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Abstract 

 
In this paper, we present a novel method for human 

action recognition with the combined global movement 
feature and local configuration feature. The human 
action is represented as a sequence of joints in the 4D 
spatio-temporal space, and modeled by two HMMs, a 
conventional HMM for global movement feature and 
an exemplar-based HMM for configuration feature. 
Firstly, an adaptive particle filter is adopted to track 
the marker-less actor’s 3D joints. Then, the combined 
features are extracted from the full body tracking 
results. Finally, the actions are classified by fusing two 
HMMs. The effectiveness of the proposed algorithm is 
demonstrated with experiments on 7 actions by 12 
actors. The results prove robustness of the proposed 
method with respect to viewpoints and actors. 
 
 
1. Introduction 
 

Human action recognition is receiving increasing 
attention in the past decade. However, the various 
orientations of actors and complex actions make the 
processing very challenging.  

Depending on the action representation, the existing 
algorithms can be classified into two types, template-
based and model-based. Template-based approaches 
[1, 2, 3] directly represent actions using image 
information, such as silhouettes or optical flow. This 
method always limits recognition to the situations 
where observed and learned processes are obtained 
using similar camera configurations [4]. In contrast, 
model-based approaches [5, 6, 7] assume a known 
human model, and represent actions in a joint space. 
Johansson demonstrated that a simple point-based 
model of the human body contained sufficient 
information for the recognition of actions [8]. Recently 

the improvement of the marker-less full body tracking 
makes these approaches available. 

In this paper, we propose a model-based approach. 
The action is modeled as a sequence of joints in the 4D 
spatio-temporal space. Firstly, full body tracking 
approach is used to obtain the actor’s global movement 
information and local configuration feature. Then, we 
combine a conventional HMM for movement feature 
and an exemplar-based HMM for configuration feature 
to classify the actions.  

The paper proceeds as follows. Section 2 presents 
an overview of the proposed approach. Section 3 
describes the action representation based on full body 
tracking. Section 4 focuses on the action recognition 
method. Section 5 shows the experimental results. 
Section 6 concludes this paper. 
 
2. Action recognition system 
 

The action recognition system includes three basic 
problems: action capture, action representation, and 
action classification, as shown in Figure 1.  

 
Figure 1.  Chart of action recognition system 

Action capture. Multiple video streams are 
simultaneously captured from static calibrated 
cameras. And foreground/background segmentation is 
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performed on each through background subtraction 
method. Then, volumetric representation sequences of 
the 3D actor to be tracked are created.  

Action representation.  3D joints sequence is one 
of the most effective methods of action representation. 
Full body tracking algorithm is adopted to track actor’s 
joints. However, the human body’s large degrees of 
freedom (DOF) and the nonlinearity of the dynamic 
system bring many difficult problems. To overcome 
these limitations, we propose a tracking approach 
which fuses the body part segmentation and adaptive 
particle filter. Then we extract the movement feature 
(actor’s location and orientation) and configuration 
feature (normalized actor’s joints). 

Action Classification. We represent each action 
using two HMMs. One is a conventional HMM for 
movement feature and the other is an exemplar-based 
HMM [4] for configuration feature. The key poses 
included in the action sequences provide the 
foundation of the exemplar-based HMM.  

 
3. Action representation  
 

An articulated human model, which consists of 
approximately 4500 vertices, is adopted in the tracking 
method. Its skeletal structure is modeled by 19 DOF, 
as shown in Figure 2. In addition, there is 1 DOF for 
the actor’s orientation (rotation angle around Z axis), 
and 3 DOF for the actor’s location. 

      
Figure 2. Human model and its DOF 

Figure 3 illustrates the full body tracking algorithm. 
The body part segmentation and body tracking are 
coupled. Body part segmentation uses the tracking 
result of the previous frame, and each part’s tracking 
relies on the segmentation result.  

 
3.1. Adaptive particle filter for body tracking 

 
Semi-supervised clustering method is used to 

segment the actor’s body parts as shown in Figure 3. 
Literature [9] presented this approach in detail. With 
the segmentation result, particle filter is adopted to 
track each body part. 

In the action sequences, the movement of each body 
part is often different. For example, in the ‘wave’ 
action, the arm’s movement is large, while the leg’s 

movement is small. Then adaptive particle number 
should be arranged to each body part. 

 
Figure 3. Full body tracking algorithm  

 
3.1.1. Adaptive particle number. The particle number 
always varies with the noise variance and the survival 
rate. For particle set 1( , )Ni i ix ω = , survival rate [10] is 
defined as 
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where minN , which is directly proportional to the 
variance, represents the minimum acceptable effective 
particle number for successful tracking of an object.  

We embed the adaptive particle number into the 
traditional particle filter approach [11]. 

 
3.1.2 Probabilistic state inference. Define the 
particle’s state x as the rotation angle vector and 

1( , )Ni i ix ω =  as the particle set. kZ , the points set of a 
body part in 3D actor, is the measurement at time k  
and ( )iT x  is the corresponding body part in human 
model with the pose of ix . ( , ( ))k id Z T x  indicates the 
distance between kZ and ( )iT x . In prediction stage, 
the state is propagated through the first order dynamic 
model. And we use the sigmoid function to 
approximate measurement likelihood: 

1( )
1 exp( ( , ( )))k i

k i

p Z x
d Z T x
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3.2. Feature extraction 
 

At time k , we define ( ) ( ( ), ( ) )   g k l k o k= as the 
movement feature, where ( ), ( ) l k o k  respectively 
denote the actor’s location and orientation, 
and ( ) ( ( ))1i i Mc k j k ≤ ≤=  as the configuration feature, 
where ( )ij k  is the normalized 3D coordinate of the 
actor’s thi  joint. 

Based on the full body tracking result, we can 
extract these features easily. 

 
4. Action recognition 
 
4.1 HMM Learning 

 
A conventional HMM for movement feature is 

trained with the standard Baum-Welch algorithm [12]. 
And for the exemplar-based HMM, the exemplar 
selection and the HMM learning are performed 
alternately [4]. Let X  be the exemplar set, and ζ  
denotes the training set of all the actions. The detail 
algorithm is shown as follows: 
Step1: Set X = ∅  
Step2: Find { }* \y Xζ∈ , where a classifier using 

exemplar set { }*X y∪  has best recognition 
performance in the training set, ζ . 

Step3: Repeat step 2 until K exemplars selected. 
In the exemplar-based HMM learning, each model 

is learned through the Baum-Welch algorithm for 
Gaussian mixture HMM [12], except that the means of 
the Gaussians ( X ), are not updated.  
 
4.2 Action recognition  

 
We have learned two action models, conventional 

HMM 1
cλ  and exemplar-based HMM 2

cλ , for each 
action class {1, , }c C∈ " . An action sequence 

1{ , , }TY y y= "  is then classified with MAP estimate: 
1 2( ) arg max( ( | ) (1 ) ( | ))α λ α λ= × + − ×c c c c

c
g Y p Y p Y  (4) 

where cα  is a weight for the action class c . 

 
5. Experimental results and analysis 

 
This paper presents results on an action dataset from 

IXMAS dataset [13]. We choose 7 actions, performed 
by 12 actors, each 3 times. The volume of interest is 
divided into 64 64 64× × voxels.  

Figure 4 shows the 3D actor’s full body tracking 
results. The tracker can successfully obtain the joints 
under various orientations. The average error of the 
joints is 0.70 voxel. On standard PC (Pentium IV 
3.0GHz CPU), the proposed method runs at about 
4.4s/f.  

                    
Figure 4. 3D actors and their joints (Form left 
to right, the actions are ‘kick’, ‘point’, ’stand’,  
’turn around’, ’walk in circle, ’check watch’, 
and ’wave’.) 

Ten of the actors are used for model learning and 
exemplars selection, and the remaining two are used 
for testing. The number of exemplars is empirically set 
to 6, as shown in Figure 5. Actions are modeled with 3 
states.  

 
Figure 5. Selected exemplars and recognition 
rate in the testing set vs. number of 
exemplars. 

Table 1 shows the recognition rates, where we use 
movement feature ( 1,  1 7α = ≤ ≤c c ), configuration 
feature ( 0,  1 7α = ≤ ≤c c ), and combined features 
( { } 1:7

{0.2,0.2,0.2,0.5,0.5,0.2,0.2}α
=

=c c
). Average 

recognition rates with the three kinds of features are 
52%, 95%, and 100%, respectively.  

Table 1. Recognition rates  
feature kick point stand turn walk watch wave average 

movement feature 35% 31% 24% 99% 99% 72% 6% 52% 
configuration feature 100% 100% 67% 100% 100% 100% 100% 95% 

combined features 100% 100% 100% 100% 100% 100% 100% 100% 
Figure 6 shows the confusion matrix. Among 7 

actions to be classified, the most confusion occurs 
between ‘stand’ and ’turn around’ with the 
configuration feature. With the movement feature, the 



‘stand’ and ’turn around’ actions can be separated 
easily. However the other actions are confused. With 
both kinds of features, these actions can be classified 
effectively.  

We compare our human action recognition 
approach with other previous researches as given in 

Figure 7. It is difficult to compare these approaches, 
since the data sets and environments are different. 
However, the results can give a general overview and 
comparison of some approaches in action recognition. 
Compared to the mentioned researches, our approach 
yields better results. 

    
Figure 6.Confusion matrices.(a) movement feature;(b) configuration feature;(c) Combined features 

method action actor feature view Recognition rate 
Davis et al.[1] 18 1 MEI & MHI template multi-view 83.3% 
Wang et al. [2] 10 9 MMS & AME template single view 96.7% 

Ahmad et al. [3] 7 11 optic flow & shape flow multi-view 88.29% 
Weinland et al. [4] 11 10 silhouette & 3D visual hull multi-view 81.3% 

Ren et al. [5] 7 — 3D motion multi-view about 90% 
Our approach 7 12 3D joints multi-view (3D) 100% 
Figure 7. Comparison of the proposed approach with some previous researches 

 
6. Conclusion 
 

This paper addressed a robust human action 
recognition approach based on the full body tracking 
result by using combined global movement feature and 
local configuration feature. Firstly, an adaptive particle 
filter is adopted to track the full body. Then the 
combined features are extracted from the result of the 
full body tracking. Corresponding to the two kinds of 
features, a conventional HMM and an exemplar-based 
HMM are built for each kind of actions. This approach 
is evaluated on a dataset of 12 actors, and 7 actions. 
The combined features are able to effectively classify 
these mentioned actions. The applications of action 
recognition require the development of systems which 
are real-time and robust to environment variation. 
However, the feature extraction through full body 
tracking is time-consuming. Our future work includes 
the acceleration of the full body tracking approach and 
the analysis of the complex multiple human actions. 
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