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Goal: parse static pictures of people

What does “parse” mean? p==

s find boundary shape F_j::;;::" l
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» |locate body parts

Why does it matter?

» gait recognition |
_ Assumptions
» tracking |

. | » single person
» activity analysis _ _
» sSide view

o No external occlusion

How to parse?
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Shape = Joint Config + Anthropometry
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Typical part representations.



Shape = Joint Config + Anthropometry
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Typical part representations.
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o efficient inference




Shape Prior

Shape ~ K landmark points

Vi.K = Q — {(ka, yk) ?:1

Prior ~ p(Q), € R*®

Shape as Bayes network by
» triangulation
» cond. independence

p(V1:K> — Hk p(vk‘vlzk—l)
= | [, p(v| parent of v
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Posterior Distribution

p(vix|L) o< p(© Hp Pk Hp 1) Hﬁb Vo)

keJ keJ Ceq
N
Prior Likelihood

J T =9
®  joint angles, 6.9
pr.  radius scaling in polar coordinates

n;, residual noise in Cartesian coordinates

© index set of clusters
¢(ve) likelihood potential, & p( fo|ve)



Posterior Distribution

p(vix|L) o< p(© Hp Pk Hp 1) Hﬁb Vo)

keJ keJ Ceq
N
Prior Likelihood

Inference Tools Available

s DP (Dynamic Programming)

MF (Mean Field)

BP (Belief Propagation)

MCMC (Markov Chain Monte Carlo)
SMC (Sequential Monte Carlo)

9
9
9
9



Posterior Distribution

p(vix|L) o< p(© Hp Pk Hp 1) Hﬁb Vo)

keJ keJ Ceq
N
Prior Likelihood

Inference Tools Negative

s DP & » continuous variables

s MF & » clique size as highas 9
s BP & » complex likelihood

s MCMC

s SMC



Posterior Distribution

p(vix|L) o< p(© Hp Pk Hp 1) Hﬁb Vo)

keJ keJ Ceq
N
Prior Likelihood

Inference Tools Negative

s DP & & continuous variables

s MF & » clique size as highas 9

s BP & » complex likelihood

» MCMC Positive

» SMC © » chain-like model structure



Sequential Importance Sampling

Proposal Distribution
T = Tk—1 ‘p(Vk‘Vlzk—l)

p(vilen, ©,_1)  if v, is joint vtx
p(vi k) otherwise

Importance Weights

W X W1 HC’EGk ¢(VC)

Resampling Scheme: Stratified resampling



Experimental Dataset

Training Test

o indoor, green backdrop,  outdoor, cluttered bg,
controlled lighting natural lighting

® 28 subj, 112 seq, o 10 subj, 10 seq, 963 frm
3126 frm # 50 frames selected w/

ground truth



Bootstrap with Uniform Prior

& &)

» Hand-label one frame of the indoor data.
» Fit training set using uniform p(0), p(p), p(n).
» Learned prior = more challenging segs.



Visualizing SMC Inference

Marginal distrib. of each vertex is summarized
by its covariance ellipse (error ellipse).



Quantitative Evaluation on 50 Frames

Body Error Arm Error
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Each image cue has a role to play
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Performance on Video Seqguences

01
02
03
04
05
06
07
08
09
&) 10

Plotted are the posterior means.
Each frame is matched independently.



Summary
Contributions

» Novel Prob. Representation of Body Shapes
» Global Articulation + Local Deformation

» Multiple-Cue Integration
» Efficient Spatial Inference via Sequential MC

Work In progress
» motion and dynamics
» multiple viewpoints
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The End!
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