Bezvadu Sensoru Tiklu
operetajsistema TinyOS



lesakuma
* Jautajumi
e Kas jauns?
* Praktiskie darbi (= “majas darbi”)

— sodien sakam 1. PD — “Morzes kods”
— sikaka info lekcijas beigas



Jautajumi

e Jautajumi, kas radas iepriekséja reize:
— Kursa projekts Android vidée?
— Linux: nav ieprieks stradats ar to?

e Papildus “bonusi” par derigu info,
kas noder visiem
— skat. praktiska darba “bonusu” par TOSSIM



Komunikacija

e Wiki
— http://selavo.lv/wiki/index.php/LU-BST-b12

* Google Groups
— links BST wiki lapas sakuma
— ja vél neesat grupa, rakstiet un piesakieties!

* Vieta sarunam un derigam info:
— collab. editing: http://tinyurl.com/bst-b12-notes
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Saturs

levads

TinyOS ideologija: komponenti un interfeisi
Hello World

Uzdevumi (tasks)

Radio komunikacija (Mote-to-Mote)
Seriala porta komunikacija (Mote-to-PC)
Sensoru lasisana

Vingrinajumi



Kas ir operetajsistema?
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Kas ir operetajsistema?

* Programma, kas darbojas ka lietotaja un
aparaturas starpnieks

 Uzdevumi:

— Izpildit lietotaja programmas

— Piedavat értu un efektivu piekluvi resursiem
 Sensoru tiklos lietotajs ir “pétnieks” =

japiedava érta sensoru mezglu
programmeésana



Kas vel varetu but sensoru tiklu
lietotaji?



Kas ir TinyOS?

* Paredzéta sensoru mezgliem
e Efektivs resursu izmantojums Tihy S
* Notikumu bazétas aplikacijas

e Tipiskajiem uzdevumiem (taimeri, radio un seriala
komunikacija, sensoru (ADC) lasiSana) tiek piedavati
gatavi risinajumi
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TinyOS: OS vai bibliotekas?

* Lietotaja izejas kods tiek savienots ar TinyOS
kodu, veidojot vienotu aplikaciju

* Vai TinyOS ir operéetajsistema?



Ladzu,
neaizmiedziet!

e Bus daudz
tehniskas

informacijas SOrry

http://www.vajazzling.com/files/sorry.jpg

ks
J; f
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skat. otras prezentacijas slaidus:
TinyOSTutorial-10-31-2011.pdf

TinyOS uzbuve, nesC valoda
Komponentu sajugsana
Split-phase pieeja operacijam
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TinyOS ideologija = komponenti

Aplikacijas sastav no komponentiem
Komponents = izmantotie interfeisi

+ piedavatie interfeisi
Interfeisi = komponentu sadarbibas valoda

Divu veidu komponenti:
— Moduli = interfeisu implementacija
— Konfiguracija = komponentu saistibas



Komponentu piemers

module Students {
uses interface Pusdienas;
uses interface Zinasanas;
provides interface Kontroldarbi;
}
module Ednica {
provides interface Pusdienas;
}
module Pasniedzéjs {
uses interface Kontroldarbi;
provides interface Zin&dSanas;

configuration Universitate {}
implementation {
components Students, Pasniedzé&js, Ednica;
Students.ZinadsSanas —-> Pasniedzéjs;
Students.Kontroldarbi -> Pasniedzéjs;
Students.Pusdienas -> Ednica;
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Interfeisi

* |Interfeisi apraksta abpuséju komunikaciju:

— Komandas, kas jaimplemente piedavatajam un
kuras var izsaukt izmantotajs

— Notikumi, kurus var izsaukt piedavatajs un kurus
jaimplemente izmantotajam



Interfeisu piemers

interface Zinasanas {

}

// atgrieZ true, ja vaicatdajam ir ceribas uz atbildes sanem3anu

// ka parametrs tiek nodots jautdajuma teksts

command bool vaicat (const char *jautajums);

// jautajums zaudéjis aktualitati un tiek atcelts

command void atceltJautajumu(const char *jautajums);

// k& parametru nodod atbildes tekstu vai 0, ja atbilde nav atrasta
event void atbildeApsvérta (const char *atbilde);

interface Pusdienas {

}

// pieprasot é&dienu nekas nav zinams par sanem$Sanas lespé&jam,
// arl atcelt nav iespé&jams

command void prasitEdienu();

// nodod pointeri uz porciju vai 0, ja édiena nav

event void pusdienasGatavas (void *porcija);

// uz izdrukdto ¢eku arili obligati jareagé

event void cCeksIzdrukdts(uint8 t summa);

interface Kontroldarbi {

command void pieteiktiesKD(uint8 t kdNr);

// ja atlauts piedalities KD, nodod pointeri uz uzdevumiem,

// pretéja gadijuma O

event void pieteikumsPienemts (void *uzdevumi) ;

command void iesniegtRisin&djumu(uint8 t kdNr, char *risinajums);
// atzime 10 ballu sistéma. 11: neesi pieteicies; 12: noSpikots
event void risinadjumsIzlabots (uint8 t kdNr, uint8 t atzime);

2011.09.14
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Hello, World!

* Printthe words “hello, world’

— Kernighan and Ritchie,
The C Programming Language (2nd edition)

e K3 izdrukat “Hello, world” uz motes?



The World is Blinking

// Konfiguracija
configuration BlinkAppC {
}
implementation {
components MainC, BlinkC, LedsC;

components new TimerMilliC () as Timer0;

BlinkC -> MainC.Boot;
BlinkC.TimerO0 -> TimerO0;
BlinkC.Leds -> LedsC;

// Makefile

// Modulis
#include "Timer.h"

module BlinkC {
uses interface Timer<TMilli> as TimerO;
uses interface Leds;
uses interface Boot;
}
implementation {
event void Boot.booted () {
call TimerO.startPeriodic (250);
}
event void TimerO.fired () {
call Leds.led0Toggle()

COMPONENT=B1inkAppC
include $ (MAKERULES)



Programmas kompilacija

motelist —izvada sarakstu ar datoram pieslégtajam motéem

make telosb —uzbuvé programmu telosb (TMote Sky)
platformai

make telosb reinstall —uzkopé programmu uz motes
make telosb install —gan uzbuve, gan uzkopé
make clean —iztira visus uzbuvetos failus, reizém palidz

make telosb install,3 bsl, /dev/ttyUSB2 —uzbuve
un uzinstalé programmu uz motes (kurai pieskir ID=3), kas pieslégta
pie /dev/ttyUSB2

make telosb docs — uzbuvé programmu un dokumentaciju
(pieejama tinyosPath/doc/nesdoc/telosb/) par visiem
izmantotajiem interfeisiem un komponentiem



Nosaukumu pieskirsanas likumi

Faila vardam jasakrit ar taja aprakstito komponentu
vai interfeisu

Publiskajiem komponentiem nosaukuma sufikss “C’,
privatajiem: "P”

CamelCase nosaukumi: KatrsVardsArLieloBurtu
Failiem paplasinajums “.nc”

Pilnais likumu saraksts atrodams TEP 3 (tinyosPath/
doc/html/tep3.html)



Uzdevumi (tasks)

Uzdevumi paredzeéti lielu (ilgu) aprékinu veiksanai
leteicams garus uzdevumus dalit mazakos

Uzdevumi darbojas viena komponenta ietvaros

Uzdevumi tiek likti FIFO rinda, kur nakosais sak izpildi, kad
ieprieksejais pabeidzis

Notikumi var partraukt uzdevumus (un art citus notikumus),
bet ne otradi

Viens uzdevums nevar atrasties rinda vairakos eksemplaros
vienlaikus (aktivais uzdevums var sevi ielikt rinda)



Uzdevumi, notikumi un komandas

* Paziméjam uz tafeles:
— Sakas uzdevums T1
— Tas izsauc post(T2)
— lerodas notikums E1
— Tam pa vidu notikums E2
— Utt, improvizejam



Deklaraciju un izsaukumu sintakse

e Uzdevums:
— task uint8 t uzdevums() ;
—ulnt8 t res = post uzdevums() ;
 Komanda:
— command void startSending() ;
— call startSending() ;
* Notikums:

— event voild sendDone (uint8 t res);
— signal sendDone (RES OK) ;



Radio komunikacija

e Tiek izmantota abstrakta zinojuma (paketes)
struktlira message t

* TinyOS definéti interfeisi, kas iegust
informaciju no message t un prot to apstradat

* Katra platforma definé komponentus, kas

piedava attiecigos paketes apstrades
interfeisus



message t datu struktura

* Pa tieso to labot nedrikst, jaizmanto funkcijas
e Satur platformas specifisku header un footer

e Satur payload: derigo datu apgabals,
maksimali 28 baitus gars. Ari Sim apgabalam
izmantot strukturas, neaiztikt baitus pa tieso!
Kapec?



Atkape



Atskirigi “indiani” = problémas
e 16-bitu mainigos “pa tieso” atmina pa baitam

neaiztikt!

e Parsvara visi ir mazie indiani, tai skait3,
MSP430, ATMega. Ari x86.

e PowerPCir lielais indianis



Bitu operacijas valoda C

Dots: 16bitu skaitlis (0x1234h)
Ka no ta iegut:

— Svarigakos 8 bitus (0x12h)?

— Mazakos 8 bitus (0x34h)?

Ka apgriezt baitus vietam (0x3412h)?
Ka n-to bitu baita:

— Nolastt

— lerakstit taja 1/0



Atpakal pie témas



message t apstrades interfeisi

tos/interfaces:

Packet: informacija par paketi, pointeris uz payload,
paketes satura iztirisana

Send, Receive: pakesu sutiSanas un sanemsanas
interfeisi, értuma labad mak ari atrast payload
pointeri un izmeru

PacketAcknowledgements: iespéja ieslégt/izslegt
pazinojumus par paketes nosutisanu

RadioTimeStamping: informacija par paketes
nosutisanas un sanemsanas laiku



Otra limena pakesu abstrakcija

Virs iepriekS minétajiem interfeisiem atrodas AM-
paketes (Active Message) interfeisi: AMPacket un
AMSend

AM paketes satur ari sanémeéja adresi (2B) un servisa
tipu (1B)

Péc servisa tipa nosaka, kam nodot sanemto paketi
apstradei — radio raiditaja daliSana starp vairakiem
servisiem

Motes AM adresi var uzstadit instalacijas un ari
izpildes laika



AM pakete nosutitie dati

* AM identifikators: 1B (= 00, vienmér);

* Sanéméja adrese: 2B

e Stititaja adrese: 2B (= 00 serialam
portam)

* Datu garums: 1B

* Grupas ID: 1B

e Servisa tips: 1B

* Dati (Payload): <= 28B

Kopa: 28B dati + 8B meta = 36B



AM komponenti

e AMReceiverC: Packet, AMPacket un Receive

e AMSenderC: Packet, AMPacket, AMSend un
PackageAcknowledgements



* Jautajums: ka notiek AM komponentu
sasiesana ar platformas realizaciju?



e Jautajums: ka notiek AM interfeisu(Packet,

Send,...) sasieSana ar platformas specifisku
realizaciju?

* Ar wrapper komponentu ActiveMessageC, kas
katrai platformai savs



// tos/platforms/telosa/ActiveMessageC.nc

configuration ActiveMessageC { provides {
interface AMSend[am 1d t 1d];
interface Receivel[am 1d t 1i1d];
interface Packet; // ..
} } 1mplementation {
components CC2420ActiveMessageC as AM;
AMSend = AM;
Receive = AM.Receive;

Packet = AM;
/]



Radio komunikacijas piemers

// RadioCountToleds.h

// Definéjam payload struktiru

typedef nx struct radio count msg {
// nx * tipi tiek galada ar indianiem
nx_uthlG_t counter;

} radio count msg t;

// AM servisa tipa konstante

enum {
AM RADIO COUNT MSG = 6

b

2011.09.14
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Radio komunikacijas piemers

// RadioCountTolLedsAppC.nc: konfiguracija
configuration RadioCountTolLedsAppC {}
implementation {
components MainC, RadioCountToLedsC as App, LedsC;
components new AMSenderC (AM RADIO COUNT MSG) ;
components new AMReceiverC (AM RADIO COUNT MSG) ;
components new TimerMilliC{() ;
components ActiveMessageC;

App.Boot -> MainC.Boot;

App.Receive -> AMReceiverC;
App.AMSend -> AMSenderC;
App.AMControl -> ActiveMessageC;
App.Leds -> LedsC;
App.MilliTimer -> TimerMilliC;
App.Packet -> AMSenderC;



Radio komunikacijas piemers

// RadioCountToledsC.nc
module RadioCountToLedsC {

uses {
interface
interface
interface
interface
interface

}

Leds; interface Boot;
Receive; interface AMSend;
Timer<TMilli> as MilliTimer;
SplitControl as AMControl;
Packet;

implementation {
message t packet; // buferis stutamajai paketel

bool locked;

uintl6é t counter = 0;

//



Radio komunikacijas piemers

event void Boot.booted () {
call AMControl.start();

event void AMControl.startDone (error t err) {

1f (err == SUCCESS) {
call MilliTimer.startPeriodic (250);
} else {

call AMControl.start () ;

event void AMControl.stopDone (error t err) {

}

//



Radio komunikacijas piemers

event void MilliTimer.fired () {
counter++;
if (locked) return;
// atrodam payload

radio count msg t* rcm = (radio count msg t*) call Packet.getPayload(
&packet, sizeof (radio count msg t));

if (rcm == NULL) return;

// ierakstam datus

rcm—->counter = counter;

// nosutam
1f (call AMSend.send(AM BROADCAST ADDR, é&packet,
sizeof (radio count msg t)) == SUCCESS) {
locked = TRUE;

event void AMSend.sendDone (message t* bufPtr, error t error) ({
if (&packet == bufPtr) locked = FALSE;
}
//
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Radio komunikacijas piemers

event message t* Receive.receive (message t* bufPtr,
void* payload, uint8 t len) {
if (len != sizeof(radio count msg t)) return bufPtr;
radio count msg t* rcm = (radio count msg t*) payload;

if (rcm->counter & 0x1) {
call Leds.1ledOOn () ;

} else {
call ILeds.ledOOff () ;

}

// analogiski paréjiem lediem

return bufPtr;

}

} // Komponenta beigas



Atkape: “C pointer casting”

vold *payload;
radio count msg t *rcm;

rcm = (radio count msg t *) payload;

* Kapec ta vajag?



Radio komunikacijas piemers

// Makefile
COMPONENT=RadioCountToLedsAppC
BUILD EXTRA DEPS = RadioCountMsg.class

// uzbuvé Java klasi payload datu apstradei
RadioCountMsg.class: RadioCountMsg.java
javac RadioCountMsg.java

RadioCountMsg.java: RadioCountTolLeds.h

mig java -target=$ (PLATFORM) $ (CFLAGS)
—-java-classname=RadioCountMsg RadioCountToLeds.h

radio count msg -o $0@

include $ (MAKERULES)
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N o s WwWwNhNeE

Radio komunikacijas dizains

Identificét vajadzigos interfeisus un komponentus
Pievienot tos modula uses sarakstam

Definét stavokla mainigos un start/stop funkcijas
Izsaukt vajadzigajas vietas interfeisu komandas
Apstradat visus interfeisu notikumus

Pievienot izmantotos komponentus konfiguracija
Savienot konfiguracija interfeisus ar komponentiem



Seriala porta komunikacija

* Tiek izmantoti tie pasi interfeisi, tikai tos implementé
citi komponenti:

Radio Serialais ports
ActiveMessageC SerialActiveMessageC
AMSenderC SerialAMSenderC

AMReceiverC SerialAMReceiverC




Talakie slaidi citai lekcijai
* Par sensoriem 2. lekcija vel nerunajam, bet te

bus slaidi par So tému
— gadijuma, ja praktiskajos darbos jau noder.

2011.09.14
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Sensoru datu lasisana

 Pec TinyOS ideologijas japiedava gan augsta
lilmena (HIL), vispariga piekluve resursiem, gan
arl aparaturas specifiskas iespéjas zema limeni
(HAL)

» Sis princips attiecas ari uz sensoriem



Sensoru savienojuma veidi

Analogie sensori:
1. Pievienoti ADC (Analog-to-Digital-Converter)

Digitalie sensori:

1. Pievienoti mikrokontroliera GPIO (General-Purpose
1/0) kajam

2. Pievienoti pie magistrales ar specializétiem
protokoliem, pieméram, 12C, SPI



Analog-to-Digital Converter (ADC)

Parvers analogu spriegumu skaitl
zskirtspéja tipiski 10-12 biti
Kanalu skaits tipiski 6-8

Dazi kanali pieslégti iekséjiem sensoriem:
temperatlra, spriegums

ADC nolasiSana prasa zinamu laiku



ADC uzbuve

e Skaititajs: O, 1, ...
 DAC: genereé analogu spriegumu
 Komparators: salidzina 2 sighalus

1>




ADC uzbuve

Both comparator
output and start  Input clock

line normally high pulses
Comparator JUuuI
.............. Vs + P
— Start pulse resets the Start
counter and blocks line
clock during reset. At | AND
end of start pulse, the
- counter starts.
| ___ Comparator {Reset
output o
5 ~4-Counter
Digital [ Clock
TR S Ys -4 A-to]- o ¢
; - nalog j=g-
DAC | E When the digital ramp Conv . I
- i output of the DAC o e
P i reaches the signal Tocei
i voltage Vs, the Counter increases voltage Digit a’]
time i comparator goes low, out of DAC until it reaches Systems
Start [ i stopping the count. the input sample voltage Vs
pulse| ’ te 1 T
: - : ’
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ADC lasisana

« Komponentam ADC lasisanai HIL Iiment japiedava
Read un/vai ReadStream interfeisus un japieprasa
AdcConfigure interfeisu konfiguracijai

* ADC konfiguracija platform-specifiska

* Ja nepiecieSamas dazadas konfiguracijas,
komponentam japiedava vairakas interfeisa
Instances

interface AdcConfigure<config type> {
async command config type getConfiguration();

}



Augsta Iimena sensoru lasisana

interface Read<val t> {
command error t read();
event void readDone (error t result, val t val );

}

// ReadNow - Read asinhrons analogs

interface ReadStream<val t> {
command error t postBuffer(val t* buf, uintl6 t count);
command error t read(uint32 t usPeriod);
event voilid bufferDone(error t result, val t* buf, uintl6 t count);
// ja padoti vairaki buferi, readDone, ka visi pilni
event void readDone (error t result, uint32 t usActualPeriod);

interface Notify<val t> ({
command error t enable();
command error t disable();
event void notify( val t val );

}
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ADC HIL [imena komponent;

e Katrai platformai jaimplementé sadi visparigi
komponenti ADC lasiSanai:
— AdcReadClientC
— AdcReadNowcClientC
— AdcReadStreamClientC
* Lai lasitu pie ADC pieslégtu sensoru, jaizveido

komponents, kas sadarbojas ar kadu no sSiem
un piedava konfiguraciju



AdcReadClientC piemeérs

generic configuration AdcReadClientC () {
provides interface Read<uintl6 t>;

uses 1nterface AdcConfigure<const
msp430adcl2 channel config t*>;

} 1mplementation {

//



DemoSensorC

e Komponents, kas implementé Read interfeisu

e Katra platforma implementeé atskirigi, parsvara
Ka sprieguma sensoru

 tos/platforms/<platformas nos>/
DemoSensorC.nc




DemoSensorC uz telosb

// tos/platforms/telosb/DemoSensorC.nc
generic configuration DemoSensorC () {
provides interface Read<uintl6 t>;

}

implementation {
components new VoltageC() as DemoSensor;
Read = DemoSensor;

// tos/platforms/telosb/VoltageC.nc
generic configuration VoltageC () {
provides interface Read<uintl6 t>;

}

implementation {
components new Msp430InternalVoltageC () ;
Read = Msp430InternalVoltageC.Read;

2011.09.14
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Msp430InternalVoltageC

generic configuration Msp430InternalVoltageC () {
provides interface Read<uintl6 t>;
// te ir vél ReadStream un ReadNow

implementation {
components new AdcReadClientC();
components Msp4d430InternalVoltageP;
Read = AdcReadClientC;
AdcReadClientC.AdcConfigure -> Msp430InternalVoltageP;
// te ir vél ReadStream un ReadNow lietas

2011.09.14
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Msp430InternalVoltageP

#include "Msp430Adcl2.h"
module Msp430InternalVoltageP ({
provides interface AdcConfigure<const msp430adcl2 channel config t*>;
} implementation {
const msp430adcl2 channel config t config = {
inch: SUPPLY VOLTAGE HALF CHANNEL, // ADC kanals
sref: REFERENCE VREFplus AVss,
ref2 5v: REFVOLT LEVEL 1 5,
adclZ2ssel: SHT SOURCE ACLK,
adcl2div: SHT CLOCK DIV 1,
sht: SAMPLE HOLD 4 CYCLES,
sampcon ssel: SAMPCON SOURCE SMCLK,
sampcon id: SAMPCON CLOCK DIV 1
i
async command const msp430adcl2 channel config t*
AdcConfigure.getConfiguration () {
return &config;



Pakesu sutiSanas vingrinajumi

1. Uztaisit aplikaciju, kas suta pa radio divu dazadu tipu AM
paketes: “Sveiki, esmu te” un “Mans skaititajs paslaik ir x”
2.  Modificet pirmo aplikaciju ta, lai pirma veida paketes tiktu
sutitas pa serialo portu, otra veida: pa radio
3. Klausities paketes “Cik ir JGsu skaititajs?” un satit atbildé
“Mans skaititajs paslaik ir x”

4. Paradio sutit paketi, kura iekSa studenta vards (20B) un
apliecibas numura skaitliska dala (4B)

5. Extra: atrast, kur TinyOS koda noradits, ka maksimalais datu
izmers paketée ir 28



Sensoru lasisanas vingrinajumi

Uztaisit DemoSensorC analogu, kas lasa gaismas
sensoru. ADC kanalu atrast TMote Sky datasheet
Reagét uz pogas “User” nospiesanu, ieslédzot/
izsledzot spiddiodi



Sensoru lasisanas vingr. Il

Lasit temperaturas sensoru, sutit pa serialo portu
paketi, kura satur 2B garu nolasito ADC vértibu un
2B garu konvertéeto vértibu: Celsija gradi ar 2
ZImém aiz komata. Piem, 25.12 gradi tiek attéloti
ka skaitlis 2512. Konvertacijas algoritmu skatit
TMote Sky datasheet
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Grabekli, uz kuriem nekapt

Atskiribas indianos

nesC valoda lokalos mainigos jadeklarée
funkcijas sakuma

make telosb reinstall neparkompilé
programmu

Moti nevar noprogrammeét, ja paslaik tiek
lasits tas serialais ports



Tutorials

e http://docs.tinyos.net/tinywiki/index.php/
TinyOS Tutorials

* |rverts izpetit!
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2. Eseja: TinyOS

* Tema:
— “Kas ir TinyOS vidé uzdevums, notikums un komanda?”

— papildus: “lietas, par ko [TinyOS konteksta] velos uzzinat
vairak vai kas palika neskaidras”

* Eseja var butisa, bet ir jauzraksta
par abam témam

* Termins: 19.09.2012 10:00



1. Esejas rezultati

* Visas iesutitas esejas tiek ieskaititas
— Ja atbilst dotajai témai, protams

* Visus darbus jasuta uz pareizo e-pastul!

— uldis.bojars at gmail.com



1. Praktiskais darbs

Informacija wiki:
— http://selavo.lv/wiki/index.php/LU-BST-b12:PD

Morzes kods
— izspidinat savu vardu uz gaismas diodes

2 bonus uzdevumi
— iespéja iegut papildus 100% punktu

Termins
— tresdien, 03.10.2011 10:00



