IEEE COMSOC MMTC E-Letter
TECHNOLOGY ADVANCES

Distinguished Position Paper Series

Semantic Object Segmentation
King N. Ngan (IEEE Fellow), The Chinese UniversitfHong Kong, China
Hongliang Li, University of Electronic Science ahechnology China, China
knngan@ee.cuhk.edu.hk

We often say “a picture is worth a thousand
words”. This is because the semantic content of a
picture cannot be easily described by a few
words. Have you ever wondered when you look
at a picture, how do your eyes and brain extract
information from the scene? What is the basic
unit for the image understanding when a person
observes an image or video scene? The possible
answer may lie in the semantic objects, which
can provide the meaningful cues for finding the
scene content. However, in order to understand
the semantics of the scene content, we need to
separate or segment the content into its
constituent parts. This has posed many
challenges to vision researchers over the past
decade and so far arbitrary object segmentation
from images or videos is still an unsolved
problem.

The extraction of semantic objects plays an
important role in digital image/video processing,
pattern recognition, and computer vision. It
provides an efficient way to bridge the primary
image data and semantic (and thus meaningful)
content in image understanding. The task of
segmenting a semantic object can be found in
many fields, such as video surveillance, content-
based video summarization, content-based
coding application, computer vision, video
conferencing, and digital entertainment [1]. A
semantic object can be exploited to provide the
user with the flexibility of content-based access
and manipulation such as fast indexing from
video databases and efficient coding of regions
of interest [2]. An interesting example can be
illustrated by the cartoon face in real-time video,
where the extracted face region is used to
construct the basic face contour, and helps to
perform the animation of face expression.

Earlier techniques of image segmentation can
be traced back over forty years, which aimed to
extract some uniform and homogeneous regions
based on the edge, color, or other low-level
features. These methods are usually called non-
semantic modes. Among them, a boundary-based
method is mostly used in segmenting image
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regions, which first employs the gradient
operator to extract the edges, and then groups
them into object contour. The main drawback of
this method is the lack of robustness during the
contour closure due to the difficult computation
of the region’s boundaries.

In order to satisfy the future content-based
multimedia analysis, more and more researchers
seek for the semantic object segmentation by
discovering the meaningful regions. However,
this method usually needs to first identify the
position of semantic objects from images by
performing the spatial classification based on a
certain prior knowledge. An intrinsic problem of
this progress is that there is no unified method
that is available for detecting all semantic olgect
To avoid the complicated object recognition
process, an interactive image segmentation
approach based on graph-cut optimization has
been developed which extracts a semantic object
at the cost of interactive effort on the part o th
user [3]-[5]. These methods can provide users
with much better segmentation performance than
automatic ways.

Fortunately, some specific objects of interest
(e.g., face) can be segmented in an unsupervised
manner by designing appropriate detectors based
on physical model or training scheme [6]. Most
work on this topic can be divided into two
classes. The first class focuses on the design of
robust detector for identifying the specific
semantic object, which aims to provide the best
candidates for the object of interest. The second
class is to present the efficient clustering
algorithm for improving the quality of extracting
similar pixels. Recently, some joint methods
were proposed to perform the semantic object
detection and segmentation simultaneously from
images [7]. Generally, the final object regions
need further modification due to the coarse
object segmentation.

Object segmentation based on attention
model is another important approach for
segmenting semantic object, which allow us to
find interesting objects by simulating human
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visual characteristic. Unlike the previous
methods, attention-based scheme aims to
segment the meaningful physical entities that are
more likely to attract viewers’ attention than
other objects. Most objects of interest tend to be
the attention objects that have distinctive feature
from their surroundings [1]. A saliency-based
visual attention model for rapid scene analysis
was first presented in [8], which combined multi-
scale image features into a single topographical
saliency map. The application of this model on
object extraction from color images was reported
in [9], which formulated the attention objects as
a Markov random field by integrating
computational visual attention mechanisms with
attention object growing techniques. Based on
the visual attention idea, several saliency models
are successfully constructed recently to extract
the object of interest in different video sequences
such as the facial saliency model [10] and
focused saliency model [11].

Although some achievements in semantic
object segmentation have been obtained, the
limitations of this method are quite evident. It is
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