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Are We Ready to Go Large-Scale?

NO!

Thank you for
yvour attention!
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Preliminaries: Terminology

" Cooperating Objects
" Smart embedded systems
" |nternet of Things

" RFID systems
" Cyber-Physical Systems
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Comparison to “normal” Internet

From Computer Desktop Encyclopedia
Reproduced with permission.
= 2000 The Computer hfuseum History Center
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Current Status of the Hype

expectations Internet TV

Activity Streams NFC Payment _
Wireless Power Private Cloud Computing
Social Analytics e { Augmented Reality
Group Buying ® '~ Cloud Computing
Garl'liﬁc:-ﬂliﬂn ] Media Tablet
30 Printing < ~—Virtual Assistants

Image Recognition
Context-Enriched Services
Speech-to-Speech Translation
| Internet of Things — 8
Matural Language Question Answering
Mobile Robots —

"Big Data" and Extreme Information /1

Processing and Management

L Gesture Recognition

O Mesh Networks: Sensor

Social TV

Cloud/Web
f Platforms

Hosted Virtual M

Video Analytics for Cyﬁtﬁmer Service
Computer-Brain Interface £
1

In-Memory Databaze Management Systems

Machine=to-Machine Communication Services

Location-Aware Applications
]

el
Speech Recognition

Predictive Analytics
)

Mobile Application Stores
Biometric Authentication Methods

Quantum Compuiing £ Desklops - Idea Management
| £ -
Human Augmentation ¥ WiRsallfands gﬁgﬁlrﬁ;r?gizn
3D Bioprinting
E-Book Readers
As of July 2011
Peak of
Technology Trough of Plateau of
; Inflated Slope of Enlightenment
Trigger Expectations Disillusionment Productivity
time -
Years to mainstream adoption: ——

Olessthan2vyears O 2toSyears @ Sto 10 years

A more than 10 years @ before plateau

Source: Gartner 2011
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u-Cities in Korea

" New Songdo City to be finished in 2014
= $25 billion approved budget

" Based on smart-cards, RFID technologies,
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New Songdo City

Y E R I 7777777
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Status of u-City Trials in Korea

O u-City trial projects activated in 22 cities
- 14 existing cities and 8 cities under construction
O Interoperability and over-construction problem

- Local province driven construction of u-City without common service model/standards

ong-In
u-ITS, u-Culture,

Hwasung/Dongtan

Sang-Am DMC
u-Business, u-ITS ...

Free Economic Zone

u-ITS, u-Home, u-GIS

(Song-do, Chung-la...) Oh-song
International Business u-FMS, u-ITS ...
el
[P —
Pusan
Daejeon u-Port, u-ITS, u-Home
u-R&D, u-ITS ... I ————
3] ) Test bed
eonju
u-Culture, u-Tour |:| Planning
: Design

Gwangju
u-Culture, u-R&D ...

Eu Jeju W

Telematics, u-Travel, 5
u-Environment...

Construction Started
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u-City: Conceptual Framework

Administration callliEasaR clfare

(i
i

Assets mgt/ Education

Facility 7

managem\t

Distribution/

Logistics

A

Traffic
Mgmt.

HOHSTng/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

= ~-o =

o e =g | S R ey e A
Tor 2 3

A high-tech intensive and advanced city

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

Increase quality of life

Makes management and maintenance easier and cheaper
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22@Barcelona

Infrastructure Barcelona

Municipal WiFi mesh network

For internal use, corporative services and to connect sensors and city elements

680 nodes 20 services
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Mobile Phones as Sensors

Citizen’s information Rome

Madonna Concert
Cellphone activity in Stadio Olimpico Rome
2006-08-06

!

Madonna appeared against a3 mirrore

MIT SENSEable City Lab

le phone calls distribution
Crowds management...

W nowa
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Research Roadmap on Cooperating Objects

" One of the main results of the
Cooperating Objects Network of
Excellence (CONET)

" First edition published by the
European Commission

Pedro José Marron

Stamatis Karnouskos

| Daniel Minder
Anibal Ollero Editors

:
| !

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 B
. prmgcr
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Short-term
Gaps and Trends: Overview —
Long-term
ImportanceA /
‘ Reliability & / \
. Robustness NEP

=

More important

/Tem):‘ Progr. Abstractions &

Micdleware
e i s>ystem Integraticn
| —

Localization ‘_
A};::r:;, S —
F‘
T —

D —

prauon of
Objects

Algorithms

MAC "

Data Processing

Operating Systems

Queryins

Less important

Clustering

Bandwidth
Estimation

/@ e\. 0
"

Short term

Long term

> Time
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Some Fundamental Challenges

® Hardware-related

" Energy harvesting

" Planning and Simulation
" |nstallation 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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Gaps and Trends: Hardware

Energy Harvesting

Energy Efficiency

H 1 (notimportant)
m 2
Sensor Calibration o 3
= 4
Sensors B 5 (extremely important)

Hardware Platforms

N
0% 20% 40% 60% 80% 100% Importance
€
8
S
[oX
: . . . : : g
: : : : : : 2
. . . . H @l <=5 years
: : : : : @ =10 years
c
. . . . . . g
| i i i i | :
0% 20% 40% 60% 80% 100% §
Short term Longterm
e . UNIVERSITAT
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Cooperating Objects Hardware

i lnboxes
Z Allinboxes
= MobileMe
= Yahoo!
= Exchange
Accounts
¥{ MobileMe

| Yahoo!
Vg 0500 9 A AN

European Center for Ubiquitous Computing L
and Smart Cities

Open-Minded



Example: TelosB

Battery not

shown

Functionality

Additional
USB connector to PC

Wireless communication Source: TelosB datasheet, moteiv
PCB
Antenna CC2420 Radio L .
Y 24CHz Additional ID device
SMA IEEE 802.15.4 compliant Silicon Serial ID
Coax SPI 7{0] 1-wire
4 6
A
SENsors Cantrollet
Humidity Power
Temperature /o SPI[0] P1[0,3.4] UART[O] 2,
Sensor P4[1,5,6] 2k 4 B
12[0] 2, _ =z
7 o5
PAR ADC[4] AIDC[0-3,6-7] /a 5, OF
o o+
Sensor TI MSP430 Microcontroller GIiIO 4 % _g’
TSR ADC[3] Rdset i
Sensor Uder
JTAG 8-pin JTAG_7,| | UART[T] Reset Sﬁ'” SVS 2-pin
2mm |IDC header 4 P1.1/P22 TCK 12C[0]  SPI[0] [SY{out IDC header
[ 72 G s . .
121 gl 1* [|Additional memory
RX/TX RTS/DTR ST Flash
JTAG USB 2.0 Write Protection| 1024k (2.7V)
UART/RS232
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Example Sensor Platforms

" TelosB (Crossbow) " [Mote2 (Crossbow)
® Texas Instruments MSP430, 8 MHz " Marvell PXA271 ARM
" Chipcon CC2420, 2.4GHz " TICC2420802.15.4 / ZigBee
= 10kB RAM compliant radio
" 48kB Program Flash * 32MB SDRAM
= 1MB external Flash " 32MB Flash

TelosB P

European Center for Ubiquitous Computing 19
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Power Consumption

Device Current Device Current

" Consumption depends on — ——
) 0

power mode of devices Active 7.6mA | Core 60 1A
Idle 3.3mA | Bias 1.38mA
" power safe modes of CPU ADC Noise 1.0mA | Rx 9.6 mA
i . Power down 116 pA | Tx (-18 dBm) 8.8mA
transmit power levels of Power Save 124 uA | Tx (-13 dBm) 9.8mA
radio Standby 237 pA | Tx (-10 dBm) 10.4mA
Ext Standby 243 uA | Tx (-6 dBm) 11.3mA
" different sensors | Tx (-2dBm) 15.6 mA
LED (each) 2.2mA | Tx (0dBm) 17.0mA
" Mica2 with CPU on and radio Tx (+3 dBm) 20.2mA
. . Sensor Board 0.7mA | Tx(+4dBm) 22.5mA
receiving draws 16mA Tx (+5 dBm) 96.0mA

" 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
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Energy Scavenging
[Paradiso, 2005]

" Light = solar cells: between 100 pyW/cm? (office desk) and 100 mW/cm?
(direct sun)

" Temperature gradients: 60 pW/cm? from 5K difference
" Acoustic noise: 0.003uW/cm? at 75 dB
" Vibrations: between 4 and 800 pW/cm3

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

" Air/liquid flow: T (2 S L das

'|'|_,|_n| -

1mW/Cm2 - - . .‘iljsl‘lur'lurj.- Comhb

Free I:Ii:an_l

Siationary Comb

UNIVERSITAT
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Some Fundamental Challenges

® Hardware-related

" Energy harvesting

" Planning and Simulation

" |nstallation 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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and Smart Cities

JNE DS B R G

Open-Minded



Gaps and Trends: Other

. . . . . . . 2
: : : : : | 4

0% 20% 40% 60% 80% 100% 4
Importance

Simulation Platf.

Standardization

£
[0
h=
o
Q.
E
o
o
=
Planning
£
8
S
Q.
E
7
(]
-
. . . . . . - {5 year‘s
: : : : : - O =10 years
[ I I I I 1
0% 20% 40% 60% 80% 100%
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Planning / Simulation

¥ ILoad Flow (1) / mali-civ oy =] B3|

Report Run Edit Fields Selection Draw Zoom View Mode Services Window Help
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Installation

" Not a computer science problem

" Tools are critical
" Maintenance is the key problem

" |ntegration with existing systems
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Installation
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Some Fundamental Challenges

® Hardware-related

" Energy harvesting
" Planning and Simulation

" |nstallation and System Integration

F Network Operation \

® Real-world conditions

" Amount of generated data
" Monitoring of the network

®  User interfaces

{ Repairing and network healing /
European Center for Ubiquitous Computing 5 NES’ :NUEIR;ITATU -
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Gaps and Trends: Systems

. : : : : : ; @ 1 (notimportant)
h ! . . . . N
\ . . . . g3 Importance
Programming Abstractions and Middleware _ m 4 )

: : : : : . @ 5 (extremely important) -
©

| T T T T | £
(] .

0% 20% 40% 60% 80% 100% S Progr. Abstractions
= & Middleware
. System Integration
!
Debugging & Management Tools

;
<]

S

Short term Long term
Debugging and Management Tools
System Integration B <5 vyears
W 5-10 years
Programming Abstractions and Middleware B =10 years

Operating Systems

‘ | ‘ ‘ o

0% 20% 40% 60% 80% 100%
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Gaps and Trends: Algorithms

Radio Resource Management
Cooperation of Mobile Objects
Data Storage

Data Processing

cuernny R = ¢ ot importan)
: : : : ‘m 2
: : : : - |4
v [ - | : : : : |
0% 20% 40% 60% 80% 100% . ] ; ; : : :
. cvering
g : : : : : . @ <5years
E : : : : : - @ =10 years
[0 . . .
§ Cooperationof Bandwidth Estimation
Synchronization Radio Resource Mobile Objects _
Management Routing
Localization
«‘ MAC
MAC
- : Data Processing L
= Routing Localization
5 : ‘
g Queryinz Synchronization
@ : ~ Data Storage : :
%3 Clustering | I I I I |
]
Bandwidth 0% 20% 40% 60% 80% 100%
Estimation |
> Time
Shortterm Longterm
PN . UNIVERSITAT
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Gaps and Trends: NFP

Heterogeneity

Security and Privacy

B 1 (not important)
Mobility [
= 3
Reliability and Robustness =4
@ 5 (extremely important)

Timeliness (throughput, delay, real-time)

Scalability
[ I I I I 1
0% 20% 40% 60% 80% 100% Importance |
Reliability &
- Robustness
3
_ _ _ _ _ _ 5 Security & Privacy
: £
Heterogencry | < s,
. . . . . . (=]
S -
: : : : : : Timeliness Mobility
vobirty | R = <5 years obrogeneiy
: : : : : - Bl 5-10 years
: : : : : : ‘é
: : : : : : §
i T T T T i L
> Time
0% 20% 40% 60% 80% 100% Short term Long term
— i ,_' =N UNIVERSITAT
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Network Operation

The Spirit of St. Louis (1927) Airbus A380 (2005)
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 <
: SIEGLER v‘ Wednesday, August 4th, 2010 ‘ 2 Comments

29 310 1.3

MILLION MEGABYTES EXABYTES

@ ®

Essessassatenty
P

L Today at the Techonomy conference in Lake Tahoe, CA, the first panel featured Google CEO Eric ®
Schmidt. As moderator David Kirkpatrick was introducing him, he rattled off a massive stat.

A COLLABORATION BETWEEN GOOD AND OLIVER MUN IN PARTNERSHIP WITH ish
Every two days now we create as much information as we did from the dawn of civilization up until

European Center for Ubiquitous 2003, according to Schmidt. That's something like five exabytes of data, he says. ;N:.}IEIR;”;TU e
and Smart Cities  Let me repeat that we create as much information in two days now as we did from the dawn of man D ESSEN

through 2003. .
. Open-Minded




User Interface Design

T'VE READ ABOUT IT'S CAUSED BY THE % HELL GET SO
. . . THIS. IT'S CALLED PERFECT STORM OF f| | FRUSTRATED THAT
[ U b iau |t ma ke S It h a rd SMARTPHONE BAD INTERFACE 3 HE'LL CONSIDER
q y INTERFACE RAGE, DESIGN, CHUBBY 5| \ SMASHING HIS PHONE.
2 FINGERS, AND POOR
SIGNAL STRENGTH. | [¢
" Milli f embedded devi § % 5
Iions or e edade evices 1 i
5 : M
, H
[ / ff ?
O n O b U ttO n . LFE‘E(?A :;'__;.__g S{C%\%E RUN AS FAST AS YOU BSS?PEEI%S Tl‘(l)EP
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'AND HELL BE TWICE DO SOMETHING. IT WILL TAKE YOUR  [cf| | | E0% OF Tluo EVILS
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\I/ '%
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Network Repairing / Healing

S

D
/

® Detection of borders and holes is crucial

2 NN NV NV N ST
VANAONANAY. <=
. . . . 4"\‘ k @ﬁ; N
" Non-intrusive monitoring needed _4 ~ B=1

&

e

R
s

5
VATV

S B S
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PLANET: PLAtform for the deployment and
operation of heterogeneous NETworked
Cooperating Objects

EU-FP7 Integrated Project

UNIVER
D UI

SITAT
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PLAtform for the deploy

and operation'of he

SEVENTH FRAMEWORK
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 U e g “

3. Planning and Pre-Deployment

O1: Design and development W ‘;e"i"y"‘e'““”‘“““;’;"I P Q

of the PLANET platform E
02: Methods for adaptive -
network deployment -
O3: Autonomous systems
fOI’ deployment 6. Diagnosis,-HeaIing and

Management
e

O4: Distributed network-centric
computing

O5: Security methods
O6: Validation DBR
O7: Validation Airfield

Cooperating Objects for Environmental Monitoring-Applications



PLAtform for the deploy

.
and operation'of he
SEVENTH FRAMEWORK
PROGRAMME EUROPEAN COMMISSION

PLANET Experimental Facilities

Environment: Critical infrastructures Other case study Scenarios

Dofana Biological Reserve and vehicles:
- Airfield Scenario

Saturn Scenario, Grand Challenge , UK
Bavarian forest monitoring

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.

Cooperating Objects for Environmental Monitoring-Applications



PLAtform for the deploy 7
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SEVENTH FRAMEWORK
PROGRAMME

PLANET Metadata

Integrated Project with number INFSO-ICT- 257649
Start: October 1st, 2010, End: September 31st, 2014, Duration: 48

months )
“D“'LV]“;S'ST“; A @ BOEING
EC approved funding: 4.9 Mio. € ESSEN
Total Budget: 6.95 Mio. € N, ;):
FLYING "/ SELEX GALILED ,fteEmil;teEngi
Partners: _

o 7 academic partners
o 5 industrial partners

Cooperating Objects for Environmental Monitoring-Applications




PLAtform for the deploy ment ?

andoperation'of heterGgENEOUS
NETwWorkedcoOpETating objects

PLANET Approach

2. Visualization, Modeling and *

, Simulation

1. Deployment Requirement

Specification on the area of Interest

h

3. Planning and Pre-Deployment

—
6. Diagnosis, Healing and
Management PLALGrm for the deployment
— and operation of heterogencous

NETworked 0000/ 2LNQ Oblects

—

Cooperating Objects for Environmental Monitoring-Applicati

. e — 39




PLAtform for the deploy 7

and operation'of he

SEVENTH FRAMEWORK

PROGRAMME EUROPEAN COMMISSION

PLANET Architecture

UserApplications
7Y

P LNy Requirement/ PLANET I_JLANET
\\8:4’}3 Application Related Planner Simulator

PLANET

Visualiser ) _ I l '

PLANET Control

PLAMET PLAMNET PLAMNET
Platform Platform Platform

Cooperating Objects for Environmental Monitoring-Applications



PLAtform for the deploy

and operation'of he

SEVENTH FRAMEWORK

objects PROGRAMME

Donana scenario

2.7 Landsat TM

N )7
‘ "" 25/5/2000

: f
Irrigated crops 7S S wh Wy B D
Stabilized
sand-dunes
(shrubland) Rice fields
Matalascanas
Temporar Nl aarch’ || R _
P o ) e . _L.Aquiculture
Ponds OO VR
: 4 i Irrigated
Active 8
© crops
Dunes P
Y " ’N'é;:‘
=7 %' B . £
e b, Pine Forests
P S % SRR .«Y
.. = v ¢ —
Pvuuﬁl D . MICTS de la Reserva e*e 4

SCSIC Biologica de Donana d@D*™
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Dofnana applications

Pollution monitoring
Monitoring of groups of animals
Analysis of transmission of diseases

Document of Grey Goose

Aerial stratification of bats and insects
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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.
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Pollution monitoring scenario

Scenario:

o Very large (km?2)
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

)

;Q" = 4
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Current Working Problem
© Deployment planning for pollution monitoring

Objectives

© Minimize the # of sensor
to achieve required
coverage

© Additional consideration:
geographical irregularity
of sensing events

0o
> Mash presentation approaches §;°o";’a
Q7>
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Pre-Deployment Strategies
Our goal

o To provide deployment planning strategies for the static
and mobile WSN applications to meet their requirements

with respect to sensing coverage, network connectivity and
data collection.

Two groups of pre-deployment strategies

o0 Ones for the static sensor networks

o Ones for the mobile sensor networks %— —

Cooperating Objects for Environmental Monitoring-Applications
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Pre-deployment strategies

Static WSN deployment Mobile WSN deployment
o Coverage o Waypoint planning + obstacles
o Connectivity o Dijkistra + TSP + SA

)

77
;Q" = 4

50



PLAtform for the deploy
and operation'of he

SEVENTH FRAMEWORK
PROGRAMME EUROPEAN COMMISSION

Biologists are interested in monitor certain groups of animals
Non-intrusive sensors can be mounted on horses

Ground data collection stations and UAVs can be used to gather the
data

r<
Horses positions can be tracked and logged to see where they live &
and when they move
03>
;Q = 4

[
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Environmental Monitoring

© Biologists are interested in the state of the environment:

o Spatial distribution of environmental factors (i.e. temperature)
o Temporal distribution of environmental factors

© Objectives:

o Take advantages of deployed WSNs
o Data Processing: Spatio/temporal interpolation of missing data
o Error estimation of gathered and derived values

02,
N YL
<Q\'"9J->
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Using a WSN for environmental monitoring

Pros Cons
© Easy and cheap to deploy Measurements are
© Easy and cheap to maintain © Sparse
© Possible to cover large areas ¢ Inaccurate
© Mobile measurements © Delayed
© Unreliable

© Timely discrete
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Approach

Schedule
Request > measurements

an Proc.
< 3 _
Response Storing

Adjust
WSN-conf

Cooperating Objects for Environmental Monitoring-Applications



PLAtform for the deploy ment

andoperation'of heterGgENEOUS
NETworkedscoBPpPETAting objects

Approach |

© Spatio-Temporal Interpolation:

o LMS

T
interpolation =——

95% confidence intervals

observations

o 1

o Kalman filters

o Kriging

o Bayesian Based Modelling
o Inverse distance weighting
o0 Regression

© Main Research Challenges:

o Distributed/Scalable interpolation
o Quality estimation
0 Query planning
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Comparison to “normal” Internet

From Computer Desktop Encyclopedia
Reproduced with permission.
22000 The Computer hduseum History Center

MNEFMet Physical Connectivity — April 7
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Lots of Hard Work Ahead

expectations Internet TV

Activity Streams NFC Payment _
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Are We Ready to Go Large-Scale?

Not yet but we are getting there!

Thank you for
your attention!




