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Kur dzivo 4MHZz?
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Oscilacnas
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Apkart€jas vides 1etekme




Piemeérs

e MicaZ mote
e '7.37 MHz

* Dreifs: 40us/s

http://www.nanork.org/chrome/site/images/MICAz_Lg.jpg



40us/s = 3.5s/diena!



Gribas visiem vienadus pulkstenus
Ko darit?
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Globala Pozicionésanas Sistema

» Satelit1 ar
precizu pulksteni
rinko ap Zemi,
nosuta savu
laiku
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GPS 1r dargs

Table 2: Collar energy consumption

Mode Active mW
sec/hour| mW |daily
Sleep | 3527.123 | 0.033 | 0.78
GPS 60.0 |218.79|87.52
Sensors 12.0 37.62 | 3.01
Radio RX| 0.246 |31.68 | 0.05
Radio TX| 0.631 |52.14| 0.22
Total:[91.57

R. Zviedris, A. Elsts, G. Strazdins, A. Mednis, and L. Selavo, “Lynxnet: Wild animal monitoring using sensor networks,”
in REALWSN 2010, LNCS 6511, pp. 182--185. Springer, Heidelberg (2010)



DCE77

D = Deutschland, C = long waves, F = Frankfurt, 77 = 77.5 KHz

» Bazes stacija ry"*g\‘
Vacija raida savu R,
laiku 2000km Pryeill N
attaluma S

» Sadas stacyjas
pasaul€ 1r vairakas
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DCF77 vajadziga sava antena




a1 var bez papildus aprikojuma?




Kapec vajag sinhronus pulkstenus?



Kapéc vajag sinhronus pulkstenus?

» Datu apstrade1 — 1zrekinat videjas vertibas,
atvasinajumus

 Datu interpretacijail — kad dati1 savakti? Vai
X1 un X2 apraksta vienu notikumu?

« TDMA MAC protokoliem, marsSrutizacijai
» Kopigam duty cycling



Ar lokalu sinhronizaciju pietiek
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Galvena 1deja

Mans laiks ir 15:32

Sinhronizétais laiks = F(T1, T2)



Sendtime
highly non
determ
(100ms)

Access time
(ms - s)

Transmission
time (10ms)

Kur rodas aiztures?

Application Application
l !
Routing Routing
l !
MAC MAC
l !
RADIO RADIO

Propagation time
(< 1microsec)

receive time

highly non-
determ
(100ms)

Reception
time (10ms)



Kas 1r slikts aiztures?



Nedeterminétas aiztures = slikti

sender: send ‘ access | transmission
) \
\ \
. \
propagation —>! | €— \
\ \
\
receiver: reception receive
Nedeterminéta dala Determinéta dala Nedet. dala

M. Maroti, et.al., “The flooding time synchronization protocol,” in Proc. SenSys'04, pp. 39-49, ACM, 2004.



Prasibas 1deala1 sinhronizacijai

Augsta precizitate

Zems energijas paterins
Minimala tikla noslodze
Dazadu topologiju atbalsts
PielagoSanas tikla 1zmainam
Iss stabilizacijas laiks
VienkarSa implementacija
Mazs koda 1zmeérs

Zemas veikstp€jas prasibas




Tipiski PS protokolu pieméri

NTP — ne 1st1 prtemerots BST
RBS

TPSN

FTSP



NTP

Ultra precizi pulksteni
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NTP nav piemeérots BST

 Nedeterminétiba MAC un tikla limeni
(>100ms uz katru I€cienu)

« Sarezgita implementacija
 Liels koda 1zmers
* Energiju netauposs



RBS, 2002.¢.

Reference Broadcast Synchronization

* Viens mezgls 1zstta “svilpienu”

 Parejie nomera lokalo laiku svilpiena bridi
un apmainas ar So informaciju ar kaiminiem

» Apskatam pieméru!



Paru sinhronizacijas piemers

5.3
Mezgls B T2=5.35 T3=6.0
MezglsA

T1=5.0 5.7 T4=5.75
P = ((T2-T1)+(T4-T3))/2 Delta = T2-T1-P
P = ((5.35-5.0)+(5.75-6))/2 Delta= .35-.05
P = ((.35)+(-.25))/2 Delta= .3
P=.05

A pieskaita .3 pie 5.75, 1egust laiku 6.05



Cumulative Error Probability

Synchronization Error with Heavy Network Load
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J. Elson, L. Girod, and D. Estrin, “Fine-grained network time synchronization using reference broadcasts,”
ACM SIGOPS Operating Systems Review, vol. 36, no. SI, pp. 147-163, 2002.



RBS priekSrocibas un trukumi

+ Nav sutitaja nedeterminétibas

+ Minimala tikla noslodze

- Darbojas tika1 1-1eéciena tiklos
- Visiem jadzird svilpiens



TPSN, 2003.¢.

Time-sync Protocol for Sensor Networks
Izveido parklajoSo koku (spanning tree)
Sinhronize katru Skautni
- ar zemaka koka Itmena virsotném

[Laiku lasa MAC Itmeni

Divpus€ja zinapmaina



Paru sinhronizacijas piemers

5.3
Mezgls B T2=5.35 T3=6.0
MezglsA

T1=5.0 5.7 T4=5.75
P = ((T2-T1)+(T4-T3))/2 Delta = T2-T1-P
P = ((5.35-5.0)+(5.75-6))/2 Delta= .35-.05
P = ((.35)+(-.25))/2 Delta= .3
P=.05

A pieskaita .3 pie 5.75, 1egust laiku 6.05



TPSN precizaks par RBS

25 25

20
RBS
o o 15|
S S
c [ —
8 8
. & 10

(]
25 0 20 40 60 80 100

Synchronization error (microseconds)

o S 10 15 20 25 30 35 40

Synchronization error (microseconds)

S. Ganeriwal, R. Kumar, and M. Srivastava, “Timing-sync protocol for sensor networks,” in Proc. SenSys'03, pp. 138-149, ACM, 2003.



TPSN precizitate
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S. Ganeriwal, R. Kumar, and M. Srivastava, “Timing-sync protocol for sensor networks,” in Proc. SenSys'03, pp. 138-149, ACM, 2003.



TPSN priekSrocibas un trukumi

+ Vairak neka 2x precizaks par RBS
+ Darbojas visa tikla

- Neatbalsta topologijas izmainas
- Vairak nosutito zinojumu



FTSP, 2004.g.

Ap lus precizitate

Ievel saknes mezglu ar “zelta pulksten1”
Parejie pielagojas saknei

Ad-Hoc tikls, nevis parklajoSais koks
Laiku fikse “zem” MAC limena, vairakkart

(Gandriz) apiet nedeterminétos posmus



Apiet nedeterminétibu

“Send”’: fikset sutisanas laiku MAC Itmeni

“Access’’: fikset laiku, kad radio piekluvis
kanalam

“Receive”: fikset sanemsSanas laiku MAC
ltTmen1



FTSP raksts

* The Flooding Time Synchronization Protocol.
— M.Maroti et al.

— Proceedings of the 2"9 International Conference
on Embedded networked sensor systems,
ACM, 2004.

e skat. Google Scholar



Paliek determinéetas aiztures™

e SutiSana
+ Signala izplatidanas [ [Fhed:

o S aI,l emé ana s — parraides atrums

— d — attalums starp mezgliem

* - gandriz



Pulkstenu dreifa ietekme

 Jasinhronize atkartoti
* Ik sekundi sinhronizet nav iesp&jams

» Méginam paredz&t dreifu péc statistikas



Dreifa 1ierobezosana
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Ja pietiek ar precizitati 10us, var sinhronizet ik 7 miniites

M.Maroti et al. The Flooding Time Synchronization Protocol.
Proceedings of the 2nd international conference on Embedded networked sensor systems, ACM, 2004.



Daudz-1écienu pludinasana

Saknes mezgls 0

Solis 1 - 0
Ko darit, sanemot
O .
% 0 syr.lc_ zglu no
. 0 vairakiem
Solis 2 mezgliem?
8 sync zinas 0

Linearas regresijas
rékinaSanai



Saknes mezgla 1eveléSana

* Var statiski noradit sakuma (bazes stacija)
 Var pasi sevi 1zvirzit par sakni

» Ko darit, ja divi mezgli sevi 1zvirza?



FTSP eksperimenti

Daudz-lecienu tikls, sinhronizacna ik 30s
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TPSN rezultati
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Figure 9. A 5x12 grid experiment shows the percentage of synchronized nodes, the maximum and average error (the maximum and
average of the pairwise differences of the reported global times). The nodes were switched on at time A, the root ID, was switched
off at B, randomly selected motes were reset during C, half of the motes were switched off at D, the same motes were switched back
on at E, and the experiment ended at F.



>

at 0:04 all motes were turned on;

at 1:00 the root with ID; was switched off, /D, becomes the
new root, eventually;

between 2:00 and 2:15 randomly selected nodes were reset
one by one with 30 second period;

at 2:30 the motes with odd node IDs were switched off (half
of the nodes are removed);

at 3:01 the motes with odd node IDs were switched back on
(100% new nodes were introduced);

at 4:02 the experiment was ended.



Kopsavilkums

Laika sinhronizacija svariga gan datu
vakSana, gan komunikacija

Var panakt mikrosekunzu precizitati
Jasinhroniz€jas periodiski

Sakuma ir 1everojams stabilizacijas laiks



6. Eseja

1. Kados gadijumos sensoru tiklos varétu
1ztikt vispar bez jebkadas pulkstena
sinhronizacijas?

2. Kados gadijumos sinhronizacija principa
nav iesp€jama?

Termins: 23.10.2012.



Ekskursija uz EDI

Vieta, kur rast idejas
BST kursa projektam :)

Dzérbenes iela 14, Riga
Nokl|usana:
Sab. transports, kas iet

pa Brivibas ielu uz t/c “Alfa”
Pietura: Dzerbenes iela

TikSanas: 13:00 EDI instituta vestibila (tresdien, 23.10.2013)



