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Abstract:

Wireless sensor networks have been discussed widedcent international research
areas, because a large number of wireless sensorsbendeployed in dangerous
locations where human cannot reach. Thereforejsthees of survival for wireless
sensor networks are proposed in-most of the stddiieharging with energy savings.
In considering with location issues for wireleses®s, we need to add more location
information of those sensors for designing a genatgorithm with appropriate
encoding method. In this paper we propose a gebgrepgnizant genetic algorithm
which takes into account with sensor location infation for energy-efficient wireless
sensor networks. Through the experiments showotlrgiroposed method does help to
get better in a shorter time for convergence wheans the effect of energy savings.
We simulate the network operation of geography-czagr genetic algorithm in the
NS2, experiment results showed that our approadaly helps when construction of
wireless sensor networks. We expect this methotlegbio practical wireless sensor
networks, will be helpful in data transmission, amergy control.
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AE R R B T AT -

Main()

{
TimeSlots //TimeSlots of Simulation
Population  //population of GA
Generation  //generation of GA

LoadQuestion();

For(;) //
{
Initial()

FitnessFunction()

For(;;)  //generation loop

{
CrossOverFunction()
MutationFunction()
FitnessFunction()

}

}

StatisticsFunction()

CrossOverFunction()

{
For(;;) //population loop
{
Select_Parent
CrossOver
}
}

MutationFunction()

{
For(;) //population loop
{
Mutation
}
}

StatisticsFunction()
{
Compute_BestChromosome_Fitness
Compute_Generation_ BestChromosome
_Average_Fitness

}



FitnessFunction() ~ //Functionl

{
For(;;) //population loop
{
Compute_Distance_Source_To_Destination
Compute _ClusterHeader_ Punishment
}
}

FitnessFunction()  //Function2

{
For(;;) //population loop
{
Compute_Distance_Source_To_Destination
Compute _ClusterHeader_ Punishment
Compute _Hop_ Punishment
Compute_Fitness
}
}
LoadQuestion()
{

Load_Points_File

Compute_Points_Distance

}
Initial()
{
For(;;) //generation Ic
{
Initial_GA_Paramete
}
}

20



B HBEEETR

BT RALRZMR N — A AREFHERTY » H6
THERGREFBERSIE > LAREEARMER PO EE T4 - KRIVFLL
BAFE AR R - KA AL E R RN > HBURE X
B AR A T R -
£ =8 NS2 @BBBRTR

NS2 #EesBiit B 5 L @40 4 ey LA A2 X NS2 > A8 Bk R4z
TR REME > B th A NS2 T3 2 648 46 X I AT - e 28
ko RIFIBEBEROERGHEI LR EFEENH O E L ~ @%EE - H
HRMRE  FEER S RANRERS  EEREBRERERTHE
Y -
¥wh RELRBELT R

B FEEN S YRR BETRE EHET 20 RGBR AT AT
LR =Mk 0 RIRA THE M 8RR - BE 2T &R KA
BHEHEE > RMSL MM BEATA L0 DA ERS 80%RAE » {2
R EARE  ARZH 8B REE » BIFHAFR 5 BT TGN E IR
RAEAR > KL AR R B E B R $04T 300 MBI RAE B 4 R o

*4-3 FBEELHHRE

HEA GA 2DGA GCGA
Fe e H 40 40 40
RE 300 300 300
pdiES 80% 80% 80%
S S 8% 8% 8%

21



T BRERXFLZIEBRER

WZMEREEEQ BB NAEB AT RIEAA(R 4-2) BT THE GA
B R FLR AT > M B AR RR R 4B 6 M IR A B N S a5 JE 19 GCGA $2
2DGA A ARk GA > M GCGA &) KAt 2DGA Z 4F > JLEF 2DGA w5418
GCGA $UUTHE R - &K HET > LT Y > GA THREREHB TR MR
BIRIEAR > ™ 2DGA #A5B GCGA» B2 R E AR THRN AR B H LR E

8D By B A 0 4£4F GCGA #1 2DGA #[AEH REEM R A

8
v L
b
6 .
=
4 - — GA
GCGA
2 P 2DGA
0
0 0.5 1 1.5 2 2.5 3 35
REUE)

B4-2 F1 R#E7EH Ql .2 B Al kx4
KA TEHRAAE Q285> B 4-3 P 2AF H GCGA £2 2DGA B5i GA o 7 A
Eh Ty > HAAB e BB SRA TGS w5 > RIS > TREFAR

By 3 > {# 43 GCGA A& b P28 P w8 Bk 3% 2DGA -

22



400

300

HELE(T)

200

!
\
iq.
100 \ ....... 2DGA
0

B4-3 F1L KA E Q2 &R 2 B Al x4
T ERAB 4 Q3 # Q4 B T A 2 GA ey R BB A& £ (B 4-4,4-5)
2 L RAAAE © 488 2DGA - GCGA #yehéh 2 PEABAM 1% » B8~ T
FEAEMANEN £F B EH IR 100 K455 A A

1000
i
m o g0
g
=
600
- = G1
400 4\
o G2
200 ’\k ....... G3
0 : oo.o-l ...... S I0000----I ------- | |
o o5 1 15 2 25 3 35
REUE)

B4-4 F1 kA28 B Q3K £ B AT 2 /4%

23



HEET)

1800

1500

1200

900 - -
|

600

o 05 1 15 2 25 3 35
RBU(E)

£ FIRE Q5 ¥ 0 B AR B RIS oo H AT LAE 2| A AT 100 4K, GCGA
1 438 JEAG B BE FF B 1L 2DGA & di3F % (18 4-6) < ™ 2DGA &4 K A2 48 /1 £ A7 30
RELE £ 6 GA EFEHU 0 RIS A TR 45 K e B BN R -

B4-5 F1 KA E Q4 REB AT 2 4%

HELE(T)

2500
2000
1500
\ -
1000 %
‘a
500 t - ==———"— ‘"""
0

0o 05 1 15 2 25 3 35
RBUE)

B4-6 F1 KA#AEH Q4 B2 B Al k24

24




JEB B BRATT LB T & > 4w B 4-7 Ao~ GCGA 1 GA ey B5eg 48 % » f2
AR B RS 2DGA #9485 > R E L 3] 1/34 £ 1/11 2 85 R > GCGA 37T 45 %]

17 2DGA X EE X B G R AEB 2 A o

20
i
E
2 16
i
3
12 —
HGA
g . EGCGA
2DGA
4 =
0 .  — — - . | ||
Ql Q2 Q3 Q4 Q (B

B4-7 F1 W &% B 40 F B 0 R 2 th i

A ESRERX FR2ZTRER

WEMFERE LA QI F%AE R EB AT R{EMA(E 48) > BFTHE GA
B RN o TAF AR R R4 3504 HIE [ B 4 N H S JE i) GCGA
2DGA B4 #M5-i% GA » M GCGA By RAZ &tk 2DGA ¥ 4F » Jbif 2DGA w8 j5 i
GCGA #ATH R - B4l - ZHLEHR T > GA THREE EFHB T WM MIENE
B R > ™ 2DGA BeHiB GCGA > B 2 BRI A K> THE AR B Y H SR F
8D B A R M B ¥ GCGA #1 2DGA #R e A REbey R A, -

25



30

25

HEET)

20

|
15 - — GA

10 i GCGA

B4-8 F2 KRA#A8E QL AR Z B Al kL4
KMEHRBEE Qi HE 49 ¥ 205 # GCGA $2 2DGA B8 GA » B 3k
BB B4 > GCGA {8 51 2DGA » sbiF A AT 30 AR A BH B - £ 48 B A /I
BT » GCGA 1 2DGA &y £ SER R #) A8 » 1284 B30I B B3R89 GA

AR R BRI E o

_ 350
t .
g 300 -
m 250 |°
|
200 |
T - - = GA
150 =
T T Ve e m - - - - .
100 -
\'_. ....... 2DGA
"
O .I T 1 T T T 1
o 05 1 15 2 25 3 35
REUE)

Bl4-9 F2 KA B Q2 # £ B A 1L 47

26



KAATEHRAE Q38 > B ARMTIUA P 2% 8 % 63 n(B 4-10) >
GA WM RRLAMRAMAEL  HbBedRAEASZEN S mREBAHMEELLE
SRR b GCGA #1 2DGA - H £ 7T 150 /X898 16iB42 + » 2DGA 13 3| b4 F 1+ AR %1

#E42 F GCGA -

1200

1000

AT

800 —!
i

600

400

N -
[ Y YU 2DGA
200 -

O T T 1 — 1 T T

0o o5 1 15 2 25 3 35
RE&(E)

E4-10F2 K% B Q3 & £ B Al s 1= 4%
AEHRABE QA RQOS ¥ p AR 411 0B 412 TAERHERE T
—H o TRATHBRELZ ~ERE  TAZ—ERETHAEE
GA )46 AR L FL B ZRNAB KR AL BE S /F bk &EA2 L GCGA

£ 2DGA » H f& 140 R Z AT > GCGA 13 2| o s 1 M2 B 538 2DGA o

27



2500

t \
im
5 2000 \
m \
1500 \
l\ - - A
1000
\ GCGA
o0 \\\‘ ......... 2DGA
0 I‘......In ----- : I.....I------tlo I
0 0.5 1 15 2 2.5 3 3.5
RE(E)
Bl4-11F2 RAA8 8 Q4 £ B AT R4
__ 5000
i
im
T 4000 |
o )
3000
\
\ - = GA
2000 \ e GCGA
\
1000 e 2DGA
0 I‘ oooooo Io ------ — I - : .
o 05 1 15 2 25 3 35
RE(E)

B4-12F2 KAtAE B Q5 # £ B Al s 1£ 42

28




Fe TR AL oy th 8 7 & 0 4o [ 4-13 P+ GCGA # GA ey 36859848 % > {2
d & #R AR 2DGA #9680 R EGEF] 1/33 £ 1/11 2 850 > GCGA 3£ 7T 43 2|

B7 2DGA 2 R E X B R R A WB AL -

16

14 —

12 —

FERFEDRI(E)

10  EGA

8 ——  EGCGA

6 — 2DGA

Q1 Q2 Q3 Q4 Q5

(IR

Bl4-13F2 + &% B R T ERiT M X th i

SN

LRI RBERETRT > Hlioid » FRIZAMLEE K0T > GA AR
MR BT RE > SRAAXEHIEGCTENALNEE > B EHEBHFBN
B 0 5Bk R BB AT AR A 4R MR AR 0 I BRI R B AE R o B4R 2DGA
P45 9 & R B B 3 GCGA » {277 16 % 49 05 ] iR 18 4818 GCGA » & & 7513 3] B 4F
BER LRIy AT T HAIR L 89 GCGA #E T AELL GA 1T 3] B 4F ey &
Bt % ey 05 3R AR 2DGA » BB R s ey KARAE S -

29



FEH BB TR

AU TREZRMAN—EFRN > £ T RERMERT 5
2 JE Bk R B Bh 69 AEJR K A6EF > GA ~ GCGA #1 2DGA iz = f H ik ey Ragie Az
LR EARERZBHEL BAFEB PR TRBIFHRE > 5K
BB BAEREY » ZHRBEAEFERZIMES - BBEAETRO S Bk 4-4
HEEERTA S REATRASEET 25— &k P HRBRERTE
I 3% AT E R E B AR R -

K44 BEFETIRESHET

HEEE GA 2DGA GCGA
POEY -1 g8 40 40 40
¥ 300 300 300
S 80% 80% 80%
ZesE R 8% 8% 8%
HRFfE B 5 5 5
R FE BRI FERE 20 20 20
FEREE 1 1 1

- BEEETRER
ARy ERER T  BRARTRIFE LER ILBAELF LB

AT — M ER 649 B B4R F) (B 4-14) » jF B k2 b8 & & (F 4-15) © & GCGA &

\

7 2DGA ¥ GA: 3% £ ik £ 85 L 3 ([ 4-16) 8] = GCGA #% F] 7 GA i Bi-i 2DGA o
R BAERT ] B R B REIRAF B LB ¥ 0 & APT T A E BIRE % 0 fe] 69 i GCGA
WRERF LR N EemY » B ABEQARAE > fMiEm > 55K 7THEM
BB A B S G R A EB R B R -

30



FERPDE(E)

140

120

100

80

60

40

GA GCGA 2DGA

Bl4-14 B AT R ZEE LR

HELE(T)

15000

12000

9000

6000

3000

B 4-15 B ER LA B B 208 Bk 2 IR

31




80

m
ﬁ
75
&
\H& )
70 N
N - == GA
N
o V N GCGA
Q 2DGA
N
°0 T RN
\
55 T T T T T 1
0 1 2 3 4
(RFFEEER)

B4-165 18 i & X P 89 A5 R 1F = Lh
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(1)
(2)
(3)
(4)
(5)
&~

Network Scenario Generator (NSG) & — 18 & & NS2 Fraxst ey A E A 5B >
NSG2 8> EZ o mAEER > BB K ZH KB NS2 ¥ ER oK
Rkt o NSG2 F L2 AT BAEB K » ] 3 e —F ey ¢
Hand mode
Node mode
Agent mode
Application mode
Parameters
Hand mode

# Hand mode B X Foyshfe i A8 4h 0 T E LB AETURLLZERE

EE - SEE—EARRIAM > TS LS AN Node » & &A% 4

AF

PR ey > 3E 59 #) B Hand mode R\ B EEE » AR R

BEFRO A ARIERRT -
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# * Node mode

4 Nodemode #£ X, F > {8 A %7 A & Node t4fL B » fe3% 3t & 4 4935 5]
A8 Node gy EAZ M 9 IF ¥ €% > B AH— 18 Node &y B AZH & X & 213
#1465, [F 338 7% £ LA & Routing protocol % » A bAfE 3 B & 43 49 3% 5] K 85 > NSG2
GLEER T HBETE BRSO EREASE - 3 H NSG g% & 4 493 Node
9 {3 B BE Bk 2 250m ¢ A7 LA % =B Node #4918 25 &k 4 250m LA 8% » NSG2 &
F B2 E ARG AT LA B R EEE Node 346 % RGBT BRI
# &) Node i & -
% - Agent mode

& Agent mode ¥ o [ B F5]% T B M Ande Node ka4 i@ 3% & (4 ns2
45 % Agent) B AT NSG2 £ % % 3% TCP (&4 % #4451 ) Fv UDP @ 3#HUifh &
£ Agent mode & T 3% & Agent A7 /8 &9 Node = #h » 3B 9] LAk 2 A% 3% 3% Fo )i
ey ta Bl A
# - Application mode

4 Application mode # X & F 7 L4 A 43k € L& o4 e A #2 X, > 4] 4o CBR
BLFTP > % TR B4 2Nty Agent Liz— TR A8 AL BBEZHRK
Application #4943 & Bp 7] » [5] £ &9 Application &4 & 25 42 7> fif v b Agent i 7 & 42
HEME A ENRERREFRE PR ER T
42 ~ Parameters

ANERSFHRENE > EEIEREABFIAE > QA5 T EGE
2% (Wireless) R JRi&E 45 (Channel) B9 RR T - & —WIH XA T #2144 >
3T TCL 4%4mBp =T & A TCL B AAKE 45 A & 8 Bp% B °T LA B AT A B A48 L AF —
BB A 5 AL BARAE T LKA ERE A A A NS2 AT -

33



)
i . in =
| iy e
o
'.I e gy
= 1
el e
| o
il v
' [
| i
s | e,
Tty s,
o |
nnnnnnn _ i
e ! v
i .
i
il
B
=
R e e R e - § .
" sy
™ sty
/ Y
! i
e 5 e
0
£
&
\ P 4
A e
el il
i bt

B 4-17 NSG2 &) A %
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HHtE o AoUE A A TCL R AL » BATAERE B TR -
M~ NS2 4925 BLse T MR- 4038 2 A R &
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( packet loss rate ) ~ 4t ¢2,2£ 38 ( packet dealy ) ~ 3%y % (packet jitter ) ~ Fu & ok

2 (throughput) °
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k> H Xl

ETHRBERE  RMEAT T B RMEBGRE P ATE A EEBRETH
BRI AFRIHOERE HOEE HHEPELS - ARAY T A
GHR — 1AL UDP AR e ey e AR X MBEZERT > g aRERAEZNX
J& 2] UDP & 8% » R AMstdedt L6 595 ~ BF R ~ o Rohieska — g £+ (4
E3RTERAE ) 0 M EH SR ERYORET 0 R RMEKR R G H a5 - R
Bpf] (FE1% 3% sn B35 3 3 & 0 ® 9 % B 69 BF ) 342 33 & 09 4R 53 4% [common
header] % ) ~ 28R ~ 3t 2B BFR] (= 2[EMFR] - FEEFR]) - HEK
NIEERE S — A E P (GEEOREEAE) 0 A T BRERSE  RMERES
o8 HERE BB RMOBRERPERBEET

AT I A: Sns xxx.tel

B kB e A A sd_udp o rd_udp FEERAE o

AT EA - MEAZBTHF RO -awk 355 LA L b as
4o 4% F B 3% 3 (Interpreter) R & AT %% @B & A5 2 4 (Typeless) » T4 A
X F g B 5] 6y 3E4% (Associative Array) % > B Jb > 5 A awk ## E 2 X tbAe s A H
CETEHREA LG ZEER - A% awk BEAH — N E R > £1F awk
e 3 A 7ok 7] (Record) ~ A4z (Field) 2L Ak a9 B 5 5k ik > awk WAEA pipe
BYThRE > TR IE b oY BB £ 48 Jh 3R 6 Shell 44 bR 32 > B 4% Shell 44

RIZAZ W EAMEE awk 2 X B I LEF awk X BREHHER A AER
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X ~ gnuplot

BRBEIHE  REZORAZRBEAHERERE ZRE R
Eo T 0 ATk A &4 B T A5 gnuplot

Gnuplot & — B4 4 & 5 64 X 3% K 4 B #2 X (command-driven interactive
function plotting program)  {# Fi F Aty B— A5 > T UR T R E KRG L&

B 535 o 0 A B T R S B R AT T A B R — S e AT
8- Haekk$

4t €38 K K (packet loss rate) & AT LU BB EmeHAE T A S D
£k B EuSRREA—BEAHONE N BibA £V £k
RSV EE > FE > RMAXGFERIGCHRETA S Vintk B—%
WHREAE—EABRH OO ENR > BitF S0 EX0SuREF SO H K
g WAE B E ) EEBRFIRT RIF40 € H % Dy 3 oA RE ) BEH
ZE2T AL BREMEAMEBRASHERGH O T > KT UFRHELERE -

HHCBROFEEAR 4 sd udp R T ToiFo R H A EH MG
ek Krd_udp AR P o T RAT R R S D @R 0 fRiRR e 2P
AHOEROHZ > Rk oBAR AR CEAB/ B EH R
ERE - Hexl

3t @388 (packetdealy) Bp A3t @ 3| E0rR] S @R 0FRIAg £ - ¥
Wit LA 0 BT LA B AR R OR ORS00 5 AR AT B -

RAF H & 28 B v B AT 77 Uk
Sawk “{print $1, $4} rd_udp>cbr_delay

1% B gnuplot Z & cbr_delay
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gnuplot> plot “cbr_delay title ‘cbr: packet deldy with linespoints 1
gnuplot> set xlabel ‘packet sequente

gnuplot> set ylabel ‘delay time (sec)
gnuplot> set terminal gif
gnuplot> set output “cbr_delay.gif

gnuplot> replot

8N - #HHFE

8 & (jitter) g A& 2 38 05 ] 816 2 (delay variance) » 3 7 48 24 44 7R = [ 85
G IR ERNITE 775 H QML FAHIOT I F F AT E
B b8 3 @R %35 2] B ey MR BT RIE R — X €48 R MiEE R e
ZEZRAPFOFDF o HHFRAEK - AR T @BMHMALE

Hat gy & (jitter) s R A{E A 34 602 S8 B R £ FEFR A3 6 538 £ 3B4F
#] (jitter =((recvtime(j) - sendtime(j)) - (recvtime(i) - sendtime(i) ) ) / (j-i) =
(delay(j) - delay(i)) /(j-i), H+ j>i)e

3 HEHEF © measure-jitterawk
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BEGIN{
last_pkt_id =-1,

last_e2e_delay = -1,

pkt_id = $1;
send_time = $2;
rcv_time = $3;
e2e_delay = $4;
pkt_size = $5;

if( last_pkt_id '=-1) {

jitter = (e2e_delay - last_e2e_delay) / (pkt_id - last_igl
printf("%f %f\n", send_time, jitter);

last_pkt_id = pkt_id;

last_e2e_delay = e2e_delay;
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AT T ik
Sawk —f measure-jitter.awkrd_udp>cbr_jitter

1# A gnuplot £ & cbr_jitter

gnuplot> plot “cbr_jitter” title ‘cbr: packet jitter’'with fiespoints 1
gnuplot> set xlabel ‘packet start time (sec)’

gnuplot> set ylabel ‘jitter (sec)’

gnuplot> set terminal gif

gnuplot> set output “cbr_jitter.gif”

gnuplot> replot

8% 5ok ¥
Z ok & (throughput) & B85/ A 0 PRAE B T893 LR E - N Bk 5 >
B =T LAde A B 84 3 e RN 4B Fu BR BAPR E B B9 B Bl SR T B4 B o

3t & % ok & :measure-throughput.pl
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#1& B 7 7% perl measure-throughput.pl <trace file> <granlarity>

HILERAEAE 2

$infile=SARGV/[0];

#% b e Rl st A —R(EAL A D)

$granularity=$ARGV/[1];

$sum=0;
$sum_total=0;
$clock=0;
$maxrate=0;

$init=0;

#47 B 20 4R4%

open (DATA,"<$infile")

|| die "Can't open $infile $!";

HRBGLARAS T BT ERL B R AR Z G5 RF S M

Ty
&

while (<DATA>) {
@x = split(" *);

if($init==0){
$start=$x[2];

PATEY Ty ke

40



Sperl measure-throughput.pl rd_udp 1
AT E R

Average rate: bps

£E@H NS2 BB BER
ZAEFEELMA D F R AR RAEML > HFE B NS2 Rk
ITHEBOER TR TALBRUATOTREE  ABERNES  TEHBAR
A A B kA4 0 4 GA~ GCGA £ 2DGA ¥ 3% 3 A 7 K & X B 4R R
AT b - HAN R — F I R & X o T B Ak A
42 R R 498 -
(1) #HaEk
(2) el
(3) ##HH%
(4) HekE
- Haekk
ARG HERYT  BRATUER §HEEAIXAFLEF  HEERH
BHAEBNBEN KT R GMMM(ERSS B4-18) £ F %A A Q38
GCGA #1 2DGA #9 3 LB A A Z TR T IR S > M GA W LB R KRS
Al %4 Q4 -
§HEAE S XA F2 8 RATIT A B AR 0k 18 T 5 00 3 L 38
ZF o fe P A AR B S E/E BAZ R 2 A (B 4-19) © GA #2 2DGGA #y4¢

AR EEERBEE N wmE % M GCCGA — A 4EHF FRIMGHETERE -
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*4-5 3 aEKREREIE

GA-F1 GCGA-FI 2DGA-F1 GA-F2 GCGA-F2 2DGA-F2
Q1 0 0 0 0 0 0
Q2 0 0 0 0.001024 0 0
Q3 0.001024 0.011521 0.004864 0.016385 0.010497 0.017921
Q4 0.016897 0.004608 0.004864 0.027555 0.019969 0.034306
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Jitter-Q4
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