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Abstract  As one of the most common phenomenon in nature, coherent motion widely exists in
different crowd systems such as pedestrians, cells, bacterial colonies and interactive physical
particles. Detecting coherent motion in crowd from video sequences is an active area of research in
pattern recognition community, and has received increasing attentions in recent years. Generally,
the clusters of coherent motion provide a mid-level representation of crowd dynamics, and could
be used for high-level semantic analysis such as scene understanding, abnormal detection and
activity recognition. Even more important, detecting coherent motion has many practical
applications. For example, people always gather at some places of security interests, such as
shopping malls, train stations, sports events and public square. Automatically detecting the
crowd behavior in video surveillance of such crowed environment can be used to develop crowd
management strategies and assist the movement of the crowd or individuals, to avoid the crow
disasters and ensure the public safety. In addition, traffic pattern recognition and traffic flow
estimation, which provide valuable information for the transportation department, play important
roles in traffic management. Basically, existing methods for coherent motion detection can be
divided into two categories: the LK optical flow tracking-based methods and KL T tracker-based
methods. These two methods achieve detection by segmenting optical flow field and analyzing

individuals’ topological structure, respectively. Despite the extensive research efforts spent on
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this problem, it remains a challenging problem due to the complex interactions between individuals
in crowed scenes. To this end we propose a Flow Density based Algorithm (FDA) for detecting
coherent motion with multiple interactions. In FDA, the multiple interactions inherent in coherent
motion are described and analyzed, which are widely ignored in the literature. FDA detects coherent
motion from local and global level. At the local level, to detect the consistency among local
individuals, we define a flow density by regarding coherent motion as fluid motion. Then a flow
density peaks clustering is introduced to detect the subgroups with strong local consistency with
the merits of single step of clustering process, the automatic decision of clustering centers and the
accurate identification of outliers. At the global one, the multiple interactions among subgroups
are described by a multiple adjacency model. Considering the connected components in graph
theory, we define a global consistency to describe the complex interaction between collective
subgroups. Based on this, global consistency of subgroups can be quantified. Then we achieve
coherent motion detection by merging the collective subgroups according to the degree of global
consistency. Experimental results on several benchmark datasets (Collective Motion Dataset and
Bacterial Colony Dataset) including the scenes of pedestrians, traffic and bacterial colony demon-
strate that FDA has better detection performance with comparative efficiency, compared with the
existing methods. In order to further show the remarkable performance of the proposed method,
we compare the number of the coherent motions obtained respectively by our methods and other
state-of-the-art methods in several common seen scenes. As expected, the proposed method
achieves better results than the existing methods in agreement with other experimental results.

Keywords coherent motion; multiple interaction; flow density; density peaks
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Background

Coherent motion detection is an active area of research in
computer vision with a wide range of applications such as event
recognition, traffic flow estimation and behavior prediction,
and has received increasing attention in recent years. It
remains a challenging problem despite the extensive research
effort spent on this problem. These challenges are typically
caused by the complex interactions between individuals in
crowded scenes. In general, the existing methods to coherent
motion detection in videos can be summarized as the optical
flow tracking-based methods, which achieved the detection
through the segmentation of optical flow field, and KLT
tracker-based methods, which accomplished the recognition
through analyzing the topological structure of the individuals.
However, the multiple interaction inherent in coherent
motion is widely ignored in these works. Actually it is useful
for improving detection performance.

In this work, the Flow Density based multiple interaction

coherent motion detection Algorithm (FDA) is proposed,
which achieves the detection from local and global level. At
the local level, the coherent motion is regarded as the fluid
motion, and flow density is defined. Then the flow density
peaks clustering is introduced to detect the subgroups with
strong local consistency. At the global level, the multiple
interaction in subgroups is described by the proposed multiple
adjacency model. Based on this, we can quantify the global
consistency of subgroups. The coherent motion can be
obtained by merging the subgroups according to the global
consistency. Experimental results on several real videos
demonstrate that FDA has better detection performance
compared to the existing methods.
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