Internet of Things
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GOOD NEWS! WE WON
THE BID TO BUILD A
NATIONWIDE WIRELESS
NETUWORK!

Dilbert.com DilbertCartoonist@gmail.com

BAD NEWS! WE DONT
KNOW HOW TO BUILD
A NATIONWIDE
WIRELESS NETWORK!

§-24-10 ©2010 Scott Adams, Inc./Dist. by UFS, Inc.

IT'S WIRELESS. HOW
HARD COULD IT BE
TO NOT INSTALL
WIRES?

http: / /dilbert.com /strips /comic/2010-04-24/
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Moore More than Moore Beyond Moore
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Hype Cycle for Emerging Technologies, 2021

Expectations

Al Augmented Software Engineering—1 o tungible Tokens

Employee Communications.

Applications Data Fabric

Decentralized Identity
Composable Applications
Generative Al

Multiexperience

Digital

Active Metadata
Humans

Management

Real-Time Incident
Center-aaS
Composable Networks

Decentralized
Finance

Self-Integrating
Applications Homomorphic
Encryption

Industry Clouds

Physics-Informed Al Sovereign Cloud

Machine-Readable Legislati

Influence Engineering
Al-Driven Innovation

‘Al-Augmented Design
Digital Platform Conductor Tools

Peak of

Quantum
ML

Innovation Inflated Trough of Slope of Plateau of

Trigger Expectations Disillusionment Enlightenment Producti

Time

Plateau will be reached:

() less than 2 years @® 2to5years @ 51010 years A\ more than 10 years @ obsolete before plateau As of August 2021

gartner.com

Source: Gartner
© 2021 Gartner, Inc. and/or its affiliates. All

SRR SRR e Gartner.
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Wireless Sensor Networks foT e e

* O colectie de noduri senzoriale

* Formeaza o retea

* Monitorizeaza parametrii din
mediu

Analysis

* Topologie ierarhica

e Gateway/base station

* Solutii cloud pentru stocare,
analiza, procesare
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Wireless Sensor Networks loT =S
* WHSN:

— Un numar mare de noduri raspandite pe zone extinse
Imbunatatiri in domeniul fiabilitatii si reducerea consumului de energie
— Capacitati crescute de calcul Si stocare.

* Smart Dust

— Nodurile dintr-o retea WSN vor ajunge la dimensiuni microscopice
(graunte de praf)
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Scurt Istoric

DARPA:

— Distributed Sensor Nets
Workshop (1978)

— Distributed Sensor Networks
(DSN) program (early 1980s)

— Sensor Information Technology
(SensIT) program

UCLA and Rockwell Science Center

—  Wireless Integrated Network
Sensors (WINS)

— Low Power Wireless Integrated
Microsensor (LWIM) (1996)
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Sensor Node Crunch

UC-Berkeley
— Smart Dust project (1999)

— Conceptul de “motes”: noduri
senzoriale extrem de mici

Berkeley Wireless Research Center
(BWRC)

— PicoRadio project (2000)
MIT

— MAMPS (micro-Adaptive
Multidomain Power-aware
Sensors) (2005)
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Cum am ajuns aici? foT e ot or
| Dezvoltarea tehnologiei wireless
- MEMS, VLSI

— Bandwidth explosion

Schimbari culturale Si de legislatie

- Dispozitivele wireless sunt peste tot Si oamenii sunt din ce in ce mai receptivi
la noi aplicatii

— Conceptul de retea (nu numai de date) este unul de baza in societatea noastra
— Open source

Computer Science

~ Teoria retelelor, sistemelor de operare

- Compilatoare ieftine Si universal disponibile
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Accelerometre, magnetometre, giroscoape, microfoane, difuzoare etc.

£

fixed capacitor plate %__anchor
moving capacitor plate

Acc.V Spot Magn Det WD 1 10 um
10.00 kV 4.0 2000x TLD 17.5  Analog Device ADXL330 SDW

y

AccV  Spot Magn Det WD

10.00 kV 3.0 35x

SE 145

500 pm
Analog Devices ADXL345B CW TB

Lecture 2 - WSN



\ gmémr:—_& Embedded
I = % SgStgPaStor
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* mote noun [C] LITERARY
something, especially a bit of dust, that is so small it is almost

impossible to see
---Cambridge Advanced Learner’s Dictionary

Evolutia platformei senzoriale hardware (Berkeley)

WeC 1/00 Rene 11/00 Mica 1/02 Mica2 9/02 Mica2dot 9/02 SPEC 5/03

—
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Componentele unui nod loT B
* Procesor low-power.
— Putere de calcul limitata
* Memorie.
— Capacitate limitata. :
. Sensors Radio Actuator
 Radio. Transceiver Control
— Low-power.
— Viteza de transmisie mica. Bowersnooivil AN [ NE:demna!
) . . o controller Memory
— Distanta de emisie redusa.
* Senzori.

— Scalari: temperatura, luming, etc.
— Camere video, microfoane etc.

* Sursa de alimentare.
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Comunicatia WSN JoT i e
- Caracteristicile unui WSN tipic:
— low data rate (comparabil cu un modem dial-up)
— domeniu cu puternice constrangeri de energie

- Standardul IEEE 802.11 (Wi-Fi)

— Cel mai raspandit pentru comunicatia wireless
— Pentru noduri fara constrangeri stringente de energie
- |EEE 802.15.4 este un standard pentru comunicatia pe raza scurta,
proiectat special pentru retelele WSN
— low data rate
— low power consumption
— utilizare la scara larga in WSN academic sau solutii comerciale
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Single-Hop versus Multi-Hop foT e Ceboratory

- Topologie stea:
— Fiecare senzor comunica direct (single-hop) cu base station
— Poate necesita putere mare de transmisie Si poate fi nefezabil pe o arie

larga

- Topologie mesh
— Senzorii au rol de repetoare (forwarders) pentru alte noduri (multi-hop)
— Poate reduce consumul de energie Si poate mari raza de acoperire
— Apare problema rutarii

Sensor

Single—Hop Multi—-Hop
Aggregation Node

Base Station
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FireFly WSN Platform
Carnegie Mellon University

Berkeley Mica Node

Berkeley Spec Node -

Lecture 2 - WSN 14
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Exemple de noduri WSN oT T e
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SPOT BTnode| | Tmote sky BLE211

1999 2000 2001 2002 2003 2004 2005

o7

2000 2011 20

Waspmote! LOTUS| OLP425 |~

Rene MMER RIS

.. -
£ &
; .
4

Stargate SH
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Exemplu: Sparrow loT Mt AU
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Low-power

Expansion )
9-DOF IMU MCU

Connector  ~__

2.4GHz
Transceiver

Temperature
Humidity Specs:
Sensor SPECS.
/ * 16MHz * 4.77MHz
Battery /Energy Harvester  Light sensor e 8KB RAM e 16-256KB RAM
e 128KB Flash * 160KB Floppies
Standardul IEEE 802.15.4 + 7510 * 56,000
* 50mW, 36uW (sleep) °* ~ 64W
Rata de transfer 256kbps . 7g, 50x30x5mm . 12kg, 500x140x400mm

Lecture 2 - WSN 16



=
== Systems
-

WSN @ UPB

e Sparrow - creata special pentru studiul
energy harvesting

e Low-power (13mA Run-Time, 6uA Sleep)

e Poate rula o multitudine de sisteme de
operare Si stive de protocol

e Arduino compatible

e Autonomie masurata in ani de zile (4 years
and still going strong)

Lecture 2 - WSN 17
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Technical specs

Sensors
Ra nge z . Excelﬁtorage Server
. Meas. interval: 0 ... 100 % Pt \ :
—
ATl Meas. error: + 2% RH :a A x s

Meas. interval: 0...100000lux = O
Luminosity Visibled& IR ir_S_p_)_él_’fb_\_A}_WéN_‘i
UV index O o wnesar s s |
ATMEGA128RFA1 | |
Meas. Interval: -40 ... 100°C Low Power Integrated
Temperature Meas. error: £0.5°C l ox [ - Radio !
: ) Microcontroller : :
s Transceiver |
ol = !
g | | g
o0 Sensors and Peripherics and | |

, — Energy Programming

§ Measurement Interface
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Deployment: Off-grid building

Lecture 2 - WSN 19
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Battery voltage

Temperature Office
Temperature Living
Temperature S Bathroom
Temperature S Bedroom
TemperaFure N I?edroon}




&]lngffra/ Embedded
Energy-Independent Indoor WSN el “:%m? TS
PV panel

® Design care foloseSte energy 20F Supercap

harvesting
o Panou solar in miniatura
o Convertor ultra low-power DC/DC
o Stocare in super-condensator
o Scalarea dinamica duty-cycle
folosind algoritmi de estimare a
energiei
o Independenta energetica totala
pentru scenarii indoor/outdoor

Regular Sparrow Node

with DC/DC

converter

Wiy ’

Lecture 2 - WSN
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Rezultate

(spuoaas) daa|s

© O O O O
O wn O wn o

(A) 28e3j0A

Time

----Setup B, sleep

Setup B, voltage
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Sensor Node Crunch

Zoom | day weeki 1m | 3m [6m [YTD| 1y | Al | From | May 11,2015 | To [May17,2015| =
.2

3 i

2.8

2.6

12. May 12:00 13. May 12:00 14. May 12:00 15. May 12:00 16. May 12:00 17. May 12:00
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Seismic Building Monitoring %clﬁktg .

Interactiunea dintre miscarile seismice
Si structura de rezistenta a unei cladiri Sesmicsmons | —| MeTler | Mo T
nu sunt bine intelese sau modelate |

* Retelele seismice existente nu pot |
detecta deformarile structuale ale unei
cladiri

Wy il liﬁrw—‘. {r\\ TV .w‘ ﬂm—‘
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OTOPENI
m/s

CASA PRESE!
LIBERE,BANEASA

TITULESCU
#=240cm/z?
T=0.83:

MILITARI
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Descrierea sistemului ToT It

* Monitorizarea migcarilor structurale

* Dezvoltarea unui algoritm pentru ca reteaua sa
recunoasca evenimentele seismice semnificative
in timp real.

* Dezvoltarea unui model teoretic al miScarii
cladirilor si al solului de la baza lor prin simulare
numerica.

* Aplicarea monitorizarii dense a cladirilor folosind
platforma de noduri experimentale construite.

Lecture 2 - WSN 27
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Zigbee

[ Accelerometer
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Earthquake

Detecting
Aplication
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Base Station
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Rezultate

Lecture 2 - WSN 30



—
w

boratory

\ %]mmraf, Embedded
Microsal — Salivary Pacemaker HOK tmiers

Dispozitiv neuro-electrostimulator pentru glandele salivare
Implantul masoara si stocheaza nivelul pH-ului si al umiditatii
Descarcarea datelor printr-un transceiver BLE standard

-~—WiFi/3G—

Dispozitiv
Intraoral

Tableta Server
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Microsal — Salivary Pacemaker

33
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KeyWO rds &c g Embedded

o Wireless Sensor Networks
« MEMS

« Mote

« Single-hop

o Multi-hop

e Sparrow
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