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Libelium Smart World

Air Pollution

Control of CO, emissions of factories, pollution
emitted by cars and toxic gases generated in
farms.

Forest Fire Detection

Monitoring of combustion gases and preemptive
fire conditions to define alert zones.

Wine Quality Enhancing

Monitoring soil moisture and trunk diameter
in vineyards to control the amount of sugarin
grapes and grapevine health.

Offspring Care
Control of growing conditions of the offspring in
animal farms to ensure its survival and health.

Sportsmen Care

Vital signs monitoring in high performance
centers and fields.

Structural Health

Monitoring of vibrations and material conditions
in buildings, bridges and historical monuments.

Smartphones Detection

Detect iPhone and Android devices and in
general any device which works with Wifi or
Bluetooth interfaces.

Perimeter Access Control

Access control to restricted areas and detection
of people in non-authorized areas.

Radiation Levels

Distributed measurement of radiation levels
in nuclear power stations surroundings to
generate leakage alerts.

Electromagnetic Levels

Measurement of the energy radiated
by cell stations and WiFi routers.

Traffic Congestion

Monitoring of vehicles and pedestrian
affluence to optimize driving and walking
routes.

Waste Management

Detection of rubbish levels in containers
to optimize the trash collection routes.

Smart Parking

in the city.

Monitoring of parking spaces availability

Smart Roads

Warning messages and diversions
according to climate conditions and
unexpected events like accidents or
traffic jams.

Smart Lighting

Intelligent and weather adaptive lighting
in street lights.

Intelligent Shopping

Getting advices in the point of sale
according to customer habits, preferences,
presence of allergic components for them
or expiring dates.

Noise Urban Maps

Sound monitoring in bar areas and
centric zones in real time.

Water Leakages
Detection of liquid presence outside tanks
and pressure variations along pipes.

Vehicle Auto-diagnosis

or provide advice to drivers.

Item Location

Search of individual items in big surfaces

like warehouses or harbours.

Information collection from CanBus to
send real time alarms to emergencies

Golf Courses

Water Quality

Study of water suitability in rivers and the Selective irrigation in dry zones to
sea for fauna and eligibility for drinkable reduce the water resources required in
use. the green.

Quality of Shipment Conditions

Monitoring of vibrations, strokes, container openings
or cold chain maintenance for insurance purposes.

lilaeu‘Tx’i’}K

www.libelium.com
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Contiki

= Nyilt forraskodu operacids rendszer az “Internet of Things”
eszkozoknek

= A Contiki a kis koltsegu, kis teljesitmenyl mikrokontrollerek egymas
kozotti kommunikaciojat és Internetre valo csatlakozasat valositja
meg

7k OKOS VAROS
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Contiki

= Contiki egy nyilt forraskodu operacios rendszer, amely kismeretu, kis
teljesitmenyl mikorkontrollereken fut és lehetove teszi olyan
alkalamzasok fejlesztéset ezen eszkozokre, amelyek a hardvert
hatekonyan hasznaljak, mikozben szabvanyositott alacsony
energiafogyasztasu vezeték nelkuli kommunikaciot biztosit

= A Contiki-t mar szamos kereskedelmi és nem kereskedelmi
rendszerben hasznaljak mint peldaul varosi zajszennyezetseg mereés,
varosi vilagitas, smart metering, ipari gepek felugyelete, sugarzas
meres, epitkezesi terulet felugyelete, riasztd rendszerek, smart home,
stb....
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Contiki

Egységes kornyezetet biztosit a felhasznal6i alkalmazasonak:

Kezeli a programszalak konkurens futtatasat

|d6zitd funciok

Memoriamenedzsment

Kommunikacids funkciok
= Legujabb szabvanyok tamogatasa: 6lowpan, RPL, CoAP, stb..

Hadver-illesztéprogramok

7k OKOS VAROS
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6lowpan

= Csomagmeretek atalakitasa
= Fejléc tomorités

= Csomag darabolas

Standard IP

Header Compression é@ Fdge Router Fragmentation

() (©@h-oe.
6LOWPAN ™, 2 )
((@)-eermmeeenee (@)
BLoWPAN device
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RPL - Routing Over Low power and Lossy networks

= Proaktiv, ,any-to-any” routing protokoll, bar ,many to one” hasznalatra van optimalizalva
= Egy kdrmentes iranyitott grafot épit fel egy gyokér elembdl
= Arouting metrikak folyamatos frissitése

= Az loT eszkozokre van szabva
= Korltazott er6forrasok
= Aradios csatornak zajosak, veszteségek,

kis adatsbebesseég érhetbek el

7 OKOS VAROS
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CoAP Constrained Application Protocol

= Alkalmazas rétegbeli protokoll

= Az er6forrasokhoz és szolgaltatasokhoz egy URL van rendelve, ezt a szolgaltatok egy szerveren
teszik kO0zzé

= GET

= PUT

= POST

= DELETE

= loT eszkozokre optimalizalt

7k OKOS VAROS
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Contiki letrejotte

= Adam Dunkels Ph.D.
= sved kutatd és vallakozd

RANRAL
= UlP (TCP/IP stack, kis szamu kodsor, .Cl|s.clo'

kis RAM igény)
- ulP6 (2008)

- Contiki OS (2002)

= A nevet Thor Heyerdahl 1947-es expedicioja ihlette
-> Kon-Tiki

= Protothread

= proramozasi modell -> a tobbszalon futo és az esemény-vezérelt
programozasi modelleket otvozi

7 OKOS VAROS
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MCU/SoC

RL78

TI CC2538

TI MSP430x

TI MSP430x

Atmel AVR

Atmel AVR

Freescale MC1322x

ST STM32w

TI MSP430

TI MSP430

TI MSP430

Radio
ADF7023
Integrated
TI CC2420
TI CC2520

Atmel RF230

TI CC2420

Integrated

Integrated

TI CC2420

TICC1020

RFM TR1001

Platforms
EVAL-ADF7023DB1
cc2538dk
exp5438, z1
wismote

avr-raven, avr-rcb, avr-
zigbit, iris

micaz

redbee-dev, redbee-
econotag

mb851, mbxxx

sky, jereate, sentilla-
usb

msb430

esh

Cooja simulation
support

Yes

Yes

Yes

Yes

Yes

MCU/SoC

Atmel Atmega128
RFA1

Microchip
pic32mx795f512|

TI CC2530
RC2300/RC2301

6502

Native

Microchip
pic32mx795f512|

TI CC2530
RC2300/RC2301

6502

Native

Radio

Integrated

Microchip
mrf24j40

Integrated

Integrated

Microchip
mrf24j40

Integrated

Integrated

Jelenleg tamogatott hardver eszkozok

Platforms

avr-atmegal128rfa

seed-eye

cc2530dk
sensinode

apple2enh, atari, c128,
c64

native, minimal-net,
cooja

seed-eye

cc2530dk
sensinode

apple2enh, atari, c128,
c64

native, minimal-net,
cooja

Cooja simulation
support

Yes

Yes
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Tobbszalon futé programozasi alapelv

* Minden program szal (thread) kulon ido rest kap, amiben futhat

« Ezeket az OS utemez0lje szuneteltetheti / folytathatja, ha tovabbi

futtatas szukseges

= Koltséges — RAM, CPU

(M e Tw e,

w OO w>P
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Esemeény-vezerelt / allapotgépes programozasi alapelv

* Reaktiv — az események szabjak meg a program futasat
= Timers, hardware interrupts, radio, etc...

» Kevesebb eroforrast igenyel

* Nehezebb atlatni és programozni (fuggvenyhivasok,
allapotvaltozok)

Push Coin
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Esemeény-vezerelt / allapotgépes programozasi alapelv
VL4

TX_CALIBRATE
8 or 12 symbol

(32]
periods later

TX_PREAMBLE reamble and SFD
[34, 35 and 36) is transmitted
TX_FRAME TXFIFO Data
[37. 38 and 39) is transmitted

Underflow

= Allapotok

RX_CALIBRATE
[2 and 40)

 Események
= Feltételek

= Allapot atmenetek

TX_UNDERFLOW
(6]

The transition from
TX_UNDERFLOW to
RX_CALIBRATE is automatic,

but SFLUSHTX must be used to
reset underflow indication

Acknowledge
completed

(52. 53 and 54]
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Prothothreads

 Esemény-vezeérelt pr. hatékonyabban banik az eroforrasokkal

= TObbszalon futd pr. egyszertibb programozni

* Lehetseges e az eloényos tulajdonsagaikat otvozni?

= => Prothothread
= TObbszalasitas a memoria tobblet igenye nelkul
= Eseményvezeérelt, de tobbszalas programozasi technikaval
= “Co-operative” es “Preemptive” utemezeés egyszerre

2015. tavasz Szenzorhaldzatok és alkalmazasaik (VITMMAOQ9) - Okos varos MSc mellékspecializacié, BME-TMIT
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Contiki kodok végrehajtasa

= A Contiki kodok ket féle végrahajtasi modban futhatnak
= Cooperative és preemptive

= Cooperative kodreszek szekvencialisan futnak
= A “processek” mindig ilyen kontextusban futnak

* Preemptive kodok megszakithatjak a cooperative kodok futasat
= Interruptok, eszkoz driverek, timers

7k OKOS VAROS
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Contiki kodok vegrehajtasa

Scheduling context
Interrupt Real-time timer
Presmptive
N
Cooperative Process A Process B \ Process C N
A\

1 I

I I I

fo i -
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Protothreads

* Programkdd szervezesi modszer

= Lehetdveé valik mas programkodd futtatasa, ha egy adott programkod varakozo allapotban van

= Ezen programkod szervezeés altal megoldhatéva valik, hogy C kddok ugy fussanak, mintha
tobbszalasitva volnanak

= a memoriatobblet igénye nélkdl

= A protothread-k hagyomanyos C fuggvények, melyek specialis makro-k kozé vannak agyazva
- PROCESS BEGIN();
- PROCESS_END();
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Protothread makrok a Contikiben

PROCESS BEGIN(); // Declares the beginning of a process' protothread.

PROCESS END(); // Declares the end of a process' protothread.

PROCESS EXIT(); // Exit the process.

PROCESS WAIT EVENT(); // Wait for any event.

PROCESS WAIT EVENT _UNTIL(); // Wait for an event, but with a condition.

PROCESS _YIELD(); // Wait for any event, equivalent to PROCESS WAIT_ EVENT().
PROCESS WAIT UNTIL(); // Wait for a given condition; may not yield the process.
PROCESS PAUSE(); // Temporarily yield the process.

7 OKOS VAROS
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Contiki processes

#include "contiki.h"

PROCESS (hello world process, "Hello world process");
AUTOSTART PROCESSES (&hello world process);

PROCESS THREAD (hello world process, ev, data)
{

PROCESS BEGIN(() ;

printf ("Hello, world\n");

PROCESS END() ;

7k OKOS VAROS
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Hogyan varjunk egy esemeényre?

PROCESS THREAD (first process, ev, data)

PROCESS WAIT EVENT UNTIL (ev == servo event);
if (data '= NULL) {
handle servo((struct servo data *) data);

}

* ev contains the event number

- datais a void* to any data
— Can be NULL
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Szinkron és aszinkron események

Szinkron események

—————————————————

Aszinkron események

_________________

| 1 :

[ I i

: Process & ' e o e e .

|

e :

process_post{}
Event quene
process_post_synch{}
Event delivered
Y

oo T T T

|

I Process B : i Process B !

! ! I i :

I === ====== 1
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A “process” utemezo

= A kulonb0z6 processek futtatasat intézi, amennyiben azok futtatasara szukség
van

* Process hivas akkor tortenik,
= amikor az adott process-t érintd esemeny tortenik

= egy masik process altal kerul meghivasra

= Minden ilyen hivaskor a process-nek atadodik
= az esemeny ID

= adat pointer
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Timers

Event Timer Callback timer Simple timer
-generates an -call a function -have to be actively
event when the when the timer queried to check

timer expires a

expires

when they have
expired

~etimer_expired()
-etimer_reset
-etimer_set()
-etimer_restart()

ctimer_expired()
.ctimer reset
ctimer_set()
.ctimer_restart()

timer_expired()
timer_reset
timer_set()
timer_restart()
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Etimers (Blink-hello application)

(= |
Wiew Zoom Run Speed limit Enter notes here
I Start I[ Pause | Step Reload
Time: 01:45,150
Speed: -
E@ [ wr | (1= 1 5 |
= ) File Edit Wiew
E@) Time | Mote | Message
OL:3/7. 179 103 Sensor says no... #23
0L:38.176 ID:3  Blink... (state 000).
01:39,176 ID:3 Blink... (state 001).
01:40.176 ID:3 Blink... (state 000).
01:41.176 ID:3 Blink... (state 001).
01:41.179 ID:3 Sensor says no... #24
01:42,176 ID:3 Blink... (state 000).
@ 01:43.176 ID:3 Blink... (state 001).
0l:44.176 ID:3  Blink... (state 000).
Filter: 1D:3
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Ctimer

 Print "Hello, callback™ after 1/8 second.

static struct ctimer callback;timer;
static void
callback (void *data)

{
printf ("%$s\n", (char *) data);

}

void
application (void)
{
ctimer set(&callback timer, CLOCK SECOND / 8, callback,
"Hello, callback!");
return 0;

}
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ContikiMAC

The loT/IP stack

HTTP, WebSockets,
CoAP

TCP, UDP

Application

IPv6, IPv4, RPL

Transport

6lowpan

Network, routing

CSMA/CA

Adaptation

ContikiMAC, CSL

MAC

802.15.4

Duty cycling

Radio
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ContikiMAC

= Radio-Duty Cycling (RDC) protokollok az energiafogyasztast
igyekeznek csokkenteni, azzal hogy engedélyezik a node-k
szamara a radios interfészuk kikapcsolasat

= Amennyiben egy node nem részese semmilyen
kommunikacionak kikapcsolja a radidjat

= Minden node periodikusan ,belehallgat” a radios csatornaba,
hogy esetlegesen érzékelje hogy van e neki szant radios

csomag

« Amennyiben van neki szant csomag, a radios interfész

bekapcsolva marad

seep

P gm0 gm0
b Q . o......--Q setd 04.....4..0 - o {

Z ' ’
A N -
— ©) Q
»Pe
DUTY CYCLE =
0P+ g
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ContikiMAC

ContikiMAC- Figure 1 Radio on

E Data frame
ACK frame

Sender ‘ DEDHEDIA
_/ : ,/’1 »

Receiver o | N
T T

Channel check Transmission detected

... Of
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ContikiMAC

Send data packets during entire period

Sender

Receiver

Transmission detected
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ContikiMAC - Ebrenlét fazistudatossag

* Minden esetben, ha egy node uzenetet kuld a szomszédjanak,
megjegyzi hogy az milyen idopillanatban volt eébren (ACK Uzenet)

* Ennek tudataban kepes kiszamitani a jovObeni erbenlétfazisait

» Legkozelebbi Uzenetkuldéskor ehhez a fazishoz igazitja az
uzenetkuldest

* Ha elhibazza ezt a fazist, akkor folytatja az uzenetcsomag ismetelt
kuldesét, mintha el0szor kuldene ennek a node-nak
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