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The work presents an alternative method for encoding shape-information of video objects, which is a new requirement
in the recent revolution of video codec scheme: compressing and transmitting object-based video streams. The proposed

method takes the advantage of the latest development in the video encoding — motion compensation on the base of mesh
presentation of frame — to complete its target. The so-called constrained Delaunay mesh is deployed to represent video
objects, which are detected from a previous video object detector. This special mesh structure in one hand constructs the
base for successive motion compensation taking root on mesh-vertices. In another hand, the virtue of its constrained property

opens a possibility to encode the shape of video object implicitly, through the bounding polygon of the mesh. Hence, this
lossy presentation of the shape-information reduces the amount of transmitted information. We discuss the trade-off between
the precision of shape approximation and necessary bandwidth. We integrate the shape encoder into a mesh-based video

codec scheme. The simulating results of quality and bitrate are encouraging.
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1 INTRODUCTION

The recent MPEG-4 Visual coding technique is the
first standard, which allows the transmission of arbitrarily
shaped video objects (VOs). In the new scenario of video
transmission, scene consists several VOs, which in turn
possess their own textures, motions and shape informa-
tion. The bitstreams of these VOs and the accompanying
composition information can be multiplexed such that the
decoder is able to decode the VOs separately and arranges
them into a video scene in accordance with users’ demand.
In comparison with the older members of the MPEG fam-
ily, such as MPEG-1 / 2, the foremost new challenge posed
to developers is how to send the transparency and the
shape of VOs to decoders efficiently. Within the scope of
this work, we restrict ourselves to opaque objects only,
where binary shape information (showing whether pixel
belongs to associated object or not) is satisfactory. Ba-
sically, there are three methods to encode this type of
information:

Chroma-keying: actually no dedicated transmitting chan-
nel is necessary since the shape information is encoded
implicitly in the texture information of the VOs. It is
possible thanks to the fact that the background object of
a simple scene often has a static, homogenous and dis-
tinguishable color: the chroma-key (background color).
Pixels with a color similar to this predefined value are
considered as the external ones. The remains belong to
the VO. The 1important advantage of this method is its
low computational and arithmetic complexity.

Pixel-based: at first, the silhouette of VOs is created by as-
signing two different intensities (1 and 0) to internal and
to external pixels of a given VO. The resulting binary

mask then can be treated as an independent “texture”
and encoded as usual. Exploiting the bi-values of the
mask, special encoding methods are dedicated to pixel-
based shape encoder, such as context-based arithmetic
encoder (CAE) in [5], modified modified read (MMR) in
[6]. The CAE method is well integrated into the current
MPEG-4 scheme since CAE is also the block-based ap-
proach (conventional coding method for texture in MPEG
family). It has the benefit of short processing time be-
cause it only has a delay time of a macro-block unit. The
block-based conversion in CAE, however, shows visually
annoying staircase effects [11].

Contour-based: only those pixels, which lie on the bound-
ary of VOs become targets of shape encoder. Numerous
techniques are developed to reconstruct the positions of
these outlining pixels in either lossy or lossless manner.
They are modified vertex-based, chain coding, baseline-
based B-splines, polar coordinate based, etc. as in [2] [7].
Contour-based shape coding can be thought of as an al-
ternative to avoid the staircase effect.

Another revolutionary approach of MPEG-4 Visual
standard is the mesh-based video presentation. Blocks/
macro blocks are no longer used as elementary units for
encoding texture in a motion compensation manner. In-
stead, video frames/VOs are now constructed by quadri-
lateral or trilateral mesh with either regular or irregu-
lar structure. The topology consisting of vertices’ posi-
tions and connectivity is sent to the decoder while the
texture is reconstructed by compensating the predicted
topology and its warped texture with error residual. This
new method in video presentation drastically reduces the
block effect, a typical artifact of the block-based counter-
part in low bitrate applications.
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We here introduce a new technique to encode the shape
of VOs, which can be grouped into the class of contour-
based shape encoders. In our scheme, the shape infor-
mation — the 2-D positions of boundary vertices — are
encoded and transmitted as a part of a constrained De-
launay mesh, which is used to present associated VOs.
By using an unique constrained Delaunay mesh for both
VO shape and texture carrier, we not only implicitly en-
code the shape information but also combine together
the above advantages of contour-based shape coding and
mesh-based presentation. We dedicate the Section 2 to
introduce in detail the implementation of this double us-
age of the constrained Delaunay mesh. In Section 3, we
integrate the proposed shape encoder into a full scheme of
mesh-based VO compression and transmission. We close
our discussion with conclusions and our future develop-
ments in Section 4.

2 PRESENTATION OF VIDEO OBJECT

WITH CONSTRAINED DELAUNAY MESH

In our shape coder, the Cartesian coordinates of
bounding outline are encoded like other members in the
contour-based family. The approach starts with extract-
ing the exact contour of the VO. The resulting collection
of pixels is then estimated with a polygon shape for a
given tolerance of errors. The constrained Delaunay mesh
topology is generated upon the suitably fitted polygon.
Finally the coordinates of vertices are encoded in a dif-
ferential manner for high compression.

Fig. 1. Searching method for contour-pixels.

2.1 Pixel-based contour extraction

In general, we can assume that the silhouettes of VO at
any time t — the binary mask of the VOP (Video Object
Plane) — are given. They are the results of video object
extraction, which are the preceding phase of video object
encoder. This common input of shape encoder is more
suitable for pixel-based encoding method only. Therefore
the extraction of contour — the collection of pixels lying
on the boundary of video object — is necessary in our
case. We define contour-pixels as such internal pixels of
VOP, which have at least one external pixel among their
8-connected neighbors — they are pixel Top (T), Bottom
(B), Left (L), Right (R), Top Left (TL), Top Right (TR),
Bottom Left (BL) and Bottom Right (BR) in Fig. 1.

Fig. 2. Process of detecting contour pixels.
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Fig. 3. Approximation error versus vertices number of outlining
polygon.

The first contour-pixel is detected by selecting an arbi-
trary internal pixel as a start point (pixel “A” in Fig. 1).
Then the process traces upward vertically from this pixel
until the topmost contour-pixel is found (the pixel “B”

in Fig. 1). Knowing the position of the ith contour-pixel,

the next (i + 1)th one is searched in two successive scans
as followings

First scan: the process checks whether the contour-pixel
classification is matched at the neighbor T, L, B or R.
The qualified pixel will be added into the ordered list con-
taining all, previously found contour-pixels of the VOP.
The scanning process then repeats again at this new
contour-pixel. The iteration will rolls back to the pre-
vious contour-pixel (in correspondence with the ordered
list) if all the neighbors T, L, B and R are internal.

Second scan: it will start when the first scan returns to
the first contour-pixel in the ordered list. The process now
checks the contour-possibility of the remaining neighbor
TR, BR, BL and TL for every contour-pixel as it occurs
in the ordered list. If at the kth position of the list, a
new contour-pixel is found (pixel k1 in Fig. 1), the first
scan will be applied to this new target; the resulting new
segment of contour-pixel (pixel k1 , k2 , k3 and k4 Fig. 1)
will be inserted in to the ordered list immediately right
after the kth position.

The above scanning processes ensure the lossless pre-
sentation of shape information for VOP, which consists
of several connected segments.

2.2 Shape approximation with polygon

The efficiency of a contour-based shape coding method
depends so much on the number of contour-pixels. There-
fore the reduction in number of contour-pixels is neces-
sary when the shape detail is uninteresting (when origin
shape resulted from an inadequate segmenting preprocess

is already noisy, or in low bitrate applications). The art
of lossy coding method here lies in selecting appropri-
ate contour-pixels, which construct the acceptable fitting
polygon to the origin shape-curve. As in [8], the fitness of
the polygon is defined as constraining the approximation
error. We consider that the edge PkPk+n of the polygon
approximates the original contour drawn by the n + 1
pixels located from kth to (k + n)th position in the or-
dered list. With d(PkPk+n, Px) being the Euclidean dis-
tance between contour-pixel Px (x ∈ [k, k + n]) and the
edge PkPk+n , the approximation error for this segment
of contour is given by dmax(k, k + n):

The construction the polygon has the following steps:

1. The first pixel in the ordered list of the contour-pixels
is chosen as the first vertex of the polygon.

2. Search in the ordered list for the farthermost pixel
from the first vertex. It is the second vertex of the
polygon. We already create the first edge of the poly-
gon.

3. For each edge of the polygon, it is checked whether the
approximation lies within a given tolerance
dmax(k, k+n) < threshold . If not, a new vertex for the
polygon is inserted at the pixel Px having the largest
approximation error. The polygon is then added with
two more edges.

4. Step 3 is repeated until the approximation errors for
all edge lie within the allowable range.

Figure 3 demonstrates the results of approximating Akiyo
VOP with 20 contour vertices, MSE = 0.169 (Upper left
image) and 12 contour vertices MSE = 0.2354 (Upper
right image). The lower graphic shows the trend between
used contour vertices and approximation error for three
types of VOP: Children, Akiyo and Interview.

2.3 Constrained Delaunay mesh generation

Our VOP now has an arbitrary shape of the well-fitted
polygon created as above. Its texture will be encoded in
the motion compensation manner based on mesh struc-
ture. Making use of the constrained Delaunay mesh topol-
ogy, we have several advantages as the followings:

• The mesh retains the shape of the VOP.

• In order to reconstruct the mesh at the decoder, there
is no need to transmit the connectivity information of
the mesh. The geometry information vertex position-
uniquely defines the topology.

• In the constrained Delaunay structure, most of the tri-
angles possess the property that no vertex in the mesh
falls in the interior of the so-called circumcircle (circle
that passes through all three vertices) of any triangle
of the mesh. Hence the structure warranties the “reg-
ular shape” of every piecewise triangle area. It eases
the estimation of vertices’ motion vectors and piece-
wise warping process applied to the internal texture.

The constrained Delaunay mesh is generated onto the
shape VOP as in [3]. The mesh generation must be con-
trolled so that: 1. Minimum number of vertices are cre-
ated inside the VOP to reduce the cost of encoding their
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Fig. 4. Representation of a VOP from Interview (Left) and Children (Right) sequences with constrained
Delaunay meshes.

Fig. 5. Prim’s traver-
sal with forced border

nodes.

positions; 2. The areas of emerged triangles must be rela-
tively small for better performance of texture compensa-
tion based on piece-wise warping of every area inside the
associated triangles.

Fig. 6. Performance of Prim ordering.

2.4 Geometry encoder

We encode both horizontal and vertical coordinates of
vertices in two steps: Prim ordering and predictive cod-
ing. The first process is necessary to generate an optimal
estimator for high compression in the second one. We
propose optimal graph traversal to encode each vertex
position differentially with regard to the previous one.
One way to compute a minimum spanning tree is to grow
the tree in a successive stage; in each stage, one vertex is
picked as the root, and we add an edge, thus an associ-
ated vertex, to the tree. At any point in the algorithm,
we can see that we have a set of vertices that have al-
ready been included in the tree; the rest of them have
not. The algorithm then finds, at each stage, a new ver-
tex to add to the tree by choosing the edge (u, v) such
that the its cost c(u, v) is the smallest among all edges,
where u is in the tree and v is not. The iteration is going
on util all nodes are included in the tree. It is the core
implementation of the so-called Prim’s algorithm [12]. In
our case, the Euclidean distance between adjacent nodes

is chosen as the cost function for optimal graph traver-
sal. For the vertices lying on the border of a region, their
cost function is forced to be zero. In consequence, the
Prim’s algorithm chooses these contour vertices in the
first positions along the spanning tree path (the bold line
in Fig. 5). We thus implicitly aid the decoder to distin-
guish the boundary nodes from the normal ones, which is
essential for reconstruction of the constrained Delaunay
mesh (obviously number of boundary node must be trans-
mitted as side-information). After the minimum spanning
tree is created, each vertex is traversed and at the same
time, its position is encoded differentially using the posi-
tion of the previously vertex (in that order of the tree) as
a predictor. The absolute value of the first node is sent
directly. Besides these integer-values (vertices’ positions
and their differences are integers), some marking symbols
can be found in the bit-stream whenever a node with a
degree higher than 2 is met (it has some branches), the
end of the branch is encountered and the end of the bit-
stream is reached. They are specific flag Pu (Push), Po
(Pop) or En (End) respectively. For demonstration, the
bit-stream for the example shown in Fig. 5 is the follow-
ing: X1 , Y1 , ∆X2 , ∆Y2 , ∆X3 , ∆Y3 , Pu , ∆X4 , ∆Y4 ,
∆X5 , ∆Y5 , Po , ∆X6 , ∆Y6 , ∆X7 , ∆Y7 , (Po), En . The
subscripts, X , Y , ∆X and ∆Y are indexes of vertices,
two coordinate value and their differences in that order.
As ∆X6 , ∆Y6 follows the Po flag, the coordinates are
encoded differentially with regard to the last point which
is encoded just before the farthest Pu flag from the cur-
rent F flag (Last In First Out LIFO order as in Push
and Pop operator with memory stack). The last Po flag
is optional.

3 INTEGRATION OF SHAPE CODING

IN A FULL VOP CODEC SCHEME

Figure 7 outlines the block diagram of our full VO
codec scheme. The shape encoder discussed in section 2
plays a center role in this closed chain of codec. The
scheme is a quasi- automatic process. The set of segments
resulted from VOP detector unit (in a simple case, it is a
segmentation process for each frame) for an intra-frame
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Fig. 7. Mesh-based VO codec scheme.

Fig. 8. Overall performance of the full codec scheme at several bitrate.

(where the VO of interest first appears) is offered to end
user (author, composer) so that he/she can link them
together according to their logical meaning, that is, to
declare several VOPs possessing one or more regions. It
is the only one phase, in which human interaction is in-
volved (therefore it is quasi automatic). Then the shape
coder constructs the constrained Delaunay mesh onto the
segments of interest. In the successive inter-VOP, motion
vector of every node of the mesh is predicted. In the cur-
rent work, we deal with mesh consisting of a constant
number of nodes along the time. As a result, possess-
ing of nodal vectors in an inter-VOP (they are backward
motion vectors BMVs) together with the adjustment of
geometry applied to the previous VOP (they are forward
motion vectors FMVs), decoder can reconstruct the tex-
ture of VOP compensated with residual error transmit-
ted in a separate channel (Fig. 7). We refer readers to
[9] for detail discussion of how we encode nodal motion
vectors, nodal positions and residual errors. There the

VOP detector is processed in a sophisticated way, deploy-
ing temporal-spatial segmentation, which produces con-
strained Delaunay mesh structure and their related nodal
motion vectors at the same time. The goal of the scheme
proposed in this work is to simplify the VO extraction
phase. As a result, the shape and VOP presentation can
be deployed independently with a larger scale of VO de-
tecting techniques.

Figure 8 presents the overall performance of the
scheme applied to Interview sequence with bounding rect-
angle of size 256 × 256 pixel, 25, fps. The MSE for shape
approximation is kept under 0.2 for every segments of
VOP. FMVs and BMVs are encoded as in [9]. Residual
errors are transformed into 7 subbands (two levels) with
biorthogonal 9/7 Daubechies wavelet - proposed filter set
in MPEG-4 standard. The obtained coefficients are then
fed to a dynamic allocator with a settable compression
rate (CR): CR = (No of Bit/1 Coeff)/(8 Bit). The coef-
ficients of subbands can be decoded partly, depending
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on the bandwidth the decoder can process. The level 0 in
Fig. 8 means that only the coefficients of all-pass subband
are taken into account.

4 CONCLUSION AND PERSPECTIVES

The boom of the Internet together with a rapid de-
velopment in digital storage capacity makes multimedia
applications more and more popular and indispensable,
thanks to their possible integration of multi information-
source through a uniform network and media. In this new
era, the efficiency of image/video compression, the object-
oriented compression and manipulation for audio/video
become real challenges to researchers. Taking the ad-
vantages of some new key-techniques defined in MPEG-
4 standard, our scheme tends to reach closer to these
targets. VOs are extracted in a quasi-automatic man-
ner, constrained Delaunay mesh is deployed to charac-
terize the concerned VOs. Transmission of their positions
not only saves the transmission of mesh connectivity, but
also creates a vertex-base for processing the revolutionary
mesh-based motion compensation for texture of VOs.

The proposed scheme still has several points for opti-
mization. We are working on the presentation of shape
in a scalable way: bounding polygon can be refined in
a progressive manner. Nodal motion vectors in the cur-
rent work is simply block-based searching. Topology of
the mesh can also be involved as a hint for the motion
detector to reduce the uncertainty of decision.
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