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S22 J0EHD AT OE 28 HEte U SEXY 88 88 2d UM HERAIY ds &
g 2301 NS A2H WERAD HEH ACMNKE WU S8 2RE
P85l 28eD AL 8 =20A= CI0IE S4(data-centric) ZEl &(multi-hop) B 2t

YRTIEN et

FU2EN 2Hs 2025 Bl Ant Colony Optimizationg &S HI4X E8Xe 2tRE glel
EE NUSTH ABY0IE 20, Mos 2TEER JIEY ¢D2S0 Hish GO 88 XY A2e &

AS +O OfLIEt, B2 =
d&82 BItE Jts3 #oh

1.HAd B8

HiM Jlgn HEE 24 84 )|z IS L2 NE

g, Mote 48 AN &Y ML s 0. MEtE It
RE JIND SHEE 222 A8 dd LS= HEHS2E
2 Jisg & = XY +Ee2 28 AN 252 0RUHE
P dM HERIAE JIEY 2d B4 JIg2= TSI O
AZ Cs 88 I 488 JisH & 222 JIHE

OIE SO, AP MZHEQ HI0| 80isE U 83 2ZA,
& = sa 88 XY ZAL AE20HS SBOZ2= R
AXN0 A= X2 HZ AHE LtAsle RAELUAR, ZTAR
EBB2Z MEUHUAN S St I, 42X 88322 HE
B8 2l ¥ 28 =X 5 Ligs 200 N8g = UL &
e 2o M LSS0 2AStDL St XS BHEZEN
24 dM UWEKIE PHEIAY Fl= MEXY JEHQ
ROt BOISSID REs MRS DAL SH0cHE 2HE
B2 Mot AE0l UCH m2td XENKe 24 A HES
30 CHE AP= HetE TS MUK S8R MB5G
Fd dM UWERKAIY dsg gaAdled =S, S8
UIERZ HSH ANNME R4 M WEKHIY OIOIH F4
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ROl (data-centric) S, HEE ™MEH, I F4
(self-organization) 5% S92 R4 dlM HEQIS E48
s g WX 28X URE LTS e 33

b A SOROH [1]1[2])
22 OH0IZ 22 AMBEE ZESS BEHUAM Oles 2R

1) 0f 201 018t HIAXC LL= RN BK21 M2 NRHIEB

e

621

2 KX Zes MO HAIX HASE Bl HUX A28 EW OoH

Es

3 ¢NEIES L2l Ant Colony Optimization (ACO)2
o Mg HPS0 LIEACH ACON CHEH 2+sl AH=2d
XS, JHDIS 0l 2AOIE XOIAHLE MAXIZE 28 ROt O
L2 F2H O JHME0l oag £ Us HEE2
(pheromone)0l2le SIS2EE HECEM MUY UEH
SAIAEE S8 MK G Z2E HO0Ii= EHNA
oL X MF L 2|S0ICH 1P JlEte JIE HERIL e
E YE/AZN U8 2P B0 Y FZE S8 U4RFOIL
5l =4t(load balancing) S0 ACOJI EEE H2JF AULH
3] 28 HMd WEKAINE ACOB HE8H AtIJt U2 &K
PAK 24 dAM HIEHD UMY SIREN HENSE N
AR= 20

=20 AME ZE Z {multi-hop) BH ZIREN ACOE
B HUWXl B8XHQ LY LLCIEES MOt migHs
ZlES ds HIUHE HAs ns-2 [4] AISHOIEE OIR5
El 8 O 28 HIA0 UMM 4BHC ZE=EE F
tQl directed diffusion [5]11+ HIMBIRCH BUHSE,
2 N2ELS directed diffusion® BIdH XN HEE
CIOIE ®Ma0l UHM s IHE 228 =2 04
I HUXIE E8E22 AMESHA directed diffusionzt
=8 UKl 222 HOIH M&E38 sdl= ZUE 7
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2. @ o3

2.1 2HEl & (multi-hop) B CIRE ZRES

d dMH HEKI0N UANHA 24PE gneEFS 3N "E
& O CIRE DN 2BHAH JEY HEHN 2URE gHEES
2 URC 8 =20iAE ZE & O 2RE9 ds a0
ZHE EC 2B & T 228 2I2/BNME, M S
-8R A3(sink) R E2RH EEE 44y AN T2 ZA
XSS HER HEECE £, =3 B9 2ig
O} PE =80 SS8H E0si= g B 8L 242
o WM E= £4E HETE NUEC 43 TS0 IR
0l SO MBS 0/ S E22H HOIHE 22 L&
= Xtai0] Jals GIOIEE CIOIE Z& (data aggregation)&
S5 MELE2 GIOEU F:OISIH CHAl A3 L =0 It 0l
S-S0 MESSCH 0l U BREI0 AAls ColEEsE &
A2 (hop-by-hop) &3 L E2 HEELH

. ¢ Sensor Node
e s Sond data to Sink

I8 1. 2B 8 BH 2tRkE9 I8 22

RYE HAH WERKI0 ANM S4 QXD HA EBHA3E O
Oiel ZAIHEQl (data~centric) S0 M2t OIRUAILCH CHAl
2, A3 L= 24 dAH UERIR F4sis 222
M L-E0H da QB8 st 20/ OlLi2 F2# 20T6HE
EZ X0 O QEE SCE 200 da X0 IR
T XS0 XN HA S 2 N0 £ HEE ey
CEM QN S C0IH 4 cLEY HERQ B2
EZZ2 SPIN(Sensor Protocols for information wvia
Negotiation)[6} 3} directed diffusion[5]1® & == UACH Ol &
X 2tRE 2DeiES HI0E #4 (data negotiation) G
0ied Z&(data fusion)2 0I5 WX BE82 =0= A
SF 22H A2N, 2 IR0 HetE OoIH FA Ity o
El & URE Z2EREY 2201 IULCH

2.2 Directed Diffusion

Directed diffusion{5]2 data@ =4-gt & (atiribute-value
pain@2 H#s= O0IE A9 2RY ZZE20I0 A3
LSE dA XS A A8 XIAISHE interest DIAIXIE
HA HERIN SE(broadcast)stCt. A UWERIN Ol
22 interest HAIXI SE SAN 2 230 A3 LE &
22 gradientdl MAEICH WIIM L&= gradientdt 2t &
39 A3 L& ¢EC29 HOH M58, & GO a9
AMZE 2HAE QOIstt. 43 L&t EY interest {3101 =
H X499 =50 Tesin 2 230 A3 =S g

gradient M40 225N, 87 X9y L E, & 2A(source)
LC= OI0E &8 AZSICH X0/8 MEHs 2 839
gradient 22 ES8IH FORCHL S| X0 HAXSSM A
A A X8l BB IR =CS= BHLIS 2® FZDb
Ot Jis8t 28 15 228 S0l GO & &5t =20
A3 =C= QS interest HAIXI LXI8te GIOIEHE 2
S 1 COoIHS MY ¢ 2UHE =S0M XD| interest Of
AMXietE g2l &2 gradient 28 3B  positive
reinforcement GIAIXI®& EWCH positive reinforcement TAI
AE 22 L= DIdNXZ T M o o 2
L =SO0iH HEBICH positive reinforcement BIAIXIE &
e LEER D= 329 gradient 340l E0HES2A 1
HIEZ 0IR0A FEJ cH2E Al Q&8 &80 =0X
= UOICH Of RS UESN AA SSOHAM 43 SENMX
o XA AR LOEC 2EF ZE20 C0olE B0 ¥
O &% X0l 2o M, A3 LS= JEY FEER
negative reinforcement DIAIXIE E2UH0 gradient 28 =
I CI& HR2 positive reinforcement MAIXIE 2L &5
Z2E HAGH CIOEE IS0 T([5]

Directed diffusion0l OIL4XI S80 FO E & 2t*LE
JlEeZ Alg] UKL BB ROl 2HXe FCH H
W, =18 ABO UOIM CHOIE TS0 X RBZUR S
M Ol20iXiE= 210 OlLl2t Jisst ZE AZE 8HAM 0IRN
TCH &t HY HE2 O LFE RMAH 43 kEE
reinforcement DIAIXIE M&SICH 2EQ F2I &8 UM
Xiel BENMH QREE 28 A0 % 1A A Bit9
QAR H2Y 4+ QUCt= 01T &M, J(BHECZE 2ALEQ
LE2S X ABEE&(ocal interaction)@ S OR0HXE=
2oz JIESID UXICH 2 B2 M8 U 220 UAMAME
A3 =59 R0} BOIISICHE FHOICH E8 X 32 2
CIE 8] WMBl= positive/negative reinforcement HIAI XISl
BlEis Mag EdE QUHESE X2SIH &F(congestion)
OlLt BT S8 Xl AHIR A &£ OIHX DEE XA
=400 ACH

3. ACO J|ete] 2i28 tudls

3.1 Ant Colony Optimization

S5 24, 2R, &F MO S ES UERKID 2o
QUMM =X 2H HAFE HE AP AKHY 20, M
O/2 22 MEIE 282 HEMA 228 01 WOIRE Jigt
o FEE JISE0 OB B3I S Yo MAHIIZ
O OHDIE= OHAM BlLIRICZE= B&dtD oL RE 25
OlXigt, Q2iE ORUS M= IS8 FHU Q018 FE= 82
S Y8 T & UL GIIM FSE AS HOIDL HOl &
= AAXIDXKS S BEE F0IZ O HRE(pheromone)0l
gl 318 RIE 0188 2T AMALAEE Bol 2 20
et MEE Z2R8tCs F0IO Mol JU2 220 H=ER
g N2l 1 BA=28 XUb= O2 OIS0 o1& =a4& W
220 20 M2 FRE LsIH ECH 22 01243 O
o Ft Aisg 018 XS L MO SIS Uis &
It OIROXD USH HWERT SHLED 28 A0 e o
2 ORI UCHII]

ACOJt &30 HHEE 2OELRM USEHD YA
ACOB =gs5l= O UMM 2HEO0 giXi= WL ACOE X
610 FEN 2 ARE BN HSH2E REO OF
OiXIN, 1 FE0= HEE 2T AL 28X O2 22
EE H=Z20! #2XX %& A0ICH TN 2E BZZY
Efm dEs Ig &+ ¢ 2o 3 2z BEEJAE F

622



200609 = SR A5 71 St E=E R Vol 33, No. 2(D)

) B £MOZ QI3 O Ola AME F2I OtY &0 &
ME 45 ASH UERKI EEZ XY HACOR LOHIE N
R EHE 2T UCH BT EBRED ACO ZI2IE
HHEM= Of 2HME siZ26IX S8 0/ & H(stagnation)
BAOICtD BICH OB GHZ 8D g ¢y o2 pheromone
evaporation, pheromone aging, pheromone smoothing®t &
2 UEES0 MATUCH[3]

4 UM HERKIN UMM ACOE 0188 AR= BIXl o
Ch. I8 S0, A& 2RE J1¥0 =&8t= AntChain[7]2
dR0 = A3 S0 ACOE 0|B5IH HEX i =3
E 3488 2 AN SCSHN CIRE E2 HBE a5
€30 0 EtRE ECE S0 4 SEE0 HOHE Masi=
X NEIBO0ICH Ol H2l Hotsts ¥N2lIES Al
UWERI 2MAMY (in-network) 2ILE N ACOB Xgs 212
g 2¢N2IB0ICH

3.2 Mgt gnels

2 =20 M Hotet= ACO JIvte) 2IRE Zn2IZE2 o)
B a0 YE & 2H2E Y0 &80t

Her 2nelEe AUJisE B20 XS =52 HE2 g
Ol A48 XU 9 HBE MY UBIEN X
o= chef MA HEie 0ls NOIEEE Explorer Ant
Agent (ExAnt)E ZHSsI0 XX VR M OIS0 HE=
HIOIES 2t 222 HZS A 012 L& D2 IS, 2
29 LS ExAntdl QA BAEE HEE2 HOIED S
g LS REZ OIB30 C0EE FaBIHL MY CB
ZES S0 ExAnt oI AN H22 HOIB REE= O
o2

H 1. ExAnt &l &4

ant_num [target, type| target region | forwarder jid |sender_id

transit node | transit node transit node
id [0] id [1 id [i]

2 HZ2 Hoeg

heromone value | neighbor ID
13 4
10 12
8 7
2 18

43 8= MEXNESRH dA BHAIE $ON AASDR
= XS ZEQ WA (a0l FAIE ExAntE 4IM UEY
30 REEBICL 0 2= 24 S WEKRY GOl =4
H 40 238 Ao, 8E AN AXSHM SE Uar
Of &XI5ts CICIEE 21X TSIt ExAntB 2of, 1 LCs=
Mg A2 LEZ QMG &0 43 58 EHIZ &=
GioIH Mg Fasd

A LSE& 0|2 SE2RH ExANE 2o, HZE M0
B8 TI0IH 01X 2 0| SC2REH 22 ExAntE 2
2 HOl A=K OIS 2o M2 ExAnt2t, 2 0IR &
SO0 Gish JHE =8 HEES U8 JHXs MZ2 H=2e gol
E SES Y4B Ol¥0 2R SS2RE 22 X0 U=
ExAnte 22, Y HE2 289 H22 28 BIAA ALY
B0 2t T2 OIR LERREH LUH ExAntOID OfHHN ¥
2 0l S0 8 S0 &8 &2, /8N BUR =&

m®w=E o,

Of R0i8t HE2 ALE0 &2 28 HZ=22 8260 M22
HZ2 H0IE S8 dygsll

Ol2t 22 H=Z2 Hi0ig A& =Y 0lF, dA === Xl
Ol ExAntOll HAIE d& XS SXI&t0 Aa Had 286
= UOIHE JEg &E2, MY H=ZE Holgg &XI5:
OIE 52 HES2 28 JIE 028 S0 HoIeH2 dast
Ch, O®RX &8 82, 5= ExAntE 012 E80AH 8%
BiCt. 012 S Z2=H H0Ie Malg 22 o= a9 H
Z2 HOIEE X0 JIE =2 HZ2 U8 JI8 0|2 ¢
SN BB

0I2 &2 WEES EESIN U0EHE 442 LE2RE A3
SENX 2HY BZ2E SolA IEEC A X9 Z2E I
O ER, = MY FAEZ UFE > Us A L5209 AHel
Jb B2 23e4E Y EIRO MBS A0 ®E R0I7]
[H20IC CHAl 28, ExAntE U2 0|2 58 20 HH &
e 012 S0t 43 L& 9482z HEPDE HE e =
S22t 8 4 UsE HOICH MM XSz BUs O, A
3 LCHE0Z MY OINR HeZ2 muge HIEE P4
S dEI UHE/ZD JHZE 2US8 O 43ALES 24 LE
2t A HE2I Ele= 24010

A3 L= 2429 dA 2o HEZE& G020 8M WE
AT MEH(GE E0, 83 L4, EF 2N S)B SHFEED)
Rt FIOINOZ ExAntE S EBLH 8 ExAnt SZ0 264
LB & QU= BRCEIHAE AE(broadcast storm)S & X8t
o Rl A S ESS ExAntE oW 0|2 SSsHH &
21 Ol 0N ExAntS HEE &8I0 =8 ®S58 IS

UM ASE ACOL AHQ HH A2 RE HA UERI
HNMT OEg 2 QI 2& 229 XXX HOEH 842
22 MU /X =82 HUK ALE S)AMA GE &
S0 ik L MUWX D AEHN OI2XH 8T metd o
Ol4tol GIOIEf &&0| OIRMXIXI REICt Ol SHZE8tI| A
Hert 4D2|ENM 22e LSE= XA MUK AEHE F=I|
HOZ OGN MHUHX D& AN 2EE M 012 =80
H XAl X D2 AEHE 22/ node depletion BIAIX]
g 2L O HAIXIE 28 k&= e HER 289 HE2
2 U2 2AUCE HIRN HOIYH &5 ANl U2 S8 4

HE = UZE SO T2 2 2RI A4Tes B2 M2
2 X F28 I /A% FOXQ ghels IE 20 o
9 AN HEZE SO H&H2= HOH &0 ORAHA £
UCH

4 85 24

4.1 ANEYIOI® &3

Her ¢DIEY Hs BIIHE AW ns-2 [4] NEBIOIEHEB
0I8s8t0d WEXQ J0lH =4 ZE & 22g Z2EZ0!
directed diffusiondt BlL A&SEALCH 800m x 800m WESH
30 302 LM =S8 ZSSH O HIXISIRC  directed
diffusion2t2 d= HIE Fla &3 L=t &S 42 k&
O CIOIE d&8 RFsis E2Z LFHEIUL 43 &
= AE HERIY AZ Ot 2AM20 HXEID AA LE=
QEEZ 2 DM HXEE A2 IIFHEUC HUHX AR
Q82 directed diffusion2 AKX LEES CGECH 2 dA
LE=E 109 &I MEHXE XD JACH B3 UK A2
22 0.600W, =4 MUK A2 0.395W, Hol ALEHS Off
HX A2 2 0.035W 0|CH &3 &= ExAnt8 OF 5=0ICH
HM&8H, 0l= directed diffusion? interest Al Xl &g 2424
o ZCH A2 L= HAl directed diffusionMiAd 2t SASHA
X HM ExAntE 22 AE OIFZ 0.167F 24222 HO0IH
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8 HsEC

4.2 45 HO}

08 2= AZHH T2 diole &% XY AlZHE LIEHWCEH
001N CIOIE| A& KIS AlZHOI 22 LE282H 43 &
MK CIOIEDt ESElE O Fe AIVCE Fositt. J8MA
2= Hiet 20l directed diffusionel 2& HIOE &8 AN
Al2tel HE0l 48 Ag & 4 ACL 2 0IR= directed
diffusion2 stLIS A HAZ B S&A A HOEHE 2EUs
2101 OlLigH M 22 A9 23 MEHH met o HY B2
£ S5 COEIDt &2 M20ICH €3 XM FNEIFY
AR, HOIE &5 XS AI2I0] 0.015F Z2XHUA +8d=s A
€ Z & UL 0= M LD2ENAE 2 B2 A0 9
X8 =S£0| oKXl D& HENIt =3I OlFUE =0 S0
AN BR2E SOHAM HsS OOIE %0 0IRHXII TR0
Ct &8 H, Kot 2IRIF0| directed diffusiontt HIoH B
TEOZE 6.73% 42 CIOIE & XY AAUS B30 &
HOIH ®=0l 2Y ABUAH & LI2ES HILBE O,
diffusion® 15.695X0 991 CIOIEH MEIMX FHGAL
o, Mot ¢NeIES 19.488F0 117HM GIOIEH MAMNX &
SRCH RO LN2F0 18.2%2H2 O WS OOIEHE I8
Ct.

L Ditpoted dithision:
©.04% e W RN

Time (sec)

a8 2. A2l @& CIolE 8& X Al

8 38 AZH 8 ®H WX A28 LEHH Oz
OICt, D&M 2= Uit Z0i M 2D2IE0| directed
diffusion®ll HI8H SESHQ OUX AHIE 810 UASE8 & >
RULt. Directed diffusion® FES H&8 Y RXAU UNHM 8
218t reinforcement MIAIXISl AF20| SIHIGHCH SHEO HMCH
eNRER I 2 " ¥ FTH JAXM HOAH WAIXY
YME XASNEOEMN WX AHE SACH E3 HESE O
UXIE S8XOR MBECZM O U GIOIBHY &g Ot
s3H ML

& Dirsstad diffuson
o muWREs

2
3¢ -] Mﬂ x

Yot ensrgy dysipated L
?8
. ii
4

.
« a
o 4
# e
o

P ey s 3
Wi A B 8 2T 2@ T4 26
Time {vec)

R ¥ Y
e @ 4 B B

J8 3 Aol 2 MM AWK &2

5 d&

Fu M HERIE I8 2d &4 JgE= 28 201
s #H CHes 2O BRI JisH & 2Ae2 I
QUCH OIE | P4 dAH WERIS NEE NG S8
©2 AREIN UERDY A58 FAANE & A= L0l O
B IR0 HSEN 2O B ==20d= A 2B
3iLI2I Ant Colony Optimization2 GIOIEl SAlol ®€El & H
o IREN 28 UK E8XQ 2IRE LReIES M
SIQCH AIBROIE Z I, Hotst= N2IER2 JIEQ 2RE
L N2IE0 Hish GO s X AMlLE EUS 2L Ot
P2 M g SX0 E2E MO HAXNE LSESEMN
OILAX AHl B8 =0 GO ds&2 S8 sl si=
ds A8 20HIALL

#O2H

[1] lan F.Akyldiz, Weilian Su, Yogesh
Sankarasubramaniam, and Erdal Cayirci, "A Survey on
Sensor Networks," IEEE Communications Magazine, Aug.
2002,

[2] Jamal N. Al-Karaki and et al, "Routing Techniques in
Wireless Sensor Networks: A Survey," IEEE Wireless
Communications, Dec. 2004

[3] Kwang Mong Sim and Weng Hong Sun, "Ant Colony
Optimization for Routing and Load-Balancing: Survey and
New Directions," |IEEE Transactions on Systems, Man, and
Cybernetics - Part A: Systems and Humans, Vol. 33, No.

5, Sep. 2003

[4] K. Fall and K. Varadhan, "ns Notes and
Documentation'The VINT Project, UC Berkeley, LBL,
Usc/Isl, and Xerox PARC, available
from“http://www.isi.edu/nsnam/ns/", Dec 2003.

[5] Chalermek Intanagonwiwat and et al, "Directed

Diffusion: A Scalable and Robust Communication Paradigm
for Sensor Networks," Proceedings of the Sixth Annual

International Conference on Mobile Computing - and
Networks  (MobiCOM  2000), Aug 2000, Boston,
Massachusetts.

[6] Joanna Kulik and et al, "Negotiation-Based Protocols
for Disseminating information in Wireless Sensor Networks,"
Wireless Networks 8, 169-185, 2002, Kluwer Academic
Publishers.

[7] Niannian Ding, Peter X. Liu and Chao Hu, "Data
Gathering Communication in Wireless Sensor Networks,"
IEEE/RSJ International Conference on Intelligent Robots
and Systems(IROS 2005), Aug. 2005.

624



