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Abstract. It is difficult to understand a scene from visual information in uncer-
tain real world. Since Bayesian network (BN) is known as good in this uncer-
tainty, it has received significant attention in the area of vision-based scene un-
derstanding. However, BN-based modeling methods still have the difficulties in 
modeling complex relationships and combining several modules, as well as the 
high computational complexity of inference. To overcome them, this paper pro-
poses a method to divide and select the BN modules for recognizing the objects 
in uncertain environments. The method utilizes the behavior selection network 
to select the most appropriate BN modules. Several experiments are performed 
to verify the usefulness of the proposed method.  

1   Introduction 

Scene understanding, recognizing contexts to understand the class of scene or 
situation, is a very difficult and largely unsolved problem. When running a scene 
understanding process, visual information may be uncertain due to motion blur, 
bad lighting condition, etc. We need the recognition methods that are robust in 
uncertainty. 

Since Bayesian network (BN) is good for modeling uncertain domain, it has re-
ceived significant attention in the area of vision-based scene understanding [1, 2]. 
However, if we adopt BN techniques for real world scene understanding, there are 
some problems we must solve. At first, modeling complex relationships of real world 
is difficult and the nodes that represent relationships require large amount of compu-
tation [3]. Moreover, it is difficult to combine various goal-specific BN modules. 
Therefore, a novel method is required for modeling and combining BNs without any 
significant increase of computation.  

This paper proposes a practical method of objects recognition for service robots. 
The method utilizes the behavior selection network (BSN) to effectively combine the 
pre-designed BN modules and the activity-object context BN modules for the predic-
tion of target objects and the control of robot behaviors to find objects in several 
places.  
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2   Context Modeling and BN Ensemble Based on Domain 
Knowledge 

2.1   BN Design Method Based on Domain Knowledge of Occluded Object 

We propose a method of BN design for reasoning the occluded objects using the ob-
ject relationships based on activity. Fig.1 shows the process of designing them as tree 
structure based on common-cause principle. Constructed BN modules are composed 
of activity, class and primitive nodes. The BN is a singly-connected structure like 
tree, and common-cause structures are used for sub-trees: it is a sort of causal rela-
tionships among three nodes. It has two nodes that have another node as a parent in 
common. This structure allows us to represent the relationship of objects more easily 
and precisely [4]. The process of designing BNs for occluded objects is a simple 
causal chain because it is possible to assign the parameters to each node for represent-
ing the relationship between them. 

 

Fig. 1. The process of designing BN modules for occluded objects 

2.2   Behavior Selection Network for BN Ensemble  

Behavior selection network accomplishes the objectives through action selection 
and state transition. Usual input for BSN is sensory information, but we connect the 
BN inference results to sensor input for more accurate environmental perception. 
We have modified the original definition of BSN inference [5] with the following 
equations. 

At the forward propagation, activation 1a is 
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Here, n means the number of sensors, m means the number of inferential results that 
can be the input of BSN, and )(af is the Bayesian inference function of each BN. 

BSN module combines the pre-designed BNs (for recognizing places and objects) and 
activity BN that was constructed by the proposed method. 
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(a)                                                                        (b) 

Fig. 2. (a) Structured behavior selection network, (b) Constructed BN for objects that have the 
relationship with the activity of ‘presentation’ 

 

Fig. 3. Experimental results of finding beam-projector, occluded target object. Upper thin line 
shows the object existence probability and under thick line shows the state transition. 

3   Experimental Results  

The task of the experiments is to let the service robot find occluded objects in indoor 
environments and design Bayesian networks according to the proposed method. In the 
experiment, the robot wanders around four places (toilet, corridor, office, seminar 
room) and finds a beam projector, the target object occluded. In this paper, we have 
used simulated experimental environment, and randomly generated place probabilities 
in each places according to real world probability distribution that extracted from 
vision data. Fig. 3 shows one of the experimental processes that were executed in the 
webot simulator. Upper graph shows the change of object existence probability and 
lower graph depicts the states selected by BSN. If the inferred probability is lower 
than threshold of 70%, deeper-level inference is triggered. We confirmed that BSN 
module could find target objects precisely and efficiently: The BSN produced 100% 
accuracy in ten repeated runs. 

Fig. 4 shows the result of the second experiment: prediction of beam-projector ex-
istence in contextually similar places. That is shown under threshold of 70% until the 
robot finds five objects with the activity-object context BN in the BSN module.  
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Predictions seem reasonable except one case. It can be seen that false-positive error is 
likely to occur in the similar environment from the result of accumulating evidences.  

 

Fig. 4. The result of predicting an occluded-object (beam- projector) in six places (computer 
room, laboratory, rest room, conference room, seminar room, and security room) 

4   Concluding Remarks 

In this paper, we proposed a context modeling method for scene understanding (espe-
cially, object recognition) and intelligent service of robot based on image. We use the 
BSN for properly combining several types of BN modules used for inferring places 
and occluded objects as well as controlling robot behavior for its goal. In addition, we 
proposed a BN modeling method for inferring place and occluded objects. The ex-
periments show the usefulness of the proposed method. For the future works, we will 
extend the scope of domains and apply the method to the real robots. 
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