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Abstract

In this paper, we present the application of a recent

method of snakes with geometric shape prior [6] for
the segmentation of a pair of calibrated stereo images.
Contours in one image of the pair are found using
those in the other image as reference. The initializa-
tion of the snakes algorithm on the second image is
performed automatically by matching only four par-
ticular points. The method is then adapted for object
motion tracking in mono and stereo video sequences.
The outlines of the algorithm are detailed and some
experimental results are given and commented.
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1. Introduction

Snakes are used in many computer vision appli-
cations such as video [13], medical [8] and remote
sensing [12] to segment and extract objects from the
background. A snake is a curve v(s) which move un-
der an energy functional to converge to features of
interest in images (lines or edges). The energy func-
tional is the sum of an internal energy (the first and
the second in (1)), which imposes elasticity and rigid-
ity constraints on the curve, and an external energy,
which attracts v(s) to the boundary of the object:
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where a et 3 are two constant weights.

These methods are characterized by their low com-
putational cost which makes them tractable in nearly
“real time”, for applications such as object tracking
in video sequences. However, problems related with
initialization and convergence in concave boundaries
sometimes limit their utility. From the initial work
by Kass et al. [5], different solutions have been pro-
posed in the literature, among them the Gradient
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Vector Flow (GVF) snakes [7] and balloons [8] are
well-known efficient methods. In a recent work [6],
we proposed to include a geometric-based shape prior
information to help the snake to converge to the de-
sired object, whatever its pose in the image. This
technique is based on an Euclidean Fourier-based in-
variant description of the contour of reference (the
shape prior or template) and the evolving snake at
each iteration.

Only a few works dealing with active contours in
stereo context have been presented during the last
years. First, Kass and al. [5] minimize the disparity
between the two evolving contours in the left and the
right images. The formula for the proposed stereo
coupled energy is:

Pueo = (2000 200YT

where R and L denote the right and left views.
Cham and al. [1] propose to enhance the B-splines ac-
tive contours for tracking 3D curves in stereo images
by considering epipolar constraints, when using cali-
brated affine cameras. In their work, a master frame
called canonical frame is used to constrain the con-
tour evolution. Many configurations are taken in con-
sideration such as rigid and deformable curves with
fixed and variable epipolar constraints. Also, depth
and disparity maps derived from stereo images were
used in [2] and [3] to deal with textured backgrounds
and occluding objects in stereo images. In [2], an
energy term depending on disparity is added to the
snake energy, whereas a pre-processing step is done
in [3] before the snake algorithm iterates. This step
consists in removing the background texture, which
is characterized by a homogenous surface in depth
maps.

In this work, we present an extension of the method
presented in [6] to segment an object into a pair of
stereoscopic images acquired with calibrated cameras.
It is done by using the first contour on the left im-
age as a shape prior and well-known geometric con-
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straints to P Second snake’1n the right Tmage
to converge. An automatic initialization of the right
image snake is proposed using epipolar constraints.
Finally, this strategy is applied to tracking in video
stereo sequences.

The remaining of the paper is organized as follows:
section 2 recalls the snakes algorithm with geometric
shape prior. A detailed description of the application
of snakes on a pair of stereo images are then presented
in section 3. Extensions of snakes [6] for tracking in
mono and stereo video sequences are then presented
in section 4. Finally, we conclude on the method and
present some perspectives to this work.

2. Snakes with shape prior

Since the first paper from Kass et al. [5], severall
models of active contours with shape prior have been
introduced. Cremers & al. [9] modified the Munford-
Shah functional in order to add a statistical shape
prior. They used an explicit parametrization of the
contours using splines, in which each control point is
associated to a Gaussian probability density function.

In [10], Zhong et al. present an affine-invariant
deformable contour in a Bayesian framework. They
introduce a new internal energy to define the global
and local shape deformations of the contours between
the shape domain and the image one. Interested read-
ers may refer to [6] and [12] for a state-of-the-art on
active contours with shape prior.

The remaining of this section is devoted to the
presentation of the recent snake method with a
geometric-based shape prior proposed in [6].

2.1. Presentation of the used Fourier in-
variant family

Let T' be a discrete parametrization of a discrete
closed curve with N points: I'(n) = (z(n);y(n)); n =
1,..,N; where z(n) and y(n) are given according to
the barycenter of I'. Let Cy(I") denotes the Discrete
Fourier Transform (DFT) of I":

am =L Srme, o
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The set of complex coefficients
(D) = C (D) Ck(D), ko #0, Ciy #0,  (4)

forms a complete and stable [4] set of shape descrip-
tors which are invariant to translation, rotation and
scale factor, but not to the starting description point.
The completeness property insures that the shape can
be retrieved using the inverse DFT.

2.2. Embedding the shape invariants
into snakes

To introduce shape prior information, we proposed
to add a new force that guides the active contour in
the image to a given template I'; s, independently of
its pose, orientation and size. At each iteration ¢ of
the algorithm:

(d) (e)

Figure 1. Results of the snake algorithm with shape

prior on the "U" shape in (a) for several Euclidean trans-

formations: (b) translation, (c) rotation, (d) scale fac-
tor, (e) scale factor and translation.

(1) First, we compute a linear mixture of the snake
invariants at time ¢ and the template invariants ac-
cording to

I.(T}) = (1= k) Ie(Te) + e e(Trep),  (5)

where ¢ € [0,1] is a weight function that depends
on the harmonic order k and time ¢. The function
k¢ can be constant or represent a low-pass filter (e.g.
Hamming window) to give more importance to low-
order harmonics than to high-order ones. That way,
I.(T"}) can be considered as the invariant set of a curve
I'; influenced by the classical snake evolution I'; and
by the template contour I'ycf.

(2) Second, we reconstruct I'; using the complete-
ness property of the invariant set, according to

Ci(T'}) = O, (T4) 1i(T'Y), (6)

and the inverse DFT. Since we do not know the value
for the harmonic Cy, of curve I'}, we put Cy,(I'}) =
C,(T't). Hence, T} is reconstructed with the same
pose than I'y. The parameter kg is chosen, at each
iteration, so that Cj, is big compared to other har-
monics.

We next define the new prior force of the snake as
the difference between the snake I'; and the recon-
structed shape I'} after the invariants modification:

E} o = Tt = Tt. The new forces of the snakes be-
_ t :
come F' = cy F ;. — VEczt(vt)., where ¢y is a con-

stant weight and F.,; is the classical external energy
of the snake. Some results of the proposed method
are shown in figure 1 (b—e) using (a) as template.

3. Application to stereo images

In this section, we describe the strategy adopted to
extend the snakes with geometrical shape prior to the
segmentation of a pair of stereo images acquired from
calibrated cameras. In the remaining of the paper,
we assume that we want to automatically find the
boundaries of the right image I? using the left image
I as a reference.



(a) Left image IF,

(b) Right image .

Figure 2. A pair of stereo images.

3.1. Method outline

The algorithm is divided into the three following
steps which are illustrated with the “cup images”
shown in Fig. 2.

Step 1- Segmentation of the left image

The first step of the algorithm is to find the edges
of the left image using the GVF snake method which
solves, to some extent, two well-known problems of
snakes: the dependance of the method to the initial
position of the contour and poor convergence into
concave boundaries. The image in Fig. 3(a) shows
the GVF segmentation result of Fig. 2(a).

Step 2— Automatic initialization of the right
image

The cameras are calibrated according to a simple
procedure using mire. Then we rectify the pair of im-
ages, accordingly, two corresponding points A” and
AR in the two images have the same X-coordinate:
X(AB) = X(AL). The rectification consists in ro-
tating the PPM until focal planes become coplanar.
This ensures that epipoles are at infinity, hence epipo-
lar lines (or epilines) are parallel. In our case, epilines
have the X-axis direction.

We then extract four particular points from the left
image snake: the highest Aﬁigh, the lowest Al[(’)w, the
most left Af;;, and the most right A% ., as shown
in Fig. 3(a). The epilines corresponding to Aﬁigh
and AL~ are given by: X(Aﬁ-gh) = X(Aﬁigh) and
X(AE ) = X(AE ). Giving that AlLeft and Afight
belong to their conjugate epipolar lines, their match-
ing points can be found approximately by maximiz-
ing the correlation. The correlation product between
a window centered at Af, ;, (resp. AL, ;) and a mov-
ing window on the corresponding epipolar line is com-
puted. We used the following normalized correlation:
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(7)
where n is the half-size of the square window w and
I is the image. Here z is fixed because we limit our
query to epilines and only coordinate y varies. The

maximum of c¢(z,y) is reached at Aﬁigh and AL .

1,j=—n

(a) Results of GVF on I and the chosen
points,

(b) Corresponding epilines in I of the highest
and lowest points in L,

(c) Localization of the initialization of the
snake in I7.

Figure 3. Steps toward the automatic right image snake
initialization from the left snake.

The rectangle limited by the epilines in Afigh and
AR and the vertical lines passing by AL, . and AE

low hig low
is an approximation of the localization for the desired

object in I (see obtained result in Fig. 3(c)).

The final initialization step consists in fitting the
result found by the left snake in that rectangle. Since
the two images are rectified, the transform between
the found and the searched shape can be limited ap-
proximately to a translation and a stretching accord-
ing to the Y-axis.

Step 3— Performing the snakes algorithm with
shape prior

Finally, we perform the snakes algorithm with geo-
metrical shape prior (as described in section 2) using
the initialization obtained above and the left snake as
reference.



(a) Result of the snake in I”.  (b) Points of interest in .

(c) Correspondance in IF. (d) Final result in I,

Figure 4. Results obtained at the end of each step of
the algorithm.

3.2. Experimental results

We experimented our method on many calibrated
stereo pair images. Figure 4 shows the results at the
end of each step of the processing chain. The lo-
calization of the object in the left and right images
are shown in (c¢) and (d). For correlation, we used a
square window of 15 pixels. Another result is shown
in 5. The values of o and § in eq. (1) are respectively
0.01 and 0.001. For the shape prior weights, we take
¢y = 0.1 and ¢2 = 0.05. The contour is re-sampled
to 128 nodes. The convergence is reached nearby the
150" iteration.

4. Application to motion tracking

Active contours were already used in motion track-
ing [14], [13]. Indeed, these method have a low
computational cost compared to other segmentation
methods. In addition, we can make hypothesis on
the transform between two instances of the tracked
object in successive frames. This point was treated
n [14], where authors assume that there is an affine
transform between the two shapes.

4.1. Tracking in a single view

The first application consists of tracking an isolated
object with a single camera. We propose to use the
object contour at the i*” frame in the left sequence as
a template for the (i + 1) frame. Indeed, the shape
is approximately the same between two consecutive
frames if we process an important number of frame
per second.

In figure 6, we show the tracking results in a video
sequence captured by a low-price webcam on the 33",
37th 72th 98t and 119 frames. The snake success
to fit the object in all the frames. The number of
iterations per frame is about 40. The complexity of
the algorithm is ©(Nin(N)) per frame which corre-
spond to the complexity of the DFT computation. It
was performed under a P4 1.6 GHz, 256 Mo com-
puter running windows. In addition, as we can see,

(a) Left image,

(b) Localization of the object in the right
image,

(c) Right image.

Figure 5. Result of the snakes on a pair of stereo im-
ages.

the method gives good results is more general than
Euclidean transform (exemple: affine) which can be
an experimental proof of the method robustness.

4.2. Tracking with two calibrated cam-
eras

In the second application, the three-steps strategy
explained above is used to track the object in the right
view, according to the scheme described in Fig. 7.
Two levels of shape prior are introduced: the com-
munication between two consecutive frames in the left
sequences and between the left and the right frames.

In the second result, presented in figure 8, we track
a box using two calibrated cameras (cheap webcams
with a low resolution). The obtained results are vi-
sually satisfying and we do never loose the object in
the two views.

The used algorithm of snakes [6] enhances the
tracking robustness in stereo sequences by adding
shape constraints. However, the increase in computa-
tion time is relatively important compared to the clas-



(a) 33" frame, (b) 37t frame,

(c) 72t frame, (d) 98" frame,

(e) 119" frame.

Figure 6. Application of the snake with geometric shape
prior to motion tracking in mono video sequence.

sical snakes algorithm. In fact, the method requires
additionally the computation of the DFT and the re-
sampling of the curve many times at each frame. The
cost of correlation computation and images rectifica-
tion is also added.

5. Conclusion and further works

Some extensions of an already presented method
of snakes with geometric shape prior to stereo images
and tracking were presented in this paper. First, we
propose a strategy for automatic initialization of one
image of a pair using the edges of the other given
some classical properties of stereovision. Then, edges
in the second image are found using the first snake
as template. The algorithm requires the matching
of only four particular points. It is sensitive to the
object retrieval by the snakes result applied to the
first image and the quality of results obtained by the
stereo correlation matching.

The second extension is the tracking of isolated
object in mono and stereo sequences. The previ-
ous frame is used as template for the current one.
The method enhances the tracking robustness, how-
ever, the complexity is increased due to the curve
re-sampling, the DFT computation, rectification and
stereo correlation when stereo sequences are consid-
ered.

As perspective, we plan to extend the snake prior
to more general geometrical transform using suitable
invariants especially those presented in [11] and fur-
ther reduce the computational cost of the tracking in

Synchronized sequences

Left sequence Right sequence

Master Slave
stereo
frame 7 — 1 frame 7 — 1
template
stereo
frame ¢ frame ¢
template
stereo
frame i+ 1 frame ¢ + 1

Figure 7. Using snakes with geometric shape prior and
epipolar constraints for tracking objects with two cali-
brated cameras.

order to apply it for “real-time” applications.
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(c) 90" frame

(d) 118" frame  ©
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Figure 8. Tracking results on two stereo synchronized sequences: the first line represents the left view, the second
line is the localisation using stereo geometry and the third is the snakes result in the right view.
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