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Abstract

Video content is rich in information. Meaning from the video content can be extracted
at different levels of abstraction. In this thesis, we develop techniques for processing
and analyzing video at sub-object level, object level, and cognitive level. We extract
spatio-temporal regions which depict homogeneity in color. A video shot segmented
into tracks of homogeneous color regions is then processed in a grouping framework
to identify the subjects. We then formulate a measure of prominence for the subjects
. and interpret the overall scene into general categories by taking into account the
perceptual attributes of subjects as well as the context.

We also develop formalisms for representing video content knowledge in a formal
ontological framework and deploying the knowledge for automatic semantic annota-
tion using Bayesian network as a tool. The aggregate of techniques presented in this
thesis is an attempt to harness video content by enabling effective conceptual access
to the extracted semantic meta-data which characterizes video information.

Our contributions are briefly outlined as follows:

1. We have developed a novel clustering methodology, termed as Decoupled Se-
mantics Clustering Tree (DSCT), which uses decoupled clustering in different
feature sub-spaces. We have done extensive experiments that show that the pro-
posed clustering methodology overcomes problems like model selection, cluster

suitability, smoothing, etc in traditional clustering methods.

2. We have developed a perceptual grouping algorithm which makes use of a spec-
ified spatio-temporal grouping model and identifies the perceptual clusters or
subjects in the scene. Gestalt principles have been used in the formulation of

perceptual associations and a spatio-temporal coherence model, and thus our
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Abstract

grouping scheme is able to identify general classes of subjects which come out as
perceptually distinct with strong associations between parts within the group-
ing. We have also shown how domain knowledge can be integrated with the
grouping process to benefit detection of subjects, as well as to perform group-

ing with recognition.

We have developed a novel concept of perceptual prominence for subjects in the
scene. Prominence is closely linked to how one cognitively interprets a scene.
Our formalism for scene interpretation makes use of perceptual prominence and

mise-en-scéne features.

For representing video content knowledge in an ontology, we have proposed
new constructs to the Web Ontology Language (OWL). We call our extensions
as Multimedia-OWL (M-OWL). We propose a probabilistic reasoning frame-
work to infer concepts in presence of uncertain relations between concepts and

observable video features.

We develop technique for automatic creation of semantic-metadata using a
Bayesian network which encapsulates the semantic content knowledge. Video
annotations are exploited to provide conceptual access — browsing and querying

in a video collection.
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