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Abstract—We build a set of human behavior recognition system based on the convolution neural network constructed for
the specific human behavior in public places. Firstly, video of human behavior data set will be segmented into images, then
we process the images by the method of background subtraction to extract moving foreground characters of body. Secondly,
the training data sets are trained into the designed convolution neural network, and the depth learning network is constructed
by stochastic gradient descent. Finally, the various behaviors of samples are classified and identified with the obtained
network model, and the recognition results are compared with the current mainstream methods. The result show that the

convolution neural network can study human behavior model automatically and identify human’s behaviors without any

manually annotated trainings.

1 Introduction

In recent years, with the rapid development of electronic
information science and technology and video signal
collection technology, human behavior recognition based on
computer vision [1] has attracted more and more attention
based on. Behavior recognition in computer vision to achieve
detection, tracking, analysis and recognition of human actions
[2] in video image based on is the key technology in the field
of intelligent control and pattern recognition. Intelligent
monitoring is aimed at using the computer outside image
information into a digital signal, and then through a series of
calculation instead of the human brain processing and
understanding of visual information, so as to realize the
intelligent analysis and automatic recognition of monitoring
picture.

At present, researchers at home and abroad for the
analysis and recognition of human behavior in video
surveillance has done a lot of work. The identification
methods can be divided into two categories: Based on
behavior recognition method based on model matching and
behavior recognition method of state space. Behavior
recognition method based on model matching (Template
Matching [3,4]) refers to the first to establish a good image
template sequence to represent the static target behavior of
the human body, then it will match the target template video
image sequence detection in the template and, if the match
succeeds the behavior is the behavior characteristics,
identification or template it is determined, this kind of
behavior is not. Recognition method based on state space

(State Space Approaches) [5,6] defines specific posture state,
then the state is connected by the way of probability. The
action sequence of test set can be seen as the traversal process
of current static posture, and then through the joint
probability calculation during operation in order to achieve
the action of the action scores. Deep learning is a research
direction in recent years very popular, convolutional neural
network(CNN)[7] as the representative of deep learning
network improves the traditional neural network recognition
effect. And the convolutional network implements a
recognition method of end to end, it does not need to
manually design features, images can be directly used as the
input data network, avoid data reconstruction and feature
extraction of the complex process in the traditional
recognition algorithm.

Deep learning has attracted many researchers to study it,
and have in some fields of computer vision has been
successful. Especially in recent years, deep learning
algorithms have been successfully applied in various fields
such as speech recognition, image recognition, and gradually
extended to research on behavior recognition with time series.
In this paper, a method based on convolution neural network
is proposed. The unsupervised learning of the network is
realized through the human behavior data set, and the deep
learning network model is established. The experimental
results show that the network can identify various behavior
effectively, compared with other recognition rate has
improved.
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2 The Framework of Behavior Recognition
System

Human behavior recognition is mainly divided into two
processes: the identification and understanding of human
behavior feature extraction and motion, as shown below.
Feature extraction is to extract the key features of this
information in the data in the video data or image data, the
feature information is the key task of recognition, feature
extraction in fact directly affects the final recognition result.
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Figure 1 the main work of human behavior recognition

This algorithm is mainly composed of three parts,
respectively, for video pretreatment, model training and
behavior recognition part. In the video preprocessing part,
firstly the original behavior of video preprocessing, using
block updating background subtraction method to achieve
target detection, two value image motion information is
extracted, then the image input channel convolutional neural
network, through the iterative training parameters of the
network, to construct a model for convolution Behavior
Recognition finally, you can use this network to identify
human behavior, the flow chart of the system is shown in
figure 2.
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Fig. 2 flow chart of behavior recognition system
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3 Behavioral Target Detection

Behavior of target detection is appropriate to process the
image information of the human body contains behavior,
remove the static background, detect the target motion
information and behavior to carry, reliable data is provided for
the subsequent recognition stage of the visual system. The
behavior of target detection principle is as far as possible to
retain the characteristic information of this behavior, while
eliminating the redundancy information of the target, in the
foundation of many application background detection is a very
important step. This paper uses the Gauss mixture model
based background subtraction in the background of the
moving target detection. The principle is very simple, the
basic process shown in figure 3.
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Figure 3 behavior target detection process

First, using the formula (2-1) f;,; image background image
fi and calculate the current frame difference, then the
difference image Dy, filtering processing, can extract moving
objects.

Dy (x,¥) = IfiCx, ¥) = for (x, Y)I (2-1)

Among them, fi(x,y) for the current frame
image, fpr(x,y) as the background image, Dy (x,y) for the
difference image.

1Dk(x,y) >T

Re(,y) = {0 De(x,y) <T (2-2)

Among them, the threshold value of the image two is set
to T, and the target area in the image is set to 255. The
background subtraction method to the current frame and
background image subtraction, the accuracy of motion target
extraction is accurate or not will directly affect the final
results. So if there is no background model update, it will lead
to large error detection, such as light change accumulated to
a certain time will be beyond the range of motion detection,
the background part may be mistakenly -classified as
foreground moving objects.

When the background initialization is complete, need to
adaptively update the parameters of the background image, to
obtain an updated background estimation image for the B, =
[1e, 0] the use of sigma, type (2-3) update parameters.

pe= A —aueq +aXxf
af = (1 - a)atz—l + a(fe — ue)

_(e-1-fp)?
2

(2-3)
1
a=K m e
Alpha is the learning rate, indicating the background
update rate, between 0 and 1. The following figure shows the
KTH data set by the algorithm in different scenarios under
the behavior of foreground extraction results.

Fig. 4 foreground extraction
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4 Convolutional Neural Network

For deep learning, suppose we have a training sample set
(x%,yY), then the neural network can provide a kind of
complex nonlinear model of hy, ;,(x), it has the parameters
W, b as the weight parameters of the neural network, so as to
fit the data in the dataset. The neural network consists of
neurons, as shown in figure 5.

hw,b(x)

+1
Fig. 5 neurons in neural networks

This neuron is a {x, x,, x5} and intercept operation unit
B as the input value, the output is

hwp () = fWTx) = f(E Wixi +b)  (3-1)

Among them, the function f is called the activation
function. In this paper, we use the ReLU function as the
activation function.

The neural network is many neurons together before a
neuron output layer is after a neuron's input, as shown in
figure 6.

hw,b"‘)

Fig. 6 neural network

The use of the circle to represent the nodes of the network,
labeled "+1" node called the bias node. The left side of the
neural network is the input layer, the right side of the output
layer, the middle layer is called the hidden layer. It can be
seen that there are 3 input units, 3 hidden units and 1 output
units.

4.1convolution layer

The process of convolution layer processing is a layer of the
image and the convolution kernel convolution, convolution
processing is a basic operation of image processing. Related
formulas are as follows:

J-11-1

Ymn = f szm+i,n+jwij+b ’

j=0 i=0

0m<M0<n<N) (3-2)

Among them, X is a layer of two-dimensional data of the

input image, w convolution kernel, B is a layer of bias, Y

output, ReLU activation function. In the high dimensional

input processing like images, each neuron is only partial

region and input data connection, and use parameters in roll
layer sharing is to control the amount of parameters.

4.2 sampling layer

The feature map sampling layer will be a layer of the sampling
operation, reduce space dimension data layer, reduce the
number of network parameters, making the computing
resources cost less, and can effectively prevent over fitting. In
this paper, the maximum sampling is used:

S1-1S;—-1

1
Ymn = S 52 z Z xm*51+i,n*52+f
1 i=0 j=0

(3-3)
The sample size (S, S,) is two-dimensional vector, x means
input, y means output.

4.3 activation function

The input of each activation function is a number, and then a
fixed mathematical operation is performed. The activation
function used in the ReLU function in this paper, the function
formula is f (x) =max (0, x), as shown in figure 7.
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Fig.7 ReLU activation function
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5 Experimental Process and Result

Analysis

The selection of training samples from the KTH database, the
database provides 6 kinds of behavior video, including normal
walking, jogging, running, boxing, waving, clapping hands
waving, each class has 25 people to complete the action, and
each divided into four scenes, respectively in indoor and
outdoor.

Convolutional network structure in this paper, a total of
seven layers, including five volumes of sediments from three
sampling layer, a connecting layer and an output layer. First,
the input video data in accordance with the method of section
second of the processed image, then a convolution of adjacent
four successive images, the second layer is the largest under
sampling layer, layer convolution kernel after deconvolution
on a layer of feature map through the 3 volume layer finally
fully connected layer processing using softmax regression
model classification. Structure as shown in figure 8.
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Fig. 8 convolution neural network structure

The video is divided into training set and test set for each
video, video of the people will continue to repeat, the training
set is used to construct the network, and then classify the test
set. As can be seen from the following figure, in all kinds of
behavior, the fist and applause in the test of the most
confusing. At the same time, because between walking and
running and jogging only in the video frequency and motion

amplitude difference, so improve the recognition difficulty,
for this system, the recognition rate is still relatively good.
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Fig.9 the recognition rate of the algorithm on the kth dataset
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