
 

 

Abstract 
 

In this paper, a novel multiview video based human 
activity recognition system which automatic detects of such 
behavior as fainting, a fight or a call for help is presented. 
The approach proposed in this paper used a directed 
graphical model based on propagation nets, a subset of 
dynamic Bayesian networks approaches, to model the 
behaviors.  

The performance of activity recognition is analyzed for 
three methods of characteristic points forming a behavior 
descriptor (four extreme points over contour, four extreme 
points over contour with different normalization process 
and n-evenly distributed points on the contour). The results 
prove high score of recognition of the system for “Calling 
for help”, “Faint”, “Fight”, “Falling” and “Bend at the 
waist” behaviors. 

1. Introduction 
 In the area of surveillance, automated systems to observe 
pedestrian traffic areas and detect dangerous action are 
becoming important. Many such areas currently have 
surveillance cameras in place. However, all of the image 
understanding and risk detection is left to human security 
personnel. This type of observation task is not well suited to 
humans, as it requires careful concentration over long 
periods of time. Therefore, there is clear motivation to 
develop automated, intelligent, vision-based monitoring 
systems that can aid a human user in the process of risk 
detection and analysis.  

 The scope of review is limited to some widely-used 
graphical models that have been applied on 
complexahuman activity modelingabased in crowded 
public scenes. There is a great diversity of methods to 
activityamodeling in single camera view including: 
probabilistic graphical models (e.g. Bayesian networks 
[10,11], dynamic Bayesian networks [12-14], propagation 
nets [15]), probabilisticatopic models (e.g. 
probabilisticalatent semanticaanalysis model [16], latent 
Dirichletaallocation model [17,18],ahierarchical Dirichlet 
processes model [19, 20]), Petri nets [21], syntactic 
approaches [22, 23] orarule-basedaapproaches [24]. The 

approach proposed in this paper belongs to a subset of 
Bayesian networksatherefore these approaches are 
discussed in more detail. Detailed reviews on other 
approaches such as Petri nets,aneural networks, 
syntheticaapproaches, and rule-based approaches can be 
found in a survey by Turaga et al. [25]. 
 A Bayesian network or belief network is a directed 
acyclic graphical modelawith nodes representing variables 
of interest (e.g. consecutiveastates ofaan event) and the 
links encoding dependencies among the variables. The 
strength of a dependencyais parameterizedaby conditional 
probabilities that are attached to each cluster of 
parent-childanodes in the network. Bayesian networkahas 
been a popular tool for activity modeling due to its 
powerful capabilities in representing and reasoning 
uncertain visual observations, as well as its computational 
feasibility.  
 A dynamic Bayesian network extends Bayesian network 
by incorporating temporal dependencies between random 
variables. Hidden Markov Model (HMM), the simplest 
dynamic Bayesian network withaone hidden state variable 
and oneaobservation variableaat each time instance, has 
been extensivelyaused for activityamodeling and 
recognition. To model more complex activities, various 
topological extensionsato theastandard HMM have also 
been developed, which factorize the stateaspace and/or 
observation space by introducing multiple hiddenastate 
variables and observation state variables [26]. 
 Next approaches used in activityarecognition are 
probabilisticatopic models. In activityamodeling, human 
events in video are often treated analogouslyaas words in 
document analysis. Eachavideo may be viewed as 
aamixture ofadependencies that represent events. 
Typically, a video sequence is divided into a sequence 
ofashortaclips, each of which is annotated by words that 
areaconstructed from extractedafeaturesaaccumulated over 
a temporalawindow. A trained probabilistic topic models 
can then be applied to evaluate normalityaof each event 
(i.e. word)awhilst considering interactions (i.e. topic) 
between them. Probabilistic topicamodels have found 
wideaapplications in single view analysis especially in 
model humanainteractions within crowds for unusual event 
detection. 
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 All three methods were tested and used with behaviors 
that suited most and gave best results, which are as follows: 

- Calling for help with method 2.6.1 
- Faint with method 2.6.1 
- Fight with method 2.6.2 
- Falling with method 2.6.1 
- Bend at the waist with method 2.6.3 

 Those experimental results are described in section 3. 

3. Experimentalresults 
The experiments were performed for many different 

behaviors, such as Calling for help, Faint, Fall, Fight and 
Bend at the waist. In our experiments all sequences in 
resolution 640x480 were divided with respect to the 
subjects into a training set (9 persons), a validation set (8 
persons) and a test set (9 persons)1. The classifiers were 
trained on the training set while the validation set was used 
to optimize the parameters of each method (parameter 
mentioned in Section 3). The recognition results were 
obtained on the test set. Authors were looking for 
well-known databases needed to perform experiments but 
commonly used test sequences doesn't meet required 
conditions. Objects in each frame of video sequences were 
analyzed independently of a result obtained in previous 
frame. All experiments were conducted for active regions. 
Efficiency of classification was analyzed and for 
evaluating. For evaluating classification algorithms, it was 
used the precision and recall performance metrics, defined 
as follows: 

݊݅ݏ݅ܿ݁ݎ  ൌ  ܶܲܶܲ   (10) , ܲܨ

݈݈ܽܿ݁ݎ  ൌ  ܶܲܶܲ   (11) , ܰܨ

where TP is the set of true positives, FP is the set of false 
positives and FN is the set of false negatives. According to 
achieved results  (97.89% precision ratio and 74.27% recall 
ratio) the SVM with HOG have been chosen as diagnostic 
features for further experiments.  

The effectiveness of the proposed approach was 
validated using descriptors which were created for each 
behavior independently. Each of those descriptors were 
tested in parallel configuration to distinguish between 
behaviors.  

 
Table 1. Human activity experimental results. 

Human activity Precision Recall 
Calling for help 96.55% 93.33% 
Fall 96.67% 96.67% 
Faint 100.00% 93.33% 
Bend at the waist 100.00% 93.33% 
Fight 100.00% 80.00% 

 
1 The test sequences used in the experiments are available at 
http://www.multimedia.edu.pl/human-behavior 

 

 
 
Figure 7: Results of detection two human activity (“Calling 

for Help” and “Faint”) in one scene for 3 cameras. 
 

 

 
 

Figure 8: Results of “Fight” activity detection 
for 3 cameras. 

 During the tests, five activities were analyzed: calling for 
help, fall, faint, stomach ache and fight. Each of activities 
was detected independently of the other. Activity “Fight” is 
the only one which may be detected only when 2 or more 
humans are participating in it. The rest of the behaviors are 
detected independently for each objects. Results are shown 
in Table 1. 

 The results acquired during experiments demonstrate a 
high effectiveness level of activity recognition system. For 
each activities in which single object are participating, 
recall ratio exceeds 90%. In case of “Fight” activity recall 
ratio reaches 80%. It is caused by interpretation of 
interaction between an objects in scene. Methods for 
activity recognition described in this paper can’t correctly 
describe these interactions. 



 

 

4. Conclusions 
In this paper, an innovative multiview activity 

recognition system is proposed. The proposed system is a 
complex solution which incorporates many techniques of 
object detection and moving objects tracking, as well as 3D 
scene reconstruction and human activity recognition.  
System uses voxel reconstruction method to reconstruct a 
scene in 3D space. System allows to free manipulate with 
scene to rotate a view to suitable fit and detect an activity of 
objects using one of three contour based algorithms. 
Results prove that proposed approach allows to achieve 
high human activity detection level. Further works focuses 
on extend an activity recognition algorithms by interactions 
between objects. 
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