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Purpose of the research: The purpose of the research is development of methods that support sound and efficient solutions 
to contemporary real world situation assessment problems. The focus is on applications where data obtained with 
inexpensive and widely spread sensors and mobile communication devices is used to reason about critical events, such as 
pollution, disease outbreaks, etc.  In such applications massive amounts of heterogeneous information need to be processed 
and the constellation of information sources is not known prior to the operation and can change during operation.

Approach: In the targeted domains traditional centralized AI approaches are impractical. Therefore, we introduced a novel 
approach to distributed Bayesian modeling and exact inference in systems of loosely coupled processing modules. By using 
the theory on factor graphs [Frey et al., 2001] and cluster graphs [Xiang, 2002] we (i) analyze the suitability of the existing 
approaches to modular inference with respect to a relevant class of domains and (ii) derive methods for construction of 
modular systems, which support globally coherent Bayesian inference without compilation of secondary probabilistic struc-
tures spanning multiple modules. In the proposed approach dependencies between inference modules are reduced through 
targeted instantiation of variables, which is based on the analysis of cluster graphs. The presented method is targeting do-
mains where the information about the types of used variables can be shared while  the information about the topology and 
potentials in each local model are likely to be kept private. By using the theory on Cluster graphs it can be shown that, in 
such settings,  compilation of valid secondary structures spanning multiple modules might not be feasible; this might require 
reorganization of modules, which is not possible without sharing the knowledge on potentials and the topology.

In addition, the resulting modular systems support systematic validation of distributed Bayesian models.  We showed that 
structural modeling faults, which can have a significant impact on the inference quality, can efficiently be detected and 
discovered with the help of the information theoretic approach to verification of dependencies in modular systems [de Oude 
et al., 2009].

Results and (future) applications or perspectives:  The presented methods are exploited in the Distributed Perception 
Networks (DPN), a frame-work supporting decentralized Bayesian modeling and inference [Pavlin et al., 2010]. The DPNs 
are  the  basic  technology  in  the  recently  introduced  system  for  distributed  detection  of  annoying/harmful  gases  and  
localization of the leaks. The system uses data from noisy chemical sensors and reports about smells and health symptoms. 
Real  world  evaluation  and  adaptation  of  the  presented  system  is  being  carried  out  in  cooperation  with  the  DCMR 
Milieudienst Rijnmond. The introduced methods can be used in a relevant class of situation assessment applications.  
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