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Objetivos / Agenda

* Objetivos
— Introducir a los principales conceptos de RSI
 Agenda
— Conceptos y definiciones de RSI
- Elementos: nodos (nodo sensor, mote, mota, etc.)
— Tecnologias de comunicaciones (opciones)
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RSI: introduccion

e ;Que son las redes de sensores inalambricos?

— sensores (tambien actuadores)
— comunicacion inalambrica
- redes: forman una red
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RSI: otra aproximacion...

* Twister (1996) Black Mirror (SO3EQ6):
= Hated in the Nation (2016)
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RSI: caracteristicas & desafios

* Gran cantidad de sensores (decenas, cientos, ... miles)

— multiples consecuencias: costo, mantenimiento, etc.
e Caracteristicas

- Sistemas embebidos en red O 00

- Bajo consumo 0‘?62.
— Tolerante a fallos f
\o’o "0«%

Ot
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RSI: caracteristicas & desafios

e Red de comunicacion

— topologia: estrella o malla
— auto-organizadas
— autonomas
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RSI: relacion con loT & LNN

e |OoT segun ITU-T

- “A global infrastructure for the information society, enabling
advanced services by interconnecting (physical and virtual)
things based on existing and evolving interoperable
Information and communication technologies.” (“Overview
of the Internet of things”, ITU-T (Y.4000/Y.2060) , 2012)

* loT segun IETF (LLN: Low power Lossy Network)

- “Networks [...] composed of many embedded devices with
limited power, memory, and processing resources
Interconnected by a variety of links. “ RFC 7102 (Jan. 2014)
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Aplicaciones

iIndustrial monitoring

building automation (heating, ventilation, air conditioning,
lighting, access control, fire)

connected home

health care
environmental monitoring
urban sensor networks
energy management

assets tracking
RFC 7102 (Jan. 2014)
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RSI: origen

“smart dust” (~2000)

smart Dust Components
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Fuente: http://robotics.eecs.berkeley.edu/~pister/SmartDust/
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RSI: evolucion Ley de Moore

Mume 5 de — The number of transistors on integrated circuit chips [19';'1 2018]

re's lnw dese s the empirical regularity that the ||I|'||ll| of transistors on integrated circuits doubles app roximately every two years
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RSI: ¢donde estamos hoy?

+ TelosB Isky (2005) . CC2538 SoC (2013)

- MSP430F1611 (8 MHZz) - Cortex M (32 MHz)

10 KB RAM « 32 KB RAM

* 48 KB Flash « 256 KB Flash

* 4mA active / 10 uA sleep  ~10 mA active / ~1uA sleep
- CC2420 - “CC2520” integrado

* Ley de Moore: sen qué?
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RSI: elementos / partes

EDGE Router

=0

RSI: Introduccion © IIE - Facultad de Ingenieria - UDELAR




. elementos / partes

s _ servidor (app/web)
red de sensores inalambricos

IH-H-

Internet

nodo sensor

nodo sensor
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Nodos

e Caracteristicas
— bajo todo

costo tamano consumo

* Componentes

RSI: Introduccion © IIE - Facultad de Ingenieria - UDELAR




Nodos: sensores/actuadores

e transductor: magnitud fisica
* Interfaz eléctrica
— analogica: 0-5V, 4-20mA, etc.
- digital: SPI, 12C, etc.
 calibracion

— parametros
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Nodos: microcontrolador

* Procesador: programable, periféericos y memoria integrada
* Funciones

— Input: senales de sensores / output: actuadores
— procesado local de datos
— ejecucion de pila de comunicacion

Peripherals

Memaory

11
i;nuci.:lness l i
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Nodos: transceptor (radio)

Transmisor/ receptor: transceptor (capa fisica)

Funciones cada vez mas inteligentes

- “modem” vs packet radio

— pines para interrupcion

Interfaz: comunicacion con uC

- digital serie

- mapeado en memoria (si esta integrado)

Tecnologias

- IEEE 802.15.4, LoRa, Bluetooth, SigFox, NB-loT, WiFi, etc.
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Nodos: alimentacion

baterias
recoleccion de energia

— solar, térmica, vibraciones, radiofrecuencia, quimica
hibridos

Convertidores DC-DC

— Step-down
- step-up

RSI: Introduccion Facultad de Ingenieria - UDELAR




Tecnologias de comunicaciones
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Clasificaciones de redes de com.

LAN (Local)

WLAN (Wireless Local)

CAN (Campus)

MAN (Metropolitana)

WAN (Wide)

PAN (Personal Area Network)
WPAN (Wireless PAN) «— RSI
LPWAN (Low Power WAN) «— RSI
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Radio: bandas no licenciadas

433/868MHz

USA Europe aran

315/433/915MHz Asia 315/426/950MHz

Africa 315/433/

470/T80MHz

433/915MHz
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Tecnologias de comunicaciones

Range Throughput

ZigBee®
6LowPAN

BLE Sub-1GHz
Bluetooth®
BLE

Bluetooth” ZigBee 2.4 GHz
6LowPAN = Proprietary
Sub-1GHz

Technology
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Tecnologias de comunicaciones

RSI: Introduccion

Typical power source

Bluetooth”
BLE
ﬂgEee“ Sub-1GHz

6LowPAN
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Arquitectura de comunicacion
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Applications

Technology
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Pila abordada en el curso

Application Layer

Transport Layer

Netwaork Layer (IPv6)

6LOVWPAN
Adaptation layer

Y

IETF

I 6LoOWPAN

IEEE 82.15.4 (MAC)

IEEE 82.15.4 (PHY)

IEEE 802.15.4
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Pilas sobre IEEE 802.15.4

IPSO Smart
Objects
LWM2M

CoAP

OMA
Standard

ZigBee Alliance Specificaton

IETF Standard

Thread Alliance Specification

d IEEE 802.15.4 {EEE B02.15.4 IEEE B02.15.4
{Mac) (Mac) (Mac)

IEEE 802.15.4 IEEE 802.15.4 IEEE 802.15.4 IEEE 802.15.4
| (Phy) (Phy) (Phy) {Phy)

IPSO Thread ZigBee IP Zigbee / Pro

OS' [ARM, Cisco, Google, Intel...) [Google, ARM, Intel, ... (Smart Energy)

<& IEEE

IEEE Standard
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Pila de comunicacion del curso

Layer

Protocol

Standard

Application
Transport

Network
Adaptation

Data link

Radio Duty Cycling
Physical

CoAP

UDP

[Pv6 / RPL

6lowpan

IEEE 802.15.4 MAC (CSMA)
ContikiMAC

IEEE 802.15.4 PHY

IETF RFC 7252
IETF RFC 768
IETF RFC 6550
IETF RFC 6282
IEEE 802.15.4

IEEE 802.15.4
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Planificacion clases

1) Introduccion RSI

2) Plataformas de hardware

3) Arquitectura 6LoWPAN (IPv6)

4) Plataforma de software: Contiki-NG (parte 1)
5) Plataforma de software: Contiki-NG (parte 2)
6) Capa de aplicacion: CoAP / MQTT

7) Capade red: RPL

8) MAC

9) IEEE 802.15.4 / 6lowpan

10) Capa Fisica & antenas

11) loT y las RSI

RSI: Introduccion © IIE - Facultad de Ingenieria - UDELAR




¢ mas preguntas?
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