commons

O N § D E E D

@creative

ASZAEMN-HS3-MIASA 2.0 Mz
O 2A= OHNHS] =4S M2= ASMH 50 ARSA

o 0 HE=SS SH, HE, 32, 84, &3 5 28T 2 2UsLCH

— f=Rr—T0—

Ch5d 2= 245 Mdor gLk

HEALEA. 7ot EHSME EAIGHAOE 2HLICEH

HZd. #5l= 0l A5== 2dl 5

Jd
0
it
2
o
m
1
£
I3
Iry
[

o Fgts, 0 HEEY WO S0l =2 A2, DAEEN HEE
ZTEH LHEHH MOE 2L

o REARZLE Y2 5Jfe won U227 E2 MSLA Falil

HESAEH OIE 0IEAS Ad= A2 HWEN Sotl IS BA BSLLL

0lZ1Z DIEHE A= Legal CodeyE Ol 2H 2 SIRLIC

Disclairmer B

Collection




o
4
.mﬂ
o

=T

o
Mo

8 ¢

20074

3}

I
o}

R A 29

i

7]



o
HJ
.mﬂ
o

=T

o
Mo

3}
=

2 AE

=
R

e L

I

Mo

8 ¥

20074

3}

I
o}

3R A 2

i

7]



N

o

30 d

20074 8 4
=

—
.#O_l

—
;O_I



Al

Al

Al

Al

Al

o

1 &k }\1 B i e e ——— e m——— e ea

1.2 A FU) 7 e e 10------

2104 YEYITY AW EA o s 14
2284 AEY Ao A TR 17
232 FAAAHY AE AW EA e 18
IR P MESRER-L B W A SRR S 20
312X e ex . N N 20

3.2 A NA B AT B A e cvnnernernernienerie et s e i na——— e 22



- 36

5.1.32718F A e

- 38

z_.u

- 38

-39

.43

.43

47

49

- 53

.54

¢

;OD

7}5t

3

Ry

5.2.5

57

57--

59

5.3.2 Al 22 E1 0] TZE .iiiiiiiieen bebannnannnane e

61

61

63

N

Ll

A6 F A EHolA 2

. 64

AR AEBFH oA v

B

JvA!O
Lon_
o

<
n,wd

Nl
B

ol

s

X

oF

BB -

67

jruse]

1

\._mo
4
)

-

6.1.2. 1w a8 W

68

e

69 ---n--

70

Ul

=
T

6.2.14 v 5ol



6.22 A4 ol TFE GH corriii i e ——————— 72

6.3 AA =T ] FE R BE coutiiiiii i ——— 73
A 7 A R e —————— e mm———— 78
Zh Tl B B e ————— e e ——— 80




.. 16
17
22
.. 28
30

fLN

=

T greedy-heuristic2h T2 2] S «vrvvnrneni

3 4719 A= TAE MSC

F A4
5

Ay
ar

o 21 (@) A9 AH

I 2.1 (D) A FB] e —————
oY 3.1 39 &

9% 4.3 MSC Aol

1
1

3%
35
39
VYo WU
42

(greedy_heuristic)

=

=)
=

o)

o T

GO
Mo Ne T 4 NR

& 7y

Az
b
A o
LT
A} o

PR
A7
g
0:]1;]0:]
}‘\_]__

f: S

4.4 4
5.1
5.2
53
54

=
=
=
=
=
=
=
=
=
=

R N A

44

49
.. 52

46
48
.. 54
55

_iv_

AR T I

Al jﬂrxg

T

=]

18 5.6 9 A



5.13 Z B 0] A1 AF O] 6] ceerrrriiiiiieieieii e e e 56

I8 514 EYTNA AE T FEO]AE M e 58
Y 515 AA| A ZEY ZZF i e B
g 516 AlE =9 A4 - “ee 61

a9 517 FeteAdE T4 e 62

I8 6.1 AL Fo WE S B IHArGEL GE 1 B) rrreeeerrer e 66

28 6.2 CGAI A g WMBlo] WE G ceiiii e 67w

13 6.3 CGANA Zadmo] g Walo] HFE 45m ciiiiiiiiiiic 69

a4 6.4 A Fol & HEYA £8 (== 5 : 100, targets: 10) -------- 71

28 65 =5 Fo] et Y EYA S (target 5 1 50) v 72

K
©

FH
o



A Study on Prolonging the Lifetime of

Sensor Networks by Genetic Algorithm

Ki-Taek Seong

Interdisciplinary Program of Information System,
Graduate School

Pukyong National University

Abstract

A critical aspect of applications with wireless sen networks is network
lifetime. Power-constrained wireless sensor netwaske usable as long as they
can communicate sensed data to a processing ndoefdre, judicious power
management and scheduling of sensor node's operatia effectively extend
network lifetime.

Active node selection protocol based MSC(maximurh s®ser) problem was
suggested for prolonging the lifetime of the sensetworks in target coverage

applications. MSC model is NP-complete and for ,th&me optimization

_Vi_



algorithms were proposed.
These algorithms have following features that
1) algorithms are centralized
2) algorithms need too much run-time in huge semsxiworks
3) change of network's operation modes betweenirgerasnd
scheduling

The genetic algorithm is a global optimum randonarcle algorithm based
on the principles of evolution and natural genetics

In this thesis, applied GA(genetic algorithm) asnaw method to MSC
problem for extending networks lifetime and redigcithe number of mode
exchange on networks operations. To apply the genatgorithm to MSC
problem, designed a new chromosome  encoding, aress@nd mutation
process and then, evaluated the of effectiveneggested methods (GA based
a centralized and a parallel version) by the saféwsimulation.

Simulation results showed that suggested GA basgarithms were suitable
and effective on MSC problem and produced bettesulte on QoS of
network's continuous. sensibility.

The contributions of this thesis are

i) applied GA on NP-complete MSC problem

ii) developed parallel GA on considering network togg

iii) verified that GA based methods are suitable pratuced better results

on QoS of network's continuous sensibility

- Vvii -
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Maximize ¢ +--- +1,

subject tozm t.<1VsEC

i
j=1
Exij = 1VnS/j=1-p
i€G,

where  z;=0,1 (xij =lifandonlyif s& 5;) (3.4)

ANA pE BEAY ZEE AWaE w=Ee 4%, ol AN 74
B AMETE C={s;,598,}, Ml BxAHoZ FAHE R={r,r, -7},
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Greedy MSC Heuristic (C, R, w)

set lifetime of each sensor to 1

SENSORS = C

i=0

while each target is covered by at least omes@ein SENSORS do
/*. a new set cover Ci will be formes./

i=i+1
C = .
TARGETS = R

while TARGETS =@. do
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find a critical target,, ..., € TARGETS
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that covers rcritical
G =a¢ U s,
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Step 1. 1-point crossover
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Fig. 5.9 The detail processof crossove
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Fig 5.10 The Example of crossove
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Fig 5.12 The detail processof mutatior

_48_




Step 1. Combination

Selected
Chromosome S1 S3 S2
1 {s1,s2} {s1,53} {s2,53}

Selected Y S1

Chromosome (s41 (1,52}

2
U Combination

Combined S1 S3 S2 S4 S
Chromosome {s1,52} {s1,s3} {s2,53} {s4} {s1,52}
Step 3. Traditional \
Mutation Mutation
S1, 82, 53,94, -, Sp
1. Select 1 Gene by Random
S1 Selected by Random 2. Replace selected gene to 1
gene in chromosome
Mutated S1 S1 S2 S4 S1
Chromosome | {s1,52} {s1,52} {s2,53} {s4} {s1,s2}

Step 3. Compaction E Compaction

Combined S1 S2 S4

Chromosome {s1,52} {s2,3} {s4}

T 513 Aol ARt
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Table 6.1 No. of mode switching and lifetime (udfieode energy)
SJEBTIPN GH-MSC CGA H] & (CGA/GH-MSC)
== ‘{': K f"..l:tg K ‘{l\—wg a]((%) alifetime(%)
100 4822 4824 233 3897 4.83202  80.783%82
200 10451 10452 330 8156 3.157593 78.032912
300 16760 16762 362 12856 2.159905 76.697p91
400 22544 22544 402 16864 1.78318  74.804826
* 6.2 A& e v oUAE Ze 84S 18T Alsdeld Aot
ZF w7t Zhe o yR g2 [1..100]] ¥ AR RS 2t S dgdstA 2 A
e st
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m

A 1) 2] GH-MSC CGA 1] & (CGA/GH-MSC)
e F K 73 K = a (%) | aigetime (%0)
100 2318 2336 146 1649 6.298533 70.590753
200 5202 5210 284 3582 5.459439 68.748%62
300 7940 7947 356 5253 4.483627 66.102478
400 11353 11358 393 7655 346164 67.397429

o, weEbd oy A7 Be =yt AL or AuEgoRA Uyt Be
=EER TAE fAdol dE4oew AEH7] diolt.

CGAHM 2 3 GH-MSC v 2o A YEYN A 9 xlol7F e olf+ HEE

(<

Sof REH AMw=Se] FFo|UA Aol 7] s Aot

CGAL Ao A= AHEho] 3150 gloja] MA == oyx o] FAaALY, &

_69_



ddd A= 2 A7t e & =
Ag7tsete WEYIY &9

ERE S

Exuk2lo] A Gl

o 11 7] 7 <]
el g S5 ARE VWS

_70_



A 734 A8

ol

il

el
o

L
e

T
3
o

oo

el
Nl

ol

TR

=0

I
—~
o
~o
o
0

el

391 th,

Al A

}S non-disjoint 3 g

o
1

A E o]

MSCE Al =

ol &

A o] 1

=]
R

NP-complete

-
1

Al

=]
L.

I ZAolth. MSC

o)

g

[e)
HE %

u}

)

-complete & 7] o

I NP

3
pul

o) ]

-
o

Aol A

L

NIl

_ﬂH
Nl

™

oW

o
e

o

=3

B

o
o

o

el

0
=0

|
O

M
el
O
L

N2

or
"

4r

Ton

b
it

~,
qu

NJn
|

o

e

X

oF
eyl
‘mo

)

9137t z+= Y ES A topology B4 & o] &

<

A At

Fel s )

Aol of s

}od MSC i+

[e] =]
He Es

&l o]

h=]
=

]

A

~
o

o]

o
oy
Ton

I

e
N

<
o

Nl

™
el
T
Top
o)

A
or

.
o

o

&l o]

)

H
]

T
Ar

ki3

9o ol el

A== ol

2

el

_71_



Fol tf.

[¢]

A meEelol & A

AlEdeld A, 719 el v

ol

<
o

N

o)

Fol Al

]

%
No

o

0

¢+
o

—
o

=

3 o},

o

=4

t}

-

R

1579] oo

R,

e}

e

Al <k

=
=

af

g MSC & A ¢

2 ol

Nl

il

N

N

)
~K

1

2) AA vES A7

o 1 #]

-

R

off M & A =

¢}

-

17]

A
gt

e ¥

o

g 5o

ol

7

TR

=0

|

.
o
vzel

X

~X
i

_72_



&
k
&

[
i

[1] I. F. Akyildiz, W. Su, Y. SankarasubramaniamndaE. Cayirci, "Wireless
Sensor Networks: A Survey", Computer Networks. Mag002.

[2] A. Bharathidasan and V. A. S. Ponduru, "Sensmtworks: an overview",
http://lwwwcsif.cs.ucdavis.edu/~bharathi/sensor/eymdf, page accessed on Nov.
30, 2006.

[3] D. Estrin, R. Govindan, J. Heidemann, and.S.mdyg "Next century
challenges: scalable coordination in sensor netsyorkProc. IEEE/ACM
MobiCom Conference, pp. 263-270, 1999.

[4] D. Estrin, L. Girod, G. Pottie and M. Srivastav"Instrumenting the world
with wireless sensor networks," Proc. Internatiol@dnference on Acoustics,
Speech, and Signal Processing , vol. 4, pp. 2038,2Q001.

[5] J. Hill, R. Szewczyk, A. Woo, S. Hollar, D. dad and K. Piste, "System
architecture directions for -network sensors," Prbgernational Conference on
Architectural Support for Programming Languages a@gerating Systems,
2000.

[6] G. J. Pottie and W. J. Kaiser, "Wireless sensetworks"”, Communications of
the ACM, vol. 43, pp. 51-58, May 2000.

[7] H. Qi, S. S. lyengar, K. Chakrabarty, "Distrtbd sensor networks - a review
of recent research,” Journal of the Franklin Iogtit vol. 338, pp. 655-668,
2001.

_73_



[8] L. Schwiebert, S.D.S. Gupta and J. Weinmann,gsdéarch challenges in
wire-less networks of biomedical sensors,” ProcEBEACM MobiCom, pp.
151-165, 2001.

[9] S. Tilak, N. B. Abu-Ghazaleh and W. B. Heinzalm "A taxonomy of
wire-less micro-Sensor network models,” ACM Mobil€omputing and
Communi-cations Review, vol. 6, no. 2, 2002.

[10] Yi Zou,"COVERAGE-DRIVEN SENSOR DEPLOYMENT AND
ENERGY-EFFICIENT INFORMATION PROCESSING IN WIRELESS
SENSOR NETWORKS”, PhD Thesi®uke University,2004.

[11] V. Raghunathan, C. Schurgers, S. Park, andBMSrivastava, Energy- Aware
Wireless Microsensor Networks, IEEE Signal ProcessMagazine, 19 (2002),
pp 40-50.

[12] M. Cardei, M. Thai, Y. Li, and W. Wu, Energyfi€ient Target Coverage in
Wireless Sensor Networks, IEEE INFOCOM 2005, Mah02

[13] M. T. Thai, F. Wang and Ding-Zhu Du, Coveragzoblems in Wireless
Sensor Networks: Designs— and Analysis;  Internatiodaurnal of Sensor
Networks, special issue on Coverage problems ins@enetworks, 2005

[14] J. H. Holland, Adaptation in Natural and Artificial Systemd&Jniversity of

Michigan Press, 1975

[15] D. E. Goldberg, Genetic Algorithms in Search, Optimization and Maeh

Learning Addison—Wesley, New York, NY, 1989

[16] D. E. Goldberg, Simple genetic algorithms and the minimal, deceptiv

problem In L. Davis, editor,Genetic Algorithms and simulated annealing

_74_



Morgan Kaufmann, Los Altos, CA. pp.74-88, 1987

[17] L. Chambers, Practical Handbook of Genetic AlgorithmsCHC Inc.,

pp.60-62, 1995

[18] Z. Michalewicz, Genetic Algorithms + Data Structures = Evolution

Programs second ed. Berlin: Springer-Verlag, 1994

[19] J. Kahn, R. H. Katz and K. Pister, Next CewtuChallenges: Mobile
Networking for Smart Dust, ACM MOBICOM ConferencAug. 1999).

[20] C. E. Jones, K. M. -Sivalingam, P. Agrawal, add C. Chen, A survey of
energy efficient network protocol(l), Wireless Netks, 7 (2001), pp 343-358.

[21] M. Cardei, J. Wu, Energy-Efficient Coverageo®lems in Wireless Ad Hoc
Sensor Networks, accepted to appear in Computer n@mrcations, special
issue on Sensor Networks.

[22] J. Carle and D. Simplot, Energy Efficient Arelslonitoring by Sensor
Networks, IEEE Computer, Vol 37, No 2 (2004),pp 48)-

[23] D. Tian and N.. D. Georganas, A Coverage-Prsgr Node Scheduling
Scheme for Large Wireless Sensor Networks, Procthef 1lst ACM Workshop
on Wireless Sensor Networks and Applications (2002)

[24] X. Wang, G. Xing, Y. Zhang, C. Lu, R. Ples;pdaC. D. Gill, Integrated
Coverage and Connectivity Configuration in WireleSensor Networks, First
ACM Conference on Embedded Networked Sensor Sys(@@@3).

[25] H. Zzhang and J. C. Hou, Maintaining Sensingv&@age and Connectivity in

Large Sensor Networks, NSF International Workshop ®heoretical and

_75_



Algorithmic Aspects of Sensor, Ad Hoc Wireless aReer-to-Peer Networks
(Feb. 2004).

[26] S. Slijepcevic, M. Potkonjak, Power Efficie@rganization of Wireless sensor
Networks, IEEE International Conference on Commaitidnis, (Jun. 2001).

[27] M. Cardei, D.-Z. Du, Improving Wireless Sensbletwork Lifetime through
Power Aware Organization, accepted to appear in AG@Meless Networks.

[28] K. Kar and S. Banerjee, Node Placement for r@oted Coverage in Sensor
Networks, Proc. of WiOpt 2003: Modeling and Optiatian in Mobile, Ad
Hoc and Wireless Networks (2003).

[29] X.-Y. Li, P.-J. Wan, and O. Frieder, Coverage Wireless Ad-hoc Sensor
Networks, IEEE Transactions on Computers, Vol 5208, pp 753-763.

[30] S. Meguerdichian, F. Koushanfar, M. Potkonjaind M. Srivastava, Coverage
Problems in Wireless' Ad-Hoc Sensor Networks, IEEHodom (2001), pp
1380-1387.

[31] W. Heinzelman, A. Chandrakasan, H. BalakrishnaEnergy-Efficient
Communication Protocol for Wireless Microsensor weks, HICSS 2000.

[32] S. Lindsey, C. S. Raghavendra, PEGASIS: Powfficient GAthering in
Sensor Information Systems, IEEE Aerospace ConterdMar. 2002).

[33] Z. H. Cui, and Z. C. Zeng, "Schema Theorem ofaRCoded Nonlinear

Genetic Algorithm,"Proc. of the First Int'l Conf. on Machine Learnirand

Cybernetics pp.1429-1431, Nov. 2002

[35] E. Cantu-Paz, "A survey of parallel genetitgosithms," I[IGAL Report

_76_



[36]

97003, The University of lllinois, 1997

M. Nowostawski, and R. Poli, "Parallel genetialgorithm taxonomy,"
Knowledge-Based Intelligent Information Engineerir@ystems 1999. Third

International Conferencepp.88-92, Aug. 1999

[37] C. C. Petty and M. R. Leuze, "Theoretical Istigation of a Parallel Genetic

[38]

[39]

Algorithm," Proc. of ICGA-89 pp.398-405, 1989

L. Wang, A. A. Maciejewski, H. J. Siegel and. \P. Roychowdhury, "A
Comparative Study of Five Parallel Genetic Alganth Using the Traveling
Salesman Problem," 1998 IPPS/SPDP. Proc. of the First Merged

International pp.345-349, Apr. 1998

M. Golub and D. Jakobovic, "A New Model Of Gl Parallel Genetic
Algorithm," Information Technology Interfaces ITI 2Q0(pp.363-368, Jan.

2000

[40] E. Cantu-Paz, "Designing Efficient Masters@&aParallel -Genetic Algorithms,"

[41]

[42]

[43]

Genetic Programming: Proc. of the Third Annual @ehce pp.455-460,

1998

B. Manderick and P. Spiessens, "Fine-gainedalldr Genetic Algorithms,"

Proc. of ICGA-89 pp.428-433, 1989

P. Spiessens and B. Manderick, "A Massively alfalr Genetic Algorithm,

Implementation and First AnalysisProc. of ICGA-91 pp.279-285, 1991

R. J. Collins and D. R. Jefferson, "Selection Massively Parallel Genetic

_77_



[44]

[45]

[46]

[47]

[48]

[49]

[50]

Algorithms," Proc. of ICGA-91 pp.249-256, 1991

S. Baluja, "A massively distributed parallel ngdic algorithm(mdpga),"
Techinical Report CMU-CS-92-196RCarnagie Mellon University, Pittsburg,

PA, 1992

S. Baluja, "The evolution of genetic algorithmsTowards massive
parallelism,” in Proceedings of the Tenth International Confeenon

Machine Learning San Mateo, CA, pp.1-8, 1993

L. Tan and K. A. Smith, "A New Parallel Genetidgorithm," Proc. of the
International Symposium on Parallel Architecturesigorithm and Networks

IEEE, 2002

R. Hauser and R. Manner, "Implementation of n8tad Genetic Algorithm
on MIMD Machines," Parallel Problem Solving from Nature, PPSN, Il

pp.504-513, 1994

J. P. Cohoon, W. N. Martin, and D. S. -Richard$y Multi-population
Genetic Algorithm for Solving the k-Partition Prebt on Hypercubes,Proc.

of ICGA-91 pp.244-248, 1991

R. Tanese, "Distributed Genetic Algorithmg?roc. of ICGA-89 pp.434-439,

1989

T. Starkweather, D. Whiteley, and K. MathiasOptimization using
distributed genetic algorithm,"Parallel Problem Solving from Nature

Springer Verlag, 1991

_78_



[51] M. Munetomo, T. Yoshiaki, and S. Yoshiharu, "Affficient Sigma
Exchange Algorithm for a Subpopulation-Based Asyanbusly Parallel
Genetic Algorithm and Its Evaluation,/PSJ vol.35, no.9, pp.1851-1827,

1994

_79_



	제 1 장 서론
	1.1 연구의 필요성과 목적
	1.2 연구배경
	1.3 연구의 내용

	제 2 장 관련 연구
	2.1 센서 네트워크의 커버문제
	2.2 센서 네트워크의 수명
	2.3 목표지점커버와 지역커버 문제

	제 3 장 목표지점 커버문제
	3.1 목표지점 커버문제
	3.2 최대커버집합 문제
	3.3 MSC 문제를 해결하는 기존의 방법들

	제 4장 센서노드 스케줄링 메카니즘의 고찰
	4.1 센서노드 스케줄링 프로세스
	4.2 기존의 스케줄링 알고리즘 고찰

	제 5 장 유전자 알고리즘을 이용한 MSC 문제의 해
	5.1 유전자 알고리즘
	5.1.1 유전자 알고리즘의 역사
	5.1.2 유전자 알고리즘의 기본구조
	5.1.3 스키마 정리
	5.1.4 병렬 유전자 알고리즘
	5.1.4.1 병렬 유전자 알고리즘의 개요
	5.1.4.2 병렬 유전자 알고리즘의 분류


	5.2 중앙처리방식의 유전자 알고리즘
	5.2.1 염색체의 표현
	5.2.2 선택연산
	5.2.3 교차연산
	5.2.4 돌연변이 연산
	5.2.5 평가함수

	5.3 병렬처리방식의 유전자 알고리즘
	5.3.1 병렬 유전자 알고리즘의 구성
	5.3.2 시스템의 동작
	5.3.3 센터노드의 구성 및 동작
	5.3.4 클라이언트 노드의 구성 및 동작


	제 6 장 시뮬레이션 및 고찰
	6.1 유효성 검정 시뮬레이션
	6.1.1 유전자 알고리즘방식의 유효성
	6.1.2 유전자 알고리즘의 특성 평가
	6.1.2.1 교차율 변화에 따른 수명 평가
	6.1.2.2 돌연변이율 변화에 따른 수명 평가


	6.2 중앙처리방식과 병렬처리방식의 비교
	6.2.1 세대수에 따른 네트워크 수명값의 비교
	6.2.2 센서 수에 따른 수명


	제 7 장 결론
	참고문헌

