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AGENDA

The Things Network: una red loT entre y para tod@s
Conceptos técnicos
Aplicaciones ciudadanas

Construyendo una red global con la ayuda de las comunidades

Preguntas
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THE THINGS NETWORK

UNA RED IOT ENTRE Y PARA TOD@5S
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Internet de las Cosas (loT)

2018: 20.000 millones de dispositivos conectados
2022: x2

Campos de aplicacion

« Ciudades inteligentes: control del trafico, aparcamiento...

* Industria 4.0: trazabilidad, control de calidad por vision artificial...

- Edificios inteligentes: Eficiencia energética, asistencia en evacuaciones...
* Movilidad: vehiculo conectado, mantenimiento preventivo...

« Tiendas inteligentes: ofertas personalizadas...

« Salud y cuidados: hombre-al-suelo...
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The Things Network: Misidon

Crear una red loT descentralizada y tecnoldégicamente
Independiente, en la que los usuarios son a la vez los

propietarios y los operadores del sistema

ale

THE THINGS
NETWORK



The Things Network: Principios

Tus datos son tus datos
Neutralidad de la red

Cddigo abierto
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CoOmo empezo todo

Julio de 2015, Amsterdam
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Wienke Giezeman

Johan Stokking




L§ Ra

Long Range Wide Area Network
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KICKSTARTER

295.331 €

de la meta de 150.000 €

TheThings UNO

934

patrocinadores

TheThings
GATEWAY

TheThings NODE ar
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AELORA

www.aelora.nl
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BORBORA — CHILDREN AIR QUALITY

WWW.waag.org
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www.flood.nefitVg
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SMART MOUSE TRAP

www.Xxignal.com
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THE THINGS NETWORK

CONCEPTOS TECNICOS
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Conexiones punto a punto

Largo alcance
Bajo consumo de energia

Bajo ancho de banda ‘\\
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Nodo < Mis gateways < Internet

Solucion local o
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Nodo < Cualquier Gateway TTN < The Things Network
Solucion global 4
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TECNOLOGIAS DE CONECTIVIDAD INALAMBRICA

3GPP LTE, LTE-MTC
- 3GPP GSM, WCDMA, EC-GPRS
- 3GPP2 Cdma2000

- WiMAX
. 3GPP NB-loT
<100 km
: Cellular (licensed) ;
WNAN | wwaNn LPWA (licensed) E
WLAN : . '
‘E LPWA (un-licensed)
Bluetooth ZigBee ISA 100.11a (6LoWPAN) 802.11a/b/g/n/ac - Wi-SUN (6LoWPAN) SIGFOX
- ANT+ - Z-Wave - WirelessHART 802.11ah (1km) - ZigBee NAN (6LoWPAN) - LoRa
- MiWi Thread (6LoWPAN) - Many others 802.11p (V2X) - Wireless M-bus Telensa
- Enocean - 802.11af (white space) - Many others - OnRamp
- Many others - Positive Train Control
Interop based conformance - Many others
B ;> Billion units/yearnow  WPAN: Wireless Personal Area Network WNAN: Wireless Neighborhood Area Network ‘s}
W : Emerging WHAN: Wireless Home Area Network WWAN: Wireless Wide Area Network
WFAN: Wireless Field (or Factory) Area Network  LPWA: Low Power Wide Area THE THINGS
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WLAN: Wireless Local Area Network



LORA

Bandwidth

(802.1 1ac\ / 5G
4G
WiFi
3G
802.11g \ oG
BIuetooth/BLE] ZigBee ]
- 4
RFID/NFC J | oRa
) \§
Range
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LoRa

COMPARISON - main LPWAN M2
technologies

Feature LORAWAN SIGFOX LTECat1l LTEM NB - LTE

Modulation ( SS chip ) UNB / GFSK /BPSK  OFDMA OFDMA OFDMA

Rx Bandwith 500- 125 KHz 100 Hz 20 MHz 20— 1.4 MHz 200 KHz

Data Rate 290bps — 100 bit / sec 10 Mbit fsec 200 kbps -1 Average 20K bit /
50Kbps 12 / 8 bytes Max Mbps sec

Max. # Msgs/day Unlimited UL: 140 msgs / day  Unlimited Unlimited Unlimited

Max Outpu Power 20dBm 20dBm 23 -46 dBm 23/30 dBm 20 dBm

Link Budget 154dB 151 dB 130 dB+ 146 dB 150dB

Battery lifetime — @ 90 months 18 months

2000 mAh

Power Efficiency @ Very High Low Medium Med high
Interference immunity @ Low Medium Medium Low

Coexistence Yes No Yes Yes No

Security @ No Yes Yes Yes
Oui
Mobility / localization Limited mobility,  Mobility Mobility Limited mobility, "h

No localization No localization

Souwce: LORAWAN Allance, 2015 www.vertical-m2m.com II!EtT\E IoNRGE




LORA

ALCANCE

BAJO CONSUMO

MILES DE DISPOSITIVOS

BANDA SIN LICENCIAS

ANCHO DE BANDA

Yes

Yes

Yes

Yes

Yes

Mo

Mo

Mo

Mo

MNo

~1Km (urbano) / ~10Km (rural)

La baterias duran anos

Conectados a un mismo gateway

868MHz (EU) 915MHz (US)

Max 50kb/s I.,“
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Modulacion de radio

1 0 T 0 1 8 1 B You want to transmit this
binary code

TP T T P T T A T T
""'V"‘VVV"‘VVV"'V!! difia

Amplitude modulation

Hllnll“”llnll I ‘l WAL '
AR o

Frequency modulation

“TAAAALMAL ALMAR AAJAR AN
VYWV VYWY UV UV o ome
Phase modulation ‘
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Modulacion:

On-Off keying VS Frecuency-shift keying VS LoRa
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Modulacion LoRa

Chirp Spread Spectrum

Tecnologia de los 40

Utilizada en ambitos militares - Radar
Largo alcance y penetracion
Dificil de detectar
Alta resistencia a interferencias
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LoRa: Bit, Symbol, Chip, Chirp

Bit: Unidad minima de informacion a transmitir

Symbol: Codificacion de la informacion para transmitirla a travées de un
medio determinado. Un symbol puede codificar un bit o mas, y afadir

informacion adicional como correccion de errores.

Chip: Unidad minima de codificacion en Spread Spectrum: Se

necesitan varios chips para codificar un symbol.

Chirp: Es un Symbol en la terminologia de Spread Spectrum.
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LoRa Frame

LoRa Symbles [8 preamble, 2 Sync, 5 Symbols]
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LoRa Demodulacion

/ 1 -’, "' ;_ * s
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] 3 i " !
-— 1 ¢ ¥ ¢
x — g A lg_ —_ t
' : 1 \ :
—' 9 b
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Narrowband interferer
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LoRa: Spread Factor

Velocidad vs Alcance vs

Comparasion of LoRa Spreading Factors: SF 7 to SF 12

Consumo

A mayor velocidad, menor

o

~ I

o

> g

& 500 g

| i 0 3
dalcance g <
£

L 400 £

A mayor velocidad, menor

consumao

10 20 30 40 50 60
Time (ms)
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LoRa: Spread Factor

LoRa Spreading Factors (125kHz bw)

Spreading Factor Chips/symbol Time-on-air (10
byte packet)
7 128 -7.5

56 ms 5469 bps

10 km 8 6

energy / airtime 8 256 -10 103 ms 3125 bps

9 512 -12.5 205 ms 1758 bps
10 1024 -15 371 ms 977 bps
1 2048 -17.5 741 ms 537 bps
< >
SF 12 1n 10 9 8 7 12 4096 -20 1483 ms 293 hpS
https://blog.surf.nl/en/lora-the-internet-of-things/ http://www.techplayon.com/lora-link-budget-sensitivity-calculations-example-explained/
4
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LoRa: Duty Cycle — 36 segundos por hora

Seccidon 7.2.3 de la norma ETSI EN300.220

.+ g (863.0 - 868.0 MHz): 1%
- g1(868.0 - 868.6 MH2): 1%

.+ g2 (868.7 - 869.2 MHz): 0.1%
.+ g3 (869.4 — 869.65 MHz): 10%
.+ g4 (869.7 — 870.0 MHz): 1%
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The Things Network: politica de acceso justo

e Lared es un procomun

* Todo@s nos beneficiamos de un uso razonable
« Uplink: 30 segundos por dia y nodo (aprox. 550 mensajes en SF7)

* Downlink: 10 mensajes por dia y nodo
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LoRaWAN

NETWORK
SERVER

APPLICATION

SERVER
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iCoOmo funiona?

- D "~ THETHINGS

NETWORK >

DEVICES GATEWAYS NETWORK APPLICATION
SERVER SERVER
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LoRaWAN

O LoRa = Capa fisica de largo alcance

O LoRaWAN - Arquitectura de protocolo y capa
de red

O El protocolo y la arquitectura tienen una gran
influencia sobre

o Consumo de bateria
o Capacidad de la red
o QoS

o Aplicaciones finales sobre la estructura

Class B Class C
(Baseline) (Continuous)
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LoRaWAN

Concentrator Network Application
End Nodes /Gateway Server Server

d En LoRaWAN no existe asociacion entre nodoy

pat
tracking

Q)
gateway [
simoke alarm 3G/
Ethernet
water Backhaul
meter ((P)

O Lainteligencia y la complejidad se desplazanal .
plano del servidor, que es el que lida con sending
duplicidades, seguridad, planificacion de e montonine

notlflcaC|OneS, LoRa® RF TCP/IP SSL TCP/IP SSL
LoRaWAN™ LoRaWAN™ Secure Payload

L No existe el concepto de handover

AES Secured Payload
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LoRaWAN

[ Tres clases de dispositivos en funcién A
del uso del espectro: Battery powered sensors
* Most energy efficient

* Must be supported by all devices
* Downlink available only after sensor TX

o Clase A: Sensores

Battery Powered actuators

* Energy efficient with latency controlled downlink
« Slotted communication synchronized with a beacon

Battery Lifetime

o Clase B: Actuadores Main powered actuators
* Devices which can afford to listen continuously

* No latency for downlink communication

o Clase C: Actuadores criticos
Downlink Network Communication Latency
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LoRaWAN: Uplink y Downlink en clase A

Transmit

Transmit

Receive

Transmit

Receive

Receive Delay 1

Receive Delay 2
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LoRaWAN: Identificacion unica de los componentes

GatewayEUI (64 bits, unico).

DevEUI (64 bits, Unico)

AppEUI (64 bits, unico)
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LoRaWAN: Informacion requerida por el nodo

Device Address (32 bits, puede no ser unico)

« 7 MSB: Network Identifier (0x26, 0x27 = The Things Network)
« 25 LSB: Network Address

Network Session Key

Application Session Key (ABP)

Frame counter (uplink y downlink)

ale

THE THINGS
NNNNNNN



LoRaWAN: Seguridad

I ﬁ AppSKey

> NwkSKey
Autenticidad e P
—1

B Join Server
Integridad =
R Networ
i o ﬁ = Security R Q .
Token ‘ P &=
Application
ﬁ Sgcpurity
| ECo— | Ea—
1 <

Encriptacion *_ ?E_—;T .

0 — | ETI—
A - 5 > E—1
i = =
Device Devices Gateways LoRaWANT™ Application
Manufacturers Network Server Servers ““
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LoRaWAN: Personalizacion y activacion OTAA vs ABP

ABP: Activacion por personalizacion

« Devide Address, Network Session Key y Application Session Key

programados “a fuego” en el nodo
OTAA: Activacion por el aire

« El nodo envia el DeviceEUl y el ApplicationEUI, y a partir de la
respuesta recibida y haciendo uso de la ApplicationKey, deriva el

Devide Address, Network Session Key y Application Session Key.
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LoRaWAN: Formato de un mensaje

Radio PHY layer:
Preamble PHDR PHDR_CRC PHYPayload CRC*
Figure 5: Radio PHY structure (CRC* is only available on uplink messages)
PHYPayload:
MHDR MACPayload MIC
or
MHDR Join-Request MIC
or
MHDR Join-Response MIC
Figure 6: PHY payload structure
MACPayload:
FHDR FPort FRMPayload
Figure 7: MAC payload structure
FHDR:
DevAddr FCtrl FCnt FOpts
Figure 8: Frame header structure ‘-“
THE THINGS

NETWORK



THE THINGS NETWORK

APLICACIONES CIUDADANAS
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lluminacion: Hasta 5000 farolas en un area de 5Km

Encendido/apagado por

. . A inteliLIGHT® LoRaWAN™ COMPATIBLE
m OVI m I e nto LIGHTING PANEL CONTROL & MOMNITORING UNIT
éi"—‘ e T — Domfuﬂ"f“f”
@ inteliLIGHT® LoRAWAN™ eI e T, f -
. o 7 COMPATIBLE CONTRD!’._LER%___._. S N *‘é P
Medicion de consumos et 2
=
Ve °
eléctricos 11;11
any LoRaWAN™
COMPATIBLE GATEWAY

up to 5000 end devices in a 3'5 km range
{depending on urban areas density)

Medicion de parametros

|l|||l||n
cisco

inteliLIGHT® StreetLight Control

Compatible SOFTWARE

ambientales
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Lineable: Localizacion de nifflos y personas con

alzheimer

Lineable Junior Lineable Silver
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GlobalSAT: Hombre al suelo, pet tracker...

L@Ra Alliance Certified™

Built-in help button for
emergency situation

Built- in 3 axis accelerometer for
motion sensing capability
Vibrating alert/ Buzzer alert/
Power low alert/ Power off alert
Support Class A/ Class C
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Economia colaborativa: Compartir bicicleta

= /[\ ’ r alla" r//\” l// ./A\ /E;\_
| 1

f/w

www.semtech.com

o
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Smart City: Calgary

Photo 5: LoRaWAN sensors used by the City of Calgary

Humedad del suelo y control

de riego
Medicion de calidad del aire
Mapa de ruido en tiempo real

Alerta temprana de crecidas

de rios y torrentes
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Contadores de agua: loTSens

IOTSENS DESPLIEGA UN PROYECTO DE TELE-LECTURA
PARA 20.000 CONTADORES DE AGUA INTELIGENTES G A AEms 5 Sen M Omwors 4 User W imoue 8 Lo
CON COMUNICACION LoRaWAN

o e (gnecioligss)

Significants v

Uttimos 7 dias
METEQD3 - Humidiy ()

Uttimos 7 dias
14FA0B4532 - Consumed volume (m3)

Jan 6.Jan &Jan 10 12. 4.Jan  &.Jan  8.Jan 10 12
Jan Jan Jan Jan

Uttimos 7 dias
METEO01 - Air femperature (°C)

0.75
05
0.25
N
4

Everblue Itron meter
CALLE KARL RAIMUND POPPER, 1322

2.37m3 11.00/3.00

Parking Bicicas Battery (mv)
Plaza Muralla Liberal FAD40032

10/01/2017 01:01:02

09/01/2017 23:00:00 Libres/Ocupadas
0.00m3 false
Consumed  Reverse flow — o
volume slarm 10/01/2017 15:53:02

Ty
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COMUNIDADES SMART ((.))

Pequena Smart City:

« Sensores piscina (pH,

temperatura ..)
* Iluminacion
* Riego

» Seguridad en trasteros

. __;ﬁff’//fﬁmu ;

= |

S

- Alta autonomia y coste ajustado a

presupuestos vecinales

THE THINGS
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SMART PARKING

 Qrientado a eventos

- Alta autonomia para alargar al

maximo los ciclos de recambio

THE THINGS
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PET FINDER

Combinacion con GPS bajo solicitud

en DL (clase Q)

Aprovechamiento de la cobertura

amplia de la red

Coste despreciable en

comunicaciones

Extendible a casos similares
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CONSERVACION DEL RINOCERONTE NEGRO EN
TANZANIA

Parque Natural Mkomazi. \.'.
Localizacion 'y analisis de las Endangered BIaCk RhanS

costrumbres de los rinocerontes para PrOteCted by LORa®

protegerlos de los cazadores furtivos.

A World of Solutions”
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Novedades: Integracion con Collos

@ COLLOS

collaborative location service

Collos Batch

Gateway Management
o v1

o V2

Gateway Utilities

o V1

Localization Lora Recipes

o V1

Semtech Localization Algorithms X
)

THE THINGS
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Novedades: Integracion con Collos

« TDOA: Time Difference of Arrival S

5.00

« Nanosegundos

Price : €1.691,00

LoRa

« Gateways de 22 generacion

- FPGA

Wirnet iBTS is a range of modular and upgradeable gateways

link

designed for IoT public operators. Its powerful processing capability

» ToA encriptado - Pago make

them a strong link in the chain.
Wirnet
iBTS

* Necesitas 3 gateways
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LoRa GEOLOCATION

Titia Houwing & Paul Marcelis (KPN)
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Novedades: Stack v3

» Supports LoRaWAN versions: 1.1, 1.0.2 and 1.0

* Runs assingle binary or as micro services in clusters

* Supports peering within The Things Network ecosystem

» Supports roaming and third party Join Servers within the LoRa Alliance ecosystem

» MVP release in March 2018, June 2018 for private networks and July 2018 for the

public network

» All components to run a network are open source
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OPEN SATELLITE LoRaWAN AT SCALE

Thomas Telkamp (Lacuna Space)
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OPEN SATELLITE LoRaWAN AT SCALE

Thomas Telkamp (Lacuna Space)

Lacuna
Customers

Other
LoRaWAN

ﬂ LoRaWAN -wr”

Providers
-
Battery powered devices Satellites in low earth Messages are relayed to Data relayed to The Distnbuted to Lacuna Space \\
@ direct to satellite - no @ orbit collect and store ground station when @ Lacuna Networkfor @ customersor other
gateway required received messages satellite goes overhead distnbution operators as appropriate {E THINGS

-~ ETWORK
M A DRI D



OPEN SATELLITE LoRaWAN AT SCALE

Thomas Telkamp (Lacuna Space)

Low Earth Ol‘bit LEO and GEO orbit elevations




THE THINGS NETWORK

CONSTRUYENDO UNA RED GLOBAL CON LA AYUDA DE
LAS COMUNIDADES
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LoRaWAN: 83 operadores publicos en 57 paises

83

Network Operators

57

Alliance Member
Operators

49 .

Countries operating in

95

Countries with .
LoRaWAN Deployments i

Alliance Member Public Networks

Other LoRaWAN Deployment ‘

THE THINGS
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Estado actual

At this moment, there are 7243 gateways up and running

69889 7243 137 .-h

MEMBERS GATEWAYS COUNTRIES THE THINGS
NETWORK



BUILDING A GLOBAL NETWORK

THE THINGS



North
Atlantic
Ocean

audi Arabia“
_gman

Eemen.d Arabian

Sea

Indian
South

Atlantic

Ocean

THE THINGS
Ocean NETWORK




North
Atlantic
Ocean

Indian
South

Atlantic

Ocean

Ocean




WE'RE BUILDING THIS THING TOGETHER!

Join us!

()
D COMMUNITIES

CONNECT CONTRIBUTE BUILD YOUR SHARE!
GATEWAYS OSS COMMUNITY
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THE THINGS NETWORK

COMUNIDAD TTN MADRID
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COMUNIDAD TTN MADRID

JOIN THIS COMMUNITY

OUR STORY

Establecer una red para obtener datos de sensores lejanos e itinerantes.

Esta tecnologia puede aprovecharse para crear redes de informacién ciudadana, por ejemplo

sobre contaminacion actstica o atmosférica.

ABOUT THIS COMMUNITY

93 103

Gateways Contributors Official community

CONTRIBUTORS

The Core Team of Madrid consists of:

&7 ‘9
N -

Juan F. Mateos Valentin Ruiz Mario Bricefio
INITIATOR FOR CORETEAM MEMBER
MADRID
COMMUNITY

AT

%

N
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ACTIVIDADES

Divulgacion
Formacion
Asesoramiento

Implantacion
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COMUNIDAD DE REFERENCIA IOT

Unete a The Things Network
con Juan Félix Mateos

e -
iUltima hora!

Posiblemente sea el récord de
comunicacion #LoRa terrestre de
#LoRaWAN en Espana...

Enlace a na

Desde la bola del mundo a Salamanca

Ok Ok SOk
A

@thethingsntwrk @ttn_mad

@ Translate Tweet

ngsNetwork-...

Seguidores
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#4 CONTRIBUTORS!

4A1Fa
AT 1.
L || || |
L 4
A

Most Gateways

Zurich

Walloon region, Belgium

Bern

Rotterdam

137 Gateways

121 Gateways

100 Gateways

94 Gateways

93 Gateways

Most contributors

Zurich

Amsterdam

Sydney

Madrid

Berlin

1643 contributors

143 contributors

127 contributors

103 contributors

24 contributors

Latest communities

2019-04-18

Welcome litte ane !

Manizales

Kashima 2015-04-15
Konstanz 2019-04-15
Magoya 2015-04-15
Anglesey 2015-04-12
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RADAR DE EVENTOS Y PREVISIONES

Eventos tanto de la comunidad TTN Madrid como de
organizaciones del ecosistema loT con las que hemos

colaborado en nuestra trayectoria
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GRUPO RESIDENTE MEDIALAB PRADO

Cada viernes

https://www.medialab-prado.es/proyectos/things-network

Medialab Prado & |MADRID
MEDIALAB Q9
PRADO

MEDIALAB LABORATORIOS PROGRAMAS ACTIVIDADES MULTIMEDIA COMUNIDAD

Inicio / Proyectos / Things network

The Things Network

Portada @ Colaborar < Compartir

3 1

colaboradores comentarios
Equipo
Mediators:
Colaboradores:

THE THINGS

NETWORK
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https://www.medialab-prado.es/proyectos/things-network

ROADMAP DESPLIEGUE REDEXIA

2019

https://www.redexia.com/ @ red eXia

Lot network

Despliegue en Madrid antes de final de Marzo

10 principales ciudades de Espana en servicio en

2019
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https://www.redexia.com/

29 de Mayo

MADRID PYCOM WORLD SERIES HACKADAY

PY PYC

om

invent

MADRID

MAY 2019

HGOINVENT WORLD SERIES

100

2] €50

https://www.eventbrite.co.uk/e/madrid-pycom-world-series-2019-hackday-event-tickets-54524956613

MAY
29

Madrid Pycom World Series
2019 Hackday Event

by Pycom

€41.16 — €54 .49
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https://www.eventbrite.co.uk/e/madrid-pycom-world-series-2019-hackday-event-tickets-54524956613

LANZAMIENTO FOSSASAT-1

Q3 2019

https://fossa.systems/

LoRa / OBC

rrrrr

¥
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https://fossa.systems/

UNETE!

Twitter: @ttn_mad

Slack: ttnmad.slack.com

Meetup: https://www.meetup.com/The-Things-Network-Madrid-

Community
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https://www.meetup.com/The-Things-Network-Madrid-Community
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YOU ARE THE NETWORK
LET’S BUILD THIS THING TOGETHER!

A Juan Félix Mateos

i fal mateos@an ail.com
-

p—— -_— pu—
"

" .! -

: Ww.tingsnetwork.org



