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ABSTRACT

The extraction of semantically meaningful objects
that can describe a video sequence provides great ex-
pectations for video compression and retrieval. In this
paper we propose an effective region merging technique
that coherently merge moving image regions in a Min-
imum Description Length framework. This technique
uses a reliability measure that indicates to what extent
an affine parameter set represent the motion of an im-
age region. To overcome the region-based motion esti-
mation and segmentation chicken and egg problem, the
motion field estimation and the segmentation task are
treated separately. A preliminary motion field estima-
tion is carried out starting from a traslational motion
model. Concurrently, a Markov Random Field model
based algorithm provides for an initial static image par-
tition. For each image region of this spatial segmenta-
tion, affine motion parameters are then extracted from
the motion field by means of a robust linear regres-
sion algorithm. A merging stage based on the proposed
technique gives the final spatio-temporal segmentation.

1. INTRODUCTION

In the context of current and future developments of
interactive multimedia services, the representation of
video sequences as collection of moving objects is go-
ing to play an important role [1], [2].

For many transmission and storage applications, sig-
nificant data compression may be achieved by well-
accepted MPEG1, MPEG2 and H.26x standards, based
on simple block transform techniques. These block-
based representation, however, do not encode data in
ways that are suitable for new content-based function-
alities, such as interactive television, video-phone, mo-
bile communication, as investigated by new video stan-
dards as MPEG4 [3].

Object-based representation at a higher structured se-
mantic level provides great expectation for new search
and editing functionalities [4]. Typically, in indexing
and retrieval application, a video sequence is subdi-
vided in time into a set of shorter segments, each of

which contains similar content. A higher level of ab-
straction can be achieved if the motion and action of
the objects is described within the segment.

However, all the standardization procedure deals with
already well-defined and stable semantic objects, and
not with the spatio-temporal segmentation that pro-
vides these, which still remains an unresolved problem
in image analysis.

In this application context, our task is to identify im-
age regions of coherent motions, which are the basis for
the successive identification of semantic objects. Mo-
tion is in fact one of the most important characteristics
to identify objects in a scene.

In [5], given the motion information, regions with the
same affine motion are assumed as belonging to the
same object. The motion parameters are extracted
from the optical flow field by means of linear regres-
sion, and temporal segmentation is obtained by clus-
tering in the parameter space; however the resulting
motion based image segmentation suffers poor accu-
racy on object boundaries.

In [6], starting from a luminance-based segmentation,
local motion estimation is performed. Then a bottom
up segmentation procedure merges coherent adjacent
regions. The drawback of these methods is that the
parameterisation of the motion field need not have a
unique solution.

In [7], [8], starting from a luminance-based segmenta-
tion, a merging procedure, based on the mean square
error value of the Displaced Frame Difference (DFD)
and Motion Difference (MD) respectively, provides the
final spatio-temporal segmentation. The use of the
DFD alone as a characterization of motion coherence
between regions may lead to a significant over segmen-
tation, due to the important value of the DFD in tex-
tured areas, while the use of MD alone cannot face a
potential initial motion estimator failure in an estima-
tion which uses an indirect parametric estimator.

In [9], the initial set of regions are compared on the ba-
sis of a similarity measure that integrates the motion
information available in the affine parameter space and
the displaced frame difference information.



In [10], a Minimum Description Length (MDL) based
formulation for moving object segmentation is proposed;
nevertheless, the use of the Displaced Frame Differ-
ence (DFD) alone as a characterization of motion co-
herence between regions may lead to a significant over-
segmentation, due to the important value of the DFD
in the textured areas.

To improve the performance of these merging criteria,
in [11] we introduced a motion field segmentation tech-
nique followed by a motion-and-intensity based regu-
larization step which refines the poorly accurate ob-
ject boundaries. To further improve the segmentation
quality towards the identification of semantic object,
in this paper we propose a new scheme to robustly seg-
ment generic video sequences in a Minimum Descrip-
tion Length (MDL) principle [10]. The use of the MDL
principle allows to determine the regions motion coher-
ence level by minimizing the number of bits it takes to
encode the observed data and the motion model, to-
gether with its parameters, which describe the object
motion and shape. This feature is intuitively appealing
when the goal of motion segmentation is source coding.
The merging criteria is based on a reliability measure
takes into account both the DFD and the Motion Dif-
ference (MD) as criterion of motion coherence.

The paper is organized as follows. Section 2 describes
the motion estimation and static segmentation algo-
rithms. The proposed region merging technique is in-
troduced in section 3. Results and conclusions are dis-
cussed in the final sections.

2. MOTION ESTIMATION AND STATIC
SEGMENTATION

In natural scenes, where changes in camera position,
orientation and focal length continuously occur, a global
motion compensation is very important in the estima-
tion of “physical” motion fields. Global motion param-
eters are therefore evaluated.

After global motion compensation, the motion field is
estimated by means of a block matching technique.
The algorithm exploits the spatial and temporal co-
herence characteristics of physical motion fields and
provides a very smooth estimated motion field with a
reduced computational complexity [11].

The initial image partition results from a generalized
k-means clustering algorithm where spatial constraints
are included by the use of a MRF model [12].

3. THE MERGING TECHNIQUE

The proposed algorithm introduces a reliability mea-
sure that indicates to what extent an affine motion pa-
rameter represents the motion of one image region; it
takes into account both the displaced frame difference
(DFD) and the motion difference (MD), i.e., the motion
error between the estimated motion vector and the mo-
tion vector generated by the parametric motion model
of the region. The reliability measure associated to a
motion parameter 6; when applied to an image region
Ri is
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where N; is the pixel number of region R;, I; is the
luminance of the frame at time ¢,

d(x) = (dy(x),dy(x)) is the estimated motion vector
at pixel x = (z,y) and dy, (x) = (dq,0,(x),dy,9,(x)) is
the motion vector generated at pixel x by the affine
motion parameter vector 6;.

In the view of the MDL principle, this reliability mea-
sure is proportional to the number of digits it takes
to write down the luminance value of the actual frame
given the previous frame (DFD) and the motion field
(MD) inside region R; given the parameter vector of
the affine motion model. This reliability measure can
be exploited as a criterion for a motion based region
merging. Given an initial set of image regions with
associated motion parameters, the reliability measure
is used to construct an adjacency directed graph when
the nodes represent the regions and directed arcs are
weighted with the set of description length reduction
when the motion parameter vector associated to the
node the arc starts from is applied to the region the
arc is directed towards. Given two adjacent regions
R;, R; with associated affine motion parameters 6;,6;,
as shown in Fig. 1, in the clustering strategy two hy-
pothesis H; and H, are tested. H; means that R;, R;
are to be merged whereas Hy means that R;, R; are
separated. The MDL-test is based on the affine param-
eter reliability measure as follows. Given the two arcs
connecting each pair of nodes, a term by term sum of
the description length values of (DF D, M D) is carried
out

Cu =[Lij, Dij] = {C(i,j) —C(, )} + (4)
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Figure 1: Region merging criterion.

This indicator is chosen as the coding cost reduction
which determines the level of motion coherence be-
tween the two regions; if it is lower than a threshold 77,
ispired by the MDL principle, the regions are merged:
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where h is proportional to the model complexity (i.e.,
number of regions) and N, is the number of pixels in-
side the image. The graph-based region clustering [9],
[10] is carried out by applying the decision rule. The
two connected nodes which show the greatest motion
coherence reliability are merged. The graph weights
are then updated. This procedure is iterated until all
the description lengths are lower than zero.

4. SIMULATION RESULTS

The proposed region merging technique has been tested
on the CIF sequences “Flower Garden”, “Foreman”
and “Table Tennis”. As mentioned before, the pro-
posed algorithm expects an initial set of regions as in-
put. The initial static segmentation for the sequence
“Foreman” is shown in Fig. 2, while in Fig. 3 the final
segmentation is shown where the two motion coherent
regions identify in a meaningful way the man and the
building in the background. Similarly, starting from
the initial segmentation of a “Flower Garden” frame,
shown in Fig. 4, the proposed method merges these
regions to form meaningful objects. Fig. 5 shows the
final segmentation. Figs. 6, 7, show the results for the
sequence “Table Tennis”, where the arm and the ball
can be used to represent the image.

5. CONCLUSIONS

In this work the problem of spatio-temporal segmenta-
tion of video sequences is addressed to identify moving
objects in a scene. An affine motion model reliability
measure is proposed as a criterion to coherently merge
moving image regions. The simulation results show the
effectiveness of the proposed region merging technique.
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Figure 4: “Flower Garden” static segmentation.
1992.

Figure 5: “Flower Garden” final segmentation.
Figure 2: “Foreman” static segmentation.

Figure 6: “Table tennis” static segmentation.

Figure 3: “Foreman” final segmentation.

Figure 7: “Table tennis” final segmentation.



