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GOOD NEWS! WE WON
THE BID TO BUILD A
NATIONWIDE WIRELESS
NETWORK!

Dilbert.com DilbertCartoonist@gmail.com

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

Y2410 ©2010 Scott Adams, Inc./Dist. by UFS, Inc.

ITS 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

Actuare

Era imbunatatirii

Detectie

Era interactiei

Contopire!?

D

@

E— ; Smartphones
Personal Laptop Tablets

Computer

1980 2010 2020 2040

|| Crestere exponentiala




Emerging Technology Hype Cycle

. _ Autonomous Vehicles
Advanced Analytics With m I_[— Internet of Things

Self-Service Delivery
“" Speech-to-Speech Translation

@ Machine Learning
Smart Advisors @ @ Wearables
A )

@ Cryptocurrencies

Micro Data Centers .
Digital Dexterity .

Software-Defined Security @) @ Consumer 3D Printing
. Natural-Language Question Answering
Neurobusiness @ ‘
Citizen Data Science @
Biochips .

IoT Platform @
Connected Home ‘

Affective Computing @ \
Smart Robots @
3D Bioprinting Systems g @ Hybrid Cloud Computing
for Oragn, Transnlant .o \
Smart Dust
As of July 2015
Innovation Peak of Trough of Slope of Plateau of
Tri Inflated Disillusi t Enlight t Productivi
rigger Expectations isillusionmen nlightenmen roductivity
) |
. ) Time
Years to mainstream adoption:
@ less than 2 years @® 2to5 years @ 5to 10 years @ more than 10 years 0% obsolete before plateau

gartner.com/SmarterWithGartner
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WSN:

* 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)

tea de Aut tica si Caleulat:
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0 Senzori multipli (uneori sute
sau mii) formeaza o retea cu
scopul de a monitoriza medii
fizice complexe sau de mari
dimensiuni

0 Informatia culeasa este
transmisa wireless catre un  semsorFiela Sensor Field 2
base station (BS), ce o
propaga mai apoi altor
dispozitive pentru stocare,
analiza si procesare

Storage

Analysis

MTEHN
% 5 § ‘ WPasedraide Salovialaane Wireless Sensor Networks
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Scurt Istoric

0 DARPA:

o Distributed Sensor Nets
Workshop (1978)

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

o Sensor Information Technology
(SenslIT) program

o UCLA and Rockwell Science Center

o Wireless Integrated Network
Sensors (WINS)

o Low Power Wireless Integrated
Microsensor (LWIM) (1996)
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UC-Berkeley
o Smart Dust project (1999)

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

Berkeley Wireless Research Center
(BWRC)

o PicoRadio project (2000)
MIT

0 HAMPS (micro-Adaptive
Multidomain Power-aware
Sensors) (2005)
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Scurt Istoric %%%

0 Retele wireless de senzori comerciale

o Crossbow (www.xbow.com)

o Sensoria (www.sensoria.com)

o Worldsens (worldsens.citi.insa-lyon.fr)

o Dust Networks (www.dustnetworks.com)

o Ember Corporation (www.ember.com)

Catedra de Calculatoare
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http://www.xbow.com
http://www.sensoria.com
worldsens.citi.insa-lyon.fr
http://www.dustnetworks.com
http://www.ember.com
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Dezvoltarea tehnologiei wireless
o MEMS, VLSI
o Bandwidth explosion

Schimbari culturale si de legislatie

o Dispozitivele wireless sunt peste tot si oamenii sunt din ce in ce mai receptivi
la noi aplicatii

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

Computer Science

o Teoria retelelor, sistemelor de operare

o Compilatoare ieftine si universal disponibile
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Senzori MEMS IO Cuzens”

Accelerometre, magnetometre, giroscoape, microfoane, difuzoare etc.

-

fixed capacitor plate %__anchor
moving capacitor plate

\\;/\, /\://

. . - .
Acc.V Spot Magn Det WD f 500 pm
10.00kV 3.0 35x SE 145 Analog Devices ADXL345B CW TB

Acc.V Spot Magn Det 1 10 um
10.00 kV 4.0 2000x TLD 17.5 Analog Device ADXL330 SDW
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MEMS pentru Radiofrecventa SOE Jizens
e
Filtru LC conventional — Qs aprox.
. 100-200, ocupa spatiu pe PCB
_1c< L

DC Bias &

— =" Annealing

sl Electrode

Output

i~ Polysilicon
Resonator

LB

Filtru MEMS: Qs de 98,000 in vid, dimensiuni
FOARTE mici




il
C

A

le_\

mbedded
ystems
L aboratory

i

U
,./,-—)-_

What is a Mote?

);Ju

e 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
http://dictionary.cambridge.org/define.asp?key=52014&dict=CALD

Evolutia platformei senzoriale hardware (Berkeley)

Rene 11/00 Mica 1/02 Mica2 9/02 Mica2dot 9/02 SPEC 5/03
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http://dictionary.cambridge.org/define.asp?key=52014&dict=CALD

Componentele unui nod

Procesor low-power.

— Putere de calcul limitata
Memorie.

— Capacitate limitata.

Radio.
— Low-power.

— Viteza de transmisie mica.
— Distanta de emisie redusa.

Senzori.

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

Sursa de alimentare.
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Radio Actuator
Sensors .
Transceiver Control
Powersaool Micro- External
RE controller | | Memory
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Comunicatia WSN HOE Yo, |
o Caracteristicile unui WSN tipic:
o low data rate (comparabil cu un modem dial-up)
o domeniu cu puternice constrangeri de enegie

o Standardul IEEE 802.11

o Cel mai raspandit pentru comunicatia wireless

o Poate fi intalnit la primele retele WSN, sau pentru noduri fara constrangeri
stringente de energie

0 |EEE 802.15.4 este un standard pentru comunicatia pe raza scurta,
proiectat special pentru retelele WSN

o low data rate
o low power consumption
o utilizare la scara larga in WSN academic sau solutii comerciale
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Single-Hop versus Multi-Hop

’”Ull

0 Topologie stea:

o Fiecare senzor comunica direct (single-hop) cu base station

o Poate necesita putere mare de transmisie si poate fi nefezabil pe o arie larga
0 Topologie mesh

o Senzorii au rol de repetoare (forwarders) pentru alte noduri (multi-hop)

o Poate reduce consumul de energie si poate mari raza de acoperire

0o Apare problema rutarii

Sensor

Single-Hop Multi-Hop

Aggregation Node

Base Station
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Exemple de noduri WSN NOE Wit
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Expansion 9-DOF IMU ;—\XXL'JPOWGF

Connector -

2.4GHz
Transceiver

Temperature s \/'
Humidity & S .
Sensor ©SPECS.
yd « 16MHz . 4.77MHz
Battery /Energy Harvester  Light sensor e 8KB RAM * 16-256KB RAM
e 128KB Flash  160KB Floppies
Standardul IEEE 802.15.4 * ~510 » ~$6,000

~ 64W
12kg, 500x140x400mm

50mW, 36uW (sleep)

Rata de transfer 256kbps 7g, 50x30x5mm
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WSN @ UPB

e Sparrow - Wireless Sensor Network 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)
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Range Sen;rs Server

Excel storage

. 8 ) ata logger e
. 9 — (nemmmasanng
Humidity Meas. interval: 0..100 % “‘ e x v

Meas. error: £ 2% RH e t s
Serial communication
Meas. interval: 0...100000lux T e ——
Luminosity Visible & IR . Sparrow WSN | |
UV index ATMEGA128RFA1] |
Meas. Interval: -40 ... 100°C || Fow Bower Integrated
Temperature Meas. error: £0.5°C LS Microcontroller Radio
I Transceiver |
= i
I | ——
| o Sensors and Peripherics and | |
= Energy Programming | |
§ Measurement Interface §
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Deployment: Off-grid building




Floor plan

C

Embedded
Systems
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«»)

95y 145

&« i))

1,45 by 1,45

Custom

©» Senzor wireless
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Battery voltage

A0 oy p s g jesepscgos jesgusggees jesepugee jesepageess g peogsaspes g e e oo e ane oo e N e

Temperature Office
Temperature Living
Temperature S Bathroom
Temperature S Bedroom
TemperaFure N I|3edroorr||




Design care foloseste energy
harvesting

Panou solar miniatura
Convertor ultra low-power
DC/DC

Stocare in super-condensator
Scalarea dinamica duty-cycle
folosind algoritmi de esitmare a
energiei

Independenta energetica totala
pentru scenarii indoor/outdoor

Energy-Independent Indoor WSN

20F Supercap

Regular Sparrow Node

i 7

Embedded
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PV panel
with DC/DC
converter
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Rezultate

21 = 400
Zoom | day lweekl 1m [ 3m [6m [YTD[ 1y [ Al | From | May 11,2015 | To [May17,2015| =
.
3
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
rHirme

——Setup B, voltage ----Setup B, sleep
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Seismic Building Monitoring

OTOPENI
2=300cm/z

* Interactiunea dintre miscarile -
seismice si structura de rezistenta a - S
unei cladiri nu sunt bine intelese sau &+
modelate

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

iy
'R Y! h1 -

ulul.d.mnww.lvmtimw*
vibratie a terenului trebuie luate in calcul Efect mediu
@f}otedm de Calculatoare la proiectarea structurii unei cladiri Efectscazut
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Descrierea sistemului
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Accelerometer | Zigbee
J s

SparrowE Node
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