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Overview

A. From passive Sensors to Smart Sensor Nodes
B. The interdisciplinary approach: The design of Sensorial Materials

C. Smart Sensor and Mobile Networks: Metrics, Features, Capabilities,
Challenges

D. The Internet-of-Things and Sensor Networks

E. Distributed Computing, Big Data Processing, and Clouds
From the "Internet of Things" to the "Sensor Internet”

F. Architectures and Models for Distributed Computing:
The Mobile Agent, Multi-Agent and Self-organizing Systems

G. Use Cases: Structural Load Monitoring - Distributed Earthquake Moni-
toring with Ubiquitous Devices and Agents - Cloud Manufacturing
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A. Sensor Data Processing: Functional Flow

»  Functional representation of software components in a Sensor Network
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[McGrath et al., ST, 2014]

6 Stefan Bosse - Industrial Agents and Distributed Agent-based Learning



A. Computational Power and Complexity

»  Traditionally software is executed on computers with high computational
power and memory capacity.

»  Approximation: (Computing Power x Storage Cap.) ~ Size
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[Left: Warneke et al., Smart dust: Communicating with a cubic-millimetre computer, Computer, 2001]
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A. Algorithmic Scaling

»
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Common algorithms used in Sensor Networks and sensing applications
are characterized by their

» high data dependency,
» high algorithmic complexity, and

» restricted distribution capabilities. ] l‘ . !

Local Local Global Global
static dynamic static dynamic

Data Dependency Classes

Integration of computing in technical structures or devices equipped
with embedded systems requires:

Down-scaling of algorithms and methodologies towards distributed
processing networks with low-resource platforms.
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A. Smart Sensor Node
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B. The interdisciplinary Approach: The Design of
Sensorial Materials

FEEE

E. Croas:

Mal Res. Bull 13 (1878) 525-538

R. E. Nesmham, D. P, Skinmed, L.
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B. Material-integrated Sensorial Systems

»  Material-integrated Sensing

Smart Sensing Products
Tangible User Interfaces

»  Material-integrated Sensor Sensing Objects
Networks

» Interdisciplinary Design Ap-
proach

»  Broad diversity of Applications

»  Improvement of Quality-of-
Service

» |Improvement and Extension
of Capabilities

» Improvement of Robustness
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B. Sensorial Materials

»  Sensorial Materials are material-integrated Sensor Networks embedded
In technical structures

Sensor Network
Sensor Node
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[Bosse, DOI:10.1109/JSEN.2014.2301938, 2014]
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B. Sensorial Materials: Smart Dust

Autonomous Sensing, Computing, and Communication System Unit

»  New Microsystem and Microfabrication technologies enable the integration of
Sensors, AD Conversion, Digital Signal Processing, Energy Harvesting, and
Communication in the mm?3 scale!
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[Warneke et al., Smart dust: Cummunicafing with a cubic-millimetre computer, Computer, 2001]
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B. Sensorial Materials: Enabling Technologies

»  Chip-on-Wire and Foil-to-Foil processes are promising enabling technol-
ogies for Smart Sensorial Materials

»  One- or two dimensional network topologies
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[Left: IMEC, Right: www.project-interflex.eu]
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B. Sensorial Materials: Enabling Technologies (cont.)

»  Print technologies can be used to print electronics, sensors, energy stor-
age, displays, and interconnect structures on free form shapes!

»  But comparison of printed and conventional semiconductor processes
shows currently still significant differences
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[Left: http://storify.com/Gotlenn/printed-electronics-1]
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C. Smart Sensor and Mobile Networks

@@
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C. Sensor Networks: Terminology and Features

Nodes, Devices, Processing, Data, Communication, Messaging, Storage
» Sensor Networks are composed of interacting autonomous nodes
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C. Sensor Networks and Integration: Challenges

»  Power Supply and Power Sources
»  Communication Technologies
»  Dynamic Network Structures

»  Autonomous Node and Network
Behaviour- Self-Organization

» Real-time capabillities

»  Reliability: Dealing with Failure/Loss
{Sensor, Node, Link, Msg., Network}

»  Security, Privacy, Data Ownership
»  Durability - Long term operation

»  Environmental and Bio-Human
Compatibility!
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C. Sensor Networks and Communication Technologies

»  Scale offered by Wireless Communication Technologies: Meter Range
»  Scale required by Material-integrated Systems: Millimetre Range
B

WLAN

Nominal Range

+« WPAN ==

[McGrath et al., Data Rate
ST, 2014] (Mbps)
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C. Mobile Networks

»

»
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Sensor Clouds, Pervasive and Ubiquitous Com-

puting pose a shift from static network to dynamic '“(
mobile computing O
Key Features:

» Adaptability
» Ad-hoc Connectivity
» Hardware Abstraction Layer (HAL)

Constraints of Mobile Computing Environments:
Resources Mobile devices are more resource-poor than their static counterparts

Reliability Mobile devices are less secure and reliable
Connectivity Mobile connectivity can be highly variable
(ad-hoc, bandwidth, latency, reliability)
Identification Mobile devices support ad-hoc connectivity with random identities
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D. The Internet of Things and Sensor Networks
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D. The Internet-of-Things

»  The Internet-of-Things connects Sensor/Actor Networks to the Internet
»  Distributed Service, Computing, and Storage Architecture = Clouds

»  Collection of Things: Consumer Goods, Industrial Devices, Machines,
Sensors, Sensorial Materials, Smart Dust, ..

Traditional Internat l

=
W o
3 billion to &
billion devices #
Internet of Things

700 billion 1o 1 trillion
devices

[DaCosta RtloT, 201 3]
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D. Wide Area Wireless Sensor Networks

»  Large Scale Monitoring of bridges and buildings, Load/Health Monitoring

of large structures (Wings), Earthquake Monitoring
[McGrath et al., ST, 2014]
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