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Model-based Single Frame



Multi-view Model-based Tracking
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Multiple Views

Pose Optimization



Shape Models for Tracking
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Cardboard
(Wu et al. 2001)

Spheres
(Qian et al. 2014)

Primitive Shapes
(Oikonomidis et al. 

2011)

Truncated Quadrics
(Stenger et al. 2001)

Sum of Isotropic Gaussians [SoG]
(Stoll et al. 2011, Sridhar et al. 2013)

Full Mesh
(Ballan et al. 2012)



Sum of Isotropic Gaussians (SoG)
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Sum of Isotropic Gaussians [SoG]
(Stoll et al. 2011

Sridhar et al. 2013)



Input

Tracking with Isotropic Gaussians (SoG)
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Stoll et al. 2011
Sridhar et al. 2013

3D SoG Model

Pairwise Weighted Similarity

Projection



Sum of Anisotropic Gaussians (SAG)
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Sum of Isotropic Gaussians [SoG]
(Stoll et al. 2011

Sridhar et al. 2013)
Sum of Anisotropic Gaussians [SAG]

(Ours)

Fewer Primitives

Less “Bumpy”

Better Shape 
Approximation



3D SAG Model

Tracking with Anisotropic Gaussians (SAG)
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Perspective
Projection

Projection: 3D SAG to 2D SAG Energy: Preserve analytic formulation2 3

1
Input



Perspective Projection of SAG
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Gaussian
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Scaled 
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Gaussian

Perspective Projection

Camera
center

Elliptical Cone
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3D SAG Model

Tracking with Anisotropic Gaussians (SAG)
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Perspective
Projection

Projection: 3D SAG to 2D SAG Energy: Preserve analytic formulation2 3

1
Input



Pose Optimization
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 Closed form similarity
 Closed form projection
 Analytic gradients

Fast Gradient-based Optimization

Pairwise Weighted Similarity
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Evaluation Dataset
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Dexter 1 (Sridhar et al. 2013)



Tracking on Dexter 1 (abdadd)

Real-time Hand Tracking Using a Sum of Anisotropic Gaussians Model 15



Fingertips Error
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 24 mm average error

 5 mm better than SoG

Lower is better



Real-time Tracking
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Real-time Tracking
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Real-time Tracking
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Scales to Tracking Objects
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Future Work
• Fewer cameras (or 1 depth)
• Advanced optimization
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Better Accuracy with More Cameras
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Lower is better



Ellipsoid vs Gaussian
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Error frequency
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