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Chapter 6

Human Behavior Recognition Using
Negative Curvature Minima and
Positive Curvature Maxima Points

Krzysztof Kowalak, Lukasz Kaminski, Pawel Gardzinski,
Stawomir Maékowiak, and Radostaw Hofman

Abstract. Recently, automated human behavior recognition are studied in
the context of many new applications such as content-based video annotation
and retrieval, highlight extraction, video summarization and video surveil-
lance. In this chapter a novel description of human pose — a combination of
negative curvature minima (NCM) and positive curvature maxima (PCM)
points are proposed. Experimental results are provided in the chapter in or-
der to demonstrate precision of the human activity recognition versus size
of the descriptor (a temporal interval durations between the nodes of the
model). The experimental results are focused on recognition of call for help
behavior. The results prove high score of recognition of the proposed method.

6.1 Introduction

The past decade has witnessed a rapid proliferation of video cameras in all
walks of life and has resulted in a tremendous explosion of video content.
Several applications such as content-based video annotation and retrieval,
highlight extraction and video summarization require recognition of the ac-
tivities occurring in the video. The analysis of human activities in videos is
an area with increasingly important consequences from security and surveil-
lance to entertainment and personal archiving. In the area of surveillance,
automated systems to observe pedestrian traffic areas and detect dangerous
action are becoming important. This type of observation task is not well
suited to humans, as it requires careful concentration over long periods of
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time. Therefore, there is clear motivation to develop automated, intelligent,
vision-based monitoring systems that can aid a human user in the process
of risk detection and analysis. The system developed at Poznah University
of Technology is able to perform fully automatic analysis of human behavior
and recognition such behaviors as fainting, a fight or a call for help.

The scope of review is limited to some well-known graphical models that
have been successfully applied on complex human activity modeling and be-
havior description in crowded public scenes. Activity modeling using single
camera can be realized by many different methods, including: probabilistic
graphical models (e.g. Bayesian networks [1,2], dynamic Bayesian networks
[3-5], propagation nets [6]), probabilistic topic models (e.g. probabilistic la-
tent semantic analysis models [7], latent Dirichlet allocation model [8, 9]),
Petri nets [10], syntactic approaches [11] or rule-based approaches 2.
Bayesian networks are discussed in more detail because the approach pro-
posed in this chapter belongs to them. Detailed reviews on other approaches
are such as Petri nets, neural networks, synthetic approaches can be found
in survey by Turaga et al. [13].

A Bayesian network or belief network is a probabilistic directed acyclic
graphical model. Model consist of nodes which represent set of random
variables (e.g. consecutive states of an event) and links which represent con-
ditional dependencies between nodes. The strength of a dependency is pa-
rameterized by conditional probabilities that are attached to each cluster of
parent-child nodes in the network. Such network has powerful capabilities
in representing and reasoning state-oriented visual observations, so Bayesian
network has been a popular tool for activity modeling. Bayesian network can
be extended by introducing temporal dependencies between random vari-
ables. This extended network is called a dynamic Bayesian network.

Many different graphical models have been proposed for activity modeling.
For instance, propagation nets [14], a subset of dynamic Bayesian networks
with ability to explicitly model temporal interval durations, have been em-
ployed to capture the duration of temporal subintervals of multiple parallel
streams of events.

This chapter is organized into 4 main sections. Section 2 presents the
whole human activity recognition system and explained required blocks of
video processing. Proposed approach uses a directed graphical model based
on propagation nets, a subset of dynamic Bayesian networks approaches, to
model the behaviors. Section 3 provides detailed explanations on the novel de-
scription of human pose — a combination of NCM and PCM points which are
the main topics of this chapter. Section 4 presents the assumptions of the ex-
periments and achieved results for exemplary behavior that is a Call forhelp.
Section 5 provides conclusions and suggests a number of areas to be pursued
as further work.
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6.2 Human Activity Recognition System

The behavior of a person can be understood as a set of poses described by
characteristic points of the person. A set of characteristic points at a given
time defines a pose. A set of poses defined for consecutive time points or a
set of time vectors for individual points forms a descriptor.

The set of points to define a pose may have a different configuration for
different types of behavior to be detected. In other words, for at least one
type of behavior, a set of points is generated having a configuration different
than a set of points for another type of behavior. For consecutive frames, the
positions of points belonging to the set are traced and form trajectories of
points.
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Fig. 6.1 General diagram of human activity recognition system

Figure 6.1 presents in general the human activity recognition system ac-
cording to the proposed solution. Presented system used single stationary
camera.

The main idea of the solution is to track the position of the NCM and
PCM points on detected moving silhouette of the human. Position of points
in the sets of points on consecutive images are traced in order to gener-
ate poses and next, the poses are compared with the predefined descriptors






