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The MPEG-4 video coding standard introduced the
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Video object segmentation using a novel object boundary linking

Lee Ho Suk’

ABSTRACT

Moving object boundary is very important for the accurate segmentation of moving object. We extract the moving object boundary
from the moving object edge. But the object boundary shows broken boundaries so we develop a novel boundary linking algorithm to link
the broken boundaries. The boundary linking algorithm forms a quadrant around the terminating pixel in the broken boundaries and
searches for other terminating pixels to link in concentric circles clockwise within a search radius in the forward direction. The boundary
linking algorithm guarantees the shortest distance linking. We register the background from the image sequence using the stationary
background filtering. We construct two object masks, one object mask from the houndary linking and the other object mask from the
initial moving object, and use these two complementary object masks to segment the moving objects. The main contribution of the
proposed algorithms is the development of the novel object boundary linking algorithm for the accurate segmentation. We achieve the
accurate segmentation of moving object, the segmentation of multiple moving objects, the segmentation of the object which has a hole
within the object, the segmentation of thin objects, and the segmentation of moving objects in the complex background using the novel
object boundary linking and the background automatically. We experiment the algorithms using standard MPEG-4 test video sequences
and real video sequences of indoor and outdoor environments. The proposed algorithms are efficient and can process 70.20 QCIF frames
per second and 19.7 CIF frames per second on thc average on a Pentium-IV 34GHz personal computer for real-time object -based
processing.

Key Words : Moving Object Edge, Moving Object Boundary, Object Boundary Linking, Using Two Object Masks. Automatic
Segmentation
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M B concept of Video Object Plane(VOP) to enable the ob-
ject-based processing for various applications. Since the
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introduction of Video Object Plane, the moving object
segmentation has become an important research subject

e and has been receiving considerable amount of attention
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We use the edge detection approach for the moving
object segmentation because we consider that the con—
structions of moving object edge and the moving object
boundary are the most important things for the video
moving object segmentation and because we consider that
the Canny edge detector used for the construction of
moving object edge has the advantages of accurate edge
detection and fast execution for real-time application.

The algorithm [1, 2] shows an approach of obtaining
the moving edge map using the absolute frame difference
and the Canny edge detection. The algorithm uses the
Gaussian convolution filtering to remove the noise. The
algorithm obtained the final moving edge by the set un-
ion of changed moving edge and the temporarily still
moving edge. The algorithm used the logical AND of
horizontal and vertical filling in for the moving object
extraction. But the moving edge map and the result of
the logical AND of spatial filling-in show incomplete
moving object boundaries. The morphological operation
has been used to handle this problem. But the extracted
moving object still shows inaccurate object boundaries.
The algorithm[3] assumed a dominant global motion of
the background and used motion detection by the mor-
phological motion filtering or change detection mask,
Hausdorff distance, object model initialization and update,
horizontal and vertical region filling, and the shortest path
algorithm for the moving object edge construction. The
moving object edge generally shows accurate object
boundary. This algorithm uses the connected component
labeling algorithm to remove the noise. But the shortest
spanning of pixels in the object boundary of binary object
model for the object boundary replacement does not work
if any one of the pixels in the object boundary is
missing. Furthermore, the edge pixel additions by the
Hausdorff distance matching may not be sufficient in the
new hinary object model when the broken edge region is
relatively wide in the initial object model. The approach
[4] uses the background registration technique for the
moving object segmentation. The basic idea of this algo-
rithm is the change detection but the algorithm focuses
on the registered background rather than the foreground,
because the background is observed to be more reliable
than the changing foreground in producing the change
detection mask. But the object boundary is not accurate.
This approach uses connected component labeling algo-
rithm to remove the noise. The approach[5] uses the
same background registration technique but uses the pre-
dictive watershed algorithm to generate the moving object
edge. But the predictive watershed algorithm has to han-

die error propagation and can suffer from over-segmentation.
And the overall algorithm execution is slow. A contour
tracing algorithm which can trace a hole inside an object
is explained in [6] but the algorithm assumes a com-
pletely linked object houndary beforehand. The method in
[7] explains an interesting shape error concealment tech-
nique using the Bézier curve that works for a binary al-
pha plane of a single smooth object boundary. The ap-
proach in [8] explains a shape information concealment
method using the MAP estimator for missing shape
blocks in the binary alpha plane.

Object-oriented coding has been introduced in [9]. In
f10][11], polygon/B-spline approximation approaches have
been used for the shape coding for rate-distortion
optimization. These approaches focus on the object-ori-
ented coding once the object mask is given. The paper
[12] explains the Hausdorff distance matching between
the objects using the distance transform, ranking, and
partial matching. The paper [3] explains the use of
Hausdorff distance matching in the moving object edge
matching for model update. But the Hausdorff distance
computation for object matching is time-consuming. The
papers [1][2] also use a kind of distance computation for
the moving object edge construction. But we find in the
experiment that it is impossible to use the edge pixels of
the current frame by the Canny edge detector for moving
object edge construction when the matched region of the
moving object edge is a wide broken edge region, be-
cause we find that the distance between edge pixels in a
wide broken edge region cannot be computed using the
distance computation method.

The broken boundaries of moving object is caused by
the edge detection failure due to the reasons such as the
instantaneous halt of the moving object, a color similarity
coincidence between the background and the moving ob-
ject, illumination variation, and a camera noise. The ob-
ject or the part of the object sometimes halts temporarily
between the consecutive frames and this causes the edge
detection failure. The color similarity coincidence means
the color similarity between the background and the fore-
ground moving object. The illumination variation means
the non-uniform or varying intensity levels of illumination.
These factors can cause the edge detection failure. The
noise is the inherent problem in the moving object seg-
mentation and the noise must be eliminated. We use the
connected component labeling algorithm to eliminate the
noise from the image.

The broken boundaries make it difficult to obtain the
accurate moving object segmentation. We propose that



the broken boundaries should be supplemented with the
boundaries from other boundary sources and linked by
the boundary linking. The other boundary sources include
the previous moving object edge, the edge of current
frame by the Canny edge detector, and the hackground
edge of current frame. We use an edge set union oper-
ation and the edge tracing and copying operation for the
construction of moving object edge. The boundary linking
is defined as the linking of two terminating pixels in the
broken boundary. The boundary linking algorithm forms a
quadrant around the terminating pixel and searches for
other terminating pixels to link in concentric circles
clockwise within a search radius. The algorithm does not
create a cycle and guarantees the shortest distance
linking. The linking algorithm tries to link the broken
boundaries robustly within a search radius. But the link-
ing algorithm does not try to link the broken boundaries
which is wider than the search radius, thus for some im-
ages with a relatively wide broken boundary there might
remain broken boundaries after the boundary linking. But
for the most images, we can obtain a completely linked
moving object boundary after the boundary linking. Later,
we use the object mask to deal with the relatively wide
broken boundary.

The main advantage of the proposed algorithm is the
accurate segmentation of moving object using the object
boundary linking. And we achieved the segmentation of
multiple moving objects, the segmentation of thin objects,
the segmentation of the object which has a hole within
the object, and the segmentation of moving objects in the
complex background using the object boundary linking
and the background automatically. We also suppress the
moving cast shadow using the Roberts gradient operator.
We use standard MPEG-4 test image sequences such as
Akivo, Hall monitor, Claire, Mother& Daughter, Silence,
Weather, and Grandma 1o experiment the system.
Particularly, we use Akiyo 18" frame, Hall monitor 54"
frame, Claire 10" frame, and Mother& Daughter 45"
frame to test the algorithm. The other frames of these
standard sequences are used for more demonstrations. We
also use real video sequences to experiment the system.
The real video sequences include a sequence with a hole
called Junki, two thin object sequences, and walking stu-
dent image sequences in the complex background. The
Junki sequence will be shown in section 2.4.3 and the
other sequences will be shown in section 3.2.

We assume that the camera and the background are
stationary in the algorithm development. The background
global motion and camera motion can be represented by
an affine transformation and thus can be compensated by
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a motion estimation and compensation[14].

The organization of paper is as follows. Section 2
gives the detailed explanation of the proposed moving ob-
ject segmentation algorithm from the moving object edge
construction to the video object plane extraction. Section
3 shows the experimental results of the algorithm. The
section 4 draws the conclusion.

2. Moving object segmentation

2.1 Overall architecture

We consider the moving object segmentation as a
process of development from the initial moving object to
the final moving object segmentation. The initial moving
object is actually the background change detection mask
and it is used as the initialization of moving object for
the segmentation. We use the background change de-
tection mask computed from the current frame and the
registered background because it shows a more accurate
moving object edge than the foreground change detection
mask computed from the two consecutive image frames.
The initial moving object is processed in two Separate
ways but the two object masks produced as shown in
(Fig. 1) are used together in a complementary way to
produce the final segmentation of moving object. To ex-
plain it in more detail, one of the two complementary ob-
ject masks is produced from the moving ohject boundary
after the moving object boundary linking and the other
object mask is produced from the initial moving object
after the noise elimination and the object mask image
enhancement. The constructed moving object boundary,
however, shows broken boundaries so we try to link the
broken boundaries to obtain a completely linked object
boundary. We use the connected component labeling algo-
rithm to eliminate the noise and we use the binary mor-
phological opening and closing operation to enhance the
object mask. And finally we use the two complementary
object masks for the accurate segmentation of moving
object. (Fig. 1) shows the overall system architecture for
the automatic segmentation of moving object. VOP means
the video object plane.

In (Fig. 1), FD means the pixel-based frame difference
between the current frame and the previous frame and
generates the current frame change detection mask. BD
means the frame difference between the current frame
and the registered background and generates the back-
ground change detection mask. BB indicates the backgr
ound buffer which is used to register the background.
The current pixel value determined by the registration
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(Fig. 1) Overall architecture of the automatic moving object
segmentation

count is sent to BB for the background registration. We
use the current frame change detection mask as the ini-
tial moving object in the beginning period and then we
use the background change detection mask as the initial
moving object after we register the background. The
moving object edge is constructed using the edge of cur—
rent frame by the Canny edge detector and the initial
moving object. We scan the constructed moving object
edge horizontally and vertically and extract the moving
object boundary. Then, we examine the object boundary
and set the terminating pixels in the broken boundaries
and perform the space-oriented boundary linking to obtain
a completely linked moving object boundary. We con-
struct the object mask of first type using this result. We
also eliminate the noise and enhance the initial moving
object and construct the object mask of second type. We,
then, extract the moving object of the current frame us-
ing these two complementary object masks.

2.2 Automatic segmentation

The system can segment the moving object automati-
cally from the video sequence. The system stores the de-
fault threshold values for the change detection and uses
the means and the standard deviations for the selection of
the appropriate threshold value for the automatic change
detection. The system computes the means and the
standard deviations of the frames and also of the frame
differences. The system considers the deviations of the

frame difference and the means of the frames of the vid-
eo sequence in a binary way. If the deviation of the
frame difference and the mean of the frame are low, the
system selects the lowest threshold value. For example,
the system can obtain 0.8~45 as the range of deviation
and 93 as the value of mean for Akiyo and selects 0.1 as
the threshold value for the automatic change detection.

2.3 Moving object edge construction

We construct the moving object edge progressively
from the initial moving object edge through the inter-
mediate and to the final moving object edge. (Fig. 2)
shows the block diagram of the progressive construction
of the moving ohject edge. MOE, and MOE,-; mean the
current and the previous moving object edge respectively.

Current Frame Edge
by the Canny Edge Detector Initial Mowving Object

Current Frame Edge

Mode | i¢— by the Canny Edge Detector
Mthmmd.im ¢ MOEn
e MOE,,
Mode 2
Current Frame Edge Background
by the Canny Edge Detector  Edge
Edge Tracing
fnal
MOE, H and Copying
Result of Result of
Mode 1 Mode 2
v
MOE, MOE,,

(Fig. 2) Moving object edge construction

The initial moving object edge is constructed using the
edge of current frame by the Canny edge detector [13]
and the initial moving object. We use the threshold value
5 for the Canny edge detector. The threshold value has
been determined by experimentation. The intermediate
moving object edge is constructed using the edge of cur-
rent frame by the Canny edge detector and the previous
moving object edge to link the broken boundaries which
are mostly caused by the instantaneous halt of the mov-
ing object between the consecutive frames. After this
stage, the moving object edge construction is divided into
two modes. In mode one, we regard the intermediate
moving object edge as the final result. We can process
the image sequences such as Weather and Hall monitor
in mode one and can obtain a sufficient moving object
edge for the object boundary extraction. In mode two, we
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(Table 1) Threshold value

5 Threshold of Gramian Threshold of Significance

Sequence Type »equence Matrix Approach Test Approach
Akiyo(QCIF) 0.1x10-14 0.1
MPEG-4 Test Claire(QCIF) 0.6x10-7 20
Image i 05x10-4 2000
Sequence Hall monitor(QCIF) 15X X
Mother & Daughter(QCIF) 0.5x10-7 3.0
Junki(QCIF) 0.1x10-5 30.0
Real Video A thin tree branch(QCIF) 0.1x10-2 30.0
Walking students(352x240) 0.1x10-2 400.0

construct the final moving object edge using the edge
tracing and copying. The edge tracing and copying uses
the edge of current frame by the Canny edge detector
and can use the background edge of current frame. We
can process Akiyo which has a high quality and Claire in
which the background edge does not touch the object
edge in mode two.

2.3.1 Change detection

We use the absolute pixel difference as a statistical
test for change detection. Under the Hy null hypothesis
that there is no change in the current pixel, the pixel dif-
ference can be modeled using a zero-mean Gaussian dis-
tribution N(0, &) with variance o°. The following equa-
tion (1) shows the Gaussian distribution function of abso-

lute pixel difference[14, 15].
1 PD’
exp - bl
2n0’ 20" (1)

where PD means the absolute pixel difference and Hj

p(PD| H,)=

means the null hypothesis. The “changed” and “unchanged”
decision can be determined by the significance test of
equation (2).

a=prob(|PD|>T|H,) )

where «a is the significance level and 7 is the threshold
value. The significance level « is determined by ex-
perimentation[15). The threshold value for the change de-
tection is global for all the images in the image sequence.
For example, we can find the threshold value 200.0 for all
images in Hall monitor sequence by the significance test.

In [16], the Gramian matrix approach for change de—
tection is explained. The approach mentions that the line-
ar dependence decision[16, 17] by the computation of
Gramian matrix determinant can be used for the detection
of moving objects. We implemented the Gramian matrix
approach using one reference vector u and two vectors v

and w using equation (4) and (5) of [16]. We use 3x3
pixels as the region of support for the vector and replace
the center pixel of a region of support by the vectors.
We tested this approach using (a) Akivo, (b) Claire, and
(c) Hall monitor. We find the global threshold value for
the decision of “changed” and “unchanged” state of the
pixel for each image sequence in the Gramian matrix
approach.

<Table 1> below shows the threshold values for the
Gramian matrix approach and the significance test ap-
proach for each image sequence. The threshold value for
Akiyo sequence is the lowest in each approach because
the Akiyo sequence has the lowest noise. The threshold
value for walking students real video is the highest in
each approach because the walking students real video
has the highest noise.

In (Fig. 3) below, we show the original image, the
mask generated by the Gramian matrix approach named
Gramian matrix mask, and the mask of our approach
named mask of our method for the object segmentation.
We can see that the mask of our approach is better than
the mask generated by the Gramian matrix approach.

In the Gramian matrix approach, we find in our ex-
periment that when we lower the threshold to eliminate
the noise, the noise in the background and in the change
detection mask generally decreases but the noise within
the change detection mask is not completely eliminated
and the shape of the change detection mask shrinks. We
use double precision floating-point operations to compute
the determinant of the Gramian matrix. The determinant
computation consumed much of system resources and the
computation was slow. Thus, we see that the change de-
tection mask generated by the Gramian matrix approach
also needs post-processing to eliminate the noise in the
object mask and in the background and to link the bro-
ken object boundaries. And this approach may also need
optimization for fast execution.
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(al) Original image

' | S A
(b1) Original image

{(a2) Gramian matrix mask
(a) Akiyo 18"

{(b2) Gramian matrix mask

(a3) Mask of our method

{b3) Mask of our method

(b) Claire 10"

(c1) Criginal image

(c2) Gramian matrix mask

(c3) Mask of our method

(¢) Hall monitor 54"

(Fig. 3) Comparison of Gramian matrix mask and our mask : (a) Akiyo 18", (b) Claire 10, (c) Hall monitor 54"

2.3.2 Background registration

We register the background using the stationary back-
ground filtering technique[3, 4]. We use the background
to generate the background change detection mask and it
is used to obtain the initial moving object. The followings
are the background registration expressions.

Static _buffer, (x,y)
_ | Static _ buffer, ,(x,y)+1 if PD,(x,y) is unchanged
o otherwise

Background _ buffer, (x,y)

Current _ frame,(x,y) if Static _buffer, (x, y} >=

Re gistration _ count

3

No operation otherwise

Static_buffer(x,y) increments the count value, which
indicates the number of frames the pixel at the coordinate
position (x,y) remains unchanged in the frame differences.
PD,(x,y) means the pixel difference between the current
frame and the previous frame. Current_frame.(x,y) means

the current frame and when the value of Static_bufsbuf-
fer.(x,y) stores the value of Current_framen(x,y) and reg-
isters the background. We find the global registration
count value 4 for the background registration by ex-
tensive experimentation.

2.3.3 Moving object edge

We define the edge as the pixels constituting the edge
in the image. The initial moving object edge is con-
structed as follows. MOE, means the current moving ob-
ject edge.

MOE "™ ={e=e &e,|e,cE,, e, IMO} (g

(4) Here, E, is the edge of the current frame by the

Canny edge detector and IMO is the initial moving

object. e, e;, and e» mean the edges. The operation & is

the logical AND operation. The intermediate moving ob-
ject edge is constructed as follows.

MOE intermediate_
fe=e &e,|le ek, e, € MOE,

e, € MOE, |} )



Here, MOE, is the current moving object edge and
MOE,-; is the previous moving object edge The || oper—
ation means the logical OR operation. It means the union
of the edges of MOE, with the edges of MOE, ; to link
the broken boundaries in MOE,, which are mostly caused
by the instantaneous halt of the moving object. The final
moving object edge is constructed as follows.

MOE final _ {e =e H e, | S MOEH intermediate
" = y

e,eE, &e, ¢ £} ®)

Here, E? is the background edge. The logical OR op-
eration takes the union of the edges of the current frame
by the Canny edge detector excluding the background
edges with the intermediate moving object edges in order
to obtain the final moving object edge which is linked
more. We call this edge tracing and copying. We find the
edge tracing and copying quite effective when the image
has a high quality such as Akivo or when the back-
ground edge is separated from the object edge such as
Claire. We can see the results of Claire in (Fig. 5) (c3)
and (c4). We can compare (Fig. 5) (c2) with (c3) and can
see the effectiveness of the edge tracing and copying.

2.3.4 Edge tracing and copying

The edge tracing and copying is performed in mode
two of the moving object edge construction. For Akivo,
the edge tracing and copying uses the edge of current
frame E,” by the Canny edge detector and the back-
ground edge of current frame E,”. The followings are the
steps of the algorithm.

(stepl) Construct the background edge E.° (x,y) auto-
matically using the following equation.

E.(x,y)=E, (x,y) - MOE, imermediate;, ) %)

But the background edge image still contains some re-
maining object pixels as shown in (Fig. 4) (a). We use
the connected component labeling algorithml3, 18, 19] to
eliminate these remaining object pixels in the background
edge image and obtain a clear background edge image as
shown in (Fig. 4) (b).

(step2) Scan MOE, ™™ (xy) horizontally and locate
the first pixel encountered .

(stepd) Search the neighboring pixels of the pixel found
in (step?) in 8-neighborhood[18], which surrounds the
pixel found immediately, to locate the terminating pixel,
which indicates the location of the broken edge, in
MOE,™ ™y y) to start the edge tracing.

VT
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(b)

(Fig. 4) Construction of the background edge (Akiyo 18") : (a)
Background edge image with remaining object pixels,
(b) Background edge image without remaining object
pixels

(step4) Check the existence of a pixel in ES (x,y) at the
corresponding coordinate position of the terminating pixel
found in (step3). If there exists a pixel at the corre-
sponding coordinate position, then perform the edge trac-
ing along the edge line of E,(x,y) as long as the pixel of
Eq(x,y) under the edge tracing does not encounter the
background edge in E,’(x,y) constructed in (stepl). And
copy the traced edge of E,(x,y) into MOE,™™@e(x )
to construct MOE, ™(x,y). If the edge tracing encoun-—
ters the background edge, then the edge tracing stops.
(step5) Return to (step2) and continue.

The following (Fig. 4) shows the moving object edge
construction results.

(Fig. 5) shows the moving object edge of (a) Hall
monitor 54", (b) Akiyo 18", and (¢) Claire 90", 10® The
left column of (a) and (b) were produced using the cur-
rent frame change detection mask as used in [1][3] and
the right column of (a) and (b) were produced using the
background change detection mask. We can see the more
accurate moving object edge using the background
change detection mask. For (a) and (b), we use the in-
termediate moving object edge as the final result. (Fig. 5)
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(al) (a2)

(a) Hall monitor 54" : (al) MOE™™"* using the current
frame difference, (a2) MOF™® ™ \sing the background
frame difference

el

(b) Akiyo 18":(bl) MOE "e™da ysing the current frame
difference, (b2) MOE ™™ ysing the background frame
difference

(c3) (cd)
(c) Claire 90", 10" : (c1) MOE ™ 90", (c2) MOE "™emeder
90", (¢3) MOE ™ 90™ (ca) MOE ™ 10"

(Fig. 5) Moving object edge : (a) Hall monitor 54" (b) Akiyo
18" (¢) Claire 90", 10"

(¢) Claire shows the process of moving object edge con-
struction using the edge tracing and copying. But for
Claire, the construction of the background edge is not
necessary because the background edge and the object
edge are clearly separated. (Fig. 5) (c4) is shown for an-
other demonstration.

2.4 Moving object boundary construction

The completely linked moving object boundary is very
important for the accurate segmentation of moving object.
However, the extracted moving object boundary shows
broken boundaries caused by the edge detection failures.
We try to link these broken boundaries to construct the

accurate moving object boundary using a novel boundary
linking algorithm.

2.4.1 Moving object boundary extraction

First, we eliminate the tiny aggregate of isolated noise
pixels from the moving object edge image. Then, we
scan the moving object edge horizontally and obtain the
object boundary as shown in (Fig. 6) (b). And we scan
the object vertically and obtain the object boundary as
shown in (Fig. 6) (c). We combine all the boundary pix-
els and extract the moving object boundary as shown in
(Fig. 6) (d). The following is the expression for the mov-
ing object boundary extraction.

Moving _object _boundary, (x,y)
1 i horizontal _boundary _ pixel (x,y)=1

= || vertical _boundary _ pixel (x,y)=1

0 otherwise

8

Moving_object_boundaryn(x,y) is the result of the mov-
ing object boundary extraction. Horizontal_boundary_pix-
el{x,y) and vertical_boundary_pixel,(x,y) mean the object
boundary pixels extracted by the horizontal and vertical
scanning respectively. The || is the logical OR operation.
We set the first pixel and the last pixel to value 1 in the
horizontal and vertical scanning to indicate that this is the
boundary pixel. The following (Fig. 6) shows the moving
object boundary extraction of Claire. The extracted moving
object boundary, however, can have broken boundaries.

(c) (d)

(Fig. 6) Moving object boundary extraction (Claire 10™) : (a)
Moving object edge, (b) Object boundary by horizontal
scanning, (c) Object boundary by vertical scanning,
(d) Moving object boundary



2.4.2 Moving object boundary linking

We examine the moving object boundary image hori-
zontally and locate the terminating pixels at the two final
end pixels of the broken boundary line, one by a down-
ward tracing and the other by an upward tracing. (Fig.
7) (a) and (b) show the Hall monitor 54™ and 69" with
terminating pixels, (¢) shows the Akiyo 18" with termi-
nating pixels, and (d) shows the Claire 10" with termi-
nating pixels. The actual terminating pixel is an ordinary
single pixel but we enlarge it to distinguish it from other
boundary pixels.
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(Fig. 7) Terminating pixel setting (a) Hall monitor 54%, (b)
Hall monitor 69", (¢) Akiyo 18", (d) Claire 10"

Edge linking algorithms using various techniques are
explained using examples in [19]. An edge linking algo-
rithm considering three types of break points within a
window is explained in [20]. The algorithm performs edge
linking within a window over the image.

We propose a boundary linking algorithm which is a
space-oriented geometric algorithm considering the boun-
dary pixel linking direction only. The boundary linking
algorithm links the broken boundaries by inserting pixels
from one terminating pixel to the other terminating pixel.
The purpose of this algorithm is to separate the moving
object clearly from the background and to obtain a more
accurate object boundary than the approach using the
morphological operation to link the broken boundary [1,
4]. This algorithm is a pixel search algorithm looking for
pixels to link along the object boundaries. The algorithm
first considers the pixel linking direction. The algorithm
forms a quadrant around the terminating pixel and
searches for other terminating pixels to link in concentric

circles clockwise within a search radius from the termi
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(Fig. 8) Distance sorting of terminating pixels(Akiyo 18" QCIF)

nating pixel in the forward direction. The specific search
radius can be determined automatically by the computa—
tion of differences of the sorted distances between the
terminating pixels. The following (Fig. 8) shows the
graph of sorting of distances between the terminating
pixels of Akiyo 18" QCIF image.

We try to find the greatest difference which occurs
first by computing the differences of the sorted distances
between the terminating pixels. The greatest difference
can be used for the selection of the search radius because
the distance beyond the greatest difference can mean a
long distance between the terminating pixels and a long
distance can imply a wrong boundary linking in the ob-
ject boundary. For example, we see that we can select
the distance 9 as the search radius for Akivo 18" QCIF
image automatically from (Fig. 8).

The algorithm always guarantees the shortest distance
linking in the object boundary because the algorithm al-
ways tries to link the terminating pixel which is the
shortest in distance from the terminating pixel during the
search within the search radius. And the algorithm does
not create a cycle during the boundary linking because
the algorithm always searches for other terminating pixels
to link in the forward direction from the terminating
pixel. We see that the boundary linking algorithm forms
the object boundary accurately in the broken boundaries
because the terminating pixels used for the boundary
linking in the broken boundaries exist on the object
boundary.

We give a more detailed explanation. We assume a
virtual pixel around the terminating pixel. The virtual
pixel is assumed in the forward direction of the terminat—
ing pixel by considering the slope of the terminating
pixel. The purpose of a virtual pixel is to predetermine
the general direction toward which the broken boundary
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will be linked from the terminating pixel.

However, it is usually seldom the case that every ter-
minating pixel ought to be linked only in the direction of
the virtual pixel, hecause the pixel distribution can vary
significantly according to the characteristics of the input
image. Thus, we form a quadrant for a more general
search range around the terminating pixel 7, =(0,0) in
the direction of the virtual pixel Vi=(.,V,). The algo-
rithm begins by positioning the terminating pixel at the
coordinate origin. The boundary linking operation is now
carried out within the quadrant from the terminating
pixel. First, we compute the angle between the terminat-
ing pixel and the virtual pixel. If we let 6, be the angle

between T, and, VO then we compute

v+ V’,2 (9)

and we search for another terminating pixel 77 to link
around the terminating pixel 7; within the quadrant in
concentric circles clockwise within the search radius.
Now, if we find another terminating pixel 7, =(7,,T,)
around the current terminating pixel 7;. We compute the

angle 6, between 7j and T;.

T +T, (10)

The condition and operation of object boundary linking
can be summarized in a procedure as follows.

procedure object_boundary_linking( )
{

i (27r+0v—%sﬁs <27 +0v+%) then {
link T, = (0’0) to I, = (T!(’T\,-)

} else expand the quadrant to half plane and
perform object boundary linking from 7o = (0,0)

}
If the angle @, of the terminating pixel 7; is within

the range as computed above, the boundary linking is
carried out from the terminating pixel 7 to the termi-
nating pixel 7. If the angle 6, is not within the range,
we expand the quadrant to the half plane and perform
the boundary linking iteratively from the terminating pixel
T, =(0,0).

We find other terminating pixel to link within the
search radius around the starting terminating pixel within
5 iterations most of the time in the experiment. In other

cases, the boundary linking algorithm searches for other
terminating pixel to link in the expanded half plane. We
continue the boundary linking operation until there remain
no more terminating pixels to link. (Fig. 9) shows the
constructed moving object boundary of (Fig. 7) after the
object boundary linking.

The boundary linking algorithm tries to link the broken
boundary robustly within the search radius. But the
boundary linking algorithm does not link the terminating
pixel which is located farther than the search radius, be-
cause it can link the wrong terminating pixel in trving to
link the terminating pixel located farther than the search
radius. For example, the search radius 9 can be selected
for Hall monitor 54% QCIF image and the search radius
14 can be selected for the thin tree branch 67" QCIF
image.

The algorithm locates 20 terminating pixels as shown
previously in (Fig. 7) (a) in this section and performed 12
boundary linkings as shown in (Fig. 9) (a) Hall monitor
54", In (Fig. 6) (c) Akiyo 18" moving object edge, the
algorithm locates 35 terminating pixels and performed 23
boundary linkings. We can see several broken boundaries
in (Fig. 7) (a) and we can see that they are completely
linked in (Fig. 9) (a). We can also see broken houndaries
in (Fig. 7) (b), (¢), and (d) and we can also see the cor-
responding completely linked object boundary in (Fig. 9)
(b), (c), and (d) respectively. However, we can see two
object boundaries on the same boundary where the boun-
dary linking is performed, one by the moving object edge
itself, and the other by the boundary linking, but these
seemingly double object boundaries do not cause a
problem. We map the object texture to the outermost
boundary.
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(¢) (d)
(Fig. 9) Moving object boundary linking : (a) Hall monitor 54"
(b) Hall monitor 69", (c) Akiyo 18", (d) Claire 10"



2.4.3 Moving object boundary connection at the
bottom

We construct the moving object boundary as shown in
(Fig. 9). But the moving object shows boundary dis-
connection at the bottom where the moving object boun-
dary touches the image rectangular frame. (Fig. 9) (c)
and (d) show the disconnected regions of moving object
boundary at the bottom. This disconnection naturally
arises because there is inherently no object boundary in
this region. (Fig. 10) (a) and (b) show the connected
moving object boundary of (Fig. 9) (¢) and (d).

(a) (b)
(Fig. 10) Moving object boundary connection at the bottom :
(a) Akiyo 18" (b) Claire 10"

2.5 Video object plane extraction

We perform the moving object extraction using two
object masks. One object mask is constructed by the
boundary linking and is called the object mask of first
type and the other object mask is made from the initial
moving object itself and is called the object mask of sec—
ond type. We can use the object mask of first type for
the image sequence in which only a single object is
present showing only the head-and-shoulder type motion
such as Akiyo and Claire. The advantage of the object
mask of first type is the accurate moving object
boundary. But it cannot handle the case of an unlinked
broken boundary which could exist in the relatively wide
broken boundary and the segmentation of the -object
which has holes within the object. The object mask of
second type can handle these situations but it produces
the coarse object boundary. Therefore, we use these two
object masks together in a complementary way to obtain
the accurate moving object segmentation and to segment
the object which has holes within the object.

2.5.1 Object extraction using the object mask of
first type

(Fig. 11) shows the moving object extraction using the

object mask of first type. (Fig. 11) (al) is the moving

object mask of first type for Hall monitor % 69" and

(a2) is the texture mapping result. (Fig. 11) (bl) is also
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(a2) Texture mapping 54", 69"
(a) Hall monitor 54" 69"

B Y
(b1) Moving object mask 18" (b2) Texture mapping 18"
(b) Akivo 18"

(Fig, 11) Moving object extraction(using the object mask of
first type) : (a) Hall monitor 54", 69", (b) Akiyo 18"

the moving object mask of first type for Akiyo 18" and
(b2) is the texture mapping result.

The figures in (Fig. 11) (a2) show the accurate moving
object boundaries in the upper body region and (b2)
shows a quite accurate object boundary

2.5.2 Object extraction using the object mask of
second type

(Fig. 12) shows the block diagram of the construction

of the object mask of second type and the moving object

extraction using the object mask of second type. The ini-

Jittile]
(Initial Moving Ohject)

'

Elimination of Noize in = |
the Background and Object

Connected Component
Labeling Algorithm

Morphological
Opening and Closing

Moving Object Mask

'

Accuracy Enhanced
Moving Object Mask

WOP Extraction

v

VOB,
(Fig. 12) Construction of the object mask of second type
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(b)

(c)

(Fig. 13) Moving object extraction (Mother&Daughter 45") : (a) Initial moving object, (b) Object mask of second type, (c) Texture

mapping

tial moving object is actually the background change de-
tection mask. The connected component labeling algorithm
eliminates noise in the background and the moving object
mask. The morphological operation is applied to the ob-
ject mask and produces a boundary enhanced moving ob-
ject mask. VOP means the video object plane.

(Fig. 13) shows the moving object extraction with an
example using the object mask of second type. (Fig. 13)
(a) shows the initial moving object with the salt-and-
pepper noise, and (b) shows the object mask of second
type with a clear background and an object image, in
which the noise is eliminated using the connected compo-
nent labeling algorithm and the boundary enhanced by the
binary morphological opening and closing operation with a
3x3 structuring element, and (¢) shows the texture map-
ping result. The morphological opening operation generally
smoothes the contour of an object and eliminates thin
protrusions and morphological closing operation also
smoothes the contours by filling gaps in the contour and
eliminates tiny holes [18].

(Fig. 14) shows the moving object extraction results of
Hall monitor 54", 69" and Akiyo 18" using the object
mask of second type. The extracted moving objects show
the coarse object boundaries.

(al) Moving object mask 54", 69"

(a2) Texture mapping 54", 69"
(a) Hall monitor 54", 69"

(b1) Moving object mask 18"  (b2) Texture mapping 18"
(b) Akiyo 18"

(Fig. 14) Moving object extraction (using the object mask of
second type) : (a) Hall monitor 54" 69" () Akivo 180

2.5.3 Object extraction using both object masks

We use the two object masks together to obtain the
accurate moving object boundary and to segment the ob-
ject which has holes within the object. The following is
the expression for the moving object extraction using
both ohject masks.

Moving _object (x,y)

Current _ frame,(x,y) if object mask _ first,(x,y)=1
= & object _mask _second, (x,y)=1

0 otherwise

(1D

Moving_object,{x,y) means the extracted moving object.
The object_mask_first.(x,y) means the object mask of
first type and object_mask_second,(x,y) means the object
mask of second type. The & is the logical AND
operation. The moving object is extracted from the cur-
rent frame if and only if both object masks are equal to
1. Thus we can handle the wide broken boundary region
which might still exist in the object mask of first type
using the object mask of second type. We can also seg-
ment the object which has holes within the object using
the object mask of second type. (Fig. 15) (al), (a2), and
(a3) show the moving object extraction of Mother&
Daughter 45" with a wide broken boundary using ex-—
pression (11). Particularly, (Fig. 15) (al) shows Mother&
Daughter with 42 terminating pixels, (a2) shows Mother&



(al) Terminating pixel setting.

(a2) Boundary linking.
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(a3) Moving object extraction

(a) Mother&Daughter 45th

{b1) Junki real video sequence (b2) Moving object extraction
(b) Junki real video 84"
(Fig. 15) Moving object extraction (using both object masks) : (a) Mother&Daughter 45", (b) Junki real video 84"

Daughter with 31 boundary linkings but still with a wide
broken boundary, and (a3) shows the final the moving
object extraction. The search radius is set at 14 for
Mother&Daughter 45% QCIF frame. (Fig. 15) (bl) and
(b2) show the extraction of Junki real video 84™ which

has a hole within the object using expression (11), too.

2.5.4 Moving cast shadow suppression

(Fig. 16) (a) Hall monitor 45™ with a shadow image
below shows the moving cast shadow in the image. The
moving cast shadow is usually composed of a dark re-
gion called umbra and a soft transition region called pe-
numbral21]. In reference[4], a morphological gradient op-
eration using the dilation and erosion is used to reduce the
shadow effect. We apply the Roberts gradient operator[18,
19] to Hall monitor sequence to suppress the moving cast
shadow because the Roberts gradient operator produces
virtually no responses to the weak pixel differences of the
moving cast shadow in the image and is efficient and is
also easy to implement. (Fig. 16) (b) illustrates the sup-
pression result of a moving cast shadow by the application
of the Roberts gradient operator. We can see no shadow in
(Fig. 16) (b). The shadow has been suppressed.

{a) (b)
(Fig. 16) Moving cast shadow suppression : (a) Hall monitor
45" with a shadow, (b) Hall monitor 45" without a
shadow

3. Experiment

We experiment the automatic moving object segmenta-
tion algorithms using standard MPEG-4 test video se-
quences such as Akivo, Claire, Grandma, and Mother&
Daughter showing head-and-shoulder type motion and
Weather, Hall monitor, and Silence showing active motion
in the complex background. We also use the thin objects
such as a thin tree branch and a thin string to show the
segmentation of thin objects. We also use the walking
students sequence in the complex background to show the
segmentation of moving object in the complex background.

3.1 Objective evaluation

We use the error percentage measure[4] as the ob-
jective evaluation. This is a simple but effective relative
evaluation using the ground truth. The error percentage
measures the objective cumulative pixel differences be-
tween the alpha map of the original image and that of
the segmented image. The following is the error percent-
age equation. Alpha map is the object mask.

> Y (alx ) @ s(x,y)

. -7 H )
Error _ Percentage = WiH x100% 12

The a(x, y) is the alpha map of the original image
used for reference. @ is the Exclusive-OR operation. The
s(x, y) is the alpha map of the segmented image. W is
the width and H is the height. (Fig. 17) below shows the
error percentage graphs of Claire, Akivo, Weather, Hall
monitor, a thin string, and walking students.
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We obtained the a(x, y) reference image sequence by
segmenting it manually using the PHOTOSHOP tool in order
to obtain the accurate reference image. We obtained the s(x,
y) by applying the developed moving object segmentation
algorithm. The size of image sequence is CIF(352x288) and
we input the image sequence by 25 frames/sec.

The error percentage values of Claire, Akiyo, and
Weather are less than 0.8% except for some frames. This
means that the segmented moving objects for these se-
quences are similar to the objectively segmented moving
objects from 1 to 298 total images of Claire, Akiyo, and
Weather. This validates that the proposed moving object
segmentation algorithm can segment the moving obhjects
accurately in the objective measure when the quality of
the sequence is high. For example in (Fig. 16), the
frames from 17 to 33 of Weather show 0.43% error per-
centage and thus 372 pixel differences on the average be-
cause the object moves much during these frames. The
frames from 177 to 209 show 0.46% error percentage and
375 pixel differences on the average and the frames from

210 to 260 show 0.71% error percentage and 619 pixel dif-
ferences on the average because the object also moves
much during these frames. And for Claire, the frames from
130 to 135 show 0.78% error percentage and 679 pixel dif-
ferences on the average and the frames from 280 to 283
show 0.81% error percentage and 705 pixel differences be-
cause the object moves much during these frames.

Comparing the result of Weather in (Fig. 17) with the
result in (Fig. 7) of [4], we conclude that the error per-
centage values of Weather of our approach are better
than the error percentage values of Weather of [4]. The
error percentage values of Weather of our approach range
from 0.3% to 095% but the error percentage values of
Weather of [4] range from 0.5% to 1.5%.

The error percentage values of Hall monitor and the
thin string range from 0.3% to 0.5% and the error percent—
age values of walking students range from 0.5% to 0.9%.

We show in (Fig. 18) error percentage graphs for
Silence, Mother&Daughter, Grandma, and a thin tree
branch sequences. The error percentage values of these

A
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Error Percentage(%)

—— A thin string

+— Walking students
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—— Weather
—— Hall monitor

21 31 41 51 B1 71 81 G0 101 111 121 131 141 151 16 171 181 191 2071 211 221 231 241 251 261 2/1 231 291

Frame Number

(Fig. 17) Error percentage graph |
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(Fig. 18) Error percentage graph |l
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Test CPU Sequence type Sequence Total Frames Total Processing Time(msec) Frames/Second
Hall Monitor(CIF) 298 14643 20.36
Hall Monitor(QCIF) 328 4063 80.74
Standard -
MPEG-4 Akiyo(CIF) 298 17529 17.01
Test Akiyo(QCIF) 298 4457 66.87
Pentium-TV Image Claire(QCIF) 492 6571 7483
34GHz Seavence Monitor&Daughter(QCIF) 298 5025 59.31
Weather(360x243) 298 17253 17.28
Junki real video(QCIF) 5% 7711 74.60
ézi) A thin tree branch(QCIF) 622 %03 6478
Walking students(352x 240) 1898 78983 24.04
sequences are relatively high and these are due to the
low qualities of these sequences. For example, the error
percentage values of Grandma range from 3% to 4.5%
and those of Mother&Daughter range from 2.4% to 3.5%.
The error percentage values of Silence range from 2.5%
to 3.8% and those of a thin tree branch range from 3% to
35%. We can, however, see in (Fig. 19), (Fig. 20), and | } iz
(Fig. 21) in section 3.2 that the segmentation results of P
the sequences with relatively high error percentage values (al) Akiyo 18" (a2) Akiyo 50

show visual quality good enough for easy recognition.

<Table 2> shows the performance statistics of our al-
gorithm using standard MPEG-4 test video sequences and
real video sequences. We use a Pentium-IV 34GHz CPU
as the test CPU. We have optimized the implementation
of computation intensive algorithms for the real-time re-
quirement of object-based applications.

<Table 2> shows the test CPU, sequence type, se-
quences, total frames, total processing time, and frames
per second. The test image sequences are CIF and QCIF
(176x144) standard MPEG-4 test image sequences such
as Hall monitor, Akiyo, Claire, Mother& Daughter, and
Weather and real video sequences such as Junki, a thin
tree branch, and walking students. For example, the pro-
posed system can process 20.36 CIF frames per second
for Hall monitor CIF sequence and 80.74 QCIF frames
per second for Hall monitor QCIF sequence. This system
can process 7020 QCIF frames and 19.7 CIF frames in-
cluding Weather(360x243) and walking students(352x240)
on the average on a Pentium-1V 3.4GHz CPU.

3.2 Subjective evaluation

We tested the moving object segmentation algorithm
first using standard MPEG-4 test video sequences such as
Akiyo, Hall monitor, Claire, Silence, Weather, Grandma,
and Mother&Daughter. The following (Fig. 19) shows the
segmentation results.

(a)Akiyo

(b1) Hall manitor 45

(b3) Hall monitor 56™ (b

Al

(c1) Claire 10" {c2) Claire 44"
(c) Claire

(b5) Hall monitor 1
(b} Hall mon

(b2) Hall monitor 54"

4) Hall monitor 69"

v
T

s 219
itor

(c3) Claire 90"
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(d1) Silence 10" (d2) Silence 149" (f1) Grandma 31" ~ (f2) Grandma 647"
{(d) Silence {f) Grandma
Fe I o P
A 4 / ? .. _mi“ 7.’
’-_\ﬁ_ _y_“&‘ \T‘\‘.‘.' ] s )
) '|‘_‘_L.; \ 4 R T i ¥
- : ; A F
(el)Weather 217" (e2)Weather 285" (g1) Mother&Daughter 116" (g2) Mother&Daughter 247"
(e) Weather (g) Mother&Daughter

(Fig. 19) Segmentation of standard MPEG-4 test video sequences : (a) Akiyo, (b) Hall monitor, (¢) Claire, (d) Silence, (e) Weather,
(f) Grandma, (g) Mother&Daughter

a7
(ad) Segmentation result 4™ (a5) Segmentation result 62" (a6) Segmentation result 274™
(a) Segmentation of a thin tree branch

- 2 jL

(b1 Frame 384 (b2) Frame 399" (b3) Frame 41 g

(b5} Segmentation result 384" (b6) Segmentation result 399"  (b7) Segmentation result 414"

—— S T it e iy TS e At
(b) Segmentation of a thin string

(Fig. 20) Segmentation of thin objects : (a) Segmentation of a thin tree branch, (b) Segmentation of a thin string



We can see that our algorithm can segment the mov-
ing object accurately and can also segment the multiple
moving objects accurately in the MPEG-4 test image se-
quences and can also detect and segment an object which
has a hole within the object. We can see a hole formed
by the arms in (Fig. 15) (b2) in section 2.4.3. We can al-
so see a single small hole in the upper part of (Fig. 19)
(el) Weather 217" between the hair and the forehead. We
can also notice in (Fig. 19) (bl) Hall monitor 45" that
the moving cast shadow has been suppressed by the ap-
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plication of the Roberts gradient operator.

We also tested our algorithm with a thin tree branch
and a thin string hung between the standing poles in the
complex background composed of grass and trees to
show the detection and segmentation of thin objects. The
thin tree branch image is a QCIF image and the thin
string is a 352x240 size image. The following (Fig. 20)
shows the segmentation results of the thin objects.

We can clearly see the segmentation results of a thin
tree branch in (Fig. 20) (ad), (a5), and (a6). We can no-

(a2) Frame 63"

i

(al) Frame 62"

(all) Frame 436"

al3) Segmentation result 361" (al4) Segmentation result 391" (al15) Segmentation result 436" (al6) Segmentation result 946"

&

(a21) Segmentation result 994" (a22) Segmentation result 70" (a23) Segmentation result 110" (a24) Segmentation result 1777

(Fig. 21) Segmentation of moving objects in the complex background : (a) Segmentation of walking students and a moving car in
the complex cluttered background

= .

(al9) Frame 110"
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tice in (Fig. 20) (b5), (h6), and (b7) that a thin string
swaying gently is detected and segmented accurately in
the complex background, too. The broken regions in the
thin string segmentation are caused by the standing poles
which prop the string and the seemingly identical color of
the string with that of the standing can box.

We test our algorithm using the moving objects in the
complex background in the outdoor environment. The ob-
jects include the walking students and a moving car on
the campus road in the complex cluttered background and
another group of walking students in the complex clut-
tered background. The following (Fig. 21) shows the seg-
mentation results.

We can observe the accurate segmentation of a walk—
ing student and also the accurate segmentation of a
moving car in the outdoor complex cluttered background
from (Fig. 21) (a5), (a6), and (a7) and from (a®), (al3),
and (al4). We can see the walking legs of a walking stu-
dent accurately in (Fig. 21} (alb) and we see a person in
a small shape walking up the road in (Fig. 21) (al6) and
(a21). We show more segmentation results of a group of
walking students from (Fig. 21) (a22), (a23), and (a24) in
the complex cluttered background. The segmentation re-
sults of a group of walking students are accurate in the
complex cluttered background. We can even see the white
trace of the string in the legs of the walking students.

We can compare these segmentation results with the
results in [1][2][31[4][5]. We notice that our segmentation
results are generally better than those results in terms of
the accuracy of the moving object boundary because we
use the object mask of first type constructed by the ob-
ject boundary linking.

Summarizing the main contribution of our segmentation
approach, we have developed a novel object boundary
linking algorithm for the accurate segmentation of moving
object. And as the results, we show the detection and
segmentation of the thin objects accurately in (Fig. 20)
(ad), (ab), and (a6) of a thin tree branch and in (Fig. 20)
(b5), (b6), and (b7) of a thin string. And we show the
segmentation result of the walking students in the com-
plex cluttered campus building background and also the
segmentation result of a group of walking students in the
complex cluttered background in (Fig. 21) (a). We show
the detection and segmentation of a small object in (Fig.
21) (al6) and (a2l), too.

And we show the segmentation of the object which
has a hole within the object in (Fig. 15) (b2) and in (Fig.
19) (el) using the object boundary linking and the
background. But none of the references [11[2][3][4](5]

show this type of segmentation of an object which has a
hole within the object.

3.3 Discussion of results

The major advantage of the developed techniques is
the accurate segmentation of moving object using the
novel ohject boundary linking, the segmentation of thin
objects, and the segmentation of the object which has a
hole within the object using two object masks. We show
the segmentation results in (Fig. 19), (IFig. 20), and (Fig.
21) in section 3.2.

The system can segment the moving object automati~
cally by the selection of the appropriate threshold value
for the automatic change detection and accurately using
the edge tracing and copying technique and the object
boundary linking.

4. Conclusion

We consider the moving object segmentation as a
process of development from the initial moving object to
the final moving object segmentation. We have developed
a novel moving object edge construction algorithm, a
novel space-oriented geometric boundary linking algo-
rithm, and the segmentation of the moving object using
two complementary object masks. We have achieved the
automatic and accurate segmentation of moving object,
the segmentation of multiple moving objects, the detection
and segmentation of thin objects, the detection and seg-
mentation of a small object, and the segmentation of an
object which has a hole within the object using the de-
veloped novel object boundary linking algorithm and the
background.

We show the segmentation of moving objects in the
complex cluttered background such as the campus building
background and the background made of grass and trees.

We construct the moving object edge progressively
from the initial moving object edge through the inter—
mediate and to the final moving object edge using the
edge union operation and the edge tracing and copying
technique to obtain a more accurate moving object edge.
The boundary linking algorithm forms a quadrant around
the terminating pixel and searches for other terminating
pixels to link in concentric circles clockwise within the
search radius in the forward direction. The search radius
is determined automatically by the sorting of distances
between the terminating pixels. The boundary linking al-
gorithm does not create a cycle and guarantees the
shortest distance linking. The houndary linking algorithm



can solve the problem of the broken boundaries which are
caused by the instantaneous halt of the moving object,
color similarity between the background and the object,
lllumination variation, and camera noise. The boundary
linking algorithm mainly contributes to the accurate mov-
ing object segmentation in our algorithms. We also sup—
press the moving cast shadow using the Roberts gradient
operator.

We have shown the automatic and accurate segmenta-
tion of the proposed algorithms using standard MPEG-4
test video sequences and real video sequences from a
stationary camera. We have optimized the implementation
of the computation intensive algorithms for the require-
ment of real-time object-based applications. The proposed
algorithms are effective and efficient and can process
70.20 QCIF frames per second and 197 CIF frames per
second on the average on a Pentium-IV 34GHz personal
computer for real-time object-based processing.

We have assumed in the introduction that the camera
and the background are stationary. For future research,
we will work for a moving background and a moving
camera,
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