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Abstract—The selection of motion feature directly affects the 
recognition effect of human action recognition method. Single 
feature is often affected by human appearance, environment, 
camera settings and other factors, and its recognition effect is 
limited. This paper propose a novel action recognition method by 
using selective ensemble learning, which is a special paradigm of 
ensemble learning. Moreover, this paper presents a fast and 
efficient action description feature and a novel recognition 
algorithm. Robust discriminant mixed features are learnt from 
behavioral video frames as behavioral descriptors, The 
recogniton algorithm using selective ensemble learning can 
achieve fast classification. Experimental results show that the 
proposed method achieves ideal recognition results on the self-
built indoor behavior data set and public data set. 

Keywords- human action recognition, visual features, selective 
ensemble learning, ensemble learning, features fusion 

I. INTRODUCTION 

Human action research has broad application prospects and 
great theoretical significance. From the perspective of 
application, as an important part of computer vision 
understanding and video analysis, human action recognition 
research results can be widely used in intelligent video 
surveillance[1, 2], human-computer interaction[3], video 
analysis[4] and video retrieval systems[5].Human action 
recognition research is devoted to extract high-level semantic 
knowledge from the underlying video or image data, so that the 
computer has the ability of human visual understanding. 
Action recognition consists of three key modules: (i) Action 
representation method corresponding to feature extraction 
module; (ii) Action modeling, namely, feature statistics model 
module; (iii) Action recognition/classification module. 

Since the issue of human action recognition has been put 
forward, a large number of research methods and 
achievements have appeared in the academic circles [6-12]. In 
current research on human action recognition, it is typical that 
single feature is selected as the action representation, but single 
feature is also limited, e.g. modeling precision can be affected 

by the shadow and contour quality in shape features; 
background movement in action features can lead to bias; 
human body geometrical characteristics only adapt to the 
controlled environment and requires priori model knowledge. 
Thus, fusion features serving as action descriptors is an 
important direction of research. Maity et al. [13] developed a 
spatial-temporal body parts movement (STBPM)-based human 
action recognition method with which action recognition was 
realized using action-code classification (ACC). ACC was a 
code-based classification method that encoded each action by 
analyzing STBPM features without requiring training process. 
Chen et al. [14] put forward an action recognition deep learning 
framework with time invariance, which was found robust in 
recognizing the variation of movement velocity. The spatial 
and dynamic features were extracted from this key frame using 
convolutional neural networks (CNN), followed by fusion of 
both features in the convolutional fusion layer. A new kind of 
human action features that combined global action information 
and local action information was developed by Liu et al. [15]. 
Periodical actions served as the features in global action 
features, whereas enhanced histograms of action words 
(EHOM) were used in local action features. Human action 
recognition rate could be improved by the combination of both 
features.  

In order to reduce the computational complexity of the 
algorithm, we use three simple computational but important 
features for human perceptual video behavior, namely RGB 
modal-based Fourier descriptors (RDB-FD), depth modal-
based spatial-temporal interest point (D-STIPD), and joints 
modal-based joint point distribution feature (J-JPDF), as the 
description of video information. These features respectively 
reflect shape structure information, the motion information and 
depth information in video. These three features are very fast in 
computation and low in memory consumption. Finally, the 
three different features are combined as a mixed feature. The 
experimental results show that the robustness and recognition 
performance of the mixed feature are better than that of the 
single feature. A novel selective ensemble method is used for 
recognizing human action. Ensemble learning has attracted 
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much attention in machine learning circles because it can 
significantly improve the generalization ability of a learning 
system. However, with the increase of the number of basic 
learning machines, the prediction speed of ensemble learning 
machines decreases dramatically, and the required storage 
space is also rapid. The main purpose of selective ensemble 
learning is to further improve the predictive effect of ensemble 
learning machines, improve the predictive speed of ensemble 
learning machines, and reduce their storage requirements. 

This paper is based on the channel feature information extracted 
by Kinect depth sensor for human antion recognition. Kinect is a 
somatosensory peripheral for the Xbox 360 that integrates a variety of 
perception technologies. The Kinect depth sensor consists of a RGB 
camera, a depth sensor and a multi-array microphone.  

 
Figure 1.  Human action recognition framework using selective ensemble 

learning method. 

II. OVERVIEW OF SYSTEM 

In order to enhance the system’s robustness and 
practicability, and to exploit effectively the advantages of 
different features, this paper utilizes various modal data 
provided by the Kinect sensor and fuses three kinds of  
different features as the descriptors of the actions. The 
framework uses Fourier descriptor for RGB maps, spatial 
temporal interest point for depth maps, and joint point 
distribution feature for data from joints. After that, a selective 
ensemble learning algorithm is adopted for the classification. 
The system flowchart is illustrated in Fig1. The method 
maintains the computational convenience from simple features 
while ensuring the robustness and recognition capability of the 
features at the same time.  

III. FEATURE EXPRESSION 

The purpose of action feature extraction is to extract the 
feature information from the underlying data to characterize 
human motion.The effect of action feature extraction has an 
important influence on human action recognition. In Section 
III, three different modal representation methods are 
introduced. 

 RGB modal-based Fourier Descriptors 

Fourier descriptor based on object coordinate sequence has 
the best shape recognition performance. Four shape expressions 
can be derived from the coordinates of the closed boundary 
points in the image plane, which are curvature function, 
centroid distance, complex coordinate function and chord 
length function. In order to avoid complex computation, 
Fourier descriptors based on center distance are used to process 
RGB modal image data. The illustration of the centroid 
distance of human body in the figure 2. Firstly, the region of 
interest of human body is detected, then the human boundary 
curve is obtained by boundary tracking algorithm. In the 
spatial domain, the centroid distance ( )R l  is defined as the 

distance from the body boundary point ( , )l lx y  to the center 

point of the human body : 

2 2( ) ( ) ( )l c l cR l x x y y= − + −
               (1) 

 

Figure 2.  Illustration of the centroid distance of human body. 

After Fourier transform, the centroid distance function in 
spatial domain can be described by Fourier transform 
coefficients in frequency domain. For the centroid distance 
function, only the positive frequency axis is considered, 
because the Fourier transform coefficients iF  are symmetrical: 

| | | |i iF F− =                               (2) 

Therefore, the shape descriptors derived from the centroid 
distance can be obtained as follows: 

2 3 1
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                  (3) 

In order to ensure that all the shape features of objects have 
the same length, the number of all boundary points must be 
unified before Fourier transform is implemented, so that fast 
Fourier transform can be used to improve the efficiency of the 
algorithm. Therefore, we can get the feature of RGB-FD, as 
shown in the formula. 

 [ ]1 2, ,..., MRGB FD FD FD FD− =           (4) 

 Depth modal-based STIP 

In recent years, researchers have proposed an action 
representation and recognition method based on spatio-
temporal interest points. This method first detects interest 
points which represent spatio-temporal events in video 
sequences, then extracts various features of spatio-temporal 
interest points to represent actions, and finally establishes an 
action classifier for action recognition. Laptev et al. extend the 
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2D Harris corner[16] to the 3D Harris corner point[17], which 
is a significant change point in the spatio-temporal domain. 
Laptev et al. performed an admirable research on 
spatiotemporal domain for action recognition. Still, 3D 
counterpart of 2D methods is inadequate for action recognition 
in spatio-temporal domain. Dollar [18] proposes a Gabor filter 
based spatio-temporal interest point detection algorithm, and 
proposes a feature description operator based on cuboids. PCA 
algorithm is used to reduce the dimension of features. Finally, 
the nearest neighbor classifier based on 2χ  distance is used for 
action recognition. 

For gray-scale images, the feature of spatio-temporal 
interest points is that the brightness of pixels in the image 
changes dramatically in both spatial and temporal dimensions 
simultaneously. The spatio-temporal interest points of depth 
information are pixels whose depth values change dramatically 
in both time and space domains.Consequently, we propose a 
novel local depth-based STIP to represent human 
action.Therefore we can get the feature of depth-STIP, as 
shown in the formula. 

 [ ]1 2, , ..., MD STIP STIP STIP STIP− =             (5) 

 Joints modal-based JPDF  

In recent years, Kinect camera has been widely used for its 
high resolution and low cost. Kinect can not only collect color 
images and depth images, but also extract human skeleton 
information.3D skeleton information is the coordinates of the 
three-dimensional position of the joints in the human body. It 
can also determine the various parts of the human body, such as 
the hand, head and body, and determine their specific three-
dimensional position information.When a person walks into 
Kinect's field of view, Kinect can use tracking technology to 
find the position of the user's 20 joint points, which are 
represented by three-dimensional coordinates ( , , )x y z The 
skeleton joint diagram obtained by Kinect is shown in Figure 3. 

Human action recognition based on 3D skeleton is superior 
to action recognition based on depth data in many aspects. For 
example, in terms of computing speed, human action 
recognition based on 3D skeleton is obviously faster and more 
efficient, because the amount of skeleton data is much smaller 
than the amount of image data, and it can extract a more 
concise feature description. 

In this paper, we propose a skeletal feature based on 
geometric characteristics, which is called the joint position 
distribution feature. This feature describes the motion state of 
human body by the spatial position between the joint points and 
other information. The advantage of this feature is that it not 
only pays attention to the details of human motion, but also 
captures the spatial information of bones. 

 

Figure 3.  (a) Original image (b) Joints of the human body (c) Polar 
coordinate of joints of the human body skeleton 

In the plane take the human body's central joint point O , 
called the pole, a ray Ox , called the polar axis, and then select a 
length unit and angle of the positive direction (usually 
counterclockwise direction). For any joint point M  in the 
plane, the length of the line segment OM  is represented by r, 
and the angle from Ox  to OM is represented byθ . r is called 
the polar radius of point M , θ  is called the polar angle of 
point M , and the pair of ordinal numbers (r, θ ) is called the 
polar coordinates of point M . Thus the coordinate system is 
called the polar coordinate system. 

Therefore, we can get the relative position feature of human 
22 joint points based on joint modal data as follows: 

[ ]1 2 22, ,...,J JPDF J JPDF J JPDF J JPDF− = − − −     (6) 

 Features Fusion 
RGB-FD, D-STIP and J-JPDF are extracted from single frame 

images. In order to improve the accuracy of action recognition, RGB-
FD, D-STIP and J-JPDF are combined to form a mixed eigenvector

tRDJ , as shown in Eq. (9). 

[ , , ]t t t tRDJ RGB FD D STIP J JPDF= − − −        (7) 

IV. METHOD 

Compared with traditional ensemble learning, the selective 
ensemble learning can generate the base classifiers with 
stronger generalization ability. In this paper, we propose a 
selective ensemble classification method using multi-modal 
image information to recognize human action.We choose the 
best integrated classifier and obtain the final result by majority 
vote to recognize human action. The flow chart of the selective 
ensemble method has been shown in Figure 4. 

 
Figure 4.  Te flow chart of the selective ensemble method 

We choose the KNN, SVM, and RF as the base classifier 
because they are implemented simply and recognize action 
effectively. The key in ensemble learning is the accuracy and 
diversity of base classifiers.  

To measure ensemble diversity, a classical approach is to 
measure the pairwise similarity/dissimilarity between two 
classifiers, and then average all the pairwise measurements for 
the overall diversity. Given a data set 

1 1{( , ),..., ( , )}m mData x y x y= , for binary classification (i.e., 

{ 1, 1}iy ∈ − + ), we have the following contingency table for two 

classifiers ih  and jh , where a b c d m+ + + =  are non-negative 



variables showing the numbers of examples satisfying the 
conditions specified by the corresponding rows and columns.  

TABLE I.  CLASSIFIERS RELATIONAL TABLE OF CLASSIFICATION OF THE 
SAMPLES 

 1ih = +  1ih = −  

1jh = +  a c 

1jh = −  b d 

In this paper,  Disagreement Measure (DM) will be 
introduced based on these variables. 
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We use the indicator Diff  to rank the single classifier 
which is based on the accuracy and its diversity. Diff can be 
described as follows: 

1 2* *i i iDiff Acc DMα α= +                        (9) 

iAcc  is the accuracy of the single classifier; iDM  can 

reflect the diversity of the classifier. The larger iDiff  is, the 

better the diversity the classifier will be. The di�erent α can 
impact the choice of the classifier ( 1 0.4α = , 2 0.6α = ). 

V. EXPERIMENTAL RESULTS 

In order to verify the validity of the proposed algorithm, a 
large number of comparative experiments have been done on 
the self-built indoor behavior data set, the open Gaming 3D 
video database and the CAD-60 database. 

 Human Action Datasets  

We built an indoor action dataset through the Kinect sensor. 
Microsoft Kinect's RGB-D sensor is a peripheral device 
designed for Microsoft X-BOX video games. Figure 5 shows 
some example visual clips of the 10 types of human actions. 

 
Figure 5.  Ten sample actions from Kinect dataset 

Gaming 3D dataset (G3D) captured by Kingston University 
in 2012 focuses on real-time action recognition in gaming 
scenario. It contains 10 subjects performing 20 gaming actions. 
Figure 6 shows some example visual clips of the 20 types of 
human actions. 

 
Figure 6.  Example images for G3D dataset. (a) RGB image (b) depth image 

(c) Joints imag 

CAD-60 dataset was captured by Cornell University in 
2011, motivated by the fact that true daily activities rarely 
occur in structured environments. Figure 7 shows some 
example visual clips of the 12 types of human actions. 

 
Figure 7.  Example images for CAD-60 dataset. 

 Performance Evaluation 

We first test the effectiveness of representing actions from 
the features of RGB-FD+D-STIP+J-JPDF. This features mixed 
three kinds of descriptors: RGB-FD, D-STIP and J-JPDF. In 
the experiment, we randomly divided all the videos into 
training data and test data at a ratio of 2:8 each time. The final 
test result is the average of the 10 test results.Figure 8-10 show 
the accuracy of the proposed method in single-frame action 
recognition in the form of confusion matrix. Among them, the 
( , )i j  element of the confusion matrix represents the 

proportion of class i  action classified as class j  action, that 
is, the greater the value of the diagonal, the better the 
classification effect. 

 

Figure 8.  Confusion matrix of the proposed action recognition using Kinect 
dataset. 



 

Figure 9.  Confusion matrix of the proposed action recognition using G3D 
dataset. 

 
Figure 10.  Confusion matrix of the proposed action recognition using CAD-60 

dataset. 

Figure 8 shows that the average accuracy is about 95% for 
selective ensemble learning strategy using multi-modal 
features. From Figure 8, we can see that recognition result for 
action ‘run’ is not good. We analyze the reasons that in Figure 
8 action ‘run’ is mainly classified to action ‘walk’. It can be 
explained that the action 'run' and the action 'walk' are very 
similar to that in a single frame. Meanwhile, because the action 
‘pick up’ and ‘bend’ are also similar, recognition rate of  ‘pick 
up’ and ‘bend’ are not high. To solve this problem, we need to 
extract more effective features to distinguish these types of 
action. We noticed that the three actions of side walk, hand 
wave and hand clap achieved 100% recognition rate.Figure 9 
and Figure 10 show the experimental results under the G3D 
and CAD-60 datasets, from which we can find that the 
proposed method has achieved good recognition rate. 

 Comparative Results 

In Table 2, we compare the recognition rates using mixed 
features and single feature in three different datasets.From the 
comparison of the experimental results, we can see that the 
recognition accuracy using combined features, RGB-FD+D-
STIP+J-JPDF, is obviously better than that using single feature. 
The effectiveness of the proposed feature is fully 
verified.Therefore, the fusion of different modes of human 
action feature is more conducive to characterize human and, 
with high discrimination and distinction. 

TABLE II.  TABLE I.  THE RECOGNITION RATE OF HUMAN ACTION USING DIFFERENT FEATURES 

Datasets Descriptors Precision Recall F-Measure 
 RGB-FD+D-STIP+J-JPDF 0.95 0.95 0.95 
 RGB-FD+D-STIP 0.91 0.91 0.91 
 RGB-FD+J-JPDF 0.92 0.92 0.91 
Kinect Dataset D-STIP+J-JPDF 0.90 0.90 0.906 
 RGB-FD 0.86 0.86 0.86 
 D-STIP 0.70 0.70 0.69 
 J-JPDF 0.89 0.89 0.89 

 RGB-FD+D-STIP+J-JPDF 0.92 0.92 0.92 
 RGB-FD+D-STIP 0.87 0.86 0.87 
 RGB-FD+J-JPDF 0.85 0.85 0.85 
G3D Dataset D-STIP+J-JPDF 0.87 0.86 0.87 
 RGB-FD 0.80 0.80 0.80 
 D-STIP 0.70 0.70 0.69 
 J-JPDF 0.85 0.85 0.85 

 RGB-FD+D-STIP+J-JPDF 0.94 0.94 0.94 
 RGB-FD+D-STIP 0.88 0.87 0.88 
 RGB-FD+J-JPDF 0.85 0.85 0.85 
CAD-60 Dataset D-STIP+J-JPDF 0.85 0.86 0.86 
 RGB-FD 0.80 0.81 0.81 
 D-STIP 0.70 0.70 0.69 
 J-JPDF 0.86 0.86 0.86 

 



VI. CONCLUSION 

In this paper, we propose a new selective ensemble method 
to recognize human action by combining RGB modal 
information, depth modal information and joints modal 
information. When generating the integrated classifier, we 
choose the suitable base classifier using new indicator Diff . 
Then we test our method in three kinds of  multi-modal 
datasets containing our Kinect dataset, G3D dataset and CAD-
60 dataset. The selective ensemble method is efficient in 
recognition human action; and we can obtain an accuracy of 
95%. In the future work, we will balance the complexity and 
accuracy, and give a better adaptive selective ensemble 
framework. 
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