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In recent years, academic, industrial, and commercial institutions have seen

F
potentially practical applications of wirelefs,swsensor networks. Data from such a

o

network is usually embedded with_,timing information to make them valuable and
even usable. To make' distributed sensor nodes te-have a common notion of time, a
time synchromzatlcﬁ/)r oool is needed. Time synchronization has been one of the

classical proble |stnbuted systems However, existing time synchronization

protocols do not werk el in wweless_,sensor networks due to unique characteristics

of such networks. There ra-'. rTew synéhrdmzatnon algorithms have been developed.
i id

This thesis osesi. the . design and implementation of a time

synchronization algorithm for. wnreles.ér ., sensor networks. The design includes
incremental averaging td- ‘Iet nodes* éx’ynchromze on reception of a time
synchronization message.-Alse, the esfrm&en of a clock skew is measured. The
estimated penog_enables_mdgs_m_aumml_cﬂm@pensate for a clock skew, to
extend synchromzatlon message periods for energy Sa\f:ngs and to calculate clock
skew compensation during a sleep period. We implement our software on nesC and
evaluate-@ur, appreach on,Jelosb, motes tunning TinyQS. Our experimental results
indicate' _that™'the’ propesed-—time’ synchronization " protecol possesses crucial
properties for practical uses ift wireless sensor networks: disfributed computation,

energy efficiencys and gradient time!
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PINT 2.7 LAPNAN AN T AN 129TILA FTSP

qangaziiudilanai 10 Daulidiaglfiudienanlszaunaiaininuni 6

o

1 dl o Yo Y -J 1 ° R = o/ c a

war 7 widlasaniulAiidapaamainivus 6 Aewdna 1M 10 Sanuduiusida
a P | N i A a A

waaiauliungnueslnued Cuhelaino mdniusiuluue 7 uazilafiansoniiusi 11

way 16 Saudidnazifw e ulsiina duins @enanis 11 geu fnlfimauianats

Tun9lszauna1ed eV de i FTSP s lifinmuaniiznantu [6]
—_

Gradiéent Time Synchromzat,gon Protocol (GTSP) [6] fauananistseany

Lf;m‘ﬂmﬂ‘lﬂimmmﬂummmmniwmLwawm haeagAnenimAan (Time Offset)

sk !. ¥

UaTANalIan (Time Skew) LSJ’ﬂLV]EIUﬂUIVuﬂLW@uUWM Mlfaunsndszanunaniuld uas

LN@WﬂIﬂu[ﬂV}’]ﬂﬂﬁ‘L’aﬂﬂﬂWiﬂL‘J“ﬂﬁl ﬂ’i\”@ﬁw’]?ﬂﬂi‘%@’]um@ﬂw}ﬂ\‘iLﬂ’i‘ﬂ‘ﬂ’]ﬁi@] A Lum@’m

miﬂivmmmmhm@mmmniuumLW'aumuwmm ANNANNUSITNATE I TN UA

ol

etz Lﬂumumm (Single Hop) me uazn AL diananalunstlszanunan

ﬁ‘zmwiuumLw'aum-umﬂmjm:ﬁmmmﬁ*ﬂmmfnuﬁmwmmlimwﬂa‘zmulfmwmﬁa
A | R e & an <= o o A .o
wisatneag luseAuNaNsUlR SeisnamiRAIRIn R guRmMINzand mTULATaTNE
SuuuulBane
nudagTRauiagladssnallldas Postifacto Synchronization [10] s
o o d‘d L s:ll a =£9) 1Y ] Y
azinstszatnaasanndwanisnl  (Event) auwlafiaiu  Ipalifesdediananw
Uszdamaansiadsian " dazdmiey [Kay ‘Roret / [11]/ Revinhsdaiaminaniaansiy
wiAn19nildignéias 9Mu3aE Time Diffusion [22] NNnsasnelaseadesiuliinansfiuivein
maanA1alaed Master node wag Diffused leader wiangTuuaiflusinaessiuld 9o
TipndudenlunistszunananazauinmioeAueanges 9 TinySync [21] 1auanIg
dsznrauuulnduunui Linear Regression @918Annuusuginfgandn uaza1unsnngaady

pndesuueanvesna i lifndaduls  ETA [12]  lAauetEnisiugiudmiunig

tsvanunaivaziaualilsinaaaniulifnusa RITS way wULRAWFAY RATS TN 1uARN8Iiw



19
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3.2 1AsasNan g lunisiag

1. AauNamas HP, Dell
2. gunsndfasugBansmanwadu Mote 31 Telosb [17]

3. sruulfjimnng Ubuntu [16] waz TinyOS [13]
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1 | Create a table item to store reference
points, table[N] where N is the maximum
number of neighbors

2 | Node 1 receives a message from node j

3 | Node i timestamp the message and store it
to table._receivelLocalTime

4 | Node i converts the local time to the
corresponding global time and stores it to
table.receiveGlobalTime

5 | table.sendGlobalTime <-_.msg.sendGlobalTime

-
table.sendLocalTime <- msg-sendLocalTime

6 | Node iscaletulate time offset relative to
node j \
table.timeOffset <iatable.sendGlobalTime -
receiveGlobalTime

7 | if tabfle fifeOffset) > JUMP. THRESHOLD

" )

o) 2 6t ~1)+ table timeOfset
3 )
iid i
else lii@
o{t=81t-2) | lable timeOffset +, (t-1)
N, (t= 1)1

end i1 f ot
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waztiiudiananulumnselu table. receivelLocal Time
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o u3gvind 4 uaudasaniufissduliiilunaiareunguainannig (3.2) uaziiv

lutable.receiveGlobalTime
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AnnINaziRlFIN It Tuear AN BNAWYINTY  weLliesannnng
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1| Create two table items to store capturing reference points,
startCapture[N] and stopCapture[N]

2 | Start capturing by copying table[N] to startCapture[N]

3 | Start the capturePeriod timer, allowing time for the table
to be updated.

4 | Stop capturing by copying tablefNT to stopCapture[N]
-

5 | Node i calculate kelative average skew by

Z stopCapturefj].sendlocalTime — startCapture[ j].sendLocalTime
stopCaptu re[i].receiveLocéITime — startCapture[i].receiveLocalTime

SK, =1 _
| LN
Node i calculates a skew peripd by SR:ZEET_E
7|if (SP > 0) Rivorer’ ' N

el Y
-

g S e
| el

when t=t+SP, :a%?ah+1

else if (SR.-< 0)
anf¥t+SR 2 0 = =1

else

extend the capture period

8 | Use SP as an adaptive estimation period for the next
estimation
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dverage Synchronization Error Due To Clock Skew
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e

Init.init()
(Initializing parameters)

. . msg
. !lc?ceive.recelvg 5 Store and update reference points
S to table
messages)
Msg.receivelodalTime Msg.receiveGlobalTime

Msg.sendLocalTim

A

Compensate for time offset

A
Periodic Send Timer
StartDelay(random)  — (Synchronization period)

Msg.sendGlo]

MAC Timestamping &

(Incremental averaging)

Offset Offset
compensation | parameter

A J

Y

‘ Skew
compensation

—— parameter
Delay skew Skew Compensation Timer
estimations to allow
start reference points
Skew period (SP)
St; rin; pC .| Calculate Skew
Copyit -> st tu! bl S Period
table
fh. Average relative clock skew
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- .
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3.3.3 WadmLATatng (Network Dynamics)
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3.3.4 AAszdeanasnu (Analysis of Algorithms)
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3.4 mMsvnlniaANa (Implementation)
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kittipat@ubuntu:~/Documents/Projects/apps/TestDtspSerials$ make telosb install,l
|mkdir -p build/telosb
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IDENT APPNAME=\"TestFtspAppC\" -DIDENT USERNAME=\"kittipat\" -DIDENT HOSTNAME=\"ubuntu\" -DI
DENT USERHASH=8xc55fec62L -DIDENT TIMESTAMP=0x4c9f307bL -DIDENT UIDHASH=0x0c9fbe46L TestFts
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