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Abstract: A key technology of intelligent video surveillance was demonstrated in this paper. The first human 
motion detection in video sequences, and then carry on the track, the research on the recognition of human 
behavior, the abnormal behavior detection. Firstly, the first video image denoising with Gauss low-pass filter, 
then using the background subtraction method and frame difference method for target detection, and then use 
morphological image processing, regional connectivity analysis and a series of processing methods, to eliminate 
the small holes and noise, the moving object is extracted from the video sequence background subtraction 
method, and compare the advantages and disadvantages and frame difference method. Finally, the analysis and 
discussion of human behavior recognition method were demonstrated. Methods using the template matching 
method based on characteristic value for human identification, selection of structure moment features with 
translation, rotation, scaling invariance of the values, the method overcomes the defects of the traditional 
template matching method, comparing the similarity of feature extraction value, in order to distinguish between 
normal and abnormal behavior, to achieve the recognition of human behavior. Copyright © 2013 IFSA. 
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1. Introduction 
 

Nowadays, the society is a densely populated and 
highly complex social, human activity scope 
gradually expanded, emergency faces and abnormal 
events more frequent and complex, monitoring of the 
difficulty and the importance of public security 
events are more and more prominent, and the 
widespread use of safety monitoring system, the main 
function of the camera is usually only instead of the 
eye simple will record the results, it can never replace 
the human real time to play, take the initiative to 
analyze monitoring function, it is difficult to meet the 
actual needs, and the human is also more and more to 
the video data analysis and understanding of the 
collected amount of amazing [1]. Therefore, the 

ability to give motion behavior of computer 
observation and understanding in dynamic scene, the 
camera more intelligent, able to capture the real-time 
video data analysis and processing of camera, 
tracking, capture the behavior and anomaly detection 
and alarm functions of criminals. For the future, 
intelligent monitoring of social safety is very 
necessary [2]. 

In today's information society, with the rapid 
development of network, communication and micro-
electronics technology and the improvement of 
people's living standard, the video monitor with its 
intuitive, convenient and informative features, more 
and more people favor, monitoring products evolved 
from analog to digital, networked, intelligent 
revolution [3]. The mid ninety's, with the 

Article number P_1688



Sensors & Transducers, Vol. 161, Issue 12, December 2013, pp. 98-106 

 99

development of computer and video technology to 
improve the processing ability of the people, by using 
high speed data processing ability of computer 
collecting and processing video, using high resolution 
image display of the image display, which greatly 
improves the image quality, the multimedia console 
system PC machine based on the second generation 
digital local video monitoring system [4]. At the end 
of the ninety's, with the rapid improvement of 
network bandwidth, computer processing power and 
storage capacity, and a variety of practical video 
processing technology, video surveillance has entered 
the digital network era, known as the third generation 
of remote video monitoring system [5]. The third 
generation of video monitoring system relying on the 
network, digital video compression, transmission, 
storage and playback as the core, to image intelligent 
practical analysis for the characteristic, caused the 
technological revolution of video surveillance 
industry, academe, industry and service sector  
highly regarded [6]. 

This paper is according to the analysis of human 
motion in video monitoring system, visual, mainly 
for moving target detection, tracking motion human 
behavior understanding and description, to study 
three key technology [7]. Target detection firstly, 
background subtraction, first of the input video 
sequence denoise, to build the background model, the 
background will have some interference and noise, a 
method using real-time background updating 
background model, background and foreground 
subtraction to the difference image, and then analysis 
the removal of small the holes and noise of 
morphological processing and regional connectivity, 
extract moving object [8, 9].This paper discussed to 
solve the problem of nonlinear systems with filtering 
algorithm and the particle filter algorithm, focusing 
on in-depth analysis of the particle filter algorithm 
and its problems and solve them. The basic principle 
of particle filtering, combined with the actual 
characteristics and requirements of video monitoring 
system, proposes a video object tracking method 
based on particle filter algorithm [10-13]. This paper 
mainly studies human behavior recognition method, 
firstly the image motion data rules stored in the 
database, the target image and the real-time detected, 
using image recognition method in pattern 
recognition, features for the translation, rotation, 
scale change of structure moment invariant, seven 
invariant moments to extract image, and calculate the 
similarity, thus judge abnormal behavior, alarm 
processing. 
 
 

2. Study of Detection Technology  
of Video Moving Object 

 

2.1. Detection Method of Moving Object  
in Video 

 

Background subtraction method is the motion 
segmentation, it is the most commonly used method 

and is the use of the current image and the 
background image difference to detect a moving 
region [14]. It can provide the feature data 
completely, but the change in dynamic scene, 
particularly sensitive to such as light and the 
interference of external irrelevant events. The 
background model is the simplest of the time average 
image, most researchers are currently working on the 
development of different background model, in order 
to reduce the influence of dynamic scene change for 
motion segmentation [15, 16]. Therefore, the main 
difficulty in using the background subtraction method 
is to build the background model and update in order 
to maintain accurate approximation with the actual 
background [17]. 

Frame difference method in image sequences of 
continuous two frame or three adjacent image using 
pixel based on the time difference and the threshold 
to extract moving regions in an image [18]. The main 
advantage is that the algorithm is simple, light 
changes on the scene is not very sensitive, affected 
by the target shadow is not too large [19]. The main 
problem is, when there are large gray uniform region 
of the target surface, the area on the target 
phenomenon, and the velocity of the moving target is 
detected, the area is greater than the actual area, and 
when the target motion is very slow, often detected 
region is very small, not even to detect the movement 
of the target [20-23]. 

Optical characteristics of optical flow method 
used a moving target change [24]. The advantage of 
this method is to detect the moving object 
independent in the presence of camera motion under 
the premise of. However, most of the optical flow 
computation method is quite complex, and poor anti-
noise performance, real-time processing without a 
hardware device special cannot be applied to frame 
of video stream [25]. 
 
 
2.2. Moving Target Detection Based  

on Gauss Background Model 
 

The noise of image input, acquisition and 
processing of various links, will affect the whole 
process and output results [26]. Therefore, denoising 
has become very important in image processing 
method. Because of the noise in image space 
spectrum are generally located in the higher 
frequency region, while the frequency components of 
the image itself is in the lower region, so it can be 
used in low pass filter to achieve smooth, can be 
realized by discrete convolution filtering [27]. 
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the L X L impulse response array [28]. Some low-
pass noise smoothing of operator arrays are listed 
below: 
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These arrays are often referred to as the impulse 

response array to suppress noise, they are normalized 
to unit weight, lest cause brightness appear bias 
phenomenon in the processed image [29]. Transfer 
function of 2-D ideal low-pass filter satisfied the 
following conditions: 
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D0 is a nonnegative integer in the formula. Here 

is less than ideal frequency can be completely 
unaffected by the filter, and the frequency is greater 
than all pass. Therefore it is also called the cut-off 
frequency. Although the ideal low-pass filter is 
mathematically defined very clearly, in a computer 
simulation can be realized, but in the ideal low-pass 
filter cut-off frequency is not steep electronic devices 
with the actual [30]. 

 

 
2.3. Morphological Filtering 
 

Due to noise and target color and background is 
similar to the effect of, in the foreground detection by 
means of a section, in the target region detected will 
be empty, so we can use the method of 
morphological image processing to fill the target area 
small hole. The basic idea of mathematical 
morphology is to shape corresponding to measure 
and extract the structure of a certain form elements, 
to achieve the purpose of image analysis and 
recognition. This method is generally in the two 
value image as the processing object. The basic 
morphology is the corrosion and expansion. 
Expansion is the use of vector addition of two sets 
are merged which was shown in Fig. 1. 

 
 

Fig. 1. The example of expansion computing. 

 

 
Corrosion is to assemble elements by vector 

subtraction which was shown in Fig. 2. Dilation and 
erosion are not inverse, in image processing, they are 
usually linked with. The first image corrosion and 
expansion the operation known as the opening, the 
first image expansion and corrosion and the results of 
operations is called closed (here the use of the same 
structural elements). They are also the important 
operation in mathematical morphology. 
 
 

 
 

Fig. 2. The example of corrosion operation. 
 
 

Open and closed two kinds of operation can be 
removed by specific image details than the structural 
elements of small, which does not produce global 
geometric distortion. Open operation can put than 
structural elements of small spike filter, cut thin lap 
to separation. Closing operation can take the gap or 
hole than structure elements of small fill, lap short 
discontinuous and connectivity role. 

Therefore, this paper applies morphological 
opening operator to eliminate the two value image 
noise small, while the use of morphological closing 
operation to eliminate motion target small hole, the 
appropriate use of opening and closing operation can 
get very good value of two foreground image, but 
should not use so as to avoid the loss  
of useful information. 
 
 
2.4. Difference Method of Moving  

Object Detection  
 

Through the analysis of the basic principle of 
image difference between frames, we know that the 
inter-frame difference method is by two consecutive 
frames to detect moving target, but only two frames 
of image has many shortcomings. In order to 
overcome the two frame difference method, some 
scholars put forward three frame difference method, 
three frame difference method is at frame two 
conventional difference image, the difference image 
further processing, thus obtains two times difference 
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results, better get moving target information. Three 
frames difference operation process shown in Fig. 3. 
 
 

 
 

Fig. 3. Three frames difference operation process. 
 
 

In the three frames differencing method before 
the first image denoising, and then the image 
sequence of three consecutive frames by 
conventional two frame differencing image 
difference of D1 and D2, the first to conduct two 
values processing, to avoid the premature loss of 
useful information. Three frames difference is the 
difference image of D1 and D2 with the operation 
which was shown as follows: 
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Three frames difference not only avoid the 

disadvantages of two frame difference in target 
detection, and often can get the actual contour. With 
rich information of three frames based on image, so 
detection of slow moving objects with strong Lu 
Stick. Even so, three frame difference to get the 
contour is generally not continuous, need to deal with 
later, but later too much will lose the original image 
information, and the three frame difference method 
has a flaw: the time lag behind at least one frame. 
Only the k+1 frame in image acquisition, in order to 
get the contour of the K frame image. 

The difference image is obtained by determining 
the difference image threshold, the image processing 
two values, two value image, at last using the two 
value image processing methods described in section, 
analyzed morphological processing and regional 
connectivity, remove noise and non-target area, to 
extract moving target. 
 
 
3. Result and Discussion 
 
3.1. Research on Human Motion Recognition 
 

At present, human’s behavior understanding 
extraction and motion in general compliance 

characteristics of characterization, behavior 
recognition, high level activity and scene 
understanding some basic process. Feature extraction 
and motion representation is on target detection, 
classification and tracking at the bottom and the 
middle processing, extraction of the target image 
features from the motion information of the target is 
used to characterize the target motion state; behavior 
recognition is the input sequence is extracted from 
the motion characteristics and the reference sequence 
matching, determine the current action at what kind 
of behavior model; high level activity and scene 
understanding is the combination of action scene 
information and domain knowledge, to identify the 
complex behavior, the realization of events and  
scene understanding. 

In this paper, using a template matching method 
based on structure feature for the identification of 
human abnormal behavior, after the success in 
tracking moving target on the detected, to distinguish 
the target behavior is abnormal behavior. The relative 
abnormal behavior, we should explain to the normal 
behavior, so as to establish a set of rules. The 
sequence of walk and run image was shown in Fig. 4. 

The sequence diagram first provides a series of 
normal behavior are stored in the database, as shown 
in the figure of people walking and running behavior 
sequence diagram, is regarded as a normal behavior, 
structure feature extraction method and using the 
feature extraction of the section normal behavior, the 
behavior of the sequence diagram and the 
characteristics of data stored in the database. 
 
 

 
 

Fig. 4. The sequence of walk and run image. 
 
 

In real-time detection stage, read frame-by-frame 
video sequence, image preprocessing is performed 
for each frame of image, using the background to get 
the foreground image subtraction method of human 
motion, two values, morphological processing and 
analysis of regional connectivity, find the 
corresponding class in the database, when compared 
with the first two images of the all the image data, 
calculating Euclidean distance similarity measure of 
structure moment. In all the comparison results, 
taking the minimum similarity value is compared 
with a preset threshold, if the prescribed threshold 
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range is regarded as a legal act, namely normal 
behavior, and can be regarded as abnormal behavior, 
for subsequent processing. 

This paper selects the video scene in the four 
images of different human behavior of the foreground 
image sequences in this experiment, as shown in 
Fig. 5, contains the simple act of four kinds of 
people, for people to walk upright as normal 
behavior, several other behaviors in certain situations 
can be regarded as abnormal behavior. The 
experiment will by calculating moment of each 
image, to measure whether the image similarity and 
then compare the structure moments. 
 
 

 
 

(a) (b)                 (c)                  (d) 
 

Fig. 5. Different human motion sequence. 
 
 

For the understanding and description is the 
continuous tracking observation of the moving object 
recognition, analysis what kind of behavior patterns 
are present, and described by natural language, and 
judge this behavior whether to belong to the 
abnormal behavior, which belongs to the high-level 
processing part. The ultimate goal of intelligent 
monitoring is to let the computer can observe and 
understand the world as human beings do, is analyzed 
by visual observation and understanding of human 
activities and the scene information, realize the 
intelligent monitor. 

This paper studies the application of template 
matching and two-dimensional image structure 
moment feature for human action recognition, 
invariant moments of the density function of the 
method is the use of the density function of the 
original transformation, which can produce structure 
moment new, through discussion and experimental 
data can be seen in front of the, the method to 
identify human behavior effective, but the algorithm 
presented in this paper is not on the traditional 
template matching algorithms cannot achieve defect 
effectively identify overlapping objects in the scene 
has improved, it is need to be improved in the 
algorithm. 
 
 
3.2. Moving Target Detection Based on 

Gauss Background Model Experiment 
 

This experiment selects the video at the beginning 
of a human presence, update verification of different 
background updating rate on the background model. 
Sixtieth frames selected video observation, can be 
found when the update rate of alpha value is greater, 

and the background image still in the initial frame of 
the integration, namely "disappeared" faster, if the 
background update rate is larger, the more strongly 
dependent on the current frame. Experiments show 
that the detection of choosing appropriate 
background updating rate for the moving target 
effectively is the key. 

Fig. 6, Fig. 7 and Fig. 8 to select the human 
detection results under different background, as can 
be seen from the graph, the method can get the body 
area is complete, in Fig. 6(b) in the human body 
region of discontinuity, this is because the pixels of 
background and color clothes very similar to the 
results, but the human body can still tell the whole 
contour. Fig. 7(b) for indoor human body detection, 
the results showed a complete human silhouette. Fig. 
8 is the interference of background wind in trees, 
using this method the detection results although a 
small amount of noise, but can still detect human 
good. The experiments show that the Gauss 
background model and background subtraction 
method can effectively and accurately detects the 
body area. 
 
 

    
 

(a) Original image      (b) Foreground image 
 

Fig. 6. Outdoor scene. 
 
 

    
 

(a)Original image  (b) Foreground image 
 

Fig. 7. Indoor scene. 
 
 

    
 

(a) Original image  (b) Foreground image 
 

Fig. 8. Complex scene. 
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3.3. Research on Tracking of Video  
Moving Object 

 
Moving target tracking is an important part of 

video monitoring system, one of the hot research 
issues are also the fields of computer vision, image 
processing and pattern recognition. Target tracking 
technology is to create the corresponding feature 
matching problem based on the consecutive image 
frames. The target is described by its state, so the 
tracking problem is equivalent to the solution of the 
target state, the solving process can be used to 
estimate theory to realize. This chapter discusses the 
estimation theory, mainly discusses the nonlinear 
system filtering problem, discuss two kinds of 
filtering algorithm, and applied to the human  
motion tracking. 

The traditional human expression method has 
three kinds: the line graph method, 2D profile and 3D 
model. The parts of a person's body in a straight line 
to approximate expression. Two-dimensional contour 
method and the projection in the image of the human 
body can use cardboard model, spatio-temporal slice 
method and tracking. The three-dimensional model is 
the use of elliptic cylinder, cone sets, generalized 
three-dimensional model of ball to describe the 
structural details of the human body, therefore 
require more parameters and needs more computation 
during the matching process. The present application 
is more three-dimensional model method, the basic 
idea of the method is, three-dimensional structure 
model and motion first by the prior knowledge of 
target model, then according to the actual image 
sequences, to determine the parameters of three-
dimensional model of the target, the target motion 
parameters and determine the instantaneous. The 
advantages of this method are accurate analysis of 3D 
motion trajectory, can realize the reliability of 
tracking, but the drawback is that it is difficult to 
obtain the precise model parameters in practice, and 
need a lot of running time, it is difficult  
to realize tracking. 

Tracking method of area currently has more 
research based on, basic idea is first to obtain the 
target template, the template is obtained in advance 
or man-made determined by image segmentation, 
template usually rectangular slightly larger than the 
target, but also for the irregular shape; then the 
sequence image search matching, using the related 
algorithm for tracking., gray-scale image based on 
texture feature of color image correlation, also can 
use the color feature correlation based on. The 
advantage of this method is when the target has not 
been blocked, the tracking precision is high and 
stable, once the target deformation and occlusion 
tracking accuracy will decline, will spend a lot of 
time and when the search region is wide. 

Based on the idea of active contour tracking is to 
express the moving target by using curve closed, and 
the contour can be automatically and continuously 
update. For example, a short thread active contour 

using Paragios and Deriche, the detection and 
tracking of multiple moving objects in image 
sequences with Level Set; Peterfreund using a 
Calman filter based on the active contour tracking 
non-rigid objects; Isard and Blake to describe 
complex motion models using stochastic differential 
equations, and the deformable template combination 
applied to human tracking. Relative to the tracking 
method based on region, contour expression to 
reduce the computational complexity, if you start to 
reasonably separate each moving object and 
Realization of contour initialization, even can also 
continuously tracking in the presence of partial 
occlusions, however difficult it is usually. 

 

 
3.4. The Results of Simulation and Analysis  

of Algorithm 
 

The extended Calman filter nonlinear filter 
method in this section will be mentioned in (EKF) 
and particle filtering (PF) algorithm simulation, and 
its performance comparison. Consider the following 
model experiment: 
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The represented the linear intensity a system 

model type, with the increase of a, linear intensity 
enhancement, target maneuvering weakened. 

This experiment selects the initial state is 0.1, the 
system noise and measurement noise covariance is 1, 
the number of particles is 100 cases, using the 
extended Calman filter and the particle filter for state 
estimation of the nonlinear system, verify the 
tracking performance of two filters by changing the 
linear intensity, the experimental results as shown  
in Fig. 9. 

As indicated by Fig. 9, along with the change of 
a, tracking performance of EKF and PF have great 
change, when a is small, the maneuverability is 
strong, as shown in Fig. 9 (a) and Fig. 9(b), the 
tracking performance of PF is much better 
performance than the EKF, but as a becomes large, 
nonlinear weakened, maneuvering target is abate, as 
shown in Fig. 9 (c) and Fig. 9(d), PF tracking 
performance and EKF is basically the same. Follow-
up for further explanation, Table 1 lists the mean 
square error of the EKF and PF values, data show 
that the mean square error of the mean square error of 
PF was less than that of EKF, but with the increase of 
the linear intensity, mean square error tends to 
approximate value. Experiments show that, the 
particle filter for high intensity of nonlinear system 
performance is better than the extended Calman. 
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(a) a=0, the estimate of EKF and PF. 
 

 
 

(b) a=0.2, the estimate of EKF and PF. 
 

 
 

(c) a=0.6, the estimate of EKF and PF. 
 

 
 

(d) a=1, the estimate of EKF and PF. 
 

Fig. 9. Influence of linear intensity on EKF and PF. 

Table 1. Mean square error comparison of EKF and PF. 
 

a 0 0.2 0.6 1.0 
Mean square error of EKF 11.1 11.5 4.4 0.6 
Mean square error of PF 2.9 1.9 1.5 0.4 

 
 
3.5. Study on the Human Body Tracking 

Based on the Particle Filter Theory 
 

The color model is based on the color space, so 
the color model and color space is closely related to. 
In the establishment of color model, as a color are 
available in three basic quantity to describe, so the 
establishment of color model can be viewed as a 
coordinate system of a 3-D, where each point 
represents a particular kind of color. Here are two 
kinds of color models and their conversion. 

RGB model is one of the most classic color model 
is the most commonly used. RGB model is a kind of 
human visual system structure closely linked model. 
According to the structure of the human eye, all 
colors can be seen as different combinations of three 
basic colors. The RGB model can be established in 
the Cartesian coordinate system, one of the three 
shaft are respectively R, G, B, shown in Figure 10. 
RGB model of the space is a cube, the origin 
corresponds to the black, the farthest from the origin 
of the vertex correspondence white. In this model, 
from black to white in the gray value distribution 
from the origin to the line from the origin of the most 
distant vertices, and corresponding cubes within the 
remaining points of different colors, available from 
the origin to the point of vector representation. 
General for the sake of convenience, the total will be 
normalized to a unit cube cube, so that all R, G, B 
values in the interval [0,1]. 
 
 

 
 

Fig. 10. RGB color cube. 
 
 

According to this model, each image includes 
three independent primary color plane, or can be 
decomposed into the three plane. Conversely, if an 
image can be expressed as three plane, using this 
model is more convenient. The visual perception of 
RGB color model and the use of a certain distance 
and inconvenient, for example, given a color signal, 
is very difficult to determine which R, G, B 
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component, then use the visual perception of color 
model more convenient. In the visual perception of 
color model, the HSV model is a basic model using 
more. Reflection brightness and object is proportional 
to, if there is no color change only one dimension of 
brightness. On the color, the color mixing white more 
and more bright, the incorporation of black more 
brightness is small. Hue is connected with the main 
wavelength spectral mixture in contact. Saturation 
and color purity, pure spectral color is completely 
saturated, with the addition of saturation white 
gradually reduced. Hue and saturation together called 
chrominance. So the available colors luminance and 
chrominance said. 
 
 
4. Summary 
 

Intelligent video surveillance technology as a 
challenging research topic, has become a hot research 
field of computer vision, and has important 
theoretical significance and practical value, and in 
recent years it has drawn wide attention. Intelligent 
monitoring technology gives the monitoring system 
the ability to observe and analyze the scene content, 
can be in almost the absence of the intervention, the 
automatic analysis of the video sequence captured by 
the camera, and timely response. Despite the current 
video surveillance has been widely used in social life, 
but the relevant research work is still at the 
exploratory research stage, and exists many 
problems, more work is needed to realize the 
intelligent monitoring system. As the technology 
matures, it will truly intelligent monitoring system 
plays an important role in the future production  
of life. 
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