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A Time Synchronization Protocol for Wireless Body Sensor Networks

Shi-Kyu Bae'

ABSTRACT

WBSN (Wireless Body Sensor Network), also called WBAN (Wireless Body Area Networks) generally, is a kind of WSN (Wireless
Sensor Network) applications, which is composed of the various sensor nodes residing in human body embodied or in wearable way.

The measured data at each sensor node in WBSN requires being synchronized at sink node for exact analysis for status of human

body, which is like WSN. Although many time synchronization protocols for WSN has been already developed, they are not

appropriate to WBSN. In this paper, a new time synchronization protocol for WBSN considering the characteristics of WBSN is

proposed. The proposed scheme is not only simple, but also consumes less power, leading to increasing network life time. We will

show that the proposed scheme is appropriate to WBSN by evaluating its performance by simulation.

Keywords : WBAN (Wireless Body Area Network), WBSN (Wireless Body Sensor Network), WSN (Wireless Sensor Network),

Time Synchronization, Less Power
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<The proposed Synchronization Algorithm >
Use the Tree predetermined
For Source node {
Broadcast READY packet every source interval
}
For Sink node {
Broadcast SYNC packet every synchronization
interval
}
For all Sensor node {
Do Synchronize using reference time from
READY and SYNC packet
}

{Pseudo code of the proposed algorithm.)
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Table 1. Result of measurement for 3 schemes in simulation

measurement B-IBS TPSN FTSP unit
#msg/round (w/ source node) 301 329 308 times
#msg/round (w/o source node) 1 29 8 times
power_consumed/round (w/ source node) 0.000673 0.000728 0.000688 Joule
power_consumed/round (w/o source node) 0.000616 0.000664 0.000630 Joule




132 SENEE2=2X/d7H X 8

ANAE X5T X6=(2016. 6)

0.017

0.016

0.015

0.014

0.013

0.012

0.011

0.01

0.009

0.008

Unit: Joule

0.012 17@.01 2177 0.012177
— — — —

Power Consumption after 24 hours(288 round)

0.015892

0.012177 0.012177 0.012177 0.012177 0.012177 0.012177 0.012177 0.012177 0.012177 0.012177

Node ID 0 1

5 6 7 8 9 10 11 12 13 14

Fig. 3. Power consumption after 24hour simulation time.

0.000035

0.00003

0.000025

0.00002

0.000015

0.00001

0.000005

(unit: sec)

0.00004

Clock-offset(average-3 times)

HOD P @S ® D DD W
SR AR B S g QY

Node_ID

Fig. 4. Clock offset measurement(Synchronization error) for each node referenced to Sink node.

o g nR 335 AN 3
th A A7k o] HE A
A Ado s A B-IBSo|

a1 wmEelA] Fdsh,

TS Fig. 49 HeERIA

o, B4 A, A% A, & Mous? etk B8 sd 2 oma Wk $
A FA AL wEel 42 1 A4 wEo] wel et 9 wE 3 49
QA ol ke A ¥ k2w Ase] BY EeEEs} 2 wEsh g
oOFF A melq §715 T0e FolA AREES Folop @
oma 2o GBe ANE A & il sy AA v AEe] FABRAA R
o

7 3A mEOA o] FoARR F Ho] HX] ¢

A% A= #H4 163us, Hd 369usol™, HA| == 3



WSNES 93 57]3F ZREZ2A /g uoke TPSN,
FTSP, RBS7} Wlg 4oy}, BANe| HEsl7]ole Ao
@t TPSN¢ FTSPE 5713t AEEE #o|7] 93 MAC
AZdA Az ARS ZAsY, o=
9 AT B FRE VI FEEojoF tER Tk AT
B 758 2 A4 =22 FAEE BANOE Adtelx &
th A7 EAE 38 AFdA F4EE FdstH TPSN
< dlojg mEEel WAse A A A HIme & F
713} Aewrt AA4e] Hv, FTSPE o8 Heo] mAx A

o a7¥th RBSIAE FE ==8 A9e th2 »=E3
o

71E0] WerEE ANHH 9l WSNEHA oA F25 1 BAN
Aol FHE] oHSER Al Wty AHA A%
HlaE 8l7]= olHth TPSNS $-& AlZolA Tt =
T wuvb 3 B2 e lojof s, HYEE F wr
v Hat A ARk AAH A NG ¥ms ~ s order). FTSP
E $8AZNA FE RE w7t 3 521 A o
ook atm W o]ife] wIAA el dasith AYwr}
TPSNEUE -8, 22 Axe] A8%E zt=th RBS
g sty A RE wE=b 4 54 Al glojok
&, A== TPSN, FTSPRE} $4:8t} w==7ko] ol

gkl g3ttt
& AR ek BANS PAseE BV Y 3 E 2
L7F glew A71Hl doly dEo]l Bagle] =27t AA

A= et F71EF o Fefxinh

584 B
WBSNel A& WSN#}F F538& 7HAHAE 53] dA<
D3 S 71X LAEUMIE AY, 19SS £33

SRS
&G A9, 7 Aol T 2T Aol

WBSNelA] w=EAtolo] F7)ste a3, WSNE 9%
A7 E71s ZREZ] @ol JNUEHSE sk,
WBSNell 43+t A7k 578 Z2EZE Agtso] 9ix] ot

%
B =RoAE WBSNY 542 aeldte] /129 wers

S QM MM HERATIZE ANZ S7Ist Z2EZ 133

References

[1] A. Sangwan and P. Bhattacharya, “Wireless Body Sensor
Networks : A Review,” Int. Journal of Hybrid Information
Technology, Vol.8. No.9, 2015.

[2] D. Mill, Computer Network Time Synchronization: the
Network Time Protocol on Earth and in Space, Second
Edition, CRC Press, 2011.

[3] S. Bae, “A Survey on Time Synchronization Protocols for
Wireless Sensor Networks,” Journal of The Korea Society
of Computer and Information, Vol.19, No.6, June, 2014.

[4] M. Hanson, H. Powell, A.Barth, K. Ringgenberg, B. Calhoun,
J. Aylor, and J. Lach, “Body Area Sensor Networks : Challenges
and Opportunities,” IEEE Computer, 2009.

[56] S. Ganeriwal, R. Kumar, and M. B. Srivastava, “Timing-
Synch Protocol for Sensor Networks,” in Proceeding of ACM
Sensys, USA, 2003.

[6] M. Maroti, B. Kusy, G. Simon, and A. Ledeczi, “The Flooding
Time Synchronization Protocol,” in Proceeding of ACM
SenSys04, 2004.

[7] J. Elson, L. Girod, and D. Estrin, “Fine-grained network time
synchronization using reference broadcasts,” in Proceeding
of ACM OSDI, 2002.

[8] S. Bae, “Time Synchronization by Tree-based Indirect-
Broadcasting for Wireless Sensor Networks,” Journal of
KIISE, Vol.39, No.6, Dec., 2012.

[9] D. Liu, Z. Zheng, Z. Yuan, and W. Li, “An Improved TPSN
Algorithm for Time Synchronization in Wireless Sensor
Network,” in Proc. Of Int. Conf. on Distributed Computing
Systems Workshops, pp.279-284, 2012.

[10] S. Bae, “A Revised Timing-sync Protocol for Sensor
Networks by a Polling Method,” Journal of the Korea

Society of Computer and Information, Vol.20, No.8, Aug.,
2015.

[11] S. Bae, “Time Synchronization by Tree-based Indirect-
Broadcasting for Wireless Sensor Networks,” Journal of
Korean Institute of Information Scientist and Engineers,
2012.

[12] The Network Simulator ns-2: Documentation [Internet],
http://www.isi.edu/nsnam/ns/ns-documentation.html,
Nov., 2011.

[13] W. Ye, J. Heidemann, and D. Estrin, “An Energy-Efficient
MAC Protocol for Wireless SensorNetworks,” in
Proceedings of the 21st Annual Joint Conference of the
IEEE  Computer and Communications Societies
(INFOCOM 2002), June, 2002.

[14] C. Perkins and P. Bhagwat, “Highly Dynamic Destination—
Sequenced Distance-Vector Routing (DSDV) for mobile
computers,” ACM SIGCOMM, 1994.



134 S2EMNeStel=2X/ERFH 2 S& AL M5B ME=(2016. 6)

B Al T
e-mail : skbaec@dyu.ac.kr
1993 A &5 7

1998 e 8kan 736 F (A

ox
B
i
o
£
o
x

>
=

A FoF: Computer Networks, Mobile Networks, Internet

Applications, IoT



