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Abstract—intelligent surveillance systems and automatic
detection of abnormal behaviors have become a major problem in
recent years due to increased security concerns. Violence
behaviors have a vast diversity so that distinction between them is
the most challenging problem in video-surveillance systems. In
recent works, introducing unique and discriminative feature for
representing violence behaviors is needed strongly. In this paper,
a novel violence detection method has been proposed which is
based on combination of motion trajectory and spatio-temporal
features. A dense sampling has been carried out on spatio-
temporal volumes along target’s path to extract Differential
Histogram of Optical Flow (DHOF) and standard deviation of
motion trajectory features. These novel features were employed to
train a Support Vector Machine (SVM) to classify video volumes
into two normal and violence categories. Experimental results
demonstrate that the proposed method outperforms other state-
of-the-art violence detection methods and achieves 91% accuracy
for detection result.
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I. INTRODUCTION

Nowadays, with advances in technology and reduction of
electronic system’s price, the use of Closed-Circuit TeleVision
(CCTV) in public or private environment is increasing
dramatically. In traditional ways, a person monitors video
surveillance cameras, but with the expansion of the use of these
cameras in different places, monitoring with human-operator is
involved errors and it may too costly. Thus, automatic video
processing and abnormality detection is one of popular research
issues in recent years. Most of the efforts in this field, result in
the design of intelligent video surveillance cameras such that
they can auto-detect of abnormal behaviors and warn security
guards. The purpose of these systems is to detect abnormal
behaviors among all unknown video frames in order to prevent
dangerous accidents.

In analyzing surveillance videos, due to wide range of
abnormal activities, detection of abnormalities is a challenging
topic. Therefore, introducing a distinctive feature that detects all
abnormal behaviors has become an important subject in
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intelligent video surveillance cameras, which several works in
abnormal behavior detection are mentioned in [1, 2]. Violence
detection in video sequences is a subset of the analysis of human
behavior. Analysis of human behavior in the video is also used
in other surveillance issues, such as falling detection in elderly
homes [3], loitering detection at the airport [4] or other public
places. It can also be founded on non-surveillance issues, such
as movie indexing, movie rating and, human-computer interface
[5].

The analysis of human behavior in order to detect
abnormalities in the surveillance videos involves low and high-
level steps. In the low-level step, low-level features in the videos
are extracted using machine vision techniques. They are often
extracted using background subtraction and target tracking
methods. In these methods, background modeling is used to
detect foreground target in each frame and after that moving
target is tracked in the consecutive frames. These features are
described with various descriptors using texture, motion, and
shape information to represent the behaviors in the videos. In the
high-level step, a behavior model is obtained using machine
learning methods and then abnormalities can be detected.
Therefore finding a suitable feature descriptor to represent
human behavior is the most important part of video analysis.

In this paper, two feature descriptors based on target motion
trajectory and Spatio-Temporal Interest-Points (STIP) are
presented to detect violence behaviors in video sequences.
Target motion trajectories indicate the global behavior but have
no information of finer body movements such as hand or leg.
Therefore, for such movements that all parts of the body are
involved, it is essential to use local spatio-temporal feature to
describe details of the motions. Spatio-temporal volumes are
obtained by using trajectories information and after that, for each
volume, spatio-temporal feature descriptor is calculated. A SVM
classifier is trained to distinguish abnormal from common daily-
life activities. The remainder of paper is organized as follows,
section 2 presents a general overview and the related works in
the field of violence detection, in section 3 proposed approach
with some novel features is described. Experimental results and
discussions are presented in section 4, and finally section 5
presents conclusion remarks.



II. RELATED WORKS

Violence detection methods based on feature descriptors that
used for action representation can be categorized into two main
categories, local and global approaches. In the first method, local
features are detected in a region of the frame. For example, key
points in the video are extracted using STIP detectors such as
Harris3D [6], Cuboid [7] and, Hessian [8] detector. In the
neighboring regions of the extracted points, features are
described by various descriptors such as Histogram of Optical
flow (HOF) and Histogram of Oriented Gradient (HOG) [9]. For
example, in [10] interest-points are extracted using Harris3D
detector and in this method the magnitude of optical flow in the
points is used to detect violence in videos. This feature is
obtained at STIPs and sorted in each frame. The violence has
occurred, if the median value of all magnitudes exceeds a
specific threshold. In [11], STIPs are extracted with Harris3D
but are represented by the bag of words model. In order to save
computational time, among features, some of them are randomly
selected and formed codebook columns. For each video, the
features are represented as a function of codebook and the
histogram of visual words occurrence will be obtained. In [12],
a spatio-temporal volume around interest-points has been
considered. DiMOLIF (Distribution of Magnitude and
Orientation of Local Interest Frame) feature is calculated based
on the bivariate distribution estimation for the optical flow
magnitude and the orientation in the volume. In [13], a complete
investigation of different STIP detectors for recognizing human
interactions has been carried out. Based on their work, dense
sampling approach outperforms two methods, Harris3D and
Scale Invariant Feature Transform (SIFT) [14]. Disadvantages
of these local methods are that, if there are too many or few
motions in the videos, then feature descriptor is not
discriminative.

In the global method, pixel information in the entire frame is
used. In these methods, the optical flow is often used to describe
motions in the video. In [15], The Optical Flow Context
Histogram (OFCH) feature, which is a combination of histogram
of magnitude and histogram of orientation, is obtained in the
pixels of each frame. Human actions then represented by a
sequence of this feature. In the proposed feature, due to large
dimensions of features, Principle Component Analysis (PCA)
has been used to reduce the size of them. In [16], frames are
accumulated over time and the video is divided into spatio-
temporal non-overlapping regions. In this method, the points are
sampled densely inside the volume, and after that, optical flow
is calculated. By these information, the Histogram of the Optical
Flow Orientation and Magnitude and Entropy (HOFME) feature
was used to describe the normal patterns in a volume of frames.
HOFME is the extended of Histogram of Oriented Optical Flow
(HOOF) [17] but it also uses magnitude information. In [18],
dense trajectories with HOG, HOF and MBH (Motion Boundary
Histograms) feature descriptor are used to detect human
behaviors in videos. But in this method, feature descriptor is
obtained for whole frame and in the case of multiple targets in
the scene, it includes features of targets together and it is not
discriminative. In [19], Violent Flows (ViF) feature has been
introduced to detect abnormalities in crowded environments.

The proposed feature only considers changes in the magnitude
of optical flow in pixels of each frame, so abnormality in
direction is not detectable. Global methods, due to the fact that
they contain the whole frame information, incorporate irrelevant
data into feature vector which is not related to moving targets,
such as background motions and noise. These methods also
cause a high computational cost because they consider entire
frame in their calculations.

III. PROPOSED VIOLENCE DETECTION APPROACH

In this section, it is shown that combining DHOF and
standard deviation of motion trajectory features can improve
violence detection in video sequences. This method has six basic
steps. Tracking of moving targets in sequential frames,
calculating standard deviation of trajectory points, considering
spatio-temporal volume for each target, computing optical flow,
calculating DHOF feature descriptor and, training a SVM to
classify video volumes. Trajectory of moving target in
sequential frames is obtained using Kalman filter. Standard
deviation of trajectory feature then calculated by computing the
direction of trajectory points in consecutive frames. By stacking
bounding boxes of moving target in sequential frames, one
spatio-temporal volume for each target is extracted. Since
extraction of optical flow for all pixels inside the volume is time-
consuming, dense sampling method is used to extract STIPs
inside the volume. The optical flow is then computed at
extracted points using the Lucas-Kanade method [20]. The
DHOF feature descriptor captures information based on optical
flow orientation and magnitude inside the volume. In order to
classify spatio-temporal volumes in the video, a SVM classifier
is employed. In the training phase, it creates a hyperplane using
predefined data, and in test phase, each video volume will be
classify in one of the normal or violence behavior categories.
The diagram of the proposed method has been shown in Figure
1 that at the first, the trajectory of the target and spatio-temporal
volume is obtained, after that proposed features are calculated
for each volume, and finally, a SVM is used for classification of
the behaviors.

A. Tracking Estimation Using Kalman Filter

In order to estimate the movement of targets in the videos,
an effective tracking method is required. There are several
tracking methods reported in literatures, for instance [21,22],
Among all the multi-object tracking methods, in terms of
required speed and accuracy the Kalman filter [23] has
appropriate performance for our purpose. Kalman filter is a
recursive estimator that estimates the state of a dynamic system
using a set of measurements over time. This filter generally has
two steps, time update (prediction) and measurement update
(correction). In the first step, the state of each target is estimated
based on the state equation. In the next step, the predicted state
is corrected using new measurement. In the proposed approach,
for each moving target, a Kalman filter is considered. In the case
of multiple targets in the scene, data association must be
performed to provide a correct measurement for each moving
target in the scene. The expressions for Kalman filter are [23]:



Fig 1. diagram of proposed method steps for violence detection

Xk = AXk—l + W , Zp = HXk + Vg (1)

In which, A is transition matrix, w; Gaussian process noise,
H measurement matrix, v, Gaussian measurement noise. In each
frame, the state X = (x, y) is extracted where x and y represent
the central coordinates of the target. The target trajectory
consists of state points and indicates the global movement of the
target throughout the frames. In order to extract the feature
descriptor, one frame is not enough to represent the actions, so
the bounding box of target among the frames are used to build a
spatio-temporal volume.

B. Standard Deviation of Trajectory

In this section, a standard deviation of trajectory feature is
used to detect abnormalities in the direction of target’s
movement. When a person is moving normally, the angle of
target’s movement in short trajectory can be modeled with a
normal distribution. Using this, the standard deviation of angles
in short trajectory is computed to determine amount of
dispersion in the angles of each target. A large standard
deviation indicates abnormality in direction of movement. If a
sampling rate of 25frames per second is taken into account, the
time needed for frame extraction is 0.04 seconds. Due to noise
in target detection, there is a probability of miscalculation in the
direction of two consecutive points. Therefore, to calculate the
correct angle of target’s movement, two points with half-frame
rate distance have been considered. So if there is noise in target
detection, the angle of the target’s movement will be calculated
correctly. For each volume, the angles of trajectory points are
obtained as follows:

0, = tan~1 (yf‘yf——m) k=1,..,N ©)
Xt=Xt—0.5T
Where (x;,y;) is the coordinate of point in frame t,
(%t—0.57 Ve—o.s7) 18 the coordinate of point in frame t — 0.5T, T
is video frame rate, N is number of frames in the volume. The
standard deviation of motion trajectory for each volume is
obtained as follows:
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Where p is mean of angles and ¢ is standard deviation of
angles. The amount of dispersion in the angles of trajectory
points can be easily calculated using the above relations. A small
standard deviation indicates that angles are clustered closely
around the mean and a large standard deviation indicates that
they are spread far from the mean and an abnormality may have

occurred. So as a result, the abnormality in global movement of
target is detectable.

C. DHOF in Consecutive Volumes

To detect violent behavior in surveillance cameras, in
addition to analyzing global movement of targets, analysis of
finer motion of body parts is also required. Violent behavior
does not have an identical model because it includes a wide
range of actions, therefore to detect violent actions accurately, it
is necessary to provide a feature descriptor that can distinguish
all types of them from normal behaviors. To this end, we
proposed DHOF in consecutive volumes to describe variations
in finer motion of target. When a person fights, his pattern of
movement is constantly changing with no specific model. For
example, violence behavior is composed of a series of actions
such as kicking, wrestling, pushing and boxing. Therefore, for
violence behavior, the histogram of optical flow in consecutive
volumes does not follow a particular pattern. On the opposite, a
person with normal behavior such as walking or running, has a
slight difference in the histogram of optical flow in consecutive
volumes. Therefore, we use DHOF along the target’s path to
describe its pattern of motion. To save processing time, instead
of taking the total pixels into account, dense sampling of pixels
in each frame is used. Each pixel is separated from its neighbors
by a certain step. The number of points sampled in each frame
varies according to the size of the bounding box. Dense sampling
in regular locations compared to other methods of extracting
points such as Harris3D, ensures that the feature points equally
cover all spatial locations. The proposed feature uses magnitude
and orientation information of optical flow in each of the spatio-
temporal sampled points to describe the motion pattern of the
volume. The magnitude and orientation of optical flow are
calculated as follows [24]:
m=+vu?+v? , 9=tan‘1% 4)

Where u and v are velocity values along x and y axis. For
each volume, the histogram of optical flow H = [hyh, ... hg] is
calculated. The histogram bins contain 360 degrees from -180 to
180 as follows:

~180+ (b - 122 <0 < -180+b 2> (5)

Where, B is the number of bin. Each pixel in the volume,
based on its orientation 8, belongs to the histogram bin b, and
contributes by its magnitude m, to the sum in b. Then the
obtained histograms are normalized to become scale-invariant.
After that, the normalized histograms of consecutive volumes



are subtracted from each other and, by sorting the histogram bins
in ascending order according to their values, DHOF is
calculated. As it can be seen there are some differences between
our method and HOOF such as range of orientation bins which
is 180 degrees in HOOF and 360 degrees in ours, histogram is
independent of motion direction in HOOF but in ours motion
direction has been considered and, in HOOF histogram is
normalized but in ours is not.

In figures 2 and 3, the DHOF feature in consecutive volumes
is shown for two violent and normal behaviors. It has to be noted

that for simplicity in this figure, 4 frames of one volume have
been shown instead of all 26 frames in two consecutive volumes.
Figure 2, shows two people are moving toward each other. Also
their differential histograms in consecutive volumes have been
shown in this figure. On the contrary, in figure 3, a violent
behavior of targets with its differential histogram have been
shown. As it can be seen, the proposed feature descriptor in
violent scenes has larger values compared to normal behavior,
due to the fact that in normal behavior, there is not any sudden
changes in the direction and speed of the body parts.
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Fig 2. Normal behavior of targets in video volumes and their differential histograms
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Fig 3. Violence behavior of targets in video volumes and their differential histogram
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Table 1. Performance improvement of the proposed
approach in comparison with others

Improvement ACC AUC
BoW + HOF [11] 33% 35%
BoW + HOG [11] 31% 30%
BoW + HNF [11] 34% 32%

ViF [19] 8% 6%

Fig 4. Detection results for two ACC and AUC metrics of proposed and

other approaches
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Fig 5. ROC curve for the proposed and others violence detection approaches

IV. EXPERIMENTAL RESULTS

In this section, experiments are provided to evaluate the
proposed feature descriptors. Tests are performed on CAVIAR
dataset [25] which included normal and violence scenes and
have been taken in a building lobby. Video sequences is taken
with a fixed camera with a resolution of 384x288 pixels at a rate
of 25 frames per second. The proposed method has been tested
with combination of DHOF and standard deviation of trajectory
features. The number of histogram bins and the length of spatio-
temporal volumes are set to 13. To classify video volumes into
two classes of violence and normal, a 5-fold linear SVM is used.
In the first step, SVM is trained with predetermined data and
hyperplane is produced. In the next step, the classifier
categorizes new data into the corresponding class using the
hyperplane created in the previous step. In order to evaluate the
proposed feature, ACCuracy (ACC) and Area Under the ROC
Curve (AUC) have been adopted. These measurements have
been used in most related works to evaluate different methods.
The proposed method is compared with bag of words method
with HOF, HNF and, HOG descriptors in [11] and Violent Flows
(ViF) method in [19]. The codebook size is fixed to 500 in
experiments. Figure 4 Shows ACC and AUC values for the
proposed method and other approaches. As it can be seen our
proposed features significantly improved the performance of
detection. The ACC of the proposed method is 91% and the
AUC is 93%. Table 1, shows the amount of improvement for the
proposed method in comparison with others. Also the ROC
curve of these methods is shown in figure 5, which, as can be
seen, proposed features detect violence behavior in video better
than HOF, HNF, HOG and ViF descriptors. Experiments
performed on a computer with a 2.6GHz Corei7 CPU and 8.00
GB Ram. The time taken for processing each video frame is
49ms.

V. CONCLUSION

Violence detection is one of the most important issues in
the computer vision techniques. In this paper, we presented the
combination of DHOF and standard deviation of motion
trajectory features, describing both global and local

movements, to detect violent behavior in video sequences.
These features are then employed for training a SVM classifier
to categorize video volumes into normal and violence classes.
We used dispersion and variations in the pattern of movement
to accurately detect violence behaviors in videos. The
experiments show that proposed feature descriptors provide
better performance in comparison with methods which not used
variations in magnitude and orientation of optical flow.
Experimental results demonstrate the accuracy rate of 91% for
violence detection by our proposed method.
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