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ABSTRACT

In this paper we first describe the objectives of the Delft
Mobile Multimedia Communications project. Next, the
subject of lossy contour compression is considered in more
detail as it is an essential component of most object or
region-based compression techniques for low bit rate
video coding. We propose an optimized B-splines ap-
proximation approach, which results in a 40 percent
higher compression than the lossless conditional chain
code method. Achieved rates are, depending on the toler-
able deviation between original and coded contour, in the
order of 0.70 to 0.90 bit per contour pixel.

1.    MOBILE COMMUNICATIONS PROJECT

The information superhighway has given access to multi-
media communications for many users worldwide. How-
ever, communication of integrated video, audio and data
streams is currently limited mostly to wired computer
systems. Multimedia communications may very well serve
the interests of mobile users, especially those for which
mobile communication systems greatly enhance the qual-
ity of professional tasks to be carried out. Especially in the
Netherlands, where a significant portion of the gross na-
tional product in earned by mobile workers (transportation
sector), early experiences with and evaluation of mobile
multimedia communication systems  is crucial.

The most recently realized mobile communication
system in Europe − GSM − is, however, oriented too
much on a call duration of a few minutes and does not
provide flexible bandwidth allocation. Both aspects are
considered essential in realizing efficient and user friendly
multimedia communications.

There are many projects and standardization efforts
worldwide that concentrate on the technical issues in-
volved in mobile multimedia communications, such as
transmission and modulation techniques, transmission
protocols and compression techniques [1]. The user’s
perspective, however, is as important to take into account
as solving the technical challenges. The user’s needs,

expectations, perception, requirements and working envi-
ronments of mobile multimedia systems should eventually
determine the definition of the overall communication
system, and, therefore, what technical solutions are really
called for.

For these reasons, the Delft MMC research project [2]
is investigating potential mobile services, the use of these
services, and its organizational aspects in direct relation
to transmission and compression techniques. Objectives
are to find answers to the following questions:
• What is the impact of MMC on work efficiency, ar-

rangements and communication in clusters of tasks,
and which tasks are mostly in need of mobile multi-
media communications;

• What combination of modalities offered by multime-
dia modalities (e.g. sound and video) is best fit for
user interfaces in mobile environments;

• In which way should dynamic space-time-frequency
allocation, based on the virtual cell transmission con-
cept, be carried out for mobile users and services;

• Which efficient and transmission-error resistant com-
pression techniques are best suited to the mobile
user’s needs and the properties of the mobile channel.

The research is conducted by research groups from vari-
ous disciplines and is both theoretical and practical in
nature including field trials.

2.    VIDEO COMPRESSION

Current technical developments in the field of low bit rate
video compression all incorporate some sort of segmenta-
tion-based coding. After decomposing an image sequence
into spatio-temporal regions that are either relevant to the
application or that are homogeneous in their spatio-
temporal properties (texture, motion), the different re-
gions are compressed. Irrespective of the actual compres-
sion techniques applied to the spatio-temporal regions, the
region’s shape information needs to be available to the
video decoder. Especially the coding of object shapes may
induce a significant amount of additional side information
that is absent in conventional coding schemes. Much like



the choices that can be made in transmitting motion in-
formation, there are three possibilities for compressing
contour information:
• Intraframe coding of contour information, disregard-

ing temporal redundancy in this representation;
• Predictive coding, such that only contour differences

(shape prediction errors) have to be transmitted;
• Spatio-temporally recursive coding such that no shape

information needs to be transmitted at all because the
decoder can reproduce the required shape information
from previously received information.

In principle the use of temporal information may further
reduce the bit rate for the contour shape information, but
the prediction of digital contours is not a trivial problem,
requiring contour matching [3]. Within a multimedia
setting, however, the possibility to directly decode an
object’s shape may constitute a marked advantage for
manipulation of compressed visual information (e.g.,
editing of picture contents, automatic annotations) and
browsing purposes [4]. For these reasons we concentrate
on lossy intraframe compression of contours in this paper.
We present a contour coding scheme that approximates
object shapes using B-splines [5].

3.    CONTOUR COMPRESSION

A digital contour is defined as an ordered set of 8-
connected object pixels located on the border of an object.
This implies that contours are always closed and not self-
intersecting. To keep the contour coding approach as
generic as possible, we do not make use of any specific
knowledge about the segmentation algorithm that gener-
ated the object’s mask.

The straightforward encoding of an 8-connected con-
tour takes 3 bit per contour pixel (BPCP). Earlier work on
contour coding indicated that efficient lossless coding can
be achieved using conditional chain codes at approxi-
mately 1.5 BPCP [6,7]. Since in a compression environ-
ment a rate allocation will typically distribute the avail-
able bit rate over the various information types to be en-
coded (contours, texture, motion) [8], lossless encoding of
the contours may not always be possible or desirable.

Lossy (approximating) contour coding algorithms
should take into account the following requirements:
• The performance of the algorithm should not be de-

pendent of the location and orientation of the contour,
nor should the arbitrary starting point be of influence;

• The quality of the contour should be specified in terms
of maximal deviation of the approximating contour
from the original contour. The mean-squared error ap-
proximation of a given contour leads to artifacts espe-
cially near perceptually important features (corners).
Asymmetry should be possible for approximation er-
rors on the inside and outside of the object;

• The method should be flexible enough for a wide va-
riety of contours encountered in coding “natural” ob-

jects but also objects known as incorrectly predicted or
“model-failure” areas.

The lossy multiple grid chain codes contour coding tech-
nique proposed in [9] reaches approximately 1.1 BPCP for
a maximum error of 1 pixel. The approximation of con-
tours using straight line segments yields 1.6 BPCP for a
maximum error of 1 pixel and 1.3 BPCP for a maximum
error of 2 pixels. Within the MPEG-4 standardization,
quadtree coding of contours is considered. This method,
however, suffers strongly from position and orientation
dependency.

4.    B-SPLINES CONTOUR APPROXIMATION

Following [10], we approximate a discrete contour by a
continuous two-dimensional polynomial P(t)=[x(t),y(t)].
The polynomials x(t) and y(t) are piecewise, uniform
cubic B-splines, which are continuous everywhere in their
first and second derivatives. A similar approximation
methods was recently proposed in [8]. The total spline
approximation is built up of s segments, requiring a total
of s control points (Ci,x,Ci,y) (i=1,...,s). Every segment
shares three control points with neighboring segments,
which eases local adaptations of a spline. The (x-
component of the) ith segment of the cubic B-spline is
given by:

x u C u C u u

C u u u C u

i i

i i

( ) [ ( ) ( )

( ) ].

= − + − + +

− + + + +
−

+ +

1

6
1 3 6 4

3 3 3 1

1
3 3 2

1
3 2

2
3 (1)

Given the number of segments that we need to use to
approximate a given contour, and given a relation be-
tween (a subset of) samples on the original contour and
the values of the u parameter in (1), we can analytically fit
a piecewise uniform B-spline onto the given contour by
minimizing the mean-squared distance between original
and approximating contour. This overdetermined problem
requires the solving of:

[ ]C Q Q Q R=
−t t1

(2)

Here Q is an m×s matrix containing the spline basis (or
blending) functions evaluated at m selected positions
(determined by the u values) on the approximating curve.
R is the vector containing the m selected samples on the
original contour, and C is the vector with the required s
control points. The control points are rounded to the near-
est integer grid point and are transmitted to the decoder.
Note that the approximating spline does not necessarily
pass through points on the original contour (e.g., begin or
end points of a segment).

5.    ITERATIVE OPTIMIZATION

The set of control points is optimized such that the mean-
squared distance between the original and approximating



B-spline is minimal. A typical spline approximation re-
sulting from minimizing the MSE criterion is shown in
Figure 1 (upper left). A more desirable approach, how-
ever, is to limit the maximal distance between original
and approximating contour to, say, maximally 2 pixels on
the outside of the object and 1 pixel on the inside. Since
this criterion does not allow analytical optimization, it-
erative tuning of the following contour parameters is re-
quired:
• The number of segments in the spline;
• The location of the breakpoints of the spline;
• The selection of sample points on the original contour

and the relation between these samples and a u-value.
A fairly robust initial guess can be made for the number of
segments using the following estimate:

s = +
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However, the optimization of the number and length of
the spline segments is still of crucial importance in
minimizing the bit rate and the maximum deviation be-
tween original and approximating contour.

We have developed an iterative optimization algorithm
that first makes a rough guess of the B-spline approxima-
tion using (3) and the algorithm (2). Next, the following
modifications of this result are considered in an iterative
fashion until the maximum distance criterion is satisfied:
1. Usage of more samples on the original contour to

influence the shape of the spline locally more strongly.
In other words, where the deviation of the approximat-
ing contour is too large, a denser sampling of the
original contour is used;

2. Splitting a segment into two new segments. This may
be needed if the deviation between original and ap-
proximating contour remains too large;

3. Merging two neighboring segments or removing an
intermediate segment. This data reduction operation
can be carried out if the initial approximation is better
than actually required.

Notice that the result of step 2 and 3 is that the approxi-
mating contour is no longer a uniform B-splines function.

After each modification, the new control points (and
approximation error) have to be calculated by (2). In this
way the contour approximation locally adapts itself to
specific object characteristics, such as sharp bends and
long straight lines. In Figure 1 we give an illustration of
how the iterations progress on an highly irregularly
shaped region. The final result also shows the location of
the spline control points (black dots).

6.   COMPRESSION OF CONTROL POINTS

The control points of the approximating contour need to
be sent to the decoder. If a PCM representation is used,
this takes two 8 bit code words per control point.

Since there is a significant correlation between the indi-
vidual components of consecutive control points
(correlation coefficient in the order of 0.85), the x-
coordinates and y-coordinates are encoded differentially.
The expected prediction gain is about 2 bit per control
point. Figure 2 shows the histogram of the control point
differences. For the objects that we considered, the result-
ing differences appear to be (two-sided) Laplacian dis-
tributed with λ=0.1 and a range of [-64,+64]. Entropy
encoding was applied to the control point differences
using Huffman variable length coding. The expected en-
tropy is a total of about 11.2 bit per control point.

7.   COMPRESSION RESULTS

The algorithm has been tested on various artificial regular
and irregular test objects, and on model-failure areas
generated by an Object-Based Codec (SIMOC). The re-
sults are fairly robust with respect to the various parame-
ters of the algorithm, but all results indicate that the pro-
posed iterative optimization of the number of contour
segments is unavoidable. For the set of test objects we
considered, an average of 0.82 BPCP was obtained for a
maximum deviation of 1 pixel on the object’s inside and 2
pixels on the outside. Table 1 lists the results for a few of
the objects. It shows that a spread of about 10% in bit rate
is found as a result varying parameters and the order in
which the iterative tuning steps are carried out. The en-

Figure 1: Illustration of approximating iterations for
region with complex shape.



tropy coding of the control point differences yields a com-
pression of approximately 20%. If the maximum allowed
deviation on the object’s inside is increased to 2 pixels,
the average goes down to 0.70 BPCP (Table 2), while for
a maximum deviation of 1 pixel the average is 0.88
BPCP.

8.    DISCUSSION

Our work indicates that even with a small tolerated de-
viation between original and approximating contour, an
improvement of 40 percent on the average in bit rate can
be achieved compared to the lossless conditional chain
codes method. If we consider a typical low bit rate appli-
cation as studied in the MMC project using QCIF/12.5 Hz
format, in which for instance 5 objects need to be repre-
sented with average contour length of 400 pixels, then a
total contour bit rate of 18 kbit/sec is obtained. More
complex interframe coding of contours may be needed to
further reduce this number.
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Figure 2: Histogram of control point differences.

Table 1: Evaluation of B-splines approximation for
maximum deviation of 1 pixel on the object’s inside and 2
pixels on the outside, and comparison with conditional
chain codes.

Object Condit
ional
chain
codes

Splines
worst case

(without/with
VLC)

Splines
best case

(without/with
VLC)

Splines
typical case

(without/with
VLC)

“Block” 1.06 0.80  /  0.65 0.63 / 0.56 0.74 / 0.61
“Model
failure
area”

1.63 1.76 / 1.34 1.51 / 1.17 1.61 / 1.23

“Hand” 1.56 0.92 / 0.78 0.78 / 0.73 0.88 / 0.76
“Contour
mother-

daughter”
1.34 0.88 / 0.76 0.69 / 0.62 0.74 / 0.65

Average
over 16
objects

1.48 1.09 / 0.86 1.02 / 0.82 1.04 / 0.82

Table 2: Evaluation of B-splines approximation for
maximum deviation of 1 and  2 pixels on the object’s
inside and  outside  (typical results).

Object Deviation of 1
pixel

(without/with
VLC)

Deviation of 2
pixels

(without/with
VLC)

“Block” 0.74  /  0.60 0.63  /  0.55
“Model failure area” 1.96  /  1.46 1.22  /  0.96

“Hand” 1.05  / 1.87 0.61  /  0.60
“Contour mother-daughter” 0.94  /  0.77 0.55  /  0.52

Average over 16 objects 1.14  /  0.88 0.85  /  0.70


