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Active contour:

* Active contours are
dynamic contour. By
evolution, it moves
towards the object
boundaries or image
features which we want
to extract.

http://imagejdocu.tudor.lu/doku.php?id=plugin:segmentation:active_contour:start
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Reference Shape Prior:

* Active contour wraps the
object boundary which
may contain noises. Shape Prior

* With shape prior, the
contour can fit the object
and match the reference

robustly although the
object contains noises.

=

Contour without Contour with
shape prior shape prior
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Shape descriptor:

* Shape descriptor is used to represent a contour or a
shape. It is defined as a D-dimentional vector.

o Non-parametric representation

o Parametric representation by moments
- Regular or geometric moment ( Mp.q )
* Legendre moment (%p.q )

- Normalized central moment ( 7., )
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Affine transformation:

* Affine transformation is a
geometric transformation that n
scales, rotates, skews, and/or FRTATE seale
translates images.

* In an affine transformation,
parallel lines remain parallel, the D
midpoint of a line segment
remains a midpoint, and all T s rantlate

points on a straight line remain

on a straight line. http://support.esri.com/
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Abstract

* In this paper , we present a new way of constraining
the evolution of an active contour with respect to a set
of fixed reference shapes.

* Shape descriptor is based on Legendre Moments
computed from their characteristic function.

* By properties of moments, it is possible to include
intrinsic affine invariance in the descriptor which solve
shape alignment issue.

® Qur shape prior is based on a distance, in terms of
descriptors, between the evolving curve and the
reference shapes.
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* We present a novel approach for constraining the
geometry of an evolving active contour toward a set of
reference shapes.
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* Relationship to prior work
e The first issues: variability

- When using reference shape, it must be dealt with a question
about variability of reference shapes which is the variation of the
shape away from reference template.

- Itis handled by using statistical models. Many models are based
on standard Principal Component Analysis (PCA) (Cootes et al.
1995; Székely et al. 1996; Leventon et al. 2000; Tsai et al. 2003;
Bresson et al. 2006) which involves Gaussian distributions.

- To better model real-world shape distributions, which may be
arbitrarily complex, Gaussian kernel space density estimation
(Cremers et al. 2003) and, more recently, Parzen kernel density
estimation (Cremers et al. 2006a) were proposed.
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* Relationship to prior work

e The second issues: alignment

- When using reference shape, it must be also dealt with a question
about shape alignment.

- Pose parameters (rotation, translation and scaling) are generally
taken into account in an explicit fashion. But this leads the system
to be complicated and coupled partial differential equations.

- To overcome the problem, implicit representation is then
proposed in:

- Székely et al. (1996), for explicit snakes implementations

- Cremers et al.(2006a), Foulonneau et al. (2003) for implicit
representations in the case of translation and scale invariance

- Foulonneau et al. (2006a) for the affine invariance
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e Contribution of our work

e The approach reported in the present paper combines a
compact parametric representation of shapes with curve
evolution theory.

e The advantage of our model is that it is not bound to any
particular implementation. Level sets (Osher and Sethian
1988) or spline-snakes (Precioso and Barlaud 2002) may
be considered

e More specifically, this parametric description is based on
Legendre moments which can make our shape descriptor
intrinsically affine-invariant. This avoids the problem of
pose estimation.
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» Contribution of our work [cont.]

e Among the invariant models previously proposed,

o Székely et al. (1996), Cremers et al. (2002) cannot handle
complex topologies

« Cremers et al. (2006a), Foulonneau et al. (2003) can handle the
complex but are limited to translation and scale invariance.

» Riklin-Raviv et al. (2004) can handle projective invariance but
use an explicit formulation

- Finally, the pose parameters are readily available by our
method.

e We address the multi-reference case, i.e. multiple
reference shapes are simultaneously considered.
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=—Shape Descriptor and Geometrical Invariance

We represent a shape by a shape descriptor (order=N).

The shape descriptor is defined as the D-dimensional
vector of Legendre moments, where D = (N + 1)(N + 2)/2.

Watch 1
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Multi-Reference Shape Priors for Active Contours

Watch 1

Marne

=] humoments

bl
bz
hus
b
hus
huG
hu?

Walue

0x015125e8 { hul=0,22586190025149
0.22536190025149455
0.0017015233945585202
0.0071204325618661971
0.00007327341 2836902753
-0,000000051723137170647175
-0,0000027 253728 182335237
-0,000000027 1917 37910398332

16



hape Descriptor and Geometrical Invariance

* Encoding shape with Legendre moments

* (p+q) is called the order of the moment N
* Legendre moment: -

Ap.g = Cpq Z Z A pudgoMy,v.

u=0 v=0

* Normalizing Constance: Cps=02p+1D2q+1)/4
* Regular moment D Mpg= f fx,y)xPyldxdy
* Characteristic function : f(x,y)
* Pixel coordinate . (xoy) e[-1 17
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N=2
N=25
N =250

Reconstruction order (N)

Fig. 1 Reconstructions of a mug shape from its Legendre moments made invariant w.r.t. scale and translation (/eft) and corresponding reconstruc-
tion error curves (right)
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“—Shape Descriptor and Geometrical Invariance

e Handling Pose and Geometric Variability

» Two shapes (same object but transformed) have the same
descriptors (Legendre moment)

e Example of Translation, Scaling-invariance:

Watch 1 Watch 1
Marme Yalle Mame Yalue
= hurnaments Ox01512730 4 hul=0,227051 7726938 = hurnaments Ox01512875 { hul=0,225361900251+
—  hut 0.227051 77269531535 —  hul 0.225861900251 49455
—  huz 0.0017541.335858215396 —  huz 0.001701525339458555 262
—  hu3 0.007245956827 3452294 —  hu3 0.00712043256018661971
—  hud 0.000090501 21 2202107943 —  hud 0.00007327341 2830902753
—  huS -0, 000000065501 28725107443 — husS -0, 0000000517231 37170647175
—  hus -0.00000321 2602201 1016145 —  hud -0.0000027 2537 28182335237
—  hu? -0, 000000053257 2905306403577 —  hu? -0.000000027 191 7379103955332
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hape Descriptor and Geometrical Invariance

e Handling Pose and Geometric Variability

e Two shapes (same object but transform) have the same
descriptors (Legendre moment)

 Affine transformation includes translation, scaling and
rotation.

 This solves the alignment problem and makes the model
invariant w.r.t. the geometrical transformation.

e This introduces geometrical variability in the model.

e Descriptor can be invariance by replacing M, , in Legendre
moment by proper expression.

P q
rp.g=Cpq Z Z%uaanu,v-
u=0 v=0
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hape Descriptor and Geometrical Invariance

e Handling Pose and Geometric Variability

e Scale and Translation Invariance (A )

* This invariance descriptor can be obtain by aligning the
shape centroid (x, y) with center of the domain and
normalize its area to a constant 1 /5.

P q
rp.g = Cpq § : § :apuaqv??u,v-

u=~0 v=0
(x —x)“(y = y)"
u,v = /L (B9 n|)(u+v+”)/2d vdy

* This uses normalized central moment ( Mu,v) instead of M, ,,
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e Handling Pose and Geometric Variability

* Affine Invariance (A%)

» This invariance descriptor can be obtain by image
normalization procedure (Pei and Lin 1995).

u=p,v=q

A
}Lﬁaq(gfn) — Cpq Z (Ipuﬂqvl’,.'u,u

u,v

1, = (s ()~ (sem (72)) 7

~A (I - 1) ((x —X)cos@ + (y —¥)sinf) (y —3)cos — (x —D)sind) . \"
A = 5 X cosy + 7 siny
(ﬁ‘QmD Qin \/lT 2
" (((y —y)cosé — (x —x)sinb) cosy — ((x =X)cosb + (y —y)sinb) siny)vdxdy.
NG Vi
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hape Descriptor and Geometrical Invariance

e Handling Pose and Geometric Variability

e Similarity Invariance ()5)

* This invariance descriptor can be obtain by setting ¥ =0
and I, I2 =1.

U=p,v=q

kf},q(Qm)=Cpq Z apuaqu’}'iu

u,v

u v
rfg,u = (Sigl‘l (ﬁiO)) ) (Sigl‘l (ﬁgﬂ)) 'ﬁﬁ,uﬁ

and
~5 ((x —=x)cost + (y —y)sind)*
o = Q, (BIQip|) wtv+D/2

x ((y —Vv)cost — (x —x)sinf)’dxdy
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/’SﬂDescriptor and Geometrical Invariance

Fig. 2 Reconstruction of _

shapes from their

affine-invariant moments. Upper :

row: original shapes. Lower ~ _ /
row: shape reconstructions ' _
using affine invariant moments

(these reconstruction correspond . " .

to the canonical representations

of the original shapes)
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ulti-Reference Shape Priors
e B [C D E |7 G H | J|K|LM
N[0[PIQRISITUIVIWIX|Y]Z

F . EFE = e -

Fig. 5 Segmentation of
synthetic images. First row:
initial image, second row: initial
contours, third row:
segmentation results without
shape prior, fourth row:
segmentation result using the
multi-reference prior invanant
to scaling and translation:
moments up to the 40th-order
(#=15)
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ulti-Reference Shape Priors

* Evolution Equation for the Multi-Reference Model

Depending on the choice of the descriptor A, A° or A4, the proposed
constraint is able to handle several levels of geometric invariance,

ar u+v=N 1 2
= Z A::T:m (Huu(-xr v, Qiri) + Z Buui ) Li (Ir "'?)) Na

at 1
i, U =0
Amu{ﬁ — I
‘" Neep _ —IA—A7E |2
2023, exp(——55"—)
Nrff ref 12
_“l - l(k) ||
X Z A(k}uuexp '}0-2
k=1 =
. (x —=xX)"(y—=¥)" u-x- 1o TR . u v 7). |
HHU{I'.' }T-_- QH’I) = [uiu_i_;”z ¥ BHUU — nu l‘lt —I_ 3} HH’U 1 — ( + + ) nu‘t
(BIS2nl) PEITNE 1]
—U - Nu—1v —U - Ny p—1
Boj=—————, Byyp=—F"—"+.
B1Qinl? B3 Lo=1, Li=x, Ly=y.
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!Appllcatlon to Image Segmentation
Fig. 6 Segmentation of five

images of letters featuring large

occlusions. First row: original

images. Second row:

initialization. Thind row: results

without shape constraint (no

standard curvature component).

Fourth row: final results, adding

the multi-reference prior
invariant to scaling and
translation, up to the order 40
(f = 1.5). The same set of
parameters is used for all the
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Fig. 8 Segmentation of real
images. (a) Initial contours,

(b} segmentation results without
shape prior (standard curvature
component used), segmentation

Application to Image Segmentation

prior invariant to scaling and H ‘-i H '“-.| H “-.l ﬂ

translation: (¢) moments up to 34 iterations, 21s 40 iterations, Ris 8 iterations, 2Ts

the 20th-order and (d) to the
40th-order (£ = 0.8). The
number of evolution iterations
performed at each stage and the
corresponding computation time
are given underneath each result

W iterations, Gos ol iterations, 123s 17 iterations, 97s

CIREIEIEIE]
= OWe

Fig. 7 Set of reference shapes used for the experience of Fig. 8

182 erations, 9Ts BS iterations, 10Ms

110 terations, SHs A4 iteraticns, Sls 11 iterations, GHs

{2) {b] (c) (d}
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Fig. 7 Set of reference shapes used for the experience of Fig. 8

Fig. 9 Segmentation of a real
image. (a) Initial curve; (b) set
of reference images;

() segmentation without shape
constraint (standard curvature
component used); segmentation
result using the multi-reference,
affine-invariant shape prior:

(d) moments up to the 18th
order, (e) to the 30th order and
([} to the 4hth order

w[=]8]ala]w
- Teua~
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Application to Image Segmentation

If
| II ||
'.I"- | | A {

() (e]

Fig. 100 Segmentation of synthetic images with the multi-reference
prior using different levels of invariance and different set of refer-
ence shapes. First line: original images; second line: initial curves:
third line: segmentation results without any prior; fourth line: final
segmentation results (N = 45). (a) The multi-reference shape prior is
affine-invariant and simultaneously takes into account the 26 letters of
the alphabet presented in Fig. 4. (b) The same set of reference shapes is
used but invanance 15 limited to translation and scale. (c). id). (e) The
multi-reference shape prior is affine-invariant but the set of reference
shapes does not include the “V™ letter

Multi-Reference Shape Priors for Active Contours
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—Application to Image Seg—rﬁentation
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onclusion

* In this paper, we have presented a novel approach for the integration of
multiple prior shape models in active contour based image
segmentation.

® Our multi-reference prior shape model relies on affine-invariant shape
descriptors related to Legendre moments.

* A unique evolution equation for the active contour is derived, using the
formalism of shape derivative.

* Experimental results shows that the proposed evolution equation
introduce noticeable robustness to background clutter and occlusions.

° Some issues remain open.

e Choice of adequate initialization converging toward the desired
solution

e The approach enables only one single shape at the same time (even if
multiple reference are taken into account)
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