodes. After this is accomplished the statistical cue integration is done. The key element of this technique is the representation of the support of noise with 2D regions. Thus the Statistical Cue Integration in DAG Deformable Models is achieved.

For easier understanding we can use the following flowchart,



             With techniques like optic flow






Object identification




DAG is dynamic, flexible
and allows computational

optimizations.



Assumption made in the paper:


The shape of affine form representing an image force does not change during the iterations over a single frame; the shape also remains the same. For many cues this assumption is valid because the image is processed only once per frame.

Some articles relevant to the original article:

	Authors
	Year
	Article


	Description of the Article
	Relevance to the main article

	Douglas De Carlo & Dimitris Metaxas

J.J.Baroon, D.J.Fleet, S.S.Beauchemin

Siome Goldstein

Lorenz Huelsbergen,

Bell Laboratories.
	2000

1994

2002

1996


	Optic flow constraints on deformable models with application to face tracking.

International Journal of computer Vision,38(2) pp. 99 –127

System and Experiment Performances of optic flow techniques

Statistical cue estimation for model based shape and motion tracking.

Dynamic Parallelization of Modifications to DAG


	They derive and solve a dynamic system incorporating flow as a hard constraint, producing a model based least-squares optical flow method. A 3D deformable model is described that uses a small number of parameters to describe a rich variety of face shapes and expressions.

For a common set of real and synthetic image sequences they report the results of a number of optical flow techniques. Concentration is on accuracy and reliability and density of velocity measurements.

Vision based tracking of moving object is important in many applications ranging from sports and medicine to security and recognition of human action. In this paper a novel method for statistical deformable model tracking is presented.

The description of an interprocedural technique called dynamic resolution for automatic parallelization of procedures that destructively manipulate dynamic DAG’s is presented.
	Details of optic flow constraints on deformable models used in application of face tracking.

Optic flow is used to obtain parameters from images in the original article.

Original article also talks about deformable model tracking.

It can automatically and effectively parallelize DAG rewrite. DAG is also relevant to the original article.




Some improvements and future improvements possible are:
1. Explore ways to modify existing DAG automatically or even to simplify it in order to obtain a more computationally efficient structure.

2. DAG formulation and estimation of cue probability distribution via affine arithmetic are currently two separate building blocks. Combining them would be a good and important future application because it will allow propagating the probability distribution of the parametric vector through the DAG to obtain probabilistic estimates of the node positions and Jacobians.

3. For tracking the problem of visualizing multiple overlapping hierarchies, It is worthwhile to explore research in using and fine tuning set based visualization algorithm, as graphics based visualization is proved to be a poorer metaphor for display in such information [6]. 
Applications:
Most of the real time images can be configured into DAG deformable models and so their cue integrators would be waste in many of the real time applications. It may be used for both motion tracking – leading to facial expression recognition and facial movement synthesis. This shall be a useful tool in forensic labs, movie production, psychological study centers and the like.

Experiments and Validation:

· The system (hardware and software) used here are substantiated and justified based on the quantity of the data processed and the complexity involved in the computation.

· The experimental image models were taken with a resolution of 640*480 pixels at 60 Hz which is a quite normal one for real time applications. Also there is no predictive or corrective filter used and no constraints on the values of the parameters. This is deemed necessary, as real time human expressions are quite un-predictive!

· The boundaries of the experimentation is also well identified e.g. complex mouth movement while the face underwent large rotations[@70 Deg.] and these are also justified.

· The experiments were done using 2 image sequences. One by physically pulling ‘dots’ on object before taking their images [ dots are taken as marks] and the other image sequence is unmarked. Both have shown good results in cue integration and so it is real time efficient. The experiments done and results got stalk their claim that the statistical cue integration makes the system significantly more robust compared to the standard average method.
Thus the experiments are representative of the situation and the results are interpreted correctly. The results are also convincing based on the exclusions and valid assumptions.
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Relevant information from the images are extracted





Use this information to change parameters of the model iteratively until a good approximation of the object is got





Combine distinct sources of information (Cues) that are provided by different computer vision algorithms.





Identify object position and Jacobian at each point of deformable model using DAG.





Use affine forms and arithmetic to represent cues and their regions of confidence. Then, integrate each cue after approximating each cue with a guassian distribution using Linderberg Theorem.











