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Abstract

Most of the research in multimedia retrieval applications has focused on retrieval by content or retrieval 
by example. Since the classical review by Smeulders, Worring, Santini, Gupta, and Jain (2000), a new 
interest has grown immensely in the multimedia information retrieval community: retrieval by seman-
tics. This exciting new research area arises as a combination of multimedia understanding, information 
extraction, information retrieval, and digital libraries. This chapter presents a comprehensive review 
of analysis algorithms in order to extract semantic information from multimedia content. We discuss 
statistical approaches to analyze images and video content and conclude with a discussion regarding 
the described methods.

Introduction: Multimedia Analysis

The growing interest in managing multimedia collections effectively and efficiently has created new 
research interest that arises as a combination of multimedia understanding, information extraction, 
information retrieval, and digital libraries. This growing interest has resulted in the creation of a video 
retrieval track in TREC conference series in parallel with the text retrieval track (TRECVID, 2004).
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Figure 1 illustrates a simplified multimedia information retrieval application composed by a multi-
media database, analysis algorithms, a description database, and a user interface application. Analysis 
algorithms extract features from multimedia content and store them as descriptions of that content. A 
user then deploys these indexing descriptions in order to search the multimedia database. A semantic 
multimedia information retrieval application (Figure 1) differs eminently from traditional retrieval ap-
plications on the low-level analysis algorithms; its algorithms are responsible for extracting semantic 
information used to index multimedia content by its semantic. Multimedia content can be indexed in 
many ways, and each index can refer to different modalities and/or parts of the multimedia piece. Multi-
media content is composed of the visual track, sound track, speech track, and text. All these modalities 
are arranged temporally to provide a meaningful way to transmit information and/or entertainment. 
The way video documents are temporally structured can be distinguished in two levels: semantic and 
syntactic structure (Figure 2).

At the syntactic level, the video is segmented into shots (visual or audio) that form a uniform segment 
(e.g., visually similar frames); representative key-frames are extracted from each shot, and scenes group 
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Figure 1. A typical multimedia information retrieval application
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At the semantic level, annotations of the key-frames and shots with a set of labels indicate 
the presence of semantic entities, their relations, and attributes (agent, object, event, con-
cept, state, place, and time (see Benitez et al., 2002, for details). Further analysis allows the 
discovery of logical sub-units (e.g., substory or subnarrative), logical units (e.g., a movie), 
and genres. A recent review of multimedia semantic indexing has been published by Snoek 
and Worring (2005).
The scope of this chapter is the family of semantic-multimedia analysis algorithms that 
automate the multimedia semantic annotation process. In the following sections, we will 
review papers on multimedia-semantic analysis: semantic annotation of key-frame images, 
shots, and scenes. The semantic analysis at the shot and scene level considers indepen-
dently the audio and visual modalities and then the multi-modal semantic analysis. Due to 
the scope of this book, we will give more emphasis to the visual part than to the audio part 
of the multimedia analysis and will not cover the temporal analysis of logical substories, 
stories, and genres.

Key-Frame Semantic Annotation

Image analysis and understanding is one of the oldest fields in pattern recognition and ar-
tificial intelligence. A lot of research has been done since (Marr, 1983), culminating in the 
modern reference texts by Forsyth and Ponce (2003) and Hartley and Zisserman (2004). In 
the following sections we discuss different types of visual information analysis algorithms: 
single class models fit a simple probability density distribution to each label; translation 
models define a visual vocabulary and a method to translate from this vocabulary to key-
words; hierarchical and network models explore the interdependence of image elements 
(regions or tiles) and model its structure; knowledge-based models improve the model’s 
accuracy by including other sources of knowledge besides the training data (e.g., a linguistic 
database such as WordNet).

Figure 2. Syntactic and semantic structure of video
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Figure 2. Syntactic and semantic structure of video
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