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+ Point process d

« Random set of points

X=1{P,, Py ---1 Pr}- s

+ Marked point process

« Random set of objects i
x={(p, M,), (P, M,), ...(Pn, M)} o © ®
« {P.s Py - Po}is @ point ® ©
configuration. ® o
« {m_, m, .., m}isthe set of the © e o
associated marks. >
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+Marked point process

«Ellipse parametrization «Rectangle parametrization
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Marked point process for object extraction

1A A NI Al

e
+ Object extraction problem

Searching for the most likely object configuration x that fits the imagey.
+ Solution

x is a realization of a Gibbs process given by:

e—Uo(z.y)

c(6/y)

fo(X =xz/y) =

The most likely configuration is given by:

T — ! N — — A / U ’.
& = Argmaz fo(X = x/y) = Argmin Us(z,y)

The process energy is composed of two types of energies:

Us(x,y) = Uj, (z,y) + Uf ()

Data energy term SN | | Prior energy term

(external energy) (internal energy)
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vExternal energy or data energy

« The data energy of an object
configuration x:

U (x,y) =va) U, (u)

uexT

« The data energy of an object u:

| U3(0) = Quy (du, ()

« Quality function:

( 1
d\3
1 - — d < d
Qun(d) = ¢ (dg) ifd<dy
d — dgy
— —1 d > d
kEIp( Bdﬂ ) Ef 0
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+Prior energy

“ The overlap proportion between two objects

r; and r; is given by: Az, x5) Uglas,z;)
/P A
O — Area(x; f'“l:r‘j] .
min(Area(x;), Aire(z;)),  \/ N | ] .
“ Penalize the overlapping between objects by
using a Hard Core process: 0
S=

() = 10 ¢ 40

“ The overlapping potential of an object pair: " ““““““““ 0

0 if;t:g-m:rj,

UE(I::':T_;-':} = {

4+ oo otherwise.

“ sin[o, 1]: the maximal overlapping ratio.
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ed point process for objec

+Total energy and parameter identification

+ Total energy :

Un(a.y) = Uj, (@) + Uj (@.9)

Up(x,y) = —n(x)LogB+ D te(wi z;) +7ad_Us,(u)

l<i<j<n(x) ucx

ey

« The associated parameter vector ¢ is composed of:

» (3 > 0:activity parameter,

» s < [0,1] : maximal overlapping ratio,

» dy > 0 :contrast difference threshold,
» 74 > 0:data energy weight,

» p > 0 :width of an object boundary.
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| Marked point process for object extraction

Ellipse process

| Rectangle process

Conclusion and future work

Page = 10



Parameter estimation

+Maximum Likelihood Estimator (MLE)

6 =arg ?gzéaémfg(y)

-

unknown

© Solution: maximize the extended likelihood:

s

= arg

I
3

ar fg(il?: y)

@ Problem: the object configuration x is unknown .
© Solution: Expectation-Maximization algorithm (EM)
1. E step: evaluate the conditional expectation: Eyx [log fo(x,y) /Y]

2. M step: maximize the expectation : 6*™ = arg max Eyx [log fo(x, y) /Y]
I=E] ’

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

© Solution: stochastic version of the EM algorithm (SEM).
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+ Stochastic Expectation-Maximization algorithm (SEM)

[ Initialize 6°

|

S step

Simulate a configuration =™~ fu(X/y Stochastic

I

P— . .
approximation

E ste
Evaluate Q(6,60";y) =

of the expectation

i)

J

M step
Maximize the expectation: 8! = arg maz Q(0, 0%y
=




+ Stochastic Expectation-Maximization algorithm (SEM)

® Problem: there is no analytical or numerical expression for fy(x,y) = 0
since ¢(f) = /fhg(m, y) p(dx)v(dy) is not known

© Solution : approximation of the extended likelihood fy(x, y) by the pseudo-
likelihood:

|PLW(H;:1:,y) _ !H }\g(:ﬂi;m,y)] Emp{—lvkg(u;m?y)ﬁ(du)}

I;er

© Papangelou intensity:

ri€x/riFu

No(u;x,y) = (3 exp (—’}’dUd(“) - >, ﬂ?é))
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Marked point process for object extraction

Parameter estimation
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Rectangle process

Conclusion and future work
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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

(s =10.3

3= 1000

~d = 12.8839
| do = 1.33

o L

OCNOAM
Extraction results
Detection error < 5%

Pink flamingo colony in
Camargue, France © Tour du Valat
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Ellipse process

+ 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.

(s =10.3

4 3 = 1000
~d = 9.2657

do =

Poplar plantation sample in Extraction result
Saone et LOire, France © IFN Detection error < 3%
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Ellipse process

+ Application to boat detection

Boat image © CNES
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Ellipse process

- > - < —f

+ Modification of the data term for boat detection

= The boats are very close and contiguous.

= Considering the complete surrounding crown
of an ellipse is not very effective. It is better to
choose:
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Ellipse process

+ Modification of the prior term for boat detection

» Favor close and aligned ellipses

« Two ellipses are said to be aligned (€1 ~aiig €2) if:

W + wa

T
1. | da(er,e2) =| a—( 5 T E} | 7] < damas '

) | de(er,e2) =| d(er, cz) — (b +by) |< de,.. |

€,

~D

3. ' dw(ﬁl,ﬁg} =| wh — Wwa |£ dw

TMET '

7/
\ 7/
A N
¥ d
[

)/
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Ellipse process
DO e il e S ST T
+ Modification of the prior term for boat detection

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

TaIiQ(EI:EE} € [_10[ St €4 ~alig €2
Uatigler,e2) =0 sinon

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

(jflig(m) — Talig Z (](u'-i-g (Ia IJ)

l<i<j<n(x)

Prior energy weight
(alignment constraint)

Yalig is estimated by the SEM algorithm.
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Ellipse process

+ Modification of the prior term for boat detection

» Empirically define the boat orientationw. .

» The prior energy that favors aligned ellipses having a privileged
orientation wn is:

-

alig, (€) = ahg(:{? Ji{e})—C aiig(:r] st |we —wn |[<dy,,..
falig, (€) =0 sinon
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Ellipse process

Qi S i
+ Simulation result favoring aligned ellipses with a privileged direction

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

» Extraction using simulated annealing: 523 ellipses.

(3 = 1000
Vg = 27.56
{ Vatig = 9.18
s=10.3
dy =6

Detection error < 9.5 %

Page = 22



3
B
=

Marked point process for object extraction
Parameter estimation

| Ellipse process

————————
Conclusion and future work
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» Favoraligned rectangles,

» Favor orthogonal rectangles.

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

© Alignment interaction between two rectangles:

1 U 0
| ,
| ..
: dg(zﬁj)gdcmam
|
i — umaﬂigivrvlzl'e{o?l?z?g}{i:}{dtﬂ-’(“’?”)gd@'maz
I
>3 i+j=3
d011 0 k
u
N
v !
1|
|
2 113

« Favor aligned rectangles via the following energy:

Uaﬁg(m] = TYalig Z Z Uﬂhgi (l‘j,l‘k)
\—Y—’ l<j<k<n(z) 0<i<3

Prior energy weight
Page 25 (alignment constraint)




+ Application to building footprint extraction

» Orthogonalinteraction between two rectangles:

1 U g
| (
i dc'(i“'j) E dcma,m
| . .
: — u Nmth’i Uf‘ vz E {U'-‘ 13‘ 23‘ 3} — < |dw(u"?‘}) T % |<—: dwmaa:
|
|
[ 1 | —
12 — kz—l—j 0, 2, 4, oub
de| 2 : 1
Y
3 | 0

»  Favor orthogonal rectangles via the following energy:

Uorth(m) = Torth Z Z Uﬂfﬁhi (-Tj: Ik)

l<j<k<n(m) 0<i<3

Prior énergy weight
Page = 26 (orthogonality constraint)




+ Application to building footprint extraction

« Prior energy which reflects building interactions:

Up. () = Yint [Uatig(x) + Uppen()] I

int

= Three new parameters:

“7Yalig : the prior energy weight (alignment constraint), Settol
— Setto
« Yorth : the prior energy weight (orthogonality constraint),

« 7Yint :the prior energy weight (building interaction). = Estimated by the SEM
algorithm

Page = 27



+ Simulation result after modification of the prior energy

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

» Extraction using simulated annealing: 83 rectangles

(3 =500
p=1
dog =4

{ g = 30.059
Tint = 16.849
Yalig = 1
(Yorth = 1

Digital Elevation Model of a Extraction result
part of Amiens, France © IGN
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Rectangle process

-
+ Application to tent detection

Image of tents in Boumerdes, Algeria
Page = 29 © CN ES



Rectangle process

+ Application to tent detection

» Estimation using the SEM algorithm performedin 2 h, 17 minand 48 s
on 1.86 GHz processor.

» Extraction using simulated annealing: 398 rectangles

p= 1

do = 2.6
V5= 500
(Ve = 32.5248
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+ Modification of the data term for tent detection

(ht): o)

(B0 o)

(B2t TFe )

dp(u,FP(u)) = min dp(u, FF(u))

1<i<4
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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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Rectangle process

e
+ 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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Rectangle process

OO s T
+ Simulation result

» Remove heterogenous objects.

Number of detected
objects= 98
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Marked point process for object extraction

Parameter estimation

Ellipse process

Rectangle process



Conclusion and futur work

S Toesaassssssa s e eeees s e e
+ 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

L

L

L

Page =

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.
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