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Maximizing k-Coverage Lifetime of

Wireless Sensor Networks Using Mobile Sensor Nodes

Ryo KATsuMA,™ YOSHIHIRO MURATA, 2
NAOKI SHIBATA,? KEncH Yasumorof!
and MINORU ITof!

For a wireless sensor network (WSN) consisting of both static and mobile
sensor nodes to collect environmental information, we propose a method to k-
cover the target sensing field and maximize the WSN lifetime by moving the

75

mobile sensor nodes to appropriate positions. Our target problem is NP-hard
since it contains a Minimum Geometric Disk Cover Problem known to be NP-
hard, as a special case. We develop a genetic algorithm (GA) based scheme to
find a near optimal solution in practical time. We devise an efficient method
to check a sufficient condition of k-coverage of the field. Considering that a
node near the sink node tends to consume more battery power by forwarding
the data transmitted from nodes farther from the sink node, we add a tree
where power consumption for communication is balanced among all nodes to
our GA-based algorithm as an initial candidate solution. Through computer
simulations, we confirmed that our method achieves much longer k-coverage
lifetime than conventional methods for 100 to 300-node WSNs.
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Fig.1 WSN with mobile sensor nodes.
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Fig.2 Encoding of solution candidate.
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Fig.3 Balanced edge selection algorithm repeats 1 time.
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Fig.4 Balanced edge selection algorithm repeats 3 times.
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Table 3 The proportion of occurrences that the field is judged as k-covered (out of 100 simulation
runs).

k=1 k=2 k=3
Wang’s Method %) 93% 44% 4%
Proposed Method (6§ = 0.5m) 100% 100% 100%
Proposed Method (§ = 1.0m) 100% 100% 100%
Proposed Method (§ = 2.0m) 100% 100% 100%
Proposed Method (6§ = 4.0m) 100% 100% 100%
Proposed Method (§ = 8.0m) 100% 100% 100%
Proposed Method (§ = 12.0m) 100% 100% 97%
Proposed Method (6§ = 16.0m) 96% 82% 48%
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Fig.9 Example of misjudge by Wang’s method.
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Fig. 10 Rate of increasing k-coverage duration influenced by each proportion of mobile node.

goooooOoOOoOOO0O0000COOOODOO0O0O000000000000000D0O00 &k
0000000000000 000000 é20000000000000 ADD 200
ooboooooooo

OO000C0COOoOO0OO0OWangOOOOD 0.13ms000000000DOOODOOO d=1m
000 139msO0d=8mO00 2msO0éd=12m 000 1ms 00000 WangOOOOO
oooooooooooooooooooooo f=1mO000O0OOOOCOOOOO
goooboooooboobooobbooobooboobooobobooooo

53 000000000000 00 kODODOODOODODOO

gobobooboooooooooooboooooboobooooooobooooooooonoa
gooooboooboooooooobooooooooooobooooooboobodooooon
k0000000000 000O00oOoOOooooOOlooD200000003000000 WSN
0O k=300000000000000%00 100%00 5%0000000000000
ooobooooooo kbDOOOOO0 300000000000000

gobooobiloooOoobOooboobbooboooooboooooooobooooonoo
00%0020% 00000 k0000000000000 0O0D20% 0000000000
O000000o0oo0ooo0ooUUoUoUOoUOLD 20%0000000000000
OO0 s00000000O0000C0OCOOOOOOO0OCOOOOOOOOOOOOODODOOO
0000000000000 0000O0ULO0O0O0 20%000000000000000O

(© 2009 Information Processing Society of Japan



8 000000000 DO0OOODOOOO WSNOO kOO0DOO0OODOO0O

6. 0O 0O0on

000000000000 00O00D000000000D0000 WSNOOOOOkKD
gooooooooooobooooobobooooooobooooooooooooonoa
ooooooooooooooooooOobOOOOOO0OO0OO0DO0OoOoooooOOO0000kO
0000o000oo0o0o0o0oo0oo0o0oo0oo0oo0o0boDo0o0oGADOO
gooooboooouoooooooboooooobobooooOooDOoOoOooOobObOoOoOoOoo
goooooooooooooobooboooooooOooboOoOoooooOobocOoOoooooDobooOoo
gobooooooooboooooooooobooooooooboOooobooboboooooooboo
oooooooDoOOOOOOOOOO0OO0O0O0O000000000000000kOO0O0O0
gobooooooooobooooboooooooboooobooooooo

ooooO0O0O00OO0O000leoCO 3000000 WSNOOOOOOOOODOO kO
gobooooooooooboobooooooooooobooooooooooobobocoooonon 120
Oo0o0O0O0O00O0O0O0000000OD0OD00kO000C00ODOD000 WangOOOOODODOO
gooooooooooooooooooooooobobo0oooooboobooooooboo
000000000000000000000D0000 20%0000000000000
goboooobooooboo

oooooooooooCoOoO0O0o0o0d0 k000ooooooooooooo 2000
gooooobooboobooooooboooobooobooooboooooobboooDbobooo
goooooooooobooooooobooobobbOoOo0ooobooOoboooooooDboo
gobodoooooboooobooooooooboooooooooobooooooon

g o 0 0o

1) Tang, X. and Xu, J.: Extending Network Lifetime for Precision-Constrained Data
Aggregation in Wireless Sensor Networks, Proc. 25th IEEE Int’l Conf. on Computer
Communications (Infocom2006), pp.1-12 (2006).

2) Heinzelman, W.R., Chandrakasan, A. and Balakrishnan, H.: Energy-Efficient
Communication Protocol for Wireless Microsensor Networks, Proc. 33rd Hawaii
Int’l. Conf. on System Sciences (HICSS 2000), Vol.2, pp.3005-3014 (2000).

3) Mei, Y., Xian, C., Das, S., Charlie Hu, Y. and Lu, Y.: Repairing Sensor Net-
work Using Mobile Robots, Proc. IEEE Workshop on Wireless Ad hoc and Sensor
Networks (WWASN 2006) (2006).

4) Wang, W., Srinivasan, V. and Chua, K.C.: Trade-offs Between Mobility and Den-

000000000 0O0o0DO0O0DO0OO0O0 Vol.2 No.3 75-86 (Dec. 2009)

sity for Coverage in Wireless Sensor Networks, Proc. 13th Annual Int’l Conf. on
Mobile Computing and Networking (MobiCom 2007), pp.39-50 (2007).

5) Srinivas, A., Zussman, G. and Modiano, E.: Mobile Backbone Networks — Con-
struction and Maintenance, Proc. ACM Int’l Symp. on Mobile Ad Hoc Networking
and Computing (MobiHoc2006), pp.166-177 (2006).

6) Fukatsu, T. and Hirafuji, M.: Long-Term Monitoring System using Field Monitor-
ing Servers, Proc. AFITA/WCCA Joint Congress on It In Agriculture, pp.685-691
(2004).

7) Dantu, K., Rahimi, M., Shah, H., Babel, S., Dhariwal, A. and Sukhatme, G.S.:
Robomote: Enabling mobility in sensor networks, Proc. 4th Int’l. Symp. Informa-
tion Processing in Sensor Networks (IPSN 2005), pp.404-409 (2005).

8) Crossbow Technology, Inc. 2003: MICA2: Wireless Measurement System.
http://www.xbow.com/Products/Product_pdf_files/ Wireless_pdf/MICA.pdf

9) Wang, G., Cao, G., La Porta, T. and Zhang, W.: Sensor Relocation in Mobile
Sensor Networks, Proc. 24th Annual Joint Conf. of the IEEE Computer and Com-
munications Societies (Infocom2005), Vol.4, pp.2302-2312 (2005).

10) Crossbow Technology, Inc. 2008: IRIS mote,. http://www.xbow.jp/mprmib.pdf

11) Goldberg, D.E.: Genetic Algorithms in Search, Optimization and Machine Learn-
ing, Addison-Wesley Publishing Company, Inc. (1989).

12) Sibley, G.T., Rahimi, M.H. and Sukhatme, G.S.: Robomote: A Tiny Mobile Robot
Platform for Large-Scale Sensor Networks, Proc. IEEE Int’l Conf. on Robotics and
Automation (ICRA 2002), Vol.2, pp.1143-1148 (2002).

13) Ganeriwal, S., Kansal, A. and Srivastava, M.B.: Self aware actuation for fault re-
pair in sensor networks, Proc. Int’l Conf. on Robotics and Automation (ICRA2004),
Vol.5, pp.5244-5249 (2004).

14) Kamimura, J., Wakamiya, N. and Murata, M.: Energy-Efficient Clustering Method
for Data Gathering in Sensor Networks, Proc. 1st Workshop on Broadband Advanced
Sensor Networks (BaseNets2004), Vol.103, pp.31-36 (2004).

(0021020 5000)
(00 2103020000)
(0021050 11000)

(© 2009 Information Processing Society of Japan



86 0O0O0O0D0OODOODO0OOODOODOO WSNOO kOODOOOODOOO

od oooood

20060 3000000000000O0O0OO0O0O0O0O20080 30000
obooooooooooobooOOObOOOoboOoOoonoo20080 400
gobooboooooooboooobooboooooobooooOo20110d 3
gobooooooooboooooooooooboboOoobooooo

oo oooboocooo

197500020030 000000000000000000000DOO
gooooooboooooooooooooooooooooboooooon
gobooooooooobooooobooooOoooobooooooboobobo
goooooocooon

OO0 00O0ooooo

1996 001998 002001 000000000000 DODOODOO0OODODO
0000o0ooooooCoo0oOooOoOooooooooocoogoO2oeold
oboooooooooobooOoOoOobboboboboOoon20040 1000
oboooooooooooboooboob20040 400000000000
000000000000 000o0oo0oITSO00oo0o0oooo

O0OO00OOO0O0ACMOIEEEDOOOOOOOOOO

4

000000000 0O0o0DO0O0DO0OO0O0 Vol.2 No.3 75-86 (Dec. 2009)

oo O0oooooo

1991 0000000000000D0O0O0O00O199 000000000
oooOooooobooOooooboobOoOoboz2020b0b0000000000
gooooooooboooooboboboooobooomooooooooo
0000000000000 L00U0OU00O0OO0ACMOIEEE/CSOOOO

ag goooog

9rroooooooDbO0O0O009ooooooooobooooon
gobooocooboooobooooooooooomseunonoon
gobooocooobsuoooooooooooooooeesnoon
oboboooocooobooboooOoboooooboOoobocOoobooooon
ooooooooooooooooooboooooboooooooboooo

O0OO0ACMOIEEECOOOOOOOOOOOO

© 2009 Information Processing Society of Japan



