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Abstract

Eor Fhe coding of image sequences at very low bit rates, it has been shown that the coding efficiency can be increased by
taking into account the shape of moving objects in the scene. Moreover, the upcoming ISO J'MPEG—)ét standard cotr?e‘d -
the 2D shape of mqving objects not only for reasons of coding efficiency, but also to pryovide the user with S} llers
content-based functionalities. However, the perfect automatic segmentation of moving objects in image se uencso-'ccl e’ll
an unsolved prol?lem. In this paper, an algorithm for automatic, noise robust 2D shape estimation ofgm\ox?in o::)S ISIS‘}
video sequences 1s presented, which considers a moving camera. The algorithm consists of four main steps gIn tjlfcg g
§tep. a possibly apparent camera motion is estimated and compensated. By the second step, a possibly a ar)rént -
is detecte‘d. and if necessary the segmentation algorithm is reset. In the third step, a change éetection r?qaspl?is esti Sc'elnedcttn
a relaxation technique, using local thresholds which consider the state of neighbouring pels. By the fourth stelm?cei .
wh;re the background has been uncovered by a moving object are estimated, using motion informatrl?z)n gfons
a dlsplacemept vector field. Finally, the resulting object mask is adapted to luminance edges in the corresponding i r'0m
n order to improve the shape accuracy. Furthermore, the temporal coherency of the object mask >irs) im Irl(g)\:;r(lidie.
applying a memory. The proposed algorithm is compared to an approach for 2D shape estimation of mOViE)l bj Y
from the h.terature. which does not use any edge adaptation or object memory and which uses only one global tl%rgsliefés
The experimental results show that the resulting object shapes from the proposed algorithm look sfb'e tivel o h
better than those from the reference algorithm. © 1998 Elsevier Science B.V. All rights reserved e e

Zusammenfassung

Es ist bekannt, daB die Effizienz der Codierung von Bildsequenzen bei geringen Datenraten durch Beriicksichtigung

der Form Qer bewegten Objekte in einer Szene erhéht werden kann. Dariiberhinaus beriicksichtigt der ISO/MPEG-4
Standard die 2D-Form bewegter Objekte nicht nur ausschlieBlich fiir die Codiereffizienz. sondern augch um den; Benut ‘

sogenannte gontent-based functionalities zur Verfiigung zu stellen. Die perfekte automatische Segmentierun bewu fer
Objek.te ist jedoch nach wie vor ein ungeldstes Problem. In diesem Beitrag wird ein gegeniiber Rauqchergl robegter
Algorithmus zur automatischen Schitzung der 2D-Form bewegter Objekte in Video-Sequenzen vorgestel‘lt welcherus' .
beyve.gle Kamera beriicksichtigt. Der Algorithmus besteht im wesentlichen aus vier Schritten. Im ersten Sch.ritl wird cing
mogliche Kamerabewegung geschiitzt und kompensiert. Der zweite Schritt detektiert einen méglich;:n Szenenschnitt Cmg
setzt gegebenenfalls den Segmentieralgorithmus in seinen initialen Zustand zuriick. Im dritten Schritt wird mitt:lls ciunner

* Corresponding author. Tel: + 49-511-762-5308: fax: + 49-511-762 5333; e-mail: mech@tnt.uni-hannover.de

0165-1684/98/$19.00 © 1998 Elsevier Science B.V. All rig;ns reserved.
PII SO165-1684(98)00006-1

;


mailto:kunt@epfl.ch
mailto:usinfo-f@elsevier.com
mailto:nlinfo-f@elsevier.nl
mailto:�nfo@elsevier.co.jp
mailto:asiainfo@elsevier.com.sg
http://mechfetnt.uni-hannover.de

204 R. Mech, M. Wollborn

Relaxationstechnik, die unter Beriicksichtigung de
Anderungsdetektionsmaske geschiitzt. Im vierten Sc

. ; o ersy wird Bewegungs '
Sk fe e Jufvedeckt worden ist. Hierzu wird Bewegu . inem Displacementy .
S e s o bjektmaske an Luminanzkanten im zugehdrigen Blld' adaptiert. um dl]k

Desweiteren wird die zeitliche Kohiirenz der Objektmasken durch

verwendet. SchlicBlich wird die rcsullicrcnflc O
Genauigkeit der Formschiitzung zu crhohen.
Verwendung cines Gedichtnisses verbess
sur Schiitzung der 2D-Form bewcegter
beinhaltet und nur eine globale Schwelle verwen

Objcktformen des hier vorgeschlagenen Algorithmus subjektiv deutlich besser a

mus. ¢ 1998 Elsevier Science B.V. All rights reserved.

Résumé

Dans le cadre du codage de séquences d'images a tres

amelioree € en (8] ld orm ch Ob_]eL a ’ )
m ll( nt nant ¢ Illp‘e (l(, ‘ l) € S) nimes . 5 (

prend pas seulement en compte |

également pour offrir 4 I'utilisateur des fonctionnalites dites base‘gs sur enu epen
d"objets animeés dans des sequences d'images reste enc p

segmentation automatique

1 / i st présente r la segmentation automa ' jets 1€s dans |
articl. un 2B C ot . plus y en mouvement. Lalgorithme se décompose en quatie partics

arent de la caméra est eslimé et compense. Dans la seconde

séquences video, considérant de plus une cgmera N
principales. Dans la premiere. ic mc?leemcnt evenlt}e app
partic, unc éventuelle coupure de scenc apparer.lle'csl ;
Un masque de détection de changement est estime dans

scuils locaux qui prennent en compte I'état des pixels avoisinants.

j ¢ imées en u '
ate dé > : obiet cn mouvement sont estimees , 1 ue par un
oL e ars e déplaco d'objet résultant est finalement adapté aux transitions de luminance da

champ de vecteurs de déplacement. Le masque
I'image correspondante a

améliorée via l'utilisation d'une mémoire. L’algorithm?‘propos'e.est com?are a
térature. Cette derniére n'utilise pas d’adapt des e o e
ation montre que les formes d’objet résultant de lalgori p

d’objets animés trouvee danslali Ce
mais uniquement un seuillage global. L'experiment
semblent subjectivement bien mci
reserved.

Kevwords: Very low bit-rate coding; Object-based image coding.

Shape estimation

ert. Der vorgeschlagene Algorithmus wird mit ¢i

bi iche or weder cine Kantenad
Obijekie verglichen. der weder eine . i ‘ o Geddchin
: det. Die experimentiellen Ergebnisse zetgen. daB die geschitzten

la troisiéme partic par une techn

fin d'ameliorer la précision de forme. En outre. la cohérence

lleures que celles de l'algorithme de réference. ¢
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r benachbarten Bildpunkte lokate Schwellwerte verwendcel. eine
: 1 . O ¥
hritt werden solche Regionen detektiert. in denen durch Bewcgung

information aus einem [)isplaccmcnlvcklorfclu

nem Ansatz aus der Literatul
aption noch ein Gediichtns

ussehen. als die des Referenzalgorith-

bas deébit, on a montré quc Tefficacité du codage peut étre
dans la scene. De plus, le futur standard 1SO/MPEG-4 ne

age, mais
le contenu”. Cependant. la technique parfaite de
obléme non résolu. Dans cet
tique et résistante au bruit d'objets animes dans les

détectée, et au besoin lalgorithme de segmentation est réinitialise.

igque de relaxation utilisant des

Dans la quatriéme partie, les régions ou Farriére-plan
{ilisant linformation de mouvement obtenue par un
temporelle du masque dobjet est
une approche d’estimation de formes 2D

ation des contours ni de meémoric d’objet

1998 Elsevier Science B.V. All rights

Content-based; Videophone; MPEG-4; Segmentation:

1. Introduction

For the coding of image sequences at very low bit
rates. standardized block-based hybrid coding tef:h-
niques [5,12] transmit only texture and motion
information in order to mininuze the rcqulred
{ransmission bit rate at a specific 1mage quality.
However, within the area of opject-based analy-
sis-synthesis coding [9.10.23.24] it has been ‘shov.vn
that shape information with respect to arbitrarily
shaped moving objects in the ca\pl‘ured scene can be
used to improve the coding efficiency, 100. More-
over. the upcoming ISO/M PEG-4 gtandard [21.26]
considers such 2D shape information not only for

the coding efficiency but also 10 glloy for the
so-called content-based functionalities. ’lhergfore.
no longer only rectangular framgs ar? lransm:;ts;ié
but the image sequence can consist ol onc¢ or

2D Video ()%)ject Planes (VOPs) [6,26]. Thgse VQPs
may be of arbitrary shape, so shape information
has to be considered in the coding anq decodx.ng
algorithms. Due to this VOP-based coding, specific
parts of the scene can be addressed by the user anq
can be treated differently from other parts. Tbls
allows the realization of a couple of functlonallt‘les
like object-based spatial and tgmporal scalabilty
[30], users interacting with the image content, etc.
However, it is not specified in the standard how the

()

+er——
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VOPs are generated. i.e. where the segmentation
information comes from. Since this task is independent
of the standard. it is and will be open for the user.
This makes it possible to use, e.g.. colour-keying
techniques. interactive segmentation or fully auto-
matic algorithms, depending on the requirements
given by the respective application.
Up to now. the automatic segmentation of mov-
ing objects in image sequences is an unsolved
problem. Current approaches are either based on
motion information. on texture information or on
both, i.e. on motion as well as on texture informa-
tion. In [15.25], an estimated displacement vector
field is clustered using an affine motion model.
resulting in a number of regions with similar motion.
These regions are furtheron smoothed by a relax-
ation technique. However, since the estimation of
the displacement vector field leads to errors espe-
cially at object boundaries. the segmentation is not
accurate enough. Furthermore, this technique leads
in general to oversegmentation, i.e. the number of
regions is larger than the number of moving objects
in the scene. More accurate results with respect to
the estimation of object boundaries are achieved by
segmentation techniques which consider motion
and texture information. as e.g. proposed in [3.8,29].
E.g. in [8]. an image is first segmented using its
textural information, resulting in regions with sim-
ilar texture. Then, these regions are merged de-
pending on the similarity of their motion. As motion
information, either a dense displacement vector field
or an affine motion model for each region is used.
Due to the successive application of texture and
motion analysis, these techniques still have some
problems especially at object boundaries. Therefore,
the approach in [27,28] proposes a simultaneous
estimation of the texture segmentation and a dense
displacement vector field by minimizing the dis-
placed frame difference of two successive images.
One disadvantage of this technique is its high
complexity due to the estimation of a dense dis-
placement vector field. Furthermore, in general,
this approach also results in an oversegmentation
with respect to the number of moving objects in the
scene. An approach which uses mainly the
luminance difference of two successive images is
presented in [11]. Here, after thresholding the
difference image using a global threshold, motion

-
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information from an estimated displacement vector
field 1s used to eliminate regions of background
being uncovered. This technique avoids the problem
of oversegmentation. since it distinguishes only
moving foreground and static background. Draw-
backs are first the use of a global threshold, which
makes the algorithm very sensitive against noise.
Second. since no texture or colour information is
used directly for segmentation, the resulting object
boundaries are not accurate enough.

In this paper, an automatic, noise robust segmen-
tation technique for 2D shape estimation of moving
objects in video sequences considering a moving
camera is presented, which overcomes the problems
of inaccurate object boundaries and noise sensitivity.
In order to avoid the problem of oversegmentation.
the presented approach is based on the method
described in [11], which is therefore used as a refer-
ence. Objects are assumed to be non-overlapping.
Furthermore, parts of the work are based on a for-
mer segmentation algorithm which has been de-
veloped in the framework of object-based analysis—
synthesis coding [ 10] and has been lateron adapted
to the Simulation Model for Object-based Coding of
the COST 211" Simulation Subgroup (SIMOC) [7].
The proposed algorithm estimates and compensates
possibly apparent camera motion, first. For that
approach the eight-parameter motion model de-
scribed in [11] is used. Then, a possibly apparent
scene cut is detected, and if necessary the segmenta-
tion algorithm is reset. The presented algorithm is
mainly based on a change detection step, using
a local thresholding technique. Therefore. the relax-
ation technique proposed in {1.2] is used which
takes into account local neighbourhoods. Further-
more, in order to get more time coherent segmenta-
tion results, a memory for the change detection
masks i1s applied. After the change detection, an
estimated displacement vector field is used in order
to subdivide the changed area into moving object
area and area of uncovered background. Finally,
the boundaries of the resulting object regions are
adapted to luminance edges of the current image in
order to improve the accuracy of the estimated
object shape. In order to cope with different kinds
of sequences, the parameters used in the different
steps adapt automatically to the current sequence,

starting with appropiate initial values.
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The proposed algorithm is still under investiga-
tion within the framework of an MPEG-4 core
experiment on automatic segmentation. Results
have been presented at the MPEG meetings in
Firence [16], Tampere [17], Chicago [18] and
Maceio [19]in 1996 and in Sevilla [20] and Bristol
[22] in 1997. A previous version of this algorithm
has been presented at ICASSP’97 [13]. This version
has been extended by consideration of a moving
camera and has been presented at WIAMIS'97 [14].

The paper is organized as follows. In Section 2
the principle of the algorithm is described. In Sec-
tions 3-6, the estimation and compensation of cam-
era motion, the scene cut detection and the estimation
of the change detection mask and the object mask,
which represents the 2D shapes of the moving
objects in the scene, are described, respectively. In
Section 7, experimental results are given. Section 8
gives a conclusion of the main results of the paper.

2. Principle of the algorithm

A segmentation of each frame of an image se-
quence into non-overlapping moving objects (de-
noted as foreground) and static and uncovered
background (denoted as background) is performed,
considering a moving camera. Fig. 1 gives an over-
view of the proposed segmentation method.

The proposed segmentation method can be sub-
divided into the following four steps: by the first step,
an apparent camera motion is estimated and com-
pensated using an eight-parameter motion model [11].

In the second step, an apparent scene cut or
strong camera pan is detected by evaluating the
MSE between the two successive frames, considering
only background regions of the previous frame. In
case of a scene cut the algorithm is reset.

By the third step, an initial change detection
mask (CDMi) between two successive frames is
generated. In this mask, pels with image luminance
changed due to a moving object are marked. After
that, boundaries of changed image areas are
smoothed by a relaxation technique [1,2], resulting
in a mask, called CDMs. Thereby, the algorithm
adapts frame-wise automatically to camera noise.

While in [1] the variance of camera noise and the
variance of the difference frame within object regions

Signal Processing 66 (1998) 203217
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=
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Adaptation to luminance edges
\J
OMk+1)

Fig. 1. Block diagram of the segmentation algorithm.

are both measured based on the CDMi, here the
previous mask of object regions (OM) is additionally
used, where pels are marked which belong to a mov-
ing object. In order to get temporally stable object
regions, a memory for change detection masks
(CDM) is applied, denoted as MEM. The temporal
depth of MEM adapts automatically to the se-
quence. Now, the CDMs is simplified by usage of
a morphological closing-operator and elimination
of small regions, resulting in the final CDM.

In the fourth step, an initial object mask (OMi) is
calculated by eliminating the uncovered background
areas from the CDM as in [11]. Therefore, dis-
placement information for pels within the changed
regions is used. The displacement is estimated by
a hierarchical blockmatcher (HBM) [4]. For a high-
er accuracy of the calculated displacement vector
field (DVF), the CDM from the first step is con-
sidered by the HBM. Finally, the boundaries of the
OMi are adapted to luminance edges in the corre-
sponding image in order to improve the shape
accuracy. The result is the final object mask (OM).

L
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3. Camera motion estimation and compensation

. Given two successive frames I ;, and I+, of an
Image sequence, an apparent camera motion is
estimated and compensated. For this purpose,
a method is used which estimates the motion para-
meters of a rigid plane object within a 3D space
[11]. The method is based on an affine motion
model. Its eight parameters a,, as, a3, ay, as, dg, A7,
ag can reflect any kind of motion, especialiv zoorﬁ
and pan. For every pel (X,, Y,) in frame '1(,‘,, the
corresponding pel (X, Y,) in frame I, ., ,, is given by
_ @ Xo+aYo+a;

X, =
1 a;Xo +ag¥o+1° (1)

o a4X0 + ds Y() + dg
fi= : )
a,Xo+ag¥y + 1 =

The camera motion is estimated by regression
con51der.ing only pels within background regions of
the previous frame. In case of the first frame or after
a scene cut has been detected the background
regions are not known. Therefore, pels which dis-
tance from the left or right border is less than 10
pels are used as observation points, assuming that
Fhere is no moving object near the left and right
image border.

After the estimation of the motion parameters

the displacement vector for every pel is known?
Then., a postprocessing step counts for model fail-
ures in background regions due to the assumption
of a rigid plane. By this postprocessing step, the
estlmgted displacement vector of every background
pelis improved by perfoming a full search within an
area of limited size. Of course, only small model
failures can be handled by this postprocessing step.
If thre are larger deviations from the model of
a rigid plane background, the estimation fails. It is
planned for future work to model the background
by more than one rigid plane, and to use a more
rpbust optimization method for the parameter es-
timation.
' For camera motion compensation the bilinear
¥nterpolating function is used. The camera motion
1s only compensated if a moving camera has been
detected. This is the case, if the absolute value of
one of the estimated motion parameters (a; — 1),
4, as, ay, (as — 1), ag, a4, ag is greater than 2.5.
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4. Scene cut detection

.ln order to allow the segmentation of sequences
with a strong camera pan or a scene cut, a scene cut
detector evaluates whether or not the difference
between the current original frame I, ;, and the
camera motion compensated previous frame
Iemcn + 1) €xceeds a given threshold tgc. In detail, the
mean-square error of the frame difference is cal-
culated in the background regions of the previous
frame. A scene cut or strong camera pan is detected
by applying the following rule:

1
{— Y (TIk+1(P) — Temew + 1»([’))2}

Ngc {P|OM,,(p) =0}

> [gc = Scene cut,

3)

< Isc = NO scene cut.

I.n Eq. (3), Ny denotes the number of pels set to
‘0" in the previous OM (background pels). If a scene
cut or strong camera pan is detected, the segmenta-
tion algorithm is reset, i.e. all parameters are set to
their initial value.

5. Estimation of the change detection mask

The algorithm for the estimation of the
CDM can be subdivided into several steps as shown

in Fig. 2. In the following these steps will be
described.

5.1. Computation of the initial CDM

. Given two successive frames I, and I, ;, of an
image sequence, first the initial CDM for the camera
m(.)tion compensated first frame Icyey s ) and the
original second frame I . ;, is computed by a thre-
§hold operation on the squared luminance difference
image, as described in [1]. The threshold is cal-
culated by performing a significance test. Therefore,
the luminance difference image D is modelled as
Gaussian camera noise with a variance o> equal to
twice the variance of the camera noise. This means
that a luminance difference d; for pel i is assumed to
correspond to camera noise (null hypothesis H,)
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]
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!

CDMk+ )

—

—m

Fig. 2. Block diagram of the algorithm for calculating the CDM.

and not to moving objects (hypothesis H,) with the
following probability:

2
exp{ _ 4 4)

5o

Assuming that neighbouring pels are statistically
independent, the sum of pels in the squared differ-
ence image within a window of size (n><n?, nor-
malized by twice the variance of camera noise,

pd; | Ho) =

no’

1 n-n
— Yy & 5)
r (72[';1

is X2 distributed with n* degrees of freedom. .
All pels for which the sum T exceeds a certain
threshold ¢, are marked as changed, the others are
marked as unchanged. The threshold ¢, is chosen in
the following way: assuming the pel has not changed
caused by moving objects, the probability that
a calculated sum T is greater than this threshold,
equals to a given value o (Eq. (6)) (see Fig. 3).

v =p(T > 1,|Ho). ' (6)

5.2. Relaxation of the initial CDM for spatial
homogeneity

Because real objects have smooth contours, spa-
tial homogeneity of the CDM is required. Spatial

P(TH ) ﬂk

Y

0 ty T

Fig. 3. Significance test for calculating the threshold ¢,

homogeneity is achieved by relaxation of the CDMI:
using a method proposed in [1]. There, the CDMi
is processed iteratively. In each iteration step, a (,ief_
cision is made for every border pel in the CDMu, if
it belongs to the changed or to the unchanged area.
Thus, for every border pel of changed image areas
a local threshold is calculated taking into acco.unt
the local neighbourhood of the pel. For the decision,
if a pel has changed by moving objects or nqt
a maximum a posteriori detector (MAP detector) 1s

used:
PQ.|D) S pD1QY § PO 0
pD| Q)

PQ.ID) 3 - P(QJ)

Here, Q. means that a pel is marked changed in
the CDM, while Q, means that this pel is marked
unchanged in the CDM. D denotes the given differ-
ence image between frame Iemc+ 1) and Ig. 1) The
probability densities in Eq. (7) are modelled as
follows. .

The probability density for a luminance difference
d; caused by camera noise (p(D]Q,)) is described by
the same Gaussian distribution as given in Eq. (4).
The corresponding density (p(D]Q.)) of a luminance
difference d; caused by moving objects is modelled
as a Gaussian distribution, too, but the variance of
this distribution is the variance a2 of the difference
image D measured in foreground regions:

1 d; ®)
P(D|Qu):\/%jexp "5&5 >

2

PLUIS
c

P(DIQ.) =

()
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@
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Fig. 4. Neighbourhood of pel x and potentials B and C of the
neighbours.

The two a priori probabilities in Eq. (7)
are modelled by a Markov random field consider-
ing a (3 x 3)-neighbourhood of a pel as shown in
Fig. 4.

1
P(Qu) = — exp{ — E(Q.)}, (10)

1

The constant Z is for normalization, while E de-
notes an energy term defined as

E(Quye) = vp(u/c)B + v(u/c)C. (12)

The terms uvg(qi) and oc(qy), gie {u, ¢}, are
a measure for the inhomogeneity of the neigh-
bourhood of pel k, which is separated into
horizontal/vertical neighbours (potential B)
and diagonal neighbours (potential C), as shown
in Fig. 4. So, the term vg(q,) denotes the number
of horizontal and vertical neighbours of pel k
with the opposite label to g,. In the same way
the term uvq(q,) denotes the number of
diagonal neighbours of pel k with the opposite label
to g.

From Egs. (7)(12) the following decision rule
can be derived [1], where df denotes the squared

-

luminance difference of pel i:

IS 2,2
G.0
2 ¢
d? 22 .
u O —

X <ln% + (vp(c) — vp(u)B + (velc) — l~C(u))C>, (13)

The label of every border pel in the CDMi is
decided by using this decision rule. The rule should
read as follows: if d7 exceeds the threshold term on
the right-hand side of Eq. (13), the pel is set to
changed (CDMsy, . (i) := 1), otherwise it is set to
unchanged (CDMsy, , (i) := 0). The relaxation is
processed iteratively, until only a small number of
pels are changed by relaxation or the maximal
number of iteration steps N is reached. The so
obtained CDM is denoted as CDMs.

For calculating the CDM, the variances of the
static background ¢* and within object regions
ol are needed. While in [17] always the CDMi
is used for calculating the variances ¢2 and o2, it
is more accurate to calculate the variance o2
within the unchanged regions of the CDM and the
variance ¢ within the object regions of the OM.
Thus, the variance ¢ does not include uncovered
background. Since the positions of static back-
ground, uncovered background and moving objects
are still unknown for the current frame, in this
approach the OM and CDM from the previous
frame are used. In order to improve the accuracy of
the measured variances, the values of the last three
images arc averaged.

5.3. Temporal coherency of the object shapes

In order to finally get temporal stable object
regions, the CDMs is connected with the previous
OM, i.e. in the CDMs additionally all pels are set to
changed which belong to the OM of the previous
frame. This is based on the assumption that all pels
which belonged to the previous OM should belong
to the current change detection mask. However, in
order to avoid infinite error propagation, a pel
belonging to the previous OM is only labelled as
changed in the CDMs, if it was also labelled as
changed in the CDMs of one of the last L frames,
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too. For this purpose, a storage for every pel is
applied, building a memory (MEM). The value of
this storage indicates, if the respective pel was set to
changed in one of the L previous CDMs; the value
L denotes the depth of the memory. Considering
that CDMs, OM and MEM are two-dimensional
fields and that MEM is the zero-matrix for the first
frame, the update of MEM can be formulated as

MEM; +1)(x, y) =

{L if CDMs. 1y(x, y) = 1,
max(0,MEM,(x, y) — 1) if CDMs . )(x, y) = 0.

(14)

The current CDMs is then updated by logical
OR operation between CDMs and the previous
OM, taking into account the memory MEM:

CDMug . 1, ) = CDMsge. 1/(x, )

{ OM(x,y) i MEM . y(x, y) > 0,
v

. (15)
0 if MEM ;4 1)(x, y) = 0.

It is reasonable to set the depth of the memory
L to a large value, if the motion of the moving
objects in the scene is small, and vice versa. Thus,
L shall be decreased with the average amplitude
D of the displacement vectors measured within
object regions. Further, it is reasonable to increase
the depth of the memory L with the size S of the
moving objects. Thus, the value of L is automatically
adapted throughout the sequence, using the follow-
ing heuristic adaptation rule:

D* S
—— CL‘exp( - 103—> )
CL, - CL,

(16)

L= max<1, Loy —

As can be seen in Eq. (16), the values of L are
within the interval [1, L., ] . L is decreased by the
two terms D*/c; and cp, exp(— 107 °S/c;). The
first term increases with the average amplitude of
the displacement vectors within object regions pow-
ered by 4. The second term decreases exponentially
with the size of the object regions. While the con-

stants ¢, and ¢, are for normalization to different
image formats, ¢, is a weighting factor.

5.4. Simplification of the CDM

In order to simplify the regions in the CDM, the
morphological closing-operator is performed. Now,
for elimination of small regions a ternary mask is
generated, in which pels are labelled as changed, if
they are set to ‘1" in the CDM before and after the
closing operation. Pels, which are set to ‘0’ in the
CDM after the closing operation, are set to un-
changed in the ternary mask, while those pels, which
were set to ‘0 before and which are set to ‘1’ after
the closing operation, are set to a third label. Within
this ternary mask, small changed and unchanged

(a) (b)

(c) ()

Fig. 5. An example for elimination of small regions by using
a ternary mask: (a) CMD with a large region neighboured by
smaller regions caused by noise; (b) CMD after elimination
of small regions without using a ternary mask; (c) ternary
mask; (d) CMD after elimination of small regions using a ternary
mask.
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~

t Unchanged Region —,H— Changed Region —3»1€— Unchanged Region
Moving Object

(k)

Displacement

Vectors
(k+1)

Moving Object
—elea]
Background Foreground Background

Fig. 6. Example for the separation of changed areas into foreground and background.

regions with a size below a certain threshold are
eliminated. In order to prevent that very small
regions, which are mostly due to noise spots, grow
together with larger regions when the closing is
performed, the third label is treated in a special
way considering the label of the neighboured
.regions. An example for this method is given
In Fig. 5. There, in Fig. 5(a), a CDM is shown
containing a large region, which is neighboured by
many small regions caused by noise. Fig. 5(b) pres-
ents the CDM after closing is performed. It can be
seen, that the noisy areas are grown together with
the large region. In order to avoid this, the ternary
mask is generated as described above and as it is

I

shown for the example in Fig. 5(c). The CDM after
climination of small regions by using a ternary
mask is presented in Fig. 5(d). At this time the final
CDM is processed.

6. Estimation of the object mask

For estimating the OM two steps are processed.
First, the uncovered background is detected and
eliminated from the CDM, resulting in the OM.i.
Then, the OMi is adapted to luminance edges of the
corresponding frame, resulting in the final OM.
Both steps are described in the following.
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6.1. Detection and elimination of uncovered

hackground

Based on the estimated CDM, the OMi is cal-
culated by detecting and eliminating uncovered
background. taking into account the displacement
for pels within the calculated CDM. Therefore,
4 DEV for the changed image areas is generated by
hierarchical blockmatching [4]. In order to improve
the DVF at object boundaries, the matching cri-
terion is only evaluated for changed regions, leading
to a so-called polygon-matching for boundary
blocks [21].

border of a moving object in
the OM before edge adaptation

Jluminance edges of
frame I(k+l)

Now, pels are set to foreground, if the foot- and
the top-point of the corresponding displacement
vector are both inside the changed area in the
current CDM [11]. If not, these pels are set to
background. An example is given in Fig. 6, where
an object moves from the left to the right.

6.2. Adaptation of the OM to luminance edges
The OMi is adapted to luminance edges in the

current frame, resulting in the final OM. The ad-
aptation must not exceed the following limits: the

border of a moving object in
the OM after edge adaptation

border of CDM before
edge adaptation

Fig. 7. An exemplary result of the edge adaptation algorithm.

Table 1
parameter values used for presented simulation results

-

- ——

Threshold for scene cut detection
Threshold for estimation of CDMi
Potentials used in energy term (Eq. (12))

Maximal number of iteration steps

Adaptation radius

Maximum depth of MEM

Weighting factors used for calculation of memory length

Symbol QCIF CIF
fo 250 250
ts 220 165
B 5 3
(& 2.5 25
N 20 20
R 6 12
Liisx 34 34
Cy, 1 15
C, 80 80
C 1 4
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outer limit of the area for adaption is given by the
contour of the OMi after morphologi}ul blowing
for two times, the inner limit is set to 6 pel. k

thm‘these limits the luminance edges of the
C‘UI'I'CI]I image [I;.,, are calculated using a
Sobel operator. The edge adaptation lcchniLqUC
warps every border pel of the OMi to the nearest
luminance edge of frame I, ), if there exists such
an edge within an adaptation radius R around that
pgl. In Fig. 7, an example for edge adaptation is
given: ‘()n the left side, a part of the border of
a moving object in an OM is shown before edge
udupmllon 1s processed. Additionally, the found
luminance edges of the current image are shown.
On the right side, the corresponding part of the
border after edge adaptation is presented.

[}
%)

In some situations it may happen that the OM is
adapted to a luminance edge which belongs to the
background and not to the foreground. Tflis is the
case, if a moving object is separated from the back-
ground only by very small luminance gradients, while
the luminance gradients in the background are quite
large. However, the values of the parameters which
determine the area for adaptation are chosen in
such a way that the appearance of this problem is
neglectible for all investigated test sequences.

7. Experimental results

.The proposed algorithm was applied to typical
videoconference sequences like mother—daughter

(a)

(b)

©)

(d)

Fig. 8. Results T — .

describedtsxill[l: ;)]f-t:glh\je‘i?e“gttlon methods for QCIF-sequences at 10 Hz: (a) Mother-daughter (frame 30) segmented by the hod

Method decri > (b) Motner- dughter.(framc 30) segmented by the proposed method:; (c) Hall-monitor (fr: 30) seem -
ecribed in [11]; (d) Hall-monitor (frame 30) segmented by the proposed method ST S RRisC TR
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and akiyo, to sequences containing objects with
straightforward motion like hall-monitor and con-
tainer-ship and to sequences with a moving camera
like coastguard and table-tennis. All sequences have
a frame rate of 10 Hz and are tested in QCIF and
CIF format. For all test sequences of a given image
format, the same parameter values have been used,
which then are partly adapted automatically to the
current sequence. The resulting object masks are
subjectively valued, because real masks are un-
known.

The reference for the proposed segmentation
method is the algorithm proposed in [11]. There,
a change detection mask is calculated by using
a constant threshold and a non-adaptive memory
for change detection masks, i.e. a memory with

depth 1. The object mask is generated by usage of
a DVF calculated by the hierarchical blockmatcher.
As this algorithm assumes a static camera, no
segmentation results for the sequences coastguard
and table-tennis can be shown as reference. For the
presented simulation results, the parameter values
shown in Table 1 have been used.

As can be seen from the results in Fig. 8 for
QCIF resolution and in Fig. 9 for CIF resolution,
the resulting object masks correspond more obvi-
ously to real objects than those from the reference
algorithm. This is due to the relaxation step, which
makes the algorithm more robust against noise, to
the evaluation of the ternary mask in the elimination
of small objects and to the adaptation to luminance
edges. The temporal coherency, which cannot be

)

()

(d)

Fig. 9. Results of both segmentation methods for CIF-sequences at 10 Hz: (a) Mother-daughter (frame 30) segmented by the method
described in [11]; (b) Mother-daughter (frame 30) segmented by the proposed method; (c) Hall-monitor (frame 30) segmented by the
method decribed in [117; (d) Hall-monitor (frame 30) segmented by the proposed method.

R. Mech, M. Wollborn

(a)

(b)

Fig. 10. Results of the proposed segmentation method for frame
30 at 10 Hz: (a) Table-tennis (QCIF format), (b) Table-tennis
(CIF format). It is not possible to present results of the reference
method due to the moving camera.

demonstrated in a printed paper, is also improved
due to the application of an object mask memory.
In Fig. 10 the results for a sequence with a moving
camera are shown in QCIF and CIF resolution.
Both algorithms, the reference method and the
proposed method, are of quite the same computa-
tional effort, because the module for hierarchical
blockmatching which is used in both methods has
by far the largest computational complexity com-
pared to all other used modules. With respect to the

Signal Processing 66 (1998) 203-217

(3]
wn

execution time, about 5-10 s are required for seg-
menting one QCIF frame of an image sequence on
a Sun Sparc Ultra (200 MHz) workstation. As all
used modules are of constant memory effort, the
additional payment in terms of memory if using the
proposed method instead of the reference method is
a constant term.

8. Conclusions

An automatic, noise robust segmentation algo-
rithm for shape estimation of moving objects in
video sequences considering a moving camera has
been presented. In this algorithm, the 2D shape of
moving objects in the captured scene, denoted as
object masks, are estimated in four steps. In the first
step, a possibly apparent camera motion is estimated
and compensated, using an eight-parameter motion
model. By the second step, a possibly apparent
scene cut is detected. In the third step, a change
detection mask is estimated by a local thresholding
technique, using a special relaxation algorithm
which makes the estimation more robust against
noise. In addition, the resulting mask is smoothed
by a relaxation. The temporal coherency of the
resulting object masks throughout the video se-
quence is improved by applying a memory for
change detection masks. The length of the memory
adapts automatically to the amount of motion of
the moving objects and to the size of the moving
objects in the scene. In the fourth step, an estimated
displacement vector field is used to subdivide the
change detection mask in parts belonging to the
moving objects and parts of uncovered background.
Finally, an adaptation of the resulting object mask
to luminance edges in the current image is per-
formed in order to improve the accuracy of the
estimated object shapes.

Simulations with the proposed algorithm, using
different kinds of test sequences, have shown sub-
jectively large improvements compared to the refer-
ence technique which only uses a global thre-
sholding technique for change detection without
relaxation or luminance edge adaptation. The re-
sulting masks look much better when the proposed
algorithm is applied, ie. they correspond more
obviously to the real objects in the scene. Further,
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in comparison to the reference technique, the
presented technique can also successtully be applied
to sequences with a moving camera. Finally. the
temporal coherence of the object masks is improved.
although still some jittering effects can be observed.
This is firstly due to the fact, that the object masks
are estimated for each image independently; the
applied object memory improves the coherency,
but only on a global level and not in detail at the
object boundaries. Secondly, the object mask is
only estimated with pel accuracy; however, the real
boundaries will in general not be exactly on pel
position but also in between two pels. Therefore,
future work will deal with subpel 2D shape estima-
tion of moving objects in image sequences.

References

{17 T. Aach, A. Kaup, R. Mester. Statistical model-based
change detection in moving video, Signal Processing 31 (2)
{(March 1993) 165--180.

[2] T. Aach, A. Kaup, R. Mester, Change detection in image
sequences using Gibbs random fields: a Bayesian approach,
Proc. [nternat. Workshop on Intelligent Signal Processing
and Communication Systems, Sendai, Japan, October 1993.
pp. 56-61

[3] J. Benois. .. Wu, Joint contour-based and motion-based

1mage sequences segmentation for TV image coding at low

bit-rate, Visual Communications and Image Processing,

Chicago, lllinois, September 1994,

M. Bierling, Displacement estination by hierachical block-

matching. 3rd SPIE Symposium on Visual Communica-

tions and Image Processing, Cambridge, USA, November

1988, pp. 942-951.

[5] CCITT, Draft revision of recommendation H.261: video
codec for audio visual services at p x 64 kbit;s, Study Group
XV.WP/1 Q4. Specialist group on coding for visual teleph-
ony. Doc. No. 584, November 1989.

[6] I. Corset. Proposal for a structure allowing wide range of
core experiments, contribution to the MPEG-4 ad-hoc
group on definition of VMs for content-based video rep-
resentation, 20 December 1995.

[7] COST 21t ter simulation subgroup, SIMOC L Doc.
SIM(94)61. October 1994.

[8} C. Gu. T. Ebrahimi, M. Kunt, Morphological spatio-
temporal segmentation for content-based video coding.
Internat. Workshop on Coding Techniques for Very Low
Bit-rate Video, Tokyo, Japan, November 1995.

[9] P.Gerken. Object-based analysis-synthesis coding of image
sequences at very low bit rates, IEEE Trans. Circuits
Systems Video Technol. (Special Issue on Very Low Bit
Rate Video Coding) 4 (3) (June 1994) 228-235.

[4

—

[107 M. Hotter. Object-oriented analysis--synthesis coding based
on moving two-dimensional objects. Signal Processing
Image Communication 2 (4) (December 1990) 409-428.

[F1] M. Hotter, R, Thoma, Image segmentation based on object
oriented mapping parameter estimation. Signal Processing
15 (3) (October 1988) 315--334.

[12] ITU-T, Video coding for narrow telecommunication chan
nels at < 64 kbit/s, Draft Recommendation H.263, Januaty
1995.

(13] R. Mech, M. Wollborn, A noise robust method for seg-
mentation of moving objects in video sequences, Internat
Conf. on Acoustic. Speech and Signal Processing. Munich
Germany, April 1997.

[14] R. Mech, M. Wollborn. A noise robust method tor 20>
shape estimation ot moving objects 1n video sequences
considering a moving camera, Workshop ou Image Analy-
sis for Multimedia Interactive Services, Louvain-la-Neuve
Belgium. June 1997.

[15] MPEG-4 Video Group. Technical Description of the Video
Encoder (Proposel for MPEG-4 Tests), Doc. ISO/IEC
JTCLI/SC29WG1T MPEGY5/504, December 1995.

[t6] MPEG-4 Video Group, MPEG-4 Autimatic Segmentation
of moving objects (core experiment N2) Doc. [SOJEC
JTCSC29WG1 T MPEGY96/841. March 1996.

(171 MPEG-4 Video Group. MPEG-4 Automatic Segmentation
of moving objects (core experiment N2), Doc. ISO/EC
JTCI/SC29WG 1T MPEGY6/989, June 1996.

(18] MPEG-4 Video Group. MPEG-4 Automatic Segmentation
of moving objects tcore experiment N2y Doc. [SOJAEC
JITC1SC29/WG 11 MPEG96:1188. September 1996.

[197 MPEG-4 Video Group, MPEG-4 Automatic Segmentation
of moving objects (core experiment N2), Doc. 1SO/IEC
JTC1/SC29/WG11I MPEGY6/1549, November 1996.

[20] MPEG-4 Video Group. MPEG-4 Automatic Segmentation
of moving objects (core experiment N2), Doc. ISO/IEC
JITC1/SC29/'WG 11 MPEG97/1831, February 1996.

{217 MPEG-4 Video Group. MPEG-4 Video Verification
Model Version 7.0. Doc, ISO/IEC JTC1/SC29WG11
N1642, April 1997.

[22] MPEG-4 Video Group, MPEG-4 Automatic Segmentation
of moving objects (core experiment N2), Doc. ISO/IEC
JTC1/SC29'WGT1T MPEGY7/1949. April 1997.

[23] H.G. Musmann, M. Hoétter, J. Ostermann. Object-oriented
analysis—synthesis coding of moving images. Signal Pro-
cessing: Image Communication 1 (2) (October 1989)
117-138.

[24] J. Ostermann. Object-oriented analysis-synthesis coding
(OOASC) based on the source model of moving flexible
3D objects. IEEE Trans. Image Process 3 (5) (Septembe
1994).

[25] F. Pedersini, A. Sarti, S. Tubaro. Combined motion and
edge analysis for a layer-based representation of image
sequences, 1EEE Internat. Conf. on Image Processing,
Lausanne, Switzerland. September 1996.

[26] F. Pereira, MPEG-4: A new challenge for the representation
of audio-visual information. Keynote speech at Picture
Coding Symp. PCS96. Melbourne. March 1996.

R. Mech, M. Wollborn | Signal Processing 66 (1998) 203-217 217

[27] C. Stiller, Object-oriented video coding employing dense
motion fields, Internat. Conf. on Acoustic Speech and
Signal Processing, Adelaide, South Australia, April 1994.

[28] C. Stiller, Object-based estimation of dense motion fields,
IEEE Trans. Image Process. 6 (2)(February 1997) 234-250.

[29] N.T. Watsuji, H. Katata, T. Aono, Morphological segmen-
tation with motion based feature extraction, Internat.

Workshop on Coding Techniques for Very Low Bit-rate
Video, Tokyo, Japan, November 1995.

[30] M. Wollborn, M. Kampmann, R. Mech, Content-based
coding of videophone sequences using automatic face
detection, Picture Coding Symposium, Berlin, Germany.
September 1997.




Instructions to authors

General. Prospective authors are encouraged to submit manuscripts within the scope of the Journal. To qualify for

publication, papers must be previously unpublished and not be under consideration for publication elsewhere. All

material should be sent in quadruplicate (original plus three copies) to the Editor-in-Chief. Contributors are reminded that

once their contribution has been accepted for publication, all further correspondence should not be sent to the Editor, but

Idir((ajct)ly to the publishers (Editorial Department, Elsevier Science B.V., P.O. Box 1991, 1000 BZ Amsterdam, The Nether-

ands).

All manuscripts will be assessed by at least two (anonymous) referees.

Upon acceptance of an article, the author(s) will be asked to transfer copyright of the article to the publisher. This transfer

will ensure the widest possible dissemination of information.

Accepted languages are English (preferred), French and German. The text of the paper should be preceded by abstracts of

no more than 200 words in English, and, if possible, in French and German. Abstracts should contain the substance of the

methods and results of the paper. Page proofs will be sent to the principal author with an offprint order form. Fifty offprints

of each article can be ordered free of charge. Costs arising from alterations in proof, other than of printer’s errors, will be

charged to the authors.

All pages should be numbered. The first page should include the article title and the author’s name and affiliation, as well

as a name and mailing address to be used for correspondence and transmission of proofs. The second page should

include a list of unusual symbols used in the article and the number of pages, tables and figures. It should also contain the

keywords in English.

Figures. All illustrations are to be considered as figures, and each should be numbered in sequence with Arabic numerals.

The drawings of the figures must be originals, drawn in black india ink and carefully lettered, or printed on a high-quality

laser printer. Each figure should have a caption and these should be listed on a separate sheet. Care should be taken that

lettering on the original is large enough to be legible after reduction. Each figure should be identified. The approximate

place of a figure in the text should be indicated in the margin. In case the author wishes one or more figures to be printed in

colour, the extra costs arising from such printing will be charged to the author. In this case 200 offprints may be ordered

free of charge. More details are available from the Publisher.

Tables. Tables should be typed on separate sheets. Each table should have a number and a title. The approximate places

for their insertion in the text should be indicated in the margin.

Footnotes in text. Footnotes in the text should be identified by superscript numbers and listed consecutively on a separate

page.

References. References must be in alphabetical order in the style shown below:

Book [1] A.V. Oppenheim et al., Digital Signal Processing, Prentice Hall, Englewood Cliffs, NJ, 1975, Chapter 10,
pp. 491-499.

Journal [2] F.J. Harris, On the use of windows for harmonic analysis with the discrete Fourier transform, Proc. IEEE,
66 (1) (January 1978) 53-83.

Conference [3] D. Coulon, D. Kayser, A supervised-learning technique to identify short natural language sentence, Proc.

Proceedings 3rd Internat. Joint Conf. on Pattern Recognition, Coronado, CA, 8-11 November 1976, pp. 85-89.

Contributed [4] E.F. Moore, The firing squad synchronization problem, in: E.F. Moore (Ed.), Sequential Machines,

Volume Selected Papers, Addison Wesley, Reading, MA, 1964, pp. 213-214.

Fast Communications. Papers for the Fast Communications section should be submitted by electronic mail to the
Editor-in-Chief: Professor M. Kunt. Papers should be a maximum of 2,500 words in length (approximately 6 printed
journal pages for Signal Processing). Submissions will be subject to the same editorial selection criteria as regular
papers, but must cover a new theoretical development with clear proof of novelty. Reviews will be dispatched
electronically and decisions will be binary (yes/no) to avoid publication delays. Please ensure your complete postal and
e-mail address are indicated on the title page. As no page proofs will be sent to the authors, the presentation should be
very clear. For Fast Communications, the figures should be provided in Encapsulated Postscript (eps) format.

To ensure fast publication, the manuscript should be written in LaTeX using the document styles of Elsevier Science
B.V. Move all files needed (TeX source, eps-files, style and bibliography files) into one directory. Remove all compila-
tion files (+.log, =.lof, *.dvi, *.aux, . . . ). Rename the main TeX source into review.tex and archive (tar), compress and
uuencode this directory, and e-mail the uuencoded file to: fastcom@Iltssun11.epfl.ch. Authors who comply with the
above conditions will have their Fast Communication published on the EEE-Alert Server within three weeks of
acceptance.

LaTeXfiles of papers that have been accepted for publication may be sent to the Publisher by e-mail or on a diskette (3.5”
or5.25” MS-DOS). If the file is suitable, proofs will be produced without rekeying the text. The article should be encoded in
ESP-LaTeX, standard LaTeX, or AMS-LaTeX (in document style ‘article’). The ESP-LaTeX package, together with instruc-
tions on how to prepare a file, is available from the Publisher. It can also be obtained through the Elsevier WWW home
page (http://www.elsevier.nl) or using anonymous FTP from the Comprehensive TeX Archive Network (CTAN). The
host-names are: ftp.dante.de, ftp.tex.ac.uk; the CTAN directory is: /tex-archive/macros/latex/contrib/supported/elsevier.
No changes from the accepted version are permissible, without the explicit approval by the Editors. The Publisher reserves
the right to decide whether to use the author’s file or not. If the file is sent by e-mail, the name of the journal, Signal
Processing, should be mentioned in the subject field of the message to identify the paper. Authors should
include an ASCII table (available from the Publisher) in their files to enable the detection of transmission errors.
The files should be mailed to: Ineke Kolen, Elsevier Science B.V., P.O. Box 103, 1000 AC Amsterdam, Netherlands.
Fax: + 31 204852829. E-mail: c.kolen@elsevier.nl.

For the purpose of further correspondence the manuscript should end with a complete mailing address, preferably
including e-mail address, of at least one of the authors.

EUROPEAN ASSOCIATION FOR SIGNAL PROCESSING

Administrating Committee g

President: U. Heute, LNS/Techn. Fakultat/CAU, KaiserstraBe 2, 24143 Kiel, Germany

Secretary-treasurer. P. Grant, Electrical Engineering, Univ. of Edinburgh, Edinburgh EH9 3JL, UK

Workshops Coordinator: W. Mecklenbrauker, Institut fiir Nachrichtentechnik, TU Wien, GuBhausstraBe 25/389, A-1040
Wien, Austria

Brussels Liaison: J. Vandewalle, Katholieke Universiteit Leuven, Kardinaal Mercierlaan 94, B-3001 Leuven, Belgium
Past President. M. Bellanger, CNAM, 292 rue Saint-Martin, 75141 Paris Cedex 03, France



mailto:fastcom@ltssun11.epfl.ch
http://www.elsevier.nl
ftp://ftp.dante.de
ftp://ftp.tex.ac.uk
mailto:c.kolen@elsevier.nl

