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ABSTRACT

The introduction of Video Objects (VOs) is one of the innovations
of MPEG-4. The α-plane of a VO defines its shape at a given in-
stance in time and hence determines the boundary of its texture.
In packet-based networks, shape, motion, and texture are subject
to loss. In this paper we propose a post-processing shape error
concealment technique that uses the motion compensated bound-
ary information of the previously received α-plane. The proposed
approach is based on matching received boundary segments in the
current frame to the boundary in the previous frame. This match-
ing is achieved by finding a maximally smooth motion vector field.
After the current boundary segments are matched to the previous
boundary, the missing boundary pieces are reconstructed by mo-
tion compensation. Experimental results demonstrating the per-
formance of the proposed motion compensated shape error con-
cealment method, and comparisons with our previously proposed
spatial Hermite spline method are presented.

1. INTRODUCTION

One of MPEG-4’s most prominent features, as compared to MPEG-
1 and 2, is the presentation of video objects (VOs) [1]. Based on
this, MPEG-4 video sequences are interpreted and manipulated in
terms of visual objects. These objects are defined by their motion,
texture and shape. Their particular shape at a given instance in
time is described as a binary α-plane. The interpretation of the
binary α-plane is that a 1 indicates a pixel that is part of the VO at
that given time instance, while a 0 identifies a pixel belonging to
the background. In packet-based networks, this shape information
is subject to loss.

Various approaches to conceal lost shape information have
been proposed. They can be classified into spatial methods, such
as in [2, 3] (and references therein) and temporal methods, such as
in [4, 5, 6] and the method proposed in this paper. The main advan-
tage of temporal methods is that they can use the shape information
of previous frames, while the spatial methods are only allowed to
use the shape information contained in the current frame. There-
fore one would expect that the temporal methods outperform the
spatial ones, but clearly, spatial methods are the only choice when
the previous frame does not contain a shape that is related to the
current shape, as is, for example the case when a scene change
occurs.

The rest of the paper is organized as follows: In section 2,
we discuss how the individual boundary segments are defined and
identified. In section 3, we propose a matching criterion which
is based on a smoothness function of the motion vector set, and
present an optimal solution to this matching problem by finding

the shortest path through a trellis. In section 4, we discuss how the
optimal motion vector set can be used to reconstruct the missing
boundary pieces by motion compensating the corresponding parts
of the previous boundary. In section 5, we present experimental re-
sults and compare the proposed temporal algorithm with the spatial
Hermite spline based method [3]. In section 6, we summarize the
paper and draw our conclusions.

2. IDENTIFYING THE SEGMENTS

We define the boundary of an α-plane as the collection of points
that belong to the background which have at least one 4-connect
neighbor that belongs to the object. For example, figure 1 displays
the boundary of the 120th α-plane of the bream object. In case of
a packet loss, the shape information is missing in the lost macro
blocks (MB). This is shown in figure 2, which displays the par-
tially received boundary of the 123rd α-plane (we assume a frame
rate of 10 frames/second). As can bee seen in this figure, there
are three different boundary segments. We identify these bound-
ary segments by selecting their starting points as boundary points
which are 8-connected to the missing MBs. To remove points that
are paralleling the missing MBs we then select from these points
the ones that have only one 8-connected boundary point neighbor.
Hence these points must be starting points of boundary segments.
We then follow in an 8-connect fashion these starting points in the
direction of a line that could be drawn between the object and the
background. This rule ensures that we are collecting the bound-
ary points in a continuous fashion until we run out of boundary
points. At that moment, the ordered set that defines this boundary
segment is completely selected and we move to the next starting
point. This ordering is important, since we will use the difference
between consecutive motion vectors along these ordered boundary
segments as the vector field smoothness measure later on.

3. MATCHING THE SEGMENTS

The basic concept is, that if we could find the corresponding bound-
ary segments in the previous boundary (which might have been re-
ceived without loss or might have been concealed), then we could
use this information to recover the missing boundary parts in the
partially received current boundary. This holds true since the cor-
responding boundary segments in the previous boundary are con-
nected (i.e., the boundary in the previous frame is complete). If
we could motion compensate those boundary segments connect-
ing the corresponding boundary segments in the previous frame,
we would recover the missing boundary segments in the current
boundary.
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For the motion compensation, we require a motion vector field
as shown in figure 3. We define this field as the set of displacement
vectors that indicate for each current boundary segment point, the
previous boundary point it came from. For finding a correspond-
ing boundary segment in the previous boundary, we assume that
the motion vector field that achieved this matching is smooth. We
measure the smoothness as the sum of the squared differences be-
tween consecutive motion vectors and look for the optimal motion
vector field v∗

0 , . . . , v∗

N that minimizes this smoothness measure.
This can be expressed as follows,

v∗

1 , . . . , v∗

N = arg min
v1,...,vN

(

N
∑

j=2

‖ vj − vj−1 ‖2 +α

N
∑

j=1

‖ vj ‖2
)

,

(1)
where N is the number of points in the current boundary segment
and vj the motion vector displacing a previous boundary point to
the point j in the current boundary segment. The motion vector vj

belongs to a set of admissible motion vectors Vj for point j, which
consists of all motion vectors in a search window of a given size
(±16 pixels in the reported experiments) around point j, which
actually displace a boundary point from the previous boundary
to point j of the current boundary. The second term which is
weighted by α (which is set equal to 10−6 in the reported experi-
ments) is added such that if there are equally smooth motion vector
fields, the one which results in the smallest total displacement is
selected.

For finding the solution to the above optimization problem, we
use a shortest path algorithm through a trellis, similar to the ap-
proach presented in [7, 8]. Figure 4 shows a partial trellis with one
node and one edge cost. The horizonal axis of the trellis consists of
the points on the boundary segment and at each point, all of the ad-
missible motion vectors represent the nodes at this boundary point
(points on the vertical axis). Between two consecutive boundary
points there exists a fully connected mesh of edges, each with an
associated edge cost. The edge cost corresponds to the squared
difference between the motion vectors used for point j and point
j − 1, the first term in the cost function in equation 1. Each node
also has an associated cost, which is the squared length of the mo-
tion vectors weighted by α. This corresponds to the second term in
the cost function in equation 1. Clearly, the shortest path through
the entire trellis results in the motion vector field that minimizes
the cost function defined in equation 1. The obvious choice for
such a shortest path algorithm would be the well known Viterbi
algorithm. In the next section, we use this motion vector field for
motion compensating the missing boundary pieces.

4. MOTION COMPENSATING THE MISSING
BOUNDARY PIECES

Figure 3 shows the situation after all segments have been matched.
The idea again is to conceal the missing current boundary seg-
ments with the motion compensated connecting boundary segments
in the previous boundary. For this purpose these connecting bound-
ary segments must be identified. This is achieved by going through
the current boundary segments and erasing all boundary points in
the previous boundary that the motion vectors are originating from.
We label the start and stop points of all these remaining connect-
ing boundary pieces by simply following the motion vectors of the
start and stop points of the current boundary segments as shown
in figure 5. (“cstart” and “pstart” denote the start points from the

current and the previous frame boundaries, respectively; similarly
for the “cstop” and “pstop”). We then motion compensate these
remaining connecting boundary pieces using the two motion vec-
tors which connect the start and the stop points in the previous
and in the current boundaries. Since these motion vectors are usu-
ally not the same, we use a linear interpolation of these motion
vectors for the motion compensation for the points on the con-
necting boundary segments in the previous boundary. Hence we
move along the connecting boundary segment and create the con-
cealment pixels in the current boundary by displacing the connect-
ing pixels with a motion vector that is calculated in this fashion,
(M − m)/(M − 1) ∗ vstart + (m − 1)/(M − 1) ∗ vstop, where
M is the number of pixels in the connecting boundary segment,
m the index that counts the pixels in the connecting boundary seg-
ment (m starts at 1 and ends at M ) and vstart and vstop the motion
vectors of the start and/or the stop points respectively. The result of
this motion compensation is shown in figure 5, where the missing
boundary segments are now recovered by the motion compensated
connecting boundary segments of the previous boundary. All that
has to be done now is to flood fill the interior of the object and this
flooded area represents the concealed alpha plane.

5. EXPERIMENTAL RESULTS

Clearly, there are many different ways to quantify the performance
of the proposed concealment algorithm. As an absolute measure,
we use the total number of incorrectly concealed pixels in the con-
cealed α-plane. If many MBs are lost though, this number tends
to be higher than when few MBs are lost. Therefore we use a rel-
ative measure, the ratio of the incorrectly concealed pixels divided
by the total number of lost pixels. Before we can run tests on the
proposed concealment algorithm, we need a model for the packet
network, particularly for the packet loss. We assume that the In-
ternet would be used to transport the data packets as RTP/UDP/IP
packets. Therefore we use a model studied in [9]. This model is
a two state Markov chain, with a loss state and a not-loss state. In
the loss state, the packet is lost and in the not-loss state, the packet
arrives at its destination. This model allows for correlated losses
and one of the parameters of the model is the so called conditional
loss probability, clp, which is the probability that a packet is lost,
given that the previous packet was lost. This is equivalent to the
probability that the current state is the loss state, given that the pre-
vious state was the loss state. The higher this probability, the more
correlated the losses are. The other parameter of the model is the
unconditional loss probability, ulp, which is the overall probabil-
ity that a packet is lost, or equivalently, that the Markov chain is
in the loss state. For the presented simulation results, we use the
parameters given in table 3 of [9]. We selected the third column,
which represents a ulp of 12% and a clp of 27%. This corresponds
to a relatively heavily loaded Internet. We also use the parameters
ulp of 4% with a clp of 27% which represents a relatively lightly
loaded Internet. Such lighter congestions were not studied in [9],
but the trend in table 3 of [9] is such that the clp is getting smaller
as the ulp gets smaller. Not reducing the clp but keeping it equal to
27% corresponds therefore to a worst case scenario clp for the 4%
ulp Internet. Next, we need a model of how the MBs are put into
RTP/UDP/IP packets. MPEG-4 uses a concept called application
layer framing, by defining video packets (VP). In application layer
framing, the application layer manages how the data is put into
transport packets and the application is also responsible for syn-
chronization. A video packet can contain one or more MBs and it
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is the smallest unit of synchronization, since the MBs do not carry
an MB address. In the experiments, we assume two packetization
modes. In the MB mode, one MB is put into one VP and that
VP is put into one RTP/UDP/IP packet. This mode is inefficient,
since the overhead of the VP/RTP/UDP/IP packet is now added to
each MB. It would be more efficient to put several MBs into one
VP/RTP/UDP/IP packet. On the other hand, this mode is good
for concealment, since most of the time only one MB is lost and
the neighboring MBs are available for the concealment scheme.
We use this mode as a baseline to show what the algorithm could
achieve in the best packetization case. In the slice mode, we put
all MBs of a row (a so called slice) into one VP which in turn
is put into one RTP/UDP/IP packet. This mode is clearly more
efficient, since the overhead is amortized over several MBs. Un-
fortunately this efficiency makes the concealment of a lost packet
more difficult, since now MBs are lost in slices, which means there
is a larger connected area of lost data that needs to be concealed.
This model though is a more realistic model than the MB mode
for the packetization done in MPEG-4 systems. In an error prone
packet-based environment, it is important, that the information in a
given video packet is independent of the information in any other
video packet. If this is not the case, error propagation occurs as
pointed out in [10]. As also suggested in [10], in MPEG-4 shape
coding this independence is achieved if the intermode is not used.
Hence in our experiments, we only use intramode shape coding.
In table 1 we compare the performance of the proposed tempo-
ral scheme with a state of the art spatial scheme such as the one
we proposed in [3]. We use three sequences (Akiyo, Weather and
Bream), two unconditional loss probabilities (4% and 12%) and
two different packetization schemes (MB mode and Slice mode).
For concealing the current boundary, we use the previous bound-
ary, even when that boundary was also concealed. We assume
that the first frame of the sequence arrived without information
loss. Under these circumstances table 1 clearly shows the perfor-
mance gain the proposed scheme achieves over the Hermite spline
method. This gain is especially large when slices are lost, since
then the spatial method has very little information surrounding the
lost boundary and hence the performance deteriorates.

6. SUMMARY AND CONCLUSIONS

In this paper we proposed a novel temporal shape error conceal-
ment technique which is based on matching the received boundary
segments with the previously received (or concealed) boundary.
The matching is performed by finding a maximally smooth motion
vector field using a shortest path through a trellis. The missing
boundary pieces are then recovered by motion compensating the
connection boundary segments in the previous boundary using the
maximally smooth motion vector field. In addition to being able
to conceal a missing boundary piece well, when there is a corre-
sponding connecting boundary segment in the past, this method
also results in a matching value, which is the cost along the op-
timal path. One can now build a system that first tries to use the
proposed temporal shape concealment method, but which switches
to the spatial method we proposed in [3] when the matching value
becomes too large for a particular missing boundary piece. That
would indicate, that a smooth motion vector field cannot be found
and hence the underlying assumption that the previous boundary is
similar to the current boundary might be violated. In these cases,
the spatial method might perform better and hence a hybrid system
might result in the best performance.

Experiment A. W. B. Mean ∆ Hermite
MB4%MC 0.4% 1.3% 2.3% 1.4% 1.4%
MB12%MC 0.5% 1.5% 2.4% 1.5% 1.7%
Slice4%MC 0.6% 1.7% 3.3% 1.9% 7.0%
Slice12%MC 0.7% 1.9% 3.3% 2.0% 7.2%

Table 1. Average number of incorrectly concealed pixels divided
by the average total number of lost pixels. The averages are taken
over 100 realizations of every third frame (10 frames per sec-
ond) of the 300 frames QCIF sequences Akiyo (A.), Weather (W.),
and Bream (B.) for each packetization scheme and unconditional
loss probability. The column ∆ Hermite shows the average im-
provement of the proposed temporal method to the spatial Hermite
spline method proposed in [3].
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Fig. 1. Boundary of α-plane of frame 120 of the bream object
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Fig. 2. Partially received boundary of α-plane of frame 123
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Fig. 3. Displayed motion vector field for the boundary segments
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Fig. 4. Partial trellis for finding the optimal motion field
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Fig. 5. Concealed boundary of α-plane 123 using the correct
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