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Preliminaries: Terminology

® Cooperating Objects

® Smart embedded systems
" |nternet of Things

= RFID systems
® Cyber-Physical Systems
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Vision of the Internet of Things
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Comparison to “normal” Internet

o Computesr Duskio Encyeiopeda
Fuprrahucad wth paerrigscs,
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(o]
()

European Center for Ubiquitous Computing
and Smart Cities

Current Status of the Hype

Internet TV

NFC Payment

Private Cloud Computing
Augmented Reality
Cloud Computing

expectations
Activity Streams

Wireless Power:

Social Analytics

Group Buying
Gamification

30 Printing

Image Recognition
Context-Enriched Services.

Virtual Assistants

In-Memory Database Management Systems

Gesture Recognition

Machine-to-Machine Communication Services

Matural Language Question Answering
Mobile Robots

"Big Data" and Extreme Information
Processing and Management

Mesh N 5 gt
lesh Networks: Sensor Location-Aware Applications

Speech Recognition

Social TV Predictive Analytics

Cloud/Web

Platforms Mobile Application Stores

Biometric Authentication Methods
Idea Management

QR/Color Code
Consumerization

E-Book Readers

Video Analytics for Cnl.vstemer Service
Computer Brain Interface.
Quantum Computing,

|

Hosted Virtual
Desktops

Virtual Worlds

Human Augmentation
3D Bio ng:

As of July 2011

Peak of

Technology Trough of Plateau of
Trigger Ex;’;‘é‘g’:ﬁ"s Disillusionment Slope of P ity
time ¥
Years to mainstream adoption: obsolete

Olessthan2years O 2to5years ®@5to10years A morethan 10 years @ before plateau

Source: Gartner 2011
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u-Cities in Korea

® New Songdo City to be finished in 2014

B $25 billion approved budget

® Based on smart-cards, RFID technologies,
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Status of u-City Trials in Korea [ 8

4 u-City trial projects activated in 22 cities
- 14 existing cities and 8 cities under construction
U Interoperability and over-construction problem
- Local province driven construction of u-City without common service model/standards

Hwasung/Dongtan
u-ITS, u-Home, u-GIS

Sang-Am DMC

u-Business, u-ITS ...

Free Economic Zone
(Song-do, Chung-la...)
International Business

Oh-song
U-FMS, u-ITS ...

Pusan

Daejeon N u-Port, u-ITS, u-Home
u-R&D, u-ITS ...
J . :I Test bed
u-CuItﬁg:lL:J-Tour I:I Planning
. : Design
U_CuﬁﬁéﬂﬂiD : Construction Started
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Telematics, u-Travel, E

u-Environment... [r———
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u-City: Conceptual Framework @?ﬁc

Administration

ry

Assets mgt/
Biz

Distribution/
Logistics

Traffic
Mgmt.

- ==l -
Housing/Complex Environment

BcN, FTTH, GPS, UWB, Bluetooth, Zigbee, SoC, RFID, MEMS, Embedded SW,
IPv6, Cryptograph /Security
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22@Barcelona

Smart City concept

I by

A high-tech intensive and advanced city

Connects people, information and city elements using new
technologies as: RFID, USN, BeN, w-Lan, ...

Increase quality of life

Makes management and maintenance easier and cheaper

European Center for Ubiquitous Computing

11
and Smart Cities
22@Barcelona P‘r?c
u&iy.,,
Infrastructure

Barcelona
Municipal WiFi mesh network
For internal use, corporative services and to connect sensors and City elements
680 nodes 20 services

2
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Mobile Phones as Sensors 3@5

Citizen’s information Rome

MIT SENSEable City Lab

and Smart Cities

® One of the main results of the
Cooperating Objects Network of .

Excellence (CONET) Pedro José Marron
Stamatis Kamouskos

" First edition published by the i S
European Commission

The Emerging Domain
® Updated every year

of Cooperating Objects

® State of the art for Cooperating
Objects

® Current gaps and trends

® Main research topics and

predominant work areas &) Springer
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Gaps and Trends: Overview

Short-term

BT,
Medium- to
Long-term

4
Importance

Reliability &
Robustness

More important

Localization

1on of

‘ Objects

e
Data Processing

Opetrating Systems

Queryine_

Less important

Clustering

Bandwidth
Estimation

Short term

Long term

>  Time
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Some Fundamental Challenges

® Hardware-related

" Energy harvesting

® Planning and Simulation

Installation and System Integration

Network Operation
" Real-world conditions
" Amount of generated data
®  Monitoring of the network

= Userinterfaces

® Repairing and network healing
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Short-term

T WAL

Gaps and Trends: Hardware

Medium- to
Long-term

Enargy Harvesting
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L IEd
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Sanos {extremely important)
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Enrpy Efin
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| =10 years
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Short term Long term
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Example: TelosB
Wi reless communication Source: TelosB datasheet, moteiv
PCB
Antenna CC2420 Radio . |
Y 24GH Additional ID device
SMA EEE 302 9.4 [ Silicon Serial 1D
Coax sP o 1-wire
T 3
sensors cantrollef
Humidity Power
Temperature "o SPi[o] Mlo.34] RT[0} 2,
Sensor Pa[1,56] bl -
= =0
AR ADC[4] ADCI0-36-7] 6 §§
Senor TIMSPA30M Sho Y |&a
TSR ADCI5) Refset F
Sensor Her
ITAG &-pin I 46 1| | uarmn reset Fisin Vs zpin
2mm IDC header P22 TCK I1ECio]  SPifo] [SYSout | iDC header
Battery not 2 2 E 4 | Additional memory
shown RK/TX RTS/DTR S Fadi
1TAG USB 20 Write Protection 1024k (2.7V)
.. UART/RS232 [T
Add|t|0na| Functionality
USB connector to PC
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Example Sensor Platforms

o,

" TelosB (Crossbow)
® Texas Instruments MSP430, 8 MHz
" Chipcon CC2420, 2.4GHz
" 10kB RAM
= 48kB Program Flash
= 1MB external Flash

TelosB e

" |Mote2 (Crossbow)
" Marvell PXA271 ARM

® T CC2420802.15.4 / ZigBee
compliant radio

= 32MB SDRAM
® 32MB Flash

Imote2
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Energy Scavenging

N,
[Paradiso, 2005]

® Light - solar cells: between 100 pW/cm? (office desk) and 100 mW/cm?

(direct sun)

® Temperature gradients: 60 uW/cm? from 5K difference
®  Acoustic noise: 0.003uW/cm? at 75 dB

® Vibrations: between 4 and 800 pW/cm3

® Pressure variation (piezo-electric): 330 uW/cm? from the heel of a shoe

= Air/liquid flow:
1mW/cm?

Free Heam

Tam

Tum

1T S00um depth

- -

Stabonary Comb

Free Beam

Sutonary Comb
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Power Consumption idh
| [Landsiedel, 2005] |

. Device Current ( Device Current |

® Consumption depends on — T RadloGOOMED |
power mode of devices Active 7.6mA | Core 60 A
Idle 3.3mA | Bias 1.38 mA
= power safe modes of CPU ADC Noise LO0mA | Rx 9.6 mA
) Power down 116 pA | Tx (-18dBm) 8.8mA
® transmit power levels of PowerSave 12444 | Tx (-13dBm) 9.8mA
radio Standby 237 A | Tx (-10dBm) 10.4mA
Ext Standby 243 pA | Tx (-6dBm) 11.3mA
= different sensors | Tx(-2dBm) 15.6 mA
LED (each) 2.2mA | Tx (0dBm) 17.0mA
® Mica2 with CPU on and radio | Tx(+3dBm) 20.2mA
.. Sensor Board 0.7mA Tx (+4dBm) 22 5mA
receiving draws 16mA Tx (+5 dBm) 26.9 mA

® With standard batteries (2500mAh) it could run for 6.5 days
= use of sleep modes, turn off radio, sensors, ... if possible

= process (i.e. compress, aggregate) data before transmitting

European Cen::; f;::'" Lalr!;ité;iit:;us Computing 21 ﬁ :;;.Lﬁ:s:;;u e
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Some Fundamental Challenges

® Hardware-related

® Energy harvesting

® Planning and Simulation

Installation and System Integration

® Network Operation
® Real-world conditions
= Amount of generated data
®  Monitoring of the network
® User interfaces

® Repairing and network healing
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Gaps and Trends: Other

Short-term

LI
Medium- to
Long-term

1 fnat important)

l o

Tastbad and Simulntan Plstfonms

=
|
®3
L}
|
Modahing and Planning

4
5 (extremaly smporiant)

Importance

Testbed&
Simulation Platf.

Standardization

Modeling&
Planning

Standardization Shortterm Long term
B <5 yeors
Testhed and Simulation Platiorms B 5-10 years
B =10 yoars

Madeling and Planning

|| | | Less important More important

[ 0% 0% 0% 80% 100%
European Center for Ubiquitous Computing 2
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Planning / Simulation

® Topology constraints

® Coverage of the area
® Sensing range # communication range

® Change in environmental conditions
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. . » A e & 0 s
Pt PR -t A e - B e
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Installation

® Not a computer science problem
® Tools are critical
® Maintenance is the key problem

® |ntegration with existing systems

European Center for Ubiquitous Computing 2
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Installation

European Center for Ubiquitous Computing
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Some Fundamental Challenges

® Hardware-related
" Energy harvesting
® Planning and Simulation

® |nstallation and System Integration

ﬁ Network Operation

® Real-world conditions

® Amount of generated data
®  Monitoring of the network

® User interfaces

{ Repairing and network healing
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Gaps and Trends: Systems

Medium- to
Long-term

Tl
B | ot mmporiant)
.
|3 1
e
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mintegration

7
Debugging & Management Tools.
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Time
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systomnisorovon | - ..
N N - W 5-10 years
T T T T T 1
0% 20% 40% 60% B80% 100%
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Gaps and Trends: Algorithms
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Gaps and Trends: NFP

Short-term

T

Lon

Medium- to

g-term

Hataragenaty

Soeunty wod Provacy

Hdestabtityy

Figabaity s Padummens

Tanaknoss fitaoughpul, dobyy, real-tima}

EEoER

1
..I

{ned impaortant)

5 (uxtromely important)

% i) 40% % 80% 100% Importan: 1 = e —
Reliabiity&
_ Robustness
§
£ Security & Privacy
g
- 2 - ———
Scalabili
é calabilty cy
Timeliness Mobility
i B 5-10 years
s
3
4
f T T T T
e 20% 40% B0% Bl% 100% Short term Long term
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Network Operation f?@c

47

The Spirit of St. Louis (1927)
Source: www.charleslindbergh.com
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Main Limiting Factors of Ubiquity

Eric Schmidt: Every 2 Days We
Create As Much Information As We
Did Up To 2003

MG il 1
FSI!ELER | Wednesday August 4tn 2010 | 2 Comments

23 310

MILLION MEGANYTES

1.3 723

EXABYTES ITEME

e o

Tooay st the Techenemy conferznce in Laks Tahos, CA, the first panel featured Gaogle CEO Erie L
Schmidt. Ay moderatcr Daved KInpatrick was Inracucing fem, e ratlled of 3 massie stat M

vty ta days now we créale @s much information s we did fram the dawn of chilzatian up il
European Center for Ubiquitous 2043 accarding ta Schmidt. That's samething like five exabytes of data, he says.

and Smart Cities  Let me rapaatthat we creats as much Informatian in twa days Now a5 we did fram te daan of man ’

traugh 2003 P it

User Interface Design

HELL GET 50
FRUSTRATED THAT

® Ubiquity makes it hard _ g ST | [ oS

= Millions of embedded devices| |

® On/off button? TR
BLST YOU CAN HOML

SRR
15 THE i

[
o e —
-
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and Smart Cities

1501 15000

17



Network Repairing / Healing

® Detection of borders and holes is crucial

]
E-g

® Non-intrusive monitoring needed

X

A
LA

=T
s
X[

T NAT LA S
NS
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PLANET: PLAtform for the deployment and
operation of heterogeneous NETworked
Cooperating Objects

EU-FP7 Integrated Project

European Center for Ubiquitous Computing 'I-;hu-'EIF:;";JU R G
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@2 A BIEAtform for the deploy

and/operation’of he

p 1 a l I e t PROGRAMME EUROPEAN COMMISSION

PLANET Objectives and Approach

The design, development and validation of an integrated platform to enable the
smarter deployment, cost effective operation and maintenance of large scale
complex systems of heterogeneous networked Cooperating Objects, including
Wireless Sensor and Actuator Networks and mobile objects.

Objectives ’ il i et ot g

O1: Design and development
of the PLANET platform

02: Methods for adaptive
network deployment

0O3: Autonomous systems
for deployment

1 Py s P Depheymert

4 vilkdatn sl Oy

O4: Distributed network-centric r<
computing &
O5: Security methods
06: Validation DBR L
O7: Validation Airfield <Q P
Cooperating Objects for Environmental Monitoring-Applications 37

2l o
& y . PLAtform for: the deploy!
and/operation’of he

planet nemwor -

PLANET Experimental Facilities

Environment: Critical infrastructures Other case study Scenarios

Dofiana Biological Reserve and vehicles:
Airfield Scenario

Saturn Scenario, Grand Challenge , UK
Bavarian forest monitoring

il ] F - - !

Declared World Heritage Site in
1994. Part of the EU Large
Scale Facilities.

New UAV airfield facility (4.1 M
euros) for Air Traffic Management
and UAV experimentation.

rd

Cooperating Objects for Environmental Monitoring-Applications
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PLAtform for the deployment o
and/operation’of heteGHENELUS -
p ]. d n =] t NETWorked copPeElatinulokjects

PLANET Metadata

© Integrated Project with number INFSO-ICT- 257649

© Start: October 1st, 2010, End: September 31st, 2014, Duration: 48

months UNIVERSITAT
- _ L R @saflmf
© EC approved funding: 4.9 Mio. € ESSEN
© Total Budget: 6.95 Mio. € N, -3\:
FLYING "7/ SELEX GALILED / e
© Partners: C A o

LAIVENSTA Dl P

-
ENot=] (ol

O 7 academic partners
o 5 industrial partners

Cooperating Objects for Environmental Monit

PLEAtform forrthe deployment
and/operation'of heteGHENELUS ]
p 1 dniRe t NEIWOrKed cepPETanit onjects > rochie ™ R —————

PLANET Approach

* 2. Vinalization, Madeling and .

Sanubation

1. Deployment Reguirement
Speecalication on e area of nteret (5
AL v g

3. Flarming and Pré-Deployment

-
. Diagnosds, Healing and

Management

& Lage-scabe Deploymient I r P;‘ ‘: hE
—- & LM =, i r<
== ; ;
; K )
(s
“ o & %472
RS <Q'g>

Cooperating Objects for Environmental Monit
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RPIEAtform forrthe deploy

and/operation’of he

PROGRAMME

PLANET Architecture

UserApplications
e PLANET PLANET

Requirement/ :
Application Related Planner Simulator

Visualiser

PLANET Control

PLANET PLANET PLANET
Platform Platform Platform

Cooperating Objects for Environmental Monitoring-Applications

EUROPEAN COMMISSION
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PIEAtform forrthe deploy

Landsat TM
25/5/2000
Irrigated crops
Stabilized
sand-dunes
(shrubland) Rice fields
Matalascafias
Temporag Aquiculture
Ponds
Active Irrigated
Dunes S £10ps
“24_ Ppine Forests
& 0 .
= = K s

Cooperating Objects for Environmental Monitoring-Applications

EUROPEAN COMMISSION

* )

a’
Y\ K

42
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PROGRAMME EUROPEAN COMMISSION

Dofiana scenario

Seasonal Permanent

27

Cooperating Objects for Environmental Monitoring-Applications
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PLAtform for the deployment

and/operation’of heteGHENELUS
p ]. die t NEIWoOTrKed SopPEiatiic R ECts

ICTS Infrastructure at Doflana

Cooperating Objects for Environmental Monit

PLEAtform forrthe deployment
and/operation'of heteGHENELUS
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Dealing with Real-World Factors
© Node Grouping approach

o Suboptimal solution:
¢ Ensure a level of performance for
data collection
* Nodes grouping: UAV collects groups
of WSN nodes
¢ Consider UAV constraints and wind
disturbances for UAV planning
o Trajectory computation is
divided in two steps:
¢ Grouping of deployed nodes defining
UAV collection zones
¢ Computation of robust UAV trajectory
to traverse the collection zones

Cooperating Objects for Environmental Monitori

2l o
) .. PLAtform for: the deployment
and/operation'of heteGHENELUS

p 1 d I"I e t NEIWoOrKed copPEiatit oRJECts

N7,

< >
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EUROPEAN COMMISSION

planet e

Dofiana applications

Pollution monitoring

Monitoring of groups of animals
Analysis of transmission of diseases
Document of Grey Goose

Aerial stratification of bats and insects

Cooperating Objects for Environmental Monitoring-Applications

. o
& y .. PLAtform for: the deploy!

and/operation’of he

p 1 a n e t NEIWoY: ] S [E—

Pollution monitoring application

These situations could be:

o Episodes of water pollution by pesticides
from agricultural activities in the
environment: heavy metals, nitrates,
phosphates...

o Untreated water from nearby towns to the environment.

o Toxic algae blooms, which can cause mass mortality of fish
and birds.

?1\

)22
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’Oy e, BlLAtform forrthe deploy o
and/operation’of he j— .
p lanet :

Pollution monitoring scenario

Scenario:

o Very large (km?)
o Difficult accessibility (marshland)
o Global information as well as detailed information

PLANET functionalities:

o Surveillance with Unmanned Aerial Systems

o WSN deployment with Unmanned Aerial Systems

o WSN data collection with Unmanned Aerial Systems
o Pollution sampling using Unmanned Aerial Systems

Cooperating Objects for Environmental Monitoring-Applications

)

27
-Q" >

51

Comparison to “normal” Internet

o Computesr Duskio Encyeiopeda

Fuprrahucad wth paerrigscs,
000 The Comgnter Maseuem Hitiery Cantar

m NSFMet Physical Connectivity - April 87

)
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Lots of Hard Work Ahead

Internet TV

NFC Payment

Private Cloud Computing

Augmented Reality

Cloud Computing

Media Tablet

Virtual Assistants.

In-Memory Database Management Systems
Gesture Recognition

Machine-to-Machine Communication Services

Location-Aware :;;mszr_
Speech Recogs

Predictive Analytics

expectations
Activity Streams

Image Recognition

Context-Ennched Services
Speech-to-Speech Translation

Internet of Things

Natural Language Question Answering
Mobile Robots

"Big Data” and Extreme Information
Processing and Management

Mesh Networks: Sensor

Social TV

Cloud/Web

Platforms Mobile Application Stores

Biometric Authentication Methods
Idea Management

QR/Color Code
Consumerization

E-Book Readers

Video Analytics for Customer Service
Computer-Brain Interface,
Quantum Computing,

Hosted Virtual
Desktops

Virtual Worlds

Human Augmentation
3D Bioprinting

As of July 2011

Peak of

Technology Trough of Plateau of
Trigger Ex;llnefcI:;:i%na Disillusionment Slope of P ivil
time L
Years to mainstream adoption: obsolete

Olessthan2 years O 2to5years ®5to10years A morethan 10 years @ before plateau

Source: Gartner 2011
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Are We Ready to Go Large-Scale? ffiﬁ!l-_

Not yet but we are getting there!

Thank you for
vour attention!
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