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Prediction of Image Partitions Using
Fourier Descriptors: Application to
Segmentation-Based Coding Schemes

Ferran Margés, Member, IEEE Bernat Llorens, and Antoni Gasulember, IEEE

Abstract—This paper presents a prediction technique for parti- A usual approach to reduce the information to be sent is to
tion sequences. It uses a region-by-region approach that consistsexploit the temporal redundancy existing in image sequences.
of four steps: region parameterization, region prediction, region Tpig way, the current image is predicted using the information

ordering, and partition creation. The time evolution of each fth . - d th dicti - ted
region is divided into two types: regular motion and shape orihe previous images an € prediction error IS computed.

deformation. Both types of evolution are parameterized by means The necessary information to perform the prediction in the
of the Fourier descriptors and they are separately predicted receiver side is transmitted as well as a simplification of the
in the Fourier domain. The final predicted partition is built  prediction error. Such a causal prediction is applied in Motion
from the ordered combination of the predicted regions, using Picture Expert Group (MPEG) standards, where the so-called

morphological tools. With this prediction technique, two different . . -
applications are addressed in the context of segmentation-basedP'frameS are predicted using the previous I-franfesaard

coding approaches. Noncausal partition prediction is applied to Prediction) [28].
partition interpolation, and examples using complete partitions Noncausal prediction is also used in the context of sequence
are presented. In turn, causal partition prediction is applied to  coding. It can be utilized when only a subset of the total
partition extrapolation for coding purposes, and examples using amaynt of frames from the image sequence is coded. In the
complete partitions as well as sequences of binary images—shape . . -
information in video object planes (VOP’s)—are presented. receiver side, frgmes_ that ha_ve not b_een sent are m'_[erpolated
from the transmitted information; that is, predicted using both

; oo . ! O past and future information. This technique is also applied in
matical morphology, partition interpolation, partition prediction, .
partition sequence coding, segmentation-based image sequencéleEG standards, where the so-called B-frames are predicted
coding. in a noncausal means, using past as well as future P-frames
and I-frames Kidirectional predictionor interpolatior) [28].

In segmentation-based coding schemes, images are de-
scribed in terms of texture and partition information and both

N THE framework of image sequence coding, there istgpes of information have to be transmitted. As in classical

continuous need for new techniques to reach higher coseding schemes, coding efficiency can be improved using
pression ratios. Toward this goal, second-generation codipgediction techniques. In the case of arbitrarily shaped regions,
techniques [12], [29] have been proposed. In this context, ttexture prediction can be handled by extending the image
study of segmentation-based coding techniques is, nowadgy®diction methods to the case of arbitrarily shaped areas
a very active field of research [13], [16], [24]. The reason fd6]. However, specific tools are still necessary for causal and
such an activity is mainly twofold. First, segmentation-basatbncausal partition prediction.
coding techniques can increase the coding efficiency of currenfThe problem of partition prediction is stated in this work
methods. Second, they set the basis for coding algorithms wéth follows. Given two known partitiong’; and P; where
content-based functionalities embedded [10]. Such techniques j, each one composed of a set of regidds, } {R;,},
divide the image into a set of regions (partition) where eachspectively, new partitions have to be found representing the
region fulfills a given homogeneity criterion. Therefore, thevolution beyondP; (causal prediction) as well as frof to
information to be transmitted is, on the one hand, the partitid?y (noncausal prediction). In this work, partitions are assumed
describing the regions and, on the other hand, the gray letelhave labels that are coherent in time. That is, a region
or color information (calledexturein the following) inside related to a given object should have assigned the same label in
each region. both partitions. This assumption can be made since there exist

segmentation-based coding techniques that solve this problem

by keeping track of the region labels through the time domain
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be causally predicted relying on the previous partitions. Theln addition, when dealing with coding algorithms address-
necessary information to perform the prediction in the receivierg content-based functionalities [10], the image description
side is transmitted as well as a simplification of the predictishould make possible the representation of each frame in terms
error. of objects. Some functionalities demand this possibility to be
Following this idea, the works presented in [5] and [9¢xtended to the case of interpolated frames. For example, when
propose to code the current partition in a region-by-regiarombining objects from various sequences that have been
approach, by predicting it using only the previous partitiomecorded at different frame rates, intermediate representations
The motion of each region is computed as an estimate of @sthe objects have to be produced. This leads to the necessity
shape evolution. The prediction error is then simplified byf producing intermediate representations of their shapes and,
means of morphological tools. In these approaches, the mottberefore, of the image partitions.
parameters obtained from the partition evolution are also usedlo interpolate partitions, the information of the interior of
to compensate the texture information. This is done in orddre regions yielded by the segmentation could be used. How-
to avoid sending two different sets of motion parameterever, segmentations can be obtained using different criteria
one for the texture and another for the partition informatiomnd, therefore, regions can be related to various concepts:
However, the use of a single set of motion parameters ledtsmogeneous gray level [13], [24], homogeneous motion [3],
to an inaccurate compensation of the textures and, therefdg&hs], or combination of the previous ones [1], [22], etc.
their coding cost increases. An interpolation technique independent of the segmentation
A second approach is presented in [21]. In this work, theiteria should use only partition information; that is, the shape
motion parameters computed for compensating the textumed the position of the regions in the partition.
information are used to predict the evolution of the regions. Following this idea, two different approaches have been
Furthermore, each region is not coded individually but thgroposed to tackle the problem of noncausal partition predic-
partition is processed as a whole. As in the previous worlign. A first approach is to handle the partitions as a whole
the prediction error is simplified and transmitted. This secorahd jointly interpolate all the regions in the partition [18].
approach reduces the global coding cost (partition plus textureis approach estimates the evolution of the partition by
information) with respect to the previous techniques. Howevempmputing a geodesic distance [18], [27] between the regions
it requires an additional ordering information in order tan the known partitions. Therefore, as pointed out in [4] and
recover the current partition in the receiver side. In additiof,8], this approach is only feasible when regions slightly vary
the evolution of the regions is predicted only based on textutteeir position between the two known partitions. If this is not
information and regardless of the shape evolution. Therefothe case, the evolution of each region has to be separately
the performance of this approach depends upon the occlusiralyzed.
effects that act on the shape of the region and, by this way,A second approach is to analyze the partition in a region-
upon the technique used for estimating the motion from thwy-region basis [4]. The evolution of each region is predicted
texture information. independently. Afterwards, predicted regions are combined in
A technique allowing decoupling the problems of texturerder to build the predicted partitions. This approach does
and partition prediction for coding is therefore needed. Thi®t make anya priori assumption on the movement of the
can be obtained by computing the partition prediction iregions. However, in the work presented in [4], the procedure
the receiver side. The evolution of every region can ke predict the region evolution is based on the definition of
separately predicted using only the information of its shape geodesic distance. This procedure does not allow causal
in the previous coded partitions. Once the evolution of eaghnediction, since geodesic distances are only defined between
region has been predicted, the whole predicted partition tlee regions from the two known partitions. That is, partition
built. Therefore, as in the work reported in [21], the codingxtrapolation is not possible.
algorithm can deal with the complete partition as a whole. The A technique able to predict, both in a causal and in a non-
main advantage of this approach is that the only informati@ausal manner, the evolution of image partitions is, therefore,
transmitted is the partition prediction error. Furthermore, texecessary. Such a technique should incorporate a region-by-
tures can be coded using motion parameters that have besgion approach, since it permits to predict the evolution of
computed based only on texture information, which resulimage partitions without introducing any constrains in the
into a more efficient coding algorithm. motion of the regions.

B. Noncausal Partition Prediction: Interpolation C. Proposed Approach for Temporal Prediction of Partitions

In order to improve coding efficiency, some images can beln this paper, a technique for partition prediction (causal
predicted in the receiver side using past and future informand noncausal) is proposed. This technique assumes that
tion; that is, they can be interpolated. Even in the case tife partition sequence has coherent labels through the time
segmentation-based coding schemes, images can be intedmonain. Each region in the known partitions is handled
lated without using partition information and only utilizingseparately. The evolution of a region is divided into two
the decoded images. However, a more accurate interpolatdifierent types: regular motion and shape deformation. Both
can be achieved if the boundaries of the different texturestypes of evolution are parameterized and predicted using the
the intermediate images are known. Fourier descriptors that characterize the contour of the region.
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Predicted regions are combined in order to obtain a predicted Known Partitions
partition. This combination may give rise to two problems. ‘
First, some predicted regions may overlap in a given area.
Second, some areas may not be covered by any predicted papeion
region. To solve the case of overlapping regions, an ordering '
among regions is defined. In turn, areas not covered by any )i
region are handled by using region expansion techniques based { ‘
on morphological tools. _ _

. ™ .. . . Region Region

This partition prediction approach only relies on partition Prediction Ordering
information and, as a consequence, the problem of texture
prediction is decoupled from that of partition prediction. This ,
feature makes it very suitable for partition coding. In addition, ;
the partition prediction is handled in a region-by-region basis, Purtition
which makes possible the correct prediction of the evolution Creation
of regions with large motion. Finally, the evolution of the Y
regions is characterized by their Fourier descriptors, which
enable causal and noncausal prediction.

The above technique is further described in the sequel. After
this introduction, Section Il is devoted to the general partition
prediction approach. It is composed of four stepsgion of those regions that appear only in one of the two known
parameterizationregion prediction region ordering andpar-  partitions.
tition creation Section Il details the specific parameterization In addition, predicted regions cannot be directly combined to
that is used in this work. In Section IV, different methodsbtained the final predicted partition. When combining them,
for predicting the evolution of the previous parameters at@o problems arise. First, predicted regions can overlap and,
discussed. Section V presents the region ordering that is @&cond, some parts of the partition space may not be covered
lized in the case of overlapping regions. Section VI describby any region. To solve the problem of overlapping regions,
different methods to solve the problem of uncovered regionggions are ordered. This ordering gives priority to one region
To evaluate the performance of the complete technique, thith respect to its neighbors so that, in case of overlapping,
partition prediction is applied in two different contexts. Thishe overlapping area is assigned to this region. Finally, after
way, Section VIl presents a partition interpolation metho@dombining the predicted regions following the above ordering,
whereas Section VIII deals with the use of this predictionncovered areas should be assigned to some of the neighbor
technique in a partition coding approach. Conclusions aregions. This is done in order to ensure that an actual partition

Predicted Partitions

Fig. 1. Global scheme.

given in Section IX. is finally achieved. The complete scheme is illustrated in
Fig. 1.
In the sequel, specific implementations of the above four
Il. GLOBAL SCHEME FOR PARTITION PREDICTION steps are further described. For each block, the special case

The prediction technique proposed in this work predicgf regions only appearing in one of the known partitions
the evolution of each region independently. Afterwards, tHgonflictive regions) is also discussed. Conflictive regions are
predicted regions are combined in order to build the predict@goduced by objects appearing or disappearing from the scene,
partitions. The complete prediction technique can be split ings Well as by errors in the segmentation procedure. These
four steps [14]: region parameterization, region predictiogfrors yield cases of lack of coherence in the labels of the

region ordering, and partition creation. known partitions.
The general prediction scheme only uses the shape and
position information of each region. This information is pa- IIl. REGION PARAMETERIZATION

rameterized in order to make easier its prediction. Region_. . . . . .
o . S Typical representations of regions and partitions used in

parameterization should be defined taking into account that > S .

o ) . . . coding applications (e.g., chain code approaches) are not

its final goal is to help the description of the region evolution; . - . .
. . C s . Suitable for prediction purposes. In order to deal with a region

Toward this goal, the region evolution is divided into twag . -

) . . .rerPresentatlon useful for prediction purposes, the concept of

types: regular motion and shape deformation. Regular motiofi”. N

. ; ) . ! osition function is used [30].

is described by a given motion model (e.g., translation, zom%,

and/or rotation) and a set of parameters related to this model

is defined. The region evolution that cannot be described As

regular motion is said to be shape deformation and, as in theA given region (e.g., region with label) present in both

previous case, it is described by a set of parameters. known partitions {2;,, andf?;,) has to be separately parameter-

Once regions in both partitions have been parameterizézkd. Contours are described as two complex functips:|
the evolution of their parameters is predicted. This parameterd z;;,[»n], namely position functions, where both contours
prediction yields a separate representation of the evolutionhafve been normalized to contain the same number of samples

each region. The region prediction has to handle the proble¥h To obtain such functions, the exterior boundary of a region

Position Function



532 IEEE TRANSACTIONS ON IMAGE PROCESSING, VOL. 7, NO. 4, APRIL 1998

X X X
-~ -— -
¢} N Y o AN
. oo\v \v .. ..o\v
. 3 . .
.
. . o °
3 . o ° . se
o __®
[ e o . oo ©
.
. . . .
e . e, .
o0 e’

Fig. 2. Example of the procedure to obtain the exterior boundary and the position function of a region.

is defined. The exterior boundary of a region (e&;,) is the Fourier descriptors are normalized with respect to the
formed by those pixels that belong &, and have at least parameters associated to the regular motion so that a set of
a neighbor pixel that belongs to a different region that is nparameters associated to the shape deformation is obtained.
completely interior toR;j. In this work, the model of regular motion that is as-
A four-connected neighborhood is used since it yieldsumed represents translation, zooming, and rotation. Each
simpler contours than an eight-connected one. The positionadf these types of motion is related to the evolution of a
each contour point is denoted by its coordinates, as a comptifterent parameter. For instance, translation is associated to
number. In order to normalize the contour representation time evolution of the gravity center of the region. Although
both images, a continuous function is obtained by a polygorialorder to characterize the regular motion only the evolution
interpolation of the contour points amd equidistant samples of these parameters has to be known, their actual values are
are taken from this continuous function. In practid€, is also needed. They are necessary to normalize the Fourier
selected to be the smallest power of two larger than the numidesscriptors so that a set of parameters related to the shape
of original contour points. Fig. 2 illustrates the procedure fateformation is obtained.
obtaining the exterior boundary and the position function from This way, four different normalizations are applied to each
a given region. contour to obtain the normalized Fourier descriptors which
Position functions could be used as parameterization of taee associated to the shape deformation. These normalizations
regions to be predicted. However, the information conveyed bgrrespond to equiform transformations as defined in [30]:
each point of a position function is local. As a consequence, ttranslation P, ¢ € C), zooming §gs, 3 € RT), and rotation
prediction that can be obtained with such a parameterizatitR., « € [0, 2x]) (Z-, 7 € [0, IV)). The parameters related
cannot easily characterize rotations and, very likely, yiekd these concepts are as follows.
entangled contours. Therefore, a set of parameters conveyind) Gravity Center(: It is associated to the translation. This

a more global information is necessary. parameter is obtained directly from the first Fourier descriptor.
The contour representation is normalizBd by subtraction of
B. Use of the Fourier Descriptors this sample from the Fourier descriptors
The Fourier descriptors of a contour have already been used ¢ = Z[0], D:Z[k] = Z[k] — (5[] (2)

for extracting global information of an object description in
pattern recognition [8] and shape approximation [7], as well d&e translation between regiod, and i;,, is computed as
in graphic animation [2]. There are several ways to define tHee evolution of the gravity center

Fourier descriptors of a region [30]. For prediction purposes,

the definition that directly relates the position functign] to AC= Gp = Gip: (3)
its Fourier transformZ[k] is very useful: 2) Sizes~!: Itis associated to the zooming. This parameter
N_1 is not directly related to a single Fourier descriptor, but to
Z[k] = 1 Z 2[n]eI T/ N)kn, (1) @ combination of all of them. The size paramef&rt, as
N

defined in [30], is computed after applying to the Fourier
. ] ] ] ] ) _descriptors the previous normalizati@, in order to obtain
All the information contained in the Fourier descriptors ig sjze parameter invariant by translation.

not equally relevant for the current application. The set of geveral operators for size computation and normalization
parameters to be used in region prediction should descripge been proposed in the literature. The reader is referred
correctly and naturally the contour evolution through the timg, [30] for an exhaustive review. Here, the definition of the
domain. This evolution can be divided into two types: regulaize parameter as the norm of the Fourier descriptors has been
motion and shape deformation. The natural evolution of &osen, mainly due to its robustness in front of noisy and
region is closely related to a correct prediction of its regul@aaky contours. The contour representation is normal@ed

motion. Considering this, a new set of parameters can Bg dividing the Fourier descriptors by their Euclidean ndim
defined from the Fourier descriptors.

The information related to regular motion is extracted first 8= ;7 SsZ[k] = BZ[K]. (4)
from the Fourier descriptors and treated separately. Afterward, IZ[E]ll2"

n=0
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The zooming between regions;, and R;,, is computed as Dﬂ
the evolution of the size

Bip

3) Angle of Orientationv: It is associated to the rotation.
As the previous parameter, it is related to a combination of all m
Fourier descriptors. The orientation information is contained
on the phase of the Fourier descriptors: two position functiopg. 3. correct estimation of the angle of rotation for both a real and a
representing the same object but having as unique differenceahetic region.
rotation A« = «vj, — o, l€ad to the same Fourier descriptors
up to a multiplicative, constant term of phagé<. However,

the computation of the parameter is not straightforward con he done so that it already accounts for the contour

given that the phase of the Fourier descriptors is, in re@|o|ution. Parameters related to the rotation of a region can
cases, rather noisy. Therefore, the value of éhparameter o computed using information from the contours in both

is usually estimated. In addition, the starting point of th artitions, Z;,[k] and Z,,[k]. Therefore, the pairgc,, 7:,)

position function,, is also directly related to the phase of 4 (. 75,) are jointly estimated. This is implemented by

the Fourier descriptors: two position functions representing tg‘électing for normalization the two indexés and &, leading

same object but with different starting poins™ = 7;, — 75 5 the two greatest magnitudes of the product:
lead to the same Fourier descriptors up to a linear term of

phasec’2™*. As a consequence, classical techniques jointly MPE] = || Ziplk] Z;p K]l 2 (8)
estimate the value of both parametess,and 7 and their
related normalizationsR, and 7., respectively. Although
this approach is followed in this work, in the applicatio
of partition prediction, the value ofA7 is not relevant and,
therefore, it will not be used for prediction.

Several techniques can be found in the literature for t
joint estimation of thea and 7 parameters, usually in the
context of pattern recognition. All of them share the same ba
structure: A term of phase/(*+7*) js added to the phase of the
Fourier descriptors so that two previously selected descriptors, dlZ* [Klip, Z*[k)p) = | 2% [Klip — Z*[K)jpll2- 9)
Z[k1] and Z[k2], become real after normalization. That is, for . .
k= ky, ks The pairs (ap,, 7ip) and (ajp, 7;,) leading to the normal-

ized descriptors with minimum dissimilarity are chosen. This
Z*k] = T;RaSsD: Zk] € R (6) measure may yield solutions representing very large rotations.

. ) ) . Such rotations are not usual in the addressed application and,
where Z*[k] denotes the normalized Fourier descriptors thﬂlierefore, they are penalized. The:p, 7ip) and (ap, ;)

contain the shape deformation information. Such techniques jing to a solution close to the minimum one but involving
differ in the means to select both indexés (and k2) as a smaller rotation are finally selected:

well as in the procedure to ensure that a unique solution Is

achieved. In [20], indexes are fixed to be= 1 andk, = —1, d[Z*[Klip, Z¥[k]jplmin o < 2d[Z¥[klip, Z7 [kl jplminimum

since their associated Fourier descriptors have usually the (10)
largest magnitude and, therefore, are the most representative.

However, this selection leads to eight different solutions. THghere the factor two has been found heuristically. The need for
same indexes are selected in [11], but under the constrf final step can be assessed in the examples of Fig. 3. The
of yielding real and positive normalized descriptors, whicfirst example shows a region obtained from the segmentation
reduces to two the number of possible solutions. Solutions @ two frames of the “table tennis” sequence (a finger of
the case of objects with rotational symmetry are reported e player). The minimization of (9) yield&a = «;, —

[30]. However, this constrain is very seldom fulfilled in oury; = 180°, which clearly does not correspond with a
application. In [31], it is proposed to selelet = 1 andk, as Natural motion in this case. When applying the minimization

the index of the Fourier descriptor with largest magnitude Procedure of (10)A« = 0.03° is obtained. Nevertheless, if the
region evolution strongly corresponds to a large rotation, this

185D Z[k2]|2 = Jmax |SsD Z[E]||2- (7)  minimization procedure still assigns to the region the correct
« value. In the second example, a synthetic region that has
This approach leads tolk; — ks possible solutions been rotated is shown. In this case the estimated value is
(Z*[k1], Z*[k2] € RT) and, in order to obtain a uniqueA« = 180°, which corresponds with the observed motion.
one, several maximization procedures are proposed [31]After this final normalization, contours are represented by
Finally, in [30] a method is presented that directly selects thwo sets of parameters. The first set is related to the regular
two indexes of the Fourier descriptors with largest magnitudesotion of the region(¢, 3, «, 7) whereas the second set

AB =

()

In our case, the join estimation of theand~ parameters

where M P[k;] > M P[k:] is assumed. Actually, following

£ conservative policy, more than two indexes are initially
selected. In order to preserve possible correct solutions, all
cases wher®.1M P[k;] < MP[k] are analyzed. Using (8),
rg?(g\ch pair of possible coefficients results in a set of pairs of
normalization parametefsy, 7). To obtain a unique solution,

g measure of dissimilarity on the normalized descriptors is
utilized as follows:
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on the amount of contour points that are shared between the
conflictive region and its neighbors. Note that no assumption
can be made on the shape deformation parameters in the case
of conflictive regions. Therefore, these parameters are set to
be constant.

PARAMETRIZATION

IV. REGION PREDICTION
\ Parameters The evolution of the previous parameters is predicted in
Etimation order to obtain the contours of the predicted regions. Several
techniques have been analyzed for predicting the regular
motion and the shape deformation.

A. Prediction of the Regular Motion Parameters

From the set of parametefs, 3, «, 7), 7 does not need to
be interpolated since the starting point of the position function
does not affect to the final representation of the predicted
Fig. 4. Block diagram of the parameterization procedure. contours. The other three parameters are related to translation,
zooming and rotation, respectively. These types of motion are
(Z*[k]) is associated to the shape deformation. The complé@gsumed to be constant between the two known partitions
parameterization procedure is shown in a block diagram @ and P;). Linear prediction is therefore used for regular

7.7

i

Fig. 4. motion parameters in order to fulfill the constant evolution
requirement. The use of nonlinear prediction techniques has
C. Parameterization of Conflictive Regions been also analyzed. However, such techniques translate into

acceleration or deceleration of the objects.

The goal in thg case of conflictive regions is to find a Assuming that the two known partitions aRg and Py, the
way to pa_ramete_rlze Fhem S0 tha? they can be hand!ec_i Values of the parameters of a region belonging to a predicted
nonconflictive regions in the posterior steps of the prediction ition L. are computed as
procedure. That is, a set of parameters has to be givenpf% P P

every conflictive region even in the partition where they do

not appear. _(q_21% 12

A conflictive region can be produced by several mecha- G = <1 T)Cop * TCTP (1)
nisms: a global movement of the camera (panning, zoom, tilt, 1 ty 1 t 1
...), the specific motion of an object that appears in (disappears E - < - T) % T T % (12)
from) the scene and covers (uncovers) an area, or even errors ¢ ¢
in the segmentation procedure. From this set of possibilities, Qyp = <1 T)Ocop + Toch- (13)

the only one that allows assuming arpriori behavior is the

case of global movement. In this case, a conflictive region

is assumed to follow a coherent motion with respect to the The reason for using /g instead ofg is that, following
motion of its neighbor regions. Thus, if the region with labehe definition of (4), the normalization is carried out with the

pis present in the partitio®; (R;,) and absent in the partition inverse of the size parameter. Consequently, in order to have a
P;, the parameters aR;,, will be computed relying on constant evolution of the zooming, the inverse of the parameter

« the parameters ofz;,; has to be used. o
« the evolution of the parameters of its neighbor regions The above expressions lead to a noncausal prediction (inter-
from P to P polation) in the case df < ¢ < 7' In turn, the case of > T’
7 g

This concept is implemented by computing first the regulgrefmes a causal prediction (extrapolation). In the extrapolation

motion of the neighbor regionéA¢, Aj, Aa). Note that case, the evolution of the size parameter has to be controlled

A7 does not characterize any real motion, and it has be%mce it may become negative, which does not correspond

computed only to correctly estimatetle. In order to decide with any natural zooming. The fact thit 5 becomes negative

J : . . .~ indicates that the linear model for the size evolution of this
which is the dominant type of motion of the neighbor regions, ~." " . ) .
rér%on is unsuitable. A possible alternative would be to replace

the variance of these parameters among the neighbor regiﬂ1 : ; : .
. . g linear model by a geometric one. However, given that this
is calculated. The parameter that has the smallest variance

JS .. . ..
said to be associated to the dominant motion. Sithation appears very seldom, and for the sake of §|mpI|C|ty,
. . - . the chosen solution is to set the parameter to zero:

To assign a regular motion to the conflictive regions, a
weighted median of the dominant motion values is used. A
median filer is used so that the conflictive region adopts one 1 < 0= 1 =0. (14)
of the already existing motion values. Weights linearly depend Brp Brp
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Fig. 5. Comparison between Cartesian (first row), polar (second row), high-frequency substitution (third row), and high-frequency elimindtion (fo
row) interpolation techniques for shape deformation.

Fig. 6. Example of interpolation with and without constraints in rotation.

B. Prediction of the Shape Deformation Parameters presented for the case of a synthetic region that has been

Four different techniques for predicting the normalizeEPta.ted- Note that the second solution yields a more natural

Fourier descriptor* [k] have been tested: Cartesian or lined"otion- , , ,
prediction, polar prediction, high-frequency substitution [2], The second example of Fig. 6 presents the interpolation
and high-frequency elimination [2]. Causal prediction cann@f the synthetic region presented in Fig. 3. In this case, one
be done in the case of using either the high-frequency substifli-te two initial regions have been deformed to show the
tion or the high-frequency elimination techniques. In additioff°"TeCt estimation of the rotation angle in the presence of large
best results, in terms of deformation conforming to natur§ptations and deformations.

object motion, have been obtained using the linear prediction
o . t . t e 0 15 C. Complete Region Prediction
wlkl = < T) oplF] + T rplk] (19) Once the parameters describing the regular motion and the

The performance of the four techniques are compared JRaPe deformation have been predicted separately, they have
the example of Fig. 5. Here, the different prediction resulf§ P& combined in order to obtain the final predicted regions.
of a region from the “Miss America” sequence are analyzea.h's is gctually done as a denormalization procedure using
In all cases, regular motion has been linearly interpolatddf® Predicted parameters
Although the evolution of the regions with all techniques is
quite natural, the only prediction technique that preserves line Ziplk] = D¢\, 81750, Ry Zi, [K]. (16)
segments and corners is the Cartesian interpolation. Moreover, o wor
self-intersecting contours are more likely to appear in the polar
and high-frequency substitution approaches. The final position functionz,[n] is computed as the in-

The first example of Fig. 6 shows the interpolation of theerse Fourier transform of the Fourier descriptédg(k]. The
regions presented in the example of Fig. 3. This examptemplete prediction scheme is presented as a block diagram
illustrates the importance of estimating correctlyand 7. in Fig. 7. Note that this scheme can also be directly applied
In the first case, the parameters have been obtained with theconflictive regions since the parameterization procedure
technique leading to the minimum of the measure of dissintias given a complete set of parameters for every region.
larity (9), whereas in the second case, the solution constrairéevertheless, conflictive regions are not extrapolated from the
in rotation (10) has been used. This second solution is algartition in which they do not appear.
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Fig. 7. Block diagram of the region prediction procedure. Fig. 9. Block diagram of the ordering procedure.
i i penalizes strong local differences between both shapes rather

i than small global variations of the regions:

dolelyy 23] = l125pln] = 2]l (17)

] The region whose evolution leads to the lowest value of
expression (17) has the highest priority and receives an order

Fig. 8. Example of a partition evolution that would lead to an uncorredevel Oy .
ordering due to the presence of an interior region.

B. Ordering for Conflictive Regions

V. REGION ORDERING A conflictive region should have always lower priority than

In order to create the predicted partitions, regions that haasy nonconflictive region. If the nonconflictive region with
been separately treated are combined. The direct combinatiawest priority has an order levéD,,,., a conflictive region
of these regions rises two different problems. First, regiods, will receive the order leveD[g] = Omax + Ol[p]. O[p]
may partially overlap. Therefore, a priority has to be fixed teepresents the ordering of the nonconflictive regignfrom
decide to which region have to be assigned those pixel layindich the conflictive regiod?, had obtained its regular motion
on the overlapping area. Second, some areas of the prediqathmeters (see Section IlI-C). This ordering is, therefore, only
partition may not be covered by any region. As a consequenosed to give priority to a conflictive region with respect to
a procedure has to be implemented to labeled every pixel in tider conflictive ones.
partition. In this section, the problem of overlapping regions

is discussed. C. Ordering of Interior Regions
) o . Interior regions should be handled as a special case in the
A. Ordering for Nonconflictive Regions ordering process. As stated in Section Ill, a region is char-

Once all the regions have been separately interpolated, tlaeyerized by its exterior boundary. With this characterization,
are ordered so that possible overlappings are solved. Tthe above ordering may result in the elimination of interior
ordering gives priority to the regions having a smaller amourggions from the predicted partitions.
of shape deformation with respect to their neighbors. This The problem is illustrated with an example. In Fig. 8, two
procedure assumes that if the evolution of a regiyncan partitionsF, and Pr are shown. Regio®; is interior to region
be represented only relying on the regular motion in a mo¥; and has suffered a strong deformation, whereas refjipn
accurate way than its neighbors, this region should presehas not. Therefore, the above ordering will penalize redtgn
the shape given by its prediction. in front of region Rz and regionR; will be covered byR3

The ordering is obtained by computing a distance on tlwe all predicted partitions.
normalized contours:},[n] and zj,[n]. Different distances In order to solve the previous problem, a second step has
have been analyzed and the best results, in terms of vishakn introduced in the ordering procedure. This step checks if a
quality, have been achieved with tlig, norm. This distance region has completely disappeared from the predicted partition
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Fig. 11. Direct geodesic dilation of interpolated regions and its improvemeig. 12. Geodesic dilation of interpolated regions using masks and adapting
by adapting the structuring element to the region priority. the structuring element to the region priority.

due to its interior nature. If this is the case, a new prioritiarger than the structuring element used for a region with high
level is assigned to the interior region higher than the priorifjriority. The result of adapting the structuring element is also
level of the region that surrounds it. The complete orderirfilown in Fig. 11. Note that this adaptation, although solving

procedure is shown as a block diagram in Fig. 9. the first problem, may worsen the problem of dilated region
covering areas very distant from its original position. That is,
the shape off; has almost remained the same wheré&as
VI. PARTITION CREATION has extended up to distant areas.

Predicted partitions are created by combination of the vari- To solve this second problem, the dilation is carried out in
ous predicted regions respecting the previous ordering. Hotwo steps. First, a mask is created marking the areas that more
ever, there may be holes after combining the regions. Sughturally a region can cover. To create these masks, regions
holes should be covered by neighbor regions to obtain a fiedm both known partitions are predicted keeping fixed their
partition. An example of this problem is presented in Fig. 16hape deformation parameters
where two partitions between frames 60 and 65 from the “c . N
phone” sequence have been predicted as well as a new oné—*"? (K] =D, 51/ Revip ZiplF] (18)
corresponding to frame 67. In this example, holes appearir@T—ﬁ)p[k] =D_¢,,S1/p, Raw, Z1p[F] (19)
after combining the predicted regions are presented as blackM ask:, = Arca{Z_up[k]} U Area{Zir_1)p[k]}. (20)
areas. . . ) !

Different techniques have been studied to fill these holes.Only the holes inside the mask will be c_ove.red. in the f|r§t
A simple solution is to dilate the predicted regions so th ep. The reference space for_ the geodesic dilation of region
their labels cover the holes. For each interpolated region, is formed by the intersection of thg holes and the mask
geodesic dilation of size one is performed [26]. This geodesid - In the second step, the remaining holes are covered.

dilation uses as reference space the union of the region to ebOth steps, the structuring elements used in the geodesic

dilated and the area covered by its neighbor holes. It is appli IJ]atIOI’]S are adapted to the region priority. Fig. 12 shows the

first to the regions with lower level of priority in the previousfl_eSUIt of applying this procedure o the previous example.

ordering. That is, the more reliable is the region representatior{1e expansmnf of r.e?]gd?? tlrr: the f'rsé sttep prevents the

the smaller its variation should be. This procedure is iteratge{er-growmg of regionis In the second step. .

until all the holes are covered In the process of creating a partition, conflictive regions
' re not dilated. Note that the evolution of a conflictive region

The previous technique is illustrated in Fig. 11 where tHa kes it di Theref it d N twural that
dark area corresponds to nonassigned pixels and the red]%% es It disappear. Theretore, it does not seem natural that a

ordering follow O[R:] < O[Rs] < O[Rs]. As it can be seen, conflictive regiqn pred_ic.tc_ed in an.intermediate partition could
this technique rises two main problems. First, in the case OPS larger than in the initial partition.
hole between two regiongy{ and Rz, in the example), roughly
half of the hole is covered by each region, regardless of their
priority level. Second, dilated regions may cover areas veryThe objective of this section is to show the capability of the
distant from the position of the predicted regiord®; (in the proposed algorithm to interpolate partitions [14]. To assess the
example). algorithm performance, interpolated partitions from various
The first problem is solved by adapting the size of theequences are presented. The test sequences are “foreman,
geodesic dilation to be applied to each region with respect to ¢tar phone, and “car-CCETT.” In all cases, the initial segmen-
level of priority. Therefore, in the same iteration step, a regidation has been performed by the algorithm described in [23].
with low priority will be dilated by a structuring elementOriginal sequences have a frame rate of 25 frames/s and the

VII. A PPLICATION TO PARTITION INTERPOLATION
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Fig. 13. Relation between new partitions and the technique used to create them.
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Fig. 14. Interpolation from four initial frames of the foreman sequence (210, 215, 220, and 225).

segmentation has been applied at five frames/s. That is, @eguences segmented either by hand or by using chroma-
out of five consecutive frames has been segmented. keying techniques. With this kind of sequence, since the shape
In the examples, four partitions for each sequence have bedrthe objects should conform to real shapes, the performance
obtained by means of segmentation and, between each withe interpolation technique can be assessed from a new point
consecutive partitions, four new ones have been interpolatefdview. Fig. 17 shows the result of interpolating the masks of
so that the final partition sequences has the original frame réttee “weather” sequence provided by MPEG. In the example,
The way to present these results is illustrated in Fig. 13. the person is moving backward while moving her hands. Note
In order to evaluate the interpolation results, each regiontimat, even with an interpolation factor of five, the evolution of
the partitions has been filled with the mean value of the grathe shape is naturally interpolated.
level value of its pixels. Note that in all cases the evolution of In addition, the use of the MPEG masks allows the il-
the images is soft and natural. For instance, the tilt of the heladtration of the limitations of the algorithm. In Fig. 18,
in the foreman sequence (Fig. 14) is perfectly representedtie interpolation of a frame from the weather sequence is
the interpolated images. In the car phone sequence (Fig. Jgsented. The shape of the person around this frame suffers a
the interpolation technique is able to cope with both th&trong, local deformation. The woman is turning while moving
approximation of the head toward the camera as well as theth hands. In addition, some documents that the woman is
motion of the mouth. Finally, Fig. 16 presents the interpolatidmolding appear in the mask, leading to a large deformation
results of the sequence car-CCETT. In this case, the turnwdtfich is difficult to predict.
the car is correctly represented by the partition interpolationIn Fig. 18, two different interpolations of the central frame,
approach. with respect to this motion, are presented. In the first case, the
In the previous examples, the quality of the results depenigiserpolation factor is five. It can be observed that this local
on the performance of the segmentation algorithm that hdsformation is not correctly interpolated and the complete
been used. Another way to evaluate the algorithm is by usisbgape is deformed. In the second case, an interpolation factor
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Fig. 15. Interpolation from four initial frames of the sequence car phone (100, 105, 110, 115).

-

] | Sl B . ..

Fig. 16. Interpolation from four initial frames of the sequence car-CCETT (50, 55, 60, 65).

Fig. 17. Interpolation between the original masks of the frames 220 and 225 from the weather sequence.

of three has been used. Here, the quality of the interpolatedrtition prediction used in the partition coding approach is
shape has improved and the global deformation is acceptalpiesented in [21]. The complete coding scheme is here briefly
summarized as follows.
VIII. A PPLICATION TO PARTITION CODING 1) Partition prediction: The method above described is

The objective of this section is to show the capability of ~ used so that a prediction of the partition in the cur-
the proposed algorithm to extrapolate partitions. The previous rent frame is obtained from the two previously coded
partition prediction can be used in the framework of partition partitions. The procedure is different from those used
coding [15]. As stated in the Introduction, the proposed in [5], [9], and [21] because it does not imply the use
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Fig. 18. Interpolation of frame 187 of the weather sequence using interpolation factor of five and three.

€e=10.0 € = 0.00015

Fig. 19. Comparison between predictions using al=(0.0) or only the low-frequencye(= 0.00015) normalized descriptors.

of a single set of motion parameters to predict both theormalized descriptors*“#'[k]. Low frequency Fourier de-
textures and the partition. scriptors are selected with respect to its magnitude. The set of

2) Simplification of the prediction errorAn overpartition selected normalized descriptors has to correctly represent the
is defined by merging the predicted partition with theegion. Therefore, only a small reduction on the total energy
current partition. Each region of the overpartition i®f the normalized descriptors is allowed, as follows:
analyzed: if the predicted label (number identifying the

region) does not correspond to the current label, the NIF 1
region is said to be part of the compensation error. Error Z ||Z;LF [&]||?
regions are eliminated if they are very small or if they k=0 S 1o 21)
do not imply a meaningful grey-level difference after N-1 - )
coding of its texture. >z kI
3) Coding of the error: The error is coded by sending the k=0

information necessary to restore the over-partition in the

receiver side. The receiver knows the contours of the Nevertheless, even a very small reduction on the total energy

predicted partition and some extra contours have to fRg., ¢ = 0.0001) results in a very large reduction of the

sent. These contours are coded by an extended chaiinber of coefficients (values aroumd™*/N = 8% are

code technique [17]. usual). Such a small reduction is due to the fact that the largest
4) Coding of the region labelOnce the contours of the part of the energy is concentrated in the lowest frequency

partition have been defined, one should assign the corrélescriptors.

label to each region. For a large number of regions the Shape deformation of regiafy, at timet is finally predicted

correct label is defined by the compensation but for sonkéing the information at the previous times zero @idy

regions the label should be actually sent. means of the following expression:
The fact of using a simplification step to reduce the amount
of prediction error makes necessary the elimination of high ZiE (k) = <1 _ i)ZSpLF[k] " t Z3E (R, 22)
frequency normalized descriptors in the region prediction step T T

of the partition prediction. The region prediction achieved
using all normalized descriptors presents small oscillationsFig. 19 shows the prediction obtained for the binary shapes
with respect to the original region contour. Such oscillatiorsf frames 61 of the weather sequence. Two different predic-
would be removed by the simplification step; that is, thetjons have been performed: in the first case, all the normalized
would not be handled as part of the prediction error, but thelescriptors have been used=t 0.0), whereas in the second
would be assumed to be part of the correct contour. This wayase, only the normalized descriptors with lowest frequency
such oscillations would propagate through the coded partitibave been utilizede(= 0.000 15). In Fig. 19, the actual and
sequence. predicted shapes are presented in black and white, respectively.
To overcome this problem, the prediction of the shape This partition prediction technique has been tested on binary
deformations is carried out using only a set of low frequenshape sequences as well as on complete partition sequences.
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Fig. 20. Example of binary shape prediction (first row: frames 206, 208, 210; second row: frames 232, 234, 236).

shown in white, while those contours that have been correctly
predicted are shown in black.

Note that the prediction error is larger in this example than
in the previous one. Errors mainly appear in areas where the
segmentation result presents a lack of stability. Furthermore,
the partition in this example is predicted using a longer term
prediction than in the previous one: in the previous example
there is one frame skipped between used frames, while here
three frames are skipped.

Fig. 21. Coding of the partition of frame 8 of the mother and daughter

sequence. IX. CONCLUSIONS

Here, some results using the proposed technique on both kind§he examples of the previous section illustrate the fact

of sequences are presented. that the partition prediction technique that has been proposed
performs correctly in different scenarios. This prediction tech-
A. Binary Shape Prediction nique has been tested on a large set of sequences and using

different segmentation approaches. In all cases, the achieved

In Fig. 2.0’ the prediction of six frames of t_he wee_1the|r_ sults show similar quality as those above presented.
sequence is shown. The results are presented without simpli The prediction technique here discussed only uses par-

cation so that the quality.of th_e prediction can be assessgdti{ n information and, therefore, it is independent of the
order to allow larger motion, images have not been pred|ctg gmentation approach that is utilized to obtain the initial

;Jsing thehtwoI predvious;j frdamhes, but ff?r the binarlé shape Bhrtitions. Nevertheless, the performance of the proposed
rame ¢, the already coded shapes of frames 2 and: — 4 hnigue improves in both visual quality and computational

Egve beﬁn usedf. fThe first row in Fig. 30 co.ntains thehpredictr% d when the temporal coherence of the initial partitions
nary s "’Tpesr? rarr;?s 206, 208, an 210(,jon trn, t esec eases. Furthermore, the technique is totally unsupervised
row contains those of frames 232, 234, and 236. Note that d no additional information is necessary apart from the

global motion as well as the shape deformations are corregilyiia partitions

predicted in both examples. The visual quality improvement is due to the fact that if the
N o initial partitions track correctly the evolution of objects in the
B. Complete Partition Prediction scene, the prediction procedure yields smooth transitions that
Fig. 21 shows the prediction of a complete partition of framare more pleasant to the human visual system.

8 from the “mother and daughter” sequence. The predictionThe reduction of the computational load comes from the fact
relies on the partitions of frames 0 and 4, which have bed#mat if the initial partitions present a strong time coherence,
segmented using the technique presented in [19]. In this cabe, number of holes after combining the interpolated regions
the simplification has been applied so that all the predictiatecreases, and so does their size. In this case, a simplification
errors leading to regions with less than five pixels are removaxf.the algorithm presented in Section VII can be used, which
In the example, the additional contours that have to be sent &rgher reduces the required computation.
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