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Chapter 5

Motion Segmentation and
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Ningbo Industrial Technology Research Institute, PR. China

ABSTRACT

Given a video sequence, obtaining accurate layer segmentation and alpha matting is very important
for video representation, analysis, compression, and synthesis. By assuming that a scene can be ap-
proximately described by multiple planar or surface regions, this chapter describes a robust approach
to automatically detect the region clusters and perform accurate layer segmentation for the scene. The
approach starts from optical flow field or small corresponding seed regions and applies a clustering
approach to estimate the layer number and support regions. Then, it uses graph cut algorithm combined
with a general occlusion constraint over multiple frames to solve pixel assignment over multiple frames
to obtain more accurate segmentation boundary and identify the occluded pixels. For the non-textured
ambiguous regions, an alpha matting technique is further used to refine the segmentation and resolve
the ambiguities by determining proper alpha values for the foreground and background, respectively.
Based on the alpha mattes, the foreground object can be transferred into the other video sequence to
generate a virtual video. The author’s experiments show that the proposed approach is effective and
robust for both the challenging real and synthetic sequences.

INTRODUCTION

Layer-based motion segmentation has been in-
vestigated by computer vision researchers for a
long time (Adiv 1985, Wang 1994, Ayer 1995,
Patras 2001, Ke 2004, Xiao 2004). Once motion
segmentationis achieved, a video sequence can be
efficiently represented by different layers. Givena
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video sequence, motion segmentation consists of
two major steps: (1) layer clustering, which is to
determine the number of layers in the scene and the
associated motion parameters for each layer; (2)
dense layer segmentation, which is to assign each
pixel in the image sequence to the corresponding
layer and identify the occluded pixels. Currently,
a number of approaches have been proposed for
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layer clustering problem, which have achieved
good results, such as linear subspace (Ke 2001,
Ke2002,Ke2004), GPCA (Vidal 2004), K-means
(Wang 1994), and hierarchical merging (Wills
2003,Xiao 2004).

However, once the initial layer clustering is
achieved, how to correctly assign the pixels to
different layers is a difficult problem (Ayer 1995,
Ke 2004, Khan 2001, Xiao 2004) as shown in
Figure 1. Particularly, if the images contain some
non-textured regions such as the blue or white
regions corresponding to the sky in Figure 1la,
the pixels in these regions may satisty different
layer motion parameters. Hence, the segmenta-
tion only using the motion cue may not provide
an accurate layer boundary for those regions due
to the motion ambiguities.

In digital matting, the observed color of the
pixels around layer boundaries can be considered
as amixture of foreground and background colors,
which is formulated as C' = oF + (1 —«)B,
where C, F, and B are the observed, foreground,
and background colors, and « is the pixel’s opac-
ity channel. For single image matting, once a
trimap (unknown, definitely foreground, and
definitely background regions) is manually
specified, the alpha values, foreground, and back-
ground colors of the unknown regions can be
estimated under certain constraints (Rother 2004,
Sun 2004, Ruzon 2000, Chuang 2001). Typically,
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the alpha matting techniques are more suitable
for smooth regions since they strongly rely on an
assumption that the color of the estimated back-
ground and foreground should smoothly change
in the unknown areas. Given a cluttered back-
ground, the performance of the existing alpha
matting approaches tends to deteriorate. Compared
to the traditional motion segmentation problem,
pulling alpha mattes between two overlapping
layers can be considered as a refinement step of
the segmentation particularly forthose ambiguous,
smooth regions.

In this chapter, we introduce anovel approach,
which combines the merits of motion segmentation
and alpha matting technique together, to extract
accurate layer boundaries and alpha mattes simul-
taneously from a video sequence. Our algorithm
is implemented in two stages. The first stage is
layer clustering and the second stage is accurate
layer segmentation and matting.

In the first stage, we determine seed corre-
spondences over a short video clip (3-5 frames).
Then, we gradually expand each seed region from
an initial square patch into an enlarged support
region of an arbitrary shape to eliminate the over-
fitting problem and detect the outliers. This is
achieved using a graph cuts approach integrated
with the level set representation. After that, we
employ a two-step merging process to obtain a
layer description of the video clip.

Figure 1. Previous results for flower-garden sequence. (a) One frame from the original sequence. (b)
Result of Ayer and Sawhney (Ayer 1995). (c) Result of Ke and Kanade (Ke 2004). (c) Result of (Xiao
2004), where the red pixels are occluded between the neighboring frames.
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