Redes de sensores inalambricos (RSI)

Plataformas de hardware

Leonardo Steinfeld

Inst. de Ingenieria Eléctrica, Fac. de Ingenieria
Universidad de la Republica (Uruguay)

Co-funded by the SN ‘ ‘

’ \\|| Erasmus+ Programme L ‘ ‘
="V WV of the European Union S

Btwork of Competence on internet of Things

FACULTAD DE UNIVERSIDAD
Disclaimer: The European Commission support for the production of this website does not constitute INGENIERI'A DE LA RE PU BLICA

an endorsement of the contents which reflects the views only of the authors, and the Commission
cannot be held responsible for any use which may be made of the information contained therein. U R U G U AY




Objetivos

ntroducir la arquitectura de hardware de un nodo.
Describir las funciones de cada subsistema.

Dar ejemplos de implementacion de cada uno.

Describir soluciones concretas de nodo, especialmente las
utilizadas en el curso.
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Agenda

* |Introduccion: nodo
e Subsistemas o bloques constitutivos del nodo

Radio
Sensores
Alimentacion
Microcontrolador
* Plataformas de hardware
— utilizadas en el curso (kits)
— otras (proyectos y productos)
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Introduccion
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Nodos: requerimientos

e Caracteristicas
— bajo todo

costo consumo
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Nodo: diagrama de blogues
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Nodo: diagrama de blogues detallado

Sensing Computing Communication
subsystem subsystem subsystem

Analog | MCU
SEensor
{ ADC || EEPROM | Flash \ <(Y))
Digital r =S
sensor 1 SRAM Core I Timer | ;
— Radio
Actuator |' i I/0 ports |" HaisEeives

Energy storage | Voltage regulator Energy scavenging unit

Power subsystem
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Nodo: radio
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Radio: diagrama de bloques

Radio Control

—< ADC
—< ADC
FREQ

SYNTH
I

Demodulator
RXFIFO

PACKET HANDLER
Digital Interface MCU

&P{

Modulator

BIAS X0SC
¥ —

RBIAS  XOSC @1 XOSC Q2

CCT10L block diagram.
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Radio: circuito de aplicacion (CC2520)

Q 1.8V to 356 V Power Supply
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CC2520 application circuit.
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Radio: PA/LNA (power & low noise amp.)

Antenna T/R T/R Transceiver IC

Switch Switch
T o — RE +
(a)

* . RF -
T/R Status

Matching i

Antenna Ui Transceiver IC

Switch Switch

L ¢ m RF +
(b) —\ ' aF

Matching | | Balun
R e L S Jocssemon T/R Status

Antenna TR i T/R Transceiver IC

Switch Switch
(¢) L I/'_ RF +

. RF —

Matching ,
' T/R Status
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Radio: PA/LNA ejemplo

CC2590/CC2591

Yyl =

- ]

24-GHz
Low-Power
Radio

CC2590/CC2591 block diagram.
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Nodo: antena
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Antenas

@ Texas
INSTRUMENTS

Antenna Selection Quick Guide

Design / Application Note

DNO07 *1 ANO43 *2

DNO034

AN048

Frequency

2.4 GHz 24 GHz 24 GHz

2.4 GHz

2.4 GHz

2.4 GHz

24 GHz

Typical Efficiency

80%(EB) 94%(SA) 68%(EB) 80%(EB)

65%(Zlight2)

76%(EB) 94%(SA)

72%(SA)

55%(USB)

Bandwidth@ VSWR 2:0

280 MHz 101 MHz 100 MHz

150 MHz

354 MHz (SA)

497 MHz

150 MHz

Dimensions (mm)

26 x8 15x6 46 x9

45x2.5

38x25

150 x 100

7x3
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Nodo: sensores
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Sensores: clasificacion

 transductor: magnitud fisica
- Temperatura y humedad del aire
- Luz
- eftc.
* interfaz eléctrica
- analdgica: 0-Vcc, 4-20mA, etc.
- digital: SPI, 12C, etc.
 diferentes “gama”
— aficionado (hobbyist)
— Industrial
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Sensores: temp. & humedad (SH11)

* Temperature & Humidity: Sensirion® SHT11

- Temperature

* Range: -40 ~ 123.8 °C
* Resolution: : £ 0.01(typical) ’

e Accuracy: = 0.4 °C (typical)

- Humidity Eeﬁ!l.}.in
* Range: 0 ~ 100% RH
* Resolution: 0.05 (typical)
 Accuracy: + 3 %RH (typical) ——

Texas Instruments
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Sensores: luz (S1087)

e Light: Hamamatsu® S1087 Series
- Visible & Infrared Range
- 560 nm & 960 nm peak sensitivity wavelength

Typ. Ta=25 °C
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Sensores: humedad de suelo (decagon)

* Decagon
- EC-05
- 10-HS

EC-05 (Decagon)
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Sensores: distancia (ultrasonido)

* HC-SR04

- Power Supply :+5V DC
Current: Initiate E

]
10uS|TTL to signal pin pulse width corresponds to distance
(about 150uS-25ms, 38ms if no obstacle)

e Quiescent<2mA; Signal

Y WO k L 1 5 mA puise width (uS) /58= distance (cm)
r I n " pulse width (uS) /148= distance (inch)
Internal

Effectual Angle: <15° Ultasonic Tranducer will ssue 8 40Kz pulse
Ranging Distance : 2cm — 400 cm

Resolution : 0.3 cm

Trigger Input Pulse width: 10uS
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Sensores: kit Sensortag (TI)

Sensor de .

I TEXAS
temperatura

INSTRUMENTS
TMP0OO7 A RE\E’):EL1 (210255059nsorTag

PCB Antena

Wireless MCU

Sensor presion
BMP280
CC2650 -

~ 1 San? s Sensor de luz
9-ejes Sensor - - ro B .4 OPT2001
MPU-9250 :.,. = | X

Sensor de - = e E LED rojoy
humedad . verde
HDC1000

e TMPOO7 (TMPOO7)
e MPU-9250 (TDK Invens.)
e HDC1000 (Texas Inst.)

« BMP280 (Bosh)
e OPT3001 (Texas Inst.)
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http://www.ti.com/product/TMP007
https://www.invensense.com/products/motion-tracking/9-axis/mpu-9250/
http://ti.com/product/HDC1000
https://www.bosch-sensortec.com/bst/products/all_products/bmp280
http://www.ti.com/product/OPT3001

Sensor: MPU-9250

e System in Package (SiP con dos chips)

- MPU-6500
e 3-axis gyroscope
* 3-axis accelerometer
* onboard Digital Motion Processor™ (DMP ™)

— MotionFusion algorithms
- AK8963

e 3-axis digital compass.
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Sensor: barométrico (presion)

e BMP280

; ; B-pin LGA with metal
Package dimensions A0k D E L AGE

(BOS h) - I ¢ Operation range Pressure: 300 ... 1100 hPa
A ' {full accuracy) Temperature: 0 ... +65°C

Supply voltage Vooo 1.2..36V
Supply voltage Voo 1.71 .36V

Interface PC and 5PI

Average current
consumption (byp.)
{1 Hz data refresh rate)

274 ph
{ultra-low power mode)

Average current con-

Olpa
sumption in sleep mode H

Average 5.5 msec
measurement time (ultra-dow power preset)

Pressure: 0,18 Fa
(eqiuv. to <10 cm)
Temperature: 0.01 K

Resolution of data
BMP280 TARGET APPLICATIONS

» Enhancement of GPS navigation (e.g. time-to-first-fix Absolute accuracy

improvement, dead-reckoning, slope detection) FT= E:}E“ ...Eiégg}hpa =l
= -

» Indoor navigation (floor detection, elevator detection) Relative accuaracy

pressure (typ.) +0.12hPa

p=950 ... 1050 hF (equiv. to £1 m)

» Weather forecast [+25 °C)

Temperature

coefficient offset 1.5 Pa/K

(+257 ... +40 *C (equiv. o 12.6 cmy/K)
@300hFPa)

» Outdoor navigation, leisure and sports applications

» Vertical velocity indication (e.g. risgfsink speed)
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Nodo: alimentacion

alimentacion
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Alimentacion: soluciones

* Pilas (baterias primarias)
— autonomia limitada, sin embargo
— Sl muy bajo consumo: pila ~ dispositivo
* Recoleccion + almacenamiento + conversor tension
— funcionamiento sin interrupciones
— computacion intermitente
e Alimentacion de red electrica
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Alimentacion: pilas (battery)

PRODUCT DATASHEET PRODUCT DATASHEET

ENERGIZER E91 ENERGIZER L91

Ultimate Lithium

ummmaTe
LIYHILIT

Specifications

- . Classification: "Cylindrical Primary Lithium"
Spec1flcatlons Chemical System: Lithium/Tron Disulfide (Li/FeS,)
Designation: ANSI 15-LF, IEC-FR14505 (FR6)
Classification: Alkaline Nominal Voltage: 1.5 Volts
Chemical System: Zinc-Manganese Dioxide (Zn/MnQ;,) Sizing Compatibllity  E91 NH15 1215
No added mercury or cadmium Storage Temp: -40°C to E-OEC {—40:F to 140:F]*
Designation: ANSI-15A, IEC-LR6 Operahting Temp; A0 C It C LT e 19078
, Typical Weight: 15 grams (0.5 oz.)
Nominal Voltage: 1.5 volts Typical Volume: 8.0 cubic centimeters {0.49 cubic inch)
Nominal IR: 150 to 300 milliohms (fresh) Max Discharge: 2.5 amps continuous
Operating Temp: -18°C to 55°C (0°F to 130°F) (single battery only) 4.0 amps pulse (2 sec on/ 8 sec off)
Typical Weight: 23.0 grams (0.8 0z.) Lithium Content: Less than 1 gram
Typical Volume: 8.1 cubic centimeters (0.5 cubic inch) Typical IR: 120 to 240 millichms (depending on method)
Jacket: Plastic Label Shelf Life: é{] vl_e_larsgttZTc'CA LR S S o
. s More Details: n-Line Catalog-Application Manual (Li/FeSg)
::::i:':ﬁ' :E:E::‘;::l c Shipping: Please refer to PSDS Document

Certifications: m X

This battery has Undenwriters oG
Laboratories campanent Ex fa IIC Ga
recogrition (MH29330) Baseefa 14ATEXQ107U

*All data shown tested at 21°C unless otherwise stated.

Milliamp-Hours Capacity "g:“t'at"gp'tlgug c?'g?ﬁ'?
Continuous discharge to 0.8 volts at 21°C EEAnL e hge 10 0.0, YeTs
— AR Lithium = == AA Alkaline

] I I -
l ‘-__-'-'-
25 100 250 500

200 400 600 800

Capacity (mAh)
Capaclty (mAh)

RSI. Hardw Dischirga Grunl Conﬂn.uous Discharge Drain (mA)

(alka shown for comparison)




Alimentacion

* Recoleccion de energia

solar
vibraciones
temperatura (diferencia)
eolica (micro molinos)
* Almacenamiento de energia

- baterias recargables
— supercondensadores
» Conversion de tension / cargador

- Vo (almacenamiento) — Vin (dispositivo)
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Alimentacion: bateria recargable

L
o i . .
Power / Lilon & LiPoly / Batteries

Lithium lon Battery - 3.7V 2000mAh

Lithiurm-ion paiymer falso knawn as lipel or Tgaly) batteries are thin, IGAE, and powerful The cutput ranges from 4.2V when
campietely charged to 37, This battery has = cepaciy of 2000mAn. If you need & larger for smalerl) bettery, we have a full range of
LiPaly Datteries The Batteries Come pre-SHACTES WRN 8 genuine 2-9in JST-PH CONNECIar 8z nown and...

— Lithium lon Polymer Battery =" S

Out of stack

V 5 O O mAh Lithium lon Polymer Battery Ideal For Feathers - 3.7V 400mAh

‘comphetely chargec 10 3.7V, This Dattery Mas & Capacty af 400MAR far & 1011 of A50UT 1.9 YW, If you need & larger (o smalier)

Battery. we heve  fill iange of LIFoly batterles. The batteries come pre-atisched wilh & geruine 2-pin 23mm

Notify Me $6.95

Out ot stack

Lithium lon Polymer Battery - 3.7v 1200mAh

tmumdan patymer fako knawn 5 o or Tpaly] batteries are thin, GG, and powerfs. The Gutsat Fanges from & 2V waen
JST-PHR-2P (i i 4fi 34 campitety chege 1o 37V, Thes bettery hes = copacty of 1200m AR far o 4atal of s5aut 45 W, I you need o araer battery, we s
-PHR-2P (IE i 47 2k) o 8 T500MAR. oGl The Deferes Come pre SAEENE WA 13 5 S P SNECES 8 2w anE MEIUgE..

Reverse Plugx [i] fifi 3k
L1007 24#
Notify Me $9.95

Out of stock

wwg-/+001L

Lithium lon Polymer Battery - 3.7v 500mAh

Lt an Balyme falsa knawn a2 b ar T5aly) batteries are b, I3, and pawerte The Sutout fanges ram 4.2V when
‘Completely charged 15 37V This battery has a Copsc of JOGMAR for a latal of about 13 Wh. f you nieed a larger for smalies)
1S PCM . bestery, we heve a Tl 1ange of LIPaly bteries. The batterles come pre.aisched wilh » .0l SSTPH
IC:R5478 N101CD
MOS:8205
Notify Me $7.95

Out of stack

Lithium lon Polymer Battery - 3.7v 2500mAh

WG 29XV

Lithium-ian palymer also knawn as ‘lipe’ ar ‘IBaly’] batteries are thin, light, and pawertl. The cutaut ranges from 4.2V when
‘campietely charged to 3.7V, This battery has a copacty of 2300mah far = total of sbaut 18 Wh. H you need a smalier battery, we alsa
Mave  1200mAN mosel The Datiaries CoME pre-AtAChEd WA & genUINS 3 N JST-PH CONNECIOr 8% Snown and..

e
p— s1a.95

Lithium lon Polymer Battery - 3.7v 100mAh

Linium-1an paiymer (also knawn as e or Tgaly) Batieries are tin, N, BRG pOWTTL THE CULIUL fanges TTom 5.2 waen
completely chasged 1o 37V, This battery fias & copacity of “X60mah for 2 total of about 0.4 Wi I you nesd a larper batlery, we have

Motify Me $5.95

Out of stack

https://www.adafruit.com/product/328
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Alimentacion: panel solar

* Ejemplo:
- Small 6V 1W Solar Panel

Power { Solar / Panels

6Y 2W Solar Panel - ETFE - Voltaic P126

paneiz came 1o 1z from altaic Systems. makers of fine soiarpowered bage and Backs. are waterpracf, scratch
tant, and iney uze 12 high eMicker:
ach cell Nas a nominal volage of 0.9V 0 we Cal this 0!

$19.95

Output

Open Circuit Voltage: 7.7V

5V 10W Solar Panel - ETFE - Voltaic P110

These panets come 10 s fom Voltalc Systems, makers of fine solar-powesed bags and packs. These are waterproof, scratch-
k. and UV re:
Each cell has a nominsl voftage of 0.9V 50 we Caf (his a "0V" panel They outpul a nominal IV at a 1.070mA pesk vi...

$64.95

Round Solar Panel Skill Badge - 5V / 40mA

This ckill badge is seif fHllling! Mormas: » the badge afier the project Iz done, but In hiz caze, the bacge can be part of
the project] The solar panel i epoude: 3 : ad locks coal besides. We
Tl @ SHicky 1DBM BN HACK you can

$295

Peak Voltage: 6.5V
Peak Current: 180mA
Peak Power: 1.2W
Power Tolerance: +/-10%

5V 1.2W Solar Panel - ETFE - Voltaic P124

These panes came 10 s 1O UDItAIC SYStems, Makers of fine Solaroweres bags an These are waterproor, scratcn.
i and UV resistant, and ey use 10 high-cHiclency monacrystaline SunPower cells with 22+% efficiency (praise the sunf)
ach ceil has a nominel voftage of 6.3V 50 we cal ihis a "3V" panel They output @ nominal IV at 200 mA peak ¥ia a..

$1ass

Colossal 6V 9W Solar Panel - 9.0 Watt

These 8 Violt, 3 Walt panels come 1o 1 from Volteic Systems, makers of fine solar-powered bags and packs. Tey are waierproal,
scratch resistant, and UV 1. Using a high efficency menocrystalling cell and outputing BY &t ™34 via 3.3mm & 1mm OC Jack
cannector, they are a nice upgrace to the 2W or 3W panels we have Been canying. The substrate Is an...

$78.35

https://www.adafruit.com/product/3809

Solar Bug Kit 2.0 from Brown Dog Gadgets - 4 Pack

Create multipie solar-powered Insects that maves wih tis fun-fled STEM project from Brown Dag Gadgets] Leamn about salar
energy by CreRtng & simpée Solar CIFCUIT N MINUTES LSING oAly COnAUCTVE EADel Cut UL Yaur bag, OECOrste it then add your solar cell
aNQ IBtG MOIOE. AT PATS ATE CONNECTES WHMN ST Special Maker Tape CONGUCENE 1ane, Perfect fr

Add to Cart $24.95

17 in stack
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Alimentacion: panel solar

Isc
0V; max amps

Maximum Power Point
Highest power output

1000 W/m? N 7

800 W/m?

600 W/m?

400 W/im?

Module current [A]

200 W/m?

=\ i

0A; max volts

Module voitage [V]

https://www.altestore.com/blog/2016/04/how-do-i-read-specifications-of-my-solar-panel/
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https://www.altestore.com/blog/2016/04/how-do-i-read-specifications-of-my-solar-panel/

Alimentacion: panel solar

_IFiCHEASING ILLUMINATIO

=L

——
smaad
L
=
&

8 10 12 14 16
VeaneL (V)

https://learn.adafruit.com/usb-dc-and-solar-lipoly-charger/design-notes
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https://learn.adafruit.com/usb-dc-and-solar-lipoly-charger/design-notes

Alimentacion: conversores de tension

* Tipos
- Reguladores lineales
- Conmutados (DC-DC)
* up, down, up-down
- Cargadores (funcional. MPTT)

LMT7805 PINOUT DIAGRAM

=l
Cutput

e Consideraciones

- limites de tensiones
- salida/s: fija, programables
- eficiencia
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Alimentacion: solucion

 Ejemplo: bq24074
— Universal USB / DC / Solar Lithium lon/Polymer charger

https://www.adafruit.com/product/4755
RSI: Hardware © IIE - Facultad de Ingenieria - UDELAR



https://www.adafruit.com/product/4755

Nodo: microcontrolador
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Microcontrolador: requerimientos

« Memoria de codigo: Flash, FRAM
Memoria de datos: RAM (FRAM+cache)
Memoria datos bulk: logs, datos, file system

Potencia de procesamiento:

- velocidad de reloj, arquitectura N-bits, FPU (necesario?)
Consumo

— modos de operacion
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Microcontrolador

* Funciones

— Ejecutar aplicacion de usuario
- Sistema operativo
- Pila de comunicaciones

e Periféricos basicos y comunes

- SPI, 12C, UART, ADC, DAC (PWM), I/O digitales
- Otros:
- DMA, Security Engine, MPU...
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Nodo: system-on-chip (SoC)
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Radio: diagrama de blogues (SoC)

Receiver Receiver Sequence

* S
Antenna RF and Analog Digital Manager

i W
| Frequency

ST Generator
Chrystal *
Matching/ T/R .
Filtering Switch Transmitter Transmitter Memory
RF and Analog ¢ Digital (NVM)

Transceiver System-on-Chip (SoC)

Timers

Peripheral
and ADC

T
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Hardware: opciones “core”

* chips
- MCU + radio modulos
- SoC (system-on-chip)
- SIP (system-in-package)

* modulo

* board / kit

— evaluation
— developing
— prototiping

RSI: Hardware © IIE - Facultad de Ingenieria - UDELAR




Recomendaciones

 Caracteristicas

— Generales

* tension de alimentacion
e corriente / potencia de consumo (modos)
 duty cycle (tiempo “on” / “periodo”)
- RF
* link budget: PTx (dB), Sensibilidad
— microcontroladores
* memoria SRAM / Flash
 perifericos
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Nodos: ejemplos

* Plataformas de hardware: nodos/kits
- sky (2011-20227)
- remote-b (2017-20227)
- launchpad sensortag (2023-...)

* Proyectos

- Proyecto INIA-FPTA

 Monitoreo microclimatico
- Proyecto fin de carrera:

e Sistema de Monitoreo y Control de Cultivo Indoor de
Cannabis

RSI: Hardware © IIE - Facultad de Ingenieria - UDELAR




Nodo: sky

 sky /telosB compatible: tmotesky, CM5000

- Micro: MSP430F1611
- Radio: CC2420
- Sensores:
* Light 1: Visible Range
* Light 2: Visible & Infrared Range
* Temperature & Humidity Sensirion® SHT11
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Nodo: sky

* sky / telosB compatible (tmotesky, CM5000)

) Humidity
Photosynthetically Temperature
Active Radiation Sensor
Sensor {optional)

US&T RESEt 'J- a
el iy (i ) Total Solar

6-pin expansion

—— r 10-pin expansion

connector
USB Transmit LED

usB
Connector

USB Receive LED
Microcontroller

JTAG Digital switch
connector Isolating USE from
microcontroller
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Nodos: ejemplos

* sky / telosB compatible (tmotesky, CM5000)

Texas Instruments
MSP430 F1611
microcontroller

2-pin 8VS
connector

- @

-

.
=
T
5
R

v
_a -
E i I | bt N T | Y Y '
L BV | kil Sr b Wy

meEw Bewww |

5T lﬂde

Flash (2kB) oscillator Flash {(1MB)
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Nodo: remote-b

 CC2538 system on chip (SoC)

ARM Cortex-M3

up to 32 MHz

FLASH: 512 kB

RAM: 32 kB

2.4 GHz IEEE 802.15.4 RF interface,
e CC1200 868/915 MHz RF transceiver
 LEDs

* Botones

Micro SD

RSI: Hardware © IIE - Facultad de Ingenieria - UDELAR
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) ADC3 (5.4V)
3-pin connector

254mm
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Nodos: LaunchPad & Sensortags

CC1350 CC2650
LaunchPad CC1350 LaunchPad CC2650 LaunchPad
sensortag CC1350 Sensortag CC2650 Sensortag

€C1350 LaunchPad CC2650 LaunchPad

Rev: 1.0 R

BTN-1
[ I oio13 gg
; z
Ny B
ED ;.
L 01023 5 < <GND
oloz me& z < DI025
oic3 Q G oioes < & DI026
plozz € € pigzy 1 £ i plo27
ploz4 © @ plezs 5% D028
pio1o €€ piczs ] 3 D1029
lguzl' e i < o @ 1030
Dio4 s a0l ¢ c_iblou & @ ploo  LEDs @ ®piois ¢ £
DI0s 5.4 = a@plol € €0i015 Zolot 4 v : =mpi017 ¢
& LA o 1003 34 3N

Red: = =Green:
o6 golor 1

. Mount for
CC-ANTENNA-DK D

Launchpad Sensortag
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CC1350 vs. CC2650: similitudes

* Microcontroller * Peripherals
Powerful ARM® Cortex®-M3 — All digital pins can be routed to any GPIO
Up to 48-MHz Clock Speed — Four General-Purpose Timer Modules
128KB of In-System Programmable Flash - 12-Bit ADC, 200-ksamples/s, 8-Channel
8KB of SRAM for Cache Analog MUX Continuous Time
Comparator
20KB of Ultralow-Leakage SRAM
2-Pin ¢JTAG and JTAG Debugging
Supports Over-The-Air Upgrade (OTA)
* Ultralow-Power Sensor Controller

Ultralow-Power Analog Comparator
Programmable Current Source

UART /12C / 12S

2x SSI (SPI, MICROWIRE, TI)

Real-Time Clock (RTC)

AES-128 Security Module

True Random Number Generator (TRNG)
Integrated Temperature Sensor

— Can Run Autonomous from the rest
- 16-Bit Architecture

— 2KB of Ultralow-Leakage SRAM for Code
and Data

* Low Power

- Normal Operation: 1.8 to 3.8 V S
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CC1350 vs. CC2650: diferencias

e CC1350 dual-band wireless MCU

- Bluetooth Low Energy (BLE) 4.2 Specification (2.4GHz)
- Sub-1 GHz Long Range

* Wireless M-Bus (EN 13757-4) and IEEE® 802.15.49g
* versiones: CC1350US 915 MHz, CC1350EU 868 MHz

 CC2650 multiprotocol 2.4 GHz wireless MCU

- Bluetooth Low Energy (BLE) 4.2 Specification (2.4GHz)
- |IEEE 802.15.4 PHY and MAC (2.4-GHz)
e ZigBee® and 6LoWPAN, and ZigBee RF4CE remote.
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https://www.ti.com/product/CC1350
https://www.ti.com/product/CC2650

Launchpad vs. sensortag

* Lauchpad

* Sensortag

- Wireless MCU (CCxxxXx) — sensores :)

- LEDs /BTN

Sensortag

(incluido en placa)  'emperature
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BMP280 (Bosh)
Pressure BMP280

Light OPT3001 (TI)
Internal TMPOO7 (TI)
External TMPOO7
Accelerometer MPU-9250 (TDK)
Gyroscope MPU-9250
Magnetometer MPU-9250

© IIE - Facultad de Ingenieria - UDELAR

BoosterPack
BME280
BMP280
BMP280
OPT3001
TMPOO7
TMPOO7
BMI160
BMI160
BMM150



http://ti.com/product/HDC1000
https://www.bosch-sensortec.com/bst/products/all_products/bmp280
http://www.ti.com/product/OPT3001
http://www.ti.com/product/TMP007
https://www.invensense.com/products/motion-tracking/9-axis/mpu-9250/

Nodo: ejemplos

* uclim - IlIE (Proyecto INIA-FPTA)

- CCC2538 (Cortex M + tranceiver) + CC2592 (PA/LNA)

e 32 KB RAM
e 256 KB Flash

 ~10 mA active / ~1uA sleep
- DC/DC Switching reg. (2.1 & 2.5 VDC)
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Ejemplos: SMC

e Sistema de Monitoreo y Control de Cultivo Indoor de
Cannabis

- Nodos:

 control distribuido
e sensor (“maceta”)
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Ejemplos: SMC

e Control distribuido

GND 1

NC 2
GND 3
Dioo 4
DIO1 5
D02 6
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17 DIO 10

modulo CC2650MODA (Texas Inst.)
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Ejemplos: SMC

* Nodo sensor (maceta)
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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) IoT y las RSI
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gracias... mas preguntas?
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