F2B5EF3H
2005 % 3 A

AR

Computer Applications

Vol.25 No.3
Mar. 2005

XEHES 1001 - 9081(2005) 03 - 0506 - 05

EREMNEPETHEINSRE SR hmE ®

WiEE . BEBE,NENA
(A T St EMAE LR KR, 412008)
(yangwfl969@ 163. com)

B FATHERS AN ERBRBMETS A RAATHIRY SRBEINS SEEL R
BLEGENHEARE, AN SRBRAAN T LR LIS L LIS DAL AR, Fo it
‘r&#'}%#ﬂtb,#ﬁ#%ﬂ-%‘é}#ﬁiﬁ%'}i,ﬂ&ﬁéﬁiﬁ’?;/%%M’ta‘s‘,@:ﬂ}”’]';ﬁ-‘}z’%ﬁéﬂﬁﬁ$,%3ﬁkié‘ﬁ+§-o
ERAMPRUERELER, MEEAARFG B,

REBRAEABAL Bd; 82,548

RESHE . TP393.07 C#kERINAD:A

Trajectory-based multipath tolerant routing for sensor networks

YANG Wei-feng, PENG Zhao-yi, SUN Xing-ming
( Departmens of Computer Science and Technology, Zhuzhou Insititute of Technology, Zhuzhou Hunan 412008, China)

Abstract: In order to improve the tolerance of routing algorithms, this paper proposed a new algorithm based on trajectory
to construct multipath. Its basic idea is that the source node selects several suitable curves to sink at one time and intermediate
nodes build dynamic forwarding tables according to different greedy forwarding strategies. Compared with other algorithms

constructing multipath, this new algorithm only needs information in one hop and doesn’t need too much calculation, so it is

distributed and can be realized easily. Theoretic analysis and simulation results show that it is more tolerant.
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BTG4 £ 1 P 25 15 /8% 28 ( Wireless Integrated Network
Sensors) ') RAYIERE 4B K BE N DML, MRS 5%
HE R SSERN, BT R KUARIES EREH
EHEEHBRA ZHE AR, HSRRENAHESHEE
HERE L THERBRBRNETERNSBE, X KB LL
SRR 25 15 AR (fE Y A P ER ) 15 2% 2% K 48 ( Sensor
Network, SN) BT BN N BRA M LK —TEAEXE Y
PR EE? ), ERBR G FIEEM%ERA DT
DEEAHARABAFELRARK, BN TAYEFLRER
REARTRER; 2) W AR S E LT EE N FRRE
HHR, MASMHEELENT: 3)MERATRKEIER
1ER, T HES M TERRER P RRRHBMERT. Hik,
fEE L E RGP ETHEMIRSHER MR BHERE UKL
Ad Hoc % o )% FIfY) DSDV,AODV S eh B th TJL
SRR R A AR A B B TR E A F AR R, &
TUET KT BI AT B0 B B ok DR B A B e
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T A ER AR EY A AR, T R P R N A HLA R B
EELMBEE BRI WS AK RN K EEIT# TR,
Wi £ #4542 (Multipath) B R BRI R RS REH T HRHE,
BAEEMMASEY, AR A RN EH#T THR, BT &
ERPHEE B, £ Ad Hoe M 45 &, TORA ( Temporally

~ Ordered Routing Algorithm) Ul 4+ — 4 DAG BRI L& L

RS B HE 2004 - 08 —02; 1T B 5 :2004 - 10 -28

P&3F 4%, DSR(Dynamic Source Routing) '* R4 %44 2 EN)|
i Flooding #4977 MG 3 2 B8 4% , SCRR (7 ) I8 a3 B8 /0 DSR
% flooding IR R EREFZLABRTLENT#. BERE
e, B FREEMFEE, XEFEN TEARBREMEHRES.
B, IRARNEE TS hEEL, XHRI8]
# 1 #) DD( Directed Diffusion ) 3 i1 flooding ¥ — 4% B 1%,
SRR BB T KF, EMERE, XA BB
KBEGREEZRE, FREZAREZARTHAXE
Multipath 43 % B§ #: Disjoint Multipath F1 Braided Multipath,
XHR{10]ZF DSR2 T MDR L&  BH P
BER VIR flooding 875 89, R Flooding 84 7 R 746
B35 ) B S 0B Eh 17RO 07 8048 2 R S MIABR KR B
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I SR B R SA WL T B EGiEN
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1 TBF ##&

TBF R X K R E RS R TR g —F i m B8, K’
BB BRI &R —R¥ R MLt R WD SR
SCHR, o BT AR AR BD i £ AR 4R AR ES R SR M ST B R AR ST,
HFHMWR. TBF FTAA M IRE S RHE 8 Y AT LURE
S o L PR B 0 3 1 B W U, TSR P SR 3 e B T — Bk
NRBERN KRBT KR H SRR TR AT A
R AR ¥ &, T B TBF R4 .

B2 T—Bkikmta

RASRGGNE 1 A2 BiR B 1 B—BERER, E2
RAGHT —BARER, FEYEMEBNNT SRR SHAD,
N, IR RBZ FE—V SR ERp THERBYNELE, 48
REER T EERMRERBRERRRIXT D, HXA
TBF, g7 S 268 — B4 (WNIE K 4R) , FFHr 4R e 15 B R 3L
s, B4R SO H 1YY AR IR RS ih 4R HHAR 1B R T R R ik
BT — Bk S AT L)X D, s AT LR g R R TE AL B
HTFSEESRTURSEE XM BETARR T 20
F TR E Y AR E SR R R L, MR EH AR
2R A, 2R O T n IR B AR EAS ' B
AR 2 B IR T HLSCAR [ 12) BT R A Bezier IZeA R %

WET A A T — Bk Y SRR TBF M5 — k@24
(@2 FR) « REA R EBORE B BRARNT—
BA AL, ASCZE 2.3 PR IRARIR T LR T AM T —Bhik R
Hwk, CEHNE 2 AWM T JLAARIE: SETy, ty, At, 6y,
Disty 3o : FhRR T SRbRR, SETy R N T —BhRESR,
— Y N E SRR SNBSS, I SET, A IN,LN,,
N, N} st, 38R N, ZEM 2 BRI ST R SHE At
MRS NEK, B THE EAXFTEN R, RiETE—EH
Hi S (B Eht + nAe 1 5) RERA ML 6y Fom N X

BIB B %t 55 SET, P4 s ST RIfY ¢ 2 B[ 3518 ; Disty R N
HER S WEER SET S T R T S Bk B2 W T — Bk
TR, B, AR SCIEHI AR i, AT R T — Bk 2728 2481
WRAMEFEEEA, T HERK Dist AFENBECHEER
B REEHTAE) .

2 EATTBF WS HEMELE

TBF R—METAENBEEA R, VANMARERA S
M BRERE BRI PE,
2.1 (TEER

IERMNBEARNEARE, BEBR EAE—-SREA -,
RN ECRBNTERTEEINKEANESERR, X
WER SN PAE BT ST LLE S 2R E AR R (Global
Positioning System,GPS) (" 85| A S M BI5 8. W&
BB YT f A AR Y M 4%, Nath 1 Niculescu 32 44 T LPS( Local
Position System)!'*] XA B FERHT Y AREHM
B xERTHERERNGE. AT REEERR A XA
GPS Ehr e ET R B,
2.2 BHEHEMRLE

N K BHAMERHRAIEEE T AN —FHHR BT
BB, AR H R K B B &l 22 Sk 8 R SUELE
R EXAMTEARXMTHR, K F (1) BHFIER
B, RREM &N RN FERHT

P,,(t) = V.F, ,(t 1
0,2 g(; 1 1,2() ( )
n-1
1 o
Fi()) = 203 (=10 (t 40 -1- )",
- j=0
0<t=<l1,!l=0,1,--,n (2)
. 1 -2 1 V%
P, (t) =& 1]—2—[—2 2 o] v, |
1 1 0 v,
0s:<1 (3)

MEG) LAY, REEERES V., .RTLUREH
FEXT R B Sk, T B 0T LB e B A B W R E R 18
FEHRMENN SRR EAME N, KB
FERMETTS  EE 3 MRERT T2 E— KL, &
FEFEIRNT R Py, (0), B SR P, (1), MTT LARE I
TAXBHEER V, AV,

{t =0, P,,(0) = (V, + V,)/2=>{V0 = 2P, ,(0) -V,

t =1, P,(1) = (V, +V,)/2 V, = 2Py ,(1) -V,

(R TEEBMENERE D, REMRELTURES
BAMS W B HERAMA LS GER) LR ARERTY,
MHAA C' BriEst, M. AN MES Y, , TURE2 B
ZWBHEFKIER, V, , REMMARR S AV, + V)2, TV, ,
BEHMERAZY, + V)2, ERMACERERMN, &
RGBT LS K B ERMLRH C' ik,

2.3 HEWHERME

T BIER ST FE B R Y 3 1 B Y 4R Rt , 6 S XY
LR AT PRI SET, 8P ER T — Bl RIS . 4 3C
] T IF LR B R , T B L BRI AR IE R A A
R EBORAE N —F (BN SET LR -

1) B BRRTHERE MY R, RRRRLE S &KX
A4 AR oA B X VT LAAR BRI EERT , ZEXT 4R KAt AL B R
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EEARE P 4 L o AT LASR A, B A - 73 3t AR 4 0 S Wl i
o B3R B R R PR ) s UG SR B B, 3 7
T B & 2 1R AT BT 10 B AR AR R MR BUR T READ

2) BMESERATHERDT S, AEBRRERRF S, B
JINEIAT A5 3B R SOR T 3 T ARG BB B30 8 2 AN 10
5 ST o X R T 3 AT LATE — BB Xt 4 3 B R PR 10 7
A, thin . YE B T, T R AR KR LI B
SE LR , BRSEBREE R MR A SR B E 2R,

3) BEREEMERERN T N, AEBREM AT
P Dist B/ S0

4) BEHLEER— Y8, AEBRER YR A I N LE=4
+ R R, R RIS AU — R o,

5) HEE 1) 2)M03) ZIEIFHITH . AR R AT
DR AE A IR TS 5 1 Dist 0 8, INLASE & 2 18 MR A

RAMARITS o 71816852 AR, 8% Dist #15, (E , #
B Value = aDist + 85,(0 s a,B < 1) iMEHERRES
A IR D=
6) HEBBABBRENY S, AEBRELEFNAGE
BEREZH LB X R BRI T #skE
MEEEN — &R, TR AR RS T
—BN RN EHRATH N T AT ER, O RERERIET
—BEWARAN K ey BERTHRN A I8 40
2.4 ZHREMBHEE
ZHEWEREN AL AT ILIBERE R 45
50 B Bk ( Neighbor-Percept Stage, NPS) . ¢ # # #5 B Bt
( Interest-Distribution Stage, IDS) Hl B% 42 ¥4 Y& By BX ( Path-
Construction Stage, PCS),

B BrBEFABMRXER MK 1 Fim,

®1 EERPHIMEEY

WICER 2 CEE IR 8 3O FE/Byte B B
TBP PT=1, ID,, POS,, E, 0.5+1.5+4+3=9 NPS
DAP PT =2, TTL, DT, ID,, UH 0.5+1+0.5+1.5+1,5=5 IDS
IAP PT =3, TTL, DT, POS,, ID, 0.5+1+0.5+4 +1.5=6.5 IDS
PCP PT=4, MT, V,, IDs, IDy, TTL, NH, 0.5x2+3 x4+3x1.5+1+2=20.5 PCS

1 RRMNHCCHER B SL I RAR B m L3, iR
XFHEHIEEE LHHAMT:S A D RXREMEM; PT
(Packet Type) Fe i X2 1D, FrRAE R — 10 & | B4R,
POS, XA &0 CPS WE MO E E, RRTWRIA
BT AR R (LAY 208 AT % R i SO FR) S TTL R/m 4R S
R TERTIE], AR (hops ) B B DT XA REMNREWETH
PARAR MT RREEZ MRS DAP. ID RRWEBBENT R
BRI UH( up-hop ) 7R 24 R 45 sUHY_E— k7 45 1R ; NH( next-
hop ) 7R 2R A A9 T — Bk 17 54578 5 IAP 5249 ID 1 POS 43
HERRAFERENN SR RABEAE,V, RRFEHEN
RUE At R B AR SCHT AR BB .

2.4.1 REBEHE

EXRBESS, M A RFEHE thop HKNE R, XM
2RIER. ITHBREWIMER, YN ABHmE, 81
SR 23 M ST 30 ( Topology Building Packets, TBP, H 2%
RBRiFCH 1) RCAARIER | ik, BEIBHKE TBP i3
RASEER, AT A ENREBRA RN —BaE
FIETEIPI &2 3 W TBP DAFAEH S4BT Bl 17 Sl ®
TP 2y 1 BR3C, NP 4R 30 49 1D, POS, E S A A 8RB R, 3
2 4% i = T4t L Y 4B JF % (Neighbors Table, NT), #R NT
R A% D, MK HGEA NT o, #E NT i =Jt4 & ID,
POS # E AL, ¥ S B RO G518 NT FH—17,
2.4.2 xAHBAHE

ABEY: 44 rumor routing F1 TBF BT HIAT, T AR
R flooding K78, HEA BRI LEARNT :)SAD 5
P& %S QKA x DAP(Data Agent Packets) 1 IAP
(Interest Agent Packets) ,{ﬁﬂ?ﬁi%%ﬁﬁ\}%ﬁ%*ﬂ%%
B 2)S 70 D b B 2 8 R BRI 3) IARWAF
RER RN SR, W KR B AN MR A E
DAP FR&t HIBRA2 B S, 5 MA X D KB HFE R, TIE
DAP #1 IAP ) o J8] 37 &0 % 4> 540 % 40 F A 2 : DAP. IDS,
DAP. DT,DAP. UH #1 IAP. POSD, IAP, IDD 1 IAP. DT, R
45 4% S E T DAP A0 IAP 3% % 51 DAP. DT # IAP. DT 4§

"), W@ iR F kA DAP AR BRI R ETFS HX D
HER.

WX AHER LS AT IR D MO BT EEIE. B
R AR ERMCHERRIE DAP 1 IAP M A E RBEN
AHACHER . T RIEARZS , A SCE T ik DAP 70 IAP %% B i@
5 RARE ST VLRI BERE K. SBR[ 15 ) @ it a4
MR RN EERE K ( >4) FBRFLR T T RURIE
RAER(99.7% ) MARZTHERR

BR MR TBF & /& flooding #4738 #AT , N AR
HE RSB AT IR, AR BB E R ENB A4 H A
FEHTH P, MRMNERERE /N, RALHAMER
flooding , HLAEFEAR 1R K ; 1 Q0 2R W 4 ML 2 K B 4R AF
1L H BT %, R TBF #iT BB ST A RENER,
2.4.3 BEMERK

Zd EAMBEL,S ¥ H D M BFEMBRNENE
WRR, BEN AT TBF X8 B HEAMBRHITHELR.
IR BT AR T RHRSCRIAL TR, AT LA TR ( LAE 2 4D 5
EEIRAKE, &K Bk £ A PCP( Path-Construction Packets)
BUEERBE, MAGBEEZAEET - EI TR BLE,
B PCP 971 s HF IR 18 E IR RE 7 SET it U T — Bk &%
H A BIES & % (Data Forwarding Table, DFT) |, FaJ5 i ¥ 18
¥ RV LA PR DFT #47# R, DFT & T .

(DT,MT,IDg, 1D, ,NH,UH,FP) ,

H. o FP( Forwarded Packets) R/REL&HAMNHB SE D H
KR DT WER R, HiE FP T AR MR A RKRE
AP EEHFENRER, 18 UH W& T R RERE T T A
WREFEREHT —B 1 .

A E T LT BT R E S REER.

Fik— RARRBESHEHARRN BHERHAEK
PR, HEFABER BV ANERBEFMRETSE
FIRUE A, 1 AR A AR M R 28 R K415 DFT, 423
PP 2.3 R A HERE 3) MEN R R, 07 2R
75 5 #J3& Disjoint Multipath , R R ] LA BRR 56 &AM,
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Fik= RAARRE ST A R R & kS R FE
M BARRERAREHE. HEABEE, B A EEHERA
MIRUME (B R AR R i S 3R 5% R SRBE M9 s DFT, A 0%
2.3 PRIBMERRE 1) ~3) A BHEARRIBENRBERE
W&o ANJ5HoA 15 ) 2 BR42 T BB /2 Braided Multipath, th ] fE 2
Disjoint Multipath, 33 5 M 25 P4 B 17 U8 8 LR B BLA %
R MEAE— T EARRAR N, R LA R T
IfIDy = = PCP. ID, Then
PCS is ended;
Else :
If ((PCP.TTL= PCP.TTL-1) = =0 {| N! =PCP. NH) Then
PCP is discarded;
Else
If there isn’t an item in DFT to suit PCP. DT, PCP. IDg and
PCP. IDy, Then

N selects next-hop node in the SET, according to NT and
selecting strategy;
If N is the same one which is selected as next-hop node Then
PCP is discarded;
Else
N adds a new item to DFT according to PCP;
N replaces PCP. NH using DFT. NH to rebuild new packets;
N adjusts DFT. E;
N broadcasts the new packets to all its neighbors;
Else
PCP is discarded;
Endif;
Endif;,

Endif;

55 PCS J , JL B B VR B 3T , TRA S 0 OB 4% R 71
EURARRM AR, RTANERTEETUESREREE
BEE—HBEENTEEN IRV RERCS LMK, B TL
WEER10] PRI EBIR 0 Ny (BBRA N F) 8%
B RE—0, RER KK < N) HEKNa e mkE
SRR

3 AT RN R

NT 5T TBF M % BRA% 3% e B 25 O HERE, A SURLEE
T E X HJLAM R R E ST R E#T TS I s g
LR,

3.1 HRRE

FICRAU TRk G R B R 6E:

B ia) & J¢ & (Time Complexity, TC) HEEKRES SR
A s TR R AR B 2R

3 & H 2 & (Message Complexity, MC)
SRR T SRR MEENRE,

4 8 3% (Message Field, MF) BEEHRESSH LRI
B AU BT A E 3R AR E Y 15 B RE

4% /& (Tolerance, Tol) AERYMEHNATHERYK
AT R R, AT ERE, EWAERHERT,
IR AR AT, W R EE R 1, B WA 0,

3.2 BigaoiR

A3 TC,MC F1 MF X = ,7E 28 2T TBF
HMEZHREES SN pRMAA R REK G HE L DD
LEACH i#47 7 . RENRIIER?2 F.

%t F DD T, B H A aa R E 7 — VB0 B S e T 7T AR 3
LB FSHEE BT B 3h35% Sink 15 &, BT H TC,MC 2
ORESETAREHRBELMRHTHN, BT _FHR

BRERES

O(n) ; A%, LEACH B R — B s 3, TR A —
TR (AR L R R W — R A RIER BT
B). LEACH AR P, ARHIT — Rk W31k, K
TC # O(n) o XHR[16]EZIEH AER HFLk Ad Hoe M4%
&, B H unit-disk B (2 B{USH S Z RIMERAKRT 1B, 4
A —RE) AR, WA X B B R T R RS
HIf5 BHA/NT O(nlogn) , B LA LEACH #j MC 2 O(nlogn) ,
B AT LA e B M 48 R — TP 9 A AB Sh B O MR G
S, TMAFRKUR, HERE LR PCS I E, IBIEH
H IR T LARNE , B TC 1 MC REETF 0(n) ,THE
B B I MF t R F—3BkMs S BT,
*2 T RAHEEE TC,MC,MF RE FRLEBRER

IR E DD LEACH TBF # B &L
TC O(n) O(n) = O(n)
MC O(n) O(nlogn) = O(n)
MF 1 hop 1 hop 1 hop
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PSR R7E— 40 % B B X 38 ( 150 x 150) Py, BEYLEE N

MR, B VEE —ENESFE REL 5% VAR

FRILBEN R KRR T, RE £ B ERREE RN

WEICRR[9], WAl MR BIREI T Ay T2 . T RY R P Bk

Mo TRIKKIMAR TN SRV AR, T P R AR

REER M ERUCE R AR,

B3 ~E6BRABIERRTMERTAR. WAEHEE]
BRI P BRI S U i, W A S
i, B ML AT M2 551 RA RIRESMESBRENR
RIS HE 2 BB BB

MEREIL, Ik —3d 1 RSB R D B L ik — 4,
HEERBRVRALHIBER, XERATE - AENSRE
HEZEJLFRALW, MM T X P RIS BNEZD EH
EAK. RN AL LT, F—BEWMEFTH
B, B RARFEHRNFRNOEEESHITH,
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