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Egyéb megoldasok

'« NTP (Network Time Protocol)
. _ Id6 szerverek
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Egyéb megoldasok II.

- Feszito fa épitese
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~ . Send Time (kildési id6)

5 — Uzenetek Osszeallitéasa és kuldési kérés
ideje

- Figg az 0S terheltségétol

- Nemdeterminisztikus

& - Szaz milisec nagysagrend

o Access Time (hozzaférési idd)
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" . Propagation Time (propagdcids id6)

- A fizikai médiumban (adotol a vevoig)
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Figure 1. Decomposition of the message delivery delay over a
wireless link.

ryr)c:
RDOS
Ki1kUuszoboll a send es access 1doket
Az 0S-Den a receive 1S kilikuszobolheto
Nem kell a O0S alacsony szintjelt elerni
T
'PSIN
Nenany platiormon kKozvetlen elerheto a M
MAC szintU 1do-pbelyegzes KikUszoboll a
FENEL Narom DizonytalanSagoit
=, @2 r*, () o i & - r e 7 N . ~ =1 N
A7z RBS es a TPSN sem Kuszoboll Ki az
ANER ONGEANSMISS10NTE €S receptiont




Propagacios folyamat

"« Interrupt Handling Time
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- Késleltetés a radio és az MCU kozott
- Nehany psec nagysagrend
- Interruptok tiltasa esetén nagy lehet
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Celplattorm: Mica2
Table 1. The sources of delays in message transmissions

Send and nondcterministic,
Receive depends on the
processor load

10 — 500 ms nondeterministic,
depends on the
channel contention

Transmission / | 10 - 20 ms deterministic,
Reception depends on message
length

< lps for distances | deterministic,

up to MK meters depends on the
distance between
sender and receiver

Interrupt < 5us in most nondeterministic,
Handling cascs, but can be as | depends on interrupts
high as 30ps being disabled

Encoding plus | 100 - 200ps, deterministic,
Decoding < 2ps variance depends on radio
chipset and settings

B yte 0 — 400ps deterministic, can be
Alignment calculated




Flooding Time
Synchronization Protocol

e Lokalis orak szinkronizalasa a
teljes halozatban

e Linearis regresszid a skew
becslésére

e MULti-hop szinkronizacio

e Dinamikusan valasztott root node,
o mely nyilvantartja a globalis 1dot
e Jopologiavaltozasek dinamikus kovetese
.« Ad-hoc strukturak kialakitdasa
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Figure 3. Data packets transmitted over the radio channel
Solid lines represent the bytes of the buffer and the dashed
lines are the bytes of packets.




Ido belyegzés II.

e A szinkronizalas folyamata
e TObb i1dobhélyeg készitése byteonként
e Normalizalas (byte kUldes i1deje miatt)
e INnterrupt jitter kiklUszoboOlése
- A normalizalt i1dobélyegek minimuma
k’ « Kodolas/dekodolas idejének kiiktatasa
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FTSP Ora eltérés (skew)

gﬁMlcaz-n akar 40pusec/sec

. Masodpercenként kellene szikronizalni
: lusec nagysagrend elerésehez

—, Savszélesseg és energlia tobblet ezért
— Clock skew offline becslése

;qﬁﬁiﬁris regresszid hasznalata
TSP time-stamping kisérlet Mica2- %E

Arlang. 0.95 psec abszolut hlba
| san 4.32 jisec abszolit iiba f



ime-stamping

error (Us)

Figure 4. The distribution of the errors of linear-regression
(LR): off line refers to off-line LR, 30sec refers to time sync
interval P=30s, query interval 18s, and 300sec refers to time
sync interval P=300s, query interval 93s.



time sync
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Figure 5. Time synchronization error between two motes. The
time synchronization was stopped after 30 minutes. The initial

small error of the skew estimate results in increasing
synchronization error over time.




MUltl hop szinkronizacilo

rﬁiNodeonként egyedi azonosité (ID)
'« Referencia pontok

.« Globalis-lokalis bélyegz6 par
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FTSP: tulajdonsagok

'« Sync Message Format

- - TimeStamp
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1 event Radio.receive (TimeSyncMsg *msg)

1 event Timer.fired()

2 2 |

3 if( msg->rootID < myRootID )} 3 ++heartBeats;

4 myRootID = msg->rootlID; 4

5 else if( msg->rootID > myRootID 3 if{ myRootID != myID

6 || msg-»seqNum <= highestSegNum ) b && heartBeats >= ROOT_TIMEOUT )
1 return; 1 myRootID = myID;

8 8

9 highestSeqlum = msg->seqNum; 9 if{ numEntries >= NUMENTRIES_LIMIT
10 if ( myRootID < myID ) 10 | | myRootID == myID }{

11 heartBeats = 0; 11 msg.rootID = myRootID;

17 12 msg.seqlium = highestSegNum;

13 if( numEntries »= NUMENTRIES_LIMIT 13 Radio.send (msg) ;

14 && getError(msg) > TIME_ERROR_LIMIT ) 14

15 clearRegressionTable(); 15 1f ( myRootID == myID )

16 else 16 ++highest Seqlium;

17 addEntryAndEstimateDrift (msg) ; I

18 } 18 }

Figure 6. The handling of new synchronization messages.

Figure 7. Periodic sending of synchronization messages.



O ID, - first leader @ ID, - second leader

Figure 8. The layout and links of the experimental setup. Each
node can only communicate with its (at most 8) neighbors.
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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 1D, 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.



Osszehasonlitas
» RBS (reference broadcast)
- Hozzafeéerési és kiuldési 1d6 eliminalasa
- Random késleltetés kiszlUrése
- Byte i1gazitasi 1d0 egyszerlen megoldhato

e FTSP alacsony szintu 1dobélyegz01l ezeket
ugyanugy kiktszobolik

+ 1nterrupt kezelésb0l adddd hibat 1is

-+ TPSN

- Hozzaferési, byte i1gazitasi és propagacios

1idok kiszlrése

. e« Implicit ACK

. Eejlettebb id6bélyegzés, mint az RBS-nél
J";_élplatform' Mica - implementéciés nehezsegek




Konkluzio
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*'BS eés TPSN 10 psec nagysagrendu .
viba (7.4us - 16.9us)

TSP 1 psec nagysagrendu hiba b
ﬁ 95us - 4.32Us) "

Jol skalazhato multi- hop halozatokra‘ﬂfxrﬁ*
0. 5us per hop))
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