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Abstract

Learning typical motion patterns or activities from
videos of crowded scenes is an important visual surveil-
lance problem. To detect typical motion patterns in
crowded scenarios, we propose a new method which
utilizes the instantaneous motions of a video, i.e, the
motion flow field, instead of long-term motion tracks.
The motion flow field is a union of independent flow
vectors computed in different frames. Detecting motion
patterns in this flow field can therefore be formulated
as a clustering problem of the motion flow fields, where
each motion pattern consists of a group of flow vectors
participating in the same process or motion. We first
construct a directed neighborhood graph to measure the
closeness of flow vectors. A hierarchical agglomerative
clustering algorithm is applied to group flow vectors
into desired motion patterns.

1. Introduction

Learning typical motion patterns of moving objects
in the scene from videos is an important visual surveil-
lance task. A significant amount of effort has been
been put in this area. In [8], the system first tracks
moving objects, learns the motion patterns, and finally
uses these motion patterns for abnormal event detection.
Johnson and Hogg [3] use neural networks to model
motion paths from trajectories. In [2], trajectories are
iteratively merged into a path. Wang et al. [5] proposed
a trajectory similarity measure to cluster trajectories and
then learn the scene models from trajectory clusters.
Porikli [1] represents trajectories in the HMM parame-
ter space; the affinity matrices are then computed and
eigenvalue decomposition is applied to find the clus-
ters. Instead of using trajectories of individual objects,
Vaswani et al. [6] model the motion of all the mov-
ing objects performing the same activity by analyzing
the temporal deformation of the “shape” which is con-
structed by joining the locations of objects at any time ¢.
These methods are based on long-term motion tracks of
moving objects and are applicable to the scenes where
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moving objects are not densely crowded and motion
tracks of objects are reliable and are readily available.
All these methods require tracking algorithms to gen-
erate long-term locations of individual objects. Little
attention has been paid to learning motion patterns in
crowds where reliable tracks are harder to obtain.

To deal with this special scenario, instead of using
long-term motion tracks of moving objects we propose
a new method for learning typical motion patterns using
the motion flow field. The motion flow field is a set of
flow vectors representing the instantaneous motions in
a video. Each flow vector is a four-dimensional vector
including the location and instantaneous velocity of a
point detected in a frame. We first use existing optical
flow method to compute flow vectors in each frame and
then combine them into a global motion field. Given
the motion flow field, we detect the typical motion pat-
terns by clustering flow vectors. Without loss of gen-
erality, we assume each flow vector is associated with
only one motion pattern, i.e., no flow vector belongs to
two different motion patterns. Thus, each motion pat-
tern is a cluster of flow vectors. To make the proposed
method applicable to general motions or activities, we
make no assumption regarding the models of motion
patterns. To cluster flow vectors, we first need to an-
swer what is a motion pattern. According to the gestalt
theory of humans’ visual perception, the main factors
used in grouping are proximity, similarity, closure, sim-
plicity and common fate (elements with same moving
direction are seen as a unit). According to these laws,
a motion pattern should be smooth and the neighboring
flow vectors should be similar and close. Note that even
flow vectors in the same motion pattern may be very
different. For example, the pattern of “U-turn” contains
the flow vectors whose velocity are opposite. We use
the neighborhood graph to measure the similarity and
proximity of flow vectors. A summary of the proposed
method is given in Fig. 1.

2. Motion Flow Field Generation

Given an input video, for each frame we compute
sparse optical flows (instantaneous velocities) on inter-
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Figure 5. Motion pattern detection. (a) Input videos; (b) Motion flow field; (c) Detected motion patterns compared to (d)
manually generated ground truth. Each row demonstrates the results for one video.

number of misclassification
video motion patterns rate among
detected | ground truth flow vectors
high-way 7 5 2.4%
3-way traffic 3 3 0
Hajjo05 3 2 2.4%
old street 5 7 5.3%
Hajj009 3 3 0
Hong Kong St 2 2 0.7%

Table 1. Comparison results between our
method and the ground truth.

using the motion flow field representing the instanta-
neous motions in a video. The neighborhood graph is
constructed to measure the similarity and proximity of
flow vectors. The agglomerative clustering algorithm is
applied to cluster flow vectors into motion patterns.
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