AF2#IR ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn

Journal of Software,2012,23(3):629-647 [doi: 10.3724/SP.J.1001.2012.03971] http://www.jos.org.cn
O [E Rk Bt F AT 58 T RSB A5 Tel/Fax: +86-10-62562563

IR DE RS MG th B T BRSNS e
£ OB OIBREL A WY HEEL 2EN’

TR RS HEREES I R U AcH 611731)
2O SL AT AR R 5K S = (M A K %E), V098 M At 210093)

Group Mobility Adaptive Event Delivery Scheme for Delay Tolerant Mobile Sensor Networks

WU Lei’, WANG Xiao-Min*, LIU Ming'*, CHEN Gui-Hai’>, GONG Hai-Gang*

Y(School of Computer Science and Engineering, University of Electronic Science and Technology, Chengdu 611731, China)
%(State Key Laboratory for Novel Software Technology (Nanjing University), Nanjing 210093, China)

+ Corresponding author: E-mail: csmliu@uestc.edu.cn

Wu L, Wang XM, Liu M, Chen GH, Gong HG. Group mobility adaptive event delivery scheme for delay
tolerant mobile sensor networks. Journal of Software, 2012,23(3):629-647. http://www.jos.org.cn/1000-9825/
3971.htm

Abstract: This paper proposes an efficient event delivery algorithm called distributed group mobility adaptive
event delivery (GMED) for delay tolerant mobile sensor networks (DTMSN). GMED is designed to establish a
group-based event delivery model by effectively finding and utilizing the groups generated by moving sensor nodes
which then lead an improved performance: On one hand, Inter-Group delivery will be achieved by multi-replica
delivery based on its delivery probability to the sink. On the other hand, Intra-Group delivery will be performed by
single-replica delivery through established transmission paths because each node have stable neighbor sets inside
group. Meanwhile, delivery prioritizing will be based on event priority in the queue. Furthermore, a redundant
replica control mechanism is also introduced to optimize replica management and network overload. Simulation
results have shown that GMED not only achieves a relatively long network lifetime, but also has a higher message
delivery ratio at lower transmission overhead and delay than other DTMSN data delivering approaches.
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H B RETHEATHoAKIHFELHGEH oL H K% GMED(distributed group mobility adaptive event
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AR, B %A Gtk
KA SEREDAA B R E AR A
hEESES: TP393 BT IRAD: A

Wt 5 TG 2 A T % I 2% PRI N IF 9 57 I T B ) A i ) 2% 11 3 37 22 81 ol 6k 22 1) 9 1 R R AL 5 1 G 4 Ik
A 1045 AN ) (0, B8 Bl Ak B A% I 2 R v [R) A% Bl T L 43 M b A il R R R S, DR G AR RR Ol BL 4 I
(opportunistic network)™. i T 9 £ 1 22 3 5 3 T 450 5 B0 119 5 B P R0 T Al 0 A 0 A8 I 1) SR AN g,
JE A TR 25 Z B Bl A% 3 2% 1 2% DTMSN(delay tolerant mobile sensor network)?.DTMSN B A A 364 . )ik
T FL A 2% U e IR B A AR A5 o, I LA A 19X 4% S5 ) 72 0 R 9 1 2 25 AR 4K 14 37 55 B FH A9 T A 1 S 2
B L S B IS BT 0 A 3% S A R A A T30, B 805 A 20 A s A A TR J 5 745 1) £ 9 17 v T L
T30 3o A A A WA R T T B R R DR 09 B4R — M IS AT B 3 8 R 37 v A 4 B L R 3
AR S SO At 2 TA] P A 5 W o 8 3 0 A 82 1 5 SO B S AN 3@& FH T DTMISN 1 B 85%.

Ty 9 T, 2B G 4% T P S T I A5 0 R B v 2 R R T T A TR T 1 AT B B
B8 4 HLAT A& #5584 (random walk model) VR BE AL A 552 (random waypoint model)® iX 55 £ el 5 R
YDA 103 Bl R 325 A BIL S (0 N P R, R KB B AR A BB R BEIE B AT M RO 9 B — 5 I A
PELE 3k T 3 Serh ZEA IS 2 — B B AT A, TR AN A — o A O I A X E — R A A T
BERH IR TG R — B AP B AL R A TG N2 B 00 25 52 BB A3 45T DU R I ] 26 DR 32 11
S, HUAAS [F) AR AL A8 B A H B AL A i A PR 8 IR BAAT 2 L S B o (R Rd 4 A LA X B i
TEAESE AR 07 A BEAZ B ™ Re E 1R N 320 S5t vl B P 71 a5 T 110 52 £ SIS L5 AN [ 04 s I 11 8% £ SIS Y 10 A
DX kg T 28 280 A A 4D ) 248 R vk R A AF 9 199 8 DI ASCRIBEAT 199 28 8 I 1. 78 2 2% BT A5 B 138 Bl 1
b o A s 199 285 1) B4 W B B AR TR BT 9 v K 22 B 2 Tl 5 Qe 4 450408 I X 4 PRV 4 B AN 5 22 ANV 3R s ik
AT P A5 S5 B I FH o A T RO I ) A A% I P 24 0 22 ol 22 6 1 AR [ 1 2 A0 38 T i Lok A £ IR D
s, G 7 DTMSN ER35E R R AT B3040 45 5L P 50 4 Ak 390 T W 455 177 22 39 ) 1) 5T Bk ke

ASCARYE DTMSN 45 11,2 BT BAAT 42 18 R B RO 25 51 b 3 35 vh 15 00 BEALE B 7 4iE, 45 & RRGMIMM
B S T — Pl E T 00 A ORE 4L IS 3 1 43 R 1A% fi S ms GMED(distributed group mobility adaptive event
delivery). 19 25 H i) A s 1 sSARH e AT K032 Bl IR 28 R T B2l T 4T 4. (group), 214 1A R AT 5 A i ke H
P AL () A A 2RI % B RV 2R AL Mt 42 1 22 A 7 CEA T (i) R DA A A i U6 T il
AR S AR A B T AR AR I DL RIA T AT L WL R 1 T A S T SR O £ R MR AR TR
ST AR SRR R TS A B 5 VR SUAOML A WE 6 3R, I LA A 4 42 1 =P I 8¢ 10 0 e, AT
A 33 A J BT BT T8 G 7 A0 AT 2 TR T il B DG 8 ] A A A ) I 8% 1 T4, T B
WARTE T AL 30 14 30k M/ GMED 51 A JUAR FAES SIHL T, AL A6 R B, BRAIG T 9 45 6 280 BA 51 257 0 DU AR 41
ik S50 A0 56 ke e s 38 A TR S U R 25 7 s ), DA o ) 5 A B P i S 6 &5 SRR I 78 R BE IS SRR AE
1) DTMSN #55 < ,GMED 11 W 4% 77 iy A 8824, HLBE i 88 LU PR K0S 1 T R R A4 B B 3 3R 45462 oo 1) Bl A%
.

ARSCE 1RO AR AT UL WAL 55 2 35065 AR SC IR 3l R LA B SR FH 1) 09 248 RS PR AT 3R 25 3 4545t GMED
(O TE AN HAR 55 4 T REAT RSO0 UE . 05 5 R 45 42 3L

1 HEXIE

DTMSN A5 LS —Fi WL 258 5l e s 10 45 £h 1 94 2% o ] — e 200 AT BB AN 7778 A% I A 4 a5 31 sink o5 )%
T8 A%, DR 7 B S 20 R Y A A B 1B A5 ML 2, 2R “carry-and-forward” ()8 20 4% & 9 BT AR SR WFIT N B A
Xt DTMSN R38N (5t 4, B H T 28 i3t W12 30 05 0 i s L 146812200,

b B AL B HL R OIS E B O A% g i i (2 T A% i (direct transmission) M 48 FF 4 /N AH 2 AL S
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FEIN R ALH L) FAIG0M Vahdat 55 4% H (1 4% 3% 1 HH (epidemic routing) Ul B9 17 M 45 5 H & %% & H i,
S BT YR FE ™ R, IL M A 2™ R B AR B G A R AT AR i 17 D0, Spyropoulos A8 A BB H T T AT S SRR R
S AE 6 10 S B2 S SRAEAN T AR S b i LA AR B ) AR T LA B M B A L e A S
DA B R 24 SH 4 42 1A FOUI0 10 4T A b A e SRRV R T 280 FH T P A B e B DL A T VR ) Y R R A SR TR
KB ZEIR . X Ik, Spyropoulos X i W4T 4 e 48 T 4 1555 £ (spray and wait) Ry # 58 & (spray and focus)
PR AL 3 B A 6y DS FE D R B R A L AN R RIS My R L AR 4k R AR S A Y
BLL AN gk s AT B AR, R ACRE T B AR S 2 H AR A R s R RN B Bl e E B AR
SR (R G I, U S R B P DL P R S A T R BN T Se IR A 1) L O A R B O JEEAT Bk
RRTE 26 G B B T SOk (23] 225 T R0H 00 86 e Wil A7 BV 7 45 LA B0 s R0 115 . SCHR[A5) 6 X AL 4 Y
2% b Z2 i S B HOHE B A AN TR AR A 1) 5 SRR T R 18 R 4 B AR AL, B Y R R A AN
T JE PR T IR 1, 20 2 b oy AN () 7 A3 R SRS [ A A R, 5 A s T R 4 TR R 4 s N
T R R A P A B SR Y AR B B A AR R sink s AR BR DL R TR S R B VT AR TR, S IV
RV RS AR T, T GPS 7 s S I 8 A7 75 ZLH AR K B I RE SR, SE A T 48 75 ARAE sink mUABFR T BA%
B AL VA IR IE H T8 30 sink £ 10 203 W8 3% 5. Hass 25 A ZESCHR[8]H 1418 T R SWIM R Gl 4 iyl
A P15 B3 5% I NTE S B B IR A% 281 U Sk 7 AR R NN 9 AR B 8 T S #E s B A A
it A T A, A 0 ARV TR AR LY sink 71 BB B K B0 bAR 4, sink 5 R AZALEISE bR R R Y
R U SR G2 A7 AL I X R ) a0 £ i s T 28 3l v L D 28 TR AR OK

Princeton K2 ff) ZebraNet 151 [ W6V FY % 20y 1 Jg % W I BXE 15 16 2 355 S0 1 /A% S 2 1 0 18 (A7 2 0 B dls
BRI IR AR TR SR S O], AR SR AR S A B S el s AR 2 T A e A AR, e T
A I (L2 AR/ ORI 1 A e T S T AR A Wang 28 A I S R HLRIEAT T S0k A BT A IR A
R 26 AN AN A 55 35 3t P A8 1 386 K T L5 A A e 2 s 1 At 4 SOAH 8 30 2 L8 K O 77 3 380 4% % 1l T 6 R A B 42
RIS FE IR P47, Wang 25 NG 8L T FAD(fault tolerance delivery scheme) s mg 7281 2 55 4K 4 5 i g 2 7
T PR 1 A T RS T A AN A T U B 3 L R S A 1 0 S S A Y A R 6 1 ) O T B I3
ANE A B DR S 0 T S AR R O MET PR 53 4D FAD 2 T3 S A A R T A R A A 4R
AR TR S IR A 2L PR RE A R A 4k S AF BE T 0 4% I RE I 4% A B 4 ok Ah, SC R [29] BT R H R
SCAR(sensor contex-aware routing)dL I 4 s LT S0AF 8 AL fniE 2, R H R 2R 2 s T =45 i B S0 A
SOHIARAY, I 22 A 50T BE R Ak S 3L A% S B 3. M0 SCHIR[20] 1 ) ProPHET B iSO 2 31 i 2 i S 00 4 s 4%
koM 2, o T 4 5 9 BV AR D 8% 1) 1 s B i A R — B3 B A M, 1 1T AT s B b A R
A RV TR 5 v mT LU b g S I 5% A LR A [ (1 D 2% BRI mp A i o o )3 A 25 AR K Bl R

Ty 7 T T B s A R 11 15 E B U 5 R R 4% A iy TG PR RS X B B R AT AL L T e SCER[22]
Daly %5 A5 T~ 4125 W 2% (social network)H A5 /I tH FURE P 1) AR JEARL B H T 56T 4k 25 W 4% 23 S BRI 1% el 5005
SimBet, I FH — 67 10 57 55 151 (00715 0P D 8, LAt 4l Bl 8 by 5 R SCRIR[22] MR HY T — AN 35 T4k 2 I 45 (1% 43 A1
s th VL Bubble, i8035 35 R T RAT ) )0 Mk BT 2k 5 E bR AU T ) — 4 X ROk R R R oL B
S % 1R Paolo 2 NEEST DTN Hh & A /T B A5 A B 32 T Social Cast 4 i HE 42, 3= B2 A T 4145
oA 2% 52 210 R 0] A 2y A 2 (0 00 598 3R AT TR LA U e £ 199 T 4k A DG R F 508 AL A SOk [24-26], SC ik [24,25] 1 5B HR
H T AN R 4ERR ) T AT S A s a0 7 V6, R A MobySpace, 25 J& I F 12 77 725 S5 o 1) 2638 1 4%
HEATE AL, M A2t 7 25T MobySpace (1 3 H1 55035 1 SCHR [26] V)4 %815 i 32 132 3y 9 DL — 5 MRS AH 38 1)
DTN W& T — PSR E RCM.ZE b 0] L, VR 20 B i 19 4% () B A 1k 0, 2% JE N FH 35t IS ik 1k
AE T RN B AR ZE R 3 2 IR0 A3 5 B V1 14 £ A i SR s 110 S ke

2 MBI SRS
AR A FLAR A 2H R (K9 19 208 A5 2 A0 SR AR AR L, 7 I RS 2R v 5 | N R, P T 0 W S AR 0 20 ) A T
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P £ T B B0 43 A B ) A
2.1 MBIRB SR

ARSI IRAS B N AR 2% 1 SR ML A 2 — > MxM [ 4 1IE 7 R IR A P9 A R 35
K/INAR ) B0 7 K% 4 5 W B3 Sl DRI K AN SR s B3R B 7R X 3k A PN BT 5 T 40 ol T AR e 12 oA
r I3 S (Sink) (09 B 3824800 RIX L r<<R. AN IR0 12 4% B0 g I 4% AT T 1 1 R

o AL AR AUEA A A ME— IO RS B AT IS B FUER AT & SCER[LL] 1 S 25 X SR 4L RS Bl i A
(RRGM). /£ %R b AN S — AN S5 I IOCHE BT 210 22 X S8 3 U B T T 15 M B8 % 2 5 X I,
Jo MRS 7 A I 5 2 IR S A

o I TR A DA IR uE s AR O 2 I, R A B AT RS ) s LA T A2 RS B, B & AR Ak, %
VB A U R T S T R e, HL i U — R S e kX L A B 2R AN #% I RWP(random waypoint
model)gnﬁ$ki[9]&ﬁLgnﬁ

o LR A HAWMAE A, Ak, e fE0s B M DU K B 2R K 7% beacon #R3C;

o RIRASAT S BATHES GPS, AN IE i W 1) 77 vk S B A B, B R 36 R R AR 1 e R A S
H 123 [a) B %Y (free space);

o LAY B B4R B Y S IR AR AR BE I P AT DU B HTh R KN AR S AR %R

B8 1 TUBMEIE T 4% B8 SN 045 1 RRGM A g — Fft L 8 ) R 2% BEL B SR & & T
178 RFRARAT B LT 55 0038 B AL, 3T A SR AT B B)) W) 28 A 0 P )3 IV T 5 e I A 2 o,
MR KB 022 K FR L D A KM X I (B 1 JroR). Ak, #4413 LLBB AL = 4 1 2 25 14 R g
B, TR P51 A 0 DL — 5 Y [ P 1 B AL A 8% S NRE P (R AR R E 3.

552 T MR TV SR AN B T LAANIEE — - L DA L (0 0 SRS Bl 0 2 A O, T A 8% ) LS B
Bl RN ARSI T — e FE R L (R R 4 A B 3 e T R — A UBE R T PR e 28 R — AN R S
I

K5 3 0 J M 10 {1 A, Aol V1 208 o5 R AR v 1 R S ) 26 T B e B K XSk (B r<<R), HAS 52 6 52 1) B 7).

55 4 TR MEAT R A R0 R RN AR R A AN S R IR e P (R U B T SR S — A

i 18 100 7 3 ek P R £
565 5 0 J P D) Ay AT 2SR A A8 A T 2R I AR Ak 2R K T i 3 A5 B R e AT B R R A s B i

ik sink £ B30 Sink L s

Fig.1 Traveling pattern of moving group using reference region group mobility model

1 X1 RRGM iz sh#s A iz 5
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22 HEXEX

EX LEBBETI ). 7m0 vq AR 15 S48 142 70 JL0AE Vo L 0G99 9 mUl I A 3 Pk 1) hello 3 835
HIVAR JE Y RUAELE I B H LR A7 72 4B 5 3£ (neighbors table) H.

KR SRR WEERR v B EARR S8 ALY TR DR [ JE DX 3 PN PR AT 15 e A AR i A%
JRES A S LU SE ThA R hello 1 8 BRI AT J& 5 =S5 1A 7E

RN 2(RAREABIB T 4R). 17 0 v A B4 o BB 9D A, 5 v, R O 5 4 405 A2 1

FEl 2 e 400 vy 5 vy AT, R -2 ) A SR 4 A0 i T2 B v, 2 ) 2 G2 015
R4 B 0 0, 1 A 8 R S, SRl ello H I A2 L T

5 S35 A, TR 4015 AT hello 9 I B SO BRI 08 P

LA RS 20, 82 Pro (1) 4 BT 207H 5 v 20080 vy 1 hello MEBIE | g, !

A Proig(1) I B A A Proeu()/Prog(L) =LA vy Z I /

ST 1T A R Y 2 U 1 R e 38, e
RES B(AFA). WAL A DA S — A BELLAY AL, A S

N T I AL BRI 5 Fig.2 Node v;’s neighbor

EX AGHFRRR). R E Bm A P AL — DAL RN % g0 45 v, o — BRARER
T e B o JeR TR AL R 3 R A K
EX BRI R). e AT AT AU Y7 I AR ST % sink 19 s (FHL 2 W% 10 o SR SR
EX M SHEER). 15T JE AL sink g 0 {5 B 2 6 AT B P L2 B BOR WREZH 15 AR 1 sink 5 53
Sl S A R B ) T R K, S A 1% sink T R LA R g
2.3 [ERESH

H1 - DTMSN A (K115 s B 31, T S0 26 1) 4 41 3 2522 A, 0 9 0 (K08 3l B AR X ), AT v i 10 4 i A
TCIETRSG € AE H BT DTMSN A% S SA BT 5T, K 2 07 1850 2 3 T SEARRE S B 1) 37 S5t LAY R
183y J5 FUAIR AL AT . SR 11, 55 FEAN[R] PR B 288 sl R L 00 T il R 40 A 1Y o R AT 0Tz 3, 5 3 1
RAEA R Z A AL R 3@ S U, DA T SR8 S e B S 1k mh RIS S A 2 TR (32 S 3R e 4h I 19 ik
R 2 N T AR 1) 3000 e B WL, R 2% G 81 A T 218 25 S50l A1 JFC A1 PR AN () 1 0 5% a2 AN [ R 2R3

BT BB, A S FEFATE) . RBEREAN A RS 3R 5 0N 7 5 PR T MR TS A XA AL
R BB, O H G AL 20 58 s A 20 S B KR 1K) 3l 25 4144 iy S (GMED). A8 W 26 B 7R v I 2R vl Ok i
PR 3ty B3 ) P A A RN, X T A T i AR LA s TR R AT DR A7 A 25 R G 0 ELAE D e
(1 Fe e IR0 A ST (1 KON R A% A S 1Y R AR B A7 I, OF 78 24 R A 4 K S K 4 S R AR AT
3K T TR A et 1 R I [ S 5T < 1) B o e i 5 S RO T SR R R A R A S 5 AR 0 e AR
B8f 1 A i SRS v~ 85 A i o D R e T PR U R, £ RS A il D R ) [ I 3 S S A (1) £ i S IR AN
FAMRERE, LAIE B = 2 [A] (K1~ . — 5K GMED S 24T B A k.

3 ETHIEIN S EBHLM(GMED)RYILITRH

3.1 EABE

2% S Al S R B D P27 R i R B £ R (K B A R R AR S AR (RSSI) A7 R A SRR A%
TR SN SR FR 45 615 5 R I R A 34 DL R W25 B AR TV 3R A (R A% 3 Mk SR 00 £ I, AN 2 L4 1) iy
WYrIEIZ B)) (B H GRS B 0 SR A B FRIR B5% 10 9 B2 A8 A B S0k IR (9 07 M B 3 AR B 58 2.1 715 Hp ) ) £ A A
R 8, VI 2R A 1) R B R A AN A2 B 2= 1D BR 1, BB AR K T 26 S B k) 6 beacon ¥ 5, 1045 57 25 X P4 1) % gk
W RES A CRETE AR S BB S ZE A S B R, T R R S DA O R AOOR, T R R R
V2R ST T 10 AR A AN S 2 M 2 0 el A7 5 DS 00 £ B8 8 A5 ISURY B R W U — A 5 SRR 4L R 1 “carry -
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and-forward” 77 3 45 [a) - 25128 iy 4, il 3 Fiow.

PO AN
frt N, 7
o b
1

e A S i X

Fig.3 Illustration of packet forwarding

K3 Mol oAk s =

AE AL RSP i O B0 25 o R RS 48 J 2 A LA A B e A2 5 — T T 2 T2 56 20 K 7k A 31 A L
DX A i 280 2 A A i S 3R PR S A K [ I 5 DN T A IR B ML, B A1 T 2R R AR D0 A B i okl 7 A el
RLFTBER I AE. T IR GMED (195 S8 B 20 BEAT TR0 (115 18 15 23 #r.
32 BMMEIISHR

T A BEALZ BN R IR BT o, B AN AU Bl U7 SRR AR T 40 P LA 3 250288 P9 19 S5 1032 Bl AR G B e 9
FLRR T S AR DB — A I S 5 U AE RRGM . 99 2 451 75 I ey ey 4 gt 3 1ok % 52 397 H bk ok s 300
T IR A A BE S AR AR AT 1 S R R AR Sk TG B BE, I 1) H AR RS Bl i A A T A RRIRAS
) AN 25 ] o 5 30T P 355 0 P AL 32 % —— s 5 AT A L ) A AT S B 0 3 M 4 — AN BB IR H b
J5 LR AR S, S E bR R0 P ) At S AR B A T OB AR, O 1) B RS B 1) 2 2 X SRS B)) A A
BN b A ST SN RE & N IR 40 AR Ak AT RO 5 B AL AT 44
321 Sk AMES

Ve vi AR IS T, Gy AT R vy T (R B P T R I AN I, T R I SRV R TR A R Y
2o TSk W T S AN O HL A ST T B S IR AN LA R M R R K T i A s Y

DN T ST S B AR, Sk YT N AE T AT PR R B E N B B, B N T A Vi P A% R TR P
Eresiquar™E 1711 fUAT BE4% 30 4 SR 3K BRAG 2075 20 #5 SR 755 s i W0 EL Head-Msg #1521, 1L 2 20 (1)
t=kxTXE/E esigual (1)

Kk E =AY A AT LE[0.9, 1] [A] (1 SEEUE, T IR =28 JE 1 Sk 709 UL B de 2 1) (], 74 B, Head-Msg
ALHE A 1519 1D I Eesiauar. 75 56 BORE (K15 B IS, TTUA 32 4 AL S 00 145 40 vy, 25 6 A B SE MR A 50 (1) V532
SR ST Z) €35 vi ZE I 1t T A B AR T AT R A Head-Msg, WZ T A7 ) 3 4 H Al 05 #% Head-Msg ¥

v 5 vy I 4R R BRI I 70 (ALt AL IX BERS [R]85 P9 ) BB R A2 7E v 55 i (9] 3% Head-Msg, BB At 2 4
PSR R B0 N TN T AT 19 S BESEMCEI T #E Head-Msg (R[] G IS v; 55 vi SUTEHE 1 5 90 4% A o 5 A 380 19030 6
Head-Msg it 35 FO 0T 5 (1) F8 4% B8 1 1R AT BU I, 70 4% e o e K 0000 i A D S 700 s IS ARL IR %o 7 8 P At 1
TS K B BRAL IS 2 A Head-Msg 7 5 A ) 4% B 8 K 19715 mUFE D ARBELR 1) 3K 700 s 4, — H Sk h
KA T BME EENALZIAE —ANT 36T B4 B b HoAb Y 20 A SO T 16 7 55 3087 36 4+ B
A3k (UL 3k 0 e S R b HUf A B A % Head-Msg 1 8., 4 75 0 LA 3225130 2 T AR 85 /1),
322 WARGY E5HER

(1) BEAMEIF

A Gg HUAL TR R v R 2040 5 s G TP AEAE 5 — AN Gy 179 A0 vy B, 1 AR v il S S AR R AL Gy I
BT tauring 2 tmerge A1 IR 1) £ 5 B3 (L AR 2 S 1,715 25040 hello 1 21 K326 10 AL T tgyring=KxALIX L k %
AR R vy S SR I B LA B AR A R AR AR Gy 1071 AU R I AR I A IR D B T

Step 1. T i Kl B HAR i A b AEAE S — BE Gy BT AN, Bl Bas, ¥ k=0;
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Step 2. A RERFEEAL IN R[] hello ¥ AR FA 1,45 sl vi A BRI BIUAE Gy 1R 719 A7 75, M) k=k+1;
Step 3. 2 tauring=KXAL 47 tauring = tmerge, W Vi [ 41 Ji 46 45 7 & F-HF Gy 1971 s A& A5 IF 135 5K IR MergeQuest,
HE Gy 795 ROBCRIZA G5, T 50 3 A T B8 2 10 AL KX A= terge, 45 A B, T 5 2530 vy 322 [
WIS Reply, [F] IR T SAE B SR A P9 ) 4 107 ), A& 4R 46 45 i 1B Reject;
Step 4. #5195 v WA NS Reply, JUPRE &5 I3 B AEASHE U4 105 0, VT Boasdis & oL 3% 2;
Step 5. #f Ga 55 Gy (M LAY s 245 IF 1 e, 0 S AL Sk S 4 i e, JEBT e 1 0
Step 6. #f Ga 55 Gy K315 mURF RAT ¥ 2 25T 2 i IHL 2 WA b3 i ) S R kAT )
T X LT A A 2L AT SR A I A I I AN SR AR AR U TR — Y R B Gy 7 R v AR5 1 DAL IR (]
JEL SN ARG 2 48 e B A TR AR AE Gy (7 K0 vy, A ST Bs K THECAEAE T AL JI P AR SR AR S AEAE Gy
(K55 49 vy TS T AR AR BETH S IR AR, 35 RE Ga 15 Gy RN AT 224 s g X 5 R & 905 5K, & IR LR (7 44 th
HaHs Go 5 Gy AP M EE ST X WL A R AN AB L AAT B & IFHRAE, 58 3.3.1 45 h A T4l filiidk.
(2) FEARITR
AR (K RE LT AT B8 2 JBE B R AE N 3 A R DA N KO AR 2R A B Ay T A BT R T
JOIPE 2 ) ST RURE T R S BUEL T B O AR AR, AR I S 2 BT A I SR R R R A5 5 5 B A A Al A
TR JE R B Sk 2R SR BB e MR R IR A B N BT A T A tpuie D 20 RIS T (L R
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S vo 1582 3 sink s Vs 390 1~ Vi Z 18] R BEALAEL, R PO 1Y 5 U LA JEE v=vo(1+2) 1) 2 2% X Sis 5)), 2 25 [X 46
FEIA D 2 50m (75 1% X8, -0.2<< A<<0.2 D HF A 1Y el R FRE B BT Al A B A% SRR 1Y PR M A i R
A~ 40 3 15 1F 13 TRD RS g 1008\ RA e 72, 100 6% ity 9 by 10K bps, 3 A I 286 2 B30 LA K AH I 110 85k 45 i 0L 36 1A AN B4
RISk 2h. 2% B B IAYIE AT 1A € P, L e vk A 1000s~7000s S 1) ) 475 2L A4 45 5. LT 1) 52 56 45 S oK A
U W34 100 YRBST S5 45 R 2 AH.

Table 1 Simulation parameters
x1 HUSH

Parameter Default value Parameter Default value
. 2 Number of events successfull
Network size (m?) 500x500 transferred per sec Y 20
Number of grids 10x10 Maximum delay tolerant value (s) 2400 s
High power-level transmission 50 nJ/bit,
O ot of sink R (m) 100 Betec, Ess 10 pJ/bit/m?
Transmission radii R (m) 3 Emp 0.0013 pJ/bit/m*
Number of sensor node 400 Time threshold value of merge/split (s) 30
Speed of group /mobile sink node Vimax (M/s) 1~5 Value of Tinreshold (S) 15
Pause time tpause (s) 0~120 Threshold value E (J) 2]
Maximum queue size of sensor 200 events Fault tolerance threshold of FAD 0.85
Size of each event (bite) 250 Value of o/ 0.6/0.9
Size of broadcast message (bite) 20 Value of Qin/qu 0.95/0.5
Initial energy of each sensor node (J) 10

4.2 THEREXTEE

BOASHCN FEM TR LERC LR 2,655 3 Ttk 4R br vl LUA tH GMED W1 Refc i, & 7E 4 MhEvkeh AA
ot e PR B A i A T R DL B AR 1)1 30 A i A R TG 6T Do 4 1 35 4 i B RE (BT 1 09 1 38 S AR B 4 A AR
b AL B HENE (DT) T RAE S RIS AN 4 1) JL3d 28 BA A h iy 4 IR R 2 vl & L R R AR
PRI REFE(EAEE Y 1), (A IE B T AR R G 3R RN AR 1) % i B o 3 A% Y X9 i (epidemic routing)#i
SE RS BT RAH I IS oot A X 5 A (R I8 b 23 A 3R e AL B AR IV e e A BN A AR B R AL
AT S I R (ELAE 9 A 2 TR PR IS 00 R 5 5 5 B A i R T B 25 3 N B Y R B AR T A
T A8 AT AL I VI B R A 2 T B AL T K OR T A% G 3 B AR RIS BN [F) A% 12 2 757 AL
RS R UL, )R8 Epidemic routing 1) S AR AL S v e s A T LA 36 (H A1 K T GMED.

Table 2 Simulation results comparison with default parameters
2 BOASHCNBHULIR Xt
GMED FAD  Direct transmission  Epidemic

Delivery ratio (%) 86.6 71.8 57.6 66.9
Average copies for each message 5.5 10.6 1.0 13.2
Average delay (s) 681.5 896.4 1946.5 1626.8

M2 2 7 TT LU ) GMED 5 FAD Heb A He, 25 AE I S0 S04 A0 Pl 4y T B0 W) A9 A B
FAD 41 4 (8 10 2 2 0 0 ) e 58 0 4 18 45 13 3 O WK 25 AR O, R A
5 W5 15024 3 S 0 9 A S BRAE AR S GMED 45 45 T 15 s O B SR AE SR 36 2 4
{3575 95 B 155 LA S P R O LA S0 A 3600 200 0 oK 388 6 T 6 A 45 A2 0 0 TE 0 £ A
T R I HE R R I 4 M) T 48 0. 73 40, i1 T FAD (BN B B0 AT % F o 0 5 A A 09, R
I e 24 8 AR 2 L S 7 1904 o 0 244 5 R R T GMED SR S A A7 RN T 4%
B LA B A A 50, 5 B o B 2 T 700 0 9 4 T8,

T WA AE ST Ay B ST 2 1 2 B WA 20 A U e, AT I R MOR A 4558 sink 35
SHOREIA O ST F 10,78 6 G T 4 R ik 0 R H i A 0D 22 1028 (A 8 RS HE 75 1, GMED Rl W 147 M 1

© HEBEERAET hipd/ www, jos. org. cn



X & FOEREAA R E W% KT RIE ) 0 F A5 641

sink 5 s B BEALAR AL, 4h 2 AR PR R AL B i oh 28 e Ah L B4R 3% DT I Epidemic 59k AL H s R B 3H —
SE T JSE A4 w3 RO B A A% 80 sink 7 s (K038 I, AH A T3 T T T0 2R AU SRR 2y 1k 30 A1 255 V3R A
I8 (PO HE R 8 O R e T B I A% i B R AR B A sink T A7 IR A2k (60 8 B A R 1 6 RT3 0 1 5 300 P o) A
S R 2 7 A B K T 3 R AR T 1 s i i i SR AR SRR 1) FAD ) 3 A8 R 3 PR

7 MR T A YIURB BE 4 B S (K4 i B Ih 2 AR B0, R DA Y T A 1 S s 1) A Y 13 R B s
1) 25 P A0 DT DAy 1 38 )91 508 T 10 R 3 I I I 8 P A iy AT 22471 38 9 SR s A R AT R AL
AN GMED SRS ) s S A& dir R 4 & 1 T FAD, HL7E 564 800s W, L1 K (3 KT FAD; 2 Ji , R Rl SR s 2 i
FRE XS T 7E FAD BRI 5 B 1 A A BT NE R 1 58 — AN VB AS0Z AD I BT ok il 2, IR it 7 B
K 1)1 GMED  Hh 1) 2 i M 256 2 6 V0 38 A 1 T 36 A 5 5 B 100 i B0, S0 Bl R AR A B 7 e
715, Epidemic [ i £k 15 HoAth 3 b 5k AT AR AN IR, & AR W DRt 8 38— AN 06 A, B IS 221 1 B 3 1 1) 1 B B A%
A A G (10 T 28 3 ROk bR 00 P D DR - i 0, A ) A e S RO SR A Y % 22 BT I BA B RS b S
BUJE T AN B (500 B, AT A9 5 77 A 108 S N A B, A 45 2 1 4 a1 T ) A i SR s

100 — 100
i —— GMED
—&—FAD
o 90 [ - o = 807 —+— Epidemic 1
S e i = S —_—
< —— GMED b [=e=eDT, e
2 80p . g PAD] g 60p P ol O
< gy —4+— Epidemic > T ‘/'
g 70 : iy S 40 fufi it
= g - S e = ' __,/ & e, S ot S
O g0fdurdi i ] O 2ol
— H : | P L
500 < e ] : : : :
0 2 4 6 8 10 500 1000 1500 2000 2500 3000
Number of mobile sink Simulation time (s)
Fig.6 Delivery ratio vs number of mobile sink Fig.7 Delivery ratio vs time elapse
6  #3) sink T LHH AL BT AR K 52 K7 WIEREY BoAt i p Th 2 i I 18] 1) 38 4k
43 FHREBER ISR
EH T 0 258 1R 9 4 5 4 55 A0 B T TR B AR o0 AR A SE B BRI FUAN R R85 X 4 R VAR PR AR R .
T R AR A T O AR ORI, S0 4 S 1] 8(a)~8(C) T . R B A R IR A B A T B U 3,

50 AL SRR P 0 1505 3 AR Al A 46 20, 01380 5 B84 5 4 M o 20 4,

WA 8(a) T B th BT 11 155 RT3 8 0 1 4R A 54514958, 8 77 GMED 5 FAD 111 e P 4
5 RS M DT DR A RS g LA 55 2380 3, DR 5280 3k P A8 Epidemic. 13 IR 4 7617 s A 71
T 15 LA 0 AT R B B Al 4 520 B 1 251 S g,

8(0) i 1%, 5 15 534 1 10 49, FAD 1 Epicemic S T8 S5 £ A2 SIS A 0 -7 52 IRy
RERK, B0 AU B, B T W A WL JE T 5 T S50 | Tk 3 b Epidemic $13% th F 4%
Pt 34 877 AT, B A S B 75 B B B T GMED 2 LLBEAL™ o 3 G 47 % A 16 2,
B A 25 L A 0, T 0 MR 2 B 2 915 40 4 A A e, O 0 1 00 88 7 200 S 1 2
e ELT A S5 80 O P

B(C) NI T 5 35 1 15 T4 e AR 00 0 28: DKty DT oo i 4 2 S 590 38 0 L, DR 25
P25 A S S0 T Epiclemic S35 o, 15 20 16 0 801 2 60 S0 O 0 50 I 257 M 1 0 s i 30 9
S DT 070 4 X 3803 00 05 S 3 B 38 A 33, DR B R T GMED A1 FAD (69461 42,

© HEBEERAET hipd/ www, jos. org. cn



642

Delivery ratio (%)

Journal of Software 3%k \Vol.23, No.3, March 2012

920 e 18 :
" ; —«— GMED S m——
7 LR i 16 —&—FAD = g : I
80 e 1 14} —+— Epidemic : 3
- (%] -~ e
AT 8 ol == DTl g7
708 ; : 53 ; e il
i © 10 e
et 1 & gl |
60 : - S =
: [ 6 i H - e |
—+—GMED z e S
50 —&—FAD 4
—+— Epidemic 2
P — = Dl ] - :
200 400 600 800 200 400 600 800
Number of nodes Number of nodes
(QIRBEEE i RYES (b) “TIEARL
2000
1800 1
- 1600 S e e ST
‘; 1400 :__,.«4-""' : —— GMED
& ) —&— FAD
g 1200p~y —+— Epidemic |
Q1000 | e DT
© N
‘a;.) 800 g " e
< 600 T ——
400
200 . . .
200 400 600 800

Number of nodes
() Pt

Fig.8
K 8

4.4 T35 RIB R E X RE R R2 0

Impact of node density
R S

AGH SZUGRIE ST A AB BTN 4 Fh A 8 1 5 75 A W (1 T R O AR T T R B R B 2
WIE 51 20% [ B KRS . IX B B 22 R 2 1~Vinax Z [V T MU, BATTHE Vinax (ORI 1~10 873K, 51 56 45
R4 9(a)~90(c) T 7.
9(a) M A 1) 22 TR AR 4 b B 1) P i B D BRI AT A v K TR A BT 2 25 TR N, 5 3K
RIS B T R X R U Y AR 2 S A Y ARG A ) BRI 2R AU IB L ER 1K
DR AN, A CGREAL) 10 33 B3 B 5 X 48 1 3 S AR B RT3 A5 B SR SR 40 EL A — s B2, i B 9(b) BT, 1 i (B
)1z Bl S5 1) Ak, A GMED,FAD 1 Epidemic 55325 K1 4% % BEFEAT I B8 00,3 )R 2 705 s (R 2) S5 S0 At A% SRR 28 1
SRR ) AHIE 1 n] RE S K, 5 RSP 47 B S AR O I B AR T GMED 7 ¥ P4 SR R I A A B BRT 7 4R 2

R AR PR 8 an 47 T AR AR IR 7

M ()i il AT H A 4 3 Bl P PR I bR, o 0 i — b 0 o (R L) B0 328 2 e 1 130 47 7, 4 b 5925 14

S35 4 i S SR B T R

© PEREEBEARETT

http:// www. jos. org. cn



e
W
4\*\
bt
I
9
I}
&
72
ﬂgﬂ
a&\
_E_
ias
"
I
&
X
A
¥
a*
=

643

%0 FENR I —— 18— —G&MED
; _/_‘_,-..«- : ‘ 16| = FAD _;_____,4——;—-’
< 80 f : - - 14| —+— Epidemic.
< :-.——fé‘ gyt T : .g 12 ___._DI_',.r .-
Y FI R o 10k~ R o
> [ o g 3 i
§ 60 re : o g e "]
5 Mz . ——GMED z 6 - s i
Q gyl —a—FAD 4
| ; —+— Epidemic 2
40 I ez DT 0 A R i B
2 4 6 8 10 2 4 6 8 10
Speed of group (m/s) Speed of group (m/s)
(QIRBOL B WIES (b) T AK
2200
2000 :
@ 1800~ - ‘[
2 1600} P
S 1400 e GMED ]
g 1200/ —&e—FAD
I~ - —+— Epidemic
L 1000 ipegrmproeade e BT
ETI0) S O oo s s s
0] | I S TN S e e i e
2 4 6 8 10

Speed of group (m/s)
(©) T-BItkHHATIR

Fig.9 Impact of movement speed
K9 1 aiz Bl LI
45 BIEFENIEEENRZN
A S8 RGN R T RCEAE AR BN B0 R &b S i g1 B 1 19 4% i 1 2y 26 BLR BT R T
BIREFERIT- 2B IR A% 20 S5 b ¥ e FAR S8R B EE & B S5 R 1 P 10(a)~10(c) T rs.

100 — e 50 2500,

[ i A I e | [——ceMED [T = GMED |
< — e+ , 40{—=—FAD * 4 @ 2000} —&—FAD |
b U |2 | —+— Epidemic > ™ —+— Epidemic
S [/a ¥ § 30 ——-DT ; = 1500} b ——-DT
; 60 ¢ o } ] 2 ! b
R —— GMED & 20| i S 10004 "

2 40l —&— FAD | S perbes o P~ T T
a [ —+— Epidemic | < 104 = e Z 500 S 1, s s S|
ol L i | ==rDT | ol
2 4 6 8 10 2 4 6 8 10 2 4 6 8 10
Transmission radii r (m) Transmission radii r (m) Transmission radii r (m)
(QIRBOL B WIES (b) T AR (c) “FEIfLhmsEis

Fig.10 Impact of transmission range
K10 AR AR S
MIEL 10(a) AN st B A 30 A5 1 A0 ) 8 O, 25 T SR04 i P 0 20 24 08 A0 B v T TR O A Sl 4 LA
Y0 PR AR R, T8 4 LA 1 PO 9L 1R P 288 380 408 3 ) m] REE s R, B I T P A% i RO ML i 8 I T 551
I8 KU W] REVE. L b GMED ) A% i 1l D) 2R 00 28 1 1 LA 3 Al B0, Ui W) 17 1Y 0 08 e SRS 180 8P T A

© PEBEBSAITT  hip:/ www. jos. org. cn



644

Journal of Software 3%k \Vol.23, No.3, March 2012

P 10(b) ', FAD At Epidemic i 11135 il A< £33 i A5 A A 1A 18 K0 16 2 3K [ A 2l 17 49 0 £ Vi [ 1) 22
REE T AR e R A, B BT S R ASEU 389 22 0% T GMED 155, 19 VA AR (08 I [ S8 e g 5 i
AT AR A A AT 0 v, 0 T 4 A e 10 S ) AR 5 (L LA 4 A ) 8 T A1 2 094 K P L S O 78 8 v
(RJEEEA™ KT A PR RS, 30 T 22 AR TR 7 LR A W BN DT SEE D N A R 1 i A BTE R MUK
A H AR, BUAKC LI 10(c) W 7%, Bt A 30 15 - A2 PR 089 K, 25 B0 1 35 A i SaE 3R B89 3 3 ik s 3 it B D 3
R AR A1 K2 AL B I A A 1010 5 AR, g 6 vp S D GMED T 6 A (K356 % B A7 2%, R L E 1)

VI8 S A IR B A
4.6 TEfiEBAFHK B 3T 1 RE Y SN

AL G2 T I FUAF i A B A B 28 Fob S35 10 P R 52 W) A7k A 97 PS8 S 1 5 i P RE 28 40 1) e K A4
S T AR IR T RO S B A A 4 SRS T 5 A7 it A 5100 1 BE AR SE M AR A i S S S SR 8] 11.(a)~ & 11(c) .

% L fem g e 0 —=—"¢cwmed
251 —=—FAD | b
80 .~ s 5 idemi :
e — . Epidemic
S B Ca 2o — 0t i
% 70 b= / 8
& 60 ; e s o’ ]
= —«— GMED z 10 ; e
S gl ——FAD | -
—+— Epidemic Shoisen
——= DT | _
40 i i H i i 0 i i L i i
100 200 300 400 500 100 200 300 400 500
Queue size Queue size
() T34 4%k e % (b) “PEIZAL
2200
2000
= 1800
E 1600 S S S— S
3 —— GMED
o 14000 o P
€ 1200f —+— Epidemic
Z 1000}~ BT
800 :
ool —— =
100 200 300 400 500
Queue size
(c) “FItLhmatiE
Fig.11 Impact of queue length

K 11

A7t BRI JBE 1 52 W

M 11(a)al At B T i A7 A S B (R 1,4 i 5005 10 e i 1 2 2 28 S DL K IR 3 J 6 T A
Epidemic S92 (1 38+ 45 o W1 5k 32 DR Ay A fidk A 70 AR 389 A e P BE 25 A8 P A 8 22, S AR 25 97 2 Wi B8
KR AT REVE A 0 V2R i, 4 B3 B B3 A 3 33389 KT Epidlemiic 5032 £ R JE D3 16 A% 59 B 7E B 31
R 2 T DR B 1R ) S 3 5 3%, DR 7 52 A7 it A 970K P8 £ S s S 25 11 10 (0) 3 B, 49 s A7 A BA A 1 46 I
i GMED,FAD LA X Epidemic 535" 42 3 2 10 S0 4F A H il T GMED A3 24 1 G2 A7 8 BN A, A 3 ) A #o e
LT I A Ay i 1 LL(C) U BE T, 15 A7 fik BA B R AR AR 6T 4 b S5 (1 A2 A S 8 B AT k35 5 .

© PEREEBEARETT

http:// www. jos. org. cn



X & FOEREAA R E W% KT RIE ) 0 F A5 645

47 MEHFHTH

ARLH S F TS 4 Fh BRI )48 77 i e AN SR Re AR J T SRR IEAT A9 A B AT ] B A A% IR 31
AR e i 100, %5 R 3 R SURY i K BV JEL ) 8 o VR R P SR [20] % i et AR o B AV 2 I 28 v — 2 i
B R R ARSI I 4 BT,

M 3 W LLE 2,4 FhEVE T DT B0 M 48 4 i K 10O R 0 DT 808 AR IR 38 15 s HAE B 307028 st
AR AE A A, R Y A5 RS SV REA /N T Epidemic SRRV ETT A Be IR K E Y UH R TR Z 1k
o (H 27T A BA B A = AR TR O 5 AL B T 48 55 DT S0k 2848, WM 45 75 A AH X GMED 5 FAD
B A S 5K Epidemic S M BAFIHC BG4 2 000, s IS H T 2H A1 70 7 s 1R] 1 DR 2 52 46, 194 8% 4 iy
WA A 1.8 Rk Ah il i 5250 AT A tH GMED ¥ W 2% 75 4 W 2 Lk FAD 1, B4R GMED i J Bl — L6745
RAGIEERE R BL R fU 5 Sk SRRV SR S IR AH E T X AR SR AR L, TR R O AR I e R AR 2D, Ly
HAS2MAERI 1%/ 4, I W 48 73 v it s 1 5% W AR /N 0f0 GMED 7R P9 LA @i A % i 1) 07 A7 280 42
T BE VAR, IF BN TUAR A I B AL A A7 190 286 1) S 280 B AT, A G T 190 28 iy

Table 3 Network life with default parameters
R=3 NSHL 4 BRI SG Fy

GMED FAD Epidemic  Direct transmission
Network lifetime (day) 4.37 2.85 59 989

5 R T—4T1E

FEIR S AR B AL KA P 4% DTMSN HAA 5 fUR8 ) 1k | (B s a8 M, O HRe % 28 200G 24 ) 4B 38 . e Y DTMSN
IRBE R AT B0 16 2 SO THIIG A6 VF 22 07 00 1) ABURD Bl AR SCHR S T — B 3 T RS B 1) S0 o0 2 B SR g
GMED, 5 &2 45 T.1E4H Et ,GMED [(¥) 1= ZH#k A T LR LA 7 e

(1) X2 sink 1 S LA B sink TSGR BONEE Y R 45 O T S TS S AT R AE AR T — R LA

g BT AT A 40 A M 1 R B 1 T AT S s ) T R 8% 1 T A TR Bt RE T A B P A

(2)  FICH B B AT N 2 BB R LA IR AUE 5 R AT B S I P 1) 78 A 3 AR 6 i L 2

AR ZR AT 08 5, AT 5 0 b 7 S 2 AN T A5 ) PR 60 R BRI T 2B 1) J T e i 2
(3)  BINE R GRAT A BN, A0 15 75 52 = 4% i B 28 1) [ I R 4% ) 7 < AR B0 BRI T I 4%
FESTREFE JE K T M2 5y

KRB I0F ] T GMED FIR R fE. 5 I (9 ) LR DTMSN £# 1% 4 507 4H L, GMED #5 Rt 1
T A 1 A i B A i 1l D 6, I L HG A i il D A A i S RIS AR B AL Y AU IS B R I R AT
55 RSB FEAN R BN F 37 350 T B8 Bl A R 0 S () s 0 8% 3 0 R B LR RE R AR K. R — 28 AT THs 0 B 5
TEAEAN RIS SIS R fetk: G V1A R0 LU A 237 IR0 B A 6 AN T 9071 AT kR i e B AT 190 1 A S s

References:

[1] Xiong YP, Sun LM, Niu JW, Liu Y. Opportunistic networks. Journal of Software, 2009,20(1):124-137 (in Chinese with English
abstract). http://www.jos.org.cn/1000-9825/3467.htm [doi: 10.3724/SP.J.1001.2009.03467]

[21 Wang Y, Lin F, Wu HY. Poster: Efficient data transmission in delay fault tolerant mobile sensor networks (DFT-MSN). In: Proc. of
the IEEE Int’l Conf. on Network Protocols (ICNP 2005). Boston: IEEE Press, 2005. 1-2.

[3] Zhang HY, Fan WH, Wang L, Zhou DX. Real-Time and reliable greedy geographical routing for mobile wireless sensor networks.
Journal of Computer Research and Development, 2009,46(5):713-722 (in Chinese with English abstract).

[4] Wang Y, Wu HY. DFT-MSN: The delay fault tolerant mobile sensor network for pervasive information gathering. In: Proc. of the
IEEE the 25th Int’l Conf. Computer Communications (INFOCOM 2006). Barcelona: IEEE Computer Society, 2006. 1-12.

© HEBEERAET hipd/ www, jos. org. cn



646 Journal of Software . 3& Vol.23, No.3, March 2012

[5] Hull B, Bbchkovsky V, Zhang Y, Chen K, Goraczko M, Miu A, Shih E, Balakrishnan H, Madden S. CarTel: A distributed mobile
sensor computing system. In: Proc. of the 4th ACM Int’l Conf. on Embedded Networked Sensor Systems. Los Angeles: ACM Press,
2006. 125-138.

[6] Wang Y, Wu HY. Delay/Fault-Tolerant mobile sensor network (DFT-MSN): A new paradigm for pervasive information gathering.
IEEE Trans. on Mobile Computing, 2006,6(9):1021-1034. [doi: 10.1109/TMC.2007.1006]

[71 Zhu JQ, Liu M, Gong HG, Chen GH, Xu FL, Song C. Selective replication-based data delivery for delay tolerant mobile sensor
networks. Journal of Software,2009,20(8):2227-2240 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/3323.
htm [doi: 10.3724/SP.J1001.2009.03323]

[8] Small T, Haas ZJ. The shared wireless infostation model—A new Ad Hoc networking paradigm (or where there is a whale, there is
a way). In: Proc. of the 4th ACM Int’l Symp. on Mobile Ad Hoc Networking and Computing (MOBIHOC 2003). Annapolis: ACM
Press, 2003. 233-244. [doi: 10.1145/778415.778443]

[9] Camp T, Boleng J, Davies V. A survey of mobility models for ad hoc network research. Wireless Communications & Mobile
Computing: Special Issue on Mobile ad hoc Networking: Research, Trends and Applications, 2002,2(5):483-502. [doi: 10.1002/
wem.72]

[10] Peng H, Shen LC, Bu YL, Wan L. Group mobility model for ad hoc networks. Journal of Software, 2008,19(11):2994-3010 (in
Chinese with English abstract). http://www.jos.org.cn/1000-9825/19/2994.htm [doi: 10.3724/SP.J.1001.2008.02999]

[11] Ng JM, Zhang Y. Reference region group mobility model for ad hoc networks. In: Proc. of the 2nd Int’l Conf. on Wireless and
Optical Communications Networks. 2005. 290—294. [doi: 10.1109/WOCN.2005.1436036]

[12] Vahdat A, Becker D. Epidemic routing for partially connected ad hoc networks. Technical Report, VVol.CS-200006, Durham: Duke
University, 2000.

[13] Spyropoulos T, Psounis K, Raghavendra CS. Efficient routing in intermittently connected mobile networks: The single-copy case.
IEEE/ACM Trans. on Network, 2008,16(1):63-76. [doi: 10.1109/TNET.2007.897962]

[14] Spyropoulos T, Psounis K, Raghavendra CS. Efficient routing in intermittently connected mobile networks: The multiple-copy case.
IEEE/ACM Trans. on Network, 2008,16(1):77-90. [doi: 10.1109/TNET.2007.897964]

[15] Sun LM, Xiong YP, Ma J. Adaptive data gathering mechanism in opportunistic mobile sensor networks. Journal on
Communications, 2008,29(11):187-193 (in Chinese with English abstract).

[16] Juang P, Oki H, Wang Y. Energy-Efficient computing for wildlife tracking: Design tradeoffs and early experiences with ZebraNet.
ACM Operating System Review, 2002,37(10):96—107. [doi: 10.1145/605397.605408]

[17] Wang Y, Wu HY, Dang H. Analytic study of delay/fault-tolerant mobile sensor networks (DFT-MSN’s). In: Proc. of the 10th IEEE
Int’l Symp. on World of Wireless, Mobile and Multimedia Networks (WoWMom 2009). San Francisco: IEEE Computer Society
Press, 2009. 1-9.

[18] Wu HY, Wang Y, Dang H, Lin F. Analytic, simulation, and empirical evaluation of delay/fault-tolerant mobile sensor networks.
IEEE Trans. on Wireless Communications, 2007,6(9):3287-3296. [doi: 10.1109/TWC.2007.06046]

[19] Pasztor B, Musolesi M, Mascolo C. Opportunistic mobile sensor data collection with SCAR. In: Proc. of the 4th IEEE Int’l Conf.
on Mobile Ad-Hoc and Sensor Systems (MASS 2007). Pisa: IEEE Computer Society Press, 2007. 1-12. [doi: 10.1109/MOBHOC.
2007.4428679]

[20] Song LB, Kotz DF. Evaluating opportunistic routing protocols with large realistic contact traces. In: Proc. of the 2nd ACM
Workshop on Challenged Networks (CHANTS 2007). Montreal: ACM Press, 2007. 35-42. [doi: 10.1145/1287791.1287799]

[21] Daly EM, Haahr M. Social network analysis for routing in disconnected delay-tolerant MANETS. In: Proc of the 8th ACM Int’l
Symp. on Mobile Ad Hoc Networking and Computing (MOBIHOC 2007). Montreal: ACM Press, 2007. 32-40. [doi: 10.1145/
1288107.1288113]

[22] Pan H, Crowcroft J, Yoneki E. Bubble rap: Social-based forwarding in delay tolerant networks. In: Proc of the 9th ACM Int’l Symp.
on Mobile Ad Hoc Networking and Computing (MOBIHOC 2008). Hong Kong: ACM Press, 2008. 241-250. [doi: 10.1109/TMC.
2010.246]

[23] Costa P, Mascolo C, Musolesi M, Picco GP. Socially-Aware routing for publish-subscribe in delay-tolerant mobile ad hoc networks.
IEEE Journal of Selected Areas in Communication, 2008,26(5):748—-760. [doi: 10.1109/JSAC.2008.080602]

© MEEEERRAEIFTIT hup:/ www, jos. org. on



R FRERETAERE WG IR TAREE G F L 647

[24] Leguay J, Friedman T, Conan V. DTN routing in a mobility pattern space. In: Proc of the ACM SIGCOMM Workshop on Delay-
Tolerant Networking (WDTN 2005). New York: ACM Press, 2005. 276—283. [doi: 10.1145/1080139.1080146]

[25] Leguay J,Fimur T, Conan V. Evaluating mobility pattern space routing for DTNs. In: Proc of the 25th Int’l Conf. on Computer
Communications (INFOCOM 2006). Piscataway: IEEE Computer Society, 2006. 1-10. [doi: 10.1109/INFOCOM.2006.299]

[26] Cong L, Jie W. Routing in a cyclic MobiSpace. In: Proc of the 9th ACM Int’l Symp. on Mobile Ad Hoc Networking and
Computing (MOBIHOC 2008). Hong Kong: ACM Press, 2008. 351-360. [doi: 10.1145/1374618.1374665]

[27] Dorigomd E, Dorigo M, Theraulaz G.. Swarm Intelligence: From Natural to Artificial Systems. New York: Oxford University Press,
1999.

[28] Heinzelman WB, Chandrakasan AP, Balakrishnan H. An application-specific protocol architecture for wireless microsensor
networks. IEEE Trans. on Wireless Communications, 2002,1(4):660-670. [doi: 10.1109/TWC.2002.804190]

Bt 32 5% SRk
[1] REJKSF, 70 A B, 48 2 4, X0 3 . ML & M9 4% . 81 2% 1 ,2009,20(1):124-137. http://www.jos.org.cn/1000-9825/3467.htm  [doi:
10.3724/SP.J.1001.2009.03467]
[3] SR BH, BEERAL, 134, F 73 1. — ol 526 0] SE 10 B 2y 0 2 A Ik 0 45 Dn A8 3L % b B 130 oF S HLIE 9T 45 K i, 2009,46(5):713-722.
[71 A4 75, W), 38 NI, BR B, VF & e, R T IR 25 208 2 A Ja 45 T 445 v ik - 30k 8 2 W 1 00008 1% i 3 1 2% 41, 2009,20(8):
2227-2240. http://www.jos.org.cn/1000-9825/3323.htm [doi: 10.3724/SP.J1001.2009.03323]
[10] BZME TR e AD e, EAK.—Fl Ad Hoc I 2% BF 41 B 2 A5 Y 11 4% 4R, 2008,19(11):2994-3010. http://www.jos.org.cn/1000-9825/
19/2999.htm [doi: 10.3724/SP.J.1001.2008.02999]
[15] PRI, BE KT, 3 ML A8 Bl Sl 90 4% v 1) 1 5 7 00 IEC SR ML 3T £ 2% 1%, 2008,29(11):187-193.

REZ(1978—), 95, VU B AN 1 428,
SRS A Bt 5, o S A AL .

R SR8 (1963 —), U5 1 & o 1 L 3
Jili,CCF iy 2 2 by, 2 WEBIE 5400 A 23 A1
KIHT U

T B E(1978 —), Lo, 1 2 PRI, 32 2w
GO T L Ak I Y 4%

23R (1975—), 5, 1 &, B B2, 1 B
SO TG 4 e 5 A 4

XU BA (1973 —), W 1 - B #5042, & T 5
SN RS ST A A M 4 R

© HEBEERAET hipd/ www, jos. org. cn



