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21. Fast Trust Region
for Object Tracking

Image Segmentation

2 /23
3/23

Submodular Image Segmentation

Given Image Data Term

n n
argmin F(z) = argminZ fix; + Z Z [ijTiZ;

zeBn zeB” T4 i=1jeN (i)

zeB™

n
= argmin Z fix; + length(zx)
i=1

=argmin {f, z) + length(z)

zeB™

This can be efficiently minimized via graph cut.

Data + Length Term

fij =0
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Bayes Interpretation

The above energy can be formulated by means of the Bayes’ theorem.

max P(z|I) = max w

)
E(z) = —log(P(z|I)) = — log(P(I|z)) — log(P(z)) + const
Using

P(I|x) = H Poata(I(1)|2(4))

1€Q
10) =pdf©@ (1(i)) = e~ U@
1) = pdfM (I(i)) = T
P(z) = exp(— length(z))

we obtain argmin, F(z) = argmin, (f, z) + length(x).
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Hierarchical MRF
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Regional Functionals 7/23

Volume Constraint

A volume constraint is very useful if we know the likely size of the observed image. A popular approach is to use the so called balooning term.
The idea is to lower the data term in order to increase the size of the segmentation. The ballooning term is easy to implement

fG@) ~ f(@) = A
and the resulting energy can be solved globally optimal via graph cut.

Whether this approach is robust depends highly on the used data term.
What we actually want to minimise is

The resulting energy is not submodular anymore.
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Holistic Histogram

We can extend the volume constraints to multiple constraints that are applied to different colors or other appearances.

Black: 1} pixels.
White: Vj pixels.

The resulting energy is:

E(z) = ({fo,z) — Vo)* + ((f1,x) — V1)? + length(z)

with indicator functions fy, f1: Q@ — {0, 1} for black and white pixels.
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Holistic Distribution

Given are:

B £k appearance models and indicator functions f; for ¢ < k.
B Preferred distribution p; for the models, i.e., >, _, p; = 1.
B Histogram distance function, e.g., Bhattacharyya distance:

D ({pi},{a:}) = —log (Z m)
i<k
Minimise the following energy functional:

E (z) = length(z) — log (Z ;- <<Jf,5>>)

i<k
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General Formulation

All these energies are instances of a special class of higher-order pseudo-Boolean energies

E(z) = Eo(z) + R{F}i} (x)

i<k

B Fj is a submodular function
m RP, is a regional function, i.e.,
{fl}i<k

Rf}z}Kk(x) = F ({fo,x),. .. 7<fk7171'>)

where
fi: Q>R “indicator” function
F:RF SR smooth composition
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Energy Approximation via Linearization

Given the regional energy Rf}.}' k() we receive

Tao R{yy (@) =R{} (20 +Z 81}1 - fiyx — 20)

i<k
oF
R{fz}( ) av <fl7x0>+z (’/3 <f17x>
i<k z<k
depends only on xo I|ne;ln T
= const + < fi,x >
'L<k
Note that the linearization results in a purely modular energy.
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Global Optimization of the
Volume Constraint

Energy:

Approximation:

Minimize:

E(x) =length(z) + [(1,2) — V]?
E(z) =length(z) + V2 — (1, 20)* + 2([(1,x0) — V], z)
length(z) + 2{[(1,x¢) — V], z)

Segmentation xq too big
(1,m0) =V > 0 (shrinking bias)
argmin E(x) = &

Segmentation xy too small
(1,m0) — V < 0 (ballooning force)
arg min F(x) = Q

Global optimization fails to solve the problem. Optimise locally instead.
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Fast Trust Region

14 / 23

Trust Region

VE VE

I I

in  Ey(S) +(VR(So), S
diseiin, _ Fo(5) + (VE(S0), 9

using shape distance dist(Sp, S). With Lagrangian multiplier \:

min Ey(S) + (VR(S0), S) + A - dist(So, )
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Regional Shape Distance

o 2
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Hamming Indicator ¢g, Signed Distance Shape Distance
dist (So, S) =J o5, (z)dx — |  ¢g,(x)dx (Hamming Distance)
S So
dista (S0, S) =J sdfg, () dx —J sdfg, (z) dx (Shape Distance)
S So

mSin Eo(S) +<{(VR(So) + \- ¢5,,5)
mSin EO(S) + <VR(SO) + )\ : Sdega S>
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Regional Shape Distance
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Volume Constraint

SESE S 0y

4 neighborhood
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Holistic Distribution Segmentation

E(S) = Hist(S) + length(S)

Level Set (t=1) Level Set (t=50) Level Set (t=1000) Trust Region
after 1 hour after 1 hour after 1 hour 64 seconds
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Video Label Propagation 20 / 23

Label Propagation
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Label Propagation

HoughTrack Proposed Method

=)
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