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Abstract

Video surveillance systems produce huge amounts of
data for storage and display. Long-term human mon-
itoring of the acquired video is impractical and in-
effective. Automatic abnormal motion detection sys-
tem which can effectively attract operator attention and
trigger recording is therefore the key to successful video
surveillance in dynamic scenes, such as airport termi-
nals. This paper presents a novel solution for real-
time abnormal motion detection. The proposed method
is well-suited for modern video-surveillance architec-
tures, where limited computing power is available near
the camera for compression and communication. The
algorithm uses the macroblock motion vectors that are
generated in any case as part of the video compression
process. Motion features are derived from the motion
vectors. The statistical distribution of these features
during normal activity is estimated by training. At the
operational stage, improbable-motion feature values in-
dicate abnormal motion. Experimental results demon-
strate reliable real-time operation.

1. Introduction

A video surveillance system covering a large office
building or a busy airport can apply hundreds and even
thousands of cameras. To avoid communication bot-
tlenecks, the acquired video is often compressed by a
local processor within the camera, or at a nearby video-
server. The compressed video is then transmitted to a
central facility for storage and display.

Abnormal motion detection is the key to effective
and economical video surveillance. The detection of
an abnormal motion can trigger video transmission and
recording, and can be used to attract the attention of
a human observer to a particular video channel. The
problem is characterized by three related challenges.
One is the reliability requirement, meaning that irreg-
ular events should be consistently detected, while the

false-alarm rate should be sufficiently low. The second
is effective characterization of normal motion, allow-
ing discrimination between normal and abnormal activ-
ity. Third, abnormal motion detection should be accom-
plished using the limited computational power available
at or near the camera.

This paper presents a novel real-time abnormal mo-
tion detection scheme. The algorithm uses the mac-
roblock motion vectors that are generated anyway as
part of standard video compression methods [3]. Mo-
tion features are derived from the motion vectors. Nor-
mal activity is characterized by the joint statistical dis-
tribution of the motion features, estimated during a
training phase at the inspected site. During online op-
eration, improbable-motion feature values indicate ab-
normal motion. Relying on motion vectors rather than
on pixel data reduces the input data rate by about two
orders of magnitude, and allows real-time operation on
limited computational platforms.

Previous works that rely on segmentation, grouping
or tracking have been reported in [7, 2, 13, 20, 16,
14, 6, 10]. Steps towards liberation from segmenta-
tion and tracking in activity analysis have been taken
by [11, 18, 15, 4, 9]. Activity analysis relying on an-
ticipated characteristics of human motion, such as peri-
odicity, gait or gestures, can be found in [1, 12, 19, 11].
In [11], principal component analysis of the macroblock
motion vectors was used to match the detected activ-
ity in a video stream to known human activities (walk-
ing, running, kicking), and for selective access of details
from the uncompressed domain. Novelty or activity de-
tection in video using pixel-level motion analysis has
been reported by [8, 5].

Unlike most previous methods for video analysis,
the suggested approach completely avoids segmenta-
tion and tracking. Taken together with the reliance on
macroblock motion vectors and the lack of a-priori pre-
sumptions regarding normal motion, these design deci-
sions distinguish our work from most of the available
literature.
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Figure 2: Frames taken from a jumping episode (first
row), from a running and grass-crossing episode (sec-
ond row) and from a service vehicle episode (third row)
are detected as abnormal.
The complete movie, with analysis by our system, can
be found at http://abn-motion.axspace.com.

station, or an unexpected tsunami wave at the seafront,
are alarming situations characterized by abnormal mo-
tion, even though no particular ‘object’ in the scene can
be associated with it.

The algorithm is modular, in the sense that different
feature vectors can be suggested and alternative prob-
ability density estimation or modeling methods can be
used. Further extension given long training sequences
would be to learn normal pattern of activity from short
frame sequences using for example Markov chains.
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