5537 %5 6 # wofE ¥ W Vol.37 No.6
2016 4E 6 A Journal on Communications June 2016

doi:10.11959/j.issn.1000-436x.2016113

ETENZ BN FRERNSHBHRIENER K

EE M3, RAL 4, RAS2, A2
Cl. AR IRYE K2 ENL S B TS, W #H 2 453007; 2. HEFRHRHIENRE SEAR B, Wik B 430074;
3. MERSSYBMB RN TRESLRE, W B2 453007; 4. PEMABGERKEE RS2 TRESM, Wit R 430073)

W OE. LRSS 2R CHEBE A b B R0 e BB AN R IC RAT 55, (2R BEE RS BB U i B IR
TR, B QS FEHE o He B WG R, SEUEEER T SRR E R A, o B IR s Re ke
B, MEALIAgEE . B AT, BN R RERR I S, 2 DR R RELR RN B AR, AR TS
25 RS BRI AR T RE I PO P 4 A AR I AR A . R B AR BERE, DA AR IR RERE
RS SR B SRV E G R R R A, E 2B sh R BME RS AR R o SRR . 83 1 IR IAIE, FTde
H 2 s AREE UM BRI, 78 W28 BEFERT W0 25 A4 4730 O T 0 1k B A T R R A B9

X BEhCEL; LRSS fEkitn; M ETE

fES S TP393 RAFRIRES: A

Discrete multi-objective optimization of particle swarm optimizer
algorithm for multi-agents collaborative planning

SHI Xiao-bo!?3, ZHANG Yin*, ZHAO Shan?, XIAO Deng-ming?

(1. College of Computer and Information Engineering, Henan Normal University, Xinxiang 453007, China;
2. School of Computer Science and Technology, Huazhong University of Science and Technology, Wuhan 430074, China;
3. Engineering Lab of Intelligence Business & Internet of Things, Henan Province, Xinxiang 453007, China;
4. School of Information and Safety Engineering, Zhongnan University of Economics and Law, Wuhan 430073, China)

Abstract: Although multiple mobile agents (MA) collaboration can quickly and efficiently complete data aggregation in
wireless sensor network, the MA carrying data packages extensively increase along with a raise in the number of data
source nodes accessed by MA, which causes unbalanced energy load of sensor nodes, high energy consumption of partial
source nodes, and shortened lifetime of networks. The existing related works mainly focus on the objective of decreasing
total energy consumption of multiple MA, without considering that rapidly energy consumption of partial source nodes
has a negative effect on networks lifetime. Therefore, discrete multi-objective optimization of particle swarm algorithm
was proposed, which used the total network energy consumption and mobile agent load balancing as fitness function for
the approximate optimal itinerary plan in multiple mobile agent collaboration. Furthermore, the simulation result of the
proposed algorithm is better than the similar algorithm in total energy consumption and network lifetime.

Key words: mobile agent, wireless sensor network, load balancing, lifetime of WSN

1 3= network ) AT DI RIS ) 4% SRR 25 350 8 71 25 Fh SRR 1)
= W EEGR X . WSN £ K H B H M 177 208
TG 2k & J% 2% W 4% ( WSN, wireless sensor ITIEAE, A ATC AL HAh To N g a8 JL Ry 2

WisHEA: 2015-08-27; fEEIEHA: 2016-04-05

BETIE: WrE E R OSE SR IIHE (No.132102210483, No.102102210178); Il H 4 3Rl -5 RV AR 78 3 4 % Bl H
(No.122300410344); M4 A JT A ARBL A0 T RIZEEHRBIIH  (No.2008A520013)

Foundation Items: Key Science and Technology Program of Henan Province (No.132102210483, No.102102210178), The
Foundation and Cutting-edge Technologies Research Program of Henan Province (No.122300410344), Natural Science Researct
Projects of Department of Education of Henan Province (No.2008A520013)

2016113-1



+30 HwoAE

¥k W37

WM&, AT RS, RIGWN . F5. @y
P BFAR K I AE N2 AR R T R R E A TR,
BRI, el KPR BERI A IR AE R, RATREE K
WE% AT, T To A% AR P 45 (AT 78 A L 2 — B,
Konstantopoulos 554U 0 4 A 18 25 0 28 Hh 1 24k e
BEARIEL N 4 KA B BRIRFIR S
(MA, mobile agent)ft) /775, SCHR[SIHEH, Hom £k
ax P2 R R A M, 15k 5 B ANLEEAT I8,
ERAE M I 5o AT 1 18k 5 R R s ) A% IR
i |F) B R O L A B BRI O, Mt A%
TR W 2% 1 A % 2 AR A i BOR A 1
gyl &1 s A2 Sh AQEE Rl & B ) WSN
(MAWSN, mobile agent wireless sensor network) H
A B2 s Sink 570 ANLEEAT S, HdEui
BAHE 2 5. T AN Sink 3815, Sink R3]
IR B R A AR E e - LAk, BB ER
I F Tk 0 S AT DA 5 R G ) Be A, an R
BT, RFIDMIZE,

MAWSN i MA V5 ) 28 % kg Ko 1
Z, WA EEE RN, SRR AU REFER
T N S o8 TV €/ R SN 2P TN Y
AT B PR R R Y SRR AE . TE PRI R AR R (SIP,
single agent itinerary planning) ', H Sink JK i 5
ANFE BB 7] B A7 BB VAR AR T 1, R AR
AT BRI JE 2 Sink 5 AL 7E SIP HikH (n
LCF/GCFPl, IEMF/IEMAUOSEEE), B MA
BT Fir A BB IR R R E A REAE AN
A7 VAT K R B8040 A 3R 1) i, 2o AX B B A P A )
(MIP, multi agent itinerary planning) M2 A% 8% 7
RUHAT 04, BF2HH Sink IR — MRS REEAT VI
], 73 TR A R IR N O B T 28 2 Sink 9 50, 40

GA-MIPI 2% . DSG-MIP I3, TBIDU4IE:
NOIDISIETE . BST/MSTUOR L% . MIP 5% LA
FEAEAE SIP HLMIEAR.

MIP SETE— E R LR T B IR~ i REFE
AN Fay i AES S R (1 e, R I ) MIP B
TEAE SR BRI . i MST/BST %32, NOID #.i%. TBID
R JnsOsN iy 16 S RN (3= a5 o ISP PR A R €73
T R AT P AN 35 4 1 3 RS B B AR EE 7 ) £
PRI R 2, GEIROK, HB 7 H U SRERE I
FeshRHEL R & R AN . GA-MIP By A gt f%
AT R A B AR RN, i A T RE T
WAACHI BRI TT 58, BT PPN R B S RS
REAE, oK DN RE R D BAS 35 1 52 1) [ 28 (1) A A
. DSG-MIP HIEARYE BE (1242 48 Sink [0
JEAT R, AN RN R — kB A )
) MA B A2 17 1) 8 7 B T DX 3 P () B0 7 e 24
PRI A A B ), DSG-MIP Sy ml LA R H
RER R SRR AR, AHR SR IR s B A (E
/HGRL Sink 7 AT T AR B O R R R X S, B
AN MA Ui [ B i Em N 2, 0 B E IR
REETHFEE PR,

Zr ERnR, B 2B FIE R MA
PERRARIT A 2[R I RE EVH AR, SRR BE YRS
3 AT B AN P A7 3d il B S AR B U ) 1 T R
%, MoBIEE SRR s, B E
FAERAIIMT, S0 2% R A A o

X2 MA BB RIAEAE I [, 58
WSN Ht MIP (R, AT S M H stk
+ B 5 7% ( DMP-MIP, discrete multi-objectives
optimization particle swarm optimizer for MIP), F%i

TR M B AR 1) KA P A% S 4 1) 23 4L AN U 17

A sink

(@R cini i dns

Bl 1 BT R AR R L BN

2016113-2



He

WA TR B ARUR T RESIE R 2 B S A M E LRI <31

Jigip, 36 I B gk A B R 45 2R 2RI (1 %
e, LU REFERR shARER [ s kB LA B bRiT
ki, FRITRME. COh BN ERF S E
X 1 fioR.

1 FEFS A
#e gl
Iproc MA KEEE
Shead MA H#a Kb
laaa e I R 11 B
L e I B R S R 445 5 ) R/
I 5 A MA Vil & AME AR K/
r e I B8 R ISR O R 45 2R
p RIS BB AL 5
I AR B K/
Ix B IR IR B KN
e(lrx. I) B VR AT RS A S BEAE
Sret 5 1 AMREBIRERBR A T 058 kAP RS R B
eeul {55 AE
Tix R B — AN B AL Y g
e e kB R 1 — A HR AL I b HE
E ZABB RIS ReFE
phest; RET i 1 1] S AR AR
ghest ESEECW RE A )
X _group: RIF 4RI GREEhIRE 532D

RET MU R (A TS5 s 5 T U )

X _sequences;
2 [elREfEA
BSAE MAWSN H Bl L2 5350 8 o 2% Ik 2
FEIRZRTT SRR AR, n AN MW SR B U
Mo AR mYIGREE ORI, Wi E —
NS AL (Sink), HEEREASZRE . 45751500
KA, Jo AL IR TG 2% 2% W 2% 1 Sink % H
4, Sink YR H MA # BRI G %458 LG4 2 8k
175 K A n A B D0 AR O A SR 1 R
V0 AR YR A SRS T AT B DT 55 0 R A s [
Sink 7 £i.
21 HUERLEIREY
AR 5 SCER101AH 8] () B b & B A,
Sink Y& th MA I3 H5 [ 5@ BB R/, 10 KR
A MA BIFIEE RNy 10=lproctSheads FEH s Lproc FH Shead
3 ERIN MA HCERBIEAT MA B & 58 . R FT
A VR AL SRS TN EE KNAHFA Lgas B

A MA Vi o] AR S kN ER AR I3 Y S IR
INF AR e MA V555 1 ANBOE IR 205 B/
KL= 10, HoA, Lae=(1-7) laa 278 4 J5 B IEAD
BAE, r TR E4E . MA VR 2 DR n
AR IR AR IR SN D T b HAR U, R AT
FE S A% AT B AT MA A% 328 1 B0 3R AT
Ho PO<p<D)EREFIEMREER, p=1 ZxrE
FTEME, p=0 BrBIRRARME, BEAEdE
AT R R A R A . MA V7R 5 b DB S
JE RN

F=1"+0-p), =1 +1+(k-1)(1-p)l, (1)

MA Vi I8 BT A 1) n ANEARIES S5, 1 ELE
[0 +14,0° +nl I, BUE L +1, B IR n MG
TR B 5 AR G R — N, BUEL L + nl B3R
7~ n MR IR I ERE R AR LG
22 BEFEER

MR 2.1 AR R GBI MA 55 7] 75 55 R
/AINKE MA Vi [0 48 R 28 I REAESEAT 5 5, FE A4
Bym . Bl Ak B IESE . B A SR
FEUOL, {t > Vi (n) >t} =1{t,{Src!,Src’ L ,Sre/" 1) 3R
NP MA BIE4%, MA M Sink %55 ¢ R Vi)
P 1) n MBS UG IR B ¢ B —ANTT S E
FREFE LR R s A A I REAE . IR REREA ik
REFE. 1€ X ean N RIS IS HIREFE, mo F
M 53 A FEWON RO — MR AL RERE . — 28
P5 R BEFER R N

e(l. . )=m/l +mJl +e, 2)

P AT TR AR 2 AN EHE UE T A Sre/ T R Sret
IR AEE Z BB LS, H d(k—1, bFRR 2 3
PEVR Y AU (AP FE S o FEAR IR AR U AR WSN
S RIET  F Y DGR 1 I YOC Ko =1 < 0 4

H(Sre! Sret) :[@] . RRAEE MK

FERIFE B . MA TE 2 NEHB IR 22 RS K/
TREEAAR, TRV M B IR AL AR T s 5 K e R A
Ak, FEL (1) 38 MA M Sre/ ™" 3] Sre 2 A%
B RN R I RERE. AR IRERE
EL Y =m Ly, +e(0,17) + HY el 17 +e(17,0)
(3)
Forb, m, 2R B YR IR AN 4 — A B
M BEFE, m Ly, 7 Sre/ ™ [ B Ab FEBE &

ata

ata

2016113-3



+32 HwoAE

¥k W37

(0,17 FORBHHIE T 15 Sre/ ™ R 1% MA HIRERE,
e(I!7 1Y) R AR BOHE IR AL Sre ™ R Sret 22 1B (1
P BT AR i MA IRIBEFE, e(/',0) IR Sre/ #2
e MA [

m > MA [FEREFEN

E =Y (Htsree(l0. 1)+ S EE (1) +
m L., +e(0,0')+ H(Src,t)e(l], 1))
2.3 BHRIEHREINE
B 3 R TR G 05 4 B B AR B I 1 A
BRI 5 2 AR, 1 LR
i max, E' — Zn:E—’k

k=1 7

4)

ba = - %)

m
i=1 k=1

n

n

k
Sk, 3 R § AT O
k=1

MLREFERI P HME, max, Ef RN | NMEIRELT
(AR IR SR BERE ) B KB« ba HE/NRIRFE B)
ARELVT 1) (B R SR S R BE R R KT R
R A P B R YT AURERE 1Y) T A 2 TR ) 2 A R
ZINy - AT 25 A B 575 551 T (1) BEREAH X 45716
24 ZBEHRIEMEREMK

¥ MAWSN % A GV, E), ¥EHE IR
N RMES VI m AT VI~V V=VIU V..
U Vs m 2R 8N REL ISR, X T R—A (1 <ism)
R —A Sink &, EEFTA IR S, IR [H]
Sink HIEEE, 1E 9 —46 MA 17 0 4% 828 5 SR ER AT
% MA WMEBARIERIT B AR vV SR BTN s 4L
E AL MA B2 M, Y s En ~
min(£,)

min(ba)

best_itinerary = { (6)

P B B0 35 L e T AR A T B T 2 N H
b, 2 A ARIUASENE T R S AR A 2 ST AR ST RO AR
£, BT H AR IR R T R AL AR

EX 1 WM A M RZE MA PMERERRIT
2 NAMATE, TR min(E,) < min(E, ) A min(ba,) <
min(ba,) » R M3 My, S0, FR M. Ms HAH
AE3CHE .

FEX 2 ARSI A AT AT A b BT AT A
SCHECHIMA S AF SCRCHREE R I A R SCRC AR R B 5 108

3 DMP-MIP &%

3.1 MOCLPSO ¥:%

Hi - 5775 (PSO, particle swarm optimization)
RS, BT EARF SRR RIAT N, K
TREP ARSI AR P S AR, DL
HEPN AU S b T R AN B, e 4%
B Alf#. MOCLPSO HIEUTE T ik 2 H itk
] #R () PSO B3k, S5mfal L, UNSIORGE, FEMfE ORIt
Pl R BA B A S, SkAe s — AR T
T AN BN R A AL D S A U LAt
P R, PRIE 7R T RER) 2 R
A Rt G LA SO I

MOCLPSO 532 ks 73 B 1) 58 70 3 Fii
B, AT AL foe D0 AR SE T B P (7)), A oA
KLy SE s LA 3(8), A AL 1~ 1 S dme DL A BE
I E(9). BT B SR 3(10).

V. =wV, + rand ()(gbest — x,) @)
V.=wV, +rand()(pbest, —x,) ®)
V. =wV, + rand ()(pbest, — x,) )

X =X+ (10)

Her, XM v o BRERS i Ak A B AR,
pbest; /&5 i MR B )T L AR, gbest /&%
AR B R ORL AL B M TR AR, pbest; /&5 f
ARLFALE DT LA, w R PHERUE, rand()
72 [0, 1T BEHLEL .

KL B AR R S, SRR AT A
WL (19 F S IC A 58 g 52 B AR AR pbest; R4 Jm F
fi# gbest. FZAFBAE L MHIES ghest J& 4R
i, 2 T 5 B AR AL 7k T 3R B A .
MOCLPSO fE3AE S BLffEE A gbest HBANLIE R —A>
fRAE R EIE IR
3.2 DMP-MIP E% MR

PSO LM MOCLPSO i T it e i B2 1)
) 31, £35S AL AL B J v] DL A ¥ TSP i 07,
% F ) AR B B VR B A2 0K I e B A ) R, AR
R 2 B A E I AR R A s, W
B2 Bk 7R EVE T 2 R el E W E
B Z K o
321 %A

N2 REYMERERIEN—RT, R

2016113-4



He

WA TR B ARUR T RESIE R 2 B S A M E LRI +33-

R mS 720, 400 2 AN Bl o 4 9
1 X group FIEIRIR T 9t X sequences!'™ . %Y
P57 H D Z IR A s AR 2 A, DA
R ALY [ BRI S, DN EERIES R
w2509 n Wk n DMEBAEE . B IEITY s
TR T AT o) BT s I

Wk 2 Prow, 364 8 MEHEIRTT R 7008 3 Ul
51 MBIELYT IR 4 DEERTET S{6,3,2,4},
2 RT3 AN EAREIE T R (8,17}, B3 A
AR YT ] 1 DNEAR IR {5}

3 olofo]o]o]
8
I
B

K2 8 M HEET R 34l

K U 43 20 G e 42 R U 10 7Y 05 14 B R Y
B, WnSREAY s T SRS, S AN ]
SmhL RN AH [F] (1 2 AR EE AR R o
322 AiTikEAefLE BH

B — YIEA A 38 5 K1 6 B AN i
TR, XEONR TR R R
XS BA(T)~ROESCRA(), R0 B 58
ZRA 10y S A (12).

X group

X _sequences

p
6
3
2

[ 4

V, = Mg(V,)Ms(V,) + C(V}) (11)
B V.,rand()<a 1
| X, FA (12)

1) KiH 5> ERH
W3 B T (D) B — T4y e A
(13)F1X(14)523
Moutation(X _group,),rand() <w

X_groupi,ﬁﬁﬁ (13)

Mg(V;) ={

Moutation(X _sequences,),rand() <w

14
X _sequences,, HiAth (1

Ms(V,) :{
Hrfr, Moutation(X_group:) 3 7~ FL - B85 Y5 73 2H 9w
738 S g AR 02, BEHLEL rand()<w I $047 B2 B 45
PE o BB S 0 AR I 4R U 2 A gAY
X _group; FRENLIEHE 2 45 S 3EAT o 1 A 1 £
e, RG], FREHER ARG,

Moutation(X_sequences;) 7% 75 KL~ FU 4 J5 T 2 b5

A2 S PRAEU, BENUEL rand(y<w I PAT SRR . 22
S I BE BL Gk B 58 0 R B B VR g 6D
X_sequences; ' — & HUE ) EARIE T 2L, PIREAT
A, 15 BN R 2 5 BB IR 2 B o

2) RL 2 2T ER G A B

Ry ST (1) 5 2 s A 2(15) 28
Cross(gbest _sequences, X _sequences,),

rand() <cl
C(V;) =4 Cross(pbest _sequences ;, X _sequences, ),
rand() <c2
Cross(pbest _sequences,, X _sequences,), A
15)
Forr, Cross 27 bL 508 V5t 7 20 L) 5T R 4
BE R IS = 8 3] 2w B ey AR VR 4 e R AR B4R D
Fréht 2 E7 4Lk, SE TR AR G e — A B s A
B BEAT A et Cross ERAVERISCRR[ 127938 X
VERAAL, AESCHR[12] R A 73 2H 56 4= 4 R] A 799 2 4
B A BE A X B IR b X sequences 34T 38 X
#AE, Cross BRAEXT 70 4H VA PR .

L5 21 e A0 At SE i SN ST AT LER rand()
N B G AP SR O A RN &Ry s TR T
X _sequences; T[] — L EUHE VR 5 1370w A 7 52 B
Rf# pbest_sequencesi~ 2= JRy il gbest sequences:
B fi BT BT S AL AR pbest _ sequences, H
—UHCRIT A 1T TR Cross BRIFY 3 25
el OFE 2 M SRR 1 B R 7 20 S i v 23
R, O — MRk E AR BNy —
ANRELF 128 7 2 A0S R 2 i (MM ok 28 52 F B
gt

3) Wiy B

R0 B T (12), BENLEL rand()<a B
WL B SRS RL R SR, I, CREEY
[iIRERE VAR VA - R
323 EHRMM

3TN BRSP4 SR BRI T ba RSB
E X 2 A AR, &R TR AR ba
EABERE EfH

A FH SCHR [17] 58 35 RE 5 P S8 e 10 ff 5025 56
pbest;, NRAEIE N L o8 20 WY 2% T BT ba AL RE
F& ErIX 2 A HARE W7 10 8RR S e
WP LB AR pbest; 54T, WEFEC (AR
BAREBLILEFE D, 207 1 P s e D e e i 64 QA

2016113-5



*34 HwoAE

¥k W37

ST PR R, AR | SR

R — RS, W IESI AR 5
. BRI gbest BRI H R 5 i
fILAEE pbest: Xt 4= Jay i LAl gbest BEAT 525 - AR 4 pbest;
HI gbest 1 It A KL ¥ WX 285 47 80350 17 ba AT RE
EvieAT #IWT, 402 pbesti 4 gbest SCHC 4 R S LfgAS
AF s W pbest; AL gbest WP IER I RLF, #SZHCHT
BT MEREE, pbest; NI\ gbest; UW1R: pbest; 1 gbest
HAHIESZHE, pbest; NI gbesto
324 Hik%k

HEAT 730 3 PR ORI kLT 8,
THER AR E S R EUE, WIsa R+ AL
MR RiiEES: @ERERR FEEMVE,
BB R T 0 5B B AR phest: B4 R B A R BE
ghest; O /R IER G A KA N4 R B AL gbest
LA Pk BRREAE B/ INERL AR N BIE BALf
B E 3 fis.

PR ARE 7 HE(4i59)

1

VISR F IS R FE A B : ba, E,

¥

PN AR Joc P A A0 2 Jay i A At

fo

-
ST R ¥

Y

VS 385 7 FE e 21

'

SR S A A4 SR
T ARTE gbestiity

e

Mgbestiify pik R REFERL/IMiF

Y
Rtk B2 FRAIA T HRAT

K3 HkiE

325 FiEHZE N,
T 1 WMBREFREEDSE KN, NER

L~ R A4 52 CHBCHR V5 0T s R 4 2+ S0 08 0 4 40 9
MAERE D, 1 RANIERRE, LR A5 R A2
O(IMN).

UERR VAR AR o] DUE B — IIE A
AT B kL ¥ Ar B R T R R R R R R 2% BE R
O(MN), R4 S LA AR 7 B AR A R AR 1)
I 18] 52 25% B 9 O(MIN),  Fit DLARVE IR I TR) 5228 B2
O(IMN).

4 {HE

SCHR[12]9 2 B s AR 5L GA-MIP Bk Al
ASCHEH LR R T i A A, SCER[13]
H1 DSG-MIP 53k 2 i e MA B 45 501 17 /85 1) 8
TERE T 2R J5ERAL S, SCERI9] T SR 3 AR
I LCF Bk 2 s RE M A %, FrelH
A SCHEH ) DMP-MIP Sk AL 1 3 Fpoy ik 47
5 FLS2 865 b o 4 Ff OPNETROZE 1 000 mx500 m
14 96 BBl P9 BE BT 800 4% B35 19 A1, Sink 19 A%
0 E 25 1 Hp s, BB ATL 3% X — 5 B0 1 B0 R
FE SRR T R

W 4 s, BENLERE 10 DNEEEIR 5, Sink
AT RUR 2 AN BB I BRI A

.
i,
)

FS ‘ E}?ﬁ"
B

-._,_u._

3 juiflii:rl-
LT
sEE

i ]
iy
]

£
e
@

M AREL I Sink 5 IR, PLIEZR 2 B 5 30
FIE R B AR TP R IME RS T AL R BRI I

W RUBRTO BRI, %1648 Sink 1 51 WA
HZHWE IR 2 .

4.1 FNIERR

T VR S AR A% R K (1) B TR R i B
R, X BT LN R bR

BAEFRE: AIERE AR EE A A Sink 5 1 H R B
iR 5] Sink 5 s 200 1) A AR YR T SR R ) R
(R E R N B FE . MR R4 BEFE . B R G REAE
AR BIRERE . B RILRERE. IRWTREFE. HIL

REFESE o

2016113-6



%6 W S HET R B AR T RESRE I 2 R BB E LR +35-

*2 BEhRIE WSN (HE S
B8 ZHAH

MA Vil 3EiR 10 ms
R b FT 50 Mbit/s

RIEERIES 0.8

pre At 0.9

4 25 5 [ 1000 mx500 m

KA 60 m
R ML 800
MAC JZ il 802.11 b

AEAEA: BRYR T R R B T 55 R O
A R IEAT s AR AT SCHIILA R T AT
RS EL, UL WSN A BT A BOE YR b dpe e 2k
EIAVE N WSN A1

fES-ZEIR . SIP HyEH IR fif MA M Sink H
% #)3R [A] Sink (KIS 1A], MIP 53k [ R H 2 A
MA, LU IR A Sink 55 55 MA ¥ B 8] /F S L 4E
IR ]

EDP: S A REFNZEIR I IRA, L REAEFNE [H] 4%
GIFVERE, (EBR/INR R BRI B AR M R T
42 DMP-MIP EXSHHLE

LA Rb A S| NN BV AR/ € A0 i - R R i
UM, T THDGHE 2 [A) R g AR IR Ot Ja REFE 1 2 i gk
17T . TR RRR KR T B R A 2
PHEARREAE R B 2 B A BN RERE, (H2
THEE K. SLITERARREGL S 300 B & BEFEM AR
et PR, R TREASE) 80 I A At AEFERRL B/,
B A BERi 1R 25 0] K/ 80, 154X 300 18, Wikl 5
A 6 Fiaw.

1]

50 100 150 200 250 300 350 400 450
A CEL

5 EARHOT S BRI

0.55
q

0.54f

KR
5

051t
0.50f \\9\9—
D
04 . . . . .
%0 40 60 80 100 120 140
et )

6 I X RERE IR

43 HEZAR

BRGSO BN 5~40, BK 5, HdE
VAR RS S AT RN AT, BB 200 NS [E] 1R
HUBFD FISAT &, % DMP-MIP HEA1CHR[12]
GA-MIP 3%, SCHER[9]% LCF & k. SCHk[13]+
DSG-MIP Sy AP B E AT L

WK 7 Fias, 3 Fh MIP S8 Bodi v a8
ARSI T S AERERN LCF ZEAHMF, BEE T s 501
Bohn BARERERER T LCF 8%, N MIP HiLIR
2B, MR SRS T
BAMABERE, DMP-MIP HiATEREFE LB AL T [
2511 GA-MIP 5iLF1 DSG-MIP Hi% .

—e—LCF

—+—GA-MIP

|[~8—DSG-MIP
—0—DMP-MIP

Foei T
B 7 BRI SO S REFE R R

K8 Sy o R T A AR A R,

DMP-MIP. GA-MIP. DSG-MIP % % 4 17 JH i

LCF 532 1%, N SIP HiEH—A MA Uil T

BHEIETT A, MA o U i) BB Y5 AL SR B 4 AT A

FEI =7, 1M MIP 520K H 22 4> MA U7 ] B 51 05

2016113-7



"36r wfs %

B MA V7 A BRIE T s B XS SIP b, HdEdafs
JECER T R I BEFEAE X I 1T, AT RE A X 4% 1 A AE
o B IR AR B T s B0 KR LCF AR S
Jil N % . DMP-MIP. DSG-MIP 1 GA-MIP % 17 1
W 55 R YR T s BB I R ISR T B
DMP-MIP 5H2AE B A5 FKI I 25 [8F% 2 A 11 %35
7, AEAEWIEE GA-MIP £l DSG-MIP %K,

B 9 JEAmIR T s BON AT 45 JEIR ()50, MIP 5
AT AEIR R /NT LCF 5y, LCF &3y2: Sink JRH
—/N MA V5 [A1 3 AT E WSN H [ TG 1 I 19 s 2 IR
K, 11 MIP 5% Sink YR H 24> MA V7 A& AR 1
R, AR Z KR E . GA-MIP. DMP-MIP. DSG-MIP
3 P EEAE RIS BT, RO RE B AR
T ] PRI IE T BN, AR5 IR B NE S

300
25
200
%Emo —e—LCF
1+ —4—GA-MIP
= —8—DSG-MIP
100} —6—DMP-MIP
50}
D
S0 15 20 25 30 35 40
R IAY AL
B8 B IR s BT A A7 I R e
0.8
——1LCF

0.7H—k—GA-MIP
—8—DSG-MIP
—&—DMP-MIP

5 1015 20 25 30 35 40
FIR Y s
9 FFEVETT BT S5 2 IR H A

EDP 7E iy & B 42 LRI 50 1) 380 0 — TR
HEERSEH, B 10 Eor 3 R MIP 5% EDP # &
kT LCF 5%, DMP-MIP 5172 ff] EDP X T- GA-MIP
F1 DSG-MIP.

e H37%6
1.4
—o—1CTF
| 5 [|=GA-mIp b
2 [|—8—DSG-MIP
—o—DMP-MIP
1ol
=08
o
3
o6l
0.4} . %
021
ol ! s : N . s
5 10 5 20 25 30 35 X
WA IR s gL

10 HHEIEAT AEO EDP [R50

5 ZERIB

R ARER A F o] AR E WSN B Reft, £
AR UME AL A REFE I OCEE ) #. AR S
BN TIA SIP HikM MIP Hik, X5 kTR
TR BRI 5 R R BERE, M BN 2SR
FEIAT IR R, S S AR IR . O T RPN A
R, AR T BT SRR SRR S B 2 A
21 H A7) DMP-MIP 5k, @i K& 105 B XL
SEEG, 7B R BRI EIVETE S TN Fa b 30
TRIFHE I,

WSN H i FH 2 B 2 AREME LRI T — B A58
AT LUK [ 7 11 Sink 228 A2 1 Sink, B3&E M1 3
SEHIRH,  BRAR IR BB B BT PR A% S s 1T
]I, SR R n] fe A B AR B A DR
F, Bt AS AR RURI A B 2 7R 2.

EEP S

[1] VARAKLIOTIS S, HAILES S, DENARIDI R, et al. UAV and
cognitive radio technologies in the emergency services arena[J/OL].
British Association of Public Safety Communications Officials,
http://eprints. ucl.ac.uk.

[2] ZAJKOWSKI T, DUNAGAN S, EILERS J. Small UAS
communications mission[C]//Eleventh Biennial USDA Forest Service
Remote Sensing Applications. Salt Lake City, UT, c2006.

[3] SALEEM F, MOEEN Y, BEHZAD M, et al. IDDR: Improved density
controlled divide-and-rule scheme for energy efficient routing in wireless
sensor networks[J]. Procedia Computer Science, 2014, 34: 212-219.

[4] KONSTANTOPOULOS C, MPITZIOPOULOS A, GAVALAS D, et al.
Effective determination of mobile agent itineraries for data
aggregation on sensor networks[J]. IEEE Transactions on Knowledge
and Data Engineering, 2010, 22(12): 1679-1693.

[5] ABDULLA A E A A, FADLULLAH Z M, NISHIYAMA H, et al. An

optimal data collection technique for improved utility in UAS-aided

2016113-8



He

WA TR B ARUR T RESIE R 2 B S A M E LRI +37-

networks[C]//INFOCOM 2014. Toronto, Canada, c2014: 736-744.

[6] ZRER, FBOCE, R, 5. AEISHTRONT TOL A AR M 4%
B RESIIAL]. WEEHLAAAR, 2014, 37(2): 445-456.

SUJ S, GUO W Z, YU C L, et al. Fault-tolerance clustering algorithm
with load-balance aware in wireless sensor network[J]. Chinese
Journal of Computers,2014,37(2): 445-456.

[71 CHEN M. Towards smart city: M2M communications with software
agent intelligence[J]. Multimedia Tools and Applications, 2013,
67(1):167-178.

[8] CHEN M, GONZALEZ S, ZHANG Q, et al. Code-centric RFID
systems based on software agent intelligence[J]. IEEE Intelligent
Systems, 2010,25(2):12-19.

[9] QI HR, WANG F Y. Optimal itinerary analysis for mobile agents in ad
hoc wireless sensor networks[C]//Proceedings of the IEEE, c2001:
147-153.

[10] CHEN M, YANG L T, KWON T, et al. Itinerary planning for
energy-efficient agent communications in wireless sensor networks[J].
IEEE Transactions on Vehicular Technology, 2011, 60(7): 3290-3299.

[11] CHEN M, LEUNG V, MAO S.W, et al. Energy-efficient itinerary
planning for mobile agents in wireless sensor networks[C]/IEEE
International Conference on Communications (ICC'09). Dresden,
Germany, ¢2009: 1-5.

[12] CAI W, CHEN M, HARA T, et al. A genetic algorithm approach to
multi-agent itinerary planning in wireless sensor networks[J]. Mobile
Networks and Applications, 2011, 16(6): 782-793.

[13] WANG J F, ZHANG Y, CHENG Z L, et al. EMIP: energy-efficient
itinerary planning for multiple mobile agents in wireless sensor

network[J/OL]. Telecommunication Systems, http://eprints.ucl.ac.uk.

[14] KONSTANTOPOULOS C, MPITZIOPOULOS A, GAVALAS D, et al.

Effective determination of mobile agent itineraries for data
aggregation on sensor networks[J]. IEEE Transactions on Knowledge
and Data Engineering, 2010, 22(12): 1679-1693.

[15] GAVALAS D, MPITZIOPOULOS A, PANTZIOU G, et al. An
approach for near-optimal distributed data fusion in wireless sensor
networks[J]. Wireless Networks, 2010, 16(5): 1407-1425.

[16] CHEN M, CAI W, GONZALEZ S, et al. Balanced itinerary planning
for multiple mobile agents in wireless sensor networks[M].Ad Hoc
Networks. Springer Berlin Heidelberg, 2010: 416-428.

[17] HUANG V L, SUGANTHAN P N, LIANG J J. Comprehensive
learning particle swarm optimizer for solving multiobjective
optimization problems[J]. International Journal of Intelligent Systems,
2006, 21(2): 209-226.

[18] MAO W T, ZHAO S J, MU X X, et al. Multi-dimensional extreme

learning machine[J]. Neurocomputing, 2015, 149(4): 160-170.

[19] CLERC M. Discrete particle swarm optimization, illustrated by the
traveling salesman problem[M].New optimization techniques in
engineering. Springer Berlin Heidelberg, 2004.

[20] PR OPNET kA 15 5 [M]. i S P RHESOR S HiRRAE. 2015.
CHEN M. OPNET Internet of things simulation[M]. Wuhan:
Huazhong University of Science and Technology Press, 2015.

EEEN:

SER (1972-) , &, WEEEN,
WIS E R, R R
A, EEHR TN TR AL RN WL
O] BREIT S

%3l (1986-) , B, LHSLILA,
B A BUE R E N, B R T R A
. WHERS. TRERSLE.

B2 (1993-) , B, ZHEMA, £
rRH R A, E BT A AR
. =rE%.

2
£

BEAR (1989-) , 5, ddbAlBk A,
bRl R A, EEWR TN
TR REAR T BURTEHE.

)

2016113-9



	29-37

