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Point process

Random set of points

x= {p1 , p2, …, pn}.

Marked point process

Random set of  objects  

x= {(p1, m1), (p2, m2), …(pn, mn)}.

{p1 , p2, …, pn} is a point 
configuration.

{m1 , m2, …, mn} is the set of the 
associated marks.
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Ellipse parametrization
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Marked point process

Rectangle parametrization
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Object extraction problem 

Searching for the most likely object configuration x that fits the image y.

Solution 

x is a realization of a Gibbs process given by:

The most likely configuration is given by: 

The process energy is composed of two types of energies:

Prior energy term
(internal energy)

Data energy term
(external energy)
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The data energy of an object 
configuration : 

The data energy of an object : 

Quality function:

ρ

-1 +10

External energy or data energy
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The overlap proportion between two objects                    
c  and       is given by:

Penalize the overlapping between objects by 
using a Hard Core process:

The overlapping potential of an object pair:

in[0, 1]: the maximal overlapping ratio. 

Prior energy 

1

0

s=1/2

0
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Total energy and parameter identification

Total energy :

The associated parameter vector     is composed of: 

: activity parameter,

: maximal overlapping ratio,

: contrast difference threshold, 

: data energy weight,

: width of an object boundary.
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Maximum Likelihood Estimator (MLE)

 Problem: the object configuration      is unknown .

 Solution: Expectation-Maximization algorithm (EM)

1. E step: evaluate the conditional expectation: 

2. M step: maximize the expectation :

 Problem: there is no explicit expression of the conditional expectation.

 Solution: stochastic version of the EM algorithm (SEM).

unknown

 Solution: maximize the extended likelihood:  
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Stochastic Expectation-Maximization algorithm (SEM)

Initialize

S step
Simulate a configuration

E step
Evaluate

M step
Maximize the expectation:  

YesNo

Stochastic
approximation 
of the expectation
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Stochastic Expectation-Maximization algorithm (SEM)

 Problem: there is no analytical or numerical expression for                                           

since is not known

 Solution : approximation of the extended likelihood                    by the pseudo-

likelihood:

Papangelou intensity:
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Application to pink flamingo extraction

 Estimation using the SEM  algorithm  performed in 55 min and 39 s on 
1.86 GHz processor.

 Extraction using simulated annealing: 398 ellipses

Pink flamingo colony in 
Camargue, France © Tour du Valat

Extraction results
Detection error < 5%
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Application to tree crown extraction

 Estimation using the SEM  algorithm performed in 38 min and 29 s on 
1.86 GHz processor.

 Extraction using simulated annealing: 606 ellipses.

Poplar plantation sample in 
Saone et Loire, France © IFN

Extraction result
Detection error < 3%
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Application to boat detection

Boat image © CNES
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Modification of the data term for boat detection

The boats are very close and contiguous.

Considering the complete surrounding crown 
of an                vbvb          of an ellipse is not very effective. It is better to          
choose                                choose:
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Two ellipses are said to be aligned (                    ) if:

Modification of  the prior term for boat detection

 Favor close and aligned ellipses

1.

2.

3.

ω1

ω2

e1

e2

b2

b1
α
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Modification of the prior term for boat detection

The prior energy of an object pair that favors aligned ellipses is given by:

The prior energy of an object configuration that favors aligned ellipses is as 
follows:

is estimated by the SEM algorithm.

Prior energy weight
(alignment constraint)
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Modification of the prior term for boat detection

 Empirically define the boat orientation       . 

 The prior energy that favors aligned ellipses having  a privileged 
orientation        is:    
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Simulation result favoring aligned ellipses with a privileged direction

 Estimation using the SEM  algorithm performed in 1 h, 38 min and 32 s on 
1.86 GHz processor.

 Extraction using simulated annealing: 523 ellipses. 

Detection error < 9.5 %
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 Favor aligned rectangles,   

 Favor orthogonal rectangles.

Application to building footprint extraction

Digital Elevation Model of a part 
of Amiens, France © IGN
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Application to building footprint extraction

Alignment interaction between two rectangles:

Favor aligned rectangles via the following energy:

u

v

01

32

01

2 3

Prior energy weight
(alignment constraint)
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Application to building footprint extraction

 Orthogonal interaction between two rectangles:

 Favor orthogonal rectangles via the following energy:

u

v

01

2 3
1

0

2

3

Prior energy weight
(orthogonality constraint)
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Application to building footprint extraction

Prior energy  which reflects building interactions:

Three new parameters :

: the prior energy weight (alignment constraint), 

: the prior energy weight (orthogonality constraint),

: the prior energy weight (building interaction).

Set to 1

Estimated by the SEM 
algorithm
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Simulation result after modification of the prior energy

 Estimation using the SEM  algorithm performed in 6 h, 21 min and 2 s on 
1.86 GHz processor.

 Extraction using simulated annealing: 83 rectangles

Digital Elevation Model of a 
part of Amiens, France © IGN

Extraction  result
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Application to tent detection

Image of tents in Boumerdes, Algeria

© CNES
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Application to tent detection

 Estimation using the SEM  algorithm performed in 2 h, 17 min and 48 s

on 1.86 GHz processor.

 Extraction using simulated annealing: 398 rectangles
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Modification of the data term for tent detection
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Proposed post-processing for tent detection

 Remove objects that do not fit well the data  according to the second data 
energy definition,

 Remove heterogenous objects.
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Simulation result

 Remove objects that do not fit well the data  according to the second data 
energy definition.

Number of detected
objects = 153
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Simulation result

 Remove heterogenous objects.

Number of detected
objects= 98
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Conclusion

Relevance of  the SEM algorithm.

Effeciency of the ellipse model for pink flamingo and tree crown extraction.

Boat detection required the introduction of a regularizing term  that favors 
aligned ellipses with a privileged direction.

The building footprint extraction was performed by favoring aligned and 
orthogonal rectangles.

The proposed approach failed to detect tents since the color is not taken 
into account.

 Significant computational cost mainly  due to the high dimensionality 
of the used objects. 
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Future work

Optimisation strategy for the estimation method.

Automatic road and river extraction by using line segments.

Hybrid model to detect different forms.

Automatically estimate boat orientation in order to promote after this
estimation the ellipses oriented in the specified direction.

Exploit the color information for tent detection.


