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ABSTRACT texture and motion. Region-growing and split and merge
techniques also belong to the same category. On the other

In ;ch;s parﬁ)]err,]tatiprnoctre](;ut;e 'ii:esgntl);d Iorir:he ISp?ti'r?qtem'hand, boundary-based methods use primarily gradientinfor
poral segmerration a acking ot objects In COIOUN IMAGE 444 16 |ocate object boundaries. Segmentation of colour

sequences. For th.'s Purpose, we propose the ngvel procei'mages has received significant attention from researchers
dure of K-Means with connectivity constraint algorithm as a

eneral seamentation alaorithm combining several tvpes Ofbecause of the large amount of information contained in
9 segr . g . 9 yp colour images. The clustering-based techniques for colour
information including colour, motion and compactness. A

. . ) ) X image segmentation normally choose i@ B space as the
?eew lcollour_ distance is also deflneld fordthls algor!thm. The feature space. A few methods use colour spaces other than
gu qnsaﬂon pgrameters are eva “"’?te automaticaiigus the RG B; for instance, the CIE.*a*b* colour space is pre-
the min-max criterion. In this algorithm, the use gfa- ferred in [5].
tiotemporal regionsis introduced since a number of frames . .
is analyzed simultaneously and as a result the same region is The K_-Means algorithm (alsq known as C-Means), org-
present in consequent frames. Experimental results on rea|n_ally devised by McQueen [6], Is a classic clustering tech-

and synthetic colour data demonstrate the performance of que, which has n parUcuIarl provided a solid basis for
the data. multispectral clustering. In this paper, a novel procedure

for the segmentation of colour image sequences using both
spatial and temporal information is presented. As a ba-
1. INTRODUCTION sis for the segmentation algorithm, the K-Means algorithm
is used, modified so as to take into account the coherence
Digital video is an integral part of many newly emerging of the regions. The regularisation parameters of this novel
multimedia applications. New video coding standards, such“K-Means with Connectivity Constraint” (KMC) algorithm
as MPEG-4 and MPEG-7, do not concentrate only on ef- are evaluated automatically using the min-max criteridn [7
ficient compression methods but also on providing better The L*a*b* colour space is used, which is related to the
ways to represent, integrate and exchange visual informa-CIE 1931 XYZ standard observer through a nonlinear trans-
tion [1]. These efforts aim to provide the user with greater formation. TheL*a*b* is a suitable choice because it is a
flexibility for “content-based” access and manipulation of perceptually equalised colour space, i.e. the numerigal di
multimedia data. Although the standards will provide the tance in this space is proportional to the perceived colour
needed functionalities in order to compose, manipulate anddifference. The algorithm is extended so as to separate and
transmit the “content-based” information, the productbn  track regions appearing in consequent frames of an image
these objects is out of the scope of the standards and is lefsequence. The methodology proposed here is similar to that
to the content developer. Thus, the success of any contentproposed in [8] and thus differs significantly from that, mos
based approach depends largely on the segmentation of theommon in the literature, where an image is first separated
scene based on its image contents. into regions which are then tracked through time. In the
Segmentation methods for 2D images may be divided proposed approach, a number of consequent frames of the
primarily into region-based and boundary-based methodsimage sequence are analyzadultaneously in order to seg-
[2, 3]. Region-based approaches [4] rely on the homogene-ment the images into regions. THisgher order segmen-
ity of spatially localised features such as gray level istsf tation implicitly solves the problem of correspondence of

: _ objects between consequent frames.
This work was supported by the EU CEC Project INTERFACE (IST . . .
Project 10036) and the Greek Secretariat of Research arithdlegy _ The paperis org_anlsed as le_lOWS. In th_e fqllowmg_Sec-
Project PENED99. tion the K-Means with connectivity constraint is described




In Section 3 the use of the min-max criterion is discussed
for the automatic evaluation of the segmentation regulari-
sation parameters. The final spatiotemporal segmentation
algorithm is presented in Section 4. Experimental results

evaluating the performance of the algorithm are given in
Section 5.

2. THE K-MEANSWITH CONNECTIVITY
CONSTRAINT ALGORITHM

Clustering based on the K-Means algorithm is a widely used
region segmentation method [9] which, however tends to
produce unconnected regions. This is due to the propen-

sity of the classical K-Means algorithm to ignore spatial in
formation about the intensity values in an image, since it
only takes into account the global intensity or colour infor
mation. In order to alleviate this problem, we propose the

use of an extended K-Means algorithm: the K-Means-with-

connectivity-constraintalgorithm. In this algorithm tiea-

tial proximity of each region is also taken into account by
defining a new spatial center for the K-Means algorithm.
For this algorithm, as in [5], we usE*a*b* colour space
for colour distance definition.

e Step 1 An initialisation procedure based on colour
histogram analysis results if initial regions, with
colour centerdy, wherel, = (Ir, x, Iox, Ipx), and
spatial centerSy, = (Sk.»,Sky), k=1,..., K.

e Step 2 For every pixep = (z,y) the colour differ-

ences are evaluated between center and pixel colours

as well as the distances betwgemandS; andv(p)

and vi, wherev(p) are the motion parameters of
each pixel, estimated by a motion estimation proce-
dure. The motion estimation strategy we adopted for
this algorithm is based on traditional block motion es-
timation techniques [10]. A generalised distance of a
pixel p from a regionsy, is defined as follows:

D(p,k) =
A . A2 _ Az cllp — Skl
2 00) - Tl + 22 Ivip) - ) + 23 410

whereoy, oy, 0g are the standard deviations of colour,
motion and spatial distance, respectively and\,, A3

are regularisation parameters. The colour distance be-

tween a pixel and a colour center is defined as:

II(p) — L]l =
\/(IL —Ipi)2 4 (In — Lo g)? + (Ip — Ip k)2

The area of each regiofy, is defined by4; = My,
whereM, is the number of pixels assignedstp and

the mean area of all regions = + >, A;. For

the first iteration it is assumed that = 0 and that

A = A. Normalisation of the spatial distandfy —

Sk || by division with the area of each regio[{% is
used in order to encourage the creation of large con-
nected regions; otherwise, pixels with similar colour
and motion values with those of a large region may
be assigned to separate neighbouring smaller regions.
If |D(p,i)| < |D(p, k)| forall k # i, p = (z,y) is
assigned to regios.

e Step 3 Following the new subdivision, all centers are
recalculated. 1M, elements are assigned4p then

ik is
- S 10k M
o Mk m=1 pm ,
and
Mk 1 Mlc
Sho=— Sky = — k 2
k7:t M Tnglpm’za k Y Mk ’le:lpm,y ( )

wherepf = (pk, pk), and the motion centers,
(Ok,2, Uk, ) are defined by

My,

> va(Pl) by =

m=1

1
My,

T)k,x =

1 &
A > vy (ph),
m=1
3)

e Step 4 If the difference between the new and the old
centersl;, S; andv; is below a threshold then goto
Sep 5, else gotdtep 2 using the new colour, motion
and spatial centers.

e Step 5 Due the connectivity constraint, a uniform re-
gion may be separated into a number of smaller re-
gions. A very simple region merging algorithm suf-
fices for the extraction of the final regions.

An example of the segmentation procedure is shown in
Fig. 1. Fig. 1a shows the original image of the videocon-
ference sequence “Claire” of si2&6 x 144. Fig. 1b shows
the result of the KM algorithm. The result of the KMC algo-
rithm (Step 4 of the algorithm) is in Fig. 1c. Fig. 1d shows
the final segmentation after only four iterations.

3. SELECTION OF THE REGULARISATION
PARAMETERS

The segmentation procedure described in Section 2 produces
a segmentatiof* by assigning each pixel of the foreground
object to one of thd. regionss;, I = 1,..., L. This seg-
mentation minimises the following energy function [11]:

L
ES,A) =) > AT D(p,),

=1 p€Es;

(4)



4. SPATIOTEMPORAL SEGMENTATION

The segmentation procedure along with the selection of the
regularisation parameters described above can be easily ex
tended so as to separate and track regions appearing in con-
sequent frames of an image sequence. The methodology
proposed here differs from that, most common in the lit-
erature, where an image is first separated into regions and

(@)
then these regions are tracked through time. In the proposed
approach, a number of consequent frames of the image se-
- . quence are analyzeiimultaneoudly in order to segment the
images into regions.

If a small numbefl" of consequent frames is used, it is
reasonable to assume that the region colour remain substan-
tially the same and hence that their colour cenlgrare in-

(©)

(d) dependent of time. In this way, regiep is composed of all
pixelspf from T' consequent frames. The KMC algorithm
presented in Section 2 can be applied for a number of frames

Fig. 1. (a) Original image “Claire”. (b) Result of the KM  ysing the generalised distan&¥p;,, k),t = 1,...,T and
algorithm. (c) Result of the KMC algorithm. (d) The final the colour centers:
segmentation after only four iterations.

= 1
Ik = 35 I pk )
Mk rnz_l ( m,t)
where -
\ wherep,’gm are all pixels belonging to region, attimet. A
P IL(p!) — L]| similar assumption of independence of time for the spatial
A= | 2 Dp,l)=| V) -ul | . and motion centers cannot be made, since the region may
A_‘Qé %le -S| move or move with varying velocity from frame to frame.
7s Thus,
1 &
(_Zlearly, the final segmentation depends on the regularisa- Skt = i Z an,ta
tion parameten\ . In our case, setting; > A\, empha- L e——

sises the importance of colour information and encourages , . ,
the production of many unconnected regions. By contrast where only the pixels belonging to regiérat frame con-

P . yu ected reg - BY "tribute to the estimation of the spatial center of subohject
when setting\, > A;, regions with similar motion are cre- s

. at framet. Similarly

ated. In both cases, X; + A\ > A3 the segmentation re-
sults in a partition of. connected regions regardless of the | M
colour or motion information. The weight factor must iy = — Z v(pk ).
be constrained, because otherwise\amcreases without My - ’
limit, so does the energl (S, A ). Thus we sefjA || = 1.

This parameter may be chosen heuristically or by using
a priori knowledge. Alternately, thein-max criterion [7] I
can be used for automatically evaluating the bestThis E(S) = Z Z A TD(p}. 1), Q)
criterion is based on the assumption that in situations with =1 pear
conflicting alternatives, the most rational strategy isdhe
aiming to minimise the maximum possible losses. Thus, where

=1

The energy measure (4) to be minimised becomes

the function is minimised over all possible combinations of [T(pt) — Ll
weight values and the min-max criterion selects the com- D(p;, 1) = | [Iv(p}) — ¥1.4l]
bination producing the maximum of these minima. In this %HP@ |

case, the application of the min-max criterion gives: . . .
PP 9 A temporal component labeling algorithm is performed

. } . at Step 3 of the algorithm and the connectivity is now checked
g(‘g S A) A =1, A # A in three dimensionsg, y and timet. The algorithm pro-

E(S*,\7)
A" (S,A") ifS#£S8* duces connected regions appearing in consequent frames.

IN IV



5. EXPERIMENTAL RESULTS

The algorithm described above was tested for the segmen-
tation a synthetic colour test image (Fig. 2a) The synthetic

image contains regions with very similar shades of the blue

colour corrupted by Gaussian noise, making the automatic
segmentation a challenging task. The algorithm was per-
formed for one frame only, without any motion information — [EESESEEEES
in order to segment the static colour images. The segmenta- & i
tion result can be seen in Fig. 2b.

The algorithm described above was also used for the
segmentation of the general image sequences “Table Ten-
nis”. The original image can be seen in Fig. 2c. The K-
Means with connectivity constraint algorithm was applied
in order to segment the sequences into meaningful regions.
The segmentation results for the first three frames are shown
in Fig. 2d-f. By merging regions with significant motion,
moving objects are detected. The results for the first two
frames are shown in Fig. 2g-h.

(b)
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