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..- AND WHY WE CALLED
IT AN ECOSYSTEM




4G Americas / 4G Mobile Broadband Evolution: 3GPP Release 11 & Release 12 and Beyond / February 2014
Global Mobile Device Growth by Type

2017
Device
Share
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12,000 Other Portable Devices .9%
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Millions of Mobile-Connected Devices
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VOLUTION OF CELLULAR

NETWORKS
IS-95 ===== CDMA 2000
CDMA
1X-DO \
ANALOG — [>-136 TDMA/CDMA
FDMA TDMA \ / OFbM
AGLOBALTNlTlATl:E g GSM ————— EDGE — UMTS
TDMA TDMA CDMA
1G 2G 2.5G 3G 4G

CDMAone->CDMA2000
EGDE: Enhanced Data Rates for GSM Evolution
UMTS:Universal Mobile Telecommunications System (W-CDMA)



(SOME) KEY TECHNOLOGIES

HIGHER ORDER
MODULATION AND
ADAPTIVE MODULATION

MULTIPLE ANTENNA MULTI-FLOW/CELL
SYSTEMS, MIMO SYSTEM

DSP
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SVIORE THROUGHPUT IN NEAR
FUTURE!

k)
9095309 9NISSETISINIRNIUNIIST fg

IR LT S

Release 11+ v
0
Release 10 672 Mbps F
J
Release 9 6
40 MHz >
4x4 1]
M IMO <
i Release 7 20 MiHz 0
2x2 MIMO 0
Mbps 10 MHz T
2x2 MIMO Z
10 MHz 0]
No MIMO
5MHz Release 11+ x
2x2 MINMO 1]
S MHz Rele 9 n-
No MIMO — Mops E
Release 7 1]
| Mbps m
Release 6 e k =
=M 10 MHz T
bps =

840AM ;
10 Mz MIMO Z
16QAM n

S MHz
160AM Z
5 MMz S
QPSK 0
X
TR

2013 2014 2015 ‘ 2016+
) Dual-Carrier MultiFl HSPA+ HetNets&UL Enh.
O s Mo ® Doat Carier e G;’::jf Bands® [P0 DTN @ U T i Mot Carer ® WCDMAS SUMTS

Rel-9 Re-10 Rel-11 Rel-12 & Beyond

HSPA+ HSPA+ Advanced

DL: 42 Mbps' DL: 84 -168 Mbps? DL: 336+ Mbps*
UL: 11 Mbps UL: 11 Mbps UL: 23 Mbps? UL: 69+ Mbps*

Rel-12

WCDMA VFVCDMA+
Tees up resources

FROM QuALCOMM QREE=y: Reimble, Ubsquitous Voice for HSPA+ data




WIRELESS REGIONAL
AREA NETWORKS

uses white spaces in the television (TV)
frequency spectrum.

using cognitive radio (CR) techniques to
allow sharing of geographically unused
.o gl spectrum allocated to the television
54862 MHz . broadcast service.

35GHz 5CHz A\ W/75Y
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EVERYTHING, EVERYWHERE

Take into
account that in
a near future,
we will have
more
throughput with

our mobile
wireless
devices than
our wired home
internet access
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. WIRELESS AUTONOMOUS
g SENSOR

0 WIRELESS SENSOR NODES OR EMBEDDED LINUX

STILL REMAIN THE MAIN |IOT
PLATFORM

DEVELOPMENT

O IN GENERAL: LOW COST, LOW POWER (THE BATTERY
MAY NOT BE REPLACEABLE), SMALL SIZE, PRONE TO
FAILURE, POSSIBLY DISPOSABLE

Battery

Data Storage

13



MICRO-CONTROLLER VS
MICRO-PROCESSOR
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J ADDED COMMUNICATION
0J ACTIVE COMMUNICATION
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IEEE 802.15.4

LOW-POWER RADIO IN THE 2.4GHz BAND
OFFERING 250KBPS THROUGHPUT AT
PHYSICAL LAYER

POWER TRANSMISSION FROM TMW TO
1I00MW FOR RANGE FROM100M TO ABOUT
IKM IS LOS

CSMA/CA (BEACON &
NON BEACON)

USED AS PHYSICAL LAYER | ] R
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Signal-to-Noise Ratio (SNR)
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SPECTRUM BAND
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Channel 1 2 3 4 5 3 7 g El 10 n 12 13 14
Center Frequency (MHz) 2412 2417 2422 2427 2432 2437 2442 2447 2452 2457 2462 2467 2472 2484

802.11

22 MHz

£ D

Channel no 12 13 17 19 21
Center Frequency (MHz) 2405 2410 2415 2420 2425 2430 2435 2440 2445 2450 2455 2460 2465 2470
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TX power Odbm: 17.4mA
P=IxV=174x3.3=57.42mW

E=Pxt->t=E/P

18720 JOULES 326018s or 90.5h

Haven'’t considered:

"‘ - ‘{1: -

T | Baseline power consumption of

©|[Chincon Products L2420 tI:; sensor bc:ard Bem

rom Texas Instrumen Consump ion: B8mAl
Parameter W e || e[| Condion kote Event capture consumption
Current Consumption, ' '
transmit mode: Event processing consumption
P =-25dBm 85 mA The output power is delivered
P =-15dBm 09 mA differentially to a 50 Q singled
P =-10dBm 1 mA ended load through a balun, see
P =-5dBm 14 mA also page 55.
P=0dBm 17.4 mA
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IP integration, WWW Q
IPv6 )
Inter-operability
Interactions (all

kind)

Semantic, Ontology

Data representation

Data logging
WebServices, RDF,

OWL, ...
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Organization
Programmability
Energy saving
Scheduling
Efficient MAC,
routing
Congestion control
Data transmission
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INTERACTION CAN TAKES
ANY (UNEXPECTED) FORMSI

"UDP? L Sre 18.243.0.1 o  Dst 1824301 ~ Port 80 7

N 0 WA

UDP header

IP header
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CONTROL, OPTIMIZE &
INSTRUMENT !

PERVASIVE SYSTEMS

_

PEOPLES, INFRASTRUCTURES,
BUILDINGS VEHICULES
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SMART CITIES
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i : Smart Road
Libelium Smart World
Electromagnetic Levels

unexpected events Like acodents or
teathic jorms

Detect iPhone and Androd 5 and ir Measurement cf the energy radiated

general any device whach works with Wili or by cell statons and and WiF: routers.

Air Pollution

Smart Lighting
o3 ot and weather adaptive lighting
n street Lghts.

Intelligent Shopping

Traffic Congestion

of vehicles and pedestran
7 driving and walking

g adwces n the pont of sale
predecances,
ents for them

Noise Urban Maps
und monitoring n bar areas and
cenine zones in real ime

gns monitoring in high per
centers and helds
Structural Health

orng of wibrations and matenial co
Idings, beidges and hiszorcal my

Water Leakages

Vehicle Auto-diagnosis
nformation ccliection from CanBus to
send real time alarms to emargencies
or prowde advice 10 drvers.

Item Location

dual tems in big surfaces
Lie warehouses or harbours.

Quality of Shipment Conditions Water Quality Golf Courses _
ng of viteaticas openngs Study of water su yin rvers ard the Selectve irngation in dry zon to . .\N
o ain maintenance for inGarance purpoves. - 543 for fauna and eligibilty for drinkasle racce the weter resources required in libelium
e the green www.libelium.com

HTTP://WWW.LIBELIUM.COM/TOP_50_IOT_SENSOR_APPLICATIONS_RANKING/#SHOW_INFOGRAPHIC 7§



SMARTSANTANDER

WWW.SMARTSANTANDER.EU
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LA REAL BUSINESS MODEL IN
SMARTCITIES
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Libelium Smart World

[Smartphones Detection Electromagnetic Levels.

Smart Lighting

; Traffic Congestion
Forest Fire Detection -

Wine Quality Enhancing
Offspring Care
Sportsmen Care

Structural Health

Water Leakages
Vehicle Auto-diagnosis
‘Waste Management

‘Smart Parking Item Location

Water Quality

Quality of Shipment Conditions Golf Courses

libetum.

KEEP STREETS CLEAN

Products like the cellular communication
enabled Smart Belly trash use real-time
data collection and alerts to let municipal
services know when a bin needs to be
emptied. This information can drastically
reduce the number of pick-ups required,
and translates into fuel and financial
savings for communities service
departments. // Visit

= il
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USE ELECTRICITY MORE
EFFICIENTLY

The SenseNET system uses battery-
powered clamp sensors to quickly measure
current on a line, calculate consumption
levels, and send that data to a hosted
application for analysis. Significant
financial and energy resources are saved
as the clamps can easily identify meter
tampering issues, general malfunctions,
and any installation issues in the system. /
Visit

http://www.postscapes.com/internet-of-things-examples/

STOP DRIVING IN CIRCLES

With the use of installed sensors, mobile
apps, and real-time web applications like
those provided in Streetline’s ParkSight
service, cities can optimize revenue,
parking space availability and enable
citizens to reduce their environmental
impact by helping them quickly find an
open spot for their cars. // Visit

LIGHT STREETS MORE
EFFECTIVELY

This smart lighting system from Echelon
allows a city to intelligently provide the right
level of lighting needed by time of day,
season, and weather conditions. Cities
have shown a reduction in street lighting
energy use by up to 30% using solutions
like this. // Visit

RECEIVE POLLUTION
WARNINGS

The DontFlushMe project by Leif Percifield
is an example that combines sensors
installed in Combined Sewer Overflows
(CSOs) with alerts to local residents so
they can avoid polluting local waterways
with raw sewage by not flushing their
toilets during overflow events. // Visit

SHARE YOUR FINDINGS

AirCasting is a platform for recording,
mapping, and sharing health and
environmental data using your
smartphone. Each AirCasting session lets
you capture real-world measurements
(Sound levels recorded by their phone
microphone; Temperature, humidity,
carbon monoxide (CO) and nitrogen
dioxide (NO2) gas concentrations), and
share it via the CrowdMap with your
community. // Visit

28



CONTROL, OPTIMIZE &
|NSTRUMENT

iCloud
amazon

i - mo.
7 . -
4 Windows Azure

PERVASIVE SYSTEMS

-~

——— SENSING

PEOPLES, INFRASTRUCTURES,
BUILDINGS, VEHICULES




EMASS-MARKET SENSORS

CoOsT:
~100€

waspP
moTe

8MHz Atmega1281
8kB SRAM, 128kB Flash
Xbee radio

16MHz Atmega1281
8kB SRAM, 128kB Flash
Xbee radio

ARDUINO MEGA2560

32



SENSOR’S HW&SW

LIBELIUM WASPMOTE

Microprocessor

Accelerometer
12C-UART Socket
es, o+ @

Optimized Libelium’s API

’a‘? 1 ¥ ~| _Battery Sockets
"= » el -

- 11
] -

i B o L) .."v 19 5 g

=9 TPt FEEA Tt i open !

/Solar socket \
Reset Button Crystal Oscillator "\ Switch OFF/ON

ARDUINO MEGA2560

DE DEEE &

ARDUINO-BASED IDE

UART—bgsed WITH C++-LIKE
CPNEHIOROEN | ANNGUAGE
micro-controller §

Default speed is §
usually 38400
bauds

Higher baud rate
are possible
but...

XBEE 802.15.4
33
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8MHz Atmega128L
4kB SRAM, 128kB Flash
CC2420 radio

Radio module

13-416MHz PXA271 Xscale CC2420 is

Wireless MMX DSP
256kB SRAM. 32w~ Motes are programmed under the

32MB SDRAM TinyOS operating (NesC, component-
LD T based C-like language) system & lib or
Contiki (C language)
hundredth kbps AdvanticSys CM5000 & CM3000
TelosB-like mote

\aih
\

8Mhz MSP430F 1611
10K SRAM, 48K flash

iMoFeZ w?th IMB400 TelosB CC2420 radio
multimedia board




FROM CUSTOM
DEVELOPMENTS...
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LB EPLOYMENT IN PRACTICE

1 B Smart Roads
LI be lI u m S m y Warning messages and  dwersions

accordng to climate conditions and
unexpected events Like acodents or
trathic jorms.

Air Pollution
Control of CO, emissions of factonies, pollution

emitted by cars and tons Qases generated o
farms,

Smart Lighting

Intetligent and weather adaptive lighting

1 to 50 sensor

Getting adwces n the pont of sale
accordng 1o customar habits, preferances,

Nodes per cluster
Gateway can co st
interconnect
. S Cl USte rs
« Communication

needs:
 Sensor <-> Sensor oot

Vehicle Auto-diagnosis

Forest Fire Detection

Mentonng of cembustion gaces and preemptree
fire conditions to defire alert zones.

Wine Quality Enhancing
Monitonng soil moisture and trunk diameter
invineyards to control the ameunt of sugar in
Grapes and grapevine health

Offspring Care

Control of growing conditions of the cllspring in
arsmal farms to ensure rvval and health,

Sportsmen Care

Vital signs monitoring in high performance

Infermation celiection frem CanBus to

« Sensor <-> Gateways st e s e

Item Location

» (Gateways <-> Internet

Lie warehouses or harbours.

Quality of Shipment Conditions
Monitorng of wibeaticas, strokes, container openngs libeli\\ k

or cold chain maintenance for insurance purposes.
www.libelium.com

37
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1-HOP COMMUNICATION
(CELLULAR MODEL)

SIGFOX

Most of telemetry systems

Only issue is to process
data, and

IG ACTORS FOR BIG DATA

HP CENSE

PACHUBE/COSM

rosm

‘Connect o your wortd

0 OPEN SOURCE MIDDLEWARE FOR GETTING
INFORMATION FROM SENSOR CLOUDS,
WITHOUT HAVING TO WORRY ABOUT WHAT
EXACT SENSORS ARE USED.

16

0 EXPLORES EFFICIENT WAYS TO USE AND
MANAGE CLOUD ENVIRONMENTS FOR 0T
“ENTITIES” AND RESOURCES (SUCH AS
SENSORS, ACTUATORS AND SMART DEVICES)
AND OFFERING UTILITY-BASED, PAY-AS-YOU-
GO, IOT SERVICES.

0 ENABLES THE CONCEPT OF “SENSING-AS-A-
SERVICE”, VIA AN ADAPTIVE MIDDLEWARE

FRAMEWORK FOR DEPLOYING AND
PROVIDING SERVICES IN CLOUD
ENVIRONMENTS

38



MAC & Routing issues, well-
known to WSN community...

...but can we interoperate?
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Don’t reinvent the wheel!

www comsoc. ovg/ dieg

RFC 768 UDP - User Datagram Protocol [1980]
RFC 791 IPv4 - Internet Protocol [1981]
RFC 792 ICMPv4 - Internet Control Message Protocol [1981]
RFC 793 TCP - Transmission Control Protocol [1981]
RFC 862 Echo Protocol [1983]
RFC 1101 DNS Encoding of Network Names and Other Types [1989]
RFC 1191 IPv4 Path MTU Discovery [1990]
RFC 1981 IPv6 Path MTU Discovery [1996]
RFC 2131 DHCPv4 - Dynamic Host Configuration Protocol [1997]
RFC 2375 IPv6 Multicast Address Assignments [1998]
RFC 2460 IPv6 [1998]
RFC 2765 Stateless IP/ICMP Translation Algorithm (SIIT) [2000]
RFC 3068 An Anycast Prefix for 6to4 Relay Routers [2001]
RFC 3307 Allocation Guidelines for IPvé Multicast Addresses [2002]
RFC 3315 DHCPv6 - Dynamic Host Configuration Protocol for IPvé [2003]
RFC 3484 Default Address Selection for IPv6 [2003]
RFC 3587 IPv6 Global Unicast Address Format [2003]
RFC 3819 Advice for Internet Subnetwork Designers [2004]
RFC 4007 IPv6 Scoped Address Architecture [2005]
RFC 4193 Unique Local IPv6 Unicast Addresses [2005]
RFC 4291 IPv6 Addressing Architecture [2006]
RFC 4443 ICMPvV6 - Internet Control Message Protocol for IPv6 [2006]
RFC 4861 Neighbor Discovery for IP version 6 [2007]

RFC 4944 Transmission of IPv6é Packets over IEEE 802.15.4 Networks [2007]
From ArchRock “6LowPan tutorial” 41



IP NEED IP ADDRESSES!

dI1IPv4 HAS NO MORE ADDRESSES!

dIPVG GIVES PLENTY OF ADDRESSES
0128BIT ADDRESS=16BYTES!
d 6LOWPAN ADAPTS IPVG TO

RESOURCE-CONSTRAINED DEVICES
0 COMPRESSED IPv6 HEADER

Traffic Class Flow Label

IEEE 802.15.4 Frame Format
'

|D_p3n|_ __ DstEUID 64 | [span] Src EUID 64

Network Header  Application Data

BE
IETF 6LoWPAN Format o

Dispatch: Compressed IPv6
HC1: Source & Dest Local, next hdr=UDP
IP: Hop limit

UDP: HC2+3-byte header (compressed)
40 bytes source port = P + 4 bits, p = 61616 (0xFOBO)
destination port = P + 4 bits
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INTERNET FOR THINGS
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CoAP: Constrained HTTP

Application Protocol
TCP, UDP

={=]} Internet Routing
Routing Protocol for Low Protocols: RIP, OSPF,
power & Lossy Networks

6LowPan IPv4, IPv6
802.15.4




ZigBee JEEE ;
@Megmber 802.15

End-to-end IPv6 connectivity.
UDP or CoAP can be used to
transport sensor data in an
HTTP-like fashion

44
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INTERNET
OF
THINGS

MACHINE-TO-MACHINE
COMMUNICATIONS

100mbps-1GBps
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