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path of the flow, and therefore, part of the trajectory.
Cdet (Z'v) — 1Og (1 — Pyet (plv))

Ct(”;vajv) = —log (-’f (HpijthUH Vrr%gx) T B?f_l)
Reconstruction edges:

* Crec(mk) = log (1 — F (dlSt (L(ZU1)7 L(j’U2))7 ESD))
Camera coherency edges: N

* Ccoh(mkanl) — lOg (1 —
F ([[Pmy, P, ll; Esp))

Temporal 3D edges:
encode 3D temporal dynamics.

Y Ci.,(mg,ng) = log (1 — F (”Pm’“A_t g | , VIS’IEX))

Entrance/exit edges: determine when trajectory starts/ends

Detection edges: confident detections are likely to be in the

Temporal 2D edges: encode temporal dynamics of targets.
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Objective function:

Subject to:

Cascade of prizes

nodes are activated by the same object.

Multi-commodity flow LP formulation

Formulate MAP problem as a Linear Program using flow flags f(¢) ={0,1}.
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But we want to activate the prizes only if the two 2D 0<2.;, finliv) <1

N Multiple copies of the graph

2n J"(1) <
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Binding constraints

a Linear Program!

0 S Z’iv fout(iv) S 1 Vo

How to deal with multiple objects? Use a multi-commodity flow formulation.
fd~ﬂ > ﬂ,iq > fd'i' > Much more complex LP,
=) cannot be solved with

standard techniques!!
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fdet(iv) Z ft(Zm]fU) + fout(zfv) J the nodes
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Sfrec(mi) = faet (v, ) faet (Ju, ) constraints of
fcoh(mk’a nl) — frec(mk)frec(nl) - the form fab — fafb B

cannot be used in

fth (mkank) — frec(mk)frec(nk) |
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Objective function: min C'f = Y (c
Subject to:

Convert the problem to a Master Problem
and Nop; subproblems, using the
representation theorem £ = 37

DantZ|g-WoIfe decomposition

Nob; Block-angular structure
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A:f <b;  Hard constraints (binding)
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Extreme points
of the polyhedron

space
Column generation
1. Select a subset of columns to form the restricted master Current
problem, solve it with chosen method (e.g. Simplex, KSP). solution
2. Calculate the optimal dual solution u |
3. Price the rest of the columns p(AZf™ — b?) v%i(t)rlwu::g\?v
4. Find the columns with negative cost and add them to the column?
restricted master problem. This is done by solving column
generation subproblems.
: n\Ten nen n nen n Optimal
min (c")Tf" + (AT —by) st AZE" < by ® Solunon/

Constraints

Solution

Multlple people tracklng PETS 2009 dataset

s RS CLEAR metrics, proposed
method outperforms state-of-
the-art with only 2 views.

DA TA DP TP miss
Zhang etal. [24] (1) 689 658 60.6 60.0 28.1
GTR(2) 51.9 494 56.1 544 31.6
GRT (2) 64.6 579 578 568 26.8
TR (2) 66.7 627 59.5 579 24.0
RT (2) 69.7 657 612 602 25.1
Berclazetal. [4](5) 76 75 62 62 —
Proposed (2) [78.0 76 62.6 | 60 16.5
| TR (3) 48.5 46.5 51.1 503 20

RT (3) 56.6 513 545 528 235

Even with calibration noise, | _Proposed 3) 731 714 550 534

our algorithm is able to track
the red pedestrian which is
occluded in 2 of the 3 views.

Much better performance than
—> Reconstruction-Tracking or
Tracking-Reconstruction.

3D human pose tracking: HumanEva dataset

Ground truth 2D joint positions with 40% simulated outliers,
much more robust performance than comparing algorithms.

Tracking-Reconstruction = Reconstruction-Tracking Proposed method
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Conclusions

» Jointly track multiple targets in multiple views.

» Proposed graph structure solves the problem as a global
optimization including both temporal correlation and spatial
information enforced by the configuration of the cameras.

» Branch-and-price: powerful tool to find the solution exploiting
the special block-angular structure of the problem.

» Code available! http://www.tnt.uni-hannover.de/~leal/
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