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• People: Alessio Micheli, Davide Bacciu, Claudio Gallicchio 
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Learning in Structured Domains 

Machine Learning models for structured data, i.e. sequences, trees, graphs  

• Partecipation to European Projects 
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• Main Research Topics: Neural Networks, Probabilistic Learning, Learning in 
Structured Domains 
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Robotic Ecologies 

• Wireless Sensor Network (WSN) -  a network of wireless sensor nodes (motes) 
equipped with a set of transducers (PIR, light, accelerometers, ... ) and radio 
transceiver 

• Robotic ecology – a network of devices with heterogeneous computational, 
sensory and actuator capabilities, sharing information over some 
communication media 

• Robotic ecologies are sources of real-time contextual information concerning 
users and the environmental status 

• Such information comes in the form of streams of noisy data 



Intelligent Sensor Networks 

• Intelligent Sensor Network = WSN + ML 

• Embedding intelligence into the environment 

• Integration of sensing, networking and intelligent data processing techniques 

• Computational learning models used to make sense of the sensor data 

• Development of smart sensors integrating learning capabilities to provide 
refined information (e.g. recognition of events, localization) 



Reservoir Computing – Echo State Networks (ESNs) 

• Emerging paradigm for efficiently modeling Recurrent Neural Networks 

• Learning in sequential domains 

• Implement discrete-time non-linear dynamical systems 

• Learning restricted to a linear readout component 

• Successful applications in many areas, including chaotic time series prediction, robot 
localization, autonomous system modeling, control systems, speech recognition, 
robotics, Ambient Assisted Living (AAL), Human Activity Recognition (HAR) 



Reservoir Computing and Intelligent Sensor Networks 

Input streams from sensors 
(e.g. RSSI, PIR, magnetic, switch …) 

Learning module Model output 
(e.g. Cooking activity) 

• Learn to recognize activities (pattern + serial order) from time-series data 
generated from sensors 

• Several challenges 

• Embedding of the learning modules in heterogeneous low-power, 
constrained devices (~ 8/10 Kb of RAM available) 

• Distributed system 

• Communication among the modules for run-time operation 



Software – Guiding Design Principles 

• Distribution 

• Exploiting local information 

• Save battery in low-power nodes 

• Support heterogeneity 

• Learning modules should work in constrained computational 
environments 

• Data fusion among heterogeneous sources 

• Generality 

• General purpose learning 

• Incremental acquisition of new learning tasks 



RUBICON Project /1 

• Develop self-learning robotic ecologies 
(robots, wireless sensor networks, 
effectors, …) 

• The ecology learns about its environment, 
improving the performance on the 
different tasks involved 

• Ambient Assisted Living (AAL) applications 

http://fp7rubicon.eu/ 

Robotics UBIquitous Cognitive Network (RUBICON) 
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DOREMI Project /1 

• Decrease of cognitive decline, malnutrition and  
sedentariness in aging population 

• Development of a lifestyle management systems 
exploiting intelligent sensor networks to realize smart 
environment for context awareness 

• Activity recognition tasks in the context of health 
monitoring (e.g. balance quality, physical activity, 
socialization, … ) 

http://www.doremi-fp7.eu/ 

Decrease of cOgnitive decline, malnutRition and sedEntariness by elderly 
empowerment in lifestyle Management and social Inclusion 
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Conclusions 

• Intelligent Sensor Networks  integrate learning capabilities in WSN 

• Efficient RC paradigm for learning in sequential domains 

• General purpose software system for intelligent sensor networks 

• Advanced real world applications in the context of European projects 

• Versatile software tool for applications in AAL, HAR, health care, robotics 
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