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ABSTRACT

This paper presents a new wavelet-based image contour
coding technique, suitable for representing either shapes
or generic contour maps. Starting from a contour map
(e.g. a segmentation map or the result of a contour
extraction operator), this is first converted in a one-
dimensional signal. Coordinate jumps among different
contour extremities are converted, if under a suitable
threshold, into signal discontinuities which can be
compactly represented in the wavelet domain. Otherwise,
the exceeding discontinuities are coded as side
information. This side information is minimized by an
optimized contour segment sequencing. The obtained 1D
signal is decomposed and coded in the wavelet domain by
using a 1D version of an improved implementation of the
SPIHT algorithm.

This technique can efficiently code every kind of 2D
contour map, from one to many unconnected contour
segments. It guarantees a fully embedded progressive
coding, state-of-art coding performance, good
approximation capabilities for both open and closed
contours, and visually graceful degradation at low bit-
rates.

1. INTRODUCTION

Efficient and functional coding of image contours
constitute a key feature for content analysis and
management of images and videos. There exists an ample
literature regarding “shape coding” (i.e. the coding of one
or few closed contour lines) because this subject has been
widely studied for object based video coding applications.
However, in our knowledge, there are no proposed
methods for effective lossy coding of generic contour
maps, when this map is generated by means of a contour
extraction operator. It must not be forgotten that contours
usually carry a rich part of the image content semantics.
Thus an effective contour coding may become of crucial
importance for current and future digital content
representation applications and standards.
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Transform coding of contours has already been introduced
within the Fourier descriptors method [1], which is
however suited only for connected and closed contour
lines. Moreover its coding performances are not
competitive with respect to the state-of-art of shape
coding. Currently, the best performing techniques work in
the data domain and can be subdivided into two families:
line-based methods [2,3] and bitmap-based methods [4,5].
The wavelet transform has not yet been used for coding
any kind of contour map. Then, our first objective was to
try to exploit the peculiarities of the wavelet transform in
order to obtain good coding performance and desirable
bit-stream properties (such as progressivity and, in
perspective, spatial scalability). In the proposed technique
the contour map is interpreted as a sequence of contour
points and the coordinates of those points are encoded in
the wavelet domain. Specific solutions for managing and
sequencing  disconnected contour segments are
implemented for increasing the coding efficiency.
Moreover, wavelets are suited to handle polygonal
contours, discontinuities, localized phenomena, details,
and this is of great importance both for compression and
perceptual acceptance of coding results.

As stated, for a meaningful performance comparison the
case of “shape coding” must deserve a special attention.
In this case experimental results show that the proposed
technique is at the same level of the best techniques
reported in scientific literature [2-5] (none of which is
progressive). For generic contour map coding the only
comparison reference we found was lossless coding
solutions. Then it seems that our technique is new also in
addressing the problem of generic contour map
(progressive) lossy compression. In this perspective
encouraging results has been obtained, especially from a
perceptual point of view. In fact, the proposed technique
doesn’t tend to introduce annoying artifacts, also at very
low bit-rate.

In Sec. 2 we describe the contour encoding algorithm. In
Sec. 3 we present some experimental results regarding
closed shapes and generic contour map coding. Finally,
conclusions and future perspectives are drawn in Sec. 4.



2. ENCODING ALGHORITHM

In brief, the proposed algorithm works as follows: at first
a one-dimensional sequence is created from the
coordinates of the contour points; at this stage, a certain
amount of side information, concerning the reduction of
the 1D signal discontinuity amplitudes, is also produced.
The obtained 1D sequence is decomposed in the wavelet
domain. The wavelet coefficients are quantized with a 1D
improved version of the SPIHT algorithm (I-SPIHT). The
I-SPIHT output is further entropy coded using a context-
based adaptive arithmetic coder.

2.1. Creation of the one-dimensional sequence

All the contour point abscissas and ordinates are ordered
in a single signal sequence. The presence of unconnected
contours lengths actually introduces discontinuities in the
coordinate signal sequence. Wavelets should be seen as
adequate to approximate discontinuities, however for
accurate  contour representation only  moderate
discontinuities can be handled to avoid the introduction of
annoying artefacts. In fact, discontinuity smoothing may
generate false contour connections, while reconstruction
“ringing” results in a “crumbling” of contour extremities.
Visibility of these phenomena depends on the amplitude
of the discontinuities in the coordinate sequence and must
be controlled. This is one of the main experimental
finding which lead to the coding strategy as proposed.
Discontinuity handling has been achieved by: a) an
adequate sequencing of individual contour segments, b)
treating as side information the coordinate discontinuity
between consecutive segments when their amplitude
exceeds a certain threshold.

The aim of a) consists in minimizing the “total
discontinuity path” which is covered by the coordinate
signal. This corresponds to find a contour segment
sequencing mechanism which minimizes the global
amount of coordinate jumps. This problem can be set as a
typical “travelling salesman problem”, with the inherent
prohibitive complexity to find the optimal solution. find
Sub-optimal suitable heuristics, which lead to the
generation of contour segment linking paths, has been
found and tested. Here we briefly describe the adopted
solution which has been experimentally selected to be the
most effective among other similar ones:

1. the first considered point is usually the highest one
on the left, and its position is stored.

2. according to a minimum path length criterion, the
coordinates value of the point that is nearest to the
last added one are concatenated iteratively and
constitute the abscissa and ordinate signal sequences.
The total path T is computed as the sum of the

coordinate value absolute differences (jumps) among
adjacent signal samples.

3. the greatest coordinate jump in the abscissa and
ordinate signal sequences is found which
corresponds to a pair of coordinates (C(n),C(n+1)) at
positions (n,n+1).

4. the right-hand sub-sequence (C(n+1),...,C(Niign)) is
found with Nyge>nt+1 such that C(Nygy) has the
coordinate value nearest to C(n). Then the found
sub-sequence is reversed (flipped) and the new total
path is computed: T; . In Fig.1 this process is shown
where C(n)=A, C(n+1)=B and C(Nj;gn)=D.

5. dual to 4. for a left-hand sequence (C(Nif),...,C(n)).
The total path is computed: Ty;.

6. T,=min(T,T},Ty) is selected with the corresponding
sequence. By maintaining the synchronization of the
inversions on the abscissa and ordinate sequences no
side information is needed when T; or Ty are
selected.

7. The process iterates on i from step 3., until, a stop
criterion is achieved, for example, for a selected g,
Tu(i-1)- T(h)<e.

coordinate

position

Figure 1: original sequence (on the left) and new
generated sequence.

As anticipated in b), at this point it suits to manage
separately the residual discontinuities higher than a
predetermined threshold, by removing them from the
sequences of the coordinates. The positions of the
discontinuities and the offsets are lossless entropy coded,
memorized in a header of the bit-stream, and sent as side
information to the decoder. In addition, the first point
immediately subsequent to a discontinuity is removed
from the sequence of contour point because redundant.
The offset is then subtracted from the coordinates of all
points which follow the same discontinuity. The signal
sequences of abscissas and of ordinates are also merged
together in order to obtain a single 1D signal.

2.2. Wavelet encoding with 1D-I1-SPIHT

The obtained 1D signal actually represents (with its side
information) the contour map, and is ready to be encoded
in the wavelet domain. Various wavelet filter basis have
been experimentally tested. One of the most performing
one appears to be the 16/4 biorthogonal spline wavelet
basis, which has been adopted to produce the results
presented in Sec.3. Due to the fact that the wavelet
transform doesn’t expand the signal temporal support, the



coding process actually preserves the total number of
contour points on all reconstructed contour maps. This
turns to be a nice property of our scheme and facilitates
the evaluation of the quality metrics considered in Sec.3.
The wavelet coefficients are encoded with a one-
dimensional version of the SPIHT [6] algorithm. An
optimized version of SPIHT, I-SPIHT [7], already
proposed for 2D and 3D data, has been used instead of the
original algorithm. The adaptation of the SPIHT algorithm
to the one-dimensional case is straightforward so that
details are omitted. In our improved version I-SPIHT we
removed some redundant bits (whose value can be
deducted unambiguously) and improved the arithmetic
coding part. The interested reader can refer to [7]. The bit-
stream header is entropy coded. This header consists of:
the total number of contour points, the initialization of
ID-I-SPIHT and the positions and the offsets in the 2
cartesian directions of all significant discontinuities. Side
information decoding and progressive signal sequence
decoding allows to progressively reconstruct an
approximate version of the original contour map.

3. EXPERIMENTAL RESULTS

We tested the proposed technique on several data. Here
we report representative results both for shape and generic
contour map coding.

3.1. Shape coding results

For shape coding performance evaluation, results are
compared to those obtained by state-of-art techniques: the
line-based methods “baseline-based” [2] and “vertex-
based” [3] and the bitmap-based methods MMR
(Modified Modified Read) [4] and CAE (Context-Based
Arithmetic Encoding) [5]. In particular CAE was adopted
by the MPEG-4 standard. For evaluating the distortion on
the reconstructed shape the D, quality measure, used in
the core experiments on MPEG-4 shape coding, has been
adopted. It represents the number of -erroneously
represented pels of the coded shape divided by the total
number of pels belonging to the original shape. The
proposed technique has been tested on the first frame of
the test sequence “Kids”, in SIF format (352x240 pels).
Fig. 2 shows the total bits required for coding the shape as
function of D,. The peak deviation D, of the contour
points has been limited to 3 pels, since otherwise the
quality of the reconstructed shape becomes useless for
video coding purpose. For rates near to the lossless
condition the proposed technique loses efficiency. This
problem is actually common to the considered contour-
based techniques (and in general to most lossy contour
coding algorithms). When a near lossless condition is
required, the algorithms usually start to employ a chain-
code. This solution could also be adopted for the

described technique or another solution explored. On the
other hand, in the lossy condition, the proposed technique
is more efficient than the 2 bitmap-based methods and
also than the vertex-based technique; it approaches the
performance of the baseline-based method that is
currently the most efficient method reported in the
literature. In addition lower-rates and higher D, value are
reached by the proposed technique without violating the
condition D, < 3 pels. This can be interpreted as a good
artefact control and corresponds to a superior perceptual
performance at low bit-rates.

Fig. 3 shows in grey the decoded shapes at the minimal
allowed bitrate (702 bits), on top of the original ones. This
and other visual experiments showed that, even at very
high compression ratio (well under 1 bit/contour point),
the proposed technique doesn’t introduce too many
annoying artefacts and allows good detail preservation.

3.2. Generic contour map coding results

In this experiment we start from the contour map
generated by the Canny method [8] n an image of
“Audrey Hepburn”. Coding results are shown in Fig. 4 in
terms of E,,, i.e. the mean error measured in pixel/contour
point. Lossless rates are also reported as a reference for
two lossless techniques: a 8-connectivity chain-code
technique (line-based) [9] and the bitmap-based JBIG
standard (bitmap-based) [10]. In this case multiple open
contours must be represented and this generates a certain
amount of side info. Visual results are very encouraging
as shown in Fig. 5. Even at bit-rates of about 1 bit/contour
point no annoying artefacts have been observed.

4. CONCLUSIONS

In this paper we proposed a new progressive shape coding
technique based on the wavelet transform, suitable for any
kind of contour images. The use of the wavelet transform,
the unconstrained contour coding capabilities, the
progressive structure of the coded bit-stream establish the
originality of the proposed method, while the obtained
coding performance make this technique suitable for
being considered in many application contexts. The
progressivity feature, which is not present in all the other
considered techniques, can be useful in many concrete
situations (e.g. preview generation), it enables a fine-grain
quality scalability and makes it easy to implement an
unequal error protection. In addition, other useful bit-
stream properties, such as spatial scalability, seem to be
achievable and are under consideration for future work.

In the case of shape coding, simulation results show that
the proposed technique is as efficient as the best
techniques reported in scientific literature, while for the
new application scenarios of lossy contour map coding
perceptual results are very encouraging.
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Figure 2: Total bits required for shape coding of the first
frame of the sequence “Kids” in function of D,; the
proposed technique has the label “Wavelet”.

Figure 3: Original shapes (black lines) and shapes
encoded with 702 bits.
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Figure 4: Coding results in terms of E, for the “A.E.”
contour map. Lossless coding rates are indicated for the
chain-code and JBIG techniaues.
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Figure 5: Visual coding results for “A.E.” contour map.
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