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ABSTRACT

This paper proposes an asymmetric scheme for motion es-
timation/compensation. While the estimation is performed
with a classical Block Matching Algorithm, the motion in-
formation is decoded by using an active mesh in order to
implement the compensation stage. A mesh is positioned
by taking into account the relevant spatial information of
the image to be compensated and is used afterwards to re-
construct the motion information. Two main issues have
to be addressed for conducting such a motion compensa-
tion technique: i) how to optimally design an active mesh,
ii) how to reverse and interpolate a backward motion �eld
estimated on an a priori grid of �xed-size blocks so as to
determine a forward motion �eld on variable size triangular
patches. While proposing a solution to these two problems,
particular attention is paid to the computational burden.
Such a scheme opens the possibility for added manipula-
tion functionalities because of mesh capabilities.

1. INTRODUCTION

In the framework of visual communications over (very) low
bitrate channel, motion estimation (ME, [17]) and compen-
sation can be considered as the main techniques to reduce
the temporal correlation inherent to video sequences so as
to enable codecs to reach the required compression ratios.

The functioning principle of most motion estimation
and compensation algorithms is as follows: given two con-
secutive images of a sequence, I(t � 1) and I(t), the goal
is to obtain the best possible prediction of I(t) by exploit-
ing the motion information existing between two frames.
Motion estimation aims at detecting this motion �eld.

Since its introduction in 1981, the Block Matching Algo-
rithm (BMA, [7]) has emerged as the ME technique achiev-
ing the best compromise between complexity and quality:
a fast estimation procedure allows obtaining a block-based
motion �eld that is transmitted at low-cost. These prop-
erties have allowed the BMA to be included in most video
standards like H.263, MPEG-1,2 and MPEG-4 [13]. Un-
fortunately, the compensation stage provides a predicted
image that su�ers from so-called blocking artifacts.

A�ne models perform a better compensation stage, as
they are able, what with six free parameters, to tackle ro-
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tations and zoom e�ects in addition to the translation. Re-
cently, Nakaya and Harashima [11] proposed to implement
the a�ne transform by means of a triangular mesh surim-
posed on the image: the six parameters of the a�ne trans-
form are uniquely determined by the three motion vectors
of the tops of any triangular patch (mesh element). Dudon
extended this work to active mesh that are automatically
adapted to the spatial contents of the image [6].

The adaptation of the vertices' location to the spatial
contents enables increasing the relevance of the estimated
motion �eld by an a priori liaison between the spatial and
the temporal information. Other advantages of such adap-
tive mesh structures is the huge domain of applications and
added functionalities they permit to cover: some examples
are 3-D modeling [2, 8] or the link with with fractal mod-
els for intra-coding [3], but also video editing e�ects like
synthetic object trans�guration [16], augmented reality and
other functionalities directly related to Synthetic and Nat-
ural Hybrid Coding [5] of MPEG-4.

The challenging idea of the research described here is to
combine the advantages of both previously described tech-
niques: the classical BMA and the implicit a�ne motion
model developed by the triangular mesh. The principle is
as follows: nothing is changed concerning the motion esti-
mation; a classical BMA is applied and the resulting motion
vectors are transmitted as such. The aim of this paper is re-
search in how to modify the compensation (reconstruction)
stage: the motion vectors are not merely used in order to
displace blocks of the reference frame but rather to serve
as an information set to warp a mesh that has been built
on this reference image. Such a combination seems to be
signi�cant in several ways: �rst, it enables to heighten the
subjective quality of the reconstructed pictures by taking
spatial information into account (adaptive vertices location)
and allowing a richer motion �eld parameterization (a�ne
transform). This is performed with no increase either in the
computational burden of the estimation or in transmission
cost. Second, and most important, it improves the repre-
sentation stage and allows for the use of new functionalities
without loosing its compatibility with existing standards,
since the bitstream is not modi�ed.

Section 2 brie
y exposes how the mesh is automati-
cally adapted to the image content. Section 3 describes
the way motion information is interpolated. Finally, sec-
tion 4 presents an example image and the authors draw
some conclusions in section 5.



2. MESH DESIGN

The �rst step of the reconstruction algorithm is the auto-
matic design of a mesh on the reference image. As our aim
is not only to improve the quality of the reconstructed pic-
ture but also to allow for further content manipulation, it
is important to design a content-based mesh that matches
boundaries of patches with relevant scene features. The
retained method to design the mesh thus consists of i) de-
tecting image corners to use them as mesh vertices; and ii)
building the mesh by the well-known Delaunay triangula-
tion [15].

As precise location on real edges seemed a priority [18],
eventually the authors opted for a solution that:

1. Precisely locate image edges: the robust half bound-
aries detector of Noble [12] is used to detect edges as
well as multiple points.

2. Track the detected edges in order to select high cur-
vature points: the �nite di�erentiation technique of
Najman and Vaillant [10] implements this step.

3. MOTION TRANSCRIPTION

The aim of the motion transcription is to determine the
motion vector to be applied to every vertex of the mesh
designed in the previous step. The problem is of double
nature:

1. While adapting the motion information to the ac-
tive mesh, an important point must be taken into
account: this information should be reversed. The
BMA, as implemented in most standards, is e�ec-
tively computed \backwards", while the mesh, im-
plemented on the image to be motion compensated,
needs \forward" vectors.

2. The second point of the transcription change is to in-
terpolate the motion �eld: the BMA information can
be considered as a coarse subsampling of a dense mo-
tion �eld. The motion of the vertices represents an-
other subsampling of the same dense �eld. The prob-
lem is that the dense motion �eld is not known. Com-
bined with the inversion problem mentioned above,
an appropriate interpolation technique should be found.
It should also remain as simple as possible so as not
to increase the computational burden too much.

3.1. Reversing the Sense of the Motion Information

If one considers the estimation performed by the BMA as
a coarse subsampling of a dense motion �eld, the detected
vector (û; v̂) is assigned to the center of the estimated block.
This means that, in the forward direction, it is equivalent
to a vector (�û;�v̂) located at the position indicated by
the vector.

3.2. Interpolating the Motion Values

Once motion samples placed on an irregular grid have been
obtained, the goal is now to estimate the values of other
samples, placed on another irregular grid. Such an estima-
tion may be made thanks to a theory of 2-D interpolation

established by the South African mining engineer Krige.
This technique is referred to as kriging and has been further
developed by Matheron [9]. It has already been successfully
applied to motion vector interpolation problems [4].

Intuitively, kriging solves the problem in a roundabout
way: the criterion to determine the unknown values of the
searched samples is that, if those were in turn interpolated,
they would have to provide known points with known val-
ues.

For this purpose, it uses a kriging operator that maps
the unknown vector �eld on the known one. If one considers
a known vector located on a position X belonging to a tri-
angle ABC, the a�ne transform (implicitely implemented
by the triangle) allows to establish a direct relation between

the unknown motion vector ~X and the motion of the tops
of the triangle ABC.

As every vector of the reversed BMA motion �eld be-
longs to one triangle of the mesh, such an equation can be
iterated. According to the relative numbers of BMA vectors
and mesh vertices and also to the pertinence of all kriging
equations, the system may be under-, over- or simply deter-
mined. In the two �rst cases, no exact solution exists, and
one is in front of a linear least square problem that may be
solved using Singular Value Decomposition (SVD [14]).

Although the number of equations may be quite large
(99 when the BMA is performed on every 16�16 block of a
QCIF image), it has to be noted that only three parameters
are non zero. The massive presence of null parameters in
the system matrix fasten the so-called QR decomposition
with column pivoting involved by the SVD algorithm.

Finally, it must be checked whether the motion vectors
do not enforce the mesh to violate its connectivity con-
straint (such a constraint is inherent to any mesh). The
troubling motion vectors are recti�ed as an interpolation of
the motion vectors of the neighboring nodes (equations (47)
and (48) of [1]).

4. RESULTS

In order to demonstrate the validity of the proposed
scheme, its results will be compared to those of a classi-
cal BMA compensation. Figure 1 summarizes the various
steps of the process with the Akiyo images: the original im-
ages 27 (a) and 30 (b) are motion estimated via a classical
\backward" BMA. Instead of merely applying the result-
ing motion �eld (c), which would result in image (d), an
adaptive mesh is surimposed (e) on the original image (a).
Thanks to kriging equations, this mesh is warped in order
to obtain the �nal compensation (f).

In terms of Peak Signal-to-Noise (PSNR) ratios, the two
compensation techniques (BMA and proposed scheme) lead
to similar results. The increase of complexity introduced by
the asymmetric reconstruction is therefore mainly justi�ed
by the availability to produce more pleasant reconstruction
(without blocking discontinuities) and the possibility to di-
rectly interact with the content of the picture. The latter
point is of major importance for the new framework o�ered
by the MPEG-4 standard.



(a) Original image at time t-1 (b) Original image at time t

(c) Backward motion field from BMA (d) BMA compensation

(e) Automatic mesh design (f) Asymmetric compensation using mesh

Figure 1: Some steps of the asymmetric process on Akiyo sequence



5. CONCLUSION

The aim of this paper was to combine the advantages of two
separate techniques used for motion estimation/compensation.
On the one hand, the Block Matching Algorithm has been
selected for its e�cient estimation as well as for its compact
representation of the motion �eld. On the other hand, a�ne
models o�er a more sophisticated representation of the mo-
tion that avoids blocking artifacts on the objects contours.
When a�ne models are implemented via active mesh that
establishes an a priori link with spatial information, they
provide the user with new options: 3-D modeling, video
editing, trans�guration, augmented reality, etc.

An asymmetric scheme has thus been proposed: after
a classical BMA estimation of the motion �eld, the com-
pensation stage is implemented via mesh warping. In so
doing, solutions to several problems have been o�ered: a
fast and accurate corner �nder has been set up, the motion
information has been reversed and it has been interpolated
thanks to the kriging technique. All these innovations allow
to automatically change the representation of the motion
information, from block-based rigid motion �elds to active
ones designed on an adaptive mesh. Moreover, particular
attention has been paid to the computational burden of the
scheme so as not to penalize the decoder end.

The proposed scheme is totally compatible with exist-
ing compression standards. It could be for instance used
to edit and manipulate MPEG video sequences stored in a
database without having to recalculate all the motion in-
formation.

In addition to the new options the scheme o�ers, it has
been shown to somehow improve subjectively the quality of
the compensated images.
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