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Motivation and Applications 
Introduction 

A. Cenedese 

Swarm robotics Smart Greenhouse Localization & Tracking 

Energetic Auditing & Building Energy Management Monitoring & Surveillance 
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Sensor Network Network Controlled Systems 

Networked Controlled Systems 
Introduction 

A. Cenedese 

Sensor and Actor Network (SAN):  
physically distributed dynamical systems interconnected by a communication network. 

Nodes are sensors (monitoring) and/or actuators (control). 

Plant Actuators Sensors 

Controller 

Classical architecture: 
Centralized structure 

A new control paradigm: 
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Packet loss 
Random delay 

Limited capacity 

Connectivity Interference 

Quantization 
Congestion 

Large scale distributed structure 
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Common Features and Research Issues 
Introduction 

A. Cenedese 

!   Distributed estimation and control 

!   Control under packet loss & random delay 

!   Sensor fusion 

!   Distributed time synchronization 

!   Coordination & Cooperation 

!   Complex model identification 

!   Sensor selection for identification 

!   Optimal sensor placement 

NETWORKED 
CONTROL  
SYSTEMS 

Software Engineering 
•  Layering abstraction for interoperability  

•  Embedded software design 
•  Middleware for NCS 

•  RT Operating Systems 

Computer Science  
• Graph theory  

• Distributed computation 
• Complexity theory 

• Consensus algorithms 

Communication Engineering  
• Comm. protocols for RT apps  
•  Packet loss and random delay 
•  Wireless Sensor Networks 
•  Bit rate and Inf. Theory 

Interdisciplinary research needed 
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Agent Networks 
Introduction 

A. Cenedese 

!   Usually small & cheap devices 

!   Computational/Control capabilities 

!   Communication & Memory 

!   Wired/Wireless communication 

!   Battery powered/Energy scavenging 

!   Sensors & Actuators 

…but not only these… 
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Network Abstraction 1/2 
Formalization 
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Network Abstraction 2/2 
Formalization 
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Camera Networks for Videosurveillance 
The Case Study 

A. Cenedese 

Paradigmatic Case study: 
!   High communication bitstream 

!   High sensitivity to performance 

!   Real-world scenarios with increasing number of agents 

The Surveillance Network realizes the SAN paradigm: 
!   “Dynamic” sensing: the sensors can be actuated  

and their parameters be tuned according to the dynamics of the scene 

!   Actuators: I/O signals to undertake RT actions 

The network architecture should guarantee: 
!   Dynamic area coverage according to operational needs. 

!   Flexibility in terms of space reconfiguration and personalized environment 

!   Scalability/expandability in terms of adding nodes/adopting new technologies 
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The Smart Camera/Agent 
Camera Networks 

A. Cenedese 

DSP FPGA HDD ETH I/O MOT 

Task Msg 

 
Resource Supervisor 

 
Event 

Detection Streaming Network I/O Data 

Message stack Event catcher Timer 

!   PTZ controller (nb: input and output) 

!   Streaming device (live and playback) 

!   Network controller 

!   I/O controller 

!   Event detection engine 

!   Mass storage controller 

The Finite Resource Agent:  
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A. Cenedese 

Distributed Control Issues 
Camera Networks 
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Rationale 
The Graph Building Problem 
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Case Study Scenario 

A. Cenedese 

The Graph Building Problem 
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Statement of the Problem 

A. Cenedese 

The Graph Building Problem 
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Hidden Markov Model (HMM) 

A. Cenedese 

The Graph Building Problem 
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HMM Associated Graph 

A. Cenedese 

The Graph Building Problem 
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The Forward-Backward Algorithm 

A. Cenedese 

The Graph Building Problem 
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The Baum-Welch Algorithm 

A. Cenedese 

The Graph Building Problem 
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The Splitting procedure 

A. Cenedese 

Topological Splitting 

Logical Splitting 

The Graph Building Problem 
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The Algorithm 

A. Cenedese 

The Graph Building Problem 
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Simulations 1/2 

A. Cenedese 

The Graph Building Problem 

Self-loop allowed 

No self-loop 
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Simulations 2/2 

A. Cenedese 

The Graph Building Problem 
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A.Cenedese , R.Ghirardello, R.Guiotto, F.Paggiaro , L.Schenato , 
On the Graph Building Problem in Camera Networks, submitted to NECSYS10 
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Rationale & Assumptions 
The Task Assignment Problem 
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Modeling 1/2 
The Task Assignment Problem 
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Modeling 2/2 
The Task Assignment Problem 
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The State Space 1/2 
The Task Assignment Problem 
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The State Space 2/2 
The Task Assignment Problem 
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The Stable Marriage Problem 
The Task Assignment Problem 
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The Stable Marriage Problem Revised 
The Task Assignment Problem 
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Performance Metrics 
The Task Assignment Problem 
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Simulations 
The Task Assignment Problem 
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A.Cenedese, F.Cerruti, M.Fabbro, C.Masiero, L.Schenato,  
Decentralized Task Assignment in Camera Networks, submitted to CDC10 
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The Coordination Problem 
The Coordination Problem 

A. Cenedese 

event event 
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Problem Formulation 
The Coordination Problem 
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Optimization Problem 
The Coordination Problem 
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Optimal Solution 1/2 
The Coordination Problem 
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Optimal Solution 2/2 
The Coordination Problem 
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The Distributed Model 1/2 
The Coordination Problem 
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The Distributed Model 2/2 
The Coordination Problem 
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Simulations 
The Coordination Problem 
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M.Baseggio, A.Cenedese, P.Merlo, M.Pozzi, L.Schenato,  
Distributed perimeter patrolling and tracking for camera networks, submitted to CDC10 
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Related Projects 

A. Cenedese 

!   FeedNetBack - Feedback design for wireless networked systems.  

  EU STREP Project ICT Call 2 FP7-ICT-2007-2, 2008-11 

!   SIMEA: Integrated/Distributed System for Energetic and Environmental Monitoring. 

 Funded by Regione Veneto, 2010-2012 

!   Localization and tracking sensor network system.  
Funded by Regione Veneto, 2010 

!   WISEWAI - Wireless Sensor networks for city-Wide Ambient Intelligence.  
Funded by CaRiPaRo Foundation, 2007-2010 

 

!   Enhancement on Magnetic Diagnostics. UKAEA-JET (UK).  

 Funded by EU EFDA-JET, 2004-07 

!   Smart Environments: event interpretation, sensor reconfiguration, multimodal interfaces  

 Funded by Italian Ministry of University and Research , 2007-09 
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