/+\ s

\
+/ v

Bezvadu sensoru tikli

Bezvadu sakaru realitate

Leo Selavo
Latvijas Universitate



Motivacyja

Bltiskas pazimes, kas norada radio parraides
nereqgularitates fiziska vidé

Bet daudz risingjumu pienem, ka radio raidijuma
attalums pielidzinams rinka Iinijai

Tapéec nepieciesami:

Ir izstradati teorétiski protokoli kas nestrada praksé kltdaino
pienémumu dél
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Piemers

Neregulars
attalums no A

AunBir
asimetriski

AB = AC = AD (vienada distance).
Radio parklajums var mainities laika!
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Parskats

Radio energijas modelis, kas nem véra parklajuma
neregularitati un ko var lietot simulatori

Neregularitates ietekme uz:

Risinajumi, kas nem véra neregularitati
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Antenu tipi

A: Pus-vilna dipols (visefektivaka parraide)
B: Ceturdal-vilna vertikala antena

Perfekta
izotropiska antena
— VISOS virzienos

QD Q darbojas vienadi

|zstaroSanas lauks |zstaroSanas lauks
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IerobeZojumi bez skérsliem

Line of sight — raidijums bez fiziskiem Skérsliem
ta cela
Vajinajums (attenuation)
Signala stiprums samazinas, palielinoties attalumam
Vajingjums ir lielaks augstakas frekvenceés
Signala stiprumu javar izmeérit ar elektronisku iekartu,
un tai jabat virs troksnu limena
Brivas telpas zudumi (free space loss)

Attieciba:
Raidita signala energija pret
Energiju ko sanem uztvéréjs
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IerobeZojumi bez skérsliem

Troksnis
Termalais
Interference
Impulss (piem. zibens)

Atmosféeras absorbcija
Tvaiks un skabeklis ietekmé signala vajinajumu
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IerobeZojumi

Daudz — celu (multipath)

Reflekcija — signals, kas atstarojas no objektiem
nonak galamérkT vélak neka originalais signals, kas
celo pa taisni

Difrakcija — notiek pie malam un izskatas péc jauna
signala avota (signals var tikt sanemts pat tad, ja
nav briva cela pa taisni no raiditaja uz uztveréju)
|zkliede — ja Skérs|a izméri ir samérojami ar vilna
garumu
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Kopsavilkums: neregulara parklajuma céloni

lekartas
Antenas tips (virziena darbibas, vienmérigas darbibas)
Raidita energija (nelineara)
Antenas pastipringjums
Uztvéréja jutiba (iekartas)
Vide
Vides tips (gaiss, tdens)
Fona troksnis
Temperatilra, mitrums
Skérsli
Lietus

Bet ka tas attiecas uz BST iekartam?
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Reali mérTjumi — radio signals

Ne-izotropiska cela zudumi: Radio signalam no raidttaja ir dazadi
zudumi atkariba no virziena.
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Signala stiprums atkariba no laika Cetros virzienos

(RSSI = Received Signal Strength Indicator)
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Ne-izotropiska cela zudumi
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Reflekcija, difrakcija un izkliede vidé
Aparatidras kalibracija (ne-izotropisks antenas pastiprinajums)
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Radio signala Tpastbas

Nepartrauktas izmainas: Signala cela zudumi nepartraukti mainas
dazados virzienos no raiditaja.
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Radio signala Tpastbas

Heterogenitate: Dazadiem mezgliem ir atskirigi sGtiSanas
parklajumi
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(a) Viens modulis ar dazadu (b) Dazadi moduli ar vienadu
baterijas stavokli baterijas tavokli
lemesili
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RIM — Radio neregularitates modelis

Neregularitates raksturojums - Degree of Irregularity (DOI):
Definicija:

Nem véra
Max attalums T T -
Min attalums ) ) \
/ o — /) &
— T x - Ny
Patiesais attalums =0 Ol = 0.003 DOI = 0.01
Sim modulim

Neregularitates raksturojums (DOT)
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RIM - VSP

Raiditaja jaudas maina - Variance of Sending Power (VSP):

Definicija: maksimalas signala raiditas jaudas procentualas
izmainas starp dazadam iekartam.

Nem vera heterogénu sutijuma jaudu
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RIM — formula

Signal receiving power = signal sending power - path loss + fading

v

Signal receiving power = signal sending power — DOI adjusted path loss + fading

DOI adjusted path loss = path loss* K

v

Signal receiving power = VSP adjusted signal sending power —
DOI adjusted path loss + fading

VSP adjusted signal sending power =

signal sending power * (1= RandomNum * VSP)
Where RandomNum& Normal Distribution
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Iletekme — MAC ITmenT

letekme uz:
Carrier Sense metodi
Handshake metodi

(a) Carrier Sense metode
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Ietekme - MarSrutizacija

letekme uz:
Path-Reversal

Multi-Round

Marsrutu atrasana ar Mul/ti-Round
metodi

letekme uz Path-Reversal metode
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Ietekme - MarSrutizacija

letekme uz:
Neighbor-Discovery

letekme uz Neighbor Discovery metodi
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Simulacijas Testi

Components Setting

Simulator GloMoSim

Terrain (150m,150m)

Node Number 100

Node Placement Uniform

Payload Size 32 Bytes

Application 6 randomly chosen periodic multi-hop CBR streams

Routing Protocol

AODYV, DSR, GF

MAC Protocol CSMA, 802.11 (DCF)
Radio Model RIM

Radio Bandwidth 200Kb/s

Runs 140

Confidence Intervals

The 95% confidence intervals are within 0~25% of the mean
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Meram ietekmi
Palielinam DOI Palielinam VSP
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Meram ietekmi
Palielinam DOI

Palielinam VSP
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Ietekme - kopsavilkums

Radio neregularitatei ir lielaka ietekme uz marsrutizacijas limeni
neka MAC limeni.

Marsrutizacijas protokoli lidzigi AODV un DSR, kas lieto multi-round
discovery metodi, var tikt gala ar radio neregularitati, bet ar lielu
samaksu.

Marsrutizacijas protokoli [1dzigi geografiskajai virzibai (geographic
forwarding), kas balstas uz kaiminu atklasanas metodi, ir spécigi
iletekméti ar radio neregularitati.
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Geographic Forwarding

GF vienmeér izvélas mezglu kurs ir tuvaks méerkim.
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Risinajums: simetriskais GF (SGF)

Noskaidrojam kaiminus

Apmainamies ar kaiminu tabulam lai atklatu
asimetriju

|lzmetam asimetriskas saites no kaiminu tabulam
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Symmetric Geographic Forwarding (SGF)

Palielinam DOI Palielinam VSP
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[erobeZota distances virziba (BDF)

Bounded Distance Forwarding ierobezo distanci kura
mezgls drikst virzit talak zinojumu viena leciena

Realizéta novérosSanas un trasésanas sistema ar 70
MICAZ2 sensoru mezgliem
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Bounded Distance Forwarding

3 metri — nepietiek mezglu, lai varéetu parklat visu
tiklu ar topologiju

5 metri — labakais kompromiss

8 metri un vairak — parak daudz nesimetrisku
saisu

O

Vajaks signals
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Citas radio realitates?

Interferences attalums

Parasti interferences attalums ir lielaks par
komunikacijas attalumu

Dazi protokoli pienem, ka, ja attalums lielaks par
diviem |écieniem, tad interference ir nulle

Bet nav taisniba: Vairaku mezglu energijas summa
var radit interferenci ari talak (janem véra signala un
trokSna attieciba - SNR nevis |Iécienu skaitu)
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Radio interference

Attalums 1
Attalums 2
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Citas radio realitates

Hipotéze: ja divi mezgli vienlaicigi raida, tad abi
zinojumi ir sakroploti un zaudéti

Bet ne obligati — vienas paketes signala stiprums var
bt lielaks lai ta tiktu sanemta korekti, pat ja otrs
mezgls raida tai pat laika (pieméram, ar batiski vajaku
signalu)
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EE 802.11 spektrs

Skaidri redzami tris kanali: 1, 6 un 11
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Spread Spectrum — 1zklied€tais spektrs

Spread spectrum (SS) ir raidiSanas tehnika, kas ar
pseido — troksna (PN) kodu kas ir neatkarigs no
iInformacijas datiem tiek izmantota k& modulacijas vilnis,
kas “izkliedé” signala energiju pa komunikacijas joslu,
kas ir daudz lielaka par signala informacijas joslu.

Uztvérgjs “at-izkliedé” — sakomplekté signalu, lietojot
sinhronizétu PN koda kopiju.
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Div1 SS veidt

Frekvences lekasanas SS - Frequency Hopping
Spread Spectrum

TieSas rindas SS - Direct Sequenced Spread
Spectrum
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Princips

satitajs Uztvere|s
Spreading Despreading

Xy

d
" Output
’@ & Data
channel

pn,
PN
p code

Zinot PN kodu

un invertéjot
pie frekvences C kodésanas

pie frekvences D procesu

01 pie frekvences E
Pieméram, 16 frekvences kanali no ka izvéleties
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Frekven€u l€ékasanas spektrogramma
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Prieksroctbas

Noturigs pret tisiem traucejumiem

Noklausitaji (spiegi) dzird tikai dazus bitus
Labaka noturiba pret troksni un daudz-taku
Kroplojumiem

Vairaki lietotaji var raidit vienlaicigi (!), praktiski
netraucéjot viens otru (vai [oti maz traucéjot)
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Piemers

Lieto Spread Spectrum ar kodu

Lietotajam A ir kods, kas norada frekvences
3,7,2,8

Lietotajam B kods norada frekvences kas
Skéluma ar ieprieksgjo frekvencu kopu dod tuksu
kopu, pieméram 5, 6, 14, 1, 4
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Piemérs: Radio komponente CC 2420

DSSS

250kbps efektivais datu parraides atrums

Q-QPSK ar pus-sinusa pulsa forméSanas modulaciju

Zems energijas (stravas) patérins (RX: 19.7 mA, TX: 17.4 mA)
Programmeéjama raiditaja jauda

16 frekvencu kanali (IEEE 802.15.4 standarts)

MAC kriptéSanas iespeja aparatira
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Kopsavilkums

Radio neregularitates ir realitate

Daudzi protokoli darbojas vaji, jo tie ignoré so problému

(MAC, marsrutizacija, lokalizacija, topologijas kontrole)
Tie realitaté nav |oti derigi...

SGF, Bounded Distance — tatad eksisté risinajumi, kas

nem véra minétas problémas

Radio interferences realitates art ir probléma

Spread Spektrum ir labs risinajums, noturigs pret
dazadiem radio traucéjumiem
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