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An Energy-efficient Pair-wise Time Synchronization
Protocol for Wireless Networks

Shi-Kyu Bae'

ABSTRACT

TPSN(Timing-sync Protocol for Sensor Networks), the representative of time synchronization protocol,
has been already developed to provide time synchronization among nodes in wireless sensor networks.
Even though the TPSN’s method has been referenced by so many other time synchronization schemes
for resource-constrained networks like wireless sensor networks or low power personal area networks,
it has some inefficiency in terms of power consumption and network-wide synchronization time (or called
convergence time). The main reason is that each node in TPSN needs waiting delay to solve the collision
problem due to simultaneous transmission among competing nodes, which causes more power consumption
and longer network convergence time for a network-wide synchronization. In this paper an improved
scheme is proposed by changing message exchange method among nodes. The proposed scheme not
only shortens network-wide synchronization time, but also reduce collision traffic which lead to needless
power consumption. The proposed scheme’s performance has been evaluated and compared with an
original scheme by simulation. The results are shown to be better than the original algorithm used in
TPSN.

Key words: Time Synchronization, TPSN(Timing-sync Protocol for Sensor Networks), Wireless
Sensor Network, Contention, Collision, Polling.
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Set Radius to Rl : radius of broadcast range
if (root node)
Broadcast a discovery-level packet (node-id, level#)
For all nodes except root node {
if (packet received && firstly received) {
Set level=parent node’s level+1;
Distance = measure distance
between parent node and node itself;
Wait (k+Radius/distance) seconds;
Broadcast additional discovery-level packet
including its id to notify the parent,
// Send its id to the parent to notify a real child,
}

Fig. 2 Tree Construction Algorithm,

o7} &= 5718 L /7F M E T Fig. 1914
dE W g 20 = k& 129 =& 168 = E

gl 10 = == 00y k= 1120 @ H&e
7 gre gdle) e = 154 =& 200] 7
LF/I7 Ak

EPSPoll Al = TPSNAA A H EFA A o|A] &1
718k o] &2 ETE FA5] Y5k [11]
oA At Er] 4 duElEd FAE ER 74
g g E[9]8 AHE3HE, EPSPO A dskAl =43t
Atk EY 74 gaglFol AdHA Fig. 13
Egrt FAFHEY, FE =28 T3 4 1w
EE A mro ARE JHAA =, e Q)
=X (leaf nodes)&= A =EZHE FA & WA
omg By w7yl X et Fig 1914 9
EW LE 12, 22 17, X2 15 5& 2 ==}
ot}

A TPSNO| A= H2E HAAE A
EE YR S EYA Erx =2 Q45
o] IDE 71938ttt 3kA| 5}, EPSPAlA & A}
ol gl B2 =% zpalo 2k m=E]
& ojok stEE, ER ¥4 HA
39 I TPSNe| E& 743}
Eg 74 Al H&ste 7z
718} 2o A dlolE HEE
7t 2t Aotk &, EPSP
< TPSNo|} [9]¢] AtA+=

m
of

o f b i

TR

o
b

> e

[
[r e

m M n

e
Jr ®
S
o
i e
o
v
[
ic)

rlo

N
N
o)
>
kS

N
N

2
I
offt ;{1]1

2 }-r
o &y 10
f i o
L)
rlr ofy
{0 2 o0
(o ofy
o 2
(o]

N
N
£
o
N
o

M HESTE &= A2 SIS Z2EZ2 1811
gzn, s)Ee] PHoE THR
gomz e Ef) 74 3

# Wee el F/18 S

3.2 EPSPo| =&t : 7|3} T

o} 244 wEAbolo] F7)she Thes) 2
1o, TPSNeIA H2 w7} 5718 Aae
s 2

ol Al &3} 4 =EEL 999

o
1z
d
W
n

[ ot
K

2

o> > b

oA
ot
e
td
oy
(n
o
=
% N
El
rlot
ftlo
>
)
<
&£

)

e« RN o A ot
ﬁrlorﬁ%-{mﬁml &

T
~

> X
2 Tt ol
N
o
N
e
fal
(i

o [n Ho mx 2 fb ogob e N N X
o g

LU
!
il
_\:L_l‘
1o
ol
it
o
N
X
n
=
2
)
ofy
o

oy
AL
i
B
i
IV 3
X
N
>
r:(_‘
o
|
AN
-
(%
i

1
!

b

[ olx
N
>

>

EPSPel A= TPSN# Z}
EEA 5713 AlEs gElE 2 &
2 HEE oA 5713 8.4
E 8 HARE e T o]

7 @7l B A

N

1>

2
e
>
B op i }*{Z

[ of =t
oo

=2
>

2
o

_>|4_|‘

o

R

1>

@
i
i
_>|~l_‘

14
r
il
K3
1>

2 o

e
ul
b
I o
)
>

[

)
offt,
=
o
2 Xt

o 4o & /) |1
offl . H

N o

ol

i

o B

b b

o ol
& o
>
o
[ e
o
Lo My
2
rln
i)

£

Fig. 3-(a)&
Al 32F A9 A
=7} “Initiate” =)
2 “REQ” #Zl& B t}. o]u] “Initiate” =
Aole H2 o Ad4dE ZE A kx| gl 2E
A Bjo] z} A2 w=Eo| A4l 99 thE
A =EE9 HARE & F AUEF T
A TS TFAH L

o AFdE A =

N
mlor"“
e g
N
;Emlm
s
T
In %
il
o
I L)
T
EVa-)

<
b
A
e

of it

=

e
(r
—_
5 od
w
o
30
ui
H o
ol
>

fo
ox
b
it
td
il

2kl w oA A

gl 2Eo] 7h ol &= 1W =7}
715 84 WAAE AEech
H w = W =27 24 WARNE B
overhearing3te] &7 = H, thg-o] #
2 ZA 84 HARAE FE =T

>
bt
b

woge

=

N
R
_O, m]o [N O}ﬂ

s Tl
(d

o Lo w ool
=
)

2> 3L
e
&



1812 ZEIDICINES ==X X19A X10=(2016.10)

Initiate Initiate

REQ

,,,,, /
mo —| | TR
./
\

10—
T

Parent Child Child
node node1 node2
Parent Child Child
node node1 node2

(a) Timing diagram for EPSP (b) Timing diagram for P-TPSN[g]

Fig. 3. Timing diagrams for message exchanges among
parent and child nodes in (a) EPSP, and (b) P—

TPSN,
4) UmA A =X SAYE 23 fAAE
A 43t}

5 HE LTl nE A4 L2 RE 94 wAR|
fe) _% [e)

EEdA 2 &

=2 @,EL_" 0]"\___‘ L ASR S
%o BAL A%HT

§ WEAZY BE =E7t 57158 4R34 3
gl 713 ghest e,

[9] 4 AkHE P-TPSN2 T4 A5d 3 W

o] Foix = Well A= EPSPH F530] glov g
7 7Z-& Aol Ho] Yt

1) P-TPSNel A Z} A2l == TPSN# vhzkrt
A& 2-way handshakeZ 28t 1 - =29] A
Alef whe} 2p4Ale) Ao 84 WAIAE A=g.
&2 9k EPSPol A& A4 =259 A% wAIA S
overhearingste] #h2le] M EA9 AIHE AA 3}
o 24 WARAE AEeth F, 2 A2rse] o
A AR 3 Er n=gRE] S mARES
FAT oyt gloemg wAR HAE gk e

a8l d™a Ad Azre] A4 Fig. 3-(h)e

P-TPSNo| A ¢] Rrytol 2124 -t 7te] Z7|3)
wAIA] wE Ale] AZE #AE UERA Ao|th

2) EPSPol| A A2 = =% Ztoll overhearing®] 7}
ot AR A B el flAsko oF gt &,
EPSP7} &2tat7] &k 2242 TPSNolu [9]9] A
St 2t VY EY A dagEe AEE
T R, AEE EY 74 o] et

Sk
Zte] 94 YA E E‘rf’_“""ﬁ T = (V, E)iL}EHH
L9 A = e CE RE 25
A Yol o) AAE T 23 o] Ao

CO={ij, keV :

T Ejo B vt 2 p(jEta s,
P(j) =i, P(k) = io|th

EPSPellA & F712 RE A2 ==7b A 89l
ol A8t M= AAsojof sh= 2310] Fast
% &, G, k) € E 7} ©EH ook 3}

EPSPe] 5713} @AM A8 A5 WH9E R
olgtx stal, ERlE 74 wel dF WS Rl°
3 &9, Rl= R22 AAste] @aelM F7t2 A
3, E718F SACA & F
g W9 Rlﬂoﬂ Al ek Fig. 4 Ak EPSP

718 duEEE FAZER YE Aot

1) EE, Gk EE } (1)
2 (1)l A

3=1 L_I:‘/] X]_)\] LvcE

o FlO ol

4. A E2f|0|H

duE]Fe & AFr] st NS2(Net-
work Simulator)-2.35[12]= AF&-3}o] Fig. 5} 20|
FA =EE WX et AEsAnh AL dugE
< g5t EglE Ao, o] W 7 =9
A AEE 59 57138 52 AF@olA Ae&S
AE WY 142 HAst] AE HAE F 128 =
2 dAsA

Fig. 5014 H& Aoz A9 9L 49
FE LCE 3to EFE 7Y W 444
Holth A7IA 441 ==#HE 0)F AL
4§43, #5—#80] A4 wEI} H1 Ele] O
Q1 gde] d 5 Utk 5713t ﬂ’ﬂ]"ﬂ’“l%
o2 FAEE A BHE AAEH 9 1

ofy ofy
I'U
¢

Hﬂré.i

el

(M e & (0 o2

L 4 dlo

b il



[EWN

<EPSP Synchronization Algorithm >
Use the Tree which was constructed from the
algorithm in Fig. 2.
Set Transmission Ranges to R at all nodes
For root node {
send "INIT” with children list
If (received all "REQ” from children)
send "RES” with child_ID+time informations.
}
For child node {
If (received "INIT” from parent && first child itself)
send "REQ”
If (received "REQ" from the previous cousin
heading the parent)
send "REQ”
If (received "RES” from parent)
Do Synchronize
If ( Parent node except root ) { // Gateway
send "INIT” with children list

Fig. 4. Pseudo code of the proposed algorithm in Synch—
ronization Phase,

Fig. 5. Using different transmission ranges of nodes at
two phases.
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