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Internet of Things Roadmap Insiight Internet of Things and |46,
Vision for Convergence in ICT Technology Stream Processing Unit | loT

A bit of History... g tare  Software Software Distributed SemanticWeb

Introduction Development Solutions Complex  Super Hexa -Scale
Computing Computing

Context Pervasive  Oystems
Awareness : Grid
Computing Computing  Cloud Big Data
Computing Systems Analytics
Basic OS for : E?(p_terlt SO S t& Performance & Exchange &
: Communications gital systems . Efficiency Interoperability
Timeline 1980 1990 2000 2010
; : Software . Application T
\ : A4 :

Discovering

& Engineering Informatics Information

Inventions

b ardware ¢ Nefworking f Jemvice MOt SR
: : : Softwar%- Defined Management (SDM)
Analogical era : Childhood . Mature * Information Era Digital Intelligence Era
& _ : Of Digital Era : Of Digital Era . Technological : Technological Synthesis
Technological - Technological - Technological . Convergence 5 _
' : ' ' Bio-Networks

Social Networks
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Introduction " Immersion - Expansion
: Expert-Systems
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* Updated from Technology and Services Convergence Evolution Diagram, M. Serrano., 2008.

*M.Serrano 2014 OpenloT
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Cyber-Physical Systems Insight Internet of Things and |5,
Main Functions Representation
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loT / CPS Alligment
One Example in Manufacturing

Internet of Things / Cyber-Physical Systems

Smartness
Intelligent  Intelligent
Services  Objects

Knowledge-enabled
Devices

Smart-X
Applications

Reasoning Over Data

Smart

Semantic Virtual
Middleware Infrastructures
Analytics

Semantic

Technologies

Communication
Protocols

Sensor Networks
Technology
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Insight Internet of Things and
Stream Processing Unit

Manufacturing Domain

www.insight-centre.org

Automation * Self-configure for resilience

] ) * Self-adjust for variation
Configuration Management » Self-optimize for disturbance
Deployment Documenting
Orchestration Design

* Integrated simulation and synthesis
* Remote visualization for human
= Collaborative diagnostics and decision making

Logic-enabled

Optimization

Programming

* Twin model for components and machines

Adaptation * Time machine for variation identification and
\ memory

Protocol & b * Clustering for similarity in data mining

Technology

» Smart analytics for
* Component machine health
* Multi-dimensional data correlation

Organization

Scalability * Degradation and performance prediction
Functional

. s Plug & Play
Networking * Tether-free communication
Sensing & = Sensor network
Actuation

*5¢ Architecture for CPS “Big future for cyber-physical manufacturing systems” September 23, 2015
http://www.designworldonline.com/big-future-for-cyber-physical-manufacturing-systems/#_
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Insight: Internet of Things and | 6. )

Stream Processing Unit |_loT
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European Insight Internet of Things and
loT Communities Landscape (2017) Sereom Procsssing Unit

Alliance for the Internet of Things Innovation
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European loT Research Insight Internet of Things and | ;4

Time Line 2009-2020 Stream Processing Unit |_loT
2009 > 2012 > 2013 > 2014 > 2015 > 2016 > 2017 > 2018 > 2019 > 2020

D D TS JEEID R BN W XD X

Internet of Things Connected Integration Semantic Experiments Large Integration
Modeling Objects Platform Interoperability Ecosystems and Scale Pilots System Operatlng
for ;  Testbeds , of Systems , Systems
Platforms I I I (Platforms)

he .
Internet of
Things

reeneT B
THING. }7

Research and Experimental Facilities I Nov 2020
I

Sfl T y R Insight Centre for Data Analytics

IRELAND




Insight Centre for Data Analytics www.insight-centre.org

NUI Galway Insight Internet of Things and ’t)
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Data / Cloud / Stream Research Timeline  psight Internet of Things and

A vision beyond the hype Stream Processing Unit
Sofware Network Cloud Applications Edge Multi-Domain
Services Services Virtualization @ Economy Computing Transition

Static Data Query Data Stream Dynamic Deep Learning
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NUI Galway Insight Internet of Things and |4,
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Smart City
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Global Smart City Up Rising
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Internet of Things Current Status
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The Future of Smart Cities  inslght internet of Things and |16

Stream Processing Unit |__loT
Smart Technology Better Services
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The Future of Smart Galway  insight internet of Things and |:i.
Stream Processing Unit |_loT
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P rOjeCt VITAL www.vital-project.eu

The VITAL-OS Operating Systems for Future of Smart Cities
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VITAL-OS Management and Monitoring Tool

Real-Time Analytics by Complex Event Processing and Live Stream Data from the City

Bea VITAL-CEP Demo Traffic Monitering - My ASP.NET Application

vital:Running

Sensor: D100 Metroport
Sensor id : vital2-1_Tr5_402
Average Speed: 90 km/h
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Dr. Martin Serrano

<martin.serrano@nuigalway.ie> DCU
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VITAL-OS Monitoring and Legacy Integration
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The Open Source Cloud Solution for the Internet of Things

Insight Internet of Things ane
Stream Processing Unit

www.insight-centre.org
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P rOj ect O pen lOT www.openiot.eu

| "Hl,ln 3
'N‘-l =

rt C|t : r;
agreb, Croath 4,&

-Live'Data
Prdcessing for o __
Industries :

i

[P

Bty

Intelligent-Manufacturing
at Sensap, Athens@a@ggeece

r = - H?‘F Lo
= B - -
Sfl ENTERPRISE [t 7 Insight Centre for Data Analytics
| T B



Insight Centre for Data Analytics www.insight-centre.org

Smart City Visualisation Apps

Clustering algorithms simplifying visualization about big groups of people
P T =

.

Screen shots from the mobile
sensing app main menu
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Maobile sensing

Tracking crowds by collecting phone cation - & =
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Direction: 150.0°
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Simple and economic!

(Volvo Ocean Race 2012 prototype)
Real-time data collected from Real-time data collected from
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Linked Open Data nttp:/lod-cloud.net Insight Intemet of Things and

Stream Processing Unit
Using the Web to connect related data that wasn’t previously linked.
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Final Comments

Smarter Solutions then Intelligence for the City

o * Interoperability supporting a broad range of internet-
Interoperability for connected devices / objects / things.

loT Platforms  Automated configuration of filtering/fusion/reasoning
mechanisms for deployed IoT systems in the City

Fusion of Cloud « Support of cloud paradigms for internet-connected

Computing and loT objects | | -
Data Clouds « Enable user interaction, configuration, deploy, use loT
based services in the city.

 Auditing/Assessing Privacy and Security
 loT Applications in the Cloud
e Garantees of usage about the data from the city

Privacy and
Security

Oy
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Final Comments Insight Internet of Things and

loT Blockchain'

Stream Processing Unit
loT Security

= Data Security

Infoamation Asdurance .
Firy shwags Lsing Phrysieally Uncionabie Funchon [PUS)
Adwanced Cryplo Accelensiors

Licnesad Patert Prolecied DPAResistance Pass Brough Livense .

prbpetfr b R B A

Design Security

Rsistanca, NIST Carified Crypin

Secure Hardware Arcabarsizes Setire Suply Chsn
’ intemetofThings O T Stack
Business Level

©.. Smart Clty, Ineligent Manufacturing, M2M, CPS, Smart Appliances.

Platform Security

Application Level (+ domain specific)
0. Dublin Core, FOAF, SSN and OpenloT.

Network Security

Semantic Level Other knowledge base and
ontologies
Existing vocabularies (e.g., NCI, SSN-XG) .0, DEPedic, Goonarnes

Sensor Middleware Level Relationships: closeMatch, Virtual Sensor Level
exactMatch, broadMatch,
owl:sameAs, rdf:seeAlso narrowMatch, relatedMatch e.g. X-GSN

Physical Level (Device Standards)

e.9. IPv6, BLowpan, IETF CoAP

=I| Hardware Security

loT CAS B
Implementations
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Final COmmentS Insight Internet of Things and
Stream Processing Unit

Internet of Things — The Evolution

IEEE . The 10T is More Than Just Connecting
Internet of Things Devices: The OpenloT Stack Explained

Martin Serrano and John Soldatos, September 8, 2015

WEB of Things Business Level

e.g. Smart City, Intelligent Manufacturing, M2M, CPS, Smart Appliances.

GRAPH of Things
Application Level (+ domain specific)

e.g. Dublin Core, FOAF, SSN and OpenloT.
CLOUD of Things

Semantic Level Other knowledge base and
ontologies
Existing vocabularies (e.g., NCI, SSN-XG) e.g. DBPedia, Geonames

FOG of Things

Sensor Middleware Level Relationships: closeMatch, Virtual Sensor Level
exactMatch, broadMatch,

owl:sameAs, rdf:seeAlso rrowMatch, relatedMatch e.g. X-GSN
MIST of Things na atch, relatedMa g

Physical Level (Device Standards)
DEW of Things e.g. IPv6, 6Lowpan, IETF CoAP

i
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loT Stack Overall Existing Standards : "=
Summary Table Insight Internet of Things and | .
Stream Processing Unit |_loT

Application o
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y ! F.DF'5 I §
Data interchange:
ROF
CoAP to KNX (0561 Bundlg) XML
Session
Layer URI/TRI |
Example: GET coap://20040:1:0:1:KNX_HOST_ID/light fonoff=1
CoAP i s
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