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MOTIVATION

- Predict change in position (velocity) in subsequent frames given
the current position

- Application to 3D pose tracking as a prior

Ground Truth Zoomed Sampling




MOTIVATION

- Predict change in position (velocity) in subsequent frames given
the current position

- Application to 3D pose tracking as a prior
- Only generate feasible configurations constrained by the manifold
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MOTIVATION

Prior Complexity Scales Consistent

Gaussian diffusion Low Yes No
GPLVM [1] Low No No

GPDM [2]  Medium No No

hGPLVM [3] Medium No No

CRBM [4] High Yes No

GCMFA [5] High No No

GFMM (Ours) Low Yes Yes




OVERVIEW

1. Consider data to lay on a joint pose and kinematic manifold
(x,v) € SO(3)/S0(2) x s0(3)/s0(2)
2. Learn joint probabilistic generative parametric model
p(x,v|6)
3. Infer kinematics from pose

p(vlx,0)



MANIFOLDS, GEODESICS, AND TANGENT SPACES

- Geodesic distance between two points on a manifold is the
shortest distance along the manifold




MANIFOLDS, GEODESICS, AND TANGENT SPACES

- Geodesic distance between two points on a manifold is the
shortest distance along the manifold

- Tangent space is a local approximation of a manifold that is a
Euclidean space

- logarithm and exponential map project to and from a tangent space
respectively




CLUSTERING ON TANGENT SPACES

- Mean estimated on the manifold using the geodesic mean
- Covariance estimated on the tangent space in closed form
- Expectation-Maximization algorithm
- Minimum Message Length used to determine number of clusters




JOINT POSE AND KINEMATIC MANIFOLD

- Pose modelled using SO(3)/S0O(2) joints

- Quotient of Lie algebras so0(3)/s0(2) expresses velocity of a
SO(3)/S0(2) joint

- Equivalent to tangent space
- Velocities are geodesic lines

- Joint pose and kinematic modelled as SO(3)/S0O(2) x s0(3)/s0(2)
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KINEMATIC PRIOR MODEL

- Learn joint distribution of poses and kinematics p(x, v|6)

- 6 are the mixture parameters
- Number of clusters K determined automatically

p(x,v|0) = Zakp (%, v]6k)

- Compute conditional distribution p(v|x, )

- Conditional distribution is a new mixture model
- Cluster weights re-estimated given x

, V|6 et 0 0k)
p(v|x,0) = pé)((xve)) = Vi Z:F:(jk;zfl(@i; ) = Zﬂkp(VIX 8

- Sampling is O(1), computing log-likelihood is O(K)
- 10° samples in under a second




RESULTS

- Evaluation on Human3.6m dataset [1]
- 15 different actions with 2 subactions each
- 6 actors for training, 1 actor for testing
- Model body with 15 joints

- 12 joints have 2 DoF, 2 joints have 1 DoF

- Learn block-diagonal covariance matrices with 92 parameters each
- Scale pose and kinematic components to be relatively similar
- Subsample heavily correlated input data when learning

Activities while seated



RESULTS

Log-likelihood

Method Train Test
Samples 465,325 62,064
Gaussian diffusion 5.4325 5.4349

local Gaussian diffusion 6.4193 6.4206

Ours (30%, 211 clusters) 9.3382  11.7874
Ours (15%, 147 clusters) 8.9544  11.8714




RESULTS
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RESULTS
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CONCLUSIONS AND FUTURE WORK

- Robust kinematic prior
- Demonstrated performance over widely used gaussian priors
- Code for the GFMM framework is available [1]



CONCLUSIONS AND FUTURE WORK

- Robust kinematic prior

- Demonstrated performance over widely used gaussian priors
- Code for the GFMM framework is available [1]

- Use in real world tracking framework

- Extend to more conditionals p(vi|xt, Xt—1, 8)
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