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Abstract. Most existing object segmentation algorithms suffer from a so-called
under-segmentation problem, where parts of the segmented object are missing
and holes often occur inside the object region. This problem becomes even
more serious when the object pixels have similar intensity values as that of
backgrounds. To resolve the problem, we propose a constrained region-growing
and contrast enhancement to recover those missing parts and fill in the holes in-
side the segmented objects. Our proposed scheme consists of three elements: (i)
a simple linear transform for contrast enhancement to enable stronger edge de-
tection; (ii) an 8-connected linking regional filter for noise removal; and (iii) a
constrained region-growing for elimination of those internal holes. Our experi-
ments show that the proposed scheme is effective towards revolving the under-
segmentation problem, in which a representative existing algorithm with edge-
map based segmentation technique is used as our benchmark.

1 Introduction

Video object segmentation consistent with human visual perception has long been
identified as a difficult problem since it requires characterization of semantics to de-
fine the objects of interest. Unique definition of such semantics is not possible as the
semantics are often context dependent and thus low-level segmentation has been fo-
cusing on segmentation of regions rather than objects. As video processing and cod-
ing is moving towards content-based approaches, object segmentation becomes an
important research topic. The content-based video compression standard, MPEG-4,
stands as a most representative scenario for such content-based approaches. As a
result, research on this subject has been very active and many algorithms have been
reported in the literature. Existing video object segmentation can be roughly classified
into two categories according to their primary segmentation criteria. One category is
represented by those regional segmentation techniques [1-5], where spatial homoge-
neity is primarily used as the criteria to develop rules towards the segmentation
design. As these techniques are rooted among low-level image processing and essen-
tially data-driven, precise boundaries of the segmented regions can often be obtained.
However the computation incurred is normally high since iterative operations are
often required. Examples of such techniques include watershed, snake modeling, and
region-growing [11] etc. The other category of segmentation can be characterized by
detection of changes [6-15], where motion information is utilized to segment those
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moving objects together with other spatio-temporal information. In this category, the
objects segmented are close to semantic video objects and thus provide promising
platforms for further research and development.

Specifically, existing research on video object segmentation is built upon change
detection assisted by other sideline information including spatial segmentation, edge
detection and background registration etc. [6-15]. In [6], Kim et. al. described a spa-
tio-temporal approach for automatic segmentation of video objects, where hypothesis
test based on estimated variances within a window is proposed to exploit the temporal
information, and spatial segmentation is included to assist with detection of object
boundaries. The final decision on foreground and background objects is made in
combining the spatially segmented object mask with the temporally segmented object
mask, in which a two-stage process is designed to consider both the change detection
and the historical attributes. In [7], another similar approach was described towards a
robust or noise-insensitive video object segmentation, which follows the idea of com-
bining spatial edge information with motion-based edge detection. Based on these
algorithms, we carried out a series of empirical studies and testing. Our experiments
reveal that, while the algorithms perform well generally, there exist an under-
segmentation problem, where parts of the object region are missing or there exist
holes inside the object region. This is a serious problem especially when the back-
ground has similar intensity values to those inside objects or at the boundary of the
object region. To rectify this problem, we propose a new scheme of automatic seman-
tic object segmentation, where elements of edge enhancement and constrained region
growing are proposed, combing the strength of change detection with the strength of
spatial segmentation (region-grow). We also illustrate via extensive experiments how
our proposed algorithm could achieve this objective in comparison with the existing
VO segmentation algorithm reported in [7]. The rest of the paper is organized into
two sections. One section is dedicated to our proposed algorithm design, and the other
is dedicated to experiments and presentation of their results. Finally some concluding
remarks will also be made in the same section.

2 The Proposed Algorithm Design

2.1 Edge Enhancement and Linear Filtering

In practice, when the grey level difference between the object and the background is
small, part of the object at its boundary will have similar intensity values to that of
background. In this circumstance, edge detection could fail to detect all the edges of
the object, and thus some parts inside the objects become missing. To reduce such a
negative effect upon object segmentation, we propose a simple linear transformation
as part of the pre-processing to enhance the contrast of the luminance component of
the video frame before edge detection is performed. Although there exist many con-
trast enhancement algorithms that may provide better performances, our primary aim
here is not only improving the segmentation accuracy, but also maintaining the
necessary simplicity for real-time applications. Considering the fact that increase of
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contrast will inevitably introduce additional noise, we also designed a simple 2D filter
to remove the noise. By combining these two elements together, we achieve the ob-
jective that edges are enhanced to enable edge detection to extract the boundaries of
moving objects and hence ready for semantic object segmentation.

Given an input video frame, [, (x,y), assuming that their intensity values are
limited to the range of [a, b], its transformed video frame can be generated as:

“x(1,(xy)~a) M

b'—
g, (x,y)=a'+t
b—
Where ¢'=0, b'=255 anda =70, b=180.
Following the contrast enhancement, we then apply Canny edge detector [7] to ex-
tract edges from the video frames to characterize the semantic objects to be seg-
mented. This is essentially a gradient operation performed on the Gaussian convo-

luted image. Given the nth video frame [, the Canny edge detecting operation can be
represented as:

O(,)=60(VG*I,) ()

where G*I, stands for the Gaussian convoluted image, V for the gradient operation,
and @ for the application of non-maximum suppression and the thresholding opera-
tion with hysteresis to detect and link the edges.

Following the spirit of the work reported in [7], we extract three edge maps: (i) the
difference edge map DE, = CD(I,H -1, ), (ii) the current edge map E, =®(/,),
and (iii) background edge map E,, which contains background edges to be defined by

manual process or by counting the number of edge occurrences for each pixel through
the first several frames [7]. Our implementation adopted the latter option.

From these three edge maps, a currently moving edge map, ME;hange , represent-
ing the detected changes can be produced as follows:
ME {e ¢ E,|mine— 4 < T} &
xeDE,

where e stands for edge pixels inside the moving edge map, and 7, for a threshold
empirically determined as 1 in [7]. Essentially, (3) describes an operation in selecting

all edge pixels within a small distance of DE,.
still

Further, a temporarily still moving edge map ME" can also be produced by con-

sidering the previous frame’s moving edges. This edge map is used to characterize
those regions that belong to the moving object but temporally no change is incurred
between two adjacent frames. Such an operation can be described as given below:

ME™" = {e €El¢E

, min [le— ] < Tm-n} )

xeME,
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where T

stil
indicated in (3), temporarily still moving edge map contains edge pixels that they are
part of current edge map but not part of background edge map, and they also satisfy

the condition: iy e - x||s T
xe ME , _,

, is another threshold, which is also empirically determined as 1 in [7]. As

sl

After the identification of those moving edges by (3) and (4), the remaining opera-
tion for extracting video objects is to combine the two edge maps into a final moving

edge map: ME, = ME;hange U ME;”” , and then select the object pixels via a logic

AND operation of those pixels between the first and the last edge pixel in both rows
and columns [7].

As the contrast enhancement introduced by (1) often produce noise, the edge maps
produced could be affected. As a result, to remove the additional noise introduced by
the linear transformation, we adopt the method of 8-connected linking region sign to
design a filter and apply the filter to both the motion edge map ME, and the extracted
object sequences.

Given an edge pixel at (x, y) whose value is 1 in the binary map, we examine its
3 X3 neighborhood to produce a set of all connected points N= {A;, A, ... Aif.
Ifk < T, a threshold for noise removal, the set of points N will be regarded as noise
and thus deleted.

2.2 Constrained Region Growing

Most existing segmentation algorithms often include post-processing to improve the
final segmented objects [7-15]. The change detection based techniques such as the
one reported in [7] tends to design post processing based on morphological opera-
tions, which proved to be an effective towards removal of small holes inside the ob-
ject regions. When part of the moving object is relatively still across a few frames,
however, the edge maps in both (3) and (4) will fail to include those pixels, and thus
create large holes inside the segmented object, for which the morphological opera-
tions will not be able to recover those missing parts inside or at the boundary of the
segmented object. To this end, we propose a constrained region-growing technique to
recover those missing parts. Unlike the normal region growing used by those spatial
segmentation techniques for still images, our proposed region-grow is under certain
constraints to reflect the fact that object segmentation has been done by change detec-
tions across adjacent frames. Therefore, the constraints include: (i) the seed selection
is fixed at those edge points at the boundary of the final edge map; (ii) the number of
pixels outside the first and the last edge points must be smaller than a certain limit. In
other words, if the majority of the pixels on any row are outside the boundary of the
edge map, the constrained region grows will not be applied.

Given the final edge map ME,, we examine those pixels outside the first and the
last pixel in each row to see if any further growing can be facilitated by using the
pixel at the boundary of the edge map as seeds. Specifically, given the set of pixels
outside the first and the last edge points in the ith row: PO;={PO;, PO,, ... PO,}, we
decide whether the region of those edge points should be grown into any of the points
inside PO, or not by the following testing:
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Fig. 1. Summary of the proposed algorithm
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where T, is a threshold indicating that the pixel tested is very similar to e, which is the
first or the last edge pixel depending on which of these two edge points is closest to
the position of PO,. If the condition is satisfied, the PO; will be grown into the edge
points. Otherwise, they will stay as they are outside the edge map.
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The above post processing will also apply to those points along the columns. After
the post processing, the VO is extracted by logic AND operation of both row and
column candidates as described in [7].

In summary, the proposed segmentation algorithm is highlighted by Figure 1.

(a): segmentation by benchmark for (b): segmentation by the proposed for Hall-
Hall-monitor frame 71 monitor frame 71

(c): segmentation by benchmark for (d): segmentation by the proposed for
Clair Clair

(e): segmentation by benchmark for (f): segmentation by the proposed for
Mother-daughter (frame304) Mother-daughter (frame 304)

Fig. 2. Comparison of segmentation results between the benchmark and the proposed with
linear transform given in (1)
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3 Experimental Results and Conclusions

To evaluate the proposed algorithm, we used a set of three video clips: Hall-monitor,
Claire, and Mother-daughter, all of which are publicly available and Hall-monitor is
the same as that used in [7]. In order to enable detailed analysis of how each element
of the proposed algorithm actually contributes to the effect of final video object seg-
mentation, we implemented the VO segmentation algorithm as in [7] as our bench-
mark, and carried out experiments each time one element of the proposed algorithm is
added. These elements include: (i) linear transform for contrast enhanced edge detec-
tion; (ii) filter design for noise removal; and (iii) constrained region-growing.

i y
N —
vl

(a): Segmentation result by the proposed for (b): Segmentation result by the proposed for
Hall-monitor (frame71) Mother-daughter (frame304)

Fig. 3. Illustrations of segmentation by the proposed with both linear transform and noise re-
moval filtering

(a): Segmentation by benchmark(frame (b): segmentation by the proposed
73) (frame 73)

Fig. 4. Comparison of segmented results by benchmark and the proposed, where only the con-
straint region growing is considered
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(a) (b) (©

(d)

Fig. 5. Final segmentation results by the proposed algorithm: (a)-(c) are originals, and (d)-(e)
are the segmented video objects

Figure 2 illustrates the comparison of the segmented results, where part-(a), (c), (e)
and (f) are the segmented objects by the benchmark and part-(b), (d), (f) and (g) are
the segmented objects by the proposed algorithm, where only the linear transform is
included. As seen, the proposed linear transform introduced additional noise while the
segmentation accuracy is improved.

Figure-3 illustrates the segmented results by the proposed algorithm, where both
linear transform and the noise removal filter are considered, from which it can be seen
that the noise introduced is effectively removed.

Figure-4 illustrates the comparison of segmented results between the benchmark
and the proposed, where part-(a) and (c) represents the results of the benchmark, and
part-(b) and (d) the results of the proposed with only the element of constrained re-
gion-growing. Although the proposed constrained region-growing can not recover all
the missing parts, it can still be seen that the proposed algorithm does recover the
missing part inside the left leg, which has achieved significant improvement com-
pared with the benchmark.

Finally, by gathering all the elements, the full segmented video objects by the pro-
posed algorithm can be illustrated in Figure 5. Note that all the figures illustrated here
are much larger than those given in references [6-15]. If we make the pictures smaller,
the segmentation results will look better as those boundaries will look smoother.

In this paper, we proposed an automatic semantic object segmentation scheme to
provide a possible solution for the under-segmentation problem experienced by most
existing segmentation techniques [6-15]. From the experimental results shown in Figure
2 to Figure 5, it can be seen that, while the proposed algorithm can effectively recover
those missing parts inside the video object, it inevitably introduces some of the back-
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ground points into the object region, which can be referred to as over-segmentation, for
which further research is being organized around: (i) looking for other cues to provide
additional semantic information for segmentation; (ii) combinational approaches in both
change detection and background registration[9]; and (iii) inclusion of further spatial
segmentation elements such as snake modeling, and water shed [1-5] etc.

Finally, the authors wish to acknowledge the financial support from the Chinese

Academy of Sciences and European Framework-6 IST programme under the IP pro-
ject: Live staging of media events (IST-4-027312).
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