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A Node Scheduling Control Scheme with Time Delay Requirement in
Wireless Sensor Actuator Networks
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ABSTRACT

Wireless sensor-actuator networks (WSANs) enhance the existing wireless sensor networks (WSNs) by equipping sensor nodes with an
actuator. The actuators work with the sensor nodes and perform application-specific operations. The WSAN systems have several
applications such as disaster relief, infeligent building, military surveilance, health monitoring, and infrastructure  security.  These
applications require capability of reliable data fransfer to act responsively and accurately. Biologically inspired modeling fechniques
have received considerable affention for achieving robustness, scalability, and adaptability, while retaining individual simplicity. In this
paper, an epidemic-inspired algorithm for data dissemination with delay constraints while minimizing energy consumption in WSAN is
proposed. The sfeady stafes and system stability are analyzed using control theory. Also, simulation results indicate that the proposed
scheme provides desirable dissemination delay and energy saving.

= keyword : wireless sensor actuator networks, node scheduling, fime delay
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(Table 1) Simulation parameters

| Parameter Name | Default Value |
simulation area [ 100m x 100m
number of nodes 7100, 200
transmission range 20m
carrier sense range 10m
duty cvele (wakeup interval) | 1=
packel generation interval | Gls
current consumption: Tx 17.4mA
current consumption: Rx 19.7mA
current. consumption: mode switch | 10.05mA
mode switch time | 300
backoff time | 30ms
initial N, | 30
3 0.1
n 0.0001
| 0.001
o° 0.01
e 1
T G0s
Dimazx 1000s
gossip tx_count | 3
zossip_tx_interval s
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(Figure 1) Time behavior of N, according to delay
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Energy consumption and Dissemination Delay for Proposed Protocol

o
8

@
3

@ 4
£ ™ g
S o8 % =~
c ", &0 &
S A, 8
€ s 5 w0 §
3 -

5 b Pl 40 £
§ a ol §

L
2 04 P 4
g s wx 2
< P . a
w ~a
Le -

3
]

] h

E

‘dissemination delay —e—
energy consumption -—&---

] 10 20 30 40 50 60
Delay requirement (s)

(b) 200 nodes
(O3 3) Motz ez|Ee| ofX| A2e} M} AZEX|H,
(Figure 3) Energy consumption and dissemination
delay for the proposed protocol

%
o
o
%
>,
e
B
ok r2
i
=

YIS
N
R
fd
e,

ox X
Lol mN e

flo o o
O e 2 e K

oy

A7) o), ALE BAE AW IS Aiap, o
g #7300 weh B
ek A At Tjs) Alof o]

A2 Y5S BHSL A2E stebe
%

& (Reference)

[1] O. Akan, I Akyildiz, and V. C. Gungor, “A real time
and reliable transport protocol for wireless sensor and actor
networks,” JEEEJACM Trans. on Networking, vol. 16, no.
2, pp. 359-370. 2008.
http://dx.doi.org/10.1109/TNET.2007.900413

[2] H. Salarian, K. Chin, and F. Naghdy, “Coordination in
wireless sensor-actuator networks: A survey,” Journal of
Parallel Distributed Computing, vol. 72, no. 7, pp.
856-867, 2012.
http://dx.doi.org/10.1016/j.jpdc.2012.02.013

[3] Pradip De and Sajal K. Das, Y. Gao, and D. Zuo,
“Epidemic models, algorithm and protocols in wireless
sensor and ad-hoc networks,” John Wiley & Sons,
doi:10.1002/9780470396360.ch3, 2008.

[4] J. Kulik, W. Rabiner, H. Balakrishnan, “Adaptive
protocols for information dissemi- nation in wireless
sensor networks,” Proc. the Fifth ACM/IEEE Int. Conf.
Mobile Com- puting and Networking, pp. 174-184. 1999.
http://dx.doi.org/10.1145/313451.313529

[5] P. Levis and D. Culler, “The firecracker protocol,” Proc.
the 11th ACM SIGOPS Euro- pean workshop, 2004.
http://dx.doi.org/10.1.1.1.2952

[6] P. Levis, N. Patel, D. Culler, and S. Shenker, “Trickle:
a self-regulating algorithm for code propagation and
maintenance in wireless sensor networks,” Proc. the 1st
conf. Symp. Networked Systems Design and
Implementation, vol. 1, pp. 2-2, 2004.

[71 J. W. Hui and D. Culler, “The dynamic behavior of a
data dissemination protocol for network programming at
scale,” Int. Conf. Embedded Networked Sensor Systems,
2004.
http://dx.doi.org/10.1145/1031495.1031506

[8] M. Musolesi and C. Mascolo, “Controlled epidemic-style
dissemination middleware for mobile ad hoc Networks,”
Proc. 3rd Ann. Int. Conf. Mobile and Ubiquitous Systems,
pp-1-9, 2006.
http://dx.doi.org/10.1109/MOBIQW.2006.361736

[9] G. Williamson, D. Cellai, S. Dobson, and P. Nixon,
“Modelling periodic data dissemination in wireless sensor
networks,” UKSim European Symposium on Computer
Modeling and Simulation, pp.499-504, 2009.
http://dx.doi.org/10.1109/EMS.2009.31

[10] R. M. Anderson and R. M. May, “Infectious diseases of
humans: dynamics and control,” Oxford University Press,
1992.

[11] M. E. J. Newman, “The structure and function of complex
networks,” SIAM Review, vol. 45, pp. 167, 2003.
http://dx.doi.org/10.1137/S003614450342480

22

2016. 10



FM HA AFOOIE HIEHTOAMS AJZERAS T2fet == AFEE Hof 7|

OXN X200 0

B 3| A (Heejung Byun)

19993 FAtistn FREAFT EAEHAD

2005 =7 |ed A7) 3 AAFHR QD

2010 AAFR7 &Y AEATYHIAA DMCH T4 AYATY
2010~&A] LN} ITet FARFAN T Zus

ARl YEST 2y 2 A2 B

] E-mail : heejungbyun @suwon.ac.kr

ror
Hl
ro
Ll
o
0!
HT
o
tolr

| (17753)



