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ABSTRACT

Smart surveillance systems become more meaningful if they both grow in reliability and robustness, while 
simultaneously offering a higher semantic level of understanding. To achieve a higher level of semantic 
scene understanding, the objects and their actions have to be interpreted in the given context, so that the 
extraction of contextual information is required. This chapter explores several techniques for extracting 
the contextual information such as spatial, motion, depth and co-occurrence, depending on applications. 
Afterwards, the chapter provides specific case studies to evaluate the usefulness of context information, 
based on: (1) region labeling of the surroundings of objects, (2) motion analysis of the water for moving 
ships, (3) traffic sign recognition for safety event evaluation and (4) the use of depth signals for obstacle 
detection. The chapter shows that the previous cases can be solved in an improved way with respect to 
robustness and semantic understanding. Case studies indicate up to 6.8% improvement of reliable correct 
object understanding and the novel possibility of labeling scene events as safe/unsafe depending on the 
object behavior and the detected surrounding context. In this chapter, it is shown that using contextual in-
formation improves automated video surveillance analysis, as it not only improves the reliability of moving 
object detection, but also enables scene understanding that is far beyond object understanding.
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INTRODUCTION

Automatic surveillance video understanding is one of the ultimate application fields of computer vi-
sion research. The objective of visual surveillance systems is not only to use cameras instead of human 
eyes, but also to perform surveillance automatically using video analysis. One of the key objectives for 
automatic surveillance is to selectively guide the attention of human operators to potentially suspicious 
activities. The important arguments for doing so are twofold. First, automation reduces labor costs so 
less human operators have to observe many video feeds simultaneously, a job that is both error-prone 
and tedious. Second, with the huge amount of information contained in parallel viewing of video chan-
nels, the chance of missing an important event in one of the many surveillance videos is high. Smart 
surveillance systems should be able to at least detect and track moving objects, classify these objects 
and interpret their activities. A large number of surveillance systems have been proposed in recent 
years. These systems still need improvement in terms of reliability and robustness with respect to event 
interpretation and a real semantic understanding of scenes. These improvement points can be realized 
by adding additional information about those objects and/or scenes, so that a better classification and 
understanding is achieved. This extra information is typically the context of the behavior of objects or 
of the scene. This chapter aims at exploiting contextual information in two ways:

•	 To help to better interpret events based on object behavior with higher reliability and robustness.
•	 Obtaining a higher semantic level of scene understanding by adding contextual information about 

the scene itself.

Although it is present in scenes, the automated interpretation of the events and associated object 
detection in a monitored space is typically completely based on object detection and recognition, while 
the contextual information (e.g. about the surroundings of the objects) is overlooked. For example, a car 
detected on a parking place is a normal situation, whereas a car standing on tramway rails is a reason to 
raise an alarm. In this example, the rails are static object information from the surroundings acting as 
contextual information. In general, context can be applied at different levels: the involved features of an 
object usually at the pixel level, information about the object itself, and at the level of scene understand-
ing (e.g. event classification and event detection). Challenges here include several aspects. First, what 
kinds of algorithms are needed for extracting the additional information from a surveillance video in 
order to contribute to the semantic meaning? Second, the ways for including the context information at 
the various levels is another important challenge. However, this chapter considers that object detection 
and eventually event detection should not happen in isolation, i.e., the process of recognizing one object 
in a scene can be influenced by the presence of additional information such as motion- or depth-based 
features, presence of other objects, as well as by the semantic context of the scene.

This chapter intends to show that using contextual information enables:

•	 A higher robustness of the object detection considered, and
•	 The automated analysis of complicated traffic surveillance scenarios that were previously not pos-

sible using conventional object classification techniques.

Although there is no standard view on how context information should be classified, it is evident 
that such information can contribute to various analysis levels for a surveillance system. This chapter 
explores the following aspects of contextual information:
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