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Global Mobile Device Growth by Type
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DING (WIRELESS) COMMUNICATION
FEATURES TO OBJECTS!

- Native communication:

1 Added communication
L Active communication

-

d Passive communication




WHAT'S BEFORE |IOT?

AWireless Sensor Nodes/Networks
JPhysical sensor + on-board processing

A

Battery




L Wire sensors
d Telemetry systems
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L8 THE EARLY AGE, FULL OF

DREAMSI!

Millions of sensors,
self-organizing, self-
configuring, with
QoS-based multi-
path routing,
_mobility, and ...



THE IDEA OF A DIGITAL
COSYSTEM HAS EMERGED

OOOOUTA ¢
X ?

Millions of sensors,
self-organizing, self-
configuring, with
QoS-based multi-
path routing,
mobility, and ...
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TEP 2: STORE, PROCESS

PERVASIVE SYSTEMS
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EP 3: CONNECT, INTERACT

PERVASIVE SYSTEMS

PEOPLES,
INFRASTRUCTURES,
BUILDINGS, VEHICULES,...
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e FROM CUSTOM
e — DEVELOPMENTS...

1.85WH

BATTERY PACK ¢




.- 1 O MATURATION OF THE
|IOT MARKET
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PEOPLES, INFRASTRUCTURES,
BUILDINGS, VEHICULES

&8 i 2189 | 23.10 | |




8.0
g Amell

8
|

TERNET:

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
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SMARTSANTANDER
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Libelium Smart World

Forest Fire Detection
Wine Quality Enhancing
Offspring Care
Sportsmen Care

Structural Health

Quality of Shipment Conditions

[Smartphones Detection

Electromagnetic Levels

Traffic Congestion

Water Quality

Waste Management
‘Smart Parking

Golf Courses

Smart Lighting

Water Leakages
Vehicle Auto-diagnosis
Item Location

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

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

22



= iCloud

amazon
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4 In support of rural activities
d Agriculture, precise irrigation
d Storage premises, silos
A Cattle rustling

 Health

d Water quality
[ Pollution detection

d Logistics
d Goods transportation
d Tracking & Monitoring of travel condifions

d...and a lot more, depending on your
Imagination

26



Open up for innovation

d The WAZIUP project is a collaborative research
project using cutting edge technology applying
loT and Big Data to improve the working
conditions in the rural ecosystem of Sub-Saharan
Africa

d WAZIUP has support from mulfiple African
stakeholders with the aim of defining new
Innovation space to advance the African Rural

Economy

d WAZIUP will deliver a communication and big
data application platform and generate locally
the know how by training by use case and
examples 7



= 15T ISSUE: COLLECT DATA

PERVASIVE SYSTEMS

PEOPLES, INFRASTRUCTURES,
BUILDINGS, VEHICULES
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T CONNECTIVITY IS STILL A

CHALLENGE
Internet of Objects Requirements:
80% of volume » How to connect Low Cost

Assets or having no Energy
source, non rechargeable?

= Low Cost communication
= Low Cost Infrastructure

= Low Power Technology

= Robust Communication

= Allowing Mobility

= Scalability

Slide from Semtech 30



Most of telemetry systems

A

N ’ Only issue is...

-

@ """"""""" @ © ...cost & energy

_______

~~_
.......
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WiMedia

ALLIANCE

CELLULAR MODEL




& ok
BI0SSIISNISSETSSITNISTIISTISY |

FRRRRRRRRLRLRRRIRLALEIRIL LR LR,

GSM (2G)/GPRS

[ ——  Downlink

rame

ne =4.62 ms

v

time

v

33



3G AND BEYOND

d 3G and beyond use CDMA techniques

Spanish I HOIa‘

= »
i aiam
p, 3 *
X Hawallan: :'\10]]1[
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rrncte Bonjour  ceman: Guten Tag
- N la;:ane-;e:'% E (i
wati: C120 "
5

3G SHIELD SOLD BY LIBELIUM
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HOW COSTLY IS

TRANSMISSION?
Range O: 300m
(I=Indoor, O=0utdoor) L i |- 30m
Tx current 200mA- 200mA — 50mA
consumption 200mA 1000mA
Standby current 2.3mA 3.O0mA NC

35



TX power: 500mA
P=1xV=2500x 3.3 =1650mW

E=Pxt->t=E/P

118720 JouLEs | 11345s or 3h9mins

Haven't considered:
Baseline power consumption of
Range O: 300m
(I=Indoor, O=0Outdoor) I: 30m the SEnsor bqard
RX consumption!
Tx current 200mA- 500mA — 50mA .
consumption 500mA 1000mA Event capture consumption

Standby current 2.3mA 3.5mA NC Event processing consumption




SHORTER RANGE COMMUNICATIONS
(FOR LOWER ENERGY COST)

s
|| snasssassyssssusssnsssnaisiney (20
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Transmission rate

WLAN
(802.11) UMTS, HDPA, LTE, LTE-A
100 kbps
1 kbps Zigbee
(802.15.4)
Bluetooh
(802.15.1)
10 bps

10 m 100 m 1 Km 10 Km



Low-power radio in the 2.4GHz band offering 250kbps
throughput at physical layer

Power tfransmission from 1TmW to 100mW for range from

100m to about Tkm is LOS
CSMA/CA

BPSK, used as physical layer
in ZigBee

1EQ

1E41

1E2

1E3

L '\ﬁg
PA

(e

v.°°°’%

A

\

Signal-to-Noise Ratio (SNR)



TX power Odbm: 17.4mA
P=1xV=17.4x3.3=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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Frame Beacons rame Beacons
IEEE 802.15.4 / \Uty CyC|Ir‘1/F Be \

Medium access control _
¥ UL T 1]
" ' Active Period Contention =
Physu:al hyers ni 'i : Inactive Period . Pe:n'o< |

MRF24J40MA (MICROCHIP)

CC2420 (TI)

XBEE (DIGI1)
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“ Short range, low
power radio

(22 8
A

- Routing issues

- Medium Access issues




LA 15 YEARS OF MULTI-HOP
ROUTING !

d1-hop model is not economically
tractable in large scale deployment

d1-hop model is usually not energy-
efficient

d1-hop model is hard to optimize in terms
of radio access methods

dRouting in WSN is fundamentally different
from routing in other type of networks,
even other wireless networks

42



Greedy geographic
routing uses maximum
distance forwarding

43



ALWAYS GOOD?

IS MAXIMUM DISTANCE

Few long links with low quality

Adapted from Ahmed Helmy,
“Robust Geographic Routing and
Location-based Services”

S
o— e
® v ®
o
O .‘L ®
o o
* 1
® o ® @D

Many short links with high quality

Intermediate nodes that are more sollicited die first

44



S B REEDY=SHORTEST PATH?
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S B REEDY=SHORTEST PATH?
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d The network is no longer useful when node’s
battery dies

d Organizing the network allows for spacing out
the lifespan of the nodes

A Hierarchical routing protocols often give priority
to energy

d Ex: Low-Energy Adaptive Clustering Hierarchy
(LEACH)

47



CLUSTERING

A A cluster-head collect data from their
surrounding nodes and pass it on to the base
station

A The job of cluster-head rotates

Base Station )

/Q O,
! \ /
| AN /
\ \ /
\
_::'1"/ ,” .0
P A ~ o
7 O\\ :/ ?\\
/ ~.
/I O~~\\":,f‘ \‘ |‘ \\\ O Il' ‘
\ T i N\ O / O Simple Node
S / N
N O d') o ...~ @ [IstLevel Cluster Head
- -7 @® 2nd Level Cluster Head

Clusters

48
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LEACH CLUSTER-HEAD

m Cluster-heads can be chosen stochastically (randomly
based) on this algorithm:

T(n) =

P ' VneG

T(n)=0 Vne€G

WherenisarandomnumberbetweenOand 1

1-Px(rmodP?)

P is the cluster-head probability and
G is the set of nodesthatweren’tcluster-headsthe previous rounds

= |[f n<T(n), then that node becomes a cluster-head
= The algorithm is designed so that each node becomes a
cluster-head at least once

W.B. Heinzelman, A.P. Chandrakasan, H. Balakrishnan, Application specific
protocol architecture for wireless microsensor networks, IEEE Transactions on
Wireless Networking (2002).

49
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EXAMPLE

p=0.05, r=0 initially
draw N a random number
round

2 2 zZ2z2z22=222222%2

A

ANNNANNANANNANNANANNNANNA

A}

0.0500
0.0526
0.0555
0.0588

0.0625 =

0.0666
0.0714
0.0769
0.0833

0.0909 =

0.1000

0.5000
1.0000

0.05/(1-0.
0.05/(1-0.
0.05/(1-0.
0.05/(1-0.
0.05/(1-0.
= 0.05/(1-0.
0.05/(1-0.
0.05/(1-0.
0.05/(1-0.
0.05/(1-0.
0.05/(1-0.

0.05/(1-0.
0.05/(1-0.

[0,1][ at each

05%0)
05%1)
05%2)
05%3)
05%4)
05%5)
05%6)
05%7)
05%8)
05%9)
05%10) ?

e NUMBER OF CLUSTERS
MAY NOT FIXED IN ANY
ROUND.

P
| — Plrmod(1/P)]
0

L I B A L S R S S L)

if n€ G,

T(n) =

otherwise,
05%18) ?
05%19) ?

50
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FROM AD-HOC TO
ANDARDIZED PROTOCOLS

Steering Committee

Don’t reinvent the wheel!

RFC 768 UDP - User Datagram Protocol
RFC 791 IPv4 — Internet Protocol
RFC 792 ICMPv4 - Internet Control Message Protocol

RFC 793 TCP - Transmission Control Protocol

RFC 862 Echo Protocol

RFC 1101 DNS Encoding of Network Names and Other Types
RFC 1191 IPv4 Path MTU Discovery

RFC 1981 IPv6 Path MTU Discovery

RFC 2131 DHCPv4 - Dynamic Host Configuration Protocol
RFC 2375 IPv6 Multicast Address Assignments

RFC 2460 IPv6

RFC 2765 Stateless IP/ICMP Translation Algorithm (SIIT)

RFC 3068 An Anycast Prefix for 6to4 Relay Routers

RFC 3307 Allocation Guidelines for IPvé Multicast Addresses
RFC 3315 DHCPv6 - Dynamic Host Configuration Protocol for IPv6
RFC 3484 Default Address Selection for IPv6

RFC 3587 IPv6 Global Unicast Address Format

RFC 3819 Advice for Internet Subnetwork Designers

RFC 4007 IPv6 Scoped Address Architecture

RFC 4193 Unique Local IPv6 Unicast Addresses

RFC 4291 IPv6 Addressing Architecture

RFC 4443 ICMPv6 - Internet Control Message Protocol for IPvé
RFC 4861 Neighbor Discovery for IP version 6

RFC 4944 Transmission of IPvé Packets over IEEE 802.15.4 Networks

[1980]
[1981]
[1981]
[1981]
[1983]
[1989]
[1990]
[1996]
[1997]
[1998]
[1998]
[2000]
[2001]
[2002]
[2003]
[2003]
[2003]
[2004]
[2005]
[2005]
[2006]
[2006]
[2007]
[20071

RFC6282 Compression Format for IPv6 Datagrams over IEEE 802.15.4-Based Networks [2011]

|ll

From ArchRock “6LowPan tutoria
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IP NEED IP ADDRESSES!

 IPv4 has no more addresses!

d IPvé gives plenty of addresses
A 128bit address=16bytes!

d 6LowPan adapts IPvé to resource-constrained

devices

d Compressed IPvé header

Traffic Class Flow Label

Hop Limit

40 bytes

From ArchRock “6LowPan tutorial”

|IEEE 802.15.4 Frame Format

| [span] Src EUID 64

Network Header

Dispatch: Compressed IPv6

HC1: Source & Dest Local, next hdr=UDP
IP: Hop limit
UDP: HC2+3-byte header (compressed)

source port = P + 4 bits, p = 61616 (OxFOBO)
destination port = P + 4 bits

IETF 6LoWPAN Format

Application Data

54



An IPv4 address (dotted-decimal notation)

172 . 16 .254 . 1
\ 4 ¥ \ 4 ¥

10101100.00010000.11111110.00000001

| | | J
1 I

lOne byte =Eight bits

|
Thirty-two bits (4 * 8 ), or 4 bytes

An IPv6 address (in hexadecimal)

2001:0DB8:AC10:FE01:0000:0000:0000:0000

2 A 2 : |
2001:0DB8:AC10:FEO1:: Zeroes can be omitted

N

10000000000001:0000110110111000:1010110000010000:1111111000000001:

0000000000000000:0000000000000000:0000000000000000:0000000000000000

HOST ADDRESS

Image source: Indeterminant (Wikipeida) GFDL

From "6LoWPAN: The Wireless Embedded Internet, Shelby & Bormann” 55



= ' 6LOWPAN ADDRESSING

d IPvé addresses are compressed in 6LoWPAN

d A LoWPAN works on the principle of
A flat address spaces (wireless network is one IPvé subnet)
O with unigue MAC addresses (e.g. 64-bit or 16-bit:
0x0013A20040568B34 or 0x0220)
d 6LOWPAN compresses IPvé addresses by

O Eliding the IPvé prefix
* Global prefix known by all nodes in network
* Link-local prefix indicated by header compression format

d Compressing the Interface ID
* Elided for link-local communication
e Compressed for multihop dst/src addresses

d Compressing with a well-known “context”
O Multicast addresses are compressed

From “"6LoWPAN: The Wireless Embedded Internet, Shelby & Bormann”
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Based from "6LoWPAN: The Wireless Embedded Internet, Shelby & Bormann”

Remote Server

IPv6 Internet

ADVERTISE PREFIX
2001:300a:1:0

Build an IPv6 address with

prefix and a combination " : WIRELESS NETWORK IS
of 802.15.4: ONE IPVG6 SUBNET

- PANID
- 16-bit address

or
- 64-bit address

57



Use RFC4944 compression

6LoWPAN Format Design

« Orthogonal stackable header format

scheme for simplicity. New
scheme should follow RFC6282

« Almost no overhead for the ability to interoperate and scale.

« Pay for only what you use

IEEE 802.15.4 Frame Format

D pan| Dst EUID 64 S pan Src EUID 64

\4

Max 127 bytes

Dst16|Src16

DSN}

preamble | & [FCF

Fchk

Network Header = Application Data

IETF 6LOWPAN Format R}
> UDP
Dispatch: coexistence/

sp
HC1

ﬁ

dsp
HC1

mhop

Header compression

frag

dsp

Mesh (L2) routing

mhop

dsp
HCA1

frag

Message > Frame fragmentation

From ArchRock “6LowPan tutorial”




OK, BUT WHAT ABOUT
ROUTING?

e T Lig Beel
@ @Member 802 15

Routing over low

Power&Lossy Networks (RPL)

RPL is the 4th protocol
standardized by IETF (RIP,
OSPF, BGP)

Provides end-to-end IPv6
connectivity




J LLN links are depicted

1 LBR form a Destination
Object DAG (DODAG)

1 Links are annotated w/

ETX (Expected
Transmission Count)

It is expected that ETX
variations will be
averaged/filtered as per
[ROLL-METRICS] to be
stable enough for route
computation

IETF 75 — Roll WG — July 2009
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DAG Construction

J DAG Construction
continues...

 And is continuously
maintained

IETF 75 — Roll WG — July 2009

65



RPL

Routing Protocol for Low
power & Lossy Networks

o6LowPan
802.15.4

IPv6 egde router
LBR (6lowPAN)

Internet Routing
Protocols: RIP, OSPF,

IPv4, IPv6
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Internet of Things
for you & me

67
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., IETF « INTERNET FOR
THINGS »

CoAP: Constrained
Application Protocol

UDP, TCP? TCP, UDP

RPL

Routing Protocol for Low
power & Lossy Networks

CoAP

Internet Routing
Protocols: RIP, OSPF,
BGP....

IPv4, IPv6

o6LowPan

802.15.4

IPv6 egde router
LBR (6lowPAN)




DATA = RESOURCES

CoAP CoAP
Client Internet Server
GET /.well-known/core >

2.05 "Content” (application/link-format)
Body: </s/t>;rt="TemperatureC";if="sensor",</s/I>;rt="LightLux";if="sensor"

GET /sit >

2.05 "Content” (text/plain)
Body: 23.5

From Isam Ishaq et al. “Flexible Unicast-Based Group Communication for CoAP-Enabled Devices”,
MDPI Sensors 2014, 14(6), 9833-9877 69



6LowPan
border router

COAP/6LOWPAN/IEEE 802.15.4

RPL ROUTING

IPv6

Client/User-
initiated scenario

.g. temp.
(e.g. temp. sensor INTERNET

112 106.575520000
113 106.576064000
114 106.576608000
.692576000
.080416000

18 6 8352000
119 116.608896000

120 116.292576000 1:ff:fe00:28

122 116.5448
123 116.545344000
124 116.545888000
125 116.546432000

:212:6d45:50b7:7575

' fe80::212:6d45:56b7:6a0f

12001:620:607:5b10: :a

126 121. ‘fe“: 121 )7:7e21
127 121.703168000
128 123. ‘fe“: 121 )7:7575
129 123.969024000
130 127. ‘fe“: 121 )7:69b3
131 127.658592000
132 127.344416000 ‘fm: :212:6d45:50b7:6a0f

to actuators

| fe80::212:6d45:5026:34cc | ICMPV6

ff:fe00:28

2001:620:607:5b10: :a

[feso:

| fe80: :212:6d45:5026:34cc

| fe80: :212:6d45:5026:34cc
| fe80::212:6d45:50b7:6a0f

1212:6d45:5026:34cC

IEEE 862.
IEEE 862.
| feB0::212:6d45:5026:34cc  ICMPVE

| ICMPVE

IEEE 802.

|ICMPVE

B
G &

o
&

o
&

94 RPL Control (Destination Advertisement Object),
5 Ack, Bad FCS

5 Ack, Bad FCS

94 RPL Control (Destination Advertisement Object),
94 BRI_Control (Destination Advertisement Object),
5'Ack, Bad FC!
60 Confirmable, GET, End of Bloc
5 Ack, Bad FCS

65 Acknowledgement, 2.05 Content, End of Blo
5 Ack, Bad FCS

D Advertisement Object), |
5 Ack, Bad FCS
5 Ack, Bad FCS
5 Ack, Bad FCS

94 RPL Control (Destination Advertisement Object),
5 Ack, Bad FCS

94 RPL Control (Destination Advertisement Object),
5 Ack, Bad FCS

94 RPL Control (Destination Advertisement Object),
5 Ack, Bad FCS

94 RPL Control (Destination Advertisement Object),
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IR RS S RNy < 1.7.2 (SVN Rev 42506 from /trunk)]

File Edit View Go Capture Analyze Statistics Telephony Tools

wdxxCcE Q

e

Filter: ‘

Source
0x0078

No. Time

1 0.000000000
2 3.253408000
3 3.253952000
4 13.642912000
5 13.643456000
6 24.023584000
7 24.024128000

8 25.457824000 |::ff:fe00:
9 25.458368000
10 25.479296000 [1:ff:fe00:

11 25.479840000
12 34.462976000
13 34.463520000
14 45.451072000
15 45.451616000
16 56.289696000
17 56.290240000

18 64.688096000 ::ff:fee0:
19 64.688640000
20 64.707744000 |::ff:fe00:

21 64.708288000

22 66. 698080000 fe80::212:6045:50cc: 16h4

feg0::212:

fe80::212:

fe80::212:

fe80::212:

fe80::212:

fe80::212:

6d45:56cc:16b4  feg@::ff:feed:1 ICMPV6
IEEE 802.15.
6d45:50cc:16b4  feso::ff:feed:1 ICMPV6
IEEE 802.15.
6d45:58cc: 16b4 fego:: ff:fegd:1 ICMPVE
IEEE 802.15.
100 ::ff:fe0:3 COAP
IEEE 802.15.
3 ::ff:fe00:100 'COAP
IEEE 802.15.
6d45:50cc:16b4 fe80::ff:fe00:1 ICMPVE
IEEE 802.15.
6d45:50cc:16b4 fe80::ff:feg0:1 ICMPV6
IEEE 802.15.
6d45:50cc: 16b4 fe80::ff:feg0:1 ICMPV6
IEEE 802.15.
100 ::ff:feee:3 'COAP
IEEE 802.15.
3 |::ff:fe00:100 CoAP
IEEE 802.15.
fesn: : ff:fean:1 TCMPV6

Internals Help

LI A WEE]

“ - | Expression...

Destination
Bx0e00

Protocol

IEEE 802.

ol WMEX @

Length Info

35 Data, Dst: 0x8000, Src: 0x8078, Bad F(
88 RPL Control (Destination Advertisement
5 Ack, Bad FCS
88 RPL Control (Destination Advertisement
5 Ack, Bad FCS
88 RPL Control (Destination Advertisement
5 Ack, Bad FCS
39 Confirmable, PUT (text/plain), Bad FCS
5 Ack, Bad FCS
41 Acknowledgement, 2.04 Changed (text/pl
5 Ack, Bad FCS
88 RPL Control (Destination Advertisement
5 Ack, Bad FCS
88 RPL Control (Destination Advertisement
5 Ack, Bad FCS
88 RPL Control (Destination Advertisement
5 Ack, Bad FCS
37 Confirmable, PUT (text/plain), Bad FCS
5 Ack, Bad FCS
39 Acknowledgement, 2.04 Changed (text/pl
5 Ack, Bad FCS
88 RPI_Control (Destination Advertisement

> Frame 1: 35 bytes on wire (280 bits), 35 bytes captured (280 bits) on interface @
> IEEE 802.15.4 Data, Dst: ©x0000, Src: 0x0078, Bad FCS

» Data (24 bytes)

0000 41 88 01 34 12 @0 00 78 @0 3f 00 77 69 72 65 73
63 74 69 6f 6e 6e 65 20

0010 68 61 72 6b 20 66 6T 6e
0020 21 ab 00

@ File: "/tmp/wireshark_-_20140327...

E @ user@instant-contiki: ... m

Profile: Default

A..4...x .7.wires
hark fon ctionne
I..

SN

Time
1 0.000000000
55 3.253408000
55 0.000544000
56 10.388960000
56 0.000544000
57 10.380128000
57 ©.000544000
12 1.433696000
12 0.690544000
58 0.020928000
58 0.000544000
59 8.983136000
59 0.000544000
60 10.987552000
60 0.000544000
61 10.838080000
61 0.000544000
13 8.397856000
13 0.000544000
62 06.019104000
62 0.000544000
63/1.989792000

ammm /1
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OPPER FOR FIREFOX @

d CoAP pluggin to query CoAP nodes in an http-
like fashion

4 ii — I

=)

& Copper = Add-ons for Firefox « | &0 vs0infethzchvlipsum x | (6] tmote-sky1/light <| + | -
i‘/‘ (8] coap//vsO.int.ethz.ch/lipsum - & |2~ Google P B

3 ce7 [ post 9 put B DELeTE Paylosd  PUTme B observe (2 Discover
vs0.inf.ethz.ch:61616

[/.well-knowrv’core] [/"bulleun-board l/bullerin-board/PUTmeJ { Jlipsum | /temperature /time

Auto discovery

200 OK (Blockwise)

Header Value Option Value Info
Type Acknowledgment Content-Type text/plain 0

Code 200 OK Max-Age 2w 3 bytes)
TransiD 13545 Block 23 (64 B/block) 2 byte(s)

-

Cptions 3

Payload

e R L T e e . e

fermentum, lacus elementum venenatis aliquet, tortor risus laoreet sapien, a vulputate libero dolor ut odio. Vivamus
congue elementum fringills. Suspendisse porttitor, lectus sed gravida volutpat, dolor magna gravids masss, id
fermentum lectus mi quis erat. Suspendisse lacinia, libero in evismod bibendum, magna nisi tempus lacus, eu suscipit
augue nisi vel nulla, Praesent gravida lacus nec elit vestibulum sit amet rhoncus dui fringilla. Quisque diam lacus,
ullamcorper non consectetur vitae, pellentesque eget lectus. Vestibulum velit nulla, venenatis vel mattis at, scelerisque
nec mauris. Nulla facilisi. Mauris vel erat mi. Morbi et nulla nibh, vitae cursus eros. In convallis, magna egestas dictum
porttitor, diam magna sagittis nisi, rhoncus tincidunt liguls felis sed mauris. Pellentesque pulvinar ante id velit convallis
in porttitor justo imperdiet. Curabitur viverra placerat tincidunt. Vestibulum justo lacus, sollicitudin in facilisis vel
tempus nec erat. Duis varius viverra aliguet. In tempor varius elit vel pharetra. Sed mattis, guam in pulvinar
ullamcorper, est ipsum tempor dui, at fringilla magna sem in sapien. Phasellus sollicitudin orare sem, nec porta libero
tempus vitae. Maecenas posuere pulvinar dictum. Vestibulum ante ipsum primis in faucibus orci luctus et ultrices
posuere cubilia Curae; Cras eros mauris, pulvinar tempor facilisis ut, condimentum in magna. Nullam eget ipsum sit
amet lacus massa nunc.<EOT>

m

V| Retransmissions

Debug options
Content-Type
41
Max-Age

Uri-Host
vhostvsQ.nf.ethz.ch

Location-Path

Uri-Path

Observe

Token
001CC
Block number
42

Uri-Query

72
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P ot
| le309ssassnesssIssIRIIRTARISSY (5

| L AREMRRRRRRRR R bR @

.\8‘). . . i ’
) ) r'— ‘;-;‘T e V‘:
o ,’Y’« B '&’?»}ﬁ
— NE] |

of f, . 7'.

>

—




HUSKMARTSANTANDER TEST-BED
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PICTURES ARE TAKEN IN THE CONTEXT OF THE EAR-IT PROJECT
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L5 IMIT THE NUMBER OF HOPS

TO GATEWAYS

3 TO 5 HOPS MAXIMUM ~d
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LA CADEMICS VS INDUSTRIES
SEET'S GO BACK TO REALITY!

Millions of sensors,
self-organizing, self-
configuring, with
QoS-based multi-
path routing,
mobility, and ...

50 sensors, STATIC deployment,
but need to have RELIABILITY,
GUARANTEED LATENCY for
monitoring and alerting. MUST
run for 3 YEARS. No fancy stuff!
CAN | HAVE IT?

* Placement constraints
« Lifetime constraints

From Peng Zeng & Qin Wang
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INTERNET@

4L DO | NEED MULTI-HOP FOR

Most of telemetry systems

=TT

———————

_______

~~~~~~~

~<_
———————

Many surveillance
applications can be
satisfied with the 1-hop

communication model!!!

90



i _OW-POWER AND LONG-

RANGE??
Transmission rate
WLAN
(802.11) UMTS, HDPA, LTE, LTE-A
100 kbps
=
\ » - —_
1 kbps Zigbee _— %}/3
(802.15.4) ~
Bluetooh _
(802.15.1) Opportunity for M2M
10 bps

10 m 100 m 1 Km 10 Km
Enhanced from M. Dohler “M2M in SmartCities”



MODEL

BACK TO THE CELLULAR



TYPICAL SCENARIOS

'93095309NISSSTISIRIISRIINIASY (2

Gateways End points
(@ T — Endpoints

Gateway —rural envirocnment _ @ Smart meter

(@np) - ﬁ Smart car
WYY Gateway —urban environment

\:C" )} Repeater (e.g. femto gateway

'“' Smart clothing

\ Smart bike (e.g. track@

Figure from Siradel




SIMPLE LOSS IN SIGNAL
STRENGTH MODEL

_ (4ma\’
o= (5 ) rspL =Yg,
d Free Space Path Loss model _ (ALY’ P,

P A c

L 5 =201og(f)+20log(d)-147,55dB

2.4GHz FSPLindB  =i=865MHz FSPL in dB
140.0000000

120.0000000

100.0000000

80.0000000 -

Loss in dB

60.0000000 -

40.0000000

20.0000000

0.0000000 +~r—r—/—""—"—"r—"—"—"—"mr—"r—""r"r""—"""r""—""""" " " " T T

Distance in meters
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LINK BUDGET BROAD
CONCEPTS

Received Power (dBm) = Transmitted Power (dBm) + Gains
(dB) — Losses (dB)
Example

d Transmitted power is +14dBm (25mw)

Q Losses (FSPL) is 120dB (received poweris 102 less than
transmitted power)

O Then Receiver Power (dBm) is -106dBm
If you have a receiver sensitivity of -137dBm you can
handle FSPL up to 151dB, i.e. 1.15x10'° less power than
transmitted power!

In results, you can go much fartherl!

In a conventional WLAN system, signal-to-noise ratio (SNR)
is 20 dB or greater in order to achieve the maximum data
rate

95
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LoRa uses spread
spectrum while Sigfox

uses ultra-narrow
band (UNB) of about
100Hz!

Figure show Semtech
LoRa band of 125kHz

Sigfox’s band is 1000
time smaller! Can
create less
interference, « hide »
in noise at the cost of
much lower data rate,
i.e 100bps

[(dBm]

Amplitude in ETSI Specified Bandwidth,

wﬂi. L
1 UNB
L]
Comventional . 1 \
interferer S { 1 |
R Spread -
- interteres 'M::::'“ \ spectm m (&)
[ 177777777777 L] 9
E
(]
)]
—60 B _‘:":‘. — 9
y—_
o
| -
)
Ko
-80 - L
<106 I | | 1
8.622+008 8.64e+008 8.662+008 B.68e+008 8.7=2+008 8.72e+0(
Frequency, [Hz]

Figure 3. Band G (Note 7) 6 dBm RF Output Power 125 kHz Bandwidth
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| | axasssessyesssvssanssnsy 5
[ A A T A AR A R

s . POWER CONSUMPTION
e ROUGH COMPARISON

Range N/A N/A O: 300m O: 90m Same as
c (I=Indoor, O=0utdoor) I 30m I: 30m 2GI3G
&)
O]
= Tx current 200-500mA  500-1000mA  50-100mA 18mA 18mA
GEJ consumption
UE) Standby current 2.3mA 3.5mA NC 0.003mA 0.001TmA
) i
= Energy harvesting No No No Possible Possible
" (solar, other)
o
Ne] Battery 4-8 2-4 50 60hours 120
|C_U 2000mAh hours(com) hours(com) hours(com) (com) Nours(com)
(LR6 battery) 36 days(idle) X hours(idle) X hours(idle) 10 year(idle)
Module Revenue
Annually 123 20% 4% $3 3¢
Autonomy GSM with 2000mAh -
f Dl Bl Bl it
) Example for energy meter

Autonomy LP WAN with 2000mAh -

L e .

I 1 year 5 years 10 years

W
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”INTERNETU

IGFOX MODEL FOR M2M:
HE OPERATOR APPROACH

An example : SIGFOX network

/ /)/ - \\ Base station
\ nee | S | Y -
‘.;'i\\\ i IR Connecuvity Client
/ ﬂ\ \ HTTES

Webd browser

Ethernet. 3G
of custom P links

=

Ny S

= =
B B

I

Craning
Back-end servers Front-end servers

HaD

@ 1<Janvier2013

Ememet 30
or custom 1P inks

HTTPS

. Ty ."l.". v "
A §I§EOX Qi seowt TOF pond "‘ 1 ‘t .‘\ Fe————— VoD DIrowser
=\ Flexive Signal el e
o RF  proce
Connectivity
4 Chent

Le 1er opérateur cellulaire bas débit
dédie

au M2M et a I’internet des objets !
Une fechnziopio Unique qui garankt les pax fes mok chers du marché

Décourez notre S0lUON de COMMUNICININ SaN:
100% dc:n au Maching-to-Uacrine ot 3 hbtmudos Otyets.

Figures from SigFox 98§
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| ORA PROPOSES DIY LONG
RANGE COMMUNICATIONS

'R1ISSTNISSETISIINISNIINIISY (2

License-free sub-GHz band

Several kilometers (20-80kms)
can be achieved in a single hop!

Libelium LoRa is based on ,
Semtech SX1272 LoRa DRF1278DM is
863-870 MHz for Europe based on

Data rate from 200bps to Semtech
20kbps SX1278 LoRa

433MHz




SEMTECH’S LORA
TECHNOLOGY

dBm — power referred to 1 mW,

P s, =10l0g(P/1mW)

d Parameters
d Bandwidth: 125kHz, 250kHz, 500kHz
A Coding rate: 4/5, 4/6, 4/7, 4/8
d Spreading factor: 6 to 12

SpreadingFactor Spreading Factor  LoRa Demodulator

(RegModemConfig2)  (Chips / symbol) 2 a'(‘lfl_‘:\':]dth Spreading Factor NOTI;;:; Rb SE[ZSBI%IW
7 128 7548 125 6 9380 -122
g E?g 112[_]5(’33 125 12 293 137
10 1024 15 dB 250 6 18750 =TT
0 2048 7508 250 12 586 134
12 4098 2048 500 5 3750 116
500 12 1172 -131

Rule of thumb

6dB increase = twice the

range in LOS

12dB needed for urban areas

Bandwidth
(kHz)

Tables from Semtech

Spreading Factor

Coding rate

Nominal Rb
(bps)
293

Sensitivity
(dBm)

286

4/5

1172

-130

1UU




WHY THE LORA
REVOLUTION?

£
g
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bits/sec

RFaWireless Solutions
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Vitoria. 3
paates

UK HAB (High Altitude Ballooning) trials gave 2 way LoRa™ coverage at up to
240 km. Lowering the data rate from 1000bps to 100bps should allow coverage
all the way to the radio horizon, which is perhaps 600 km at the typical
6000-8000m soaring altitude of these balloons. Balloon tracking can be made
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FROM SC

SIGFOX and Glen Canyon Corp. to ﬂ
' n t1 Million Smart Meters to

LoRa™ technology to be
Tata Communication integrated into FLASHNET’s street

mlad’s largest loT n lighting management solution, inteliLIGHT

From www.businesswire.com -
November 4, 3:25 PM

“ SIGFOX and Glen Canyon, a

From intelilight.eu - July 10, 7:40 AM

el e L5Ra ers
“ Brasov, ROM - g
) = 2015 Samsung Invests in Sigfox. Is the ﬂ o
Cofely Services, a subsidiary of I ourg Is 8th coy Race Over for Long-Range
ENGIE (SUEZ group), integrates ide Internet of| Low-Power Wireless COITIpEtItOI’S?
SIGFOX solution to expand services it < from SIGFOX
devic pI'OVideS for buildings From blog.vdcresearch.com - June 16, 7:56 AM
The d From m2mworkdnews.com - My 28 From m2mworldnd “ A preliminary market battle has been brewing over the past year
of Lo * Gofely Services opens a new era " POST Luxemll hetween technologies to connect loT devices via wireless wide area
ot COFELY Services indrvingenergyefficiencyof  FQX  Di9Mtal D and N naryyories These cellular-type networks allow very low power battery
Beng G>F s\ez buildingsand smart meteringby [*"**~  Dedicated loT Ao int " " ‘o nf dat | enil ot
——— connecting its service offering to Continu]ng th( avicee T TranaemMmit amall amolinte N aTa AvVer epveral milege a3 aniirinn
1 . ’ the SIGFOX energy-efficient, . H H H
I ? Z SIG FOX cost-effective network. Through wireless Intery sma!‘t CIty was‘t_e _IogIStlcs
W77 o network Abillion dreame. 1iS NEW partnership with the SIGFOX and t prOVIder Enevo IOIHS LoRaTM
|- vty TUTEYwTTY asauidacafshasddivrsetictoudy announced the depld

METERING & From www.meterir| LUX€mbourg. POST Luxembourg is A"iance at MObile WOI‘|d congress in
HTTTRE s B | Bouygues picks Semtech's Lo Barcelona - Enevo
for FrenCh MZM network = Rei From www.enevo.com - March 6, 4:12

determine the “best” wireless network Wireless o
T-Mobile to cover the Czech 3 From www '
Republic with the SIGFOX network . & Phonast Will Dual April 3,11:2
for the Internet of Things Mode Help the P ix o e
mu.z.:c.zvaamwuv A :.,' RO 44 s v Rl“ Y !hﬂ‘h FrenCh
Following a pilot opera Telecom
Czech Republic that e _— e —— LoRa rad

i " network, a narrow-band technology which
domestic loT and M2M network. guarantees connectivity at a reduced energy
consumption rate and at a lower cost. Orange has

chosen to rely on LoRa (Long Range) technology
to deploy this network that will cover the whole of metropolitan France. 1 O 3

expectations, T-Mobile
SimpleCell Networks

SIGFOX'S INEMEt Of T o v e e
network throughout the country.




ERYBODY WANTS TO BE IN!

\ LERa ;‘A MULTITECH@)
SENMITECH

|||I TST SRS /
OPERATOR =
Ltt LoRa Alliance
== Wide Area Networks for loT
\ : . .

i3 TEXAS
INSTRUMENTS

QCll

Making Things Smart ! J

»
0))))}4]" ThingPark Wireless

OF THINGS

Atmel

!%n k I LinkLabs
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LORA RADIOS
OSTLY BASED ON SX1272/76 CHIP)

Pk
| lexasssessnesssvssny

| L AR RERERLRRR LR LR

Libelium LoRa is based on
Semtech SX1272 LoRa
863-870 MHz for Europe

& PORJI DRF1278DM is
&7 based on Semtech
SX1278 LoRa 433MHz

Froggy Factory LoRa
module (Arduino)

oI = IMST IM880A-L is based on
o exictreess Semtech SX1272 LoRa
LinkLabs 863-870 MHz for Europe
Symphony module

LoRa™ Long-Range Sub-GHz Module
(Part # RN2483)

Microship RN2483

e T SODAQ LoRaBee
s Embit SODAQ LoRaBee

¥

Multi-Tech f
MultiConnect mDot b =, I—

SRR AMIHO AMO093 RN2483 105



LORA GATEWAYS
(NON EXHAUSTIVE LIST)

Multi-Tech Conduit

A= e
Embedded Planet ) | owm
EP-M2M-LORA | ‘ew g
‘ LinkLabs Symphony
PicoWAN from |deetron Lorank 8
- Archos .
| Or build your own one:
TheThingNetwork Arduino, Rasperry PI, ...

Kerlink loT Station 106



READY-TO-USE LORA
DEVICES

IDEETRON
ID140015-01

c3 & -
= ~

i . a ™
o LgRa o
| =
Technology MOTE AL MII:ROE::::’
GPIO11!
GPI012
GPIO13}
UARTRX|
UARTTX|
RESRV|
RESRV|
CTS|
RTS)
1 +3.3V|
LoRa™ fodle ___ 640

NetBlocks =
Embedded Networking -
-

L)

)

NetBlocks
e XRange N
Microchip LoRa mote SODAQ Tatu with LoraBee (Embit) {7




OME OTHER LONG-RANGE
TECHNOLOGIES

[ *
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Platanus

SIGFOX

Telensa

Weightless

Weightless

Amber
Wireless

M2M
Spectrum

Range 15-45 flat; 4 (but claims Several 50 rural; 2+ urban
(km) 15-22 25x hundred 10 urban
(Caveat) suburban; competition) meters
3-8 urban
Band Spread; varies | Sub-GHz 2.4 GHz Sub-GHz 868;902 868/915 Sub-GHz Sub-GHz 434,868, 800/900
(MHz) by region 470 (China) 2.4 GHz
ISM? Yes Yes Yes Yes Yes Yes Yes Yes Yes No
Symmetric No No No (4:1) No No Yes Uplink only | Not yet
up/down? determined
Data rate 0.3-50 kbps 100 8 bps — 8 kbps | 500 kbps 100 Low 30 kbps- Up to 200 Up to 500
(Caveat) (adaptive) 100 kbps kbps kbps**
(adaptive)
Max nodes Depends; Million/ “10s of 1000s” | 50,000 Millions/ 150,000/ No real No real claim | 255
200K-300K/hub | base hub Server claim (due | (due to “it networks
(moving to “it depends”) of 255
to 500,000) | depends”) nodes
OTA Yes Yes Yes Yes Doubtful Yes No Yes
upgrades?
Handoff? No; no No; it's being | Yes Yes Doubtful Yes Yes Yes
node/hub considered
association
Operational | Public or Public or Public or Public or Public Public Public or Public or Public
model private (expect | private private private private private
80% public)
Standard No Weightless-N | IEEE; in Weightless-P No No Yes In process;
status (if process (perhaps in spec later this
any) future) yr
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,LICENSE-FREE suB-GHz
CONSTRAINTS

O Shared medium so long-range transmission in dense
environments can create lots of interferencel

d Activity time is constrained from 0.1% to 1% duty-cycle
depending on frequency: 3.6s to 3é6s/hour

Band Edge Frequencies Field / Power Spectrum Access Band Width
Fe- FEe¥
g(Note 7) ! +6.2 dBm /100 kHz

65 MHz 868 MHz 1 % or LBT AFA 3 MHz

m 865 MHz 870 MHz -0.8 dBm / 100 kHz 0.1% or LBT AFA 5 MHz
' 868 MHz 868.6 14 dBm 1 % or LBT AFA 600 kHz
E 868.7 MHz 869.2 MHz 14 dBm 0.1% or LBT AFA 500 kHz
869.4 MHz 869.65 MHz 27 dBm 10 % or LBT AFA 250 kHz
g4 869.7 MHz 870 MHz 7 dBm No requirement 300 kHz
869.7 MHz 870 MHz 14 dBm 1 % or LBT AFA 300 kHz
Channel Number Central Frequency

863-870 MHz Band CH_10_868 865.20 MHz

0,3MHz CH_11_868 865.50 MHz

—r CH_12_868 865.80 MHz

. . . . . . . . CH_13_868 866.10 MHz

w o © CH_14_868 866.40 MHz

EI % 5 fn % % % 5 CH_15_868 866.70 MHz

CH_17_868 868 MHz 1 1 0
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IME ON AIR FOR VARIOUS
LIBELIUM LORA MODE

time on air in second for payload size of

LoRa 105 155 205 255
mode BW CR SF 5 bytes | 55 bytes | bytes Bytes Bytes Bytes
1 125 4/5 12 | 0.95846 | 2.59686 | 4.23526 | 5.87366 | 7.51206 | 9.15046
2 250 4/5 12 [0.47923 | 1.21651 | 1.87187 | 2.52723 | 3.26451 | 3.91987
3 125 4/5 10 | 0.28058 | 0.69018 | 1.09978 | 1.50938 | 1.91898 | 2.32858
4 500 4/5 12 | 0.23962 | 0.60826 | 0.93594 | 1.26362 | 1.63226 | 1.95994
5 250 4/5 10 | 0.14029 | 0.34509 | 0.54989 | 0.75469 | 0.95949 | 1.16429
6 500 4/5 11 [ 0.11981 | 0.30413 | 0.50893 | 0.69325 | 0.87757 | 1.06189
7 250 4/5 9 10.07014 | 0.18278 | 0.29542 | 0.40806 | 0.5207 | 0.63334
8 500 4/5 9 ]0.03507 | 0.09139 | 0.14771 | 0.20403 | 0.26035 | 0.31667
9 500 4/5 8 10.01754 | 0.05082 | 0.08154 | 0.11482 | 0.14554 | 0.17882
10 500 4/5 7 10.00877 | 0.02797 | 0.04589 | 0.06381 | 0.08301 | 0.10093
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2 WAZIUP CONTRIBUTION

d WAZIUP contributes to long-range networks with

! Open loT sensing and
communication
platform (WP2)

Open big data
application platform

User acceptance and business model (WP5)

Building sustainable innovation community and ecosystem (WP6)

[ Project coordination and innovation management (WP7) ]
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WAZIUP's WP2

QUPPA (LIUPPA/T2I) leads WP2

AT.2.1 Design and adaptation of sensing
systems considering societal and
environmental threat (Ul)

dT72.2 Design and integration of heterogeneous
loT networking (UPPA)

dT2.3 Low-latency and low-energy MAC
protocols (UPPA)

d72.4 Open loT test-bed and benchmark (UGB)

dT2.5 Multimedia training materials and tools for
developer community (CTIC)
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T2.1

DESIGN AND ADAPTATION

4 Build low-cost, low-power, Long-range enabled
generic platform

d Methodology for low-cost pIOTform design

MULTIPROTOCOL m

ARDUINO
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T2.2

BMETEROGENEOUS |IOT NETWORKING

d Seamless integration of short-range & long-
range, intermittent connectivity

LR radios have activity

\“ratioc\svaints
{ 20kms \f é

=

/ Multi-hop gateway
communications

can be addressed
/ % \ 115




T2.3
MAC PROTOCOLS

d Can use existing MAC implementation as @
starting point

1 Contributes on

A criticality-based scheduling for surveillance
applications: how to schedule devices for low-power
(activity duty-cycle) mode without degrading the
surveillance quality?

d long-range activity sharing (LAS) for increased quality
of service, especially for data-intensive applications:
how can we go beyond the 1% radio activity time
constraint to provide low-latency communicationse
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LORA GATEWAYS

AWAZIUP will deploy already-packaged
gateways such as Kerlink and MultiTech
gateways

AWAZIUP will also provide low-cost
gateways based on off-the-shelves
platforms for minimum cost, maximum
customization and flexibility

dArduino (MEGA, DUE)
dintel Galileo
dRaspberry Pl
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LTS -%u . b J.
{INTERNET:®
i, & P OF @, &

ittt OUR LOW-COST GATEWAY
. APPROACH

RS =
7 S Same code can
Kept as simple / ) \ _
as possible / IUSG high-level be run on Arduino
anguage. \ MEGA/Due or -
python, perl, Intel Galileo as :
I java,... ' well SX1272 lib
I \L \
© | !
radio stdput stdopt
bridge . |
program st\dln /

Most of user or
application
specific logics is
done here! We
provide some
basic features, up
to you to enhance
them

gt+ -lpthread -1lrt lora gateway.cpp arduPi.cpp SX1272.cpp -0 lora gateway
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LORA END-DEVICE:
TEMPERATURE SENSOR

Pro Mini atmega328 3.3V 8M

For Arduino Compatible Nano

New Pro Mini atmega328 3.3V 8
M remplacer ATmega128 pour

us $1.86/piéce

Expédition Gratuite

‘
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d A message starfing with "\!" is logged in a
ThingSpeak channel

gSpeak cChannels-  Apps  Blog  Support -

Test LoRa UPPA

Account - Sign Out

Channel ID: 66583 Test of LoRa gateway at University of Pau, France
Author: cpham @: Test, lora, uppa
Access: Public

PrivateView | PublicView ~ ChannelSettings ~ APlKeys  Datalmport/Export

Add Visualizations Data Export MATLAB Analysis MATLAB Visualization
Field 1 Chart ®r=x Field 2 Chart ®s=x

[ JThingSpeak

Test LoRa UPPA

Test LoRa UPPA
E] ThingSpeak annels -  Apps  Blog  Support - /\\ )
User: cpham

Thingspeak.com ThingSpeat.com

[sul Test LoRa UPPA
Test LoRa UPPA

Channel ID: 66583 5

e
Author: cpham . N
Test of LoRa gateway at B T

- oace

University of Pau, France

Date

Thingspeak.com

Field 5 Chart ©s=x

ThingSpeat.com

Field 6 Chart ® x

Test LoRa UPPA

Test LoRa UPPA

50
o =
5 g
W Test, lora, uppa
09:34 09:35 09:36 09:37 09:38 s 09:34 09:35 09:36 09:37 09:38
Date Date
fue Sae
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DATASOURCES

4Revenir a Mail 10:12 f 4Revenir a Mail 10:12
@ thingspeak.com

[ ThingSpeak

a freeboard.io

eld 1 Chart

Temp for sensor 3

T from sensor 3 (office

Fri Dec 04 2015
23 10:10:32 GMT+0100 H
©

4. Dec 03:00 06:00 09:00
Date 0.0 50.0

ThingSpeak.com

Field 2 Chart ®®

Temp for sensor 10

T from sensor 3 (office)

22

T from sensor 10 (window)

03:00 09:00
Date
hingSpeak.com

Field 5 Chart ®®
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ORE TO COME WITH DEMO
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Field 1 Chart S Full time series of temperature for sensor 3
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CONCLUSIONS

d Internet of Things, like Wireless Sensor Networks
are the foundation of pervasive surveillance
infrastructures for smarter, context-aware
applications

d Connecting them, collecting data and providing
seamless infernet connectivity is challenging but
many standards have emerged

A loT devices are foreseen to go beyonds the
number of traditional internet hosts

d New long-range radio technologies is boosting
loT deployment as it never has beenl!
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